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Introduction 

This binder contains individual module specifications and as-built 
hardware description manuals for a Silicon Strip Detector (SSD) 
Readout System. The modules described herein have been 
assembled together as designed to provide a readout system for the 
E771 Silicon Strip Detector. The system was used to acquire data 
from the SSD during the Fermilab 1991 fixed target run. 
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Abstract 
This paper describes a synchronous silicon saip readout 

system capable of 7.em deadtime mldout at average uigger rates 
in excess of 1 MHz. The system is implemented in 
FASTBUS. uses pipelining u:clmiques, and includes point-to
point fiberoptic data links to cransmit detector digital data. 
Semi-custom ASIC chips are used to amplify, discriminate. 
and logically combine crack dala before encoding. This paper 
qescribes the overall system. each major FASTBUS module, 
and the functional aspecas of the ASIC chips. 

Introduction 
Extracted beams at Fermilab retain the 53 MHz RF 

structure of the Tevaaron accelerator. Events occur in well 
defined "buckets" of lime which are approximately 1.5 ns long 
and occur every 18.9 ns. We are developing a silicon strip 
detector readout system capable of associating all of the 
information from an event with a single RF bucket and 
completely recovering within one or two buckets. The system 
operates synchronously with the 53 MHz Tevatron clock. A 
digital memory is used to provide a ttigger delay, which is 
adjustable in one bucket steps to a maximum of 4.8 µ.s. 

The system consists of amplifiers mounted on the 
detector[l](2] and a set of FASTBUS modules that 
discriminate, delay, encode, and readout detector hit 
infonnation. 

System Overview 
A block diagram of the system is shown in Figure 1. The 
detector signals are amplified by pre-amplifiers mounted near 
the detector. The amplified signals are connected to the 
FASTBUS data acquisition system by high density, .025 
pitch, ribbon cables. 
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Figure 1: System Block Diagram 

•This work performed wider the auspices of the Uriited States 
Deparunent of Energy. 

The Postamp/Comparator (P/C) modules discriminate 
the amplified signals. The discriminated signals are 
synchmnously applied to the Delay/Encoder (DIE) modules in 
parallel where all channel elm is delayed pending a Level 1 
trigger signal. Upon the oc:curance of a Level l lrigpr, the hit 
dala pmpagating through the memories of the DIE modules is 
input to the encoders. Up to 12 DIE modules simultaneously 
pass encoded hit data to the Sequencer (SEQ) modules. Data 
can be readout through a FASTBUS Master in each crate 
(output B). or be ttansmitted directly out of the Seqeuencer 
modules (output A), over fiberoptic cable, to individual input 
pans of a NEVIS [3] [4] readout and processing system. 

Svstem Board Partitignjpg 
The FASTBUS implementation of the system is based 

on 128 channel increments. Each fully loaded FASTBUS crate 
can process a maximum of 1536 channels. Each crate can 
contain 12 Postamp/Comparatar modules. 12 Delay/Encoder 
modules. a FASTBUS Smart Crate Controller. and a 
Sequencer module. A crate implementation is shown in Figure 
2. 
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Figure 2: Crate Module Partitioning 

Two different readout modes are user selectable. The 
FASTBUS readout path provides a relatively high bandwith 
output to be used with FASTBUS, VME. or CAMAC buffers 
on the receiving end. The Sequencer output is incended to be 
used to feed optical links. In the fiberoptic link case. each 
crate transmits data to an independent receiver buffer that is 
pan of a high speed event processor [4]. The Data transmission 
rate using the fiberoptic FASTBUS Auxiliary pon is 40 
MByteS/Sec/Crare. 



System '.\Jodu!es 
Preamplifier 

A silicon strip amplifier which uses a Tektronix 
semicustom bipolar integrated circuit has been developed [2]. 
It has a fast impulse response (35 ns base to base) and high 
gain ( 17 mv/fc), and is able to directly drive a differential 
transmission line. The amplifiers are mounted in small 
custom leadless chip cani~rs. with 25 mil phch in order to 
meet density requirements. Sixteen chip caniers, or 128 
channels, are mounted on a double sided printed circuit board 
measuring 3.5 X 4.S inches. Each board plugs into an edge 
connector mounted cfuectly on die silicon saip derector Kapton 
fanouL Four 64 conductor. 25 mil-pitch flat cables connect 
each preamplifier card to Postamp/Comparatcr modules. Due 
to the high gain-bandwidlh of me amplifiers, special attention 
must be given to grounding and shielding (1). 

Postamp/Comparator (PIC) 
The P/C module amplifies, discriminates and logitally 

combines 128 channels of silicon strip hit data. A block 
diagram of this module is shown in Figure 3. The major 
portion of the analog and digital circuitty required on this board 
is implemented using bipolar Application Specific Integrated 
Circuits (ASIC) manufactured by Tektronix. The threshold 
setting Digilal-to-Analog Converter is implemenled as a 
CMOS ASIC. 
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Figure 3: Postamp/Comparator Module 

The following is a description of each ASIC contained 
on the PIC module. 

ASIC OJ: Two Channel Sum, Quad Latched Discriminator 
A block diagram of this chip is shown in Figure 4. 

This ASIC receives low level linear differential signals from 
the preamplifiers mounted on die detector and produces analog 
sums of adjacent saip signals. discriminated digital signals of 
individual channels and discriminated signals of the analog 
summed adjacent channels. The analog sum block accepts 
the adjacent channel signals and provides an output 
proponional to the sum of its lWo inputs. The purpose of this 
block is to allow the discrimination of signals produced by 
particles which transverse the SSD midway between saips 

causmg the signai to be divided between two ad_iacent 
channels. 

The discriminator block provides an output log;,. 
level for the duration that the input signal is above a s 
threshold level. Each of the four discriminarors has an 
individual threshold voltage control that allows individually 
set thresholds between 10 and 50 m V referred to the 
discriminaror inpuL There is a built in hysteresis of 10 mV. 

·-------~-------------, . DISC. lATCll I 

· ---
Figure 4: ASIC 01 

The output of each discriminaror drives a transparer 
latch. all four of which are controlled by a common 2.5 n~ 
wide latch signal. In one state the latch is in me nnsparent 
mode, passing its input to the outpuL In the other state the 
output is latched ignoring input changes. There are also two 
Force z.ero inputs, one for the individual signal latches and one 
for the summed signal latches that force the appropriate latch 
outputs to logical zeros. 

ASIC 04: 5 Channel Logic and Octal NHit 
The cin:uitty of ASIC 04 and ASIC 02 function jointly 

ro logically combine 8 channels of track data. Block diagrams 
of the two ASICs are shown in Figures 5 and 6 respectively. 
They accept as inputs the outputs of 4 ASIC 01 chips (Two 
Channel Sum, Quad Latched Discriminnators). If any 
individual channel input is above the threshold during the latch 
transition. a logical high is output on that comsponding 
channel. If two adjacent channels have signals bodl of which 
are below threshold but the sum of the two is above 
threshold. a logical high is output on those two conesponding 
channels. 

The logic can be bit sliced at any channel boundary. 
Chip pinout limitations on the Tektronix linear arrays dictated 
that of a given set of 8 channels, the lower five would be 
processed by ASIC 04 and the upper three by ASIC 02. Thus 
16 ASIC 04/ASIC 02 pairs are capable of processing all 128 
channels as one logical uniL 
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Figure S: ASIC 04 

The NHit circuitry provides a cunent output dependent 
on the number of channels hiL The output is approximately 
100µ.A per strip hiL In the situation described above where 
individual signals are below threshold but the sum of the two 
is above, only 100 µA is provided thereby treating it as a 
single hiL ________________ , 
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ASIC 02: Quad Analog Sum and Laich Driver 
The Quad Analog Sum circuit on ASIC 02 gets its 

inputs from analog sum ouaputs on ASIC 01 (two input sum 
circuits), thus producing an analog sum of eight adjacent 
channels. 

The Latch Driver takes an ECL 2.5 ns pulse, 
converts it to a differential pulse which will then be used to 
drive the latch inputs of the fo1r corresponding ASIC 01 's. 

ASIC 03: Digital to Analog Threshold Set and Reaaback 
The chip shown in Figure 7 is a CMOS 

implementation of 4 DIA ouq>w channels and a single AID 
readback channel. Writing and reading of this chip is 
accomplished through the FASTBUS system. To set a 
threshold for each channel and adjacent channel sum 
discriminator. 256 DIA ouaputs are required per 128 channel 
P/C module. 64 D/A chips are mounted on the P/C module in 
this case. It is optionally possible to feed more than a single 
channel discriminator with the same threshold level. 
Implementing this option minimally requires a single DIA 
chip with each output feeding 64 discriminators. 
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Figure 7: ASIC 03 

Delay/Encoder (DIE) 
1be DIE module (Figure 8) accepts 128 channels of 

parallel dala from the P/C every 18.9 ns and stores the 
individual channel data for up to 4.8 µsec, while a level I 
trigger decision is made. 1be delay is implemented using 
high-speed ECL memory (10422-5). The 18.9 ns time 
between events is split into a write cycle and read cycle. 

During each 18.9 ns RF cycle. a write address COID'lter is 
incremented and data is written into the delay memories. 
During any cycle, stored data may be read from any memory 
loca1ion. No detector deadlime is generated by this readouL 

When a level 1 trigger occurs, the MTC generates an 
address dw conesponds to the localion in the DIE memories 
holding data for the RF bucket in which the triggering event 
took place. This address is fanned out through the SEQ 
modules to all of the D/E's in the readout system. Data from 
the RF bucket containing the triggering event and data from 
the previous RF bucket in time are input to a pipelined 
priority encoder. It takes seven clock cycles to load the 
encoder pipeline. After this delay. the DIE outputs an ordered 
list of hit strips. The address of each hit strip is encoded in a 
seven bit number. An adddtional bit is used to flag strips 
which were hit in the RF bucket previous in time to the 



mggering bucket. This bit identifies hits that are likely to 
have been caused by an event other than the aiggering evenL 
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Figure 8: Delay/Encoder 

Encoded data is uansfmecl synchronously to the SEQ 
module over point-to-point connections on the .FASTBUS 
auxiliary backplane. This uansfer is data driven and occurs in 
parallel for all DIE's. 

Sequencer (SEQ) 
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A block diagram of the SEQ is shown in Figure 9. 
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The SEQ module fans out triggers received from the 
MTC to the DIEs in the fonn of a hit address in the delay 
memories. It also accepts the canditioned 53 MHz clock from 
the MTC, delays it by a programmable amount. and fans out 
two versions of the 53 MHz clock and a 26.5 MHz clock 
derived from it. onto the FASTBUS auxiliary backplane. 
These clocks are used by the P/C t.o latch data. by die DIE to 
clock the high speed memory and the encoder pipeline, and t.o 
synchronize the data transfer from the DIE modules to the 
SEQ. The SEQ accepts data from the 12 DIE's in parallel and 
places it in 12 FIFO's. When a lrigger is received, the SEQ 

deassens an "Encoder Ready" signal which is input to the 
MTC. As soon as all DIE data has been transferred to 
Seqeuncer input FIFO's, the "Encoder Ready" is asserted again 
and die readout system is IC&dy to process another aigger. 

The Sequencer reads data out of its input FIFO's in ,_ 
fixed order. 1be 8 bits of data from each DIE are combined 
with 7 bits of DIE address and stored in a FASTBUS 
accessible memory. A high order zero is added to distinguish 
dara from conaol infonnarion. The end of event is marked by 
control word containing a count of the number of data words 
and a 7 bit "event number' that may be used to insure 
synchronizalion across the entire readout syst.em. The 
sequenced data is moved two 16 bit words every 73.4 ns into a 
"Event Buffer FIFO" that can be accessed from FASTBUS. 
The data is simallalleOusly output through the auxiliary 
connector to an optional high-speed fiberoptic link. When the 
fiberoptic port is used, the dala may still be readout of the 
"Event Buffer FIFO" over FASTBUS and used to compile 
high statistics histograms in the FSCC without reducing the 
readout bandwidth. 

FASTBUS Smart Crate Controller (FSCC) 
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Figure 10: FSCC 

The FSCC shown in block form in Figure 10, is 
designed as a limi~ general-purpose readout device for low
occupancy front-end syst.ems. It can execut.e most FASTBU~ 
master operations direcdy from higher level software at nonn· 
68020 processor speeds, typically a few hundred nsec I>'-



instruction, and also suppons faster operation through 
microcoded list operations. The FSCC is dual-paned from 
FASTBUS to the auxiliary connector to allow 100 nsec block 
transfers on both pons through an inrermediate FIFO buffer. 
This buffer is designed to store the data from a single crate of 
front-end modules and insen a leading word count or header. 
The output pon connects to several standard fonnats using an 
auxiliary card level adapror. In addition to the data pons. two 
RS 232 lines, an Ethernet interface and ttigger I/O pons are 
provided. The FSCC runs the PSOS real-time OS kemail and 
is programmable in any combination of C, assembler or 
microcode depending on perfmnance requiranents. 

Master Timing Controller (MTC) 
The Master Timing Conuoller generar.es the system clock. 

conttols system synchronization, and generares delay memory 
addresses upon the receipt of Level 1 triggers from the 
experiments Trigger system. A block diagram of the MTC is 
shown in Figure 11. The MTC receives the 53 MHz Tevatton 
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RF clock and establishes a 50% duty cycle clock whose phase 
is adjustable relative to the incoming RF. This CLOCK along 
wirh a SYNC pulse are disttibuted to each SEQ and eventually 
to all DIE's. DIE's use this clock and sync to detennine write 
addresses for incoming data. Being synchronized, the MTC 
knows rhe current DIE write address and generates a read or 
"hit" address when a trigger is received. The hit address 
generated is offset from the write address based upon a 
calibration of the Trigger decision time. Hit addresses are 
placed into a high speed FIFO queuing up to eight uigger 
requests and can be accepted on successive RF buckets. The 
read or "hit" address output from the FIFO is broadcast to all 
DIE modules at a rate determined by the ENCODER READY 
signal summed from all DIE modules.The ability to pipeline 
triggers makes the system truly deadtimless at trigger rates up 
to the readout bandwidth. With knowledge of the read address 
and the DIE's current write address, the MTC detects fatal DE 
memory overwrite errors. However, to prevent such a 
condition, rhe system is throttled by sending a WAIT signal to 
the Trigger system under appropriate conditions. 

Project Status 
All system module logical design is complete. The 

FSCC is in the second prototype stage. The P/C :module 
board layout is nearing completion. The DIE and the MTC 
module prototype boards are due in February l 99Q. The SEQ 
module board design bas started and will be completed in 
February. Prototype printed circuit boards of each of the 
system modules are expected to be available in early March for 
inid.tal integrated testing. 
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A High Speed, High Gain Preamplifier System 
for Silicon Strip Detectors 

R. J. Yarema, T. Zimmerman 
Fenni National Accelerator Laboratory* 

P. 0. Box 500, Batavia, IL 60510 

Abstract 

A high speed. high gain amplifier system has been 
designed for silicon strip detectors. The amplifier has been 
designed using a semicustom bipolar linear anay. This paper 
focuses on a practical integration of this amplifier into a 
working sysrcm. To maximize board density and reduce cost a 
new, relatively inexpensive custom chip carri~ was designed. 
The design approach could be useful· for other custom or 
semicustom chip designs. Insight into the design of a 128 
channel preamplifier circuit board for low noise and low 
crosstaik using the new carrier is presenred. 

High channel density presents challenges in cabling. A 
relatively new high density cable with mass termination 
capability was used for ttansmiuing signals from the preamp 
to the discriminator boards. As a part of the overall design, 
the approach taken for shielding of the detector, preamplifier 
.:ants, and outpill cables is discussed. 

Introduction 

The amplifier described in this paper is pan of a high 
speed silicon strip detector readout system being developed at 
Fermilab (1). This system will be used by two experiments, 
E-771 and E-789, in the 1990 fixed rarget run. Both of these 
experiments will operate at very high interaction rates with 
the goal of accumulating for study large samples of B 
panicles. Each of these experiments will contain more than 
10000 channels of silicon strip electronics. Although this 
paper is generally applicable to both experiments, the 
requiranents for E-771 will be used as a specific example. 

Front End System 

The silicon strip detector for E-771 is comprised of 24 
planes of silicon, each with 688 strips. Plane to plane spacing 
averages 0.5 inches. Signals from a silicon plane arc fanned 
out over fme pitch circuiuy on flexible Kapton to six high 
density connectors for preamplifier cards. Each preamplifier 
card has provision for 128 channels and has differential 
outputs for each of the channels. Thus there arc 256 output 
signals per card. Outputs from a preamp card arc mmsmiaed 
'>Ver four fine pitch ribbon cables which arc about 20 feet long 
ro discriminalDr cilcuils housed in FASTBUS crau:s. 

*Operated by the Universities Research Association under a 
contract from the U. S. Deparunent of Energy. 

The preamplifier packaging design was driven by a need 
to minimize the Kapton length and reduce the associated 
capacitmee in order to impove the signal to noise pcrfonnance 
of the system. Since the silicon planes arc physically close 
together, a cin:uit board which could be mounted on nearly the 
same pitch as the silicon planes was designed. The size of the 
circuit board, the pitch of the pins on the preamplifier chips. 
the choice of input and output connectors. and choice of output 
cable were all driven by the desire to place the preamplificrs 
close to the silicon planes. 

Another design criterion was lhat preamplifier cards be 
easily rep.lau.able and repairable. These factors influence the 
type of input and output connectors used· and the conmuc1ion 
of the preamplifier boan:L 

To achieve the dcsiml goals, an integrawi design of the 
front end elecUonic:s was implemenu:d. The inr.epar.ed design 
in this coruext means considering the chip design. chip 
packaging design. board clc..ign. heat dWipation, and shielding 
design all at the same time. 

Preamplifier 

The preamplifier response for a charge impulse is required 
ro be 20 to 40 ns baseline to baseline and have an equivalent 
input noise of less than 1800 clecuons RMS. To achieve the 
design in a physically small package with reascmbly fast 
consauclion time, a semicustom, bipolar chip was designed 
using the Tetrronix Quickchip 2S linear anay. Four channels 
of the preamplifier arc designed on a single die. The design and 
pcrfonnance of this preamplifier chip is covered in another 
paper presented at the 1989 Nuclear Science Symposium (2). 

'Ibe preamplifier chip was designed to maximize the 
isolation between input and output pads by locating the pads 
far apan and to make power supply busing aaoss many chips 
easy. Figme 1 is a bonding pad diagram which shows that the 
inputs and outputs are on opposite ends of the chip to reduce 
feedback. Power supply connections arc made on the sides of 
the chip to permit power busing under the chip~ Identical 
power connections arc made on each side of the die to facilitate 
the mounting of the chips in the chip carrier package which 
was chosen. 

Chip Packaging 

Each circuit board is to have 128 channels and thus 32 
four channel dies mounted on iL To fit the chips onto the 
preamplifier board. the chips had to be mounted relatively 
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Figure 1 • Preamplifier Di~ Bonding Pads 

close to each other. Chip on board (COB) mounting of the 
bare dies was considered to be impractical because of the large 
number of dies to be mounled. Secondly, COB does not 
re:idily permit replacement of a bad die after assembly. Thus a 
drip carrier was desin:d which would facilitate replacement of 
bad chips. To fit the required number of channels onto a 
board. a leadless surface mount chip carrier with a pitch of 25 
mils was necessary. Standard packages which would meet the 
space requiremenrs were not available. Therefore a custom 
pa:kage WU designed. 

The type of package designed is manufactured by 
Tectonic, Ltd in England and sold under the trade name of 
EPIC [3] by S A Communications of San Diego, CA. 
Advantages of the package in addition to full choice of paclcage 
dimensions include ease of design. fast delivery, and relatively 
low cosL The primary disadvantages are that the package is 
not well sealed and replacement of a faulty device requires 
special care. 

The EPIC chip carrier is made of B· T 
(bismaleimide-ttiazine) which is similar to the FR.-4 material 
that is commonly used to make printed circuit boards. Thus, 
there is no temperawre coefficient mismatch between the 
package and the printed circuit board to cause solder joint 
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failure problems. The glass transuion tempaature for B· T. 
however, is about 210°C, which m3Kes it more suitable for 
gold ball bonding and surface mot.Ult retlow soldering. 

To make most effective use of the space on the circ&u. 
board and reduce the packaging cosL the package was designed 
to have space for two dies (eight channels of preamplifier). 
The pacbge was ordered by sending the layout shown in 
Figure 2 to the manufacturer's representative in the USA. 
Chip carriers were nonnally returned in about 4 weeks. As can 
be seen, provision was made inside the chip carrier for 2 
iniemal bypass capacitors· for critical power supply voltages. 
This feamre was very helpful in preventing the omput drivers 
on the chip from oscillating. Effectively. the asmnbled chip 
carrier becomes a mini hybrid with surface mount provisions. 
Figure 3 shows an assembled chip carrier wilh the lid removed. 
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Figure 3 - Assembled EPIC Chip Cattier with Ud Removed 

to show 8 Preamplifier Channels. 

The EPIC r;ype of package· has receiwd only limited 
attention in the USA. However. the pactage has been 
ezumsively ICSted and used by British Telecon in the United 
Kingdom. Ac:c:e1erared life tcsU perfonned by die manufacturer 
show the plctage to be highly reliable. 

A preliminary measurement of the thermal impedance of 
tbe EPIC package to the circuit board described in the next 
seccion is about 80°C/watt. The preamplifiers dmiparc about 
3SO mw per EPIC package. 

Due to the inherent construction of the EPIC packages. 
they are not well sealed against moism=. To provide adequate 
procection. the chip surfaces must be coated or sealed to 
prevent contamination of the bonding pads. Two different 
matuials have been tested on the prcamplifim. One is a 
polyimidc surface coating (Rely-imide #2100) made by M & 
T Ciemicals and lhe ocher is a glob top enc:apsulant (FP4323) 
made by Hysol for COB applicalions. Packages with OO'~ 
typeS of coating were thermally cycled. Pactages wilh he. 
com of the polyimide material that covered the bonding wires 
(not =ommended by the manufacmrer) showed damage to the 
bonding wires after several days of lhennai cycling. Similar 



LCS1S -periormed with thin coatings, 1-2 miis. and no coaung oi 
the bond wires showed no damage. The encapsu.lant material 
has shown no problems. Both materials when properly 
:ipplied appear to be acceptable solutions to the moisture 
problem. 

Initially, poor wire bonds to the package were 
encountered when using a gold wire bonder. This was 
apparently due to thin gold plating (8 to 15 microinches) 
inside the carriers. After ordering packages with a minimum 
of 32 microinchcs of gold, the problem disappeared. 

Solder mounting and replacement of the EPIC packages 
requires special attention. Production assembly was 
accomplished with IR solder reflow techniques. Because of the 
fine pitch componentS, stencils rather than screens were used 
to deposit the solder paste. Special fine mesh solderpaste with 
low slump characteristics was necessary. Replacement of a 
single EPIC package by an experienced person requires about 
IO minutes. 

The EPIC package is relatively inexpensive for a custom 
package. Nonreccuring engineering charges are about Sl500 
md the cost per package is Sl.06 for a few thousand pieces. 

Board Layout 

As has been mentioned, the printed circuit board and the 
chip camer are an integrated design. Each printed circuit board 
which, is 3.5 inches by 4.5 inches has 128 channels of 
pn:amplifiers. Seventy percent of the board space is devoted 
to input and output connectors. Eight chip carriers are 
mounted in a row on each side of the board. Power is brought 
inro the center of the board with a cable and then disttibuted 
under the chips on each side of the boani to minimize voltage 
drop. Power supply bypassing is done as close to the chip 
carriers as possible. 

The circuit board has four layers. The center two layers 
are primarily ground plane, and act as a low impedance 
amplifier reference. They also provide impedance control for 
the output traces. Each channel of amplifier has a dedicated 
reference, or Vee. connection. E.ach four channel chip has a 
common ground connection for the output driver pulldown 
resistors on the chip. It is important that lhese all connect 
directly to the same low impedance ref c::rcnce, or ground plane. 
to reduce crosstalk. In fact, the common pulldown resisror 
ground connection is made through three parallel package pins 
to insure a low inductance connection ro the board. Multiple 
vias are used ro connect the chip ground pins to the ground 
planes in the center of the board. All bypassing is as tight as 
possible to the ground plane. 

The ground plane layers also distribute the heat from the 
chips to the entire board. The board thus tends to act as a 
cooling fm. There are 144 circuit boards distributed over four 
sides of the detector. Forced air is used to cool the circuit 
boards. 

Figure 4 shows an assembled card. Input signals are 
brought onto the card from the detector via an inexpensive. 
132 pin 50 mil pitch card edge connector. This connector 
pennits easy insertion and extraction of 128 channels of 

Figure 4 -128 Channel Preamplifier Card With Connectors. 

electronics with less than 10 pounds of force. Two 64 pin, 
high density connecrors on each side of the card are used ro 
send signals to the discriminalor boards. 

Shielding Design 

A double R.F shield is employed around the detector as 
shown in Figure S. The inner shield encloses all of the silicon 
strip detector planes. Penetrations are made through the shield 
for the preamplifier cards to pass through and plug imo 
connectors mounted on the detecrors inside. Small beryllium 
copper RF gaskering suips are used to make contact from the 
shield to the exposed ground plane on the two sides of the 
preamplifier card near the card edge connector. See Figure 4. 
The RF shield is carried through the circuit card by means of a 
series of via holes located where the gasketing contacts the 
.board. This ammgement maintains RF shield integrity which 
would have been reduced by the card slots. Also, this allows a 
very low impedance connection between the RF shield and the 
amplifier grounds. This was found to be absolutely essential 
in eliminating coupling between the preamplifier input leads 
coming from the detector and the higher signal level 
preamplifier outputs. 

A second R.F shield is placed around all of the 
preamplifier cards and the inner RF shield. Power supply leads 
for the preamplifiers are brought through the outer shield in 
four locations and then distributed. The outer shield eliminates 
pick up on the power distribution cables. 

Preamplifier output cable bundles passing through the 
outer RF shield are shielded to reduce pick up on the cables. 
The bundle shields are terminated to the outer RF shield at the 
detector to effectively extend the outer shield to include the 
cables. The bundle shields are also comecied at the receiving 
end to the FASTBUS crate racks. 
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Output Cables 

A mass 1mninable. flexible. 64 conductor. 2S mil pitch 
ribbon cable was chosen to uansmit the large number of 
signals at the output of each preamplifier card to the 
disaiminaUr cards. The cable which is made by Specaa-Saip 
(#133-3013-064) has an embedded ground plane for impedance 
conttol and cross talk reduction. All wires in the cable are 
used as signal conductmS. 

Four of the cables are c:onnecced to each p~plifier card. 
for a total of 576 cables in the system. Each cable is 
relatively light weight, flexible. and slaeks well into bundles 
for shielding. 

For this application. pairs of conductors are driven 
differentially. The differential impedance of the cable is 100 
ohms. Although the output signals are differential. the ground 
plane of the cable is conne=d to the p~plifier ground plane 
to provide a remm path for imbalanced signals. Also, fixing 
each cable ground plane to the same reference reduces coupling 
which can cause oscillations. To make the connection to the 
preamp ground plane. the ground plane on the cable is folded 
back and wrapped with conductive adhesive copper tape and 
then clamped to the preamplifier ground plane as shown in 
Figure 4. In addition to making the ground connection to the 

circuit board. the clamp also doubles as a cable sttain relief. 
At the receiving end. each signal conductor is AC 

coupled and terminated with 50 ohms to a common po· 
which is conneacd to ground. Forward cross Wk betweeu 
adjacent conductor pairs in the cable is about 0.5% for a ten 
foot cable with 5 ns rise time pulse. This is quite acceptable 
for the silicon strip application. 

Preamplifier Power 

A "quiet power" source is provided for me preamplifier 
cards to eliminale noise injection from the power source. A 
separate double shielded transfonner is used ro provide AC 
power to the preamp power supplies. Only linear power 
supplies are used for the preamps. Power cables from the 
power supplies to the detector are shielded ourside the RF 
shield and b~ just inside the outer RF shield to stop any 
noise transmitted down the cables from entering the RF 
enclosure. 

Once the Power supply voltages are brought inside the 
outer shield. they are disaibuted to the individual preamplifier 
cards by means of shon ribbon cables. Each of the two power 
supply voltages on the ribbon cable to each card is fused. The 
fuses are located inside the outer RF shield. Easy access doors 
to the fuses are provided for maintenance purposes. 

Summary 

The front end electronics for the silicon strip derector i' 
packaging problem as well as an elecaical design problena. 
Boch factors needed ro be considered in the early design stages 
of the project to build a system which not only meets the 
elecaical design criteria, but is manufactureable and readily 
repairable. In completing the design, packaging ideas which 
should be applicable to other systems were developed. 
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Abstract . 

A first version Tektronix Quickchip semicustom ASIC 
preamplifier for silicon strip detectors was reponed in OcL. 
1988(1]. An improved version. QPA02. has been designed 
which incorporarcs laser trimming of nichrome resistors as a 
means of compensating for chip resistance process variations. 
which affected the response of the first version. This allows 
chips with randomly varying resistance values to be trimmed 
to have a standard output pulse shape. The QPA02 also has 
improved perfonnance specifications. This paper describes the 
design philosophy and specifications of the QPA02. and the 
test results. 

Introduction 

The QPA02 is a high speed bipolar transimpedance 
amplifier built using a Tektronix "Quickchip 2S" semicustom 
linear array. It converts an impulse of charge to a fast voltage 
pulse. It was designed for use as a silicon strip amplifier for 
Fennilab E-771 [2], but will be used in E-789 and may have 
other applications as well. E-771 requires an amplifier with a 
fast response to a charge impulse input. since the time 
between beam buckets is about 19 ns. The QPA02 has an 
impulse response that rerums to baseline in less than 38 ns, or 
rwo beam buckets, for a detector capacitance of 20 pf. A high 
gain amplifier was designed (of order 15 mv/fc) so that ouq>ut 
signals traveling over long cables could directly drive 
discriminators. This also reduces sensitivity to external noise 
pickup. A buffered differential output was necessary to drive 
flat cable with maximum noise immunity. E-771 space 
constraints forced a high channel density, which motivated an 
integrated circuit design. 

The Tektronix Quickchip linear array was chosen for this 
design over other available high perfonnance bipolar linear 
arrays because Tekuonix markets its own design tools which 
facilitate accurate simulation and layout. and because custom 
laser trimmable nichrome resistors are available on Quickchip. 
A first prototype amplifier, QPAOI, was desi~ed, produced, 
and tested[ 1 J. The response of the amplifier differed somewhat 
from the nominal simulations due to process variations in 
on-chip resistor values. This emphasizes one of the major 
challenges in analog integrated circuit design. Chip resistor 
values can vary widely from run to run and are unpredictable. 

•Operated by the Universities Resc:irch Association under ::i 

contract from the U. S. Department of Energy. 

However, the designer can make use of the fact that on any 
given chip the resistors are matched to within 1 %. The second 
version amplifier. QPA02. is designed to use a nichrome 
resistor laser trimming scheme to partially compensa•e for 
these resistance variations, resulting in a more standardized 
output pulse response. 

The Quickchip Design Process 

Designing with Quickchips is a well def'mcd process. 
Nonnally a design is simulated and its perfonnance understood 
by using TSPICE (a Tektronix proprietary enhanced vemon of 
SPICE 2G) before commencing layouL This is done using 
Tektronix supplied component libraries. Then a die selection 
is made from several available types. This is usually based on 
the number of components and I/O pads needed per chip. 
Layout is then perfonned using the QUICKIC (Tektronix 
version of KIC) layout editor. Two levels of metal are 
available to interconnect components. Sometimes layout 
constraints force component changes. This necessitates a 
return to TSPICE to verify any design changes. A design 
review at Tektronix checks the integrity of the design. 
Nonnally a prototype run of chips is made and performance 
checked before ordering produCtion quantities. 

Amplifier Design 

The QPA02 ,is a two stage amplifer. A schematic is 
shown in Fig. l. The first stage. or preamp. is a 
transimpedance feedback amplifier in the common emitter 
configuration to conven a charge input to a voltage outpuL 
The second stage is a differential voltage amplifier. Its 
function is to boost the gain, shape the preamp output. and 
provide differential outputs to drive a transmission line. A 
"reference" preamp stage. similar to the input Stage. is used to 
provide DC tracking to the second stage. This is necessary 
since DC bias levels are somewhat uncertain due to process 
variations and temperature effects. This reference stage has no 
input capacitance and is bandwidth limited with a relatively 
large on-chip capacitor. Therefore it does not contribute 
significantly to the ouq>ut noise. 

Preamp 

The preamp input transistor Qt is a large area transistor 
to minimize noise due to base resistance. A cascade transistor. 
Q2, limits Miller capacitance at the input. The cascode base 



. bias voltage is supplied by a simple diode string. An emitter 
follower, Q3, buffers the cucode collector to the second stage. 
A feedback resistor is connected from a variable attenuator 
(driven by the follower) back to the inpuL 

This stage has two imponant open loop poles. one 
significantly higher than the other. The feedback resistor value 
is selected to give a slight overshoot in the impulse response. 
(This overshoot is smoothed out by the second stage shaper 
and causes the output to have a quicker return to baseline). 
The dominant open loop pole is fanned by the capacitance at 
the input node (dominated by the detector capacitance Cd) and 

the input resistance R1t' This can be written as 

f I = l/'22tRnCd = gm/2nBCd. 

Since gm is inversely proponional to le, and 1c is nearly 

proponional to the collector resistance Re, f1 is then 

proportional to l/RcCd, and is nominally around 2.5 MHz. 

The second pole is fanned by the cascade collector node 
capacitance, Cc, and the collector resistor, and can be written 

as f2 = l/2nRcCc. Its nominal value is 65 MHz. The DC 

open loop uansresistance is approximalely BRc. Without the 

cascode transistor, the amplifier would have only one 
important pole, formed by Cd added to the Miller capacitance 

of QI. Such a configuration would be more sensitive to 
process variations in input aansistor parasitic capacitance, and 
would have a longer impulse response fall time. By using the 
ca.scode, however, the response becomes more sensitive to 
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variations in input capacitance. Since detector capaciran,.-~ 
should be relatively unifonn channel to channel 
compromise is acceptable. The nominal design assum~ ~ . 
pf input capacitance, but other capacitances can be used. 
Supply voltage can then be used to adjust the impulse 
response if desired. 

Since the two poles are widely separared. and the feedback 
is set such that the loop gain falls to one at about 25 MHz, 
the preamp closed loop bandwidth and phase margin are 
determined mainly by f 2 and Rfb. Thus process variations in 
resistance will affect the amplifier's response. Assuming fixed 
Cd, the value of Re has little effect on the open loop gain at 

f2. since a change in Re moves ft and the DC open loop gain 

in opposise directions, preserving gain bandwidlh. In order to 
stabilize the response in the presence of process varialions, the 
second pole frequency and the amount of feedback must be held 
constanL A scheme in which Re and Rfb were formed from 

nichrome and then laser aimmed was considered. However, 
the values required were too large to be practically designed as 
nichrome aims. Also, there is no easy way of monitoring the 
resistance values while ttimming to know when the correct 
value has been reached. Therefore, a method was developed 
which uses small value nichrome resistors as "fuses" which 
can be left in or cut out by laser. There are five different 
discrete configurations to which the amplifier can be 
"bimmed" by cutting different combinations of fuses. Tf'-~

configurations are assigned to evenly spaced ponions 
range of possible chip resistance variation. A test rc-.or 
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Fig. 1 - QPA02 Schematic 



measurement del.Cmlines which configuration is appropriate for 
311y given chip~ Nichrome laser cuts can then be made before 
'le chip is powered up. 

The frequency of the second pole is held at 65 MHz by 
changing the capacitance on the cascode collector node. based 
on the test resiswr measuremenL Two small capaciwrs in the 
fonn of back biased junctions are connected to this node 
through nichrome fuses. The value of one of these junction 
capaciwrs can be set to one of two levels by changing the 
value of back bias voltage via nichrome fuses. Thus a total of 
five different values of capacitance are available at this node. 
The amount of feedback is held at a constant value by 
trimming an attenuator which drives the feedback resistor 
(again. in discrete steps}. This is done by cutting out four of 
five parallel nichrome resistors. based on the test resistor 
measurement. The response and phase margin of the preamp 
have been stabilized against chip resistance variation by using 
this technique. 

The reference stage used for DC balance ·contains similar 
feedback attenuator trims. but the other trims are not 
necessary. A continuously trimmable nichrome resistor is 
:.idded in order to remove any remaining DC imbalance due to 
transiswr Vbe or Beta mismatch. This is an active trim done 
by monitoring the DC output voltage while the device is 
powemi 

Amplifier/Shaper 

The second stage is a differential pair, QS and Q9. which 
is biased by a degenerated cunent minor, Q 10 and Ql 1. This 
stage provides an amplified differential signal at the collectors 
of the differential pair. Each collector is buffered in order to 
drive a transmission line. The ouiput is bandwidth limited by 
adding capacitance to the collector nodes in the fonn of back 
biased junctions. This shapes the signal and limits the noise. 
The nominal shaped signal peaks at about 10 ns and is less 
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Fig. 2 - Quickchip 2S die with pad assignments 

than 35 ns base w base. The first stage overshoot helps speed 
up the fall time at die ouipm. Since die shaping depends on 
the RC lime constant at dlc collector, the chip resimnce value 
affects this. Theiefore. a nichrome trim scheme similar to that 
used in the first stage is implemented here ao trim the 
capacirance to one of five discrete values. Thus lhe shaping 
time consmnt will remain relatively COnstanL 

The prec:eding scheme allows a standard omput pulse 
shape over a range of chip resistance values. However, 
amplitude differences exist for the diffeient cases since the 
resistance affects the gain. Therefore, the cunmt minor 
degeneration resistance in die second stage is fanned from 
parallel nichromcs of different values that were dcrermined 
empirically using TSPICE. By cutting out two of the three 
resistors in each leg, die gain can be set such thal the pulse 
height will be at a fixed value. 

The output section of lhe second stage consisU of small 
area emitter followers, Q12 and Ql3, to buffer the collectors 
and drive larger ouiput transistors. Q22 and Q23. An internal 
pulldown resisaor is used to bias each output ttansistor at 
about 4 ma. An extemal pulldown may be added to increase 
the dynamic range if desired. A laser trimmable back 
tennination is provided in .series with each ouipuL 

QPA02 Layout 

The Quickcbip 2S die, lhe smallest available. was chosen 
for the layout since it contained the correct number of pads for 
four channels, and because the component layout was 
fonuitous. The pad assignments are shown in Fig. 2. The 
channels are laid out in columns, with input pads on the 
bottom and output pads on the top. Power supply pads are on 
either side. The preamplifier stages are on the bouom half of 
the chip. and the amplifier/shaper stages are on the top half. 
This arrangement maximizes isolation between inputs and 
outpUts. Fig. 3 shows two chips bonded into a cllSIOm chip 

Fig. 3 - Two QPA02's in cuswm chip carrier 



carrier. Small bypass capacitors for the output driver supply 
are also mounted inside the carrier. 

A separate reference (VEE) pad is necessary for each 
channel to avoid common impedance crosstalk. Output driver 
pulldown resistors are included on the chip to avoid DC 
currents in output cables. These are all connected to a 
common point (GND). When using QPA02, GND and VEE 
pads should all be referenced to the same low impedance 
ground plane. 

The output driver transistors are connected to a separate 
power pad, VCC2. This avoids the problem of high output 
cunents coupling to the input circuitry. Also, this allows 
VCC2 to be independently adjusted. VCC2 should not be 
more than 2.0 volts lower than VCCl. For ease of use, 
VCC2 may be run at the same supply voltage as VCCl. 
However, this will result in increased powec dissipation. 

The cascode bias, VB, is shared between all channels on a 
chip. It is connected to a pad so that it can be externally 
bypassed. This is necessary to reduce crosstalk and to limit 
random noise components. 

Since this amplifier has a large gain-bandwidth, it 
requires special care in grounding and shielding for practical 
use. This is the subject of another paper presented at these 
proceedings[3]. 

Performance and Test Results 

Prototype chips were supplied by Tektronix for 
evaluation. Fig. 4 is a diagram of the test board used. For all 
tests, VCCl was set at 4.5 volts and VCC2 at 2.5 volts. 
Response and noise measurements were made for a variety of 
input capacitances and compared to TSPICE predicted values. 
In all cases, the measured results closely matched the TSPICE 
values, proving the value of design simulation. 

Fig. 5 is the measured impulse response for a charge 
input of 4 fc, taken at one output. This translates to a 
differential impulse gain of 17 mv/fc for Cin=20 pf. Fig. 6 
illustrates how VCCl can be varied to adjust the impulse 
response. In this case, VCCl is used to keep the same pulse 
width for a variety of input capacitances. The QPA02 has a 
dynamic range of approximately 30 fc at the input before the 
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outputs begin saturating. However, linearity is degraded above 
10 fc. 

The noise perfonnance was measured using a LeCroy 
620AL discriminator(4] and is shown in Fig. 7. The input 
noise is approximately 1570 electrons for Cin=20 pf. 

The power consumption of the QPA02 is approxima1ely 
45 mw per channel. Channel to channel crosstalk is measured 
at typically 0.5%. The input impedance is approximately 200 
ohms. 

Conclusions 

Semicustom linear arrays can be a fast and reliable way 
to produce integrated amplifiers for high energy physics. The 
QPA02 has been tested and demonstrated to be an effective 
silicon strip amplifier for high rate applications, perfonning as 

. modeled. Other applications may exist which can use this 
amplifier or a modified version of this amplifier. 
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Introduction 

A high speed, low noise readout system for 
silicon strip detecton ia beiDg deve!opeci for· Fermilab 
E771, which will begin taking data in lgsg. E771 is 
& fixed target experiment deaigned to study the 
production of B hadrou by an 800 GeV/c proton 
beam. The initial focu will be on events in which a 
B particle decays into a fmal atate including a J/t, 
which aubaequently decays into /'+p·, and on eventa 
containing a single high transverse momentum. muon. 
In order to accumulate the largest pouible sample of 
B particles, the experiment will operate at a rate of 
up to 2xl01 beam procom per 1econd and 107 

interaction.a per second. The experimental apparatua 
will consiat of an open geometry magnetic spectrometer 
featuring good muon and electron identification anci a 
16000 channel ailicon miCl'Olltrip vertex detector. This 
paper will review the deaign and prototyping of two 
application apecific integrated circuita (ASIC'•). an 
amplifier anci a diacriminator, which a.re being 
produced for the 1ilicoa. at.rip detector readout l)'Btan. 

A high rate aystem mut be able to diatiDguiah 
information corresponding to a deaired event from 
information coming from other events occurring nearby 
in time. ID order to be efticient, it must also recover 
from a meuurement quickly. Extracted beame at 
Fermilab retain the 53 MHs RF structure of the 
Tevatron accelerator. Thia meau that eventa occur in 
well defined "bucketa" of time which are 
approximately 1.5 as long and occur every 18.9 ns. 
The 1ilicon atrip detecton which will be used in E771 
a.re 30011 thick and will operate with a biaa voltage 
high enough so that mon of the aignal will be 
induced iD laa than 10 na, ud all of the current will 
be induced in leu than 20 m. ID order to pnsene 
thia resolution ud memGrT time, an amplifier must be 
built which not onJy hu high gain and low noiae (the 
induced charge tot&la onJy 24000 electrom), but a.lao 
haa high bandwidth. 

Technoloq 

Recent dnelopmenm in the micro-electronie8 
industry haTe made it reuonable for the deaignen of 
large acale detector .,,atema to conaider the wse of 
custom integrated circaim. A aoftware bue including 
reliable modeling and layout tools hu been dneloped 
which eaaea the procea of going from block diagrams 
and 1chematica to ailicon. Fabrication costs have been 
reduced to the point that deaignen of l)'Siems with u 
few u 10000 channels may find the tot.al coat of an 
ASIC Iese than that of a comparable discrete design. 
Meanwhile proceu technologiea have been improved to 
the point that trauiaton fabricated on monolithic 
1ub1tratea can perform nearly aa well u the beat 
available diacret:e componenm. The obvioua advantages 
of integrated circuit designa due to the reduction in 
interconnect capacitance and higher density packaging 

' F ermilab is operated by Universities Research 
Association under a conuact with the U.S. Depariment 
of Energy. 
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are being exploited in the dnelopment of denae 1ignal 
proceuing aysiema that phyaically could not be 
realized with discrete component designs. 

Procea Selection 

The fmt choice a designer muat m&ke ii what 
type of proeea to use. The readily available proceue1 
include CMOS, NMOS and silicon bipolar. Hybrid 
fam.iliea are becoming available combining CMOS and 
bipolar but these are expeuive and noc yec acceaaible 
to 1mall volume u.sen. Our choice wu baaed on an 
evaluation of the inherent noise performance, f

1
, and 

power requi:remenu of each family. A good gwdeline{ll 
is that if the desired. aignal rise time is greater than 
50na, MOS proc.._ will be preferred over bipolar. 
Thia ill due moatly to the fact that bipolar trauilton 
require a bi&a current at the bue which contributea a · 
random noise proportional to the meaaurement time. 
MOS dericea la.e their advantage ac high freqaaq 
where thq require large terminal capacit&Dce ot larie 
quiescent cunenta to equal the noiae performaace of 
their bipolar coanterparu. We quickly decided to focua 
on bipolar procll!lle9 for wse in the E771 ailicoD 
ayatem. 

Since advanced bipolar process• require u many 
u ig mub. full custom daigna entail verr large 
"non-recurring engineering" (NRE) coata. Hcnrwer, 
several compaa.ies now market am..,. of uncommitted 
tramiaton and p ... m. componenta. Ma.t of the 
proceaaing atepe cu. be completed on an unlimited 
number of wafen uing the aame mub. The user 
cuatomisea the array by apecifying metal intezecmnect 
layen. Thill drama&ically reducea the NRE can. and 
proride8 the uer with a well characterised parta U.t 
that may be interc:cm.nectecl at will. The diaadnAiage 
ia that the committed placement of componenm nsulm 
in daigm thai han alightly higher stray capacitance 
and are much Iese efficient at the utilisation of ailicon 
area. The compaa.ia which market high performuice 
bipolar linear arr&J'S are AT&T, Gennu.m, Tektronix. 
and VTC. After conaideration of the propertiea of the 
varioua arrays, and of the CAE & CAD t.oola 
available for each oa.e, we decided to use the 
Tektronix Quickchip 2 for our ASIC'•· Tektronix is 
the only Tendor of the four listed that marketa ita 
own deaign toola. The Tektronix arraya are a1ao the 
only onea which provide the option of customising 
luer trimmable nichrome thin film resiaton. 

Amplifier 

The configuration choaen for the E771 silicon 
1trip amplifier is a commoa. emitter tranaimpeciance 
&mplifier. The common bue configuration wu also 
comidered, but waa rejected for the following reason. 
The noise can be made approximaiely the same for 
both configurationa if the standing current in the 
input tran.aiacor is the 1ame!2j. However, in the 
common hue configuration the standing current must 
pus through both a collector resistor and an emitter 



~es1stor. and. both r.:.ust have a iar11;e vaiue to 
:::inimize noise. T:.e resuit is that the common base 
:ontiguration ciissipates more power anci uses more 
'.arge resistors. which are in relatively short supply on 
:!le Quickchip arrays. 
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figure 1 

A schematic oi the Eiil ampiifier is given in 
::;ure 1. The first stage is a common emitter with 
casco<ie. buffered by an emitter follower. The open 
loop voltage gain. g R , is approximately 80. The 
ca.scode transistor eii"mihates Miller capacitance seen at 
the input, raising the frequency of the open loop 
dominant pole. This pole position is then determined 
mainly by the input (detector) capacitance and input 
impedance. For 20 pf input capacitance, the 
dominant open loop pole is at about 2 MHz. The 
cascode transistor introduces a second open loop pole 

at about SO MHz. The value of feedback resistance 
was chosen to give a slight overshoot at the first 
stage output for an impulse input with an input 
capacitance of 20 pf. The first stage ha.s 11: resultant 
dosed loop bandwidth of about 50 MHz, with a 12 
db/octave roUoff. The input impedance, given by 
R':b/g R , should be about 200 ohms. Computer 
siinul~i~n of the impedance, shown in figure 2. 
predicts a well behaved impedance of approximately 
:!CO ohms, which falls off rapicily above the amplifier 
bandwidth frequency. The first stage is followed by a. 
second gain stage which drives a differential output. 
The bandwidth of the second stage is limited with an 
RC pole a.t about 25 MHz to shape the pulse and 
reduce the output noise. The first stage overshoot 
causes the output of the second stage to return to 
baseline quickly. Since the response of the input stage 
is directly dependent on the value of the input 
capacitance, both stages are optimized for the 20 pf 
expected for the E771 silicon strip detectors plus 
fanout. The power dissipation of the full amplifier is 
less than 35 mw per channel. 

figure 2 

r.:i discrete or ny'orid designs. itey components 
can be specified with very tie;ht toierances. However. 
in integrated circuit design, tnis is generally not 
possible. Process variations ca.use large uncertainties 
in component vaiues. ?or exampie. on a Quic.ir:chip 2 
the value of active 'oa.se impiant (AB l resistance can 
vary by plus or minus 25';'°G from nominal. Also. the 
temperature coeificient is quite high (1400 ppm/degree 
C). ~IOS capacitance ca.n vary by 10% and MIM 
(Metal Insulator Metal) capacitance can vary by 303. 
'NPN -p can vary by 503. ~Iost of these variations 
are uncorrelated with one another. However, these 
values represent maximums to be expected when 
comparing wafers processed in separate runs. Within 
a. run the variations wafer to wafer are smaller. On 
a single wafer the variations are even smaller, and on 
a single chip the maximum variation is of order 1%. 
A good integrated circuit design must make use of 
this fact and rely on matching and differential 
configurations as much as possible. Laaer trimmable 
nichrome resistors provide the option of specifying 
exact resistance values and a.re valuable in some 
circumstances. 

Process variations have a fairly lare;e impact on 
·!le first stae;e oi the E 771 ampiifier. The pulse shape 
.:ii its output depends on the vaiue oi the feeaback 
~esistor and of the resistor connected to the collector 
of the cascode transistor. The use of laser trimmable 
nichrome resistors was considered as a way of insuring 
a consistent response, but there are several problems 
with this approach. In general, the Tektronix 
nichrome resistors are best suited for use as small 
value ( 10-1000 ohm) resistors. A large value resiator 
must be split into a fixed resistance (with a large 
uncertainty) and a "trim tab." In order to cover the 
necessarily large trim range, the trim tab must be 
physically large. Even if there is enough free area on 
the chip to place the resistor. the large stray 
capacitance to the substrate associated with the large 
trim tab can become a problem. For example, a 
nichrome resiator trimma.ble to within 13 of 12K 
ohms requires a trim tab of about 22000 square 
microns, which has a stray capacitance of about 0.8 
pf. The trimmed resista.nce of the tab may be very 
different for chips on different wafers. Thia meana 
that the RC product associated with the fixed portion 
of the resistor and with the trim tab may also be 
different chip to chip. In addition, the parasitic 
capacitance also can vary significantly, and this is not 
correlated to the degree of trim required. 

An acceptable solution for the amplifier first 
stage wa.s arrived a.t which makes use of device 
matching. Active base resiators were used for both 
the feedback resistor and the collector resistor. If the 
collector resistor is lower than nominal, the second 
pole is higher in frequency. But the feedb~ r.e11.istor 
ia also lower, changing the feedback and mamtauung 
an approximately constant phase margin. The amount 
of (ll'St stage overshoot, and thus the output pulse 
shape, remains similar. The bandwidth of the 
a.mplifier does change and this results in a change in 
the output pulse width ba.se to bue. The overall 
pulse height can be maintained by trimming the gain 
of the second stage. 

After studying the effects of process and. . 
temperature variation, it wu evident that a diff'erent1al 
second stage was required, with a. "dummy" input 
amplifier to balance the DC output variations of ~he 
real input first stage. The dummy st~ge ha.s no ~nput 
capacitance and it also ha.s a 6 pf feeaback capacitor 
which kills its frequency response. Consequently, 1t. 
does not contribute to the output noise. An addea 
advantage of a differential second stage is that a 



cifferentia.l output is na.turaiiy provided. T:.e 
contigura.tion is ba.sicaHy a. <iifferential pair with. 
;esistive collector loads that a.re buffered by emitter 
!'ollowers to the outside world. .-\. trimmable nichrome 
~a.ck termination resistor is placed in series with ea.ch 
output. .-\. current mirror is_ used .to ~iaa ~h~ P,air. 
The voltage gain of this conugurat1on is re1at1ve1y 
insensitive to process variations since it is proportional 
to the ratio of the collector resistance to the cu?rent 
setting resistance, and these a.re both the same 1:ype. 
.\. sm!ll nichrome degeneration resistor exists in eac~ 
leg of the current mirror. These can be used to. trim 
the voltage gain if desired. Shaping is perfo~ed ~y 
adding capacitance to each collector of the dilierential 
pair. An MOS capacitor is used, with a maximum 
process variation of +-10%, a relatively ~mall. effect. 
Resistance variations do change the shaping time, and 
this effect tracks the change in the first stage output 
rather than cancelling it. For example, narrower 
pulses due to lower than nominal resistance have a 
smaller shaping time constant applied to them. 

~.fea.surements on the PrototVt>e Amolifier ._ 

One of the major questions we had before our 
::rst experience with a Quickchip design was how good 
:he computer models were. When proto~ype~ were 
~eceived, the AB resistance wu meuureCl (via an o~ 
chip test resistor connected between two power pins I 
and found to be an average of about 11 % below 
nominal. TSPICE' simulations were run at this 
resistance and the results compared to actual measured 
resulta. Figure 3 is the TSPICE predicted ~plifier 
response to a 4fc impulse input for input capacitances 
of 15 pf 20 pf and 25 pf. Figure 4 is the actual 
meuured respo~e of a prototype amplifier with 20 pf. 
Within meuurement accuracy, the simulated and 
meuured responses a.re identical. 
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• :"SPICE is a Tektronix proprietary version of 
SPICE :G. We founci no sirnifica.nt differences 
'::ietween SPICE anci TS!'!C:: ~':!!u1ts. 

. T?e T~PICE preciicied ~oise of the preamp wa.s 
obta.uieCl by 1ntegratmg the noJSe density over the full 
frequency range of the amplifier and then taking the 
square root. This gives an nm output noise voltage. 
This can then be referred to the input by dividing by 
the amplifier gain (mv/fc). The actual noile of the 
amplifier wu meuured using the technique shown in 
figure 5{3!, and resuitl are shown in figure 6 along 
with preciicted values. Again. the two caaea are 
almost identical. The noise at 20 pf is .27 fc • 
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Radiation Damage Measurements 

• 

.. 

Two prototype Quickchip amplifiers were exposed 
to a Co60 source in several steps at a dose rate of 
about 200 KRad per hour, for a total dose of 5.6 
MRad. During irradiation normal bias voltages were 
applied to the amplifiers. The on chip test resistor 
(active baae type) increued in value at a rate of 
about 2% per MRad. :-lichrome resistors aid not 
change in value. The only observed change in pulse 
shape was that which would be expected from the . 
increue in the AB resistance. Transistor P decreased 
about 15%. Base-emitter voltage changes were not 
observed. Some channels deveiooed a DC offset at 
the output. but none was lar~e enou~h to change the 
pulse response. :-; o significant change in the measured 
noise wa.s observed. 



D i!criminator 

The shaped preamplifier puhsea will be sent over 
appz:oxim&celr 4. mecera of ribbon cable. through a 
paaa1ve term.mat1on network. anci into a second ASIC. 
Thia integrated circuit will provide a latched 
discriminator output for each strip and also a latched 
interpolation output deriTed by feeding the analog eum 
of two adjacent strips into a 1eparate discriminator 
with an increued threshold. A fully dift'eren.tial 
prototype disc:rimin&tor hu been designed and 
fabricated using a Tektronix Quickchip 2S linear array. 
The circuit consists of a two scage dift'eren.tial 
amplifier/comparator with fully balanced hysteresis and 
voltage programmable threshold. The outpuu are CML 
compatible or suitable for dift'eren.tial logic such u 
that planned for the latch. The present version 
requires about 15mw of power per chamael (excluding 
output drivers that were added to the prototype) 
between 1upply raill of plus and minus 3 volts. 

Circuit Description (see figure 7) 

. The input stage serves to provide 1ignal gain 
and positive feedb&ek nodes for threshold and 
hysteresis. Thia is accomplished using a cucoded 
differential input stage consining of Q l-Q4. The 
approximate voltage gain of this 1tage is 

A=IRj2u1 (u1=kt/q; !=current in QS) 

The emitters of Q3 and Q4 have low input impedance 
and provide good feedback summing points without 
significantly reducing the bandwidth of the first stage. 
Using the expression for the gain given above, the 
effective input voltage due to a difference Id in the 
currents in the collector resistors of Q3 and Q4 may 
be written as: 

Vi=2Idu,/I 

The operation of both the threshold and the threshold 
hysteresis can be understood using this relatio111hip. 
The output of the first stage is buffered with emitter 
followers and fed into the comparator stage formed by 
Q6 and Q7. The collector resilton in this stage are 
split into equal values and buft'ereci with two eeta of 
emitter followers. QS and QO provide a voltage divided 
output suitable for CML or dift"eren.tial logic 1tages. 
QlO and Qll feed a pUlive voltage tranalator to 
provide the hysteresis IWitch formed by Ql2 and Ql3 
with suitable logic levels. 

The function of the hysteresis ia to reduce the 
effective input threshold during the time between when 

vee2 t 
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the input goes over threshold a.nci the time when it 
falls below the lowered threshold vaiue. Thia helps to 
reduce the chance of repetitive triggering due . to noise 
in the signal and hu the beneficial effect of providing 
incre~ gain near ~he comparaior switchiug poin.i. 
Hysteresm has been unplemented using a two step 
approach. A fast message that the output hu changed 
state is sent to the input in the form of a charge. 
Thia is accomplished by the cap&eitor between the 
emitters of Q4 and QlO and between Q3 and Qll. 
Switching logic levels acrou the capacitance C iuerta 
charge into the s11mming node. This ii almon 
~tely trauferred to. the collecton of Q3 and Q4 
ca111mg a voltage change proportional to the stray 
capacitance at thU node. The only drawback to this 
form of feedback ii the f&et that the MIM capaciion 
used are subject to +-30% proceu variationa.. Thia 
fut part of the hysteresis feedback is draimci away by 
the resiaton in the collecton of Q3 and Q4 in a few 
n&D01econds. Long term hysteresis is provided by 
switching a current controlled by Ql2 and Q13. Smee 
only 20pa of current in. the collectors of Q3 and Q4 ia 
required to 1hift the apparent input oft"set by 3mT, an 
unusually 1mall current 1ource needs to be enabliahed . 
Thia hu been s.ccompliahed using a normal current 
source tr&111iltor with the normal 1mall valued P+ 
type emitter resistor replaced by a large valued AB 
resistor. Thia can lead to a 50% variation in effective 
hysteresis if AB and P+ resistor types go to opposice 
three sigma limits. SPICE simulation indicates that 
worst cue variations in this current change the 
effective input threshold by 1.5 mv. 

The threshold ii set by adjusting the voltage 
dift'enmce between the base of Ql4, referenced to 
ground and QlS, which ii attached to a voltage 
divider network. The emitten of Ql4 and Qll COllDect 
to a common current source through equal valued 
resiaton. A drop acrou these resiltora created by the 
threshold voltage steers current from the emitter of 
Ql4 to Ql5. Thia dift'erential current ii refenecl to the 
input summing node through the collecton of QH and 
Ql5. The effective input threshold may be 
approximated u: 

where vlb is the input threshold. setting and v is 
the voltage acrou the current 1etting resistor. "tt 
1hould be noted that that there are no proc98 
dependent terms to first order. On the prototype 
ciilcriminator, a one volt change in applied threshold 
aetting changes the effective threshold by about 10 
mv. 
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~-fea.surements on t!-:e P:-ototvue Di!crimmator 

T:ie output of a prototype Quickchip ampiifier 
wu connected through eight meters of cable to the 
:nput of a prototype discriminator. Figure 8 shows a 
:ypicai discriminator output puise for a near threshoid 
:nput puise from the amplifier. We have set 
thresholds u low u eight millivolts and seen only 
random firing due amplifier noise. There is no hint of 
:etriggering indicating that the hysteresis performs 
·.veil. Figure 9 shows a snapshot in time taken of the 
discriminator output firing on amplifier noise at a 
threshold of about eight miilivolts. 
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Conclusion 

We have designed and prototyped two bipolar 
ASIC's using Tektronix Quickchip 2 linear arrays. 
Measurements of the performance of the prototype 
devices agree very well with SPICE simulations. 
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1.0 GENERAL INFORMATION 
1.1 SSD READOUT SYSTEM <Oyeryjew) 

The Postamp/Comparator (P/C) module was designed to work in conjunction with two other 
modules in the front end electronics for experiment E-771 ; a fixed target experiment. The two other 
modules; the Sequencer (Seq) and the Delay Encoder (DE) operate together with the ·pie in a 
synchronous manner taking information from preamplifiers, mounted within a few inches of the 
Silicon Strip Detectors (SSD), repackaging it and sending it on for further repackaging and 
analysis . 

. SSD READOUT SYSTEM 
FASTBUS AUXILIARY 
BOARD 

SSD FASTBUS (backplane) _,.-Jf1" 

SILICON STRIP 
DETECTORS 
& PREAMPLIFIERS · 

PROCESSING 
FARM 

uisition 

microVAX 

~ETHERNET 

FASTBUS MASTER 

OUTPUTS 

SSD FASTBUS 
(cable) 

Figure 1: SSD READOUT SYSTEM 

STANDARD FASTBUS 
(backplane) 

er 

The purpose of the P /C module is to compare the voltage amplitude of it's input pulses, to a 
programmable reference voltage (the threshold voltage) and to latch an ECL logic level output tor each 
input pulse greater than it's reference voltage. The latching of the logic levels is synchronized with a 
53 MHz clock provided by the Seq module. 
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Differential input signals are received by each P/C from 128 SSD preamplifiers through four 64-
conductor ribbon cable connectors mounted on the front portion of the P/C module. 128 ECL level 
output signals are sent, via a custom FASTBUS auxiliary backplane, to the DE module located in an 
adjacent slot in the FASTBUS crate. Eight fast analog sums and eight analog encoded digital sum~ 
intended for use by the prompt trigger logic, are constructed and output through FASTBUS auxilia~ 
cards. 

-e-··- LATCH 

L·.:: .. ~.--- ......... _ 

LEVEL SHIFTER & LOGIC 

SSD FASTBUS AUXILIARY BACKPLANE .: 

THRESHOLD SETTING DACS 

128 Dlff. line• 

ANALOG SUM 

53M Hz. CLOCK RECIEVER 
& 2.Sns lATCH PULSE 
GetEMTOR 

Figure 2: SSD POSTAMP!COMPARATOR 
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1.1.1 Standard Bus System 

The P/C module is a FASTBUS slave module designed to be used together with a DE module in a FASTBUS 
crate equipped with a special SSD Readout auxiliary backplane. A diagram of an SSD crate with top, 
bottom and sides removed is shown below • 

. ssp EASTBUS CRATE 

Foure 3: SSD FASTBUS CRATE 

2.0 P/C MODULE • GENERAL INFORMATION 
2.1 APPLICATION 

This module was designed for use in the fast Silicon Strip Detector (SSD) readout system developed at 
FNAL for use by E-n1. It is directly usable only in the context of this readout system. 

2.2 PACKAGING 

This board is a standard single width FASTBUS module{see ANSVIEEE Std 960-1986) with the 
exception that the circuit board is extended through the front panel 3-7/a• and the FASTBUS 
segment connector uses pins 802 and 803 for -3.SV and pins 804, BOS, and 840 for +3.SV. 
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2.2.1 physical Size 

The maximum board dimensions are 14.436 Inches high by 19.747 inches deep, typical board 
dimensions are illustrated below. The board thickness Is between 0.086 inches and 0.100 inches. 

I 
19.742" 

I 
I 
I 

14.431. ......... I Input .. 

I 
I 

(typical board cimenlions shown) I 
I 
I ~ 
I 

Diviclng line a.tween Main and Input areas _.. 
Figure 4: PIC Board Size 

2.2.2 Layup 

(Csdnetix Trace #'s) 

Dividing line between Main and Input areas ~· 
(1) Signal !lllall&ll!llll!llialllll• G"d 2oz () 

(9) +3.5, + 1.27 Signal 2 oz (10) 

(2) Signal G"d 1 oz ( ) 

(8) -5.2 Signal 2 oz (11) 

(3) Signal G"d 1 oz () 

(13) -2, _, Signal 2oz (17) 

(7) Q"d G'd 2oz () 

(4) Signal G'd 1 oz () 

(12) -3.5, +5 Signal 2 oz (18) 

(6) Signal G"d 2oz () 
Main area 

Figure 5: PIC Board Layup 

1 " ' i' I ' ' " ~ ' I , I " ' " i " I " 
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2.2.3 Layout 

'="-~-~-~-":--~-~--::-::-.-:-.-:-.":".":".":' •• -:a::-.-:-.:i ••.• ~.~-~-'="-~-"='-~-"':'.":-."::.'"::.":'I 
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•::::::::::::::::::::::::::::.; :::::::. . .. . ·::::::::::::::::., 
1::::::::::::::::::::::::::::. :::::::. :I • = ·:::::::::::::::::, 
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Figure 6: P!C Board Layout 
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2.2.4 Front panel 

A.--
MAGNIFIED VIEW 
N:>TTOSCALE 

518191 PAGE 6 

F"111ure 7: P/C Module Front Panel 
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2.2.S Component List 

j M&NUFACTURER PART 

1 MOTOROLA 
2 MOTOROLA 
3 MOTOROLA 
4 MOTOROLA 
S BROOKTREE 
6 T.I. 
7 MOTOROLA 
8 MOTOROLA 
9 MOTOROLA 
10 ·MOTOROLA 
11 T. I. 
12 T. I. 
13 
14 
lS 
16 

T.I. 
ALTERA 
FERMI 
FERMI 

17 US2 
18 FERMI 
19 TI 
20 TI 
21 NATIONAL 
22 NATIONAL 
23 3M 
24 LINEAR TECH 
2 S ELMEC TECH. 
26 LITTELFUSE 
27 GENERAL SEMI 
28 MOTOROLA 
29 MOTOROLA 
30 BEAU 
31 DU PONT 
32 E.F.JOHNSON 
33 E.F .JOHNSON 
34 E.F.JOHNSON 
3S Y'AMAICHI 
36 AMP 
37 AMP 
37A SAMTEC 
38 BRADFORD 
3 9 MURATA/ERIE 
40 MURATA/ERIE 
41 MEPCO/CENT 
42 MURATA/ERIE 
4 3 MURATA/ERIE 
44 MURATA/ERIE 
4S RCD 
46 
47 RCD 
48 RCD 
49 RCD 
SO BCD 
Sl BCD 
S2 OHMITE RES 
SJ RCD 
S4 RCD 
55 RCD 
56 RCD 
57 RCD 
58 RCD 
59 
60 RCD 
61 RCD 
62 RCD 
63 MEPCO/CENT 
64 RCD 

NQMBER 

MC10109P 
MC10124P 
MC1012SP 
CD74HC4514EN 
BTSOlKC 
NES55D 
MC10E016FN 
MC10El01FN 
MClOHllSFN 
MC10Hl88FN 
SN74123 
SN10KHTS543FN 
SN10KHTSS41FN 
EPM5128JC 
IC 01 
IC 02 
IC 03 DAC 
IC 04 
74ACT1124SDW 
SN7404 
LM311M 
LM3SCZ 
268-6234-71-3877 
LT317AK 
roe 2s10 
251007 
SKPS.OA 
1NS401 
1N4002 
8S802 
68002-236 
lOS-1041-001 
lOS-1042-001 
105-1043-001 
NFP-64A-0122 
2-532956-0 
534974-9 
SNT-100-BK-G 
HCOZXX 
GRM42-6X7Rl03KOSOBB 
GRM42-6X7R104KOSOB 
49MC106C010KOASFT 
GRM42-2YSV10SZ016B 
GRM42-6X7R471KO~OB 
GRM42-6COGSOOKOSOB 
MC lA 1000 St B 
S.lK Q St 1/4 WATT 
MC lA lK Q St B 
MC lA 220 Q St B 
MCR lA 24.9K Q lt B 
MC lA 51 Q St B 
MC lA lSO Q St B 
1 Q St 4SJ1RO 
MC lA 330 Q St B 
MC lA l.SK Q St B 
MC lA 3K Q St B 
MC lA 6.8K Q St B 
MC lA 13K Q St B 
MC lA 47K Q St B 
120 Q St 1/4 WATT 
MC lA 2 . 2 MEG Q St B 
MC lA 4.3K Q St B 
MC lA 200 Q St B 
ST4MA SOl 
MC lA lOK Q St B 

PART 

IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC. 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
REG 
DELAY 
FUSE 
DIODE 
DIODE 
DIODE 
CONN 
CONN 
CONN 
CONN 
CONN 
CONN 
CONN 
CONN 
CONN 
SIP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 

5/B/21 

PART QESCRIPTIQN 

DUAL 4-S-INPOT OR/NOR GATE 
QUAD TTL TO ECL CONVERTER 
QUAD ECL TO TTL CONVERTER 
4 BIT LATCBED/4 TO 16 LINE DECODER 
ECL/TTL OCTAL TRANSCIEVER/TRANSLATOR 
555 TIMER SURFACE MOUNT 
8-BIT SYNC BINARY OP COUNTER 
QUAD 4-INPOT OR/NOR GATE 
QOAD LINE RECEIVER 
HEX SOFFER WITH ENABLE 
RETRIGGERABLE MOLTIVIBRATOR 
OCTAL TTL-ECL TRANSLATOR W/OE 
OCTAL ECL-TTL TRANSLATOR 3 STATE OUT 
128 MACROCELL MAX EPLD 
"SSD 2/CHAN SOM,DISCRIM AND LATCH" 
"3/CHAN LOGIC,QOAD ANALOG SUM/CLK" 
IC-3 CMOS DAC/ADC 
SSD LOGIC AND NHIT 
OCTAL BOS TRANSCEIVER 3/STATE OUTPUT 
HEX INVERTER 
LM311M SMT VOLTAGE COMPARATOR 
LM3SCZ TEMPERATURE SENSOR DEGREE C 
SOCKET 68 PIN FOR EPMS128JC 
POSITIVE VOLTAGE REGULATOR 
SIP ULTRA HIGH-SPEED FIXED DELAY LINE 
FUSE PICO 7A 
TRANSIENT SUPPRESSION TRANSZORB 
1NS401 DIODE 
1N4002 DIODE 
EUROSTYLE TERMINAL STRIPS STYLE B 90 1 

BERGSTICK II HEADERS (36 PINS) @ PINS 
TIP JACKS WHITE 
TIP JACKS RED 
TIP JACKS BLACK 
BOX HEADER 64 PIN 2Smil PITCH 
FASTBUS MODULE SEGMENT CONNECTOR 
FASTBUS MODULE AUX CONNECTOR 195 PIN 
2 PIN SAMTEC SHONT 
SO OHM/.OluF CAP TERMINATING SIP 
.OluF CAPACITOR SURFACE MOUNT1206 
.luF CAPACITOR SURFACE MOUNT 1206 
lOuF SMT POLARIZED CAP - CASE STYLE C 
luF CHIP CAP 16 wvoc s.M. 1210 
470 pF 1206 SMT CAP 
SO pF 1206 SMT CAP 
RESISTOR 100 OHM 1206 SMT 
RESISTOR 5.lK OHM 
RESISTOR lK OHM 1206 SMT 
RESISTOR 220 OHM 1206 SMT 
RES 2SK OHM 1206 SMT 
RES 50 OHM 1206 SMT 
RES 150 OHM 1206 SMT 
1 OHM 5 WATT 
330 OHM 1206 SMT 
l.SK OHM 1206 SMT 
3K OHM 1206 SMT 
6.SK OHM 1206 SMT 
13K OHM 1206 SMT 
47K OHM 1206 SMT 
120 OHM 1/4 WATT 
2.2 MEG OHM 1206 SMT 
4.3K OHM 1206 SMT 
200 OHM 1206 SMT 
SOO OHM POT SMT 
lOK OHM 1206 SMT 

PAGE z 

PER 
BQ 

2 
2 
·s 
4 
2 
1 
1 
2 
1 
1 
1 
3 
1 
1 
64 
16 
64 
16 
2 
1 
1 
1 
1 
1 
1 
5 
5 
2 
1 
2 
26S 
3 
3 
1 
4 
1 
1 
3 
64 
l 
447 
2 
34 
1 
1 
117 
7 
5 
6 
32 
12 
32 
2 
34 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
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! ~AllllJEAC:ItlBEB f!BI fABI 
lllW:IBEB BAHE 

65 RCO MC lA 43 Q St B RES 
66 FERMI BOARD 
67 FERMI BOARD 
68 FERMI 0882-MB-199070 HRONRE 
69 RAF 7039.SS MOD E •1/2 SCREW 
70 DI ALI TE 559-2301-001 LED 
71 DI ALI TE 559-2101-001 LED 
72 FERMI 2563.000-MD-215752 PANEL 
73 FERMI 2563.000-MD~215752 PANEL 
74 SCREW 
75 SCREW 
76 SE CME 27 11008 23 SWITCH 
77 BELDEN CABLE f9R28010 WIRE 
78 OK IND WIRE 
79 DU PONT 68002-536 CONN 
BO SCREW 
81 NUT 

2.2.6 Connector Plnputs 
2.2.6.1 EASTBUS Segment Connector 

(Viewed From Front of Crate) 
BOl-GND 
802- -3.5V BUS 
B03- -3.5V BUS 
B04- +3,SV BUS 
BOS- +3.5V BUS 
B06- N/C 
B07- -S.2V BUS 
BOB- -s.2v BUS 
B09- -S.2V BUS 
BlO-AK 
Bll-AI 
B12-SSO 
B13- -2v'Bus 
B14- +SV BUS 
BlS- +SV BUS 
B16-SS1 
B17-SS2 
BlB-RD 
Bl9-MS2 
B20-B20R 
B21-EG 
B22- +SV BUS 
B23-SR 
B24-RB 
B2S-BH 
B26-B26R 
B27-GAOO 
B2B-GA01 
B29-GA02 
B30-GA03 
B31-GA04 
B32- -2V BUS 
B33-DLA 
B34-DRA 
B35-DLB 
B36-DRB 
837-DAR 
B38-DBR 
B39-B39R 
B40- +3,5V BUS 
B41-FP1 
B42- -5.2V BUS 

AOl-GND 
A02-ALOO 
A03-AL01 
A04-AL02 
AOS-GND 
A06-AL03 
A07-AL04 
A08-AL05 
A09-AR 
AlO-GND 
All-GK 
Al2-DK 
A13-AK 
A14-WT 
A15-GND 
Al6-AS 
Al7-DS 
A18-MSO 
Al9-MS1 
A20-GND 
A21-ADOO 
A22-AD01 
A23-A002 
A24-AD03 
A25-GND 
A26-AD04 
A27-AD05 
A28-AD06 
A29-AD07 
A30-GND 
A31-AD08 
A32-AD09 
A33-AD10 
A34-AD11 
A35-GND 
A36-AD12 
A37-AD1J 
A38-AD14 
AJ9-AD15 
A40-GND 
A41-TP 
A42-A42R 

U.B.t.9.l 

fABI 12ESC:Bifl:IQli 

43 OHM 1206 SMT 
POST/AMP COMPARATOR BOARD 
P/C CIRCUIT BOARD STUFFING 
"RAF 3/8"" HEX SPACER" 
SHOULDER SCREW 
YELLOW LEO 
RED LED 
FRONT PANEL 
FRONT PANEL FILLER 
"4-40 x 5/16"" FLAT BEAD SCREW" 
.. 2-56 x 3/8"" SS FLAT BEAD" 
TROPICAL VERSION ROTARY 8 POS. SWITCH 
28 GA. 10 CONDDCTOR RIBBON CABLE (IN) 
PRE STRIPPED WIRE WRAP WIRE (IN) 
BERGSTIKII HEADERS STRAIGHT SINGLE ROW 
"6-32 x 3/8"" BINDER HEAD" 
6-32 NUT 
TOTAL 

(continuation) 
B43-FP2 A43-PE 
B44-FP3 
B4S-B45R 
B46-TRO 
B47-TR1 
B48-TR2 
B49-TR3 
B50-TR4 
B51-TR5 
B52- +5V BUS 
BS3-TR6 
BS4-TR7 
B55-URO 
B56-UR1 
B57-TX 
B5B-RX 
B59- -5 I 2V BUS 
860- -5.2V BUS 
B61- -5 .2V BUS 
B62- -2V BUS 
B63- +SV BOS 
B64- +SV BUS 
865-GND 

Notes: 

A44-PA 
A45-GND 
A46-AD16 
A47-AD17 
A48-AD1B 
A49-AD19 
ASO-GND 
A51-AD20 
A52-AD21 
A53-AD22 
A54-AD23 
ASS-GND 
A56-AD24 
A57-AD25 
A5B-AD26 
A59-AD27 
A60-GND 
A61-AD28 
A62-AD29 
A63-AD30 
A64-AD31 
A65-GND 

1.-5.2 Volts uses 7 pins 
2.+5.0 Volts uses 6 pins 
3.-2.0 Volts uses 3 pins 
4.+3.5 Volts uses 3 pins 
5.-3.5 Volts uses 2 pins 
6.Ground uses 14 pins 

f!G~ 8 

Ha 
Bil 
2 
1 
1 
2 
2 
3 
2 
1 
1 
4 
1 
1 
27 
240 
96 
2 
2 
134B 
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2.2.&.2 EASIEILIS ALlliliHX CDDDISilD[ 
(Viewed From Front of Crate) 

C01-H53MHZ,01 Clock 801-Post./Comp. Ch.01 AOl-Post./Comp. Ch.00 
C02-GNO 802-Post./Comp. Ch.03 A02-Post./Comp. Ch.02 
C03-L53MHZ, 01 Clock 803-Post./Comp. Ch.OS A03-Post./Comp. Ch.04 
C04-GND 804-Post./Comp. Ch.07 A04-Post./Comp. Ch.06 
COS-GNO 80S-Post./Comp. Ch.09 AOS-Post./Comp, Ch.OB 
C06-GND B06-Post./Comp. Ch.11 A06-Post./Comp. Ch.10 
C07-GNO B07-Post./Comp. Ch.13 A07-Post./Comp. Ch.12 
COB-Reset B08-Post./Comp. Ch.lS AOB-Post./Comp. Ch.14 
C09-GND 809-Post./Comp. Ch.17 A09-Post./Comp. Ch.16 
ClO-GND 810-Post./Comp. Ch.19 AlO-P.ost. /Comp. Ch.lB 
Cll-GND 811-Post./Comp. Ch.21 All-Post. /Comp. Ch.20 
Cl2-Analoq Sum O* 812-Post./Comp. Ch.23 Al2-Post. /Comp. Ch.22 
Cl3-Analoq Sum O 813-Post./Comp. Ch.2S Al3-Post. /Comp. Ch.24 
Cl4-Diqital Sum O* 814-Post./Comp. Ch.27 Al4-Post. /Comp. Ch.26 
ClS-Diqital Sum O BlS-Post./Comp. Ch.29 AlS-Post./Comp. Ch.28 
Cl6-Analoq Sum l* 816-Post./Comp. Ch.31 Al6-Post./Comp. Ch.30 
Cl7-Analoq Sum 1 817-Post./Comp. Ch.33 Al7-Post./Comp. Ch.32 
Cl8-Diqital Sum l* BlB-Post./Comp. Ch.3S AlB-Post. /Comp. Ch.34 
Cl9-Diqital sum 1 819-Post./Comp. Ch.37 Al9-Post./Comp. Ch.36 
C20-GND 820-Post./Comp. Ch.39 A20-Post./Comp. Ch.3B 
C2l~Analog Sum 2* B21-Post./Comp. Ch.41 A2l-Post,/Comp. Ch.40 
C22-Analog Sum 2 822-Post./Comp. Ch.43 A22-Post. /Comp. Ch.42 
C23-Digital Sum 2* 823-Post./Comp •. Ch.4S A23-Post. /Comp. Ch.44 
C24-Digital Sum 2 · 824-Post. /Comp. Ch.47 A24-Post. /Comp. Ch.46 
C25-Analog Sum 3* 82S-Post./Comp. Ch.49 A2S-Post. /Comp.. Ch;48 
C26-Analog Sum 3 826-Post./Comp. Ch.Sl A26-Post. /Comp. Ch.SO 
C27-0igital Sum 3* 827-Post./Comp. Ch.S3 A27-Post./Comp. Ch.S2 
C2B-Digital sum 3 82B-Post./Comp. Ch.SS A2B-Post./Comp. Ch.S4 
C29-GNO 829-Post./Comp. Ch.S7 A29-Post./Comp. Ch.S6 
C30-GND 830-Post./Comp. Ch.S9 A30-Post./Comp. Ch.SB 
C31-Analog Sum 4* 831-Post./Comp. Ch.61 A31-Post./Comp. Ch.60 
C32-Analog Sum 4 832-Post./Comp. Ch.63 A32-Post./Comp. Ch.62 
C33-Digital Sum 4* 833-Post./Comp. Ch.6S A33-Post./Comp. Ch.64 
C34-Digital Sum 4 834-Post./Comp. Ch.67 A34-Post./Comp. Ch.66. 
C3S-Analog Sum S* 83S-Post./Comp. Ch.69 A3S-Post./Comp. Ch.6B 
C36-Analog Sum S 836-Post./Comp. Ch. 71 A36-Post./Comp. Ch. 70 
C37-Digital Sum S* 837-Post./Comp. Ch. 73 A37-Post. /Comp. Ch.72 
C3B-Digital sum S 83B-Post./Comp. Ch.7S A3B-Post./Comp. Ch. 74 
C39-GND 839-Post./Comp. Ch.77 A39-Post./Comp. Ch.76 
C40-Analog Sum 6* 840-Post./Comp. Ch.79 A40-Post. /Comp. Ch.7B 
C41-Analog Sum 6 841-Post. /Comp. Ch.Bl A41-Post. /Comp. Ch.BO 
C42-Digital Sum 6* 842-Post./Comp. Ch.B3 A42-Post./Comp. Ch.B2 
C43-Digital Sum 6 843-Post./Comp. Ch.BS A43-Post./Comp. Ch.B4 
C44-Analog Sum 7* B44-Po~t./Comp. Ch.87 A44-Post./Comp. Ch.86 
C4S-Analog Sum 7 845-Post./Comp. Ch.B9 A4S-Post./Comp. Ch.BB 
C4 6-Digi tal Sum 7* 846-Post. /Comp. Ch.91 A46-Post;/Comp. Ch.90 
C47-Digital sum 7 847-Post./Comp. Ch.93 A47-Post./Comp. Ch.92 
C4B-GND 84B-Post./Comp. Ch.95 A4B-Post. /Comp. Ch.94 
C49-GND 849-Post./Comp. Ch.97 A49-Post./Comp. Ch.96 
CSO-GND BSO-Post./Comp. Ch.99 ASO-Post./Comp. Ch.9B 
CSl-GND 8Sl-Post./Comp. Ch.101 ASl-Post./Comp. Ch.100 
CS2-GND 8S2-Post, /Comp. Ch.103 A52-Post./Comp. Ch.102 
CS3-GND 8S3-Post./Comp. Ch.lOS AS3-Post./Comp. Ch.104 
CS4-GND 854-Post./Comp. Ch.107 AS4-Post./Comp. Ch.106 
CSS-GND 8SS-Post./Comp. Ch.109 ASS-Post./Comp. Ch.lOB 
C56-GND 8S6-Post./Comp. Ch.111 AS6-Post./Comp. Ch.110 
CS7-GND 8S7-Post./Comp. Ch.113 AS7-Post./Comp. Ch.112 
CSB-GND 858-Post./Comp. Ch.llS ASB-Post./Comp. Ch.114 
C59-GND 8S9-Post. /Comp. Ch.117 AS9-Post./Comp. Ch.116 
C60-GND 860-Post./Comp. Ch.119 A60-Post./Comp. Ch. llB 
C61-GND 861-Post. /Comp. Ch.121 A61-Post./Comp. Ch.120 
C62-GND 862-Post./Comp. Ch.123 A62-Post./Comp. Ch.122 
C63-GNO 863-Post./Comp. Ch.12S A63-Post./Comp. Ch.124 
C64-N/C 864-Post./Comp. Ch.127 A64-Post./Comp. Ch.126 
C6S-N/C 86S-GND A65-N/C 
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2.2.6.3 Input Connector Pin Peflnltlons 

n l2 l3 14 PIN# 
CHO* CH2* CH12S* CH127* 1 
CHO CH2 CHI2S CH127 2 
CH4* CH6* CH121* CH123* 3 
CH4 CH6 CH121 CH123 4 
CHS CHIO CH117 CH119 s 
CHS* CHIO* CH117* CH119* 6 
CH12 CH14 CHI13 CH11S 7 
CH12* CH14* CH1I3* CHllS* s 
CH16* CHIS* CH109* CHlll* 9 
CHI6 CHIS CH109 CH111 10 
CH20* CH22* CH10S* CH107* 11 
CH20 CH22 CHlOS CH107 12 
CH24 CH26 CHlOI CH103 I3 
CH24* CH26* CHIOI* CH103* I4 
CH28 CH30 CH97 CH99 IS 
CH2S* CH30* CH97• CH99• 16 
CH32* CH34' CH93* CH95* 17 
CH32 CH34 CH93 CH9S 18 
CH36* CH38* CHS9• CH91* 19 
CH36 CH38 CH89 CH91 20 
CH40 CH42 CHSS CH87 21 
CH40* CH42* CH8S• CH87* 22 
CH44 CH46 CH81 CH83 23 
CH44* CH46* CH81* CH83* 24 
CH48* CHSO* CH77• CH79* 25 
CH48 CHSO CH77 CH79 26 
CHS2* CHS4* CH73• CH1S* 27 
CHS2 CHS4 CH73 CH1S 28 
CHS6 CHS8 CH69 CH71 29 
CHS6* CHS8* CH69* CH71• 30 
CH60 CH62 CH6S CH67 31 
CH64• CH66* CH61* CH63* 33 
CH64 CH66 CH61 CH63 34 
CH68* CH70* CHS7• CHS9* 3S 
CH68 CH70 CHS1 CHS9 36 
CH72 CH74 CHS3 CHSS 37 
CH72* CH74* CHS3* CHSS* 38 
CH76 CH78 CH49 CHSI 39 
CH76* CH78* CH49• CHSI• 40 
CHSO• CHS2* CH4S• CH47* 41 
CH80 CHS2 CH4S CH47 42 
CH84* CHS6* CH41* CH43* 43 
CH84 CH86 CH41 CH43 44 
CH88 CH90 CH37 CH39 4S 
CH88* CH90* CH37• CH39* 46 
CH92 CH94 CH33 CH3S 47 
CH92• CH94* CH33* CH3S* 4S 
CH96* CH9S* CH29* CH31* 49 
CH96 CH9S CH29 CH3I so 
CHIOO* CH102* CH2S* CH27• Sl 
CHlOO CH102 CH2S CH27 52 
CH104 CH106 CH21 CH23 53 
CHI04* CHI06* CH2I* CH23* S4 
CH10S CH110 CHI7 CH19 SS 
CHI OS• CHUO• CH17• CHI9* S6 
CH112* CH114* CH13* CHIS* 57 
CH112 CH114 CH13 CHIS SB 
CH116* CH118* CH9* CHll* S9 
CH116 CH118 CH9 CHU 60 
CH120 CHI22 CHS CH7 61 
CH120• CHI22* CHS• CH7• 62 
CH124 CH126 CHI CH3 63 
CH124* CH126* CHl* CH3* 64 
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2.3 TYPICAL CHARACTERISTICS 

PIC Module; Typlcal Characteristics 

Package 

Power Supply Voltages 

Typical Power Dissipation 

Required cooling air flow 

Required cooling air temp. 

Differential Input Signal Range 

Common Mode Signal Range 

Input Impedance 

Input Blas Current 

Output Voltage 

Propagation Delay 

Adjacent Channel Crosstalk 

Hysteresis 

Triggering Uncertainty 

Ambient Temperature Range 

FASTBUS module 
P.C. board extended 3-7/8" through 
front panel 

+5.0 Volts @ 0.6-2.74 A 
+3.5 Volts @ 4.27 A 
·2.0 Volts @ 2.42 A 
·3.5 Volts @ 4.08 A 
-5.2 Volts @ 4.45 A 

78 Watts 

400 ft/min. minimum 

40 Degrees Celsius maximum 
entering module 

+I· 90 mV 

+I· 1 Volt 

50 n Transmission Line 
terminated with 0.1 µF In 
series with 50 n resistor. 

OA 

-1 to -1.8 Volts. 
Driving 1oon termination to -2.0 v. 

15.6 ns between Input and . 
output connectors measured with 
80 mV differential Input signal; 
DAC set for 250 mV (corresponds to 
20 mV differential Input signal). 

30 db 

10 mV 

0.5 mV 

O to 40"C 
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3.0 P/C MODULE ·THEORY OF OPERATION 
3.1 BLOCK DIAGRAM 

ICFZ 

SCFZ 

' / ~ Z: H•lt 

/ ' 

Figure 8: PIC Module Block Diagram 

.,,, '""I I' ""I '1'"1' I" 

5/8191 PAG£ 12 
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3.2 FASTBUS INTERFACE 

The P/C Module is a FASTBUS slave. It responds to geographic addressing in control space only. It 
allows both single and block transfers and will respond with the following slave status responses. 
Information on the control space registers is found on pages 14 thru 18. 

3.2.1 Slave Status Responses 

The P/C.Module asserts the following FASTBUS Slave Status (SS) Responses 

SS:2 

SS:6 

SS:7 

for end of block on DAC, Read or Write block transfers. 

for Reads or Writes to invalid addresses, or if an attempt is made to write to a DAC while 
the board is in the BUN(LATCH) mode. 

for Reads or Writes to invalid secondary addresses. 
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3.2.2 CSBO 

CSRO 

BIT SET <WRITING> MEANING 

TEST COUNTER CLOCK OLSAB! E • 
SlM CHANN:L FORCE2ERO DISABLE• 

INDIVIDUAL CHANNEL FORCE ZERO DISABLE• 

TEST COl.NTER CLOCK ENABLE• 
SlM CHAf+El. FORCE 2ERO ENABLE• 

INDIVIDUAL CHANNEL FORCE ZERO ENABLE• 

MODERUN9 

• The corresponding bit diplaced 
16 bits away must have a zero 
written simultaneously. 

1 
10 
09 

0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
0 
0 

REAPBACK MEANING 

MODULE ID • 01AO 

CLOCK 1 PRESENT/ABSENT 
TEST COUNTER CLOCK ENABLEJDISABLE 
Sl.MCHANEL FORCE 2ERO ENABLE/DISABLE 
INDIVIDUAL CHANNa FORCE ZERO ENABLE/DISABLE 

MODE RUN/TESl 

Figure 9: Control Space Register-0 

CSRO This is the main control and status register. It is a selective set and reset register with 
the bit assignments shown on the next page: 
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BIT 02 -- RUN 

BIT 06 -- ICFZ __ EN 

BIT 07 -- SCFZ_EN 

BIT 08 -- CCLK_EN 

BIT 09 -- CL K 1 -0 N 

BIT 18 -- TEST 

BIT 22 -- rcFZ_DIS 

BIT 23 -- SCFZ __ DIS 

BIT 24 -- CCLK_DIS 

BIT 16-31 -- DEVICE ID 

518191 

CSRO Bit assignments: 

Writing a "1" to this bit puts the module in the 
RUN(LATCH) mode. A •o" must be simultaneously 
written to BIT 18. This bit is cleared by writing a "1" to 
BIT 18 thus putting the P/C in the TEST(HALT) mode. 

Reads a •1• back when In RUN(LATCH) mode or a ·o· in 
TEST (HALT) mode. 

Writing a •1 • to this bit forces the outputs of the 
individual channel latches to a zero. A zero must be 
simultaneously written to bit 22 

Writing a •1 • to this bit forces the outputs of the Summed 
channel latches to a zero. A zero must be simultaneously 
written to bit 23 

When in the TEST(HALT) mode, writing a "1" to this bit 
ENABLES the-8-bit test counter which, if the 53 MHz clock 
is present, counts at the clock frequency. The test counter 
is disabled by setting bit 24; the count remains at the 
count it stopped at or was last preset to. 

While in the RUN(LA TCH) mode, the eight output bits of 
the test counter are forced to zero. 

Reads a •1 • back if 53 MHz. clock is present. 

Writing a •1 • to this bit places the module in the 
TEST(HALT) mode. A ·o· must be simultaneously 
written to BIT 02. 

Writing a •1• to this bit DISABLES the "Individual 
Channel Force Zero" feature and allows the latches to 
track the data in the latched or transparent modes. A "O" 
must be simultaneously written to BIT 06. · 

Writing a •1 • to this bit DISABLES the ·s u mm e d 
Channel Force Zero" feature and allows the latches to 
track the data in the latched or transparent modes. A ·o· 
must be simultaneously written to BIT 07. 

Writing a •1• to this bit disables the clock to the 8-bit test co.unter. 

The device ID (01AO) is read back on these bits. 

PAGF 15 
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3.2.3 CSBl 

CSRl 

BIT SET <WRIIING> MEANING REAPBACK MEANING 

CSBl 

BIT 00-07 

1EST COUNTER PRESET BYTE TEST COUNTER OUTPUT BYTE 

Figure 1 O: Control Space Register-1 

This register is used to write and read the 8-bit test counter. The counter is disabled and the 
outputs are forced to zero, when the P/C module is in the BUN(LATCHJ mode. 

Data to be written to or read back from the 8-bit test counter. 
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3.2.4 CSB10 

CSR10 

CSRlO 

BIT SET <WRITING> MEANING 

1 
15 
14 
1 
12 
11 
1 

REAPBACK MEANING 

MSB 

IC-03 CHIP POPULATION 

1 LSB 

Figure 1 O: Control Space Register-1 o 

This register allows one to read back a value which indicates how this module is 
populated with IC-03 DAC/ADC IC's. The value read back is dependent upon the location 
of the three manually placed jumpers JU2, JU3 and JU4. Refer to section 3.5.2 CSR10 
JUMPERS. 
Although the bits have standard binary weighting, a ·1· can exist in only one of the seven 
locations at a given time, thus one can only have IC-03 OAC/ADC populations of 1,2,4,8, 
16,32 & 64, providing 4,8, 16,32,64, 128 & 256 DACs. A zero read back indicates a 
non-standard population. 
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3.2.5 CSR COOO 0000 • COOO DOFF 

CSR cooo 0000 - through COOO_OOFF 

BIT SET <WRITING> MEANING READBACK MEANING 

MSB 

THRESHOLD SEITING THRESHOLD VALUE 

LSB 

Figure 11: Control Space Register-COOO_OOOO-COOO_OOFF 

CSR cooo_oooo • COOO_OOFF (Threshold Registers) 

The 8 LSB of these 256 registers are used to write threshold settings or read threshold values 
from the IC-03 DAC/ADCs. These registers can be written only when the module is in the 
TEST(HALTJ mode. If a write is attempted when in the RUN(LATCH) mode, the module returns 
an 85=6 error. 

BIT 00-07 -- DATA Data to write/read the DAC/ADCs. 
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3.3 MODES OF OPERATION 

There are two general operating modes of the P/C module; "RUN(LATCH)" mode and 
"TEST(HALT)" mode. The "RUN(LATCH)" mode Is used when data is being sent to the module 
through the input connectors and data Is being latched. The "TEST (HALT)" mode is used when 
the module is being tested or is communicating with FASTBUS. The module mode is set via the 
FASTBUS control space register; CSRO(refer to section •3.2.2 CSRo•). 

3.3.1 RUNILATCHI Mode Operation 

In "RUN" mode, the module is set up to latch the 256 channels of data that is present at the 
discriminator outputs(refer to section •3.4.2 IC-01 .. :). The data is latched every 18.9 ns by 
the 2.5 ns LATCH pulse synchronized with the 53 MHz. clock. The 256 channels of latched data 
is passed to the logic of IC-02 and IC-04(refer to section •3.4.3 IC-02 .... •) where it is reduced 
to 128 single ended channels of ECL level signals(to be passed via the FASTBUS Auxiliary 
backplane to the DE)as well as 8 differential analog sum signals· and 8 differential NHIT signals, 
both also sent to the Auxiliary backplane for further processing. 
During "RUN" mode the module is accessible by FASTBUS only to manipulate control space 
register CSRO so as to place the module into "TESr mode, attempts to access other control 
space registers will result in an ss-s error. 
The LATCH LED on the front panel should be lit during "RUN" mode. 

3.3.2 TESTIHALTJ Mode Operation 

"TEST" mode, is used either to test the module via an 8-bit on board test counter(refer to 
section •3.4.6 Test Counter Circuit9) or to manipulate FASTBUS controllable circuitry such as 
the control space registers or to change DAC threshold settings. 
The HALT LED on the front panel should be lit while the module is in "TESr mode. 

3.4 CIRCUITRY OPERATION 
3.4.1 Inputs 

128 differential SSD preamplifier signals are received by the P/C module via four, 64-
conductor ribbon cables. The input signal order does not correspond to the order of the silicon 
strips in the detector for reasons having to do with signal density on both the detector .itself and 
the pre-amplifier cards connected to the detector. The input signal traces on the P/C module 
between the input connectors and discriminators are routed to restore the monotonic strip order 
of the detector. These differential signals are AC coupled through 0.1µ.F capacitors near the 
inputs of the IC-01 ASIC's, both sides of which are terminated through 50 a to ground. These 
termination components are housed in a custom 10-lead sip each of which will terminate two 
channels (4 wires) of the 128 channels; thus 64 sips per module. 

• P/C TERMINATION 50 - 0.1 

2 3 4 5 6 7 8 9 10 

Figure 13: P/C Termination 

PAGE 19 
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3.4.2 IC-01 <Two Channel Sum. Discriminator and Latch) 

IC-01 is a bipolar ASIC made using a Tektronix Quickchip 2K-130 linear array. It contains two linear 
summing amplifiers, four time-over-threshold discriminators( each with a 1 o rriV hysteresis and 
variable threshold setting capability), and four latches. 

IC-01: SSD TWO CHANNEL SUM, DISCRIMINATOR AND LATCH 

--------------------------------------------· I I 
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.. ... ~44 .. iN+i 
> ~ I 

I 
I 
I 
I 

Latch A I 

D .. ,,, 
: (N+1) ... a I 

I LATCHED 

•• 
r l1r+T} '-

) ~ 

~ I 
I 
I 

~~~i·~2- -r I"l°rf r· 
~~~~~~ 

C? " '? '? " ., 

Figure 14: IC-01: Two Channel Sum, Disriminator and Latch 

Each IC-01 (except for the units with the lowest and highest numbered channels on the board) receive 
signals from three consecutive silicon strips. The first and third signals are also input to neighboring 
IC-01 chips. Two linear sums are made; the first by adding the first and second inputs, and the second 
by adding the second and third inputs. The output of each of . the two linear sums is input to a 
discriminator. The output of the second sum is also sent to IC-02 for additional summations. The second 
and third inputs are connected to the remaining two discriminators. The result is two pairs of 
discriminators, one pair discriminating individual strip signals (inputs two and three), and the other 
pair discriminating the two linear sum outputs. Each discriminator has a separate threshold settir
input. 
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Typical Discriminator differential input voltage versus threshold voltage setting are shown in Appendix 
E (IC-01 ASIC data sheets). The 10 mV hysteresis band prevents the discriminators from following 
extraneous signals(white noise, cross-talk, overshoot, radiation noise, etc.) As the graphs show the 
discriminators are linear up to approximately SO mV differential signals. The device has been 
characterized up to 90 mV differential. 
The output of each of the four discriminators is sent directly to a latch (one per discriminator output) 
which is controlled by a differential, 2.5 ns wide LATCH pulse. This µ TCH pulse, common to all four 
latches, controls the function of the latches, which can be thought of as digital sample-and-holds. When 
the ·LATCH pulse Is present the latches are In the •transparent• state during which time the latch output 
follows the discriminator output. When the LATCH pulse is not present, the latches are in the •1atchecJ• 
state and the latch outputs remain unchanged. · 
In normal operation, an IC-02 located within four inches of it's associated IC-01's, provides this 2.Sns 
wide LATCH pulse. This l.A TCH pulse is synchronized to the 53 MHz CLK signal received from the Seq. 
This pulse switches the latch input from •1atched• mode to •transparent• mode for a time equal to the 
width of the pulse (approximately 2.5 ns), and then returns it to the •1atched• mode. The result Is that 
the state of the discriminator is latched and held for one RF cycle less the width of the LATCH pulse( see 
diagram below). Two more control signals, called INDIVIDUAL CHANNEL FORCE ZERO and SUMMED 
CHANNEL FORCE ZERO, also effect the operation of the latches. INDIVIDUAL CHANNEL FORCE ZERO is 
connected to the two individual strip latches and SUMMED CHANNEL FORCE ZERO is connected to the sum 
latches. When FORCE ZERO is HI, the effected latches are forced to logical zero. This function is used to 
insure that no signal is received from an IC-01 .chip while the P/C module is in the TEST(HAL T) 
mode. It also makes it possible to disable either bank of discriminators while leaving the other bank 
operational. · 

,... __ ""••! Tlmeover 
1 threshold 

_:_ -----------------_ j._ -------------I Hysteresis band (1 O mV) __________________ t _____________ _ 

I I 
I I 

2-3ns I I 

~~ 
I ··--..... 

pytput I 
D!1crim!n1tp</ ' _______ _,,.. I ._ ________________________________ __ 

LATCH 
AJl1ll 

I I I 

J1 
------~·~· ·----------· {\ 

_.,. 14-.. 2.5 ns .. . . 
!Z w 

f en 

~ 

{\ 
18.9ns .. 

le.ti i>J! .... I I 
_________ ... , ....... --18.9ns----·•------------~ 

Figure 15: IC-01 Function Diagram 
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3.4.3 !C-02 (3-Cbannal Lpglc. Quad Analpg Sum & Latch Qriyer) and IC-04 (5-
Cbannel Lggjc & Octal NHID 

The IC-01 latch outputs are input to two other bipolar ASIC's; IC-02 and IC-04 also made usi,. -
Tektronix Quickchip 2K-130 linear arrays. These two chips as a group can be broken down into fc<. 
functions: 1.)Logic, 2.)Quad ANALOG SUM, 3.)NHIT or DIGITAL SUM, and 4.)LA TCH pulse buffer. 
The tour functions will be discussed in order starting with the logic. Internal block diagrams of the two 
ASICs can be found on the following page as well as in Appendix E. 
The logic functions as follows, the combination of these two chips accept inputs from tour IC-01's (8 
SSD channels), and produces eight ECL output signals which are sent, via the auxiliary backplane, to 
the DE module in the adjacent slot. Since the outputs of the latches of IC-01 are differential, the inputs 
to the logic on both IC-02 and IC-04 are differential receivers. The function of the receivers is three
fold; convert from differential to single ended, shift the level of the latch outputs to the the level of the 
logic gates, and to switch input polarity by switching inputs to a receiver where a polarity change is 
necessary. The logic producing the eight ECL output signals performs in the following way: any given 
output channel (N) is set HIGH if the corresponding single strip latch (N) is set, or if one of the 2 
summed-channel latches including strip N is set, but neither of the individual channel latches for the 
two channels contributing to the sum are set. 

· These logic signals are OR'ed with test inputs(t1 and t2) which sit at logical low levels while the 
module is in the RUN(LATCH} mode. Test signals are sent to these test inputs in the TEST(HALTJ 
mode during which time the latch outputs are. forced to a logical zero. The test inputs are implemented 
so that the adjacent DE module can be tested with a fixed or Incremental pattern. 
Recall that IC-01 supplied an output which was produced from the analog sum of two individual channel 
inputs, this output goes directly to one of the inputs of the quad ANALOG SUM of the IC-02. The four 
IC-01 s(8 SSD channels) each supply the quad ANALOG SUM with an output which in turn the quad 
ANALOG SUM converts to an analog sum of the same eight strips used in the logic function above. The 
output current of the quad ANALOG SUM is a linear sum of the eight individual strip signals. 
IC-04 is used to produce a signal known as NHIT or DIGITAL SUM which consists of a current, the 
magnitude of which is proportional (100 uAlstrip hit) to the number of hit strips in the group of 8 
SSD channels. The NHIT inputs are constructed by both IC-02 and IC-04 logic, forming a logical OR of 
a single strip signal and one of the summed channel signals which has that strip as one of it's inputs. 
The result is that the output of NHIT will register a ONE if a hit Is shared by two adjacent strips even 
though two bits (for two adjacent strips) are set in the DE. 
The LATCH pulse buffer of IC-02 is designed to accept a narrow pulse (2.5 ns wide) and tan out a 
differential version of this pulse to the latch inputs of four IC-01 chips. 

~ ' ' ""' I ' I I " I " 
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Figure 16: IC-02: Three Channel Logic, Quad Analog Sum & Latch Driver 
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3.4.4 IC-03 PAC/A QC 

Voltage levels are provided· for the threshold voltage (Vth) inputs of the IC·01 (Sum, 
Discriminator and Latch) chips by a CMOS ASIC produced by United Silicon Structures. This chip 
contains four 8 bit DIA converters and one 8 bit AID which requires an on board 1 MHz clock. An 
internal block diagram of IC-03 is shown below. 

Dic;tal V• (-1.0V) -
Digital Veld (+5.0Vl -

Digital Ground (O.OV) -

Analog Veld (+5.0V) -
AnlllOg V• (-1.0V) -

Channel Selecl 0 - -
Channel Selecl 1 - -

Reac:llNot Write - -
Chip Select - -

Load Strobe - -
NolResel --

_._ I DAC Channel 0 Poe. Aefa .. ice = ~ ~~~~ ~ DACChanMI 0 Neg. Relltl9nce = T ~llllC l ~ DAC Channel 0 AnalogOut 
- c ._ Mux Channel O OUt 
lo- H .... --r-

-
....I- 1--------1- DAC CMnlMlt 1 Poe. Flefei•1e1t = L 1.~. ~i~ -------1"" DACCMnlMll 1 Neg. RMl,_a -· ~ = ~ ~ l ~r.;a-~:=-:~~Oul 

r=-:::1-=:~":::::!.. __ .:.._ __ ~::=:::-=-~1 
~ ......._ ---------11- DAC Channel 2 Pos .. Rehnnce 

§ ATL ~~~[~~~ --'ll!f"....._----~ DAC Channel 2 Neg. Reference 
- - OAC Channel 2 Analog OU1 = ; ... I ~~·Mux Channel20ul 

l::::E=:~;=.---:.:.:.:.:.:.:.:.:.:.:.:.~__.._ DAC Channel 3 Pos. Aefafance = I i.. I .... . I -r DAC Channel 3 Nea. Aefarence = ~ ~ ~> .... -~llJ~fflR>""""!!!!!!!!!!!!!!!'-1- DAC Channel 3 AnaloQ Out 
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Figure 18: IC-03 Quad DACIADC 

64 IC-03 chips may be mounted, providing individual control of all 256 discriminators, or DAC 
outputs may be jumpered together to allow the use of as few as one IC-03 chip to control all 
discriminators. The IC-03 chips share 8 bussed 1/0 lines and 4 control lines. Each chip has a separate 
select line. The DAC output range is from OV to the reference +1.27V. The output impedance of these 
DACs varies between 10 and 30 o. Each chip requires power supply voltages of -0.SV, +5.0V. and a 
reference voltage of + 1.27V. 
Once a DAC has been written a value, one must wait for 32 counts of the 1 MHz clock before the datr: 
can be read properly. 
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3.4.5 Z.5ns LATCH Pufae Circuitry 
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Figure 19.· 2.Sns Latch Pulse Generation Circuit 

3.4.6 Test ·counter Circuit 

PAGE ZS 

I I B 

A presettable 8 bit counter is included on the P/C module to provide a means of sending test data to the 
associated DE module. This counter is controlled via CSRO. The counter's outputs are reset (forced to 
zero) when the P/C module is in the RUN(LATCH) mode. When the board is in the TEST(HALT) 
mode, the counter may be set in the count or hold mode. In the hold mode, the counter output pattern can 
be altered by presetting the counter via CSR1. In the count mode, the counter is incremented by the CLK 
(53 MHz) signal. The control to and connection of outputs from the test counter is illustrated on the 
following page. This 8-bit counter provides 256 unique patterns which are sent to the DE module 
through the IC-02 and IC-04 test inputs(t1 and t2). 
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3.5 HABPWABE JUMPERS 
3.5.1 PAC/AQC Jumpers 

518191 PA<it 27 

The illustration is an abbreviated pattern of the IC-03 DAC/ADC jumpering scheme which exists on the 
P/C Module. 
There are 256 OACs which are addressed via CSR addresses COOO_OOOO through COOO_OOFF 
inclusive. OAC address 00 (Hex). will always set the threshold voltage on the uppermost trace which is 
the threshold for the discriminator connected to the output of the summed channel which takes the sum 
of channel -1 and channel O (l:-1,0). Ukewise DAC address 01 (Hex). will. always set the threshold 
voltage on the trace immediately below the uppermost trace which is the threshold for the 
discriminator connected directly to the ·individual channel #0 Input. DAC address 02 (Hex), will 
always set the threshold voltage for the discriminator connected to the output of the summed channel 
which takes the sum of channel O and channel 1 (IO, 1 ). DAC address 03 (Hex), will always set the 
threshold voltage for the discriminator connected directly to the individual channel #1 Input. This 
pattern continues for the 256 DACs and the 256 discriminator threshold setting inputs. 
It should be obvious that if all 256 DAC's are employed, no jumpers are required and each 
discriminator has an individual OAC to control it's threshold. However, in the event that only 4 of the 
256 .DAC's are mounted on the P/C Module, the jumpers would probably be applied such that DAC oo 
(hex) would drive every other sum channel. i.e., l:(O), 1:(1,2), 1:(3,4), 1:(5,6) etc. DAC 01 (hex) 
would drive the even individual channels; OAC 02 (hex) would drive sum channels l:(0,1), I(2,3), 
I(4,5), I(6,7) etc., and OAC 03 (hex) would drive· the odd, individual channels. 
The common choices of DAC populations are 4,8, 16,32,64, 128 or 256 which . corresponds to 
1,2,4,8, 16,32 and 64 IC-03 packages. It seems reasonable to assume that for four DAC's every fourth 
threshold lead would be connected together and so on. However, any and all possibilities exist for 
connecting DAC outputs to threshold inputs and the method used may be dictated by the detector 
geometry. 

IC.03 PAC ADQRESS IQ.01 THRESHOLD INpYTS 
HEl CHANNEL 

~ -------~(!)~-------- SUMO 

01 -----~.------------- 0 _____ _..©i;;;o,-. __ ©,..3 ____ SUll0+ 1 

03 © 
04 0 © 
~ ~---..... ---a~-~ 

© 
0 0 

OI © 
OA -------------(!) © 
. ________________ ,_,, 

Numllera llllide ctra.. aorr•pand to 
lnclwlduat DAC. lneld9 MCtl 1Co03 ar 
ta lncllvldual dl9CrimlmtDl"l(lllNMold) 
lnlllde .... IC-01. 

• • • • FC ©,_ _____ _ 
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SUll 121 • 12ti 
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Figure 21: DACIADC Jumpering 
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3.5.2 CSB10 Jumpers 

The value found in CSR1 o corresponds to the configuration of three, two position jumpers(JU2, JU3, 
and JU4} that connect a signal trace to ground{GND} or +SV. The physical module location of the three 
posts tor each jumper, and their connections are shown below. Table 1 on the following page provides 
the relationship between DAC population, jumper location, CSR 1 O readback and lowest ordered address 
for each DAC chip. 
When less than 256 DAC's are utilized, the P/C module will be populated from the lowest address 
onward without skipping addresses, this is done by a mapping routine within the EPM5128 
programmable PAL It has been done this way to make the DACs accessible by block transfer. The PAL 
receives a 3 bit code from the jumpers to indicate the number of IC-03 OAC/ADC chips mounted and 
coverts the sequential DAC address it receives from an external source to the appropriate DAC module 
address. I.E. if only two IC-03s{8 DACs) are used and located at DAC board address o through 3{U97) 
and DAC bOard address 64 through 67(U129), the PAL knowing from the jumpering scheme will onty 
accept DAC addresses o through 7 from an external source and In tum converts external address o to 
DAC board address 0 and so on up to extemal address 7 to DAC board address 67. When less than 256 
DACs are employed the IC-03s physical location is important to insure that the external address 
received is converted to the appropriate DAC board address. The physical locations for the common 
number of IC-03s used are shown in Table 2 on the following page. 

CSR10 JUMPERING DIAGRAM 
~---------------, 
: G=CJ SIGNAL + 5 : 
·-----------------

DOD JU2 

DOD JU3 

DOD JU4 

P/C MODULE 

JUMPER 
• LOCATION 

Figure 22: CSR10 Jumpering 
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Table 1 
Jumper # of CSR10 First DAC board address of each IC·03 

Numbers DA Cs Value 
JU2 JU3 JU4 
Gnd Gnd Gnd ???? 0 This Is a special case. unlaue to the user. 
Gnd Gnd +5V 4 1 0 
Gnd +SY Gnd 8 2 0,80 
Gnd +5V +5V 16 4 0,40,80.CO 
+5V Gnd Gnd 32 8 0,20,40,&0,80,AO,CO,EO 
+5V Gnd +5 v 64 10 [J, 10,20,30,40,50,60, 70,80,90,AO,BO,CO,D 

O,EO,FO 
+5V +5V Gnd 128 20 D.18, 10, 18,20,28,30,38,40,48,50,58,60,68, 

70, 7880,88,90,98,AO,AB, BO, BS,CO,CS,DO, 
08,EO,EB, FO,FS 

+5V +5V +5V 256 40 All addresses from 00 through FF 
Inclusive are valld 

Table 2 

Hum121c gf 1c-aa1 1c-aa ~bllliGll l~U~llign go mgdul1 
mountedlllDACi;\ 

1(4) U97 
2(8) U97, U129 
4(16) U97, U113, U129, U145 
8(32) U97, U105, U113, U121, U129, U137, 

U145, U153 
16(64) U97, U101, U105, U109, U113, U117, 

U121, U125, U129, U133, U137, U141, 
U145, U149, U153, U157 

32(128) U97, U99, U101, U103, U105, U107, 
U109, U111, U113, U115, U117, U119, 
U121, U123, U125, U127, U129, U131, 
U133, U135, U137, U139, U141, U143, 
U145, U147, U149, U151, U153, U155, 
U157, U159 

64(256) ALL LOCATIONS 
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4.0 P/C MODULE • TESTING AND CALIBRATION 
4.1 UNPOWEBEP TEST 

518191 PAGE JQ 

A test should be performed to check for shorts between the power planes (layers) of the P/C modu" , 
The test should verify no direct connection between any of the following power planes: -5.2V, -3.5V, 
-2V, -.av top, -.av bottom, +SV, +3.SV, +1.25V, and ground. The test can be done with an OHM 
METER. Connection to the power plane can be found at the following locations, with the measured 
impedances between the power and ground plane with the PC board fully assembled(number of IC-03s 
equals four). 

-5.2V • right side of OS 
-3.SV • right Side of fuse f4 
-2V • right side of fuse f1 
-.av top - right side of CR2 
-.av bottom - right side of CR4 
+5V • right side of fuse f6 
153 • right side of fuse f2 
+ 1 .25V • case of 01 
GROUND • left side of 05 

• 8 ohm 
·3ohm 
• 22 ohm 
• 23 ohm 
• 23 ohm 
• 400 ohm(90 ohm with EPM512a installed) 
• 580 ohm 
• 73 ohm 

NOTE: Right side is towards the front of the board where the LABEL is located. The drawing "POWER 
TEST POINT DETAILS"#2563.000-MD-215808 shows the power pin locations of various devices on 
the top side of the board, this should help in finding shorts. 

4.2 AUTOMATED TESTING 

Their is an "Acceptance Test Description" document that uses two software packages to verify wether a 
P/C module is acceptable from an outside vendOr. This document can be found in APPENDIX A. 

4.3 CALIBRATION 

Adjusting the value at which the TEMP LED on the front panel of the P/C module will turn on is the 
only calibration needed for the module. Adjusting trim pot R295 sets the temperature at which the LED 
will turn on and off, the setting of R295 controls the voltage on pin 2 of U185. If pin 3 of U185 which 
is connected to the LM35 temperature sensor is at a more positive value than pin 2 of u1as the LED 
will turn on. The voltage on pin 2 should be set to O.SV this corresponds to 50 degrees Celsius. The 
LM35 will output to pin 3 of the U1 a5 a 1 o mV per degree Celsius voltage level. If the temperature 
rises above 50 degrees Celsius(O.SV on pin 3) the LED will turn on. The LED will turn off if the 
temperature falls below 50 degrees Celsius. The TEMP LED and associated circuitry can be tested by 
adjusting R295 for a voltage on pin 2 of u1as that is less than the value on pin 3 of U185, the lower 
voltage should cause the TEMP LED to tum on. 
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5.0 APPENDICES 

APPENDIX A • TEST SOFTWARE 
APPENDIX B - FASTBUS INTERFACE PAL PROGRAM 
APPENDIX C - POSTAMP/COMPARATOR MODULE • SCHEMATIC 
APPENDIX D • MODULE DRAWINGS 
APPENDIX E • DATA SHEETS 



pQ5TAMflC12MpABATQB MQQULfu UUNDlK A 518197 PAGE: 12 

APPENDIX A • TEST SOFTWARE 

This appendix contains an acceptance criteria specification that pertains to the testing of the 
POSTAMP/COMPARATOR printed circuit board. 



POSTAMP/COMPARATOR MODULE· ACCEPTANCE TEST 
DESCRIPTION 

The party performing the acceptance test on the POSTAMP/COMPARATOR module should 
be familiar with. the •1eee Standard FASTBUS Modular High-Speed Data Acquisition and 
Control system"(ANSVIEEE Std. 960-1986), the POSTAMP/COMPARATOR HARDWARE 
DESCRtPTION-HN100, and the two software packages listed below which the acceptance 
criteria is based upon. Questions pertaining to the documents should be addressed to the 
appropriate originator. 

SILICON STRIP DETECTOR (SSDl 
System Test Software Gulde 
Version: o 15 march 1991 

Originators: 
Wolfgang Kowald Duke University 
EXP.771 #708-840-4250 
Panagiotis Spentzouris ~ 
EXP.771 #708-84 0-4250 
Dave Slimmer Fermilab 
Computing Dept. #708-84 0-4334 

SILICON STRIP PETECTOB SYSTEM "SINGLE BOARP 
DIAGNOSTICS TESTS"-PN434 
Software Description 
Version: 1 4/25/91 

Originator: 
Garry R. Moore Fermilab 
Computing Dept. #708-840-4059 

POSTAMP/COMPARATOR HARDWARE DESCRIPTION-HN100 
Complete Module Documentation Manual 
Version: 3 5/7/91 

Originators: 
Merle Haldeman Fermilab 
RD/DEG group #708-840-3958 
Scott Holm Fermilab 
RD/DEG group #708-840-4340 
Bruce Merkel Fermilab 
RD/DEG group #708-840-3263 

In order for the PC module to be accepted, the PC module must pass the following 
four tests. 
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1. pc TEST 

Refer to the •SINGLE BOARD DIAGNOSTICS TESTS- documentation listed above. 
PC_TEST is a menu driven software tool capable of effectively testing and/or 

exercising all FASTBUS accessible circuitry of the POSTAMP/COMPARATOR module. The 
test should be run in the ·exercise Postamp Comparator- mode; this is #3 under the 
PC_ TEST main menu. This option wilt fully exercise au FASTBUS accessibte circu\tty of 
the PC module including all geographical address, secondary address, and DAC/ADC 
circuitry. 

AC CE PI AN CE- The software will respond with errors If the module . responds 
incorrectly. The module is unacceptable when any errors are reported. 

EXCEPTIONS: A part of the test writes and then reads a series of IC-03 DAC 
values, the software will respond with an error If the DAC value read back Is more 
than plus or minus one LSB different than the written value. The module however, will 
be accepted when the DAC value read back is within two LSB's of the written 
value. 

Refer to the ·s1ucoN STRIP DETECTOR (SSDr documentation listed on page 1 for the 
remaining three tests. 

2. pc test counter test 

This test uses an 8-bit counter on the PC module to generate 256 patterns used 
for testing the output portion(IC-02 and IC-04 ASIC's) of the PC module. The 8-bit 
counter cycles through 256 output pattern possibilities which are sent to the IC-02 and 
IC-04 test inputs; t1 and t2. The outputs of the IC-02s and IC-04s provide 256 
different 128-bit patterns which are sent to the DE module through the FASTBUS 
auxiliary backplane. This test effectively tests the outputs of all IC-02 and IC-04 ASIC's 
as well as their connections to the backplane. The DE module has 256 memory locations 
which are continually being loaded with the 256 pattern possibilities. In this test an 
individual DE memory location is always being loaded with the same pattern generated by 
the PC module test counter.(Refer to section 5.4.2 PC test counter test and to APPENDIX 
A for test counter patterns). 

ACCEPTANCE- The PC module is acceptable if no errors occur. The software will know 
in which memory location in the DE module each pattern generated by PC module's IC-02 
and IC-04 ASICs are stored. When a memory location in the DE module is read by the 
software, the 128-bit pattern in that location is compared with the 128-bit pattern 
that was expected for that location. An error is reported if the values do not match. 

3. pc channel characterization tests 

This test characterizes individual and sum channel threshold voltage sensitivity 
for the PC module discriminator electronics. Characterizing a channel involves placing 
a test signal at a channel Input and then scanning through the threshold setting DAC, 
value range with the software recording the highest threshold voltage(DAC value) at 
which the channel discriminator was able to detect the input test signal. The test should 
be pertormed in the default mode(DAC vs CHANNEL mode). In this mode, five separate 
routines need to be run on the module. These routines are listed in a menu that is 
displayed after •pc channel characterization tesr(h) is selected from the System test 
menu. Invoking any one of the routines, automatically sets up the PC module for that 

PAGE2 



routine, i.e. turning on individual channel or sum channel mode, and placing the PC 
module in the RUN mode. 

The first routine, "INDIVIDUAL CHANNEL", tests all individual channels of the PC 
module. The software performs in the following way: the TSM module's 256 word by 128 
bit memory(refer to TSM document#) is loaded with a pattern of alternating words 
consisting of all A's and S's, which means adjacent bits in a given word have opposite 
values as well as a given bit in adjacent memory addresses. The TSM module feeds this 
pattern to the LS module(refer to LS module documentation#)which continually places 
this pattern at the PC module input. The DE continuously updates its 256 memory 
locations with the 128-bit pattern that the PC module outputs through the FASTBUS 
auxiliary backplane. At the start, all DACs are set to the highest value in their 
range( 1.25v) and at some instance the software performs 8 nonconsecutive reads of a 
DE memory location, recording which if any of the 128 channels were on(hit) during 
each of the B reads. The DAC value is then lowered 1 LSB(Smv) and the DE module 
memory is read 8 more times, this continues until the DACs are at their lowest value in 
their range(Omv). A graph is made that shows the DAC values at which a channel 
responded to B out of 8 reads with the channel on(hit) and also when the channel 
responds at least once but less than B out of 8 times. 

The remaining four routines test the SUM channels. Each routine uses a different 
pattern such as 1 's, 2's, 4's or B's, i.e. for the 2's pattern every 2nd channel of a 4 
channel combination will be toggling on and for the B's pattern every 4th channel of a 4 
channel combination will be toggling on. A graph is made for each routine. In the SUM 
channel mode when placing an input signal on one channel the adjacent channels also 
receive this input signal, therefor the adjacent channels should also turn on and the 
graphs should reflect this.(Refer to section 5.4.6 PC Channel Characterization Tests). 

ACCEPTANCE- The input signal from the LS module should be set for a 40mv peak to 
pt;!ak differential amplitude. The PC module passes the test if the resulting graphs that 
are produced by the software are as follows. {SHOW GRAPHSJThe DAC values of all 
channels may vary no more than plus or minus 15 counts from the norm, i.e. if the 
norm is at the DAC value of 90, acceptable DAC values range from 75 to 105. A module is 
unacceptable if a channel is characterized outside of the plus or minus 15 count range. 

4. pc Crosstalk Test 

PC Crosstalk test will test the ability of the PC module to reject crosstalk to 
other channels from an input signal of substantial amplitude on a certain other channel. 
The Crosstalk test uses the TSM and LS modules as in the PC characterization test. In this 
test the TSM memory is loaded with a 1 in one of the 128 bits of the first word and the 
remaining 255 words have a O in all 128 bits. This means that 1 channel is being 
stimulated with a 18.9ns pulse every 4.8us. The TSM module feeds this pattern to the LS 
module which continuously places the pattern at the PC module input, meanwhile the DE 
is continuously. updating its 256 memory locations with the 12B-bit pattern that the PC 
module outputs through the FASTBUS auxiliary backplane. Initially, all DACs are set to 
the highest value in their range(1.25v). The software reads the DE memory location 
containing the channel that is on(hit), the 128-bit value read, should contain only the 
one bit that is on. More than one bit on indicates crosstalk. The DAC value is then lowered 
1 LSB(Smv) and the DE memory is read again, this repeats until the DAC output is 
reduced to 150mv. The software then shifts the pattern in the TSM memory one bit so 
that the next channel is being stimulated with a large amplitude signal, the process of 
reading the DE memory and lowering the DAC values is repeated. The shifting continues 
until all 128 channels have been stimulated. Crosstalk Is reported each time a 
nonstimulated channel is on. This procedure shows that channels not responding to the 
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signals on other channels have less than 30/o crosstalk.(Refer to section 5.4.7 PC 
Crosstalk test). · 

ACCEPTANCE-The signal amplitude of the input should be set to 500mv peak to peak 
differential amplitude. The PC module is unacceptable if crosstalk is found on any 
channel. 

SCOTT HOLM 5/8/91 
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APPENPIX B • FASTBUS INTERFACE PAL PROGRAM 

This appendix contains the information on the programming of the EPM5128 PAL that is used for the 
FASTBUS interface on the POSTAMPiCOMPARATOR printed circuit board. 



E:\KEN\SSD\PAQ1P\REVE\PACMPI.RPT 
MAX+PLUS Compiler Report File 

Version 2.50 05/31/90 

I 
** Design compiled without errors 

'1:. tle: PA/Cl1P FASTBUS INTERFACE 
Company: Fermilab 
Designer: KEN TREPl'OW 
Rev: E 
Date: 3:06p 11-15-1990 
Turbo: ON 
Security: OFF 

B B B 
A A A 
D D D 
4 3 2 

B B 
A A 
D D 
1 0 

I v 
D c 
s c 

R 
I 0 0 0 E 

I I I G M 0 s s s A 
A E w N s D s s s D 
c· ._, G T D 2 K 0 1 2 I 

-----------------------------------------------------
I 9 8 7 6 5 4 3 r, 1 68 67 66 65 64 63 62 61 £.. 

BAD5 10 60 
BADS 11 59 
BAD7 12 58 
BAD8 13 57 
BAD9 14 56 

BAD21 15 55 
GND 16 54 

BAD22 17 53 
BAD23 18 ER15128.JC-2 52 
BAD24 19 51 

vcc 20 50 
BAD30 21 49 
BAD31 22 48 

IGA0 23 47 
IGAl 24 46 
IGA2 25 45 
IGA3 26 44 

I 27 28 29 30 31 32 33 34 35 36 ~7 38 39 40 41 42 43 1- -------------------------------------------------------
I I I c s I G I I I v D D D D N N 
G A N L w A N R M H c N N N N T T 
A D v K 0 K D D s s c T T T T A A 
4 1 A 1 0 1 A A A A 1 0 

8 D 0 5 4 3 2 
N 

STROBE 
LDCNTR/ 
RDCNTR/ 
OAK 
RUN 
ENIC 
vcc 
ENSC 
CCLKEN/ 
SEL0/ 
GND 
SELl/ 
SEL2/ 
SEL3/ 
DACRD 
SW2 
SWl 



** RKSOURCK USAGE ** 

.. le Array Block Macrocella 

A: MC1 - MC16 15/16( 93%) 
B: MC17 - MC32 7/16( 43%) 
C: MC33 - t1C48 4/16( 25%) 
D: MC49 - MC64 15/16( 93%) 
E: MC65 - t1C80 16/16(100%) 
F: MC81 - MC96 6/16( 37%) 
G: MC97 - MC112 7/16( 43%) 
H: MC113 - MC128 16/16(100%) 

Total dedicated input pins used: 
Total I/0 pins used: 
Total macrocella used: 
Total expanders used: 

Total input pins required: 
Total output pins required: 
Total bidirectional pine require~: 
Total macrocells required: 
Total expanders in database: 

Synthesized macrocells: 

E:\KEN\SSD\PACMP\REVE\PACMPI.RPI' 

I/0 Pina ExPanders 

8/ 8(100%) 27/32( 84%) 
5/ 5(100%) 11/32( 34%) 
5/ 5(100%) 1/32( 3%) 
8/ 8(100%) 0/32( 0%) 
8/ 8(100%) 15/32( 46%) 
5/ 5(100%) 15/32( 46%) 
5/ 5(100%) 3/32( 9%) 
Bl 8(100%) 12/32( 37%) 

8/ 8 (100%) 
52/ 52 (100%) 
86/128 ( 67%) 
84/256 ( 32%) 

20 
24 
16 
86 
69 

0/128 ( 0%) 

External 
Interconnect 

19/24( 79%) 
19/24( 79%) 
6/24( 25%) 

11/24( 45%) 
23/24( 95%) 
17/24( 70%) 
24/24(100%) 
23/24( 95%) 



~ FILE HIERARCHY ** 

lDACMAP:78l 
:DAct1AP:78174139:28: 
:DACMAP:78l74151:30: 
lDACMAP:78:7415i:18: 
:·DACMAP: 78: 74151: 17: 
lDACMAP:7B:74151:16l 
lDACMAP:7Bl74151:15l 
:DACMAP:78:74151:5: 
lNTAREG:48: 
lNTAREG:4B:DACSEL:108: 
lNTAREG:48:DACSEL:10B:74138H:lll 
:NTAREG:48:CT8:93: 
: CONTROL: 45: 
:coNTROL:45:DELAY:165: 
:GASEL:46: 
: OUTMUX: 50: 
:oUTMUX:50:74153:81: 
!OUTMUX:50:74138H:B2: 
:0UTMUX:s0:74153:74: 
!OUTMUX:50:74153:75l 
:oUTMUX:50:74153:76: 
l0U'l'MUX:50l74153:77: 
•nt.JTMUX:50l 74153: 78: 

'I'MUX:50:74153:79: 
l'MUX:50:74153:B0: 

1CSR0:49: 

E:\KEN\SSD\PAct1P\REVE\PACMPI.RPI' 



---

E:\KEN\SSD\PACMP\REVE\PACMPI.RPT 
** INMS ** 

Expanders Fan-In 
"l MCell LAB Primitive Total Shared INP FBK Name 
5 (2) (A) INPUT 0 0 0 0 BAD0 
6 (3) (A) INPUT 0 0 0 0 BADl 
7 (4) (A) INPUT 0 0 0 0 BAD2 
8 (5) (A) INPUT 0 0 0 0 BAD3 
9 (6) (A) INPUT 0 0 0 0 BAD4 

10 (7) (A) INPUT 0 0 0 0 BAD5 
11 (8) (A) INPUT 0 0 0 0 BAD6 
12 (17) (B) INPUT 0 0 0 0 BAD7 
13 (18) (B) INPUT 0 0 0 0 BAD8 
14 (19) (B) INPUT 0 0 0 0 ~ 
15 (20) (B) INPUT 0 0 0 0 BAD21 
17 {21) (B) INPUT 0 0 0 0 BAD22 
18 (33) (C) INPUT 0 0 0 0 BAD23 
19 (34) (C) INPUT 0 0 0 0 BAD24 
21 (35) (C) INPUT 0 0 0 0 BAD30 
22 (36) (C) INPUT 0 0 0 0 BAD31 
30 (55) (D) INPUT 0 0 0 0 CI...IClON 
28 (53) (D) INPUT 0 0 0 0 IA.018 
32 INPUT 0 ·, 0 0 0 IA.IC 
2 INPUT 0· 0 0 0 IA.S 
4 (1) (A) INPUT 0 0 0 0 IDS 
1 INPUT 0 0 0 0 IEG 

23 (37) (C) INPUT 0 0 0 0 IGA0 
24 (49) (D) INPUT 0 0 0 0 IGAl 
?.5 {50) {D) INPUT 0 0 0 0 IGA2 

6 (51) (D) INPUT 0 0 0 0 IGA3 
27 (52) (D) INPUT 0 0 0 0 IGA4 
35 INPUT 0 0 0 0 IMS0 
36 INPUT 0 0 0 0 U1Sl 
66 INPUT 0 0 0 0 U1S2 
29 (54) (D) INPUT 0 0 0 0 INVAD 
34 INPUT 0 0 0 0 IRD 
68 INPUT 0 0 0 0 IWT 
31 (56) (D) INPUT 0 0 0 0 swe 
44 (71) (E) INPUT 0 0 0 0 SWl 
45 (72) (E) INPUT 0 0 0 0 SW2 



E:\KEN\SSD\PACMP\REVE\PACMPI.RPI' 
** OUTPl.ITS ** 

Expanders Fan-In 
n MCell LAB Primitive Total Shared INP FBK Name 

i ) 2 A OR4 11 11 7 14 BAD0 
6 3 A OR4 11 11 1 14 BADl 
7 4 A OR4 11 11 7 15 BAD2 
8 5 A OR4 11 11 7 14 BAD3 
9 6 A . OR4 11 11 7 15 BAD4 

10 7 A OR4 11 11 7 14 BAD5 
11 8 A OR4 11 11 7 15 BADS 
12 17 B OR4 . 11 11 4 15 BAD7 
13 18 B OR4 - 1 1 4 6 BAD8 
14 19 B OR4 1 1 5 4 BAD9 
15 20 B OR4 1 1 4 4 BAD21 
17 21 B OR4 1 1 4 2 BAD22 
18 33 c OR4 1 1 4 4 BAD23 
19 34 c OR4 1 1 4 4 BAD24 
21 35 c OR4 1 1 4 5 BAD30 
22 36 c OR4 1 1 4 5 BAD31 
52 97 G MCELL 0 0 0 1 CCLKEN/ 
46 81 F OUTPUT 0 0 4 7 DACRD 
41 68 E OUTPUT 0 0 3· 1 DNTA2 
40 67 E OUTPUT 0- 0 3 ,., 

~ DNTA3 
39 66 E OUTPUT 0 0 3 3 DNTA4 
38 65 E OVTPUT 5 0 3 4 DNTA5 
55 99 G DFF 3 3 6 15 ENIC 
53 98 G DFF 3 3 6 15 ENSC 
i:;9 114 H OUTPUT 0 0 4 15 LDCNTR/ 

'3 70 E DFF 0 0 1 3 NTA0 
.l 69 E DFF 0 0 1 4 NTAl 

57 101 G LATCH 0 0 1 2 OAK 
65 120 H LATCH 0 0 1 2 ODK 
64 119 H OUTPUT 0 0 3 3 OSS0 
63 118 H OUTPUT 8 7 4 11 OSSl 
62 117 H- OUTPUT 7 7 4 10 0552 
58 113 H OUTPUT 0 0 3 13 RDCNTR/ 
61 116 H OUTPUT 0 0 4 2 READ/ 
56 100 G DFF 3 3 6 15 RUN 
51 85 F OUTPUT 5 0 .3 11 SEL0/ 
49 84 F OUTPUT 3 0 3 11 SELl/ 
48 83 F OUTPUT 4 0 3 11 SEL2/ 
47 82 F OUTPUT 3 0 3 11 SEL3/ 
60 115 H OUTPUT 0 0 3 10 STROBE 



~---

E:\KEN\SSD\PACMP\REVE\PACMPI.RPT 
** BURIED LOGIC ** 

Expanders Fan-In 
l MCell LAB Primitive Total Shared INP FBK Name 

64 D MCELL 0 0 0 1 :OONTROL:45:DELAY:165 IDS0 
63 D MCELL 0 0 0 1 1CONTROL:45:DELAY:165 IDSl 
62 D MCELL 0 0 0 1 OONTROL:45:DELAY:165 IDS2 
61 D MCELL 0 0 0 1 OONTROL:45:DELAY:165 IDS3 
60 D MC ELL 0 0 0 1 CONTROL:45 DELAY:165 IDS4 
80 E MCELL 0 0 0 1 CONTROL:45 DELAY:165 IDS5 
57 D MCELL 0 0 0 1 CONTROL:45 DELAY:165,:34 

(27) 52 D MCELL 0 0 0 1 CONTROL:45 DELAY:165 :37 
59 D MCELL 0 0 0 1 ,CONTROL:45 DELAY:165 :38 
58 D MCELL 0 0 0 1 :CONTROL:45 DELAY:165 :39 

(31) 56 D MCELL 0 0 0 1 :coNTROL:45 DELAY:165 :41 
(30) 55 D MCELL 0 0 0 1 :CONTROL:45 DELAY:165 :42 

79 E MCELL 0 0 0 1 :coNTROL:45 DELAY:165 :43 
(29) 54 D MCELL 0 0 1 0 :coNTROL:45 DELAY:165 :46 
(26) 51 D MCELL 0 0 0 1 :coNTROL:45 DELAY:165 :49 
(25). 50 D MC ELL 0 0 0 1 :CONTROL:45 DELAY:165 :50 

128 H MCELL 0 0 3 3 ;CONTROL:45 INH 
78 E MCELL 0 0 3 6 :CONTROL:45 NTACLK 
77 E MCELL 0 0 4 5 :CONTROL:45 NTACLK0/2 
76 E DFF 3 0 4 5 :coNTROL:45 NTAINC 

- 96 F DFF 0 0 0 2 :CONTROL:45 SSEN 
16 A MCELL 0 0 4 6 :coNTROL:45 :187 
15 A MC ELL 0 0 0 1 : CONTROL: 45 : 188 
14 A MCELL 0 0 0 1 :OONTROL:45 :189 

127 H DFF 3 3 6 15 :CSR0:49:CCLKEN 
13 A MCELL 0 0 0 1 lGASEL:46:DIAS1 

112 G MCELL 0 0 0 1 :GASEL:46:DIAS2 
75 E DFF 7 0 20 . 1 :GASEL:46:FBSEL 
12 A MCELL 0 0 1 0 :GASEL:46: 21 

111 G MCELL 0 0 0 1 :GASEL:46: 51 
126 H MCELL 0 0 0 12 :NTAREG:48 BADNTA 

31 B DFF 0 0 1 5 :NTAREG:48 CT8:93:Q2 
74 E DFF 0 0 1 6 :NTAREG:48 CT8:93:Q3 
73 E DFF 0 0 1 7 :NTAREG:48 CT8:93:Q4 

(45) 72 E DFF 0 0 1 8 :NTAREG:48 CT8:93:Q5 
(44) 71 E DFF 0 0 1 9 :NTAREG:4B:CTB:93:Qs 

125 H DFF 0 0 1 10 1 NTAREG:48:CTB:93:Q7 
11 A SOFT 7 0 3 6 NTAREG:48:DACSEL:108::52 
10 A SOFT 7 0 3 8 NTAREG:4B:DACSEL:108::53 

124 H MCELL 0 0 0 13 NTAREG:48lEN/ 
123 H DFF 1 0 0 15 NTAREG:4B:EOB 

(28) 53 D DFF 0 0 8 2 NTAREG:48:NTA8 
122 H DFF 0 0 1 2 NTAREG:48:NTA30 
121 H DFF 0 0 1 2 NTAREG:4B:NTA31 

9 A SOFI' 2 0 4 13 I OUTMUX: 50: : 90 
32 B SOFI' 0 0 4 12 : OU'I'MUX: 50: :91 
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POSTAHPICOHPABATOB HQDULE 

3.5 HABPWABE JUMPERS 
3.5.1 PAC/AQC Jumpers 

518191 PA<it 27 

The illustration is an abbreviated pattern of the IC-03 DAC/ADC jumpering scheme which exists on the 
P/C Module. 
There are 256 OACs which are addressed via CSR addresses COOO_OOOO through COOO_OOFF 
inclusive. OAC address 00 (Hex). will always set the threshold voltage on the uppermost trace which is 
the threshold for the discriminator connected to the output of the summed channel which takes the sum 
of channel -1 and channel O (l:-1,0). Ukewise DAC address 01 (Hex). will. always set the threshold 
voltage on the trace immediately below the uppermost trace which is the threshold for the 
discriminator connected directly to the ·individual channel #0 Input. DAC address 02 (Hex), will 
always set the threshold voltage for the discriminator connected to the output of the summed channel 
which takes the sum of channel O and channel 1 (IO, 1 ). DAC address 03 (Hex), will always set the 
threshold voltage for the discriminator connected directly to the individual channel #1 Input. This 
pattern continues for the 256 DACs and the 256 discriminator threshold setting inputs. 
It should be obvious that if all 256 DAC's are employed, no jumpers are required and each 
discriminator has an individual OAC to control it's threshold. However, in the event that only 4 of the 
256 .DAC's are mounted on the P/C Module, the jumpers would probably be applied such that DAC oo 
(hex) would drive every other sum channel. i.e., l:(O), 1:(1,2), 1:(3,4), 1:(5,6) etc. DAC 01 (hex) 
would drive the even individual channels; OAC 02 (hex) would drive sum channels l:(0,1), I(2,3), 
I(4,5), I(6,7) etc., and OAC 03 (hex) would drive· the odd, individual channels. 
The common choices of DAC populations are 4,8, 16,32,64, 128 or 256 which . corresponds to 
1,2,4,8, 16,32 and 64 IC-03 packages. It seems reasonable to assume that for four DAC's every fourth 
threshold lead would be connected together and so on. However, any and all possibilities exist for 
connecting DAC outputs to threshold inputs and the method used may be dictated by the detector 
geometry. 

IC.03 PAC ADQRESS IQ.01 THRESHOLD INpYTS 
HEl CHANNEL 

~ -------~(!)~-------- SUMO 

01 -----~.------------- 0 _____ _..©i;;;o,-. __ ©,..3 ____ SUll0+ 1 

03 © 
04 0 © 
~ ~---..... ---a~-~ 

© 
0 0 

OI © 
OA -------------(!) © 
. ________________ ,_,, 

Numllera llllide ctra.. aorr•pand to 
lnclwlduat DAC. lneld9 MCtl 1Co03 ar 
ta lncllvldual dl9CrimlmtDl"l(lllNMold) 
lnlllde .... IC-01. 

• • • • FC ©,_ _____ _ 

FD -~-~..--------
R __ __,__..(!)..____,~CD-3__,__,_ 

" ------.... (!)~--------

1 

SUll1 +2 

2 

SUll2+3 

3 

. SUll3+4 

4 

SU114+S 

s 

SUll 121 • 12ti 

126 

SUll 121 + 127 

127 

Figure 21: DACIADC Jumpering 
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3.5.2 CSB10 Jumpers 

The value found in CSR1 o corresponds to the configuration of three, two position jumpers(JU2, JU3, 
and JU4} that connect a signal trace to ground{GND} or +SV. The physical module location of the three 
posts tor each jumper, and their connections are shown below. Table 1 on the following page provides 
the relationship between DAC population, jumper location, CSR 1 O readback and lowest ordered address 
for each DAC chip. 
When less than 256 DAC's are utilized, the P/C module will be populated from the lowest address 
onward without skipping addresses, this is done by a mapping routine within the EPM5128 
programmable PAL It has been done this way to make the DACs accessible by block transfer. The PAL 
receives a 3 bit code from the jumpers to indicate the number of IC-03 OAC/ADC chips mounted and 
coverts the sequential DAC address it receives from an external source to the appropriate DAC module 
address. I.E. if only two IC-03s{8 DACs) are used and located at DAC board address o through 3{U97) 
and DAC bOard address 64 through 67(U129), the PAL knowing from the jumpering scheme will onty 
accept DAC addresses o through 7 from an external source and In tum converts external address o to 
DAC board address 0 and so on up to extemal address 7 to DAC board address 67. When less than 256 
DACs are employed the IC-03s physical location is important to insure that the external address 
received is converted to the appropriate DAC board address. The physical locations for the common 
number of IC-03s used are shown in Table 2 on the following page. 

CSR10 JUMPERING DIAGRAM 
~---------------, 
: G=CJ SIGNAL + 5 : 
·-----------------

DOD JU2 

DOD JU3 

DOD JU4 

P/C MODULE 

JUMPER 
• LOCATION 

Figure 22: CSR10 Jumpering 
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Table 1 
Jumper # of CSR10 First DAC board address of each IC·03 

Numbers DA Cs Value 
JU2 JU3 JU4 
Gnd Gnd Gnd ???? 0 This Is a special case. unlaue to the user. 
Gnd Gnd +5V 4 1 0 
Gnd +SY Gnd 8 2 0,80 
Gnd +5V +5V 16 4 0,40,80.CO 
+5V Gnd Gnd 32 8 0,20,40,&0,80,AO,CO,EO 
+5V Gnd +5 v 64 10 [J, 10,20,30,40,50,60, 70,80,90,AO,BO,CO,D 

O,EO,FO 
+5V +5V Gnd 128 20 D.18, 10, 18,20,28,30,38,40,48,50,58,60,68, 

70, 7880,88,90,98,AO,AB, BO, BS,CO,CS,DO, 
08,EO,EB, FO,FS 

+5V +5V +5V 256 40 All addresses from 00 through FF 
Inclusive are valld 

Table 2 

Hum121c gf 1c-aa1 1c-aa ~bllliGll l~U~llign go mgdul1 
mountedlllDACi;\ 

1(4) U97 
2(8) U97, U129 
4(16) U97, U113, U129, U145 
8(32) U97, U105, U113, U121, U129, U137, 

U145, U153 
16(64) U97, U101, U105, U109, U113, U117, 

U121, U125, U129, U133, U137, U141, 
U145, U149, U153, U157 

32(128) U97, U99, U101, U103, U105, U107, 
U109, U111, U113, U115, U117, U119, 
U121, U123, U125, U127, U129, U131, 
U133, U135, U137, U139, U141, U143, 
U145, U147, U149, U151, U153, U155, 
U157, U159 

64(256) ALL LOCATIONS 
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4.0 P/C MODULE • TESTING AND CALIBRATION 
4.1 UNPOWEBEP TEST 

518191 PAGE JQ 

A test should be performed to check for shorts between the power planes (layers) of the P/C modu" , 
The test should verify no direct connection between any of the following power planes: -5.2V, -3.5V, 
-2V, -.av top, -.av bottom, +SV, +3.SV, +1.25V, and ground. The test can be done with an OHM 
METER. Connection to the power plane can be found at the following locations, with the measured 
impedances between the power and ground plane with the PC board fully assembled(number of IC-03s 
equals four). 

-5.2V • right side of OS 
-3.SV • right Side of fuse f4 
-2V • right side of fuse f1 
-.av top - right side of CR2 
-.av bottom - right side of CR4 
+5V • right side of fuse f6 
153 • right side of fuse f2 
+ 1 .25V • case of 01 
GROUND • left side of 05 

• 8 ohm 
·3ohm 
• 22 ohm 
• 23 ohm 
• 23 ohm 
• 400 ohm(90 ohm with EPM512a installed) 
• 580 ohm 
• 73 ohm 

NOTE: Right side is towards the front of the board where the LABEL is located. The drawing "POWER 
TEST POINT DETAILS"#2563.000-MD-215808 shows the power pin locations of various devices on 
the top side of the board, this should help in finding shorts. 

4.2 AUTOMATED TESTING 

Their is an "Acceptance Test Description" document that uses two software packages to verify wether a 
P/C module is acceptable from an outside vendOr. This document can be found in APPENDIX A. 

4.3 CALIBRATION 

Adjusting the value at which the TEMP LED on the front panel of the P/C module will turn on is the 
only calibration needed for the module. Adjusting trim pot R295 sets the temperature at which the LED 
will turn on and off, the setting of R295 controls the voltage on pin 2 of U185. If pin 3 of U185 which 
is connected to the LM35 temperature sensor is at a more positive value than pin 2 of u1as the LED 
will turn on. The voltage on pin 2 should be set to O.SV this corresponds to 50 degrees Celsius. The 
LM35 will output to pin 3 of the U1 a5 a 1 o mV per degree Celsius voltage level. If the temperature 
rises above 50 degrees Celsius(O.SV on pin 3) the LED will turn on. The LED will turn off if the 
temperature falls below 50 degrees Celsius. The TEMP LED and associated circuitry can be tested by 
adjusting R295 for a voltage on pin 2 of u1as that is less than the value on pin 3 of U185, the lower 
voltage should cause the TEMP LED to tum on. 
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5.0 APPENDICES 

APPENDIX A • TEST SOFTWARE 
APPENDIX B - FASTBUS INTERFACE PAL PROGRAM 
APPENDIX C - POSTAMP/COMPARATOR MODULE • SCHEMATIC 
APPENDIX D • MODULE DRAWINGS 
APPENDIX E • DATA SHEETS 
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APPENDIX A • TEST SOFTWARE 

This appendix contains an acceptance criteria specification that pertains to the testing of the 
POSTAMP/COMPARATOR printed circuit board. 



POSTAMP/COMPARATOR MODULE· ACCEPTANCE TEST 
DESCRIPTION 

The party performing the acceptance test on the POSTAMP/COMPARATOR module should 
be familiar with. the •1eee Standard FASTBUS Modular High-Speed Data Acquisition and 
Control system"(ANSVIEEE Std. 960-1986), the POSTAMP/COMPARATOR HARDWARE 
DESCRtPTION-HN100, and the two software packages listed below which the acceptance 
criteria is based upon. Questions pertaining to the documents should be addressed to the 
appropriate originator. 

SILICON STRIP DETECTOR (SSDl 
System Test Software Gulde 
Version: o 15 march 1991 

Originators: 
Wolfgang Kowald Duke University 
EXP.771 #708-840-4250 
Panagiotis Spentzouris ~ 
EXP.771 #708-84 0-4250 
Dave Slimmer Fermilab 
Computing Dept. #708-84 0-4334 

SILICON STRIP PETECTOB SYSTEM "SINGLE BOARP 
DIAGNOSTICS TESTS"-PN434 
Software Description 
Version: 1 4/25/91 

Originator: 
Garry R. Moore Fermilab 
Computing Dept. #708-840-4059 

POSTAMP/COMPARATOR HARDWARE DESCRIPTION-HN100 
Complete Module Documentation Manual 
Version: 3 5/7/91 

Originators: 
Merle Haldeman Fermilab 
RD/DEG group #708-840-3958 
Scott Holm Fermilab 
RD/DEG group #708-840-4340 
Bruce Merkel Fermilab 
RD/DEG group #708-840-3263 

In order for the PC module to be accepted, the PC module must pass the following 
four tests. 
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1. pc TEST 

Refer to the •SINGLE BOARD DIAGNOSTICS TESTS- documentation listed above. 
PC_TEST is a menu driven software tool capable of effectively testing and/or 

exercising all FASTBUS accessible circuitry of the POSTAMP/COMPARATOR module. The 
test should be run in the ·exercise Postamp Comparator- mode; this is #3 under the 
PC_ TEST main menu. This option wilt fully exercise au FASTBUS accessibte circu\tty of 
the PC module including all geographical address, secondary address, and DAC/ADC 
circuitry. 

AC CE PI AN CE- The software will respond with errors If the module . responds 
incorrectly. The module is unacceptable when any errors are reported. 

EXCEPTIONS: A part of the test writes and then reads a series of IC-03 DAC 
values, the software will respond with an error If the DAC value read back Is more 
than plus or minus one LSB different than the written value. The module however, will 
be accepted when the DAC value read back is within two LSB's of the written 
value. 

Refer to the ·s1ucoN STRIP DETECTOR (SSDr documentation listed on page 1 for the 
remaining three tests. 

2. pc test counter test 

This test uses an 8-bit counter on the PC module to generate 256 patterns used 
for testing the output portion(IC-02 and IC-04 ASIC's) of the PC module. The 8-bit 
counter cycles through 256 output pattern possibilities which are sent to the IC-02 and 
IC-04 test inputs; t1 and t2. The outputs of the IC-02s and IC-04s provide 256 
different 128-bit patterns which are sent to the DE module through the FASTBUS 
auxiliary backplane. This test effectively tests the outputs of all IC-02 and IC-04 ASIC's 
as well as their connections to the backplane. The DE module has 256 memory locations 
which are continually being loaded with the 256 pattern possibilities. In this test an 
individual DE memory location is always being loaded with the same pattern generated by 
the PC module test counter.(Refer to section 5.4.2 PC test counter test and to APPENDIX 
A for test counter patterns). 

ACCEPTANCE- The PC module is acceptable if no errors occur. The software will know 
in which memory location in the DE module each pattern generated by PC module's IC-02 
and IC-04 ASICs are stored. When a memory location in the DE module is read by the 
software, the 128-bit pattern in that location is compared with the 128-bit pattern 
that was expected for that location. An error is reported if the values do not match. 

3. pc channel characterization tests 

This test characterizes individual and sum channel threshold voltage sensitivity 
for the PC module discriminator electronics. Characterizing a channel involves placing 
a test signal at a channel Input and then scanning through the threshold setting DAC, 
value range with the software recording the highest threshold voltage(DAC value) at 
which the channel discriminator was able to detect the input test signal. The test should 
be pertormed in the default mode(DAC vs CHANNEL mode). In this mode, five separate 
routines need to be run on the module. These routines are listed in a menu that is 
displayed after •pc channel characterization tesr(h) is selected from the System test 
menu. Invoking any one of the routines, automatically sets up the PC module for that 
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routine, i.e. turning on individual channel or sum channel mode, and placing the PC 
module in the RUN mode. 

The first routine, "INDIVIDUAL CHANNEL", tests all individual channels of the PC 
module. The software performs in the following way: the TSM module's 256 word by 128 
bit memory(refer to TSM document#) is loaded with a pattern of alternating words 
consisting of all A's and S's, which means adjacent bits in a given word have opposite 
values as well as a given bit in adjacent memory addresses. The TSM module feeds this 
pattern to the LS module(refer to LS module documentation#)which continually places 
this pattern at the PC module input. The DE continuously updates its 256 memory 
locations with the 128-bit pattern that the PC module outputs through the FASTBUS 
auxiliary backplane. At the start, all DACs are set to the highest value in their 
range( 1.25v) and at some instance the software performs 8 nonconsecutive reads of a 
DE memory location, recording which if any of the 128 channels were on(hit) during 
each of the B reads. The DAC value is then lowered 1 LSB(Smv) and the DE module 
memory is read 8 more times, this continues until the DACs are at their lowest value in 
their range(Omv). A graph is made that shows the DAC values at which a channel 
responded to B out of 8 reads with the channel on(hit) and also when the channel 
responds at least once but less than B out of 8 times. 

The remaining four routines test the SUM channels. Each routine uses a different 
pattern such as 1 's, 2's, 4's or B's, i.e. for the 2's pattern every 2nd channel of a 4 
channel combination will be toggling on and for the B's pattern every 4th channel of a 4 
channel combination will be toggling on. A graph is made for each routine. In the SUM 
channel mode when placing an input signal on one channel the adjacent channels also 
receive this input signal, therefor the adjacent channels should also turn on and the 
graphs should reflect this.(Refer to section 5.4.6 PC Channel Characterization Tests). 

ACCEPTANCE- The input signal from the LS module should be set for a 40mv peak to 
pt;!ak differential amplitude. The PC module passes the test if the resulting graphs that 
are produced by the software are as follows. {SHOW GRAPHSJThe DAC values of all 
channels may vary no more than plus or minus 15 counts from the norm, i.e. if the 
norm is at the DAC value of 90, acceptable DAC values range from 75 to 105. A module is 
unacceptable if a channel is characterized outside of the plus or minus 15 count range. 

4. pc Crosstalk Test 

PC Crosstalk test will test the ability of the PC module to reject crosstalk to 
other channels from an input signal of substantial amplitude on a certain other channel. 
The Crosstalk test uses the TSM and LS modules as in the PC characterization test. In this 
test the TSM memory is loaded with a 1 in one of the 128 bits of the first word and the 
remaining 255 words have a O in all 128 bits. This means that 1 channel is being 
stimulated with a 18.9ns pulse every 4.8us. The TSM module feeds this pattern to the LS 
module which continuously places the pattern at the PC module input, meanwhile the DE 
is continuously. updating its 256 memory locations with the 12B-bit pattern that the PC 
module outputs through the FASTBUS auxiliary backplane. Initially, all DACs are set to 
the highest value in their range(1.25v). The software reads the DE memory location 
containing the channel that is on(hit), the 128-bit value read, should contain only the 
one bit that is on. More than one bit on indicates crosstalk. The DAC value is then lowered 
1 LSB(Smv) and the DE memory is read again, this repeats until the DAC output is 
reduced to 150mv. The software then shifts the pattern in the TSM memory one bit so 
that the next channel is being stimulated with a large amplitude signal, the process of 
reading the DE memory and lowering the DAC values is repeated. The shifting continues 
until all 128 channels have been stimulated. Crosstalk Is reported each time a 
nonstimulated channel is on. This procedure shows that channels not responding to the 
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signals on other channels have less than 30/o crosstalk.(Refer to section 5.4.7 PC 
Crosstalk test). · 

ACCEPTANCE-The signal amplitude of the input should be set to 500mv peak to peak 
differential amplitude. The PC module is unacceptable if crosstalk is found on any 
channel. 

SCOTT HOLM 5/8/91 
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APPENPIX B • FASTBUS INTERFACE PAL PROGRAM 

This appendix contains the information on the programming of the EPM5128 PAL that is used for the 
FASTBUS interface on the POSTAMPiCOMPARATOR printed circuit board. 



E:\KEN\SSD\PAQ1P\REVE\PACMPI.RPT 
MAX+PLUS Compiler Report File 

Version 2.50 05/31/90 

I 
** Design compiled without errors 

'1:. tle: PA/Cl1P FASTBUS INTERFACE 
Company: Fermilab 
Designer: KEN TREPl'OW 
Rev: E 
Date: 3:06p 11-15-1990 
Turbo: ON 
Security: OFF 

B B B 
A A A 
D D D 
4 3 2 

B B 
A A 
D D 
1 0 

I v 
D c 
s c 

R 
I 0 0 0 E 

I I I G M 0 s s s A 
A E w N s D s s s D 
c· ._, G T D 2 K 0 1 2 I 

-----------------------------------------------------
I 9 8 7 6 5 4 3 r, 1 68 67 66 65 64 63 62 61 £.. 

BAD5 10 60 
BADS 11 59 
BAD7 12 58 
BAD8 13 57 
BAD9 14 56 

BAD21 15 55 
GND 16 54 

BAD22 17 53 
BAD23 18 ER15128.JC-2 52 
BAD24 19 51 

vcc 20 50 
BAD30 21 49 
BAD31 22 48 

IGA0 23 47 
IGAl 24 46 
IGA2 25 45 
IGA3 26 44 

I 27 28 29 30 31 32 33 34 35 36 ~7 38 39 40 41 42 43 1- -------------------------------------------------------
I I I c s I G I I I v D D D D N N 
G A N L w A N R M H c N N N N T T 
A D v K 0 K D D s s c T T T T A A 
4 1 A 1 0 1 A A A A 1 0 

8 D 0 5 4 3 2 
N 

STROBE 
LDCNTR/ 
RDCNTR/ 
OAK 
RUN 
ENIC 
vcc 
ENSC 
CCLKEN/ 
SEL0/ 
GND 
SELl/ 
SEL2/ 
SEL3/ 
DACRD 
SW2 
SWl 



** RKSOURCK USAGE ** 

.. le Array Block Macrocella 

A: MC1 - MC16 15/16( 93%) 
B: MC17 - MC32 7/16( 43%) 
C: MC33 - t1C48 4/16( 25%) 
D: MC49 - MC64 15/16( 93%) 
E: MC65 - t1C80 16/16(100%) 
F: MC81 - MC96 6/16( 37%) 
G: MC97 - MC112 7/16( 43%) 
H: MC113 - MC128 16/16(100%) 

Total dedicated input pins used: 
Total I/0 pins used: 
Total macrocella used: 
Total expanders used: 

Total input pins required: 
Total output pins required: 
Total bidirectional pine require~: 
Total macrocells required: 
Total expanders in database: 

Synthesized macrocells: 

E:\KEN\SSD\PACMP\REVE\PACMPI.RPI' 

I/0 Pina ExPanders 

8/ 8(100%) 27/32( 84%) 
5/ 5(100%) 11/32( 34%) 
5/ 5(100%) 1/32( 3%) 
8/ 8(100%) 0/32( 0%) 
8/ 8(100%) 15/32( 46%) 
5/ 5(100%) 15/32( 46%) 
5/ 5(100%) 3/32( 9%) 
Bl 8(100%) 12/32( 37%) 

8/ 8 (100%) 
52/ 52 (100%) 
86/128 ( 67%) 
84/256 ( 32%) 

20 
24 
16 
86 
69 

0/128 ( 0%) 

External 
Interconnect 

19/24( 79%) 
19/24( 79%) 
6/24( 25%) 

11/24( 45%) 
23/24( 95%) 
17/24( 70%) 
24/24(100%) 
23/24( 95%) 



~ FILE HIERARCHY ** 

lDACMAP:78l 
:DAct1AP:78174139:28: 
:DACMAP:78l74151:30: 
lDACMAP:78:7415i:18: 
:·DACMAP: 78: 74151: 17: 
lDACMAP:7B:74151:16l 
lDACMAP:7Bl74151:15l 
:DACMAP:78:74151:5: 
lNTAREG:48: 
lNTAREG:4B:DACSEL:108: 
lNTAREG:48:DACSEL:10B:74138H:lll 
:NTAREG:48:CT8:93: 
: CONTROL: 45: 
:coNTROL:45:DELAY:165: 
:GASEL:46: 
: OUTMUX: 50: 
:oUTMUX:50:74153:81: 
!OUTMUX:50:74138H:B2: 
:0UTMUX:s0:74153:74: 
!OUTMUX:50:74153:75l 
:oUTMUX:50:74153:76: 
l0U'l'MUX:50l74153:77: 
•nt.JTMUX:50l 74153: 78: 

'I'MUX:50:74153:79: 
l'MUX:50:74153:B0: 

1CSR0:49: 

E:\KEN\SSD\PAct1P\REVE\PACMPI.RPI' 



---

E:\KEN\SSD\PACMP\REVE\PACMPI.RPT 
** INMS ** 

Expanders Fan-In 
"l MCell LAB Primitive Total Shared INP FBK Name 
5 (2) (A) INPUT 0 0 0 0 BAD0 
6 (3) (A) INPUT 0 0 0 0 BADl 
7 (4) (A) INPUT 0 0 0 0 BAD2 
8 (5) (A) INPUT 0 0 0 0 BAD3 
9 (6) (A) INPUT 0 0 0 0 BAD4 

10 (7) (A) INPUT 0 0 0 0 BAD5 
11 (8) (A) INPUT 0 0 0 0 BAD6 
12 (17) (B) INPUT 0 0 0 0 BAD7 
13 (18) (B) INPUT 0 0 0 0 BAD8 
14 (19) (B) INPUT 0 0 0 0 ~ 
15 (20) (B) INPUT 0 0 0 0 BAD21 
17 {21) (B) INPUT 0 0 0 0 BAD22 
18 (33) (C) INPUT 0 0 0 0 BAD23 
19 (34) (C) INPUT 0 0 0 0 BAD24 
21 (35) (C) INPUT 0 0 0 0 BAD30 
22 (36) (C) INPUT 0 0 0 0 BAD31 
30 (55) (D) INPUT 0 0 0 0 CI...IClON 
28 (53) (D) INPUT 0 0 0 0 IA.018 
32 INPUT 0 ·, 0 0 0 IA.IC 
2 INPUT 0· 0 0 0 IA.S 
4 (1) (A) INPUT 0 0 0 0 IDS 
1 INPUT 0 0 0 0 IEG 

23 (37) (C) INPUT 0 0 0 0 IGA0 
24 (49) (D) INPUT 0 0 0 0 IGAl 
?.5 {50) {D) INPUT 0 0 0 0 IGA2 

6 (51) (D) INPUT 0 0 0 0 IGA3 
27 (52) (D) INPUT 0 0 0 0 IGA4 
35 INPUT 0 0 0 0 IMS0 
36 INPUT 0 0 0 0 U1Sl 
66 INPUT 0 0 0 0 U1S2 
29 (54) (D) INPUT 0 0 0 0 INVAD 
34 INPUT 0 0 0 0 IRD 
68 INPUT 0 0 0 0 IWT 
31 (56) (D) INPUT 0 0 0 0 swe 
44 (71) (E) INPUT 0 0 0 0 SWl 
45 (72) (E) INPUT 0 0 0 0 SW2 
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** OUTPl.ITS ** 

Expanders Fan-In 
n MCell LAB Primitive Total Shared INP FBK Name 

i ) 2 A OR4 11 11 7 14 BAD0 
6 3 A OR4 11 11 1 14 BADl 
7 4 A OR4 11 11 7 15 BAD2 
8 5 A OR4 11 11 7 14 BAD3 
9 6 A . OR4 11 11 7 15 BAD4 

10 7 A OR4 11 11 7 14 BAD5 
11 8 A OR4 11 11 7 15 BADS 
12 17 B OR4 . 11 11 4 15 BAD7 
13 18 B OR4 - 1 1 4 6 BAD8 
14 19 B OR4 1 1 5 4 BAD9 
15 20 B OR4 1 1 4 4 BAD21 
17 21 B OR4 1 1 4 2 BAD22 
18 33 c OR4 1 1 4 4 BAD23 
19 34 c OR4 1 1 4 4 BAD24 
21 35 c OR4 1 1 4 5 BAD30 
22 36 c OR4 1 1 4 5 BAD31 
52 97 G MCELL 0 0 0 1 CCLKEN/ 
46 81 F OUTPUT 0 0 4 7 DACRD 
41 68 E OUTPUT 0 0 3· 1 DNTA2 
40 67 E OUTPUT 0- 0 3 ,., 

~ DNTA3 
39 66 E OUTPUT 0 0 3 3 DNTA4 
38 65 E OVTPUT 5 0 3 4 DNTA5 
55 99 G DFF 3 3 6 15 ENIC 
53 98 G DFF 3 3 6 15 ENSC 
i:;9 114 H OUTPUT 0 0 4 15 LDCNTR/ 

'3 70 E DFF 0 0 1 3 NTA0 
.l 69 E DFF 0 0 1 4 NTAl 

57 101 G LATCH 0 0 1 2 OAK 
65 120 H LATCH 0 0 1 2 ODK 
64 119 H OUTPUT 0 0 3 3 OSS0 
63 118 H OUTPUT 8 7 4 11 OSSl 
62 117 H- OUTPUT 7 7 4 10 0552 
58 113 H OUTPUT 0 0 3 13 RDCNTR/ 
61 116 H OUTPUT 0 0 4 2 READ/ 
56 100 G DFF 3 3 6 15 RUN 
51 85 F OUTPUT 5 0 .3 11 SEL0/ 
49 84 F OUTPUT 3 0 3 11 SELl/ 
48 83 F OUTPUT 4 0 3 11 SEL2/ 
47 82 F OUTPUT 3 0 3 11 SEL3/ 
60 115 H OUTPUT 0 0 3 10 STROBE 



~---
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** BURIED LOGIC ** 

Expanders Fan-In 
l MCell LAB Primitive Total Shared INP FBK Name 

64 D MCELL 0 0 0 1 :OONTROL:45:DELAY:165 IDS0 
63 D MCELL 0 0 0 1 1CONTROL:45:DELAY:165 IDSl 
62 D MCELL 0 0 0 1 OONTROL:45:DELAY:165 IDS2 
61 D MCELL 0 0 0 1 OONTROL:45:DELAY:165 IDS3 
60 D MC ELL 0 0 0 1 CONTROL:45 DELAY:165 IDS4 
80 E MCELL 0 0 0 1 CONTROL:45 DELAY:165 IDS5 
57 D MCELL 0 0 0 1 CONTROL:45 DELAY:165,:34 

(27) 52 D MCELL 0 0 0 1 CONTROL:45 DELAY:165 :37 
59 D MCELL 0 0 0 1 ,CONTROL:45 DELAY:165 :38 
58 D MCELL 0 0 0 1 :CONTROL:45 DELAY:165 :39 

(31) 56 D MCELL 0 0 0 1 :coNTROL:45 DELAY:165 :41 
(30) 55 D MCELL 0 0 0 1 :CONTROL:45 DELAY:165 :42 

79 E MCELL 0 0 0 1 :coNTROL:45 DELAY:165 :43 
(29) 54 D MCELL 0 0 1 0 :coNTROL:45 DELAY:165 :46 
(26) 51 D MCELL 0 0 0 1 :coNTROL:45 DELAY:165 :49 
(25). 50 D MC ELL 0 0 0 1 :CONTROL:45 DELAY:165 :50 

128 H MCELL 0 0 3 3 ;CONTROL:45 INH 
78 E MCELL 0 0 3 6 :CONTROL:45 NTACLK 
77 E MCELL 0 0 4 5 :CONTROL:45 NTACLK0/2 
76 E DFF 3 0 4 5 :coNTROL:45 NTAINC 

- 96 F DFF 0 0 0 2 :CONTROL:45 SSEN 
16 A MCELL 0 0 4 6 :coNTROL:45 :187 
15 A MC ELL 0 0 0 1 : CONTROL: 45 : 188 
14 A MCELL 0 0 0 1 :OONTROL:45 :189 

127 H DFF 3 3 6 15 :CSR0:49:CCLKEN 
13 A MCELL 0 0 0 1 lGASEL:46:DIAS1 

112 G MCELL 0 0 0 1 :GASEL:46:DIAS2 
75 E DFF 7 0 20 . 1 :GASEL:46:FBSEL 
12 A MCELL 0 0 1 0 :GASEL:46: 21 

111 G MCELL 0 0 0 1 :GASEL:46: 51 
126 H MCELL 0 0 0 12 :NTAREG:48 BADNTA 

31 B DFF 0 0 1 5 :NTAREG:48 CT8:93:Q2 
74 E DFF 0 0 1 6 :NTAREG:48 CT8:93:Q3 
73 E DFF 0 0 1 7 :NTAREG:48 CT8:93:Q4 

(45) 72 E DFF 0 0 1 8 :NTAREG:48 CT8:93:Q5 
(44) 71 E DFF 0 0 1 9 :NTAREG:4B:CTB:93:Qs 

125 H DFF 0 0 1 10 1 NTAREG:48:CTB:93:Q7 
11 A SOFT 7 0 3 6 NTAREG:48:DACSEL:108::52 
10 A SOFT 7 0 3 8 NTAREG:4B:DACSEL:108::53 

124 H MCELL 0 0 0 13 NTAREG:48lEN/ 
123 H DFF 1 0 0 15 NTAREG:4B:EOB 

(28) 53 D DFF 0 0 8 2 NTAREG:48:NTA8 
122 H DFF 0 0 1 2 NTAREG:48:NTA30 
121 H DFF 0 0 1 2 NTAREG:4B:NTA31 

9 A SOFI' 2 0 4 13 I OUTMUX: 50: : 90 
32 B SOFI' 0 0 4 12 : OU'I'MUX: 50: :91 



• • . D 
0 0 

Q 9 
' ) 

,.....i--
1 
I 

' ' .. II ~ ' • D ~ 

0 ;; . • D • .. z 
• • • • " " " • " .. .. ~ • D Q 

• 0 0 • • D .J • 
. ~ 

ir ~~ ?: 
:· 

i 

I 

- --
i 

I I I r--r I 
I 1 I 1n 11 

D • • u 

I 

I 

I 
xi 

' 1 .. 
" " • z i " .J 

" z u • .. .. u 

l~ ;~ 
i! ii i 

! 

I • I 
I 

i I I . . . . . . • . : . . i . . . . .. .......... . . . . . . . . . ........... 
•••••••• .I 

.. 
" . • 

.I: 11 · . ..... I'll 

~I~ a a a o 
4 c .... 

•1•. •, ., •• 

.... " ......... " .. ................ . . . . . . . . . . . . . . . . ........... :::::: 

I 
I 

I " • ~ , . " .. 0 ... • • • • • !5:::::::::::::·::: . I . ... 
• • • .I .... 

• ... • • • • 1 1 1 •••••••••• .... = ...... i--i"'+!""i ...... ..,!~--~~~..,~!-Jc-.~ I 
I ' . ......1'===~-.J j U.!1!.!1!11: ~ 

• • • • I 

I~ 

D : • ~ ~ .. z 

~ =r ;1 • 

ii 0 
c 
~ 

:r. 

•II• II ,,,, 
.. 4 .... 0 •• " ............ -I -I J"' z .. z z ., .... ., 
QQCO a e e II 

.. . ·I . 1~· . •• ! : a • , ~ 

£ ; .... ...... 
==, 

.. . . • • .. . . 

:::: ::~~ 

~iiii :::: • u • a ••• :::::: ............... . ....... . 

I 

Ii 

r ·- ·--
u' . J c 
IL :~ l a: 
Ill ... . • z .. 
rn ! 
::> i.. 
GI n ... :I rn 0 
c ... ; 
IL G. l ~ II • r . G. ... I 
:t ~ ... 
tJ E . 
..... L z : c • Ill 
G. IL le 

id 
: • . ~ 

' 

' : 

.. '. . . . . 1, .. , ..... , ........ ,41•1·1· c 0 .. "' • , ... , .. , ......... 1 ................... z J: J. 
• ! •_, • •• • •• ;_ :. •.. • • 21212121z1•1•1z1z z z • •.• 

: : ! : I ' I I 1-----------1i---------·-.. \ 

j -
~) 

I 
I 
I 
I 

I 
! I 

I 

I I 
I 

I 
I 
I 

i 

i I , ............. .-.-.. 
I 

T 

I 

I I I 
I I I I 
~~1~~~~~~~~~. I ....... __ _,__....., ____________________ • I 

I 

0 ... 
... .. ., ~ r. 

? % ~ a 
. -" ... 

I 
I 

I 
I 

I I 

• ~ 

; i 
0 ., 
c. Qi . .. .. . , 
!~ .! 
·~ :c 
=~ =i 
\,; u 
0 
Q Q . . 
• • 

.. 
~ • 

.. 
Q . 
• 
. 
Q . 
• 

m 
Q . • 

• Q 

• • 
~ 

Q 

• • 
• Q 

• • 
• D • • 

.. 
D . 
• 

l 
I 

I 
I 

I 

Q . 
> 
2 

z 
Q 

• 
"' u 

-
1 

I I ., ... • •• • • • 

i~ i i I 

D " • • • ... ~ 



I Al< 

IAO 

IMSO 

IMS1 

lMS2 

IEG 

IAS 

001< 

JWf 

lGAO 

JGAt 

IGA2 

lGA3 

IGA4 

BADO 

BA01 

BA02 

BA03 

BA04 

BA05 

BADS 

BA07 

l!Il)JNPUt 
vCC 

NOT 

NOT 

NOT 
INPUT {>o-

000 ----------- -~YCC 

--------

~=~T ------------------
MCe'-.L •CeLL "Ce LL MC~LL 

~..; .P .. !.A_~_!_--t>-~~-

L _________ ·-------- -----------------------·-
rnD'Z:~T NOT 

I 
FBSEI. OUTPUT llJD FBSEI. 

-~ on 6 
o"""• 1 • )") I 

r CLFIN 

--- ___ _] -

ANOlf 

.... '-.AT CH 

D~_Tl'UT--{QJD OAK 

r.nr.r"\..l_.!l'UT ----~-----·. 
L'!'~!t_.,.-y~ v--' -- ------------~----- ---------------~ 

.... 
INPU1' ___ • ____ jD 

l~ iiC'"C-- - ·-----· __ _,,,.. .... 
.... u, I ~D --- ---lL IRJD'-;;c-c-- _ ___.,., 

.... 
·-~!~-T-~ -l---_ -'D-----fil ~ VCC -- .•. __,/, __ _,, 8aNOe 

)CDFI -

1N•u• --11 J - - ---'ID-·-1 CI~ ---I. 

tea" -----

JNP'Ut 
l!.ID=-..-c--

..... UT 
CJ.ID.-e-c-

~ 
, .... u, 

ITTD.-rr--

.. ITT:IY;~-·----------
~~;~!.._- --------- --

1 NPUT 
cn::D vee 

D---------

~ 
U!.~c·e- --··- -------- -

PA/CMP FB GA SEL LOGIC. 

FERMI LAB 





Rl!AP/ 

LO CAO 

NlAAD 

CSA09!'.L 

NTaO 

,..., .. 
,.,, ... a 

tJla:J 

,.., ...... 

Nla9 

,..,.If' 
,.,,_..., 

,,, .. 
NlA90 

NT.a.jl 

S"O 

s ... 

lllW2 

P"NlC 

FNS(;" 

CCl..MeN 

CLMtON 

lll'c!:;u' . --- ~----~------
&JD!;;e!._ ___ ·- ------ ------··· ·~-- ------

741113 

nd;:r~'!-~~ 

CJ1o!:::· -~!•t 
IJll>':~:!.._ N_T a~. 

11n:>!;;;!....!!!~~. 

Alf>';;:! _ ~! ~ ~ _ 

11£o!:i:!--~.!.!!. __ 

A 
... 

=v- 11 F:~::-== ::: I ... I I 

llY.l)!;•U! NTAll 
•I'-····- --

lf•rl ::~' - ':'.'' ~ 

lflt)!;'f~-"' _ N...!!! 

~!._~!!!!._. 

~~3!_._ 

lfm!:;:· t~lA§!! ~---·----- L. .. 
CJD>!;••!__ - - - -----;:-· : Fr · - ---·--J •• .... - ..... 

.~-;. ;;;;; ... 

CJTI>':::·-- ---- ·-

sID;:~·---------

~----

~---- -----------------
mm-::-;· ----

~-"-
~~! ____ _ 
oac2 

NTA4 

~~~~--

~!~! __ _ 
~~~~---·-

~-
MTA7 

·---

....... ~ 
_9J!.!_ 

-~
~~-· 

'"' ODe 
- 007 

···-----------

.!..!.!.!.!. 

. .. ... 
::: ::l-~-~~ -

C_l.._i:<_l~!"'--hc• 

... 
-L~c...!. .. ............. . 

2..il.ll 

... ... 
--1··· 

OD:!tG 
0031 

~ Y•ll._ eu1~t1.'fllJDo' l!!IADO 

--;;;\ 
~l-~a.&Oi 

~...!-
-;;;:_;i 
-{.>----- ·~.!'!!..!_pD e•o2 

~ ~LL •u~e•o.I 

!I.E..:!... 
-;;;:;) 
--!>----·~~BAO .. 

~-

~llA07 

=-r~ 
l~e•oe 

~ 
!!!!.!_l~B•D8 

--;~ e1in•"" 11IJ> 8AD21. 

--;j! ot1••u11 II.II> BADliiit 

lo~~B•D23 
-;;;:;} 

OD24 f_~8A024 

t"7."~1 
Q~-l~BAO:JO 

I-~ 0031 •v•~v" DJ) B•D9 I 

PA/CMP OUTPUT MUX 



0 :; " " . • • ... • c c c c • c c c .. .. .. .. .. .. .. .. .. 
z z z z z z z z z 

",l'· ; . . . 
., ' ::t 9 : : • fH II. a t. . ~ fl::: i : : : 

• • ... • 4 .. 4 c c c c c c ,.. ~ ,.. ~ ~ .. .. .. .. 
z 2. 'Z z z z z z z 

0 

" c .. 
z 

. • 
~ 
: 
0 .. 
c .. z 

• ~ • 0 
z .. 
. . 
: : 
: i 

• c • .. z 0 .. 

p ___ .... 
~~ . A = ~-
' z .. 

= H : iH 

. 
. . . . . . : . ; I 
:::::::::::.! 
• • I I I 'I I I W • • a' 

I; 

. 
l 

.. .. .. .. 
c .. .. • .. • : ~ 2 0 
c • • • . .. " • • u u u 

~1 . . . 
: : : . : 
: : : 

= 

.1 ! . . 
1 

"1_ 

l 
I 

I 
I 

! '------------------~ 

> ~ ., • 
~; ~~ . ·~ 

c 
.J 

! 
2 

......... , ......... 
• .. 
u. 

"' I I e • e • • • • • . " ........ . 

~-- .,j i 
a: :~ : a 
llJ ••• .... 
UJ ... 
e 
llJ .. a: 

l :i c 0 
.... .... 
Z D ~ : ~ • • IL"' a: 

~ % ~ ... 
tJ E . 
' .. z c • 

~: : 
IL II. . 

i.. ; ~ 

! •· . 
' 



f3A02 

IA01B 

n /1. nr; 

A II.[);-~;:> 

1311.07 

811.023 

Bii.DB 

BA02'1 

LOCSRO 

-- -···-- - ·- --- ---·-

SfR~NJ ~ ---- s Q 
~ 

ouTP_~RUN 

INPUT _____ R 

~ I CLRN 

(o o_o:} ~!:.'.~ T - v cc 

INPUT __ _ 
[q_~v-cc:-- ---

t Np UT ___ --- _ . ____ -
[O I? -9:>---v cc ---

~~UT v c _c _____ --- ____ _ 

@_g_v!-!:' ~ U T 
- v c 

INPUT 
[Q_~-----

~~UT vcc- ------

--v-

sn~~Q __ _ 
PRM 

s Q - -- -------- --------·-___ o':'_TPU_~ooo_) ENIC 

) 

R 
Cl_ RN 

9 

~~l·:;to ·---
---) 

------ R 
CLRN 
- c;> -

~~2:_PUT~ ENSC ---------·-

NOT 

SR j~~Q- i-~-~PUT 
--= :PR "a1---- -------------~O~UJTT~ 1-~ 
--- R ~ 

_f:_!- RN ?(--

CCLKEN/ 

CCLKEN 

TITLE 

PA/COMP 
COMPANY 

CSRO 

FERMI LAB/CD/DAE 
-

OE SIGNER 

KEN TREPTOW 
SIZE~EPLO NUMBER IRE v 
._____ B EPM512B 1. 00 B_ 
DATE 

6/26/90 
SHEET OF 

6 g 
TURBO SE CUR 1·T Y 

----------------~------- ON OFF 



; i 
I 

!R 
I 

I 
I 

.0 
:ri 

I 
I 
I 

I 

:+ 
I 

~ ~ .I !~ 
I 

.I il i~ 

... ;= 
-~ 

" ~ . D .. ~ . . . . • . . . . . . . . 
1 1 1 1 1 1 z 

i I 
I 
I 
I 
I 

I 1 

' i I 
11 

: i 
'i 
I 

I 

I 

~ 
I I 

~1:;::::::1 .. , .. , 
,.., a I 

:l . : : 

~ 

. .i.~ :: == : ....... 
"i -~ . 

0 i .. , • " " • 

u . 
c 
c .. 

:0 
! • I I 

~· i I 

:IJ ' I 
' 

I 
I 

I 
' 

I 

~ 
c 
u 



MCELL MCELL 

INPUT f'...____ =-~ ~~-----

[
---- - ------- --

ELL -t>--- I fJ S 1 

IDS -------'e----~~~~~~o_u~T_P_u_T~~ IDSO 

MrFLL MCELL 

r·---.. IDS2 f--..... 
.,,.:->-· --- ------------·--v-->--· 

I MCE.:L ··- ·t > -- T',' --=-- _-~l~ __ -J -- 1053 ou T Pu T-{o_Q__c[) IDS 3 

MC ELL 

--·t>---

l~"1> --

---=l~ ~- ""C>' IDS] 
---------- -----------

MCFLL MCELL MC ELL 

{..... -{>- r-- I D s 5 0 u T p u T ·----- _,>··· ------ ---- -1.~>- ---(O_Q_Q_) I 055 

.TITLE -------
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4PPENDIX C • POSTAMP/COMPABATOB MODULE • SCHEMATIC 
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1 ,PENDIX D • MODULE DRAWINGS 

"'1. 2563.000-ED-215747 

2. 2563.000-MD-215752 

3. 2563.000-MD-215753 

.4. 2563.000-MD-215790 

5. 2563.000-MD-215802 

6. 2563.000-MD-215803 

7. 2563.000-MD-215804 

8. 2563.000-MD-215805 

9. 2563.000-MD-215806 

10. 2563.000-MD-215807 

11 . 2563.000-MD-215808 

EEO E771 - POST AMP COMPARATOR VER 111 
SCHEMA TIC DIAGRAM REV. I 
EEO E771 ·POST AMP COMPARATOR VER Ill 
FRONT PANEL & FRONT PANEL AIR GAP FILLER 
DETAILS REV. A 
EEO E771 - POST AMP COMPARATOR VER Ill 
FRONT PANEL SILK-SCREEN REV. C 
EEO E771 - POST AMP COMPARATOR VER Ill 
DRILL DRAWING REV. -
EEO E771 - POST AMP COMPARATOR VER Ill 
BOARD LAYUP AND OUTLINE DETAILS REV. -
EEO E771 - POST AMP COMPARATOR VER Ill 
P.C.BOARDASS~MBLY REV. -
EEO E771 - POST AMP COMPARATOR VER Ill 
BOTTOM SIDE ASSEMBLY REV. -
EEO E771 - POST AMP COMPARATOR VER Ill 
TOP ASSEMBLY REV.A 
EEO E771 - POST AMP COMPARATOR VER Ill 
LED AND TEST POINTS WIRING DETAILS REV. -
EEO E771 - POST AMP COMPARATOR VER Ill 
DAC JUMPER DIAGRAM REV. -
EEO E771 - POST AMP COMPARATOR VER Ill 
POWER TEST POINTS DETAILS REV. -



a 

i i 
Ii 1

1

: W I 
_! i 

-· 
I I ~ .. ! ii 

11 ~: '""""r ..... :-~, -----~~ 
I (\J 

--

: 

~~ t I ~a ! 
Ml £ii~1:;:!dL1ibrlhhi i'.11! i ~ 

g .~.. ! l . .. s • : ! 

. ~ Tr1 1··1 .. ,,.. ;·:n,.1, , , ~, ! ~~ ! 
t?l.I £'"~111 i ! 11 

.

. , ,, -: 1 r· ! 1 1 I ! 1 11 , 1 
.. - .. ''111'!·1:j; ' - I i I ' J \j1\1 ! 

\J I I I! Ii 11 

Ull 
I : , I 
I 

l ! 

l.D I 

I I 
I 

I~ 
I : 

I 

' r-- i 
' 

' I 

I ! 
jJ 
I ; 
I i 
; ; 

I I 
I CD I 
i 

~ii i 
II II 

x 

i 
I 
~I! 
~ 

-;; 

I 

i~ I ~ i ~;~ -

I .e: 

~J i 
v H !l 

; 

ru 



I 
.-.1 

I 

I . 
I i 
I : 
\I 

I 
i ! 

I 
\01 

I 
j 

r::-ii 
I 

f. 

;: ~ 

l 

!ii ~ 

i 
? 
' i 
i f 
i 
i j 

I 

- -~ 
-11 

• 

i 
i 
I 

I 
I i 

i 
j 

I 
i 

I 
I 

.... 
i :: 

Ii 

I 
! 

1- - mml ~~' 1 l -==- l -·-- -=-I 

I r~ 
! 

~ ~ ~ ff 
: !I 
-~i:. 

Jtili ~ ,a_~ ~Jil~ ·s ~ ": .,. , • I' f f 

ii n ~ E 5 nr i: '!I I 
-~ gt ~ ij~~·· :11~~ .. "'..,.;+ f• .. ~ ~ . ~ ~ ~ ~ \ lii ~ ~~ ;:~~ 

u 

I 
'' 

I 
I 
! 

h::!i 
~}~J~ 
~·· 

-/ ~i ...__ 

'.D 

L 
~ ) 

, 
0 

r 
a 
n 
1111 .... 
lf 
I! 
~ 

a: 



• i 

(\J 

1'111 

I j 
I . 
. I 

I I 
.; -J 

l i 
I 

I~ 
I ; 

I i . I ' '° I 
I 
! I 

ii 
j I 
.r-..1 
i ! 
' I 

: \ 
, I 

'1 I I 

I ! 
en! 

I 
I 

0 

ii 
,~ 
I 

e 

,"_) 

-
'-:::::....- I -...---" ...... 

' !I • 

·g ~.r:~ ri t 5 
~i ~ a ~ ' •.i; •I• .. . 

.. ~~ 
~ 

~ 

i iii 

l 

l !J J!a ~i;. 

;~a~. ~ ~a 1 
'l' II 

! ! 

' ' ii ; ~ I • ~ ! 
'"li~~·· ~li~o!-f·· . " • .. !J :ii • 

~4~ !t!~ 

ID .... 
b';' 

, ·IJ') ' 

1 l 
0 -B 

!l) 



r_J 

' 
~1 i 1i , ....... 

(\l 

l ! 
I -I 

I 

f 1,s.j ·i 
~ I i t f 

; I~~ J 1 h . 
I~ • • . I • .. ~ 71 
··•·•·•~tr~ \L.~L! 11 ~ .. ~. ii"''', At! ... ' i I 'l i i I !. I :. z ~ ~ .....(, I - - - I ! ;! I I I 
I I I ~i::=..; I 
I i i 

I 

I ....J 
I i 
• I 

• iii 
u 

I 

iii u 

0 



, I 

I ! I ; 
I 
I 

I 
J 

i i 

l~l 
l I 
1~ 
I ! 
j i 
'.~! 

0 

11 

1; I . 

; 
11! 

! 

. 

co 

a: 

ru 

-

er 



C\J 

CD 
i 

0 

i'tJ .i 
iiiis!iiHH~ 

~ ~~ nu ! 
'~ii ,!!!~ 

BHfe:HHti 
!~ I ~IL.-

u 

u 

I 

11~11-0~---~~~~~---~~~--~cr~-



0 U ! ~ I ~ 

I 
I ' 

I -

co 

~ , W I ~ I 



,1 
' 

-1~ i! QI 

I 
l I 

l'l'J 

I I 
r i 

I ! 
il 
I l 
' I 
.,..1 

I 
D 

H .a '[-i .-1ai.-L-J1. 

.,. 

!t-EJ 
l 

i 
l 

wl 

l 
!
- hi M I K't"'. I ''. •_J 

). I 
~00 

cr. 

l 

a: 



Di 

c.. 

8 

rl IE~' lk@.P"_;---

-~-41 • 

~-~~ 
,.,.., 

-•G~--------

.lll!~tf!,· 

7 6 .J___.~-5~~---<~ 

--· 
..... ••• ,tot> 

WIDISl•S•• 

.. 
-~· A01• ·-· 

... a.:i..... I '.f 

··-
... .n:n:z'" "' 

u1-~ 

-~~-t-----o.· -

'8tt•••• 

r::> 

-

... .. -.. ... ... .. ... ... 

=~ .... ,~ ~ =--..,.. A: -
I ltlD 

-
-31 

-~ 

...... .., 
~----I];~ y. •• "'"'"I 

~-
ut7J 

{.._.)! - !Is&• 

FRml.6 1NIEH"R£ 
ffii1B..6 Tm'a..ATCRS -__,.. -~ 

__ L_ 3 2 1 ---·----

~· 

-... ... ... .... .... .... ... ... --.. -... 

~.ilV --.-:If-

.. ll!!!!?->-----1=---1]'~ .. 6\9 t = -tu• I . .. 
.. 

' -
T# • 

dJ• e I 

r7. -J. u .. 
~~~= ..... --~-t ,...:._ 

•:S.~• • .. {\. • en 

-----.,,,_. ... 
_Dc1111'~uw 

~~ .. 

= T 
~ 

\• f 

" 

Fi:6JB..6 INTEWFCE 
fRiT9..6 lm'e..ATtR; 

oi:t=. 

D 

c 

fj 

A 



I 0 I 

C\I 

CD a 

I 

.. ! ! ! ! = 

I 0 

I I I 

l l 

0 0 l 

I l ! 

~ ~ ~ 

I 
I 
I 

; I 

I 
L 

I -
......_ 

u 

I 
I 
l 

~il-lilH1 ~ ·1;1; Ii 

i 

II :S. 

,... I"' " -.. .......... 

• ~ i' 

l ii ;;; i 
1 §l r. i i j Ol 

0 ' I J 

~ 

I 

:I) cr: 
- - -1 

' 

- I _ 
-·~L. 

.. ": 
~..._ ____ +-....,....._ ___ ..,...--.;:.. :;:_·-

-. ~:~: 

- ' I! e 
li ~i 

II 't I 

, 

r § 
d .:i 

IJ 

:JJ 

-- .. 
.. :;:.:·.~ 

..==.. .. ~:'!-'_ 
..... .!.-.:.;.- . . ::.- ... :..;. 

.. -

.... -
·_:··-~-~~~-~ -

._:~-"-;.:; 
~ ............ '-· 

ct 



- -· ______ ... ·- ·-·----·--------· --------------------- ·-------·· --- .. ··---·. - -·--

IJ 

c= 

__ § -~-1 ____ ?_ _ _1_ ___ 6_ I 5 I 4 __ J __ ]_·l 2 I 

CF7J 
CfB f IOUCIALS 

Cf~ 

OTU OT4 OTS TOOL It tG HOLES 

Of6 

NECESSARY TO MHl4ttFHCl 11Rf:. 
THE PRINTED ClP.Cl IIT f:t 1~1f.'Li 

1 

0 

c 

L31 18 

I~\ I . I r=-) 

.~=-~-]~~]- 1 n t 

..__B----.-1 -7--..-I -6-------.-l-5-----1~-4 ,-- 3 . I 2 I 1 
---------------· -------... ·-· .. ·----·-------------------



a • I 

Ill ... .. T. J. J. ·1Jr 
n I• ;~~J~~L .H 

I\ . . . . .. ~ . •• •• • • •• 
rn rn t;I; i 1; ilS H ti 

II -... J .. . . . ·~· iJ" I 

'''il~f a ; ll 
i Ii i 

II 
'"1• •.••.•••• • I a 8 e 

;;1:: I"'" I~ 
I ! 

. , 

u 

~ 

! 
! 
I 

OJ 

i 
I 

··€:a~~:~;_, . 
'~~ ... 

~~~ 

~~ .•. ~- .. ~:: .. ~_ .. : 
--~· -· =77:'-- ·- ~- ~ .. -_ .. 

·~ •.J:i., 



D 

c 

B 

8 

------------.. -----
.__... 

.---~~~~~~~-i-~~- l 3. I 2 I 8 7 6 ~ j 

VERSION SHEET 
NOTES 

# 
-

A 
8 
c 
0 
E 
F ~~8E~~~~Gt~PY65oAE ~~~b 24 

··--------·· ·-------------· -- ---·- -

G SWAPPEB LAB~~~ [OR F/8 21 AUX ONl'I . Cl 5 ,,. - ---- ----···-

REMOVED AtlALOG GROUND 
~i H FROM GROUND COi INECT !OHS 

AND REMOl..JED GROUI IU FPOM 
F 18 AUX CDl-111 c~:;o (i[10[0 c 1 0 ,___. ___ ----------· - ·-· ~--

I ADDED GNOS C9,C30,C~9,C50' 
C62,C63 

21 

j - ----------- --··------·---- ·------------------·- -·-· 

J 

K 
--· 

8 

ADDED DELR'1· ClRCUITR1 Rtl[t 21 
ROTARY SWITCH MODIFIED LEO DRIVER . -- -· -~-

CHANGED RESISTORS FROM 100 TO 1 .3 1, 5 '9' 
50 OHMS AHO MODIFTED BUFFER Ul 86 l-.'6 -----------------·,··-·-------------- -- -- - .. 

7 6 s 

E77-1-TITSCRIMit'·lATOR 
FRSTBUS INTERFACE 

CCJNTROL·LOGIC 
-·--1·1lEUMAl~N J I-

.. (l __ ~~~DE11·1AN . I--- --·--· 
REV 

__ __ _ K 04124191 

4 I - --3 I 2 I l 
I _... --------------------

D 

c 

B 

~) 



) _, 
! 

' l 
l : 
I I 

1 
1 

l""l 
I 
I 

+ ; 

i l 
'q""I 

j 
IU)I 
, I 
I ; 
i I 
l ' 

j i 1: 

i 
ID I 

I 

i l 
I l 

-1 
I 
i 

' ' I I 
, J'.. I 

i~ 
I ' 
I ' 
' I 
' I 

; '. 

! CIJ i 

0 

I 
I 

i :..-

~ 

' ii 
i l I 
l i j 

·:.J 

; I 
'I 

I 

iMI 
I I 

I i I 

I I: I 11 
11 i l I 1 j 

1111 I 11 
'I j 

i 

. .. 
i 

.L 
~I 
Ill :· ' l~ 

er 

l"1 

I II! 
~j i 

~" 
!! 

g! .. 

ft 

I 
. . 

a 
n 
o!I •• 
~~ 
e 
~ 

= 



I 

-1 

I I 
I i 
I . 

11 
I 

~ 

I 

I 
"° 

(\... 

I 
I 

l I 
l l 

j 
I I 

I ! 

l 
l 

i 

!jf 
~ ~ I 

T 
i 

i 
; 
II 
ii 

f i i 
I l ' 

: 

- -

I 

: -s 
I 

·-

1 
l 

! 
I 

~;; 
a.~ 
-.i;i. 

~Jia~ 
~~ ·1 

'i' 
I 
E 

tli' ~~' .. ~ ' • I: -

~liw·· :1E5-~·· . '\ 
I !:l . ~,~ 

- a: 

i l§ 11 
' "' lef , : !;> 

J 

IH. i ill ..... .. I =·~ -
r 

I j I I 

l~il I ' 

~w-.~j .. 

l r . . 

I 
, I ! l I I 

11. 1, I 

I 

rrr;)Jjj ~I 
i 

I! ::r - ~ - '-- -~ 

. ~~ A 

~ . -
'i' 11:1 

I 
D E 

~ PI n 
' 1!111 

~ ~!. •· ... 
~f .. . 

I i 
I ~I ~~~~_,........,........,.....~~~~_,.....~_,.....~--~~~-=-~~~~~~~~_,.....~...,.....__. I ef 

w w ;I) Cf 



0 r' -' 

' 
j] 

h 

~l ii 
i 

J- Ir l l 
i 

I 

::D 

j 
! -

1• iii i 
i 

I 
. I 

.. Ill_ ., .. ~ 
' . •• - 1 4 
I" UlU - ii 

t 1 ........... i~ 
.• 11,.l1 .• tltt•ll-·l}··1ll f!~! rrlA rII11 I r~~rrf_11 • •111 

·1 T~J! 

I 

!~ If 
u11 

er 

n--
f 

I~ 
11? I "u :Ii 

..._ 

ru· 

a: 



..... 

I. 
i I 

U"l 

...., 

0 

-
51 
!ii 

. 
l 

'..J 

i -
i 
" i 

~ i ! 
I i ~ 

----
r.=::r - -- -

I 

c:D a: 

I 
T If I f 

I~ 
If 

r Ii? 1 : 

lU I .. y ati.1 

11111 --
ii i ii 

di~ . 
, I "' II. ~ : ~ llJ ~ 
11~ Hill • Hlr . 

' .. ·- .. ·- di - 11 .. 11,.it .. Jl .• l 1!! 
I &! 1~ ra! l!ltt • .11 

··~ 

I 
l 

I I 

I 

I 

~-
11 

I I ---_ .. 
-·1 - ==-- 11 

-



(l 

t. 

u 

8 _L __ ------
·----·-------------- -·-----------·------·---- 2 . _____ z._ _____ _l _____ _§ _____ J_ 5 4 3 __ _.__ _____ _ __L ____ _ 

"'" <I -,., 
I ___ _ • - 17 'ii :Zr• ~ ~~Jtrj wua::.-& - -----·- .. f UI J fihifRi ,...... .." ....,_,., :Ill' .... ,...,, .. , 5ECTIOf .. .,._ l 

C:) i&i R,§Ji J ... ,.., , -- "'" U:·R c t::) l _,.,.,..____, ....... _ __.... . ... ... 

~f'OOSl ...... Y -°""""'" T3.51 '°5,.2\J 

F~c"" ~. 
~f... f.~ .... 

,,_ ""5 IOI itl "«>" IC-t 

•'l.~· . .J.!JJ 

J;~;iCH• FlH> 
'P·· .. 1··"' !'"' f'"' .,,... """ '°' 11:--1 .,. 

?:$,:JJ -,J.!t/ 

fvn• ttt91 tM 
_,.,, 'D-llA'° ......., _____ _ 

eiwes °"' "" 
··-:-· 

($("') ....... ~. I .... . I 

:::..":. ::::-. ~"' . ::. ....... .,.. 
.......... u.o.. ........ i;.-1, 

·--• ' ...,,.,. , ... ..., 1 I .... _ ,.. I ~·-···· r.;;-;;:·-- l • : ''':.rC' I .... • ... ,.,. ................... :: ,·1 ~Mu··1 . . -· . , . I - -- --· -· - .-c,·;i 

1I4ttn ::~·~ - ... ,.,.., 
... 

" ..... 
,~ .......... ... ,_., 
~·· -· ,.. ... , ...... _ .. ,.-,t, I 

~I :::::::.~~'!--------------: 
1::e;:;;;;"--tr-t--"1!11:::::. ~: • ------

i·~~~~~=5~~iir~:::::. ::..-:·~~·E~:::::::::::::::::::::~~~~ 1----t'-f'-ltt--..i!.:::.r-et'~i.:'r-·----

···----~. ::_ ............... , &16<!. ·: ...-----

9 
... ~ 
~~ 

1)1'16'0 

1CL 
= .-ft';, - -·-
,~

~-· 

.... ..,... ' ~-
' 

-~J 

- . -- -----·---------

-·-----·-·-·-···------..•' 
fft.U ... -c:;liPJ'!;I,_ ___ _ ..._-----tH-f---- it-

., .. , ....... ~~ 
~ ::. ~J l--------- ~-I • 

.,.".,.. ,.,.. .. , .. -.--~- ¥1.: .. -----------.. -1-1~~-:.:~~.. . . -:==..=_:- :' 
.:. _,,.. . ... ~ . .: •. 

..... , = --c:; :.: : -:.::::.:::=-- • 
~. ~: - I 

·~:-c·· Jf~ 1111 

....:::=::=~-++--;;!: ~-F 
.... ,,, ... -l ~ 

.. 
" .. .......... 
.t•dtl .. 

nNs :;~ f3 RU ... f 

HJ,.IM~O...,.JJO~ 
f'"N»ff•J>l~G"tut~·-------

- ---------- . -5.CV 

.... 1. ;ii. 

aa:::u::i:l - I
...... -·-

l1 • ~ GHCJurt l·ht 
Ill• Jlll'llMll'10re RESD!Dt 
11.C.•IG~ 

iii 

£771 

F-. 

D~t.lHif~TCR 
s:CTirN llrF i6 ...... 

9-EET •11 

5 4 

l~bflftll 

rff1IH>.. ~ ·-

" ..... ..,.1 
3 2 1 

D 

(; 

·~ 



I ! 
I ) 
I . 
I : 
j _J 
I ' 

i i 
Iv! 

I 
"'I 

l 
-~ 
I ' 

l.O 

j 
~I 

i 
' ; 

i 
' '. 

I 

I 

1 
I I 
I CDI 
I I . I 
I 

( 

~ ~ 

.:.. 

i i 
I. ,..; -

• l 

~ 
·~ 

f i 
j 

.IJ 

i 
i 

L..,i -I -IJ ------.--
. 

i I 3 ; 

I 

I 
ll .1h i I , 
I 

! 
, 11' 1i1111 ti I I I 

1 I 11 I 
\ ! . 

I I 1,. \I 

--i ~· ~ llllll 
- :- ,· .. ·===~::t:-~- ;__ ~ ~1' i: 

l ! 
I I 

t 

~ -- ==- lj, 

; 11·1i iii 
i !I ii 

m '' ii~ . 
Jw 

= 



i 
I I 

I ! 

' i 
I 

I_, 

-

ru 

-

i 
I 

I 
I I 
i --< 
I I . I 
V\ 

! 
1J 
j ; 
' ; 

I 
I 

'°I 
I 

I 

11 
)1'-1 
I I 
! i 
' . 
I i 

I I 

!I 
I ! 

I : 
I i 
I CD i 

I 
\ 
I • 

I 

0 a: 
'I 

11 
- ii 

d 

I 
§I -

J -I 
Q ~ 

I 

C•QClGC•QC•Q~IG~•a&•GCIGClGCIG&•qc•q&•GllQC•QCIQCIGllQl•QllQC•QCIQC•Q 

~~ ~- ~~ ~-=mm~ t • I -~ • • ~ ~~ ~ ~~ -~ 

.. 1-1~ .. 
. . I i 

t..i •. 



I l I 
Ml 

(\J 

M 

U1 

1 
~I 
I I 
I ~ 
: ! 
' ! 

1 
! 

cnl 

r~ -

I 
e 

\...) JJ 

ii 

' 

I 
t 

~ 

L 

...... 
... ,,. 



11 

l 
ru 

J 
I 

!~ 
I 

1~! 
I I 

I 
I 

~ 
I 
! 

i'- j 
I 

I i 

a 

' .:!i: 

fT"""'I. \ 

l 

- ! ! 
! i ; 

~ i ii 

,~-~ 
! r==- =-

I 
' 

; . 

l 
~~ 0 

u 

I 

r 

T .. 
.,1 .. 
iii i 

l' ii 
l 1 

' •I 
I' 

I I 
I ~~ .U 

!jai .I 
u1~I 
Ii. I 

a: 

ru 

I 



' I I 

J I 
I I , ... , 
I I 

I 
-1 
I 

ru I 

f'l'li 
, I 
I I ! I 

I 
I _j 
I ; 

i ! 
I I 

1~1 

I~ 

IJ 
I 

I i 
I 

.~I 

I 
I 

11 
! i 
; "i I I 

I ! 

1J 
l I 
f l 
I 
I ml 

I 
! I I. 

I 

I 

j 
1-
§ 
i 
i 

~~-~~~--~~~~~--..:11 

; i ~ i 

I 



\ ' : 
I '. ,_., 

i j 

I 

11 
rul 

i 

ID! 
I l ~ 
' I 

I i 
I ! 
11 
i ; 
I ' 

I : 
' I 
;:"-I 

i ' 
\! 
I ! 
: ' 
! l 

i 
, :::r::I 

0 

i !J .. 

I-

I 
: 
i 
il 

-

1 - -
1 I I 
' I i 

·"' • •.I 

~..------., 
I l 

,..-- ,_ : 

-rt- -

. 
f:i 

iliili 
i 
ii 

I ' I 

- ·= I I=• 
i ii 

I[ 

ii= .. 1 
u 



0 ,_, 

I ' i 
: 

l ; rL 

1-1 i 
I 

~ 
§ 

r I 

ri ... -
i 
i!i 

ru 

! 

. 1 

' 

I I 

I~ ~ 

r . f r:~l E 'I' ~ 

" ! 
I 5 
~I~ n 
~11~1 

I• 

-~ 

.:.c 

... 
~ 

I 

i l 
1., I•. ~ ji1~ . BR .. ' . ... ,..,....., 

I 111111 I 

t 1· ·1 I. • • I. ·'I l r {{ t{ \i {i 11 · , .• : ;•u·•lf·•1r:•1t •:· Ill 11 .... u .. n .... 1 ,.a ·U -rlb:!J 
I 

I 

1. Ii I 1 

I ~@~I j \ I ; I I • .. II 
I . ,. 
I 

'1111 I I I, ! 
: i ! 

.. 

ct 

l 

I~ 
IP. I .. ~ ce& -

I ~ 
~!~ I . I 
'I' .. 

111~ 
. \ 

~ 

I l , '--~~-w~~~~~~~~u~~~--~~--.~,,,--~~~~~~":i;=-~~---..J 



I 

I I 
·-1 

I 

C\l 

I I 
I ' 

ii 
I 

U1 

I 
,1 

I 
~1 

i 
I 

0 ', _, 

i I t.! 
iilliiiiiUi~ 

, v1 nu ! 
'i nn .... •::;a 1··1 OUI 1H .1un1I 

~ 11i~~~r-

er 

er 

H
a 

i 



U1 

1~1 
I ! 
;~ 

: 

c 

'. ~ 

I 

cr: 

cr: 

L 

"f" -



u 
IC 

I • f .. 

I I 
I 

.. 
I I• j .. 

•• I •• " 

-91~ ii 
II 

~i l 
I :' i 

~ f' ;! I 
I 

la ~a i i n ·~ ~t ! ' .11 I ~· i ~ ~ ~ ~ i i 

-
l § .. ! .• ~ i ' : !1 '! ~ :: 9 ii:: .. € II 't ill:: ... 1; """-······· -.. .... 

: 



> 

, . ./ 

\ 

\ 



II 

IC 

I 

• 
,. 

::: ::: : :::: : : : : : : 
: : : :: : 
: : : : : : : : 

ii i ~ i 
::::: 

...... 
i E i ! ii 
: : : : i: 

: : : : : : : : : : : : : : . . . . 
: i: : : : : 
: : : : : : : 

I · 11. • 1! • 1 • -·. I · 1! • ti • !I ·• 1 ! · !I · 1! • ! • --. ~I · 1! • 1! • !! • ! 
I'• ·11 " ."! I • '·; I . ·1 I ' 1 • I '''!I ' ~.I ' ''1 I ' ·11 • .;. I • • .. I ' ., '1 ' :• I • ., I • :· I ":: 
• ' • ' , ., .. , !, '-:I 1 ·~'- .. , :_•_. ,. ·. l- '. I r , • • , • I • • I . t I " • • , tr I':"' 1- ;i .c.. ·.i -~-:Ir- ; . , -. , . , · . , -r-- ,i .c.. ·,1 ~-: ·.i _._ ; :j --: 1, ~-: lf-: ·r-: ·, 
;LJ:1 ~:J.1T.:i.:1 ·:.:i · .1·c:i.:

1
L:1.:

1
i:.:i .. 

1
·i:J :

1
i:J.:

1
s:J.

1
·.:.:1_:

1

·:.r ::
1
c:i.:

1
(:1.

1
:cr

1
.cr 

I . ' •I • I • I 'I •• , . I • ' • , • , ·I • I • •I •• , • I • t. 

;i .. J.
1
·.: .. J1·;cl.

1 
~r :

1
;=:r1·= .. l.:1 ·~r1• er :1 ·~~,i,·~~, ~J. iJ.:: 1:::r1 ~J.:1 ·~J.1. ~s: I· • I. . I I I I I I I • I I · I I • I ! I I 

I ' • • ' ~ I ' • ' •• ·I ' • I ' • I I • I ' • • .• • • 'I .. J ' • I ' • ' • l • ' • ' •• 

I ... ~.j ~·1 1 ''·I "''· 1 ft:j t'\I ~ll •/!~ 't ,.-.1_; t't: ~·1 . .t"'. :1 ,·1:I ,:':I t~:I f~· 
• • .• . ' c.,, I ' •••• - i ' • • • ... ,, I ·., • i , .. I I •• ,I •• ,J • ··:. I 4 ................. •I ... .. 

I. •1:· llj' ;1·1·. if .,. 'It' :1,• •1:· I• ,. ·•1:· ,,,,. 'Ii'.~· 'i' =11· ·J1' !ji' :I 
I. f hi.I I ... I J., .) I •• I JI I' I '.:.(. I • f "''· I •.I • J.,. I •• ~ '· '··1 'J. 

I l I r' .. , .... r .. 1 , .• , t•'f r" ,.,.. 'l ~ ,. ·1 ···-1 !~·. ,··1 , .. l', ,.; _., -· . .:··1-··· . .: · .. _., _ .. ., -···# -··.·- .. ,!·· -··· -· ..... _ ... -·.·· 
l 1·· ·1 I .. J .... •J . I'' j. J I J•• 'J ,. •1· J .~, ·1··· J ' J' J .; •.• !. ,f. l·t· . ·'· .·l .. ~; ... :\, . ·:• .. . :t:· ::-·l.:!.. .• :. ·i~· ::•· .!i' •. 
,,.,1:? /:: .J.~ t. ~ ... I:,'/;: .r:: I :I'/•: /:: I .. !. ·~·.1 .. I:~ :r·•· I 

:::.-:. ::.-::. ............ :: .. ·:.·. .·.•:::. ::.·::. ...-:::. ::.•-.:::. :·::.·:: :::::. :::.·.·: :::::. # .......... : :::::. ::.·.-.·. :::::. 

·:;::. ·;:·:. ·::·. ·;:::.. . ·:·:: .. ·::·. ·:.·::. ·::::... . .. ·:::. ·:;::. -::·. ·:.·::. . '·:::: .. ·::·. ·::::. ·:.:·: .. 
• . • ... ': . "'• ' ... ~ • . ~- • : . -~ ': . "! I. =~ \ .. ., ! ... ~: \: . =': ! •• ~ t ... --= . I •• ·"! .... ·: ' ... =~ ~ .. "! 
it .••c .i:i· .•:.'··' ~-' -~t· ~t• ·~?.~ .• : .. \ ·~!· ·!:r ·:i.~ ... ~ :.' ·~~~~ ~~f ·!:.' ·! 
f .: f . .: r .: ! . .. I .. I .• I •.I •. I •. I. ... r ... . . .. I .. 1 .• I '.I •. 
•. ·: .... ! ,r ··; ~ .• ·.·~ "',· :. ·.·~ ',· • ··:- l • ·•• 't ·•• ~ ......... , , ··• • 1 ..... • ..... , r ... , ' : • ··.• 1 r ••• ·, ; ••• ·, , '!::"' t 

... ··"••\Ji··'•• .••• •.:.1•; •. :; • .of"t :· ... ··i···; ...• 
'"• ~ : • ~ • • ~ .• ", ~ :'° "• ~ • •.-. • •:. • •."..; .. .. .:. • • ~ • • ~ • • ;.., • • "•-..: • "• I • • ";:. • "•~ • 

~ ;.& • •• .t ~ .;, • - "• --' • •• ._ I • ..) • • .;.. ;,. -· •1 • •• £ :l • • ;_, "• .. .- • ·-:.~,·. -.\: ·;.\, ·:.;· ••• , •• , ••• , ••• , .. • ••• ••• l• •••• ··t •• , 
t • • •I • "I• I • •I ' • t • •, • .•. ',• '• ,·, ',• ', ,!, ',r • "1' 't t ',',• ,' ' ',,! t ,' • 1' t 1' •'1 ~-.:• .c:;• :' ..;• :< ·.• •.,: :•:.;;a:, ;. :< ;i 
- - ·-·· -·· ·- - ··-· ·-· ·-1 ·- ··'!.::.·-~:.·.!.:;.·-~;- . ·:~-·:~-.-:'-.';··~-: • •• = ••• ~ .. • : •• -~.. · ....... -;:., :.i. -~ ~ ......... ;;;; ...... ~ .... .. •1-" • ............. , .. 

! .. ~!'"•')! ·~~ 0 •.? I• '}f • •.,~ •\! •,,.! ! •')~',.\::\ • •:••. '"l I•"'' :·': • ·~! :•4 
:·•· ......... 1 .... ....... f'-'•~ ~.~ ~., '''· ·"~ .. ._. ........ ,~ -..1.• ""·' ..:.,, ... , "•, ·- ---~ - :-.. , ,_. ·- - ·- ., .. _ -;- • ·-·--~- .. =-- -·"-·· ~-rt' - ..:.-:-•• ,·- - ·-. .. . . . 
.. t ..... 
··~:: ~: .. . . . - . . 
I'• i I,••: 

: ;. l ·:-... 

, 11r···· . 
- . l!l ::-====:: i ; : '•.--: / . :·a ·;rr.1·:: .. ;::·· .. ·•· : ·: .. :: i ~ : .. _. :.; : : .. - .. : : : . : :• : ~ i:. i• .. : :· :: ••• -.:: ; : : l • : •t : : : : : ~ : : : :I .:. : ......... : : i J • 

ii-.•••••w 
t 

. i.~r.· ;.~·.i.\~i}·i.C~ .. ~.i·:~.:.;.:;.;.·::.l:.i"~.~.i :.::.~ ~.~~.:··.L.r .. i.: ·.i: :;; ; .. .. . 1········ · .. · .. ·· .. · .. : ::·:: :1 • : :: :: :: :: :: : .' ••• ! i. 
:::::::::::::::::::::::::::~::n. -==-::::::::::::::::: .••••••••• -. •••••• - ........ .:. ........ _ ............ ·-••••••• ... •• 

I 

I ~ : 



i t 

I 

• 

( 
! ! 
I I -

~ 

I 
;; 
: 

1: "' ~ ~ 

I! 

I • •I 

" :, 
' II I 
~ I' . ~ 

I ·l 

·t 
~ 

:f I. 
i; l 
!i ·I • t 
r 

. 
i I " !, 

; .. '. 



A3 

A2 

Al 

NJ 

Chip 
Sefec( 

I 
u 
~ 

----

---c 

---<l 

A12 

Alt 

A10 

A9 

A8 

t+V 
VO 
Y1 
Y2 
Y3 
Y4 

Y5 

• ve 
8 '('1 

:: Y8 
Y9 

1"11111.. 

Y10 
I"*.. 

Yt1 
..,. 

Y12 ..... 
Y13 

.,._ 
~ Yl .. 

vis .... 
_j;iNO 
'=' 

G.,.,.. All Dioclls 
,~ Gtnnlll!IUm 

A•10k: 
' -:= 

MC54/74HC4514 

MICROPROCESSOR MEMORY DECOOING 

+II 

Chip 
Select 

A3 

A2 

A1 

AO 

Laldl 
Enable 

• ;,;; .. 
u ::c 

fl'm.OOFF 
OllX>-01 FF 

"""'--ODJ.«lFF 
030CMDFF 
041J0.04FF 

VSto--05l»OISFF 
vm.--~FF 

07f:JJ.q7FF 
<8XMIBFF 
CllaJ.09FF 
O~FF 
OB004BFF 
OCQO.OCFF 
OQOO.OOFF 
OEOO-OEFF 
OF<»m=FF 

IOCJ0.10FF 
ll0J.11FF 

Y21o--14!00-12FF 
l3CXJ.13FF 
1400-14FF 

VSlo-- 1~15FF 
lEQJ.tlSFF 
l7oo.17FF 
llD).18FF 

...._--1Qt».19FF 
lA00-1AFF 
lllOl).18FF 
1ClX).1CFF 
1~1DFF 
l~1EFF 

.._ __ _...;,;:c--1FOJ.1FFF 

CODE TO CODE CONVERSION - HEXADECIMAL TO BCD 

To DllVice S911Ca1 

,._ Common CalhOClll L.£0. ..... 
*- ~ I II i"Wll 

~- I ,-, 
5= 

~-.,._ - ---. r-.. - rir.. 

.1 . ~-.. 
':" ..... 

• • r"llll. R•2k, • . 
MIL 

r.. ..,._ 
..... ...... ...._ r-.... 

I ... 
T 

v 
A3 . -;;; --

I A2 ~ v ·n l 
::: .. 

Al . 
• • • ' . .. 

: . : AO . 
• :~ 

' . v A•2k0 
":Ir ~ -:..=--· "I: ~-

MOTOROLA HIGH-SPEED CMOS LOGIC DATA 



Dlitinguishing Features .. 
• '10IDI at lOOK ECL Compllible 
• :~,, Single +5 V Open&ioa 
·~ 11'L IMECL Supply Pins 

·t~=nl.Pins • . "ble ColUIOl lnpwa 
•lC pin 0.3• DIP Pldtqe 
•~Power Dissipa&ian: 800 mW 
-l!L• 

Filnctional Block Diagram 

Benefits 

• Flexible Power Supply 
• Reduced Componem Coum 
• Simplif&e.1 PCB L&yom 
• Reduces PCB In~ 
• · Low Bua I oactmg 

m. VO:: 'M1.CIND Ea. VEE Ea. VCC 

~ Corporation 
99!0 lames Canyon lld. 
~Di.qo. CA 92121 
(619) 4'S2-7580 • (800) VJDEO JC 
llX: 383 '96 • FAX: (619) 452-1249 
Uot0011lev. F 

' • 85 

BtS~OL 

Bt502: 
ECL J TTL . 

Octal Transceiver·· 
and Translator 

Product Description 

The BdOl and Bd02 are ocw ECL/M' 
bidirectional U'lnleei•en uui ll'llllUM!n. n 
BdOl is 10KH ECL compelible. a Iba B"°2: 
lOOK ECL c:ompaable. 

The dinc:dm and outpU& enlble COllll'Ol mp.."~' 
m.. compuible to simplify inlllflciq to a 
ltllldad MPU. 

Both device& provide a bidinclioml inlmfaea 
benteen TTL signals wl ECL sipala.. Tba Ea. 
inpucloucpul signals may be ,....... from 
aana.a1 ECl.. lingJe +S V, or lp1i& ECL supptiea. 

IGADI> 
IQ.OH) 

ICMllla 
IQ.tllll) -la.WC 

ICl.'Va: 

ICl.fta Tn.ClllD 
IQ.llM) m.tM 
aa.cDI) TftADSI 

aa.- TllADe ....,,., TILln) 

J 
@ 

@ 



BtSOl/502 

Circuit Description 

6. 86 

Nominal Voltages Applied 

Supply Pin Single Supply .Dual Supply Split ECL Supply 
Sysrem Sya111111 System 

Tit.VO:: +.5.0 v +5.0V +5.0V 
nt.GND ov ov ov 
ECLVCC +5.0V ov +2.0V 
EC..VEE OV -S.2V -3.2 v 

BtSOl Suppl1 Op•ration. 

Nominal Volu.ga Applied 

Supply Pin Single Supply Dual Supply Split ECL Supply 
System Systam S)'lleal 

Tit.VO: +5.0V +5.0V +5.0V 
'm.GND ov ov ov 
ECLVCX: +5.0V ov +2.0V 
ECLVPE ov ~.$V -2.5 v 

Bt502 S11ppl1 Op•ration. 

Nore: The TTL (00-07). DIR. and OE• pins ue Tn. compuibJc regmileu of &he ECL power mpply 
p......,.. -cJiincing the ECL power supply panmerm affecis Che threshold levels of only che ECL 
(D0-D7) pins. 

DIR OE* Function 

0 0 Tn. (D0-1)7) -> ECL (00.07) 
1 0 Ea. (1)0-07)-> 111. (DO-D7) 
x 1 Tll.. (DG-07) dne-mred. ECL (DO-D7) • O 

Cotetrol Tr11th Table. 

SECTION 6 · 



Broddn!e• Bt501/5 

Bt501-Recommended Operating Conditions 

, ..... Symbol Mill Typ Mu Uaka 

m.omc.Gramd TILGND 0 0 0 Volta 
ECLDlwa GrGllllll Ea.Yer 0 0 0 Volta 
Tn..Poww Supply TlLVCC +4.75 +S.O +S.25 Volta 
ECLPoww Supply a::l.\'E -4.9 -5.1 -s.s Volu 
Am.bi1111 Opwering TesJlllCDllD TA 0 +70 •c 

Nota: Thennal eqailillrium ii arablilhed by applying power for ll leut 2 m-.. while m••••iNn1 a ll'mP•• air flow of 400 linear feet per mmara ovar Iba device eicher 1l\OUDled ill dle felt IOCk8l or m dla 
primed c:in:ait bolld. 

Bt501-Absolute Maximum Ratings 

, . ._ .. Symbol Min Typ Mu Unill 

Ea. VEl(m nnd D iCL VCC) -a.o Volta 
Tit. VCX:(Jr 1ed•Tn.GND) +7.0 Volta 

Vokage on Any ECL Pin. Ea.VO:: E.a.VE! Volta 

Voltage cm Any m.. Pin Tn..GND m..vcx: Volta 
-0.S +0.5· 

!CL(OO-D'7) OulpUl Curnm ·-SO mA 

TJ'L(DO-D7) Slat Circ:aic 
OmpmCurmm a -SO -150 mA 

Ambim&'Operming Tan.,.._... TA -SS +12.5 •c 
S11npT...,.._. 1S -65 +150 •c 
J\IDl:lian Templl'amra TJ +175 •c. 

Soldcrina Tempaa11n TSa.. 260 •c 
(S seconda. 114• from pin) 

Note: Saeaea above lhose lisred under "Ablolure Muimam Ratinp" may cause penmneni damage ID lhe 
dnice. nu. is a 111m nJing only m:l fum:Uaul oplnlian ef 1b& Mvice al lblle or lllY othlr condicianl ..,e 
thate lisced in the openDoaal aeaiou of daia spec:ification ia not implied. Expo1819 IO ..,_lu&e mgjmmn 

radac cmdilioaa far arended periods may effect .-aeiiabWay. 

PERIPHERALS 

.I 



BtSOl/502 

BtSOl-ECL DC Characteristics 

P.-- Symbol TA('C) Mia Typ Mu. um.. 

0 -1170 -840 mV 
Input High Vobagc• VUI +25 -1130 -810 mV 

+70 -1070 -735 mV 

0 -19SO -1480 mV 
lnpn Low Volcage- VD.. +25 -1950 -1410 mV 

+70 -1950 -1450 mV 

0 ·-1020 -840 m.V 
Outpm High Voltage• val +25 -980 -810 mV 

+70 -920 -735 mV 

0 -1950 -1.630 mV 
Ou&pul Low Voltage- va. +25 -1950 -1630 mV 

+70 -1950 -1600 rnV 

. 0 10 µA 
lllpul High Cu.mm DH +lS 10. )IA 

(Vm • VIHmu) +70 10 )IA 

0 75 mA 
ECL VEE Supply Cum= D +25 75 mA. 

+70 75 mA. 

Test conditions (unleu otherwise specified)~ •Recommended OpenUng Conditions" with ECL CDO-D'7) 
loading of SO n IO -2.0 V. Typical values are based on nominal aempncure. i.e.. room. and nominal vokap. 
i.e .. s v. 

•Relative ro ECL VCC. 

The spei:Uied limir.s shown cm be met only afla' lhamal equilibrium bu been established. Thamal equiJibrimD. 
is eslabliahed by applying power for at leu& 2 minura while m•jng•ining a lnftlYene air fiow of 400 linar feel 
per minuse OYll' the device eilher mounted in the test sockc& or on the primed circ:uU boad. 

SECTION 6 



BtSOl/! 
Bt501-TTL DC Characteristics 

p......_ Symbol Mia Typ Ma Unkl 

Input High Voltag.- VII 1.0 Tlt.VCX: Volll 
+0.5 

lnpat Low Voltage• VIL nLCND 0.8 Volta 
-0.5 

Input High Cumnt DR 70 llA 
(Vin•2.4 V) 

Input Low Cuna& DL -0.7 mA 
(Vin•0.4 V) 

Ouipm High Vohag.- VClf 2-' Volta 
(IOH •-2.0 mA) 

Outpua Low Voltage* vtL 0 • .5 Vol11 
(IOL•20mA> 

nzee.sute ()wpm Cmre:m m 
VoutsVOHmin 10 JIA 
Vom• VOl..mu -10 llA 

1"Jt. VCC Supply Cumnt ICC 85 mA 

Test conditions (unleu ochcwise specifted): "R.......,..ed Operasing Conditions" with £CL (DO-D ) 
lo*1ing of 50 Q to -2.0 V. Typical valuu ue bullcl on nominal lempenan. i.e .. room. ud aominll vol&ap.
i.c .. 5 V. 

PERIPHERALS 



BtSOl/502 

Bt501-AC Characteristics 

,.._.. Symbol Mia Typ Ma Um .. 

Tl'L-> ECL Ptapiagllioa Delay 1 2 1 .. .. ~ 
!CL-> Tn. Prupagllioa Delay 1 s 11 .. us.-

F.CI..~ Enable Tune 3 7 13 u..:-
ECL (D0-1)1) Dillbl9 Tune* 4 7 13 u-· ·-
TTL (DO-D7) fnabJe Tune 

.. s 4 10 u-··· .... 
TrL (J)0-1?1) Disable Tune• 6 6 12 u:=:. 

Tut condidons (unleu otherwise specified): "Recommended Opemin1 Ccmdidcm" wi&b ECL (DD-07) 
loading of 50 Q ro -2.0 V. 1TL inpat valuu 1ns 0-3 V, wi&b iapm rise/fall dma s 4 ns. meuured .,...._die 
lO'lt llld 905 points. ECL input valua ae-0.80 tD -2.0 V, wilh input rile/fall times S 2 ns. meaared bet•
lha 20'11 mil IK points. Tuning refaenca poiml at SO'ft for inpma m1'i oulpUIL Typical values are bued m 
nomind umpenaae. i.e.. room. and nominal voltage. i.e.. S V. 

•Subject to capiu:itive loading. 

Dll -------Tn;_-,._ICL ___ / aa.-Tn. 

(18• 

J 

111,atJ0111p111 Tlml•f· 
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-: e · ThNng fnHn Mlcrasecanda to Hours t Astable or Monostable Opel'Mion 

-e · Ad)ulUlbllt Duty Cycla 

. • Tn...tompadble Output c ... Sink or 
Source Up to 200 mA 

e Funcdonally lnt9l'Chlinguble with the 
- SlgMlioa SES&&. SES&&C, SAS&&. NESS&: 

....,. ...... Pinour 

;__ SESS&C FROM TI IS NOT RECOMMENDED 
FOR NEW DESIGNS 

Theae device• ere monolithic timing circuits · 
capable of producing accurate time deteva or 

· ·.; ' . OICitlation. In 1he tiJTl8odefav or rnononabMJ mode 
.:.&.• ,,,__ 

of operation. the timed interv.u di conuotled bv 
'I • ... -..... extemeJ re•istor and capacitor networtc. 
::I.: -wv· 
"''"'"- In the eatable mode of operation. me frequency 

end dutv cycte mev be independenttv controlled 
with two extemat resistots and • single extemal 
capacitor. 

~.:- The. threshold and trigger levels are normally 
:· · two-thirda and one-third. respectively. ot Vee. 

Theu levela can be ettered by un of the control 
i .J · • vottao• terminal. When the U'igger input fella 
"':· :l" · below the 1l'igger tevet, the flip-flop ia an end 1he 

O\ftPUt go .. high. If the trigger input ia above the 
trigger level end the th,..hold input ia above the 
thntahold level. the flip-flop ia reset and me 
outoUt ia low. The reset input can override aff 
other inputs and can be used to initiate 1 new 
timing cycle. When the .... input gou low, 1he 

~flip-flop is reset and th• ouiput goes low. 
Whenever the DUiPut is low. e low-impedance 
pm is provided between the discharge tenninet 
and ground. 

Th• output circuit is capable of sinking or 
sourcing current up to 200 mA. Openltian is 
specified for supplies ot 5 to 16 V. With a 5-V 
supply, output levets ere compatible with TTL 
inpuu. 

The SE555 1nc:a SE555C are ch1r.cterized for 
operation over the full mititary range of - 55 •c 
to 121•c. The SA&&& is characterized tor 
opemion from -40°C to 85 °C, and the NE655 
is char1ICterind tor operacian from o•c to 10 •c. 

SES&&, SEl&5C.. SAlll •. IB• 
PRECISIOI TlllEI 

1E1H. IEHIC ••• JG PACICAGI 
SAIH. Ntllll ••• O. JG. OR ' PACICAGI 

l'TOPVl!WJ 

TRIG 2 1 DISCH 
OUT :s e THRES 

GND(], • -Vee 

RESET ' s CONT 

SEHi. SEIHC ••• FK PACKAGE 

ITOPYIEWI 

NC ' TRIG s 
NC 6 

uiu 8u 
ZC>Z>Z 

3 2 1 20 11 

18 NC. 
17 DISCH 
11 NC 

OUT 7 15 THRES. 
NC 8 ,. NC 

9 10 " 12 13 

~ t- (,J ... <.J 
Ill z zz . ffi 0 
a: u 

NC-No intemlll conneC1iOn 

funclio,.., block diagram 

Vee RDET 

CGNTROL 

Ill 
1111 

A 

• 
R 

TRIOGlll 

" 
DllCHARGI 

GND 

FleMt cen overricto Trigger. whictl can ov.mde T.,,..._.., 

PlllU1"11&Tl..__ ........ _ 

r-- __ ....................... -.. 
I , d&a••Wlff_tll._,_ ... 

:.. --. ........ ,.,..... ....... -- TEXAs.,, 
INSTRUMENTS ··· ................... =-

l'OS1' Dl"ICI IOll HIOtl • GAU.Al. flllAI 71111 ------------------ ----··--· 

.. 
( 

• • 
ll 

I -
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Al •. SEl&&C. SA&&5, NE&&& 
AIECISIOI TIMERS 

I' PACICAGI 
MIU 

TRICIQIR 11tMlllDl.D 
GU'l'IVI' 

'·~ 

VOLTAGif VOLTAQlt TA V*-llAX IMALI. CH9' CIMMIC PLAl1IC 
IWICll Yee• 11V OU'l1JNI CAP.nml - -CDI fFIQ (JGI "' o·~ 

to 1l.2 v NEHIO NElllJG NEHSP 
70-C 
-40•C 

to 11.2 v SAlllD SAlllJG SAHIP 
81-C 
-Hee 

JO.IV SElllFK SHllJG 
to 

11.2.v SEHICFK SElllCJG 
121-C 

TMD..-...iaev-....UMOWMt ....... AddWIUttiaRtotnecie
lYll'l W·l•• NElllDRJ. 

lwm:H 
Low ........... ......... LcM On 
Hlth < 1/3 'Inn ......... """ Off 

Hittt > 113 VIVI > 213 Vftft Low On 
All .......... ..... > 1/3 voo < 213Voo ... u ... 

abeolute muimum ratlnga over operaline fre...W t.....,...N n1nge tunle• otlwwWe notedt 
Supply voltage. VCC (SM Note 1) ••••••••••••••••••• _-. • • • • • • • • • • • • • • • • • • • • • • • • • 18 V 
Input voltage Ccontrol, re..c. lhNahold. Ind trigger) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Vee. 
Outpure c:mrent • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •••••••••• " • II • • • • • • • • • * UI mA 
Cantinuoua total dl-.uon •••••••• , • • • • • • • • • • • . • • • • • • • • . . . . 1n Oillipadan Rmtlng T•blll 
Opecatit19 frH.eir ternpennurw range: SE555." SE555C..................... -11-c to 121•c 

SA&SS............................. -4'0•C to 81-C 
NE&&& • . . . . . • • • • . . . . . . . . . . . . . . . . . .. • • • oec to 10-c 

Storage temperwnne range • . • • • • • • • • • • • • • • . • • • • • • • • • . • . . . • • . • . • • • • • -11-C to 1&0•C 
Cale temperatur9 for CSO seconda: FK P•ckaOI ••••••••••••••••••••••••••••••••••• 2I0°C 

II Leed •moeraun 1,8 mm C111 e lncht from ca• for 80 aeconda: JG package • • . • • • • • • • • • 300-C 
Lead temperature 1.e mm n11e lnctlt tram .cae tor 10 HCOnda: o or P packao• • . • • • • • • 2eo•c 

NOTE 1: All wa1U19 .,._ .. wfth ,..... • .....,. tround..,.,.,... 
fl) ,, 

DIUIPATION RATING TA&a • tt TA II 21-C 
DIMTM 

TA• 70-C TA•U-C TA• tll-C PACUGI FACTOll 
POWIRMTWCI 

AIOWT • 21-C 
POWIRM'IWMI POWIR.M'IWMI l'CJWaU'IWMI 

c: 0 721 mW s.1mw1•c 4t4mW 377mW NIA 
:s AC '371 mW 11.0 mWl-C llOrnW 711rnW 271mW n JG fSElll. SElllCJ 10IO mW l.•mWl-C 172 rnW MemW 210mW =. 
0 JG CSAHI. NEllll 121mW e.1mw1-c 121mW •21mW NIA 
::s 
en 

p 1000mW 1.0 mW/-C t.omW 12DmW NIA 

recommended operatfng aondltlona 

11111 IUllC IAlll NUii 
UNI' 

MW MAX MIN MAX MIN MAX .. MAX 

... ..... v- 4.1 11 4.1 11 ••• 11 .... 11 v 
fftlM WOIUl9 .......................... .,. .....,, v- v- v- Vt¥! v 
OuUIUt cumnt •200 *200 :dGO a ZOO "' 0,.,..... Meoeir 1411N1Wnn. TA -11 121 -51 121. -.o II 0 70 •1 

4-38 TEXAS. 
INSTRUMENTS 



• 
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I 

I 

SE&&&,SE&&SC, SA&&&, I 
PRECISIOI. Tll 

electrical charecteristica at 26°C frM.air unnpermure. Vee • & V to 16 V Cunleu otherwiH n• .... IEIBIC. &AIU. 
PAUME1'8 TUT CGNDmONa .... v ... TYP MAX MIN T'IP MAX 

.,.......... VOltllgll ... 
Vrf" • 15 V .... 10 10.1 8.8 to 11.2 

1 

Vrf" - 5 v 2.7 3.3 4 2.4 3.3 4.2 
nw...... ....... 

30 250 30 250 ( ... Note 21 "' 
Trtw- vottlfCl9 l9wl 

Vrr • 15 V 4.8 5 5.2 4.5 s 5.1 
Vrf" • 5 V 1.45 1.87 1.9 1.1 1.17 

\I 
2.2 

Trigg9t curnnt Triffll' n 0 V 0.5 0.1 0.1 2 ~ 
ReNI votteoe •vet 0.3 0.7 1 0.3 0.7 1 v 
Rl.ecun.nc 

Aneta Vrr 0.1 0.4 0.1 0.4 
R .... nov -o.• -1 -0.4 -1.1 

mA 

DllCNl9e 9WIR:ft 
20 100 20 100 nA oH..._curnnt 

Conni Wllt.llt9 Vrr • ISV 9.6 10 10.4 9 10 11 
(opeft Cin:uRl Vrr • 6 V 2.9 3.3 3.8 2.8 3.3 

v 
4 

,,..., - 10mA 0.1 0.11 0.1 0.21 

vce. 11v ,,.... - 50mA o ... 0.1 0.4 0.71 

""' - 100 ""' 
2 2.2 2 2.1 ) \.ow .............. 

,,.... • 200mA 2.1 2.1 

Vee• IV 
lnl • 5 lftA 0.1 0.2 0.1 0.31. 
.,..., - 8111A 0.11 0.21 0.11 0.4 

Vee• 11V 
,,....., • -lOOmA 13 13.3 12.75 13.3 

Hlgho.---~ lnH • -200mA 12.5 12.I v 
Vr,. - 6 v lnH • -100 mA 3 3.3 2.75 3.3 
~ ..... v,.,. • 115 v to 12 10 11 

Supply CURWlt" 
NolDed Y- • 5V 3 5 3 I o..,. ..... Yrr • HIV 9 10 . • 13 

mA 

No!Nd y,.,.. 6 v 2 • 2 5 

NOTE 2: Thia...,_ inti-........... ,,.... ot the 1immg rnmon RA end R9 in Vie ClfCUlt of Figur9 \2. For ....... ..._. 
Vee • 5 v. IN-- v.iu. ii" • "• + Ra • 3.4 MO. and for Vee - 15 v. the tnhllllUlft ....... 10 MO. 

operating ctuncteri8tics. Vee • -& v and , s v 
nsr· lllllC. IAll8. 

PAllAME1"ER 
carmmoNSt IDll ...... """ MIN TYP MAX MIN TYP MU 

lnhllll error of &ch *'*· manan1111el TA• 25-C 
0.1 1.5 1 3 

timing intMrlllt Each ......... , 
~ 

1.1 2.21 
r___.. OMtticient Each ............ T.t. •MIN 30 100 ao 
ot tlrninO int9nrlll Em.tilrl9r.Ulllllle, tlO 

llPllV-C 
ta MAX 90 

Supply ........... Wrv Em. timw, lftCIHOI ....... 0.01 0.2 0.1 0.1 
TA • 219C &di.,.,.,, .....,., 

.. N 
of tlflli"9 irll9'WI 0.15 0.3 
Ouisxn llUIM ........ CL• 16 pf, 100 200 100 3CIO 
Ouisxn ... tall ,.,. TA• 29.-C 100 200 100 300 

... 
tFor OOlllM-. tnown •MIN or MAX. UM tM IPiiloPliM .... ....._.under NOOllWIW_. .......... ulll•• .. *Tlrnlnl----ilcldned•1Mditl••-----...... n1ue ................... ,...,.. ..... 1n11n ... ,,.. 
Nft. .. 

tv...,_ aoeaified .. .., • deviCe in • ,,... .. , .... o1rcu1t almiler • FicluN 1. whit OCllll9ICll..,. ,,-.. a follow: R.t. • 2 ldl • •. '.·.: 
c • 0.1 ,#. 

,Vlluel......., .. tar a deviCe in•...._ lirauir eimiier• Figur9 12. widl COlllCICll•ll Yell.a• follOW: RA • l ld>tD 100 ldl. C • 0.1 ,;. 
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~55&,. SE555C, SA&55, NE555 
PRECISION TIMERS 

10 
7 

> 4 
I 
• Cl z • 'i 

1 > - 0.7 i 
6 0.4 

J o.z 
• -' i 0.1 
.3 0.07 

~0.04 
> 0.02 

0.01 

TYPICAL CHARACTERISTICSt 

LOW·LEVEL OUTPUT VOLTAGE 
VS 

LOW·LEVEL OUTPUT CURRENT 

Vee· s v 
: ; ' 

J I I I I 

TA • -&&·•c,"'f-. 
J I I I ~ r, ........ 

=rA • 21•c - ' '' 
I u I I I 

' 

' 

'I 

I . i ~TA• 12is•c~ 
! u ... ~ ~ I I 11 ! II 

.... 

' 

- I I 

I : l 

I i I I l 
2 4 7 10 20 40 70100 

loL -Low .... vll OutPUt Cunem-mA 

F1GURE 1 

LOW·LEVEL OUTPUT VOLTAGE 
vs 

LOW·LEVEL OUTPUT CURRENT 

vcc. 1& v 
I 

TA• :--&&•c, i I 

I I 

1T~ ~ 21•c, "' ,. 
I ~ ~ 

TA• 1Z~•C'-.l ~ 7 

..-
,...~ I I I I -- ' , I ! I I 

I I I I I i I I 

1 2 4 7 10 20 40 70100 
IOL -Low .... vll OUUMft Cunwnt-mA 

FIGURE 3 

10 
7 

> 
I 4 

I 2 
1 

0

1 0.7 
0.4 

] o.z 

] o~; 
I 
ao.04 
> 

0.02. 

0.01 

LOW·LEVEL OUTPUT VOLTAGE 
va 

LOW·LEVEL OUTPUT CURRENT 

vcc • "~ v 
I ' I I 

! 1 i I 11 

ITA.• 25-C ' ' ' ""' ... ~ i ' 
I 

__ TA• -ss•c 

TA• 12s•c, 
' \ \ ~ 

I ' I ~ I l I ' 

--~ 
~ I 

' I I 
, 2 4 7 10 20 .. 40 70100 

•oL-LOw .... vel Output eun..-mA 
FIGURE 2, 

DROP'BETWEEN SUPPLY VOLTAGE ANO OUTPUT 
VS 

z.o 
1.8 

~ 1.1 

f 1.4 

• 1.2 

J 1.0 
I ,D.8 
I 0.1 
u 
~0.4 

o.z 
0 

HIGH·LEVEL OUTPUT CURRENT 

TA,;. - 11-c:I -- ....... 
_ ..... 

I ! ~ 

~A~ z&•Cf .--+--
I I .,,,,-I 

TA •\Za•c I 
I ' - ....-~ 

-
I 
l 

I 
vee ·• & v to 11 v 

1 z 4 7 10 20 40 . 70100 

IOH-HfftH.99 °"""" eun..-u 
FIGURE 4 
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SEl&I, SElllC. SAiii~ II 
PRECISIOI TII 

I 
TYPICAL CHARACTERllTICSt 

SUPPLY CURRENT 
VI 

SUPPLY VOLTAGE 

1 I j I 1---1--i..._...._.__+-:.,._~-'!'"--+--t 

I . 1--~!Jilll-.-..itt-+.--...... .;.----...... ~i--+ 
I 

11 2 ...._.~~--+--+--+--+--+---+--1 
0 '--....... _.___...._.._ __ _._ ____ ...._ ..... 

I I 7 8 I 10 11 1Z 13 14 11 
vcc-s~Voll8te-V 

p 1.011 
I: 
I r 1.010 

11.001 ,, 
I ,,000 

I 0.111 

Jo.no 
I 0.111 

FIGURE& 

NORMALIZED OUTPUT PULSE DURATION 
(MONOSTABLE OPERA TIONI 

VI 
FREE·AIR TEMPERATURE 

I I 

Yee• 10Y 

I 

•r--t---- I 
I I 

~ r-.... ""-.... r--... 

l I I 
l I I 

-71 -IO -21 0 21 IO 71 100 121 
TA-F~T ........... -•c 

FIGURE 7 

·> 
0 1.011 
~ 

I 
. 81.010 
> 
'I 
11.001 

> 

NORMALIZED OUTPUT PULSE DURATl 
(MONOSTABLE OPERATION• 

VI 
SUPPLY VOLTAGE 

\ I 
----\ I I __ .--

I 
~. 

I 1.000 -
I 

I 
lo.111 
I J 0.180 

f o.ua 
...;.. 

l 
0 I 10 ti. _/ 

Vcc-S"'9PIY Vollege-V 

FIGURE 8 

PROPAGATION OELA Y TIME 
VI 

1..0WEST VOi.. TAGE LEVEL 
OF TRIGGER PULSE 

lz90..,_ ....... __ ..,__--r--.... --+-
1 

' zoo i--.;..;..--~~~IW'-+---'~ 
l 
j 110 

J100 ..__......-
I i 10 ..__ ...... _!loo-__________ _.., ____ 

0 '--___ ..._ ___________ _ 

0 O.hVcc o.zxvcc 0.3•Vcc 0.4•Vcc 
....,_ Yoble Lavel of T,._. ...._ 

FIGURE 8 
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..-i&&S. SE555C. SAS&&. NE555 
PRECISION TIMERS 

TYPICAL APPLICATION DATA 

monostable operation 

.... 
CONT 

RESIT 

OIDC 

THAU 

tllll'UT TRIG 

Vc:c 
11v .. 11v1 

Vee 

OUT 

GND 

R\. 

OU1'PVT 

FIGURE 9. CIRCUIT FOR MONOSTABLE OPERATION 

RA. 1.1 Id) I 
Ct.. 0.01,, 

~Rt. • 1 •D ... ,..... I 
I I i II 
I J I u u u 

I 
INPUT VO!..TAGE 
I 

- I ...... - _ .. .. 
I I -
I I I 
I OUTPV1' VO\.TACll 

' ' 
A l J j 1 r1 
I I I /I I I 

I CAPACITOR VOL.TAGI 
I I I I I ,...... ......... ' 

FIGURE 10. TYPICAL MONOSTABLE WAVEFORMS 

For monoStable operation, any of theH timers may be connected as shown in F'_!iunt 9. If the output is 
low, apptication of a negative-going pulse to the trigger input seu the flip-flop tel goo lowt. drive• me 
OUIPU\ high, and turns off Q 1. Capacitor C ia then charged 'Chrough RA until the voltage acroa 1be CIP8cilOr 
reaches the threshold vott.ge of the thre1hatd input. If the trigger input has retumed to • hiQh level. the 
ouqnn of the threshold comparnor wm reset the flip-flop (Q gaa high>. drive the outPUt low, Md dilc:hlrvc 
C through 01. · 

Monostaole operation is initieted when the 
trigger input voltage falla below the trigger 
threshold. Once initiated. the uquence enda. 
only if the trigger input is high at the end of the 
timing interval. Because of the threshold level 
and saturation voltage of 01. the output putae 
duration is approximately tw • 1. 1 RAC. 
Figure 11 is a plot of the time conatam for 
varioua values at RA and C. The threshold levels 
and charge ratea are both dintettv proponjonal 
to the 1uppty voltage, Vee. The timing inteNe&. 
is therefore independent of the supply voltage, 
so long as the supply voltage is constant during 
the time interval. 

Applying a negative-going trigger putae 
simultaneously ta the NHt 1nd trigger temlfnels 
during the timing interval discharges C and re
initiate1 the cycle. commencing an the positive 
edge of the reset pulH. The output is held low 
as k>ng as the reset pulH ia low. To prevent false 
triggering, when the reset input is not used, it 
should be connected to VCC· 

10-i"----"---------------------O.G01 0.01 0.1 

C--C11r1 ·•• sF 

FIGURE 11. OUTPUT PULSE 
DURATIONvaCAPACITANCE 

4-42 TEXAS. 
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SEIS&, SE&&&C, SA&&I. 11 
PRECISIOI 111 

&teop .. tioft 

TYPICAL APPLICATION DATA 

O.Ot11F 

Vee 
ISVtDt&V) 

tr.:" ·--.. Net9AI 

CONT Vee 

RUl!T 

--.. om::H 
OUI' 

QND 

! .. 
I 

AA• 511G 
... lllD 
C • O.tl,,,. 
ft\.•1llG 
... .... ,2 

•'M .. 

.. ft 19- OUTP\n' YOL.TAGa ·-· 
~ \ / ~ A'\ ~ . , '( YI'¥ I, 

NOTE A: DMIOUOlinO the conaot YobOe intM 10 ground with • 

c I SI I la' "'"' imCIRIW ooeraw. Thia ll'IOUld tie 
ft' ........ tar inGMdu.i •DllliCllliaM. 

C.UACITOR VO&.TACI& 
I. I I I I 

) 
FIGURE 13. TYPICAL ASTAl&.E WAVEPCL~ FIGURE 12. CIRCUIT FOR ASTAILE OPERATION 

• 

As shown in Figure 12, addtnO a HCOnd remar. R9, to the circuit of Figure 8 and connec1ing D ..... 
Input to th• threshold input cauaa Vul timer to 1eJf·trigger and run n a muhivlbrator. The .......,. C 
will charge thrD&flh RA and Ra and then dilChlrge through Ra only. The dUlV cvct• m.v be wmolld, 
thereto,., bv the valuu of AA and Ra. 

Thia fft9ble connecliDn resutta in capacitor c charging 1nd dllCMrvinO bmvHn the thrnholckaltage 
leVllf t•0.87•Vcct 1ndth• trtner-Yottege i.vet C•0.33•Vcct. As 1n ttte monoau1bl• circuit. cf*'9 Ind 
d11Gh8rp tim•• ••net therwfore th• frequency •nd duty eyelet a,. ind~ of 1he ...... YOll8ge. 

Figure 13 showa typicaJ waveforms generated during Htable opention. The outpUt hlgtHev9i cknlion 
tH and low.4evel duration tt. may be calcwated •• follow•: 

tH • 0.193 '"• + .. ,, c 
q,, • 0.113 IA9> C 

Other u1eful relationship• ere ahown below. 

"1iOO • 1H + 1L • 0.113 IRA + 2R9) C 

........ , .'4 
· • IRA+ 2R9l C 

'L 1119 
OUlllUl driver auiv cycle • ~ • RA + 2Aa 

OUlllUl W9"fomt OUIV cyele • _.!!:!__ • \ - R9 
lH•'L RA+2"8 

tL ... 
LowtoNtttrno • iH • "• + Ae 

C~IF I • •' 

FIGURI ''· FREE-RUNNING FREGUINC\' 

TEXAS ..ff 
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.,f55&. SE55&C. SASS&, IE555 
PRECISIOI TIMERS 

TYPICAL APPLICATION DATA 

rriiaing-pulA det.c:tor 

Yee 46Vta18 Vt 

-------"'L AA 
INPUT RESET 

----TRIGGER 

CONTROL 

Vee OUTPUT ___ OUTPUT 

OllCffARGE --• 

THRES
HOLD 

c 

Yee• &v 
Ra•1k0 
c - o.,,,. ....... ,. 
I I II I I I I 
l I l I I I I 

!NPUT VOLTAGE 
I 

OUTPUT VOLTAGE 

I I I I I I I 

~AC~TOR VOLT~I 

I 
I 

I 

FIGURE 15. CIRCUIT FOR 
MISSING-PULSE DETECTOR 

T........0.1...,.._ 

FIGURE 18. MISSING-PULSE 
DETECTOR WAVEFORMS 

Th• circuit shown In Figure 16 may be used to detect a missing pulse or abnormally long apecing b91ween 
conucutive pulsea in a train of pulses. The timing interval of the monostab!e. circuit ii caminuoualy 
retrigger9d by the input pulH vain as long as the pulse spacing is len than the timinQ interwl. A tonger 
pulle spacing, mining pulM. or tenninated pulse train permits the timing interval to be completed. 'lherwby 
generating an oU1pUl puln as illustrated in Figure 16. 

frequency divider 

By adjusting the length of the timing cycte. the basic circuit of Figure 9 can be made to~• a~ 
divider. Figure 1 7 illustrates a divide-by-3 circuit that makes use of the fact that retriggering cannot occur 
during the timing cycle. 

.t 
~ 
> 
N 

t 

Yee• & y l '"Ila• 1ZIOO 1 c. o.oa _, I I-' . 'Id) I .......... I 

II . · u 11 
-

I 
~ I " " l I 

INPUT VOLTAGE ..... 
I 

I I I I I ! I I I 

! I I 

i I I 
OUTPUT VOLTAGE i 

n1 ~ -::F1 I 
_.,; i 

v i I v : 17 l C71 
CAPACITOR VOLTAGE I I 

Ti-0.1 llllldiw 

I 

I 
l 

! 
I 

FIGURE 17. DMDE·IY·THREE CIRCUIT WAVEFORMS 
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SES55. SESS5C, SAi&&. MEii 

PRECISIOI TIME! 

TYPICAL APPl.ICA TION DATA 

,..._width modulation 

Vee (6Vto1aVt 

RL AA 
RESET Vee 

CLOCK OUTPUT OUTPUT 
lWUT 

TRIGGER 

DISCHARGI 

MODULATION 
INPUT CONTRO\. THRO-........ , HC)LD 

GND re 
NOTE 8: The modula1ing aigtNll 1n9Y be dil9Ct or CIPIC:iti¥11¥ 

COUllleO to 1M control tamwtlll. For -- coupling, the 
ettwot INldlllMion 10U1a V-...Md •••won 
- .... of - *""' lftould ... 00t11· ...... 

FIGURE 18. CIRCUIT FOR PULSE-WIDTH 
!WODULA TION 

.! 
~ 
> ... 
I 

I 
J 

FIGURE 19. PULSE-WIDTH MODULATIOt 
WAVEfORMS 

The oP9f'8tion of the timer ln8\f be modified bv mod&Uting U'le internal threshold an~.trigger vott.ga. which 
la .ccomptished by app&yinQ •n exttirnel voltage (or curremt to itle control pin. Figure 18 lhowe • circuit 
for putse-width modulation. A cominuoua input pulse train triggers me monostable circuit. Ind • comrat 
signal modulates me threshold voltage. F'igure 19 Ulustrates the resulting outs:>ut pulse-width modutetion. 
White• sine-wave modulation signal is illustrated, anv wave shape could be used. 
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~ClSIOI TIMERS 

pulH-poaitlon modulation 

TYPICAL APPLICATION DATA 

vcc ta v • 11v• 

MODULATION 
INflUT ......... 

-
-

I 
RiE•T Vee 

OUTPUT 
TRIGGER 

DllCHAflQI 

CONTROL. TNRU-
HOU) 

GNO 

.1. 

"'- "" 

"• 
!c 

NOT! 8: The mocllMlint li;Nt mey be direct or ADIDiliWtt 
oouplM ID tM aannl .......... Fol di'9Cl CllDUOlint• die 
effwalaof mDdulatian_.....,. ... irftDlll••Gn 
tM .... of lhe *'- .......... Clll 1'd1red. 

CAPACl'TOR VOLTMll · 

FIGURE 20. CIRCUIT FOR PULSE-POlmON 
MODULATION 

FIGURE 21. PULSE POllTIONoMODULATION 
WAVEFORMI 

Aa lhown in FigUf8 20. any of th ... timen may be uHd •• a p~ition modulatar. Thia 9ppticatio 
modulMH 1he ttvnhold voltege. and thefWbV the time del8¥. of a f'"""'"'*'9 oscillelor. F9n 21 ._.. 
• Ulenoular-wav• moduiation signet for such a circuit; however, any wave,,,..,. could be Ulld. 
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INSTRUMENTS 

~ ......... •ow 9Hftl~ • e•tlAI Tf'l&I '7HH 



,, . 

• TYPICAL APPLICATION DATA 

SE565, SE555C, SA&&5, II 
PRECISION TIM 

aequend• timer 

I 

141 Ill 

RUH VCC 

o---•121
0.tT"IGOIR OUTPUT 

... , 
•' 

OllCHMIGI 

p.t..(Cl)NTllllOL ™"IS. (ti 
HOU) 

GNO 
m-

141 

OJlllt 
DISCHAllGI ,,F 

l5I CONTROL 

OUTPUTS 

141 Ill Re· 
RESIT vcc 

ounuT 
131 

T"IGGIR 

DllCNAMI m 

THlllS. , .. 
MOLD 

GNO ec 
111 

C.C • 14.1 uF 
Re• 1001111 

ounvT< 

I cloMI IROIWl181ilY et t • O. 

FIGURE 22. SEQUENTIAL TIMER CIRCUIT 

MMY appfic:dons. such u computera, require signals for initializing conditions during mrt-up. 01her 
•POfieationa. such as test equioment. require activ•tion of test signals in sequence. Th••• timing circuits 
may be connected to provide IUCh aequemial comrol. The timers may be used in various combinationa 
of aatmbte or monostabte circuit connectionl. with or without modulation, for extremety ftexible weveform 
camrot. Figure 22 Dluatratn • sequencer circuit with pouible •pptications in many systems, and Figure 23 
lhowa the O\RPUt waveforma. 

.e 

.:t 
> 

i 

S..fifuN22 

OU11'UTA I twA· 1.1 RACA - I 

-.. ,.. 
I I 

•twit 

OUTPUTS tw&•1.1ReC8 

OUTPUTC i-o "twC-• 'wC • 1.1 RcCc 

....,_,.o 
t ,_,....._, ., ... 

FIGURE 23. SEQUENTIAL TIMER WAVEFORMS 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 

Product Preview 
• 700 MHz Min. Count Frequency 
• 1000 ps CUC to 0. ff 
• tntemal ff Feedbaclc CGatecO 
• 8-Bit 
• Fully Synchronous Counting and TC Generation 
• Asynchronous Master Reset · 

MC10E016 
MC100E018 

a.arr SYNCHRONOUS 
BINARY UP COUNTER 

The MC10EJ.100E016 is a high-speed synchronous. presettable, cascadable 8-bit 
binary counter. Architecture and operation are the same as the MC10H016 in the 
MECL 10KH family, extended to 8-bits. as shown in the logic symbol. 

The counter features internal feedback of TE. gated by the TCLD (terminal count 
load) pin. When TCLD is LOW Cor .left open, in which case it is pulled LOW by the 
intemat pull-downs), the TC feedback is disabled. and counting proceeds continu
ously, with TE going LOW to indicate an all-one state. When TCLD is HIGH. the TC 
feedback causes the counter to automatically re-•oad upon TC = LOW. thus func
tioning as a programmable counter. 

·~ 

PfNOUT: 28-LEAD PLCC (TOP VIEWJ 

" ~ PT P5 TC' 

Z4 23 Z1 zo 19 

MR fl Q7 

CLK 17 06 

TCLD Ti 

Vee Os 

,, Vcco 

Po °' 
P1 12 03 

P2 P3 P4 vcco Oo a, 02 

FUNCTION TABLE 

9 Pl TCLD MR CLX! Function 

L L x L z Load Parallel IPn to Onl 
H L x L z Load Parallel IPn to Onl 
I. H L L z Continuous Count 
I. H H L z Count: Load Parallel on Te • LOW 
H H x L z Hold 
x x x L zz Masters ResPOnd. Slaves Hold 
x x x H z Reset 40n : = LOW. Te : a HIGHI 

Z • Cloc:ll pul .. ti- to h1ghl; 
ZZ • cloell putM thigh to •-• 

PIN NAMES 

Pin Function 

Po-P7 Pal'911el Data tPresetl Inputs 

gra1 Data Outouts 
Count Enable Control Input 

Pr Parallel load Enable Control lnpuc 
MR Ma1terAe1e1 
CLK Clock 
Te Terminal Count Output 
TCLD TC-Load Control Input 

This document contain• 1nform1non on a 0roouci under devetOl)mem. Motorol• '9HNet tfle nghr to Change or discontinue thi1 oroducl wt1ftout 
not-. 

................... Eel.PS ................ . 



MC10E016, MC100E016 · 

DC CHARACTERISTICS; Vee • Vee (mini to Vee lmax); Vee - Vcco • GNO 

SymDof l TA• O"C TA• 25"C TA• 85"C ! 
~ Min ! Typ I Mu . Min Typ Mu! Min Typ Mu Unit Condltlol• 

ltH Input HIGH Current I 150 i 150 150 I II-A 
IEE Power Supply Current mA 

10E 151 I 181 151 I 181 151 181 
100E 151 181 151 181 174 208 

AC CHARACTERISTICS: Vee = Vee (mini to Vee (maxi: Vee - Vcco • GNO 

Symbol I TA• 0-C TA• 25"'C TA• 8rC \ 

Unit I I 

CMracterilltic ~t~iMnl~l~IMnt~l~IMnl Conditions-

fcouNTi Max. Count Freouencv .100 I 900 I 1100\9001 100 I 900 I I MHz 

lPLH Propagation Delay to Outcaut 
10001450 1000 I pa 

tPHL CU( to Q 450 1000 450 
MFI to Q 450 1000 450 1000 l 450 1000 I 
CLKto ~ 400 900 400 900 400 900 I 
MR to~ 400 I 900 400 900 400 900 I 

.................... EeliAI ................ .. 
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MOTOROLA 
qEMICONDtJCTOR 

I ECHNICAL DATA 

Product Preview 
• 500 ps Max. Propagation Delay 

,,,.,--
z ~ to 

I '3 

The MC10E/100E101 is a Quad 4-input OR/NOR gate. 

PINOUT: 28-LEAD PLCC (TOP VIEW) 

PIN NAMES 

"" fuftaion 

001-DJd Data Inputs 

~03 True Outputs 

~ lnvening Outputs 

0 I l:. 

xc 

MC10E101 
MC100E101 

QUAD 4-INPUT 
ORINORGATE 

LOGIC SYMBOL 

-'" "' ;~.,·.,, .,,, .. ~ 
,., r ... .,,,, 

J,,,_ •· I 

Thia document con,,.1n1 lfttorm1110n on • Dl'OOUCI unoer C11Yetoomen1. MotorDll NHl'WI die r1911t to Cfll"9• or Oi1COnt1nue 1n11 oroaua w1tft0ul 
ftOllCI. 



NIC10E101,NIC100E101 

DC CHARACTERlsncs: Vee • Vee tminl to Yee lm•xl: Vee • veco • GND 

s~I 
TA• ere TA• 2l't TA• ll'C ::::-'. ~~ ..... ·":·. ; 

~ Min Typ Mu Min Typ - ... Typ . Mu Unit CHlllllaM· 

l1H Input HIGH Current 
D 150 150 180 ,,A . 

•ee Power Supply Current mA -' 
1oe 30 38 30. 31 30 31 ~ :· 
100E 30 36 30 38 35 4Z - ;~ 

AC CHARACTERISTICS: Vee - Vee (mini to Vee Cm.xi: Vee - Veeo - GND 

I TA• ere I TA• 21'C I TA• IS'C I 
·Min I Typ I Ma 1 Min I Typ Mui Min I Typ Mu I Unit Symbol I CM.....,._ Conditiol•. 

lPLH I Pr~pag•t•on Delay to Oucput 
150 I I 500 I 150 I 500 I 150 I 500 I tPHL Pl 

.. 

..................... ECl::PS .................. .. 
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® MOIOROLA 

QUAD LINE RECEIVER 

The MC1 OH115 ia • qu•d differenti•I •mplifier designed for use 
in •nsing Clifferential aign•I• over tong linea. Thia 1DKH pan ii 
• funaion•Upinout dupliClltion of the •'9d•rd MECL 1DK family 
pan. with 100% improvement 1n counting frequency •nd no 
lncruae in ~r-aupply current. 

The ~ae bin llUPPIY 4Vaal ia m•de •v•ilable at Pin 9 to m•k• 
the device useful n • Scl:lmin tngger, or in other applications 
where a stable reference voltage 11 neceaurv. Active current 
sources provide the MC10H115 with excellent common moc:le 
rejection. If anv amplifier in a P•Ckage 11 not used. one inpui of 
that amplifier must be connectea to Vee CPin 91 to prevent upset· 
ting the current source bias netw0r11:. 

• Propagation Delay, 1.0 ns Typical 
• Power Dissipation 110 mW Typ1Plcg CNo LoaCll 

• Improved Noise Margin 150 mv 
(Over Oper•t1ng Voltage anCI 
Temperature Range1 

• Voltage Compensated 

• MECL 10K-C:ompatible 

MAXIMUM RATINGS 
~ 

Power SuDDtv 1vcc • 01 

Input vott•ge 1vcc • 01 I 
Cutout Currem - Continuous 

-Sur;• 
Oper•ttnq Temperature R1nqe 

Stor•v• Temper1ture R1nge - Pleltic I ' -C.r1m1c 

.-........ ........ 
Vee -I.Oto 0 

v, o to Vee 
lout 50 

100 

TA 0-75 

Tstg -55to150 
-55 co 155 I 

ELECTRICAL CHARACTERlmCS IVi:e s -5.2 v :5'!1.1 ISff Hotel -

Ulllt 

Vele 

Vele 

rnA 

'C 

'C 
'C 

s,.....1 O" I Mln~Ma I 71' .. I Unit I a.r.ct81illtic Min I Mu i Miit I Ma 

PIMer Suoolv Current i •e I - 29 I - 21 I -· Z9 mA 

Input Current linH I - 150 I - 95 I - 95 /IA 

•ceo I - 1.5 I - 1.0 I - 1.0 /IA 
High Outout Voltage voH I - 1.021 -o.M I -uei -0.11 I -0.12 - 0. 7351 Vdc I 
Low Output Vo1t19e I VOL I -1.951 -1.631-1.15 -1.83 I -1.95 -1.60 Vdc I 
High lnout Vo1t191 l V1H I - 1.11 -0.Mf -1.131-0.lt I -1.011-0.735 Vdc I 
Low lnout Vo1t19e I Vtl I -l.95i -1.48l -1.95l -1.48l -1.95l -U5i VdC i 
Reference Volt•ge i Vee I - 1.38 I - 1 27 I - 1.35 I - 1.25 I - 1 .31 -1.19 i Vdc I 

AC PARAMETERS 

Proo•gauon De11v j tDd I o.• I 1.3 I 0.4 I 1.3 0.45 I us I ns I 
Rise Time I Ir i 0.5 I 1.• l 0.5 I 1.5 o.5 I t.6 I ns i 
Fell Time I If I 0.5 I 1.• I o.5 I 1.5 0.5 ' u I na I 
NOTE; 

hcltMECL IOltH--CWCUltfln_ .. .,._,. ___ ...-.C-_111 __ 

..-.81,.,,,,..,.. .... .,.-•uMfte•-••-- T11ecwcun•11•••.,.-ot•-.,.• 
_,_ ClfCUtl _,. a"'8 ••-.,,•-tr•••., m•n iOO lllm • ..,., .... _ OulllUll -

1.,_,.., .. "''°"'" • SOtll\m lftllll• IO -z 0-

2·18 

MClOHllS 

-

L .... 
CERAMIC PACUGI 

~-
•, •.. 

PalFFDC . 
ll\AIT1C PACKAGE ,. 

CASiiia ' 

FNIUFFIX 
Pl.CC 

CASI 775 

LOGIC DIAGRAM 

~·::J>-2 

.~~3 
10~1. 
,,~ 

13~ 
12~15 

L--1 
vea• 

Wiien """"""' Wllll ........ .-ooeniW .... -· -...-.....-. 
•v11 .. IM ..... ID 8UDOIV ...... me MC1CIH115 
Giiiy - ll¥llll8M I--· Wdll 0.01 ,.f IO 
0.1,.f~. 

vcc1 

Aout 
Bout 

I;;; 
Ain 

Bin 

ii; 

VEE 

vcc1 • Pin 1 
vca •Pin 11 
vee. Pin 1 

DIP 
PIN ASllGNMENT 

11 

2 15 

3 ,. 
4 13 

s 12 

6 11 

7 10 

a • 

vccz 
Dout 

Cout 

o;;; 
Din 

C;n 

Cin 

Vaa -- . _-·"' ...... -.... ~ For Pl.CC Din•••-•· - telllel 4111 .... 1-31. 
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APPENPIX E • DATA SHEETS 

This appendix contains data sheets for the ASICs IC-01, IC-02 and IC-04 as well as data sheets 
for all parts on the P/C moduele. 
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IC-01: SSD TWO CHANNEL SUM, DISCRIMINATOR AND LATCH 

cavity Down 

·---------------------------------------· I I 
ti I I 

,>-:-:• A 

' 
I 

I LtlDh A . I 
I ~ , .. 
I ·- .. INN 

""' ••• 
, -

8 

Diie. > D ~CN-1 - , 
: LATCHEDll.M I - Q 

. 

'D 
1 • 1 

INN+ 
~ 1NN+i 

Package 

--c 

r--..... 

- or-_> -,.--
•i--C 

A - ............ 
Analog 

o:c- > Sum 
2 ~ 

B 1' -
~ 

......._ 

or-> -
--Cl 

- ---r, ·. " --r ~- . --.--•o 1 21 :w •• a·;i- I II ,. ' ~ . ~ .h • 

P·art Number IC-01 
N:JTES: 

1. All Wlpul lllCI Ollpl.C ..... - IUI dlla,.,... moepii pow91', ll'nltllld 
CVH) 

2. Tlw dmcrtmNlor compmM 111e 1npu1 •~11119 Wiii! IW ttnlllOld ~· "tne.,. uma IN Mftf'G,.,, Npl& •-tor1i.till9 -
:t. Tlw "LATCi'f' lignml mr.s lie al .... 1 Nm I I I Id .... 

4. ,_ CliJJlpmlign ii ~ 40& rttN: ll04 rttN 111111. 

5. ~IUPP~~:o3.5V~41mA;MmA 

·3.5 v OIYplcalJ. mA : • mA 

I. Votagm In boll".,. p.n In mllMlllJ. ~ 

.. 
p 

LldlB 

D I 

Q 

) 

l.alcll 8 

D s 

Q 

) 

LaldlA 

D 4 

Q 

) 

' • 

IC·01 Typical Characteristics 

.. -~ 
I "' 
I 
I 
I 
I 
I 

la ~ (N) 

I 
I 

LAICHt:.IJ I 
ta-!!..+lRI I 

I 
r ·SUM N+(N+!) 

:.-SUM N+(N+1) 

I 

ta • (N+) 

: LATCHED SUM I 
... - 'lR:'I 
I 
I 
I 
I 
I 
I 

i3' " (N+I) . . 
I I LATCHED 

I ... """" 
I 
I 
I • 

44 Pin PLCC 

\@:: 



511197 PAGE JR 

Power Supply 

Tektronix Package Code: 44PLCC4 

+3.5 Volts @ 48 mA 

Power Dissipation 
Discriminators 

Thermal Resistance 

·3.5 Volts @ 68 mA 

406 mW 
•180 mW 

Differential Input Signal Range 90 mV 

Common Mode Signal Range +/· 1 Volt 

Input Resistance 4 k'2 

Input Blas Current 3 µA 

Differential Output Voltage 710 mV 

Output Current Source 5 mA 
Sink 1.25 mA 

Propagation Delay 5 ns 

Adjacent Channel Crosstalk 40 db 

Hysteresis 10 mV 

Triggering Uncertainty 0.5 mV 

Ambient Temperature Range O to 70"C 

IC·Ol TIMING 

Threshold Voltage 

Input Signal 
Latch A Latch B 

1240 mV 1320 mv 

Output Signal 880mV 980mV 

5 ns 
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IC-01: SSD TWO CHANNEL SUM, DISCRIMINATOR and LATCH 
Cauity Down 

-3.5v 

Gnd 

N+1 

N+-1 

+3.5v 

Gnd 

-3.5v 

\tth N+1 

Vth N+ 

+3.5v 

Gnd 

Thermally Enhanced, 44 Lead Plastic Chip Carrier 

-> + Lt) z 
C"i 

~ I 

Part Number IC-01 

I~ 

Gnd 

N-

N-
Gnd 

2K130 Latch 

Latch 

Vth N-

Vth N 

+3.5v 

Gnd 

-3.Sv 

- ~,z z - ~ ~ l;i; -+ + z I 

z a; z z -- - ~ a; a; + + z z 
:E :E 
::> ::> rn rn 

BOTTOM UIEW 

Created 8-28-89 
Reuised 

P:IGt l' 

Merle Haldeman I Scott Holm 



POSUHP/CQHPABATQR HC2QULf: 518(91 

IC-01: SSD TWO CHANNEL SUM, DISCRIMINATOR and LATCH 
Cavity Down 

7 

TOP VIEW 

1 

44 pin 
leaded chip carrier 

39 

PMiE 1 P 

-+I l._25132 -+I 1~4 -50 .._.165/180 

Part Number IC-01 

IC-01 Package Dimension Diagram Notes. 

1. All dimensions are in mils. (Min/Max) 
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IC-01: SSD TWO CHANNEL SUM, DISCRIMINATOR and LATCH 
Cauity Down 

Part Number IC-01 

t:! ~ 
~ ~ 

~ ~ ~ C') i i C'i C') Q + IZ z + I 

40 41 42 43 44 

-3.Sv 39 Grd 

Gnd 38 N-

N+1 37 9 N-
N+1 36 to Gnd. 

+3.Sv 35 
IC-01 

Latch 11 
TWO CHANNEL SUM, DISCRIMINATOR -Gnd 34 & LATCH FOR CAVITY DOWN MOUNT 12 Latch 

-3.Sv 33 13 Vth N-

Vth N+1 32 14 Vth N 

Vth N+ 31 15 +3.Sv 

+3.Sv 30 16 Grd 

Gnd 29 17 -3.Sv 
28 27 26 25 24 23 22 21 20 19 18 

..... ,_ - ::- lz z 
~ ~ + + ,_ 

> I' ..... 
+ + z I 

C') 
z z z z - z U') z z 
~ ~ - - <? ~ ~ I + + z z 

:e :e 
~ => 

UJ 

BOTTOM UIEW 

Created 1-24-89 
Reutsed 7-14-89 

P!GF: «t 

Merle Haldeman I Scott Holm 
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IC-OZ: 3-CHANNEL LOGIC,QUAD ANALOG IUM •LATCH DllYER 

,---------------------------, ,. , . 
• "' Ar.iog ..... 2 _____ .... 

WDjj l;;uii 11 
QUAD ANALOG SUM 

Ar.iogi.aa 
21. 

Ar.iog ..... 4,--..... --.... 

Ar.iog--4--,....--.g 
Dillll.._CN·'> ~r---------;::=:!...-~;i(.---n 

DaiN!1.A1 
12 

SUM !N-1, N) IUl(N-1, N1#11DiN!11Cil(N1 

Digral qtll (N) (N)ClAf(aJM(N-1, N) NCCfi!11&i tNH 
Digilal qtll (N) 

QM (N, Nol) :::::ll!~~::::::::~[:->-i~;;[).o.,---...!rf=:;~>f'---- Digil.i °""II (N) QM(N,N.1) 

SW lN+t. A::21 
SIM (N+1, No21--~t+-----oll.io""' 

Digilall..,...(N+~--~2;.,.!!::.::::.:::.::..... __ ._ ___ .::::;iL.)....,r-_,,.r----:~ 

2.5111Pulle ~ JL ~ 
t ~ )1 
·---------------------------~ 

I IMPL.CIT PtiS I 
GROUND pilll: 3 IGND1 • Loaie <*:'*YI 

• fQIQ • LogD OulpUI) 
24 (QNJ3. AIWaO 

, . Digil.i ClllPIM epn.. 21. fl. •11111 • ... Allliliary ...,.,. 
2. ..... ~ ..... (111119. :sz. 33, 34) glltl llW NHl-lllfl ol IC.(M 
a. U..e ...... circled PN lolllw ECL 19•11. 
4. ,._ .._..," • 410 rd#.,,..., 551 rd# mu. 

RELATDISHP BETWEEN PAAT CLE LOCATlON IN 
T1-E DETECTOR N#:J r:.c MODW o.mivr 

+ 3.5 y pilll: 25 ... 

• 5.2 y pilll:. ·oilO .41 

IJf'UTS 

N SUM(N.N+1) N.1 

x x , 
0 , 0 

x x 0 

5. "-llllllllr--•: • 3.5 V: e 11lllAT!lllil:ll.21 lllAma. 
•5.IY: e•mATW!liDll,IOlllAmu. 

I TRUETNl.E I 
OJ""11S 

SUMCN+t, Noa! IW N+1 Not ClA ((SUM CN. N+t I N#:J iR) &I llZ:IJI 
x x 1 ' x x 1 , 
' 0 ' 

Jf.f 
N .. 

• epo. N.1 epp. 
'Noa cli. 9111 ,.,, • .., o.-,,> 

•• Pa,.. __ 

C • Sigral-• ... NH•-al !0-04 

• • Sigral-• .. Aulii.iy ....... 
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IC-02: SSO 3-CHANNEL LOGIC, QUAD ANALOG SUM and LATCH DRIUER 
ceulty Down 

Thermally Enhanced, 44 lead Plastic Chip Carrier 

&nd2 

SUMCN•6,N•11 

SUMIN•6,N•11 

N•7 

ISUMIN•4,N•51ANDIN•4IORIN•511 
to Adjecent IC 

{'""'"" ... Dutput1 
to NHlt IN•61 OR • • • 

fN•SI OR • • • 

t2 

t1 

(SUM(N• 7,N•BIANDCN• 7)oR(N+8Jt 
from adjacent IC 

Part Number IC-02 

• • • ! z 

"' • • z z 

Ii - i ~ N • J: 
"' '" z • • I I ... ... 

OE~>I~ 

... • "' II'! 11'1 • 'Ir 
+ • • z z z 11'1 .. - • • c • ' • ' ca • .. 
~-

.! .! 
•• • ., -· .!! .!! ia • • ... • c ... • • •• .... 

BOTTOM UIEW 

; 
"' • • ca z 

11'1 -• ; .. .! .. 
.!! • I: . • 

fi N 

'" I 

N+4 lram 8dj. c:tlip 

Z.5 ns PUIH 

letch•d Sum IN•4,N•51 

Letched sumlN•4,N•51 

Let ch 

letch 

R •Ht 

Anelog Input i 

Analog Input 1 

Rnelog output 

Analog Output 

N N 

• -• .. .. 
.! .! .. .. 
.! .!! • • • c • • 

Created 8-28-89 
Revised 
Marla Haldeman I Bruce Markel 



I I ......: ,.._ 
o.02s•min 
0.032" max 

. 
I I 

-+i 14-
o.oso· 

0.650.min 
0.6&6"max 

0.685"mln 
0.895• max 
(square) 

All dimensions are in inches. 

5/1197 
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·~ ~· i I 
·0.155• min· 
o.1eo· max 

paq 1z 
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IN (M-1) lnllll ..... IC-06 ......... 
·- (11-1, .., 
- Clf-1,.., -LATCH 

LATCH 

"··· ~ ... ......... , 
Miiiet ...... 1 

...... OUtpul 

An8let OUtpul 

i ii~: i~= i 
r '''f' I I I · I c c ., c ., 

OND I 

SUll CN+1, II.a) 
.... (11+1, .... , 

IN CN+a>m.n_,_.~ 

IO llHll HCtlDll 

SUll (11-1, .. , AND 1it11 OR (11 ....... ~ 
OR [(SUll , ... ,, N.Z) AND «•·11 OR (it:i)] 

al -i-ns IC"°' N+1) OR ((SUll (II, N+11 AND (NI OR (N+1)) 

(N) OR [(SUll fll-1, II) AND (l.1J 6A jiff 

ti 

11 

SUll (N+a, N+al AND (131 bi (IU) limn._ IC.o4 
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... .... 1 .... 
....... 1 .... 

• ....., .......... IC-GI 

51s197 
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IC-04: 

From IC.O, 

SSD 5-Channel Log le and Octal NHlt 

Part Number IC-o.t v2.o 

I * 1'' DN+e 
I 
I 

To Auslllary 
Backplane 

(N)OR[(SUM(N-,,N)AND(N-,)OR(NlJ 1 I Jnm' 
(N+1)0R((SUM(N,N+1)AND(N)OR(N+,)) N H·'1 t To Auslllary 

Backplane (N+2)0R{(SUM(N+1,N+2)AND(N+,)OFl(ti:2ij 0-..._ ____ _. NHU 

(-,._a. H - M •I IC-ta> i...----------,==!.....&.11...-bt. R,C 

N SUMIN N+11 

x x 
0 1 

x x 

UL..-+:a.s 
U:-..5.2 

L::....-Qnd 1 ll.llllc °"""' ~· 
I r=--Qncl 2 (Ill-I.Ogle ... N1111 
1 f-ll-Gncl 2 1-.._ ... N1111 

·------------------------· Power Olulpelion; 514 mW \YD.; 
P-r eupply currents: +3.5 O 28 mA lY'D· ; 

700 mW lftU; (Ou!pUll: 100 Dllm1 11 -2.0 V) 
38 mA mu. 

-&.2 O ao mA lY'D· ; 109 mA mu. 

INPllTS OUTPlJTS 
N+, SUMtN+1 N+21 N+2 N+, N+, OR r .. •1 

1 x x , , 
0 x x , 1 

0 , 0 1 

All oilier Input condilion1 produce zero ouipu11 
x •Don, can. 

D ECLIAffls 

N 
N+1 .... _____ ----.a-~·--

::!-•--· 
N ... 

CASE 1 CASE2 

o Locallon of panlcle In SS> 

• Signals to NHll 

• Signals to Auxlllary Beckpfane 

-•·ZI .. 
- .. z.90 

para=; ' ' 

--·--
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IC-04: SSD S-CBANNEL LOGIC ' OCTAL NBit 

Cavity Dowm 
Thermally Enhanced, 44 Lead Plastic Chip Carrier 

Part Number IC-04, v2·eo 

II 
i 
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+ .. + + 
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~ ~ ~ ~ 

! § ! i·~~ II: Nr ~ .. + + 

"' "' .. "' . •· w 

INIORI- - -J 

IN+llORI- - -J 

IN+210Rf- - -J 

.,_..._.._, .. --•• Gnd NIUI:. 01.11:. 

N NH1t Ollt 

" .. N+3 w 
0 N+4 
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N+7 

SDMIN+l,N+llANDIN+iJORIN+B) 
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z ~ .,; • + • i !!. z 

'f 
~ • 1 
"' 
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1 .s 
:! 

BOTTOM VIEW 

Created 1-21-89 

Revised 10-13-19 
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0.026" min 
0.032" max 

I 

-+ I ...--
I I 

o.oso· 

· o.eso•m1n 
0.856• max 

0.68S•m1n 
o.e9S•max 
(square) 

All dimensions are in inches. 
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®MOTOROLA 

DUAL 4-5-INPUT "OR/NOR"' GATE 

The MC10109 is a dual 4-5 input OAINOR get~· 

Po • 30 mW tvp19aie 4.No Loadl 
lpd • 2.0 ns tvP 
t,, tf • 2.0 ns tVP 120%-80'¥ol 

LOGIC DIAGRAM 

:¥, 
I 2 
7 

·~ 10 ,, ,. 
12~15 
13 

Vcc1 • Pin 1 
Vccz • Pin 11 

Vee • Pin a 

MC10109 

MEC&. lQK ·--• 

DUAL 4-5-INPUT 
"OR/NOR .. GATE 

dllllllfPti 
J~~r1 111 

I 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 6Q -I 

Vcc1 

Ao.It 

~ 
Ain 

Ain 

Aift' 

Ain 

YEE 

FN8UFPIX 
PLCC 

CASE 775 

Vea 

lout 

i; 
B;n 

Bin 

8;n 

Bin 

B;n 

l'in _...,_,.for Quel.llMiN ,.._.., 

For PLCC Din-·-•· - ...... Dll ..... 1-31. 

• 
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®. NIOJUROLA 

QUAD TTL TO MECL TRANSLATOR 

The MC1012• ,. e qued treMletor for inwfecir19 data end con· 
trot eigneta Mlween e utumed togic HClion end 11'1• MECL sec· 
tion of dlgital avatefftL The MC10124 h .. m COmDmtible inputa, 
and MECL comptemenurv opeft4mitter ouuiuta inn allow use 
11 en invertinotnon-invening tranalator o; as a differential line 
drtv.r. When the common strobe inpui is at the tow logic level, 
it fon:es all uue out0uta to a MECL low logic mie and all inverting 
OutpUta 10 a MECL high logic ..... 

POW91' aupply requiremema are ground. + 5.0 Votta. and -5.2 
Volta. Propega1ion d•llV of 11'1• MC1012C la tvDicallv 3.5 ns. The 
de 19veta are standard or Schottky m In. MECL 10.000 out. 

An advana.ge of this device i8 that TTL level information can 
be tranamitted differentially, via balanmd twisted pair lin ... to 
the MECL eQuipmem. where the aignat can be received by the 
MC10115 or MC10111 differential line receiverw. The MC10124 la 
uufut In computers, inatrumemation. P9fipherat controllera. teat 
equipmenc. and digital communicationa synema. 

Pg- • 380 mW typiplcg CNo Load> 

tpc:t 
t,. tf 

• 3.1 na IVP C + 1.5 Vdc in to 50% out) 
• 2.5 na 1VP CZ~t 

LOGICDWWW 

I ' I 2 
7 3 , 

10 12 
15 ,, 13 ,. 

Gnd • P'm 11 
Vee I+ s.o Ydcl - Pin • 
VEE I - 5.2 Vclcl • Pin I 

MC10124 

AA•CCl:&.L MiJK ·--··· 

QUAD TTL TO MECL ... 
TRANSLATOR 

-
L SUflllX 

CERAMIC PACKAGE 
CASEIZO 

II 1. 

-~ PIUFFIX 

• P\.ASTIC PACKAGE 
CASE ... 

I 

• FNSUFlllX 
PLCC 

CASE775 

lout Gnd 

Aaut Cout 

Dout 

Ao.It o;;· 
Am· c;;· 

Common 
Din Sll'OD9 

ltn Cin 

YH Vee 

llln 1•·1 -•le fDr Dual in·llM,...... 
For Pl.CC Din - I __ ._ w --.... M1. 
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MC10124 
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® If/IOI OROl.A 

QUAD MECL TD TrL 
TRANSLATOR 

Th• MC10125 I• • quad traMletor for lntert.anv data end con· 
trol aitnel• betw•n th• MECL MC!lion end MIUl'Med logic ue> 
tione of dl9ttal SVIR9fM. The MC10125 incorporata Giff9Nntiel 
inpua end Schontv TTL "totwn PGI•" outoua Differwmel inpua 
allow for UM • en invenint1non-invenin1 traneletor or n • dif· 
f9rwniel lin• ,...,.,. Th• Vas reference volt.av• i• evei,.bl• on 
pin 1 for UM in •in9l....aed l!lput l:liellin1. The OUlllUD of the 
MC10125 go to • law tovic: le'181 wheMvW the . input.a ere left 
flomtino. ' 

Pow.r •uppty requirements ere 1round. +5.0 Volta end -5.2 
Volta. ProPaveDOn delay of th• MC10125 •• typically ,,5 na. The 
MC10125 ha fanout of 10 TTL loedL The de: leYet1 ere MECL 
10.000 In end Sc:lwllkt m.. or TTL out. Thia Hvice hU en input 
common mode noi• rejeclion of a 1.0 VolL 

Alt edvanr.et• of thi• dwiclt i8 IMC MECL level information can 
be rwitled. vie Mlanced twi...a pair lin-. in the nl. IQuiprMM. 
Thia ~ the MECL lo9ic: from the noiay nL. environMM. 
Thi• dftice i8 uuful In com_.... inMrUmenlltion. periptMnl 
colllrOllera. - equipment end digital oommunicaliw ay1191M. 

Po • • mW IYPIPllV CNo Loadl 
lpd • '-5 n• iyp (iO'lrt to + 1.1 Vdc outl 
t,. If • 2.1 ,.. tvP (1.0 v to 2.0 V) 

LOGICDWWW 

:~· 
~~· 
10~12 ,, 
,, ::::r>--- 13 
15 

L-, 
v11• 

Gnd • Pin 11 
Vee 4+1.0 Vdcl • Pin I 
VEE 4 -1.2 Vdct • Pin I 

-v11 ....... ....,.-. ... MCt01a..., .... ..._...._..., ..... 
o.o, ,., .. o.' ,J ·-· 

WMll - WIOUl Diii Wltll - ..,...... -- ...,_ ... OUlllUI ... ...-. 

MC10125·: 

A DLMiilK-..-. 

QUAD MECL TO nc
TRANSLATOR 

-

LIWRX 
CERAMIC 'ACICAGE 

CASEl20 

II 

P~n~::XCICAGE -
CASE Ml ,.'mlll 11 

' 

• FNIUfPIX 
~cc 

CASE77S 

.. 
PIN HM•llllT 

V19 Gl'ld 

ijft' Dtn 

Atn Bj;-

Ao.It .Do.a 

lout Cout 
.;;; .Cin 

l1n ?; 

VEE Vee 

"'" .... - • .., Dull~ ....... 
For PLCC 11111 w I - - ...._ 911 .... M1. 
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MOTOROLA 
SEMICONDUCTOR ......................... . 
TECHNICAL DATA 

1-of-16 Decoder/Demultiplexer 
With Address Latch 
High-Performance Slllcon-Gate CMOS 

The MCS4/74HC4614 is identical in pinout 10·1he MC14514B ~CMOS 
device. The device inputa are compatible with ltllndlrd CMOS outJMS: with putlup 
resistors. lhev ent compatible With LSTTL OUIPUtS. 

This device c:onsim of a 4-bit storage latch with 1 Lltcl'I Enltlle Ind Chip Setect 
input. When• loW lignel is applied to tne Llteh Enable inout. lht l\dclresa • atonld. 
and deeoded. When the Chio Select 1nout 1s high, all sixieen outputS are forced to a 
low level. 

The Chio Select inout 1s provided to facilitate the ch1p-select, demu1t101ex1ng, and 
cascading functions. 

The demultioluing function is accomplished bv using the Address 1nouts to select 
the Cles1ntd deVIC8 outout, and then t>v using the Chio Select as a data 1nout. 

• Outout Drive Capab11itv: 10 LSTTL Loads 
e Outputs Oirecttv Interlace to CMOS, NMOS. and TTL 
• Operating Voltage Flange: 2 to 6 v 
• Low Input Curr.nt: 1 llA 
• -High Noise lmmunitv Characteristic of CMOS OeVIC8S 
• In Comoltance with the Requirements Defined by JEOEC Standard No. 7A 
• Chip Complexity: 268 FETs or 67 EQuivalent Gates 

Birwrv A-.. 
lnpu11 

AO 2 

At 
3 

A2 21 

A3 

4-Bit 
St0!'809 
Lltcl'I 

Latet1_1 __ ,... 
ENltlle 

BLOCK DIAGRAM 

Chio 

S.iect-------------------
Pin 24•Vcc 
Pin 12•GND 

Activ9-Higl\ 
Outpui1 

I MC54174HC4&14-I 

·-J .... 

at...-... .-; JIW: I 
1~ CAIE1111MZ 

ORDERING INFORMAnON 

MC74HCXXXXN 
-MCMHClCOCXJ 

MC74HQOOOCDW 

TA• -fi5• 'ID 12PC far II ....... 
Dli••--•in~J. 

PINAS...._,. 

Lltcl'I E1111111e 1. Yee 
AO 2 Chip Selle! 

A1 3 A3 
Y7 4 A2 

YB 5 Y10 
Y5 IS Y11 

Y4 7 YB 
Y3 8 'ti 
Y1 9 18 

Y2 10 15 

VO 11 14 

GND 12 13 

MOTOROLA HIGH-SPEED CMOS LOGIC DATA 



MC&4/74HC4&14 

MAXIMUM RATINGS• 

,a.,.._. ........., v..... 
I Vr_r_ DC SUlllllY ~ \f'-fw•ma • GNDI -O.I• +7.0 

Va.. DC lnlM& Y°""9 ,.....__.. • GNDI -1.ltDV,.,.+U 

v-' DC au_.~ tR.,.._. • GNDI -0.1 • Vr_t!+O.I 

"" DC lnpur c:un.na. 1191' Pin t2D 
...... DC OutDul CurNn1. pw Pin t21 
,,.,. DC ..., Cunnl. Ver_ encl GND Pini tlD 

'o '-Gr: liJ • in Stll All, ....... c..mic DIPt I 7ID 
SOIC.,.._.t IUD 

T- s-...T ......... 
-·· +150 

I 
TL ..... r ......... 1 mm fnlm c.. tar'° s-.. l 

IPlmlic DIP or SOIC PacUoal 2ID 
lc:.r.nic: OIPI 3DD 

.,......... R8*'91 ...... ¥Olla. Doworld wtaiaft ...... ID ft a.v.. ll'llY aocur • . Funalianli....,.,... a. ninric9d m .. R1C10nW1•1Did Oclor9ang CondillDnl. 
t~ - , ..... DIP: - 10 mWl•c ,,_ •• 1D 121•c 

C..... DIP: -10 ntNl-C tram 100- tD 12PC 
SOIC ~ -7 mWl-C tram W \'O 1259C 

For laigh ~or laowy IDOd w ·aa aliui& - ChoPllll' 4. 

RECOMMENDED OPERATING CONDmONS .,...... ... _ 
Min 

Vtt DC ._, Vo1191o 1Raf91•..a • GNDI 2.0 

Vtn.¥- DC lnpur Vo1191o. OlltPUI Yott.vi IRafwl•aa ID GNDI I 0 

TA 0.-.. T-. All P8CUIO TWIOO -Ii& 

"'tf Input Rile ... fel 11mo vcc•a.ov 0 
Cflgln 11 Ycc••:IV 0 

Vr_r_•6:0V 0 

DC ELECTRICAL CHARACTERIBnCS rvon.v- Ral••liliiOd tD GNDI 

•Yftlbel ......... T•Co.....,. 

"'" MIMnuna~lnPUI Vout•0.1 v or vcc-0.1 v 
YClll9IO lloutls20,,,,. 

V1L Mainun ~ lnPUl Yauc•0.1 v or vcc-0.1 v 
v-... llaulls20,,,,. 

VQH MIMnunaH~Ou1SM Y1n•Y1H or Y1L 
v-.. l'-ldl""' 

I Mu 

1.0 
y,.,. 
+121 
10llD 
IUD 
«ID 

Y1rt•V1H or V1L llou1h&4.0 IRA 
u-1s1.21RA 

YQL ,..,.... 6.owoUWf °"""" V1rt•V1H or VtL 
YClll9IO llouds2D,,,,. 

I 

Y1rt•V1H or YtL lloutl s4.0 IRA I 
fl,,utlS&.2 IRA 

l;n MDimum lftDUt ~ Cun9m I Y;n• Ytyo or GND 

Ice MairnlllnQtd ....... \l)n•Vcc or GND 
CUINlfttDorPocUtlt 1 .... -0,,,,. 

NOTE: lnfom•lliill• on IVPlllll I*•••••...,..,. DI fallllCI in c:..._ •· 

Unit 

v 
v 
v 

IRA 

IRA 

IRA 

rriN 

•c 
•c 

Unit 

v 
v 
•c ,. 

Vee 
y 

2.0 I 4.1 
1.0 

2.0 
4.1 
1.0 

2.0 
4.1 
1.0 

4.1 
l.O 

2.0 
4:1 
1:0 

•.& I 1.0 

1.0 I 
1.0 

'nlll dlllia9 CIOlll8irl9 pra 1 a 
cinui11Y•...a8Qlil.c ...... 
... hill' ................ . 
...._.._ ... 11 li1ra-
be .... •Mlil11111r ... .,.,. ........................... 
...... ID tlal9 Ng!Hmp -
ClnlllL forllftlllllr-llliOla. Y1n-' 
v ................ .. 
,.,._ GND•IY1n or Youth5VCC· 

u..... ............... ........................ 
Co .... .._ GND • Ycct. UNlllll ..................... 

G ........... Umtt 

21•cto Unit 
s••c sm•c -••c 

1:5 1.5 1.& v 
3.11 3.11. 3.11 
•.2 •.2 •.2 

0.3 0.3 0.3 y 
o.t O.t o.t 
1.2 1.2 1.2 

1.1 1.9 1.1 v 

••• ... ... 
u I.I ... 
3.11 3.M 3.70 ... 1.34 1:20 
0.1 0.1 0.1 v 
0.1 0.1 0.1 
0:1 0.1 0.1 

0.21 I 0.31 0.40 
0:21 0.33 0.40 

;t0.1 I :I: 1:0 :1:1.0 ,.A 

8 IO 1• ,,,,. 

MOTOROLA HIGH-SPEED CMOS LOGIC DATA 



MC&4/74HC4&14 

AC ELECTRICAL CHARACTERISTICS ICt •IO Jt/F, tnpia ~·-·•nm 

Vee --·•Unite 
8YlllM6 ,.,_ 

IPC• .... v ... c ... -•-c 
qtUt. MszbiWWW Pw D) I H I ~. Chip ..... •OU.UC 't 2.0 171 22D - ,. 
'PHL lf9119• .. ll 4.1 31 .. D 

1.0 30. ., - • 
1pLff MszbiUlll '' tt I D I D119f, lllPlft A tD 0uqu Y 2.0 m - •··· ,. 

c,..._.z .. 11 4.1 • • • 1.0 • • • 
'PHL 2.0 111 22D -4.1 • .,._ 

D 
1.0 30 17 46 . 

1P'LH Maimurn ""''''' ... Ollw. Latcli ENlbla. Ou1'M " 2.0 Zll· ao - ,. 
lfiguNI i end II 4.1 • • . ·. 

1.0 39 48 • 
1P'HL 2.0 171 22D -4.f 35 44 63 

1.0 30 17 46 

'TUt· Ma1nun Ou1SIUI rn...., rime. An¥ OutllUI 2.0 71 Iii no "' 'T'HL lflluNs I Mdil 4.~ 15 19 .22 
1.0 13 18 19 

Cm Mmllniunt lnP&ft CID ·- - 10 10 10 pf 

NOTIS: 
1. Far111 t I. , .................. IODF.-0......4. 

2. lldlaii i.., ...... ···-·--- ....... in a-.. 

CPD PowwD' is Ii I c~mn:m tflw ....... TypM9t e 31•c, V~•U Y 
u.. .......................... WISftiDn: 
flo·C~ vcc2t+•cc Yee 70 pF 
Far la9d .. ~ ····-a-•. 

nMING REQUIREMENTS llnaut ~·tt•I Ml 

G...,.,....Umlt ..,...... ,_._, Vee ••c• Unit v sa•c sarc -•c ... Mir*IUn i9IUID rime. inpUI A ID Lnl::ft lnilblll 2.0 100 125 150 "' ,,... ... 4.1 2D 25 30 
1.0 17 21 • 

"" 
Mlnlnun Hald Tlrm, La11:1ft Enlllle • ..... A 2.0 5 5 ' ,. ....... 4.1 5 s I 

1.0 5 5 5 

tw ......... Nia Wldlft ..... ,,..... 2.0 • 1CIQ UD .. 
1Flgul9il 4.1 18 2D 24 

e.o 14 17 2D 

t,, ff Mainun lnOll& Rill .... fell 11n'99 2.0 IOllO 1000 1000 .. ,,... .. 4.1 a a a 
1.0 - - «JO 

NOTl: lnfuinaw an t¥pal ;lllllMIN: .,._. .. DI fauna in~ 4, 

MOTOROLA HIGH-SPEED CMOS LOGIC DATA 



U11Ct'1 
£1111:119 

Outrlut y 

FICIUlll 1 

ACIURE3 

F-" 

MC&4n4HC4&14 

.... 2 

... ---vcc 

.-GND 

ITHL 

FJCIURE4 

-· f~ ~-] 
- vee 

GND 

c·~ Uld'I 
El'lllle 

FIGURE I - TEST CIRCUIT 

Dtvicll 
Uncler 
Test 

OutDUt 

MOTOROLA HIGH-SPEED CMOS LOGIC DATA 

·Vee 

GND 

-vcc 

GND 



Ldlb 
~ 

H 
H 
H 
H 

H 
H 
H 
H 
H 
H 
H 
H 

H 
H 
H 
H 

x 

L 

FUNCTlON TAILE 

Mlnm--
Chip 
s .... A3 A:l. ., 

L L L L 
L l L l 
l l l H 
l l L H 

L L H L 
L l H l 
l l H H 
L L H H 

L H L L 
L H L L 
L H L H 
L H L H 

L H H L 
L H H L 
L H H H 
L H H H 

H x I x I x 

L x x x 

Input A 

Cl'liO S11ec1 

NJ 
L 
H 
l 
H 

L 
H 
L 
H 

L 
H 
L 
H 

L 
H 
L 
H 

x 

x 

MC54/74HC4&14 

a...... 
au... 
IHlghl 

YO 
Y1 
Y2 
Y3 
Y<& 
Y5 
ve 
Y7 
YB 
Y9 

·Y10 
Y11 
Y12 
Y13 
vi• 
Y15 
All 

PIN DESCRIPTIONS 

ADDREll INPUTS 
M. A1, la. Al IPINI Z. 3. Z1. 2ZJ -~ ......._ 

n- inputs • d9ood9d to praduCe • high ...,.. on OM at 
,.....,.. The ........ ,.... IUCh .. A311•..-
....... I bil lftd NJ 11 U. l11••iificml llit. TM ...... 
........ of 1M binlrf itpu1lddl.-ilwimWwhiahof1he 
11 daa CIUQIUla. Y0-Y11, II HIH-

OUTPUTS 
ft.Y11IPINS11.1. 10. I. 7, I. I. 4. 11. 17. 2D ••• 14. 

11. 11. 11) - Ac:dve-High 0utpura. Thme ......... praGuc:e a 
high level when ~ IL.etch Enable• H, Chip Select• U 
and.,. at a low level when not~. 

CONTROL INPUTS 

OutouD• L 

LATCH ENABLE IPIN 1t - Latch Enable Input. A law.,.. 
on thia input 1tcn1 aw data on the Addi.-...__... in 1he 
4-blt IMch. A high level on the Latch Enable input ,..... 1he 
lsldl ft~ enci allow91M OU1DUD ID folow 1tle ..... 
Nota '*'8t tna data ia latctleO onlV wtlilit 1tle Latch &nable input Latc:n90 

Dai. 

I 

••• lowlevel. 
CHIP SELECT CPIN ZI) - Chip Select !npu&. A high on 

thil Input ptOduml a low level on all DUIPUIS. regmrcll of 
wMt ~ M 1M ~or Latch Enllble inDla. A law 
.,.. on 1he Chip S.i.ct input allowa 1M _.., °"""" to 
produce • high level. . 

TIMING DI.AGRAM 

Outoul Y n n.J ------' -----

MOTOROLA HIGH·SPEED CMOS LOGIC DATA 
' 



MC54/74HC4&14 

EXPANDED LOGIC DWWW 

----10.111 a..---

LE 

A1 --..-+--toaui a.---

LE OP--+-• 

LE OD----

MOTOROLA HIGH·SPEED CMOS LOGIC DATA 

C.llt')'t 



®MOTOROLA 

HEX BUFFER WJTH ENABLE. 

Tiie MC10H1D la• high·IP"d Hex Bufferwilh •common Ena· 
ble in"'11. When Eneble ie in the high ...... ell OUIPUIS ere in the 
low4lete. When Enable is in the low-Mete, the outputl telce the 
ume mt• •• th• inputa. 

Thie MECL 10KH pen ia • func:tionellpinout duplication of the 
stenderd MECL 10K family pen. with 100% improvement tn prop
egelion delay end no increeM in power-supply current. 

• Propagation Deley, 1.3 na Typic.I Deta•to·Output 

• Pow9r Dissipation 180 mW Typ1Pkg CNo Loedl 

• Improved Noise Margin 150 mV !Over Operating Voltage end 
Tempereture Rengel 

• Voltage Compenutecl 

• MECL 10K.Competible 

MAXIMUM RATINGS 

CllllHI .... ......... ....... Unit 

,._ &UOPIY IYCC • 01 Vf! -1.0IOO 'Ide 

....,..v-...1vee•01 v, OIOV£E 'Ide -0.... Culftnt - Colllin- '°"' 50 lllA -s.,,.. 100 

0peqn,,. Temowe1u,. A•no• TA 0-•75 •c 
St .... Te'""'11tUl'9 "8"'9·- Pl•lftC T119-. -ilto•150 •c -c.n- -ll••tlll •c 
ELECTRICAL CHARACTERISTICS IVee • -s.z V :5'11.t cs.. Hotel ,,. .•. ··- w-

Chen illlic s......-1 Min Mal Miit Mu I Min I Mu I Unit 
,_...., Cunwnc •e - .. - '2 -- ... rnA 

Input Current High l1nH - .. I - 310 - 310 #AA 
Input Current Low linl 0.5 -· o.5 -- 0.3 - #AA 
HiOfl 0utout Vott.ge VQH -uz -0.M -0.11 -o.at -0.IZ -0.731 Vele 

Low OutDUt v~ VOL -1.15 -1.13 -1.95 -1.a -1.15 -1.10 Vdc 

Hifh Input Vottev• VtH - 1.17 -0.M -1.13 -0.11 -1.07 -0.7351 Vdc 

Low Input Volt-O- Ytl -us -ua -1.95 -ua -t.95 -1.•s Vdc 

AC PARAMETERS 
'"'"9•11on 0.1.., lpd n1 

Enable 0.7 2.Z 0.7 z.z 0.7 2.z 
Date 0.7 1.9 0.7 1.9 0.7 1.9 

Ri•Time Ir 0.7 2.4 I 0.7 u 0.7 2.4 "' 
F•llTime tf 0.7 2.4 0.7 2.• 0.7 2.4 na 

NOft: 
bCllMICL10ltM ___ IMllea ............ •--• .. t rt Ill •• .._ .. ..__ ..... _....,_...,....,_......... . ..... n.e-···--·--·· .----·•-wllow..--IOOllllM•--•· au..-•w .... llWOUlft•I0.,_ ___ 2.0Wllll. 

2-86 

MC10H188 

-

. L ....... 
CEUMC PACUGI 

CAlllZO 

ti I • -

,,_!:. ,~ --
.. I flUS1IC PACUGa 

CAii... ,. 
I 

·~- ·~·~::::::::; 1 .... 
1.-.• _ .... ..llljJ 

, -: 1-...+--t.__J 

,3-10-.......... J 

,., "--+-~ J 

1 ( lz:---t.__J 

-·-
i.. --· ... Vcc1 •Pin 1. 

Vccz •Pin 11 
Vee• Pinl/O 

x 
.. 
L 

" 
" 

DIP 

vcc1 

Aout 
lout 

Cout 
Ain 

lin 

cm· 

y 

L 
H 

L 

H 

a 'I~ . (:'"" 
l:t 11-· 
... a:. 
II .,-

°"'-
OUT 

l 
M 

L 

L 

Vea 
Fout 

Eout 

Dout 

Fin 

E;n 

Din 

Common 

l'in •• 1 -• • fllr Dulll ilMil• ,_...,; 
For~CC0inw 1w• .. -18111e1• .... 141· 

@ 



SN54122, SN54123, SN54130, SN54L122, SN54L123, SN54LS122, SN54LS123, 
SN74122. SN74123, SN74130, SN74LS122, SN74LS123 

RETRIGGERABLE MONOSTABLE MULTIVIBRATORS 

f • 0-C Triggered from Active-High or 
Active -Low Gated Logic Inputs 

• Retriggerable for Very Long Output Pulsea, 
Up to 100% Duty Cycle 

• Overriding Clear Terminates Output Pulse 

• "122. 'L 122. 'LS122 Have Internal 11ming 
R..a.tora 

deMription 

19- d-c triggel9d muhhribrators f•ture ~tput pulse 
width c:omrot by 1hree methods. The baic pulse time is 
programmed by Mlection of external resistance end 
capacitance Vlllu• c... tYPical 1ppticllion datal. The 
'122, 'L122. and 'LS122 have internal timing resistors 
thlt allow the circuits to be used with onlv an external 
capecilor, if so desired. Once triggered, the basic pulse 

- width may be extended by retriggering the gated low· 
level·•ctive (Al or high·level·actlve CB I inputs, or be 
reduced by use of lhe overriding clear. figure 1 ii· 
lustret• pulse control by retriggering and early clear. 

The 'LS122 and 'LS123 are provided enough Schmitt 
hystllr'mis to ....,,. jitter-free trigga'ing from the B in· 
put With tl'llnlilion rata as llaw U 0.1 rftillivolt per 
n11noeec:ond. 

The Rint is nominllly 10 k ohms for '\22, 'LS122. and 
is norilinelly 20 k ohms for 'L 122. 

SN&41 ZZ. SNM.5122 ••• J OR W PACKAGE 
SNML 122 ••. J PACKAGE 

SN1•1ZZ ••• .I ORN PACKAGE "'~ 
SN14LS122 ••• D • .IORNPACKAGE '~ 

CTOP VIEWl CSEE'HOTES 1 TMRU 4) ~ 

1A 1& vcc 
11 15 1 RextlCext 

14 1Cext 
13 1Q 
12 20 
u CL 

1 10 28 
8 9 2A 

NOTES: 1. An ea1erne1 limint ee-1tDr m•v IM-COftft8Ct9d ti• 
tw•n c •• 1 •na "•atlCexi (PD•m.,.1. 

2. To u• tft• 1n1erne1 limint r-•tor Df ·122, 'L 122, Dr 
'LS122, CD-ect "int ID Vec-

3. "°' lmpr-pUl .. WIClltl ec&VfHY .... ....-W91NlltY, 

CD- llft nnrnel .... ftDr ti•-- "•ai/C..t 9fld 
Vee w11t1 "int oci-1rcui1ec1. 

4. To •••n wer•tll• llUlw widttls, con- an ••t•NI 

warteDl• l'Wllftance ..._ "int or "•xtlCeat and 
Vee· 

. "EVISED DECEMau• tH3 

INl41Z3,SNl4130.SNMl.StZ3 ••• JORWPACIAGE 
SNML 123 ... .I PACKAGE 

SN7•1Z3, IN"4130 .... .I ORN PACU~GE 
SN7&a1Z3 ••• D.JORNPACUGE -z:· 
(TOP VIEWt ISEE NOTES 1 THRU •t 

A1 , ' vcc 
A2 2 ' RextlCexs 
81 3 NC 

BZ Cext . 
aJ NC 

0 Rint 
GND 1 Q 

&Nl4LI 122 ..• FK PACKAGE 
. SN14LS122 ••• FNPACKAGE 
rTOP VIEWt (SEE NOTES 1 THRU .. , 

NC 
NC 

C.xt 
NC 
NC 

SNMl.&123 ••• FK PACKAGE 
SN14LS1Z3 ••• FN PACKAGE 

rTOP VIEWt (SEE NOTES 1 THAU '9 
TC. 

1Cul 
1Q 
NC 
20 

2Cm 

'1 -ui mcu ua: --z>-
3 2 

NC·No---•• icn • 

1 Cmct 
1Q 
NC 
20 
2CUi 

(4 
w.. 
(,).,. -> w 
Q: 
-'· 1--
t--
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1N54122, SN54123, SN54130, SN54L 1~ SN54L123, SN54LS122,..SN54LS123, 
1N74122,-SN7,123;-sN74130, SN74LS122, SN74LS123 · 
IETRIGGERA~LE .MONOSTABLE MULTIVIBRAlORS 

•cription (continuacO 

lllTlllOOlll l'UUI 

••NNT Jl---~P--'------"""'I"---
i----1w••LH __ _ 

I. 

OU1l'UT l'ULll CONTllOL Ulllllll •ITltlOOlll NLll 

D 
-----. OU"'1TWITHOUT CLEAi! 

OUTPUT.a J ... 1-_-_-_-_-_-_..,_.: ________ _ 

CLEA" 

OUT,UT "ULSE CONTllOL USING CLlAll INl'UT 

NOTE: Aetri- pul- 1t•"'"ll before 0.22 Ce•t (in picotradal na-• etnr IM inltiel triltl9' pulM 
will ba l9norea and tlla output ou1 .. will renw1n 11ndlltn99C11. 

FIGURE 1-TYPICAL INPUT/OUTPUT PULSES 

.,zz, •L122, •LS1ZZ 
FUNCTION TABLE 
IWUTS OUTPUTS 

Cl.EAR At A2 at a 0 a 
L JC x x x L H .. 
JC H H JC x it Ht 
JC x x L x Lt Ht 
x JC x x L Lt Ht 

H L x t H n u 
H L JC H t n \I 
H x L t H n \I 
H JC L H t I'\ \I 
H H ' H H J'\. v 
H I ' H H n lJ 
H I H H H n lJ 
t L x H H Jl. v 

' JC L H H Jl. v 

See ftplene1ion of funciiOn aOI• on ..... 
' Tll- hn• of tll• tunctiONI taOI• a•ume tllat tlla indi

cated HUllY .. t•ftl condit0n1 at tlle A and 8 inpu11 llave 
bMft ... , uo lone ano11911 to co mole• eny pul .. aurtea oe
fore tll• Mt up. 

.,D. .,30, •1. 123, 'LS123 
FUNCTION TABLE ,....,,.. OUTPUTS 

CLIAR A • Q a 
L x x L H 

x ... x Lt Ht 

x ·x ._. Lt Ht. 

H L. t .n ""t1' 
H I H fl lJ 
t L H Jl. i.r 

·--·\ ,---·--. . 
~,... 

~ ._. 

·-- :.-f: ---.. 

3-478 TEXAS •. 
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SN54122, SN54123, SN54130, SN54L122. SN54L123, SN54LS12t SN54LS12l, 
SN74122, SN74123, SN74130, SN74LS122, SN74LS123 

RETRIGGERABLE MONOSTABLE MULTMBRATORS 

logic diagram 

'122. 'L 122, 'LS1Z2 

, A 1 ..:.11.:.:.1..o(ll-:-..... 

~AZ . ..:.12;:,;;I-~--' 
~ ., "''::'---.,__ ... 
!u....~·-·--------;::::::1-....J 
~---

5:1 -~-•----e----a 

R;nt 

1131 
R,.tlC.•t 

191 
Rint 

1111 c. •• 
Cit a 

,., 
Q 

logic symbol 

'122, 'L1Z2, 'LS1Z2 

A1 " ~1 • n. 
AZ 121 ., (31 

u '" 
CL'I 15t 

" 

Rint ia nomin•llY 10 k oh"" for '122, 'LS122, •no 20 k ohm• for 'L 122. 

. logic diagram (each multivibrator) logic symbol 

'123, '130, 'L123. 'LS1Z3 '123, '130, 'L 1231 'J.1123 

.... tic.., . 1A m • n 
c. •• ,. 121 

Q 
(31 

1CLR " 1C.•t n•1 
li 

1flelltl'C..•t 1151 
ex 

AX/eX 

ZA 
Ill • I'l 

28 
(101 

zCLii 1111 
A 

zc.., (Ill 
ex 

2Re•t'C.•t 
17) 

AXICX 

Pin...._, • .i.own on loOic: notation - tor O. J or N NCll89"· 

Ill Q .. .. Q 

-
1131 1Q 

4'1 1Q 

151 
2Q 

112) 
2Q 

en· 
W
U --> 
LU 
Q _,_ 
i::· 
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SN54122, SN54123, SN54130, SN54L122,.SN54L123, SN54LS122, SN54LS123, 
SN74122. SN74123..SN74130, SN74LS122. SN74LS123 
RETAIGGERABLE MONOSTABLE MULTMBRATORS 

schematics of inputs 1nd outputs 

'122. •123, •130, •L 122. •L 123 CIRCUITS 

EQUIVALENT OF EACH INPUT 

Clur inpuu of '122. '123. '130: Req • 2 kQ NOM 
Other inpua of '122. '123, '130: Req • 4 kQ NOM 

Clur inputs of 'L122. 'L123: RllQ • 4 kQ NOM 
Other inputs of 'L122. 'L123: Req • 8 kQ NOM 

TYPICAL OF ALL OUTPUTS 

'122, '123, '130: A• 100 n NOM 
'L122.'L123: R•200QNOM 

'LS1Z2. 'LS123 CIRCUITS 

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 

17 ONOM 
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TYPES SN54122, SN54123, SN54130, SN74122, SN74123, SN74130 
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS 

recommended operating conditions 

SNM" sra•· 
MIN NOii MAX MIN NOM MAX 

UNIT 

SuPlllv va1gge, vee •• 5 5 5.5 •• 75 5 6.25 v 
Hlgh..i-1 ourput current, IOH -800 -800 /AA 
~ ou~t current. IOL 11 18 mA 

. """' width, lw «> «> .. 
EaWMt liming rn11tanm, Rext s 25 5 IO kn 

Ea.,.. CIPlciunce. C.xt No rw&riclian No rwlriclion 

Wirint CIPlcimncie at RutlC.x• terminel 50 50 pF 
Qpimra1ing ,,_., ternciereturw. TA -ss 125 0 70 •e 

electrical characteristics over recommended free-air operating temperature range (unless otherwise nomd) 

PARAMETER TEST CONDITIONS' 
'122 

MIN TVPi MAX 
VtH H1gl'l·leve1 input voltege 2 
YIL LOw-lewtl input VOltege 0.8 
YIK Input cl•ITID vottege Vee •MIN, It• -1zmA -1.5 

VOH Htgh-level OUtDUI voltlge . Vee & MIN, IQH • -ISUU i'A, 2.4 3.4 
See Note I 

VOL l.OW.fevel OUtpUt voltage Vee •MIN. •oL • 16mA, 0.2 0.4. 
See Note 1 

•• tnout current et nw111mum input vo1t1ge Vee •MAX. v,. 5.5 v . 1 

llH High.fevel inPUt currwnt Uett lftPUIS Vee.,. MAX. v,. 2.4 v . 4u 
Cleer input 80 

ltL L.ow.fevel inpUt current Oa1e 1nPuts Vee• MAX, 
-1.6 

Cl•• input 
V1•0.4V -3.2 

Inc.! Short·c1rcu1t outout currwn .. Vee •MAX. See Note 5 -10 -«> 
•cc S11pp1y current IQu1-n1 or mggerectl Vce•MAX, Sn Notes I 11nd 1 23 le 

'For eDnctition1 "'-"ea Ml N Dr MAX, u• me v•lu• aoec:ifiect un- NCDmm•ncteO aperettng condltlon1. 
~All tvoie•l v••u• •re et Vee• 5 v. TA• 25°C. 
•Not more 11'1en one outDut lhoulct IN lfto.- at • time. 

'123. '130 
MIN TVPt MAX 

2 
0.11 

-1.5 

2.4 3.4 

0.2 0.4 

1 

"" 80 
-1.6 
-3.2 

-10 -«> 
11&6 66 

lllOTES: s. Gr-net c .. , to me_,. VoH et Q, VOL at a. or •os •t Q. Cen ii - IO ....... ,e VoH et a. VoL et Q, Dr •os •ta. 

UNIT 

v 
v 
y 

v 

v 
mA 

/AA 

mA 

mA 
mA 

6. OuiMCent •cc ... ,......,,... lefter CIHringl witft 2.C V aooliect to a11 ctear Md A tnouu. 8 lnouta grounctact. ell ouepua -· Cn1 

• 0.02 l'F. and "••t • 25 kn. A;n1 ot '122 is -
7. •cc ii me...,reo in the ,,.,...,.. 1tam wi11'1 2.c v eoohect to all clear anct a inouu. A inou11 grounc1ea, ell out11u• -· Ce•t • 

0.02 ,.F, anct "••t • 25 kn. A;nt of '122 Is ooen. 
. . 

switching charac111ristics, Vee• 5 V, TA• 25°C, see no• 8 

FROM TO 
PAAAME,TER• (INPUT> IOUTPUT> 

TEST CONDITIONS 

A 
Q tPLH B 

4 a IPHI. B Cext • O. 

fPHl a Ct.• 15pF. 
Clear a 'PLH 

1watm1n1 Aor 8 a 
lwQ A or B a 

~ •• , & 1uuu PF, 
CL• 15pF, 

'1PLH l5 proo .. et1on ctaley , ........ IOW.tO-ftigl'l·level OUtOUt 
•HL • prap .. etion ctetey time, lligh.to-IOWolevel 'DUtDUt 
1wQ • wlcttl'I of pul• et -uaut Q 

Aext • 5 kn, 
RL •400n 

Rext • 10 kn, 
AL •4000 

NOTE I: Sn Generet lnfDl'lftlltlOn Section tor loed c:m:111t1 enct voltege wawtotm1. 

MIN 

3.08 

·122. '130 '123 
TVP MAX MIN TVP MAX UNIT 

22 33 22 33 
19 28 19 28 

ns 

30 40 30 co 
27 36 27 36 

ns 

18 27 18 27 
40 30 co ns 

30 
45 65 45 65 ns 

3.42 3.76 2.76 3.03 3.37 '" 

Cl) 
IU 
CJ -> w. 
Q. 
-I-

t= 
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. llt DKHTllC2. 111DlllTIH3 
OCTAL TTL·TO·ECL TRANSLATORS WITH OUTPUT llAIU 

• , OKM Colftpettblt 

• I~ Ind TTL Con1101 tnout1 

• ......, ..... lltdUH DC LHdtftl 

• New "'°w•Throuett Arehlltoturt eo 011tlnda• 
PC1Layeu1 

• CtMlf "" Vee. Y11 •ncl GND 
~·to Mlnlrnllt Hllh-1_. 
lwlleNnlNollt 

• · UD "9t1Dllon la111d1 1000 V, 
MIL-ITD-lllC Mlthocl ID, I . 

e ""'81t Optlont lftotude "lrnall Outllftt" 
hou911 •nd lt.andard '911t.lc 300°rnff DIP• 

OHcriptlon 

,..,. .. Oallf m-to•ICL 1ran1111or1 .,. itlifftld 
10 providt an tfflclent. 1r1n11at1on f1.1nct1on 
~1tw11n • TTL ai9n11 ·1nvironm1n1 anCI • , OKH 
ECL. 1i9n11 1nv1rDnm1ni. The oe111n1r l'\11 • 
c:tto1c1 of tnvtnino C'l5142J or 1ru1 ~·gg,31 
outaW11. Two 'in1, lS! 1 tnd ?Sl2. art provided 
for outout 1n1ot1 control. Tht11 control inpu'tl 
'" negative ANOtd too1thtt. with '511 b1in1 
ECL compatiblt 1nd ?512 btint TTL c:o~atibtt. 
Thi• offare tnt cnolct of c:oniromng tl'\1 o.atDut• 
of tha dtvlH from tither • TTL or ICL 111n11 
environment. Th• ouui"'•· when dillDlad. 10 to 
• ncmn1l ICL loglc low aevel. 
Th1 SN10KHTll42 •n• $N10KMTll43 1r1 
C"lflCtlriHd for operation from O•C to 71 •C. 

., 
., 
Al 
Al 
M 
Al 
Al ,,., ... 

tHt 

'"' 
t9tl 

dm 

flll 
IHI 

ltll 
ltll .,., 
ftll 

.... 

-
0 

0 

... 
-
0 

-
..._ 

-

INtOICNTllU 

n1.11c1. • .. 
- .. 

nL11C• m ,, 
Ill 'fl ,,, 

..a 
tit Y• 

YI 

" 
ftl 

''" IHI Y7 ,,., 
YI 

-

Dt•ll. AUCIUIT •lll•IMll .. ~a . ._ 

DW O• lfT ~&eaAOI 
trc.Vt1w1 .,, .: , 

YI A2 
Y3 A3 
\'4 •• 

ONO 812 mu 
OND vcc 
GND ' ~I 
IND Cft1 llCU 

YI Al 
YI Al 
V7 Al ........................ 
llUNC:TION TAIL& 

OUTM I DATA I 
CONTltOL WllVT . °"""' .. , QIU • l 'IMl t 'INI I 
H • JI " " JC H x L L 
L L L " " L L H L M 

INtGDITllll 

• .. ., • 

'' Al .. 
M 

•• .. ,., 
Al 

'TMH lffMllll lrt ifl tCClrtll'lll wlttt ANllllHI It• IMl8' .,_. llC JwV11• a tt7•U. 

.. IUCTll .. • .. , ............. ···=-..... JI Mini., ...... -.. 4 &7 _____ .,,, ...... _ • 

....,......, ... _ .. , .. ·--
II 

0 '1f ....... 1tlMllfl a. 

c ........ Clttl.T1 ............. •1 ... 1 sze 

INSI=~ 
'"" ..... 10• ............. , .... ""' 

@ 
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, .... · .. ~~~ ..... ··~~-· 
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IN10KHT114Z, SN10KHTll43 
OCTAL m·TD·ECL TRAllLATDRS WITH OUTPUT EIAILE 

. lotlc .......... <POlldv• .... , 
11'10KMTIMI 

•baotut• maa.lmum ratings ov•r op1ratln1 ambient temperature ran1• (unlea1 oU\erwtn not•d 

'"'"'v volt••·· Vee ......... I I ••• I •••••••••••••••••••• ,· •••••• I • • • • • -0.1 v 10 
IUODIY vott:•1•. Vee .•....... I •••••••• I •••••••••••• I • I •• I •• I •••• I • I • • • _, v lO 
'"'"' vott191 (TTLJ CS•• Not• , , .....•..••.•....•..•.... ; .•.... ; • . • • . • . ~ '.2 v 10 
l"ltut voltage tECLJ . . . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • VEE to 
lnout eun•m C'nLJ . . . . • • . • • • • • . • • • • • • • • • . • • • • • . • . • • • • • • • • • . . • .. • • • - 30 mA ta I 
Oparattft; ambient tamoaratura ''"'' •• , •• , ••••..•...•.....•.••••••••••• , , O •c l 
Storage ttrns-tra1ur1 ranoe ...... , , , ..••.••.•• : . . • • • . . • . . . . . . . . . . . . . • •II 1C 

'l"91HI ...,.... t ... le lll•H YMe• ... ....._,., flllllMUM ,.... ... fftl• HUH....,.._ •elftllt tO tl'I ftWIM, TNll ... ltftM ft 

..... .,,, tvftt""'8t ......... " of .... WvtH It ""'' ., .... """' '°"'"'°"' .......... "''" NICltH Wftltt ............... " ·-
CDftlftllOftl" ii ,., llftthtl. bDOIU•I to IDllluttoflllliMUtfttPlttf COMltlOftl for ................ ll'llY lfttlt ............... . 

NOTE t: Tltl iftlM YOIUll rlllftll m11y M ....... , 9'9"111111 ft lnfUI IWfflM ....,.., M ........ . 

recommended op1ratlng condltlon1 C••• Note Z> 
MIN .... MU "' y,..,.. ,.,,. ........ - ••• 1.0 t.t I I 

VH 10.. .............. •4'.N •I.I •l.4'1 I .\ 

Y1w TTL .......... tftlUI ....... I , 
OIC •"'o --YIM ICl. ......... •tl..._....._.a Zl'C -u10 •ltO "' 11•c -1010 ., .. 

Vn: TTL 11• ieu11 "'°"' vottell ••• ' D-C •ttlO .... 
Y1L la. ......... ..,. ........ 21-C •tllO .... "' "ec •\tlO -"'° I..., m-....,......,.. •'8 "'· I Ta ......... -nut• c ... ._. ... II 0 71 •1 

ITM llll•lle Ni:UlftlW, lft ....... IHl1 Mlftiwl ................. ii .......... mNllUlllt ia ................. I ............ -, .......... . 
NOT11: 1. .......... , u..... ..... .,.,...., .. -av. · 

I; .... tCICM Mftn lnuft Na._, ....... tt"'"' N tt , ....................... llltlfillf "*••-- tnlt 1 ............... " ...... , ..... _ .. , ............ , ......................... - ....... ..... 
llr .... '''"'' "''" 100 lintlf ftllftfft .............. . lbAs. 

INSTRUMENTS ""' .......... .., ............... ..... 
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SN10KHTS540. SN10KHT5541 
OCTAL ECL-TO-TI'l TRANSLATORS WITH 3-STATE OUTPurs· 

• i OKH Compatlbll! 

• ECL and TTL Control Inputs 

• New Flow-Through Architecture to Optimize PCB 
Layout 

. . Center Pin Vee. Vee and GNO Conflgllratlons to 
MlnlmlH High Spcted Switching Noise 

• ESO Prot-.cUon E.xceeds 2000 V, Mii Standard 
883C Method 3015 

• Packag9 Options Include "Small Outlln9"' 
PackagH, Standard Plastic and Ceramic 300-mll 
DIPS 

de!;crtptlon 

These octal ECL-t(>-nL :ranslators are aesignea to 
provide the etticient translation- tunct1on Cle tween a 1 OKH 
ECL signal environment to a TTL signal environment. 
These devices are designed specifically to 1mcrove the 
performance and density of ECL-1(>-TTL CPU/Bus 
oriented functions such as m~mory address drivers, 
clock drivers. and bus criented receivers and 
transm1tti!rs. 

The designer has a choice of invening l'5540) or true 
('5541 l outputs. Two pins OE 1 and OE2 are allowed tor 
output enable control. These control Inputs are or ed 
together with OE 1 be1n9 TTL compatible and OE2 being 
ECL compatible. This otters the choice of controlling the 
outputs of the device from either a TTL or ECL signal 
environment. 

The SN10KHT5540 and SN10KHT5541 are 
c:haractelized for openrtion from 0°c to 75°C. 

FUNCTION TABLE 

OVTPUT DATA OUTPUT 
CONTROl. INPUT 

OEI 6E2 A "55.0 

' 
"S'S41 

x H x z z 
H x x z "" 
L L L H L 

L L M I. "" 

l"RODUCT PnEVllW Ill•-• -lllM .,.,. __ 

"" ~ .. _.. "' Ill• __ ,.. - ............ ., •··-•· Ctw-- ••"" end -· ·v..ik•"•"• - .,. • ..,.. •••••· , .... "'••-
......... tft• ,.. .. , to cti.9'9• ., •t .. Mlftu• "'

p,....,•U ""''-..,. ,... .... 

TEXAS~ 
INS1RUMEN1S 

POST OF~C! IOll ISSOtt • 01\u.AS. TEXAS 75:55 

~-JIM. JULY •tH COM""9!D JUL~-''" AT tO::ll=H 

SN10KHT5Sol0 .•• DW or HT Pea ... 
SN10KHT5!5'1.;.0W er NT P•ct.age 

(TOP VIEW) 

Y1 1 24 A1 

V2 2 c::J A2 
Y3 3 A3 
Y4 • 21 A4 

Vee 5 i5E2ITTLl 
GND 6 VEE 
GND 7 GNO 
GND 8 ~1 (ECL) 

VS 9 AS 
10 AS 
11 A7 
1:'.: AS 

C:..,,...~ 1tU. T .... -----



.=>N1 OKHT5540, SN1 OKHT5541 
OCTAL ECL-TO-TTL TRANSLATORS WITH ~TATE OUTPUTS 

loglc diagram (posttlve loglc) 

SN10KHT55'0 SN10KHTSS•1 

A1 2•1 111 
v' A1 2• ftl y 

A2 
23 Y2 231 y 

A3 Y3 A3 '1 

A• 21 I" V• AA 1 • y 

OEt 1ECL1 
1171 

OEt fECLJ 
171 

OE21TTL) 120\ 
OE2 CTTl) 

120) 

AS 
161 191 vs A5 

161 191 y 

A6 1 Sl 1101 
Y6 A 

151 1101 y 

A.7 ''" 
1111 V7 A7 1•1 (1H V 

A.8 (131 1121 YI A 
131 

( 

logic symbols¥ w>\\tUiit~l\ri SN1 OKHT5540 SN10KHT55'1 

OE2 & 012 & 

ECL/ 
EN EN 

OEt oet ECLI 
TT\;. TTL 

A1 C'> 1\. Y1 At t.-· I\ Yt 

A2. Y2 M Y2 

A3 Y3 A:J Y3 

A4 VA AA Y• 

AS vs A5 vs 
Al· VS Al Y6 

A.7 
(1'1 

Y7 A7 
(,.I 

Y7 

A8 
131 

VS AS 
131 va 

'These symbOls are in aceardance wrlh ANSI/IEEE Std e1-199.a ,,,..1i:i: ~ublk:ati~ 41i-t2. 
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[ Q:fafllr , ..... , 

Features 

I Altera corporation 

EPM5016 to EPM5192 
High-Speed, High-Density 

MAXEPLDa 

DataSheetf 

CJ Complete family of CMOS EPLDs solves design tasks ranging &om fast 
20-pin address decoden to 100-pin LSI custom peripherals. 

CJ The advanced MAX architecture combines the speed, ease of 11S9p and 
familiarity of PAL devices with the density of programmable gate 
arrays. · 

0 EPSOOO-series EPLDs provide 15-ns combinatorial delays, counter 
frequencies up to 100 MHz, pipelined data rates of 100 MHz, and high
complexity designs with true system clock rates up to 66 MHz. 

CJ Available in a wide variety of packages, including DIP, SOJC, J-Lead, 
PGA, and QFP formats in windowed ceramic and plastic one-time-
programmableversions. -

3 CJ MAX+PLUS PC- and workstation-based development tools compile 
large designs in minutes. · 

a Industry-standard EDIF interfaces to workstation and third-party CAE 
tools are available. 

Figure 1 shows the EPMSOOO-series modular architecture. 

Figure 1. EPM5000.S.rit1 Modular Atcll/flcfull 
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Family 
Highlights 

General 
Description 

+ Multiple Array MalriX (MAX) architecture IOlYet lpffd, demity,and 
dengn flexibilitypiobaem. 
- Advanced macrocell array provides registered, combiziatorial, or 

flow-through latch operation. · 
- Expander product-tenn array automatically provides additional 

combinatorial or registered logic. · · 
Decoupled 1/0 block with dual feaiback on_ 1/0 pinl allows 
flexible pin utilization. 

- -Programm1ble Interconnect Array provides 1utamatic 100~ 
. routing in devices with multiple LABs. 

- Each macrocell supports synchronous or asynchronous operation 
of every macrocellr using single or multiple clocks per device. 

+ EPMSOOO-Series Performance 
Pipelined data rates up to 100 MHz 
Counters as fast as 100 MHz 

- tPD performance from 15 ns to 25 ns 
Advanced 0.8-micron CMOS EPROM technology 

+ EPMSOOO-Series Logic Density 
16- to 192-macrocell devices 

- 20.. to 100.pin packages 
32 to 384 flip-flops and latches 

- More than32 product terms on a single maaoceII 
Product-term expansion on any data or control path 

+ MAX+PLOS Design t:ools . 
Design entry via unified, hierarchical schematic capture and Altera 
Hardware Description Language CAHDL) 
Fast, automatic design processing with logic synthesis 
Automatic device fitting, no hand editing needed 
Hardware and software design verification tools 
Compiles a 16-bit counter in 34 seconds on a 16-MHz 386computer 

+ EDIF interfaces to MAX+PLUS provide paths to Dazix, Valid Logic 
Systems, Mentor Graphics, and otherworkstation-baNd CAE tool1. 

EPMSOOO-series Erasable Programmable Logic Devices CEPLDs> aepresenta 
revolutionary step in programmable logic: they combine innovative 
architecture and state-of-the-art process to offer optimum performance, 
logic density, flexibility, and the highest speeds and densities available in 
general-purpose reprogrammable logic. TheseEPLDsare high .. peed, high
density replacements for SSI and MSI Tit. and CMOS paclcages and 
conventional PLDs. For example, an El'MSl 92 replaces over 100 7400-series 
SSI and MSI 1TL and CMOS packages, integrating complete subsystems 
into a single paclcage, saving board area, and redudngpowerconsumption. 

These MAX EPLOs nnge in density from 16to192 macrocells. They are 
divided into two groups: higher-speed MAX EPLDs CEPM.5016 and 
EPM5032) and higher-density MAX EPLDs CEPM.5064, EPM.S128, EPMStr 
and EPMS192). The higher-speed MAX EPLDs achieve sysllem c~· ,. 
frequendes of 66 MHz, and are capable of counter frequencies of 100 M. , 
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Functional 
Description 

Logic Array 
Block 

I Altera Corporation 

EPllSOfl IO EPllSllZ: Hlgh-S(»!d, Hlp-D!n!lty llAX El'LD• I 
Logic Array Blocb The EPM.5016and EPMS032MAX EPLDs have a single 
Logic Array Block CLAB). The EPM.5064, EPMS128, EPM.5130, and EPMS192 
MAX EPLDs contain multiple LABs. Each LAB contains a maaocell array, 
an expander product-term array, and a decoupled 1/0 block. Expander 
product terms (expanders) are unallocated, inverted product terms that am 
be used and shared by all macroc:ells in the LAB to create combinatorial and 
registered logic. Thus, expressions requiring up to 66 product terms can be 
implemented in a single mac:rocell. Signals in the higheNlensity devices are 
routed between multiple LABs by a Programmable Interconnect Array 
(PIA) that ensures 100~ routability. This multiple array architecture enables 
EPMSOOO-series EPLDs to offer the speed of smaller arrays with the 
integration density of larger arrays. 

Modular Architecture The modular aTchitec:ture of MAX EPLDs provides 
integration 5olutions over a wide range of logic densities. Migration from 
one type· of device to another is easy. For example, the EPM5128 and 
EPM5130 EPLDs have the same logic capacity, but have packages optimized 
to handle different 1/0 requirements. Over the entire family, a wide range 
of packaging options for both through-hole and surface-mount applications 
is available. Plastic one-time-programmable (OTP) packages are available 
for economical volume production. 

Logic Design Entry Logic designs are created and programmed into 
EPMSOOO-series EPLDs with the MAX+PLUS Development System. 
MAX+PLUS is a complete CAE system offering hierarchical design entry 
tools, automatic design compilation and fitting, timing simulation, and 
device programming. The MAX+PLUS Compiler features advanced logic 
synthesis algorithms, allowing designs to be entered in a variety of high
level formats while ensuring the most efficient use of EPLD resources. The 
combination of a flexible architecture and advanced CAE tools ensures 
rapid design cycles so that a design may go from conception to completion 
in single day. Interfaces to third-party tools are also available to allow 
design entry and logic simulation on a variety of workstation platforms. 

EPMSOOO-series EPLDs use CMOS EPROM cells to configure logic functions 
within the devices. MAX architecture is user-configurable to accommodate 
a variety of independent logic functions, and the EPLDs can be erased for 
quick and efficient iterations during design development and debug cycles. 

EPMSOOO-series EPLDs contain from 1 to 12 Logic Array Blocks. Each LAB, 
shown in Figure 2, consists of a macroceIJ array, an expander product-term 
array, and an I /0 control block. (The number of macrocells and expanders 
in the arrays varies with each device.) Macrocells are the primary resource 
for logic implementation, but if needed, expanden can be used to 
supplement the capabilities of any maaoc:ell. The expander product-term 
array consists of a group of unallocated, inverted product terms. Flexible 
macrocells and allocatable expanders facilitate variable product-term designs 

P.,eu1 I 
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without the waste associated with fixed product-term architectures. Thus 
PAL or PLA devices are easily integrated into MAX EPLOs. The outpu" o 
the maaocells feed the decoupled 1/0 bloclcr which consists of a g:rr , l 
programmable bi-state buffers and 1/0 pins. In the EPM5064, EM. _ i J 
EPM5130, ai\d EPMS19~ multiple LABs are connected by a Programmabl4 
Interconnect Array (PIA). 

The EPMSOOO-series macrocell, shown in Figure 3, consists of i 

programmable logic array and an independently configurable register. Thi: 
register may be programmed for D, T, JI<,. or SR operation; or as a flow 
through latch; or bypassed for purely combinatorial operation 
Combinatorial logic is implemented in the programmable logic array, whicJ 
consists of three product terms ORed together that feed one input of anXOI 
gate. The second input to the XOR gate is also controlled by a product tern 
that makes it possible to implement active-high or active-low logic. The XOJ 
gate is also used for complex XOR arithmetic logic functions and fo: 
De Morgan's inversion to reduce the number of product terms. The outpu 
of the XOR gate feeds the programmable register, or bypasses it for purel~ 
combinatorial operation. The logic array ensures high speed whil• 
eliminating inefficient, unused product terms. Also, expanders can bt 
allocated to enhance the capability of the logic array. 

Additional product terms, called secondary product terms;. are used fo: 
Output Enable, Preset, Cear, and Cock logic. Preset and Cear produc 
terms drive the active-low asynchronous Preset and asynchronous Cea: 
inputs to the configurable tlip-flop. The Cock product term allo,,. · :l 
register to have an independent Cock and supports positive-and: , _ 
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0 Programmable flip-flop (D, T, JK. SR) 
O Registlllfld or t1ow-th10ugh latch operation 
O Programmable Clock 
O Asynchronous Preset and Clear 

edge-triggered operation. Mac:rocells that drive an output pin may use the 
Output Enable product term to control the active-high tri-state buffer in the 
1/0 control block. These secondary product terms allow 7400-series 111. 
functions to be emulated exactly. 

The EPMSOOO-series maaocell configurability makes it possible to efficiently 
integrate complete subsystems into a single device. All macrocell outputs 
are globally routed within an LAB and also feed the PIA to provide efficient 
routing of signal-intensive designs. 

Each LAB has two clockingmcxies: asynchronous and synchronous. During 
asynchronous clocking, each flip-flop is clocked by a produc.t term. Thus, 
any input or internal logic may be used as a clock. Systems that require 
multiple clocks are easily integrated into EPMSOOO-series EPLDs. 
Asynchronous clocking also allows each flip-flop to be configured for 
positive-or negative-edge-triggered operation, giving the macrocell a high 
degree of flexibility. 

Synchronous clocking is provided by a dedicated system clock CCLJC). This 
direct connection provides enhanced clock-to-output delay times. Since 
each LAB has one synchronous doc~ all flip-flop clocks within it are 
positive-edge-triggered from the CUC pin. If the CUC pin is not used as a 
system clock, it may be used as a dedicated input 

I Airers Corporarion 



Expander 
Product 
Terms 

The expander product-term array (Figure 4) contains unallocated, invertec 
product terms that enhance the mac:rocell array. Expanden can be used anc 
shared by all product terms In the LAB. Wherever extra logic is needa: 
(including register control functions), expanden can be used to implemen· 
the logic. These expanden provide the.flexibility to implement register 
Intensive and product-term-intensive designs for MAX EPLDs. 
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1/0 Control 
Block 
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Expanders are fed by all signals in the LAB. One expander may feed al 
macrocells in the LAB or multiple product terms in the same macrocell 
Since ex:panden also feed the secondary product terms of each macrocell 
complex logic functions can be implemented without using anothe1 
macrocell. Expanders can be cross-coupled to build additional flip-flops 01 

latches. 

Each LAB has an 1/0 control block <Figure 5) that consists of a user· 
configurable 1/0 control function for each 1/0 pin. The 1/0 control block ii 
fed by the macrocell array. The tri-state buffer is controlled by a dedicatee 
macrocell product term, and drives the I /0 pad. 

Each MAX EPLD has dual feedback~ne feedback path before and one 
after the tri-state buffer-for every 1/0 pin. The tri-state buffer decouple! 
the I /0 pins from the macrocells so that all registers within the LAB can bE 
"'buried." Thus, 1/0 pins can be configured as dedicated input, output, 
or bidirectional pins. In multiple-LAB MAX devices, 1/0 pins feed the PIA. 

Q 
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The higher-<iensity EPMSCXXkeries devices (EPM5064, EPM5128, EPM.5130,. 
and EPMS192) use a. Programmable Interconnect Array (PIA) to route 
signals between the various LABs. The PIA 1'.0Utes only the signals.required 
for implementing logic in an LAB, and is fed by all macrocell feedbacks and 

3 all l/O pin feedbacks. Unlike channel routing in masked or programmable 
gate arrays-where routing delays are variable and path-dependent-the 
PIA has a fixed delay. Because the PIA eliminates skew between signals,. 
timing performance is easy to predict. 

TuningwithinEPMSCXJO.seriesEPLDsiseasilydetennined withMAX+PLUS 
software or with the models shown in Figure6. EPMSOOO.series EPLDs have 
fixed internal delays, that allow the user to determine the worst-caSE: timing 
delays for any design. For complete timing information, MAX+PLUS 
software provides a timing simulator, a delay predictor, and a detailed 
timing analyzer. 

,,,,,,. 121 I 
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The timing models shown in Figure 6 may be used together with the in term 
timing parameten for a particular EPLD to derive timing informatior 
External timing parameters are derived from a sum of internal panmetel 
and represent pin-to-pin timing delays. Figure 7 shows the internal timin, 
waveforms for these devices. Refer to Appliclltion Brief 75 CEPMSOOO-SnU 
MAX EPLD Timing) in this data book for further infonnation. 

MAX EPLDscontaina programmable Security Bit that controls access to th 
data programmed into the device. If this feature is used, a proprietar: 
design implemented in the device cannot be copied or retrieved. °"'J 
feature provides a high level of design security, since programm!!'1 · 
within EPROM cells is invisible. The Security Bit that controls this fut. 
as well as all other program data, is reset by erasing the EPLD. 
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·MAX EPLDs are fully functionally tested and guaranteed. Complete tes1 
of each programmable EPROM bit and all internal logic elements enn 
lCJOfl, programming yield. AC test measurements are performed U11der 
conditions shown in Figure 8. 

Flgin I. AC Teat Condltlont Power supply flanli8'* can 1fflt:f AC 
measunrmems. Simulan80UI nnskJnl ot 
multiple outpllfl 1110Uld be IVGidtd lot 
ac:cutate mea1urem111r. Tlsruttold resi. 
lhould n« be pOJlmsd fMldtr AC condiflians. 
Larg1-1mplitud1, last-ground current 
transients normally occur as the device 
outputs discharg1 lhs toad capacitancss. 
When thus transiflllts How through the 
parasitic inductance betwHn th• device 
ground pin and Ult tasr system ground. ii can 
create significant reduclions 11 observable 
input llOIS8 llltnUMy. 

..----vcc 

MAX+PLUS 
Development 
System 

Device 
Programming 

Nots: Numbers in par111lhsses are for th• 
EPM5016. 

4840 
(150 Q) 

Dwlclt 
OUIPUt 

2500 
(820) 

OevlCe inpUl 

ris•llnd fall 
amnc3ns 

_,Tu 
Systeri 

Ct Clneludea. 
capacllane8) 

Test programs may be used and then erased during early stages of tl1 
production flow. This facility to use application-independentr geri~· 
purpose tests is called generic testing and is unique among user-config ~ . : 
logic devices. EPLDs also contain on-board logic test circuitry to allol 
verification of function and AC specifications once they are packaged. it 
windowless packages. 

The MAX+PLUS Development System is a unified CAE system fo1 
integrating designs into EPM.5000-series MAX EPLDs. Designs can bE 
entered as logic schematics with the Graphic Editor or as state machines, 
truth tables, and Boolean equations with the Altera Hardware Description 
Language (AHDL). Logic synthesis and minimization optimize the logic of 
a design. Design verification and timing analysis are performed. with the 
Simulator or the delay prediction feature. Errors in a design are automatically 
located and highlighted in the schematic: or text design file. Hosted on IBM 
PS/2, PC-AT, or compatible machines, and workstations (e.g., Apollo, Sun, 
IBM), MAX+PLUS gives the designer the tools to quickly and effidently 
create complex logic designs. Further details about the MAX+PLUS 
Development System are available in the PLS-MAX Datil Sh«t. 

EPMSOOO-series EPLDs may be programmed on an IBM PS/2, PC-AT or 
compatiblecomputerwithanAlteraLogicProgrammercard,thePLE3-12A 
Master Programming Uni~ and an appropriate device adapter. These · ··· ·- · 
are included in the complete PLDS-MAX Development System o~ · 
purchased separately. EPMSOOO-series EPLDs may also be· t'"' · 
with third-party hardware (see the Third-Party Dew~' · 
Support Datil Shut in this data book). Contact Altera ,. · . 
equipment manufacturer for more information. 

Mera Cotporation J 
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Features 

General 
Description 

EPM51281 

CJ High-density 128-macrocell general-purpose MAX EPLD 
CJ 2S6 shareable expander product terms that allow over 32 product terms 

in a single mac:rocell -
CJ High-speed ·multiple-LAB an:hitecture 

tro as fast as 25 ns 
Counter frequencies up to 50 MHz 
Pipelined data rates up to 62.S MHz 

0 Programmable 1/0 architecture allowing up to60inputs or 52 outputs 
0 Available in 68-pin windowed ceramic or plastic one-time

programmable J-lead packages and in 68-pin windowed ceramic PCA 
packages 

The Altera EPM5128 is a user-configurable, high-performance MAX EPLD 
that provides a high-density replacement for 7400-series 551 and MSI TI1. 
and CMOS logic. <For ecample. a 74161 a:>unter uses only 33 of the EPM.5128.) 
TheEPMS128canreplaceover60Tll..MSiandSSlcomp0nentsandintegrate 
multiple 20- and 24-pin low-density PLDs. Figure 18 shows the J-lead and lf:I 
PCA package diagrams for the EPMS128. 111:1 

Rgtn 18. EPM5tZ8 Pin-Out DlagtatM 

A quad llat padc (OFPJ package is under deveqimett Conrac:t A/feta Mattsling lor inlonnalion. See 
Table ' in Ulil data sneer lor PGA package pin-outs. PacJ(age autns not dmm IO sea#. 

Rllliiliil1i11111 PIN 1 

IO " IO 
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IO IO J 
IO IO 
IO IO 14 
IO •• 
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IO - •• - 0 EPM5128 

IO " IO ....,. 
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IO ID 
IO 0 • EPM5128 

ID 
IO IO c IO "° IO IO I IO ID 
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I a a ' • • 1 • t IO II 
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Figure 19 shows output drive characteristics of EPMS128 1/0 pm 
typical supply current versus frequency for the EPMS128. 
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L 
The EPMS128 consists of 128 macrocells equally divided into 8 Logic A 
Blocks CLABs) that each contain 16 macrocells (see Figure 20). Each I 
also contains 32 expander product terms. The EPMS128 has 8 dedic 
input pins, one of which may be used as a synchronous system clock. 
EPMS128 c:ontains52 1/0 pins that can be configured for input, outp\l 
bidirectional data flow. Four of the LABs have 8 1/0 pins, and the ott 
have S 1/0 pins. 
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Absolute Maxltm1m Ratings Note: See Opwaring RequirstTIBnts tor EPLDs in this data book. 

Symbol Plflmltlr COIJditloM 

~~---1-.::::=:1..:=:=r:..-------1 Wilh respect ID GNO 

1--=----1-.;.,;.::;a::=;.;a.:=;.i..;.;::=i-=....----1 SH NoM (f} 

RTG tonaae •rnoerature I Nob ias 

Ta.ua Ambient tem~re I Underbias 
T_, Junclion temoerarure I Underbias 

Ret:ommendad Oparating Conditions See Note (2J 

Symbol Parameter Conditions 

Vee Sunnlv volUIG8 I 
v, lnDut vatrane I 
Vn Output YOltaae 

Ta. - , ... l9mMrature For CDtnrneleial Wl8 

TA ODetaona lemPtrature For induslrilf use 
I Tc case remperature I For mililal'Y use 

t" ~rise1ime 

tF lnour fall lime 

DCOpntlng Conditions See Note (2). (3), (4) 

Symbol Parameter I Conditions 

V1u Hiah-level inwr votmae I 

•""'mAOC 

•lmAOC 

v, ·VccorGND 

atGNO 

v, .v 
ICC3 V cc au~ current v,. Vee orGNO 

No load. t. 1.0 MHz 

SHNotaf5J 

I Symbol I Parameter CondiUona 

I C IN I lnout caoaeitance vtN.ov. r .1.0~ 
I C OUT I OulDUt caoacirance I Your• o v. r. 1.0 MHz 

Ip.,, • .,,,. 

Min Ma Uc 

-2.0 7.0 \ 

-2.0 13.5 \ 

-2.0 7.0 " soo mi 

-25 25 '"' 
2500 mll 

+ 150 

~5 +135 . (. 
+150 •c 

I Min Mu Uni\ 

I 4.75 (4.S) 5.25 (5.5) v 
I 0 Vee v 
I 0 v cc v 
I 0 I +70 ·c 
I -40 +as ) 

I I I ' 
-55 +125 •c 

100 M 

100 ns 

Min I Typ I Max Unit 

2.0 I I v,.,.. .o.3 v 
-0.3 0.1 v 
2.4 v 

0.45 

-10 +10 

-40 +40 

150 225 300 mA 

155 250(350} 

Min I .... ~1·~' 

,:;.trera Corporation I 

( 
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ID•taShHt EPMS128 ! 
AC Of»l"tlng Condllkm SseNots(4) 

Emma/ Tlning Plfllnltn EPM5128-1 EPM5128-2 EPM5128 

Symbol P1r11n1w Conditions Min .Mu Min Max Min Mu Unit 
t .,., lntM4 » non-regilwed OUIPUt · C1 •351)f 25 30 35 "' t- llO Input 1D non-feO. OU1f,1Ut C1 •351)F ., '5 . 55 na 

t SU SelUO .,,. 15 20 25 "' 
tH Holdime 0 0 0 ,,. 
t C01 Clock ID output delay C1 a35pF 14 I 16 I 20 ,,. 

I t ASU I Asynchronous setup lime I s I I 1 I I a I na I 
t AH A11nchronous hold lime I 6 8 10 na 

t CH Clock high time I I 10 I 12.S ns 

t CL Clock low lime I 8 10 12.5 ns 

t ACH A11nchronous clock high llme I ,, 14 16 I ns 

t ACL AfYnchronous clock low nme I I 9 I I ,, I I 14 ns 

t AC01 I Asyncn. clodc ID ourpu1 delay C1•35 i:>F I 2S 30 35 ns 

t CNT Minimum clock period 20 25 30 ns 

f CNT lnf9mal maximum "9quenc:y 50 I .0 I I 33.3 I I YU I 
t ACMT I Mnimum uyncn. clcdl l)9l'iod t SHNoi.(6) I 20 I I 25 I I 30 I "' I 
f ACMT Mu. inretnal &lynch. tr.quency SHNor.(6} 50 .0 33.3 YU 

f U&Y Mu. frequency; pil)ftliMd dara &2.5 50 .0 Wfz 

For information on internal timing parameters, refer to App. BriBI 75(EPM5000-Series MAX EPLD Timing). 

Internal Tlming Parameters EPM.5128-1 EPM5128·2 EPM5128 

Symbol Parameter CondlUons Min Max Min Max I Min Max Unit 
I 

t fN Input l)ad and buffer delay 5 7 9 ns 

t "' UC lnpur pad llnd buffer delay I 8 6 9 ns 

t ~XP Expancler array oelay I 12 " I 20 ns 

I t LAO I Logic atraY delay I 12 I 14 I 1s I "' I 
t UC Logjc conrrcl array delay 10 12 13 ns 
t t'V"l Output buffer and pad delay c1 ·35PF 5 5 6 ns 
t 7Y Outpur buff• enable delay 10 11 13 "' t xz Outpur butter disaole delay I Ct. 5pF . 10 I 11 13 na 

t SU Register seu1p ame 6 8 I 10 ns 

I t LA rcu I Flow·throuQn iatcn delay I 3 I 4 I 4 

I t RO I Register delay I , I 2 I 2 ns 

I t COMB Combinatonal defay I 3 I 4 ' ns 

I t H I Register hotd lime I 6 8 I 10 I ns 

I t IC Clock delay I 14 16 I 18 ns 

I t ICS System docx delay 2 2 3 ns 

I t FD Feedbaek delay 1 1 2 ns 

I t CLR 

I Regist8r preset nme I s I s I 1 ns I t PRE 

I t PIA 

I R99is1er ctear time 

\ Progr. ln~erconn. Array delay 

I s I s I 1 ns 

I " I 1s I 20 ns 

·1 Altera Corporation 



I EP11s111 

Nous lo tales: 
U> Minimum DC input ii ..0.3 V. During lnnlitiaal, the inputs may undenhoot 1 

-i.o V or overshoot ta 7.0 v tor periods a- than 20 ns und• no-lwl canditioN. 
(2) Numbers in fU9"th-are for military and indmtrial lllmperaturHange.,...,.. 
(3) Typk:al valu• aN for T 4 • 25• C and Va:• 5 V. 
(4) Va:• 5 Vt 5'lt, TA• 0- CID 7o-C tor commercial use. 

Vc:c .. 5V:t1K, TA• -&09CIO15• C for induslrial UM. 
Vc:c. 5 v t 1K, Tc • ...ss• c IO 125• c for milltaly ... 

(5) Meaured wtth device programmed •a 16-bit countmr in each LAB. 
(6) This parameter ii m.uund with a poeitiw-ed~lriggend dock at the Ngistllr. Fci 

neptive-edge docking, the '"at and '"a. paiameters must be swapped. 

Product AvallablUty 

Grade Availability 

Com mere at (O• C to 10• C) EPMS128·1, EPMS128-2, EPMS128 

/ 1nc1u11rial (-40• C to as• C) EPMS128 

I MiNtaty (-55• C to t25• C) EPMS128 

Note: Only military-temperature-range EPLDs are listed above. MILS1'D-883-complian1 
product specifications are provided in Military Product Drawings (MPCs), available from 
Altera Marketing by caWng 1 (800) SOS.EPLD. These MPDs should be uMd tD prap-n. 
Soun:. Control Drawings (SCOs). See MiliMty Produdl in this data book. 

Table 1 shows the pin~uts for the EPM5128 PCA package. 

Tabla 1. EP&f5128 PGA Pln-Outt 

Pin Function Pin Function Pin Function Pin Function 

A2 1/0 B10 VO G1 110 K7 vcc 
A3 110 B11 l/O G2 vcc K8 l/O 
A.t 110 C1 110 G10 GNO K9 110 
AS 110 C2 110 G11 110 K10 VO 
A6 Input C10 l/O H1 l/O K11 llO 
A7 Input C11 l/O H2 110 L2 110 
A8 Input. 01 l/O H10 VO L3 llO 
A9 l/O D2 llO H11 VO L4 Input 
A10 llO 010 110 J1 VO L5 Input 
81 l/O 011 VO J2 l/O L6 Input 
B2 110 Et 110 J10 VO L7 VO 
83 110 E2 GNO J11 110 L8 VO 
B4 VO E10 vcc K1 110 L9 110 
BS vcc E11 l/O K2 1/0 L10 l/O 
86 Input/CU< Ft VO K3 110 
87 GNO F2 110 K4 110 
88 l/O F10 l/O l<5 GNO 
B9 VO F11 VO K6 Input 

·-. 

I r~p.~..,,~.-,~'8~-------------------------------------------------~~Nis;a~--,.--°"-' 
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I I 

Clock In 

Not Reset 

Digital Vss (-1.0V) 

Analog Veld (+5.0V) 

OAC Channel 0 Neg. Reference 

DAC Chaooel 0 Pos. Reference 

DAC Channel O Analog Oul 

DAC Channel 0 Internal Out 

DAC Channel 1 Internal Out 

DAC Channel 1 Nag. Relerence 

OAC Channel 1 Pos. Reference 

0 ... 

J J 
~ ~ ·I I 
~ ! u; cZ 

·:a ii.~ ..c . .c Q .c 
0 0 .;;I 0 

co ...... 
g g 

I I 1 
.! • .s . .. 

,,:cca:8' 
~ > r n ! 
~~ 
! ~ 

.wz~ce 
*=CilOOO 
.gtcQOO 
Qc('"(c(c( 

~;!~.~· ;~:::i\~1~\! 
~·s . :; ;·.·: 

jd~2 

~·9 
1'~~ 
l 

J, ~· 
jJ1t 

jdi.G' 

8 
c( 

c 
c( 
::> 
0 

.ca: 
<:: c( w 
(jj ~a: 
> ...;~ 
Q. zo 
~ ii:!!: 

iG 
pig . ..· •· .. . . . 

~'el~ l~~'~1i ~. 
- !5 § I a > ~ • li :J 1: 0 0 <? 0 {!. ; ~ 8' ii • f ::: I a a - e .. .. z ~ . I o z 
c( .5 a: a: i r .i 

> N ~;, - N N f g • "i 'ii z Q 'ii a: 
~ c c N N 

c 
~ c c I .. .. • • .c 

0 
.c c c 0 (.) c i 0 
~ 

.. 
~ c( .c .c 

a a 0 0 
(.) ~ c( 
a a 

:·:·:·.: 

~: -"' 
0 > g 0 

iri 
.! 
'O 

~ 
1i 
-~ 
.9' a 

II~.· 

DAC Channel 3 Internal Out 

DAC Channel 3 Pos. Reference f . 
I 
I 

DAC Channel 3 Nag. Reference 
' 

; 
DAC Chamel 3 Analog Oul . I 
Analog Veld (+S.OV) I 

llOS 
I 

ll04 
I I 

l/03 

l/02 

LIO 1 

Olgllal Ground (O.OV) 
I . I 

I 
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TYPICAL WRITE CYCLE 

CATA •-1 sssssssssssssx.._ __ __..xssssssssssssssssss 
T" ..j ~ 

sEr.. e,,., "'"S"""S""'S ....... s""'s ....... " .... s~).,......s .... s'""s,......s"""sx--____ xss SS\ s s" \\ sssssss s 

UIUTE 

CHIP SEI.. 

ANALOG 
OPNIP e-3 I- rz----

TYPICAL READ CYCLE 

OATA e-7 sssssssssssssssssssssx .... __________ _ 
1 TJ ~ 

SEL en "\\\ '\\\\SS\ '-X,.. ___ ,('\"Z \\\OZ::""·>\' '-'\\SSS\ 

CHIP SEL 

STROBE 

TIMING' 

Tl'• ieens Mitt T" • '4n5 M[H 

T2 • 3. 2s .. s MA)( TS • 1eens MIM 



64ACT11%45, 74ACT1124& 
OCTAL BUS TRANSCEIVERS WITH 3·STATE11vfli'OTS 

• 3·State Outputs Drive Bua Unea Dlrecttv 

• lnputa a,. TTL-Voltage Compatible 

• New Flow· Throuvh Architecture to Opdmize 
PCB Layout 

• -Center-Pin Vee ancl GND Configurations to 
Minimize High-Speed Swltchin9 Nae 

• EPK:- (Enhancecl-Perform lmptanted 
CMOS)1·,.m~ 

·• &GO-mA Typlad Latch-Up Immunity at 
12&0c 

• Package Optlona lncluda Plaatlc .. Small 
Qut11ne!• Packaga. Ceramic Chip Canlef'I. 
and Standard Plastic end Ceramic 300·mil 
DIPs 

description. - - . 
These octal bus transceivers are designed for 
asynchronous two:wav communication 
between data buses. The control function 
implementation minimizes external timing 
requirements.-

The device allows data uansmiasion from the 
A bus to the 8 bus. or from the B bua to the 
A bus. depending upon the logic level at the 
direction contra CDIR) Input. The enable input CC!) 
can be used to disable the device so that the 
buses are effectively isolated. 

The 64ACT1 1245 la characterized for operation 
over the full military temperatUre range of 
._:55•c to 12!5°C. Th• 74ACT1124& is 
characterized for operation from -40 •c to 
as•c. 

D2H7. JULY 107-MYlllD AUGUST 1111 

MACT11Z41 ••• Jf PACKAGE 
7CACT11241 ••• DW OR NT PACKAGE 

rr~ 
A1 1 ~' OIR~$f"'\l. 
A2 2 23 81 :),...&( 
A3 3 Bi ... •--\C:~-
A4 B3 \~-

GND 84 .,_ 
.GND Vee. L 
.GND Vee. 
GND 85 

AS 86 
A8 87 

·A.1 as 
A8 G 

MACT11241 ••• FK PACKAGE 

rrOPV1£Wl 

B2 5 
81 6 

CIR 7 

NC 8 
A1 9 
A2 10 

A3 

u u 
19' • UU Uio co 
CD CD > Z > CD CD 

4 3 2 

•CCUC~~ czzzzo 
00 0 

NC~ No int•mll connec:tion 

B7 
2• BB 
23 ~ 
22 NC 

AB 
A"'I 

19 Al 

W1'ION TAU 

ENABLE ~CTION 

5 CONTROL OPIM110N 
DIR 

L L I dMa to A IN8 

L H A dMa to I &lul 

H x llOlation 

EPIC 11 a tredemertc of Texa lnatrumenlll I~. 

TEXAS,., 
INSTRUMENTS 

llOIT OfflCI IOX •11111 • OALUol. TUAI 7Ull 
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54ACT11245, 74ACT11245 
ocm BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 

logic symbol t 

I 
DIR 

A1 

AZ 
A3 
M 

Al 
Al 
A7 

Al 

1131 -
(241 -

L .,,. 
L.. 

fZt ' -(31 -
14) - --
Cit -
(101 -

111' ~ : 

(121 - -

G3 
I EN1 llAI 
3 EN2 IAll ... .. 
V' <l 

[> zv 
- 1231 

~ 
.:.. _ IZZJ 

1211 
,- - 1201 

- - 1'11 
-

·- 1111 
- - 1111 

= - (141 
- -

81 

12 
13 
84 

I& 

II 

17 
88 

'Thi• •vmbol i• in eccord•nc• with ANSI/IEEE Std 91·1984 and 
IEC Publication 617-12. 

Pin numbers enown are for DW. JT. and NT pacxaoas. 

logic diagram (positive logic) 

A1 (11 

AZ 121 

A3 (31 

A4 141 

Al 191 

Al (101 

Al (121 

1231 ., 

'
221

12 

1211- 13 

f20J 84 

1171 II 

1111 H 

(191 87 

1141 ... 

Pin numbera lhown .,. for OW. JT, and NT Dacllal•· 

absolute muimum ratlnga over operating free-air temperature range (uni••• otherwlae notec:i)i 

Supply voltage, Vee . • • • . • . • • • . • • . . • . • • . • • • • • • • • . • . • • • • • • • • • • • • • • • • • -0.5 v to 7 v 
Input voltage, V1 C1ee Note 1) .•.....••..••••...•....•.••••••..•. -o.s v·to Vcc+0.5 v 
Output voltage; vo (see Note 11 ..... ·. . . . . . . . . • . . . • . . . • . . . . . . . . . . -o.5 v to Vcc+0.5 v 
Input clamp current, IJK (Vt < O or Vt > Vee> ...•••.••.••••••..... ; ...••••••••• :t:20 mA 
Output clamp current, IOK <Vo < O or Vo > VCC) • . . • • • • • • • • • • • • • • • • . . . . • • • • • • :t: 50 mA 
Continuous output current, IO (VO • 0 to VCC) .•••....••.•••••.. ~ • • • • • • . . • . . • =: 50 mA 
Continuous current through v cc or GND pin• • . . • • • • • • . • • • • • • • • . • . • • • • • . • • • • • • :t: 200 mA 
Storage temperature range • . . • . • • • • . • . . . • • • • • . • • . . . . • • • • • . . • . . • . • • • -85 °C to 150 °C 

* Str1111ff beyond tho.. liated under "abaolute moximum rnnp" may cause pennanem csamave to the doviee. ThOM .. "'9M rnn;s 
only and funclioNj aporetton of !he dovtc:e n thoM or any other conditions beyond tho• indicotod unaor "NCOl••••ldod 01*81in9 
canaidonl" I• not implied. Ex"8Uftl io a~oximurn-rotM conditions for oxuinded ..,.;ode may effect dovice '9iil0illty. 

NOTE 1: The Input and outpUt voitaoe rnnv• may bo oxcooded if the input and outDUt cummt rnn111 n oti..wd. 

2-164 TEXAS 'f 
INSTRUMENTS 
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54ACT11245, 74ACT11246 
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 

·recommended operating conditions 

14ACT11245 74ACT11245 
MIN MIJ( MIN MAX 

UNIT 

Ve.r_ Supply vottage -4,5 !5.5 4.5 5.5 v 
VtH High-level input voltage 2 2 v 
V1L Low-level inout voltage 0.8 0.8 v 
lnw High-level outPUt current -24 -24 mA 
ln1 Low-level ouqnn current 24 24 mA· 
Vt Input volt9P 0 Vrr 0 Vrr v 
Vo OutPut ·voltage 0 Vrr. 0 Vrr v 
Atl4V Input tranaicion riH or fa" rate 0 10 0 10 nalV 
TA Operating free-ff' temoerature -55 125 -40 85 oc 

electrical characteristics over recommended operating free-air temperature range (unless otherwiH 
noted) · 

PARAMETER TEST CONDmONS 
TA • 25°C MACT11245 74ACT11241 

UNIT Vee MIN TYP MAX MIN MAX MIN MAX 

IOH • -50 ,,A 
4.5 v 4.4 4.4 4.4 

5.5 v 5.4 5.4 5.4 

VOH lOH • -24 mA 
4.SV 3.94 3.7 3.8 v 
s.s.v 4.94 - 4.7 4.8 

IOH • -SOmAf 5.5 v 3.85 
IOH • -75 mAf 5.5 v 3.85 

IQL •SO ,,A 
,4.IV 0.1 0.1 0.1 ·- II.IV 0.1 0.1 0.1 

VOL IOL • Z4mA 
4.IV 0.31 0.5 0.44 v 
5.15 v 0.39 0.5 0.44 

1,,1 • SO m•r ·· ...... ~. ~ -·&.sv - 1.115 
Int • 715 mAT 5.5 v 1.H 

tn7 Vo • Vrr or GND .. 5.SV . ··-····-· . :z0.5 :z 10 :zS ,,A 

It V1 • Vrr. or GND 5.5. V -·-·t0.1 :z 1 :1 ,,A 
,,..,.. V1 • Vrr- or GND;· lo• o 5.5 v 

. ·-··· 180 80 ,,A 

41CC: 
One input at 3.4 v. · 

-5:5.V.... 0.9 1 1 mA 
Other inPUU at GND or Vrr. 

.. ___ .._.. .. ..-
C; Vt • Vr,. or GND SV 4 pF 

Ciro V10 • Vre. er GND 5V 12 pF 

t Not more than one outDUt should be teated 8t a time.· and the duration of the teet lhould not exceed 10 m.e. 
: Thia i8 the incre ... in supply current for each input ittn ie at one of th• epecified m vottae• tevela ratn.r than O V or VCC· ... ·.-;· . . . · ... ,;. -···· . 

switching characteristics. Vee • & V :t 0.5 V (aH Fioure 1) 
.. FROM TO Ta• nee MACT1,Z48 74ACT,1241 

PARAMETER UNIT 
llNPUTJ IOUTPUT1 MIN TYi' MAX MIN. MAX MIN MAX 

tPLH 1.5 8.2 9.2 1.5 10.8 1.5 10 
A or I ·Sor _A·. 

1.5 8.8 1 .5 9.e 1.5 9., tPHL 5.4 
tll7H t: 1.5 8.--1 12 1 .5 14.1 1.5 13.2 

A or 8 12.9 "' tp71 1.5 8.2 11.7 1 .5 13.7 1.5 

tPHZ t: 1.!5 9.3 11.8 1.5 13.8 1.5 12.9 
Aor B 

t4.8 1.5 13.9 tp17 1.5 9.8 12.9 1.5 

-----------...-.~----------------···'·· 
TE:xAs. 
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54ACT1124&, 74ACT11245 
OCTAL BUS TRANSCEIVERS WITH 3·STATE OUTPUTS 

operating characteristics, V CC • 6 V, TA • 25 •c 
PARAMETIR TEST CONDmONS 

Cpd Power diAiPMiOn capKitlnCll per ..,..,,.,. : 
OuQMS efttlD6ed 

CL • 50 pF, f • 1 MHz 
Ou'QMa diallbl9d 

PARAMmR MEASUREMENT INFORMATION 

FROM OUTPUT 
,, Z X Vee 

OOPIN 
TUT 11 

"""'""" OPIN 

TYi'-· .. 
·11 

UNDER TEST __ ..,. ___ ...,_soo""""""o-
'PLZ"Pzl. Z :ic Vee-

5000 tpHz/tpzff GND 

LOAD CIRCUIT 

INPUT 
· 1s .. Note II 

OUTPUT 

PROPAGATION DELAY T1MU 

· 3V 
OUTPUT CONTROL 1•5 V f 1 I y 
CLow..,,_. en8bllnvl · • 

l"--------.1..;+-- - - - - - - 0 

. • OUTPUT tf-'PZL-tif ,._'Pl.Z-llf 
WAVEFORM , _ _,.. __ ._, . I . I • Vee 

•:s: ~~ ~~c I ,,.t0_ .. _v_cc-~:11mm--.. ~!. ~c_ VOL 

lf-'PZH~ - I 

-.w::Ez .ft0 .. vcc : ~i"vC'c-voH. 
f ... Note Cl lt-'PHZ..... • 0 

ENABLE ANO DISABLE TIMU 

NOTES: A. CL includH probe and ii; capacitanca. 

UNIT 

pF. 

8. lnpuc INIMll ere supplied by geMretOrS l'levinl itie following c:her.cteriatica: PRR IS 10 MHz. Zo • 50 O. ~ • 3 N, tf • 3 NL 

C. Wevefonn 1 i1 for en outpUt wim internel conditiana IUc:tl tl'ln tl'I• OUiput i1 low ex~t wnen diHbled by the OUIPUt comrot. 
Waveform 2 i1 for en OUtOUt widt inrarnel condidanl auc:n tl'let IN ouq,ui i1 l'lltft exceoc wnen di1HIM ltv the output camrot.. 

FIGURE 1. LOAD CIRCUIT AND VOLTAGE WAVEFORMS 
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TYPES SN5404, ~N SN54LAM. SN541 S04, SNS4SCM, 
SN74HCM,· SN741.S04, SN7G04 . 
. HEXINVER1ERS 

......_a....._ ..................... 
ear.no Chip c.nt.a In Addlllon tD P._. 
MdC..liDDIP9 

t D111r<1Mr Tw .............. Q•wlly Md 
R ... bllrr: 

"-iptian 

n-... .....-.ind .............. 
lhe SNM04. SNl4H04, SNML.04, SNMLS04 and 
SNl4S04 .,. cn..=-eiwd for °"9nliol• oww n f\11 
................ ..,. ot -&1-c to 125-C. The 
SN7404. SN74H04, SN741.S04 8nd SN7CSCK are 
c:Maam iwd far GPMmlliOll fram ooe: to 70-C. 

l'UllGTION TMLI , ..... ...._. ...,,.. OUTf'UT 
4 v 

H L 
L H 

lllllVfllD DIC.Mel" 1•a· 

_.,, ........ - ....... J ........ 
INMUM.IN..-. ••• JOllWMCIUMll 
_,.._ _,...,. ••• JOll• PACIAGI 

a7&1CM.IN741CM ••• D • .IOllll,.,.W 
rrw.., 

1A Vee 
1Y IA 
2A IV 
2Y IA 
3A IV 
3Y I 4A 

GND 1 ·4y 
"'\,;,_....;;r 

INW.INMll04 ••• W~ACIAM 
rraPVllWt 

1A 1 1Y 
zy IA. 
2A IV 

Vee 11 GND 
3A IV 
3Y IA 
4A 7 4Y 
~--· 

INMLICMSNl•ICM ••• FICPACUGI 
IN74LI04.M7._. ••• FNPACUGE 

rraPftWI. 

2A 
NC 
2Y 
NC 
3A 

·.· ?: ~l.f~ 

NC·Ne---•m .. ,_. .. 

IY 
NC 
IA 
NC 
IV 

Pl 1 ISCIW JalA Tllla---... -,,~ .............. 
:: r.~~·"-.:--= -

TEXAs.,, _ 
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P.A National .a Semiconductor 
·LM111/LM211/LM311 Voltage Comparator 
General Description 
The LM111, LMl11 and LM311 are ¥Oltlge 0011'4111illDl'I 
... .... ilput CUl9nla,...,. • lamnd tinm IDWW trllft 
d9wicll like the LM10I or LM710. ~ .. a11o dlligned 
. to operate ovw a wider range of 1UPP1Y volt8ges: trom..,.. 
dlrd :t 15V op 1n'1P 11JPP1iaa dOWn tD the .._ 5V a1PP1Y 
.... far IC logic. Their OU1PU1 ii CDmPdble wilt\ RTL. DT\. 
n TTL u ... a MOS Cllrculll. Further, 1Mr C111 drtv9 
lampl or....,., hilal*IO vottagl9uptDSOYat1U191G • 
tllghu50mA. 

· Balltthe .... Mdtl19 .... 0ltl19LM111, LM211 OltM 
LM311 can ba..,.... fram IYlt9m grcxnr, and aw ouq:,ut 
can drive IOadl...,..... tD around. the POSltiv9 M'PP!Y« ttie 
rwgaM tuppy. Offlet Mlancing and stroOe caPIDililY .,. 
provided and outsiuta can be wire OR'ed. Although llOW9r 
than the LM108 and LM710 (200 ns '8IPOI• time VI 

Typical ·Applications•• 

On.t•-•11 u .. 

_._ ...... .._.,..._ 
prlllCllalCflWft.......... - .-.. .. y+ + llne. 

40 .. , .. d9viCm .. mo mucn 1ea pane tD....,. 
OIClldDnL The LM111 Ml the ume pirl conlglnlion a • 
l'9 LM10l Ind LM710. 
The LM211 Is identical to 119 LM111, except lhllt la PIC•· 
fonnlllCe ii IPlilified ovw. -2s-c to +~ ...... . 
.......... Ol-5S-Cto +1259C. TheLM311 ......... . 
pnlll9 .... ol 17C to + 70"C. -

Features 
•~fram--IY__, 
• Input cur..wt 150 nA mu. fN« ~ 

• Offut cunnt 20 nA ma. fN« ......... 

a Dlff...,.. ~ VOlt8ge range: :t30V. 
• Paws~ 135 mW at :t 1sv 
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..... Do Nae ........... 
Pin. ~ • 
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' Absolute Maximum Ratings tortl'le LMn 11LM211 :! If Mllltary/Aera1p1• 9peoifled c1...-. .. requiNcl. Operating r..._...... RMge LM111 -we to 1as-c .... ... pl... cont.IC& Ille Ndoml ............... Salle LM211 -2retoLi;"'"' ... 
Offtce/O&slrlDutora tor h~ IL"llllty and ap1aillallonl. StarlQe TemPerunAanQI -wcto11 ; ,,..7) I 

LUd Te111p9rDn (Soldering, 10 w) 2W'C 
Tot.I Suppty Vott8ge (V14) 38V Voltage at S11'Dbe Pin v+-sv ... ... eu.,.10 Nep1i¥1 Supoly Vatt.ge (V7..J sov 'SaldlMo lldaiiildan ... 

:! . Ground to NeoaM Suf:lply vonave ,v,.u 30V DuaMn-Une,.. 
Di,,....lill Input VOitage %30V Soldlliig (10 llCDlldl) ....... ~ ............... 21CPC 
1npus vonaoe tNoae, > %15V Snllll OUUirw hclclte 
Pow Oil'it'dJn (Nole 2) SOOmW Vmpar Phlle (80 leCOl'ld8) •••.••••••••••••••••• 21rc 

Oulput Short Cin:Ut Dwa1ian 10HC 
......... (11 llCDI- ......................... aa-c: 

See ANo450 "SurfW MCllning Melloda and 1'I*' Eff9ct 
on Product R9lill:lilily" for otl'llr mdladl of IDldlrilg .,.. 
flC9 lftlMlt dlMcls. 
ESD Rating (Note 8) 300V 

Electrical Characteristics for the LM1,, and LM211 (Note 3) , ........ COndltlOna Min· Typ .... Uftla 

Input Offset VOitage (Note 4) · TA - 2s•c. Rs "SOk 0.7 3.0 mv 
Input Offset Current (Note 4) TA.111!2S-C 4.0 10 nA 

'""""Siu cUn.it r,..-2s-c so. 100 nA 

Voltage Gain r,..-2s-c 40 200 VlmV 

RelPOftM nme (Note 5) r,..-2s-c 200 ns 

Saluralion Voltage V1Ns>-5 mV, louf•SO mA 
0.75 ;,s v 

TA•2S-C 

Strabe ON CurNm (Notl 8) TA•2S-C 2.0 3.0 5.0 mA 

Oulpll L.MMOeCunenl v,N~5 mv, Vour•3SV l 
TA •2S-C. ISTAOBe • 3 mA 

0.2 10 M ..._._..,·' 

Input Offset Voltage (Note 4) RsSSOk 4.0 mv 
Input Offset CIAnwlt (Notl 4) 20 nA 

Input Bias eun.m . 150 nA 
I 

Input Voltage Range v+ • 1sv. v- • -1sv, Pin 1 
Pull-Up Mmy Go To SV -14.5 13.1.·14.7 13.0 v 

Salura110n Voltage V+ 24.5V, v- •O 
0.23 0.4 v 

V1Nso-6 mV, lours;& mA 

Output Leuag.c..nent VrN:t5mV, Vour•35V 0.1 0.5 

""' POlitive Supply Current T,..•2S-C 5.1 6.0 mA 

NegatNe 5'JDPtv Cunnt T,t.•2S-C 4.1 5.0 mA 

,._ 1: Ttlll,... ... ., a11--. Thll ..... lllPUI-... 1n11 • aov -. .. ,...... ..,. nw Mg111We111&1111wan.g. Milll ....... ............... .,., ........... ..., ................ 
Molal: TM_._..__OlhLM111ii1llO'C.wtlile._OllleLM21t II 110'C.f0t_...ll_..............., ..... ilt .. tm ,... ...................... 
..... • ltCl'CIW, ...... ., ...... 

•-al tl!"CIW. !llnl*nlD ....... ar tfl'CIW, tunclOftlO-. Tiie- II __ .......... 

NGM I: Tllele • ¢_.. llllDlrlar Vs• ::t t5V 81111Graunll 1111t at.,.._., Md -H'Cs;TAs; +125"C. ..._.,..._...._ Wilfl N LM21t, ""-·all ............ ' •119lilllilldllt -25"CSTAS +ll"C. TtleolllM ...... on..w .... WCU'191114 1 I ...... .,.., .............. 
.... 6VMIPIYllPID tt5Vall!IPilL 
No1acTM0111M ......... on..OWN111a9'W9' __ .._......_ ....................... .._...,_... 1 lllAllllll&. TM. ,._.,..,... ........... .,., ............... _.._., ............ ._,,.ua-. 
..... • Tiie ,...._ ........ tw OliliniliOla, ii IDf a 100 fflV _.._ .... I rtN ....... 

..... Ttlll•t=* ,.,_ .. ....,.atCUIWSWbdl_De_lnllll .................... ....., ....... Dolllll lflllfl .. -.. 
ID...- I ............... a ID I""'-
.... J:A .... Amnnttw .. LM1'1H. LMU1JMd LM111J.I...., IP ., 

Id & 

..... HuliWI...., ...... 1.5 tO In -- ..... 100 oF. 

~- - '· ·--~··~ - ··~ ' 

~J 



LM311 Typical Performance Characteristics (Continued) 
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lute Maximum Ratings 1or1111 LM311 . ! 
- llllltllrylA•111911a1 epectfled dewtclle .,. ,.--. Output short~ DwatiDR -10MC -_,._. con•D& tl'9 ....._. ............... lllel ...... 

. ()pllmiig Temperatan Ainge O"la70'C 
,.. 

, ~.OfftOe/Dletrtbutan tor an' '"'ty .-.............. 
Stonlgll~lfln Rlngt -WCto150'C 

r· 
~VOlllge(VM) 38V " LMd TllllPll'atan (.,..,.... 10 UC) 2ID'C ---. lgll1iV'8 &.IPPiY Voltllge V74) 40V Voltlge at Strobe Pin v+-sv 

...... 
Gnuld la NlgltMt ._, Vollmge V14) 30V Saldlm!l lnfarmation • cur.•• Input VOlllge :t30V w 

DulMn-Une P8Clca09 -Input Voltlge (Note 1) :t15V Saldlf'•'!I (10 ..... , ••••••• • .••••••••••••••• 280'C -
I 

Power Oi•lipatian (Nol8 2) 500mW Small Outline pacag. 
ESD Rating tNot8 7) 300V Vtp0r Phase (60 MCDiida) •••••••••••••••••••• 215"C 

lnflwwd (15 ..... , •••••••••••••••••••••••• 22D"C 
See NM50 ....... Mounling ...... Ind ...... Effect 
on Product RllilbiMIY'' for otr.. mdlOdl of IOldwilig ... 
face mount a.wicel. 

Electrical Characteristics '°' 1he LM311 (Note 3) ,_,....,. CondlUona Min Typ .... Unlla 

Input Offset Voltage (Note 4> TA•WC. RsSSOk 2..0 7.5 mV 

Input OffMt CUMnt (Note 4) TA•25"C e.o 50 nA 
.. 

Input Bia Current TA•25"C 100 250 nA 

VoltaQeGU\ T1t•25"C 40 200 VlmV 

AftPOllM Time 4Note 5) TA•25"C 200 na 
SUntion Voltage V1Ns -1omv.1our•sornA 

0.75 1.5 v 
TA•25"C 

Sllatle ON Current TA•25"C 1.5 3.0 ""' 
Oulput Lellmge CWNnt YtN~ 10 mV, Vour•35V 

TA• 25"C, lsT110BE• 3 rnA 0.2 50 nA 
V- • VGAND • -SV 

Input OffMt VOitage (Note 4) Rs~50K 10 mv 
Input Offset Current (Note 4) 70 nA 

I~ Bia Current 
300 nA -

put Voltage Range -14.5 13.8.-14.7 13.0 v 
Salln1ian Voltage v+~4.5V, V-•o 

0.23 0.4 v 
YtNS -10 mV. louTS8 rnA 

-
POlitiVe Supply Current T,.•wc 5.1 7.5 rnA 

. Nagalive Supply Current T,.•25"C 4.1 5.0 rnA 

.... t: TN9 .... ..,_.. S'5V ...... The ............. 111111• lll'I ---~ ....... TM ....... lllPlllWDl!mgelinll •--·-.......,.....,.,.....aov ..... ....,...., .• 1•w•-. 

.... ltTM.....vniunceon ............. u.a,, II 11G"C.For_.... ................. --... HOl .................... an. 
' ....... n_m OI 115"C/W, ~ • ....... • 2VCIW. ~•-.TM IWlllll ,__of lhe ._.....,. 11111M119 • IOO"CIW. ,..._.. • ...... 

.... l:Ttwtp ,. ,. -~ fDr Y9• tt5Y ...... ~ .. M lll'QUnll. MO O'C <TA < +?O'C, ............ ll*i(ild. Theon.t ~--
Clft9IW 111111 ... CUIWfll II' :t' 9 1 1 a Plllllr fDr.,. ._, VOll8fll lrlllll I .... IV llQlly Ull tcl ~t5Y ....... 

..... Tlle.,......,,. ....... cur.-............................ OUlllUI ...... -·-...., ..... , lllAIDlld. Tiii& ,_ 
PllWClllWle 1n-111111t..s-. ""° wt11-• CP111...._ot ~1J1111 lllll .amu1a-. 
,._le TM,_...,_...,._ CIM .. illllwal •Iara 100 fflV inpla-Wlll\lrnV ......._ 
.._lclNa1p r: AC1P11Dr1.-IM""'9al.,..Wllillftmlle.-.11arn111e_.., ........... .._.. ... 0o1111t._.IW_., 
tit...-•~•_...._.,., ... 
,... r: "'--...., inoa11. u tct 1n _ _..too"'· 

• 

5.23 ~/ J 
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LM35/LM35A/LM35C/LM35CA/LM31D . 
Precision Centigrade Temperature Sensors. 

General DeacrlpUon 
'The LM35 .... .,. pa«lilion ~..,,.,.,.. 
tur9 ...... Wholeaulpulvottllge ii linMrtY pniponianlt to 
the Cellilll (CellliQNde) ........ The LM31 ...... ln----CMF.,_....,.... ..... ......_.in• 
K9Mn, u ... -· nat ....... tD .... • 111'19 ~ 
.... valllge frOm ... CIUlpul to ... ~ c.r.... 
gradt 8Cllli1g. The LMll *- nat .... .,,,.....,,., .. 
bratlon or ll'll111w4 to provide typiC:al acancila of :t%•C 
atmomtempMlllnand z•A-CowrafUIC -55to +150"C 
ten1P11 .... n1nge. Low cost ti ...,..; try bimning and 
cdlrdon at lie..,_..., The LM35'a low output Imped
ance. linw output. and ma. in..,... cdntieln mu. 
lnmrt.cinO to NMaut or controC circuitry ...,...ly euy. H 
CM be Uled Will llrlgle poww llipptiee, or with ptua Md "*"' .... Aa tt nwa onty eo .-.A tram• IUPPfY, it,,.. 
.,_.,._~ ...... o.1•c 1n atilt 11r. The LM35 ia 
,. ... to ~ °"" • -w to +150'C ·~ 
range. while the LM35C la ratlld for a -40" to + 110"C 
range (-10" wllh l1111S1f'0\19d accuacy). The LM35 ..... 

Connection D~grama 
TCMI 

llellllC.PMlalge• 

---ecaaacawrna 111: ll01 •,.....• 

OnllrN...._ UlllH. LllllA .. ., 
LllllCH. LllllCAH or UDIDH 
... Nl ... DllQe~HOSH 

---
Ordlr......,UlllCZor• llllDZ .... , .............. 

aVlillble ~In MnMlic T04 hi 1·11a ,........ 
........ Ul3llC la .......... In .. --To.12 .... ............ 
Features 
• Cll:nlM ...... c.111111 (Cellllgr8de) 

• u.- + 10.omVrc1C11tetac1Dr 
• a.re ---......... (at +lrc) 
• Aa11C1fartu1 -srto +1150'Crange • ....._tor,..,.. ~•"11.,. 
• Low oost ._to .. i.v.i biil'*IG 
• ~tram 4 to ao va1ta 
• ~...,. eo .-.A CIUl'Mll chin 
• Low ..., ,,...."' o.orc 1n atill .r 
• No11111..- • ~we typioal· 
• Low....,_ OU1PUt. 0.1 n for 1 mA lold 

Typical Appllcatlona 
~·· 

Vaur• + '.IOD fflY • + 1IO'C 
• +llO flN. +..C 

• -- flN. -ll'C 

L-----------------... -12----------------·· I g 
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· Electrlcal Characteristics (Naut , , (Note•• ceonar..at 
Lllll ~LIUID 

,.,. .... COHdlllDM 
T ..... .,...... T ..... .,...... . . Unlll 

Typllll Ullllt Ullllt ,.,,... Lllllllt Lllllllt ..., 
CNoll•l cr--ll CNoll•l (Nolll) 

NJIJlltll:f, T1.•+2rC :!:0.4 :!:1.0 :!:0.4 :t1.0 -c 
LM35.LM35C TA•-10'C :t0.5 :t0.5 :t1.I ec 
(Nofll 7) TA•TMAX :to.a :t1.5 :t0.1 :t1.I -c 

T1.•TM1N :to.a :t1.5 :to.a :ta.o -c 
Al:olnl;f. TA• +25"C :tO.I :1:·1.1 -c 
LM350 TA•TMAX :tO.t :1:2.0 -c 
(Nolen TA-TMIN :.tO.I :z.o 'C 
NonlinMmy Tu1N~TAS:TMAX . :.to.a :t~ :to.a :to.a 'C 
(NOl98l 

~Gain Tu1N~TAS:TMAX +to..o + .... +to..o + .... mvrc 
(Averag9Slape) +to.a +to.a 

LGld AeQIM.liCln T1.• +25"C :tOA :!:2.0 :tOA :t2.0 rnV/mA 
(NOil 3' OS: IL S: 1 mA TMIN~TAS:TMAX :to.a :1.0 :o.a :tl.O mV/mA 

UM R99U1&ti0n TA•+2S-C :t0.01 :i:0.1 :t0.01 :t0.1 mV/V 
(Note3) 4VSVss30V :t0.02 ±0.2 :o.oa :tOJt mY/V 

aw...nt CWrWlt Va• +5V, + 25"C $8 80 $8 80 "" (HNI) Vs•+IV •• ••• •• ... pA 
Vs• +aov, +25"C 51.2 12 $8.2 82 pA 
V9•+30V 'IOL8 "' .... t4t J&A 

ai.ttgeot 4VSV9~30V. + 2S-C 0.2 2.0 0.2 2.0 "" a. ...... aa...nt 4VSVas30V o.a 1.0 o.a ... "" (NOl93) 

r...._.u. +o.a• +0.7 +o.98 +0.7 ,>.re 
CoeHkilnt of 
Ouilecent CUnnt 

M!Nrrun Tempwllln lneinU&Df +1.1 +z.o +1.5 +2.0 'C 
tor Rated AOOllll:Y F/(/Ul9 '. IL• O 

Lang Tenn Stml:lllty T.1•TMAX. tor :to.oe ±0.08 -c 
1000heua ........ , ··----·-.-in··-........................ .., ..... a......, ............. - ..... ...... ..,....,... ........ - ., ......... .... 

...... T .... '--............... ,00 ...... 111 ......... 

-·~~ ................. \00 ............................................... T"-lillill .......... _...,........, ...... 
--··~111 •111 ................... .-.............. 
-i:~ ..................................... Onwl'CllW ........ _.,_ ................................ .,. ____ ,.., 

ll9''Q, 

-•Nau111_., .......... ....._af .. .,... ICllllll ,...•-antu¥1ftlm .. ...,...,...__ .. .._.,,_..,...,. ...... 
.... • aui.a.....,.. ....... Iii ....... ,,,"""''· 
.... \Cl: AblDll-. ................ lllbla linlll..,... "'*"' ................. ..., ... oc 11111 /It; ..... Ill '211 ........... 
~ ........................ _...... ....... ,. 

I• 



ryplcal Per1armance Characteristics 
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ar---------~~---------------------------------a Appllcatlons 
:i Thi LM3S Qin be ... llUily In 1he ..... way .. OU. 
:C ~ ..,.._ ... m It cen be OftllCI or y w.a-. • ...,...,. ........... willbe_.. 

~ · g lbaUt 0.01-c of ........ temperAn. 

, ;;; Thia ........ that .......... air *"Plllln ii ...... 
' ................ ~ .............. 
~ _.nuntigtsortowwu.nu....,.~ 
..... .,,. _., ~-.. Gf "9 LM35 di• would be at en inls· 

i ................. ....__, ...... '*""' ...... 
IW s ..,,.,...._.Thia ii ~ true tar lie T0.12 

"' plmtio ~ .... lie COA*' ...... lie ...... 
C'I thlnnll path tD ClnY Mat into 11'19 d9viclt. IO ill·._. ! ...... be .... tDtlWUt.rnperAnlhen1D ..... 

!
ii! .. ........... 
.... To mHntw 1111Pl'atiem.be ... that1he wiring to the 

LM35. u it leav.1M dNce. ii held at thew~ 
u. .. lie ...... o1..--. The ---way·to do ... ii 
to COV9r up th-. wne with I bead of epoxy which wilt 
in... that the IUda anct wn. are aH at 1"•..,. ten'IPel'll
u. U 1he aA'face. and 1l'la1 the LM35 die'• tenlpermllft will 
not be aftec:tlad by 1M air tMlpera1ln. 

The TO....,....., P1Ck18e CM 111o be laldll9Ci to a -
Uiloa or pipe Wllhall& dlmeOe Of CIDlne. ii 1111 ... .. 
v- WrniNI of .. CinUl will be trtUldld '° .. ..... 
Al•cau....,. h LMll mn be lllOUl*dtn.idita 11m1d.,.. 
11191111 lllbe. and Giil llM be dipped• a blll or ICIWld 
fnto • Unlldld hale ila lllic. Aa _...,,IC. .. LMal n 
~wiring Ind -- nut be ........ 
and dry, to aVDid ......... CIOmllian. n. ..... .... 
l1Ue I the cRuit may~.°* ......... ..... 
COlldel...., cen oca,. Plliillliilkilait ca11n111 • _.. 
riltwaaichUHumelliand9PCllYPli:*IWdpa .. dllft 
UMctto-.. ........... conade .......... 

ThlMI ...,.. .......... --- 1D ..... ._.. 
w.igt1' Mat tin, 1D dlcNIH lie ....... 1im9 WWWiiWlt Md 
lpeld up ....... in • .,.,.,.... .... On .. .. 
tlllld. ............... may be add.tto ....... to 
QRIWttle ..... l'MlingCS.-naldevidol•ilb. 
tempernn. 

T....,• .... R•ot LllllOU. ro .....,._a.11(Tll9rlnm Ra111 .. _) 
To-41. TCMI, TIMI,· 

· no Mid ltnk UWil heat fin• noheatelnk 
saar «Kl'C/W 100"C/W. 180"C/W 
Movtnga 100'C/W 40"C/W tll'C/W 
SllOil 100'C/W 40"C/W tll'CIW 
SlmlclOil 
(Qlmped fD ...a. 

5fl'CIW 3fl'C/W 4S"C/W 

I~ heat ..... (2..-CIW) 

• w.........,. mt, or 1• dloot Cl.020" .,_--. .._.. •-. • lilllilll'. 

••TOG.-... ................... ID1° ...... y .. • ............... lar.tal•--· 

Typical Appllcatlona (ConliNled> 

I . ~ 1-=~--.. . 
~ -... - , •wa=•F--

11.l'Hlll .... t• 
FIGURES. LIUI wtlll DHDuplng from Cep1cntn Lolld 

CAPACmVI LOADS 
LUr.e moet miclOPCM91 eircuit:a. .,,. LM35 hu a limited llbility 
IO CSN9 heavy capacilM ..._The LM35 by....., ii MH to 
drtv9 eo pt wilhOUt I09Cilt ~ tt M11Nr ma..,. 
anliclpatllcL ll 11 ..., to ilolate or deCOupfe 1he load witft a 
reliltlar. ... Fi(/1119 3. Or ~ cen improve the tot.... of 
capllCitanCe with a .... R.C damper trom ouiput to 
ground: .. ~ 4. 

~ 1M LM35 II 8PPlied with a 200n load ,...... at 
anown in Fl#fn I. • or I, It 11 Nlatlvety Immune to wiring 
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' 1LMlll-..O 
FIGURE 4. L.1131 Wiii\ R-C Din .. --

caplGitance ..... .,,. CIS*itanCe forms • ..,.... tram 
ground 1D lnpul, not on 1he output. H.,...,_, a will _,., 
llnw Cirait C011lectlld town. in a holtile envillfmmaco ltl 
~ Oln bl ....... .,.,...., Dr inlllf9e ..... 
maonetiC ICUCel -..ct\ u Nlllyl, raciO ll'll•nilMI" motin 
with M:110 ....._ SCR trannienla. etc. u •wiring cen 
act a a NIClilling .,.... end itl inttmal ;...-.. cen tct 
u....._Forbelt ........ inalCl'lcu-.abfpmQIPll> 
ltor fram YIN to gram end a _.. R.C damper .m U 
750 In .... with 0.2 Ot 1 ,,S: from USM 1D ...... n 
ofllln ........ n.. .. .nown in~ l.t '"' .. 16. 
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Typical Applications (Continued» 

" • ,, .... •• Mli9ll 

• 

TIJHll9t .. 11 

FIGURE 11. CeMlgr8dl Tllll...,1111,...,ICll,.M .... W•CAnllog _, 1\llWI•• 
FIGURE 12. ._.d1dllllle 'llllnn.i1l 
(Wto II" Fldlnnhlla.tor...._.._~ 

..-----------..... ~--------... ----. 
• 

• -
................ 

1\.IHllltl-11 
FIGURE 1S. Temperatan To Dlgltll Con..w(leMIOUlput)(+ 11rCF .. llllle) 

.. 
• 

• llMAUL .. 
"""" - -- .. .... ,,, II 

• • -. 1\Jffllltl-M 
FIGURE 14. Tempet•lln To D1t1t111 Connrmr( ....... TRl4TATE• °""9Ut8 tor 

........ Data ... to pl' lntwfaDe)(121"'C Full IOlle) 
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Typical Appllcatlona (ConllruM> 
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Open Shroud PLCC 

Physical 

• Accepts JEDEC PLCCs in Registration MQ..04.7 AA-AH 
• Visual polarizing. PLCC comer. pin " I .. l.D. 
• Underside orientation to P.C. board plastic post fearure 

option 
• Contacts have discrete egress from socket bottom. 

prevents solder bridging and up-con11e1 wicking 
• Roor of socket has drainage boles for· pos1 solder claning 
• Industry top extraction fearure for package removu. some 

sizes 
• Side package extraction feature. some sizes 
• Stainless steel clip available for locking in PLCC package 

for high vibration - mechanical shock applicarion 

Insulation Material: Glass Fonified Polye1hylene Teraphthala1e 
Flammabiliry Rating: Ul 94 V-0 

Color: Black 
Contact Material: Ni Ag Alloy 770 

Contact Plating: 90/10 Bright SnPb Nickel Underpla1e 

Electrical 
Current Rating: I A 

l11sulation Resistance: > I x 1012 n 
Withstanding Voltage: 1000 Vnns at Sea Level 

Environmental 
Temperature Rating: - 6 7°F to + 221°F (- 55°C to + I 05°C) 

UL Fi1e No.: E68080 
3M Electronic Products Division 
PO Box 2963 
Austin. TX 76769-2963 A-10 



Open Shroud PLCC 

. 
l"l 

~ 
N 

N 
0 

.361 
I 9.17 I I 

I 

• 050--' 

i ' "9----e·-
so 

r·OZO 
· I 0.51 I 

• IZS-i 
I 3. JB I ' 

i i .27) --.020 X .Cl3 

.050 DIA
i 1.27 I 

ORIENTATION 
POST 

IOPT IONAL.I 

I --··c·--
EOUAL. SF'C::S e 

• :OOt.002 I 2.54t0.C:' I 
TOL NON ACCUMU....ATJVE 

CLEARANCE F"OR --, - SOO -
,050 I I ,27 I 0 IA \ • ' 

ORIENTATION \.1 12.70 I, 
POST • 

I 0. S : x 0. 33 l 
CONTACT ••. : ... 

Ty" 

IOF'TIONALI r r;::::-.-::·-~ ' ' ............ -.----
.500 • • • • ' 

I 12, 70 I • • • · r, • • . 

.L i •• .~:. •• 1.000 so ----•+i-c-----, •• ~·G·' •• IZS.401 

I • • . •• 
• • • • I 

: .......... . . ..... ··-----Lo 
~---··--·----

69 LO P. C. PATTERN 
COMPONENT 510E 

CLEARANCE FOR 
050 I l.Z7 I DIA 

OAIENTi\T ION 
. POST 

IOPTIONl'LI 
-----~------. 

,....--~ .......... ··----.... . . . . . . . . . . . . . ' 
.600 ; : : '. : : : 

I 1!5.241 ! • e ~ e • . 
' .••. , •• , 2QQSQ .!__-----:- )---.. - '· 

I e • C: • • . I 30,40 I 
: • • ·1 • • • I . • • • • I I I • • . •• I ..•...•...... ' ············----·L------i------...l 

94 LO P. C. Pi\TTERN 
COMPONENT 510£ 

; No OF' I ·11· -e· I -c-l ~EADS I I . 

69 ,. 1.zs 1· .9'4 I I .ooo 
131.SO I I z3.ee I I 25.'40 I, 

I • '45 I , 14 I .200 
I 3&088 I 128.96 I I 30.49 I 

. EXTRACTOR TOOL 
4-0000-06230-002-099-000 

ll'CH 
OIMENSIONSI r 111111 I 

TCLIEJWCE 1.H.19 MllT'ID 

I .o I .oo .ooo 
INCMI 1.1 i 1.01 a.
IMI I 1.J j 1. lJ 

' 
~._ ______________________________________________________________________________ ___, 

~ 
0 ORDER INFORMATION 
' Ill 
I-

No OF SOCKET PART NUMBER LEADS 

68 2-0068-06234-0SX-038-077 

84 2-0084-06235-0SX-038-077 

X 5 !WITH ORIENTATION POSTl 
6 !WITHOUT ORIENTATION POST! 

IC Socket Connect0rs A-11 

I 

OPTIONAL 
RETAINER CLIP 

2-0068-06234-007-080-000 

2-0084-06235-007-080-000 

8001328 7732 
For teennical product information 
8001225 5373 
For sates and ordering informatian 



Open Shroud PLCC 

N 
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' ID 
1\1 
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3M Electronic Products Division 
P0Box2963 
Austin, TX 78769-2963 A-12 

PIN OUT LOGIC 
IYIEW l"fllCM CCM"OIENT SIOEI 

PIN I 

Q QQQC 
I "'.,, I "'• I "'.., I '., I '\. I ', 

0 · D D D D 
1 o·-.a 
\ c:J-0 
\ ' 
1 o'-o 

PIN zJ o·:o I 
68 & 84 

LEAD PLCC 

I 

: 'I/ I EW l"FI~ COMPONENT 51 OE I . 

'PIN NUMBE..RSi LEAD C:~NT I ~ 1 
"- I 

68 

RETAINER 
LEAD I ••A" 

COUNT I 
69 I l • JS I 34 , 26 l 

e .. ' 1 ,56 I 39.59 I 

68 

CLIP 

I "B" 

I I .02 I 2S.B9 I 

i '. .08 I z 7,41 I 

INCH 
O!MENS!ONS: ! mm 1 

Tel.DWCE IH.ESS NOTED 

.o i .oo I .ooo 

IC Socket Connectors 



,,...LTEC1nH~~r.v~-----LT_L~_1?_f_l1_~_~_¥_1~ ...... ~ 
._, , ............... , Positive Adjustable 

FEAIURES 
• Guaranteed 1'ro Output '{9ltage Tolerance 
• 6uarantHd max. 0.01'ro/V Une Regulation 
• Guarantied max. 0~3'1. Load Regulation 
• Min. 1.SA Output Current 
• 100111 Bum-in In Thermal Overload 

APPUCATIORS 
• Wide Range Power Supplies 
• constant Current Supplies 
• Voltage Programmable Supplies 

Rqulator with Referun 

-imn. 
.;.;._--i\llr:. ;-,._~_...._sv 

2.SY 

LTI009 

Regulator 
DESCRIPnon 
The LT117 A Series are 3-terminal postttve adjustable · 
voltage regulators which offer ~proved performance 
over artier devices. A major feature at the LT117A Is 
the ouq:tut voltage tolerance Is guaranteed at a maxi
mum of ± 11fa, allowtng an overall power supply toler· 
ance to be better than 3111 using inexpensive 1111·· 
resistors. Une and load regulation performance has 
been improved as well. Additionally, the LT117 A refer· 
ence voltage is guaranteed not to exceed 2111 when op
erating over the full load, line and power dissipation 
conditions. The LT117 A adjustable regutatars offer an 
improved solution for all positive voltage regwator re
quirements with load currents up to 1.5 amps. · 

Output Voll191 Emir 

12 ~--.....--~~,.,, 
11 1--.o..-;.~-++++---+-l~+H 

i101--.-....;.-1-H.++H---+~"+H+H 

I I 

I ! t:::tj±j•~==~ 
I s t-z::it""'T'~"tltC==--; ,~g~~ I :~~~-++++-~-rH-Hffl 

, 1-&-~~"""'*"-~H+++H 
0 L....-__;, ......... .....,_~---

2 ' • 110 20 '° 100 

ClllM' D.W'E 

--------------------------------<[) .LT~ 4-137@ 



. LT117A/LT317A 
LMl 17 /LM317 

ABSOLUTE mAxunum RAl111GS PACKAGE/ORDER lllFORlllRTIC? 
IDmllVIW ORDER IOmll.. . ORDER Power Dissipation •.•..••.•.... Internally Limited 

Input to Output Voltage Differential • . . • • • • • • . 40V 
Operating Junction Temperature Range 

LT117A/LM117 ...•.••...... -ss0 c to 1so0 c 
LT317A/LM317 •••••••••••••••• 0°c to 12s0 c 

Storage Temperature Range 

·ov· PAATNO. r 2 LT117AK 

0 
;a- LT317AK• 

• lllCMIE ClllM LM117K 

~ PAATNO. 
f?'S:., LT117AH 
~MM LT317AH 

LM117H 
LT111 A/LM111 . • • • • • • • • • • • . -&S0 c to 1so0 c 
LT317A/LM317 •.••••••••...• -es·c to 1so0 c 

Lead Temperature (Soldering, 10 sec.) ••..•• 300°C 

PRECOnDmon1nG: 
10011» THERMAL LIMIT BURN-IN 

10-:11.:;CM LM3171( 11).l:f:EClll LM317H 

jol~~ :::: CRJER 
PART NO. 
LT317AT 
LM317T • ' 

CASEIS 
OUTPUT 

ELECTRICAL CHRRRCTERISncs (See note 1) LT117R/UD117 
INU11111 I LT117A I 1.11117 

ITlllL anmoa Ill "' llU Ill nP UI 11111 
v,., Rlllrtnel VOllaOI lour - 10mA T, - 25'C 1.231 , .. 1.m:. v 

3V c (V• - Vaud c I/JV • 1.225" , .. 1.211- 1.20 1.25 1.30 v 
10mA c !.,in ci_. P c ,_ ... 

~ Ulll fllOUlltlOn 3V c (V• - Your) c I/JV, (Sii 
A• Nott 2) um. U1 0.01 o.az Vi 

• 0.01. o.az o.az. 0.05 'l' 

~ Load Reouiauon 1DmA c lour c 1-. (Sii Noll 2) 
m~ AIM V.r-.SV 5 15 5 15 

V.r~SV 0.1 0.3 0.1 0.3 .. 
Vwr-. 5V • 20 50 20 50 mv 
vM.-sv • 0.3 1 0.3 1 .. 

I Thermal RIQUlltlOn T • - 25 •c. 20msec Pulse ca.a. 01.ll.. 0.03 0.07 'lt/W 
Ripple RljlCtiOn Your - 10V. f - 120Hz 

CAIM - 0 • 85 15 dB 

CAAi - 10uF • 86 IO Ill .. dB 
lw Adjust Pin Cllmnt • 50 100 50 100 "" AIMM AdjUlt Pin Current Clllnl• 10mA c lour .. ._ 

2.5V c (V111 - VM) c I/JV • D.2 5 u 5 "" '- Minimum Load Cumnt (Vll - YM, • 40V • 3.5 5 3.5 5 lllA 
CllTlnt Limit (V• - Your) c 15V 

K PaclllOI • 1.5 2.2 1.5 2.2 A 
H Paclalll • 0.5 0.1 0.5 O.I A 

(V• - Vaur) - 40V. T1 - 2s•c 
G.3 0.4 A KPlckltl 0.3 0.5 

HPaclllle 0.15 0.2 0.15 0.2 A 

• T1mpera1U11 Stallltity -ss·c c T1 c + 1so•c 1 2 1 .. 
~ p 

!\tr£ LOnO T1tm S1llllllty ,T, • 125•c G.3 1 OJ 1 .. 
lw RMS OutDUt NOia fllt of Your) Ta • 2S-C. 101U c f c 10lclU 0.001 0.001 ' 8!e 1blr•t"'861tanca H Pactcaoe 12 15 12 15 

JunctlOn to Cul K Pactca91 u 3 2.3 3 ... 
"-1,.,.t.•· 
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LT117 A/LT317 A 
LM 11 7 /LM31 7 

~ECTRICRL CHRRRCTERISncs· (S•• flot• 1) LT317R/UID17 

Thermal Reaulauon 

Adiult Pin Current 
Adjult Pin Current CllanOI 

a.... 

coamo• 
laur • 10mA T1 • 2S-C 

3V c IVw - Vo) c 40V 
1ClmA c i..,,. cl-, P C P-

3V c IVw - Vmr) c 40V, (Sii 
Nall2) 

1ClmA c laur c &w.D. (Sii Nall 2) 
Yo c SY 
Vo;. 5V 

Ir. - 2s•c. 2omsec Pulse 
Yo • 10V. I - 120Hz 

c.o,, ... 0 

c."' -· 1o&&F 

(V• - Youd .- 15V 
KandTPaclllQI 
HPICDOI 

(Vw - Ymr) - 40V. T1 - 25•c 
KandTPac:DIJt 
H Pldraat 

o·c c r1 c 125•c 

Ta - 12s•c 

The • dtnotll t111 1peciflcat1ona which apply over Ull full operatano 
tlnqllratun range. 
1111 1: Unl111 OUllrWise apec:iflld. that 8')1Cif1catlon1 apply for Y11t 
- VOUT - SY: and louT - 0.1A tor !hi T0-39 Ind lour - 0.5A tor 
the T0-3 and T0-220 pacleaOIL AltlloUOll poWlf' dislioatiOn is 
Internally Hmtted, Ulna speciflcationS are a~icablt for power 
dlsslpattona of 2W for the T0-39. and 20W for Ull T0-3 and T0-220. 
l111u Is 1.SA tor Ult T0-3 and T0-220 oacao11 and O.SA tor Ull T0-
39. 

..... 

•· ..... 
•· 

1.11111 a.mu 
•m111 •mm 

ta : O.Ot: 0.01 G.04 · 

o.ot o.az: 0.02 0.07 

5 25 s 25 
0.1 0.5 0.1 o.s 

20·:· 50-. 20 70 
o.s ' 0.3 1.5 
0.1112. 0.02 0.04 0.07 

65 

66 80 66 80 
50 100 50 100 

• 0.2 s 0.2 s 
• 3.5 10 3.5 10 

• 1.5 2.2 1.5 2.2 
• 0.5 0.1 o.s a.a 

~~ u ~~ u 
0.075 0.2 0.075 0.2 

0.3 1 

0.001 

12 15 
2.3 3 
4 s 

0.3 1 

0;001 

12 15 
2.3 3 
4 

... 
v 

v 

mY .. 
mV .. 

'llt/W 

dB 

dB 

mA 

A 
A 

A 
A .. 
.. 
.. 

"C/W 
•ctw 
-CIW 

4-139 <Y 



LT117A/LT317A 
LM 1 1 7 /LM31 7 

'TYPICAL PERFORRIRRCE CHARACTERISTICS 

I 

LoallReaatatlon 
0.1 

I I I I I I I I 
! 

0 
I 

l ; IOuT- IA I I --......i. 

I i I I i i I 

! " ! I I 
I I 

I I i I 

' 
l \ ' 

! I 
l I I i I j I l 
YIN• 15V ! 

• VQuT• IOY I I I 
I ; 

I I I I I I I I 
0.5 

-75-!I0-25 O 25 !IO 75 1IXI 125 150 

TBlllRAT\IE 

Dropout Voltage 
3.0 ....... ----~--i 

~Vair - llXI flN i I I ' 
I i I I i I I I 

1.0 .....___... _____ _ 

-75-50-25 0 25 50 75 1IXI 125 150 

TDl9A1\IE 1•ci 

Rlpple Rejection 
1IXI . I 

I c.i- 10..F I 

IO 

I IQ 

~ 40 
I I 

I Vw-Vmir- sv 
IQUT - 500 mA i 

~ , _ 120Hz 

T1 • 25°C I 
' 0 

0 5 10 15 20 25 30 35 

Oll1FVf Wl.TME M 
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currntumn 
(T0·3 11d T0·2211 Pacbpt 

3 I ·1 ! '1· . 

1 I ; 

I ! 
' ! 

0 ........ ------~ 
· o m ~ ~ 40 

Nllft'41TPUJ OFFRNTW. M 

Temperature Stability 
1no.------------. 

I I I I E 1.2111 ..,_ __ ....___,___..__~ 

I I I I I I g 1.250 t--~....--~~M 

I I I I I 
i t.240 ..____I _I -, +-I --ti 

1..2311-------........ ---
-50 -25 0 25 io 75 1IXI 125 150 

TDRllAlUIE 

Rlpple Refection (118) 
100 

IQ 

i e IQ 

; 40 

Y11•'1sv 
20 

Vair• IOV I 
IQUT •O.SA 

0 
10 1IXI 1k tlll 10lll 1M 

AIGltCY ltrl 

IS ! 
IQ 1--i------+--+-+-+--~ 

~ i : ......__ ....... -.#-....... _,....._~ 
1:1--~~~~ 

30 --------------75 -25 25 75 125 

lEJrlllRA1\IE rel 

Minimum Operating Cunent 

1 •· Is 
12~~~~~~ 
I 

I I 0 -~~--i...-i...-i...-...... 

0 5 10 u 20 Z5 • • 40 

NVr.amur llFFlllNNL M 

Ripple~ 
llO 

Ill 

I 10 

I 
Ii; IQ 
II! ... 
I 50 

i 111111 

11 

11 

1111 
I 11111 

v..- 15'1 

I I~·~ i0J 
~ 

! ~-\ 
~ 

- Yan- 10V ! 
30 

0.01 

, _ 120HI 
I I I 1 llill I 

0.1 

CIUIM~W 

10 



· LTll7A/LT317A 
LM 117 /LM317 

-'YPICAL PERFORmRnCE CllARRCTERISna 
Outputl1nped1nce Ult Tralllitat Rnpaae 

! I •Vair• IOV -so..-. 
t.5 

IE I 

ii~ 
Ci. 

1

• 0. C., • O f. • 25'C 

.x: 
I 

-o.s Ci. - "''· c., - 10.il 
WI/' 
I I 

I _, ... ' I . .. 
: 

J 
I ' 

O.OCIOI '----------' 
10 100 lk 1Clk 10Clk IM 0 10 20 30 •O 

FllalNCY IHrl 

APPLICR1100S IOFORmRnon 
8111nl: The LT117A develops a 1.25V reference volt· 
age between the output and the adiustable terminal 
(see Agure 1). By placing a resistor, R 1, between these 
two terminals, a constant current Is caused to flow 
through R 1 and down through R2 to set the overall 
output voltage. Normally this current is the specified 
minimum load current of 5mA or 10mA. 

LT317A N . CM.._ __ llcllf 
·-

,___.,.,...,_-.• _. .... - 111 

Flgure1 

Because IADJ is very small and constant when com
pared with the current through R 1, It represents a 
small error and can usually be ignored. 

It Is easily seen from the above equation, that even if 
the resistors were of exact value, the accuracy of the 
output is limited by the accuracy of V REF· Earlier ad
justable regulators had a reference tolerance of ± 4111. 
This tolerance is dangerously close to the ::t: s-. sup
ply tolerance required in many logic and analog sys
tems. Further. many 1111 resistors can drift o.01cra1°c 
adding another 1% to the output voltage tolerance. 

TllE1 .. 1 

For example, using 20/o resistors and ± 4°' toler-
ance for VREF• calculations will show. that the • 
expected range of a 5V regulator design would be 
4.66V < Your < 5.36V or approximately ± 1'1. If the 
same example were used for a 15V regulator, the ex-
pected .tolerance would be ::t: a-.. With these results 
most applications require some method of trimming, 
usuaJly a trim pot This solution is both expensive and 
not conducive to volume production. 

One of the enhancements of Unear Technology's ad- · 
justable regulators over existing devices is tightened 
Initial tolerance. This allows relatively inexpensive 11fo 
or 2% film resistors to be used for R 1 and R2 while set
ting output voltage within an acceptable tolerance 
range. 

..,, 
· With a guaranteed 11fo reference, a SV poww supply 

design, using ::t: 2cra resistors, would have a worst 
case manufacturing tolerance of ± 4'1t. If 1" resistors 
were used, the tolerance would drop to ± 2.5 ... A plot 
of the worst case output voltage tolerance as a func
tion of resistor tolerance is shown on the tont page. 
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LT 117 A/LT3 l 7 A 
LM 11 7 /LM3 l 7 

For convenience, a table of standard 1% resistor val
ues is shown below. 

Table at 'h'lll and 1'i Standard Resistance va11111 

1.00 . . 1.47 2.15 3.16 I 4.64 6.81 
t.02 1.50 2.21 3.24 4.75 6.98 
1.05 . 1.54 2.28 3.32 4.87 7.15 
1.07 1.58 2.32 3.40 4.99 7.32 
1.10 1.82 2.37 3.48 5.11 7.50 
'1.13 1.65 2.43 3.57 5.23 7.88 
1.15 1.69 2.49 3.65 I 5.36 7.87 
1.18 1.74 ·2.55 3.74 5.49 8.08 
1.21 1.78 2.81 3.83 5.62 8.25 
1.24 1.82 2.67 3.92 5.76 8.45 
1.27 1.87 2.74 4.02 5.90 8.66 
1.30 1.91 2.80 4.12 6.04 8.87 
1.33 1.96 2.87 4.22 6.19 9.09 

. 1.37 2.00 2.94 4.32 6.34 9.31 
1.40 2.05 3.01 I 4.42 6.49 I 9.53 
1.43 2.10 3.09 4.53 6.65 I 9.7& 

Standard Resistance Yatues are obtamea tram the Decade Table · 
by multiotylng by mut11otes of 10. As an examole. 1.21 can reor• 
sent 1.2tD. t2.1D, 1210. t.2tKn etc. 

lfftll Cap1cltars: Input bypassing using a 1µf tanta
lum or 25µ1= electrolytic Is recommended when the in
put filter capacitors are more than 5 inches from the 
device. Improved ripple rejection (80 dB) can be ac
complished by adding a 10µ1= capacitor from the ad
just pin to ground. Increasing the size of the capacitor 
to 20µ1= will help ripple rejection at low output voltage 
since the reactance of this capacitor should be smatl 
compared to the voltage setting resistor, R2. For im
proved AC transient response and to prevent the pos
sibility of oscillation due to unknown reactive load, a 
1 µF capacitor is also recommended at the output Be
cause of their tow impedance at high frequencies, the 
best type of capacitor to use is solid tantalum. 

Prat1ctloa Dlodu: The LT117A/317A do not require a 
protection diode from the adjustment terminal to the 
output (see Figure 2). Improved Internal circuitry· 

Ot '"°°2 

L1'l17A 
Y11-~ II DUrt--+--...... -.,__;Yall' 

NOTl&llD 

Figure 2 

eliminates the need for this diode when the adjustma.~ 
pin Is bypassed with a· capacitor to lmpraw ripPfe 
rejection. 

If a very large output capacitor Is used, such as a 
100,,f shown in Figure 2, the regulator COUid bl dam
aged or destruyad If the. input Is accidentally shOrtld 
to ground or crowbarred. This ls due to the output ca
pacitor discharging into the output terminal of the reg
ulator. To prevent damage a diode 01 Is recommended· 
to safety discharge the capacitor. 

L11d 1111111111: Because the LT117A Is a three-termi
nal device, it Is not possible to provide true remote 
load sensing. Load regulation will be limited by the re
sistance of the wire connecting the regulator to the 
load. For the da1a sheet specification. regulation is 
measured at the bottom of the pactcage. Negative side 
sensing is a true Kelvin connection. with the bottom of 
the output dMder returned to the negative side of the 
load. AlthOugh it may not be immediately obvious, best 
load regulation is obtained when the top of the divider 
Is connected directlyto the case not to the load. This 
Is Illustrated in Rgure 3. If R1 were connected to the 
load, the. effective resistance betwaen the regutam 
and the load would be 

(
R2 + R1) Rp x R 

1 
, Rp - Parasitic Une Resistance. 

Connected as shown, Rp Is not multlplled by the divld· 
er ratio. R, Is about 0.004n.per foot using 16 guage 
wire. This translates to 4mV /ft.at 1A load current. so It 
important to keep the positive lead between regulator 
and load as short as possible. 

CClllET 
llt 10r.AIE 

llt 

112 

I\ 

CllMC'tllr 
1t1UIMI 

ConaectlDU tar 8llt Load R ......... 
fllun3 

----------------~-----·· 
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ryp1cAL APPLICAnons 
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LT 117 A/LT317 A 
LM 11 7 /LM31 7 

SCHEmAnc DIAGRAm LT117A/LT317A 

3100 310 llO s.• 

01 

... 

PACKAGE DESCRIPnon 
K P1cu11 T0·3 STEEL Mtlll Can 

ljlNL 

117A 
tSO-C 

117 

317A 125-C 
317 
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FDC_ TYPE 

• SPECIFICATIONS 

. 0.2 ftl :t 50 Pl 190paorlHI 2.0. GHz or mar. 
0.3 ftl :t 50 Pl 150pacirlHI 2.0.GHz or 111019 -

0.4 n1 :t 50 Pl 150 Pl orllu 2.0 GHz or morw 

0.5 ns :t 50 PS ZOOpsorle11 1 .5 GHz or m°'9 

0.6 ns :t 50 ps 200 psor1tt11 f .5 GHz or mans 

0.7 ns :t 50 ps 200 ps or less 1 .5 GHz or more 

0.8 ns :t 50 ps 200 pa or1e11 1 .0 GHz or more 

0.9 ns :t 50 ps 200 ps or less 1.0 GHz or more 

1 .o ns :t 50 ps 200 ps or less I 1.0 GHz or more 

1.1ns:t50 ps 250 ps or less 900 MHz or more 

1.2 ns :t 50 ps 250 ps or less 900 MHi or more 

SQQ t 10'f •• • 
·1.3 ns :t 50 ps 250 ps or lels 900 MHz or mont 

1.4 ns t 50 ps 250 pa or less 900 MHz or more 

1.5 ns :t 50 ps 250ps or less 900 MHz or mar. 

1.6 ns :t 50 ps 300 ps orte11 800 MHz or more 

1.7ns:t50ps 300 ps or less 800 MHz or more 

1.8 ns :t 50 ps 300 ps or less 800 MHz or more 

1.9 ns :t 50 ps 300 ps or less 800 MHz or more 

2.0 ns :t 50 ps 300ps or less 800 MHz or more 

2.5 ns :t 0.20 ns 500 ps or less 450 MHz or more 

3.0 ns :t 0.20 ns 500 ps or less ,50 MHz or more 

3.5 ns :t 0.25 ns 600 ps or less 400 MHz or more 

4.0 ns :t 0.30 ns 700 ps or less 350 MHz or more 

4.5 ns :t 0.30 ns 700 ps or less 350 MHz or more 

s.o ns :t 0.30 ns 700 ps or less 350 MHz or mo,. 

0.5 ni :to. 10 ns 300 pa or less 800 MHz or more 

1.0 ns :t 0.10 ns 300 ps or less 800 MHz or mo,. 

1.5 ns :t 0.15 ns 400ps or leu 550 MHz or more 

\ 
2.0 ns :t 0.20 ns '00 ps or less 550 MHz or more 

-- 2.5 ns :t 0.20 ns 500 ps or less 450 MHz or more 
. . ·.- 1 OOQ :t 1 O'Ye 

. ~m.;.~-~ •. 3.0 ns :t 0.20 ns 500 ps or less 450 MHz or more 

F.IX:3S\O ::_:..: 3.5 ns :t 0.25 ns 600 ps or less 400 MHz or more 

:-:Fabicho '.'="~-- 4.0 ns :t 0.30 ns 7oopsorlell 350 MHz or monr 

FDC"U1cr ~of!' 4.5 ns :t 0.30 ns 700 ps orltsl 350 MHz or more 

FDC501D ·' .· .. 5.0 ns :t 0.30 ns 700 ps or less 350 MHz or more 
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FDC TYPE 

Single-In Line Ultra High-Speed Fixed Delay Line 
FDC type is an ultra high-speed compact designed fixed delay line with our high performance and hig · 
density delay line elements housed in a single-in linif par.:kaga. 
Units are 0.236-inch high, 0.488-inch long and 0.098-inch wide ana suitable for high-density installation. 
It can be tu tty matched to high-speed logical elements such as ECL 1 OOK. 1 OKH and 1 OK series and has 
extensive range of the applications including analog signal circuit. 
The pin arrangement of the FDC type is the same (except height) as that of our fixed delay line FOO type 
so that the delay time can be adjusted at intervals of 500ps over the range of O.Sns to 10ns • 
. (However, adjustment is possible at interval of 100ps over the range of 100ps to 2ns for the so ohms 
impedance systems.) 

• COMMON SPECIFICATIONS 
• Distortion of waveform: 

• Delay time temp. coefficient: 

• Insulation resistance: 

• Durable voltage: 

Over shoot I Pre shoot 
under± 20% 
±100ppm/°C 

DC SOV, tOOMQ 

DC 50V. 1 minute 

• Operating temperature range: -10°c - +80°C 

• Storage temperature range: -40°C - +120°c 

• OUTER DIMENSIONS AND PIN ARRANGEMENT 
Unit: inch 

o.u•-• 

0 

·.-=--i.-~•116004 
1 2 3 
IN CIND OUT 

• APPLICATION TO ECL . 

Yee Zo• 501\( 1001\) ,-------, 
I I 

1 I 

VEE 

I I: L--12--..J 
·2¥or GND 
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PUSES 
SUBMINIATURE 

PICO II™ Fast·Actlng Type 
ELECTRICAL CHARACTERISTICS: 
RATING AMPERABE !BLOW TIME 
100%' 1116-15 4 hours. minimum 
200% 1/16-10 5 secondS. lllllOmum 
200% ' 12-15 10 seconds. maximum 

APPROVALS: Recognized under the 
Components Program of Underwrit
ers Laboratories through 10 
amperes. Certified by CSA through 7 
amperes. 

PATENTS: U.S. Patent #4,385.281. 

FUSES TO MIL SPEC: See Military 
Section. 

OPTIONAL COLOR CODING: 
PICO II"' F!Jses can be color
coded per IEC (International Elec
trotechnical Commission) Stand
ards Publication 127. The first 
three bands indicate current rating 
in milliamperes. The fourth and 
wider band designates the time
current characteristics of the fuse 
(red is fast-acting). 

I 
FlllST 
SIBNIF· 

AMPERE ICANT 
llATING FIGUllE 

1/16 Blue 
1/8 Brown 
1/4 Red 
3/8 Oranpe 
112 Gr•n 
314 Violet 

1 Brown 
1-1/2 Brown 
2 Red 
2-t/2 Rell 
3 Orange 
3·1/2 Orange 
4 Yellow 
5 Green 
7 ViOlll 

10 Brown 
12 Brown 
15 Brown 

IL L---., 
-1 I 

I l 
SECOND 
SIBNIF-
ICANT MULTI· 
FIBUllE PLIEll 
RICI Black 
RICI Brown 
Gr•n Brown 
Violet Brown 
Black Brown 
Gr•n Brown 
Black RICI 
Grwn RICI 
Black RICI 
Grffn Rell 
Black Reel 
Grffn Reel 
Black RICI 
Black Reel 
Black RICI 
Black Orange 
RICI Orange 
Green Orange 

251 000 Serl•• 
(Non color-coded) 

NOTE: Leaas are solder-coateo cogper •. 02s· 
diameter tor 1116 - 10A •. 032" diameter tor 
12 - 15A. 

252 ooo Series 
(Non color-coded) 

i ...-2• .. -· 

~~,-;-LF lA . i-. 
4-- ! 

I~· 

m· a ' n 
DIA. 1--- ...l 

NOTE: LF and amperage rating are LASER· 
MARKED on tlOtll 11011 ot all non co1or-eooeo 
PIC011'11 fUHL 

PART NUMBER 

AXIAL RADIAL AMPERE VOLTAGE 
LEADS LEADS RATING RATING 
251.062 252.062 1/16 125 
251.125 252.125 1/8 125 
251.250 252.250 1/4 125 
251.375 252.375 3/8 125 
251.500 252.500 112 125 
251.750 252.750 3/4 125 
251 001 252 001 1 125 
251 01 .5 252 01.5 H/2 125 
251 002 zsz 002 2 125 
251 02.5 252 02.5 2-112 125 
251 003 252 003 3 125 
251 03.S 252 03.5 3·112 125 
251 004 Z5Z 004 4 125 
251 005 252 005 5 125 
251 007 252 007 7 125 
251 010 Z52 010 10 125 
251 012 252 012 12 32 
251 015 252 015 15 32 

NOTE: To orc:ler cotor-cOded PICO 11•11 fuses. use 255 Serie• ctor A•ial teaclal or 251 Serlea ttor Radial 
1eao111n oan numDer teole aoove. 

8 LITTELFUSE 

251 000 Series - Axial Leads 

252 000 Series - Radial Leads 

TAPED FUSES: PICO 11no1 Fuses are 
available on tape for use with auto
ma:.c insenion eQuipment ... Con
tact factory. 
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Data Sheet No. PD-2.083 

INTERNATIONAL RECTIFIER I :CORI 

1NEl4C1 SERIES. 

3 Amp Medium Power Slllcan Rectifier CJlade• 

Major Ratings end Charecnaristics 

1N6401 Uniu 

IF(AV) 3.o• A 

0 mix TL 105• oc 

IFSM 50Hz 191 A 

60Hz 200· A 

l~/t 2580• A ifs 
TL Range -66 to 110• oc 

VRRM Range 100 to 1000• v 

• JEOEC registered values 

Oacription/Featur• 

• 3A lead mounted rectifier. 

• Submininure molded P1ckage. 
• Corrosion Nlinant aarfaca. 
• Peak ,..,.. voltage from 100 to 1000V. 
• Improved environmental operating capebility. 

• High 1urg1 cumm caP1bilitv. 

4.U 10.1801 
• 1.320 10.0521 

1.220 ID.Gal 
'TWO PLACES 

j_ ' 

r1. I 
= 

.1..1 
,,~~-II 

' 
28.18 C1 .1251 
31.10 11.5001 

28.8 l1.1251 
38.1011 .1001 

~ • .IEDIC OutllM D0-201.AD 
All dimenll0ft1 in millime1rft Onctlll) 

I 



Vohql Ratings 
.. 

VARM-Maximum Repetitive VA - Maximum Dirac. 

Part numbers 

1N5401 
1N&402 
1N6404 
1Nl408 
1Nl407 
1N5408 

Electricat Specifications 

IF(AV) Maximum average 
forward current 
@ 

Max TL 

IFSM Maximum peak 
one cycle non-
repetitive -.,rge 
current 

1\ft Maximum t\,l'i(j) 
for fusing 

VFM Maximum peak 
forward voltage 

IRM Maximum average 
reverie current 

IR Maximum direct 
reverse current 

<D 12 t for time tx • 12.j't • ~ 
*JEDEC registered value. 

Thermal and Mechanical Specifications 

Tl Lead operating 
temperature range 

Tstg Storage temperature 
range 

wt Approximate weight 

1 std Max. 1eaa temperature 
durina solderina 

Peak Reverse Voltage A..,.,. Voltage 
(V) (V). 

TL• -65 to 175°C TL• -65 to 1600C 

100• 100• 
200• 200· 
400• 400• 
&00· eoo• 
soo• aoo• 
1000• 1000• 

1N5401 Units Conditions 

3.o• A I 180° sine wave conduction 

10s• oc I 
191 A t•10ms Following any rated toad 
200• A t • 8.3ms condition and with rated 

VRRM reapplied 

2580 AVs t • 0.1to10ms, VRRM = 0 following surge 

1.2· A 'FfAV). 3A (9.4 Apk), T J. 25°C 

100 µA TL. 105°C,VRRM"" rated VRRM·'F(AV). 3A 

500• µA Tl• 1500C, VA• rited VA 

-65 to 110• oc 

-65to 11s• oc 

0.85 (0.023) g (oz) 

240• oc r;:>urat1on. 10s max. measured 
3.2mm C0.125ini from device case 

I 
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Data Sheet No. PD-2.00&C 

INTEANATICNAL AEc:::TIFIER I ICiR I 

Malor Ratings ana Characteristics 

1N4001 

1F(AVI 1.0 • 

0 Mmx. TA 75 • 

IFSM 

fl50Hz 28.7 

060Hz 30 • 

,2vt 58.1 

TJ Range -65to 175 • 

VRRM Range 50 to 1000. 

1N4DD1 SERIES 

~.D Amp SDican Ract:lfiar Dlaclee 

Units 

A 

OC 

A 

A 

A2../S 

OC 

v 

Deacription/Featurea 
• Economical 1 ampere general purpose diode 

for industrial application 

• Molded epoxy D0·204A L case st'(le 

• Low forward voltage drop and high surge 
rating 

• Excellent reliability 

• JEOEC registered value. 

CASE STYLE AND DIMENSIONS I 

0.86·10.0341 _ __._ 
MAX.DIA. 

5.2 (0.205) 
MAX. 

i .-r. ___ 
2.110.1011/· l 
MAX. DIA. 

B-6 

0.1110.0341 
Uz ld.6Zi1 

DIA. 
TWO !'LACES 

CATHODE . ..... 

I 

27.111.Dll 
Miii. 

-+ 5.210.Zllll 

-f 
21.D 11.Dll 
Miii. 

_J_ 

-tk=r-HBi 'F DIA. 

C- ltvte DO-ZCMAL IDCM1 I 
Dimensi- in Milllmemn encl UncMll 

m 



1N4001 Sarin 

VOLTAGE RATINGS 
VRRM-Max. 
Repeiit1W Ptlk "RIAMSt-MI•. VA-Mii•. 
RIWrll VOlt111e RMS At-.. VoinOI DC lloalcint VOltege 

IVI IVI IVI 

"" NUll'lber T ·• -61 co nsoc T • -61 to 17PC T • -66 to 11PC 

1N«Xl1 50• 35 ,zg: 1N4002 100• 70 
1N4003 200• '*' zoo• 
1N«Xl4 a• 280 -· 1N400& eao• 420 eao• 
1N4CICll aoo• 5IO aoo• 
1N4007 1000• 700 1000• 

ELECTRICAL SPECIFICATSONS 
1Nol001 Unitl Condit1on1 

IFfAVI Mllx. avwege ft»rwmra current 1 D• A Halt 11N _.,. conauctoon 

•Mix.TA 7&- I oc I <D ,doublUidUOOlld. 

If SM Max. DMll one cvcte, non. 

I 
28.7 I Helf CYCie 60 Hz 11ne _,,. 

FollowinlJ any ,._. IDed r"'911t1w 111roe current ~tr I ma rac:mft9uler ou••· 
I 

A =naitoon, and with mid 
30• Half cvc:le 60 Hz 11n• -- VRFIM rNpplllCi. 

or 5 ms rac:tanoutar ou111. 

12.Ji Max. 12 ./ t for tu11ne © 58.1 A2...fi I t • 0.1 to 10 1111 with VRAM followint 111rve • mlll 
VAAM· 

VFM Mii•. pwx fo,_ra voltage 1.1 • I v TA. -6&0C to 75oc, 1F. 1 Ade: 

1.e• v TA• __..c to 7&0C, IF(AVI • 1A 13.14A PMlll 

IR Max. ac """'"' aurrern 10• iiA TA •2SoC 
VA • Rated VA. 

50• 11A TA• 100oC 

IAIAVI Max. avt"91 ,.,,. .... current 30• ,iA TA• 7SoC. li:(AVI • 1 A. VRRM • retld YRFIM 

THERMAL-MECHANICAL SPECIFICATIONS 
TJ Max. ooeming 1unaion -es• to 175• oc tll'ft0tmura ,._ 

Tng Max. nor911e tll'ft-nurw ,..,.. -••to 200• oc 

wt AODRIXtmfte 11ft19ftt o.3310.0121 v 1011 

Ca•Stvla D0·204AL 1004111 

0 TL is maasurld 8.7 mm 10.3" in.I to 9.5 mm t0.375 in.) from device case. 

CD 12t tor time tx • 12 ../t • Vi; . 
• JEDEC registered Ylluts. 

B-6 
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Beau~ Eurostyle® PC Terminal Strips 
Single Row, Closed Side 

15amps 
.19T centers (5,0) 
thermoplastic 

85 
Specifications 
Series No. 

Construction 

Terminal centers 

Currant rating. amps (UL/CSA) 

Voltage rating,.rms 
1. UL Recognized ••• 

Cius B: Comm'l eQuip 
Cius C: Gen'I ind'I 
Class C: Limited rating 

2. CSA Certified 
Type B: Comm·1 equip 
Type 0: Soec1a1 components 

3. Withstand volts. rms 

Insulator material 

'-""'""''" 

Wire size recommenaea. AWG 

Terminal screws (standard: 
also see ootions below) 

Bottom terminal 
(3rd digit of part no.)• 

No. of c1rcu1ts (4th & 5th 
digits of oart no.>• 

Options 
(add dash numbers 
to part no.)• 

85 

Closed side: feed thru 

.19T(5,0) 

15115 

250 
50 

300 

300 
300 

6500 

Thermop1asuc. UL temo maex 
130-C. UL llama retaraant 
rating 94V·O. Color. black. 

14 (maxi: 30 (m1n1 

No. M2.5 x 0.45 caouve heaa 
screws. Steel. zinc olateCJ. 

4 45" PC terminal 
5 StraighMhru PC terminal 
8 Right·anqle PC terminal 

2to24 

-10A thru - 11 D Imprinting (on the 
opens1de) 

-49 Nickel-plated brass captive 
screws 

-72 Without wire guard 
-P With standoff oads •. 080- dia 

x .02s· (2.03 x 0.64). Not 
available on 45" style. 

-10mm 1omm soac1ng (12 circuit maxi 

Dimensions 1n paren1neses er• m11hrneters . 

High circuit density •. 1er (5 mm) contact spacing provides 5 
terminations in less than an inch. 
Very sm•ll footprint. Takes very little PCB space. 
M•de in USA. Beau Eurostyte PC terminal strips are a direct 
equiValent to popular 5 mm European style terminal strips. 
Touchproof. Recessed screws prevent accidental shorting. 
Captive screws won't fall out. Prevents accidents from screws 
falling into assembly. Furnished backed out. ready to wire. 
Ceptive wi,. protectors hold wires securely in place. Assures a 
good connection and increases pullout strength. 
Large wire entry. Easy entry tor stranded or multiple wires. 
Easy identification. lmpnnt1ng, .070" high, can be provided on the 
front side of the strip. 
Closed aide acts as wire stop. Wires can't pass through to short 
out components. Saves space by closer component mounting. 

_.,HOW TO ORDER. First two digits of part number are series 
number. 3rd digit is bOttom terminal. 4th and 5th digits are no. of 
circuits. For options. add dash numbers. Example: 85509·49·P. 

2 

Style~: 45° PC terminals _____ ., ___ _ 
./"c 

\. c 

'102" I 

1U.1-1 • ---1 .1tr 

.,..
(13,17) 

I 

:-(5.00) 

Style 5: Stralght-thru PC terminals 
r--===-r=-..r-~ 

- 350· -
18.89) 

·~Q 
.025· 
10.Ml 040"ll' 

OPlllllal c11a--
11.021 .. _,75·"': 

(4,451 

-----A---~ ----e----
- 11r1s.001 

Style 8: Right-angle PC terminals 
- _.04V . 

I (l,Q2) 

~-~ . 1~1 (3.311) 

ie::::i 

' 

No.of A I 
clroutta In. """ In. ..... 

2 .400 10.tS .117 5.00 
·3 .597 15.15 .394 10.00 

4 .793 20.15 .591 15.00 
5 .990 25.15 .m ID.OD 
6 1.187 30.15 ... 25.0C 
7 1.384 35.15 1.181 30.00 
8 1.581 40.15 1.378 35.00 
9 1.778 45.15 1.575 40.00 

10 1.975 50.15 1.772 45.00 
11 2.171 55.15 1 ... 50,00 
12 2.• I0.15 2.115 15.00 
13 2.511 15.t5 Ul2 I0.00 
14 2.712 70.15 2.5111 IS.OD 
15 2.959 75.15 2.751 70,00 
16 3.156 I0.15 2.153 75,00 
17 3.352 15.15 3.150 I0.00 
18 3.541 90.15 3.3otl 15.00 
19 3.748 15.15 3.5«9 I0.00 
20 3.943 100,15 3.740 15.00 
21 4.140 105. t5 3.837 100.00 
22 4.337 110.15 4.134 1115.00 
23 4.534 115. 15 4.331 11D.CllJ 
24 4.730 120.15 4.5211 115.00 

Tolerance on -.;tn :: 1.oos· + .002" per incl!) ••• :: (0.13 + o.cm '* 111111> 

I 

. @ 



'JOHNSON® 
11:.LECTRICAL RATINGS 

....,......: 29 ohms 
Fr-..ency Ra,...: 0 • 2 GHz 
Worlllnt Vol'8p: 300 Vrms 
Dle1ectr1c Wllhstandlnf Voltage: 2000 voe 
Contact Reltstanca: Center contact: 6 milliohms 

Outer conductor: 2.S milliohms 

MECHANICAL RATINGS 
lnSMUon Force: Inner conductor: 32 oz. max. 2 oz. min. 

Outer conductor: 48 oz. max. 6 oz. min. 
DUNblllty: 250 cyclel 

ENVIRONMENTAL RATINGS 
T....,.,....,. Range: -ts• c to +as• c 
COrroston: Salt spray. 24 hours 
lboc:IJC Method 213. Test Condition B. MIL-STC-202 
Vibration: Method 204. Test Condition B. MIL-STC-202 

SHIELDED TEST.JACKS 
A F CIRCUIT TEST POINTS 

MATERIAL SPECIFICATIONS 
Conleel: Beryllium CoPper per OO-C:-533/530 
lnlUlator MaterlK TFE Fluorocarbon per L-P-403 
Fini.ta: Center Contact and Body: Bright Tin 

SHIELDED TEST JACK INTERFACE -
TYPICAL PROBE TYPE r-OUTER 

I CONTACT 

DIA 1109!H2.4U- !rlNSILATICN 

INSULATED
PAOBE HANDLE 

I ..-CENTER 
/ 'CONTACT 

~~ 

J
·~ . j i....OIA .mo l0.18) 

. i--.aeo C4'0&> 
--.oeoci.zT> 

i.-.o1ScL11> 

HORIZONTAL .,,., .. ,11. rtC--3 °'.t·' .. ''"'"' 
' ~I :1- 2X .012(0.301 x .023(0.581 

F:::::::::::::a!R!l~G~HQT~TDl~N~P~LA;!if!EDQ-:4-.:·:::::::::l 
. 12§:0701-301 

2X .110 (2.791~ - -.146 l3.71) 

DIA .027(0.681 - -
Appbt;atlon aetail P~ge 68 

.I00l2e541- - -3X DIA .0410.041 

• • rl 
- -.zoocs.oe1 

JERTICAL zx .nocz.791- -
' --=! .,e .iooc2.541 + 

' ·100(2.541 

' 
t ..1..31.::;;::::,ti;fa DIA el!SC3.1&> 

I :· .. -:-:-. ..... ?(......,.881GHT.:nN·Pl:ATED=·,;; 
129-0701·201 

' I ' . 
' L2X .012(0.301 x .02310.SBI 

Application detail Page 68 

f 
'-3X DIA .041 (1.041 -DIA .027(0.681 

TIP JACKS 
APPLICATION • Connection to test equipment • Power supplies • Electrical lnalruments 

Insulated Standard : Rib-Loe® Type 

SPl!CIFICA110NS ~ Clllllct 8rllS bady per QQ.8.6260 willl - lnlllld . . . 
llllyllilln CllllJlll' lp!lllg per QQ.c..533 

Flnllll:Slver 
lodr. Nylon 66 per ASTM 04066 , •• 
Std. Cokn: Y111 I* FEl).STD.595 
Plnll Tlllcllnm: Up to .375" (9.0Smml 

RA111GS 
Cuntnl: 5 llllPS 
B•tCIWll Valllgl: 3500 Vnns mimmlllllt 
Conlll:t R111111na1: 0.005 ohms 11111111111m 
Conlll:t-T.,_. C: 1 pf llClllllllll 

-·-- -:t•• , ... , ..... , ii I ·-· iE:=P .... b;--a.. 
·-~ 

:::.:-- - --;-- _.,_.II• UD 

-p-i ~ t~~·--. , ... ,._, 
-·-· ....... _. ...... 

., wen 

,., ........ Tip Pklg: ... (Ina) ... 
FUTURES: 
• Mlctnd Clllst willl IUITll 1111111111 
........ .., ..-iv illD llllllllling lmll. • .nng .......... 
• Clalld lllllY blae:lll ICClll ol PIDllll ,_ llln 
... (2. 11mml 

• Nt1Dn UL 111P1aw1C1 tar 1111 lltingUilling 

;: .:.:.,..;;:· ·-wmtu11 ....... 'f'l!lt. ,,.,. COUllt ,,,,, .... ~ CCII.Gii 

1115-104\.001 Whill 1115-1047.acn Yelolr 

1115-1lM2oOD1 Red 1115-104ND'I lllwn 
1115-104MD'I .. , ...... .. 
1115-1044Clln a.. , .. ,... Vlallt 

tas.104&«l1 Olwllll 1115-tOllMlh °"' 
E.F. JOHNSON COMPANY, Comoonent Products, P.O. Box 59089, Mlnnea~lis, MlnneFsoAXta,5

507
54!!:·<- .. 

~O~UT~S~l'.~At.:.TE~C;A~LL;.mTO~L~LiiiFliiRmiEiiEi.: 1lii-8:00-~2i:4.,~·-8;25=8-_:IN:.;M:::;tN::;N:.·~Ci:A~LL:i.·.:.1ii.50~71ii:-835-6=;;222~--TiliiLX~:--2904i;;iilil70;...--iil: lil.iiili~iiilii·iiiii·· . ., _ 
, .. __ ..., .. .,_ ...... 
"-·~~.....,.,.,..........,.,,., 

5 



HEADER A TYPE 
0. 635mm PITCH (25MIL PITCH) 

NFP-OOA-0112 .. 0114 

NFP-OOA-OJ 12 .. NFP-OOA-0114 
(RIGHT ANGLE DIP) (STRAIGHT DIP) 

. ..,., _._. 

n1 1.n1a-111> ,,, 

~~ "§11 = 

_,,,,,,., _,. ___ _ 
-~·~!~~·----··------

NFP-::::A-0112 

-:ro: 
Lll~~~~~~~~z. :; 

I ,1 

II '.·-......... , 
~~.,,.... ~ 

·,..s .... o ___ •---

'-·~-··-· --~-----
""" .................... -.... 

-·E------

·i-'? I -_-=1c::: ~ 
....... ., .. ---...._ -E-----

1· 
I m(llftl - ... l.....!.!!.fl•• - :r- • ··~ !i -t::Q-,.._ 

!'•L--- 'I t 
-·- -7!1--__ .,,, .... , 

1 ........ _.,;,_- ____ ,_,_ ..•. 
P.C. BOARD HOLE S~E 

TYPE NO A a--
NF'P-IOA ·OllZ•CI It U 21 1.D.tH I -;-r.01 10.200 I 
NFP • 16A -Ol.12•01 It I Zl.0111.IOSl I I.II 103SDI 
Nl"P ·ZOA -0112•01" I 30.U 11 .Z05l I II 13 iO.ISOI 
Nl"P •26A-01 IZ•Ol II 34.H 11.355 I I •S ZI i0.6001 
Nl'"P ""JU ·DI ll•OI It i 39.SZ II .SSS l :~:.32 (Q.1001 
NF'P-IOA-0112•01 It 13.33 (1.7051 zt. 3 .~ •soi 
Nl"P-"SDA-DllZ•Ol 11 19.H II .HSI 30.U o.zoi.; 
NF'P-IU.-01 IZ•DI It S6.D3 <Z.1051 36.13 11.ISOI 
NF'P-6U -0111•0111 Sl.57 IZ.305! 39.31 l1.5SOI 
NF'P •IOA•Ol IZ•Ol It 61.7312.7051 t!.53 ll .9SOI 

: NI'" 1".!!'jA 01 '.?•01" B: '3 13.1061 62 2J 12 150' 

- Too1eo 
Dimension: mm hnchl 

I 

I 
I 
I 
I 
t 

l 

.. 
".51 10.&SSI 
•S 31 10.IOS l 
11 .93 iO. 'IOS I 
ZI . 7& 10.155 l 

26 .IZ 11.055 I 
30 .13 c 1.1051 
36.H 11.USI 
•1.33 i J. lf''; I 

tU~IOSl 
56 .03 12 .205) 
H 13 12 1061 

~'"'!.!.!!!. 

1.or111-
•&nm*'Dm 
NfP-IUIA..:0117-1 

-011.a-1 

NFP-::::~-0114 

PART No. IDENTIFICATION 

~· P-rrOI r. ::~::::::::. 
I I ... Wttll Sftort La~ Lftet' 

lfot IDhet wttf'taUI S Ael•fl 

I 2 
.. ~:' =· '::,:' s'-': .... 

Ty119APlvt 

Con1a::11 --
No .. , 
, Adel •• ,. •• 11 ,.,. mno ot .,.,, fllto tor aat•on.• ., ... A 

IOIO Dl•l1fl9 

2. QoltDNI 119"f ll'llfl• Df ltfl111f't lonQlr -- tlll tar ... ,.ft ...... ,,C, 
..,. 11 .., ....... CDmK'I •tor• ror •11111. 

~ ! E ! F 

:::.~o u 10.1011 31.Z O.S031 

· 11 .It ,0.113 I I 21 .n <O .I'.!" I u.o o .Hll 

•• .U <0.IUI I 2b 13 11.rsi I l ti.I (l.lSSI 

I ZS .11 10.993 l I lD 'W°7. .Z'.6 I Q.I U.91151 

I 30.JZ 11.1931 lS.n (I GI 53.5 12.IOl I 

I 3t .13 (I ''11 ~ •· .5$1) 51 .J CZ .2551 

•:.•: .t.5931 15 •.a 11.1451 13.I IZ.S031 

11.D (I.IOI SZ .23 lZ .OSI I 10.0 (2 .1551 

ti .31 IJ.H31 SUl IZ.1511 n.s <Z.1111 

St .53 (2 .3131 ~.t3 <Z.SS61 12.7 (3.2551 

'l .l3 (2 .IHI '1 6l 13.DSll ts.to <3 755·. 

.' 



,•..:..__._ ... 

I SPECIFICATION 

1. Insulation Resistance 1,000 MO Minimum at 500V O.C. 
SOOV A.C. for One Minute 2. Break Down Voltage 

3. Voltage Rating 
4. Current Rating 

. • 150V 
0.6A 

5. Operating Temperature -2CJ°C to 105°C 
6. Mating Cable 

jMATERIAL 

Solid Conductor Flat Cable AWG 30 (with PVC and.
FEP Insulator) 

: Stranded Conductor Flat Cable AWG 30 and AWG 32 
· . (with PVC and FEP Insulator) 

• FEP (Teflon) 

1. Body, Strain Relief, Latch Polybutylene terephthalate (UL 94-VO) 

2. Contact 

NFP· A 
NFS- A 
NFP- G 
NBP .. ·1001 
NBS.. ·1001 
NBP ... ·1200 

NBS:· .. ·1200 
NFP·· .. A-013 ··· 
NFS- ' .. A-1314 

3. Metal Shell 

Phosphor Bronze 
. . Beryllium Copper 

Beryllium Copper 
Phosphor Bronze 
Phosphor Bronze 
Copper Nickel Lead 
Phosphor Bronze 
Phosphor Bronze 
Phosphor Bronze 

Steel (Nickel Finish) 

I PLATING SPECIFICATION 

TYPE No. THICKNESS CONTACT AREA IDENTIFICATION 
r;,N_F_P-----A--0-1---2-r-G-rad __ e_A __ -+N~12~.~5-~4M.~~m~ic~ro~n~(~98;:;--~,~,..-,µlr-n-=c:Tcn1)-+-- A 

NFS· A Au 0.76 micron (30 "inch) 
Nf P· ·. A-0132 Grade B Ni 2.5 - 4.5 micron (98 - 177 µinch) s·rANDARD =J 

Au 0.3 -0.5 micron (12 p.inch) t~O MARK 
NFP· ' ·A·01 4 Grade AF Ni 2.5 - 4.5 micron (9P. -117 p..in--ch-1 -----A----1 
NFP· G Au 0. 76 micron (JC ,.a!nch) 
NBP .. ·1001 Ni 2.5'. - 4.5'. micr.,,, , .... - 177 111nch 1 :iTAN~Alfo Grade BF '"' ,., ·-- ,.. " I NBS -1001 Au 0.3- 0.5 micr.:>n (12 uinchl NO MARK 

~==---~=--+---------~~::--::;;..:.:..;=..~::.:;.~,..::.:.:;;..-.--:--:-1~.;..;;...-----------
NBP· ·1200 Grade AS Ni 2.5- 4.5 micro.1j98-177 p.inchl A 
NBS· · ·1200 Au 0.7& micron (3011.:r.c~I 
NFP····>·A-0134 Ni 2.5-4.5 micron (88- , ... .,,,.,.,,.....u .... inc_.,..,h),.....+-=s-r=-,.':"'l.~~.o=-AH"""o..---·,-
NFS- . ., .. ·A·1314 Grade BS Au 0.3 - 0.5 micron (12 µincht NO MARK 

""·-·-·--- ~ - .. ____ ..... _,,,_ -~--...:....-...~.....::......:-

' 
l 

. I 



•• 

......................... 
sam1ec ..................... 

.100 Centerline 
Shunts with 
G.F. Polyester 1111 II •··· •. •. 11111• I I - • e. - 1 • 1 - 1• 1 

Insulator 
Al.-!lift,.,_ 
'TSW-Mtl ---··· Sol-.'-9. 

Specifications: 
SNT&MNT 
ln8Ulator Matllrtal: 
GIUI Filled Potyester 
~Rating: 
ULMV-0 
ln8ldldoft ""'9tance: 
5000 megonm@ iooo voe 
,........,,.Range: 
-co-c to +eo•c 
.......... vo1111g9: 
1 KV ell. 80 UC c.... ...... t: 
PhOlphor Bronze 
Conl8at Plltlng: 
Au owr N1 or Sn over Ni 
CurNlll R8tlng: 2.5 amp 
ContmctReelslanoe: 
5 milliOhms @ 200 m1111amp 
Aewntton In Body: 1 lb 
LMct liD Range: 
. 022" SQ 10 .028" SQ 

"'-""'*': . 170" minimUm 
in..-. Fonle: 
15 oz 1119 (.025" SQ Slinl 
WlthdmNt Fonle: 
12.1oz1119 (.025" so pin) 

Economical 
SNL Series 
Shunt with No 
Insulator for 
Lowest Profile 

Specifications: 
SNL 
Sarni as SNT except: 
ln..ilOn Fonle: 
16oz1119 (.025" SO pinl 
Wllllctnnnt Fonle: 
B oz •vv (.025" SC pin) 
lnMllation ......-i: 
None 

.. .. .. .. .. 
.. .. 
• . . 

111-11 NO.OF 
POSITIONS - BODY 

COLOR -- I 
02 lhru 2Q 

(:.'0 pos1!1oos sr;mdardl 

-BK 
Bid< k 

lhtMwith: 
TSW. MTSW. STW . 
BST. LCW. TST 

Naee: 
NonoltlnclMt llnP 
lerlgttllnnan,........ 

M8fHWith: 
TSW. MTSW. STW. 
BST. LCW. TST 

Mates with: 
TSW. MTSW. STW .. 
BST. LCW. TST 

PLATING 
OPTION 

-T 
200 1 Tin 

-G 
10 Gold 

-H 
JO, Gold on 

( on!Jct Gold 

TI 1.:-.h on H.Jl.ance 

JLSerles 
JumperUnks 
Meet Mii $pees 

Specifications: 
JL ......__.. 
Whlle T.iton per 
MIL-T-18171 Type E 
Flanlll'tallltty Rming: 
YWI 
lneuiallDn Al 'tt IGe: 
>1011 Ollm-an , .................. : 
-105-C IO +200"C 
- .... v ..... : IOOVCIDMnuoul , ............... : 
Tlnn91122 gauge 
~Wn. 
Ag per MIL..QQW443 
CU....Rallng: 
, ..... IO"C 
p t 1111: 
1000perlla0 

PM No. 

A.•t•·•·T 

.IL·-·ll·T 

.IL•••B·T 

.IL·-·ll·T 

.IL·-·B·T 

.IL·-·B·T 

...... , •... , 

A 
(2.54) 
.100 

(8,35} 
.250 

(7,12) 
.300 

(10.161 
.400 

(12.70) 
.500 

(15,24) 
.eoo 

(25,40) 
1.000 



Postamp/Comparator Module Termination Networ 

Package Marking 

1· 
0.994. 

·1 

r P/C Termination 50-0.1 
o.3so· 0. t11F 

SQQ on 

1 1 • 1 2 4 7 

0.200· 

L 
Specifications: 
Physical Requirements 

Maximum Package Height: 0.3so· 
Maximum Package Length: 1.000· 
Maximum Package Thickness: 0.1 oo• 
Package Marking: "P/C TERMINATION 50-0.1" 

Electrical Requirements 

Resistors 
Value: 
Power: 
TCR: 

son, +/- 2o/o 
100 mW@70 C 

+/-100PPM 
Ratio Match between all four resistors +/-1°/o 

Capacitors 
Dielectric Type: 
Value: 
Working Voltage: 

zsu 
0.1 µF, +80,-200/o 
25 Volts 

... 

00 

Is .9 

0.111F 

To 
0.020' 

Merle Haldeman 
10·3·89 



SURFACE MOUNTED 
MONOLITHIC CERAMIC 
CHIP CAPACITORS 

PART NUMBERING SYSTEM 

CHIP TERMINATION DIAGRAMS 

Nlclcel Banier Layer (Standllrd) 

:..~. GRM Series 

'711'' 

NOl'E: Oltler Terminm11ana AM1ia.D1e .Upon ~- Pie- Canta1 Local Salft Office. 

4 

SeriesGRM 



SURFACE MOUNTED CHIP CAPACITORS 
TADE & REEL 
8mm to EIA RS481 Paper Tape 
DIMENSIONS: In. (mm) 

1YPE 

.1153 n .351 060 <1.51 .060 11 .5l 

.030 (0.75) .040 (1 .0) 040 (1 .0) 

.112h.010 (0.5:.25) J .020: .010 10.5: .251I.020:.01010.5: .251 I 

TYPE Rell Sim 7 :I: .071 Rell Sim 13:1:.079 I 

-Eli• BA 
(171s2.0l f33b2.Dl 

au-. .. ""' ............. 
GllllU - 4,000 oc:s. inal. ,. 4.000 oc:s. lllll. 

CAPACITANCE RANGE-Imm TAPE & REEL • 

1EllP. Dllll. -1"E MD mE llM MIMI.. llllMl-Z GllM 

Series GRM 

"' ·-· ... , ... , ... , ... , ... 15 • Ill ill • • al • ,. • ,. • • • • 

.- 5 



SURFACE MOUNTED CHIP CAPACITORS 
"JAPE &REEL 
12mm To EIA RS481 Embossed Plastic Tape 

1111 
.180:t:.012 (4.&:t:0.3) 
.125 :i:.«1118 (3.2:0.2) 

.OllO (2.0) 

.OllO (2.0) 

CAPACITANCE RANGE-12mm TAPE a REEL --- - mt 

""-- - ..... ..... , - ..., .....,., -

SeriesGRM • 

"' • 
VIII.Jiil • 111 • 1• • ,. ZS/ ,. ZS/ ,. 2111 ,. ZI • ,. II SI • a • 111 • • • • 111 • 111 • 111 

CAlllmAICI 
{IF) ' 

6 200V Ind 500V unitS available on reQUeSt (contact loCal Sales Office~ 



•I'-•. ....... - ... .. :. 

PART.NUMBER DESIGNATION 
:-:..:.~. ·.-·· •.. . . .-. ' .· ..:...........?- . ·~ .~<£: .. ··~ ~ .... 

SERIES 49MC MOLDED CHIP 
'lllntabun SMD• (Chip) Capa,c;to,. 

MBPCO/CENTBALAB Series 49MC Molded Chip Capadton.can be completely specified using the following dMpation: 
. . - . . 

MC IOI 01• I 0 s " 
'l'llllDIATIGfC f'DllSll S-SOW.· Platld 

(zot.•.un.llO/JO) 

GIADll'!I JANI m UVll. A =lndlll&rill Grlde 
M=CWRJ I 'If r.-t 
P =CWRI I 'P' Lewi 
X =Reciuins MIC lncemal Spec 

CAPACITANCB 10LBaANCB K=::IO% Cap Tolerance 
M=:-lOtt; Cap Tolennce 

DC \'OLTAGE IATING 

CASECODE ·-

M:ITANCB IJi Pico,.,_ Cllde• First two mli\1 are 

MOLDID ClllP SDIES 

salDCBIPTAHTAL\JM WACl'l'OI 

slpificant lil\lres. 
Tlilid di•t is l\111\\ber 
ol ael'OI IO roUaw. 

PHYSICAL SPECIFICATIONS 
DIMENSIONS-Inches 

CASE CODE (L) {W) 
EIA 49MC LENGTH WIDTH 

3216 A .126 :!: .008 .063 :!: .008 
3528 B .138 :!: .008 .110 :!: .008 
·6032 c .236 :!: .012 .126 :!: .012 
7343 D .287 :!: .012 .169 :t: .012 

DIMENSIONs;..illlli 

CASECODi .(L) (W) 
EIA 49MC LENGTH WIDTH 
3216 A 3.Z:t0.2 1.6 :!: 0.2 
3528 B 3.5 :!:0.2 2.8 ±0.2 
6032 c 6.0:t0.3 3.2 ±0.3 
7343 D 7.3:::0.3 4.3 ±0.3 

(B) 
HEIGHT 

.063±.008 

.075 :!: .008 

.098 :!: .012 

.110±.012 

(B) 
HEIGHT 

1.6:t0.2 
1.9 :!:0.2 
2.5±0.3 
2.8 :!:0.3 

TRI MOLDED CBIP PAIT NtlMll& 
-Staft PIN witll 49MC-

then obtain ~Code: Case Code 11111 Vol'· 
.. 11atina (18111 U\e CV lable belalr. ldd 'l'olenla • 
...... Ttnniallioa Uld ~ frOlll lil&l aillM. 

TAB DIMENSIONS 
(B) (W2) (H2) 

PADWIDTB min·max 

.031 :!: .012 .043-.051 .028min 

.031 :!: .012 .083·.091 .028min 

.051 :!: .012 .083-.091 .039min 
.051 :!: .012 .091-.098 .039min 

TAB DIMENSIONS 
(B) (W2) (H2) 

PADWIDTH min-max 

0.8 ±0.3 1.1-1.3 0.7min 
0.8 :!:0.3 2.1·2.3 0.7min 
1.3 :!:0.3 2.1·2.3 l.Omin 
1.3 :!: 0.3 2.3-2.5 1.0min 



SEBIBS '#JMC MOLDED CHIP 
7lJntalum SMD~ (Chip) CapacitD,.. 

Prn~CODETABLE~ 
Oda from this table.:: ·· 
~'-

CAPuP PICOPAIAD 

°°'' OOIV OlOV 018V 020V OilV 03SV OIOV CODR• 

0.10 104 ~ 4 ~ ~ 4 -+ A A 
0.15 lM -+ -+ 4 -+ -+ .... A B 
0.22 224 -+ -+ -+ -+ -+ -+ A B 
0.33 334 -+ -+ -+ -+ -+ -+ A B 
0.47 474 -+ -+ -+ -+ -+ A B c 
0.68 684 -+ -+ ~ -+ A -+ B c 
1.0 105 -+ -+ - A -+ - B c 
1.5 155 -+ -+ A - - B c 0 . 2.2 225 - A - - B _. c D 
3.3 335 A _. _. B c c ·o D 
4.7 475 - .. - B c c D D 
6.8 685 -+ B c c -+ D D 

~ 10.0 106 8 -+ c c D D 
15.0 156 -+ c -c -+ D D 
22.0 226 c -+ -+ D D 
33.0 336 c -+ D D 
47.0 476 -+ D D 
68.0 686 -+ D 

. ,Arrow indicates that next higher voltage JS the standard rating available. Uruts will be marked with the highest voltage 
r- available for that case size and capacitance rating. 
;,, 

; Devices rated at 6.3 volts will be marked 6 volts . .,_ 

CASE OUTLINE DB.AWING 

- -

End View 

"f" 
H2 

~~....1----~;;.J 

~L~ 
Side View 



MAI.KINGS .-.--~ .. 
•The small physical size of the MOLDED CHIP dlcates . 
a minimum amount of alpha·numeric marking on the body 
of the capacitor. The capaatance in picofarad code and · 
the Rated Working Voltqe (DC) will be manad on Ute B, 
C, and D case size.anlts. Thi A cue size anits 11111 bav8 
the eapacitance onl)' madred in picoflnd code (see 
· •eow 10 Specify' on paae 48). All cue m. will have: 
posithe polarity Indicated a& the lllOde cerminatlon. . 
Clpadtance _,be mamd in,,, a& the .-atactmen 
option. 

POLAlllTY 
(Mepeo/Ceniralab Unit Identifier) 
(Positive Temdnation Indicator) 
•Series 49MC capaciton are polar devices. Proper polarity 
must be observed or damage to the capacitor and/or the 
circuit will result. Polarity is marked with a white stripe 
or the letter "M" (in white) on the positive (anode) end. 
The letter"M"will serve as the MepcolCentralab identifier 
as well as indicating positive polarity. 

MARKING EXAMPLES BY CASE SIZE 
Polarity indicated by either a 
White Stripe .•. or ••. a White "M" 

+cm (0.22 µF) + fRI A case size 

+ flll!I (2.2 µF 
L.lllil 35 V) 

+ ~ Bcases~e 
[:ilil C case size 

Dease size 

PACKAGING 
TAPE &I.EEL 
• 49MC Series capacitors are available in Tape & Beel 
packaging to facilitate the use of automatic placement 
equipment. Tape & Reel is per EIA (Electronic Industries 
Association) specification RS-481A. Capacitor orientation 
within tape pockets is nep&ive terminal toward sprocket 
holes and mounting side down. 8 and 12 nun tape widths · 
are used according to case size. Quantities less than a full 
reel will be shipped in Blister Pack tlaJS. 

'loo o o o o o o o o o o o o o o o o°l toooooooooooooooo 
-fpl-

52 

SERIES 49MC MOLDED CHIP 
'lbntalum SMD• (Chip) Capa,c;tx,n 

.. . _ .. 

MilIMtlM.SOLDDING PBOPJLB·:. 
•AB MOLDEirCBIP Capaciton may be apoild tO 
(:1:$0 C) for a period of 5 (:t0.5) seconds. Soldedna te 
atures in acesa of 265°C and a duratton:of loDIH t. 
6.6 seconds ue not recommended. · · ·--·· -

·~ .. ~ -~·; ...... -... .. ::-.:. ........ -. ·:.··· . .;. . ..:., 
SOLDBBABILITY INSPECTION CllTllU 
• Mapilla*km:· lOX . ·::.:: .·• 
Both....,. ... end fwl, excluding tbe.-.of &I 
tmminaiioMepmlqflom the ~raludl be eo1 
with a aootll mcl bdlht solder coating wt&kao 11011 
thl8 a 11111111 amount of sca&tered impemeuoas, l1lCh 
pinholes orn·wtt.ed or de-weUed areas. 'ftl8 bnperfec:t 
shall not be concentrated in one area. · ·: 
Termination edges are not solderable surfaces. . 

RECOMMENDED PAD DIMENSIONS 
FOB. B.EFLOW SOLDERING 

t 
A 

+ 

Cue A 
Size Mia. 

A .071 
(l.80) 

B .110 
(2.80) 

c . 110 
(2.80) 

D .118 
(3.00) 

B 
Nom. 

.085 
(2.15) 

:085 
(2.15) 

.107 . 
(2.70) 

.107 
(2.70) 

INCHES 
(mm) 

c 
Nom. 

.053 
(1.35) 

.065 
(1.65) 

.124 
(3.15) 

.176 
(4.45) 

TAPE & REEL SPECIFICArlONS 
EIA 49MC (W) (P) Quandcy 
Case Case Tape Unit Pitch per full 
Size Code Width Ctr/Ctr 7" Reel ·--
3216 A 8mm 4mm 2,000 
3528 B 8mm 4mm 2.000 
6032 c 12mm Bmm 500 
7343 D 12mm 8mm 500 

D 
Nom. 

.223 
(5.65) 

.235 
(5.95) 

.337 
(8.55) 

.389 
(9.85) 

Quan th 
per ful. 
13"Ree 

9,000 
8,000 
3.000 
? 



· ,~: ( r k S°f f::e I Z I 0 CLct (l 

CHIPS-GRM Series I-if'?*' I\ l \ . """~ l'E r 
to REPLACE TANTAWMS IN ~·ve~ i.u. ~II!' .. hf 0~ d'xa'm'll~ vo..IL 
SURFACE MOUNT APPLICATIONS 4o 1.t.se '\ •·'M ~ doe&n:J. ~c 
These new chip ceramic capacitors are 
specifically designed to replace tantalum 
unilll in surface mount apptications. They 
affwthe long term 191iabillty and l&lbility 
inhetwlrac:etM1icd8vicesand are1pe-

•EJA Pntferred Sm 
lllWA• llEllllNA11lll 
EM lYPE DISlllWDI 
DIMEllml: ... (llmt 

. WVDC. 

L 

w 
T 

nm. 

• min. I 
I 

• ! 

Tel11PllllUl'I Chatal:rerisbc: 1 

r Clpacaala tJt.Fl .01 

I' .012 
.075 
.Oii 
.022 : = = -

ciftcalJy designed for bypassing applica
tion& Their high frequency O.F. and ESR 
perfannance is considerlbly impnwed 
owrthatpoaibl• with tantmum. 

... -!Sit.ID 
(1S:t:Q.2) 

.1135 
(Q9) 
.020 
(0.5) 

16 
Y5V 

.1 -i----+-.-..,;.~.;;;;_-
.IZ 
.IS 
.11 
.22 
.11 

I . -· -.51 :; ... · ··t .. = --~.:. _..;. :~. 
1~+-~---~--1..__~""---~----1 

1.2 1· 
u 
1.1 
2.2 • ·-·' . ·~"!' 

SUBCHIP CAPACITORS for LOW PROFILE &SUB-PLCC APPLICATIONS 
FEATURES . 
•lub-PLCC mounting Of C8p9Cttor 

mlnffnjzn circuit lnductlnce and 
allowa higher pacagtng .... cy. 

i DIMlllSIOllS: II. (mitt I 
I 

ms a~..;<·••• I 
' ·,1Zs~2l 12.MtD.2! 

I 

i ~-K: i' I 
T 

PART NUMBERING SYSTEM 

•AvaUlbl91natandmdPd8dluinl 
Sllver(~orN .. BarrlW(GRM) 
Tennlnmtot-. 

MUIUll'AERIE PUT IUllB : Vllllll faf) 

llRIMl-IZlllU1IGlll .15 
8RIM2-2ZIZllllZZl2DI .22 
GRlllZ.Zd2RDkM ·.33 

.15 

.22 

.33 

I 
i 

i 

•Avlllfllblll In aullcorlilpe6 ...... 
8Reltllbililydata..ulllleGft ....... 
.,.._CIOlllllCttllCIDl"YWOIMr' 
...... di ..................... ,........ I WV ! 

,_ ... __ 
I 

Z5U i 25 I .m•(QI) I 
Z5U I 25 i .118(088) 

Z5U I 25 ; meca:n I 
25 .0'20(051 

Y5V 25 
Y5V 25 .lll(l7) 

C3'1acirorl)'DtandSiZ! I I I T I TT ·~CXJde ! GRM42·221 ZSU 224 I TIJ=A 

. V'ariallon coae lllCllCall/10 .tnickness comru11e<1 dlSIQn 1 : 1 , U!U111ned I 
·s-u ' •O-T/R rr- 1111. OIP6' lllle) I 

Temonutt CNl'ICtlnSllC I ! I 3-diQit \OltllJt /lllllO 
Natninll caoacance ' 1binlClt (...afl -2Dllb) 

15 

~ ... 



-· -· .... wiu-1"\vc;; JVIUUN I 
1/16 WATT TO 3 WATT 

MC SERIES 
FEATURES 
• Wraparound termination with No Leach'w nickel barrier 
• Heavy solder plating facilitates the SOidering process 

whether vapor phase, infrared reftow, or wave 
• 10/o and 50/o chips available from stock (refer to pg. 4) 
• Available on excluaive 'SWIFT' delivery progrmm 
• ZC is Zero-ohm jumper. MC is 200 ppm. MCA ii 100 ppm 

• 1~"=>i::n-=:.: 1% 111210111112211 
5%.10%1D1ern=-

• Untrimmed chips aVlillble 
• Bondable Chips available 

llCD MCllCR MCllCR Ml':.tlCR 'IYPEZC 

a 

Cl 

CJ 

a 
CJ 

CJ 

D 

TwP9 
llC).,MC:ll-.ZC .. 

Ollll5 

1A 
(Stockn.m) 

18 

1210 

2010 

2512 

...,. 

~ 
.111125 

0.1 

0.125 

G.25 

G.25 

0.50 

1.0 

2.D 

.,... v.._ ::. ....... ....... 
0.1 ""' NA 

0.125 100V 1A 

425 'lDIN 2A 

030 'lDIN 2A 

0.50 'lDIN 2A 

Q.75 'lDIN ·~ NA 

1.5 'ltlN 3A 

3.1) 3!JIN NA 

~\, 

~~:e ,._-w 
Wide choice of sizes at economy prices! 
RCO's chip t'9SiStorS were designed to meet the stringer 
ronmentat requiremems of MIL·R·55342. The MC Series 
therefore offer Significant performance improvements ov 
try average. Pricing remains extremely competitive due' 
automated production. Delivery of the international stanc 
1208 size is from stock in all 14MI and 50/o vaiues from 1os 
RCD now often• tumlcey surface mount aaembly • 
Why not colWider ua to auenable yoUr next SM pro;ec 

STANDARD 
R In •• ....... \. ....... . ..., T('Malll Lii '~ 
tCIOIO 1MO ,011 = .DC5 .031 = ..004 .cne = .aoa .0\0 

(US: .12) [.I= .1) (.«> = .15J [.25 

.079 = .006 .aso = .CIDll .Q2D = .aas .0111 
100101 MO 

[2.0 = .15] [1.25:: .15) (.50 = .15J (.4 

2.211 to zz Mn .126 = .cas .061 = .ocs .m4 = .OO& .mo 
{3.2 = .2] {1.55 = .15) [.61 = .15} {.51 

3.30to10MO 
.126+ .008 .061 = .006 .024 = .006 .020 
(3.2 = .2} (1.55 = .15) [.ill = .15) [.51 

.t2" = .008 .a= .ea .024 = .cno .Q2D: 
10Cll02.2MO 

[3.2:: .2J (2.5 = .2) (.91 = .25) (.5 :I 

.197 = .008 .102 = .aae .025 = .cno .Q2D = 
t0Rto2.2MO 

(S.O = .2} . {2.1 = .2) (.G: .25) f,$: = 

10RI02.2Mn 
.- : .ens .125 = .010 .025 = .cno 
(1.22 = .31) [3.2 = .25) (.13 = .25) \ 

"~ •= .0\ .197: .010 .Dl2I = .at2 .ms~ 
100to2.2Mn 

[10.0 = .25) (S.O: .25) [.71 = .3) {.at" 
~..., ................ _______ ,_ 

• P.C.tmrll _ _,._..,_...ID_.,_ .... _IOID12S'C-. -...~ 
""11•n-1011MC4Cmt1.......,.C........,t11r....,. 

PERFORMANCE CHARACTERISTICS DERATING CURVE 
Q -- T• M&6A +.1111 ...... C11D•1Mn-

T.....,.COtlfmllCr.P.I I -SS D + 125"C t 100 ar t20011111111 I 
Tlm!IW SI-. {-55° D + 1SO'C) Ml..a.l!llZ.M1111 ~ 

I I I~ 

I I " Slallfta..tC2.5 )( 5.,Z M56Mao.4.1.S ~ I "" l.OI t.na CID£Mant-55"Cl M56Mao.4. 7.& ~ 
Hiii Ttlla ~fl25"C. 100111) ~ 

I ""' IA 56M2 0.. 4. 1.1 
~ ....... £...- MSSMto,4.11 Cl~ 

I ""-I ............. ... ........ ~ 
~L*CtDllDIDlll ............ 111"1t' 

SP 7, .......... 
--Min. COlllllJI ,_ ... -_.. .. .,. ..... _ 

"'WCR'1a1111111111. "IC"la ..... -·---<••> ... ••·,.--.. ~-.m·-·-·-...,..-
;:i::~. ~!-T100Q(atm) 1% T 

zc is chip jLrnper) 

Resistance VaU9 (.05Q Max. on ZC type) 

Tolerance (±1%, ±2%, ::t5%, ±10%) 
Padcagi'1g • '8• is buk. T is Tape & Reef. 

PAD<AGING 

Type P1 al gl .. Opllalle• 
MC-.llC:Ro.ZC. 

OllD:C815 tlAlmmllPJ 

1A.11111 ti.A~---
1210 b!Alrml ... 

:1D10, :1D12, 2512 blA12rlnllP£ 

'M' is Magazine cartridge ...... --·---------~,._---~ Also ai:2vl98 ac It'll! time of on:temg wneiner nl8ltCr1g on ll'le ChO is raqund. Gl\tll!M _ ... _______ ..... 

..., 1Uk.11mm11Pl 

(RCO OP110R If nol soec:died Dv cusiornerJ 

ACD Components, Inc., 520 East Industrial Park Or.. Manches1er. NH USA 03103 
12 Tet: (603) 669-0054 Fax: (603) 669-5455 JTl)!;x:;,JS~-=-~~ 

125 

'tS,'11,,•51 Sl·'a, ,.,, 6S ............................. --
. 



I 

aFIMllE! AXIAL-LEAD :WtREWOUND:RESISTOllS 
. ·--···.-----... 

--~a\-COM'ORMAL~~:- . -••.. --··::~~~ .. -•wr--· 
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SERIES 91'-4 
SURFACE MOUNT TRIMMERS 

-·· 

KJKN IU, .l l SPECIFICATIONS lfCTllw. . , 

• 1111119 100 ... 2Mn 
(ielia&ance tolerinee ::ZOI 
... ra&ina 0.25W (70°C). flN ( 125"C} 

Ila. ill1H1t --
200V 

Ila. wiDer current lOOmA 
·Electrieal an!lle. nominal 210° 
End resiseance. max. I 'l of restsr.uce value or 20. whichever is greacer 
Contact mistance variation 1 'l of resistance value or an. whichever is greater 
OneratlnR temperature -55°C ... 125°C 

itTemp. coefllcient max. ion to son: =250ppm1~c. 1oon ... 2M0: :1ooppm1°c 
~Insulation resistance. min. l.OOOMn (DCSOOV) 
~Dielectric stren~ 500Vrms ( 1 minute) 

~EC BANI CAL 
· Mechanical 111.Ue. nominal 240° 
Operatina torque. mu. 150Rcm· 

· Stop strength, min. 35()gi:m 
.ENVllONMENTAL{Mllrl·Z2097/MIL·S'J'D.202) 

Item Test conditions ~R/R I S.S. 
. Thennat shock -65°C ... 125°C. 5 cycles :::2'l :::1% 
Humidity 80 ... IJ81IRH.10cyeles. HO hrs. ~' -
Shock 1000, & direelions. 3 times :::JS :::ts 
Vibration 200, 10 ... 2.000Hz. 12 hn. :(% :::1s 
SolderiRR heat 260°C 10 see.Jor 215° 3 min. :!:IS -
I.old life 70°C. rated power. l.000 hn. ~'l :::I 'l 
Low temp. operacion -55°C. 2 hrs. :1:2~ :::2% 

Hilb temp. expos11re l25°C. 250 hn. ~'l :::2'.tt 

Rotational life lOOC)'cles :!:(20 +3%) -
AB/I: Change in total resistance. S.S.: setuag stability 

PACKAGING 
ST-4A&B 1. Reeled tapa 

(500 pcs per reel) 
tape widtb:12mm 
put pitch : Smm 

2. Plutic magazine 3. Vinyl bag (in bulk) ST-4C 1. Plastic magazine 
{50 pcs per stick) (50 pcs per stick) (100 pcs per bag) 

2. Vinyl bag (in bulk) 
(100 pcs per bag) 

srANDAJW RESISTANCE VALUES 
CODE OHMS CODB ORMS CODE ODIS CODE ODIS CODE OHMS CODI ORMS 

100 10 101 100 102 lK 103 lOK 104 1001 105 · IM 
200 20 201 200 202 2K 203 20K 204 ZOOK 205 2M 
500 50 501 500 502 5K 503 SOK 504 SOOK 

APPLICATION NarES Reftow Soldering: •...•• Peak Temperature=240°C 
Solder Melting Point Temp.= 180°C 

Parts will meet original specifications 
after exposure to: 

Tlme@ Melting Point=lO seconds maximum 
Vapor Phase Soldering: ••. 180 seconds maximum @ 215°C or 

10 seconds maximum @ 260°C 
Wave Soldering: ...•••• Peak Temperature=260°C 

'lbne in Solder Wave=4 seconds maximum 
Manual Soldering: ••.••• Soldering Iron 'llp Temp.=350°C maximum 

Soldering Time=3 seconds maximum 
Soldering Iron Watt.age.=40 watts maximum 
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P.C. BOARD PAD OUTLINE 

DIMENSIONS (IN MM/INCH) 

ST-4A 
Top 8'ijustment 
J·Lead 

ST-48 
Top adjustment 
Gull Wing 

ST-4C 
Top adjustment 
Through Hole 

O.&W d.3Lx0.SD 
0.024W x 0.091L x 0.0200 

O.IW x2.3L•0.6D 
0.024W x0.091Lx0.020D 

Tolerances are :0.3 mm uad :1:.012 inclles 

74 

SERIES ST.11 
SURFACE MOUNT TRIMMERS 

METRIC/ENGLISH 
CONVERSION TABLE 

mm lnclaes 
0.3 .012 
1.0 .039 
2.0 .0'79 
3.6 .142 
4.% .165 
11.0 .236 
6.8 .268 

Nal'ES: 
l. ALL DIMENSIONS ARE IN MIWMETD& 
2. DIMENSIONAL TOLERANCES ARE :l:0.3 tJNLEa arHEBWJl 

SPECIFIED. .....,..:.~-- . . 
•... ·=~ 

--· 

": i! i! 
u JI ::IE 

OJlll :I Ii 
. ·- ·-

!; 
0.011 0.157:0.040 

.. ·~1d.7: ':: .. ~ 

·-~~-· 

.. 
:· . ~· .... ·~--:-~-~~-""'-- . 

G.100 
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-· 3/8 HEX FEMALE.STANDOFFS 

-~ 

ORDERING CODE 

xxxx xxxx x x SN pagit I7J for thre~ depth 
See page (6) for finish code 

LEJ;TH MATJRIAL I For paru nor lisred contact Sales Office 

THREAD FINISH 

LENGTH PART 
NO. LENGTH PART 

NO. LENGTH PART 
NO. 

1/8 ZZ32 1·518 DH 5-1/Z zz• 
3/11 2133 1-11116 Z2Sl 5-31' Dn 
114 m. 1-3/4 2Zll &" zza 
5116 ms 1-1311& D51 8-1/4 Z2l3 
3JI 2Z3I 1·711 D• 8-1/Z Z2l4 
7116 m1 MS/16 Z211 8-3/4 22n 
1n. ma 2 .. Z212 1" 2211 
9118 ZZ3I 2·111 zza M/4 Z217 
511 Z2CD 2·1/4 Z2l4 7-112 Z2ll 

11/tl Z241 2·311 DIS 7-3/4 22a 
3/4 Z2CZ 2·1/Z 2ZU ... ma 

t3/18 Z243 Z.S/8 2217 1·114 m1 
118 Z24' 2·3/4 DU 1·1/Z Z2IZ 

15/16 Z241 2-7/1 228 1·314 ZZl3 
1" Z241 3" Z270 9'' me 

1-1/16 Z247 3-1/4 Z271 9·114 ZZll 
M/I DU :s.1n. 2272 9·112 m1 
1·3118 zza 3-3/4 zzn 9-3/4 2217 
M/4 ZZID ,. 227• JO- 2ZH 
1·5111 Z251 4-114 2271 
1·311 2Z5Z 4-1/Z Z271 
f.7111 Z253 .. 314 D71 
MIZ Z254 S" Z2ll 
1·9/16 Z255 5-1/4 Z2ll 

THREAD CODE MATtRIAL CODE 
S.32 832 Aluminum A 
1·32 132 111'111 8 

10·32 1032 Stainlm Stttl SS 
12·24 1224 Stttl s 
114-20 2520 Nylon N 

RAF ELECTRONIC HARDWARE, INC., SEYMOUR. CT 01413/1·2113-111-2133 



See page (6) for finish code 
For pans not listed 
contact Sales Office 

PART 
NO. 

7131 
7131 
7037 
7131 
7131 
7IMG 
7041 
7042 
1043 
704C 
7045 
704& 
7047 
704I 
7MI 
7151 

7051 
7052 
7813 
7154 
7111 
1111 
7817 
7151 

709 
70• 
7811 
7012 
7013 
7111 
7115 
70H 

1117 
71a 
118 

·7171 
1111 
1112 
7173 
7074 

7075 
7071 
7177 
7071 
11111 
1111 
7011 
1112 

THREAD 

10·32 
10·32 
10·32 
10·32 
10-32 
10-32 
10·32 
10·32 
10·32 
10·32 
10·32 
10·32 
10·32 
10·32 
10.32 
10·32 

114·20 
1/4-20 
1/4-20 
1/4-20 
114-20 
1/C.20 
114·20 
1/4-20 

t/4-20 
\/4·20 
114-20 
114-20 
114·20 
114-20 
1/4-20 
1/4-20 

5111-11 
. 

5/t&-18 
5/11-11 
5/18-11 
5/1&-ll 
5/11-11 
5/1f.11 
Sit&-ta 
318·16 
318·18 
311·16 
311-16 
311-11 
318-18 
318-16 
311·18 

A I c D 
t.004 +.Ill .t.111 ·--.•1 -.111 

311 .2495 3/\1 .1250 
311 . .249S 3118 .1175 
318 .2495 3/18 .Z5DD 
318 .2495 3118 .3121 
311 .2495 3/18 .3750 
318 .2495 3/tl .4375 
318 .2495 31\6 .5000 
318 .2495 311& .5625 
3/8 .2495 3116 .6250 
3/8 .2495 3116 .6875 
3/8 .2495 3116 .7500 
3/8 .2495 l/16 .8750 
3/8 .2495 3/16 1.000 
3/8 .2495 311& 1.250 
3/8 .2495 3116 . 1.375 
318 .2495 3/16 1.500 

711& .3120 1132 .2500 
711..& .3120 7132 .3125 
7118 .3120 11'11. .3750 
7116 .3120 7/'J2 .5000 
7/18 .3120 7132 .6250 
7/16 .3120 7/32 .7500 
111& .3120 7/32 .8750 
1118 .3120 7132 1.000 
112 .3745 7/32. .2500 
112 .3745 1132. .3125 
112 .3145 7132 .3750 
1/2 .3145 7/'J2 .5000 
112 .3745 7132 .6250. 
112 .3745 7132 .7500 
112 .3145 1132 .8750 
112 .3745 1132. 1.000 

1/2 .3145 7132 .2500 
112 .3745 7132 .3125 
1/2 .~745 1132. .3150 
1/2 .3745 7/32 .5000 
1/2 .3745 7/32 .8250 
112 .3745 7/32 .7500 
112 .3745 7/'J2 .8750 
112 .3745 7132 1.000 

518 .4995 11• .2500 
511 .'915 1/4 .3125 
Sii .4191 1(4 .3750 
511 .4115 1/4 .5000 
511 .4915 114 .6250 
511 .4995 "' .7500 
5/8 .4995 "' .8750 
518 .4995 t/4 1.000 

RAF ELECTRONIC HARDWARE, INC., SEYMOUR. CT 08483/1·ZOM81-2133 

E 
t.811 

1/4 
1/4 
1/4 
114 
114 
1/4 
114 
1/4 
1/4 
1/4 
114 
114 
114 
114 
t/4 
1/4 

3/8 
318 
318 
318 
318 
318 
318 
3/8 

318 
318 
3/8 
3/8 
3/8 
318 
318 
3/8 

7116 
7118 
7118 
7116 
7111 
7116 
1116 
7116 

112 
112 
112 
112 
1/2 
1/2 
1/2 
112 



559SERl£S 

--UMa t"'°lli •lie I .,. .. 'n'fti__ 
. ..--,. "'"·'1 r 

NOTI: _ _._ -·-............................. 
f ) M•rlll Cll"'ttfttion In "'"'· 

558 Series: Mount in .1sr• hole 
&59 s.i91: Moum in .250•• hole 

FtltUr• 

• Snip.in mounting raquir• no additional twdwwe 
• Available with Red. Gr-. or Yellow LEO.. with and 

withaui int..,-.1 cunent limiting rlliltors 
• Compacc dllifJn •lfows high density '**-lint: 

558 Seri• mounts on 0.2"" centn 
559 Seri• mounu on 0.3 .. cent ... 

• Straight termiNls suitable for wire-wrapping and/or 
sold•ing, or wire leads 

• Designed tor quiclc pgsitive insertion in P1ntll from • 
.031 .. through .062" · 

• Blade housing enhances contrast ratio 
• Polarity identified 
• High Brightn• LEDs 
• Wide Angle visibility 
• t.ow po.., raquiremenu-10.20 mA 
• Solid State retiebility 
• IC compatible 
• Vibration end shock resistant 

Applications 
•Computers 
• Pr0cess controllers 
• Instrumentation 
• Point of sale 

• Communications equipment 
•Medical equipment 
• Home entertainment equipment 
•Vending machines 

Ordering Information Lamp type (LED cc*r> Electriaf 

r= Standn Efficieftey 

[mJ I··~ TemtiNJ Type 

-mmll-~ I 5591 . 

t 01 Red diffulld 
02 Grwn diffulld 
03 Vellaw diffulld 

Hith Efficiencv• 

21 
22 

. 23 

• 959only 

Di1litftt ,...,,,.. me ritftt to m•k• c:ti1ng111t envtim• in order 
to impraw dftign 8ftd ta .. OOIV ttle bnt Pl'Odllet pQllible. 

Red diffused 
Green diffused 
Yellow diffulld 

01 Requires external resistor 
02 SV, 15mA 101,02,03 lamp only> 
03 12V, 15mA f01 lamponly-659onlyl 

T1n11illll type 

,,., 001 Straight Terminals 
Dimension "A" wire._. 

003 6.000 (152.40) Typ. 
004 8.000 (203.20) Typ. 
005 10.000 (254.00J Typ. 
006 12.000 l304.80) Typ. 

. - 007 14.000 1355.60) Ty.p. 



--standard Efficiency 

snap-in LED indicators 

658 .and 659 Series 

RID GllllN 'Ill.LOW Tin' COMNTIONI 
~ a.--- ..... T~ ...... .... ,.,,.. ...... .... ,,.. ..... ~ RID GRllM VILLOW 

l.llllliNUa ......,,: 
ly ...... .:I 2.4 .. 2.0 t.O u 2DIM ...... ..... . , .... ...... .. 1.1 ... 3.2 f.I u 1GIM 2DlftA , .. ........... ...... -- - - -_,.. -v, ,__..YMlfl; ..... 1.1 2.0 20lnA '°""' 2A 3.0 u 3.0 v ,, 2QmA ....... 1.1 2.4 !5mA -IVlll "-· 1 . i 3.0 

1CIOJIA• ....... s.o 3.0 v '" '°"" 10..A \OaA 

RED ! GREEN t v£LLOW i 
Cllwww- 151 ..... I 551 S.,. I Mift. Mio•. Min. Mu. UniU TEST' CONDITIONS 

Mitt. I Ma•. Mi". I Ma•. l 
~QillioMIOll 1001 70 I I 120, 120 mW d.,IW "- zs• Cl 1.82 MWr C 

SU20 ,_..aceumm 50 30 30 mA 
!B3D 

,.. ,...... C:Umnt 1 , 1 ,\ , ....... 3QOaps 

-~.,...... 5 I ~ v 
~--.. ·21 .., ... +1CIO .ff +100 ·5S •1CIO •c ,,.,,...,.._..,,. .30 +8S 
L ... So._..........,,., 2111 2IO 2flO ·c: 

Oll•linl 0.-illiel- HI end 151 Ser191WITM INTSGRAL RESISTOR CIV wt 12V•J 

ltlD GftllN VILLOW TUT CONDITIONS .,..... ciw--- Mift. Ty,,_ MM. Mill. Tvtt. M8L .... Ty-. ..... Ullitl .. .. Gt.,Y ... 
.._~ --- .3 .I .1 2.Q .5 2.0 lflClll VF 1.ov 5.QY 

ly -.oxoz .. .I 2.0 .. 2.0 .lllOlf VF s.ov 5.QY 

-.0103 •• ..... VP 12.0V ,,. w.-.....i - - Siil ""' 
IS 20 ti 20 fl 20 lllA VF 5.0V l.OV ,, ,_.c:.wr-
JJ 20 lllA v, 12.0V 

IY1t .._,,.. .. , .. 3 3 3 v '" to.A lo.A 
v ..... 

Mallnu111 R.ci .... - 111 llnd Ml .._.WITH INTIGRAL RESISTOR (IV end 1zv•t 

RED YELLOW GAHN 
0-•-- ......... .... Miii. Mill. Me•. Ullill Tiit~ 

·~1-•lllNWl. - u 7.5 u v 0- \O IV It \QCfC 

VOi'- $SIMl102 • .01113 " 0.-• IZV IC 10' C 

"-Yo! ... 7.0 1.D 7.G 
0oer""'9 6 Stor ... I tllVI -SS •ICID •c 
,...__ I lt:ZVI ·IS +70 ·c 
l.nll......,.f_. 230 2:ID na •c .......... 1 ..... 



High Efficiency 
Snap-in LED Indicators 

559 series 

A-... forwerd Qur..r 

Rtd 

10I 
35 

1 

Yellow 

10I 
3& 

, 

ca... Unill 

105 mW 
3& mA 

1 A 
Omnnina Ind Storeae TentC*'ltul"I R1nm .. c ta •100• c 

48 

Lad Sold1r Ternpemunt C1 /18 inch from Q91 2m- c for 7 MCOnd• 

Oplnti"' CMIH•Miaca n TA• 2P C ..... 
VF 

IV" 

~ 

ly 

"s 
c 

, ..... D••illlillft Min. Typ. Mu. Unhl 

Forwwa VoJuge Rid• YeRow 2.2 3.0 v 
at.. 2.2 3.0 v 

A-Vol11!19 All 5.0 v 
Rid 131 flllt 

PllkW ......... Yellow - 11111 
GrlM - ,.. .... 3.0 4.0 mad 

Lumillaul ........ Vlllow 2.2 3.0 ..... 
a.... 2.2 3.0 ..... 

Ri. llld Fd Timi Rlda Ylllaw to .. 
C1'1 I•• 

a... 200 "' All 41 pF 

~.,,...a..... 

~ ~·""-: D ,,... t!J -:-: 

:. I:>®+--
~-----~----::::::··-

' i'tn. -=--=-

ocv.-.. 
3.1 tso n 11 n 
I 33D n 1IO Sl 

• tO 12011 •n 
14 12CIDQ GO R 
21 27000 13DDSl 

T .. CoNmlDM 

lp-1ClmA 
lp-20mA 

IR-1~ .............. .............. ............. 
,,. 10nlA 
,,. 10nlA 
IF'"20mA 

Vp O.f9fMHc 



Electrical Schematic 
For all models 
Non • llloning conuc:u.. ----C··· .. ········· , ... 

J ! .!. C! ! t !. J 
·l .,l.. ;.!.· lj_: ·~ . ..= ~: !> .se,, 

t2:&••1711IO 

-·-i.atOO 
........ - .... (stop 
............ __.. ...... CstOD 
•·-• ......... .,... ...... -• [ StOp 

•·····-~ .................. ~ t 'too 

2 0 0 
~ 

1 
0 

3 
~ 9 t 

' 
4 •• • 5 • r 
5 7 

• 
AEAR VtEW 

£,!! 
,Q 

·' 

REAR VIEW 
OF SWITCH SOOY 
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• ht1ula1or n.sidard vetlion : 91 .. tilled polll 
trapiQI vwrs1on : P.B .T .P. 
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FletC.bl• 
9R2SOXX Series 

.l; Pitch Rainbow Cable 

Computer and lnatrurnentlltlon ..... 
~Conductors (7x36) .................. 
Tinnad copper (.050 condudOr spacing). PVC preinsulatad· 
laminated to a Clear PVC film. Color code: Brown, Red, Orange, 
Yellaw, Green, Slue, V~ Gray, White~ Black. 

For llddillonal gage size and centering options or C.S.A. 
appnwa1. cantactyaur ne....t Belden Distributor or Belden 
Sales Repreumative. 
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Cable Configunmon Tested •••• -Gs.Ground-Signal 

GSGaGround-Signau-Ground 
Temperature Rating ...................... -70"C to 1500C 
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. • Drawn 0,84 mm (0.025 In.) square wire 
presents 4 quality surfaces auitabt• 
for wire wrapping. 

• Standoffs allow cteaning to etiminate 
soldering contaminates. . ·. 

• Optional retention tail 
provides 0.5 lb minimum 
retention prior to soldering 
on G.082 In. thick pc boards. 
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Straight Single Row 
BergSti~ II Headers 

1.nmm 
(0.0IOlll.) 

I 
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H G , 
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1,Z.3.4.Sorl 

1,2.3.4.Sorl 
1,2.3.4, Sort 
t.2.3.4,5or6 
1,2,3,4,Sort 

1,2.3,4,SOflll 
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1,2.3.4,5ar6 
1,Z,3.•,5or6 
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1.Z.3.4.5are 
1,2.3,4,Sorl 

t.2.3,4,5ar6 
1,2.3.4.5ore 
1,2.3.4,Sorl 
t.2.3,4,5or6 
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1.0 General Information 

1.1 Qyerview 

The purpose of the postamp I Comparator· (P I C) module is to compare the 
voltage amplitude of the pulses, at the input of this module, to a reference voltage (the 
threshold voltage) and to latch a logic level output for each pulse greater than that 
programmable reference voltage. The latching of the logic levels is synchronized 
with a 53 MHz clock provided by a sequencer module. Differential input 
signals are received from .S.ilicon .S.trip Q.etector (SSDl amplifiers through four 
64-conductor ribbon cable connectors mounted on the front ponion of the P/C 
module. ECL level output signals are sent. via a custom auxiliary. backplane. to a 
delay I encoder module located in an adjacent slot in the FASTBUS crate. Eight 
fast analog sums and eight analog encoded digital sums, intended for use by 
the prompt trigger logic, are constructed and output through FASTBUS auxiliary 
cards. These signals also provide a means of debugging a PC module with an 
oscilloscope without the need of an extender caret 

1.11 Slandard Bus System Used 

The Postamp/Comparator module is a FASTBUS slave module designed to be 
used together with a delay I encoder module in a FASTBUS crate equipped with 
an SSD Readout auxiliary backplane. 

1.12 Number of Channels 

The Postamp/Comparator module is a 128 channel module. 

1.2 Appllcatton 

This module was designed tor use in the fast .S.ilicon .S.trip Q.etector (SSD) 
readout system developed at FNAL for use by E-771 and E-789. It is directly 
usable only in the context of this readout system. 

1.3 Packaging 

This board is a standard single width FASTBUS module (see ANSI/ IEEE Std 
960-1986). 

1.31 Physical Size 

The maximum board dimensions are 14.437 inches high by 15.878 inches 
deep. The board thickness is between 0.086 inches and 0.100 inches. 



1.32 ptngut 

See Appendix 6. 
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1.33 Front panel Displays 

The following front panel display LED's are implemented: 

HAME cgLgB EHEBg~El2 MEAHIHa 
Mode Red module is in the INmAUZE (TEST) mode. 

Mode Green module is in the RUN mode. 

Clock Yellow CLOCK 1 (53 Mhz) is present. 

Select Yellow Module is being accessed via FASTBUS 

Temp. Red Module temperature is > 50 degrees C. 

1.4 Pgwer Regujcements 

The Postamp/Comparator module uses the following voltages which are 
distributed on the FASTBUS backplane: 

+5.0V 
-5.2 v 
-2.0 v 

6.6Amps 
7.9 Amps 

0.16 Amps 

Five additional voltages are derived from these and used by the ASIC's. They 
ara: · 

+3.5 v 
-1.0 v 
-3.SV 

1.41 Cgntrol and Monitgrlng Reauirements 

4.0Amps 
0.16Amps 
4.4Amps 

All power supply voltages distributed on the FASTBUS backplane will be 
monitored by a CAMAC based system. This system will be read out into 
EPICURE. 

1.5 Cggling Requirements 

The total power dissipated on the board will not exceed 75 watts. 

5 
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2.0 Theory of Operation and Operating Modes 

2.1 Basjc Operatlgo 

2.11 Inputs 

128. SSC preamplifier signals are received at the Postamp/Comparator module 
via four, 64-conductor ribbon cables. The input signal order does not correspond 
to the order of the silicon strips in the detector for reasons having to do with 
signal density on both the detector itself and the amplifier cards connected to the 
detector. The input signal traces· on the Postamp/Comparator module are routed to 
restore the monotonic strip order of the detector. These differential signaJs are 
coupled through .1 µF capacitors to the inputs of the IC-01 ASIC's, and both sides 
terminated through 50 n to ground. These termination components are housed in a 
custom 10-lead sip each of which w1il terminate two. channels (4 wires) of the 128 
channels; thus 64 sips per module. 

2.12 IC-01: SSD Two Channel Sum, Discriminator and Latch 

IC-01 is a bipolar ASIC made using a Tektronix Ouickchip 2K-130 linear array. 
It contains two linear summing amplifiers, four time-over-threshold comparators 
(with variable threshold setting capability and hysteresis), and four latches (see 
Appendicies). Each IC-01 (except for the units with the lowest and highest 
numbered channels on the board) receives signals from three consecutive· silicon 
strips. The first and third signals are also input to neighboring IC-01 chips. 
Two linear sums are made; the first by adding the first and second inputs, and 
the second by adding the second and third inputs. The output of· each of the two 
linear sums is input to a comparator. The output of the second sum is also sent 
to IC-04. The second and third inputs are connected to the remaining two 
comparators. The result is two pairs of comparators, one pair discriminating individual 
strip signals (inputs two and three), and the other pair discriminating the two sum 
outputs. Each discriminator has a separate threshold setting input. The output of 
each of the four comparators is sent directly to a transparent latch (one per 
comparator) which is controlled by a differential. 2.5 ns wide LATCH input signal. This 
LATCH signal, common to all four latches, controls the function of the latches, 
which can be thought of as digital sample-and-holds. When the LATCH control 
lines are in the "transparent" state, the LATCH output follows the comparator 
output. When the LATCH is in the "latched" state. the output of the LATCH 
remains unchanged. In normal operation, an ASIC (IC-02) located within three 
inches of each IC-01 provides this 2.5 ns wide pulse. This LATCH pulse is 
synchronized to the 53 MHz CLK1 signal received from a sequencer. This pulse 
switches the LATCH input from "latchedH mode to "transparent" mode for a time 
equal to the width of the pulse, and then returns it to the "latched" mode. The 
result is that the state of the comparator is latched and held for one RF cycle 
less the width of the LATCH pulse. Two more control signals. called 
INDIVIDUAL CHANNEL FORCE ZERO and SUMMED CHANNEL FORCE ZERO, 
also effect the operation of the latches. INDIVIDUAL CHANNEL FORCE ZERO is 
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connected to the two individual strip latches and SUMMED CHANNEL FORCE 
ZERO is connected to the sum latches. When FORCE ZERO is HI, the eftactaa 
latches are forced to logical zero. This function is used to insure that no signal 
is received from an IC-01 chip while the discriminator board is in the INmAUZE 
I TEST mode (see below). It also makes it possible to disable either bank of 

. comparators whUe leaving the other bank operational. 

2.13 IC-Q2 - 3-Channet Logjc.Quad Analog Sum & Latch Driver 

The IC-01 latched outputs are input to two other bipolar ASIC's (IC-02 and IC-04) 
made using Tektronix Quickchip 2K-130 linear arrays (see figure 2): The 
combination of these two chips accept inputs from four IC-01 's (8 SSC channels), 
and produces eight ECL outputs which are sent, via the auxiliary backplane, to·the 
delay I encoder board in the adjacent slot to the right (viewed from the front of the 
FASTBUS crate). The logic producing these eight ECL signals performs in the 
following way: any given output channel N is set HIGH if the corresponding 
single strip {N) latch is set, or if one of the summed-channel latches including 
strip N is set, but neither of the individual channel latches for the two channels 
contributing to the sum are set. These signats are OR'ed with test inputs which 
sit at logical low levels while the module is in the RUN mode. Test signals are sent to 
these test inputs in the TEST mode during which time the latch outputs are forced to a 
logical zero. ~ · 

IC-04 is also used to produce a signal known as NHIT or DIGITAL SUR which 
consists of a currant, the magnitude of which is propontonal (100 uA I strip hit) to 
the number of hit strips in the group of eight. The NHIT inputs are constructed by 
both IC-02 and IC-04, forming a logical OR of a single strip signal and one of 
the summed channel signals which has that strip as one of it's inputs. The result 
is that the output of NHIT will register a ONE if a hit is shared by two adjacent 
strips even though two bits (for two adjacent strips) are $et in the datay /. 
encoder. 

IC-02, similar to IC-04, produces an ANALOG SUM of the same eight strips used in 
producing NHit. The difference being that this output current is truely a linear sum of 
the eight individual strip sig_nals. IC-02 also has the circuitry to accept a narrow 
pulse (2.5 ns wide) and fan out a differential version of this pulse to the LATCH 
inputs of four IC-01 Sum, Discriminator and Latch chips. 

2.14 IC-03 • PAC I ADC 

Voltage levels are provided for the threshold voltage (Vth) inputs of the IC-01 Sum, 
Discriminator and Latch chips by a CMOS ASIC produced by United · Silicon 
Structures. This chip contains four a bit DIA converters and one 8 bit AID 
convener. This AID convener requires an on board 100 kHz clock which can be 
turned on or off via CSRO. Up to 64 OAC chips may be mounted. providing 
individual control of the 256 discriminators on a Postamp/Comparator module. Tht 
DAC chips are loaded under FASTBUS control and the analog outputs (Vth) are 
measured by the integral A/D and read back via FASTBUS. The IC-03 chips 
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share 8 data Ii nes and 4 control lines. Each chip has a separate select line. 
The DAC outputs may be jumpered together to allow the use of as few as one DAC 
chip on the Postamp/Comparator module. The output range is from O V to the 
reference 2.55 V. The output impedance of these DACs varies between 10 and 30 
n. Each chip requires power supply voltages of -1 , +5 and a reference voltage of 
+2.55. 

2.15 IC-04- SSD 5-Cbannel Logjc and Octal NHlt 

See section 2.13 

2.16 Test Clrcujt 

A presetable 8 bit counter is included on the Postamp/Comparator module to 
provide a means of sending test data to the delay I encoder module 
associated with the Postamo1Comparator module. This counter is controlled 
through FASTBUS. The counter's outputs are reset (forced to zero) when the 
discrimintor board is in the RUN mode. When the board is in the INITIALIZE 
(TEST) mode, the counter may be set in the count or hold mode. In the hold 
mode, the counter output pattern can be altered by presetting the counter via 
FASTBUS. In the count mode, the counter is incremented by the CLK1 signal. The 
connection of the test counter to IC-02 and IC-04 is illustrated in figure 1. This means 
that 256 unique patterns may be sent to the delay t encoder board. The test 
pattern may be static i.e., altered by presetting the counter via FASTBUS or may 
change every 18.9 ns by being incremented by CLK 1 . 

2.17 FASTBUS Interface 

The discriminator is a FASTBUS slave. It responds to geographic addressing in 
control space only. It allows both single and block transfers and contains the 
following registers: 

CSRO This is the main control and status register. It is a selective set 
and reset register with the following bit assignments: 

BIT 02 -- RUN I HALT 

BIT 06 -- EN_IC 

BIT 07 -- EN_sc 

Writing a "1 •to this bit puts the module in the 
RUN mode. A ·a· must be simultaneously written 
to BIT 18. This bit is cleared by writing a •1 • to 
BIT 18 (HALT). 

Writing a "1" to this bit ENABLES the individual 
strip latches. Has the opposite effect as that of BIT 
06. 

Writing this bit ENABLES the summed channel 
latches = clears bit 07 (FORCE ZEAO=OFF}. 
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BIT ·08 ·- CCLK_EN 

BIT 09 - CLK1_0N 

BIT 10-- ADCCLK_EN 

BIT 18 -- HALT 

BIT· 22 -- FZ_IC 

BIT . 23 ·- FZ_sc 

BIT 24 -- CCLK_DIS 

BIT 20-31 - ID 

BIT.26--ADCCLK_DIS 

When HAL TED, setting this bit enables the clock 
to the 8-bit test counter. The clock is disabled 
while the module is in the RUN mode. 

This bit will READ ONE whenever CLK1 (53 
MHz) is present. 

Writing a "1" to this bit ENABLES the 100 kHz 
clock which is used by the ADC portion of the DAC I 
ADC units. 

Writing a ·1· to this bit places the module in the 
INITIALIZE I TEST mode (In this mode all 
latch outputs are FORCED to ZERO). A ·o· must· 
be simultaneou.sly written to BIT 02. 

Writing a "1" to this bit FORCEs the individual 
channet latch outputs to ZERO. A "o· must be 
simultaneously written to BIT 22. This bit is 
cleared by writing a "1 • to bit 22. TI:iis bit will 
READ ONE if the individual strip latches are 
FORCED to ZERO. 

Writing a •t• to this bit FORCEs the summed 
Channel latch outputs to ZERO. A ·o· must be 
simultaneously written to BIT 23. This bit Is 
cleared by writing a "1" to bit 23. This bit will 
READ ONE if the summed channel latches are 
FORCED to ZERO. 

Writing to this bit disables the clock to the 8-bit 
test counter. 

The device ID is read back on these bits. 

Disables the 1 oo kHz clock enabled by bit 1 O 
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Preamp/Comparator (Discriminator) Module 

BIT SET MEANING 

100 kHz CLOCK DISABLE• 

TEST COUNTER CLK Dts• 
SUM CHANNEL FORCE ZERO" 

INDIVIDUAL CHANNEL FORCE z:Ro· 

MODEHALr 

100 kHz CLOCK ENABLE• 

TEST COUNTER CU< EN• 
SUM CHANNEL ENABLE• 

INDIVIDUAL CHANNEL ENABLE• 

MODE RUN* 

I°' 

28 

24 

20 ~ 

16 

1 2 

08 

04 

00 

CSRO 

READBACK MEANING 

MODULE ID 

100 kHz CLOCK EN/DIS 
CLOCK 1 PRESENT/ABSENT 
CLOCK 1 EN/DIS 

SUM CHANNEL EN/DIS 
INDIVIDUAL CHANNEL EN/DIS 

MODE RUN/HALT 

ERROR FLAG 

1 0 

• The corresponding bit displaced 16 bits away must 
have a zero written simultaneously. Merle Haldeman Revised 3·30·90 
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CSR1 This register is used to load and read the 8-bit test counter. 
The counter is disabled when the module is in the RUN mode. 

BIT 00-07 •• DATA Data to be loaded to I read back from the 8-bit 
test counter. 

1 1 
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Preamp/Comparator (Discriminator) Module 
TEST COUNTER CONTROL ANO STATUS 

BIT SET MEANING 

• TEST COUNTER: MODE 1 . 
• TEST COUNTER: PRESET 
•TEST COUNTER: COUNT 

• TEST COUNTER: RESET 
•TEST COUNTER: MODE 2 

• TEST COUNTER: HOLD 

TEST OOJNTER 
PRESET BYTE 

28 

24 

20 

16 

12 

08 

04 

00 

CSR1 

BEAPBACK MEANING 

MOOULESTATUS:: RESETJMODE1 
MODE 1 STATUS: MOOE2/PRESET 
MODE 2 STATUS: HOLO/CClJNT' 

TEST COUNTER 
OUTPUT BYTE 

• The corresponding bit displaced 16 bits away must 

have a zero written simultaneously. Marte Haldeman Revised s-1s-s9 
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CSR cooo_oooo - COOO_OOFF 

These registers are used to load and read the threshold DAC's. 
They can be written only when the module is HAL Ted (in the 
INITIALIZE I TEST mode). The module returns an 55=6 if a write is 
attempted when in the RUN mode. This address range .is 
programmable to match the number of DAC's installed on the board. 

BIT 00-07 -- DATA Data to be loaded to I read back from DAC's. 
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Preamp/Comparator (Discriminator) Module 

AID DATA FOR ADDRESS 
HH (Hexadecimal) 

MSB 

LSB 

28 

24 

20 

16 

1 2 

08 

04 

00 

CSR COCO OOHH 
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2.2 Addressjng Modes 

2.21 Eqpr Responses 

The module assens a FASTBUS error (55=6) if an attempt is made to write to 
a threshold DAC while the board is in the RUN mode.2.2 Addressjng Mgdes 

2.3 Hardware Jympers and Swjtches 

2.31 QAC I ADC Jumpers 

As was stated in sedion 2.14, the DAC outputs can be jumpered to allow a given 
output to be conneded to one or more of any of the 256 discriminator threshold inputs. 

CSR COOO 00.HH PIC Modula 
bits 0,7 Channel ID 

a 

0000 
r.c-1 .o> 

1 a 

2 

0000 
I.(0.1 l 

3 1 

4 

0000 
!{1 .2) 

5 2 

6 

0000 
2(2.3} 

7 3 

• • • • 
252 0 0 !{125,126) 
_2_5_3-~-

0
. - -

0 
126 

1 5 

_:_:_: __ o ___ 
0
_ 0 

0 
tl1~:;27) 

The above illustration is an abbreviated pattern of that which exists on the P/C Module. 
The lines on the left are conneded to the DAC I ADC outputs and the lines on the right 
are connected to the threshold setting inputs. 

There are 256 DAC/ Aoc·s which are addressed via bits o through 7 of CSR COOO 
OOHH. DAC address 00 (Hex), will always set the threshold voltage on the uppermost 
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trace which is the threshold for the discriminator connected to the output. of the 
summed channel which takes the sum of channel -1 and channel O (I.-1 .O). Likewise 
DAC address 01 (Hex), will always set the threshold voltage on the trace immediately 
below the the uppermost trace which is the threshold for the discriminator connected 
directly to the channel o input. DAC address 02 (Hex), will always set the threshold 
voltage for the discriminator connected to the output of th~ summed channe' which 
takes the sum of channel 0 and channel 1 era. 1 ). OAC address 03 (Hex), will always 
set the threshold voltage for the discriminator connected directly to the channel 1 input. 
This patttem continues for the 256 DAC /ADC's and the 256 discriminators. 

It $hould be obvious that if all 256 DAC 's are employed, no jumpers are required. 
However, in the event that only 4 of the 256 DAC's are mounted on the P/C Module, 
the jumpers would probably be applied as illustrated below. In this case DAC 00 (hex) 
would drive every other sum channel. i.e., r,(-1,0), L(1,2), 'l:(3,4), L(5,6) etc. DAC 01 
(hex) would drive the even individual channels; DAC 02 (hex) would drive sum 
channels ~(0,1 ), ~(2,3), ~(4,5). ~{6.7) etc .. and DAC 03 (hex) would drive the odd. 
individual channels. · 

CSR COOO OOHH P/C Module 
bits 0,7 Channel ID 

0 l: -1.0 

1 0 

2 }: 0.1 

3 1 

4 l:(1.2) 

5 2 

6 2.3 

7 3 

252 ~ 125. 126) 

253 126 

254 126.127 

255 127 
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When less than 256 DAC's are utilized, the P/C module will be populated from th\ 
lowest address onward without skipping addresses. An on board,4 bit dip switch 
(illustrated below) utilizes 3 bits to indicate the number of DAC chips mounted. The 
choices are 0,4,8, 16,32,64, 128 or 256 which corresponds to o, 1,2.4,8, 16,32 and 64 
packages. It seems reasonable to assume that for four OAC's every fourth threshold 
lead would be conneded togather and so on. However, any and all possibiflties exist 
for connecting DAC outputs to threshold inputs and the methode used may be dictated 
by the ~etector geometry. 

Number 
of DAC's 

ON OFF 
D MSB 

D 
D 
D LSB 
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APPENDICIES 

1. IC-01 
2. IC-02 
3. IC-03 
4. IC-04 
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IC·01 : SSD TWO CHANNEL SUM, DISCRIMINATOR AND LATCH 
Cavity Down 
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IC-01: sso TWO CHANNEL SUM, DISCRIMINATOR and LATCH 
Cauity Down 
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Merle Haldeman I Scott Holm 
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IC-01: SSC TWO CHANNEL SUM, DISCRIMINATOR and LATCH 
Cavity Down 

TOP VIEW 

-r 1 

7 39 

-·o 
44 pi"n tO en -leaded chip carrier 

I.() 

<O t.n - 0) 
0 <O 
t.n -<O t.n 

al 

17 l 1 

21 

_.., ,._26/32 _.., I• 
50 

..... 165/180 

IC-01 Package Dimension Diagram Notes. 

1. All dimensions are in mils. (Min/Max) 

Created 1 -24-89 

Revised 6·29·89 

Merla Haldeman I Scott Holm 
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IC-01 
SSD TWO CHANNEL, DUAL SUM, QUAD DISCRIMINATOR AND QUAD LATCH 

overview 

This IC is being designed for two experiments here at FERMILAB: E-771 
and E-789. In E-771, a Silicon Strip Detector (SSD) produces signals which 
are amplified by preamplifiers and then transmitted over balanced, 100 
ohm impedance, transmission lines to the inputs of several of the IC-01 
devices for further signal processing. These ICs will be mounted on a 
FASTBUS board approximately as illustrated in figure 1. These boards are 
then plugged into a FASTBUS Crates each of which is capable of housing 26 
single width . FASTBUS modules. This experiment has 24 planes with 688 
strips per plane for a total of 16,512 strips to be read out. 

Circuit Function 

As can be seen in figure 2, IC-01 consists of two sum circuits, four 
discriminators and four latches. The four discriminators are identical. 
Each of the sum circuits has a differential voltage gain of approximately 
one. The purpose of this summing amplifier is to provide a signal voltage, 
when a charged particle passes between two strips, that has essentially 
the same amplitude as a that produced by the same particle passing solely 
through one strip. The output of these sum amplifiers drive the two 
discriminators which look for the shared signal condition. 

The discrimiantors have a built in hysteresis which is equivalent to 
approximately 1 O millivolts referred to the input. In this area of operation 
, the discriminator has sufficient positive feedback to provide infinite 
voltage gain. This gain only exists for an input variation of about ten 
millivolts. This feature is provided by current source "OCS3" and current 
switch transistors "0300" and "0301 •. There is a variable threshold input 
terminal which allows the input discriminate between input voltages from 
5 to 50 millivolts for a dynamic range of 10 to 1. The threshold is 
controlled by the application of a DC voltage to terminal "VTHR". 
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IC-02: SSD 3·Channel Logic, Quad Analog Sum and Latch Driver 
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lC-02: SSD 3-CHRNNEL LOGIC, QURD ANALOG SUM and LATCH DRIUER 

Cauity Down 
Thermauy Enhanced, 44 Lead Plastic Chip Cnrrier 
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IC-02: SSC 3- CHANNEL LOGIC , QUAD ANALOG SUM and LATCH DRIVER 
Cavity Down 
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IC-02 Package Dimension Diagram Notes. 

1. All dimensions are in mils. (Min/Max) 

... 165/180 

Created 5-18-89 
Revised 6·30·89 

25 

Merle Haldeman /Bruce Merkel 



Postamp / Comparator Draft Scecitication 26 
March 30, 1990 12:53 

IC-04: SSD 5-Channel Logic and Octal NHit 
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SSD: POSTAMP/COMPARATOR Module 
2.5 Volt Reference Voltage for IC-03 AID Chip 

Merle Haldeman 
9122/89 

30 

The IC-03 DIA Chip utilized for setting threshold voltages on the P/C 
Module requires a 2.5 volt reference voltage capable of delivering 3.5 mA 
per package. With the maximum requirement of 64 packages (256 D/A's) 
the load on the reference could be as much as 224 mA. One possible design 
utilizes a voltage reference as the basic stabilizing element, as 
illustrated below, followed by an opamp and MOSFET for buffering the 
output. 

2 

PMI 
REF-03 

3K 

+2.56 v 

3 K -5.2 V 

PMI IR 
OP-07CS IRF9531 

This basic circuit, with proper heat sinking, should be capable of handling 
loads up to 6 amperes. In our application, the dissipation should not 
exceed 600 mW during normal operation. 
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Module Pinout 
(Viewed from Front of FASTBUS Crate) 

C01 53 MHz. 01 Clock 801 Post I Comp Ch~1 A01 Post I Comp Ch-00 
C02 GND 802 Post I Comp Ch-o3 A02 Post I Comp Ch~ 
C03 PA/E Spara o 803 Post I Comp Ch-05 A03 Post I Comp Ch-o4 
C04 PA/ E Spara o 804 Post I Comp Ch-07 A04 Post I Comp Ch-06 
C05 PAIESparao 805 Post I Comp Ch-09 AOS Post I Comp Ch.OS 
C06 PA/E Scarao 806 Post I Comp Ch-11 A06 Post I Comp Ch-10 
C07 PA/ E Spare o 807 Post I Comp Ch-13 A07 Post I Comp Ch-12 
C08 Reset 808 Post I Como Ch-15 AOS Post I Como Ch-14 
C09 809 Post / Como Ch-17 A09 Post / Como Ch-16 
C10 810 Post I Comp Ch-19 A10 Post I Comp Ch-18 
C11 GNO 811 Post I Comp Ch-21 A11 Post I Comp Ch-20 
C12 Analog Sum O· 812 Post I Comp Ch-23 A12 Post I Comp Ch-22 
C13 Analog Sum 0+ 813 Post I Comp Ch·25 A13 Post I Comp Ch-24 
C14 Digital Sum O· 814 Post I Comp Ch-27 A14 Post / Comp Ch-26 
C15 Digital Sum O+ 815 Post I Comp Ch-29 A15 Post I Comp Ch-28 
C16 Analog Sum 1 • 816 Post I Comp Ch-31 A16 Post I Comp Ch-30 
C17 Analog Sum 1 + 817 Post I Comp Ch-33 A17 Post I Comp Ch-32 
C18 Digital Sum 1 • 818 Post I Comp Ch-35 A18 Post I Comp Ch-34 
C19 Digital Sum 1+ 819 Post I Comp Ch-37 A19 Post I Comp Ch-36 
C20 GND 820 Post I Comp Ch-39 A20 Post I Comp Ch-38 
C21 Analog Sum 2- 821 Post I Comp Ch-41 A21 Post I Comp Ch-40 
C22 Analog Sum 2+ B22 Post I Comp Ch-43 A22 Post I Comp Ch-42 
C23 Digital Sum 2· 823 Post I Comp Ch-45 A23 Post I Comp Ch-44 
C24 Digital Sum 2+ 824 Post I Comp Ch-47 A24 Post I Comp Ch-46 
C2S AnabgSum3· 825 Post I Comp Ch-49 A25 Post I Comp Ch-48 
C26 Analog Sum 3+ 826 Post I Comp Ch-51 A26 Post I Comp Ch·SO 
C27 Digital Sum 3· 827 Post I~ Ch·53 A27 Post I Comp Ch·52 
C28 Digital Sum 3+ 828 Post I Comp Ch·SS A28 Post I Comp Ch-54 
C29 GNO 829 Post I Comp Ch-57 A29 Post I Comp Ch-56 
C30 830 Post I Comp Ch-59 A30 Post I Comp Ch·58 
C31 Analog Sum 4· 831 Post/ Comp Ch-61 A31 Post / Comp Ch-60 
C32 Analog Sum 4+ B32 Post I Comp Ch-6.1 A32 Post I Comp Ch-62 
C33 Digital Sum 4· B33 Post I Comp Ch-65 A33 Post I Comp Ch-64 
C34 Oigitat Sum 4+ B34 Post I Comp Ch-67 A34 Post I Comp Ch-66 
C35 Analog Sum 5· B35 Post I Comp Ch-69 A35 Post I Comp Ch-68 
C36 Analog Sum 5+ 836 Post I Comp Ch·71 A36 Post I Comp Ch-70 
C37 Digbl Sum 5· 937 Post I Comp Ch-73 A37 Post I Comp Ch·72 
C38 Digital Sum 5+ 938 Post I Comp Ch·75 A38 Post I Comp Ch-74 
C39 GND 939 Post I Comp Ch· 77 A39 Post I Comp Ch·76 
C40 Analog Sum 6· 840 Post I Comp Ch-79 A40 Post I Comp Ch-78 
041 Analog Sum 6+ 841 Post I Comp Ch-81 A41 Post I Comp Ch-80 
C42 Digital Sum 6· 842 Post I Comp Ch-83 A42 Post I Comp Ch-82 
C43 Digital Sum 6+ ea Post I Comp Ch-85 A43 Post I Comp Ch·84 
C44 Analog Sum 7 • 844 Post I Comp Ch-87 A44 Post I Comp Ch-86 
C4S Analog Sum 7 + 845 Post I Comp Ch-89 A45 Post I Comp Ch·88 
C46 Digital Sum 7- 846 Post I Comp Ch-91 A46 Post I Comp Ch·90 
047 Digital Sum 7+ 847 Post I Comp Ch·93 A47 Post I Comp Ch·92 
C48 GND 848 Post I Comp Ch-95 A48 Post I Comp Ch-94 
C49 849 Post I Comp Ch-97 A49 Post I Comp Ch-96 
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C50 GND 850 Post I Comp Ch-99 ASO Post I Comp Ch-98 
CS1 851 Post I Comp Ch-101 A51 Post I Comp Ch-100 
C52 852 Post I Comp Ch-103 A52 PoSt I Comp Ch·102 
CS3 853 Post I Comp Ch· 105 A53 Post I Comp Ch-104 
CS4 854 Post I Comp Ch-107 A54 Post I Comp Ch-106 
C5S 855 Post I Comp Ch-109 A55 Post I Comp Ch-108 
CS6 856 Post I Comp Ch-111 A58 Post I Comp Ch-110 
C57 857 Post I Comp Ch-113 A57 Post I Comp Ch-112 
C58 858 Post I Comp Ch-115 ASi Post J Ccrnp Ch-114 
CS9 859 Post I Comp Ch-117 ASSI Post I Comp Ch-116 
060 860 Post J Comp Ch-119 A60 Post I Comp Ch-118 
C61 GNO. 861 PoSllCompCh-121 A61 Posa / Camp Ch-120 
C62 862 Post I Comp Ch-123 A82 Post I Camp Ch-122 
C63 GNO 863 Post I Comp Ch-125 A83 Post J Camp Ch-124 
C64 VCC. +5.0 Volts 864 Post I Comp Ch-127 A64 Post J Comp Ch-126 
C65 VEE. • 5.2 Volts 865 GND A65 VEE. • 5.2 Volts 
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P/C Module Test Scheme 

Front Panel Auxiliary 
Connector 

FASTBUS Segment 

Stop 

Pulse 
Shapper 
Network 

No 

53 MHz ClocK 

Sta rt 

P/C 
Madu le 

Reaet Read Memory 
Reaet Pattern Memory .,.._-T 
Load Pattern Memory 

Transmit Pattern Block 

Compare Meaaured with 
Expected Reau•t• 

Yes 

Pattern 
Record 
Memory 

Merle Haldeman 
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1· 
0.994. 

I P/C Termination 50-0.1 
0.350" O.tjlF 0. t,.F 0.11lF 

2 4 5 6 

0.200· 

_L 

Specifications: 
Physical Requirements 

Maximum Package Height: 0.350" 
Maximum Package Length: 1 .000" 
Maximum Package Thickness: 0.100" 
Package Marking: "P/C TERMINATION 50-0.1" 

Electrical 

Resistors 
Value: 
Power: 
TCR: 

Requirements 

son. +1- 2% 
100 mW@70C 

+/-100PPM 
Ratio Match between all four resistors +/-1 °/o 

Capacitors 
Dielectric Type: 

Value: 
Working Voltage: 

zsu 
0.1µF, +80,-20°/o 
25 Volts 

0.1,.F 
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1. General Information 

1.1. Purpose 

The front end readout electronics for the Silicon Strip Detector is 
designed to process data at the RF bucket frequency, 53MHz. The 
Delay/Encoder(DE) module has been specified to accept data at 53MHz, 
provide a delay mechanism while a trigger decision is made, and generate an 
address hit list upon a Level 1 accept signal A simplified block diagram is 
provided in Figure 2. 

The delay element continuously stores data while the level 1 system is 
processing data corresponding tq previously stored events. The delay is 
implemented in RAM and it is required for the control system to map the· 
level 1 decisions into an eight bit address. The . current implementation 
assumes that processing of an event takes about 1 µsecond from the time that it 
is loaded into the DE. It is mandatory that the event acceptance be time 
ordered and the decision time be fixed with respect to the event occurrence. 
The address of accepted events is broadcasted by the Master Timing 
Controller to all Sequencer modules in the system and each Sequencer 
addresses the DE in its crate. The addressing mechanism triggers the DE to 
read the event from memory and transfer it to the encoder section. 

The data encoding scheme uses the trigger bucket and the previous 
bucket simultaneously to generate an address hit list. A flag is asserted 
whenever the previous bucket has the bit set for the address being output. The 
address hit list is transmitted synchronously to a crate Sequencer module 
which serves as a crate controller and event builder for two planes of silicon 
strip data. The Sequencer is capable of transmitting hit data over fiber optic 
at 40Mbytes/sec or read out by a Fastbus master. 

This document includes figures and timing diagrams intended to 
simplify the specifications. In some cases, specifically the timing diagrams~ 
the information is an attempt to specify the module and its interface with 
other system components. 

1.1.1. Silicon Strip Readout System 

This section presents a simplified block diagram of the silicon strip 
readout system. Figure 1 shows the interconnection of all the modules that 
are referenced in this document. A brief description of each module follows. 

3 
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PC - PostAmp/Comparator board, 12 per crate. Processes 128 
pre-amp silicon strip signals, outputs discriminated data 
to the Delay/Encoder and outputs analog and digital sums 
to Level 1. 

DE - Delay/Encoder board, 12 per crate. Provides event 
buffering for the PC discriminated data and for level 1 
accepted. event transmits a hit list to the Sequencer. 

SEQ - Sequencer board, 1 per crate. Fans out system clock to PC 
and DE, initiates the encoding of a event, stores, pipelines 
and transmits encoded events to the next level. The events 
can be readout by a FASTBUS master. 

FSCC- Fastbus Smart Crate Controller board, 1 per crate. 
Initializes the crate by exercising control over the SEQ, 
runs local diagnostics and provides an alternate data path 
to readout events. 

MTC- Master Timing Control board, 1 per silicon strip readout 
system. The MTC synchronizes the 12 SEQ in the system 
by providing timing and control. Some of the functions 
that it performs are listed below: 

- Distributes the RF clock to all SEQs. 
- Maps a level 1 accept signal into an address of the 

DE memory and transmits addresses to all SEQs. 
- Queue level 1 accepted events. 
- Controls the write enable signal for the DE. 
- Responds to READY and ERROR condition from 

the SEQs. 
- Interface with the overall experiment controller. 
- Synchronize System. 

The readout system consists of 12 readout crates and a control crate 
that contains the MTC and other special modules. Each of the readout crates 
processes two planes of silicon strip data. Data processing is done in groups 
of 128 strips by a PC and DE pair. The 12 DEs in a crate send data, in 
parallel, to the crate SEQ. For a formal description of the system refer to the 
'Silicon Strip Readout Implementation Plan' document. 

In the context of this specification an event is the output of the PC and 
they are generated every 18.9nanoseconds. 

4 



1/4/91 

1.2. Application 

The DE is being designed for the Silicon Strip Readout System for 
E771 and E789. The function of the module is hardwired and there is no 
other application for it beyond the ones described on this docwnent. 

1.3. Packaging 

The board is a single width FASTBUS module that does not contain a 
FASTBUS interface. 

1.4. Power Requirements 

The maximum and typical current for the module are listed below. 

Voltage Current Typical 
Max. Current 

-5.2V 17A 14A 
-2.0V 6A 6A 

+5.0V <.SA 

The typical power dissipation for the module is 85 W. For protection 
fuses and tranzsorbs are used for each power supply. The recommended 
number of fuses is: -5.2v - three SA and one 3A , -2.0v - three 3A and 5.0v 
- one 1/2A. 

1. 5. Cooling Requirements 

The module will operate at the temperature range provided by the 
FASTBUS cooling system. 

2 • Theory of Operation and Operating Modes 

The DE module is a single width board packaged in FASTBUS that 
does not implement a FASTBUS interface. The DE accepts PC discriminated 
data from 128 silicon strips, provides event buffering, encodes and transmits 
accepted events to a crate SEQ. The module communicates with the PC and 
SEQ through a special FASTBUS auxiliary backplane. The auxiliary 
connector signals for the DE are described in Appendix A. 
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The module is divided in two independent functions; the Delay element 
and the Encoder, see Figure 2. The following sections provide a brief 
description for each function. · 

2.1. Delay 

The Delay element receives 128 channels of discriminated data from 
the associated PC and provides buffering for 256 events (-4.8 µseconds). 
During data acquisition the DE continuously stores data in a FIFO like 
memory, while the level 1 system is making decisions for previously stored 
events. The DE does not implement any logic to prevent overwriting 
interesting events. This operation is delegated to the MTC which keeps track 
of the system write pointer (for DE) and ~e queued events. For system 
implementation reasons, it is mandatory that event acceptance be time 
ordered and the decision time be fixed with respect to the event occurrence. 

The delay element control logic requires that the 53MHz input (CLK2) 
be a 50% duty cycle clock. The logic splits the 18.9 nanoseconds time slice of 
each bucket into a read and write periods for a combined bandwidth of 
106MHz. The write operation uses an address counter clocked by CLK2 and 
a write enable sigqal (WRITE*, asserted low) generated by the MTC and 
distributed in each crate by the SEQ. 

The WRITE* signal is send 128 cycles before the SYNC* pulse. The 
DE retime the signal with the SYNC* to synchronize the start of event 
acquisition, see timing 2. The DE starts writing data synchronously with 
SYNC*, but stops writing data asynchronously when WRITE* is deassened. 
The DE will track their synchronization by checking that the write address is 
zero when the SYNC* signal is asserted. Note that prior to the assertion of 
WRITE* the DEs had been reset, which forces the write address -to zero. 

The readout of an event occurs when the MTC receives an accept pulse 
from the level 1 trigger system. The MTC maps the pulse into an address for 
the DEs memory and sends the address to all SEQs in the system. The address 
generated by the MTC shall correspond to the previous bucket location. The 
previous and accepted buckets are loaded into registers and the Encoder is 
enabled to begin encoding that particular event. 

2.2. Encoder 

The Encoder is a simultaneous two bucket hit-list address generator. 
The encoding is perfonned in two stages, byte and bit levels, see Figure 3. At 
load time, the byte encoder perfonns byte integration, see Figure 4. The 
output of this process is a 16-bit word with a bit set for bytes with hit 
channels. At encoding time the byte encoder sequentially selects bytes to be 
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processed by the bit encoder. The bit encoder (block ENCODER-8) loads the 
input data when ready and outputs a byte wide address stream of asserted bits. 
The encoded address is fonned by concatenating the byte address with the bit 
address. In addition the bit encoder sets a flag (DAT AO ) whenever the 
previous bucket has a hit for the address being output. The hit list is 
generated from low to high address and no hit count is generated by the DE. 
An example of byte encoding is shown below: · 

Bit# Previous Trigger Hit Bit ADD Flag 
Bucket Bucket Bucket - Type (HEX) 

7 1 0 A 7 1 
6 0 0 
5. 0 l B 5 0 
4 l l c 4 l 
3 0 0 
2 0 0 
1 1 1 c 1 1 
0 0 I B 0 0 

Note: The encoder never looks at addresses without hits, this is 
represented with "-". 

The option to remove type A hits is implemented on the prototype. 
There are two options for the address hit list data transfer, 53MHz or 
26.SMHz, CLK2 and CLK3 respectively. These options are switch selectable 
for each DE. Currently only the 26.5MHz transfers have been tested and the 
present version of the SEQ does not support the 53MHz transfer rate. 

From the encoding table shown above two modes of operation are 
derived: Mode 1 in which type A, B and C hits are included; Mode 2 where 
type B and C hits are included. 

3. Input/Output Specifications 

The DE is a two port module, PC port and a SEQ port, See Figure 2. 
Both of these ports are implemented on an application specific Fastbus 
Auxiliary backplane that pairs a PC with a DE and has separate connections 
between each DE and the SEQ. 
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3 .1. Communication Interfaces 

.. 3.1.1. PostAmp/Comparator Port 

The PC port is a 128 bit uni-directional single-ended ECL connection 
from a PC to the associated DE. Synchronization of this port is controlled by 
the SEQ supplied CLKl and CLK2 clocks. CLKl is remotely programmed 
through FASTBUS and the rising edge is used by the PC to latch the silicon 
strip discriminated data. CLK2 is referenced (delayed) to CLKl such that the 
PC output data is valid while the DE is asserting the Write* signal for the 
memories, see Timing 1. It is required that data on this port be valid for at 
least 12 nanosececonds simultaneously at all DE in a crate. 

3.1.2. Sequencer Port· 

The Sequencer port is the access port for the SEQ to readout the level 1 
accepted events. This data port is a byte wide point-to-point connection 
designed to support a 53MHz data transfer rate. Currently this port is 
operated a 26.SMHz. 

The port provides an address bus, a data bus and control signals. To 
initiate a ttansfer the Sequencer supplies the DE with an event address and 
asserts the Add_ Valid signal. After a fixed delay the Encoder will assen a 
Data_ Valid signal (if hits present) and start transmitting the address hit list to 
the SEQ until completion. The data transfer is synchronous with CLK2 or 
CLK3 depending on the user selected encoder operating frequency. A non
detailed timing diagram is provided in Timing 4. 

3.1.3. Front Panel 

The DE front panel is intended to provide information that will help 
diagnose data encoding problems, refer to Figure 5 for the layout of the front 
panel. The front panel provides the byte mask (Bl_Byt(0:7) and 
B2_Byt(0:7)) which describes the bytes that have hits. Note that the byte 
mask provides a bit for each of the 16 bytes of the 128 channels. In addition 
the front panel provides the bytes that will be loaded next by the Bit_Encoder 
(TB(0:7) and RPB(0:7)). This infonnation combined with the signal 
Clk_Byt* provides everything that is required to trace the encoding 
operation of the DE. Description of the front panel signals is provided on 
appendix A. 

Other signal provided are TC*, 53M* and a sync error led. 
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4. Initialization 

Initialization of the DEs is achieved by deasserting the Write_En* 
. signal and pulsing the SSD Reset signal. Then the MTC initiates the enable of 
the write process and after the appropriate delay the enable of the Level I 
system. The DE will start writing data synchronously after receiving Sync* 
when the Write _En* signal is assened. 

After reset, the write counter points to location zero, the Encoder is in 
the ready state and all control signals driven by the DE are negated. The read 
counter is not initialized because it is loaded on demand when an event is 
accepted. 

S. Module Diagnostics 

S.1. Hardware Test 

The DE does not implement any internal diagnostic tests or FASTBUS 
interface to access it's memory. The decision of excluding these features is 
based on timing and power considerations. 

The Test Stand Module (TSM) is the test module used to debug the DE. 
The TSM implements a 256 x 128 memory used to emulate the PC output 
port and one port of the SEQ. The TSM is operated by a FASTBUS master, 
i.e. the FSCC. In brief the user will load the memory, initiate the data 
transfer from TSM to DE and then request events to be encoded by the DE 
(from it's memory). The encoded event is read out from the TSM and 
compared with the expected result. A detailed description of the DE software 
diagnostics is provided in the Software Document PN434. 

5.2. System Test 

For system diagnostics the PC provides a maximum of 256 data 
patterns generated by a counter. The counter can be programmed to count or 
hold the loaded value. The data is stored by the DE into it's memory an events 
to be encoded are requested through the SEQ. Synchronization is achieved by 
the initialization of the SSD system and from the match between the 256 
different patterns and the 256 memory locations on the DE. 
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6. Appendix A 

Thjs appendix describes the DE auxiliary connector signals used on the 
silicon strip readout crates and the signals. provided in the front panel. In 
addition any other signals of interest are described. 

A.1 Auxiliary Connector 

CLKl 

CLK2 

CLK3 

DI(0:127) 

Address(0:7) 

Add_ Valid 

Write_En* 

Sync* 

- A S3MHz clock driven by the SEQ and used by the 
PC to latch data. This clock is remotely 
programmable through the FASTBUS port on the 
SEQ. 

- A 53MHz clock driven by the SEQ. The clock is a 
delayed version of CLKl used to synchronize the 
write process in the DE with the output data of the 
Pe, to generate internal timing and as a reference 
when transmitting data to the SEQ at 53MH.z. 

- A 26.5MHz clock driven by the SEQ. The clock 
used to transmit data to the SEQ. The DE samples 
the 26.SMHz on the backplane with the internal 
53MHz clock. 

- Input discriminated data driven by the associated 
PC. A 100 ohms termination is provided by the 
DE. 

- The address bus (bussed to all DE) driven by the 
SEQ to transfer event addresses to the DE. 

- Signal driven by SEQ to validate ADD(0:7). 

- Write enable signal distributed on the backplane 
by the SEQ. The signal is controlled by the MTC or 
through a FASTBUS register on the SEQ. 

- Synchronization signal generated by the MTC and 
used by the DEs to test write counter 
synchronization at each zero crossing. If a DE has a 
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Sync_Err 

Reset 

Data_X(0:7) 

Data_ ValidX 
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write counter different from zero then it is out of 
synchronization. 

- Signal asserted by a DE that is out of 
synchronization and received by the SEQ. The 
signal is wire-ored on the backplane. 

- Reset signal distributed on the backplane by the 
SEQ. 

- Encoded hit list data bus for Delay/Encoder X, 
where X is a hex number assigned to each DE. 
Terminated by the SEQ. 

- Data valid signal asserted by Delay/Encoder X, 
where X is a hex number assigned to each DE. 
Terminated by the SEQ. 

A.2 Front Panel Signals 

Bl_Byt(0:7) * - This are the lower 8 bits of the byte encoding 
process implemented by the logic in Figure 4. 

B2_Byt(0:7)* - This are the upper 8 bits of the byte encoding 
process implemented by the logic in Figure 4. 

TC* - This signals is asserted low every time that the 
write counter of the DE is at FFh. This signal 
should remain at a fixed reference relative to the 
system Sync signal. 

53M* - A buffered inverted sample of the 53MHz clock 
received by the DE from the backplane. 

Error - RED LED that is on when the DE detects that is out 
of synchronization with respect to the Sync signal 
on the backplane. 

Clk_B yt* - Clock pulse that signals that a new byte is being 
loaded into the Bit-Encoder. Also the lowest bit in 
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TB(0:7)* 

RPB(0:7)* 
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B l_Byt(0:7), B2_Byt(0:7) will be set. meaning that 
the corresponding byte is being processed. 

- The Trigger bucket loaded into the Bit_Encoder 
when Clk_Byt* was pulsed 

- The Previous bucket loaded into the Bit_Encoder 
when Clk_Byt* was pulsed. 

12 
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7. Appendix B 

This appendix covers the switches and switch setting for the DE. The 
switches or jumper (label as TP) points are implemented with wire-wrap pins 
to limit the problems of wrong set ups. For the operation mode refer to 
Section 2.2. · 

SWl 

SW2 

SW3 

SW4 

- Selects for the encoding clock (same clock used to 
transfer data to the SEQ). The default is pin-2 to 
pin-1, the 261\1Hz is selected 

- Selects the clock that increments the write counter. 
The default is connect pin-2 to pin-3, the write 
counter is incremented with a signal derived from 
the write signal going to the memories. 

- Selects the the select line for the address mux. The 
default is pin-2 to pin-3, use CLKB4 which is a 
531\1Hz signal. 

- This switch was implemented to disable the write 
signal during the time that an event was being read 
out into the registers (the write would be disable 
for 40nsec. approximately). The default is the open 
position, this is no wire. 

Mode 1 Setting 

TPl and.TP2 shorted, this allows t?oth buckets to be included on 
the generation of the byte mask shown in Figure 4. In addition the following 
pairs on TP must be shorted: TP4-TP8, TP5-TP9, TP6-TP10, TP7-TP11, 
TP12-TP16, TP13-TP17, TP14- TP18, TP15-TP19. 

Mode 2 Setting 

TP 1 and TP2 open, this disables the previous bucket from being 
included in the generation of the byte mask. In addition the. set of pins 
mentioned in Model 1 (TP4 ..... TP19) must be open. The following pins are 
to be tied to an ECL high; TP4, TP5, TP6, TP7, TP12, TP13, TP14 and 
TP15. 
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8. Appendix C 

COl-N/C 
C0'2-GND 
C03-N/C 
C04-GND 
COS-GND 
C06-GND 
CC11-GND 
C08-Rmet 
C09-Syitc 
ClO-OND 
Cll-GND 
C12-Sync Err 
C13-0ND 
Cl4-GND 
C15-GND 
Cl6-GND 
C17-GND 
C18-GND 
C19-GND 
C20-GND 
C21-Hit Data 0 
C22-Hit Data 1 
C23-GND 
C24-Hit Data 2 
C35-Hit Data 3 
C26-GND 
C27-Hit Data 4 
C28-Hit Data S 
C29-GND 
C30-Hit Data 6 
C31-GND 
C32-Hit Data 7 
C33-Dala Valid 
C34-GND 
C35-26 MHz Clock 
C36-GND 
C37-Event Address Valid 
C38-Event Address Wrt. En. 
C39-GND 
C40-EventAddress 0 
C41-EventAddress 1 
C42-GND 
C43-Event Address 2 
C44-Event Address 3 
C45-GND 
C46-Event Address 4 
C47-Event Address 5 
C48-GND 
C49-Event Address 6 
CSO-Event Address 7 
C51-GND 
C52-GND 
C53-GND 

Encoder Module Pin List 
(Viewed From Front of Cratc-10/1/90) 

BOl-PostJDisc Ch.00 
B0'2-Post1Disc Ch.0'2 
B03-Post/Disc Ch.04 
B04-Post/Disc Ch.06 
BOS-Post/Disc Ch.08 
B06-Post1Disc Ch.10 
BC11-POSl/Disc Ch.12 
B08-POSl/Disc Ch.14 
809-Post/Disc Ch.16 · 
BlO-POSt/Disc Ch.IS 
Bl 1-Post/Disc Ch.20 
B 12-Post/Disc Ch.22 
B 13-PostlDisc Ch.24 
B 14-Post/Disc Ch.26 
815-Post/Disc Ch.28 
816-Posl/Disc Ch.30 
817-Post/Disc Ch.32 
818-Post/Disc Ch.34 
819-Post/Disc Ch.36 
820-Post/Disc Ch.38 
821-Post/Disc Ch.40 
822-Post/Disc Ch.42 
823-Post/Disc Ch.44 
824-Post/Disc Ch.46 
B2S-Post1Disc Ch.48 
82~Post/Disc Ch.SO 
827-Post/Disc Ch.52 
828-Post/Disc Ch.54 
829-Post/Disc Ch.56 
830-Post/Disc Ch.58 
831-Post/Disc Ch.60 
832-Post/Disc Ch.62 
833-Post/Disc Ch.64 
834-Post/Disc Ch.66 
835-Post/Disc Ch.68 
83~Post/Disc Ch.70 
B37-Post1Disc Ch.72 
838-Post/Disc Ch.74 
839-Post/Disc Cb.16 
840-Post/Disc Ch. 78 
841-Post/Disc Ch.SO 
842-Post/Disc Ch.82 
843-Post/Disc Ch.84 
844-Post/Disc Ch.86 
845-Post/Disc Ch.88 
846-Post/Disc Ch.9Q 
847-Post/Disc Ch.92 
848-Post/Disc Ch.94 
849-Post/Disc Ch.96 
850-Post/Disc Ch.98 
851-Post/Disc Ch.100 
852-Post/Disc Ch.10'2 
853-Post/Disc Ch.104 
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AOl-Post/Disc Ch.01 
A02-Post1Disc Cb.03 
A03-Post/Disc Cb.OS 
A04-Post1Disc Ch.07 
AOS-Post/Disc Cb.09 
A06-Post/Disc Ch.11 
A07-Post1Disc Ch.13 
A08-Post1Disc Ch.15 
A09-Post1Disc Ch.17 
AlO-PostlDisc Ch.19 
All-Post/Disc Ch.21 
All-Post/Disc Ch.23 
Al3-Post1Disc Ch.25 
Al4-Post/Disc Ch.27 
AlS-Post/Disc Ch.29 
Al~Post/Disc Ch.31 
Al7-Post/Disc Ch.33 
Al8-Post/Disc Ch.35 
A19-Post/Disc Ch.37 
A20-Post/Disc Ch.39 
A21-Post/Disc Ch.41 
A22-Post/Disc Ch.43 
A23-Post/Disc Ch.45 
A24-Post1Disc Ch.47 
A2S-Post1Disc Ch.49 
~Post/Disc Ch.Sl 
A27-Post/Disc Ch.53 
A28-Post/Disc Ch.SS 
A29-Post/Disc Ch.57 
A30-Post/Disc Ch.59 
A31-Post/Disc Ch.61 
A32-Post/Disc Ch.63 
A33-Post/Disc Ch.65 
A34-Post/Disc Ch.67 
A35-Post/Disc Ch.69 
A3~Post/Disc Ch.71 
A37-Post/Disc Ch.73 
A38-Post1Disc Ch.75 
A39-PosVDisc Ch.17 
A40-Post1Disc Ch. 79 
A41-Post/Disc Ch.81 
A42-Post/Disc Ch.83 
A43-Post/Disc Ch.85 
A44-Post/Disc Ch.87 
A45-Post/Disc Cb.89 
A46-Post/Disc Ch.91 
A47-Post/Disc Ch.93 
A48-Post/Disc Ch.95 
A49-Post/Disc Ch.97 
ASO-Post/Disc Ch.99 
A51-Post/Disc Ch.101 
A52-Post/Disc Ch.103 
A53-Post/Disc Ch.105 
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C54-GND 
CSS-GND 
CS6-GND 
C57-0ND 
CS8-0ND 
CS9-0ND 
C60-0ND 
C61-0ND 
C62-H53MHZ.02 Oock 
C63-L53MHZ.02 Clock 
C64-N/C 
C65-N/C 

854-Post/Disc Ch.106 
BSS-Post/Disc Ch.108 
856-Post/Disc Ch.110 
857-Post/Disc Ch.112 
858-Post/Disc Ch.114 
B59-Post/Disc Ch.116 
860-Post/Disc Ch.118 
861-Post/Disc Ch.120 

-862-Post/Disc Ch.122 
863-Post/Disc Ch.124 
864-Post/Disc Ch.126 
865-0ND 
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A54-Posr1Disc Ch.107 
ASS-Post/Disc Ch.109 
AS6-Posr1Disc Cb.111 
A57-Posr1Disc Ch.113 
A58-Posr1Disc Cb.115 
AS9-PostJDisc Ch.117 
A60-Post/Disc Ch.119 
A6l-Posr1Disc Ch.121 
A62-Post/Disc Cb.123 
A63-Post1Disc Cb.12S 
A64·Post/Disc Ch.127 
A65-N/C 
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9 • Appendix D 

Figures and Timing Diagrams 
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Figure 2: Delay/Encoder Block Diagram 
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Figure 3: 128-BIT ENCODER 
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FF 

CLK1 
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CLK2 
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PC Data 

B1_WA(O)* 
!Memory write pulacJ 

-~ n '1 

•• •--:-· .... ,,... 12nsec min •I 

I l 
'I 

m - Delay added to synchronize the PC to 
the accelerator RF. 

n - Delay added to CLl<l clock to synchronize 
the DE to the PC output data. 

Timing 1: Synchronization of DE to PC. 
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WRITE* L.----------
SYNC* t · I 

WR* I I 

B1_AO{O)* 
Lr ------ u- ., -u 
DESCRIPTION: 

WRITE* - Wrlle enable signal on the auxiliary 
backplane driven by Sequencer. 

SYNC* - Synchronization signal generated by MTC 
and driven on the backplane by the SEQ. 

WR* - D~ internally synchronized wrllo 
endble slqnal. 

Bl_WR(O)* - A typical write pulse for the memories. 

Timing 2: Write Enable Synchronization. 
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----1- I I I I 
__ I ------

ADDRESS(0:7) X Previous Bucket Address= N X ...... ___________ _ 
'I 

RA(0:7) 
(Address loaded) 

)( N -=x N +I - X'"---_ -----

RD_EN ... I I 

Timing 3: Address Transfer from SEQ to DE. 
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Timing 4a : 53MHz Encoded Event Transfer 
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Timing 4b: 26.SMHz Encoded Event Transfer 
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EQUATIONS: 

SO= RESET+ SO• LOAD-+ S5 •(NOT ( ENBIT1 +NOT (PRE_VALID-) )): ; 

S1 = SO • (NOT LOAD-) * ( NOT RESET); 

S2 = S1; 

S3 = S2; 

S4 = S3; 

S5 = (NOT RESET)• (S4 + S5 * (ENBIT1 +NOT (PRE_VALID-) )); 

TSO= RESET+ TSO* (NOT SYNC) + TS2 *(NOT (ENBIT1 +PRE_ VALID ... ))); 

TS1 =TSO* SYNC* (NOT RESET); 

TS2 =(NOT RESET) * (TS1 + TS2 • (ENBIT1 +(NOT PRE_ VALID-))); 



-:-.::c.i.;l.e DE CONTROL 

":.::puts 

"~utputs 

'State Cont:=:::l 

Revisions: 

Heeter - ~0r.zalez 

~anuary 2?, :??0' 

DE CNTRL 

SO, S3, S4, SS 
RESET 
SYNC 
!LOAD 
!EN BITl 
!PRE VALID 
TSO,-TSl, TS2 

?SO, PSl, ?S4. :::.:: 
?TSO, :?TS:, :-:s: 

:svrc::: 

?IN 

?!~! 
p !?-! 
?IN 
?IN 
?!~! 

equat.:.ons 

PSO RESET 
# SO & ! !.OAD :. '.?.ESE:' 

'::c2 :p BM• ,· 

- , .:.. , -' .. --· 
. " . 
- .J. . -
-~: 

""::;,. -- . 
~ - w, 23; 

. ~ - ~ . - - , 

# SS & ! ( EN_2I'!'l :; F~E_'.7.~.LI:: l ~ ! :!'{ESET; 

PSl SO & LOAD & '.RESE:'; 

PS4 53 & !RESET; 

PSS-= S4 & ! ?.ESE:' 
# SS & (EN_SI'!'l - ??."2 ·:;..:.::1 ~ !?.ESE:'; 

?TSO = RESET 
if TSO & 
:t TS2 & 

: SY~lC I ~~c-=--
•. ··--- .. 

PTSl TSO & SYNC s '.RESET; 

PTS2 TSl & !~ESET 

·:.:..::: l 

# TS2 & (EN_BITl ,. PRE '.','\LID 

end JE CONTROL 

... ! ?~ESE:': 

& !RESET; 
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DELAY 24 

A I BI c I D IE IF I GI H I 1 I JI KIL IM IN IOI P 
l_L.f Part Number IEE mA IEE t~e}~EE(max Price I Cost/ Parts tSpares Total Parts 0 . to Ot . Ot. JTotal Co~ 
LLl-------.-===-+~..c:..;...;=-f-'M=a°"xi"'"m.;..;;u""m--tf--'Tc.;;;o;..;;.1a=l-f Total 1000 01 Board NeedeQ Needed Needed onhand Order Ordered Rec'd, 24 

3 I 

4 MC10E016FN 2 151 181 0.30 0.36 $28.20 $56.40 48 5 53 49 4 o o $1,494.60 
5 MC10H101P 7 20 26 0.14 0.1.8 $0.60 $4.20 168 17 185 161 24 O 0 $111.00 --- ---- -..!._ MC10H102P 6 20 26 0.12 0.16 $0.60 . S3.60 111. __ 11 158 374 -216 0 0 $94.!Q.. 
7 MC10H103P 6 21 26 0.13 0.16 $0.60 $3.60 144 14 158 272 -114 O O $94.80 -- - -- ---- ------
8 MC10H104P 2 35 35 0.07 0.07 $0.60 $1.20 48 5 53 109 -56 o O $31.80 - - ---- --- - --- ----- --- ---- --c-·--- --
9 MC10H107P 4 28 28 0.11 0.11 $0.65 $2.60 96 10 106 217 -111 O o $68.90 - ~--- ·---- - ----- ---- -- -------~- ----- ------ ----- --...!J!.. MCIOH109P . 18 __ 1_! 14 o,gQ _.Q,~5 $0.76 $13.68 ___ 1~? 1;! _4"!.~_li~~J~ ___ _Q ___ Q __ $3§LQQ 

11 MCIOE111FN 1 48 60 0.05 0.06 $23.47 $23.47 24 2 26 41 -15 0 o $610.22 ,_ ---- -- ------ --------- ---- --- -·· -- ------- ---- ·------ ----· - ----------
J_l.. MC!OE!12FN 1 __ 4I 5§_Q,Q~ ___Q,Q§,_$9,00 $9.0Q _ ?.·~ ?. _g§_~§ __ ·JQ _____ Q ______ Q --~g~1QQ 

J2_ Mf!Ol-!131~-- ___ 1_g 45 §§ _Q,§1 _.Q,§? _U:§Q. ___ !!!too _. ~~~ ~~ ---~!? ~QQ _-2~~ -.-----Q --··· Q __ -~1?~ ~Q 
1 4 MC10H131FN 16 45 56 0.72 0.90 $1.90 $30.40 384 38 422 385 37 o o $601.80 

r--- --- ---- ----- ·------- -- ·-- -- -- . -- -~------~--- ----- ---~- - -------- - ·-----------
J.1_ Mf!OEl31FN ___ __1_~~ I.Q_Q:!I __ !!.:_~!_i!~"§Q_ __ $;!?:.!!Q 7'.' ? ?~_H! _____ :~? - ___ Q _____ Q ... i~~?.1Q 
16 MC10E151FN 6 65 85 0.39 0.51 $13.76 $82.56 1-1-1 l•I 158 162 -4 0 O $2.174.08 ,_ ------- ·---- ---- ------ ----- ------ - --·------ ----- -- . . . . . . -- --·---- ---··- - ..... - - .... - ---- --- --
17 MC10H158P 3 38 48 O.tl 0.14 $1.35 $405 7:' I 79 106 -27 0 O $10665 
1a MCIOH159FN 32 42 5J -,~j4 --l~l0,_ ___ $2.o3 --$64.96 11i11 17 .ii4s -·549 ---~4 . - . o o -$j~jj·535 
:::!:I: ~Q"iou162P _ ----~ =-~! 76 __ .Q~]°~ =-"Q;g~ -~L~O ==ii~Q . ~·~1 -i -~?~ --=~~g ~~~--~~ ~.·. .Q . . Q --~! !~ ~Q 
20 MC10H164P I 60 75 0.06 0.06 Sl.45 $1.45 >1 ;• 26 31 -5 0 O $3770 

~! ~~f~~:~:: =- 4~- -1 ~~----:~1=-~r~~-~~~:~~==1~~~-=--=;fif~~ .. ::::1 "~ ;2~~=r~~~~~~-j- · ~ ----- ~ ·s-}fit~-~ 
C-· ----· ------- ---- -----·- ·-·---- ·------ --·------ ----------- • • I . --- ----- --- ------·--- - . .. ------- ... 
23 MCIOH186P 6 88 HO 0.53 0.66 $3.25 $19.50 1-:1 14 158 143 15 O O $51350 ------------- -------··--------·-----·-··-------·-- --------·-------------·--- ·1 - ·------··----- ···---·- .. -·---·----··· 
2 4 MCIOl-ll88P I 42 42 0.04 0.04 SI.OD 5100 :~I 2 26 31 · 5 O (J S~~fi 00 

~: ~~L0I:!:2--s--- ~--~~~--3-t -----~-----~~~ ~=--=~-=-~~~ -~-_:f ~~ =~~I~ ~~:~1~~~- ----s~i~-~~ · i~j . 7 ~ ---a!~ ~9oi~ -~~-iH ~ ~ s-/i~~ ~j 
~ -------- -·---·-·--- ·--·---··-- ·-·------ ---- --· ..... ---- -------- ·----- .... . .. - ---· -- --- ·--- ·--- ------ .. .. .. - ------ --
2 7 TIE10H16P6·6 I 210 210 0.21 0.21 530.41 S30.41 24 2 26 35 -9 o O S790 66 - -------------- ------·-· - ·-- --·- ---------- -------. . --- . ··-------- -------- ... - - ····--- ··-·-· --- -·-·-·· -·-- - -- ·- . - ·- ----- --
28 IC0-324-SGGSOC. I O 0 0.00 0.00 St.65 $1.65 2-1 2 26 100 -74 O O $4290 
~ -- ----·-- ------- ----- ----- .... ---- ------ --··------· . .. - - ·---- ---- ---- -----·-- . ... ... -· - -···. --- --
2 9 FDD3510 1 0 O 0.00 0.00 $8.00 $8.00 24 2 26 O 26 o 0 $208 00 - ---- ---- -----1-------- ------- --- --- -- 4 ---- ----- ---·- ·------ -- ..... -····- ·------- --

3 O FDD4010 I 0 o 0.00 0.00 $8.00 $8.00 24 2 26 100 · 74 0 O $208.00 31 FDA6010 J 0 O -o:oo - o:oo $6.00 $24.00- ------· 72 -- ·7 ---7g--7fj ---1 - -·-- O ........ 0 .... $632:00 - - --- ----- . ---·-- --··- ---- --- - --··-·- ·-... ·-···- --------·--d.!.. FDA7010 1 0 Q_Q_,QQ~OO $8.00 $8.00 ___ g1 ... _ _g __ 2§ __ 1!! __l __ Q __ Q _SgQ~J!Q 
i-ll, 4309A-101-470 8 0 0 O.OQ 0.00 $0.15 $1.20 ~? --1~ 211 69 142 0 .Q __ §31J~§ 
il ~~.QSA-101-101 72 0 0 O,QQ ~O $0.15 $10.80 ~_g!! __ 173 --1!Q! 3000 -109!: 0 0 ___1?85J§ 
..!.!_ 430!!R-101-101 59 O o O.OQ o.oo $0.20 $11.80. -111~ _1_1,g,_.1558 2500 -9~~ O _Q -D!..!:!H! 
3 6 2-532956-0 1 0 0 0.00 0.00 $9.50 $9.50 24 2 26 0 26 0 0 $247,QQ_ 

• 31 534974-9 1 O O 0.00 0.00 S26.00 S26.00 24 2 26 O 26 O O 1676.00 
3 8 SO OHM RES. 16 0 0 0.00 0.00 S0.04 S0.64 384 38 422 0 · 422 0 0 __l!§.88 
39 1000HMAES. 4 0 O 0.00 0.00 $0.04 $0.16 96 10 106 0 106 0 0 $4.24 
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DELAY 24 

A B c D E F G H I J K L M N 0 p 
1 Part Number Quanaltv/ IEEfmA\ IEElmA\ IEEllVDI IEElmax Price I Cost/ Paris Spares Total Parts Otv. to Otv. Otv. Total Cost I 

2 Board Tvnlcal Maximum Total Total 1000 Otv Board Needed Needed Needed on hand Order Ordered Rec'd. 24 
3 

40 2000HMRES. 1 0 0 0.00 0.00 S0.04 S0.04 24 2 26 0 26 0 0 Sl.04 

41 1KOHMAES. 3 0 0 0.00 0.00 S0.04 so.12 72 7 79 0 79 0 0 $3.16 

42 3.2K OHM AES. 1 0 0 0.00 0.00 S0.04 S0.04 24 2 26 0 26 0 0 S1.04 

43 3.9K OHM AES. 1 0 0 0.00 0.00 S0.04 S0.04 ___g1 2 26 0 26 0 0 SU!i ·-
44 7.8K OHM AES. 1 0 0 0.00 0.00 S0.04 I0.04 g1_ 2 26 0 26 0 0 SL.Qi 
45 10KOHMRES. 1 0 0 0.00 0.00 S0.04 $0.04 24 2 26 0 __ 2.~ __ Q 0 S!:Qi ---
46 16KOHMAES. 1 0 0 O.OQ 0.00 $0.04 $0.04 _ 24 2 26 0 26 0 0 $1.01 ---- -.. __ 

47 20pFCAP 4 0 0 0.00 0.00 $0.20 SQ~Q 96 __ 10 _w __ o __ 1_!!~ 0 0 $2!~Q ----
48 - KEMET 4.7 uF CAP 10 0 0 0.00 0.00 $0.14 $L.1Q ____ g1Q 24 _1§1 _lli ---·~ 

0 0 __ $36.!1~ ---
49 10uF CAP. 1 0 O~QQ 0.00 $0.75 _ _1Q,Z~ 24 2 ·--~ 0 26 0 0 __ sg~,~Q -- -----

..ll.. 22UF CAP. 1 0 O'--Q,QQ 0.00 $0.75 $0.7~ 2·1 g - _____ g§ . 0. ___ £§ 0 0 ___ 1~!1:~!! ·---
51 47uF CAP. 2 0 0 0.00 ___ Q,QQ __ so.~~ __ U,~Q 4 ll 5 53 0 ·--~~ 0 0 ___ J:!~,z~ -- --- ---- ... - ----·-- --- -··---·-

..ll.. JN914 DIODE 7 0 0 0.00 0.00 __ _J0.1~. __ jLQ~ 1611 17 .J~§ 0 ___ .rn.§ 0 0 .._gr?~ ----- ----

.!.!.. gN3906 TRANS . t 0 0 ____ Q,QQ __ 0.0Q _f0.2Q .. _____ IQ:gQ 2•1 2 26 36 - 1 0 0 Q .. --·-- '~ gQ 
54 ICTE-5 DIODE 2 0 0 0.00 0.00 _ _JQ:l~- ______ I L~Q 411 5 53 0 -- ---~~ 0 Q . ---~;!~,?~ --- -----
55 TP12H9AB SW. 1 .Q O_Q,QQ 0.00 ___ _j1_,§!_ _____ j~~~ 2 11 2 26 31 -5 0 0 $117.78 - ------- ···-··--- ... - ····----- ----- ·---- ····-- . . - .. -- ---------

_!!... 275005 FUSE 7 0 0 0.00 0.00 .... _}!!:?§... ----~~g~ 1611 17 185 0 185 0 0 .. ~~~~?~ - -------- ------- ----·---- -
57 2·331272·2 SOC. 16 0 0 0.00 0.00 ___ jQ,g;! ---·-··---~~ §~ Ju.ii 38 --~~?. 'I 0 422 0 .o $97.06 - --------- ----- --·- ---- ----- -

~~i1il ~~, 
·-1-··- - ·- -- - __ ..,_ ...... 

58 40F626t TEST PT. 37 0 0 0.00 0.00 . ___ _j0.31. ..... __ i!~,~~ 977 1200 ·22J 0 0 __ §~§! ~~ - ------ ---- ----- ---· --···--·-- ·---·--·-- - ----- --- .. ·-- ------ ----- . - -· 
..!!.. 1447·0475 RED L.ED I 0 0 0.00 . Q:9.9. _ SO.~Q_ ---··--- iQ .2,Q ;! •I .. _ g~ 0 - . ~§ . 0 () -~?-?9 ·------ -------- --·-------- --- --··-· ------- ··-. --···· 
60 923CZ5U 1 OJMOSOB 221 0 0 0.00 0.00 - ~Q1Q. ...... ~11 ?Q !.:I().) b.10 5834 4800 1 034 0 (} s I, I 6Ci 80 - --------- ·--- ----- ---·-- --- -·------ - -- ---·-· ---·- - .... ·- ---- ----·- ... - ·- .. -- - . -·- - ..... 
6 1 CIRCUIT BOARD I 0 0 0.00 0.00 §:!OO:QQ_ -·-·· S4QQ,9.Q 2-1 0 24 0 24 0 (~ 59,§QQ fl'? -- --------- ------- ··-··---- -··---·---- . - ·-·· . . .•. ··- -· - ------- -- -- ._ .. .. 
62 FRONT PANEL I 0 0 0.00 0 00 ·--~~ $31.00 2·1 0 24 0 24 0 0 S744 00 - ---------·· ··-·--·· ------ ----- ·--- ~---- ------·--- - . - ··---- -- ·----- - - -- --- .. -- . .. - -- - ··---- -- .. --
63 PNL. MTG. HDWR. I 0 0 0.00 0 00 ____ !!.OQ. ___ _§L_qQ 24 0 24 0 24 0 0 S24.00 - -----· ------- -----··--- ---------·- ---·-·- .. - . - ·····--- -- - ---- .. -- ... -· . - ·- . -· ---· .. --- --
64 
65 IEE Typical = 14.71 Amps IEE Max= !7.9Q ~n..!l~~-- CostlBd.= 1,437.4 I - -·- ····-·- -- . ·-·-- ----· ---· ···--·- -- ···----- ·------ ------

..!!... Power Typ = 76 ~~s Power Max~ 94 Will/S ------ ------- ------·-· --- ·-· ·--------· -------- ·--- .. ----
67 - - ----- ·- - ----- . ·----- -- ···------·· -······-·· ·------·-· 
68 Last Updated: 17-0cr Total # ol Board:; 24 Tll. Cost = 34.497.84 
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Delay/Encoder Specifications 

' ' 

################################################ 

This is the specification of the Delay/Encoder 
module to be used on the silicon strip detector 
readout system for E771 and E789. Comments and 
questions can be delivered to Hector L. Gonzalez at 
Ext 2773. 

################################################ 
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1 • General Information 

1 • 1 • Purpose 

The front end readout electronics for the Silicon Strip 
Detector is designed to process data at the RF bucket frequency, 
53MHz. The Delay/Encoder(DE) module has been specified to accept 
data at 53MHz, provide a delay mechanism while a trigger decision 
is made, and generate an address hit list upon a Level 1 accept 
signal. A simplified block diagram is pr.ovided in Figure 2. 

The delay element continuously stores data while the level 1 
system is processing data corresponding to previously stored events. 
The delay is implemented in RAM and it is required for the control 
system to map the · 1evel 1 decisions into an eight bit address. The 
current implementation assumes that processing of an event takes 
about 1 µsecond from the time that it is loaded into the· DE. It is 
mandatory that the event acceptance be time ordered and the 
decision time be fixed with respect to the event occurrence. The 
address of accepted events is broadcasted by the Master Timing 
Controller to all Sequencers modules in the system and each 
Sequencer addresses the DE in its crate. The addressing mechanism 
triggers the DE to read the event from memory and transfer it to the 
encoder section. 

The data encoding scheme uses the trigger bucket and the 
previous bucket simultaneously to generate an address hit list. A 
flag is asserted whenever the previous bucket has the bit set for the 
address been output. The address hit list is transmitted 
synchronously to a crate Sequencer module which serves as a crate 
controller and event builder for two planes of silicon strip data. The 
Sequencer is capable of transmitting hit data over fiber optic at 
40Mbytes/sec or being readout through Fastbus. 

This document includes figures and timing diagrams intended 
to simplify the specifications. In some cases, specifically the 
timing diagrams, the information is an attempt to specify the 
module and its interface with other system components. 

1.2. Siiicon Strip Readout System 

This section presents a simplified block diagram of the silicon 
strip readout system. Figure 1 shows the interconnection of all the 
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modules that are referenced in this document. A brief description of 
each module follows. 

PC - PostAmp/Comparator board, 12 per crate. 
Processes 128 pre-amp silicon strip signals, 
outputs discriminated data to the Delay/Encoder 
and outputs analog and digital sums to Leve1 1. 

·CE - Delay/Encoder board, 12 per crate. Provides event 
buffering for the PC discriminated data and for 
level 1 accepted events transmits a hit list to the 
Sequencer. 

s:!J - Sequencer board, 1 per crate. Fans out system clock 
to PC and DE, initiates the encoding of a event, 
stores, pipelines and transmits encoded events to 
the next level. The events can be readout through 
FASTBUS. 

FSCC- Fastbus Smart Crate Controller board, 1 per crate. 
Initializes the crate by excercising control over 
the SEQ, runs local diagnostics and provides an 
alternate data path to readout events. 

MTC - Master Timing Control board, 1 per silicon strip 
readout system. The MTC synchronizes the 12 SEQ 
on the system by providing timing and control. 
Some of the functions that it performs are listed 
below: 

- Distributes the RF clock to all SEQs. 
- Maps a level 1 accept signal into an address 

of the DE memory and transmits addresses 
to all seas. 

- Queue level 1 accepted events. 
- Controls the write enable signal for the DE. 
- Responds to READY and ERROR condition 

from the seas. 
- Interface with the overall experiment 

controller. 
- Synchronize System. 
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The readout system consists of 12 readout crates and a control 
crate that contain the MTC and other special modules. Each of the 
readout crates processes two planes of silicon strip data. Data 

· processing is done in groups of 128 strips by a PC and DE pair. The 
12 DEs in a crate send data, in parallel, to the crate SEQ. For a 
formal description of the system refer to the 'Silicon Strip Readout 
Implementation Plan' document. 

In the context of this specification an event is the output of 
the PC and they are generated every 18.9nanoseconds. 

1.3. Application 

The DE is being designed for the Silicon Strip Readout System 
for E771 and E789. The function of the module is hardwired and 
there is no other application for it beyond the ones described on this 
document. 

1.4. Packaging 

The board is a single width FASTBUS module that does not 
implement any FASTBUS protocol. 

1.5. Power Requirements 

The worse case estimated current for the module are listed 
below: 

Voltage 

-5.2V 
-2.0V 
+5.0V 

Current 

17A 
SA 
<1A 

Power 

86W 
10W 

The estimated -5.2 volts typical current is around 15 amps. 

1.6. Cooling Requirements 

The module will operate at the temperature range provided by 
the FASTBUS cooling system. 
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2. Theory of Operation and Operating Modes 

The DE module is a single width board packaged in FASTBUS 
that does not implement a FASTBUS interface. The DE accepts PC 
discrimi·nated data from 128 silicon strips, provides event 
buffering, encodes and transmits accepted events to a crate SEQ. The 
module communicates with the PC and SEQ through a special 

. FASTBUS auxiliary backplane. The auxiliary connector signals for the 
DE are described in Appendix A. 

The module is divided in two independent functions; the Delay 
and the Encoder, see Figure 2. The following sections provide a brief 
description for each function. · 

2.1. Delay 

The Delay element receives 128 channels of discriminated data 
from the associated PC and provides buffering for upto 256 events 
(-4.8 µseconds). During data acquisition the DE continuously stores 
data in a FIFO like memory, while the level 1 system is making 
decisions for previously stored events. The DE does not implement 
any logic to prevent overwriting interesting events. This operation 
is delegated to the MTC which keeps track of the system write 
pointer (for DE) and the events· been queued. For system 
implementation reasons, it is mandatory that event acceptance be 
time ordered and the decision time be fixed with respect to the 
event occurrence. 

The delay element control logic requires that the 53MHz input 
(CLK2) be a 500/o duty cycle clock. The logic splits the 18.9 
nanoseconds time slice of each bucket into a read and write periods 
for a combined bandwidth of 106MHz. The write operation uses an 
address counter clocked by CLK2 and a write enable signal (WRITE•, 
asserted low) generated by the MTC and distributed in each crate by 
the SEQ. 

The WRITE* signal is send 128 cycles before the SYNC* pulse. 
The DEs retime this signal using the CLK2 and SYNC* signals for 
synchronizing the start of event acquisition, see timing 2. The DEs 
will track their synchronization by checking that the write address 
is zero when the SYNC* signal is asserted. Note that prior to the 
assertion of WRITE* the DEs had been reset, which forces the write 
address to zero. 

The readout of an event occurs when the MTC receives an 
accept pulse from the \evel 1 trigger system. The MTC maps the 
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pulse into an address for the DEs memory and sends the address to 
all SEQs in the system. The address generated by the MTC shall 
correspond. to the previous bucket location. The previous and 
accepted buckets are. loaded into registers and the Encoder is 
enabled to begin encoding that particular event. 

2.2. Encoder 

The Encoder is a simultaneous two bucket hit-list address 
generator. The encoding is performed in two stages, byte and bit 
levels, see Figure 3. At load time, the byte encoder performs byte 
integration, see Figure 4. The output of this process is a 16-bit word 
with a bit set for bytes with hit channels. At encoding time the byte 
encoder sequentially selects bytes to be processed by the bit 
encoder. The bit encoder (block ENCODER-8) loads the input data 
when ready and outputs a byte wide address stream of. asserted bits. 
The encoded address is formed by concatenating the byte address 
with the bit address. In addition the bit encoder sets a flag (DATAO ) 
whenever the previous bucket has a hit for the address being output. 
The hit list is generated from low to high address and no hit count is 
generated by the DE. An example of byte encoding is shown below: 

Bit # Previous Trigger Hit Bit ADD Flag 
Bucket Bucket Type (HEX) 

7 1 0 A 7 1 
6 0 0 
5 0 1 B 5 0 
4 1 1 c 4 1 
3 0 0 
2 0 0 
1 1 1 c 1 1 
0 0 1 B 0 0 

Note: The encoder never looks at addresses without hits, 
this is represented with "·". 

The alternative to remove type A hits is implemented on the 
prototype. 
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There are two options for the address hit list data transfer, 
53MHz or 26.SMHz, CLK2 and CLK3 respectively. These options are 
switch selectable for each DE. Its implementation requires that the 
skew on the rising edge of CLK2 and CLK3 be kept to less than 2 
nanoseconds. 

3. Input/Output Specifications 

The DE is a two port module, PC port and a SEQ port, See Figure 
2. Both of these ports are implemented on an application specific 
Fastbus Auxiliary backplane that pairs a PC with a DE and has 
separate connections between each DE and the SEQ. 

3.1. Communication Interfaces 

3.1.1. PostAmp/Comparator Port 

The PC port is a 128 bit uni-directional single-ended ECL 
connection from a PC to the associated DE. Synchronization of this 
port is controlled by the SEQ supplied CLK1 and CLK2 clocks. CLK1 is 
remotely programmed through FASTBUS and the rising edge is used 
by the PC to latch the silicon strip discriminated data. CLK2 is 
referenced (delayed) to CLK1 such that the PC output data is valid 
while CLK2 is high at the DE, see Timing 1. It is required that data 
on this port be valid for at least 12 nsececonds simultaneously at 
all DE in a crate. 

3.1.2. Sequencer Port 

The Sequencer port is the access port for the SEQ to readout 
the level 1 accepted events. This data port is a byte wide point-to
point connection designed to support a 53MHz data transfer rate. 

The port provides an address bus, a data bus and control 
signals. To initiate a transfer the Sequencer supplies the DE with an 
event address and asserts the Add_ Valid signal. After a fixed delay 
the Encoder will assert a Data_ Valid signal (if hits present) and 
start transmitting the address hit list to the SEQ until completion. 
The data transfer is synchronous with CLK2 or CLK3 depending on the 
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user selected· encoder operating frequency. A non-detailed timing 
diagram is provided in Timing 4. 

3.1.3. Front Panel 

The DE front panel is intended to provide information that will 
help diagnose problems on the DE. The prototype provides test points 
for the previous and trigger bytes been processed by the bit-encoder 
and the byte mask. The byte mask provides a bit for each of the 16 
bytes of the 128 channels. A bit is asserted for the bytes that have a 
hit. As the bytes are processed the bits of the mask are cleared. 

4. Initialization 

Initialization of the DEs is achieved by asserting the RESET 
signal. Then the MTC initiates the enable of the . write process and 
after the appropriate delay the enable of the Level 1 system. 

After reset, the write counter points to location zero, the 
Encoder is in the ready state and all control signals driven by the DE 
are negated. The read counter is not initialized because it is loaded 
on demand when an event is accepted. 

5. System and Module Diagnostics 

5. 1 • Hardware Test 

The DE does not implement any internal diagnostic tests or 
FASTBUS interface to access it's memory. The decision of excluding 
these features is based on timing and power considerations. 

For debugging, a test module that emulates the PC output port 
and the SEQ was designed. The tester will be operated by an 
intelligent FASTBUS master, i.e. the FSCC or TSC. 

5. 2. System Test 

For system diagnostics the PC should be able to supply data 
patterns that the DE stores into it's memory and events to be 
encoded are requested through the SEQ. 
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6 • Append ix A 

This appendix describes the DE auxiliary connector signals 
used on the silicon strip readout crates. In addition any other signals 
of interest are described. 

CLK1 

CLK2 

CLK3 

01(0:127) 

Address(0:7) 

Add_ Valid 

Write_En* 

Sync* 

- A 53MHz clock driven by the SEQ and ·used by 
th.e PC to latch data. This clock is remotely 
programmable through the FASTBUS port on 
the SEQ. 

- A 53MHz clock driven by the SEQ. The clock is 
a delayed version of CLK1 used to synchronize 
the write process in the DE with the output 
data of the PC, to generate internal timing 
and as a reference when transmitting data to 
the SEQ at 53MHz. 

- A~ 26.SMHz clock driven by the SEQ. An 
alternate clock used to transmit data to the 
SEQ 

- Input discriminated data driven by the 
associated PC. A 100 ohms termination is 
provided by the DE. 

- The address bus (bussed to all DE) driven by 
the SEQ to transfer event addresses to the DE. 

- Signal driven by SEQ to validate ADD(0:7). 

- Write enable signal distributed on the 
backplane by the SEQ. The signal is controlled 
by the MTC or through a FASTBUS register on 
the SEQ. 

- Synchronization signal generated by the MTC 
and used by the DEs to test write counter 
synchronization at each zero crossing. If a DE 
has a write counter different from zero then 
it is out of synchronization. 

10 
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Sync_Err - Signal asserted by a DE that is out of 
synchronization and received by the SEQ. The 
signal is wire-ored on the backplane. 

Reset - Reset signal distributed on the backplane by 
the SEO. 

Data_X(O :7) - Encoded hit list data bus for Delay/Encoder X, 
where X is a hex number assigned to each DE. 
Terminated by the SEO. 

Data_ ValidX - Data valid signal asserted by Delay/Encoder 
X, where X is a hex number assigned to each 
DE. Terminated by the SEQ. 

1 1 
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appendix B 

This appendix is intended to explain the system diagnostics 
involving the PC output port, the DE and the SEQ. There are two 
system test of interest. The first one involves the complete silicon 
strip readout system (starting at PC), the other one performs test on 
selected crates. Details about these test have not been worked out 
and the implementation steps presented here should be modified as 
development of the involved modules progress. A series of steps 
follows: 

Step1: The FSCC enable/disable specific PCs and select 
the ·data pattern type, i.e. static or dynamic. Also, 
it initializes the SEQ for global or local test. 

Step2: The FSCC reset the DE through the SEO. 

Step3: Simultaneously enable the PC to generate patterns 
and the DE to start recording events. This is, the PC 
receives a signal of similar timing to the DE write 
enable signal. · 

Step4: Write an event address to the SEQ if the test is 
local or to the MTC if the test is global. 

Step5: For local test, the FSCC reads the event from the 
SEQ. For global test the SEQ sends the ·event to the 
next level. 

Step6: Check the event and display/record errors. 

Step7: If test enable, go to Step1 or Step 4 . 
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Figure 2: Delay/Encoder Block Diagram 
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Timing 1: Synchronization of DE to PC. 
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1 • GENERAL INFORMATION 

1.1. Purpose 
This document describes the "Silicon Saip Detector Readout System SequeDCCI' Madulen hereafter referred to 
as me sequcnccr. As one component of a larger system, this module acceprs silicon SD'ip detector data from 
the twelve encoder modules in its FASTBUS crate. combines the data and outputs it to other system 
components via FASTBUS or via an au.TiJiary link such as RS-485, ECLine or fiber optics. The general 
bl~ diagram of me sequencer is as follows: 

To Master Timing Controller Module 

j • 4 ~ 1 , 
- - Master Timing -- - Controller 

Tag O 
DATAt15) - Interface -

- - Encoder 10 OATA<13:7) _ 
RAM - -

-·· 12 x 7-bits Programmable 

12 Encoder 
Control Logic 

DATAf6:0\ .. Interfaces - Auxilliary 
(512 x 9 FIFOs) nATAf14\ - Module Interface 

9th bit is EOE flag -
OATA(1 S:O) ~ with 512 x 32 bit 

OATAl15\ FFO 

~ ' Tag 1 -

DATAl14:12L 
, I 

OOOalast Word - Demux Register 
- - OATAt11 :8} - 16 1:2 
- - Block Counter -

- - Word Counter DATA'7:0l - - OM(31 :O) FASTBUS 

Tag 1 
DATA(15) - Slave Interface 

~ DATA(14:12)_ ., 
001.lgnore Word - j ~ 

Event Buffer 
FFO . ' 

Sequencer 512 x 32 bit 
- - Control & Status -

Registers EBC31 :Ol 

BAD(15:0) 
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1.1.1. Standard Bus System Used 

The sequencec is a single width FASTBUS module and includes FASTBUS slave capability. The FASTBUS 
slave is used for the iniaamauon of some programmable paramercrs on the module and may be used ro read out 
the encoded silicon strip derecrar dara. 

In addilion u> the standard FASTBUS interface. the sequencer uses a non-standard backplane on the FASTBUS 
auxiliary connecU>r position to communicate with the encoder and postamp/discriminator modules. This 
backplane is optimized for high speed parallel aansfers. 

Some of these FASTBUS auxiliary connector pins are DOI used by the special backplane to oommunicate with 
the other modules. These pins are used inStead by the sequencer to communicate with an I/O link driver such as 
RS-48S, ECL.ine or fiber-optics. A special auxiliary inrerface module plugs into the back of the FASTBUS 
crate for lhis function. The figure describes this pictorially. 

Sequencer Module 

Standard FASTBUS Module 

Cables to Master Timing Controller Module 

1.1.2. Number of Channels 

Non-etandard Backplane 

AuxUlary 
Module 

(RS485 
ECLlne 

fiber optic) 

FASTBUS Backplane 

~ 

Data comes into lhe sequencer from 12 encoder modules in lhe FASTBUS crate. The data is concatenated and 
may leave lhe sequencer via FASTBUS or auxiliary link (RS-48S, ECLine or fiber optics). 
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1.2. Application 

The sequencer module sits in the middle of the FASTBUS crate and communicates with the FASTBUS encoder 
modules via die special auxiliary backplane. Front panel connccr.ors on the module connect via cables to the 
masrer conaoller to provide system clock. Digger commands, system RESET, enors and etc. The sequencer 
sends its dala out via a rear mounted auxiliary card. Data may also be read via FASTBUS transfers. The 
sequencer may be used at Fermilab in experiment E771 and may be adaptable to other applications. In the E771 
application, 24 planes of derector will be used requireing 12 crates of readout electronics. Each crate of 
elecuonics will be calfigured as picnued here: 

To other sequencers • Master Timing +To other sequencers 
Controller 

688 Channel 688 Channel 
Detector 

~ ~ . . 
' . ' • 

6 PostAmp 
. & .. 

Discriminators .. 

• 

4 • 

Special Auxiliary Bus 

~ ~ ~ ~ ~ ~ ~ ~ 
• • . . , , 

~ ' 
, , 

6 Delay 6 Delay 
& Sequencer & 

Encoders 

t • 
~ , 

.. 
Auxiliary Output 

(Fiber, AS-485, ECLine) 

Encoders 

FASTBUS t 

' . . 
Auxiliary Output 

(Fiber, RS-485, ECLine) 

Detector 

~ ~ . . 
I 1' 

6 PostAmp 
& 

Discriminators 

~ 

t 

FASTBUS 
Master 

1.3. Packaging 

1.3.1. Module 

The sequencer is implemented on a standard single widlh FASTBUS module which is 15.878" X 14.437" plus 
front panel. The module plugs into a FASTBUS crare which is then installed in an equipment rack along with 
the FASTBUS power and cooling sysrem. 
If the auxilialy pen is used lO output data, then a FASTBUS standard size auxiliary module is also used which 
contains logic and inmace hardware to provide a high speed RS-485, ECLine or fiber optic data link. This 
auxiliary module plugs in&o the rear of the baclcplane at the sequencer module position in the slot provided for it 
by theFASTBUS aaie. 
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1.3.2. Front and Rear Controls Connectors and Displays 

1.J.2.1. CLK2 Delay Switch 

The 53 Mhz clock received via a front panel comecror is delayed by a programmable delay line and sent to the 
post amp/discriminalOr modules as a signal named CLKl. CLKl is delayed by another programmable delay line 
and sent to the encoder modules as a signal named CLK2. The total amount of delay of CLKl and CLK2 is 
also introduced on a signal called SYNC. The programmable delay line for CLKl is programmed by 
F ASTBUS, but die delay line for CLK2 is set by a 6-bit DIP swirch. This switch provides a binary progressive 
delay from 0 to 31.5 nsec in .5 nsec increments. 
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Page 6 

December 6, 1990 

lbe Slave Access LED illuminares 
whenever lhe Sequencer is aa:essed 
by FASTBUS 

53 MHZ clock input (NIM) 

SYNC signal input (NIM) 

34 pin. MTC intaface pon 

Permit Out ouqmt conn. 

Permit In inpm conn. 

Sync Enar. LED 

Event Size Overflow, LED 

Encoder Fifo Overflow. LED 

Encoder Busy, LED 

Event in Auxiliary Buffer Fifo. 
LED 

Event in FASTBUS Buffer Fifo. 
LED 

Sequencer Busy, LED 

+SV present. LED 

-s:i.v present. LED 

Sequencer intc:ma.l circuiuy reset 
buuon 
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1.3.2.2. Front Panel Displays 

The sequencer module displays the following indicators of module opemtion and swus on irs front panel. 

- FASTBUS SLAVE ACCESS; this LED indicator lights for a minimum of 100 msec each time a FASTBUS 
access to the sequencer occurs. 

- SYNC ERROR. This LED indicator lighrs and remains lighred until RESET by FASTBUS any time an 
encoder module in the crate signals the sync enor condition. Sync error is signalled by an encoder module if its 
write counter is not. at lhe zero count when the sync signal is received from lhe Master Timing Conttoller via 
the sequencer. 

- EVENT SIZE OVERFLOW, this LED indicator is lighted by the occunmce of an event which produces more 
that 255 'hits'. The sequencer does not 'know' this error has occuned until the dala bas already been received into 
its encoder FIFOs and is being counted as it is read out to FASlBUS and/or die awtiliary pon. The occurrance 
of this error does not justify having to initiali7.e the system yet a problem exislS in how to dispose gracefully of 
the extra dala. In normal operation the conaol logic will tnmcare an event at 255 'hits', properly insen the 
'LAST WORD' into the data stream. and remove all extra data from the encoder FIFOs without FASTBUS 
inu:rvention. Optionally, under the conttol of a bit in CSRO, the conuol logic will output the additional data 
while allowing the word counter to wrap around. This will be useful for system testS. 

- ENCODER FIFO OVERFLOW, This LED indicator lights and remains lighted until RESET by FASTBUS 
any time lhe encoder interface FIFOs are overfilled by data from the encoders. This is a system failure caused by 
the Master Timing Controller not using the SEQ_READY signal proi'erly. When· SEQ_READY is not 
asserted, the encoder dara FIFOs are at least half full and the sequencer should not be given any new trigger 
addresses. At this time. there is room in the FIFOs to hold the data generated by a single bigger which may 
have been on its way to the sequencer before the Master Timing Controller received the SEQ_READY being 
deassened. Ally additional uiggers sent by the Master Timing Commller after SEQ_READY is deassened may 
generate enough dala to overfill the FIFOs and gcnenu: the error. 

- ENCODERS BUSY, This LED indicator is lighred by the logical 'OR' of the DATA V Al.ID signals from 
each encoder in the crate. The signal is not 'strerched' or latched and normally occurs too fast to be seen. If this 
LED remains lighted. an encoder in the crare has failed and has effectively halted Ibo system. 

-EVENT IN AUXIl.IARY INTERFACE BUFFER. This LED indicau>r is lighted by the presence of data in 
the Auxiliary Interface FIFO. It will stay lit as long as that FIFO is not empty. 

- EVENT IN FASTBUS BUFFER, This LED indicator is lighted by the presence of data in the FASTBUS 
event FIFO. It will stay lit as long as that FIFO is not empty. 

- SEQUENCER BUSY, This LED indicator is lighted by the logical 'OR' of the FIFO half-full signals from 
each encoder FIFO ion the sequencer module. The signal is not 'stretched' or latched and normally occurs too 
fast to be seen. If this LED remains lit, the sequencer is not processing the FIFO. data out to FASTBUS and/or 
the auxiliary interface and has effectively halted the system. This may be caused by data not being removed 
from the FASTBUS event buffer or by the auxiliary link.not being ready, or by PERMIT IN not being asserted. 

- +S VOLT STATIJS, this LED indicates that the board's +5 volt bus is powered up. 

- -5.2 VOLT STATIJS, this LED indicates that the board's -5.2 volt bus is powered up. 
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1.3.2.3. Front Panel Connectors 

Signals marked '+' are 'party lined' in a single flat cable. One end connects to the Master Timing Conaoller 
(MTC) which tenninates the signals. The sequencers auach at various p1accs along the cable. The last sequencer 
module OD die cable provides signal terminations. 

- 53 Mhz CLOCK input. tenninated NIM. from MTC. 

+ WRITE ENABLE. input. diffaential ECL. asynchronous to clock. from Ml'C. This signal is bussed to each 
encoder module over the auxiliary backplane. Enables encodas to accept hit data. 

- SYNC input. terminarec:t NIM. synchronous to clock. from MTC. This signal gets delayed by lhe same 
amount as CLICI plus die same amount as CLK2 befare being bussed to the encoder modules over lhe auxiliary 
backplane ID testsync:bronizllio 8l each zero COUllL 

+ RESET input. differential ECL. asynchronous to clock. resets conll'Ol logic and fifos. bussed over the 
auxiliary backplane ro die encodas where it resem write coumas. 
+ EVENT ADDRESS input. differential ECL. 8-bits. asynCbronous ro clock. bussed to encoder modules over 
the auxiliary blctplane ro desigmue a stored evenL Nore lha1 this is acmally die address of the event previous to 
the one rcquesred by the Digger system. This is because the encoders are required to evaluate the previous RF 
bucket for 'hits' when encoding an evenL 

+ ADDRESS V AUD input. differential ECL. asynchronous to clock. bussed to encoder modules over the 
awtiliary backplane to initiate encoding of a stored evenL · 

+ SEQ..READY ouq>ut. wire OR'd ECL. active low, signals that the sequencer has room in.its fifos for events 
and thus can accepl "read addlesses". 

+ BNC_READY ouapm, wire OR'd ECL. active low, this is the sum of all encoder data valid signals. It signals 
to die master conuoller that the encodels are ready to accepl anolher lrigger. 

+ ERROR ouq>ut. wire OR'd BCL. active high. signals dlat the sequencer fifos have been overfilled by the 
encoders or dial an encoder has lost syn:bmnimion. A falll enor requiring system RESET. 

- PERMIT IN - Single ended rn... A signal from the upsueam module indicating that the sequencer may 
llanSIDiL It's used to allow multiple sequencers to feed a party line. 

- PERMIT our -Single ended m... A signal to a downscream module used to allow lhe next sequencer in a 
daisy chain ro use the auxiliary party line if applicable. 
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1.3.l.4. Special Auxiliary Backplane Signals 

• CLKl, delayed from the front panel 53 Mhz clock. Individually routed to each post amp/discrimminator 
module. The delay between the 53 Mhz clock received via the front panel, and this signal, is programmable via 
FAS1BUS from 0 to 32 nsec in .5 nsec increments. 

• CLK2, delayed from CLKl, individually rourecl to each encoder module. The delay between CLK I and this 
signal is programmable via a 6-bit DIP switch from 0 to 32 nsec in .S nsec increments. 

- CLIO, 26.5 Mhz. CLK2 divided by two, bussed to all encoder modules for use as a data cl~ 

- RESET. Asyncbronom. Bussed to all discriminators and encoder modules. 

- WRITE ENABLE. Synchronized tO 53 Mhz CLK2. buaed ro all encoder modules, active low. 

- EVENT ADDRESS, Asynchronous, 8-bits. Used to designate which memory location in the encoders to 
read out and encode. Note that this is acwally the address of the event previous to the one requested by the 
trigger system. This is because the encoders are required to evaluate the previous RF bucket for 'hits' when 
encoding an event. 

• ADDRESS VALID. Asynchronous • derived from the Master Timing conttoller signal . Used to validate 
Event Address. 

- EVENT DATA, Synchronized to 26.5 Mhz CLK3. validaled by data valid, 8-bits from each encoder module. 
Not bussed. . 

- DATA V AUD. Synchronized to 26.5 Mhz CLK.3. validates the event data, I-bit from each encoder module. 
Not bussed. 

- SYNC, This signal is received at the front panel, then delayed by the total of CLKl delay plus CLK2 delay. 
then sent to die encoder modules. If is used to verify that all encoder module wrire counrers are at the same · 
count (zero) at sync time. Active low. 

- SYNC ERROR, Asynchronous bussed signal from the encoder modules, signifies that one or more of the 
encoders is out of sync with the sysrem. 

1. 4. Power Requirements 

+5 Volts@ 9 Amps 

-5.2 Volts@ 3 Amps 

-2 Volts@ 2 Amps 

1.4.1. Control and Monitoring Requirements 

No requirement exists for a special control or monitoring of the power supply to the sequencer module. The 
nonnal protection provided by the FAS1BUS crate enviremental system is sufficient. 

l . S. Cooling Requirements 

The sequencer represents a heat load of 65 wans which must be absorbed and carried away by the F ASTBUS 
cooling system. 
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1.6 Sequencer 
C01·HS3MHZ.01 Clock. Slot 2.S,23, 
C02·L53MHZ.01 Clock. 21.19,17,15 
C03·Hit Dar.a 0, Slot 24 
C04-Hit Dar.a 1, Slot 24 
cos.Hit Dar.a 2. Slot 24 
CQ6.Hit Data 3, Slot 24 
C07·Hit Dar.a 4, Slot 24 
cos.mi Data s. Slot 24 
C09·Hit Dar.a 6, Slot 24 
ClO.Hit Data 7, Slot 24 
Cll·Data Valid. Slot 24 
c11.vcc. +s.o Volts 
C13·Hit Data 0, Slot 10 
C14-Hit Data 1, Slot 20 
C15·Hit Data 2. Slot 20 
Cl~Hit Data 3, Slot 20 
C17·Hit Data 4, Slot 20 
Cll-Hlt Data 5, Slot 20 
C19·Hit Data 6, Slot 20 
C20-Hit Data 7, Slot 20 
C21-Data Valid. Slot 20 
C22..QND 
C23-Hit Data 0, Slot 16 
C24-Hit Data 1. Slot 16 
C2S-Hit Data 2. Slot 16 
C26·Hit Data 3. Slot 16 
C17-Hit Data 4. Slot 16 
C18-Hlt Data S, Slot 16 
C19-Hit Dm 6, Slot 16 
C30-Hit Da&a 7, Slot 16 
C31-Data Valid, Slot 16 
C31-GND 
C33-Left 26 MHZ Cloclc 
C34-Hit Data 0, Slot 14 
C35-Hit Data 1, Slot 14 
C36-Hit Data 2. Slot 14 
C37·Hit Data 3, Slot 14 
C38-Hit Data 4, Slot 14 
C39-Hit Data 5, Slot 14 
C40-Hit Dara 6, Slot 14 
C41·Hit Dara 7, Slot 14 
C41-Data Valid. Slot 14 
C43-GND 
C44-Hit Dm 0, Slot 18 
C45-Hit Data 1, Slot 18 
C46·Hit Dm 2. Slot 18 
C47·Hit Dm 3, Slot 18 
C48-Hit Dm 4, Slot 18 
C49·Hlt Data S. Slot 18 
CSO-Hit Data 6, Slot 18 
C51-Hit Dm 7, Slot 18 
CS2-Dara Valid, Slot 18 
C53-VCC, +S.O Volts 
C54-Hit Dar.a 0, Slot 22 
C55-Hit Data l, Slot 22 
C56-Hit Data 2. Slot 22 
C57·Hit Dar.a 3, Slot 22 
CS8-Hit Data 4, Slot 22 
C59-Hlt Data S, Slot 22 
C60-Hit Data 6, Slot 22 
C61·Hit Data 7, Slot 22 
C61-Data Valid, Slot 22 
C63-VEE. -5.2 Volts 
C64-HS3MHZ.02 Clock. Slot 24,22, 
C6S-LS3MHZ.02 Clock, 20,18,16,14 

December 6. 1990 
Module SSD Auxiliary 

BOl-Reset 
Backplane Pin List 

~ND. 
B03-Fiber Error 
B04-GND 
BOS.fiber Wait 
B06-GND 
807-Fiber Clock 
BOS.ONO 
B09·Sync 
810-Sync Err 
BU.ONO 
812-Fiber DOO 
813.QND 
814-Fiber DOI 
815.0ND 
B16·Fiber D01 
B17.QND 
BIB-Fiber 003 
B19.0ND 
B20·Fiber 004 
821.QND 
822-Fiber DOS 
823.QND 
824-Fiber 006 
82.S.QND 
B26·Fiber 007 
827.0ND 
B28-Fiber 008 
819.0ND 
B30-Fiber 009 
831.QND 
832-Fiber DlO 
833-GND 
834-Fiber Dl 1 
835.0ND 
B36-Fiber 012 
B37.0ND 
B31-Fiber D 13 
839.QND 
B40-Fiber 014 
841.0ND 
842-Fiber DIS 
843-0ND 
.844-Fiber Mm Enable 
845-Fiber User 2 
846.QND 
847.QND 
84&-Event Address Valid 
M9·Event Address Wrt En 
BSO-Event Address 0 
851-Event Address 1 
852-Evem Address 2 
853-Evem Address 3 
854-Event Address 4 
855-Event Address 5 
856-Event Address 6 
857-Event Address 7 
858.QND 
BS9..0ND 
860-Fiber User 1 
861-Fiber User 0 
B62..0ND 
B63-Fiber Mux Control 
B64.QND 
865-VlT, -2 Volts 
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A01-HS3MHZ.01 Clock.Slot 11, 
A02-LS3MHZ.01 Clock.9.7,5,3.1 
A03-Hit Data 0, Slot 2 
A04-Hit Data l, Slot 2 
A05-Hit Data 2. Slot 2 
A06-Hit Data 3, Slot 2 
A07-Hit Data 4, Slot 2 
AOl-Hit Data 5, Slot 2 
A09-Hit Data 6, Slot 2 
AlO-Hit Data 7, Slot 2 
All-Data Valid, Slot 2 
A12-VEE. -5.2 Volts 
A13-Hit Data 0, Slot 6 
A14-Hit Data 1, Slot 6 
AlS-Hit Data 2. Slot 6 
Al~Hit Data 3, Slot 6 
A17-Hit Data 4, Slot 6 
All-Hit Data 5, Slot 6 
A19-Hit Data 6, Slot 6 
A20-Hit Data 7, Slot 6 
A21-Data Valid, Slot 6 
A22..0ND 
A23-Hit Data 0, Slot 10 
A24·Hit Data l. Slot 10 
A2S~Hit Data 2. Slot 10 
A26-Hit Data 3. Slot 10 
A27-Hic Data 4, Slot 10 
A28-Hit Data S, Slot 10 
A19-Hit Data 6, Slot 10 
AlO-Hit Data 7, Slot 10 
A31·Data Valid, Slot 10 
A32-VEE. -5.2 Volts 
A33-Righc 26 MHZ Clock 
A34-Hit Data 0, Slot 12 . 
A3S-Hit Data l, Slot 12 
A3~Hit Data 2. Slot 12 
A37-Hit Data 3. Slot 12 
A38-Hit Data 4, Slot 12 
A39-Hit Data S, Slot 12 
A40-Hit Data 6, Slot 12 
A41-Hit Data 7.. Slot 12 
A42-Data Valid. Slot 12 
A43-VCC, +S.O Volts 
A44-Hit Data 0, Slot 8 
A45-Hit Data l, Slot 8 
A~Hit Data 2. Slot 8 
A47-Hit Data 3, Slot 8 
A48-Hit Daia 4, Slot 8 
A49-Hit Data S, Slot 8 
ASO-Hit Data 6, Slot 8 
ASl-Hit Data 7, Slot 8 
AS2-Data Valid, Slot 8 
A53-GND 
A54-Hit Data O. Slot 4 
ASS-Hit Data l, Slot 4 
AS6·Hit Data 2, Slot 4 
AS7-Hit Data 3, Slot 4 
ASS-Hit Data 4. Slot 4 
AS9-Hit Data 5, Slot 4 
A60-Hit Data 6, Slot 4 
A61-Hit Data 7, Slot 4 
A62-Data Valid, Slot 4 
A63-GND 
A64-HS3MHZ.02 Clock.Slot 12.10, 
A65-L53MHZ.02 Clock 8.6.4,2 
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2. THEORY OF OPERATION AND OPERATING MODES 

The sequencer module sits in rhe middle of rhe FASTBUS crare and communicates wilh the FASTBUS encoder 
modules via a special auxiliary backplane. Front panel connectors on the module connect via cables to the 
muter controller to provide system clock. trigger commands. system RESET. enors and etc. The sequencer 

. ~ds its data out via a rear mounred auxiliary card. Dara may also be lead via FASTBUS transfers. 

2 .1 • Basic Operation 

At power up and system reset time (i.e •• the reset generated by the Masrer Tuning Controller) the Sequencer 
Module will go into the initialization mode. In this mode CLKl is not being driven onto the Auxiliary 
Backplane. The control logic waits for the Master Timing Controller to usert Write_Enable and then waits for 
the Master Timing Controller to assert Sync. When Sync is received the Sequencer will start driving CLKl 
onto the Auxiliary Backplane. At this point the module is in normal running mode. 

On receipt of an event address from the Master Timing Controller. the sequencer broadcaslS it 10 the encoder 
modules via the special auxiliary backplane. Each encoder module exaaclS from memory, the 128 channels of 
hit infonnation from that event and encodes it into an ordmd list of 8-bit binary numbers. Each number in the 
hit list is comprised of a 7-bit binary number identifying die strip which had been driven above threshold by an 
ionizing panicle and l·bil to indicate if that microstrip had alsG registered a bit during the previous bucket (thus 
indicating that the cunent hit might actually be a residual from that bucket). All encoders do their encoding 
concurrently and send the data over individual data paths on the auxiliary backplane to FIFOs in the sequencer 
module. 

As the sequencer begins receiving data from the encoder modules. it commences delivering it in order to its 1/0 
ports. Beginning with lhe lowest numbered encoder FIFO. the data is tranSferred into the auxiliary card for 
ttansmission and into the FASTBUS buffer FIFO for readouL All the dara from the ·12 encoders are 
concatenated into a single ordered lisL The ordering of the list is set by the encoder modules as lowest hit 
address 10 highest. 

As each encoder FIFO produces an 'end of event robn', the control logic moves on to the nexL When the last 
FIFO has been emptied. the control logic adds the conren~ of the BLOCK COUNT/WORD COUNT and an 
IGNORE WORD if necessary to fill out lhe last 32-bit word in the data s1ream. 

Referring to the block diagram. the sequencer consists of seven functional blocks. 

2 .1.1. Master Timing Controller lnterrace 

- Receive 53 Mhz Clock. A function of the sequencer is to disttibute clocks to the discriminaU>r and encoder 
modules. A front panel connector on the sequencer receives a 53 Mhz clock from the muter control module. 
This clock is exactly the same phase at all lhe sequencers. This clock bu. a fixed phase relationship to the 
signals arriving from the silicon microsuip detector. The sequencer derives two 53 Mhz clocks from this signal, 
CLKl and CLK2. CLKl is delayed from the input clock by a FASTBUS programmable amount and is driven 
to the discriminator modules via transmission lines on the auxilary backplane. CLK2 is delayed from CLKI by 
a switch selectable amount and is driven 10 the encoder modules via transmission lines on the auxilary 
backplane. A divide-by-two version of CLK2 called CLK3 is bussed by the sequencer to the encoder modules to 
be used as a daJa readout clock. 

- Receives system WRI1E ENABLE signal from the Master Timing Controller . 

• Receives SYNC signal from the Master Timing Controller • 

• Receives RESET signal from the Master Timing Controller. 

- Receives EVENT ADDRESSES and ADDRESS VALID from the Master Timing Controller . 

• Sends 'sequencer ready' signal to the Master Timing Controller (SEQ_READY) . 

• Sends 'encoders ready' signal to the Master Timing Controller (EN_READY). 

- Sends ERROR signal to the Master Timing Controller. This signal alerts to an encoder FIFO overflow. 
encoder out of sync and others to be added. FASTBUS can interrogaie the Error Staws Register to evaluate the 
error. Event si7.e greater than 255 is not an error condition. 
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2 .1. 2. Encoder Interface 

- Contains die FIFOs which receiw dara &om each of the 12 encoder modules. 

• Deposics 'end of event' roten into each FIFO after all dala bas been received from die encoder. 

- Sends RESET signal to the Encoder modules on command of the front panel signal. 

• Sends WRrl'E ENABLE signal to the Encoder modules. 

• Sends EVENT ADDRESSES and ADDRESS VALID to the Encoder modules. 

- Sends SYNC to die Encoder modules delayed by CLICl plus CLK2 delay. 

- Receives SYNC ERROR from the Encoda' modules. 

·Receives EVENT DATA and DATA V Al.ID from each Encoder module. 

2.1.3. FASTBUS Interface 

- Allows a FASTBUS masrer to read/wrire the control and stams register. 

• Allows a FASTBUS master to read/write die PLANE/ENCODER RAM. 

- Allows a FAS1BUS master to read/write the BLOCK COUNT/WORD COUNT. 

- Allows a FASTBUS master to read/write the CLKl delay value and read the CLK2 delay value. 

- Allows a FASTBUS mas1er to read the EVENT BUFFER FIFO. 

2.1.4. Aaxiliary Interface 

The auxiliary intaface is a high speed outlet for event data. Unlea disabled by a CSRO bit. the sequencer will 
drive data Olll this pon directly. bypassing the need for software interVention to read out data over FASTBUS. 
'Ibis interface is designed so that it can drive an RS485, ECLine or fiber optic auxiliary module. The auxiliary 
module provides lhe special intaface requimnenrs of the link. The signals provided by the sequencer to the fiber 
opdc interface are liar.eel below. The other types of interface modules ie. RS48S and ECLine will have to be 
designed to udlim dlese same signals. 

The auxiliary pan interface includes the following signals. See the appendixes for die acmal pin numbers. 

- DO-D15. 16 multiplexed data lines to the auxiliary module. 

- MUX ENABLE to the auxiliary module. 

- MUX CON1ROL to the auxiliary module. 

- W Arr signal from the auxiliary module. 

- CLOCK from the auxiliary module. 

- ERROR signal from the auxiliary module. 

- USER 1- USER 3. Three user defined signals. 

Page 12 



SEQUENCER December 6. 1990 

2.1.S. Block/Word Counters 

The BLOCK COUNT/WORD COUNT is a 16-bit entity which is nonnally used as the last valid word of a 
concarenaaed eveDL It consists of a 4-bit type code. a 4-bit counter for use as a BLOCK COUNT and an 8-bit 
counter for use as a WORD COUNT. The 4-bit type code is a binary '1000' placed in bit position 15-12 to 
identify the·dal& as being the BLOCK COUNT/WORD COUNT of an event as opposed to data. The 4-bit 
BLOCK COUNT is intended to be used as a processed event identifier to provide pamUe1 synchronization among 
the 12 FASTBUS crares. The 8-bit WORD COUNT is intended to be used to co1Dlt the number of 'hits' in each 
evenL The counters are cleared and incremenred individually by the conaol logic, but their combined comentS 
are always output as a 16-bit word. The ·counters may be written and read via FASTBUS for diagnostic 
purposes. 

2.1.6. FASTBUS Event FIFO 

FASTBUS output will be via a single event FIFO (32 X 512). Unless disabled by a CSRO bit. a full event 
including LAST WORD and IGNORE WORD if neces.my will be loaded into dlis FIFO as ii is being sent out 
the auxiliary port. Output to FASTBUS will be in 32 bit words. A 32 bit word count will be generared and 
inserred at the end of the event record exactly as is done for the auxiliary port. If the FASTBUS port is being 
used for readouL the sequencer will not start to read a second event out duough the auxiliary pon until the event 
in She FASTBUS FIFO bas been completely read ouL A CSRO bit will disable the FASTBUS event FIFO to 
allow data output via the auxiliary port without regard to the status of the event FIFO. 

2 .1. 7. Control Logic 

The conaol logic conaols the input fi.f os. block and word counters, data identifier RAM, auxilliary pon interface 
FIFO and FASTBUS event FIFO. This logic is implemented with programmable army logic devices (P AL.s). 
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2 . 2. Addressill1 Modes 

2. 2 .1. Data Transfer Description and Rates 

The sequencer is designed to uansfer silicon saip derector data over the auxiliary fiber optic link at peak 
insamlalleOUS mres approaching 80 nsec per 32-bit word. The sequencer is designed to suppon block transfer 
dara reads from its FASTBUS event buffer at peak msuuumaeous mes approaching 150 nsec per 32-bit word . 
. Whether dam is oulpllt via the auxiliary port or lead via the FASTBUS slave inlaface, it will always be in 32-
bit wards and each 32-bit word will always be comprised of two 16-bit words. The two 16-bit words words will 
each be of one of three types. The three types are illusum:d below: 

Data Word Format 

I 1 sf 1 ~ 1 3 , 2 1 , , 0 9 8 7' 6 5 4 3 2 o I 

1 I Encoder Strip Number 

Encoder ID 
RFFlag 
Flag = o .. Data Word 

Last Word Format 

7 6 5 4 3 2 0 

------- Word Count (16-bit words) 

-------------- Bloc::k Count 
Flag = 1 ooo = Last Word 

Flag • 101 O = Last Word 
but Word Overflow occurred 

Ignore Word Format 

l1s 14 13 1f 11 10 g s 1 s s 4 3 2 0 

Flag = 1001 = Ignore Word 
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2.2.2. Internal Control, Status Registers, and Bit Descriptions 

There are several registers on the Sequencer that are accessible via FASTBUS for initialization, perfonnance 
monitoring, or diagnostics. These regislers are described in the following subsections. 

2.2.2.1. FASTBUS mandatory CSRO 

CSR Smq; Hg M<Jr!m 

0000 0000 CSR 0 

031 

Read , Write 

Bit <6>,<22> 

Bit <7>,<23> 

Bit <8>,<24> 

Bit ,<30> 

Bits<31:16>, 

Bit descriptions: 

Enable/Disable sequencer loading of FASTBUS event FIFO. 

Enabie/Disable sequencer loading of auxiliary interface FIFO. 

Enable/Disable overflow tnmcation. 

Rael sequencer. 
Manufacturer's ID and device type. 

DIS 

2.2.2.2. Read/Write The PLANE/ENCODER RAM 

CSR Space Hg Address Descrjption . 
COOO 0000 - COOO OOOB There are 16 RAM locations accessible by FASTBUS 0£ which 0 thru 11 

DO 

are used to hold the 7-bit plane/encoder identifying data. 12 locations are 
required. one for each encoder FIFO. Although FASTBUS read/writes utilized 32-bits. only 7-bits are used for 
this operation and the rest are undefined. 1bis memory may by wriuen and read via FASTBUS not only for 
setting up the module but for diagnostics as well. This is only a 7-bit RAM. The MSB will always read 'O' 
because this is a tag that differentiates DATA WORDs from LAST WORD or IGNORE WORD in the data 
stream. 

031 D13 D7 06 DO 
Unused I RAM 6-0 I Unused 

2.2.2.3. Read/Write The BLOCK COUNT/WORD COUNT 

csR Space Hex Addre,u Desgjptjgn 

COOO 0010 The BLOCK COUNT/WORD COUNT counterS may be written and read via 
FASTBUS for diagnostic purposes. 

031 D 11 D8 07 DO 

Unused I BLOCKCOUNT I WORDCOUNT 

2.2.2.4. Read/Write The CLKl Delay Value, Read The CLK2 Delay Value 

CSR Space Hex AddresS Description 

COOO 0011 The CLKl delay value is FASTBUS read/writeable. 0.5 ns per step, 64 steps. The 53 
Mhz clock received via the front panel is delayed by this value to produce CLKl. This value is also added to the 
swicch settable delay for CLK2 to produce the toral delay value for the SYNC signal. The CLK2 delay value is 
set by hardware DIP swicches on the card itself. The setting of those switches are read back in bits D 11 through 
D6. 

031 D 11 06 OS DO 
Unused I CLK2 DELAY I CLKl DELA y I 

I Read Only Read/Write t 
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2.2.2 • .s. Read-Only Error Status Register 

CSR Sqp Hex Add'J'M 

COOO 0012 FASTBUS readable, bil DO is set if a Sync Error has been detected by a Delay/Encoder. 
BilS Dl duough 012 correspond to encoder FIFO channels 1 through 12. If one of these 

bits is set then its corresponding FIFO has overflowed. 

D31 D12 Dl DO 
I Unused I Encoder Fifo Overflow Flails I Sync Err Flal! 

2.2.2.6. Read The EVENT BUFFER 

In order IO mjnjmRe overhead. the FASTBUS mas&er may auempt to read from die event buffer even before it 
recieves a lrigger and will be fcrced to W Arr only unlil dala begins sueaming into the FIFO. The masrcr must 
not allow itself to lime out while wailing for dala. At the end of event processing, the sequencer will load the 
LAST WORD which contains the BLOCK COUNT/WORD COUNT; and an IGNORE WORD if necessary 
into die FIFO. After this word is read by the FASTBUS master, SS=2 would a:nninare the ttansfer. 

The EVENT BUFFER is a 32-bit wide X 512 deep FIFO thal holds a single evenL The 32-bit word is made by 
padcing two 'hill' which are nonnally 16-bits. To speed up FASTBUS transfers. this FIFO will be read out by 
a FASTBUS masla' using block ttansfer reads. There is a CSRO bit to disable the event buffer if the event 
buffer is not to be used. This bit prevenrs the conuol logic from waiting for die buffer to be ready or si:robing 
data imo the buffer. This feature allows a FASTBUS master to sample events for hismgramming or other 
reasons. 

Data Spam Hex Addre,,s Qcsirimjgp 

00000000 Block aansfer read of the event FIFO. Generare a primary addiess 
cycle to DATA space followed by block transfer reads. There is no secondary address 

cycle. 1be dala aansfers will be stalled by W Arr during the dala cycle until event data begins sucaming into 
die FIFO. The overhead involved widl a 68020 powered FASTBUS Sman Crate Conll'Oller is as follows: 1) 
300 nsec for die move insuuclion that executes a FASTBUS primary addrea cycle. 2) 300 nsec for the move 
insuuction that Stans the execution of a block uansfer. 3) About 150 nsec per 32-bit word of data during the 
block transfer. The overhead from 1 and 2 is not incmrecl if the master executes the primary address cycle before 
a lrigger is even received. The last word in die FIFO will have the 'LAST WORD' flag, the BLOCK COUNT 
and the WORD COUNT. If the number of words is odd. the last word will end up in the LS byte position of 
the l2-bit longword and an IGNORE WORD with a binary flag of '1100' will end up in the MS word. If the 
number of 32-bit words in die FIFO is even, the LAST WORD will end up in the MS word of the last 32-bit 
longword. 

Datawcrds: 
D31 DIS DO 

n+l Data Word nData Word 

Last word (If odd number of worm): 
D31 D·lS DO 
I Ignme Word Last Word 

Last word (if even number of words): 
D31 DIS DO 
I Last Word n+X Data Word 
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2.2.3. Error Responses 

The ERROR signal is sent to die Mastel Tuning Conaoller when a Sync Error is detected of when and encoder 
FIFO overtlows. The system software can then Rad the Error StalUS Register to determine specifically which of 
the encoder FIFOs overilowed or if a Sync Error had been derected by this sequencer. 

2'. 3 Overview of the Sequencer Data Pipeline Operation 

The twelve channel Delay/Encoder interface circuit conuol logic idles until it receives an Address Valid 
(ADV AL) pulse from lhe MIC. The Sequenca' synchroni7.es the ADV AL signal and passes it on ro all twelve 
Delay Encoder Modules. The Sequencer also uses ADV AL to SlaR die Sequencer's Delay Encoder Timeout 
Counter. Upon receiving the ADV AL signal each Delay Encoder Module, that bas data to send. will place an 8 
bit data word on it's private Hit Data lines and activate it's own Hit Data Valid (DV AL) signal. There are twelve 
Encoder Fifo Circuits on the Sequencer which c:onespond to die twelve Delay Encoders. Encoder Fifo Circuits 
which receive a DV AL from their conesponcling Delay Encoder will begin to write die 8 bit hit data words into 
their fifos (thae will be referred to as the Encoder F"tfos). On every posilive transition of the CLIO signal Delay 
Encoders wilh dala to send will issue new 8 bit data words and the corresponding Sequencer Encoder Fifo 
C~ui&S will write this data inro their ftfos. When a Delay Encoder has no more data to send it deactivates 
DV AL. The Sequencer's Encoder Fifo Circuits see DV AL go away and Ibey then write an End of Event Word 
(EOE word) into their fifoS. The Encoder Fifos are 9 X 512. Bit 8 of the Encoder F"lf'o (the MSB) is high while 
hit data is being written and is low when we write the EOE word (I will refer to this bit from now on as the 
EOE tag). Encoder F"lf'o Circuits which do not receive DV AL signals before the Timeout Counter runs down 
(240ns afaer ADV AL received from the MTC will write an EOE tag into their fifos. 

Afta the T"uneout Count.er runs down a trigger counter is incremented. Because the value· contained in this 
trigger co1Dller is no longer zero the Sequencer's F".Co Array Conaol Unit will begin a readout cycle by issuing a 
PRELOAD signal and decrementing lhe lrigger counter. (Note that during a readout cycle lhe Sequencer will 
probably receive new triggers and the Sequencer's Encoder Fifo CircuilS will be performing fifo wrires 
concmrendy with die mdout cycle). The Preload signal causes all twelve Encoder F"lf'o Circuits to P.el'form one 
data read from their flf'os. Each Encoder Fifo Circuit places the 9 bit data word from this read in its output 
register. The Flfo Arny Control Unit Examines the twelve bit vector comprised of the EOE tags from each 
Encoder F"lf'o Circui.L The F"lf'o Array Control Unit then reads out the first Encoder F".Co which has hit data. 
The dara which is read out is placed in lhe P2 (pipeline stage 2) data register. When the Fifa Array Control Unit 
detects an EOE tag it immedialely begins reading the next Encoder Fs.fo that contains hit data. There are no gaps 
in dle pipeline data sueasn caused during this process. Channels which limed out are not read out 

Data from the P2 data register and a Delay Encoder ID from dle Encoder m RAM fonn a i6 bit word. The first 
16 bit word consuucted is wriu.en to the lower 16 bits of the 32 bit DMUX register. The next 16 bit data/ID 
word is written IO lhe upper 16 bits of lhe DMUX register. 16 bit data/ID words corilinue ao be alternately 
written ro the lower and upper halves of die DMUX register. When the Flfo Array Control Unit dcrects that all 
event dara words have been read out of the Encoder Fifos it issues the DONE signal to the Pipeline Conttol 
State Machine. This state machine will do one of two things. If there were an even number of data/ID words 
written to the DMUX register lhe state machine will cause a Last Word to be written to the lower 16 bits of the 
DMUX register and then it will cause an Ignore Word to be written to the upper 16 bits of the DMUX regislet. 
If there was an odd number of data/ID words wriuen ro the DMUX register, the state machine will cause a Last 
Word robe written to the upper 16 bits of the DMUX register. The last word is composed of the 8 bit word 
count, the 4 bit block count. and the 4 bit Last Word Identifier. The lower twelve bits of the Ignore word ate 
undefmed and the four remaining bits contain the Ignore Word ID Tag. 

The 32 bit words consaucted in the DMUX register will be written ro either one (or both) of the 32 X 512 
output fifos. One of the output fifos is called the FASTBUS Event Buffer; the other is known as the Auxiliary 
Event Buffer. 

When the PIPEHOLD signal becomes active the data in the Sequencer Data Pipeline will be frozen in place and 
the current state of all stare machines is preserved. The PIPEHOLD signal does not restrict the flow of data 
from the Delay Encoder Modules to the Sequencer Encoder Fifos. Only the sequencer's internal data pipeline is 
frozen. Below you will learn about simations which cause PIPEHOLD to become active. 

If the FAS'IBUS Event Buffer is enabled but the Auxiliary Event Buffer is not enabled, DMUX register data 
will only be written ro the FAS'IBUS Event Buffer. In this mode. once one complete event has been written to 
the FAS'IBUS Event Buffer. funher writes are disabled until the previous event has been completely read out 
from the FAS'IBUS Event Buffer. In this mode we also freeze the Data Pipeline airer each complete event has 
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been wriaen into the FASTBUS Event Buffer. The pipeline remains frozen until the event in the FASTBUS 
Event Buffer bas been complerely lead om. Note that. when in this mode. the pipeline will also be fro7.en if the 
FASTBUS event buffer becomes half full. 

If both the FASTBUS and Auxiliary Event Buffers are.enabled data from die DMUX register will be written to 
both event buffas. In Ibis mode. once one complete event bas been wrium to lbe FASTBUS Event Buffer. 
funher wriu:s to lbe FASTBUS Event Buffer are disabled until the pievious event has been completely read out 
from the FASTBUS Event Buffer. Note that the presence of an event in lbe FASTBUS Event Buffer will NOT 
cause the pipeline to freeze. Dala will conlinue to flow into the Auxiliary Event Buffer at full speed. This 
means that the FASTBUS Event Buffer will only receive a portion of the total events which travel through the 
pipeline. If die Amiliary Event Buffer becames half full lbe pipeline will &eeze. It will remain fro7.en until the 
Awtiliary Event Buffer is no longer half full. In Ibis mode. if the FASTBUS Event Buffer becomes half full the 
pipeline will be frozen. This should almost never happen since: 1) we only allow one event to exist in the 
FASTBUS Event Buffer and 2) most single evenlS will c:omain lea lhan 256 events. Thus Auxiliary data path 
performance will not be affecred by the slower FASTBUS Dara PadL 

If only lbe Amiliary Event Buffer is enabled. events will only be written to the Amiliary Event Buffer. 
PlPEHOLD will only be acli.vated in this mode when the Awtiliary Event Buffer becomes half full. 

2.3.l Eacoder nl'O Circuits 

There are twelve F.ncodel' Fifo Circui&s widl one corresponding to cm:b of die twelve Delay/Encoders. Each of 
these circuits concains an Encoder Fifo (7SC01 ), a control pal and an ouq>ut iegister section. The output 
register conlains a data register pair (two 74AS574 8-bit regisras and delay line) and a 74F74 1-bit regisrer. The 
function of the control pal is to control the gating of lbe tifo read and fafo write signals and also to latch the 
occurrence of a FIFO full error condition. After Delayed Reset (DL YRST) is removed both the fifo write and 
fafo read signals go low. We use a delayed version of re..et because fafo timing pmmeaers require fifo reset to be 
inaclive for 1Sns before the read or write signals are dropped low. As shown in the timing diagrams below 
EBUSY becomes active after OVAL goes active and SEQCLK goes low. Whenever EBUSY is active, 
SEQCLK is allowed to flow out of the pal and clock data into the fafo. Once active EBUSY slays active as 
long as DV AL is acli.ve. When DV AL goes inactive lbe srate machine in this pai will allow EBUSY to slay 
acdve for one mere cb:k tick to allow an EOE lag to be wriam into lbe F"afo. After the EOE tag is written and 
SEQCLK bas gone low we allow EBUSY to go inaclive. By using SEQCLK as a qualifier for both the 
aclivation and deactivalion of EBUSY we eliminate glitches on the fifo write line. Besides functioning as a 
piing control signal EBUSY. when active. is also used ID remove the Encoder Ready signal which wiD be sent 
to the MI'C. The operation of the control pai state machine is shown in the stare diagram below. In State SO 
the stare machine waits for a DV AL signal from the Delay Encoder. State SO is also lbe only slate in which we 
allow an EOE tag to be wriucn due to a time ouL States Sl and S3 hold lbe fafo write gating signal (EBUSY) 
active until DV AL is inactive. If DV AL goes inactive before time out occurs lbe state machine enters SS and 
wairs for the time out signal to occur. This prevents us from writing 2 EOE lags into the fifo (one for the 
event data and one because time out oc:cmred). Sw S2 and S4 are present to insure that all stare aansilions 
are 1-bit transiliom. This will help to reduce noise that may occur because there are·.twelve of these circuitS 
operating at the same time. States S6 and 87 are not used and are defined only for the purpose of trap state 
prevention. The operation of the fafo read piing conll'OI is similar to that of fifo write. Refer to the pal file 
ENCEN.ABL included wilb_this document for men information on this chip. 
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Encoder FIFO Write Timing Diagram 

Lau ns~ ~ r ~lz nsiE----,.. 

SEQCLK .._ __ {· -: ___ : 

I 

! I " (-, ---· ··---· . ___ .(\..__ __ 
OVAL 

! 

i 
I ! 

I ! I I i I 
I \ 

I \ I \ I 
EBUSY 

FIFO WRT 

$0 I X Sl I I x S5 i x 54 I X $0 I 

I I I I I I I I I \ 
I 

CURRENT STATE 

TIMEOUT 

Page 19 



SEQUENCER December 6, 1990 

Encoder FIFO Circuit State Machine 
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When an 8 bit event data word is read from the Encoder Fifa it is placed in the input register of the data register 
pair. The reason two data registers are used is to eliminate clock skew induced hold time violations when 
passing data between pipeline siages. In this circuit. and in all other pipeline smges, a write signal derived from 
the Sequencer's on board 25 Mhz clock writes data into the input register of the register pair. This signal 
delayed by 12ns is used to write the output register. This insures that data being sent to a subsequent pipeline 
. stage will not change before that subsequent stage can "grab" the data. Bit 8. the MSB (the EOE Tag bit) of the 
9 bit data word. which is read from the Encoda Fuo, is pJaccd in the 74F74. 

2.3.2 FIFO Array Control Unit 

The Fifo Array Conaol Unit is comprised of clock disaibutim circuilry, the Delay Encoder Timeout Counter 
(ARTMO.ABL), the Uigger counta'.(TRIGCNT.ABL). the array conuol state machine (ARLOAD.ABL), and 
readout channel selecdon logic (RD~l .ABL. RDEN2.ABL. and ARIDAD.ABL). 

The delay encoder timeout counter pal is a vecy simple state machine. This state machine sits in a state waiting 
for ADV AL When ADV AL occurs it smns a binary counL After six rising edges of SEQCLK Ibis counter 
enrers the timeout stare. As soon as the SEQCLK goes low the encoder timeout signal ENCOTMO is made 
active. ENCOTMO is sent to all Encoder Fifo Circuits whether they need it or noL After timeout is sent. this 
chip issues the TRINC signal to increment the trigger counter. During the timeout count this chip issues a 
signal called EBUSY13 which causes 1he sequencer to tell the Ml'C that the Encodets are not ready. We need 
this featme to account for the case where none of the Delay Encoders have dara to send. We don't want the MTC 
to send the Sequencer another ADV AL until the cum:nt timeout count has finished. 

The trigger counter pal's purpose is to tell the anay control state machine whether or not the there are events in 
the Encoder Fifos to be read ouL There are events to be read out if lrigger counter's NOTEMP signal is active. 
The NOTEMP signal is active whenever the trigger count value is not equal to zero. The trigger counter is 
incremented if the increment signal ('IRINC) is active and the decrement signal is not active. Note that the 
TR.INC signal is issued after there is something in eveey encoder fifo (data or EOE tag) from the current trigger 
being encoded by the Delay Encoder. The trigger counter is deaemented if the decrement signal (DEC) but not 
the increment signal (TRINC) is active. While the sequencer's data pipeline is processing an event. the lrigger 
counter will allow up to 30 triggers to be received before activating the HF signal which deactivates the 
Sequencer Ready signal. If the MTC ignores the fact that 1he Sequencer Ready signal bas gone away the trigger 
counter will be able to receive 33 mote triggers before the ERR.OR signal is sent to me MTC. 

If the pipeline is not frozen. the pipeline conaol state machine bas completed the previous event readout cycle 
and the NOTEMP signal is active the array conaol state machine will issue the PRELOAD command to the 
Encoder Fifo Circuits. The array control state machine will then activate the event readout enable signal 
(EVENTEN) and keep it active until an active DONE signal is received from the readout channel selection logic. 
When DONE is received if no errors (full encoder flfo or aigger cowir.er overflow) have.occuned the array conaol 
state machine will return to the hold state and wait for the NOTEMP signal to become active again. If, when 
DONE is received. an error has occurred the anay conaol srate machine will enter the ERROR state and remain 
thme until the sequencer is reset. 

The readout channel selection logic decodes the 12-bit EOE tag vector and determines which of the twelve 
Encoder Fifo Circuits (channels) will be read ouL The readow channel selection logic also uses the EOE tag 
vccur to produce a Encoder m addmu. 

2.3.3 Data Word Construction Unit 

The Data Word Consttuction Unit is comprised of the P2 register (two 74ASS74 registers), the Block Counter 
(74FS69), the Word Counter (74AS867), counter control logic (BWCOUNTC.ABL), the Encoder ID Ram 
(CY7Cl90). the Flag Register (74AS244), the Pipeline Control State Machine (BWSTATEM.ABL), lhe 
Pipeline Control State Decoder (BWSTDCD.ABL), write signal gating conuol (BWGA TEC.ABL and 
BWHOLD.ABL), the DMUX Register (eight 74AS574 registers) and as always, miscellaneous glue logic 
(BWRAMCON.ABL). 

The P2 Register is a back to back register pair comprised of two 74AS574 8-bit registers. The P2 input register 
receives data over the 8 bit EFDATA bus from any one of the Encoder Fifo Circuits. The P2 output register, 
when enabled. places its data on the 16 bit DATA bus. Note that after flowing through the P2 Register bits l • 7 
of the EFDATA bus are transferred to bits 0-6 of the DATA bus. Bit 0 (the previous hit bit) of the EFDATA 
bus is transferred to bit 14 of the DATA bus. 

The Block Counter is a 4-bit counter that counts the number of events (triggers) the sequencer has processed. 
The Word Counter is an 8-bit counter that counts the number of 8-bit data words contained in an evenL Both 
the word and block counters can be written to and read from by FASTBUS. Care should be taken to not write to 
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the counrus during data taking operations. Programmers should avoid writing FF(Hex) to the word 
counter since this puts the c.ounter into an overflow condition. 

The Pipeline Control State Machine Ma upon sampling an active EVENT.EN signal. enter the DA 1LO state. 
This causes the Pipeline Srate Decoder to enable the P2 ouqmt regist.er and the m Ram so they can place their 
conrenrs OD the DATA bus. While in this stare die state machine allows the DMUX register gating circuitry 
(BWGATEC.ABL) to pass a write sttobe (DMLOW) to the low half of Jhe DMUX register. The next clock lick 
(if DONE bas DOl occumd) will cause the stare machine ro enter the DA nn stare. In this state the P2 data 
register and them Ram are still enabled. The piing circuiuy will now. however. be allowed to pass a write 
strobe to the upper half of die DMUX register. The state machine will swirch baclt and forth between the 
DA1LO and DAnD states until it receives an active DONE signal or. if UUllCalion is enabled. a word counter 
oVerilow ocean. If an active DONE signal is received and the state machine is in the DA nII state the state 
machine will enter the LAS1LO starD. The LASlLO srar.e enables the Block Counter and Word Counter output 
regislers for oatpat onto the DATA bus. The LASU.O srar.e also causes the Flag register to put a 4 bit Last 
Word Identifier OD die data bus. These items are written into die low half of the DMUX Register. The next 
rising edge of the 2S Miiz clock causes the stare machine to enter the IGNORHl state. In this state die Flag 
Register will place a 4 bit Ignore Word Identifier on die DATA bus. If the swe machine is in the DAUO state 
when DONE occurs. the state machil'le will enter the LASnD sram and the Lastword (Block and Word Counts 
and Last Tag) will be written into the upper half of the DMUX register. 

If event trunc:alion is enabled. a word comater overflow (mme lhan 2SS data words in a single event) occurs and 
DONE is not ac:Uve the state machine entms the 'IRUNCHI state and a Lastword with a special 4 bit truncation 
tag is written to die upper half of the DMUX register. After the LaslWOld and possibly the Ignore word are 
written to the DMUX register, the state machine enters the Flush state. It will stay in the FLUSH state until 
EVENTEN goes away. Under most conditions EVENTEN will have gone away before the state machine enters 
this stare and the stare machine will exit Ibis srate on the next clock tick. If the srate machine enters this state 
because of a word counter overflow it stays in this srate until the extra data fmm this overflow event has been 
flushed fmm the Encoder Fifos. After leaving the FLUSH state the stare machine will always enter the SET 
COUNT state in which die Word Counter will be cleared and die Block counter will be incremented. The state 
machine leaves the SET COUNT state on the next clock lick and goes to the W Arr state towait for EVENTEN 
to occur. 
The write pulse galing logic is designed to provide glitch free write pulses (at die conect time) to the P2 
Register, die DMUX register (low and high halves), 8lld to the Auxiliary and FASTBUS Event Buffers. 

3. INPUT/OUTPUT SPECIFICATIONS 

3 .1. Communication Interfaces 

3 .1.1. Filter Optic Auxiliary Port 

The sequencer amiliary pon can be fitted with an auxiliary module which provides a high speed fiber optic link. 
Details about this aapiliary module is found in anolher document by the Detector Elecuonic Systems Group. 
Data delivered by the sequencer fiber optic port will have the same format as data delivered by the sequencer 
FASTBUS event buffer interface. However, the fiber oplic link protocol requires some additional conuol 
operations ro support handshaking, enor reponing, ere. 
1'bele is a CSRO bit which may be used by a FASTBUS master to disable the auxiliary pon if the pon is no1 to 
be used. This bit prevenrs the control logic from wailing on a pon Rady signal and from suobing data into the 
auxiliary pon. 

3 .1.1.1. Communication Protocol 

The sequencer communicares wirh the auxiliary card in the following fashion: 

When the Sequencer bas data in irs Auxiliary interface FIFO the sequencer drives Auiliary output data lines 0-15 
with the rust 16-bit data word and assens MUX ENABLE. The auJiliary card provides a clock signal to the 
sequencer and all transfers are synchronized with this clock. Subsequent 16-bit data words are transferred by 
alt.emating the level of the MUX CONTROL signal in order to tell die auxiliary card whether the lower 16 bits 
or die upper 16 birs of rhe 32 bit data word is currently being sent. 

Fust and all subsequent nonnal data words (ttansfened 16 birs at a time, MUX CONTROL is toggled): 
031 DIS ' DO 
I n+l Dala Word I n Data Word 
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Last word (if odd number of words): 
D31 
I IimcreWord 

I...ast word (if even number of words): 
03I 
I Last Word 

December 6, 1990 

DIS DO 
Last Word 

DIS DO 
n+x Data Word 
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4. SYSTEM, MODULE, CIRCUIT, OR CHIP DIAGNOSTICS 

4. 1. Hardware 

4 .1.1. Sequencer Test Card 

The SSD Sequencer Test Card (STC) is a FASTBUS card that is designed to reside in a Delay/Encoder slot of an 
SSD crate. The STC posse.ues a FASTBUS inrerface and can be conuolled and read out by a FASTBUS 
·masier. In order to rest the SSD Sequencer the STC simula&es the Sequencer inrerface of the SSD Masrer 
T"uning ConUOUer (MTC) and die Sequencer inrafac:e of die SSD Delay/EnCOder (DIE). 

I 

The twelve channels of the Sequencer can be individually teared by moving dl&STC to each of the twelve DIE 
sloes and repeating the rest procedure. However, provisions me inc:luded for a ribbon cable connector that can be 
used to canuol a LWelve channel Awdli8ly card which can send dara to all twelve Sequencer channels. 

The STC has a 1024 by 9 Event Dara RAM which is used to store the dala that will be sent to the Sequencer 
when a cycle is initiared. Although 128 is the largest number of hits lhat the DIE is capable of sending out. 
having 1024 pieces of dala available allows us to rest the Sequencer's ability to handle a FIFO overflow. 

Localions addressable from FASTBUS: 

COOO 0000 MTC Event Address Offset register which stores die eight bit value of the Event 
Address Offset that will be issued to the Delay(Encoder. Read/write. 

COOO 0001 Bits <0>, < 16> Assen/deassen the MTC Write_Enable signal. 

COOO 0001 Bit <l> 

COOO 0001 Bit <2> 

Assert the MTC Reset signal. 

Assert the STC Reset signal. 

COOO 0001 Bit <3>, <19> Stana cycle by asserting Address_ Valid. 

COOO 0002 Delay/Enc:Oder simulalor Event Address Offset lalCh. Read/Write. 

0000 0000 to 0000 03FF in Daia Space. 1024 RAM locations for Event Dara, RF Flag, and an 
additional bit that indicales to the STC's circuit that die 
end of event has been reached. 1024 by 9 is die toral. 

0000 0400 to 0000 07FF in Data Space. 1024 RAM locations that reside on the twelve channel 
DIE test card. 

RmBON CABLE SIGNALS FOR THE TWELVE CHANNEL DELAY/ENCODER TEST CARD 

EVENT _DATA(0-.8) Seven bit Event Daia, one bit RF Flag, one bit Last Strip flag 

ED_ADDR(0:9) Addres,, for die Event Dara 

DATA_STRB Event Dala Data Strobe 

DATA_RD 

RUN_MODE 

DTC_PRESENT 

Dala Read/Write Conuol Signal 

Asserted for running the test ~ for writing or reading Event Data. 

This signal will indicare to the STC that the twelve channel Delay/Encoder 
Test Card is present and connected to die STC via the ribbon cable. 

RmBON CABLE SIGNALS FOR nm AUXIl.IARY INTERFACE TEST CARD 

AUX_DAT(O: 15) Auxiliary Data 

AT_FIFO_READ Auxiliary Test Card FIFO Read Signal 

AT_FIFO_EMPTY Auxiliary Test Card FIFO Empty 

COM_STRB Cmnmand Strobe 

COM_RD Command ReadlWrire Conaol Signal 
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COMMAND(0:3) Command Bits 

ATC_PRESENT This signal indicates to the STC that the Auiliary Interface Test Card is 
present and connected to the STC via the ribbon cable. 

4 .1. 2. Operating Instructions 

Load the Event Data RAM into the STC via FASTBUS. 

Issue an MTC RESET with a FASTBUS write to the STC. 

Genemre Ibo SYNC signal with a FASTBUS wrire to the STC. 

Assen WRITE_ENABLE with a FASTBUS wrire to the STC. 

Output an Event Address Offset with a FASTBUS wrire to the STC. 

Assen the MTC ADDRESS_ V AUD a FASTBUS write to with the STC. 

The Delay/Encoder emularor circuit should then ttansfer data to the Sequencer. 

Read the Event Data out of the FASTBUS Event Buffer FIFO with the FSCC and compare it with test data 
stored in the FSCC's memory. · 

Read the Event Data out of the Auxiliary Inten·ace Test Card's FIFO via FASTBUS through the Test Conuol 
Card and compare the data to test data stored in the FSCC's memory. 

Read the Delay/Encoder Event Offset Address Larch and compare the value to its test value stored in the FSCC's 
memory. 

4. 2. Software 

4.2.1. Diagnostic Test Description 

A detailed description of the Sequencer Diagnostic Software is shown in the Fermilab Program Note nmnber PN 
434 Silicon Strip Detectar System Single Board Diagnostic Tests. 

Software to test the funtionality to the sequencer includes the following tests: 

Write and read the CLKl delay value via FASTBUS. 

Read the 0.K2 delay value via FASTBUS. 

Write and read the twelve encoder identification RAM locations from FASTBUS. 

Write and read the block count.er from FASTBUS. 

Write and read the word counter from FASTBUS. 

Write and read CSR 0 from f ASTBUS. 

Read the Em>r Status Register from FASTBUS. 
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1 • GENERAL INFORMATION 

1.1. Purpose 
This document describes a device to be known as the "Silicon Strip Detector Readout System Sequencer 
Module" hereafter referred to as the sequencer. As one component of a larger system. this module will 
accept silicon snip detector data from the 12 encoder modules in irs FASTBUS crate, combine the data and 
output it to other system components via FASTBUS or via an auxiliary link such as RS-485, ECLinc or 
fiber optics. The general block diagram of the sequencer is as follows: · 
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1.1.1. Standard Bus System Used 

The sequencer is a single width FASTBUS module and includes FASTBUS slave capability. The FASTBUS 
slave is used for the inilialization of some programmable parameters on the module and may be used ro lad out 
the encoded silicon saip detector data. 

In addition to the standard FASTBUS interface. the sequencer uses a non-standard backplane on the FASTBUS 
auxiliary connecror position to communicate with the encoder and posramp.'discriminamr modules. This 
backplane is optimized for high speed parallel ttansfers. 

Some of these FASTBUS auxiliary connector pins are not used by the special backplane to communicar.e with 
the other modules. These pins are used instead by the sequencer to comm~ with an llO link driYer such as 
RS-485. ECLine or fiber-optics. A special auxiliary interface module plugs into the back of the FAS'IBUS 
crate for this function. The figure describes this pictorially. 

Sequencer Module 

Standard FASTBUS Module 

Cables to Master Timing Controtler Module 

1.1.2. Number of Channels 

Non-•t•nd•rd B•ckpl•ne 

Auxlllary 
Module 

(RS485 
ECLlne 

fiber optic) 

FASTBUS Backplane 

~ 

Data comes into the sequencer from 12 encoder modules in the FAS'IBUS crate. The dar8 is concau:nared and 
may leave the sequencer via FASTBUS or auxiliary link (RS-485. ECLine or fiber optics). 
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1.2. Application 

The sequencer module sits in the middle of the FASTBUS crate and communic:ares with lhe FASTBUS encoder 
modules via lhe special auxiliary backplane. Front panel connectmS on the module connect via cables to the 
master controller to provide system clock. uigger commands. system RESET. errors and ere. The sequencer 
sends its daca out via a rear mounted auxiliary card. Dara may also be read via FASTBUS b'ansfers. The 
sequencer may be used at Fennilab in experiment E771 and may be adaplable to other applicnions. In the E771 
applicalion, 24 planes of detector will be used requiseing 12 crates of teadoutelectmUcs. Each erase of 
electtonics will be contigmed as picaured here: 

To other sequencers + Master Timing +To other sequencers 

688 Channel 
Detector 

~ l . 
I 

. ' • 
6 PostAmp 

& 
Discriminators • • 

1.3. Packaging 
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. . 
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~ ~ ~ l 

~ , , , 
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t • 
~ , 

.. 
Aux1hary Output 

(Fiber, RS-485, ECUne) 

4 ~ ~ ~ . . 
~ , 

6 Delay 
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Encoders 
~ 

FASTBUS t 

~ .. 
Aux1hary Output 

(Fiber, RS-485, ECLine) 

888 Channel 
Detector 

~ ~ 
• • 

•• 
I • 

6 PostAmp 
& 

Discriminators 

j t 
I 

FASTBUS 
Maater 

The sequencer is implemented on a standard single width FASTBUS module which is lS.878" X 14.437" plus 
front panel The module plugs into a FASTBUS crate which is then installed in an equipment rack along with 
the FASTBUS power and cooling system. 

If the auxiliary pon is used to output dara, then a FASTBUS standard si7.e auxiliary module is alsO used which 
contains logic and interlace hardware to provide a high speed RS-485, ECLine or fiber optic data link. This 
auxiliary module plugs into the rear of the backplane at the sequencer module position in the slot provided for it 
by the FASTBUS crate. 
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1.3.2. Front and Rear Controls Connectors and Displays 

1.3.2.1. CLK2 Delay Switch 

The 53 Mhz cloclt received via a front panel connector is delayed by a programmable delay line and sent ro the 
post amp/disc:rimiruw>r modules as a signal named CLKl. CLKl is delayed by another programmable delay line 
and sent to the encoder modules as a signal named C..K2. The total amount of ®lay of Cl.Kl and CLK2 is 
also introduced on a signal called SYNC. The programmable delay line for O.Kl is programmed by 
FASTBUS, but the delay line for CLK2 is set by a 6-bit DIP switch. This switch provides a binary propessive 
delay from 0 to 31.5 nsec in .S nsec increments. 

1.3.2.2. Front Panel Displays 

The sequencer module displays the following indicators of module opemtion and sauus on its front panel. 

- FASTBUS SLAVE ACCESS; this LED indicaIOr lights for a minimum of 100 mscc each lime a FASTBUS 
access ID the sequencer occurs. 

- SYNC 'ERROR, This LED indicator lights and remains lighted until RESET by FASTBUS any time an 
encoder module in the crate signals the sync errm condition. Sync error is signalled by an encoder module if its 
write counter is not at the zero count when tho sync signal is received from the Master Timing Conttoller via 
the sequencer. 

- ENCODER FIFO OVERFLOW, This LED indicaaor lights and remains lighted until RESET by FASTBUS 
any time the encoder interface FIFOs are overfilled by data from the encoders. This is a system failure caused by 
the Master Timing Controller not using the SEQ_READY signal properly. When SEQ_READY is not 
asserted. the encoder data FIFOs are at least half full and the sequencer should not be given any new 1rigge:r 
addresses. At this time, there is room in the FIFOs to hold the data generated by a single trigger which may 
have been on its way ID the sequencer before the Master Tuning Conuoller received the SEQ_READY being 
deassertecL Any additional triggers sent by the Master Tuning Conttoller after SEQ_READY is deassened may 
generate enough data to overfill the FIFOs and generate the error. 

- ENCODERS BUSY, This LED indicator is lighted by the logical 'OR' of the DATA V AL1D signals from 
each encoder in the crate. The signal is not 'suetched' or latched and nonnally occurs too fast to be seen. U this 
LED remains lighted. an encoder in the crare has failed and has effectively halted the system. 

• SEQUENCER BUSY. This LED indicator is lighted by the logical 'OR' of the FIFO half-full signals from 
each encoder FIFO ion the sequencer module. The signal is not 'stretched' ar Jarcbed and nonnally occurs tao 
fast to be seen. If this LED remains lit, the sequencer is not processing the FIFO dam out to FASTBUS and/or 
the auxiliary interface and has effectively halted the system. This may be caused by data not being removed 
from the FASTBUS event buffer or by the auxiliary link not being ready, or by PERMIT IN not being asserted. 

- EVENT IN BUFFER, This LED indicator is lighted by the presence of data in the FASTBUS event FIFO. It 
will stay lit as long as that FIFO is not empty. 

- EVENT SIZE OVERFLOW, this LED indicaur is lighted by the occurance of an event which produces more 
that 255 'hits'. The sequencer does not 'know' this enor has occurred unlit the dala bas already been ieceived into 
its encoder FIFOs and is being counted as it is read out to FASTBUS and/« the amili111y pan. The occumnce 
of this enor does not justify having to initialize the system yet a problem exisls in bow to dispose gracefully of 
the extta data. In normal operation the control logic will ttuncate an event at 255 'hits'. properly insert the 
'LAST WORD' into the dara stream, and remove all extta dara from the encoder FIPOs without FASTBUS 
inrervention. Optionally, under the control of a bit in CSRO, the control logic will outpUt the additional data 
while allowing the word counter to wrap around. This will be useful for system rests. 

- +S VOLT STA1US, this LED indicates that the board's +5 volt bus is powered up. 

- -5.2 VOLT STA1US, this LED indicates that the board's -5.2 volt bus is powered up. 
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1.3 .2.3. Front Panel Connectors 

Signals marked '+' are 'party lined' in a single flat cable. One end connects ID the Master Tuning Conll'Oller 
(MI'C) which ienninales the signals. The sequencers attach at various places along die cable. The last seqm:acer 
module on the cable provides signal tenninations. 

- 53 Mhz CLOCK input, renninated NIM. from MTC. 

+WRITE ENABLE input, differential ECL. asynchronous to clock. from MTC. This signal is bussed to each 
encoder module over die auxiliary backplane. Enables encodeis to accept bit dala. 

- SYNC input, renninared NIM. synchronous to clock. from MTC. This signal gets deJayed by the same 
amount as O.Kl plus the same amount as CLK2 before being bussed &o the encoder modules over the auxiliary 
backplane &o leSt synchrali7.ation at each zero counL 

+ RESET input, differential ECL, as)tnchronous to clock. resets conuol logic and fifos, bussed over the 
auxiliary backplane to the encoders where it resets write counters. 

+ EVE.NT ADDRESS input, differential ECL. 8-bits. asynchronous to clock. bussed to encoder modules over 
the auxiliary backplane &o designate a stored evenL Note that this is actually the address of the event previom to 
the one requested by the trigger sysrem. This is because the encoders me required to evaluare the previous RF 
bucket for 'hits' when encoding an event. 

+ ADDRESS VALID input. differential ECL. asynchronous to clock. bussed to encoder modules over the 
auxiliary backplane to initi;ue encoding of a stored event. 

+ SEQ.READY output, wire OR'd ECL, active low, signals that the sequencer has room in its fifos for events 
and thus can accept "read addresses". 

+ ENC_READY output, wire OR'd ECL. active low. this is the sum of all encoder data valid signals. It signals 
to the masrer conuoller that the encoders are ready to accept another trigger. 

+ ERROR output, wire OR'd ECL. aciive high, signals that the sequencer fifos have been overfilled by the 
encoders or that an encoder has lost synchronization. A fatal error requiring system RESET. 

- PERMIT IN - Single ended rn... A signal from the upstream module indic:aling dw the sequencer may 
transmiL It's used to allow multiple sequencers to feed a pany line. 

- PERMIT OUT • Single ended rn... A signal to a downstream module used to allow the next sequencer in a 
daisy chain to use the auxiliary pany line if applicable. 
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1.3.2.4. Special Auxiliary Backplane Signals 

- CLK.l. delayed from the front panel 53 Mhz clock. Individually routed to each post amp/discrimminaror 
module. The delay between the 53 Mhz clock received via the front panel. and this signal. is programmable via 
FASTBUS from Oto 32 nsec in .S nsec increments. 

· CLK2. delayed from CLKl. individually routed to each encoder module. The delay between CLKJ and this 
signal is programmable via a 6-bit DIP swirch from 0 to 32 nsec in .5 nsec increments. 

· - CLIO. 26.5 Mhz. CLK2 divided by two. bussed to all encoder modules fcr use as a dara clock. 

- RESET. Asynchronous. Bussed to all discriminators and encoder modules. 

- WRITE ENABLE. Synchronized to 53 Mhz CLK2. bussed to all encoder modules. active low. 

- EVENT ADDRESS. Asynchronous • 8-bits. Used to designate which memory IOC8lion in the encodcn to 
read out and encode. Note that this is aclllally the addless of the event previous to lbe one f"'luesrcd by die 
trigger system. This is because the encoders are f"'luired to evaluate the previous RF bucket for 'hits' when 
encoding an evenL 

- ADDRESS V AUD, Asynchronous·, derived from the Master Timing conuoller signal. Used to validalD 
Event Addrea. 

- EVENT DATA, Synchrqnized to 26.5 Mhz CLK3, validared by dara valid. 8-bilS from each encoder module. 
Not bussed. ' 

- DATA VALID, Synchronized to 26.5 Mhz CLIO, validates the event data. 1-bit from each encoder module. 
Not bussed. 

- SYNC. This signal is received at the front panel. then delayed by the total of CLKl delay plus CLK2 delay. 
then sent to the encoder modules. It is used to verify that all encoder module write counters are al the same 
count (zero) at sync time. Active low. 

- SYNC ERROR. Asynchronous bussed signal ·from the encoder modules. signifies that one or mme of the 
encoders is out of sync with the system. 

1.4. Power Requirements 

+S Volts@ 71 Amps 

-5.2 Volts@ ?? Amps 

-2 Volts@ ?? Amps 

1.4.1. Control and Monitoring Requirements 

No requirement exists for a special control or monitoring of the power supply to the sequencer module. The 
nonnal prorection provided by the FASTBUS crate enviremental system is sufticienL 

1.5. Cooling Requirements 

The sequencer represents a heat load of 7? waus which must be absorbed and canied away by the FASTBUS 
cooling system. 
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., THEORY OF OPERATION AND "OPERATING MODES 

The sequencer module silS in the middle of the FASTBUS crate and commnniaum widl die FASTBUS encoder 
modules via a special auxiliary backplane. Front panel connectors on the module CODllCc:l via cables ID Ibo 
master conaoller to provide system clock. trigger commands. system RESET. errors and etc. The sequencer 
sends its dala out via a rear mounted auxiliary card. Data may also be read via FASTBUS transfers. 

2 .1. Basic Operation 

At power up and system reset time (i.e •• the reset generated by the Mura Tuning Conaoller) the~ 
Module will go into the initialization mode. In Ibis mode CLKl is not being driven onto the Auxiliary 
Backplane. The conuol logic waits for the Masrer Timing Controller to assert Writ.e_Enable and then looks for 
the Masrer Timing Controller to assert Sync. When Sync is n:ccived the Sequencer will scan driving a.Kl 
onto the Auxiliary Backplane. At this point the module is in normal running mode. 

On receipt of an event address from the Master Tuning Controller. the sequencer genermes the evem addrm-1 
and broadcasts it to the encoder modules via the special auxiliary backplane. Eacb encoder module exlrlell from 
memory. the 128 channels of hit information from that event and encodes it into an ordered list of 8-bil biJllry 
numbers. Each number in the hit list is comprised of a 7 -bit binary number identifying the suip which bad 
been driven above threshold by an ionizing particle and 1-bit to indicate if that microslrip had also rqisand a . 
hit during the previous bucket (thus indicating that the cwrent hit might actually be a residual from that bucket). 
All encoders do their encoding concmrently and send lhe data over individual dala paths on the auxiliary 
backplane to FIFOs in the sequ~cer module. 

As the sequencer begins receiving data from lhe encoder modules. it commences delivering it in order to its llO 
ports. Beginning wilh lhe lowest numbered encoder FIFO, the dala is uansfmed into the auxiliary card for 
transmission and into the FASTBUS buffer FIFO for readouL All the data from the 12 encoders am 
concatenated into a single ordered lisL The ordering of the list is set by the encoder modules as lowest bit 
address to highest. . 

As each encoder FIFO produces an 'end of event token'. the control logic moves on to the nexL When the last 
FIFO has been emptied. the control logic add the contents of the BLOCK COUNT/WORD COUNT and an 
IGNORE WORD if necessary to fill out lhe last 32-bit word in the dala sueam. 
Referring to the block diagram, the sequencer consists of seven functional blocks. 

2 .1.1. Master Timing Controller lnterf ace 

• Receive 53 Mhz Clock. A function of the sequencer is to disuibute clocks to the discriminator and encoder 
modules. A front,panel connector on the sequencer receives a 53 Mhz clock from the master comrol module. 
This clock is exactly the same phase at all the sequencers. This clock has a flXed phase relationship to the 
signals arriving from the silicon microstrip detector. The sequencer derives two 53 Mhz clocks from this signal, 
CLl(l and CLK2 CLKl is delayed from the input clock by a FASTBUS programmable amount and is driven 
to the discriminator modules via uansmission lines on the auxilary backplane. CLK2 is delayed from Cl.Kl by 
a swirch selectable amount and is driven to the encoder modules via uansmission lines on the auxilary 
backplane. A divide-by-two version of a.Kl called CLIO is bussed by the sequencer to the encoder modules to 
be used as a data readout clock. 

- Receives system WRITE ENABLE signal from the Master Timing Conaoller. 

- Receives SYNC signal from the Master Timing Controller. 

- Receives RESET signal from the Master Timing Controller. 

·Receives EVENT ADDRESSES and ADDRESS V AUD from the Master Timing Conaoller. 

• Sends 'sequencer ready' signal to the Masrer Timing Conttoller (SEQ_READY). 

• Sends 'encoders ready' signal to the Master Timing Conttoller (EN_READY). 

• Sends ERROR signal to the Master Timing Controller. This signal alerts to an encoder FIFO overflow, 
encoder out of sync and others to be added. FASTBUS can interrogate the Error Status Register to evaluare die 
error. Event size greater than 255 is not an error condition. 
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2.1.2. Encoder Interface 

- Contains the FIFOs which receive data from each of the 12 encoder modules. 

• Deposits 'end of event' token into each FIFO after all data has been received from the encoder. 

- Sends RESET signal to the Encoder modules on command of the &ont panel signal. 

- Sends WRITE ENABLE signal to the Encoder modules. 

·Sends EVENT ADDRESSES and ADDRESS V AUD to lhc Encoder modules. 

• Sends SYNC to the Encoder modules delayed by CLK.l plus CLK2 delay. 

- Receives SYNC ERROR from the Encoder modules. 

·Receives EVENT DATA and DATA V AUD from each Encode.r module. 

2.1.3. FASTBUS Interface 

- Allows a FAS'IBUS mast.er to read/write the control and swus register. 

·Allows a FAS'IBUS master to read/write the PLANE/ENCODER RAM. 

• Allows a FAS'IBUS master to read/write the BLOCK COUNT/WORD COUNT. 

- Allows a FASTBUS mas1er to rcad/Wri1e the CLKl delay value and read the a.JU delay value. 

- Allows a FASTBUS master to read the EVENT BUFFER FIFO. 

2.1.4. Auxiliary Interface 

The auxiliary interface is a high speed outlet for event data. Unless disabled by a CSRO bit. the sequencer will 
drive data out this pon directly, bypassing the need for software intervention to read out data over FASTBUS. 
This interface is designed so that it can drive an RS-485. ECLine or fiber optic auxiliary module. The auxiliary 
module provides die spc:cial interface requiremenrs of the link. The signals provided by the sequencer to die fiber 
oplic interface are listed below. The other typeS of interface modules ie. RS-485 and ECI.ine will have to be 
designed to utilize these same signals. 

The auxiliary pan interface includes the following signals. See the appendixes for die aclUal pin numbers. 

• 40 data and control lines to the auxiliaiy module. 

- ControVdata strobe to the auxiliary module • 

• Acknowledge from the auxiliary module. 

• 6 status lines from the auxiliary module. 

• SWUS Strobe from the amiliary module. 

- Link Error signal from the auxiliary module 

The sequencer will be capable of initializing lhe data link by ouq>uuing a simple stream of conuol nibbles in 
response to a FASTBUS INITIALIZE command. The contro~ta lines &om lhe auxiliary module will be used 
to indicate link errors. They will also be used to set/reset a latch indicadng that the des1inalion of the sequencer 
daal has enough buffer space available to accept a maximum sized event. The sequencer will check this larch 
before sending an event out lhe auxiliary port. 

9 



2.1.5. Block/Word Counters 

The BLOCK COUNT/WORD COUNT is a 16-bit entity which is nonnally used as the last valid word of a 
concatenaled evenL It consists of a 4-bit type code. a 4-bit counter for use as a BLOCK COUNT and an 8-bit 
counter for use as a WORD COUNT. The 4-bit type code is a binary '1000' placed in bit position lS-12 to 
identify the data as being the BLOCK COUNT/WORD COUNT of an event as opposed to dara. The 4-bit 
BLOCK COUNT is intended to be used as a processe.d event identifier to provide pamUel sync:bronimion among 
the 12 FASTBUS aates. The 8-bit WORD COUNT is intended ro be used ID coum die number of 'bits' in each 
evenL The co1mrers are cleared and incremented individually by the conttol logic, but lheir combined c:omm11 
are always output as a 16-bit word. The C'lunterS may be written and read via FASTBUS for ctiagnoaic 
purposes. 

2.1.6. FASTBUS Event FIFO 

FASTBUS output will be via a single event FIFO (32 X 512). Unless disabled by a CSRO bit. a full evem 
including LAST WORD and IGNORE WORD if necessary will be loaded inro Ibis FIFO as it is being sem out 
the auxiliary pon. Output ro FASTBUS will be in 32 bit words. A 32 bit word count will be gmermd and 
inserted at the end of the event record exactly as is done for the auxiliary pon. If the FASTBUS pan is being 
used for readout. the sequencer will not stan ro read a second event out through the auxiliary pon until die event 
in the FASTBUS FIFO has been complerely read ouL A CSRO bit will disable the FASTBUS event FIFO to 
allow data output via the auxiliary port without regard to the status of the event FIFO. 

2 .1. 7. Control Logic 

The conttol logic controls the input fifos. block and word counrers. data identifier RAM, auxilliary port inraface 
FIFO and FASTBUS event FIFO. This logic is implemented with programmable array logic devices (PALs). 
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2. 2. Addressing Modes 

2.2.1. Data Transfer Description and Rates 

The sequencer is designed to transfer silicon strip dcrector data over the amiliary fiber oplic link at peat 
instantaneous rares approaching 80 nsec per 32-bit word. The sequencer is designed to suppmt block nnsfer 
dara reads from its FASTBUS event buffer at peak instantanaeous mr.es appioacbing 150 nsec per 32-bit wmL 
Whether dala is output via the auxiliary pon or read via the FASTBUS slave interface. it will always be in 32-
bit words and each 32-bit word will always be comprised of two 16-bit wonis. The two 16-bit words words will 
each be of one of three types. The three types are illustrated below: 

Data Word Format 

I 1 st 1 4f 1 3 1 2 1 1 1 0 9 8 71 6 5 4 3 2 1 o I 

I I Encoder Strip Number 
Encoder ID 
Rf Flag 
Flag = o • Data Word 

Last Word Format 

7 6 5 4 3 2 0 

Word Count (16-bit words) 

Slack Counl 
Flag • 1 000 • Last Word 

Flag • 1010 • Last Word 
but Word overflow occurred 

Ignore Word Format 

I , s , 4 , 3 , £ 1 , 1 0 9 8 7 6 5 4 3 2 0 ---...,._.---
Flag • 1001 • Ignore Word 
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2. 2 .2. Internal Control, Status Registers, and Bit Descriptions 

There are several registers on the Sequencer that are accessible via FASTBUS for inirializatkm, performance 
monitoring, or diagnostics. These registers are described in lhe following subsccuons. 

2.2.2.1. FASTBUS mandatory CSRO 

CSR Space Hex Address 
0000 0000 CSR 0 

D31 

Read , Write 

Bit <6>,<22> 

Bit <7>,<23> 

Bit <8>,<24> 

Bit ,<30> 

Bits<31:16>, 

l)egriptiop 

Bit descriptions: 

Disable/Enable sequencer loading of FASTBUS event FIFO. 

Disable/Enable sequencer loading of auxiliary intedace FIFO. 

Disable/Enable overflow ttuncalion. 

Reset sequencer. 

Manufacturer's ID and device type. 

DIS 

2.2.2.2. Read/Write The PLANE/ENCODER RAM 

CSR Space Hex Address 

COOO 0000 - COOO OOOB 

I)egription 

There are 16 RAM locations accessible by FASTBUS of which 0 thru 11 

DO 

are used to hold the 7-bit plane/encoder identifying data. 12 locations are 
required, one for each encoder FIFO. Although FASTBUS read/wrircs utilized 32-bits, only 7-bits are used for 
this operalion and the rest are undefined •. This memory may by written and read via FASTBUS nae only fer 
scUing up the module but for diagnostics as well. This is only a 7-bit RAM. The MSB will always read 'O' 
because this is a tag that differentiates DATA WORDs from LAST WORD or IGNORE WORD in the dala 
saeam. 
031 D13 D7 D6 DO 

Unused I RAM 6-0 I Unused 

2.2.2.J. Read/Write The BLOCK COUNT/WORD COUNT 

CSR Space Hex AcJdress Dpctjption 

COOO 0010 The BLOCK COUNT/WORD COUNT counrers may be written and read via 
FASTBUS for diagnostic purposes. 

D31 Dll DB D7 DO 

Unused I BLOCKCOUNT I WORDCOUNT 

2.2.2.4. Read/Write The CLKl Delay Value, Read The CLK2 Delay Value 

CSR Space Hex Ad<fress Description 

COOO 0011 The CLKl delay value is FASTBUS r=id/writeablc, 0.5 ns per step, 64 steps. The 53 
Mhz clock received via the front panel is delayed by this value to produce CLICI. This value is also added to the 
switch settable delay for CLK2 to produce the total delay value for the SYNC signal. The CLK2 delay value is 
set by hardware DIP switches on the card itself. The setting of those switches are read back in bits Dl 1 thmugll 
D6. 

031 Dll D6 DS DO 
Unused I CLK2 DELAY I CLKl DELAY l 

I Read Only Read/Write I 
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2.2.2.s. Read-Only Error Status Register 

CSR Smee Hex Addn;p Desc;riPtion 

COOO 0012 FASTBUS readable. bit DO is set if a Sync Error bu been detecred by a Delay/Encoder. 
Bits 01through012 correspond to encoder FIFO channels 1 through 12. If one of these 

bits is set then its conesponding FIFO has overflowed. 

D31 Dl2 DI DO 
Unused I Encoder Fifo Overflow Flags I Sync Err Flag I 

2.2.2.6. Read The EVENT BUFFER 

In Older IO minimize ovem~ the FASTBUS muter may attempt to read from the event buffer even before it 
recieves a lliggcr and will be forced to W AlT only until dara begins streaming into die FIFO. The lllllll:r lllllSl 
not allow itself ID time out while waiting for data. At the end of event processing, the sequencer will load lbe 
LAST WORD which contains the BLOCK COUNT/WORD COUNT; and an IGNORE WORD if nerc"ary 
into the FIFO. After this word is read by the FASTBUS master, SS=2 would renninare the transfer. · 

The EVENT BUFFER is a 32-bit wide X 512 deep FIFO that holds a single eveDL The 32-bit word is made by 
packing two 'hits' which are normally 16-bits. To speed up FASTBUS transfers. this FIFO will be read out by 
a FASTBUS master using block transfer reads. There is a CSRO bit to disable the event buffer if die event 
buffer is not to be used. This bit prevents the control logic from waiting for the buffer to be ready or suabing 
data into the buffer. This feature allows a FASTBUS master to sample events for histogramming or other 
reasons. 
Pata Smee Hex Ad<fnm Qescription 

00000000 Block uansfer read of the event FIFO. Generate a primary addniss 
cycle to DATA space followed by block transfer mids. 1bae is no secondary address 

cycJe. The dara tnmsfers will be stalled by WAIT during the data cycle witil event dara begins san:aming into 
the FIFO. The overhead inwlved with a 68020 powered FASTBUS Smart Clare Conualle:r is as follows: 1) 
300 nsec for the move inslruction that executes a FASTBUS primary address cycle. 2) 300 nsec fQr die move 
ill51nlctian that starts the execution of a block transfer. 3) About 150 nsec per 32-bit word of dala dming the 
block ttansfer. The overhead from 1 and 2 is not incumd if the ma.vu executes the primary addrea cycle befole 
a lligger is even received. The last word in the FIFO will have the 'LAST WORD' flag, the BLOCK COUNT 
and the WORD COUNT. If the number of words is odd, the last word will end up in the LS byte posilim of 
the 32-bit longword and an IGNORE WORD with a binary flag of '1100' will end up in the MS wmL If the 
number of 32-bit words in the FIFO is even, the LAST WORD will end up in the MS word of the last 32-bit 
longword. 

Datawmls: 
D31 DIS DO 

n+ 1 Dara Word nDataWord 

Last word (If odd number of words): 
D31 D15 DO 
I IgrmWord Lau Word 

Last word (if even number of words): 
D31 D15 DO 
I Lau Word n+x Dara Word 
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2.2.3. Error Responses 

The ERROR signal is sent to the Master Timing Controller when a Sync Eaor is detecred of when and encoder 
FIFO overflows. The system software can then read the Error Status Register to determine spcQfically whida of. 
the encoder FIFOs overflowed or if a Sync Emir had been detected by this sequenc:er. 

2 .2 .4. Diagnostic Software 

Tobe added 

3 . INPUT/OUTPUT SPECIFICATIONS 

3 .1. Communication Interfaces 

3 .1.1. Fiber Optic Auxiliary Port 

The sequencer auxiliary pon can be fitted with an auxiliary module which provides a higb speed fiber opdc lint. 
Details about this auxiliary module is found in another document by the Detecror Elecanmic Systems Group. 
Dara deliveied by the sequencer fiber opcic pon will have the same format as daladeliwnd by the sequenc:a 
FASTBUS event butler interface. However, the fiber optic link prococol requiles some addilional conaol 
operations to suppon handshaking. error reporting. ere. 

There is a CSRO bit which may be used by a FASTBUS master to disable the auxiliary pon if the pon is not to 
be used. This bit prevents the control logic from waiting on a pon ready signal and from strobing data into lbe 
auxiliary port. 

3 .1.1.1. Communication Protocol 

The sequencer communicates with the auxiliary card in the following fashion: 

The sequencer will send an INITIALIZE command and then wait for the auxiliary module to remm RECEIVED 
INITIALIZE status. . 

When the sequencer has data to ttansmit it issues INQUIRE commands until the auxiliary modalc rcwms 
READY status indicating that it can rake the data. 

The sequencer then transmits its data synchronized to the clcxk driven by the auxiliary card. as long as the 
auXiliary card is sending READY status. · 

If the auxiliary card sends NOT READY status while the sequencer is transmitdng dala the sequencer will Je'\'ed 
to the state where it uansmits INQUIRE commands until the auxiliary card again issues READY suuus and data 
uansmission will pick up where it left off. 

The sequencer will retmn to the INlTlALIZE state when it runs out of data to uansmit. when it times out 
waiting for status after issueing an INQUIRE command. or whell' it receives a LINK ERROR signal fmm lbe 
auxiliary card. 

r.II'St and all subsequent normal data words: 
031 
I n+l Data Word 

Last word (if odd number of words): 
031 
I Ignore Word 

Last word (if even number of words): 
031 
I Last Word 

015 

015 

015 

DO 
nDataWord 

DO 
Last Word 

DO 
n+x Data Word 

14 



4 • SYSTEM SOFTWARE DESCRIPTION 

4 .1. Initialization Description Including Documented Code 

Upon initiali7.alion. FASTBUS must be used to load the 'encoder idemificalion RAMs'. and to set the Cl.Kl 
delay. F ASTBUS may also be used to write and read all internal registen for diagnostic purposes. 

4. 2. System Software 

S. SYSTEM, MODULE, CIRCUIT, OR CHIP DIAGNOSTICS 

· S .1. Hardware 

S.1.1. Special Test Modules and/or Test Setup Descriptions · 

S .1. 2. Operatin1 Instructions 

S.2. Software 

S.2.1. Diagnostic Test Description 

Software to test the funtionality to the sequencer will include the following tests: 

Write and read the CLK.1 delay value via FASTBUS. 

Read the CLK2 delay value via FASTBUS. 

Write and read the twelve encoder identification RAM locations from FASTBUS. 

Write and read the block counter from FASTBUS. 

Write and read the word counter from FASTBUS. 

Write and read CSR 0 from FASTBUS. 

Read the Error Stams Register from FASTBUS. 

S.2.2. Documented Listin1 or Each Test Software Modale 

lS 
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SEQUENCER APPENDIX B 

ARIDAD.abl ID ADDRESS ENCODER 

MODULE ID_ADDRESS_ENCODER 
FLAG '-R7' 
TITLE 'ANDY ROMERO RD/EE CONTROLS 2-6-90' 

ARIDAD DEVICE 'P20V8R'; 

CLK.RDEN1,RDEN2.RDEN3.RDEN4,RDENS.RDEN6 PIN 1,23,2,3,4,5.6; 
RDEN7,RDEN8,RDEN9,RDEN10,RDEN11,RDEN12 PIN 7,8,9,10,11,14; 
IDAD3.IDAD2JDAD1JDADO PIN 18,17,16,l·S; 
FBACC PIN 13; 

"Standard Symbol Declaralions" 
X=.X.; 
C=.C.; 
P=.P.; 
Z=Z.; 
"End Standard Symbol Declarations" 

VECIN= _ 
[RDEN1.RDEN2.RDEN3.RDEN4.RDENS.RDEN6.ROEN7,RDEN8.RDEN9.RDENIO,ROENII.RDEN121: 
ID_AD_ VEC = [IDAD3JDAD2JDAD1,IOADO]; 

TRUlll_TABLE ([V:ECIN] :> [ID_AD_ VEC]) 

[[0,l,l,1,1,1,l,l,l,l,l,l]] :> [[0,0,0.0)]; 
[(1,0,l,l,l,l,l,l,l,l,l,l]] :> ([0,0,0,lJl; 
([1,l,0,1,1,l,1,1,l,1,l,1]] :> [[0,0,1,0)]; 
[[1,l,l,0,l,1,1,l,1,l,l,l]] :> [[0,0,1,1)]; 
m.1.1.1,o.1,1.1.1,1.1,1n :> cco.1.0.om 
[[1,l,l,l,l,O,l,l,l,l,l,111 :> [[0,l,0,111; 
[(1.1.1,1,1,1,0,1.1.1.1.1]] :> [[0,l,l,0]]; 
[[l.1.1.1,1.1.1,0,1,1,1,111 :> [[0,1,1,1)]; 
[[l,l,l,l,l.l,l,1,0,l,l,l]] :> [[1,0,0,0]]; 
[[1,1,1.1,1,1.1.1.1,0,1,1]] :> [[l,0,0,1]]; 
[[1,l,l,1,l,l,l,l,l,l,0,1]] :> [[1,0,l,O]]; 
cn.1.1.1,1,1.1,1.1,1.1.ou :> cn.o.1.1JJ: 
[[l,l,l,l,l,l,l,l,l,l,1,1)) :> [(1,1,1,1]); 

TEST_ VECTORS 

([a.K,FBACC,VECIN) -> [ID_AD_ VEC]) 

"[C,l,[X.X.X.X.X.X.X.X.X.X.X.X}] -> [[Z,Z,Z,Z]]; Zs cause unisite to barf' 
[C,0,[0,l,l,l,l,l,l,l,l,l,l,l]] -> [(0,0,0,0)]; 
[C,0,[l,0,l,l,l,l,l,l,l,l,1,1]] -> [(0,0,0,l]]; 
[C,0,[l,l,O,l,l,l,l,1,1,l,l,l]] -> ([0,0,1,0)]; 
[C,0,[l,l,l,O,l,l,l,l,l,l,1.1)] -> ((0,0,l,l)]; 
[C,0,(1,1,l,l,O,l,l,l,l,l,l,1]] -> ([0,l,0,0)); 
[C,0,[l,l,l,l,1,0,l,l,l,l,l,l]] -> [[0,l,0,1]]; 
[C,0,(1,l,l,l,l,l,O,l,l,l,l,l]J -> ((0,1,1,0)]; 
[C,0,[l,l,l,l,l,1,1,0,l,l,l,l]] -> ([0,1,1,1)]; 
[C,0,[l,1,1,l,l ,l,l,l,O,l,l,l]] -> [[1,0,0,0]]; 
[C,0,[1,l,l,l,l,l,l,l,1,0,1,1)) -> [[1,0,0,1]]; 
[C,0,[1,l,l,l,l,l,l,l,l,l,0,1)) -> [[1,0,1,0)]; 
(C,0,[1,l,l,l,l,l,l,l,1,l,l,011 -> [[1,0,1,111; 
[C:,0,[l,l,l,l,1,1,1,l,l,l,l,l]] -> ([1,1,1,1)); 

ENDID_ADDRESS_ENCODER 

8. 1 



SEQUENCER 

re. x.x. 1,1,X.1. [X.XJJ->([0,l}]; 
[C, X,X. X.X.X.X. (X.XJJ->[[1.1]]; 
re. x.x. x.x.1,1. rx.xJJ->[(l.llJ; 
re. x.x. x.x.1,0. [X1XJJ->rro.o]]; 

END FACU_CONTROL 

. .\PPENDIX B 
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SEQUENCER 

ARTMO.abl GLOBAL TIMEOUT CHIP 

MODULEGLOBAL_TIMEOUT_CHIP 
FLAG '-R7' 
TITLE 'ANDY ROMERO RD/EE CONTROLS 2-2-90' 

"6-4-90 Because lhe use of the encoder fifo empty flags for 
" encoder fifo readout initiation was a stupid idea. 

we will have to modify this chip as part a new encoder 
" flf'o readout cycle initiation scheme. Sec the design no&e 
" for details on lhe operation of this new scheme. 
" -Add die signal 1RINC (Uigger count increment) to pin 16 

-Move Q2.Ql.QO from pins 16,15.14 to pins 15,14,13 " 
" -'IRINC will be the MSB of the stale vector 

ARTMO DEVICE 'Pl6V8R'; 

PIN1.PIN2.PIN3.PIN4 PIN 1,2.3,4; 
PIN19.PIN18.PIN17.PIN16.PIN15.PIN14.PIN13 PIN 19,18,17,16,15.14,13; 

"Declaration of active levels" 

SEQCLK = PINI: 
SEQCLKB = PIN2: 
ADR_ VAL = PIN3; 
RESET = !PIN4; 

ENCOTMOO = !PINI9; 
ENCOTMOI = !PINIS; 
EBUSY = !PINI 7; 
TRINC = PINl6; 
Q2 =PINIS; 
QI =PINl4; 
QO = PIN13; 

"Standard Symbol Declarations" 

X=.X.; 
C=.C.; 
P=.P.; 

STATEVEC = [TRJNC,Q2,Ql,Q01; 

TRINC_HOLD = co.0.0.01: 
TRAPI = [0,0,0,1}; 
TRAP2 = [0,0,1,0); 
TRAP3 = [0,0,l,l]; 
TRAP4 = [0,l,0,0]; 
TRAPS = [0,l,0.11; 
TRAP6 = co.1.1.01: 
TIMEOUT= co.1.1.11; 
WAIT= [1,0.0,01; 
SI = [1,0,0,11; 
S2 = [1,0,1.01: 
S3 • [1,0.1.1); 
S4 = [1.1.0.0]; 

B-5 
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SEQUENCER APPENDIX B 

ARLOAD.abl ARRAY CONTROL UNIT ST ATE MACHINE 

MODULE FACU_CONTROL 
FLAG '-R7' 
TITLE 'ANDY ROMERO RD/EE CONTROLS 2-8-90' 

"This Chip needs the special reduction technique" 

ARLOAD DEVICE 'P20V8R'; 

PIN1,PIN2,PIN3,PIN4,PINS,PIN7,PIN8,PIN9 PIN l ,2.3.4.S.7.8.9; 
PIN15,PIN16,PIN17,PINl 9,PIN20,PIN21,PIN22 PIN 15,16,17.19.20.21.22; 

"Declanuion of Active Levels" 

CLK = PINl; PRELOADO = !PIN22; 
NOTEMP = !PIN2; PRELOADl = !PIN21; 
ERROR= PIN3; XO = PIN20: 
DONE= !PIN4: Xl = PIN19: 
PIPEHOLD = !PINS: EVENTEN = !PINI 7; 
RESET= !PIN7; SYNCD_NOTEMP = !PIN16: 
CLKB =PINS: SYNCD_ERROR = PIN15: 
CYCLE = !PIN9; 

STATEVEC ={XI.XO]; 

HOLD = {0,0J; 
FULL_ERROR = [1,0]; 
PRE_LOAD = (0,1]; 
EVENT_READOUT = [1,1]; 

"Standard Symbol Declarations" 

X=.X.; 
C=.C.; 
P=.P.: 
Z=.Z.: 

"End S1andard Symbol Declarations" 

EQUATIONS 

PRELOADO=( 
((STATEVEC = PRE_LOAD) & !CI.KB) 

#(PRE.LOADO & (STATEVEC == PRE_LOAD)) 
#(PRELOADO & CI.KB) 
); 

PRELOADl=( 
((STATEVEC = PRE_LOAD) & !CI.KB) 
#(PRELOAD 1 & (STA TEVEC == PRE_LOAD)) 
#(PRELOADl & CLKB) 
); 

EVENiEN=( 
((STA1EVEC = EVENT_READOUT) & !CLKB) 

#(EVENTEN & (STATEVEC = EVENT_READOU1}) 
#(EVENTEN & CLKB) 

); 
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SEQUENCER 

SYNCD_NOTEMP := NOTEMP; 

SYNCD_ERROR := ERROR: 

STATE_DIAGRAM STATEVEC 

STATE HOLD:; 

IF RESET THEN HOLD 
ELSE 

IF SYNCD_ERROR THEN FULL_ERROR 
ELSE 
IF (SYNCD_NOTEMP & !PIPEHOLD & !CYCLE) THEN PRE_LOAD 
ELSE HOLD; 

STATE RJLL_ERROR:; 

IF RESET THEN HOLD 
ELSE FULL_ERROR: 

STATE PRE_LOAD:: 

GOTO EVENT_READOUT: 

STATE EVENT_READOUT:; 

IF (RESET# (DONE & !PJPEHOLD)) THEN HOLD 
ELSE EVENT_READOUT: 

TEST_ VECfORS 

APPENDIX Il 

"([CUC. ERROR.NOTEMP, PIPEHOLD,CYCLE,OONE.RESET, STATEVEC]->[STATEVEC])" 

([PINI, PIN3,PIN2, PINS.PIN9,PIN4,PIN7, STATEVECJ->[STATEVEC]) 

[P, 0,1, 1,1,l,l, [0,0)J->{[X,x]]; 
[C, 0,1, l,l.1.0, [X,X]]->[[0,0]]; 
[P, 0,1, 1,1,l.l, [0,0]]->([X,X]]; 
[C, 0,1, 1,1,l.O, [X.X]]->((0,0]]; 
(C, 1,1, 1,1,1,1, (X,XJ]·>([0,0]); 
cc. x~ x.x.x.1. CX.XJJ-»cu.on: 
[P, 0,1, l,l,1,1, {0,0]]->[[X,x]]; 
cc. 0,1, 1.1.1.0. [X.X]]->((0,0]]; 
cc. o.o. X.X.X.X. CX.XU·>CC0,011; 
cc. x.x. 1.1~1. CX.XU·>CCO,l]]; 

[P, 0.1. 1,1,l,l. [0,0))->[[X.xJ]; 
CC, 0,1, 1.1.1.0, [X.xJ]·>C[O,O]]; 
CC, 0,0, X.X.X,l. [X.xJ]->[[0,0)]; 
[C, X,X, 1.1.X,l. {X.XlJ->([0,l]J; 
CC, X.X. X.X.X.X. [X.X]]->([l,l]]; 
CC, X.X. X,X.1,1. [X,X]]->[[l,l]]; 
CC. X,X, O,X.O,l, [X.xJ]·>([l,l]]; 
[C, X.X, 1,X.0,1, [X,X]]->([0,0)]; 

[P, 0,1. 1,1.1,l, [0,0]J->[[X,X]]; 
CC, 0,1, 1,1.1,0, {X,X]]->[(0,0]]; 
cc. o.o. x.x.x.1. cx.xn->cco.011: 
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SS= [1.1.0.l]; 
S6 = (1,1.1.0l; 
TRAP7 = [l,l,l,l]; 

EQUATIONS 

EBUSY = (STATEVEC != W Al1}; 

ENCOTMOO=( 
(!SEQCLKB & (STATEVEC == TIMEOUD) 

#(ENCOTMOO & (STATEVEC =TIMEOUT)) 
#(ENCOTMOO & SEQCLKB) 
); 

ENCOTMOl=( 
(!SEQCLKB & (STATEVEC =TIMEOUT)) 

#(ENCOTMOl & (STATEVEC == TIMEOur)) 
#(ENCOTMOl & SEQCLKB) 
); 

STATE_DIAGRAM STATEVEC 

STA TEW AIT:; 

IF RESET THEN WAIT 
ELSE 
IF ADR_ VAL THENS 1 
ELSE WAIT; 

STATE Sl:; 

IF RESET THEN WAIT 
ELSE S2; 

STATE S2:; 

IF RESET THEN WAIT 
ELSE S3; 

STATE S3:; 

IF RESET THEN WAIT 
ELSE S4; 

STATE 54:; 

IF RESET THEN WAIT 
ELSE SS; 

STATE S5:; 

IF RESET THEN WAIT. 
ELSE 56; 

STATE S6:; 

IF RESET THEN WAIT 
ELSE TIMEOUf; 

STA TE TIMEOUT:; 
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IF RESET THEN WAIT 
ELSE TRINC_HOLD; 

STATE TR.INC_HOLD:; 

GOTO WAIT; 

STATE TRAPl:; 
GOTO WAIT; 

STATE TRAP2:; 
GOTO WAIT; 

STATE TRAP3:; 
GOTO WAIT; 

STATE TRAP4:; 
GOI'OWAIT; 

STATE TRAPS:; 
GOI'OWAIT; 

STATE TRAP6:; 
GOTO WAIT; 

STATE TRAP7:; 
GOTO WAIT; 

TEST_ VECTORS 

([PIN1,PIN3,PIN4, PIN16.PIN15.PIN14.PIN13J->[PIN16.PIN15.PIN14.PIN13J) 

[P ,0,0, 1,0,0,0)->[X,X,X.XJ; 
[C,o.o. l ,0,0,0)->[X.X.X.XJ; 
[C,1,1. X.X.X.XJ->[l,0,0,l]; 
[C,0,1, X.X.X.XJ->[ 1,0,1,0); 
[C,0,1, X.X.X.XJ->[1,0,1,l}; 
[C,0,1. X.X.X.XJ->[1,1,0,0]; 
(C,0,1, X.X.X.x:J->(1,1,0,l]; 
cc.0.1. x.x.x.XJ->c1.1.1.01: 
cc.0,1. x.x.x.XJ->co,1.1,11: 
[C,0,1, X.X.X.XJ->[0,0,0,0); 
[C,0,1. X.X.X.XJ->[1,0,0,0); 

END GLOBAL_TIMEOUT_CHIP 
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SEQUENCER APPENDIX B 

BWCOUNT.abl BLOCK COUNTER AND WORD COUNTER CONTROL 

MODULE BLK_AND_ WRD_COUNTER_CONI'ROL 
FLAG'-RT 
1Til..E 'ANDY ROMERO RD/EE CONTROLS 2-13-90' 

BWCOUNTC DEVICE 'P20V8R'; 

PIN1.PIN23,PIN2,PIN3,PIN4.PIN5.PIN6,PIN7,PIN8,PIN9.PIN10,PIN14 PIN 1,23,2,3,4,5,6,7,8,9,10,14; 
PIN15.PIN17.PIN18,PIN19.PIN20.PIN21,PIN22 PIN 15,17,18,19.20.21.22; 

"Declar.Won of Active Levels" 

CLK. =PINI; CNT_RD = !PIN22; 
BLKWRD = IPIN23; INC_BC = !PIN21; 
CSRC = !PIN2; BCWRT = !PIN20; 
FB_WR = !PIN3; WCSO = PIN19; 
CLKB = PIN4; WCSl = PIN18: 
EVENTEN= !PINS; INC_ WC= !PIN17; 
DONE= !PIN6; WCDONE = !PIN15: 
RESET = !PIN7: 
FB_RD= !PINS; 
COVFLOW = !PIN9; 
NOTRUNC = !PINlO; 
PIPEHOLD =IPIN14; 

"End Declaration of Active Levels" 

"SWJdard Symbol Declarations" 

X=.X.; 
C=.C.; 
P=.P.; 
Z=Z.; 

"End Standard Symbol Declarations" 

WCSEL VEC = [WCS 1, WCSO]; 
CLEAR_ WC = [0,0]; 
COUNT_DOWN = {0,1); 
LOAD_ WC= (1,0]; 
COUNT_UP = {1,1]; 

EQUATIONS 

CNT_RD = CSRC &. FB_RD; 

INC_BC=( 
(BLKWRD) 
#(CSRC & FB_ WR) 

); 

BCWRT=( 
. (CSRC & FB_ WR) 
#(BCWRT & INC_BC) 
); 

WHEN (RESET# BLKWRD) THEN WCSEL VEC =CLEAR_ WC; 
ELSE WHEN (CSRC & FB_ WR) THEN WCSEL VEC =LOAD_ WC: 
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SEQUENCER 

BWGATEC.abl STAGE 2 GATING CHIP 

MODULE STAGE_2_GATING_CHIP 
FLAG '-Rl' 
TITLE 'ANDY ROMERO RD/EE CONTROLS 2-13-90' 

BWGATEC DEVICE 'P20V8R': 

PIN2.PIN3,PIN4.PIN7,PIN8.PIN9 PIN 2,3,4,7.8,9; 
PIN22,PIN21.PIN20.PIN19,PIN18,PIN17 PIN 22.21.20.19,18,17; 

"Declaration of Active Levels" 

CLKB = PIN2; DMHIW = PIN22: 
EVENTEN = !PIN3: DMLOW = PIN21; 
PIPEHOLD = IPIN4; P2W = PIN20: 

DMLOGAT = !PIN19: 
DMlllGAT = !PIN18: 

St= PIN7; P2GAT = !PIN17; 
SO= PINS; 
DONE= !PIN9; 

"End Declaration of Active Levels" 

"Standard Symbol Declarations" 

X=.X.; 
C=.C.; 
P=.P.; 
Z-.Z.: 

"End Standard Symbol Declarations" 

EQUATIONS 

P2W: P2GAT &. cum&. !PIPEHOLD; 

DMHIW = DMHIGAT &. CLKB &. !PIPEHOLD: 

DMLOW = DMLOGAT & CLKB & !PIPEHOLD; 

P2GAT=( 
(EVENTEN & ICLKB & !DONE) 
#(P2GAT & CLKB) 
); 

DMHIGAT=( 
(Sl & !CLKB) 

#(Sl & DMHIGAT) 
#(Cl.KB & DMHIGAT) 
); 

DMLOGAT=( 
(SO& !CLKB) 

#(SO & DMLOGA T) 
#(CLKB & DMLOGA'I} 
); 

END STAGE_2_GATING_CHIP 
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FIFGAT=( 
(FWRTRDY & !CLKB) 
#(FIFGAT & FWRTRDY) 
#(FIFOAT & CLKB) 
); 

FWRTRDY:=( 
(DMllIGAT) 

#(FWRTRDY & PIPEHOLDO) "Save the stare of FWRTRDY if Pipehold" 
); 

HOLDPIP:=( 
(AUXSEL & AUXHALF) 
#(FASTSEL & EVBHF) 
); 

PIPEHOLDO = ( 
(((IAUXSEL & STOPEVBW) # HOLDPIP) & !CLKB) 

#(PIPEHOLDO & ((!AUXSEL & STOPEVBW) # HOLDPIP)) 
#(PIPEHOLDO & CLKB) 
); 

PIPEHOLDl=( 
(((IAUXSEL & STOPEVBW) # HOLDPIP) & !CLKB) 

#(PIPEHOLDl & ({!AUXSEL & STOPEVBW) # HOLDPIP)) 
#(PIPEHOLDl & CLKB) 
); 

PIPEHOLD2 = ( 
(((!AUXSEL & STOPEVBW) # HOLDPIP) & !CLKB) 
#(PIPEHOLD2 & ((!AUXSEL & STOPEVBW) # HOLDPIP)) 
#(PIPEHOLD2 & CLKB) 
): 

END OUTPUT_FIFO_ WRITE_CONTROL 
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BWST A TE.abl PIPELINE CONTROL STATE MACHINE 

MODULE PIPELINE_CON1ROL_STATE_MACHINE 

FLAG '-r7' 

Till.E 'Andy Romero RD/EE Conaols 2-13-90' 

"Modificalioo 7-24-90 
"Modify this chip to include an output that will allow 
"one event to be wriaen to the Fasd>us Event Buffer and then 
"pmvent funher writes w11il the previous event has been read from the 
"Event Buffer by FASTBUS. This circuit will only allow complete events to 
"be writ.en to the event buffer. The following signals were added 
"FBFEF,STOPEVBW. 

BWSTATEM DEVICE 'P20V8R': 

PINI .PIN3,PIN4,PIN5 .PIN6.PIN7.PIN8.PIN9 PIN l ,3,4,5,6,7 ,8,9; 
PINI9,PINI8,PIN17,PIN16.PIN15 PIN 19,18,17,16,15; 

"DECLARATION OF ACTIVE LEVELS" 

CLK =PINI; SJ = PIN19; 
NOTRUNC = !PIN3; S2 = PIN18; 
COVFLOW = !PIN4; S 1 = PINI 7; 
RESET = !PINS; SO = PIN16; 
DONE= !PIN6; STOPEVBW = PIN15; 
EVENTEN = !PIN7; 
PIPEHOLD = !PINS; 
FBFEF = !PIN9; 

"END DECLARATION OF ACTIVE LEVELS" 

"STANDARD SYMBOL DECLARATIONS" 

X=.X.; 
C=.C.; 
P=.P.; 
Z=Z.; 

"END STANDARD SYMBOL DECLARATIONS" 

@INCLUDE 'E:\\PROJECTS\\SSDSEQ\\PALS\\PIPSTATE.TBL' 

"Declarations concerning STOPEVBW state machine 
ALLOW= O; "allow FASTBUS fifo writes 
PREVENT= 1; "prevent FASTBUS fifo writes 

STATE_DIAGRAM STATEVEC 

STATE WAIT:; 

IF RESET mEN WAIT 
ELSE IF DONE THEN LASTI.O 
ELSE IF (EVENTEN & !DONE) THEN DATLO 
ELSE WAIT: 
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GOTO WAIT: 

STATE TRAP3:; 

GOTO WAIT; 

STATE TRAP4:; 

GOTO WAIT; 

STATE TRAPS:; 

GOTO WAIT; 

STATE TRAP6:; 

GOTO WAIT; 

STAlE_DIAGRAM STOPEVBW 

STATEAILOW: 
IF ((STAlEVEC = SET_CNT) & !FBFEF"l TIIEN PREVENT 
ELSEAILOW: 

STATE PREVENT: 
IF ((STATEVEC = W AlT) & FBFEF) THEN AILOW 
ELSE PREVENT; 

END PIPELINB_CONTROL_STA TE_MACHINE. 
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!CYCLE=( 
((STATEVEC = W AlT) & !CLKB) 

#((STATEVEC= WAl1) & !CYCLE) 
#(CLKB & !CYCLE) 
); 

WCNT_EN=( 
((STATEVEC =FLUSH) & !CLKB) 

#((STATEVEC ==FLUSH) & WCNT_EN) 
#(Cl.KB & WCNT_EN) 
); 

END PJPELINE_STATE_DECODER 
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SEQUENCER 

AlmSEL := l; "KLUDGE FOR ABEL telling ABEL to make the cell registered. 
AUXSEL.C = 1; "KLUDGE FOR ABEL telling ABEL to not clock with pin 1. (I really 

"only want to use the preset and clear functions and don't want 
"to clock the register at all.) 

APPENDIX B 

AUXSEL.RE = /CSRO * /FB_ WR * BAD7JN "Enable loading of Auxiliary output FIFO by 
+ /RESET; " writing a I to CSR0<7>. Also enable at 

" reset time. /AUXSEL is active low. 

AUXSEL.PR = /CSRO * /FB_ WR * BAD23JN;"Disable loading of FASTBUS output FIFO by 
"writing a 1 to CSR0<23>. 
"writing a 1 to CSR0<23>. 

BAD7 = /AUXSEL.Q; " Sratus of Awtlliary Output FIFO loading is read 
" back on CSR0<7> via BAD(7) 

BAD7.0E = /CSRO * /FB_RD; " Enable active high slatus bit onro BAD(7) 
" that indicares if the Auxiliary output FIFO is 
" enabled/disabled as pan of CSRO read operation. 

NOTRUNC := l; "KLUDGE FOR ABEL telling ABEL 10 make the cell registered. 
NOTRUNC.C = l; "KLUDGE FOR ABEL telling ABEL to not clock with pin 1. (I really 

"only want to use the preset and clear functions and don't want 
"to clock the register at all.} 

NOTRUNC.PR = /CSRO * /FB_ WR * BADS " Disable active low NOTRUNC which is 
+ /RESET; " used to prevent truncating events at 

" 2SS when it is not enabled. 

NOTRUNC.RE = /CSRO * IFB_ WR * BAD24JN; " Enable active low NOTRUNC so that 
" events will NOT be uuncated at 2ss: 

BADS = NOTRUNC.Q; 
"ofCSRO. 

" Status of NOTRUNC will be read back BAD(8) 

BADS.OE= /CSRO * IFB_RD; " Enable active high status bit onm BAD(8) 
" that indicaces if the Overflow Truncation is 
" enabled/disabled as pan of CSRO read operation. 

SYNSTAT.C = fl'SYNERR; " Clock the SYNC status F/F with Tl1. level Sync Error 

/SYNSTAT := l; "When clocked by TSYNERR. assen/SYNSTAT 

SYNSTAT.PR = SYNRESFF.Q * FB_RD "Clear ACTIVE LOW /SYNSTAT, hence not .RE 
+/RESET; 

SYNRESFF := l; "The Sync Enor Reset F/F will have a 1 clocked in when 
"FASTBUS reads the CSR at C000_0012. This is in preparation 
"for clearing the F/F at the end of the read. 

SYNRESFF.C = /C000_0012 "'!FB_RD; "Clock the Sync Error Reset F/F when FASTBUS 
"reads from CSR at C000_()012. 

SYNRESFF.RE = SYNRESFF.Q "' /C000_0012 "' FB_RD "Clear the Sync Error Reset F/F 
+ /RESET; "when FASTBUS finishes that read 

"that set the F/F originally. 
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ENCEN.abl ENCODER FIFO CIRCUIT CONTROL 

Enc_Fifo_Ckt_Pal 

'-r7' 

MODULE 

FLAG 

TI1LE 

ENCEN 

· Andy Romero RD/EE Conttols' 

DEVICE 'P20V8R'; 

PIN1,PIN2,PIN3,PIN4,PIN6,PIN8,PIN9,PINIO,PINI I PIN l,2.3.4,6,8,9,10,l I; 
PIN14,PINl5,PIN16,PIN17,PIN18,PIN19 PIN 14, 15,16,17, 18,19; 
PIN20,PIN21,PIN22 PIN 20,21,22; 

"STANDARD SYMBOL DECLARATIONS 

X=.X.; 
C=.C.; 
P=.P.; 

"DECLARATION OF ACTIVE LEVELS AND DESCRIPTION OF PIN FUNCTIONS 

SQCLK =PINI: 
SQCLKB = PIN2; 
DT_VAL = PIN3; 
ENCOTMO = !PIN4; 
DL YRST = !PIN6; 
PRELOAD = !PINS; 
PIPEHOLD = !PIN9: 
ROEN= !PINlO; 
FCLK = PINI 1; 
FF= !PIN14; 

FW= PIN22; 
EBUSY = !PIN21: 
FERR = !PIN20; 

EFSM2 = PIN19; 
EFSMl = PIN18; 
EFSMO =PINI 7; 
RDGAT = !PIN16; 

FRO= PINIS; 

EFSTATE = (EFSM2,EFSMl,EFSMOJ; 

so = [0,0,0J: 
SI = [0,0,l]; 
S2 = [0,1,0]; 
SJ= [0,l,l); 
S4 = [1,0,0]; 
SS = [l,0,1]; 
S6 = [1,1.01~ 
S7 = [l,1,1]; 

EQUATIONS 

FW= ( 
( 

( SQCLKB & EBUSY ) "Normal data write 
# ( SQCLKB & ENCOTMO & ( EFSTA TE=SO ) ) "Timeout EOE write 

) 
& (!FF & !FERR) "Fifo not full" 

) 
# (DL YRSn: "Hold high on reset 

EBUSY = (!SQCLKB & DT_ VAL) "Clk qualify EBUSY for glitch free gating of FW" 
# (EBUSY & DT_ VAL) "Latch gating while DT_ VAL active" 
# (EBUSY & ((EFSTATE=Sl) # (EFSTA'I'E==S3)))"Insure that EOE gets wriuen" 
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STATE S7:: 

Goto SO; 

TEST_ VECTORS 

"Test of Basic Srate Machine Operation" 

([PINI, PIN3, PIN4, PIN6, EFSTATE] -> [EFSTATE]) 
"([SQCLK, DT_VAL,ENCOTMO, DLYRST, EFSTATE] -> [EFSTATE]) 

[P, 0,1.1. SO] -> (XJ; 
[C, 0,1,l, XJ ·> [SO]; 
[C, 1,1,l, XJ ·> (Sl]; 
CC. 1,0,I, X] ·> [S3]; 
[C, X,0,1, XJ ·> CS2J; 
[C. X,X,X, Xl -> (SOl; 
CC, 0,1,I, X] ·> (SO]; 
CC. 1,1,I, X] ·> [SI]; 
[C, 0,1,1, Xl ·> [SS]; 
[C, 0,0,1, X] ·> (S4]; 
[C, X.X.X. XJ -> [SO]; 
[C, 1,1,X, XJ -> (SO]; 
CC, l,l,l, XJ ·> [Sl]; 
[C, 0,0,l, XJ ·> [SO]; 

"Test of all transitions out of all states 

"([PINI, PIN3, PIN4, PIN6. EFSTATE] -> [EFSTATE]) 
"([SQCLK, DT_VAL,ENCOTMO, DLYRST, EFSTATE] ·> [EFSTATE]) 

"SO 
[P, 0,1,l, SO] ·> [X]; 
[C, 0.1.1. XJ -> (SO]; 
[C. X,X,O. X] ·> [SO]; 
[C, 1,1,l, XJ ·> [Sl]; 

"SI 
[P. 1,1,1, s 1) ·> [X]; 
[C, 1,1,1, XJ -> (Sl]; 
[P, l,l,l, Sl) -> [X]; 
[C. 1,0,l, XJ ·> (S3]; 
[P, 1,1,l, s 1) ·> CXJ; 
[C, X.X.O. X] ·> (SO]; 
[P, 1,1.1, Sl] ·> {X]; 
CC. 0,0,1, XJ -> (SO]; 
[P, 1,1,l, s 11 ·> (X]; 
[C, 0,1,l, X] -> (SS]; 

"S2 
[P, 0,1,1, 52) ·> [XJ; 
CC. X,X,X, X] -> [SO]; 

"S3 
fP, 1,1,1, S3l -> [X}; 
[C, 1,1,1, X] ·> [S3]; 
[P, 1, 1,1, SJ] ·> [X]; 
[C, X,X,0, XJ ·> [S2]; 
[P, 1,1,l, S3J ·> (X]; 
[C, 0.1,l, Xl ·> [S2]; 
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SEQUENCER 
"this because there is no maximum limit for the width of the active low Fifo 
"write signal 

APPENDIX B 

"IMPORTANT NOTE XXXXXXXXXXXXXXllXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

"When designing the chips that generate the following signals. insure that 
"they are only allowed to change stare when FCLK or SQCLK are low. 
"ENCOTMO, FF (det.ennined by fifo looks ok), PRELOAD. PIPEHOLD 

"IMPORT ANT NOTE X.XXJtxx:ltXJ:XDtxx:XllllJtxx:XllXlOtxx:XDXDtxx:Xll:xxJtXX.XXXXXXXXXXXXX 

""RedlDldam (glitch prevent) tmms were added ro the equalions far EBUSY and 
"and RDGAT; these rams will be eliminared by the ABEL Reduce program if any 
"reduction level grearer d1an -rl is used. This would not be a problem except 
"dW the stare machine (EFSM <2:0>) requires extensive reduction (-r7 
"is highly recomended). Here is how to get arolDld this problem. 

l)Compile this file, ENCFIFO.ABL. with -r7 reduction 
" 2)Copy ENCFIFO.ABL ID TEMPFil..E.ABL 

" DO NOT DELETE ENCFIFO.ABL IT IS THE MASTER SOURCE DOCUMENT ! ! ! ! 

" 

3)0pen TEMPFILE.ABL. change the flag statement to activate -rl 
reduction. Delete the stare machine description from TEMPFILE.ABL. 
Paste the reduced equations from ENCFIFO.DOC for the stare terms 
(EFSM <2:0>) inro the equations section of TEMPFILE..ABL. 

" 

" 
" 

4 )Compile TEMPFll..E.ABL to obtain a glitch free JED file 

S)Delete TEMPFil..E. • 

"INPUTS 

"SQCLK =PINI: 

"SQCLK is a clock signal derived from the Sequencer CLK3 signal; SQCLK is used 
"to clock a small stare machine within this pal. 

"SQCLKB = PIN2; 

"SQCLKB is the same signal as SQCLK; it provides a wavefonn of suitable duty 
"cycle for writing the Encoder Flfos. 

"OT_ VAL= PIN3; 

"(ACI1VE HIGH) DT_ VAL is the Data Valid signal from the Delay Encoder 
"Module. 

"ENCOTMO = IPIN4; 

"(ACTIVE LOW) The Sequencer module sends the Delay encoder module an Ad~ 
"Valid signal the Delay Encoder module responds, if it has data to send 
"ro the Sequencer module, by activating (and holding while it is sending data) 
"the Data Valid signal. If the Delay Encoder has no dara ro send it does not 
"issue a Data Valid. 300ns (8 SQCLK cycles) after Address Valid is sent. the 
"FACU activates the ENCOTMO signal. If this pal has not received a Data Valid 
"before ENCOTMO becomes active an EOE word is written into the Encoder Fifo 

"DLYRST= !PIN6; 
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.. read signal. 

"FRD = PINl.5; 

"(ACTIVE lilGH) Encoder Fifa read 
"signal 

END Enc_Fifo_Ckt_Pal 

APPENDIX B 
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SEQUENCER APPENDIX B 

PALFIF2.abl FIFO CONTROL FOR AUXILIARY INTERFACE 

MODULE _PALFIF2 flag '-r3' 

.mt.E 
'FIFO CONTROL FOR. Auxn...IARY ™TERFACE. TO TAXI' 

PALFIF2 

"CONSTANTS: 

ON = 
OFF = 
H = 
L = 
x = 
c = 

"Pin names: 

ACK pin 
CLOCK 
AUX OR 
TXRDY 

SO ENA 
STR. pin 
NU8 pin 
NU9 pin 

CUC pin 
NUil pin 
1RIG pin 
NU19 pin 

STROBE 
NU17 pin 
NU16 pin 
TXQ pin 
AUXRNOT 
NU13 pin 

equations 

DEVICE 

l; 
0; 
1; 
O; 

'Pl6V8R'; "Use a I6R6B for 16 MHZ. 386 

.X.; " ABEL don't care symbol 

.C.; "ABEL clocking input symbol 

2; 
pin 
pin 
pin 

pin 
7; 
8; 
9; 

l; 
11; 
12; 
19; 

pin 
17; 
16; 
15; 
pin 
13; 

"INPUT PINS 
''ACKNOWLEDGE FROM TAXI 
3; "CLOCK 
4; "AUXIl.IARY OUtpUt READY 
5: "TXRDY 

6; "SHIFT our ENABLE 
"STROBE FROM SEQUENCER 
"NOTUSED8 
"NOTUSED9 

"Clock 
"NOT USED 11 
"TRIGGER ACK ONESHOT 
"NOT USED 19 

"OUTPUT PINS 
18; "STROBE TO TAXI 
"NOT USED 17 
"NOT USED 16 
"Otrn>UTREADY STATE Q 
14; "READ OF FIFO 
"NOT USED 13 

STROBE= ((STR & !CLOCK) # (!CLOCK & !AUXRNOT & SOENA) 
#(STROBE & !CT.OCK)); 

TXQ = ((0..0CK & TXQ) # (TXRDY & CLOCK)); 
AUXRNOT =l((TXRDY & SOENA & TXQ) # (!AUXRNOT & TXQ)); 
1RIG = (TXRDY & SOENA & TXQ); 

END _P ALFIF2 
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SEQUENCER 

RDENl.abl SMALL END-OF-EVENT DECODER 

MODULE SMALL_EOE_DECODER 
FLAG '-R7' 
Tin.E 'ANDY ROMERO RD/EE CONTROLS 2-6-90' 

RDENl DEVICE 'Pl8N8'; 

EVENTEN,EOE1,EOE2.EOE3.EOE4.EOE5.EOE6,EOE7,EOE8 PIN 1,2.3.4,5,6,7,8,9; 
READEN1,READEN2,READEN3 PIN 19,18,17; 
READEN4,READEN5,READEN6 PIN 16,15,14; 
READEN7,READEN8 PIN 13,12; 

"Standard Symbol Declarations" 

X=.X.; 
C=.C.; 
P=.P.; 

"End Standard Symbol Declarations" 

VECTOR= {EVENTEN.EOE1.EOE2.EOE3,EOE4,EOES,EOE6.EOE7,EOE81: 

EQUATIONS 

!READENl = (VECTOR==(O,l.X.X.X.X.X.X.X]); 
!READEN2 = (VECTOR==[0,0,1,X.X.X.X.XXJ); 
IREADEN3 = (VECTOR==[0,0,0,1.X.X.X.XXJ); 
!READEN4-= (VECTOR==[0,0,0,0,l.X.X.XXJ); 
IREADEN5 = (VECTOR-(0,0,0,0,0,l.X.X.XJ); 
!READEN6 = (VECTOR==[0,0,0,0,0,0,l.X.X]); 
!READEN7 = (VECTOR==[0,0,0,0,0,0,0,lXJ); 
!READENS = (VECTOR==[O,o,o.o.o.0.0.0.1)); 

TEST_ VECTORS 

APPENDIX B 

([VECTOR] -> 
[READEN1,READEN2.READEN3.READEN4.READEN5,READEN6.READEN7.READEN8]) 

[[1,X,X,X.X.X.X.X.XlJ -> (1,1,l,l,l,l,l,lJ; 
[[0,1.X.X,X.X,X.X.Xl] -> [0,l,l,l,l,l,1.1]; 
[[0,0,1.X.X.X.X.X.XJJ ·> {1,0.1.1,l,l,l,l]; 
l[0,0,0,l.X.X.X.X.xll -> [1,l,0,l,l,l,l,ll~ 
uo.0.0.0.1.x.x.x.xn -> r1.1,1.o.1.1.1,11: 
[[0,0,0,0.0,l.X.X.XlJ ·> {1.1.1.1.0,1,1,11: 
[[0,0.0.0.0.0,1.x.XJJ -> [l,l,l,l,l,0,1,1]; 
[[0,0,0,0,0,0,0,l,X]] -> [l,l,l,l,l,l,0,1); 
rro.o.o.o.o.o.o.o.1u -> 0.1.1.1.1.1.1.01: 

END SMALL_EOE_DECODER 
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SAMTX.abl TRANSMIT LOGIC FOR AUXILIARY INTERFACE 

MODULE SAMTX_EMULATOR flag '-r3' 

Tl1LE 
'SEQUENCER AUXll.IARY SAMTX PAL' 

SAMTX 

"CONSTANTS: 

ON = 
OFF = 
H = 
L = 
x = 
c = 

" State definitions : 

ACilVE 
NUl 
NU2 
NU3 
INm> 
INITl 

INQO 
INQl 

"Pin names: 

TXRDY 
RXRDY 
RXNRDY 
AUXERR 

STOPREQ 
RXIN1T 
TMO pin 
NRESET 

CLK2 pin 
OE pin 

STRout 
SO ENA 
SCLR pin 
LINKRDY 
SEQ pin 
so pin 
Cl pin 
co pin 

DEVICE 

l; 
O; 
l; 
O; 

'P16V8R'; "Use a SAM CHIP IN REAL BOARD 

.X.; " ABEL don't care symbol 

.C.; " ABEL clocking input symbol 

= 
= 
= 
= 
= 

= 
= 

pin 
pin 
pin 
pin 

pin 
pin 
8; 
pin 

1; 
11; 

pin 
pin 
17; 
pin 
18; 
16; 
14; 
13; 

= "bOOO; "Check for Stopreq and TXRDY 
"bOOl; ":'>lOT USED 
"b010; "NOT USED 
"bOll; "NOT USED 
"blOO; "Setup INlT and clear error swus 
"blOl; "Send INIT and load loop count 20us. 

"Waiting for RXlNIT or timeout 
"bllO; "CLR status and setup INQ 
"bl 11; "Load wait timer and send INQ 

"Waiting for RXRDY JRXNRDY or timeout 

"INPUT PINS 
2; "TRANSMITER READY data in fifo 
4• • "READY from reciever 
5; "NOT READY from reciever 
7; "ERROR on link 

6; "STOP request fonn RX 
3; "Reciever lw been initiQ.lized 
"20 miaosec Timout 
9; "RESET onmain board · 

"Clock 
"omput enable 

"OUTPUT PINS 
15; "Control strobe 
12; "Shift out and·strobe enable 
"Status register clear 
19; "ready for data transfer 
"SEQUENCE state control 
"STATE code bit 0 
"Control code bit 1 
"Control code bit O 

"MAINSTA lE definition. 

MAINSTATE =(Cl, CO, SO]; 
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SEQUENCER 

stateNUl: 
SEQ :=OFF; 
SCLR:=ON; 
STR.out := OFF; 
SOENA := OFF; 
UNKRDY :=OFF; 
if INRES:ET then INITO 
elseNU2; 

sweNU2: 
SEQ :=OFF; 
SCLR:=ON; 
STR.out := OFF; 
SOENA := OFF; 
LINKRDY := OFF; 
if !NRES:ET then INITO 
elseNU3; 

sweNU3: 
SEQ :=OFF; 
SCLR :=ON: 
STR.out := OFF; 
SOENA :=OFF; 
UNKRDY := OFF: 
if !NRES:ET then INITO 
elseINITO; 

end SAMTX_EMULATOR; 

APPENDIX B 

"unused stale - should not occur· 

"reset to INITstate 
"if entered go to INITstare 

"unused stale - should not occur 

"reset to INITswe 
"if entered go to INITstare 

"unused stare - should not occur . 

"reset to INITswe 
"if entered go to INITstare 
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SEQUENCER 
.. CHANGE msTORY: 
.. 4-30-90 
.. 4-30-90 
.. 6-05-90 
"6-20-90 
" 

.. 6-20-90 .. 

.. 6-20-90 

: Pin 14 was changed from EMPTY to EVBEF . 
: The device type was changed from 20L8 to 20V8 • 
: FB_RD & !EVBEF was added to FIFO equation • 
: EOB was modified ro react to a change on the EVBEF siP.J31 
: only when FB_RD is inactive in order to prevent EOB being 
: issued DURING the read of the last word in the FIFO. 
: EOB before change: EOB =CON & !CSR & EVBEF 

#CON & CSR & INC & NTV ; 
: The p-tenn (FIFO• FB_RD) was added to FIFO to latch it . 

ENDSEQ_NTA 
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SEQUENCER 

"Block uansfer DS dn 
#CON & INC_LD & !INH & IRD & IIMS2 & IMSl &. IIMSO 

& IDS & !DIDS2 & !NTACLK "NTA read cycle 
# CON & INC_LD & IINH & !IMS2 & !IMS 1 & !IMSO 

& IDS & 1DIDS2 & !NTACLK; "Single R/W cycle 

"INCrement or LoaD the NTA 

INC_LD = !(!(CON & llNH & IMSO & ms & DIDS2) & JINC_LD "Set if blk 
# llRD & !IMS2 & IMS 1 & !IMSO & IDS & !DIDS2 "Reset on NT A write 
# !IMS2 & UMSO & NTACLK "Reset on NTA or Single & after NT ACLK 
# ICON ) ; "Reset when disconnected 

"Output AK 

OAK= CON & IIAK & !IWT "Send AK if not broadcast address 
" Removed IBCADD from the first p-term on 4-30-90. The Sequencer 
" doesn't support broadcast 
#OAK&CON 
#OAK&IWT 
# OAK & DIDS2 ; 

"Latch until CON goes away 
"Hold if WaiT is assene.d 

"Suetch until DK is off 

OWT =DIAS & CON & !IMS2 & !IMSl & !IMSO & !OAK & EVBEF 
+ OWT & DIAS & EVBEF; "Assert W AlT when the FIFO is empty at address 

"sll'Obe time and data space is being addressed. 
"Latch until FIFO goes not empty or master 
"disconnects by removing AS. 

" CHANGE IDSTORY: 
.. 4-30-90 : owr added to originally unused pin 15 and set too. 
" 4-30-90 : BCADD was changed to EVBEF. BCADD is for broadcast 
" which the Sequencer doesn't supporL EVBEF is for WAIT 
" 4-30-90 : Device type changed from 201.8 to 20V8 
"S-2-90 : Polarity of IRD changed to active low. 
"7-18-90 : OWT is implemented to assen WAIT at AS time. 
" 7-18-90 : The device was changed from 20V8 to 22V10. Needed feedbacks. 
"7-23-90 : Change polarity of input EVBEF to !EVBEF. 
END SEQ.PALI 
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"Output Slave Status bit 0 · 

OSSO= CON & BSY & !IMS2 & !IMSl & !IMSO & DIDSl & !DIDS2 & !CSR "BuSY & single xfer 
#CON&: NTV & !IMS2 & IMSl & !IMSO & DIDSl & !DIDS2 "NTV & 2nd Address 
# OSSO&:. IDS &:. DIDS2 & CON "Laich while DS=DK• 1 

#OSSO & !IMS2 &: IMSO & !IDS & !DIDS2 & CON; '!Lat.ch ifDS•DK=O & MS=lor3 

"Output Slave Status bit 1 
OSSl =CON & IMS2 &. !CSR "any MS=4-7 on DS up or down 

# CON &. !IMS2 & N1V & DIDSl & !DIDS2 
"any Not Valid addras if not BuSY on DS up 
#CON &: !IMS2 & IMSO & N1V & !EOB & !DIDSl & DIDS2 
"any Not Valid address. not BuSY. not End Of Block. & MS=lor3 on DS down 
# CON &: !IMS2 & IMSO & EOB & DIDSl &. !DIDS2 
"End Of Block if not BuSY on DS up . . 
#CON & !IMS2 &: IMSO &: EOB & !DIDSl & DIDS2 
"End Of Block if not BuSY on DS down 
# OSSl & ms &. DIDS2 & CON "Laich while DS:aDK=l 
# OSSl & IMSO &: !IDS & !DIDS2 & CON; "Larch ifDS=DK=O & MS=l,3.S,or 7 

"Slave Status bit 2 
OSS2 =CON & IMS2 "any MS=4-7 on DS up or down 

# CON &: !IMS2 & NTV & !EOB & DIDS 1 & !DIDS2 
"any Not Valid address if not BuSY and not End Of Block on DS up 
#CON &: !IMS2 & IMSO & N1V & !EOB & !OIDS I & OIOS2 
"any Not Valid address, notBuSY, not End Of Block, & MS=lor3 on OS down 
# OSS2 & ms & DIDS2 & CON "Larch while DS=DK=l 
# OSS2 & IMSO & !IDS & !DIDS2 &. CON : "Larch ifDS=DK=O & MS=l,3,5,or 7 

"Output Data acKnowlege generates DK 

ODK • IIWT & CON&: OAK & DIDS2 "set if OS (delayed) and auached and not WaiT 
# IMS 1 &: IMSO & CON &. OAK & DIDS2 
."set if OS (delayed) and auached and MS=3 (pipeline) even if WaiT 
# ODK &: CON&: OAK & DIDS2 "transition hold while DS (delayed) 
# IWT &: !IMS 1 & ODK "hold if WaiT and not MS 1 
# IWT & !IMSO &: ODK ; "hold if WaiT and not MSO 
"i.e. hold if not MS=3 (pipeline) AND WaiT, release it othenvise 

"FastBus ReaD 

FB_RD = CON & !INH &: IRD & !IMS2 & !IMS 1 & !IMSO & oms 1 & !DIDS2 
"set on DS up. MS=O random dala read 

#CON&: !INH & IRD &. !IMS2 & IMSO & DIDSl & !DIDS2 
"se& on DS up, MS=l block read 
"se&on OS up, MS=3 pipeline read 

# CON & !INH & IRD & UMS2 &. IMSO & !DIDSl 8r. DIDS2 
"se&on OS dn. MS=l block read 
"set on DS dn. MS=3 pipeline read 

#CON & IRD &. !IMS2 & !IMSl &. !IMSO &IDS & DIDS2 & FB_RD 
"lat.ch while MS=O read and OS.OK up 
"larch while MS= 1.3 read 

#CON & IDS & OIDS2 & FB_RD "larch while OS.OK up 
# CON & !IDS &. IDIDS2 & FB_RD ; "larch while DS,DK down 

"Output INHibit data b'ansfers 

OINH=INH 
#CON& !CSR; 

"i.e. latch until new MS or WR cycle 

"This stops NTA Incrementing for the FIFO in Data Space 
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SEQUENCER 

TRIGCNT .abl TRIGGER COUNTER 

MODULE TRIGGER_COUNTER 
FLAG '-R7' 
1TI'I..E 'ANDY ROMERO RDJEE CONTROLS 6-14-90' 

TRIGCNT DEVICE 'P22V10'; 

PIN1.PIN3,PIN4,PINS PIN 1.3.4.S; 

PIN23.PIN22,PlN21.PIN20,PIN19 PIN 23.22.21.20,19; 
PIN18,PIN17,PIN16,PIN1S,PIN14 PIN 18,17,16,15,14; 

"Declamdon of actiw levels" 

CLK2SMHZ = PINI; 
TRINC = IPIN3; 
DEC = !PIN4; 
RESET = !PINS; 

NOTEMP = !PIN23: 
SYNCINC = PIN22; 
HF = IPIN21; 
ERROR = IPIN20; 
TRCQS = PIN19; 
TRCQ4 = PIN18; 
TRCQ3 = PIN17; 
TRCQ2 = PIN16; 
TRCQl = Pll'US; 
TRCQO = PIN14; 

"Standard Symbol Declarations" 

X=.X.; 
C=.C.; 
P=.P.; 

TRIG_COUNT = [TRCQS,TRCQ4,TRCQ3,TRCQ2,TRCQ1,TRCQOJ; 
WAIT_FOR_TRINC = l; 
SYNCINC_ACilVE = O; 
OVERFLOW= (1.1.l,l,l,l); 

EQUATIONS 

WHEN RESET 1llEN TRIG_ COUNT:= co.0.0.0.0.01: 
ELSE WHEN (TRIG_ COUNT== OVERFLOW) THEN TR.IO_ COUNT:= OVERFLOW; 

APPENDIX B 

ELSE WHEN ((SYNCINC = SYNCINC_AC'llVB) & DEC) THEN TRIG_COUNT :=TRIG_ COUNT; 
ELSE WHEN ((SYNCINC = SYNCINC_ACTIVE) & !DEC) THEN TRIG_COUNT := (TRIG_COUNT + I); 
ELSE WHEN ((SYNCINC = W AIT_FOR_TRINC) & DEC) THEN TRIG_ COUNT:= (TRIG_COUNT- I); 
ELSE TRIG_COUNT := TRIG_COUNT; 

HF:= ((TRIG_COUNT>= 31) & !RESET); 

ERROR := ((TRIG_COUNT = 63) & !RESET); 

NOTEMP = (TRIG_COUNT != 0); 
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SEQUENCER 
[C, 0,1,lJ->C0.0,1,l, 19]; 
[C, X,l,l]·>CO,l,l,l, 20); 
cc. 1,0,1)->CO.l,l,l, 19]; 
cc. 1,0,1]->CO,l ,l ,l, 18); 
cc. 1,0,lJ->CO,l,l,l, 171; 
cc. 1,0,lJ->CO,l,l,1, 16]; 

cc. 0,l,lJ->C0.0,1,1, 16]; 
cc. X,l,11->CO,l,l,l, 17]; 
cc. 0,1,lJ->CO,O,l,l, 17]; 
cc. X,l,l]·>CO,l,l,l, 18]; 
cc. O,l,l]->C0.0.1.1. 18]; 
cc. X,l,l]·>CO,l,1,1, 19]; 
cc. 0,1,1)->CO,O,l,1, 19]; 
cc. X,l,11->CO,l,l,1, 20]; 

"CCLK /l'RNC /DEC /RST ]·> fl NTMP SINC /HF ERR TR_CNT] 

cc. 0,1,11->C0,0,l,1, 20]; 
CC, X,l,11->C0.1,l,l, 21]; 
cc. 0,1,l]->C0,0,l,l. 21]; 
CC, X,l,1]->[0,l,1,1, 22]; 
[C, 0,1,l]->[0,0,l,l, 22]; 
CC.. X,l,11->CO.l,l,l, 23]; 
cc. 0,1,11->C0,0,l,l, 231: 
CC, X,1,1)->CO,l,l,l, 24]; 
cc. 0,1,1]->C0,0,l,l, 24]; 
CC. X,l,lJ->CO,l,1,1, 25]; 
cc. 0,1,1)->CO,O,l,l, 25]; 
CC, X,l,l]·>CO,l,l,l, 26]; 
cc. 0,l,l]->(0,0,l,l, 26]; 
(C, X,l,lJ->CO,l,l,l, 27]; 
cc. 0,1,1)->CO.O,l,l, 27]; 
CC. X,l,11->CO,l,l,l, 28]; 
cc. 0,1,1)->CO,O,l,l, 28]; 

"CCLK /l'RNC /DEC /RST ]-> fl NTMP SINC /HF ERR TR_CNT] 

cc. X,l,11->CO,l,l,l, 29]; 
cc. 0, l,1]->[0,0, l ,l, 29]; 
cc. X,l,l]->(0,1,l,l, 30]; 
CC, 0,1,1]->C0,0,l,l, 30]; 
cc. X,l,1)->(0,l,l,l, 31]; 
cc. 0,1,1]->C0.0,0,l, 31); 
cc. X,l,lJ->CO,l,0,1, 32]; 
CC, O, l ,lJ->C0,0,0,l, 32]; 
cc. X,l,lJ->CO,l,0,1, 33]; 
cc. O,l,lJ->C0,0,0,1, 33]; 
cc. X,1,11->CO,l ,O,l, 34); 
cc. O,l,1]->(0,0,0,1, 34); 
cc. X,l,1)->[0,l,O,l, 35]; 
cc. 0,1,1)->CO,O,O,l, 35]; 
cc. X,l,1]->[0,1,0,l, 36); 
CC, 0,1,1]->CO,O,O,l, 36]; 
cc. X,l,11->CO,l,O,l, 37]; 
CC, 0,1,l]->C0,0,0,l, 37]; 
[C, X, 1,1]·>[0,1,0, l, 38]; 
cc. 0,1,l]->[0,0,0,l, 38); 
cc. X,l,l]->[0,l,0,1, 39]; 
cc. O,l,l]->[0,0,0,l, 39); 
[C, X,l,1)->[0,l,0,l, 40); 

B • 46 

APPENDIX B 



SEQUENCER 
[C, O,l,l]->[0,0,0,l, 49]; 
[C, X,1,l]->(0,1,0,l, 50}; 
[C, O,l,l]->[0,0,0,l, 50}; 
[C, X,l,1)->(0,l,O,l, 51 ]; 
[C, O,l,l]->[0,0,0,l, 51]; 
[C, X,l,1]->{0,l,0,1, 52]; 
[C, 0,1,l]->(0,0,0,l, 52}; 
[C, X,1,1]->{0,l,O.l, 53]; 
cc. 0,1,1]->{0,0,0.1, 53}; 
(C, X,l,l]->(0,1.0.1. 54]; 
cc. 0,1,1]->[0,0,0,l, 54]; 
[C, X,l,l]->[0,l,0,1, 55]; 
CC, O,l,1]->[0,0,0,l, 55]; 
CC, X,l,1]->[0,l,0,1, 56]; 
cc. 0,1,1)->{0,0,0,1. 56]; 
CC. X,1.1)->[0,l,0.1, 57); 
cc. 0,l,l]->[0,0.0,l. 57]; 
CC, X,l,l]->[0,J,0,1, 58]; 
(C, 0,1,l]->[0,0,0,1, 58]; 
CC, X,l,1)->{0,l,0,l, 59}; 
[C, O,l,1]->{0,0,0,l, 59]; 
[C, X,1,l]->(0,l,0,l, 60]; 
[C, O,l,1]->[0,0,0,1, 60]; 
[C, X,1,1)->[0,l,0,l, 61]; 
cc. 0,1,1]->[0,0,0,l, 61]; 
CC. X.1,1]->[0,l,O.l, 62]; 
[C, O,l,lJ->[0,0,0,l, 62); 
[C, X,1,ll->[0,1,0,l, 63]; 
cc. 0,1,1)->[0,0,0,0, 63); 
[C, O,X,l)->[0,1,0,0, 63]; 
cc. l,X,1]->[0,l,0,0, 63); 
[C, X,X,OJ->{l,l,1,1, O}; 

"[CLK !I'RNC /DEC /RST )·> U NTMP SINC /HF ERR TR_CNT] 

END TRIGGER_COUNTER 
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SEQUENCER APPENDIX C 

BROOKTREE BT501KC I $15.00 I 4 i $60.00 I 

CYPRESS CY7C190-1SPC ! . $9.25 : 2 ! SIS.SO 
CON/WIN SISR8 2S MHZ OSC I $7.00 i l $7.00 
1N400S $0.04 i l" S0.04 
1N914 $0.03 1 $0.03 
2NS770 S0.17 2 $0.34 
51 OHM 1/SWRES S0.18 I 2 $0.36 

100 OHM 1/8W RES I $0.16 18 $2.88 
1300HMRES $0.06 1 S0.06 
2200HMRES $0.07 12 $0.84 

3300HMRES $0.07 I 7 S0.49 I 

IKRES $0.06 11 $0.66 
2KRES I S0.06 \ 1 S0.06 
2.2KRES I S0.06 29 I $1.74 I 

4.7KRES : $0.07 6 I S0.42 
lOKRES i S0.06 ' 3 I S0.18 
SIKRES $0.07 

I 

I S0.07 I 

DALE CSCOSA-03-1010 sioo $0.30 ! 51 I $15.30 
DALECSCIOA-01-1010 sioo S0.35 10 $3.SO 
DALE CSC06A-01-471G siDD S0.22 2 S0.44 
DALE CSCIOA-01-1020 sioo S0.22 4 S0.88 
33ufCAP S0.45 1 SOAS 
47ufCAP S0.98 s $4.90 
68ofCAP S0.17 3 $0.Sl 
SPRAGUE 923CZSU104MOSOB O.luF CAP $0.11 I 274 $30.69 
ORA YHlLL 76-RSB06S DIP SWITCH S3.SO I 1 $3.SO 
3M 34PIN HEADER 3431-1303 Sl.60 ! 1 $1.60 
5APICOPUSE $0.48 7 $3.36 
MIL MAX 0665-0-15-15-30-27-10-2 $0.22 14 ! $3.08 
Ritt Anm Coax LEMO conn. EPL. 00.250.NTN $4.46 4 $17.84 
LED'IRONICS RED PC120IR4 HI-EFFIC. $0.45 10 $4.SO 
CK SWITCH EP12D1ABE SS.36 1 SS.36 
GEN. SEMI. IC'IE-5 TRANSORB $0.90 3 $2.70 
AUXILIARY CONN $0.00 
FASTBUS CONN. $0.00 
FRONT PANEL $0.00 
HARDWARE $0.00 
ROB. NUONT. ICT-243-S-TG 24 PIN IC SKT. S0.88 26 $22.88 

ROB. NUGNT. ICT-203-S-TG 20 PIN IC SKT. S0.88 6 SS.28 
ROB. NUONT. ICA-143-SC0-1'030 OSC. SKT S0.45 1 S0.45 
BURNDY Qil.E 28P-4 IOT 28 PIN PLCC SKT Sl.84 4 $7.36 
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1 General Information 
1.1 Purpose 

October 22, 1990 · 

The FSCC is designed as a simple readout controller for low occupancy front-end modules. It 
performs most basic FASTBUS operations but is not intended to be a "general-purpose" 
FASTBUS master. 

A Motorola 68020 processor is used to control operation of the module and any features which 
are not time-critical have been allocated to software. 

The design goals are as follows; 

a) 

b) 

c) 

a typical readout time of_ l µsec for a single slave module with a few words of data, 
including primary address and address release, 

ability to execute most standard FASTBUS Master operations, and 

design simplicity such that a working prototype module can be assembled in 6-9 
months. 

Fron! "-I Frant Plllwl 
Oulpul Input 

......... .__ ____ Latch 

TTL -ECL 

FASTIUS 

IODBua 

FSCC Block Diagram 

Figure 1 

NanVoi.tlle 
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1.2 Standard Bus Connections (FASTBUS) 

The FSCC operates as a master on both the FASTBUS crate segment pon and the (non
FASTBUS) auxiliary pon. It also suppons FASTBUS slave operations on the crate segment. but 
at a very reduced rate. 

1.3 Packaging 

The FSCC is a single-width FASTBUS module containing approximately 100 integrated circuits. 
Physical dimensions of the module are per the FASTBUS specification. 

1.3.1 Module Plnout (Backplane Connections) 

a) FASTBUS Crate Segment (130 pin FASTBUS standard connector) 
Refer to the FASTBUS specification. 

b) Auxiliary Pon (195 pin FASTBUS standard 3 row connector), see Figure 2 

1.3.2 Front Panel 

FASTBUS Master Green LED 

FASTBUS Slave 

Reset Pushbutton 

Remote Reset 

Trigger Input 

page4 

Yellow LED 

Hard processor reset. 

Hard processor reset. This is an active low TTL input. Shoning the 
connetor or applying a TTL low will cause a reset. This input may be 
Daisy-Chained. 

The Trigger Input consists of five differential RS 485 pairs. A 4 bit Trigger 
ID is latched on the leading edge of the Trigger Input Strobe. This value 
can be read by the processor through a parallel pon. The Trigger Input 
Strobe generates a processor interrupt if enabled. The processor should 
clear this interrupt to allow further trigger recognition. State of the Trigger 
Strobe signal is also available to the FASTBUS Pon Controller for fast 
triggering. The Trigger ID should be valid for at least 60 nsec prior to the 
leading edge of the Trigger Input Strobe and remain valid for at least 20 
nsec after the leading edge of the strobe. The Trigger Strobe pulse width 
should be at least 150 ns to ensure recognition by the FASTBUS Pon 
Controller. 

MBZ,GC,RKJU 
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Trigger Input (20 pin IDC) Pin# 
1-10 
11 
12 
13 
14 
lS 
16 
17 
18 
19 
20 

Reserved 
Trigger Strobe + 
Trigger Strobe -
Trigger IDO + 
Trigger IDO -
Trigger IDl + 
Trigger IDl -
Trigger ID2 + 
Trigger ID2 -
Trigger ID3 + 
Trigger ID3 -

October 22~ 1990 

Front Panel Output: The Front Panel Output (20 pin IDC) consists of four latched differential 
RS485 pairs, which arc driven by the processor via a parallel pon. These 
arc user defined. 

Pin# 
1 
2 
3 
4 
5 
6 
7 
8 

9-20 

Front Panel 0 + 
Front Panel 0 -
Front Panel 1 + 
Front Panel 1 -
Front Panel 2 + 
Front Panel 2 -
Front Panel 3 + 
Front Panel 3 -
Reserved 

2 Serial Pons: RS232 signal levels (4 pin LEMO connectors) one for Host connection 
and one for Terminal connection. 

Terminal port Pin # 
1 
2 
3 
4 

Host pon (Null Modem) Pin # 
1 
2 
3 
4 

TXD (transmit data) 
(no connection) 
RXD (receive data) 
Ground 

RXD (receive data) 
CTS ( + 1 OV Reference) 
TXD (transmit data)RXD (receive data) 
Ground 

Ethernet Pon: Chcapemet signal levels, Isolated BNC Connector. 

Permit_In/Pennit_Out: Serial "daisy-chain" signals for FSCC auxiliary pon bussing, LEMO 
connectors. 

MB2,oc,RK,ru pages 
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Auxilliary Port Connector 

Pin Signal 
B65 \ITT 
B64 GND 
863 AC15 
B62 AC14 
861 AC13 
860 AC12 
859 AC11 
858 AC10 
847 031 
846 030 
845 029 
844 028 
843 027 
842 026 
841 025 
840 024 
839 023 
B38 022 
B37 021 
B36 D20 
B35 D19 
B34 D18 
B33 017 
B32 016 
B31 015 
B30 014 
B29 013 
B28. 012 
821 011 
B26 010 
B25 009 
B24 008 
B23 007 
B22 006 
B21 005 
B20 D04 
819 003 
B18 002 
B17 001 
B16 000 
B15 AC09 
B14 ACOS 
B13 AC07 
812 AC06 . 
B11 AC05 
BS AC04 
B7 AC03 
86 AC02 
BS AC01 
B4 ACOO 
A 12.A32,C63 VEE 
M3,CS3,C12 VCC 
A20,A22,A53,A63,C22,C32,C43,C44 

Figure 2 

Function 
-2.0 Volts 
Power Return 
NC 
NC 
AuxUiary Control Bit 13 
Auxiliary Control Bit 12 
Auxliary Control Bit 11 
Auxiliary Control Bit 10 
Oulput Data Bus Bit 31 
Oulput Data Bus Bit 30 
Oulput Data Bus Bit 29 
Output Data Bus Bit 28 
Output Data Bus Bit 27 
Output Data Bus Bit 26 
Output Data Bus Bit 25 
Output Data Bus Bit 24 
Output Data Bus Bit 23 
Output Data Bus Bit 22 
Output Data Bus Bit 21 
Output Data Bus Bit 20 
Output Data Bus Bit 19 
Output Data Bus Bit . 18 
Output Data Bus Bit 17 
Output Data Bus Bit 16 
Output Data Bus Bit 15 
Output Data Bus Bit 14 
Output Data Bus Bit 13 
Output Data Bus Bit 12 
Output Data Bus Bit 11 
Output Data Bus Bit 1 o 
OUtput Data Bus Bit 9 
Output Data Bus Bit 8 
Output Data Bus Bit 7 
Output Data Bus Bit 6 
Output Data Bus Bit 5 
Output Data Bus Bit 4 
Output Data Bus Bit 3 
Output Data Bus Bit 2 
Output Data Bus Bit 1 
Output Data Bus Bit 0 
Auxiliary Control Bit 9 
Auxiliary Control Bit 8 
Auxiliary Control Bit 7 
Auxiliary Control Bit 6 
Auxiliary Control Bit 5 
Auxiliary Control Bit 4 
Auxiliary Control Bit 3 
Auxiliary Control Bit 2 
Auxiliary Control Bit 1 
Auxiliary Control Bit o 
-5.2 Volts 
+S.2 Volts 
Power Return 
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1.4 Power Requirements 

This module dissipates approximately 40 watts. 

+5.0volts 
-5.2 volts 
-2.0 volts 

6amps 
2amp 
0.2amps 

2 Theory of Operation and Operating Modes 

October 22, 1990 

Figure 1 shows a general block diagram of the FSCC. The individual blocks are explained in 
detail below. . 

2.1 Basic Operation 

All module operations are controlled by memory-mapped instructions from the 68020 
Proceaor. Processor operation is described in section 2.2. 

Low level management of the various pons is handled by dedicated controllers. In the case of 
the Serial and Ethernet Ports, the controllers are commercial integrated circuits. Controllers for 
the F ASTBUS Port (FPORT) and Auxiliary Output Port (OPORT) are implemented using 
PLO state machines. -

To maximize throughput, high speed block transfer data from FASTBUS to the Auxiliary Output 
Pon- is routed through the Data FIFO which serves two functions; it 1) decouples the input and 
output data rates, and 2) provides buffering of one full crate-event of front-end data for insertion 
of leading word counts on output. The buffer is implemented using commonly available 
integrated circuit FIFO's which provide a depth of 2K, 32-bit words. This is expand'ible by 
substitution of pin-compatible higher density pans. 

A 256X32-bit Processor FIFO connects the FASTBUS pon to the Processor. Input to this 
FIFO can be enabled or disabled by the Processor. When enabled, any data which is written to 
the Data FIFO will simultaneously be written to the Processor FIFO. The Processor FIFO 
provides a high-speed path through which the processor can sample data in the event stream. 

A 256X32-bit List FIFO also connects the Processor to the FASTBUS data port. This FIFO is 
written by the Processor and contains a data list for use by application-specific FPORT 
Controller microcode. 

To further improve the readout speed of the FSCC, a Local Word Counter is implemented. In 
a typical application, this counter is loaded directly from the first word of a Block or Pipelined 
transfer, with ·a fixed word count position (bits 0-11). The counter can also be preset by the 
processor for use with slave modules which do not supply a leading word count. It is 
implemented in PLD's and can be adapted for inclusive or non-inclusive word counts. 

For ·slave modules capable of producing leading word counts, the local counter eliminates the 
extra delay the FPORT Controller nonnally incurs in checking for the SS=2 "end-of-block" 
condition. It allows better pipelining of the data since the controller will not be required to "read 
beyond end-of-block and then back-up it's internal counters and pipeline registers. The Local 
Word Counter can also be used to produce intermediate word counts, at user-selected boundaries 
for insertion in the main data stream. Maximum word count is 4095. 
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A Global Word Counter and Header Latch is also implemented. This is normally used to 
provide a total count of all data read from a group of modules. It is clocked by the FPORT 
Controller. The value of this counter is inserted into the output data stRun along with S bits of 
header information on command of the OPORT Controller. The FPORT Controller provides 
both an immediate and delayed "end-of-event" signal for this purpose. The word count is limited 
to 12 bits. The S bit header field is loaded directly by the processor. Register definitions and 
opcmting modes for the counter/header latch and OPORT controller are outlined in section 2.3.3. 

A small Control FIFO connects the word count I header output and Dara FIFO outputs to allow 
overlapping of events in the Data FIFO.· This is nccessmy for variations in event sbe and input
output transfer rates. The immediate end-of-event signal is normally used to transfer the cuncnt 
word count/header to the Control FIFO. The delayed end-of-event signal, which tracks the data 
through the Data FIFO, is used to insen the word count/header into the output data stream. 

2.2 On-Board Processor 

· The processor is a Motorola 68020 running at 20 MHz. The 68020 was selected strictly on the 
basis of software compatibi~ty with existing Fennilab modules. 

The processor address map is decoded as follows; 
Base Address Transfer Type Name Purpose 

0000 0000 
0004 0000 

0020 0000 
0022 0000 

0030 0000 

0040 0000 
0044 0000 
0046 0000 
0048 0000 
004A 0000 
004C 0000 
004E 0000 

0050 0000 
0052 0000 
0054 0000 
0056 0000 

byte, word, long word ROMlS* Program EPROM (Bank l, 256K) 
byte, word, long word ROM2S* Program EPROM (Bank 2, 256K) 

byte, word, long word RAMIS* Program RAM (Bank 1, 128K) 
byte, word, long word RAM2S* Program RAM (Bank 2, 128K) 

byte 

byte, word, long word 
long word 
byte 
byte 
byte 
byte 
word 

NVDS* Real-time clock I Non-volatile memory 

ETHS* Ethernet Dual-Port RAM 
CAS Ethernet Channel Attention 
UARTS* Serial Ports (68681) 
TMRS* Interrupt Vectorlfimerl,..ogic (MC68901) 
OPORTS* OPORT Controller (EPB1400) 
PARLLS* Auxiliary Parallel Port 
H&CSEL * Header/Counter Registers 

byte, word, 1011 ord LPBKS Ethernet loopback mode set 
byte, word, 1011 ord !JlBKC Ethernet loopback mode clear 
byte, word, 1011 ord EnlRES Ethernet reset set 
byte, word, 1011... ord ETHRESC Ethernet reset clear 

0060 0000 long word FBlS* 
FB2S* 
FCSEL* 
FSSEL* 
FIFOlS* 
FIF02S* 

FPORT Controller (Fast cycle instructions) 
FPORT Controller (Slow cycle instructions) 
FASTBUS Parallel Port 1 (MC68230) 
FASTBUS Parallel Port 2 (MC68230). 
Processor FIFO 

0062 0000 long word 
0064 0000 byte 
0066 0000 byte 
0068 0000 long word 
006A 0000 long word List FIFO 
* Active low signal. 
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The processor memory consists of 256 KBytes of 0-wait state static RAM and 512 KBytes of 1-
wait state EPROM. Byte, word and long-word accesses are supported. Minimal configuration is 
128 KBytes of RAM and 256 KBytes ofEPROM. 

A DS 1286 real-time clock with intenupt capability' and SO bytes of RAM is provided for system 
use. Both functions are maintained by a built-in battery. The RAM holds module-specific 
information (e.g., Ethernet address). 

Processor reset occurs at power-up, by pressing the front-panel Reset Pushbutton or through the 
front panel reset input Lemo .. A reset can also be generated by a "watchdog" timer contained in 
the FASTBUS Parallel Pon 1 controller (68230). If enabled, this timer must be reset by software 
periodically. The timer can be set for any period from 4 µsec up to approximately 50 seconds. 
A;module reset can be forced by software which drives the parallel port watchdog timeout bit 
low. 

· A Processor bus response timer is contained in the other 68230 pon controller. When enabled, 
this timer will generate a BUS ERROR exception if the Processor fails to complete a bus cycle 
within the specified time. The bus response timer also serves as the FASTBUS "long timer". In 
this application however, a FASTBUS timeout will only be detected on a subsequent Processor 
to FPORT Controller access. When the FPORT Controller is operating in a standalone mode for 
extended periods (as in a microcode readout loop), the Processor should occasionally access the 
FPORT Controller using the NULL instruction to determine if a timeout has occUITed. 

2.2.1 Control and Status Registers 

The FSCC has no control or status registers which are independent of the associated controllers. 
Refer to the appropriate controller description for register definitions. · 

2.2.2 Error Responses 

The FPORT Controller normally monitors the FASTBUS exception logic. When a FASTBUS 
error or FASTBUS Reset is detected, the controller will terminate its current operation and return 
to an idle state. If another FASTBUS instruction is pending (Processor pipelined mode), the 
FPORT Controller will return Processor DSACK immediately to clear the bus and allow 
interrupt processing. The instruction which was- pending will not be executed. If the FPORT 
Controller fails to recognize an error and return control to the Processor, the Processor will 
eventually timeout with a BUS ERROR exception. This can happen, for example, if the 
address/data cycle timer is disabled and no acknowledge is received. 

FASTBUS exceptions can be cleared by assening the parallel port FASTBUS clear error 
(FCLERR) or sequencer clear error signals. The FASTBUS interrupt vector must be 
programmed and the interrupt enabled to allow recognition ofFASTBUS exceptions. 

Because FASTBUS operations can be queu~ a FASTBUS error interrupt may not apply to the 
current processor data cycle. For example, a FASTBUS block transfer can be initiated and then 
followed by any number of non-FASTBUS processor operations while the block transfer takes 
place. A FASTBUS error during the block transfer generates an interrupt which may be 
unrelated to the current processor activity. For any FASTBUS interrupt, the parallel pon status 
lines must be examined to determine the cause of the interrupt. 
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2.2.3 Software 

The pSOS operating system and pROBE resident monitor. module diagnostics and control 
software for the Ethernet and Serial Pons is implemented in EPROM. User code may be placed 
in the second EPROM bank or in RAM. 

2.2.4 Interrupts 

A 68901 multifunction peripheral provides the vectored interrupt control. Refer to the Motorola 
68901 manual for register definitions. Interrupts for the following inputs arc provided; 

Interrupt Line 

* Active low signal. 

7 
6 
5 
4 
3 
2 
1 
0 

Name 

TSTRB 
RTCREQ* 
E1HREQ 
SERREQ* 
FBERR* 
AUXREQ* 
FBREQ* 
FPCREQ* 

Function 

Trigger Input Strobe 
Real-time Clock 
Ethernet 
Serial Port 
FASTBUS error 
OPORT Controller 
FASTBUS request 
FASTBUS Port Controller 

Interrupt vectors are programmable and interrupts can be separately enabled. disabled or masked 
in the 68901 controller. The 68020 interrupt mask is hardwired to IPL2, which corresponds to a 
interrupt level of 4, and is not used except to enable or disable all interrupts. A typical FSCC 
readout program will have an inner loop of less than 100 µsec, so for many applications, polling 
of the serial ports, slave mode and trigger inputs may be more efficient than use of interrupts. 

TSTRB-IRQ7: The trigger input interrupt is generated by the rising edge of the front panel trigger 
strobe. Four trigger ID bits are latched in parallel port 1. 

RTCREQ*·IRQ6: The real-time clock (DS1286-U38) can be programmed to generate periodic 
interrupts at a rate of 10 msec to 100 seconds. It can also be programmed to interrupt on a 
specific date or/and time. 

ETHREQ-IRQS: This is the Ethernet message interrupt. Ethernet messages are buffered by the 
controller in Dual-Port memory so immediate interrupt response is not requiJ:ed. 

SERREQ*·IRQ4: The serial ports can be programmed to generate interrupts when the receive 
buffer is loaded or the transmit buffer is empty. . 

FBERR*-IRQJ: FASTBUS enor conditions result in a processor interrupt when enabled. The 
conditions are: 
l)FASTBUS timeout-failure of a slave module to respond within 1500 ns on an address or 
data cycle. This error can be disabled through the shon timer enable bit (STEN) in parallel 
pon 2. 
2)FASTBUS SS errors-SS responses of 1,2,3,4,5,6 or 7 on a Address cycle or 1,3,4,5,6, or 7 
on a Data cycle will cause a FASTBUS error intenupt. The last non-zero value of SS is 
latched at parallel pon 2 (FLSSO, FLSS 1, FLSS2). 
3)Data FIFO overflow. 

AUXREQ*·IRQ2: OPORT request to processor, see section 2.3.3 
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FBREQ*·IRQl: (External) FASTBUS request-This interrupt is generated when the FSCC is 
. accessed as a slave or when a FASTBUS Service Request (SR) or FASTBUS Reset (RB) is 
issued. RB does not directly reset the processor. A processor reset can be generated by 
software in the RB interrupt handler. RB does not cause an interrupt if it is being driven by 
the FSCC itself. 

FPCREQ*-IRQO: The FPORT controller can assen an intcrmpt request at any time. In the 
standard FASTBUS instruction set this intclTUpt is generated at' the End of Block in Block 
and Pipelined transfers. · · 

2.3 Communication Interfaces 

The Ethernet interface physical connection will be through a front-panel "cheapemet" BNC 
connector. Software for this interface must suppon connection to VAX systems. The 82586 
coprocessor interfaces to the 68020 through a 2K by 32 bit dual-pon memory. This 
configuration allows both processors to operate independently and is necessary to avoid buffer 
overrun if the 68020 is unable to process inteD"Upts for extended periods. It also improves the 
speed ofFASTBUS operations since there is no contention on the processor bus. 

Two standard RS-232 serial ports (Signetics 68681) are provided for development and diagnostic 
use. One of these will be connected to a terminal or PC. The other will typically seive as a link 
to a host machine. Data rates to 9600 baud will be supponed. Operation of these pons is 
controlled by on-board software. At module initialization, the pons are configured for 9600 
baud using XON I XOFF protocol. Refer to the 68681 data sheet for register definitions. The 
Host pon is a null-modem connection. 

FASTBUS is accessed through the crate segment backplane. All FASTBUS operations are 
performed by a microsequencer as directed by the processor. A sequence of FASTBUS transfers 
may be performed to the Data FIFOs or to the Processor FIFOs without processor inteivention. 

The Output Pon is controlled by a programmable microsequencer which is directed by the 
processor. A transfer may be initiated and proceed unattended. The Output Pon transfers data 
through the Auxillary connector of the backplane. Personality cards, which plug into the 
auxiliary connector from the rear of the FASTBUS crate are available for standard protocols. 

2.3.1 Addressing Modes (FASTBUS) 

Two 68230 parallel pons provide status communication between the processor and the 
FASTBUS control logic. Parallel port lines are defined in Figure 3 ("I" in the first column 
indicates an input signal, "O" indicates an output, "S" indicates a special function pin) 

Pon data direction and signal states are individually progri.mmable. The software should avoid 
defining or driving INPUT pins as OUTPUTs, since multiple drives on the same signal line can 
cause circuit damage. If in doubt, define all unused signals as INPUTs or leave pons in the 
normal power-on reset configuration. 

The FASTBUS Pon Controller provides most of the low-level control of FASTBUS operations, 
based on simple memory-mapped instructions from the processor. It consists of three parallel 
EPS448 programmable sequencers plus assorted PLD's. The EPS448 is limited to 256 states, of 
which only 64 suppon conditional branching. Therefore, the sequencer will directly execute 
only FASTBUS primitives plus a few generally used compound operations. 
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Parallel Port 1 
Input/Output Bit Signal Function 

AO FRRD. FASTBUS received RD 
A1 FROS FASTBUS received OS 
A2 FRMSO FASTBUS received MSO 
A3 FRMS1 FASTBUS received MS1 
A4 FRMS2 FASTBUS received MS2 
AS FRAK FASTBUS received AK 
A6 FRDY FASTBUS master 
A7 FSLV* FASTBUS slave mode 

BO TRIGO Trigger Vector O All Port B inputs are latched 
81 TRIG1 . Trigger Vector 1 on the rising edge of the 
82 TRIG2 Trigger Vector 2 trigger input strobe. 
83 TRIG3 Trigger Vector 3 

0 84 FPO Front Panel o Front Panel differential ECL 
0 85 FP1 Front Panel 1 Outputs 
0 86 FP2 Front Panel 2 
0 87 FP3 Front Panel 3 

0 co PAS* Processor FIFO reset 
I C1 PEF*. Processor FIFO empty 
0 C2 COPY EN Processor FIFO copy enable 
O,S C3 WDTO* •watchdog• timeout 
0 C4 DRS* Data FIFO reset 
0 cs ORT* Data FIFO retransnit 
0 cs SRS* Sequencer List FIFO reset 
I C7 OFF* Data FIFO overflow 

Parallel Port 2 
Input/Output Bit Signal Function 

0 AO FDGK FASTBUS drive GK 
0 A1 FDRB FASTBUS drive RB 
0 A2 FOSSO FASTBUS drive SSO 
0 A3 FDSS1 FASTBUS drive SS1 
0 A4 FDSS2 FASTBUS drive SS2 

AS 
A6 

0 A7 LCEN Local Counter Enable 

BO SSTATO S.equencer status O 
81 SSTAT1 Sequencer status 1 
82 SSTAT2 Sequencer status 2 
83 SSTAT3 Sequencer status 3 
84 FRSR FASTBUSSR 
85 

0 86 FCLERR FASTBUS Clear Errors 
0 87 SN RESET* FPORT Controller Reset 

0 co STEN Short timer enable 
I C1 STO* Short timeout 
l,S C2 LTEN Long t.imer enable 
o,s C3 LTO* Long timeout 
I C4 FLSSO FASTBUS latched SSO 
I cs FLSS1 FASTBUS latched SS1 
I C6 FLSS2 FASTBUS latched SS2 
I C7 FRESET* FASTBUS reset 

Figure3 
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The EPS448 is EPROM programmable and the instruction set cannot be modified by the 
processor. FPORT Conaoller output signals are as follows: 

Bit Name Function 
EPS448-3 FOO SMUXO Select sequencer condition code set O 

F01 SMUX1 Select sequencer condition code set 1 
F02 SMUX2 Select sequencer condition code set 2 
F03 FDSACK* Processor data strobe acknowledge 
F04 SSTATO Sequencer status bit 0 
FOS SSTAT1 Sequencer status bit 1 
F06 SSTAT2 Sequencer status bit 2 
F07 SSTAT3 Sequencer status bit 3 
FOS CCLERR Controller Oear Error 
F09 TIMER Shon timer enable 
F10 CECE Control ''End-of-Event" 
F11 DEOE Data ''End-of-Event" 
F12 FCLK Global word counter clock 
F13 STATCLK Sequencer status clock 
F14 SR* Sequencer List FIFO read 
F15 PFIFOEN Processor FIFO input enable 

EPS448-2 FOO FSAS FASTBUS set AS· 
F01 FCAS FASTBUS clear AS 
F02 FSDS FASTBUS set DS 
F03 FCDS FASTBUS clear DS 
F04 FSDK FASTBUS set DK 
FOS FCDK FASTBUS clear DK 
F06 FDWT FASTBUS drive WT 
F07 FDMSO FASTBUS drive MSO 
FOS FOMS1 FASTBUS drive MS 1 
F09 FOMS2 FASTBUS drive MS2 
F10 FORD FASTBUS drive RD 
F11 FDEG FASTBUS drive EG 
F12 
F13 FEOBA FASTBUS EOB Acknowledge 
F14 FREQ FASTBUS request bus 
F15 FREL FASTBUS release bus 

EPS448-l FOO DFIFOEN Data FIFO input enable 
F01 FPCREO* Sequencer Interrupt Request (TRAP) 
F02 FCOE* FASTBUS conaol output enable 
F03 FDOE* FASTBUS data output enable 
F04 SDG* Data pipeline latch enable 
FOS DSBA Data pipeline latch B->A mode control 
F06 DCPBA Data pipeline latch B->A clock 
F07 DSAB Data pipeline latch A->B mode control 
F08 SDCPAB Data pipeline latch A->B clock 
F09 DDIR Data pipeline latch direction 
F10 SPOE* Processor tranceiver output enable 
F11 sow Data FIFO write 
F12 SRT* Sequencer List FIFO retransmit 
F13 SL COE Local word counter output enable 
F14 LCO Local word counter control 0 
F15 LC1 Local word counter control 1 
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The following FASTBUS master operations arc permitted by the sequencer instruction set 

EQU Addrea(llEX) F ASl'BUS Operation 
0062 0300 BUS_ARBITRATE 
0060 0004 BUS_RELEASE 

0080 0304 ADDRESS_DATA_GEOGRAPHICAL 
0060 0308 ADDRESS_CSR_GEOGRAPHICAL 
0060 030C ADDRESS_DATA_LOGICAL 
0060 0310 AOORESS_CSR_LOGICAL 
0060 0314 ADDRESS_DATA_BROADCAST 
0060 0318 ADDRESS_CSR_BROADCAST 
0060 031C ADDRESS_REl,.EASE 

0062 0320 DATA_PROCESSOR_RANOOM_READ 
0060 0324 DATA_PROCESSOR_RANDOM_WRITE 
0062 0328 DATA_PROCESSOR_SEC_ADDRESS_READ 
0060 032C DATA_PROCESSOR_SEC_ADDRESS_WRITE 
0062 0008 DATA_PROCESSOR_BLOCK_ TRANSFER_READ 
0060 OOOC DATA_PROCESSOR_BLOCK_ TRANSFER_WRITE 
0060 0330 DATA_PROCESSOR_BLOCK_TRANSFER_ TERMINATE 
0060 0334 DATA_FIFO_BLOCK_TRANSFER_READ 
0060 0338 DATA FIFO PIPELINED READ 100 
0060 033C DATA:F1Fo:PIPELINED:AEAD:200 
0060 0340 DATA_FIFO_PIPELINED_AEAD_400 

0060 0020 NULL 
TBD UST 
TBD LIST_REPEAT 

0062 0010 LOCAL_COUNTER_LOAD 
0062 0014 LOCAL_COUNTER_REAO 
0062 0018 FIFO_WRITE_DATA 
0062 0024 EOE 

Sequencer instructions related to slave mode arc; 

0062 001C SLAVE_DATA_INPUT 
0060 0344 SLAVE_DATA_OUTPUT 

Refer to Appendix A for detailed instruction definitions. 

The FSCC suppons standard and assured access arbitration. It does not suppon prioritized 
arbitration. Bits 0-S of the· processor data bus contain the arbitration vector. Bit 7 determines 
whether the assured access protoeol is active. Bit 6 ~ 8-31 are ignored. These bit assignments 
correspond to CSR 8. A FASTBUS arbitration can be performed by a processor instruction of 
the form-

MOVE.L CSR8, BUS_ARBITRATE 
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If there is more than one master on the segment. the arbittation request should be followed by a 
check of the parallel port FRDY, FRAK and FSL V• bits to confirm that the arbitration was 
successful (or that the module was addressed as a slave while waiting for the bus). FRDY 
indicates that the FSCC has won the arbitration cycle and is the pending bus master. Before 
proceeding with an address cycle, FRAK should be checked to ens1n that the previous master 
has released the bus. If FSL V* is low following an ubitration request, it indicates that the 
FSCC bas been addressed as a slave by the current bus master. This should simultaneously 
cause a FASTBUS slave intenupL The bus can also be acquired simply by asserting the GK line 
through the parallel port. Note that this is not a standard FASTBUS operation and is provided 
only for single master systems without ancilliary logic. . 

The Processor can issue a FASTBUS RB (Reset Bus) signal directly through the parallel pon. In 
this case the parallel port GK signal should be asserted simultaneously. RB does not cause a 
processor inteITUpt when it is driven by the FSCC itself. 

The FSCC supports a limited slave mode through processor emulation. Geographical address 
recognition logic is contained in hardware. All other slave functions are controlled by the 
processor. FASTBUS WT is asserted on each DS transition. The data cycle response time is 
dependent on software and is typically 10-15 µsec per FASTBUS word. 

Accessing the FSCC as a slave causes a Processor interrupL The processor must poll the DS, MS, 
RD and AK lines via parallel port inputs. The SS response is then placed on the bus via parallel 
port outputs and a slave mode input or output operation is executed by the sequencer. 

These instructions cause a single word of data to be transferred between the processor and 
FASTBUS with an associated DK transition. WT is released prior to the DK transition and is 
reasserted on the next DS transition. Any FASTBUS CSR or DATA location can be defmed by 
processor software. 

The FSCC is limited in its ability to execute master and slave operations simultaneously, since 
the processor is involved in both cases. There is normally no need for the FSCC to address 
itself, with the possible exception of crate mapping. If the FSCC does address itself, the slave 
logic will attach (return AK) but no data cycles will be. possible. A slave mode intCITUpt is 
generated and the processor software must then recognize the simultaneo .. s master/slave 
condition by examining the parallel port FSLV* biL The software should bypass any FASTBUS 
data cycles and retrieve the infonnation directly from intemalmemory. . 

Application-specific FASTBUS operations may be included through use of the LIST instruction. 
These routines can use, but are not required to use, the LIST FIFO as a source of data bus 
operands. The Sequencer List FIFO provides a means of executing complex FASTBUS 
instruction streams without Processor intervention. The List FIFO contains only the data bus 
operands, instructions must be preprogrammed in the sequencer. For example, a complete crate 
of similar slave modules could be read out by a sequencer loop using a List of primary addresses. 
Small burst data transfers (e.g., FASTBUS messages) can also be supplied by the List FIFO. 
This FIFO eliminates the overhead associated with Processor-FPORT Controller 
communication. The UST routine cannot contain FASTBUS operations which require 
Processor interaction (such as read cycles) unless the data is simply placed in the Processor FIFO 
for future access. 

The LIST instruction causes the operation to be executed once. The UST_REPEAT instruction 
causes the operation to repeat indefmitely. During LIST_REPEAT, the sequencer checks the 
Processor-FPORT Controller select line at the completion of each pass and exits the loop if 
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another instruction is pending. The only exception is the NULL instruction where the sequencer 
retunts Processor DSACK and continues. NUU.. can be used to periodically check that the 
FPORT Controller (or FASTBUS) is not locked up. 

The LIST instructions rely on programming of the FPORT Controller microcode which is 
EPROM based. Use should be limited to applications requiring very fast operuion. In general, 
the standard primitive instructions provide reasonably fast (Processor speed) access to 
FASTBUS without changes to microcode. 

2.3.1.1 Data Transfer Description and Transfer Rates 

The FSCC suppons Pipelined Transfer rates of 100, 200 and 400 nsec per word. At the 100 nsec · 
per word rate, End-of-Block is not normally returned in time to avoid another DS transition. 
Therefore, Pipelined transfers at 100 nsec will read one word beyond the end of block and this 
word will be included in the output data stream. Other pipelined transfer rates, in any multiple of 
SO nsec with a minimum of 100 nsec, can be programmed through minor microcode changes. 

The FSCC also supports Block Transfers at a rate of ~15_0 nsec per word. The actual transfer 
11.te will be 100 nsec plus the slave DS-DK response time, rounded to the next highest 50 nsec 
increment ·- · 

Block and Pipelined Transfers directed to the Data FIFO are functional for Read mode only. 
Data is placed in the FIFO and is not accessible to the Processor. However, data can be 
simultaneously routed to the Processor FIFO by setting the COPYEN bit in the parallel port. A 
Block Transfer Read/Write instruction for Processor memory is available, but operates at the 
same speed as single word Processor read and write operations. It implements one step of the 
block transfer for each processor MOVE instruction executed. The block transfer must be 
terminated with a DATA_PROCESSOR_BLOCK_TRANSFER_TERMINA TE instruction. 

Although the Data FIFO is limited to blocks of 2K words or less, larger blocks can still be 
transfetted provided that the destination does not require a leading word count or is capable of 
interpreting a word count of 2048 as a partial transfer. In the second case, for block transfers 
which are some exact multiple of 2048 words, a fmal block of length zero must be transferred. If 
leading word count insertion is not required and the output port runs at the same rate as the 
FASTBUS port, the FIFO depth is not a factor. 

2.3.1.2 Internal Control and Status Registers 

All Control and Status Registers related to FASTBUS operation are implemented in 68020 
software. The number of registers is limited only by available processor memory. 

2.3.1.3 Error Responses 

The FPORT Controller latches FASTBUS error conditions but does not attempt any recovery or 
retry. A processor interrupt is generated and the processor has the option of attempting recovery 
or, more likely, skipping the entire readout sequence. Because of internal pipelining, errors may 
not be reported immediately with the bus cycle generating the error. Also, the amount of status 
information available to the processor is limited. 
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The standard FASTBUS instructions will abon on errors and return to the processor ~th an 
interrupt. The user can optionally modify the microcode to ignore errors and continue with the 
FASTBUS operation, although the results may be undefmed. If user supplied microcode is 
capable of recovering from errors without processor intervention, the processor enor intemipt 
can be disabled. An error flag can be set in the header word ·of the cU1TCnt output event to 
indicate that the FASTBUS event readout failed and the data should be discarded. The FPORT 

· Controller does not have the ability to test status flags in slave modules to locate problems, so 
error recovery through microcode is generally limited to reset and continue type operations. 

2.3.2 Ethernet 

The INTEL 82586 LAN coprocessor performs message framing management in ttansmission 
and reception functions. It acts as a bus master, accesses memory by DMA, carries out message 
error checking, collision recovery functions, etc. The INTEL 82CS01 Ethernet Serial Interface 
(ESI) implements Manchester encoding/decoding and clock recovery. ESI functionality may be 
checked by the processor using Loopback mode. The National DP8392 Ethernet Transceiver 
performs collision detection and interfaces to the coaxial cable. 

Ethernet Interface 

The INTEL 82586 coprocessor interfaces indirectly to the 68020 CPU system through a 4K by 
16 bit dual poncd memory. Figure 4 is a Block Diagram of the Ethernet Interface. 

The dual port RAM speeds up both systems as the processor does not release the bus each time 
a OMA occurs, also controller bus latency is reduced to zero. 

Direct interface is provided with CA and IRQ lines. The 68020 CPU drives CA to get the 
attention of the controller. indicating that new commands were included in the command list to 
be processed. 

The 82586 Ethernet controller uses IRQ to interrupt the processor when a command is over or 
upon message reception. 

The shared DPRAM structure is composed of four parts: The Initialization Root, the System 
Control Block (SCB), the Command List and the Receive Frame Area (RFA) .. The Initialimtion 
Root is fixed in memory. The Ethernet controller addresses that variable as $FFFFF6, but in 
fact, due to the partial decoding, its physical location is $1FF6. The origin of the DPRAM is 
$40000 from the CPU side and $0000 from the Ethernet controller. Transmission and reception 
messages are split into small' buffers to better use the available memory. The buffers, when 
necessary, are chained in frames. Transmission and reception buffer descriptors are accessible 
through the SCB table pointers. 
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Ethernet Controller Interface 

The interface between the Ethernet controller and the DPRAM consists of two ALTERA 
EPB 1400s. The Ethernet controller, address and data buses are multiplexed, so the EPB 1400s 
demultiplex/remultiplex those buses and generate the necessary timing for the memory signals: 
CS•, ·R/W*, OE*. 

Logic in the EPB1400s is used for as a state machine (Figure 5) to control timing. This logic 
monitors the state of the BUSY. line from the DPORT RAM. To indicate a memory access 
contention in read and write cycles, BUSY* is connected to the READY line of the controller 
and inserts wait states. 

In both, read and write cycles, the state machine's counter is kept at states 3 and 4 when BUSY* 
is activated. 

Timing Diagrams 

The Ethernet controller was designed to share an external bus, it asserts a HOLD line to keep the 
bus when performing burst memory cycles. The controller has a private bus to the DPRAM, so 
hold acknowledge HLDA is returned instantaneously, and the state machine goes directly to 
IDLE to wait for the beginning of a cycle. · . 

S 1 and SO, from the Ethernet controller indicate the type of cycle: S 1 =0, SO= 1 is a read cycle and 
Sl=l, SO=O is a write cycle. Those lines are driven only during Tl and T2, and are latched in 
SIL and S2L. 

Figures 6a and 6b show timing diagrams for read and write cycles. Table one is a truth table. 

2.3.3 Description and Operation of OUTPUT PORT 

The basic function of the Output Pon Controller (OPORT) is to provide a continuous stream of 
data with strobes for transmission via RS-485, ECLine or fiber-optic auxiliary cards. A Block 
diagram of the Output Pon is shown in Figure 7. For this application, it need only multiplex the 
FIFO outputs and generate appropriate timing. Connection to more complicated external bus 
formats will require ·reprogramming of the OPORT Controller or addition of a more 
sophisticated sequencer on the auxiliary carci. The OPORT can also be disabled to allow an 
external controller mounted on the FASTBUS auxiliary card to take over data transmission. This 
allows for various protocols to be implemented by fitting different auxiliary cards to the 
controller. 

All levels at the output port are single ended TIL. Level adapters to different protocols will be 
mounted on the FASTBUS auxiliary card. The data path is 32 bits wide. Two control lines are 
provided to regulate data flow: the WAIT input pauses the OPORT and STROBE is a 
synchronous data strobe outpuL 
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Ethernet Controller Truth Table 

Table 1 
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In some applications the auxiliary bus will be common to several FSCC modules. The 
PERMIT_IN and PERMIT_OUT signals provide a "token passing" mechanism for enabling and 
disabling data output The external WAIT input, located on the auxiliary cud. can also be used to 
regulate the data output rate. 

The OPORT Controller performs arbitration and control for the Data and Word Count FIFO output 
ports. It has two modes of operation; Event Mode, where a word of Control information is 
transmitted from the Control FIFO followed by synchronous data from the Data FIFO at a rate of 
10 MHz, and Processor Controlled Mode, where data is transmitted from the Control FIFO only. 
The operating mode is selected by the processor. 

Event Mode : This is the normal data taking mode and data is transmitted to the output with 
synchronous, no handshake, protocol at lOMHz Or 40 Mbyte/sec. The data contains a non
inclusive leading word count,(the lower ord~ 12 bits). That header word from the control FIFO 
(CFIFO) is transmitted first, followed by the specified number of words from the data FIFO. Bits 
12-16 contain a processor programmable header, usually the Trigger ID, and bit 17 is an error flag. 
Bits 18-31 of the control word are undefined and transmitted as zeros. A pipeline latch between 
the data FIFO (DFIFO) outputs and the output pon stabilizes the data field. A pipeline register 
holds the data on the Output Pon for a period of approximately 50 nsec preceding and 50 nsec 
follow~~ the trail~~ edge of the output data strobe (STROBE*) ... Wait states can be insened by 
the auxiliary pon m mcrements of 100 nsec. Refer to figure Sa for an example of Output Pon 
timing in normal frame mode. 

Processor Controlled Mode: In this mode, data is written into the Control FIFO one word at a 
time by the processor using the H&C transparent mode (refer to 2.3.3.3.3). Then, the MODE 
signal is driven high and the OPORT Controller extracts data from the Control FIFO for 
transmission. The processor can read the Step Acknowledge (SlPACK) status bit to conf~ 
transmission or can be interrupted. Data width is limited to 17 bits. Transmission of data in 
processor controlled mode is also subject to external WAIT. Refer to figure 8b for an example of 
timing in the processor controlled mode. 

Refer to figure 9 for a state transition diagram of the OPORT Controller. At power up or RESET, 
the state machine is in POWER ON RESET. Receipt of a FORCE_EVENT command takes the 
controller directly to IDLE, while an EVENT, STEP or EMPO command puts the controller into 
PINW AIT. A PERMIM will then take the controller from PINW AIT to Idle. As soon as the 
control FIFO has a word in it, the controller will move from IDLE to SETUP state. A STEP 
command will take it to STEP state, any other mode will allow the controller to continue on to 
CONT state. However, if the WAIT signal is high before any data has been transmitted, the 
controller assumes that the memory buffers are not connected and enters the ERROR state 
asserting the ERROR signal A RESET is required to return the controller to IDLE. 

From the CONTINUE state (Event Mode) it proceeds to the ACTIVE2 state and transmits one 
word from the Control FIFO. It then checks for data in the Data FIFO. As long as the WAIT is 
low, the controller continues to the DATA state, then loops between ACTIVE and DATA states, 
transmitting one word of data each cycle. The block transfer is terminated.by the EOE signal from 
the Data FIFO. 

From the STEP state (Processor Controlled mode), the controller transmits data from the Control 
FIFO until FIFO empty, and then asserts the STPACK signal. The processor must initiate the next 
cycle. 
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OPORT Controller State Machine Diagra"'1 

Tnlllltkln Branch Data . ClllldlUun Traalltlaft Bl'llllch ·o. .. Caedlllali 
0 2 (autOOJ lfMode-2 30 3 c-111 
1 3 (autOO] Idle.loop 31 1 [-31t) lfMode-3 
2 l (autO&) lfMade-4 32 2 (OIS 10) 
3 1 (out 08) Mode-4 33 4 (OIS 10) 
4 2 (autOO] 34 3 (OU&Jl] lfMocle-3 
5 2 (aut02J Jf Made-I or 2 ar 3 or 5 35 I (out GI] JfMode-4 

•JCEP 36 2 r-001 If Mocle-1 er 2 or S 
6 2 (aul 03) lfMade.3 37 2 [OU&05) lflCEF• 
7 3 (au106] 31 [Gl&13) 
I 3 (autOO} ldleloap 39 4 [Gl&OO} Jdleloop 
9 (CIUI 14) 40 1 (Gl&OO) Jf PERMIN 
10 3 (11111121 U/DFr 41 l [Gl&OO) uPERMIN + Mode-2 
11 4 (aatl4J ldloloap 42 l (OISOO) If Moclaool er 3 er S 
12 2 (1111114) 43 4 (ltEm') 
13 1 [aut IS) lfWAIT• .... [Gl&OO) 
14 I [aut14) If/WAIT• 
15 2 (aat15J ldleloap " 2 (aut OIJ If ..... 
16 1 {aat04} If Made..O "' 4 (aa&9AI 
17 4 (-04) ldloloap 41 1 [eu&9BJ JI Mocle-6 cir 1 ar 2 
11 3 [aut12} lfJ.fodo-1 ar 2 or 5 " 3 [-OIJ If ..... 
l!il 1 (111110I) 11~ 50 2 [-l4DJ JfW.-.0 
20 t (aut04J lfMod..o 51 3 (all9D] lfMadeoo4 
21 2 faa&OO) lfMod9al 52 (USETJ 
22 1 (llll07] lfWArr 53 3 c-1111 JfMadlloo4 
23 (-07] ldleloap S4 (USETJ 
1A 2 (-!ilAJ lfEOE 55 (aaGIJ 
25 [Cllll9C] 56 l ,_IS) lt"WAJT-
26 2 [CllllOO) lfMad..O ST l (aa14J If/WAIT• 
Tl 1 (11111011 JfWAIT 51 2 r-121 If JD'El'• 
21 2 (autOIJ Idle loop 5!il 2 (ClllllSI lfWAJTe 
2!il l [Cllll03) U/WA1T 40 (Cllll14} 

Figure9 
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OPORT Controller State Machine Outputs . 

State 
RESET 

0 
1 
2 
3 
4 
5 
6. 
7 
8 

9A 
9B 
9C 
90 
10 
11 
12 
13 
14 
15 

OPORT Input/output signals 

Outputs 
LCLR* 
LCLR* ,LOE* ,PARLL(l l)(VDAS_OE) 
CFR* ,LOE* ,PARLL(l l)(VDAS_OE) 
LCLR* ,LOB* ,PARLL(l l)(VDAS_OE) 
CFR* ,LOB* ,PARlL(l l)(VDAS_OB) 
LCK,DFR* ,LOB* ,PARLL(l l)(VDAS_OB) 
STPACK,LOB* ,PARLL(l l)(VDAS_OE).PERMOUT• 
CFR* ,LOE* ,PARlL(l l)(VDAS_OE) 
ERROR,LCLR* 
no output 
LCLR* ,LOE* ,PARLL(l l)(VDAS_OE) 
DFR.* ,PERMOUT* ,LOE* ,PARLL(l l)(VDAS_OE) 
LCLR* ,LOE* ,PERMOUT* ,PARLL(l l)(VDAS_OE) 
DFR*,LCLR* 
LCK,LOE* ,PARLL(l l)(VDAS_OE) 
LCK,LOE* ,PARLL(l l)(VDAS_OE) 
STROBE,DFR. *,LOE* ,PARLL(l l )(VDAS_OE) 
STPACK,LOE* ,PERMOUT* ,PARLL(l l)(VDAS_OE) 
LCK,LOE* ,PARLL(l l)(VDAS_OE) 
LCK,LOE* ,PARLL(l l)(VDAS_OE) 

The processor can control and monitor the OPORT through an EPB 1400 parallel pon interface. 
The following signals are used to configure and monitor the OPORT. 

RESET: This asynchronous line forces the OPORT into an inactive state if an external controller 
is to be used. 
MODE 2-0: Selects one of seven possible OPORT operating modes. 
Command Hex-Code Function 
Hold - $00 Send a HOLD request to the OPORT. Nonnal execution 

Event Mode 
Force -Event Mode 
CPU ltfode -
InhibMode 
EMPO 
the 

PO 

Opo_Reset 

page28 

$01 
$02 
$03 
$04 
$05 

$06 

$08 

can be resumed any time. 
Sets the OPORT in Event Mode execution. 
Sets OPORT in Event Mode with no PERMIN Required 
Sets the OPORT in Processor Cont. Mode execution 
Puts the OPORT off-line. The output lines are floated. 
Event_ With_Manual_Permit_Out_Mode: Functionally 
same as Event_Mode except that upon completion of the 
event data transfer, the controller waits with it's outputs 
enabled and docs not generate a Permit Out until a PO 
command is received. 
Permit_Out_Mode: Used in conjunction with the EMPO 
command, it tells the controller to generate Permit_Out, 
disable it's outputs and return to PINW AIT state until a 
new token amves. 
Send a reset signal to the OPORT. 
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The OPORT controller drives output lines to indicate status conditions to the processor: 

STP ACK: Indicates the CPU controlled cycle is over •. 
ERROR: Indicates that WAIT line has been detected active before the beginning of a cycle. In 
that case the OPORT assumes the receiver is unconnected and halts itself indicating the error 
condition with ERROR line. 
SM(O.j): Return the OPORT state machine status. 

External interface: 

PRMOUT: Enable next device onto the token passing logical ring. 
PERMIN: Indicates the token has been received. 
STROBE: Signals active data on the pipeline latches. the rising edge is used to strobe that data 
into the personality card. 
WAIT: This input stops the output data stream either in Event or Processor Controlled Modes. 

_The OPORT is controlled from the CPU by programming the 8 bit control register in the OPORT 
interla~e. Refer to output pon controller interface for programming codes and status conditions. 

2.3.3.1 OUTPUT PORT Controller Interface 

The output port controller interface (OPO_INTF) allows the CPU to control and monitor the 
output port microsequencer (OPORT). The CPU sets up the OPORT in one of the 5 defined 
modes and receives OPORT status information. The OPO_INTF also drives an interrupt to the 
CPU system under some OPORT conditions. 

Configuration: 

The OPO_INTF is a byte wide port, placed at address $4AOOOO in the memory map. Its internal 
architecture consists of one control and two status registers. The control register sets up the 
OPORT modes allowing it to individually mask the three defmed interrupts. The OPORT defined 
modes are: Inhibit, Event_Mode, Force_Event_Mode. CPU_Mode, Hold, EMPO, PO, OPO_Reset. 
They are controlled by individual bit settings. 
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Write Function 
None 

ntro register 
b0-b2: Mode 
b3: OPO_Res 
b4: Undefmed 
bS:CPU_Md_Mask 
b6: Not Implemented 
b7: Error_Mask 

Read Function 
tatus register l 

b3-b0: State Machine(Table XX) 
b4: Not Implemented 
bS: Pennit_in line flag 
b6: STPACK flag 
b7: ERROR flag 

. tatus n:gister 
b0-b3: 4 LSB's of the control register 
b4: Pennit_out flag 
b5 : STPACK mask status 
b6: Not Implemented 
b7: ERROR mask 
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The software reset has the same effect over the OPORT that the haidware reset docs. The OPORT 
goes to the power on reset state, and the control FIFOS are clcarcd. The INTF output lines.are 
cleared during a reset operation until a command word is written to the INTF command register. 

Three interrupt conditions are recognized by· the OPO_INTF: 
STPACK: indicates the end of a CPU_modc cycle. 
INCOMP: signals that a FASTBUS error bas occured during the readout of an evenL 
ERROR: indicates that there is no receiver connected to the FSCC. 

The interrupt conditions are also reflected in the status registers, along with the OPORT state 
machine status. A read from this register clears the intemipt flags. 

2.3.3.2 OUTPUT PORT State Machine 

OPORT States: 
HOLD ............ O 
WAIT2 ...•...... 1 
SETUP .......... 2 
Sl'EP ............. 3 
HOLDl .......... 4 
Sn>ACKl ..... 5 
CONT .....•••... 6 
ERROR .•....... 7 
INHIB .....••..... S 
EOE .............. 9 
HOLD .......... 10 
SDATA ....... 11 
DATA .......... 12 
Sn>ACK2 ... 13 
ACI'IVE ....• 14 
WAIT .......... 15 

Timing 

The OPOR T reads the FIFOs and generates the pipeline latch clock, the output data strobe, and the 
output latch tri-state enable. The timing diagrams are shown in figures Sa and Sb. 
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2.3.3.3 Total Header and Event Counter Control System 

Header and Counter (H&C) 

The H&C system keeps a crate wide total count of words read fmm FASTBUS and transmits this 
count to a FIFO upon receipt of an EOE (End of Event) signal. The header is a S bit word which is 
directly loaded by the processor into the H&C system. The 12 bit word counter is incmnented by 
a clock signal (CK) coming from the FASTBUS conttoller. A block diagram is shown in Figure 
10 .. · 

I 
2 
5 

... • 
2 
It u 

Functional Blocks 

• u .. 
% 

IC Ill a: z " ~ u 

'l 
u .. 
% 

H&C Block Diagram 
Figure 10 

·-; I 

7 )! 

The H&C system uses two EPB1400 devices. One of them (HEADB) configures the header and 
the counter's 6 high order bits; the other (HEADA) has the counter's 6 low onier bits and the 
H&C state machine controller. The CPU sees the H&C system as a 16/8 bit peripheral. Four 
registers can be accessed from the processor bus. 

a) Command Register (Write only): 
RESET: H&C content are cleared and the state machine is forced to HOLD state. 
LOAD: The counter is loaded with the preset register's contents. 
HOLD: The count value is kept constant but not cleared. 
INCREMENT: Counter increments are enabled and clocked by CK signal. 

b) Two counter preset registers. . 
c) A header register 
d) A STA TIJS register (Read only) which echoes the command register bits and the status of the 
control state machine. 
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System Interlace 

The 12 bit counter has been split in two 6 bit counters. The least significant counter (LSC) 
generates a CARRY signal to the MSC each time it reaches its maximum value. From the CPU 
bus, the counters and other H&C registers are accessible in bytes or words. 

The internal registers may be selected through select and 'Control lines: H&CSEL*, RJW•, UDS•, · 
LDS*andAl. 

A1 UDS LOS R/W . Reg. Selected 
0 0 0 x 12 bit counter 
0 0 -1 x Lower 8 bits of the Counter 
0 1 ·O x Upper 4 bits of the counter 
1 0 1 x Header 
1 1 0 0 Command 
1 1 0 1 Status 

The 12 bit counter is placed at $4EOOOO or in consecutive bytes from that address. The lower 12 
bits of a 16 bit transfer are loaded into the Preload register during a write cycle. 

Address Write Function 
Preload register 

bO-bll: Preload count 
bl2-b15: Unassigned 

eader register 
b0-b4: H0-4 Header preload 
b5-b7: Unassigned 

ntrol register 
bO-bl: SO,Sl Command select field 
bl: RF Software reset bit 
b3-b7: Unassigned 

Read Function 
ounter Register 

bO-bll: Counter contents 
bl2-b15: Unassigned 

er register 
b0-b4: H0-4 Header contents 
b5-b7: Unassigned 

tatus register 
bO-bl: SO,S 1 Command select field 
b2-b5: QO-Q3 H&C state status 
b6-b7: Read as zeros 

The command modes can be set using the following values: 
RESET: $04 
PRELOAD: $01 
HOLD: $00 
TRANSPARENT: $03 
INCRM: $02 

The interface between the H&C controller and the FASTBUS sequencer is through FCLK (counter 
clock) and CEOE (End of Event) lines. Both are asynchronous to the 20 MHz clock of the state 
machine. FCLK inciements H&C counter when it is in Increment mode CEOE indicates the count 
is over and the H&C value should be transfeied to the CFIFO. 
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STATE MACHINE 

The following states (Figure 11) have been defined in the H&C state machine controller: 
OFF LINE: Is the power up state. At this time the control register content is unknown. 
HO Lb: This is the idle state. The counter value is kept constant. 
PRELOAD: The counter's state is initialinxl with the value found in the counter input 
INCREMENT: Enable the FASTBUS clock to increment the counter. 
WRITE: Performs a Write memory cycle to the CFIFOs. 
CLEAR: aears the counter after an EOE cycle. 
PASS: Enable data written into the counter's input register to be loaded diiectly into the 

FIFO memory. 
WDAT: Manages PASS mode detecting DS* (data strobe) line active. 
DSHIG: Similar to WDATs function but detects DS* line low-to-high.transition. 

Interface between HEADA and HEADB 

Only one of the two EPB1400s (i.e. HEADA) has the state machine which controls the H&C 
functioning. It generates signals for controling the other device. 

PL: This signal indicates to HEADB that it has to perform a load operation from the input 
registers. · 

CKE: Enables HEADB counter increment on CK clock signal. 

Internal Signals: 

RES and CLR signals are generated for internal use: 
RES is a logical OR of the external RESET line, the command register RF bit and the CLEAR 
state. The RES line is generated in both devices and feeds the counter's macrocells. CLS line is 
only generated in HEAD2 and clears the MASK bit when the RF bit is set. 

The WRITE signal also functions as a tristate enable for the counter and header outputs during 
FIFO memory write cycles. 

2.3.3.4 OUTPUT PORT Auxiliary Connector Interface 

All levels at the output pon are single ended TrL. Level adapters to different protocols will be 
mounted on the FASTBU S auxiliary card. The data path is 32 bits wide. Three control lines are 
provided to regulate data flow: 

WAIT pauses the OPORT 
STROBE is a synchronous data strobe 

The OPORT generates the pipeline latch clock, the output data strobe, and the output latch tri-state 
enable. Timing diagrams are shown in figures Sa and Sb. 
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6 

Header/Counter State Machine diagram 
Figure 11 
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2.3.4 Communication Protocols 

The following control line assignments apply to the RS-485 VDAS interface; 

AC15-12 

ACll 
AClO 
AC09 
Aa>S 

Aa>7-00 

not used 

Output Enable 
WAIT 
not used 
STROBE* 

not used (Processor controlled 1/0) 

The following control line assignments apply to the RS-485 RBUF interface; 

AC15-13 

AC12 
ACll 
AClO 
AC09 
AC08 

AC07-00 

not used 

Word Select 
Output Enable 
WAIT 
SSTR.OBE* 
DSTROBE* 

not used (Processor controlled 1/0) 

The following control line assignments apply to the ECLinc interface; 

AClS-12 

ACll 
AClO 
AC09 
AC08 

AC07-00 

not used 

Output Enable* 
WAIT 
End-of-event 
STROBE* 

not used (Processor controlled 1/0) 

The following control line assignments apply to the Fiber-optic interface; 

(TBD) 
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3 System Software Description 
3.1 System Software 
The operating system is a commercial product of 'Software Components Group, Inc.' which is 
composed of several related products. 

pSOS .QIK; A real-time multi-tasking operating system kernel 
pROBE-68K; System debug analy7.er. . 

These combined products form the operating system of the FSCC. The pSOS-pROBE-pRISM 
operating system is configured at Fermilab for the FSCC haniw~ implementation. The operating 
system and diagnosdc software are con1ained in on-board EPROM. A second bank of EPROM is 
included to contain user programs which may run independently of use services (eg. serial pan 
driver) provided by the operating system. Please refer to ''Diagnostics for the FASTBUS Smart 
Crate Controller" 9 see appendix D. 

3.2 lnltlallzatlon 
A reset is generated at power on or from the front panel reset, the FSCC responds by performing 
initializing all pons & controllers to a passive configuration and sending the following prompt to 
the serial pon: 

PROBE V3.14 (68020) 
COPYRIGHT 1986, SOFTWARE COMPONENTS GROUP INC. 
ALL RIGHTS RESERVED 

pROBE> 

The following items 1-4, will need to be set by the user on the first power on cycle. As the values 
are contained in NVRAM this operation need only be done once unless a change is required. 
1. Set the real time clock. · 
2. Set Ethernet Address 
3. SetFASTBUS ID 
4. Terminal and Host pons are configurable by writing to the NVRAM at address 30000E as 
follows: 

Byte bit 
Hex 6 5 
()() 0 0 
20 0 1 
40 . 1 0 
60 1 1 

Host and terminal functions use TERM port. . 
Host function at HOST pan and terminal function at TERM pon 
Host function uses the TERM pan and terminal function uses the HOST pon. 
Host and terminal functions use the HOST port. 

These bits should be selective-set as other bits in the byte may be used for other purposes. These 
bits will normally be set to 20 Hex when testing is completed. 

3.3 PROBE lnltlalizatlon 
Because PROBE is designed to be independent of the hardware implementation it doesn't directly 
access any hardware devices (other than the microprocessor itself). The only device it accesses 
indirectly is the serial port. The boot code in the EPROM provides the routines to pROBE that it 
uses to access the serial port. This boot code also initializes whatever other hardware on the board 
is not put into a known or usable state by RESET. Once pROBE is called, it loops on polling for 
input from the serial port. If there is a problem with the serial pon hardware, pROBE may not be 
able to communicate at all. 

The boot code was originally debugged using XRA Y, emulating the serial pon. 
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3.4 PROBE Memory Map . 
System ROM for the FSCC nominally occupies 64K bytes of EPROM bank I. It consists of four 
sections at offsets that are fixed, i.e., hardwired into the boot code source file and intended to 
remain invariant for all future versions. These four sections and their offsets (from the stan of 
ROM} are: 

Section 1 

Section 2 

Section 3 
Section4 

Oft' set 
0 

1000 
2700 
2762 
2800 

CAOO 

Function 
boot code 
pSOScode 
dummy pSOS configuration table 
dummy pSOS 1/0 jump table 
pROBEcode 
pRISM code (not usCd on the FSCC} 

The first 4K bytes are allocated for boot code, configuration tables, the pROBE serial pon driver, 
etc. The boot code must be specific to each hardware platform. Following this are: the code for 
pSOS, together with a default configuration table and 1/0 jump table (about 6 KB); the code for 
pROBE (about 40 KB); and the code for pRISM (about 13 KB). Within the boot code for the 
FSCC, the layout is as follows: 

Offset 
0 
8 

3C 
AC 
2A4 
2A8 
40A 

49A 

reset vector (initial SP.and PC} 
boot data (flags, identification text in ASCII) 
default boot configuration table 
boot code proper (initial PC points here) 
dummy pSOS ROOT process 
pROBE serial pon driver 
prototype system configuration table 
prototype pRISM configuration table 
prototype pRISM initialization table 
prototype pROBE configuration table 

At boot time (when the board is RESET), the prototype configuration tables are used to construct 
corresponding tables in RAM, after which pROBE is started up. The application program that is 
downloaded contains a pSOS configuration table, which is specific to that application; the location 
of this table is patched into the system configuration table as pan of the download. Then, when 
pSOS is staned (by the pROBE 'gs' command), it finds the application and runs it. The dummy 
pSOS tables and ROOT process allow pSOS to be started without an application downloaded; it 
just traps to pROBE. 
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4 System and Module Diagnostics 
4.1 lnltlal Hardware Inspection 

October 22, 1990 

The incoming inspection will be as described in ''Diagnostics for the FASTBUS Sman Crate 
Controller". 

·4.2 Diagnostic Tests 
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Memory Test 
RAM 
ROM 

Reset Test 
Front Panel Switch 
Front Panel Connector 
Power On 
FASTBUS 

Serial Pon 
Intenupt Controller 
Ethernet Interface 

·Loopback 
Dual-Port RAM 
Channel Atten. 

Output Port 
Output Port Control Registers 
Header Counter Registers 
Control Fifo 
Data Out to Aux. Intenupt. 
Auxiliary Parallel Port 
Data Transfer 

Normal Frame Mode 
Processor Controlled Mode 

Pennitin/Pennitout 
Front Panel Output Port 
Front Panel Trigger Port 
FASTBUS functions. 

Parallel pons 
Port 1 Registers 
Port 2 Registers 
Check Status &. Control bits 

FPORT Controller Instructions 
All FASTBUS operations 
Short and Long Timers 
FASTBUS Em>r Handling 
ListFifo 
Data Transfers 

Local Wonl Counter 
DataFlfo 
Processor Fifo 
Real Time Clock 

Set and Read Clock 
Set and Read Ethernet Address 

General Hardware exerciser runs all of the Diagnostics 
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4.3 Diagnostic Operating Instructions 
The following sequence is executed to stan the diagnostic program. This loads the diagnostic 
from EPROM into the RAM space of the FSCC. Once in the diagnostic menu most commands are 
self explanatory. For procedures and detailed descriptions of the tests refer to "Diagnostics for the 
FASTBUS Smart Crate Controller". 

pROBE>go 10000 

. Exception. Level-7 F/O-OOA4 (TRAP #9) Runring: ·- NO pSOS .... 
-----------------·-----
SR-2700-tfSm.111 ... xnzvc USP-00000000 MSP•00200800 ISP-00200800 
VBR-00200000 SFC·O OFC•O CACR·OO CAAR·OOOOOOOO 
DR•OOOOOOOO 00000000 00000000 00000000 00000000 00000000 00000000 00000000 
AR·OOOOOOOO 00000000 00200E80 002007F8 00002054 002000EO 00007F56 
PC·00010036-00010036 FFFF OC.W $FFFF 

pROBE>gs 

pSOS Initialized. Running: 'SPAS' -#002262E4 
-------------------------------------------------------~--
SR=1000-tfsM.OOO ... xnzvc USP=0023F262 MSP=0023FOD2 ISP·00225C44 
VBR=00200000 SFC==O OFC·O CACR=OO CAAR=OOOOOOOO 
DR=FFFFFFFF FFFFFFFF FFFFFFFF FFFFFFFF FFFFFFFF FFFFFFFF FFFFFFFF FFFFFFFF 
AR=FFFFFFFF FFFFFFFF FFFFFFFF FFFFFFFF 0021 OAB2 0021 E308 00000000 
PC=002129CC-002129CC 4EBACF46 JSR $0020F914(PC) 

pROBE>go 

FSCC 
Diagnostic Menu key: - not available 

==•================= . . not complete 
1) Memory test 
2) Reset test 
3) Serial Port 
4)- Interrupt Controller 
5) Ethemet Interlace 
6) Output Port /Data FIFO 
7) Trigger Port 
8) FASTBUS 
9) Local Word Counter 
10) Processor FIFO 
66) Setup Default test Slave PAD (hex: 12) 
n) Loop on a menu item switch (OFF) 
88) General Hardware Exerciser Test 
99) Exit to pROBE 

Enter Command: 
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Appendix A - FPORT Controller Instruction Set 

jeus_ARBITRATE sooo2 0300 j 

Description: ArbitrateforFASTBUS·using the low byte of the data operand. Bits 0-5 
supply the arbitration vector. Bit 7 enables assured access mode. Bit 6 
(prioritized access mode) is ignored. Note that the data operand is a 
long word and is nonnally identical to the value of CSR 8. 

Example Syntax: 

Operation: 

Note: 
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MOVE.L CSR_8, BUS_ARBITRATE 

Cl: FPORT select; 
C2: FPORT instruction fetch; 
C3: instruction dispatch; 
C4: if IRQ(SEQINT) (goto INTS;} 

elseif IGK(FRDY) return processor acknowledge A; FDSACK•U. 

else (request bus; FREQ1l 
goto C4;} 

C5: return processor acknowledge B; FDSACK*il 
C6: Delay Cycle; /*FPORT deselect*/ 
Cl: Delay Cycle; 
CB: Delay Cycle; 

In a multi-master system, the processor should examine the parallel pon 
FSL V*, FRDY and FRAK inputs to confirm that the FSCC has either 
acquired the bus or been addressed as a slave while attempting to 
acquire the bus. 0 · 
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leus_RELEAse $060 0004 I 
Description: Release FASTBUS. 

Example Syntax: 

Operation: 
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MOVE.L XX, BUS_RE~SE 

Cl: FPORT select; 
return processor acknowledge A; FDSACK*ll 

C2: FPORT instruction fetch; 
return processor acknowledge B; FDSACK*.U 

C3: instruction dispatch; 
C4: {DS=O; FCDS1t 

DK=O; FCDK1t 
AS=O; FCAS1t 
:release bus;} FREL1t 

C5: Delay Cycle; /*FPORT deselect*/ 
C6: Delay Cycle; 
C7: Delay Cycle; 

page 41 



FSCC-Version PC 3 October 22, 1990 

IADDRESS~DATA_GEOGRAPHICAL $006003041 

Description: 

Example Syntax: 

Operation: 
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Perform a FASTBUS geographical primary address cycle to DATA 
Space. · · 

MOVE.L FB_ADDR, ADDRESS_DATA_GEOORAPIDCAL 

Cl: FPORT select; 
latch FB_ADDR; DCPBA 1t 
reuim processor acknowledge A; FDSACK•.U. 

C2: FPORT instruction fetch; 
return processor acknowledge B; FDSACK*.U. 

C3: instruction dispatch; 
C4: if IRQ(SEQINT) goto INTF; 

elseif WT(FRWT) (reset shon timer; TIMER.U. 
gotoC4;} 

elseif AK(FRAK) (reset shon timer; TIMER.U. 
MS=O; 
exit;} 

else (AS=l; FSAS1l 
RD=O; 
MS=O; 
EG=l; FDEG1l 
enable shon timer; 
goto C4;} TIMER1l 
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. IADDRESS_CSR_GEOGRAPHICAL $006003081 

Description: 

Example Syntax: 

Operation: 
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Perform a FASTBUS geographical primary address cycle to CSR Space. 

MOVE.L FB_ADDR,ADDRESS_CSR_GEOGRAPIHCAL 

Cl: FPORT sele~t; 
latch FB_ADDR; DCPBA1t 
return processor acknowledge A; FDSACK*.U. 

C2: FPORT instruction fetch; 
return processor acknowledge B; FDSACK*.U. 

C3: instruction dispatch; · 
C4: if IRQ(SEQINT) goto INTF; 

elseif WT(FRWD (reset shon timer; TIMER.U. 
goto C4;} 

elseif AK(FRAK) (reset short timer; TIMER.U. 

MS=O; FDMS01t 
exit;} 

else (AS=l; FSAS1t 
RD=O; 
MS=l; FDMSO'ft 

EG=l; FDEG1t 

enable short timer; TIMER 1t 
goto C4;} 
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IADDRESS _DATA_LOGICAL $0060 030C I 
Description: 

Example Syntax: 

Operation: 
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Perform a FASTBUS lolical primary a&Rss cycle to DATA Space. 

MOVE.L · FB_ADDR.,ADDRESS_DATA_LOOICAL 

Cl: FPORT select; 
latch FB_ADDR; DCPBA1l 
return processor acknowledge A; FDSACK*.U. 

C2: FPORT instruction fetch; 
-return processor acknowledge B; FDSACK*.U 

C3: instruction dispatch; 
C4: if IRQ(SEQINT) goto INTF; 

elseif Wf(FRWT) (reset shon timer; TIMER.U 
· gotoC4;) 

elseif ·~ AK(FRAK) (reset shon timer; TIME.RU. 
MS=O; 
exit;) 

else (AS=l; FSAS1l 
RD=O; 
enable short timer; TIMER 1l' 
goto C4;} 
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IADDRESS_CSR_LOGICAL $0060 0310 I 
Description: 

Example Syntax: 

Operation: 

MB2,oc,RK,IU 

Perform a FASTBUS logical primary addless cycle to CSR Space. 

MOVE.L FB_ADDR,ADDRESS_CSR_LOGICAL 

Cl: FPORT select; 
latch FB_ADDR; DCPBA1t 
return processor acknowledge A; FDSACK*U. 

C2: FPORT instruction fetch; 
return processor acknowledge B; FDSACK* .U. 

C3: instruction dispatch; 
C4: if IRQ(SEQINT) goto INTF; 

elseif WT(FRWT) {reset shon timer; TIMERU. 
gotoC4;} 

elseif AK(FRAK) {reset shon timer; TIMERU. 
MS=O; FDMSO!J. 
exit;} 

else {AS=l; FSAS1t 
RD=O; 
MS=l; FDMS01t 
enable shon timer; TIMER 1t 
gotoC4;} 
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IADDRESS_DATA_BROADCAST $006003141 

Description: 

Example Syntax: 

Operation: 
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Perform a FAS1BUS broadcast primaty address cycle to DATA Space. 

MOVE.L FB_ADDR,ADDRESS_DATA_BROADCAST 

Cl: FPORT select; 
m~hFB_ADDR;DCPBAll 
return processor acknowledge A; FDSACK* U. 

C2: FPORT instruction fe~h; · 
return processor acknowledge B; FDSACK*il 

C3: instruction dispatch; 
C4: if IRQ(SEQINT) goto INTF; 

elscif Wf(FRWT) {reset shon timer; TIMERil 
gotoC4;} 

elseif AKCFRAK) {reset shon timer; TIMER~ 
MS=O; FDMS 1 il 
exit;} 

else {AS=i; FSASll 
RD=O; 
MS=2; FDMS t ll 
enable shon timer;) TIMER 1t 
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.IADDRESS_CSR_BROADCAST $006003181 

Description: 

Example Syntax: 

Operation: 
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Perform a FAS1BUS geographical primary address cycle to CSR Space. 

MOVE.L FB_ADDR,ADDRESS_CSR_BROADCAST 

Cl: FPORT select; 
latch FB_ADDR; DCPBA1t 
return processor acknowledge A; FDSACK*.U. 

C2: FPORT instruction fetch; 
return processor acknowledge B; FDSACK*.U. 

C3: instruction dispatch; 
C4: if IRQ(SEQINT) goto INTF; 

elseif WT(FRW11 {reset shon timer; TIMER.U. 
goto C4;} 

elseif AK(FRAK) (reset shon timer; TIMER.U. 
MS=O; FDMSO.U., FDMS 1.U. 
exit;} 

else (AS=l; FSAS1l 
RD=O; 
MS=3; FDMS01l, FDMS11l 
enable shon timer; TIMER 1l 
goto C4;} 
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'ADDRESS_ RELEASE $0060 031C I 
Description: 

Example Syntax: 

Operation: 
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Release address lock. 

MOVEL XX,ADDRESS_RELEASE 

Cl: FPORT select; 
return processor acknowledge A; FDSACK*.U. 

C2: FPORT instruction fetch; 
return processor acknowledge B; FDSACK*.U. 

C3: instruction dispatch; 
C4: if IRQ(SEQINT) goto INTF; 

elseif WT(FRWT) {reset short timer; TIMERil 
gotoC4;} 

else {DS=O; FCDS1t 

DK=O; FCDK1t 

MS=O; FDMSO.U., FDMS 1 il,FDMS2U. 

AS=O; FSAS1t 
enable short timer;} TIMER ft 

CS: if IRQ(SEQINT) goto INTF; 
elseif AK(FRAK) goto C5; 
else exit; 

MBi,oc,RKJU 
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loATA_PROCESSOR_RANDOM_READ $00620320 I 
Description: 

Example Syntax: 

Operation: 
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Perform a FASTBUS single word read data cycle. 

MOVE.L DATA_PROCESSOR_RANDOM_READ,DATA 

Cl: FPORT select; 
C2: FPORT instrUction fetch; 
C3: instruction dispatch; 
C4: if IRQ(SEQINT) goto INTS; 

elseif WT(FRwn (reset short timer; TIMERU. 
gotoC4;} · 

elseif DK(FRDK) return proces5or acknowledge A; FDSACK•.U 
else { 

enable shon timer; TIMER 1t 
RD=l; FDRD1l' 
MS=O; 
DS=l; FSDS1t 
gotoC4;} 

CS: reset shon timer; TIMERU. 

return processor acknowledge B; FDSACK*U. 
C6: if IRQ(SEQINT) IN1F; 

elseif WT(FRwn (reset shon timer; TIMERU. 
gotoC6;) 

elseif !DK(FRDK*) reset short timer; TIMERU. 

else (enable shon timer; TIMER 1t 
RD=O; FDRDU. 
MS=O; 
DS=O; FCDS1t 
gotoC6;) 

Cl: delay cycle; /* processor deselect * / 
CS: delay cycle; 
C9: delay cycle; 
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IDATA_PROCESSOR_RANDOM_WRITE $006003241 

Description: 

Example Syntax: 

Operation: 
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Perform a FASTBUS single word write data cycle. 

MOVE.L · DATA,DATA_PROCESSOR_RANDOM_WRITE 

Cl: FPORT select; 
latch DATA; DCPBA 11' 
return processor acknowledge A; FDSACK* U. 

C2: FPORT instruction fetch; 
· return processor acknowledge B; FDSACK*.U 

C3: instruction dispatch; 
C4: if IRQ(SEQINT) goto INTF; 

elseif WT(FRWT) {reset shon timer, TIME.RU. 
gotoC4;} 

elseif • DK(FRDK) reset short timer; TIMERU. 
else (enable short timer, TIMER ft 

RD=O; 
MS=O; 
DS=l;FSDSft 
gotoC4;) 

C5: if IRQ(SEQINT) goto INTF; 
elseif WT(FRWT) (reset short timer; TIMERU. 

gotoC5;} 
elseif !DK(FRDK*)exit; 
else {enable shon timer; TIMER ft 

RD=O; 
MS=O; 
DS=O; FCDS11' 
goto CS;) 
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DATA_PROCESSOR_SEC_ADDRESS_READ $00620328 

Description: 

Example Syntax: 

Operation: 

MB2,oc,RK,ru 

Perform a FASTBUS seeondary address read cycle. 

MOVE.L · DATA_PROCESSOR_SEC_ADDRESS_READ,SADDR 

Cl: FPORT select; 
C2: FPORT instruction fetch; 
C3: instruction dispatch; 
C4: if IRQ(SEQINT) goto INTS; 

elseif WT(FRWT) {reset shon timer; TIMERU. 
gotoC4;} 

elseif DK(FRDK) return processor acknowledge A; FDSACK*J.l 
else {enable shon timer; TIMER 1t 

RD=l; FDRD1t 
MS=2; FDMS 111' 
DS=l; FSDS1t 
goto C4;} 

CS: reset shon timer; TIMERU. 
return processor acknowledge B; FDSACK*U. 

C6: if IRQ(SEQINT) goto INTF; 
elseif WT(FRWT) {reset shon timer; TIMERU. 

goto C6;} 
elseif !DK(FRDK*) {reset shon timer; TIMERll 
else {enable shon timer; TIMER 11' 

RD=O; FDRDU. 

Cl: delay cycle; 
CS: delay cycle; 
C9: delay cycle; 

MS=2; FDMS I 'ft 
DS=O; FCDS1t 
gotoC6;) 
/* processor deselect */ 
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DATA_PROCESSOR_SEC_ADDRESS_WRITE $0060 032C 

Description: 

Example Syntax: 

Operation: 
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Perform a FASTBUS secondary address write cycle. 

MOVEL 
SADDR,DATA_PROCESSOR_SEC_ADDRESS_ WRITE 

Cl: FPORT select; 
latch SAD DR; DCPBA 1l 

return.processor acknowledge A; FDSACK*il 
C2: FPORT instruction fetch; 

n:tum processor acknowledge B; FDSACK*.U. 
C3: instruction dispatch; 
C4: if IRQ(SEQINT) goto INTF; 

elseif WT(FRWl) {reset shon timer; TIMERil 
gotoC4;} 

elseif DK(FRDK) reset shon timer; TIMERil 

else {enable shon timer; TIMER ft 
RD=O; 
MS=2; FDMS 111' 
DS=l; FSDS1l 
gotoC4;} 

C5: if IRQ(SEQINT) goto INTF; 
elseif WT(FRWl) {reset short timer; TIMERil 

goto CS;} 
elseif !DK(FRDK*) exit; 
else {enable shon timer; TIMER1t 

RD=O; 
MS=O; FDMS 1 il 
DS=O; FCDS1t 
goto CS;} 
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DATA_PROCESSOR_BLOCK_TRANSFER_READ $00620008 

Description: 

Example Syntax: 

Operation: 
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Perform one step of a FASTBUS block transfer read cycle. 

MOVE.L 
DATA_PROCESSOR_BLOCK_TRANSFER._READ,DATA 

Cl: FPORT select; 
C2: FPORT instruction fetch; 
C3: instruction dispatch; . 
C4: if _ IRQ(SEQINT) goto INTS; 

elseif WT(FRW1) {reset shon timer; TIMER.IJ. 
gotoC4;} 

elseif ! DS(FRDS*) {enable shon timer; TIMER'ft 
RD=l; FDRD'ft 
MS=l; FDMS11t 

DS=l; FSDS1l' 
gotoC6;} 

else {enable shon timer; TIMER 1l' 

RD=l; FDRD'ft 
MS=l; FDMS01t 
DS=O;} FCDS1t 

CS: if IRQ(SEQINT) goto INTS; 
elseif ! DK(FRDK*) {return processor acknowledge A; FDSACK•U 

reset shon timer; TIMER .U. 
gotoC7;} 

else goto CS; 
C6: if IRQ(SEQINT) goto INTS; 

elseif DK(FRDK) {return processor acknowledge A; FDSACK•.U. 
reset short timer;} TIMER.U. 

else goto C6; 
C7: return processor acknowledge B; FDSACK*.U. 
CS: delay cycle; /* processor deselect */ 
C9: delay cycle; · 
CIO: delay cycle; 
Cl 1: delay cycle; 
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DATA_PROCESSOR_BLOCK_ TRANSFER_WRITE $0060 oooc 

Description: Perform one step of a FASTBUS block transfer.write cycle. 

Example Syntax: . MOVEL 
DATA,DATA_PROCESSOR_BLOCK_TRANSFER_ WRITE 

Operation: Cl: FPORT select; 
latch DATA; DCPBA1l 

return processor acknowledge A; FDSACK*.U 
C2: FPORT instruction fetch; 

return processor acknowledge B; FDSACK*.U 
C3: instruction dispatch; 
C4: if IRQ(SEQINT) goto INTF; 

elseif WT(FRWT) (reset shott timer; TIMER.U 
RD=O; 
MS=l; FDMS01l 
goto C4;} 

elseif ! DS(FRDS*) {enable shon timer, TIMER1l 
RD=O; 
MS=l; FDMS01l 
DS=l; FSDS1l 
goto C6;} 

else {enable short timer, TIMER 1l 
RD=O; 
MS=l; FDMS01l 
DS=O;} FCDS1t 

CS: if IRQ(SEQINT) goto INTF; 
· clscif ! DK(FRDK*) (reset shon timer, TIMER!J. 

RD=O; 
MS=O; FDMSO!J. 
exit;} 

else goto CS; 
C6: if (IRQ) INIF . goto ; 

elscif (DK) {reset short timer; TIMER!J. 
RD=O; 
MS=O; FDMSO!J. 
exit;) 

else goto C6; 
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DAT A_PROCESSOR_BLOCK_ TRANSFER_ TERMINATE $0060 0330 

Description: 

Example Syntax: 

Operation: 
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Perform termination step of a FASTBUS block transfer. 

MOVE.Lxx,DATA_PROCESSOR_BLOCK_TRANSFER_TERMI 
NATE 

Cl: FPORT select; 
return processor acknowledge A; FDSACK*~ 

C2: FPORT instruction fetch; 
return processor acknowledge B; FDSACK*.U. 

C3: instruction dispatch; 
C4: if IRQ(SEQINT) goto INTF; 

elseif WT(FRWT) goto C4; 
else (MS=O; FDMSO.U., FDMSl.U., FDMS2.U. 

RD=O;FDRD.0. 
DS=O;} FCDS1l 

CS: delay cycle; 
C6: delay cycle; 
C7: delay cycle; 

MB2,oc,RK,ru 



FSCC· Version PC 3 October 22, 1990· 

DATA FIFO BLOCK TRANSFER READ - - - - $0060 0334 

Description: 

Example Syntax: 

Operation: 
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Perform a FASTBUS block transfer mid to ihe Data FIFO. 

MOVE.L xx,DATA_FIFO_BLOCK_TRANSFER_READ 

Cl: FPORT select; 
return processor acknowledge A; FDSACK*U 

C2: FPOR'r instruction fetch; 
return processor acknowledge B; FDSACK*U 

C3: instruction dispatch; 
C4: if IRQ(SEQINT) goto INTF; 

elseif WT(FRWT) {reset shon timer; TIMERU 
goto C4;} 

else {enable FIFO; DFIFOEN1l ,PFIFOEN1l 
RD=l; FDRD1l 
MS=l; FDMS01l 
DS=l; FSDS1l 
local counter mode= decrement; LC01l, LCl 1l 
clock global word counter;} FCLK1l 

CS: {local counter mode= hold; LCOil, LCl lL 
enable shon timer;} TIMER 1t 

C6: continue; /*delay cycle*/ 
Cl: if ((FRDK*FRSSl)#SEQINT #FEOB) 

goto Cll; 
elseif WT(FRWT) {reset shon timer; LC01l, LC11l 

goto Cl;} 
elseif DK(FRDK) (DS=O; FCDS1l 

local counter mode= decrement; LC01t, LC11l 
reset short timer; TIMERU 
clock global word counter;} FCLK1t 

else (enable short timer; TIMER 1t 
goto C7;} 

CS: (local counter mode= hold; LCOU, LClU /*delay cycle*/ 
enable short timer;} TIMER1t 

C9: delay cycle; 
ClO: if ((!FRDK*FRSS l)#SEQINT#FEOB) 

goto CH; 
elseif Wf(FRWT) (reset short timer; 

gotoC9;} 
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elseif !DK(!FRDK) {DS=l; FSDSfr 
local counter mode=decrement; LC01t, LC11t 
reset shon timer; TIM.ERU. 
clock global word counter; FCLK1l 
goto CS;} 

else goto C9; 
Cll: if SSl(FRSSl) clock global word counter; FCLK1t 
/* block transfer termination */ 
Cl2: if IRQ(SEQINT) gotO JNTF; 

elseif DS(FRDS) continue; 
else goto C22; 

I* termination routine for odd word count transfer •/ 
/* check that DK is high */ 
/*set DS low and wait for DK low*/ 
/* data written to FIFO on DK down is dummy word with EOE flag*/ 
C13:if IRQ(SEQINT) goto INTF; 

elseif DK(FRDK) (reset short timer; TIMERU 
MS=O;} FDMSOU 

else (enable short timer; TIMER 1t 
goto Cl3;} 

C14:continue; /*delay cycle*/ 
C15:continue; /*delay cycle •t 
Cl6:continue; /*delay cycle•/ 
C17:if IRQ(SEQINT) goto INTF; 

elseif WT(FRWT) {reset short timer; TIMERU 
goto Cl7;} 

else {enable short timer; TIMER 1t 
clock global word counter; FCLK1t 
DS=O;} FCDS1t 

C18:if IRQ(SEQINT) goto INTF; 

elseif ! DK(! FRDK) {RD={); FDRDU. 

else 

Cl 9:continue; 
C20:continue; 
C2l:exit; 

reset short timer;} TIMER!l 
{enable short timer; TIMER 1\' 
gotoC18;} 

/*delay cycle */ 
/* delay cycle */ 

/* termination routine for even word count transfer */ 
C22:if IR.Q(SEQINT) goto INTF; /* check that DK is low •/ 

elseif ! DK(! FRDK) {RD=O; FDRDU 

else 

C23:continue; 
C24:continue; 

reset short timer;} TIMERU. 
(enable short timer; TIMER 1l 
gotoC20;} 

/* delay cycle */ 
/*delay cycle*/ 
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C25:continue; 
C25:exit; 
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/*delay cycle*/ 
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I DATA_FIFO_PIPELINED_READ_100 $006003381 

Description: 

Example Syntax: 

Operation: 
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Perform a FASTBUS pipelined read to the Data FIFO at 100 nscc/word. 

MOVE.L xx,DATA_FIFO_PIPELINED_READ_lOO 

Cl: FPORT select; 
return processor acknowledge A; FDSACK*.U. 

C2: FPORT instruction fetch; 
return processor acknowledge B; FDSACK*U. 

C3: instruction dispatch; 
C4: if IRQ(SEQINT) goto INIF; 

elseif WT(FRWT) goto C4; 
elseif EOB(FEOB) goto PIPELINE_ 1ERMINA TE; 
else {enable FIFO; PFFEN1l, DFFEN1l 

RD=l; FDRD1l' 
?viS=3;FD?viS01t,FD?vISln 
DS=l; FSDS1l' 
local counter mode = decrement; LC01t ,LCl 1t 
clock global word counter;} FCLK1l' 

CS: local counter mode = hold; LCO!J.,LCl .U 
C6: if IRQ(SEQINT) goto IN1F; 

elseif WT(FRWT) goto C6; 
elseif EOB(FEOB) goto PIPELINE_ TERMINATE; 
else (DS=O; FCDS1l' 

local counter mode = decrement; Leon ,LCl 1l' 
clock global word counter;} FCLK1l' 

CT: {local counter mode= hold; LO>Jl,LCtJJ. 
gotoC4;} 
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DATA FIFO PIPELINED READ 200 $0060 033C - ~ - -

Description: 

Example Syntax: 

Operation: 
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Perform a FASTBUS pipelined read to the Data FIFO at 200 nsec/word. 

MOVE.L xx,DATA_FIFO_PIPELINED_READ_200 

Cl: FPORT select; 
return processor acknowledge A;FDSACK*.U 

C2: FPORT instruction fetch; 
return processor acknowledge B; FDSACK*.U. 

C3: instruction dispatch; 
C4: if IRQ(SEQINT) goto INTF; 

elseif WT(FRWT) goto C4; 
elseif EOB(FEOB) goto PIPELINE_ TERMINATE; 
else (enable FIFO; PFFEN1l, DFFEN1t 

RD=l; FDRD1t 

MS=3; FDMS01t,FDMS11t 

DS=l; FSDS1l 

local counter mode = decrement; LC01l ,LC11l 
clock global word counter;) FCLK1t 

CS: local counter mode= hold; LCO!i.,LCl.U 
C6: continue; /*delay cycle*/ 
Cl: continue; /*delay cycle*/ 
CS: if IRQ(SEQINT) goto INTF; . 

elseif WT(FRWT) goto PIPELINE_TERMINA TE; 
elseif EOB(FEOB) goto Cl2; 
else (DS=O; FCDS1l 

local counter mode = decrement; LC01t ,LCl 1t 

clock global word counter;} FCLK1t 

C9: local counter mode = hold; LCO.U,LCl .U 
ClO:continue; /*delay cycle*/ 
Cl l:goto C4; /*delay cycle*/ 
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DATA_FIFO_PIPELINED_READ_ 400 $00600340 

Description: 

Example Syntax: 

Operation: 
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Perform a FASTBUS pipelined read to the Data FIFO at 400 nsec/word. 

MOVE.L xx.,DATA_FIFOYIPELINED_READ_400 

Cl: FPORT select; 
tetum processor acknowledge A; FDSACK•U. 

C2: FPORT instruction fetch; 
1eturn processor acknowledge B; FDSACK•.U. 

C3: instruction dispatch; 
C4! if · IRQ(SEQINT) goto INTF; 

elseif WT(FRWT) goto C4; 
elseif EOB(FEOB) goto PIPELINE_TERMINA TE; 
else {enable FIFO; PFFENft, DFFEN1l · 

RD=l; FDRD1l 

MS=3; FDMSOft ,FDMS 111' 

DS=l; FSDS1l 

local counter mode = decrement; LC01l' ,LC11l 
clock global word counter;} FCLK1l 

CS: local counter mode= hold; LCOJJ,LCIJJ 
C6: continue; /*delay cycle*/ 
Cl: continue; /*delay cycle*/ 
CS: continue; /*delay cycle*/ 
C9: continue; /*delay cycle*/ 
ClO:continue; /*delay cycle*/ 
Cl l:continue; /*delay cycle*/ 
Cl2:if IRQ(SEQINT) goto INTF; 

elseif WT(FRWT) goto C12; 
elseif EOB(FEOB) goto PIPELINE_ TER.MINA TE; 
else (DS=O; FCDS1t 

local counter mode = dectement; LC01l' ,LCl 11' 

clock global word counter;} FCLK1t 

Cl3:local counter mode= hold; LCOJJ,LClJJ 
Cl4:continue; /*delay cycle*/ 
C15:continue; /* delay cycle •/ 
C16:continue; /*delay cycle*/ 
Cl7:continue; /*delay cycle*/ 
Cl8:continue; /*delay cycle*/ 
C19:goto C4; /*delay cycle*/ 
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Description: 

Example Syntax: 

Operation: 

Note: 
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$00600020 I 
Access the FPORT Controller without performing any operation. 
Confirms that the FPORT Controller is active. If the FPORT Controller 
is stalled, NULL will cause a Processor BUS ERROR interrupt. 

MOVE.L xx.NULL 

Cl: FPORT select; 
return processor acknowledge A; FDSACK•.U. 

C2: FPORT instruction fetch; 
. return processor acknowledge B; FDSACK•.U. 

C3: instruction dispatch; 
C4: exit; 

If FASTBUS WT is asserted, the FPORT Controller will wait 
indefmitely for a slave response. A WT timeout will only be generated 
(after the long timeout period) if the processor attempts another 
FASTBUS instruction while the first operation is pending. In cases 
where the processor does not access the FPORT Controller for extended 
periods of time (e.g., a standalone microcode readout loop) an 
occasional NULL instruction will detect a FASTBUS lockup condition. 
NULL will also guarantee that all pending FASTBUS operations have 
been completed by clearing the instruction pipeline. 
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ILOCAL_COUNTER_LOAD $0062 0010 I 
Description: 

Example Syntax: 

Operation: 

Note: 
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Initialize Local Word Counter for block transfer. 

MOVE.L COUNT,LOCAL_COUNTER_LOAD 

Cl: FPORT select; 
C2: FPORT instruction fetch; 
C3: instruction dispatch; 
C4: {return processor acknowledge A; FDSACK*.U. 

local counter mode = load;) LC11t 
CS: (return processor acknowledge B; FDSACK*.U. 

local counter mode = hold;} LCl .U. 
C6: delay cycle; /*processor deselect*/ 
C'l: delay cycle; 
CS: delay cycle 

The counter is loaded from the low order 12 bits of COUNT. 
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ILOCAL_COUNTER_READ $0062 00141 

Description: 

Example Syntax: 

Operation: 

Note: 
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Read clllTent value of Local Word Counter. 

MOVE.L LOCAL_COUNTER_READ,COUNT 

Cl: FPORT select; 
· C2: FPORT instruction fetch; 

C3: instruction dispatch; 
C4: {return processor acknowledge A; FDSACK•.U. 

l~aJ counter mode = read;} SLCOEfl 

CS: return processor acknowledge B; FDSACK*.U. 
C6: delay cycle; /"'processor deselect*/ 
Cl: delay cycle; 
C8: delay cycle; 

The counter is returned in the low order 12 bits of COUNT. 
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IFIFO_WRITE $0062 00181 

Description: Write a single word from the processor to the Data FIFO. 

Example Syntax: 

Operation: 
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MOVE.L DATA,FIFO_WRITE 

Cl: FPORT select; 
C2: FPORT instruction fetch; 
C3: instruction dispatch; 
C4: {return processor acknowledge A; FDSACK*U. 

clock FIFO input;} SDW1t 
CS: (return processor acknowledge B; FDSACK*il 

clock global word counter;} FCLK1t 
C6: delay cycle; J• processor deselect *I 
C7: delay cycle; 
CS: delay cycle; 
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'EOE $0060 00241 

Description: Write dummy word to the data FIFO with the End-Of-Event bit seL 

Example Syntax: 

Operation: 
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MOVE.L XX,EOE 

Cl: FPORT select; 
C2: FPORT instruction fetch; 
C3: instruction dispatch; 
C4: {set EOE flag to output controller. CEOE1l 

set EOE flag to data FIFO;) DEOE1l 
CS: delay cycle; 
C6: delay cycle; 
Cl: delay cycle; 
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ISLA VE_DAT A_INPUT $0062001C I 
Description: 

Example Syntax: 

Operation: 
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Transfer one data word from FASTBUS to the processor in slave mode. 

MOVE.L SLA VE_DATA_INPUT,DATA 

Cl: FPORT select; 
C2: FPORT instruction fetch; 
C3: instruction dispatch; 
C4: if IRQ(SEQINT) goto INTS; 

elseif WT(FRWT) goto C4; 
elseif DS(FRDS) {return processor acknowledge A; FDSACK*.U 

clear WT;} FCWT1l' 
else {return processor acknowledge A; FDSACK*.U. 

clear WT; FCWT1l' 
goto C6;} 

C5: {return processor acknowledge B; FDSACK*.U 
DK=l; FSDK1l' 
goto Cl;} 

C6: (return processor acknowledge B; FDSACK•.U 
DK=O;} FCDK1l' 

Cl: delay cycle; 
CS: delay cycle; 
C9: delay cycle; 
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lsLAVE_DATA_OUTPUT $006003441 

Description: 

Example Syntax: 

Operation: 
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Transfer on_e data word from the processor to FASTBUS in slave mode. 

MOVE.L · DATA,SLA VE_DATA_OUTPUT 

Cl: FPORT select; 
latch DATA; DCPBA1t 
return processor acknowledge A; FDSACK*U. 

C2: FPORT instruction fetch; 
· ~tum processor ackiiowledge B; FDSACK*.U 

C3: instruction dispatch; 
C4: if IRQ(SEQINT) 

elseif WT(FRWT) 

elseif DS(FRDS) 

else 

gotolNTF; 
got0C4; 
{clear WT; FCWTft 
DK=l; FSDKft 
exit;} 
{clear WT; Fcwrft 
DK=O; FCDKft 
exit;} 
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PIPELINE_ TERMINATE Internal Subroutine 

Description: 

Example Syntax: 

Operation: 
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Internal routine to terminate pipelined transfers. 

Cl: if SSl(FRSSl) clock global work coutner; FCLK1t 
C2: if IRQ(SEQINT) goto INTF; 

elseif DS(FRDS) continue; TIMER1l 
else . goto C8; 

/* termination routine for odd word count transfer */ 
/* check that DK is high */ 
/*set DS low and wait for DK low*/ 
C3: if IRQ(SEQINT) goto INTF; 

else ! DK(! FRDK) goto C3; TIMER1t 
C4: continue; /*delay cycle*/ 
cs:· continue; /*delay cycle*/ 
C6: if IRQ(SEQINT) goto INTF; 

elseif WT(FRWT) goto C6; 
else (clock global word counter; FCLK11' 

DS=O;} FCDS1t 
Cl: if IRQ(SEQINT) goto INTF; 

elseif ! DK(! FRDK) (RD=O; FDRDU. 
exit; 

else goto C7; TIMER 11' 
I* termination routine for even word count transfer *I 
/* check that DK is low */ 
C8:if IRQ(SEQINT) goto INTF; 

elseif ! DK(! FRDK) reset shon timer; TIMER1l' 
else goto CS; 

C9:continue; 
ClO:continue; 
Cll:exit; 

MB2,oc,RK,JU 
) 



FSCC· Version PC 3 October 22, 1990 

Internal Subroutine I 
Description: Internal routine to abort instruction on enor interrupt. 

INTS assumes that processor acknowledge has not yet been returned. . 

Operatio~: Cl: return processor acknowledge A; FDSACK•JJ. 
C2: return processor acknowledge B; FDSACK•JJ. 

gotolNTF; 
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Description: 

Operation: 
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Internal Subroutine 

Internal routine to abon instruction on error intenupL 
INTF assumes that processor acknowledge has already been returned. 
Exit the cmrent FASTBUS operation by returning all signals to inactive 
State. 

Cl: (disable tranceivers; 
AS=O; FCAS1l 
DS=O; FCDS1l 
DK=O;} FCDK1l 

C2: delay cycle; /* processor deselect */ 
C3: exit; 
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Appendix B - FSCC Pans List 

Description Quan Manf. Manf.# 
3.6864 MHz Crystal 1 CTS MP037-3.6864 MHz 
.01uF Non-Polarized Capacitor 3 
.057" FUSE Sockets 20 AUGAT 8134-HC-6P2 
.1 uF 25V Non-Polarized Capacitor 5 

.1 uF Ceramic.Dip Cap 118 
Coaxial LEMO Connector, K·Loc 3 Kings 1on-a 

10 Pin Sip PAK; 100 Ohms 3 Bourns 4310R·101·101 
10 Pin Sip Socket 2 Samtec SL-110-G-19 
1 O Pin Sip, 100 Ohms, 5 Individual Res. 2 Bourns 4310R·102·101 
1 OJ32 Shoulder Screws 2 R.A.F. Elec:tt. 7039-SS MOD E·112 
1 OOpF Non-Polarized Capacitor 1 
10KH ECLPAL 2 Tl PAL1016PSJC 
16 Pin Dip Socket, 300 mils wide 2 Samtec IC0-316-SGG 
1 K Ohm, 10-Pin Sip PAK 2 Bourns 4310R·101·102 
1N914 Diode 1 Motorola 1N914 
20 Pin Dip Socket, 300 mils wide 1 Samtec IC0-320-SGG 
20.000 MHz Crystal 1 CTS MP200-20MHz 
20pF Non-Polarized Capacitor 2 
22V1 O Reprogramable AND-OR Array 14 Lattice GAL22V10· 15LP 
24 Pin Dip Socket, 300 mils wide 16 Samtec IC0-324-SGG 
28 Pin Dip Socket, 300 mils wide 7 Preci-Dip 110-99-328-41-001 
28 Pin Dip Socket, 600 mils wide 30 Samtec IC0-628-SGG 
2K X 16-Bit, Dual-Port RAM (Master) 1 IDT IDT7133S70G 
2K X 16-Bit, Dual-Port RAM (Slave) 1 IDT IDT7143S70G 
32-Bit Microprocessor (20 MHz) 1 Motorola MC68020RC20 
32K X 8-Bit CMOS 70ns Static RAM 8 Sony CXK58258P-45 
4-Pin LEMO Connector 2 LEMO RA0.304NYL 

4/40 X 114• Bind Head Screw 4 

40 MHz Oscillator 1 CTS MX055GA-2C-40 Mhz 
40 Pin Dip Socket, 600 mils wide 6 Samtec IC0-64o-SGG 

48 Pin Dip Socket, 600 mils wide 1 Samtec ICA-648-SGG 
5-Bit Magnitude Comparator 1 Motorola MC10H166 

5pF Non-Polarized Capacitor 2 
5V-IN,9V-OUT,DC-DC Converter 1 Reliability 2VPSU9 

6.BuF Polarized Capacitor 3 
64K X 8 Bit CMOS EPROM 8 AMO AM27C512·120 

68 Pin Grid Array 2 Samtec MVAS-68-ZSGG-11 

75uH, Pulse Transformer 1 Datatronics PT10312 
9-Bil D-Type Edge-Triggered Flip 1 Signetics N74F823N 

Dialight Green LED with Integral RES 1 Dialight 558-0202-()03 

Dialight Yellow LED with Integral RES 1 Dia light 558-0302-()03 

Dual D· Type Master-Slave Flip-Flop 2 Motorola MC10H131 
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Ouart 1 Signetics SCN68681 C1 N40 

'ECLJTTl Octal Transceiver/Translator 9 Brooktree BT501KC 
Ethernet Serial Interface 1 Intel P82C501-1 OMHz 
Ethernet Transceiver Chip 1 National· DP8392A 

FASTBUS Front Panel Mounting Bracket 2 FNAL Drawing 0882-MB-199070 

FASTBUS Module Auxilliary Connector 1 AMP 534974-9 
FASTBUS Module Segment Connector 1 AMP 1-102585-3 
FSCC Front Panel 1 
FSCC P.C. Board 1 

HEX 2-lnput or Drivers 1 Tl SN74AS832BN 
Local Area Network Coprocessor 1 Intel P82586-1 OMHz 
Male 20-Pin 1 OOM X 1 OOM Dip Header 2 3M 3428-5302 
Multi-Function Peripheral 1 Motorola MC68901 
NE555 Precision Timer 1 RCA LM555CN 
Octal Bidirectional Transceiver, 3-state 4 Signetics N74F545N 
Octal Buffer and Driver, 3-State. .3 Signetics N74F1244 
Octal Bus Transceiver, 3-State 4 Signetics N74F646N 
Octal 0-Type Edge-Triggered Flip-Flops 3 Signetics N74F825N 
Octal D-Type Flip-Flop w/3-State Outputs 2 Signetics N74F574N 
Isolated BNC Solder Jack Assembly 1 AMP 22n2s-1 
Parallel 2048 X 9-Bit FIFO 4 Sharp LHS498-35 
Parallel 256 X 9-Bit FIFO 10 Sharp LHS496-35 
Parallel lnterfacanimer 2 Motorola MC68230P10 
Subminiature Fuse 10 Pico 251.005 
Quad 2-lnput or Gate 1 Motorola MC10H103 
Quadruple Differential Line Driver 1 Fairchild UA96174 
Quadruple Differential Line Receiver 2 Fairchild UA96175 
Resistor 1.5K 1 /8W 5% 4 
Resistor 100K 1/SW 5% 1 
Resistor 1 OK 1 /8W 5% 1 
Resistor 150 1/8W 5% 1 
Resistor 1K 1/8W 5% 16 
Resistor 1 K 1 /8W 1 % 1 
Resistor 1 M 1/8W 5% 4 
Resistor 20 1 /4W 5% 10 
Resistor 220 1/SW 5% 5 
Resistor 240 1/4W 5% 2 
Resistor 39 1/8W 5% 6 

RS232 DriverlRecaiver 1 Maxim MAX233C 
SPOT Push Button Switch 1 C&K 8121 ·S-D-A&-G·E 
Stand-Alone Microsequencer 4 Altera EPS488DC-25 
User-Configurable uP Peripheral 6 Altera EP814000C 
Watchdog Timekeeper, M Clock 1 Dallas Semi. 0$1286 
114 Pin Grid Array 1 Samtec CPAS-114-ZSGG·13A 
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Appendix C • PLD Equations 

ADD _REC.ABL-8/25/89 
MODULE ADDRESS RECOGNITION 
TITLE 'ADDRESS=RECOGNITION 

ADD_REC DEVICE 'EC16P8N'; 

AS PIN 1; 
AD7 PIN 2; 
AD6 PIN 3; 
ADS PIN 9; 
MS2 PIN 10; 
MSl PIN 11; 
AK PIN 13; 
EG PIN 14; 
AI PIN 15; 
IREQ PIN '16; 
IREL PIN 21; 
EAI PIN 22; 
IGK PIN 23; 

D PIN 7; 
CLK PIN 18; 
R PIN 20; 
!AS_DELAY PIN 4; 
!GA_MATCH PIN 8; 
IAR PIN 17; 

EQUATIONS 

" Address Recognition 

VERSION 25-AUG-89 0930 hrs• 

October 22, 1990 

D !AK & !MSl & !MS2 & !AD7 & !AD6 & !ADS & GA_MATCH; 

R !AS; 

CLK - EG & AS_DELAY; 

AS_DELAY - AS; 

" Arbitration Latch 

IAR - (IAR & !IREL & !IGK) f (IREQ & (!EAI t !AI)); 

END ADDRESS_RECOGNITION 
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BERR.ABL-2115/90 
module bus err 
title 'bus-error generator 

Gustavo Cancelo, Fermilab, 4-18-89' 
II 

" 
Changed polarity of LTO 1-SEP-89 Rick Kwarciany 
Added EXTRES to Reset equations 15-Feb-90 RK 

berr device 

" bus error controller 
CLK,A$ 
ADDE~, !LTO 
SERR ' 
02,01;.oo 

n reset generator i/o 
!EXTRES 
WDTO 
PUSHB,PWRUP 
RESET I 
TRIG·:-
RESET 
RESETN 

L, H, C, X = 0, 1, • C., • X.; 

'p22vl0'; 

inputs/outputs 
pin 1,2; 
pin 3,5; 
pin 23; 
pin 17,18,19; 

pin 8; 
pin 9; 
pin 10,11; 
pin 13; 
pin 14; 
pin 16; 
pin 15; 

02,0l,QO ISTYPE 'req_d,feed_req'; 

"buser [02,Ql,QOJ; 

"IDLE=O; BERl•l; BER3•3; BER4=4; 

equations 

BERS•S; 

Q2 := !ADDERR & !LTO & !AS & !Q2 & !Ql & !QO 
I 02 & !Ql & !00 
I Q2 & !Ql & 00 & !AS; 

01 :- !Q2 & !01 & oo 
I !02 & 01 & 00 & LTO; 

QO :- !Q2 & !Ql & !00 & !AS & LTO 
I !Q2 & !Ol & 00 
t !02 & Ql & 00 &'LTO 
I 02 & !Ql & !QO 
t 02 & !Ql & 00 & !AS; 

!BERR :• !Q2 & !Ql & !QO & !AS & LTO 
t !Q2 & !Ql & 00 
t · !02 & !Ql & !QO & !LTO & !AS & !ADDERR 
t 02 & !Ql & !QO; 

!TRIG • PUSHB t !PWRUP I !WDTO; 

RESET • RESETI + EXTRES; 
!RESETN • RESETI + EXTRES; 
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test_vectors 

([CLK,AS,ADOERR,LTO,Q2,Ql,Q0] -> [Q2,Ql,Q0,BERR]) 
C C, H, L, L, L, L, L J -> [L, L, L, H ] ; 
[ C, H, x, x, L, L, L J -> [L, L, L, H J ; 
[ c, L, x, H, L, L, L J -> [L, L, H, L ] ; 
[ c, x, x, x, L, L, H ] -> [L, H, H, L ] ; 
[ c, x, x, H, L, H, H ] -> [L, H, H, H J ; 
[ C, X, x, L, L, H, H J -> [L, L, L, H ] ; 
[ c, L, L, L, L, L, L ] -> [H, L, L, L ] ; 
[ c, x, x, x, H, L, L ] -> [H, L, H, L ] ; 
[ c, L, x, x, H, L, H ] -> [H, L, H, H ] ; 
C C, H, x, x, H, L, H ] -> [L, L, L, H ] ; 

test vectors 

([PUSHB,PWRUP,WDTO] -> [TRIG]) 
[ L, H, H J -> [ H l ; 
[ H, H, H l -> ( L l ; 
[ L, L, H l -> [ L 1 ; 

- [ L, H, L l -> [ .L 1 ; 

end bus_err 
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CLOCKS.ABL-11111/89 
module clock 
title 'FSCC PC2 .VERSION ll-NOV-89 0800' 
clocks device 'P22Vl0'; 

OSC,OSC2 pin 1,2; 
CLKl pin 22; 
CLK2A pin 23; 
CLK2B pin 21; 
CLK2C pin 16; 
CLK3 pin 20; 
CLK4 pin 17; 
CLKS pin 19; 
CLK2N pin 18; 

CLK - [CLK5,CLK4,CLK3,CLK2A]; 

equations 

CLKl = OSC2; 

CLK := CLK - 1; 

CLK2B :"" !CLK2A; 

CLK2C :"" !CLK2A; 

CLK2N := CLK2A; 

END 
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DECO l.ABL-3/24/90 
module decoder 1 
title 'Fastbus-Readout Controller (FSCC), decoder map 
Gustavo Cancelo, Fer:milab, 4/3/89' 
"Changed ADDERR to allow access to S00000-57FFFF(LPBK,and ETHRES) 2-11-89 RK 
"Changed ADDERR to not allow access to 420000-43FFFF(Former LOOPS) 2-11-89 RK 
"Changed ADDERR to allow access to 6C0000-6DFFFF now FBUSRS. 24-3-90 RK 

de col device 

AS,RW,FCl,FCO 
A22,A2l,A20,Al9,Al8,Al7 
NVDS,LTEN 
AD DERR 
IACK,TMRS 
ROM2 S, ROMl S 
RAM2 S, RAMl S 

L,H,X,Z ... 0,1,.X.,.Z.; 

1 p22Vl0'; 

pin 
pin 
pin 
pin 
pin 
pin 
pin 

2,4,S,6; 
7,8,9,10,11,l3; 
17,15; 
18; 
19,14; 
20,21; 
22,23; 

ADDRESS= [X,A22,A2l,A20,Al9,Al8,Al7,X,X,X,X,X,X,X,X,X,X,X,X,X,X,X,X,X]; 
ROMlLOW - AhOOOOOO; 
ROMlHIGH = Ah03FFFF; 
ROM2LOW - Ah040000; 
ROM2HIGH - Ah07FFFF; 

RAMlLOW - Ah200000; 
RAMlHIGH - Ah21FFFF; 
RAM2LOW - Ah220000; 
RAM2HIGH = Ah23FFFF; 

TMRSLOW - Ah480000; 
"TMRSHIGH - Ah49FFFF; 
NVDLOW - Ah300000; 
NVDHIGH = Ah31FFFF; 

RESlLOW - Ah080000; 
RESlHIGH - AhOFFFFF; 
RES2LOW - AhlOOOOO; 
RES2HIGH - Ah17FFFF; 
RES3LOW - AhlBOOOO; 
RES3HIGH - AhlFFFFF; 

RES4LOW - Ah240000; 
RES4HIGH - Ah2FFFFF; 

RESSLOW - Ah320000; 
RESSHIGH - Ah3FFFFF; 

RES6LOW - Ah420000; 
RES6HIGH - Ah43FFFF; 

RES7LOW - Ah580000; 
RES7HIGH - AhSFFFFF; 

RESBLOW - Ah6EOOOO; 
RESBHIGH - Ah6FFFFF; 
RES9LOW - Ah700000; 
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RES9HIGH • "'hFFFFFF; 

ADCODE • [Al9,Al8,Al7J; 
INTERRUPT • 7; 
FCODE • [FCl,FCOJ; 
CPU_SPACE • 3; 

equations 

October 22, 1990 

!RAMl.S•(FCODE !• CPU_SPACE)&(ADDRESS >• RAMlLOW)&(ADDRESS <• RAMlHIGH)&!AS; 

!RAM2S•(FCODE !• CPU_SPACE)&(ADDRESS >• RAM2LOW)&(ADDRESS <• RAM2HIGH)&!AS; 

!ROMlS•(FCODE !•CPU SPACE)&(ADDRESS >• ROMlLOW)&(ADDRESS <• 
ROMlHIGH)&!AS&RW; 

!ROM2S•(FCODE !• CPU_SPACE)&(ADDRESS >• ROM2LOW)&(ADDRESS <• 
ROM2HIGH)&!AS&RW; 

!TMRS •(FCODE !- CPU_SPACE)&(ADDRESS == TMRSLOW) & !AS; 

!IACK• (FCODE •• CPU_SPACE) & (ADCODE •• INTERRUPT) & !AS & A22; 

" (ADDRESS>• ROM2LOW)&(ADDRESS <• ROM2HIGH) & !AS 
" f (ADDRESS>• RAM2LOW)&(ADDRESS <• RAM2HIGH) & !AS 
!ADDERR • (ADDRESS >= RESlLOW)&(ADDRESS <• RES3HIGH) & !AS 

f (ADDRESS>= RES4LOW)&(ADDRESS <• RES4HIGH) & !AS 
f (ADDRESS>= RESSLOW)&(ADDRESS <~ RESSHIGH) & !AS 

f (ADDRESS>• RES6LOW)&(ADDRESS <= RES6HIGH) & !AS 
f (FCODE!- CPU SPACE)&(ADDRESS >= RES7LOW)&(ADDRESS<• RES7HIGH) & !AS 
f (FCODE!• CPU=SPACE)&(ADDRESS >• RES8LOW)&(ADDRESS<•RES9HIGH) & !AS; 

!NVDS • (FCODE· !• CPU_SPACE)&(ADDRESS >• NVDLOW)&(ADDRESS <• NVDHIGH) & !AS; 

LTEN • !AS; 

test vectors 
([RW,F"'Cl,FCO,ADDRESS,AS]->[RAM1S,RAM2S,ROM1S,ROM2S,TMRS,IACK,ADDERR,NVDS,LTENJ) 

ex, H, L ,"'hOOOOOO,H J->[ H, H, H, H, H, H, H, H, L ] ; 
[L, H, L ,"'hOOOOOO,L J->[ H, H, H, H, H, H, H, .H, H ] ; 
(H, H, L ,"'hOOOOOO,L J->[ H, H, L, H, H, H, H, H, H ] ; 
[H, H, L ,"'hOlFFFF,L J->[ H, H, L, H, H, H, H, H, H J; 
[H, L, H ,"'h040000,L ]->[ H, H, H, L, H, H, H, H, H ] ; 
ex, L, H ,"h200400,L ]->[ L, H, H, H, H, H, H, H, H ] ; 
ex, L, H ,"h220400,L ]-> [ H, L, H, H, H, H, H, H, H ] ; 
ex, L, H 1 "'h22FFFF,L ]->[ H, L, H, H, H, H, H, H, H ] ; 
ex, H, L ,"h480000,L l->e H, H, H, H, L, H, H, H, H ] ; 
[X, H, L ,"h080000,L ]->[ H, H, H, H, H, H, L, H, H ] ; 
[X, H, L ,"'hlFFFFF,L ]-> [ H, H, H, H, H, H, L, H, H l; 
[X, L, H ,"h300000,L ]->[ H, H, H, H, H, I H, H, L, H l; 
ex, L, H ,"hSOOOOO,L l->C H, ·H, H, H, H, H, H, H, H l; 
[X, L, H ,"h700000,L )->[ H, H, H, H, H, H, L, H, H l; 
ex, H, H ,"hFFOOOO,L 1->e H, H, H, H, H, L, H, H, H ] ; 

END 
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[)EC02.ABL-11/1/89 
module decoder 2 flaq 1 -tl' 
title 1 Fastbus-Readout Controller (FSCC), decoder map 
Gustavo Cancelo, Fermilab, 4/3/89' 
"Chanqed polarity of CAS (positive true) 1-NOV-89 RK 
"Added software reset of Ethernet coprocessor 1-NOV-89 RK 
"Changed LOOPS to LPBK 1-NOV-89 RK 

deco2 device 

CLK 
AS,FCl,FCO 
A22,A21,A20,Al9,Al8,Al7 
UARTS 
CAS,LPBK 
ETHS 
ETHRES 
RESET 
ETHRESl 

17; 

L,H,X,Z,C 0,1,.x.,.z,.,.C.; 

1 p22Vl0'; 

pin 
pin 
pin 
pin 
pin 
pin 

pin 
pin 

16; 
15; 
pin 

l; 
2,5,6; 
7,8,9,10,ll,13; 
19; 
20,14; 
22; 

ADDRESS= [X,A22,A21,A20,Al9,Al8,A17,X,X,X,X,X,X,X,X,X,X,X,X,X,X,X,X,X]; 

ETHLOW = Ah400000; 
ETHHIGH Ah41FFFF; 

LPBKC = AhSOOOOO; 
LPBKS = Ah520000; 

ETHRESS - Ah540000; 
ETHRESC - Ah560000; 

CASLOW = Ah440000; 
UARTSLOW = Ah460000; 

ADCODE = [Al9,Al8,Al7]; 
INTERRUPT = 7; 
FCODE = [FC1,FC0]; 
CPU_SPACE • 3; 

LPBK ISTYPE 'REG_D,FEED_REG'; 
ETHRESl ISTYPE 'REG_D,FEED_REG'; 

equations 

!ETHS• (FCODE !• CPU_SPACE) & (ADDRESS >= ETHLOW) & (ADDRESS <• 
ETHHIGH)&!AS; 

CAS • (FCODE !• CPU_SPACE) & (ADDRESS •• CASLOW) & !AS; 

!UARTS • (FCODE !• CPU_SPACE) & (ADDRESS •• UARTSLOW) & !AS; 

ETHRESl :• (ADDRESS •• ETHRESS) & !ETHRESl 
# (ADDRESS != ETHRESC) & ETHRESl; 

ETHRES • ETHRESl # RESET; 
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LPBK :• (ADDRESS •• LPBKC) .& !LPBK 
f (ADDRESS != LPBKS) & LPBK; 

END 
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DEC03.ABL-3/24/90 
module decoder 3 
title 'Fastbus-Readout Controller (FSCC), decoder map 
Gustavo Cancelo, Fermi.lab, 4/3/89 
FB2S added by RK 4-AUG-89 
FBUSRS added at address 6C0000 by RK 24-May-90 1 

deco3 device 

CLK 
AS,DS,RW,FCl,FCO 
A22,A21,A20,Al9,A18,Al7 
HCSEL,PARLLS,OPORTS,HCSELI 
FIF01S,FIF02S 
FSSEL,FCSEL,FB1S,FB2S 

L,H,X,Z,C - 0,1,.x.,.z.,.C.; 

'p22V10'; 

pin 
pin 
pin 
pin 
pin 
pin 

1; 
2,3,4,5;6; 
7,8,9,10,ll,13; 
14,15,16,18; 
20,19; 
21,22,23,17; 

ADDRESS• [X,A22,A21,A20,Al9,Al8,Al7,X,X,X,X,X,X,X,X,X,X,X,X,X,X,X,X,X); 

FBlLOW = 
·FBlHIGH = 
FB2LOW = 
FB2HIGH = 
FCLOW = 
FCHIGH = 
FSLOW = 
FSHIGH 
FBUSRS = 

"h600000; 
"h61FFFF; 
"h620000; 
"h63FFFF; 
"h640000; 
"h65FFFF; 
"h660000; 
"h67FFFF; 
"h6COOOO; 

OPORTLW = "h4A0000; 
"OPORTHG • "h4BFFFF; 

PARLLOW • "h4COOOO; 
HCLOW = "h4E0000; 

FIFOlLOW = "h680000; 
FIFOlHG = "h69FFFF; 
FIF02LOW = "h6A0000; 
FIF02HG = "h6BFFFF; 

ADCODE = [Al9,Al8,A17]; 
INTERRUPT = 7 ; 
FCODE = [FCl,FCOJ; 
CPU_SPACE • 3; 

HCSELI istype 'reg_d,feed_reg'; 
HCSEL istype 'reg_d'; 

equations 

!FBlS= (FCODE !• CPU_SPACE) & ((ADDRESS -- FBlLOW) t (ADDRESS=• FBUSRS)) ' 
!AS; 

!FB2S= (FCODE !• CPU_SPACE) & ((ADDRESS•• FB2LOW) t (ADDRESS•• FBUSRS)) ' 
!AS; 
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!FCSEL• (FCODE ! ... CPU_SPACE) & (ADDRESS >- FCLOW) & (ADDRESS <• FCHIGH) & !AS 
& !OS; 

!FSSEL= (FCODE != CPU_SPACE) & (ADDRESS >• FSLOW) & (ADDRESS <• FSHIGH) & !AS 
& !DS; 

!OPORTS• (FCODE !• CPU_SPACE) & (ADDRESS •• OPORTLW)&!AS: 

!PARLLS • (FCODE != CPU_SPACE)&(ADDRESS -- PARLLOW) & !AS; 

HCSELI :• (FCODE !• CPU_SPACE)&(ADDRESS -- HCLOW) & !AS; 

!HCSEL :- HCSELI & !AS; 

!FIFOlS .. (FCOOE != CPU_SPACE)&(ADDRESS >= FIFOlLOW)&(ADDRESS <• FIFOlHG) & 
!AS & RW; 

!FIF02S • (FCOOE !- CPU_SPACE)&(ADDRESS >• FIF02LOW)&(ADDRESS <• FIF02HG) ' !AS & !RW; 

test vectors 

([CLK,RW,OS,FCl,FCO,ADDRESS,AS] -> 
[FB1S,FCSEL,FSSEL,FIF01S,FIF02S,OPORTS,PARLLS,HCSELI,HCSEL]) 

[ c, X, x, H, L, "h600000, H J -> [ H, H, H, H, H, H, 
H, L, H J ; 

[ C, X, X, H, L, "h600000, L -> L, H, H, H, H, H, 
H, L, H J : 

[ c, x, x, L, H, "h640000, L -> H, L, H, H, H, H, 
H, L, H J : 

[ c, x, x, L, H, "h660000, L -> H, H, L, H, H, H, 
H, L, H ] ; 

{ c, X, X, L, H, "h4AOOOO, I.. -> ( H, H, H, H, H, L, 
H, L, H J ; 

[ c, x, x, L, H, "h4COOOO, L -> H, H, H, H, H, H, 
L, L, H J : 

[ c, ·H, x, L, H, "h680000, L -> H, H, H, L, H, H, 
H, L, H ] : 

[ C, L, x, L, H, "h680000, L -> H, H, H, H, H, H, 
H, L, H ] ; 

[ c, H, x, L, H, "h6AOOOO, L -> H, H, H, H, H, H, 
H, L, H ] ; 

[ c, L, x, L, H, "h6AOOOO, L -> H, H, H, H, L, H, 
H, L, H ] ; 

[ c, x, x, L, H, "h4EOOOO, L -> H, H, H, H, H, H, 
H, H, H ] ; 

[ c, x, x, L, H, "h4EOOOO, L -> H, H, H, H, H, H, 
H, H, L ] ; 

ENO 
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DSGEN.ABL-12/11189 
module dsqen 
title 'Fastbus Readout Controller (FSCC), 
Gustavo Cancelo, Fermilab, 6/14/89' 
"Chanqed FASTBUS addresses 7-AUG-89, RK 
"Chanqed H&C Select from 0 wait states to 
"Added LPBKS, and ETHRES l-NOV-89 RK 

data strobe generator 

1 wait state. 9-0ct-89 RK. 

. "Added ROM2, and RAM2, to DSACKl equation 11-DEC-89 RK. 

dsqen device 

CLK 
AS,DS,RW,FCl,FCO 
A22,A21,A20,Al9,Al8,Al7 
BUSYL 
FBDSACK 
FD SYNC 
DSACKO,DSACKl 
TMRACK 
WS0,WSl,WS2 

'p22Vl0'; 

L,H,X,Z,C = 0,1,.x.,.z.,.C.; 
wso,ws1,ws2 istype 'reg_d,feed_reg'; 
FDSYNC istype 'reg_d'; 

pin 
pin 
pin 
pin 
pin 
pin 
pin 
pin 
pin 

l; 
2,3,4,S,6; 
7,8,9,10,11,13; 
14; 
23; 
16; 
18,19; 
15; 
20,21,22; 

ADDRESS~ [X,A22,A2l,A20,Al9,Al8,Al7,X,X,X,X,X,X,X,X,X,X,X,X,X,X,X,X,X]; 
ROMlLOW = "'hOOOOOO; "32 bits - lWS 
ROMlHIGH • "'h03FFFF; 
ROM2LOW = "'h040000; "32 bits - lWS 
ROM2HIGH = "'h07FFFF; 

RAMlLOW • 
RAMlHIGH • 
RAM2LOW = 
RAM2HIGH = 

"'h200000; 
"'h21FFFF; 
"'h220000; 
"'h23FFFF; 

NVDLOW • "'h300000; 
NVDHIGH = "'h310000; 

TMRSLOW • "'h480000; 
"TMRSHIGH == "h49FFFF; 

ETHLOW • "h400000; 
ETHHIGH • "'h41FFFF; 

LPBKS • "hSOOOOO; 
LPBKC • "h520000; 

ETHRESS • "h540000; 
ETHRESC • "h560000; 

CASLOW • "h440000; 
UARTSLOW • "h460000; 

FBLOW = 
FBHIGH = 
FCLOW • 

"h600000; 
"'h63FFFF; 
"'h640000; 

MBZ,QC,RK,JU 

"32 bits - ows 

"32 bits - OWS 

"8bits - 2WS 

"8 bits - ASYNCH 

"32 bits - lWS 

"16 bits - ows 

"16 bits - ows 

"32 bits - lWS 
"8 bits - 3WS 

"32 bits - lWS on Writes/OWS on Reads 

"8 bits - lWS 

page 85 



FSCC· Version PC 3 October 22, 1990 

FCHIGH - Ah65FFFF; 
FSLOW - Ah660000; 
FSHIGH - Ah67FFFF; 

OPORTLW - Ah4A0000; 
"OPORTHG - Ah4BFFFF; 

"8 

"8 

bits - lWS 

bits - ows 

PARLLOW - Ah4C0000; 
HCLOW - Ah4EOOOO; 

"8 bits - OWS 
"16 bits - lWS 

FIFOlLOW - Ah680000; 
FIFOlHG - Ah69FFFF; 
FIF02LOW - Ah6AOOOO; 
FIF02HG - Ah6BFFFF; 

ADCODE • [Al9,Al8,Al7]; 
INTERRUPT • 7; 
FCODE • (FCl,FCO]; 
CPU_SPACE = 3; 

equations 
" WSO.RE = AS; 
" WSl.RE = AS; .. WS2.RE = AS; 
" WS3.RE • AS; 

WSO :-= !AS; 

WSl := WSO & !AS; 

WS2 :• WSl & !AS; 

"32 bits - ows 

"32 bits - ows 

FDSYNC :• (!FBDSACK t FDSYNC) * !AS; 

!DSACKO .. (ADDRESS >- RAMlLOW) & (ADDRESS <• RAMlHIGH) 
f (ADDRESS >= ROMlLOW) & (ADDRESS <• ROMlHIGH) 
f (ADDRESS >= RAM2LOW) & (ADDRESS <• RAM2HIGH) 
t (ADDRESS >= ROM2LOW) & (ADDRESS <• ROM2HIGH) 
f (ADDRESS >= ETH LOW) & (ADDRESS <• ETHHIGH) & 
f (ADDRESS =- CASLOW) & WSl & !AS 
f (ADDRESS >• FIFOlLOW) & (ADDRESS <• FIFOlHG) 
t (ADDRESS >• FIF02LOW) & (ADDRESS <• FIF02HG) 
t (ADDRESS •• OPORTLW) & !AS 
f (ADDRESS •• PARLLOW) & !AS 
t FD SYNC 
t (ADDRESS >• NVDLOW) ' (ADDRESS <• NVDHIGH) ' t !TMRACK; 

& !AS 
& WSl & !AS 
& !AS 
& WSl & !AS 
!AS & BUSYL .& 

& !AS 
& !AS 

!AS & WS2 

!DSACKl • (ADDRESS >• RAMlLOW)&(ADDRESS <• RAMlHIGH) & !AS 
I (ADDRESS>• RAM2LOW)&(ADDRESS <• RAM2HIGH) & !AS 
f (ADDRESS >• ROMlLOW)&(ADDRESS <• ROMlHIGH) & WSl & !AS 
I (ADDRESS>• ROM2LOW)&(ADDRESS <• ROM2HIGH) & WSl & !AS 

WSl 

f (ADDRESS >• ETHLOW) & (ADDRESS <• ETHHIGH) & !AS & BUSYL & WSl 
f (ADDRESS -- LPBKS) & !AS 
f (ADDRESS •• LPBKC) & !AS 
f (ADDRESS -- ETHRESS) & !AS 
I (ADDRESS •• ETHRESC) & !AS 
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I (ADDRESS == CASLOW) & WSl & !AS 
I (ADDRESS >• FIFOlLOW)&(ADDRESS <• FIFOlHG) & !AS 
I (ADDRESS >= FIF02LOW)&(ADDRESS <- FIF02HG) ' !AS 
I (ADDRESS -- HCLOW) & WSl & !AS 
I FDSYNC; 

test...;.vectors 
( [CLK, ADDRESS,AS,BUSYL,TMRACK,FBDSACK]->(WSO,WSl,WS2,DSACK1,DSACKO,FDSYNC)) 

[ c, ""hOOOOOO, H, H, H, H ]->[ L, L, L, H, H, L J ; 
[ c, ""hOOOOOO, L, H, H, H ]->[ H, L, L, H, H, L ] ; 
[ c, "hOOOOOO, L, H, H, H ]->[ H, H, L, L, L, L ] ; 
[ c, "hOOOOOO, L, H, H, H ]->[ H, H, H, L, L, L ] ; 
[ c, "hOOOOOO, L, H, H, H )->[ H, H, H, L, L, L J ; 
[ c, "hOOOOOO, H, H, H,. H ]->[ L, L, L, H, H, L ] ; 
[ C, "h200400, L, H, H, H ]->[ H, L, L, L, L, L ] ; 
[ c, "h200400, H, H, H, H ]->[ L, L, L, H, H, L l ; 
[ c, "h081400, L, H, H, H ]->( H, L, L, H, H, L ] ; 
[ c, "h081400, H, H, H, H ]->[ L, L, L, H, H, L ] ; 

C, "h300000, L, H, H, H ]->[ H, L, L, H, H, L ] ; 
c, "h300000, L, H, H, H ] ->[ H, H, L, H, H, L ] ; 
c, "h300000, L, H,. H, H ] ->[ H, H, H, H, L, L ] ; 
C, "h300000, L, H, H, H ]->[ H, H, H, H, L, L ] ; 
c, "h300000, H, H, H, H ]->[ L, L, L, H, H, L ] ; 

"[CLK,ADDRESS,AS,BUSYL,TMRACK,FBDSACK] -> [WSO,WS1,WS2,DSACK1,DSACK0,FDSYNC]) 
C, "h480000, L, H, H, H ] -> [ H, L, L, H, H, L ] ; 
c, "h480000, L, H, L, H ] -> c H, H, L, H, L, L ] ; 
C, "h480000, H, H, H, H ] -> [ L, L, L, H, H, L ] ; 
c, "h440000, L, H, H, H ] -> [ H, L, L, H, H, L ] ; 
c, "h440000, L, H, H, H ] -> [ H, H, L, L, L, L l ; 
c, "h440000, L, H, H, H ] -> [ H, H, H, L, L, L l ; 
c, "h440000, H, H, H, H ) -> [ L, L, L, H, H, L ] ; 
C, "h600000, L, H, H, H ] -> [ H, L, L, H, H, L ] ; 
c, "h600000, L, H, H, H ] -> [ H, H, L, H, H, L ] ; 
c, "h600000, H, H, H, H ] -> [ L, L, L, H, H, L ] ; 
c, "h600000, L, H, H, L ] -> [ H, L, L, L, L, H ] ; 
c, "h600000, H, H, H, H ] -> [ L, L, L, H, H, L ] ; 
c, "h680000, L, H, H, H ] -> [ H, L, L, L, L; L ] ; 
c, "h680000, H, H, H, H 1 -> [ L, L, L, H, H, L ] ; 
c, "h4AOOOO, L, H, H, H ] -> [ H, L, L, H, L, L ] ; 
C, "h4AOOOO, H, H, H, H ] -> [ L, L, L, H, H, L ] ; 

"[CLK, ADDRESS,AS,BUSYL,TMRACK,FBDSACK)->[WSO,WSl,WS2,DSACKl,DSACK0,FDSYNC]) 
[ c, "h640000, L, H, H, H ] -> [ H, L, L, H, H, L ] ; 
[ c, "h640000, L, H, H, H )->[ H, H, L, H, H, L J ; 
[ c, "h640000, L, H, H, H ] -> [ H, H, H, H, H, L ] ; 
[ c, "h640000, H, H, H, H ] ->( L, L, L, H, H, L ] ; 
[ c, "h660000, L, H, H, H ] -> [ H, L, L, H, H, L ] ; 
[ c, "h660000, L, H, H, H ] -> [ H, H, L, H, H, L ] ; 
[ c, "h660000, L, H, H, H ] -> [ H, H, H, H, H, L ] ; 
[ c, "h660000, H, H, H, H ]-> [ L, L, L, H, H, L ] ; 

END 
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EPB.ADF-11/7/89 
module epb 
Gustavo Cancelo 
Fermilab 
10/9/89 
title mux_demux and timing generator (2) 

PAR'l':EPB1400 

INPUTS: Sl@8,S0@36,Q2@13,Ql@l2,Q0@25,AD1@9,CLK@7,CLK2@14 

OU'l'PU'l'S: 
AD'1'8@26,AD'1'9@27,ADT10@28,AD'1'11@29,AD'1'12@32,ADT13@33,AD'1'14@34,AD'1'15@35 

AD8@24,AD9@23,AD10@22,AD11@21,AD12@20,CS2@19,RW1@18,RW2@17 
OB8@4,0B9@3,DB10@2,DBll@l,DB12@40,DB13@39,DB14@38,0B15@37 
OME1@5,0ME2@6,SlL@16,SOL@15 

NETWORK: 

Sl•INP(Sl) 
SO•INS.(SO) 
Q2•INP(Q2) %Q2,Ql,QO: epb control lines. refer to epbtemp % 
Ql•INP(Ql) 
QO•INP (QO) 
ADl•INP (ADl) 
CLK•INP(CLK) 
CLK2•INP(CLK2) 

RWl•CONF(RWlc,) %R/!W to dual port memory% 
RW2•CONF(RW2c,) %R/!W to dual port memory% 
OMEl•CONF(OMElc,) %!OE to dual port memory% 
OME2•CONF(OME2c,) %!OE to dual port memory% 
CS2•CONF(CS2c,) %!CS to dual port memory t2 % 
SOL,SOL•RORF(S0Ld,CLK2,,,) %latchs 82586 SO line% 
SlL,SlL=RORF(SlLd,CLK2,,,) %latchs 82586 Sl line% 

%high add/data byte tranceiver w/tri state enable% 
ADT8,ADT9,ADTl0,ADTll,ADTl2,ADT13,ADTl4,ADTlS = BUSX (IBUS,,OE) 

%high address byte input register w/tri_state enable% 
OR10,·0R11, OR12, OR13, OR14,0R15,0R16, ORl 7 • RBUSI (IBUS,, WEl) 

%high data byte input register w/tri_stat~ enable 2 % 
OR20,0R21,0R22,0R23,0R24,0R25,0R26,0R27 • RBUSI (IBUS,,WE2) 

%high data byte output register 2 % 
IBUS • LBUSO (DB8,DB9,DB1"0,DBll,DB12,DB13,DB14,DB15,,0LE,RE) 

%hiqh address byte external output w/tri_state enable% 
ADS • CONF (AD8c,) 
AD9 • CONF (AD9c, ) 
AD10 • CONF (ADlOc,) 
ADll • CONF (ADllc,) 
AD12 • CONF (AD12c,) 

%high data byte external output w/tri_state enable% 
DB8,DB8 • COIF (DB8c,HAB2) 
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DB9,PB9 
DB10,DB10 
DBll,DBll 
DB12,DB12 
DB13,DB13 
DB14,DB14 
DBlS,OBlS 

EQUATIONS: 

= COIF 
• COIF 
• COIF 
• COIF 
• COIF 
• COIF 
• COIF 

SlLd • !Q2 * Sl 
+ Q2 * SlL; 

SOLd =. !Q2 * SO 
+ Q2 * SOL; 

(DB9c,HAB2) 
(DBlOc, HAB2) 
(DBllc,HAB2) 
(DB12c,HAB2) 
(DB13c,HAB2) 
(DB14c,HAB2) 
(DB15c,HAB2) 

OE - SOL * !SlL * (Q2 * !Ql * QO 
+ Q2 * Ql * !QO 
+ Q2 * Ql·* QO); %tranceiver enable% 

WEl = ! ( ! Sl ,* SO * ! Q2 * ! Ql * QO 
+ Sl * !SO * !Q2 * !Ql * QO); %latchs add. at rising edge% 

WE2 = ! (Sl * !SO* !Q2 * Ql * QO); %latchs data at rising edge% 

HAB2 = SlL * !SOL; %tri state data out. enable% 

OLE ~ !SlL * SOL * Q2 * !Ql * QO; 

RE • !SlL * SOL * (Q2 * !Ql * QO 
+ Q2 * Ql * !QO 

%latchs ~ata when high% 

+ Q2 * Ql * QO); %out. enable in read cycles% 

%dual port RAM selection% 

CS2c = ! (!SlL * SOL * ADl * Q2 * !Ql * !QO 
+!SlL * SOL * ADl * Q2 * !Ql * QO 
+ SlL * !SOL * ADl * Q2 * !Ql * !QO 
+ SlL * !SOL * ADl * Q2 * !Ql * QO); 

%dual port RAM read/write cycle% 
RWlc • ! (SlL * !SOL* !ADl * 02 * !Ql * !QO 

+ SlL * !SOL* !ADl * Q2 * !Ql * 00); 

RW2c = ! (SlL * !SOL * ADl * Q2 * !Ql * !QO 
+ SlL * !SOL* ADl * 02 * !Ol * QO); 

%dual port RAM output enable% 
OMElc • ! (!SlL * SOL * !ADl * Q2 * !Ql * !OO 

+ !SlL *SOL* !ADl * 02 * !Ql * 00); 

OME2c • ! (!SlL * SOL * ADl * 02 * !Ql * !QO 
+ !SlL * SOL* ADl * Q2 * !Ql * QO); 
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A08c • ORlO; 
AD9c • ORll: 
ADlQc • OR12; 
ADllc • OR13; 
AD12c • OR14; 

DB8c • OR20; 
DB9c • OR21; 
DBlOc • OR22; 
DBllc • OR23; 
DB12c s OR24; 
DB13c • OR25; 
DB14c • OR26; 
DBlSc • OR27; 

END$_ 
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EPBTEMP.ADF-7/27/90 
module prueba 
Gustavo Cancel.o 
Fermi lab 
7/19/89 

October 22, 1990. 

title mux demux and timinq qenerator 
%Modified; 7-27-90 to correct state machine operation when busy% 
%is true. Added BUSY wait loop to state 13 • .RK% 

PART:EPB1400 

INPUTS: CLK@7,BOSY@l3,SlL@l2,SOL@25,Sl@9,S0@8,CLK2@14,HOLD@36 

OUTPUTS: Q0@5,Ql@6,Q2@15,Q3@16 
ADT0@26,ADT1@27,ADT2@28,ADT3@29,ADT4@32,ADTS@33,ADT6@34,ADT7@35 
CS1@24;AD1@23,AD2@22,AD3@21,AD4@20,AD5@19,AD6@18,AD7@17 
DB0@4,DB1@3,DB2@2,D83@1,084@40,DB5@39,DB6@38,DB7@37 

NETWORK: 

CLK=INP (CLK) 
CLK2=INP(CLK2) 
BUSY-INP(BOSY) 
Sl•INP(Sl) 
SO•INP(SO) 
SOL=-INP(SOL) 
SlL=INP(SlL) 
HOLD=INP(HOLD) 

%from dual port RAM BUSY contention line% 
%Sl,SO: read/write cycle indicators% 

Q3,Q3 • TOTF(Q3t,CLK2,,,) 
Q2,Q2 • TOTF(Q2t,CLK2,,,) 
Ql,Ql • TOTF(Qlt,CLK,,,) 
QO,QO • TOTF(QOt,CLK,,,) 

%Q2,Ql,QO: internal counter for timing qenerator% 

%82586 add/data bus interface% 
ADT0,ADT1,ADT2,ADT3,ADT4,ADT5,ADT6,ADT7 s BOSX (IBOS,,OE) 

%low address byte input latch. RBOSI A(l)% 
ORlO, ORll, OR12, OR13, OR14, ORlS, OR16,0R17 • RBUSI . (~BOS,, WEl) 

%low data byte input latch. RBOSI_A(2)% 
OR20,0R21,0R22,0R23,0R24,0R25,0R26,0R27 • RBUSI (IBUS,,WE2) 

%low data byte output latch. LBOS0(2)% 
IBUS • LBOSO (DB0,DB1,DB2,DB3,DB4,DBS,DB6,DB7,,0LE,RE1) 

% este reqistro no se usa% 
UBOS • LBOSO (AD0,AD1,AD2,AD3,AD4,AD5,AD6,AD7,,0LE2,RE2)% 

%low address byte at external pins w/tri_state habilitation line% 
ADl,ADl •COIF (ADlc,) 
AD2,AD2 •COIF (AD2c,) 
AD3,AD3 •COIF (AD3c,) 
AD4,AD4 •COIF (AD4c,) 
ADS,ADS •COIF (ADSc,) 
AD6,AD6 •COIF (AD6c,) 
AD7,AD7 •COIF (AD7c,) 
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\low data byte at external pins w/tri_state habilitation line\ 
DBO,DBO • COIF (DBOc,HAB2) 
DBl,DBl • COIF (DBlc,HAB2) 
DB2,0B2 • COIF (DB2c,HAB2) 
DB3,DB3 • COIF (DB3c,HAB2) 
DB4,DB4 • COIF (DB4c,HAB2) 
DBS,DBS • COIF (DBSc,HAB2) 
DB6,DB6 • COIF (DB6c,HAB2) 
DB7,DB7 • COIF (OB7c,HAB2) 

CSl • CONF(CSlc,) 

EQUATIONS: 
\Read mode: wait state insertion if BUSY active & count -- 13 % 
%Write mode: wait_state insertion if BUSY active & count - 13 % 

OOt .. ! (!HOLD * !03 * !02 * !Ql * !00 
+ HOLD * !03 * !02 * !Ol * !OO %Sl y so DON'T 
+ HOLD * 03 * !02 * !Ol * !OO * Sl * so 
+ !HOLD * 03 * !02 * !01 * !00 
+ !HOLD * 03 * !02 * Ql * !00 
+ HOLD * 03 * !Q2 * Ql * !OO * Sl * so 
+ !BUSY * Q3 * 02 * !Ql * 00); 

%added busy to state 13% 

Olt 03 * !02 * !Ql * oo * !SO * Sl * HOLD 
+ 03 * !02 * !Ql * 00 * !Sl * so * HOLD 
+ 03 * !Q2 * 01 * !QO * !HOLD 
+ Q3 * !Q2 * Ql * !QO * HOLD * Sl * SO 
+ 03 * !Q2 * Ql * QO %* BUSY% 
+ 03 * 02 * !Ol * QO * BUSY 
+ 03 * 02 * 01 * 00; 

Q2t = BUSY * 03 * !Q2 * Ql * QO 
+ QO * 01 * Q2 * 03; 

Q3t .. HOLD * !03 * !02 * !Ql * !QO * Sl * so 
+ !HOLD * Q3 * !Q2 * !Ql * !QO 
+ !HOLD * 03 * !02 * !Ql * 00 
+ HOLD * 03 * !Q2 * !Ql * oo * Sl * so 
+ HOLD * 03 * !02 * !Ol * 00 * !Sl * !SO 
+ !HOLD * 03 * !02 * Ql * !OO 
+ HOLD * 03 * !02 * Ql * !00 .* Sl * so 
+ !HOLD * 03 * 02 * Ql * QO; 

OE • SOL * !SlL * (02 * !Ql * 00 + 02 * 01 * !QO 
+ 02 * Ql * 00); %transceiver abilitation\ 

WEl • ! (!Sl * SO * !02 * !01 * 00 
+ Sl * !SO* !Q2 * !Ql * QO); %latchs add. at rising edge% 

CARE% 

WE2 • ! (Sl * !SO * !02 * Ql * QO); \latchs data at rising edqe% 

HAB2 • SlL * !SOL; \tri_state data out. enable\ 
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OLE = !SlL * SOL * Q2 * !Ql * QO; %latchs data when hiqh% 

REl • !SlL * SOL * (Q2 * !Ql * QO 
+ Q2 * Ql * !QO 
+ Q2 * Ql * QO); %out. enable in read cycles% 

RE2 • !Sl * Sl; 
OLE2 • !Sl * Sl; 

CSlc• ! (!SlL * SOL * !ADl * (Q2 * !Ql * !QO 
+ 02 * ! 01 * ao > 

ADlc 
AD2c 
AD3c 
AD4c 
AD5c 
AD6c 
AD7c 

DBOc 
DB le 
DB2c 
DB3c 
DB4c 
DB5c 
DB6c 
DB7c 

END$ 

+ SlL * !SOL * !ADl * (02 * !Ql * !QO 
+ Q2·* !Ql * QO)); 

• ORll; 
• OR12; 
• 0Rl3; 

OR14; 
= OR15; 
• OR16; 

OR17; 

• OR20; 
• OR21; 
= OR22; 
.. OR23; 
• OR24; 
• OR25; 
= OR26; 
'"' OR27; 
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ERR DETE.ABL-11/1/89 
MODULE ERROR DETECT 
TITLE 'ERROR=DETECT VERSION Wednesday l-NOV-89 0900 hrs' 
ERR_DETECT DEVICE 'P22V10': 

CLK PIN 
FRDK PIN 
FRAK PIN 
FRSSO PIN 
FRSSl PIN 
FRSS2 PIN 
!FSLV PIN 
FE OBA PIN 
!LTCO PIN 
!LTCl PIN 
LCEN PIN 
FCLERR PIN 
CC LE RR PIN 

SSERR PIN 
LTCOZ·~ PIN 
FEOB PIN 
FLSS2 PIN 
FLSSl PIN 
FLSSO PIN 
ADDR PIN 
FRAKZ PIN 
FRDKZ PIN 

LATCHED_ss 
SS 

ZERO 
TWO 

EQUATIONS 

FRAKZ 
FRDKZ 
LTCOZ 

1; 
2; 
3; 
4; 
5; 
6; 
7; 
8; 
9; 
10; 
11; 
13: 
16; 

14; 
15; 
17; 
18; 
19; 
20; 
21; 
22; 
23; 

• (FLSS2 .. FLSS0]; 
= (FRSS2 .. FRSS0]; 

(0,0,0]; 
(0,1,0); 

:= FRAK; 
:• FRDK: 
:• LTCO: 

"LATCH THE CURRENT VALUE OF SS IF AK UP OR DK UP/DOWN WITH NON-ZERO SS, 
"OTHERWISE KEEP LAST VALUE OF LATCHED SS 

"LATCHED_ss HAS LAST NON-ZERO SS RESPONSE 

"LATCHED_ss IS ZERO AFTER CLEAR 

LATCHED_ss :• ((((FRAK & !FRAKZ) I (FRDK !• FRDKZ)) 
& (SS ! • ZERO) & SS) 

I (((! (FRAK & !FRAKZ) & (FRDK •• FRDKZ)) 
I (SS -- ZERO)) & LATCHED SS)) 

& !FCLERR & !CCLERR & !FSLV; -

"ADDR INDICATES WHETHER VALUE OF LATCHED_SS OCCURRED ON ADDRESS 
"OR DATA CYCLE 
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ADDR. := ( (FRA;K & !FRAKZ) .& (SS != ZERO) 
f ((FRDK •• FRDKZ) f (SS•• Z~RO)) & ADDR) 
& !FCLERR & !CCLERR & !FSLV; 

"SSERR IS SET FOR LATCHED SS NOT EQUAL ZERO ON ADDRESS CYCLE 
"OR LATCHED_SS NOT EQUAL ZERO/TWO ON DATA CYCLE 

SS ERR :- ((LATCHED SS !•ZERO) & ADDR 
• (LATCHED:,_ss !•ZERO) ' (LATCHED_ss ,_TWO) ' !ADDR); 

"FEOB IS SET IF COUNTER REACHES ZERO AND COUNTER IS ENABLED OR 
"IF ss-2 ON DATA CYCLE 

"IT IS RESET BY SEQUENCER FEOB ACKNOWLEDGE 

FEOB :• 

END ERROR_DETECT 
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((LTCO & !LTCOZ) & LTCl & LCEN 
f (FRDK !z FRDKZ) & (SS •• TWO) 
I FEOB & !FEOBA) 
& !FCLERR & !CCLERR & !FSLV; 
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FB _ ARB.ABL-8/25/89 
MODULE FASTBUS_ARBITRATION 
TITLE 1 FASTBUS ARBITRATION 
FB_ARB DEVICE IEC16P8N'; 

VERSION 23-AUG-89 1000 hrs' 

OALS 
OAL4 
OAL3 
OAL2 
OALl 
OALO 

IAL5 
IAL4 
IAL3 
IAL2 
IALl 
IALO 

FAL5 
FAL4 

ISMINE 
GATEALS 

EQUATIONS 

!OAL5 

!OAL4 -
!OAL3 

!OAL2 

!OALl 

!CALO -
!ISMINE 
OAL2) 

PIN 18; 
PIN 20; 
PIN 4; 
PIN 8; 
PIN 17; 
PIN 21; 

PIN 3; 
PIN 9; 
PIN 10; 
PIN 11; 
PIN 13; 
PIN 14; 

PIN 1; 
PIN 2; 

PIN 5; 
PIN 15; 

!IAL5 I !GATEALS; 

!IAL4 I (!IAL5 & FALS) I !GATEALS; 

!IAL3 I (!IAL4 & FAL4) I (!IALS & FAL5) I !GATEALS; 

!IAL2 I (!IAL3 & OAL3) I (!IAL4 & FAL4) I (!IAL5 & FALS) 
I !GATEALS; 

!IALl t (!IAL2 & OAL2) t (!IAL3 & OAL3) I (!IAL4 & FAL4) 
t (!IALS & FALS) t !GATEALS; 

!IALO t (!IALl & OALl) t (!IAL2 & OAL2) I (!IAL3 & OAL3) 
t (!IAL4 & FAL4) t (!IALS & FAL5) t !GATEALS; 

• (!IALO & OALO) I (!IALl & OALl) t (!IAL2 & 

I (!IAL3 & OAL3) t (!IAL4 & FAL4) t (!IAL5 * FAL5) 
I !GATEALS; 

END FASTBUS_ARBITRATION 
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FB _ REQ.ABL· 7/25/90 
. MODULE FB_REQUEST 

TXTLE 'FB REQUEST VERSION 25-JUL-90 1500 hrs' 
FB REQ DEVICE 'P22Vl0'; 
"INPUTS 
CLK PIN l; 
!FRE~ET PIN 2; 
SSERR PIN 3; 
! BUSYR PIN 4; 
!STO PIN 5; 
!DFF PIN 6; 
FRSR PIN 7; 
!FSLV PIN 8; 
FCWT PIN 9; 
FROS PIN 10; 
CCLERR PIN 11; 
FCLERR PIN 13; 
"OUTPUTS 
FRDSZ PIN 
FOWT PIN 
!SBUSYR 
ECLK6M PIN 
ECO PIN 
ECl PIN 
!SEQINT 
!FBERR PIN 
!FBREQ PIN 
ECLK 
ZERO 
TWO • 
EQUATIONS 

14; 
15; 
PIN 17; "synchronous BUSYR 
18; 
19; "CLK13M 
20; 
PIN 21; 
22; 
23; 
[ECl. .ECO]; 
[0, OJ; 
[l,0]; 

"Ethernet clock generator 
" divide 40MHz by 3 to get 13.333MHz 
" then divide 13.3 by 2 to get 6.667MHz 
WHEN (ECLK •= ZERO) THEN ECLK :• TWO; 

ELSE ECLK := ECLK - l; 
WHEN (ECLK •= TWO) THEN ECLK6M := !ECLK6M; 

ELSE ECLK6M := ECLK6M; 
"Synchrnize BUSYR* for Ethernet interface to ensure proper setup, and hold 
" time for the EPB1400' s. 
WHEN (ECLK •• TWO) THEN SBUSYR :• BUSYR; 

ELSE SBUSYR :• S8USYR; 
"Interrupt equations: 
"FBREQ •We're a slave, or We've received SR, or RB 
"FBERR • Any SS error except SS•2, or Short Timout, or Data FIFO full. 
"SEQINT - FBERR or RB. 
FBERR • (SSERR t STO t OFF t FBERR) 

& !FCLERR 

FBREQ 
SEQINT 
"WT generation: 

-
& !CCLERR; 
FSLV f FRSR f FRESET; 
FBERR t FRESET; 

"FASTBUS WT is set high whenever the fscc is a slave, and there is a OS 
"transition. WT is cleared by FCWT from the FASTBUS sequencer. 
FROSZ :• FROS; 
FDWT = (FSLV * (FROS !• FROSZ)) t (FDWT * !FCWT); 
END FB_REQUEST 
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FBSEQVl.ASM-9/24/90 
Richard Kwarciany 
Fermi lab 
Saturday, 24-Mar-90 lSOOhrs 
FSCC Version: 2 
Revision: 2 
EPS448 
Ul06,Ul10,Ul08 

PART: EPS448,EPS448,EPS448 

INPUTS: IOU2 
Il@ll 
I2@10 
I3@9 
I4@5 
I5@4 
I6@3 
I7@2 

OUTPUTS:LCl@l % . 1 % 
LC0@28 % 2 % 
LCOE@27 % 3 % 
/SRT@26 % 4 % 
FW@25 % 5 % 
/POE@24 % 6 % 
DDIR@23 % 7 % 
CPAB@22 % 8 % 
SAB@20 % 9 % 
CPBA@l9 % 10 % 
SBA@l8 % 11 % 
/DG@l 7 % 12 % 
/FDOE@l6 % 13 % 
/FCOE@lS % 14 % 
FPCREQ@l4 % 15 % 
DFIFOEN@l3 % 16 % 

OUTPUTS:REL@l % 17 % 
REQ@28 % 18 % 
FEOBA@27 % 19 % 
EG@25 % 20 % 
RDl!24 % 21 % 
MS21!23 % 22 % 
MS1@22 % 23 % 
MS01!20 % 24 % 
CWT@l9 % 25 % 
CDK@18 % 26 % 
SDK@l7 % 27 % 
CDS@l6 % 28 % 
SDS@l5 % 29 % 
CAS@l4 % 30 % 
SAS@l3 % 31 % 

OUTPUTS:PFIFOEN@l % 32 % 
/SR@28 % 33 % 
SCLKl!27 % 34 % 
FCLK@26 % 35 % 
DEOE@25 % 36 % 
CEOE@24 % 37 % 
TMR@23 % 38 % 
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CCLEAR@22 % 39 % 
STAT3@20 % 40 % 
STAT2@19 % 41 % 
STAT1@18 % 42 % 
STAT0@17 % 43 % 
/DSACK@l6 % 44 % 
/MUX2@15 % 45 % 
/MUXU14 % 46 % 
/MUX0@13 % 47 % 

%DEFAULT - all bits false except: DDIR•l, FCOE*•O, MUX1*•0% 
%12345678901234567890123456789012345678901234567% 
DEFAULT:[00010110000110100000000000000000100000000001101B] 

% 

MACROS: 

Macros for Chip 1 % 

CHOLD •"000" %LC1,LCO,LCOE% 
CLOAD 
COUNT 
CREAD 
CDEF 
SRT 
NSRT 
DW 
NDW 

•"100" 
="110" 
="001" 
="000" 
="0" %SRT*% 
•"l" 
~" 1" 
="0" 

%SDW% 

DATADEF •"1000001" 
%POE*,DDIR,CPAB,SAB,CPBA,SBA,DG*% 
DATAOUT ··"0000000" 
DATAOUTLATCH •"0000100" 
DATAOUTHOLD ="1000010" 
DATAINPROC ="0100000" 

="0110000" 
•"0101000" 
•"1101000" 

DATAINLATCH 
DATAINHOLD 
DATAINFIFO 
COUNT IN 
FDOE 

="0000001" 
="0" %FDOE*% 

NFDOE -="l" 
FCOE =" 0" %FCOE*% 
NFC OE ="l" 
IRQ •"0" %FPCREQ*% 
NIRO •"l" 
OFFEN =="l" %DFIFOEN% 
DFFDIS •"0" 
CTRLDEF •"0001011000011010" 
%DEFAULTS FOR U42X40% 

Macros for Chip 2 % 

%REL,REQ% 

October 22, 1990 

REQ 
REL 
HOLDB 
NREQ 
EOBA 
NEOBA 
EG 
NEG 
RD 

•"010000000000000" 
•"101000000101010" 
•"00" 

%(EOEA, Clear DS,DK,AS,GK)% 

•"00" 
•"l" %EOBA% 
•"0" 
="l n %EG% 
•"0" 
•"l" %RD% 
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page 100 

NRD 
MSO 
MSl 
MS2 
MS3 
MS4 
MS5 
MS6 
MS7 
CWT 
XWT 
SOK 
CDK 
XDK 
sos 
CDS 
XDS 
SAS 
CAS 
XAS 
FBDEF 

Macros 

PFFEN 
PFFDIS 
SR 
NSR 
SCLK 
NSCLK 
FCLK 
NFCLK 
DEOE 
ND EOE 
CEOE 
NCEOE 
TMR 
NTMR 
CCLR 
NCCLR 
STATO 
STATl 
STAT2 
STAT3 
STAT4 
STATS 
STAT6 
STAT7 
STATS 
STAT9 
STATlO 
STATll 
STAT12 
STAT13 
STAT14 
STAT15 
DSAK 

for 

•"0" 
•"000" 
•"001" 
=-"010" 
•"011" 
•"100" 
•"101" 
•"110" 
•"111" 
•"1" 
•"0" 
•"01" 
•"10" 
•"00" 
•"01" 
•"10" 
•"00" . 
•"01" 
-"10" 
•"00" 

October 22, 1990 

%MS2,MS1,MS0% 

%CWT% 

%CDK,SDK% 

%CDS,SDS% 

%CAS,SAS% 

~"000000000000000" %DEFAULTS FOR U47X40% 

Chip 3 

•"1" %PFIFOEN% 
="0" 
'"""0" %SR*% 
•"l" 
-="1" %SCLK% 
•"0" 
•"l" %FCLK% 
•"0" 
•"l" %DEOE% 
•"0" 
•"1" %CEOE% 
•"0" 
•"l" %TMR% 
•"0" 
•"l" %CCLEAR% 
-"0" 
•"0000" %STATE3,STATE2,STATE1,STATE0% 
•"0001" 
•"0010" 
•"0011" 
•"0100" 
•"0101" 
•"0110" 
•"0111" 
-·1000" 
•"1001" 
•"1010" 
•"1011" 
-"1100" 
•"1101" 
•"1110" 
•"1111" 
-·o" %DSACK*% 
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ND SAK 
MUX2 
MUXl 
MUXO 

% RE SETO 
% 

RE SETO 

• All 

•"l" 
•"011" 
•"101" 
•"110" 

%MUX2,MUX1,MUX0% 

bits false except: FREL FCWT FCDK FCDS FCAS MUX1% 
12345678901234567890123456789012345678901234567% 

•"00010110000111101000000011010100100000000001101" 

%-----------------------------------------------------------------------% 
%Here the 448's set all outputs to their default state, then % 
%wait for either the 68020 to call, or somebody on FASTBOS % 
%to want somethinq. When FBSEL is true, that means the 68020 % 
%is callinq, and we need to get the vector from MUX2 and qo to % 
%the routine at that address. If, on the other hand, FSLV is % 
%true, we qo to the slave handler. % 
%-----------------------------------------------------------------------% 

PROGRAM: 

J:lESET: [RESETO] JUMP SELECT; 

%-----------------------------------------------------------------------% 
%-----------------------------------------------------------------------% 
% Routine entry points. % 
% Entry points are the first instruction of each routine. % 
%------------------------------------------------------------------~----% 

%-----------------------------------------------------------------------% 

%-----------------------------------------------------------------------% 
% Routine ARBITRATE % 
% --SLOW-- --WRITE-- % 

%-----------------------------------------------------------------------% 
ARB: IF /I6 %FBREQ*% 

MUXl] 

MUXO] 

THEN [ CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT15 NDSAK 

JUMP INTS: 
ELSEIF I2 %FRDY% 
THEN [ CTRLDEF 

FBOEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT! DSAK MUXl] 
JUMP ARBX; 

ELSE [CDEF NSRT NOW DATAOOTHOLD NFDOE FCOE NIRO DFFDIS 
REQ 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT! NDSAK 

JUMP ARB; 

%-----------------------------------------------------------------------% 
% Routine BOS RELEASE % 
% --FAST-- --WRITE-- % 
%-----------------------------------------------------------------------% 
% % 
% This routine sets FREL true, clears OS, DK, and AS, then qoes % 
% home. Note that since no data is needed, the control lines % 
% latching the 68020 data are returned to their default states, % 
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% discarding the data. % 
%-----------------------------------------------------------------------% 
BUSREL: 

MUXl] 

[CDEF NSRT NOW DATAOUT NFDOE FCOE NIRO DFFDIS 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT2 NDSAK 

JUMP BUSRELX; , _______________________________________________________________________ , 
%-----------------------------------------------------------------------% 
% Primary Address Cycles % , _______________________________________________________________________ , 
%-----------------------------------------------------------------------% 
%-----------------------------------------------------------------------% 
% Routine ADDRESS DATA GEOGRAPHICAL % 
% - - ' 
% Geographical primary address cycle to data space. % 
% (we assert EG) % 
% --FAST-- --WRITE-- % 
%---------------------------------------------------------------~-------% 

% ' % IF FBREQ Release bus, TMR•O, JUMP WAYHOME. % 
' ELSEIF WT•l, loop here. ' 
' ELSEIF AK•l THEN turn off FASTBUS AD line drivers, negate EG, ' 
% MS, and go home. % 
% ELSE set AS, TMR (turn on short timer), and loop here. % 

' ' %-----------------------------------------------------------------------% 
ADDDG: IF /I6 %FBREQ*% 

MUXl] 

MUXOJ 

THEN [CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT15 NOSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRO DFFDIS 

HOLDB NEOBA EG NRD MSO XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT3 NDSAK 

JUMP ADDDG; 
ELSEIF IS %FRAK% 
THEN [CDEF NSRT NDW DATAOUT NFDOE FCOE NIRO DFFDIS 

FBDEF 
PFFDIS NSR SCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT3 NOSAK MUXl] 
JUMP HOME; 

ELSE [CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRO DFFDIS 
HOLDB NEOBA EG NRD MSO XWT XDK XDS SAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT3 NDSAK MUXO] 
JUMP ADDDG; 

%-----------------------------------------------------------------------% 
% Routine ADDRESS CSR GEOGRAPHICAL % 
% - - ' 
% Geographical primary address cycle to CSR space. % 
% (We assert EG) % 
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% --FAST-- --WRITE-- % 

%-----------------------------------------------------------------------% 
% ' % IF FBREQ THEN Release bus, JUMP WAYHOME. % 
% ELSEIF WT•l, loop here. ' 
% ELSEIF AK•l THEN turn off FASTBUS AD line drivers, neqate EG, ' 
% MS, and qo home. t 
% ELSE set AS, TMR (turn on short timer), and loop here. % 
% % 

.%-----------------------------------------------------------------------% 
.ADDCG: IF /I6 %FBREQ% 

MUXl] 

MUXO] 

THEN [CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CDEF NSRT NDW DATAOUTHOLD FDOE FCOE NIRO DFFDIS 

HOLDB NEOBA EG NRD MSl XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT3 NDSAK 

JUMP ADDCG; 
ELSEIF IS %FRAK% 
THEN [CDEF NSRT NDW DATAOUT NFDOE FCOE NIRO DFFDIS 

FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT3 NDSAK MUXl} 
JUMP HOME; 

ELSE [CDEF NSRT NDW DATAOUTHOLD FDOE FCOE NIRO DFFDIS 
HOLDB NEOBA EG NRD MSl XWT XDK XDS SAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT3 NDSAK MUXO] 
JUMP ADDCG; 

%-----------------------------------------------------------------------% 
% Routine ADDRESS_DATA_LOGICAL % 
% % 
% This routine is identical to ADDRESS DATA GEOGRAPHICAL % 
% except that EG is not driven. - - % 
% --FAST-- --WRITE-- % 

%--------------------------------------------------------~--------------% 
% % 
% IF FBREQ THEN Release bus, TMR•O, JUMP WAYHOME. % 
% ELSEIF WT•l, loop here. % 
% ELSEIF AK•l THEN turn off FASTBUS AD line drivers, neqate MS, % 
% and qo home. % 
% ELSE set AS, TMR (turn on short timer), and loop here. % 
% % 
%-----------------------------------------------------------------------% 
ADDDL: IF /I6 %FBREO*% 

MUXl] 

THEN [CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF 17 %FRWT% 
THEN [CDEF NSRT NDW DATAOUTHOLD FDOE FCOE NIRO DFFDIS 

HOLDB NEOBA NEG NRD MSO XWT XDK XDS XAS 
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MUXO) 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT3 NOSAK 

JUMP ADDDL; 
ELSEIF IS %FRAK% 
THEN [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRQ DFFDIS 

FBDEF 
PFFDIS NSR SCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT3 NOSAK MUXl] 
JUMP HOME; 

ELSE [CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 
HOLDB NEOBA NEG NRD MSO XWT XDK XDS SAS 
PFFDIS NSR N$CLK NFCLK NOEOE NCEOE TMR NCCLR STAT3 NDSAK MUXOJ 
JUMP ADDDL; 

%-----------------------------------------------------------------------% 
% Routine ADDRESS_CSR_LOGICAL % , _______________________________________________________________________ , 
% This routine is identical ~o ADDRESS_CSR_GEOGRAPHICAL except % 
% that EG is not driven. % 
% --FAST-- --WRITE-- % 

%----------------------------~------------------------------------------% 
% % 
% IF FBREQ THEN Release bus, TMR=O, JUMP WAYHOME. % 
% ELSEIF WT•l, loop here. % 
% ELSEIF AK•l THEN turn off FASTBUS AD line drivers, negate MS, % 
% and go home. % 
% ELSE set AS, TMR (turn on short timer), and loop here. % 

' ' %-----------------------------------------------------------------------% 
ADDCL: IF /I6 %FBREQ*% 

MUXO) 

MUXOJ 

THEN [CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 

HOLDS NEOBA NEG NRD MSl XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT3 NDSAK 

JUMP ADDCL; 
ELSEIF IS %FRAK% 
THEN [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRQ DFFDIS 

FBDEF. 
PFFDIS NSR SCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT3 NDSAK MUXl) 
JUMP HOME; 

ELSE [CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 
HOLDB NEOBA NEG NRD MSl XWT XDK XDS SAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE TMR NCCLR STAT3 NDSAK MUXO) 
JUMP ADDCL; 

%---------------~-------------------------------------------------------% 
% Routine ADDRESS_DATA_BROADCAST % 
% % 
% This routine does a broadcast primary address cycle to % 
% DATA space. % 
% --FAST-- --WRITE-- % 
%-----------------------------------------------------------------------% 
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% IF FBREQ THEN Release bus, TMR•O, jump WAYHOME. % 
% ELSEIF WT•l, then loop here. % 
% ELSEIF AK•l, Then turn off FASTBUS AD line drivers, neqate MS, % 
% and go home. % 
% ELSE set AS, TMR (turn on short timer), and loop here. % 

% ' 
'------~--------------------------------------------~-------------------· ADDDB: 

MUXl) 

MUXOJ 

IF /I6 
THEN 

ELSE IF 
THEN 

ELSE IF 
THEN 

%FBREQ*% 
[CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCI.K NOEOE NCEOE NTMR NCCLR STATlS.NOSAK 

JUMP INTF; 
I7 %FRWT% 
[CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRO DFFDIS 
HOLDS NEOBA NEG NRD MS2 XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT3 NOSAK 

JUMP ADDDB; 
IS %FRAK% 
[CDEF NSRT NOW DATAOUT NFDOE FCOE NIRO DFFDIS 
FSDEF 
PFFOIS NSR SCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT3 NOSAK MUXl) 
JUMP HOME; 

ELSE [CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRO DFFDIS 
HOLDS NEOBA NEG NRD MS2 XWT XDK XDS SAS 
PFFOIS NSR NSCLK NFCLK NOEOE NCEOE TMR NCCLR STAT3 NOSAK MUXOJ 
JUMP ADDDS; ~ 

%-----------------------------------------------------------------------% 
% Routine ADDRESS_CSR_BROADCAST % 
% % 
% This routine does a broadcast primary address cycle to % 
% CSR space. % 
% --FAST-- --WRITE-- % 
%-----------------------------------------------------------------------% 
% IF FSREQ THEN Release bus, TMR•O, JUMP WAYHOME. % 
% ELSEIF WT==l, loop here. % 
% ELSEIF AK=l THEN turn off FASTSUS AD line drivers, negate MS, % 
% and go home. % 
% ELSE set AS, TMR (turn on short timer), and loop here. % 

% ' 
%-----------------------------------------------------------------------% 
ADDCB: IF /I6 %FBREQ*% 

THEN [CTRLDEF 
REL 
PFFCIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATlS NOSAK 

MUXl) 

MUXO) 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRO DFFDIS 

HOLDB NEOBA NEG NRD MS2 XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT3 NOSAK . 

JUMP ADDCS; 
ELSEIF IS %FRAK% 
THEN [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRO DFFDIS 
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FSDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT3 NDSAK MUXl] 
JUMP HOME; 

ELSE [CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 
HOLDS NEOBA NEG NRD MS2 XWT XDK XDS SAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT3 NDSAK MUXOJ 
JUMP ADDCS; 

%-----------------------------------------------------------------------% % 
% 

Routine ADDRESS_RELEASE 
--FAST-- --WRITE-- ' ' , _______________________________________________________________________ , 

' ADDREL: 

MUXl] 

EG-0 RD•O MS•O WT•O Clear DK,DS,AS ' 
IF /I6 %FSREQ*% 

THEN [CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 

· ~· THEN [ CTRLDEF 
FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT4 NDSAK 

MUXl] 
JUMP ADDREL; 

ELSE [CTRLDEF 
HOLDS NEOSA NEG NRD MSO XWT CDK CDS CAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT4 NDSAK 

MUXOJ 
JUMP ADDRELX; 

%-----------------------------------------------------------------------· 
%-----------------------------------------------------------------------% 
% Data Cycle Routines % 
%-----------------------------------------------------------------------% 
%-----------------------------------------------------------------------% 
%-----------------------------------------------------------------------% 
% Routine DATA PROCESSOR RANDOM READ % 
% --SLOW-- --READ-- - - % , _______________________________________________________________________ , 
DATPRR: 

THEN 

MUXl] 

ELSE IF 
THEN 

MUXO] 

ELSE IF 
THEN 
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IF /I6 %FSREQ*% 
[CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTS:· 
I7 %FRWT% 
[CDEF NSRT NOW DATAINPROC FDOE FCOE NIRQ DFFDIS 
HOLDS NEOBA NEG RD MSO XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE.NTMR NCCLR STATS NDSAK 

JUMP DATPRR; 
I4 %FRDK% 
[CDEF NSRT NOW DATAINPROC FDOE FCOE NIRQ DFFDIS 
HOLDS NEOSA NEG RD MSO XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS DSAK MUXOJ 
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JUMP DATPRRX; 
ELSE [CDEF NSRT NDW DATAINPROC FDOE FCOE·NIRQ OFFOIS 

HOLDB NEOBA NEG RD MSO XWT XDK SDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO] 
JUMP DATPRR; 

%-----------------------------------------------------------------------% 
% . Routine DATA_PROCESSOR_RANDOM_WRITE % 
% --FAST-- --WRITE-- t 
%-----------------------------------------------------------------------% 
DATPRW: IF /I6 %FBREQ*% 

MUXl] 

MUXO] 

MUXO] 

THEN [CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NT.MR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CDEF NSRT NDW DATAOOTHOLD FDOE FCOE NIRQ DFFDIS 

HOLDB NEOBA NEG NRD MSO XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NT.MR NCCLR STATS NDSAK 

JUMP DATPRW; 
ELSEIF I4 %FR.DK% 
THEN [CTRLOEF 

FBDEF 
PFFOIS NSR NSCLK NFCLK NDEOE NCEOE NT.MR NCCLR STATS NDSAK 

JUMP DATPRWX; 
ELSE [CDEF NSRT NOW OATAOUTHOLD FDOE FCOE NIRQ DFFDIS 

HOLDB NEOBA NEG NRO MSO XWT XDK SOS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXOJ 
JUMP DATPRW; 

%-----------------------------------------------------------------------% 
% Routine DATA_PROCESSOR_SEC_ADDRESS_READ % 
% --SLOW-- --READ-- % 
%-----------------------------------------------------------------------% 
DATPSR: IF /I6 %FBREQ*% 

MUXl] 

MUXO] 

THEN [CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NT.MR NCCLR STATlS NDSAK 

JUMP INTS; 
ELSEIF I7 %FRWT% 
·THEN [CDEF NSRT NDW DATAINPROC FDOE FCOE NIRQ DFFDIS 

HOLDB NEOBA NEG RO MS2 XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NT.MR NCCLR STAT6 NDSAK 

JUMP DATPSR; 
ELSEIF I4 %FROK% 
THEN [CDEF NSRT NDW DATAINPROC FDOE FCOE NIRQ DFFDIS 

HOLDB NEOBA NEG RO MS2 XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NT.MR NCCLR STAT6 DSAK MUXO] 
JUMP DATPSRX; 

ELSE [CDEF NSRT NDW DATAINPROC FDOE FCOE NIRQ DFFDIS 
HOLDB NEOBA NEG RO MS2 XWT XDK SOS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT6 NDSAK MUXO] 
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JUMP DATPSR; 

%-----------------------------------------------------------------------% 
' Routine DATA_PROCESSOR_SEC_ADDRESS_WRITE % 
% --FAST-- --WRITE-- % 
%-----------------------------------------------------------------------% 
DATPSW: IF /I6 tFBREQ*t 

MUXl] 

MUXOJ 

MUXO) 

THEN [CTRLDEF 

ELSE IF 
THEN 

ELSE IF 
THEN 

ELSE 

REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
I7 %FRWT% 
[CDEF NSRT NDW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 
HOLDB NEOBA NEG NRD MS2 XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT6 NDSAK 

JUMP DATPSW; 
I4 %FRDK% 
[CTRLDEF 
FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT6 NDSAK 

JUMP DATPSWX; 
[CDEF NSRT NDW DATAOUTHOLD FDOE FCOE NIRO DFFDIS 
HOLDB NEOBA NEG NRD MS2 XWT XDK SDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT6 NDSAK MUXO) 
JUMP DATPSW; 

%-----------------------------------------------------------------------% 
% Routine DATA PROCESSOR BLOCK TRANSFER READ % % --SLOW-- --READ-- - - - % 
%-----------------------------------------------------------------------% DATPBR: (CDEF NSRT NOW DATAINPROC FDOE FCOE NIRQ DFFDIS 

HOLDB NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK 

MUXO) 
JUMP DATPBRX; 

%--------------------------------------------------------------~--------% 
% Routine DATA_PROCESSOR_BLOCK_TRANSFER_WRITE ' 
% --FAST-- --WRITE-- % , _______________________________________________________________________ , 
DATPBW: 

MUXO] 

[CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRO DFFDIS 
HOLDB NEOBA NEG NRD MSl XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK 

JUMP DATPBWX; 

%-----------------------------------------------------------------------% 
' Routine DATA PROCESSOR BLOCK TRANSFER TERMINATE % 
% --FAST-- --WRITE-- - - - % 

%-----------------------------------------------------------------------% 
% This routine does a qraceful termination of a block transfer % 
% where DS and DK are brought to their idle states without % 
% effecting the slave. % 
t MS•O RD•O % 
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% 
% 
DATPBT: 

MUXl) 

MUXl) 

THEN 

·then 
os-o 
IF /I6 %FBREQ*% 
[CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATlS NOSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CTRLDEF 

FBDEF 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NT.MR NCCLR STATS NOSAK 

JUMP DATPBT; 
ELSE [CTRLDEF 

HOLDS NEOBA NEG NRD MSO XWT XDK CDS XAS 
PFFDIS NSR SCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXl] 
JUMP WAYHOME; 

%-----------------------------------------------------------------------% % Routine LOCAL_COuNTER_LOAD % 
% --SLOW-- --WRITE-- % 
%-----------------------------------------------------------------------% 
LC_LOAD: [CLOAD NSRT NOW DATAOUT NFDOE FCOE NIRQ DFFDIS 

FBOEF 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT9 DSAK MUXl) 
JUMP LC_LOADX; 

%-----------------------------------------------------------------------% 
% Routine LOCAL_COUNTER_READ % 
% --SLOW-- --READ-- % 

%-----------------------------------------------------------------------% 
LC_READ: [CREAD NSRT NOW COUNTIN NFDOE FCOE NIRQ DFFDIS 

FBDEF 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT9 DSAK MUXlJ 
JUMP LC_ READX; 

%-----------------------------------------------------------------------% 
% Routine FIFO_WRITE % 
% --SLOW-- --WRITE-- % 

%-----------------------------------------------------------------------% 
FIFO_WR: [CDEF NSRT DW DATAOUT NFDOE FCOE NIRO OFFEN 

FBDEF 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATlO DSAK MUXl) 
JUMP FIFO_WRX; 

%-----------------------------------------------------------------------% 
% Routine DATA_FIFO_BLOCK_T:RANSFER_READ ' 
% --FAST-- --WRITE or READ-- % 
%-----------------------------------------------------------------------% 
DATFBR: IF /I6 %FBREQ*% 

THEN [CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATlS NDSAK 

MUXl] 
JUMP INTF; 

ELSEIF I7 
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THEN [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRO OFFEN 
HOLDS NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT7 NDSAK MUXO] 
JUMP DATFBR; 

ELSE [COUNT NSRT NDW DATAINFIFO FOOE FCOE NIRO OFFEN 
HOLDB NEOBA NEG RD MSl XWT XDK SOS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT7 NDSAK MUXO] 
JUMP DATFBIUC; 

%----------------------------------------~------------------------------% 
' ' 

Routine DATA_FIFO_PIPELINED_READ_l (100ns transfers) 
--FAST-- --WRITE or READ-- ' ' %-----------------------------------------------------------------------% DATFPl: 

MUXl) 

IF /I6 %FBREO*% 
THEN [CTRLDEF 

REL 
PFFDIS NSR NSCLK NF~LK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 .%FRWT% 
THEN [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRO OFFEN. 

HOLDS NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
JUMP DATFPl; 

ELSE [COUNT NSRT NDW DATAINFIFO FDOE FCOE NIRO OFFEN 
HOLDS NEOBA NEG RD MS3 XWT XDK SOS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
JUMP DATFPlX; 

%-----------------------------------------------------------------------% 
% Routine DATA FIFO PIPELINED READ 2 (200ns transfers) ' 
% --FAST-- --WRITE or READ-- - - % 
%-----------------------------------------------------------------------% 
DATFP2: IF /I6 %FBREQ*% 

MUXl] 

THEN (CTRLDEF 
REL 
PFFOIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT15 NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CHOLD NSRT NOW DATAINFIFO FOOE FCOE NIRQ OFFEN 

HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
JUMP OATFP2; 

ELSE [COUNT NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDS NEOBA NEG RD MS3 XWT XDK SOS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
JUMP DATFP2X; 

%-----------------------------------------------------------------------% 
' Routine DATA FIFO PIPELINED READ 4 (400ns transfers) ' 
% --FAST-- --REAo or WRITE-- - - % 
%-----------------------------------------------------------------------% 
DATFP4: IF /I6 %FSREQ*% 

THEN [CTRLDEF 
REL 
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MUXl] 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATlS NOSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 

HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXO) 
JUMP DATFP4; 

ELSE [COUNT NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 
'HOLDB NEOBA NEG RD MS3 XWT XDK SOS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NDSAK MUXO) 
JUMP DATFP4X; 

%-----------------------------------------------------------------------% 
% SLAVE DATA INPUT % 
% --SLOW-- -=READ-- % 
%-----------------------------------------------------------------------% 
SLVDIN: [CDEF NSRT NOW DATAINPROC FDOE FCOE NIRQ DFFDIS 

NREQ NEOBA NEG NRD MSO CWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT13 NOSAK 

MUXO] 
JUMP SLVDINX; 

%-----------------------------------------------------------------------% 
% SLAVE_DATA_OUTPUT % 
% --FAST-- --WRITE-- % 
%-----------------------------------------------------------------------% 
% (WT has been cleared back at LETSGO) . % 
% IF FBREQ* THEN release bus, jump WAYHOME. % 
% ELSEIF WT=l THEN wait here. % 
% ELSEIF DS•l THEN set DK jump HOME. % 
% ELSE clear DK jump HOME. % 

SLVDOUT:IF /I6 %FBREQ*% 

MUXl] 

MUXO] 

MUXl] 

MUXl] 

THEN [CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATlS NOSAK 

JUMP WAYHOME; 
ELSEIF I7 %FRWT% 
THEN [CDEF NSRT NDW DATAOUTHOLD FOOE FCOE NIRQ DFFDIS 

FBDEF 
PFFOIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT13 NDSAK 

JUMP SLVDOUT; 
ELSEIF Il %FROS% 
THEN [CDEF NSRT NDW DATAOUTHOLD FOOE FCOE NIRQ OFFDIS 

NREQ NEOBA NEG NRD MSO XWT SOK XDS XAS 
PFFOIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT13 NOSAK 

JUMP WAYHOME; 
ELSE [CDEF NSRT NDW OATAOUTHOLD FDOE FCOE NIRQ OFFDIS 

NREQ NEOBA NEG NRO MSO XWT COK XDS XAS 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT13 NDSAK 

JUMP WAYHOME; 
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%-----------------------------------------------------------------------% 
% Null % 
% --FAST-- --WRITE or READ-- % 
%-----------------------------------------------------------------------% 
NULL: [CTRLDEF 

FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT12 NDSAK 

MUXl) 
JUMP NULLX; , _______________________________________________________________________ , 

% End Of Event % 
% ~-SLOW-- --WRITE -- % 
%-----------------------------------------------------------------------% 
EOE: [CHOLD NSRT DW DATAOUT NFDOE FCOE NIRO DFFEN 

FBDEF 
PFFDIS NSR NSCLK NFCLK DEOE CEOE NTMR NCCLR STAT14 DSAK MUXl] 
JUMP EOEX; 

%-----------------------------------------------------------------------% % ··<>- Bulb Test % 
% --FAST-- --WRITE or READ-.:. % 
%------------------------------------------------------------------~----% 
BULBTST: [CD~F NSRT NOW DATAOUTHOLD FDOE FCOE NIRO DFFDIS 

HOLDB NEOBA EG RD MS7 XWT SOK SOS SAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATll NDSAK 

MUXl) 
JUMP BULBTST; 

%-----------------------------------------------------------------------% 
% Sequencer Select % 
% Wait here to be selected by the 68020 % 
% FBlS* + FB2S means that the FASTBUS standard sequencer % 
% has been selected. % 
% FBlS* * FB2S* means that the USER sequencer has been % 
% selected. % 
% % 
% Whichever sequencer has not been selected, puts it's outputs % 
% into high z, and is not accessable unless it is reset. % 

%--------------------------------------------------------~--------------% 
SELECT: IF /Il * /IS \FBlS* * FB2S*\ 

THEN [Z} CONTINUE; 
ELSEIF (/Il * IS) + (Il * /IS) %FB2S* + FB1S*% 
THEN [RESETO} JUMP HOME; 
ELSE [RESETO] JUMP SELECT; 

TURNOFF:[Z} JUMP TURNOFF; 
%-----------------------------------------------------------------------% 
% If, ·in the cycle executed just previous to returning here, % 
% DSACK was asserted, then the select line (FBxS*) % 
% will still be asserted (it takes the 68020 and it's PAL's a % 
% certain amount of time to negate a select line after it sees % 
% DSACK). HOME would then see FBxS* true and think that it is % 
% being selected again, when, in fact, FBxS* is just lingering % 
% from the previous cycle. As you might imagine, if this were % 
% to happen, the sequencer would jwnp to what ever address % 
% just happened to be on the 68020's address bus at that time % 
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% and anarchy would reign. So, to keep order, if we % 
% want to come HOME right after DSACK, then we instead return % 
% here where three NOP type instructions are executed. This t 
% allows the 68020 enough time to neqate FBxS* from any % 
% preveously executed cycle. % 
%-----------------~-----------------------------------------------------% 
WAYHOME: [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRQ DFFDIS 

FBDEF 

.. MUXl] 

MUXl] 

MUXl] 

PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATO NOSAK 

CONTINUE; 

[CDEF NSRT NOW DATAOUT NFDOE FCOE NIRO DFFDIS 
FBDEF 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATO NOSAK 

CON'.l'INUE; 

[CDEF NSRT NOW DATAOUT NFDOE FCOE NIRO DFFDIS 
FBDEF 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATO NDSAK 

CONTINUE; 

% Since the IOD lines could be latched on the next cycle (if there% 
% is a pending instruction), the Processor transceivers must be % 
% set to DATAOUT before coming HOME. Any instructions leading to % 
% HOME must have the processor transceivers set in this way or it % 
% will be bad. % 
% When HOME, all outputs are default 
HOME: IF /Il %FB1S* (Fast cycle, return DSACK now.) 

MUX2] 

MUXl] 

THEN [CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 
FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATO DSAK MUX2] 
JUMP LETSGOF; 

ELSEIF /IS %FB2S* (Slow cycle, return DSACK in routine.% 
THEN [CDEF NSRT NDW DATAOUT NFDOE FCOE NIRO DFFDIS 

FBDEF 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATO NDSAK 

JUMP LETSGOS; 
ELSE [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRO DFFDIS 

FBDEF 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATO NOSAK 

JUMP HOME; 

%-----------------------------------------------------------------------% 
% These are the fast and slow jumps to the appropriate FASTBUS % 
% primative routines as determined by the vector received from % 
% the '020 at MUX2. % 

%-----------------------------------------------------------------------% 

LETSGOF: [CDEF NSRT NOW DATAOUTLATCH NFDOE FCOE NIRO DFFDIS 
FBDEF 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATO DSAK MUX2] 
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PUSHI; 

% Clear WT here is for Slave write routine, dosn't effect anythinq 
else.% 

MUXOJ 

[CDEF NSRT NDW DATAOUTHOLD NFDOE FCOE NIRQ DFFDIS 
NREQ NEOBA NEG NRD MSO CWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATO NDSAK 

RETURN; 

LETSGOS: [CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 
FBDEF 

MUX2] 

MUXO] 

PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATO NDSAK 

PUSHI; 

[CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 
FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATO NDSAK 

RETURN; 

%-----------------------------------------------------------------------% 
% Routine ARBITRATE % 
% --SLOW-- --WRITE-- % 

%--------------------------------------------~--------------------------% % % 
% Starting with somethinq simple, this routine checks to make % 
% sure that FBREQ is false, then sets FREQ true, waits for % % FRDY (means that we have the bus), then returns DSACK and qoes % 
% h~. % 

%-----------------------------------------------------------------------% 
ARBX: [CTRLDEF 

FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STATl DSAK MUXl] 
JUMP WAYHOME; 

%-------------------------------------------------------------~---------% 
% Bus Release % 

%-----------------------------------------------------------------------% 
% Release Bus, Status-=2 % 
% % 
% Status•2, Status clock = l % 
BUSRELX: [CTRLDEF 

FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT2 NDSAK MUXl] 
JUMP WAYHOME; 

%-----------------------------~-----------------------------------------% 
% Routine ADDRESS RELEASE % 
% --FAST-- --WRITE-- % 
%-----------------------------------------------------------------------% 
% Wait for AK to go low, then go HOME. % 
ADDRELX: IF I I 6 %FBREQ* % 
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MUXl] 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSA.K 

JUMP INTF; 
ELSEIF IS %FRAK% 
THEN [CTRLDEF 

HOLDB NEOBA NEG NRD MSO XWT CDK CDS ~S 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE 'l'MR NCCLR STAT4 NDSAK MUXO} 
JUMP ADDRELX; 

ELSE [CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 
FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT4 NDSAK MUXl} 
JUMP HOME; 

%-----------------------------------------------------------------------% 
%-----------------------------------------------------------------------% 
% Data Cycle Routines % 
%---------------------------~-------------------------------------------% 
%-----------------------------------------------------------------------% 

%-----------------------------------------------------------------------% 
% Routine DATA_PROCESSOR_RANDOM_READ % 
% --SLOW-- --READ-- % 
%-----------------------------------------------------------------------% 
% IF FBREQ THEN clear FASTBUS lines, TMR•O, JUMP TO INTS. % 
% ELSEIF WT•l THEN Enable FASTBUS transceivers and drivers % 
% (FDOE*•O,DDIR•l,CPBA•O, DSAB•O,DSBA•O,DG*•O), enable % 
% processor transceivers (POE*•O), Assert RD•l, MS•O and % 
% loop here. % 
% ELSEIF DK•l THEN return DSACK, and continue. % 
% ELSE Enable FASTBUS AD line drivers, enable proccessor xceivers % 
% Assert RD=l, MS=O, DS(u), TMR, and loop here. % 
% % 
% Hold DSACK true for one more cycle, and continue. % 
% % 
% IF FBREQ THEN clear FASTBUS lines, TMR•O, NDSACK, JUMP TO % 
% WAYHOME. % 
% ELSEIF WT•l THEN negate DSACK, disable processor and FASTBUS % 
% transceivers, continue to assert RD•l, MS•O, and DS•l, % 
% and loop here. % 
% ELSEIF DK=O THEN negate DSACK, disable processor and FASTBUS % 
% transceivers, deassert TMR, RD, and MS, and go WAYHOME. % 
% ELSE negate DSACK, disable processor and FASTBUS transceivers, % 
% deassert RD, MS, and OS, assert TMR, and loop here. % 
% % 

%-----------------------------------------------------------------------% 
DATPRRX: [CDEF NSRT NDW DATAINPROC FDOE FCOE NIRO DFFDIS 

WAITl: IF /I6 
THEN 

MUXl] 

HOLDB NEOBA NEG RD MSO XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS DSAK MUXO] 
CONTINUE; 

%FBREQ*% 
[CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 lfsF:RWT' 
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MUXO] 

THEN [ CTRLDEF 
HOLDB NEOBA NEG RD MSO XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NOSAK 

JUMP WAITl; 
ELSEIF /I4 %/FRDK% 
THEN [CTRLDEF 

FBDEF 
PFFDIS NSR SCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXl] 
JUMP WAYHOME; 

ELSE [CTRLDEF 
HOLDB NEOBA NEG NRD MSO XWT XDK CDS XAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE TMR NCCLR STATS NOSAK MUXO] 
JUMP WAITl; 

%-------------------~---·------------------------------------------------% 
% Routine DATA_PROCESSOR_RANDOM_WRITE % 
% --FAST-- --WRITE-- % 
%-----------------------------------------------------------------------% 
% IF FBREQ THEN c1ear FASTBUS lines, TMR-0, JlJMP TO WAYHOME. % 
% ELSEIF WT=l THEN Enable FASTBUS transceivers and drivers % 
% (FDOE*•O, DDIR-0, CPBA-0, DSAB•O, OSBA•l, OG*•O), % 
% Assert RD•O, MS•O and loop here. % 
% ELSEIF DK~l THEN disable FASTBUS transceivers and drivers, and % 
% continue. % 
% ELSE Assert DS(u), TMR, keep FASTBUS lines asserted, and loo~ .% 
% here. % 
% be bop a lula she's my baby % 
% IF FBREQ THEN clear FASTBUS lines, TMR•O, JUMP TO HOME. % 
% ELSEIF WT=l THEN continue to assert DS•l, and loop here. % 
% ELSE IF DK=O THEN qo HOME. % 
% ELSE deassert DS, assert TMR, and loop here. % 
%-----------------------------------------------------------------------% 
DATPRWX:IF /I6 %FBREQ*% 

MUXl] 

MUXO] 

THEN [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRO DFFDIS 
REL 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATlS NOSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CTRLDEF 

FBDEF 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK 

JUMP DATPRWX; 
ELSEIF /I4 %/FRDK% 
THEN [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRQ DFFDIS 

FBDEF 
PFFDIS NSR SCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXl] 
JUMP HOME; 

ELSE [CTRLDEF 
HOLDB NEOBA NEG NRD MSO XWT XDK CDS XAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE TMR NCCLR STATS NOSAK MUXO] 
JUMP DATPRWX; 

%-----------------------------------------------------------------------% 
% Routine DATA_PROCESSOR_SEC_ADDRESS_READ % 
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% --SLOW-- --READ--

%-~---------------------------------------------------------------------% % IF FBREQ THEN clear FASTBUS lines, TMR-0, JUMP TO INTS. % 
% ELSEIF WT•l THEN Enable FASTBUS transceivers and drivers % 
% (FDOE*•O, DDIR•l,CPBA•O, DSAB•O,DSBA•O,DG*•O), enable % 
% processor transceivers (POE*=O), Assert RD•l, MS•2 and % 
% loop here. % 
% ELSEIF DK•l THEN return DSACK, and continue. % 
% ELSE Assert DS(u), TMR, and loop here. % 
% % 
% Hold DSACK true for one more cycle, and continue. % 
% % 
% IF FBREQ THEN clear FASTBUS lines, TMR•O, DEassert DSACK, jump % 
% to WAYHOME. % 
% ELSEIF WT•l THEN negate DSACK, disable processor and FASTBUS % 
% transceivers, continue to assert RD•l, MS•2, and DS•l, % 
% and loop here. % 
% ELSEIF DK•O THEN negate DSACK, disable processor and FASTBUS % 
% transceivers, deassert RD, and MS, and go WAYHOME. % 
% ELSE nesate DSACK, disable processor and FASTBOS transceivers, % 
% .deassert RD, MS, and DS, assert TMR, and loop here. % 
% % 
%-------------------------------------------------------------------~--% 
DATPSRX: [CDEF NSRT NOW DATAINPROC FDOE FCOE NIRQ DFFDIS 

HOLDB NEOBA NEG RD MS2 XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT6 DSAK MUXO) 
CONTINUE; 

WAIT2: IF /I6 %FBREQ*% 

MUXl] 

MUXO] 

THEN [CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CTRLDEF 

HOLDB NEOBA NEG RD MS2 XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT6 NDSAK 

JUMP WAIT2; 
ELSEIF /I4 %/FRDK% 
THEN [CTRLDEF 

FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT6 NDSAK MUXl) 
JUMP WAYHOME; 

ELSE [ CTRLDEF 
HOLDB NEOBA NEG NRD MS2 XWT XDK CDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT6 NDSAK MUXO) 
JUMP WAIT2; 

%-----------------------------------------------------------------------% 
% Routine DATA_PROCESSOR_SEC_ADDRESS_WRITE % 
% --FAST-- --WRITE-- % 

%-----------------------------------------------------------------------% 
% IF FBREQ THEN clear FASTBUS lines, TMR•O, jump to WAYHOME. % 
% ELSEIF WT•l THEN Enable FASTBUS transceivers and drivers % 
% (FDOE*•O, DDIR•O, CPBA•O, DSAB•O, DSBA•l, DG*•O), % 
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% Assert RD•O, MS•2 and loop here. % 
% ELSEIF DK•l THEN disable FASTBUS transceivers and drivers, and % 
% continue. % 
% ELSE Assert DS(u), keep FASTBUS lines asserted, assert TMR, % 
% and loop here. _ % 
% IF FBREO THEN clear FASTBUS lines, TMR•O, jump to HOME. % 
% ELSEIF WT•l THEN continue to assert DS•l, and loop here. % 
% ELSE IF DK•O THEN qo HOME. % 
% ELSE deassert DS, assert TMR, and loop here. % 

%-----------------------------------------------------------------------% DATPSWX:IF /I6 %FBREQ*% 

MUXl] 

MUXO]. 

THEN [CDEF NSRT NDW DATAOUT NFDOE FCOE NIRO DFFDIS 
REL . . 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 
THEN [CTRLDEF 

FBDEF 

%FRWT% 

l?FFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT6 NDSAK 

JUMP DATl?SWX; 
ELSEIF /I4 %/FRDK% 
THEN [CDEF NSRT NDW DATAOUT NFDOE FCOE NIRO DFFDIS 

FBDEF 
l?FFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT6 NDSAK MUXl) 
JUMP HOME; 

ELSE [CTRLOEF 
HOLDS NEOBA NEG NRD MSO XWT XDK CDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT6 NDSAK MUXO] 
JUMP DATl?SWX; 

%-----------------------------------------------------------------------% 
% Routine DATA PROCESSOR BLOCK TRANSFER READ % 
% --SLOW-- --RE.Ao-- - - - % 

%-----------------------------------------------------------------------% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
%DKOWNR 
% 
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This routine is qoinq to be a little bit different than any of 
the others, in that, DSACK will have to be returned 
after each DK(t) to allow the 68020 to read the data. 

Here goes: 

% 
% 
% 
% 
% 

Turn on FASTBUS AD line receivers, Assert RD•l, MS•l,switch % 
to MUXl and continue. % 

IF FBREO THEN Release bus, JUMP TO INTS. % 
ELSEIF WT•l THEN Assert RD•l, MS•l, on FASTBUS Turn on FASTBUS % 

xceivers and enable processor xceivers % 
(POE*•O, DDIR•l, CPBA•O, DSAB•O, DSBA•O, DG*•O, FDOE*•0)% 
and loop here. % 

ELSEIF DS•O THEN Assert RD•l, MS•l, DS(u), enable FASTBUS and % 
processor transceivers (POE*•O, DDIR•l, CPBA•O, % 
DSAB•O, DSBA•O, DG*•O, FDOE*•O)and assert TMR, and JUMP % 
to DKUPR. % 

ELSE Assert RD•l, MS•l, DS(d), enable FASTBUS and processor % 
transceivers (POE*•O, DDIR•l, CPBA•O, DSAB•O, % 
DSBA•O, DG*•O, FDOE*•O) assert TMR, and JUMP to DKDWNR. % 

% 
IF FBREO THEN RD=l, MS•l, Clear OS, jump to INTS. % 
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% ELSEIF DK•O THEN Assert DSACK, continue to drive FASTBUS lines, % 
% and processor and FASTBUS transceivers, deassert TMR, % 
% and JUMP to nextl. % 
% ELSE Continue to drive FASTBUS lines, and transceivers, and % 
% TMR, and loop here. % 
%DKUPR % 
% IF FBREO THEN RD•l, MS-1, Clear OS, as.Sert DSACK, jump to % 
% NEXT2. % 
%' ELSEIF DK•l THEN Assert DSACK, continue to drive FASTBUS lines, % 
% and processor and FASTBUS transceivers, deassert TMR, % 
% and JUMP to nextl. % 
% ELSE Continue to drive FASTBUS lines, and transceivers, % 
% assert TMR, and loop here. % 
%NEXT1 % 
% Continue to drive FASTBUS lines, DSACK, and transceivers, and % 
% Continue. % 
% Continue to drive FASTBUS lines, and transceivers neqate DSACK % 
% and JUMP WAYHOME. % 
% % 
%NEXT2 Clear FASTBUS lines, release bus, keep DSACK asserted, jump % 
% to WAYHOME. % 

%--------------------------------------------------------------~--------% 
DATPBRX:IF /I6 %FSREO*% 

MUXl] 

MUXO) 

DKDWNR: 

MUXl] 

THEN [ CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTS; 
ELSEIF I7 %FRWT% 
THEN [CDEF NSRT NDW DATAINPROC FDOE FCOE NIRO DFFDIS 

HOLDS NEOSA NEG RD MSl XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK 

JUMP DATPBRX; 
ELSEIF /Il %/FROS% 
THEN [CDEF NSRT NDW DATAINPROC FDOE FCOE NIRO DFFDIS 

HOLDS NEOSA NEG RD MSl XWT XDK SOS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO] 
JUMP DKUPR; 

ELSE [CDEF NSRT NDW DATAINPROC FDOE FCOE NIRO DFFDIS 
HOLDS NEOSA NEG RD MSl XWT XDK CDS XAS 

THEN 

PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO] 
JUMP DKDWNR; 

IF /I6 %FSREO*% 
[CTRLDEF 
HOLDB NEOSA NEG RD MSl XWT XDK CDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTS; 
ELSEIF /I4 %/FRDK% 
THEN [CDEF NSRT NDW DATAINPROC FDOE FCOE NIRQ DFFDIS 

HOLDS NEOSA NEG RD MSl XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS DSAK MUXl] 
JUMP NEXTl; 

ELSE [CDEF NSRT NOW DATAINPROC FDOE FCOE NIRQ DFFDIS 
HOLDS NEOSA NEG RD MSl XWT XDK XDS XAS 
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PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO] 
JUMP DKDWNR; 

DKUPR: IF /I6 %FBREQ*% 

MUXl] 

NEXTl: 

NEXT2: 

THEN [CTRLDEF 
HOLDB NEOBA NEG RD MSl XWT XDK CDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS DSAK 

JUMP NEXT2; 
ELSEIF I4 'FRDK% 
THEN [CDEF NSRT NOW DATAINPROC FDOE FCOE NIRO DFFDIS 

HOLDB NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS DSAK MUXl] · 
JUMP NEXTl; 

ELSE [CDEF NSRT NDW DATAINPROC FDOE FCOE NIRO DFFDIS 
HOLDB NEOBA NEG RD MSl XWT XDK,XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO] 
JUMP DKUPR; 

[COEF NSRT NDW DATAINPROC FOOE FCOE NIRQ DFFDIS 
HOLDB NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFDIS .NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS DSAK MUXl] 
CONTINUE; 

[CDEF NSRT NOW DATAINPROC FDOE FCOE NIRO DFFDIS 
HOLDS NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFOIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXl] 
JUMP WAYHOME; 

[CTRLDEF 
REL 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS DSAK MUXl] 
JUMP WAYHOME; 

%-----------------------------------------------------------------------% % Routine DATA_PROCESSOR_BLOCK_TRANSFER_WRITE % 
% --FAST-- --WRITE-- % 

%-----------------------------------------------------------------------% 
% As with DATPBR, OSACK will have to be returned after each OK(t) % 
% to allow the 68020 to output new data. · % 
% % 
% Keep FASTBUS AO line drivers enabled, assert MS•l, set MUXl, % 
% and continue. % 
% IF FBREQ THEN Release bus, JUMP TO WAYHOME. % 
% ELSEIF WT•l THEN Assert MS•l, keep FASTBUS transceivers enabled,% 
% and enable FASTBUS drivers (POE*•l, DDIR•O, % 
% CPBA•O, DSAB•O, DSBA•l, DG*•O, FDOE*•O), and loop here. ' 
% ELSEIF DS•O THEN Assert MS•l, DS(u), TMR, keep FASTBUS ' 
% transceivers enabled and enable FASTBUS drivers (POE*•l,% 
% DDIR=O, CPBA•O, DSAB•O, DSBA•l, DG*•O, FDOE*•O), and % 
% JUMP to DKUPW. % 
% ELSE Assert MS•l, DS(d), TMR, keep FASTBUS transceivers enabled,% 
% and enable FASTBUS drivers (POE*•l, DDIR•O, % 
% CPBA-0, DSAB•O, DSBA•l, DG*•O, FDOE*•O), and JUMP to % . 

' ~~- ' %0KDWNW % 
' IF FBREQ THEN Release bus, JUMP TO HOME. ' 
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% ELSEIF DK=O THEN deassert MS, TMR, disable FASTBUS transceivers % 
% and drivers "(POE*•O, DDIR•O, CPBA•O, DSAB•O, DSBA•O, % 
% DG*-1, FDOE*•l), and JUMP home. % 
% ELSE continue to assert MS, TMR, and keep FASTBUS transceivers % 
% and drivers enabled, and loop here. % 
%DKUPW % 
% IF FBREQ THEN Release bus, JUMP TO HOME. ' 
' ELSEIF DK•l THEN deassert MS, TMR, disable FASTBUS transceivers ' 
% and drivers (POE*•O, DDIR•O, CPBA•O, DSAB•O, DSBA•O, % 
% DG*•l, FDOE*•l), and JUMP home. ' 
% ELSE continue to assert MS, TMR, and keep FASTBUS transceivers % 
% and drivers enabled, and loop here. % 
%-----------------------------------------------------------------------% 
DATPBWX:IF /I6 %FBREQ*% 

MUXl] 

MUXO] 

DKDWNW: 

MUXl] 

THEN [CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN (CDEF NSRT NDW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 

HOLDB NEOBA NEG NRD MSl XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK 

JUMP DATPBWX; 
ELSEIF /Il %/FRDS% 
THEN (CDEF NSRT NDW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 

HOLDS NEOBA NEG NRD MSl XWT XDK SOS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO] 
JUMP DKUPW; 

ELSE [CDEF NSRT NDW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 
HOLDS NEOBA NEG NRD MSl XWT XDK CDS XAS 

THEN 

PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO] 
JUMP DKDWNW; 

IF /I6 %FBREQ*% 
(CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE·NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF /I4 %/FRDK% 
THEN [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRQ OFFDIS 

FSDEF . 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXl] 
JUMP HOME;. 

ELSE [COEF NSRT NOW OATAOUTHOLD FOOE FCOE NIRQ DFFDIS 
HOLDS NEOBA NEG NRD MSl XWT XOK XOS XAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE TMR NCCLR STATS NDSAK MUXO] 
JUMP DKDWNW; 

OKUPW: IF /I6 %FBREQ*% 
THEN [CDEF NSRT NOW OATAOUT NFDOE FCOE NIRQ DFFDIS 

REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT15 NDSAK 

MUXl] 
JUMP INTF; 
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ELSE IF 
THEN 

ELSE 

I4 %FRDK% 
[CDEF NSRT NOW DATAOUT NFDOE FCOE NIRO DFFDIS 
FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXl] 
JUMP HOME; 
[CDEF NSRT NDW DATAOUTHOLD FDOE FCOE NIRO DFFDIS 
HOLDB NEOBA NEG NRD MSl XWT XDK XDS XAS 
PFFOIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO] 
JUMP DKUPW; , _______________________________________________________________________ , 

% 
% 

Routine LOCAL_COtJNTER_LOAD 
--SLOW-- --WRITE--

% 
% 

%-----------------------------------------------------------------------% 
% This routine loads the Local Word Counter with data from % 
% the processor. Only the lower 12 bits of the 32 bit word % 
% are used. % 

' ' % Set POE* true, put Local Word Counter into load mode, % 
% as::iert DSACK anc:i continue. % 
% Negate POE*, put L.pcal Word Counter into hold, keep DSACK % 
% asserted, and continue. % 
% Negate DSACK (hold DSACK false for two cycles to prevent % 
% sequencer from seeinq FBSEL from this cycle when % 
% returning home) • % 

' % LC_LOADX: [CHOLD NSRT NDW OATAOUT NFDOE FCOE NIRO DFFDIS 
FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT9 DSAK MUXl] 
CONTINUE; 

[CHOLD NSRT NOW OATAOUT NFoog FCOE NIRO DFFDIS 
FBDEF 
PFFOIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT9 NDSAK MUXl] 
JUMP WAYHOME; 

%------------------------------~----------------------------------------% 
% Routine LOCAL COUNTER READ % 
% --SLOW-- --REAo-- - % 

%-----------------------------------------------------------------------% 
% Routine to allow the processor to read the value of the Local % 
% Word Counter. % 
% % 
% Set POE* true, put Local Word Counter into Read mode, assert % 
% DSACK, and continue. % 
% Keep all outputs the same for one more cycle. % 
% Negate DSACK (hold DSACK false for two cycles to prevent % 
% sequencer from seeing FBSEL from this cycle when % 
% returning home) • % 
% % 
LC READX: [CREAI> NSRT NOW COtJNTIN NFDOE FCOE NIRO OFFDIS 

FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT9 DSAK MUXl] 
JUMP WAYHOME; 

%-----------------------------------------------------------------------% 
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% Routine FIFO_WRITE % 
% --SLOW-- --WRITE-- % 
%-----------------------------------------------------------------------% 
% Routine to write a word from the 68020 into the processor % 
% and data FIFO' s. % 
% % 
% Enable processor transceivers (POE*•O), set FIFO Write true % 
% (DW=l), enable FIFO's, set DSACK true. % 
% Set FCLK true. % 
% Neqate DSACK, ow, FCLK, and POE*, JUMP TO WAYHOME. % 
% % 
FIFO WRX: [CDEF NSRT OW DATAOUT NFDOE FCOE NIRQ OFFEN 

FBDEF 
PFFEN NSR SCLK FCLK NDEOE NCEOE NTMR NCCLR STATlO DSAK MUXl] 
JUMP WAYHOME; 

%-----------------------------------------------------------------------% 
% Routine DATA_FIFO_BLOCK_TRANSFER_READ % 
% --FAST-- --WRITE or READ-- % 

%----~------------------------------------------------------------------% 
% Thi.s routine does a FASTBUS handshake block transfer read .from % 
% the FASTBUS crate segment to the FSCC' s Output Port Data FIFO, % 
% and also the Processor Data FIFO. % 
%-----------------------------------------------------------------------% 
% Note: DDIR, and SAB must be held high throughout the block % 
% transfer operation. % 
% % 
%DATFBR:IF FBREQ % 
% THEN release bus jump to INTF % 
% ELSEIF WT•l % 
% THEN Enable FASTBUS xceivers, enable processor and Data FIFO's ·% 
% MS=l, RD•l, Place local word counter into hold, and % 
% loop here. % 
% ELSE Turn on FASTBUS xcievers, enable processor and Data FIFO's % 
% MS•l, RD=l, Place local word counter into count, set % 
% DS=l, NO FCLK!, and jump to DATFBRX. % 
% % 
%BXFERLP:IF (/FRDK * FRSSl) + EOB + FBREQ % 
% THEN Enable FASTBUS xceivers, enable processor and Data .FIFO's % 
% MS•l, RD•l, Place local word counter into hold m0de, % 
% and JUMP to EOBIRQ. % 
% ELSEIF WT•l % 
% THEN Enable FASTBUS xceivers, enable prqcessor and Data FIFO's % 
% MS•l, RD•l, Place local word counter into hold, and % 
% loop here. % 
% ELSEIF DK•O % 
% THEN Turn on FASTBUS xcievers, enable processor and Data FIFO's % 
% MS•l, RD•l, Place local word counter into count, set % 
% DS•l, set FCLK, and continue. % 
% ELSE Place local word counter into hold, and loop here. % 
% % 
%DATFBRX:Place counter into hold mode, negate FCLK, set TMR, and % 
% continue. This cycle ensures that the FSCC's minimum % 
% FASTBUS cycle time (100ns) is not violated. If some % 
% slave returns DK too quickly, the FSCC could % 
% try to do another OS before the FIFO's were ready for % 
% the next word. This cycle keeps the sequencer from % 
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lookinq.for DK before it should. 

Keep TMR true, and do another NOP for the same reason as above. 

IF (FRDK* FRSSl) + EOB + FBREQ 

% 
% 
% 
% 
% 

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

THEN counter-hold, NTMR, keep FIFO's enabled and jump to 
ELSEIF WT•l 

EOBIRQ.% 
% 

THEN counter-hold, NTMR, keep both FIFO's enabled and 
ELSEIF DK•l 

loop here.% 

THEN counter•decr, set DS•O, set FCLK, keep FIFO's enabled, 
Clear TMR, and continue. 

ELSE counter•hold, TMR, keep FIFO's enabled, and loop here. 

Place 

Keep 

local word counter in hold, neqate FCLK, keep processor 
and oport FIFO's enabled, set TMR, and JUMP to DATFBR. 
This cycle ensures that the FSCC's minimum cycle time 
is not violated in the same way as above. 

TMR set, do another NOP for the same reason as above, and 
jump to BXFERLP. 

%EOBI·RQ: IF FBREQ THEN Release bus, jump to HOME. 
% ELSElF DS•l . 
% THEN counter•hold, TMR, continue. 
% ELSE counter-hold, TMR, JUMP DSLOWH. 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

--case DS==l--
IF FBREQ THEN Release bus, jump to HOME. 
ELSEIF DK•l THEN Clear TMR, continue. 
ELSE keep TMR true, and wait here. 

Wait two cycles to allow for FIFO write. 

IF FBREQ THEN Release bus, jump to HOME. 
ELSEIF WT==l 
THEN RD=l, MS=O, 
ELSE DS•O, RD-0, 

counter•hold, FIFO's disabled loop here. 
MS•O, FIFO's Disabled continue. 

IF FBREQ THEN Release bus, jump HOME. 
ELSEIF DK=O THEN NTMR, EOBA, IRQ, jump HOME. 
ELSE TMR, wait here. 

%DSLOWH:IF FBREQ THEN Release bus, jump to HOME. 
% ELSEIF DK•O THEN clear TMR, continue. 
% ELSE TMR, wait here. 
% 
% 

' % 

wait three cycles to ensure FIFO write, then IRQ, EOBA, jump 
home. 

BXFERLP:IF (/14 * IO) + 13 + /I6 %(/FRDK * FRSSl) + FEOB + FBREQ*% 
THEN [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NlRQ OFFEN 

HOLDS NEOBA NEG RD MSl XWT XDK XDS XAS 

% 

% 
% 
% 
% 
% 
% 

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

' % 
% 

PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT7 NDSAK MUXO] 
JUMP EOBIRQ; 
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ELSEIF I7 %FRWT% 
THEN [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRO OFFEN 

HOLDB NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT7 NDSAK MUXO] 
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JUMP SXFERLP; 
ELSEIF /I4 %/FRDK% 
THEN [COUNT NSRT NOW OATAINFIFO FOOE FCOE NIRQ OFFEN 

HOLDS NEOSA NEG RD MSl XWT XDK SOS XAS 
PFFEN NSR NSCLK FCLK NDEOE NCEOE NTMR NCCLR STAT7 NOSAK MtJXO] 
CONTINUE; 

ELSE [CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRO OFFEN 
HOLDS NEOSA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT7 NOSAK MtJXO] 
JUMP BXFERLP ;-

DATFBRX: [CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRO OFFEN 
HOLDS NEOSA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT7 NOSAK MtJXO] 
CONTINUE; 

[CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRO OFFEN 
HOLDS NEOSA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT7 NDSAK MUXO] 
CONTINUE; 

WAIT3: IF (I4 * IO) + I3 + /I6 %(FRDK * FRSSl) + FEOS + FSREQ*% 

EOBIRQ: 

THEN [CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRO OFFEN 
HOLDB NEOSA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT7 NOSAK MtJXO] 
JUMP EOBIRQ; 

ELSEIF I7 %FRWT% 
THEN [CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 

HOLDB NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT7 NOSAK MtJXO] 
JUMP WAIT3; 

ELSEIF I4 %FRDK% 
THEN [COUNT NSRT NDW DATAINFIFO FDOE FCOE NIRQ DFFEN 

HOLDB NEOBA NEG RD MSl XWT XDK CDS XAS 
PFFEN NSR NSCLK FCLK NOEOE NCEOE NTMR NCCLR STAT7 NOSAK MUXOJ 
CONTINUE; 

ELSE [CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MSl XWT XDK XDS XAS 

THEN 

ELSE 

PFFEN NSR NSCLK NFCLK NOEOE NCEOE TMR NCCLR STAT7 NDSAK MtJXO] 
JUMP WAIT3; 

[CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ DFFEN 
HOLDS NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT7 NOSAK MtJXO] 
CONTINUE; 

[CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT7 NDSAK MtJXO] 
JUMP BXFERLP; 

IF /IO %/FRSS1% 
[CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDS NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK FCLK NOEOE NCEOE NTMR NCCLR STAT7 NDSAK MtJXO] 
CONTINUE; 
[CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRO OFFEN 
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MUXO] 

HOLDB NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT7 NDSAK MUXO) 
CONTINUE; 

IF /I6 %FBREQ*% 
THEN [CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 

REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF Il %FROS% 
THEN [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRQ OFFEN 

HOLDB NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSC~K NFCLK NDEOE NCEOE TMR NCCLR STAT7 NDSAK MUXO) 
CONTINUE; 

ELSE [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT7 NDSAK MUXO] 
JUMP DSLOWH; 

Case--DS=l 
DSHIGHH:IF /I6 iFBRE0*% 

MUXO] 

THEN [CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I4 4FRDK% 
THEN [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRQ OFFEN 

HOLDB NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT7 NDSAK MUXO] 
CONTINUE; 

ELSE [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRO OFFEN 
HOLDB NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT7 NDSAK MUXO) 
JUMP DSHIGHH; 

[CHOLD NSRT NDW DATAINFIFO NFDOE FCOE NIRO OFFEN 
HOLDB NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT7 NDSAK MUXO} 
CONTINUE; 

[CHOLD NSRT NDW DATAINFIFO NFDOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT7 NDSAK MUXO) 
CONTINUE; 

WAITS: IF /I6 tFBREQ*% 

MUXl] 
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THEN [CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CTRLDEF 

HOLDS NEOBA NEG RD MSO XWT XDK XDS XAS 
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MUXO] 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT? NDSAK 

JUMP WAITS; 
ELSE [CTRLDEF 

HOLDB NEOBA NEG NRD MSO XWT XDK COS XAS 
PFFOIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT7 NOSAK MUXOJ 
CONTINUE; 

WAIT6: IF /I6 %FBRE0*% 

MUXl] 

THEN [CDEF NSRT NOW OATAOUT NFDOE FCOE NIRO OFFDIS 
REL 
PFFOIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT15 NOSAK 

JUMP INTF; 
ELSEIF /I4 %FRDK•O% 
THEN [COEF NSRT NDW OATAOUT NFDOE FCOE IRO OFFOIS 

HOLDB EOBA NEG NRD MSO XWT XDK XDS XAS 
PFFOIS NSR SCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT? NOSAK MUXl] 
JUMP HOME; 

ELSE [CTRLDEF 
HOLDB NEOBA NEG RD MSO XWT XOK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT7 NOSAK MUXO] 
JUMP WAIT6; 

% Case--DS=O 
DSLOWH: IF /I6 %FBRE0*% 

MUXl] 

THEN [CDEF NSRT NOW OATAOUT NFDOE FCOE NIRO DFFDIS 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT15 NOSAK 

JUMP INTF; 
ELSEIF /I4 %FRDK•0% 
THEN [CHOLO NSRT NOW OATAINFIFO FDOE FCOE NIRO OFFEN 

HOLDB NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT7 NDSAK MUXl) 
CONTINUE; 

ELSE [CHOLD NSRT NOW OATAINFIFO FDOE FCOE NIRO OFFEN 
HOLDS NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE TMR NCCLR STAT7 NOSAK MUXO] 
JUMP DSLOWH; 

[CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRO OFFEN 
HOLDS NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT7 NDSAK MUXl] 
CONTINUE; 

[CHOLD NSRT NOW DATAINFIFO FOOE FCOE NIRO OFFEN 
HOLDB NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT7 NOSAK MUXl] 
CONTINUE; 

[CHOLD NSRT NOW OATAINFIFO FDOE FCOE IRO OFFEN 
HOLDB EOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT7 NOSAK MUXl] 
JUMP HOME; 

%-----------------------------------------------------~-----------------% 
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% Routine DATA_FIFO_PIPELINED_READ_l (lOOns transfers) % 
% --FAST-- --WRITE or READ-- % 
%-----------------------------------------------------------------------% 
% FASTBUS pipeline block transfer read from the FASTBUS crate % 
% segment to the FSCC's Output Port Data FIFO, and also the % 
% Processor Data FIFO if enabled through the parrallel port. % 
% % 
% Set FASTBUS xcievers for input (DDIR•l, SAB•l, l'DOE*•O), % 
% enable data and processor FIFO's (OFIFOEN•l, PFIFOEN•l),% 
% MS•3, RD•l, and continue. % 

% ' 
% Note: ODIR, and SAB must be held high throughout the block % 
% transfer operation. % 

' ' %DATFP1:IF FBREQ THEN Release bus, jump to INTS. % 
% ELSEIF WT•l % 
% THEN Enable FASTBUS xceivers for input, MS•3, RD•l, Place local % 
% word counter into hold, and loop here. % 
% ELSE Enable FASTBUS xceivers for input, MS•3, RD•l, Place local % 
% word counter into count, set DS•l, and JUMP to DATFPlX: % 
% ', % 
%PXFR1LP:IF FBREQ THEN Release bus, jump to INTS. % 
% ELSEIF WT•l % 
% THEN Enable FASTBUS xceivers for input, MS•3, RD•l, Place local % 
% word counter into hold, and loop here. % 
% ELSEIF EOB % 
% THEN Enable FASTBUS xceivers for input, MS•3, RD•l, Place local % 
% word counter into hold mode, and JUMP to EOBPIPE. % 
% ELSE Enable FASTBUS xceivers for input, MS•3, RD•l, Place local % 
% word counter into co~nt, set DS•l, set FCLK, and % 
% continue. % 
% % 
%DATFP1X:Place counter into hold mode, negate FCLK, and % 
% continue. This cycle provides the FSCC's % 
% FASTBUS cycle time (100ns). % 
% % 
% IF FBREQ THEN Release bus, jump to HOME. % 
% ELSEIF WT=l % 
% THEN counter•hold, keep both FIFO' s enabled and loop here. % 
% ELSEIF EOB % 
% THEN counter•hold, keep FIFO's enabled and jump to EOBPIPE. % 
% ELSE counter•decr, set DS•O, set FCLK, keep FIFO's enabled, % 
% and continue. % 
% % 
% Place local word counter in hold, negate FCLK, keep processor % 
% and oport FIFO's enabled, and JUMP to PXFRlLP. % 
% This cycle provides the FSCC's cycle time. % 
% % 
%EOBPIPE:IF SS <> 2 (Local counter teJ:mi.nated the block transfer) % 
' THEN FCLK continue. % 
% ELSE (SS•2 teJ:mi.nated the block transfer) continue. % 

% ' 
% IF FBREQ THEN Release bus, jump to HOME. % 
' ELSEIF os-1 % 
% THEN counter-hold, TMR, continue. % 
% ELSE counter-hold, TMR, JUMP DSLOWP. % 

% ' 
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% --case DS•l--
%DpHIGHP: IF FBREO THEN Release bus, jump to HOME. 
% ELSEIF DK•l THEN Clear TMR, continue. 
% ELSE keep TMR true, and wait here. 
% 

Wait two cycles to allow for FIFO write. 

' ' % 

' ' % % 
% 
% 
% 
% 

% 
IF FBREO THEN Release bus, jump to HOME. ' 
ELSEIF WT=l THEN RD•l, counter-hold, disable FIFO's, loop here. % 
ELSE RD•O, MS•O, os-o, disable FIFO', continue. % 

' ~ 
% 

' % 

IF FSREO THEN Release bus, jump to HOME. 
ELSEIF DK•O THEN clear TMR, EOBA, IRQ, continue. 
ELSE TMR, wait here. 

% --case DS•O--
%DSLOWP: IF FBREO THEN Release bus, jump to HOME. 
% ELSEIF DK•O THEN clear TMR, CONTINUE. 
% ELSE TMR, wait here. 
% 
% 
% 
% 

Wait three cycles to ensure FIFO write, then IRO, EOBA, jump 
home. 

PXFRlLP:IF /I6 
THEN 

%FBRE0*% 
[CTRLDEF 
REL 

' ' ' ' ' % 
% 

' % 
% 
% 
% 
% 

PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NOSAK 
MUXl] 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CHOLD NSRT NOW DATAINFIFO FOOE FCOE NIRO OFFEN 

HOLDS NEOSA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
JUMP PXFRlLP; 

ELSEIF I3 %FEOS% 
THEN [CHOLO NSRT NOW OATAINFIFO FOOE FCOE NIRO OFFEN 

HOLDS NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NOSAK MUXOJ 
JUMP EOBPIPE; 

ELSE [COUNT NSRT NOW OATAINFIFO FDOE FCOE NIRO OFFEN·. 
HOLDS NEOBA NEG RD MS3 XWT XDK SOS XAS 
PFFEN NSR NSCLK FCLK NDEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
CONTINUE; 

DATFPlX: [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRO OFFEN 
HOLDS NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
CONTINUE; 

WAIT7: IF /I6 %FSRE0*% 
THEN [CDEF NSRT NDW OATAOUT NFOOE FCOE NIRO OFFDIS 

REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NOSAK 

MUXl] 
JUMP INTF; 

ELSEIF I7 %FRWT% 
THEN [CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRO OFFEN 
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HOLDS NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
JUMP WAIT7; 

ELSEIF I3 %FEOS% 
THEN [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRO OFFEN 

HOLDS NEOSA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
JUMP EOSPIPE; 

ELSE [COUNT NSRT NDW OATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDS NEOBA NEG RD MS3 XWT XDK CDS XAS 
PFFEN NSR NSCLK FCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NDW DATAINFIFO FOOE FCOE NIRO OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO) 
JUMP PXFRlLP; 

EOBPIPE:IF /IO %/FRSS1% 

MUXl) 

THEN [CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK FCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

ELSE [CHOLD NSRT NOW OATAINFIFO FDOE FCOE NIRO OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

IF /I6 %FSRE0*% 
THEN [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRO DFFDIS 

REL 
PFFOIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF Il %FRDS% 
THEN [CHOLD NSRT NOW OATAINFIFO FOOE FCOE NIRO OFFEN 

HOLOB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO) 
CONTINUE; 

ELSE [CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDS NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO) 
JUMP DSLOWP; 

% Case DS-1 % 
DSHIGHP:IF /I6 %FBREQ*% 

MUXl] 
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THEN [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRQ OFFDIS 
REL 
PFFOIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT15 NDSAK 

JUMP INTF; 
ELSEIF I4 %FR.DK% 
THEN [CHOLD NSRT NDW OATAINFIFO FOOE FCOE NIRQ OFFEN 

HOLDS NEOSA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT8 NDSAK MUXO) 
CONTINUE; 

ELSE [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRO OFFEN 
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WAIT9: 

MUXl] 

MUXO] 

WAITlO: 

MUXl] 

IF /I6 
THEN 

ELSE IF 
THEN 

ELSE 

THEN 

HOLDS NEOSA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE THR NCCLR STATS NDSAK MUXO] 
JUMP DSHIGHP; 

[CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDS NEOSA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXOJ 
CONTINUE; 

[CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDS NEOSA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTHR NCCLR STATS NDSAK MUXO) 
CONTINUE; 

%FSREQ*% 
[CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTHR NCCLR STATlS NDSAK 

JUMP INTF; 
!7 %FRWT% 
[CTRLDEF 
HOLDS NEOSA NEG RD MSO XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK 

JUMP WAIT9; 
[CTRLDEF 
HOLDS NEOSA NEG RD MSO XWT XDK CDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

IF /!6 %FSREQ*% 
[CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF /!4 %FRDK=0% 
THEN [CDEF NSRT NDW DATAOUT NFDOE FCOE IRQ DFFDIS 

HOLDS EOBA NEG NRD MSO XWT XDK XDS XAS 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXl) 
JUMP HOME; 

ELSE [CTRLDEF 
HOLDS NEOBA NEG RD MSO XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE THR NCCLR STATS NDSAK MUXO) 
JUMP WAIT10; 

% Case os-o 
DSLOWP: 

MUXl) 

THEN 
IF /I6 %FBREQ*% 
[CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTHR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF /I4 %FRDK•0% 
THEN [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRQ OFFEN 

HOLDS NEOSA NEG RD MS3 XWT XDK XDS XAS 
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PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXl] 
CONTINUE; 

ELSE [CHOLD NSRT NDW DATAINFIFO NFDOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXOJ 
JUMP DSLOWP; 

[CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRQ DFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXl] 
CONTINUE; 

[CHOLD NSRT NllW DATAINFIFO FDOE FCOE NIRQ DFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXl] 
CONTINUE; 

[CHOLD NSRT NDW DATAINFIFO FDOE FCOE IRQ DFFEN 
HOLDS EOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXl] 
JUMP HOME; 

%-----------------------------------------------------------------------% 
% Routine DATA FIFO PIPELINED READ 2 (200ns transfers) % 
% --FAST-- --WRITE or READ-- - - % 
%-----------------------------------------------------------------------% 
% This routine does a FASTBUS pipeline block transfer read from % 
% the FASTBUS crate segment to the FSCC's Output Port Data FIFO, % 
% and also the Processor Data FIFO. % 
% % 
% Note: DDIR, and SAB must be held high throughout the block % 
% transfer operation. % 
% % 
%DATFP2:IF FBREQ THEN Release bus, JUMP WAYHOME. % 
% ELSEIF WT=l % 
% THEN Enable FASTBUS xceivers for input, Enable FIFO's, MS=3, % 
% RD=l, Place local word counter into hold, and loop here.% 
% ELSEIF EOB % 
% THEN Enable FASTBUS xceivers for input, enable FIFO' s_, .MS•3, % 
% RD•l, Place local word counter into hold mode, and % 
% JUMP to EOBPIPE. % 
% ELSE Enable FASTBUS xceivers for input, enable FIFO's, MS•3, % 
% RD=l, Place local word counter into count, set DS•l, % 
% and JUMP to DATFP2X. % 
% % 
%PXFR2LP: IF FBREQ THEN Release bus, JUMP WAYHOME. % 
% ELSEIF WT•l % 
% THEN Enable FASTBUS xceivers for input, Enable FIFO's, MS•3, % 
% RD•l, Place local word counter into hold, and loop here.% 
% ELSEIF EOB % 
% THEN Enable FASTBUS xceivers for input, enable FIFO's, MS•3, % 
% RD•l, Place local word counter into hold mode, and % 
% JUMP to EOBPIPE. % 
% ELSE Enable FASTBUS xceivers for input, enable FIFO's, MS•3, % 
% RD•l, Place local word counter into count, set DS•l, % 
% set FCLK, and continue. % 
% % 
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%0ATFP2X:Place 
% 

counter into hold mode, neqate FCLK, and 
continue. These cycles provide the FSCC's 
FASTBUS cycle time (200ns). 

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

Continue (add SOns to cycle time). 

Continue (add SOns to cycle time). 

IF FBREQ THEN Release bus, jump to HOME. 
ELSEIF WT•l 
THEN counter•hold, keep both FIFO's enabled and loop here. 
ELSEIF EOB 
THEN counter•hold, keep FIFO's enabled and jump to EOBPIPE. 
ELSE counter•decr, set OS•O, set FCLK, keep FIFO's enabled, 

and continue. 

Place local word counter in hold, neqate FCLK, keep processor 
and oport FIFO's enabled, and Continue. 
These cycles provide the FSCC's cycle time. 

Continue (add SOns to cycle time). 

Jump to PXFR2LP. (add SOns to cycle time). 

' % 

' % 
% 
% 
% 
% 
% 
% 
% 
% 

PXFR2LP: IF /I6 %FBREQ*% 
[CTRLOEF 

MUXl] 

THEN 
REL 
PFFOIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CHOLO NSRT NOW OATAINFIFO FDOE FCOE NIRQ OFFEN 

HOLOB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
JUMP PXFR2LP; 

ELSEIF I3 %FEOB% 
THEN [CHOLO NSRT NOW OATAINFIFO FOOE FCOE NIRQ OFFEN 

HOLOB NEOBA NEG RD MS3 XWT XOK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
JUMP EOBPIPE; 

ELSE (COUNT NSRT NOW OATAINFIFO FOOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK SOS XAS 
PFFEN NSR NSCLK FCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

OATFP2X: (CHOLD NSRT NOW OATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
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PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NOW OATAINFIFO FOOE FCOE NIRQ OFFEN 
HOLDS NEOSA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NOW OATAINFIFO FOOE FCOE NIRQ OFFEN 
HOLDS NEOBA NEG RD MS3 XWT XDK XDS XAS 
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WAITll: 

MUXl] 

THEN 

PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
CONTINUE; 

IF /I6 %FBREQ*% 
[CDEF NSRT NOW DATAOUT NFDOE FCOE NIRQ DFFDIS 
REL 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATlS NOSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 

HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
JUMP WAITll; 

ELSEIF I3 %FEOB% 
THEN [CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 

HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
JUMP EOBPIPE; 

ELSE [COUNT NSRT NOW DATAINFIFO FDOE ·FCOE NIRQ OFFEN 
HOLDB NEOB~ NEG RD MS3 XWT XDK CDS XAS 
PFFEN NSR NSCLK FCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDS NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
JUMP PXFR2LP; 

%-----------------------------------------------------------------------% 
% Routine DATA FIFO PIPELINED READ 4 (400ns transfers) % 
% --FAST-- --REAo o-; WRITE-- - - % 
%-----------------------------------------------------------------------% 
% This routine does a FASTBUS pipeline block transfer read frQm % 
% the FASTBUS crate segment to the FSCC's Output Port Data FIFO, % 
% and also the Processor Data FIFO. % 
% % 
% Note: DDIR, and SAB must be held hiqh throuqhout the block % 
% transfer operation. % 

% ' %DATFP4:IF FBREQ THEN Release bus, jump to WAYHOME. % 
% ELSEIF WT•l % 
% THEN Enable FASTBUS xceivers for input, enable data and % 
% processor FIFO's, MS•3, RD=l, Place local word counter % 
% into hold, and loop here. % 
% ELSEIF EOB % 
% THEN Enable FASTBUS xceivers for input, enable FIFO' s, Place % 
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% 
% 

' % 
% 
% 

local word counter into hold mode, MS•3, RD•l, and JUMp % 
to EOBPIPE. % 

ELSE Enable FASTBUS xceivers for input, enable FIFO's, Place 
local word counter into count, MS=3, RD•l, set DS•l, 
and JUMP to OATFP4X. 

%PXFR4LP:IF FBREQ THEN Release bus, jump to WAYHOME •. 

' ' ' ' % 
% 
% 
% 

' % 

' ' % 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

' % 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

' % 
% 

' % 

' ' ' % 

' % 
% 
% 

ELSEIF WT•l % 
THEN Enable FASTBUS xceivers for input, enable data and % 

processor FIFO's, MS•3, RD•l, Place local word counter % 
into hold, and loop here. % 

ELSEIF EOB % 
THEN Enable FASTBUS xceivers for input, enable FIFO's, Place % 

local word counter into hold mode, MS•3, RD•l, and JUMp % 
to EOBPIPE. % 

ELSE Enable FASTBUS xceivers for input, enable FIFO's, Place % 
local word counter into count, MS•3, RD•l, set DS•l, % 
set FCLK, and continue. % 

Place counter into hold mode, neqate FCLK, and 
.continue. These cycles provide the FSCC's 
FASTBUS cycle time (400ns). 

Continue (add sons to cycle time). 

Continue (add sons to cycle time). 

Continue (add sons to cycle time) . 

Continue (add sons to cycle time) • 

Continue (add sons to cycle time). 

Continue (add sons to cycle time). 

IF FBREQ THEN Release bus, jump to HOME. 
ELSEIF WT=l 
THEN counter=hold, keep both FIFO's enabled and loop here. 
ELSEIF EOB 
THEN counter=hold, keep FIFO's enabled and jump to EOBPIPE. 
ELSE counter=decr, set DS•O, set FCLK, keep FIFO's enabled, 

and continue. 

Place local word counter in hold, neqate FCLK, keep processor 
and oport FIFO's enabled, and Continue. 
These cycles provide the FSCC's cycle time. 

Continue (add sons to cycle time). 

Continue (add sons to cycle time). 

Continue (add sons to cycle time) • 

Continue (add sons to cycle time). 

Continue (add sons to cycle time) • 

' ' % 
% 

' % 
% 
% 
% 
% 

' ' % 

' % 

' % 
% 
% 
% 
% 

' % 

' % 
% 

' ' % 

' % 

' % 

' % 
% 

' ' % 
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% Jump to PXFR4LP.(add SOns to cycle time). 
% 
PXFR4LP:IF /I6 %FBREQ*% 

MUXl) 

THEN [ CTRLDEF 
REL 
PFFOIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CHOLD NSRT NDW OATAINFIFO FDOE FCOE NIRQ OFFEN 

HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXOJ 
JUMP PXFR4LP; 

ELSEIF I3 %FEOB% 
THEN [CHOLD NSRT NDW OATAINFIFO FOOE FCOE NIRQ OFFEN 

HOLDB NEOBA NEG RO MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO) 
JUMP EOBPIPE; 

ELSE [COUNT NSRT NDW OATAINFIFO FOOE FCOE NIRO OFFEN 
HOLDB NEOBA NEG RO MS3 XWT XDK SOS XAS 
PFFEN NSR NSCLK FCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; . 

DATFP4X: [CHOLO NSRT NDW OATAINFIFO FDOE FCOE NIRO OFFEN 
HOLOB NEOBA NEG RO MS3 XWT XOK XDS XAS 
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PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NOW DATAINFIFO FOOE FCOE NIRO OFFEN 
HOLDB NEOBA NEG RO MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NDW OATAINFIFO FDOE FCOE NIRO OFFEN 
HOLDB NEOBA NEG RO MS3 XWT XDK XOS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NOW OATAINFIFO FOOE FCOE NIRO OFFEN 
HOLOB NEOBA NEG RO MS3 XWT XOK XOS XAS 
PFFEN NSR NSCLK NFCLK NOEO~ NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

[CHOLO NSRT NDW DATAINFIFO FDOE FCOE NIRO OFFEN 
HOLOB NEOBA NEG RO MS3 xWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO) 
CONTINUE; 

[CHOLO NSRT NOW OATAINFIFO FOOE FCOE NIRQ OFFEN 
HOLOB NEOBA NEG RO MS3 XllT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

[CHOLO NSRT NDW OATAINFIFO FOOE FCOE NIRQ OFFEN 
HOLOB NEOBA NEG RO MS3 XllT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NOSAK MUXO) 
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WAIT12: 

MUXl) 

THEN 

CONTINUE; 

IF /I6 %FBREO*% 
[CDEF NSRT NDW DATAOUT NFDOE FCOE NIRO DFFDIS 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRQ OFFEN 

HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
JUMP WAIT12; 

ELSEIF I3 %FEOB% 
THEN [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRQ OFFEN 

HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
JUMP EOSPIPE; 

ELSE [COUNT NSRT NDW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDB NEOSA NEG RD MS3 XWT XDK CDS XAS 
PFFEN NSR NSCLK FCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXOJ 
CONTINUE; 

[CHOLD NSRT NOW DATAINFIFO FOOE FCOE NIRO OFFEN 
HOLDS NEOSA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NDW OATAINFIFO FOOE FCOE NIRQ OFFEN 
HOLDS NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NDW DATAINFIFO FOOE FCOE NIRQ OFFEN 
HOLDS NEOSA NEG RD MS3 XWT XDK XOS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXOJ 
CONTINUE; 

[CHOLD NSRT NDW DATAINFIFO FOOE FCOE NIRO OFFEN 
HOLOB NEOSA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXOJ 
CONTINUE; 

[CHOLD NSRT NOW OATAINFIFO FOOE.FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NOW OATAINFIFO FOOE FCOE NIRO OFFEN 
HOLOB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
CONTINUE; 

[CHOLO NSRT NOW DATAINFIFO FOOE FCOE NIRO OFFEN 
HOLDS NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXOJ 
JUMP PXFR4LP; 
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%---------------------------------------------------~-------------------% 
% SLAVE DATA INPUT % 
% --SLOW-- -=READ-- % 
%-----------------------------------------------------------------------% 
% Enable FASTBUS AD line receivers, Clear WT, jump to SLVDINX. % 
% % 
% IF FBREQ then release bus, jump to INTS. % 
% ELSEIF WT•l, THEN wait here. % 
% ELSEIF DS•l THEN latch FASTBUS AD lines, set DK, DSACK, ' 
% continue. % 
% ELSE (DS•O) THEN latch FASTBUS AD lines, clear DK, DSACK, ' 
% continue. % 
% % 
% DSACK, Hold latched rASTBUS data, jump WAYHOME. % 

SLVOINX:IF /I6 %FBREQ% 

MUXl]. 

MUXO] 

MUXO] 

MUXO] 

THEN [CTRLDEF 

ELSE IF 
THEN 

ELSE IF 
THEN 

ELSE 

REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT15 NDSAK 

JUMP IN'.I'S; 
I'1 %FRWT% 
[CDEF NSRT NDW DATAINPROC FDOE FCOE NIRQ DFFDIS 
FBOEF 
PFFOIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT13 NOSAK 

JUMP SLVOINX; 
Il %FRDS% 

[COEF NSRT NDW DATAINLATCH FOOE FCOE NIRQ OFFDIS 
NREQ NEOBA NEG NRD MSO XWT SOK XDS XAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT13 DSAK 

CONTINUE; 
[CDEF NSRT NDW DATAINLATCH FDOE FCOE NIRQ DFFDIS 

. NREQ NEOBA NEG NRD MSO XWT CDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT13 DSAK 

CONTINUE; 

[COEF NSRT NDW DATAINHOLD NFOOE FCOE NIRQ OFFDIS 
FBDEF 
PFFDIS NSR SCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT13 DSAK MUXl] 
JUMP WAYHOME; 

%-----------------------------------------------------------------------% 
% Null % 
% --FAST-- WRITE or READ-- % 

%-----------------------------------------------------------------------% 
NULLX: [CTRLDEF 

FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT12 NDSAK 

MUXl] 
JUMP WAYHOME; 

%-----------------------------------------------------------------------% 
% End Of Event % 
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% --SLOW-- --WRITE-- % 
%-----------------------------------------------------------------------% 
% --Two ciwnmy words-- % 
% DW (Data FIFO Write), DEOE, CEOE, OFFEN, Set FASTBUS interface ' 
% transceivers for output to FIFO (Data and Processor). % 
% DSACK, continue. % 
% % 
% Hold all lines for one more cycle (make sure that the write % 
% pulse to the FIFO's is lonq enouqh). % 
% % 
% Hold DEOE true for one more cycle while DW is false. This % 
% provides the "hold" time for the fifo's. % 

% ' % Set DW, for two cycles to insert another dummy word with DEOE % 
% false. % 
% % 
% Hold DEOE true for one more cycle while DW is false, to % 
% ensure that the fifo data hold time spec is met. % 
% % 
EOEX: 

MUXl] 

MUXl] 

MUXl] 

MUXl) 

[CDEF NSRT DW DATAOUT NFOOE FCOE NIRO OFFEN 
FBDEF 
PFFDIS NSR NSCLK NFCLK DEOE CECE NTMR NCCLR STATl4 DSAK MUXl] 
CONTINUE; 

[CDEF NSRT NOW DATAOUT NFDOE FCOE NIRO OFFEN 
FBDEF 
PFFDIS NSR NSCLK NFCLK DEOE NCEOE NTMR NCCLR STAT14 NDSAK 

CONTINUE; 

[CDEF NSRT DW DATAOUT NFDOE FCOE NIRO OFFEN 
FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT14 NDSAK 

CONTINUE; 

[CDEF NSRT DW DATAOUT NFDOE FCOE NIRO OFFEN 
FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE-NTMR NCCLR STAT14 NDSAK 

CONTINUE; 

[CDEF NSRT NDW.DATAOUT NFDOE FCOE NIRQ OFFEN 
FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT14 NDSAK 

JUMP HOME; 

%-----------------------------------------------------------------------% 
% Interrupt handler % 

%-----------------------------------------------------------------------% % Beinq interrupted means that there was a FASTBUS error, or % 
% the RB (Reset Bus) line has been driven true. In either case % 
% the sequencer's assiqned task is simply to abort any operation % 
% it is currently doinq, and return to idle state. % 
% % 
% Returning DSACK to the 68020, is a prcisely timed function % 
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% which the sequencer must perform. DSACK is asserted true 
% for exactly two sequencer cycles. Then it is deasserted, and 
% the FBxS* lines may not ve sampled for three sequencer cycles. 
% What this means is that when a routine wants to return DSACK 
% and return to idle, it must do three nop type cycles before 

% 
% 
% 
% 
% 

% testing either of the two FBxS* lines. ._ 
% % 
% The interrupt handler is a stranqe routine since tb~-xR.-1.ine % 
% is tested at almost every "IF" instruction there -'8 • If IRQ is % 
Richard Kwarciany 
Fermi lab 
Monday, 24-Sep-90 1300hrs 
FSCC Version: 2 
Revision: 4 
EPS448 
0106,UllO,UlOB 

PART: EPS448,EPS448,EPS448 

INPUTS: I0@.12 
Il@ll 
I2UO 
I3@9 
14@5 
151'!4 
I6@3 
I7@2 

OUTPUTS: LClU % 
LC0@28 % 
LCOE@27 
/SRT@26 
FW@25 % 
/POE@24 
DDIR@23 
CPAB@22 
SAB@20 % 
CPBA@l9 
SBA@lB % 
/DG@l7 % 
/FDOE@l6 % 
/FCOE@l5 % 
FPCREQ@l4 % 
DFIFOEN@13 % 

OUTPUTS:REL@l % 
REQ@28 % 
FEOBA@27 % 
EG@25 % 
RD@24 % 
MS2@23 % 
MSl@22 % 
MS0@20 % 
CWT@l9 % 
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: rr;r 

l % 
2 % 
% 3 % 
% 4 % 
5 % 
% 6 % 
% 7 % 
% e % 
9 % 
% 10 % 
11 % 
12 % 
13 % 
14 % 
15 % 
16 % 

17 % 
18 % 
19 % 
20 % 
21 % 
22 % 
23 % 
24 % 
25 % 
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CDK@l8 % 26 % 
SDK@l7 % 27 % 
CDS@l6 % 28 % 
SDS@l5 % 29 % 
CAS@l4 % 30 % 
SAS@l3 % 31 % 

OUTPUTS:PFIFOEN@l % 32 % 
/SR@28 % 33 % 
SCLK@27 % 34 
FCLK@26 % 35 
DEOE@25 % 36 
CEOE@24. ' 37 
TMR@23 % 38 ' CCLEAR@22 % 39 % 
STAT3@20 % 40 % 
STAT2@l9 % 41 % 
STATl@l8 % 42 % 
STAT0@17 % 43 % 
/DSACK@l6 % 44 % 
/MUX2@l5 % 45 % 
/MUXl@l4 % 46 % 
/MUXO@l3 % 47 % 

% DEFAULT = all bits false except: DDIR•l, FCOE*•O, MUXl*=O 
% 12345678901234567890123456789012345678901234567 % 
DEFAULT:[00010llOOOOll010000000000000000010000000000110lB] 

% Macros for Chip l % 

MACROS: CHOLD •"000" 
CLOAD ="100" 
COUNT •"110" 
CREAD -="001" 
CDEF 

SRT 
NSRT 

DW 
NOW 

"""000" 

="0" 
="l" 

="l" 
•"0" 

%SRT*% 

%SOW% 

DATADEF •"1000001" 
%POE*,DDIR,CPAB,SAB,CPBA,SBA,DG*% 
DATAOUT •"0000000" 
DATAOUTLATCH •"0000100" 
DATAOUTHOLD •"1000010" 

•"0100000" 
•"0110000" 
•"0101000" 
•"1101000" 

DATAINPROC 
DATAINLATCH 
DATAINHOLD 
DATAINFIFO 
COUNT IN •"0000001" 

FDOE 
NFDOE 

FCOE 
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•"0" 
•"l" 

•"0" 

%FDOE*% 

%FCOE*% 

%LC1,LCO,LCOE% 
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NFC OE ="l" 

IRO •"0" %FPCREQ*% 
NIRO •"l" 

OFFEN •"l" %DFIFOEN% 
DFFDIS -"0" 

CTRLDEF •"0001011000011010" %DEFAULTS FOR U42X40% 

Macros for Chip 2 % 

REQ •"010000000000000" .%REL,REQ% 
REL •"101000000101010" %(EOEA, Clear DS,DK,AS,GK)% 
HOLDB •"00" 
NREQ •"00" 

EOBA •"l" %EOBA% 
NE OBA ="0" 

EG •"l" %EG% 
NEG ""'"0" 

RD ="l" %RD% 
NRD •"0" 

MSO •"000" %MS2,MS1,MS0% 
MSl -"001" 
MS2 •"010" 
MS3 •"Oll" 
MS4 •"100" 
MSS •"101" 
MS6 •"110" 
MS7 •"111" 

CWT :a:"l" %CWT% 
XWT •"0" 

SOK •"01" %CDK,SDK% 
CDK •"10" 
XDK -"00" 

sos •"01" %CDS,SDS% 
CDS •"10" 
XDS •"00" 

SAS •"01" %CAS,SAS% 
CAS •"10" 
XAS •"00" 

FBDEF •"000000000000000" %DEFAULTS FOR U47X40% 

% Macros for Chip 3 

PFFEN •"1" %PFIFOEN% 
PFFDIS •"0" 
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SR ="0" %SR*% 
NSR ="l" 

SCLK •"l" %SCLK% 
NSCLK •"0" 

FCLK •"l" %FCLK% 
NFCLK ="0" 

DEOE •"l" %DEOE% 
ND EOE •"0" 

CEOE ="l" %CEOE% 
NCEOE •"0" 

TMR ="l" %TMR% 
NTMR ="0" 

CCLR ="l" %CCLEAR% 
NCC LR ="0" 

STA TO ="0000" %STATE3,·STATE2, STATEl, .STATE0% 
STATl ="0001" 
STAT2 ="0010" 
STAT3 ="0011" 
STAT4 ""'"0100" 
STATS ="0101" 
STAT6 ="0110" 
STAT7 ="0111" 
STATS ="1000" 
STAT9 ="1001" 
STATlO ="1010" 
STATll ="1011" 
STAT12 ="1100" 
STAT13 ="1101" 
STAT14 ="1110" 
STATlS •"1111" 

OSAK •" 0 II %DSACK*% 
ND SAK ="l" 

MUX2 •"011" %MUX2,MUX1,MUXO% 
MUXl •"101" 
MUXO •"110" 

% RE SETO = All bits false except: FCOE* FREL FCWT FCOK FCOS FCAS MUX1% 
% 12345678901234567890123456789012345678901234567% 

RE SETO •"00010110000110101000000011010100100000000001101" 

% RESET02 - All bits false except: FREL FCWT FCDK FCDS FCAS MUX1% 
% 12345678901234567890123456789012345678901234567% 

RESET02 
•"00010110000111101000000011010100100000000001101" 

%-----------------------------------------------------------------------% 
% Here the 448's set all outputs to their default state, then % 
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% wait for either the 68020 to call, or somebody on FASTBUS % 
% to want something. When FBSEL is true, that means the 68020 % 
% is calling, and we need to get the vector from MUX2 and go to % 
% the routine at that address. If, on the other hand, FSLV is % 
% true, we go to the slave handler. % 
%-----------------------------------------------------------------------% 

PROGRAM: 

RESET: [RESET02] JUMP SELECT; 

%---------------------------~-------------------------------------------% 

%-----------------------------------------------------------------------% % Routine entry points. % 
% Entry points are the first instruction of each routine. % 

%-----------------------------------------------------------------------% 
%-----------------------------------------------------------------------% 
%-----------------------------------------------------------------------% 
% Routine ARBITRATE % 
% --SLOW-- --WRITE-- % 
%-----------------------------------------------------------------------% 
ARB: IF /I6 %FBREQ*% 

MUXl] 

MUXO] 

THEN [ CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTS; 
ELSEIF I2 %FRDY% 
THEN [CTRLDEF 

FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATl DSAK MUXl) 
JUMP ARBX; 

ELSE [CDEF NSRT NDW DATAOUTHOLD NFDOE FCOE NIRQ DFFDIS 
REQ 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATl NDSAK 

JUMP ARB; 

%-----------------------------------------------------------------------% 
% Routine BUS_RELEASE % 
% --FAST-- --WRITE-- % 
%-----------------------------------------------------------------------% 
% % 
% This routine sets FREL true, clears DS, DK, and AS, then goes % 
% home. Note that since no data is needed, the control lines % 
% latching the 68020 data are returned to their default states, % 
% discarding the data. % 

%-----------------------------------------------------------------------% 

BUSREL: [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRQ DFFDIS 
REL 
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PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT2 NOSAK 
MUXl] 

JUMP SUSRELX; 

%-----------------------------------------------------------------------% 
%-----------------------------------------------------------------------% 
% Primary Address Cycles 

% 
%-----------------------------------------------------------------------% 
%-----------------------------------------------------------------------% 

%-----------------------------------------------------------------------% 
% Routine ADDRESS_DATA_GEOGRAPHICAL % 
% % 
% Geoqraphical primary address cycle to data space. % 
% (we assert EG) % 
% --FAST-- --WRITE~- % 

%-----------------------------------------------------------------------% 
% % 
% IF FSREQ Release bus, TMR-0, JUMP WAYHOME. % 
% ELSEIF WT•l, loop here. % 
% ELSEIF AK=l THEN turn off FASTSUS AD line drivers, neqate EG, % 
% MS, and go home. % 
% ELSE set AS, TMR (turn on short timer), and loop here. % 
% % 
%-----------------------------------------------------------------------% 
ADDDG: IF /I6 %FSREQ*% 

MUXl] 

MUXO] 

THEN [CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATlS NOSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 

HOLDS NEOSA EG NRD MSO XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT3 NDSAK 

JUMP ADDDG; 
ELSEIF IS %FRAK% 
THEN [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRQ DFFDIS 

FSDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT3 NDSAK MUXl) 
JUMP HOME; 

ELSE [CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRQ DFFDXS 
HOLDS NEOSA EG NRD MSO XWT XDK XDS SAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE TMR NCCLR STAT3 NOSAK MUXO] 
JUMP ADDDG; 

%-----------------------------------------------------------------------% 
% 
% 
% 
% 
% 

Routine ADDRESS_CSR_GEOGRAPHICAL 

Geographical primary address cycle to CSR space. 
(We assert EG) 
--FAST-- --WRITE--
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% 
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% 
% 
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%-----------------------------------------------------------------------% % % 
% IF FBREQ THEN Release bus, JUMP WAYBOME. % 
% ELSEIF WT•l, loop here. % 
% ELSEIF AK•l THEN turn off FASTBUS AD line drivers, neqate EG, % 
% MS, and qo home. % 
% ELSE set AS, TMR (turn on short timer), and loop here. % 
% % 
%-----------------------------------------------------------------------% 
ADDCG: IF /I6 %FBREQ% 

MUXl] 

MUXO] 

THEN (CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CDEF NSRT NDW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 

HOLDS NEOBA EG NRD MSl XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT3 NDSAK 

JUMP ADDCG;_ 
ELSEIF IS %FRAK% 
THEN [CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 

FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT3 NDSAK MUXl] 
JUMP HOME; 

ELSE [CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 
HOLDS NEOBA EG NRD MSl XWT XDK XDS SAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT3 NDSAK MUXO] 
JUMP ADDCG; 

%-----------------------------------------------------------------------% 
% Routine ADDRESS_DATA_LOGICAL % 
% % 
% This routine is identical to ADDRESS DATA GEOGRAPHICAL % 
% except that EG is not driven. - - % 
% --FAST-- --WRITE-- % 

%-----------------------------------------------------------------------% 
% % 
% IF FBREQ THEN Release bus, TMR•O, JUMP WAYHOME. % 
% ELSEIF WT==l, loop here. % 
% ELSEIF AK•l THEN turn off FASTBUS AD line drivers, neqate MS, % 
% and qo home. % 
% ELSE set AS, TMR (turn on short timer), and loop here. % 
% % 

%-----------------------------------------------------------------------% 
ADDDL: IF /I6 %FBREQ*% 

MUXl] 

THEN [CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CDEF NSRT NDW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 

HOLDB NEOBA NEG NRD MSO XWT XDK XDS XAS 
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MUXO) 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT3 NOSAK 

JUMP ADDDL; 
ELSEIF IS %FRAK% 
THEN [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRO DFFDIS 

FBDEF 
PFFDIS NSR SCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT3 NOSAK MUXl] 
JUMP HOME; 

ELSE [CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRO DFFDIS 
HOLDS NEOBA NEG NRD MSO XWT XDK XDS SAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE TMR NCCLR STAT3 NOSAK MUXO] 
JUMP ADDDL; 

%-----------------------------------------------------------------------% 
% Routine ADDRESS_CSR_LOGICAL % 
%-----------------------------------------------------------------------% 
% This routine is identical to ADDRESS_CSR_GEOGRAPHICAL except % 
% that EG is not driven. % 
% --FAST-- --WRITE-- % 
%----~------------------------------------------------------------------% % % 
% IF FBREQ THEN Release bus, TMR•O, JUMP WAYHOME. % 
% ELSEIF WT•l, loop here. % 
% ELSEIF AK•l THEN turn off FASTSUS AD line drivers, neqate MS, % 
% and go home. % 
% ELSE set AS, TMR (turn on short timer), and loop here. % 

' % %-----------------------------------------------------------------------% 
ADDCL: IF /I6 %FBREQ*% 

MUXO] 

MUXO] 

THEN [CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATlS NOSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRO DFFDIS 

HOLDS NEOSA NEG NRD MSl XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT3 NOSAK 

JUMP ADDCL; 
ELSEIF IS %FRAK% 
THEN [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRO DFFDIS 

FSDEF 
PFFDIS NSR SCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT3 NOSAK MUXl] 
JUMP HOME; 

ELSE [CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRO DFFDIS 
HOLDS NEOBA NEG NRD MSl XWT XDK XDS SAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE TMR NCCLR STAT3 NOSAK MUXOJ 
JUMP ADDCL; 

%-----------------------------------------------------------------------% 
% Routine ADDRESS DATA BROADCAST % 
% - - % 
% This routine does a broadcast primary address cycle to % 
% DATA space. % 
% --FAST-- --WRITE-- % 

%-----------------------------------------------------------------------% 
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% IF FBREO THEN Release bus, TMR•O, jump WAYHOME. % 
% ELSEIF WT•l, then loop here. ' 
% ELSEIF AK•l, Then turn off FASTBUS AD line drivers, neqate MS, t 
% and qo home. % 
% ELSE set AS, TMR (turn on short timer), and loop here. % 

% ' %-----------------------------------------------------------------------% 
ADDDB: IF /I6 %FBREO*% 

MUXl] 

MUXO] 

THEN [CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CDEF NSRT NDW DATAOUTHOLD FDOE FCOE NIRO DFFDIS 

HOLDB NEOBA NEG NRD MS2 XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT3 NDSAK 

JUMP ADDDB; 
ELSEIF IS %FRAK% 

· :. THEN [CDEF NSRT. NDW DATAOUT NFDOE FCOE NIRO DFFDIS 
FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT3 NDSAK MUXl) 
JUMP HOME; 

ELSE [CDEF NSRT NDW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 
HOLDB NEOBA NEG NRD MS2 XWT XDK XDS SAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT3 NDSAK MUXO] 
JUMP ADDDB; 

%-----------------------------------------------------------------------% 
% Routine ADDRESS CSR BROADCAST % 
% - - • ' 
% This routine does a broadcast primary address cycle to % 
% CSR space. % 
% --FAST-- --WRITE-- % 
%-------------~---------------------------------------------------------% 
% IF FBREO THEN Release bus, TMR•O' JUMP WAYHOME. % 
% ELSEIF WT•l, loop here. % 
% ELSEIF AK=l THEN turn off FASTBUS AD line drivers, negate.MS, % 
% and go home. % 
% ELSE set AS, TMR (turn on short timer), and loop here. % 
% % 
%-----------------------------------------------------------------------% 
ADDCB: IF /I6 %FBREO*% 

MUXl] 

MUXO) 
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THEN [CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN (CDEF NSRT NDW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 

HOLDB NEOBA NEG NRD MS2 XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT3 NDSAK 

JUMP ADDCB; 
ELSEIF IS %FRAK% 
THEN [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRO DFFDIS 
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FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT3 NDSAK MUXlJ 
JUMP HOME; 

ELSE [CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 
HOLDS NEOBA NEG NRD MS2 XWT XDK XDS SAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT3 NDSAK MUXO] 
JUMP ADDCB; 

%-----------------------------------------------------------------------% % Routine ADDRESS_RELEASE % 
% --FAST-- --WRITE-- % 
%-----------------------------------------------------------------------% 
% EG•O RD•O MS•O WT•O Clear DK,OS,AS 
ADOREL: IF /I6 %FBREQ*% 

MUXl) 

MUXl) 

MUXO) 

THEN [ CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CTRLDEF 

FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT4.NDSAK 

JUMP ADDREL; 
ELSE [ CTRLDEF 

HOLDS NEOBA NEG NRD MSO XWT COK CDS CAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT4 NDSAK 

JUMP ADDRELX; 

%-----------------------------------------------------------------------% 
%-----------~-----------------------------------------------------------% 
% Data Cycle Routines % 
%-----------------------------------------------------------------------% 
%-----------------------------------------------------------------------% 

%-----------------------------------------------------------------------% 
% Routine OATA_PROCESSOR_RANDOM_READ % 
% --SLOW-- --READ-- % 

%-----------------------------------------------------------------------% 
OATPRR: IF /I6 %FBREQ*% 

MUXl) 

MUXOJ 

THEN [ CTRLDEF' 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTS; 
ELSEIF I7 %FRWT% 
THEN [CDEF NSRT NOW DATAINPROC FDOE FCOE NIRQ OFFDIS 

HOLDB NEOBA NEG RD MSO XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK 

JUMP DATPRR; 
ELSEIF I4 %FRDK% 
THEN [CDEF NSRT NOW DATAINPROC FDOE FCOE NIRQ DFFOIS 

HOLDS NEOBA NEG RD MSO XWT XDK XDS XAS 
PFFDIS'NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS DSAK MUXOJ 
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JUMP OATPRRX; 
ELSE [CDEF NSRT NOW DATAINPROC FDOE FCOE NIRO DFFDIS 

HOLDB NEOBA NEG RD MSO XWT XDK SDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO] 
JUMP DATPRR; 

%---------------------------------------------------~-------------------% 
% Routine DATA PROCESSOR RANDOM WRITE % 
% --FAST-- --WRITE-- - - % 
%-----------------------------------------------------------------------% 
DATPRW: IF /I6 %FBREO*% 

MUXl] 

MUXC] 

MUXC] 

THEN [CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 

HOLOB NEOBA NEG NRD MSC XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK 

JUMP DATl?RW; 
ELSEIF I4 %FRDK% 
THEN [ CTRLDEF 

FSDEF 
l?FFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK 

JUMP DATPRWX; ·~ 

ELSE [CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRO DFFOIS 
HOLDS NEOBA NEG NRD MSC XWT XDK SOS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO] 
JUMP DATPRW; 

%-----------------------------------------------------------------------% 
% Routine DATA_PROCESSOR_SEC_ADDRESS_READ % 
% --SLOW-- --READ-- % 
%-----------------------------------------------------------------------% 
DATl?SR: IF /I6 %FSREQ*% 

MUXl] 

MUXC] 

THEN [ CTRLDEF 
REL 
l?FFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTS; 
ELSEIF I7 %FRWT% 
THEN [CDEF NSRT NOW DATAINPROC FDOE FCOE NIRO DFFDIS 

HOLDS NEOSA NEG RD MS2 XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT6 NDSAK 

JUMP DATPSR; 
ELSEIF I4 %FRDK% 
THEN [CDEF NSRT NOW DATAINPROC FDOE FCOE NIRO DFFDIS 

HOLDS NEOBA NEG RD MS2 XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT6 DSAK MUXOJ 
JUMP DATPSRX; 

ELSE [CDEF NSRT NDW DATAINPROC FDOE FCOE NIRO DFFDIS 
HOLDB NEOBA NEG RD MS2 XWT XDK SDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT6 NDSAK MUXOJ 
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JUMP DATPSR; 

%-----------------------------------------------------------------------% 
% Routine DATA_PROCESSOR_SEC_ADDRESS_WRITE % 
% --FAST-- --WRITE-- % 
%-----------------------------------------------------------------------% 
DATPSW: IF /I6 %FBREQ*% 

THEN [CTRLDEF 

MUXl] 

ELSE IF 
THEN 

MUXO] 

ELSE IF 
THEN 

MUXOJ 

ELSE 

REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NT.MR NCCLR STATlS NDSAK 

JUMP INTF; 
I7 %FRWT% 
[CDEF NSRT NDW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 
HOLDB NEOBA NEG NRD MS2 XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NT.MR NCCLR STAT6 NDSAK 

JUMP DATPSW; 
I4 %FRDK% 
[CTRLDEF 
FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT6 NDSAK 

JUMP DATPSWX; 
[CDEF NSRT NDW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 
HOLDB NEOBA NEG NRD MS2 XWT XDK SDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT6 NDSAK MUXO] 
JUMP DATPSW; 

%-----------------------------------------------------------------------% % Routine DATA PROCESSOR BLOCK TRANSFER READ ·% 
% --SLOW-- --READ-- - - - . % 

%-----------------------------------------------------------------------% 
DATPBR: [CDEF NSRT NDW DATAINPROC FDOE FCOE NIRQ DFFDIS 

HOLDB NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK 

MUXO] 

%-----------------------------------------------------------------------% 
% Routine DATA_PROCESSOR_BLOCK_TRANSFER_WRITE % 
% --FAST-- --WRITE-- % 
%-----------------------------------------------------------------------% 
DATPBW: [CDEF NSRT NDW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 

HOLDB NEOBA NEG NRD MSl XWT XDK XDS XAS 
PFFDIS NS~ NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK 

MUXO] 
JUMP DATPBWX; 

%-----------------------------------------------------------------------% 
% Routine DATA_PROCESSOR_BLOCK_TRANSFER_TERMINATE % 
% --FAST-- --WRITE-- % 

%-----------------------------------------------------------------------% 
% This routine does a graceful tennination of a block transfer % 
% where DS and DK are brought to their idle states without % 
% effecting the slave. % 
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% 
% 
% 
DATPBT: 

MUXl] 

MS•O RD=O % 
then % 
DS-=0 % 
IF /I6 %FBREQ*% 

THEN [CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CTRLDEF 

FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK 

JUMP DATPBT; 
ELSE [CTRLDEF 

HOLDB NEOBA NEG NRD MSO XWT XDK CDS XAS 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXl] 
JUMP WAYHOME; 

%--------------------------:.:----------------------------------------------% 
% Routine LOCAL COUNTER LOAD % 
% --SLOW-- --WRITE-- - % 
%-----------------------------------------------------------------------% 
LC_LOAD: [CLOAD NSRT NDW DATAOUT NFDOE FCOE NIRO DFFDIS 

FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT9 DSAK MUXl] 
JUMP LC_LOADX; 

%-----------------------------------------------------------------------% % . Routine LOCAL COUNTER READ % 
% --SLOW-- --READ-- - % 

%-----------------------------------------------------------------------% 
LC_ READ: [ CREAD NSRT NDW COUNT IN NFDOE FCOE NIRO DFFDI S 

FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT9 DSAK MUXl] 
JUMP LC_READX; 

%---------------------------------------------------------------·-------% 
% Routine FIFO_WRITE % 
% --SLOW-- --WRITE-- % 

%-----------------------------------------------------------------------% 
FIFO_WR: [CDEF NSRT OW DATAOUT NFDOE FCOE NIRO OFFEN 

FBDEF 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlO DSAK MUXl] 
JUMP FIFO_WRX; 

%-----------------------------------------------------------------------% 
% Routine DATA_FIFO_BLOCK_TRANSFER_READ ' 
% --FAST-- --WRITE or READ-- % 
%-----------------------------------------------------------------------% 
DATFBR: IF /I6 %FBRE0*% 

THEN [CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

MtJXl] 
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JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRQ OFFEN 

HOLOB NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT7 NDSAK MUXO} 
JUMP OATFBR; 

ELSE [COUNT NSRT NDW OATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLOB NEOBA NEG RD MSl XWT XDK SOS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT7 NDSAK MUXO) 
JUMP OATFBRX; 

%-----------------------------------------------------------------------% 
% Routine OATA_FIFO_PIPELINEO_READ_l (100ns transfers) % 
% --FAST-- --WRITE or READ-- % 
%------------------------------------------------------------------~----% 
DATFPl: IF /I6 %FBREQ*% 

MUXl] 

THEN [CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT15 NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CHOLO NSRT NOW DATAINFIFO FOOE FCOE NIRQ OFFEN 

HOLOB NEOBA NEG RD MS3 XWT XOK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
JUMP DATFPl; 

ELSE [COUNT NSRT NOW DATAINFIFO FOOE FCOE NIRQ OFFEN 
HOLOB NEOBA NEG RD MS3 XWT XDK SOS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO) 
JUMP DATFPlX; 

%--·---------------------------------------------------------------------% 
% Routine DATA_FIFO_PIPELINEO_READ_2 (200ns transfers) % 
% --FAST-- --WRITE or READ-- % 

%-----------------------------------------------------------------------% 
OATFP2: IF /I6 %FBREQ*% 

MUXl] 

THEN [ CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR ST~TlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CHOLO NSRT NOW OATAINFIFO FDOE FCOE NIRQ OFFEN 

HOLOB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
JUMP OATFP2; 

ELSE [COUNT NSRT NDW OATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLOB NEOBA NEG RD MS3 XWT XDK SOS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
JUMP OATFP2X; 

%-----------------------------------------------------------------------% 
% Routine DATA FIFO PIPELINED READ 4 (400ns transfers) % 
% --FAST-- --READ or WRITE-- - - % 
%-----------------------------------------------------------------------% 
OATFP4: IF /I6 %FBREQ*% 

THEN [CTRLDEF 
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MUXl) 

REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRQ DFFEN 

HOLI>B NEO'BA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
JUMP DATFP4: 

ELSE [COUNT NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK SDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
JUMP DATFP4X; 

%-----------------------------------------------------------------------% 
% SLAVE DATA INPUT % 
% --SLOW-- -~READ-- % 

%-----------------------------------------------------------------------% SLVDIN: 

MUXOJ 

[CDEF NSRT NOW DATAINPROC FDOE FCOE NIRO DFFDIS 
NREQ NEOBA NEG NRD MSO CWT XDK XDS XAS 
PFFDIS NSR NSCLK ~FCLK NDEOE NCEOE NTMR NCCLR STAT13 NDSAK 

JUMP SLVDINX; 

%------------------------------~--------------------------------~-----~-% 
% SLAVE_DATA_OUTPUT % 
% --FAST-- --WRITE-- % 
%-----------------------------------------------------------------------% 
% (WT has been cleared back at LETSGO). % 
% IF FBREQ* THEN release bus, jump WAYHOME. % 
% ELSEIF WT•l THEN wait here. % 
% ELSEIF DS=l THEN set DK jump HOME. % 
% ELSE clear DK jump HOME. % 

SLVDOUT:IF /I6 %FBREQ*% 

MUXl] 

MUXO] 

MUXl) 

MUXl] 
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THEN [CTRLDEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP WAYHOME; 
ELSEIF I7 %FRWT% 
THEN [CDEF NSRT NDW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 

FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT13 NDSAK 

JUMP SLVDOOT; 
ELSEIF Il %FRDS% 
THEN [CDEF NSRT NDW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 

NREQ NEOBA NEG NRD MSO XWT SDK XDS XAS 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE N'l'MR NCCLR STAT13 NDSAK 

JUMP WAYHOME; 
ELSE [CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 

NREQ NEOBA NEG NRD MSO XWT CDK XDS XAS 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT13 NDSAK 

JUMP KAYHOME; 
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%------------------~------------------------------~---------------------% 
% Nul.l. % 
% --FAST-- --WRITE or READ-- % 

%---------------------------------------------------~-------------------% 
NULL: [CTRLDEF 

FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT12 NDSAK 

MUXl] 
JUMP NULLX; 

%---------------------------~-------------------------------------------% % End Of Event % 
% --SLOW-- --WRITE -- % 

%-----~-~--------------------------------------------------~------------% 
EOE: [CHOLO NSRT OW OATAqUT NFOOE FCOE NIRQ OFFEN 

FBOEF 
PFFDIS NSR NSCLK N~CLK DEOE CEOE NTMR NCCLR STAT14 DSAK MUXl] 
JUMP EOEX; 

%---------------------------------------------------~-------------------% 
% Bulb Test % 
% --FAST-- --WRITE or READ-- % 

%-----------------------------------------------------------------------% 
BULBTST: [COEF NSRT NOW OATAOUTHOLD FOOE FCOE IRQ OFFOIS 

HOLOB NEOBA EG RD MS7 XWT SOK SOS SAS 
PFFOIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATll NDSAK 

MUXl] 
JUMP BULBTST; 

%-----------------------------------------------------------------------% 
% Sequencer Select % 
% Wait here to be selected by the 68020 % 
% FBlS* + FB2S means that the FASTBUS standard sequencer % 
% has been selected. % 
% FBlS* * FB2S* means that the USER sequencer has been % 
% selected. % 
% % 
% Whichever sequencer has not been selected, puts it's outputs % 
% into hiqh z, and is not accessable unless it is reset. % 

%--~-------------------------------------------~------------------------% 
SELECT: IF /Il * /IS %FB1S* * FB2S*% 

THEN [Z) CONTINUE; 
ELSEIF (/Il * IS) + (Il * /IS) %FB2S* + FB1S*% 
THEN [RESET02] JUMP HOME; 
ELSE [RESET02J JUMP SELECT; 

TURNOFF:[Z] JUMP TURNOFF; 

%-----------------------------------------------------------------------% 
% If, in the cycle executed just previous to returning here, % 
% OSACK was asserted, then the select line (FBxS*) % 
% will still be asserted (it takes the 68020 and it's PAL's a % 
% certain amount of time to neqate a select line after it sees % 
% OSACK). HOME would then see FBxS* true and think that it is % 
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% being selected again, when, in fact, FBxS* is just lingering % 
% from the previous cycle. As you might imagine, if this were % 
% to happen, the sequencer would jump to what ever address \ 
% just happened to be on the 68020's address bus at that time % 
% and anarchy would reiqn. So, to keep order, if we % 
% want to come HOME right after DSACK, then we instead return % 
% here where three NOP type instructions are executed. This - % 
% allows the 68020 enough time to negate FBxS* from any % 
% preveously executed cycle. % 

%-----------------------------------------------------------------------% WAYHOME: (CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 

MUXl] 

MUXl] 

MUXl] 

FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR. NCCLR STATO NDSAK 

CONTINUE; 

[CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 
FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATO NDSAK 

CONTINUE; 

[CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 
FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATO NDSAK 

CONTINUE; 

% Since the IOD lines could be latched on the next cycle (if there% 
% is a pending instruction), the Processor transceivers must be % 
% set to DATAOUT before coming HOME. Any instructions leading to % 
% HOME must have the processor transceivers set in this way or it % 
% will be bad. % 

% When HOME, all outputs are default % 
HOME: IF /Il %FB1S* (Fast cycle, return DSACK now.)% 

MUX2] 

MUXl] 

THEN [CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 
FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATO DSAK MUX2] 
JUMP LETSGOF; . 

ELSEIF /IS %FB2S* (Slow cycle, return DSACK in routine.% 
THEN [CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 

FBDEF 

ELSE 
l 

PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR. NCCLR STATO NDSAK 

JUMP LETSGOS; 
[CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 
FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATO NDSAK 

JUMP HOME; 

%-----------------------------------------------------------------------% % These are the fast and slow jumps to the appropriate FASTBUS % 
% primative routines as determined by the vector received from % 
% the '020 at MUX2. % 
%-----------------------------------------------------------------------% 
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LETSGOF: [CDEF NSRT NDW DATAOUTLATCH NFDOE FCOE NIRQ DFFDIS 
FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATO DSAK MUX2] 
PUSHI; 

% Clear WT here is for Slave write rout~ne, dosn•t effect anything 
else.% 

MUXO] 

LETSGOS: 

MUX2] 

MUXO] 

[CDEF NSRT NOW DATAOUTHOLD NFDOE FCOE NIRQ DFFDIS 
NREQ NEOBA NEG NRD MSO CWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATO NDSAK 

RETURN; 

[CDEF NSRT NOW DATAOUT NFDOE FCOE NIRO DFFDIS 
FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATO NDSAK 

POSHI; 

[CDEF NSRT NOW DATAOUT NFDOE FCOE NIRO DFFDIS 
FBDEF 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATO NOSAK 

RETURN; 

%-----------------------------------------------------------------------% 
% Routine ARBITRATE % 
% --SLOW-- --WRITE-- % 

%-----------------------------------------------------------------------% % % 
% Startinq with somethinq simple, this routine checks to make % 
% sure that FBREO is false, then sets FREQ true, waits for % 
% FRDY (means that we have the bus), then returns DSACK and qoes % 
% home. % 

%-----~-----------------------------------------------------------------% 
AR.BX: [CTRLDEF 

FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STATl DSAK MUXl) 
JUMP WAYHOME; 

%-----------------------------------------------------------------------% 
% Bus Release . % 
%-----------------------------------------------------------------------% 
% Release Bus, Status•2 % 

' % % Status•2, Status clock • 1 % 
BUSRELX: [CTRLDEF 

FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT2 NDSAK MUXl) 
JUMP WAYHOME; 

%-----------------------------------------------------------------------% 
% Routine ADDRESS RELEASE % 
% --FAST-- --WRITE-- % 
%-----------------------------------------------------------------------% 
% Wait for AK to qo low, then qo HOME. % 
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ADDRELX:IF /I6 
THEN 

MUXl] 

%FBREQ*% 
[CDEF NSRT NOW DATAOUT NFDOE FCOE NIRQ DFFDIS 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF IS %FRAK% 
THEN [ CTRLDEF 

HOLDB NEOBA NEG NRD MSO XWT CDK CDS CAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT~ NDSAK MUXO] 
JUMP ADDRELX; 

ELSE [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRQ DFFDIS 
FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT4 NDSAK MUXl] 
JUMP HOME; 

%-----------------------------------------------------------------------% 
%-----------------------------------------------------------------------% 
% Data Cycle Routines % 

%---------------------------------------------~-------------------------% 
%------------------------~----------------------------------------------% 

%-----------------------------------------------------------------------% 
% Routine DATA_PROCESSOR_RANDOM_READ % 
% --SLOW-- --READ-- % 
%-------------------~-------------------------------------.--------------% 
% IF FBREO THEN clear FASTBUS lines, TMR•O, JUMP TO INTS. % 
% ELSEIF WT=l THEN Enable FASTBUS transceivers and drivers % 
% (FDOE*•O,DDIR•l,CPBA•O, DSAB•O,DSBA•O,DG*•O), enable % 
% processor transceivers (POE*•O), Assert RD•l, MS•O and % 
% loop here. % 
% ELSEIF DK•l THEN return DSACK, and continue. . % 
% ELSE Enable FASTBUS AD line drivers, enable proccessor xceivers % 
% Assert RD=l, M~=O, DS(u), TMR, and loop here. % 
% % 
% Hold DSACK true for one more cycle, and continue. % 
% % 
% IF FBREQ THEN clear FASTBUS lines, TMR•O, NDSACK, JUMP TO. % 
% WAYHOME. % 
% ELSEIF WT•l THEN negate DSACK, disable processor and FASTBUS % 
% transceivers, continue to assert :RD•l, MS•O, and DS•l, % 
% and loop here. % 
% ELSEIF DK•O THEN negate DSACK, disable processor and FASTBUS % 
% transceivers, deassert TMR, RD, and MS, and go WAYHOME. % 
% ELSE negate DSACK, disable processor and FASTBUS transceivers, % 
% deassert RD, MS, and DS, assert TMR, and loop here. % 
% % 
%-----------------------------------------------------------------------% 
DATPRRX: [CDEF NSRT NDW DATAINPROC FDOE FCOE NIRO DFFDIS 

HOLDB NEOBA NEG RD MSO XWT XDK XDS XAS 

WAITl: IF /I6 
THEN 
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PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS DSAK MUXO] 
CONTINUE; 

%FBREQ*% 
[CTRLDEF 
REL 
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MUXl] 

MUXO] 

PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [ CTRLDEF 

HOLDS NEOBA NEG RD MSO XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK 

JUMP WAITl; 
ELSEIF /I4 %/FRDK% 
THEN [ CTRLDEF 

FSDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXl] 
JUMP WAYHOME; 

ELSE [CTRLDEF 
HOLDS NEOSA NEG NRD MSO XWT XDK CDS XAS 
PFFDIS NSR NSCLK .NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO] 
JUMP WAITl; 

%----.-------------------------------------------------------------------% 
% Routine DATA_PROCESSOR_RANDOM_WRITE % 
% --FAST-- --WRITE-- % 
%-------------------------------------------------------------~------~--% 
% IF FSREQ THEN clear FASTSUS lines, TMR•O, JUMP TO WAYHOME. % 
% ELSEIF WT•l THEN Enable FASTSUS transceivers and drivers % 
% (FDOE*•O, DDIR•O, CPBA•O, DSAB•O, DSBA•l, DG*•O), % 
% Assert RD=O, MS•O and loop here. % 
% ELSEIF DK•l THEN disable FASTSUS transceivers and drivers, and % 
% continue. % 
% ELSE Assert DS(u), TMR, keep FASTSUS lines asserted, and loop % 
% here. % 
% be bop a lula she's my baby % 
% IF FSREQ THEN clear FASTSUS lines, TMR•O, JUMP TO HOME. % 
% ELSEIF WT•l THEN continue to assert DS•l, and loop here. % 
% ELSEIF DK=O THEN qo HOME. % 
% ELSE deassert DS, assert TMR, and loop here. % 
%-----------------------------------------------------------------------% 
DATPRWX:IF /I6 %FSREQ*% 

MUXl] 

MUXO] 

THEN [CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CTRLDEF 

FSDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK 

JUMP DATPRWX; 
ELSEIF /I4 %/FRDK% 
THEN [CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 

FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXl] 
JUMP HOME; 

ELSE [CTRLDEF 
HOLDS NEOBA NEG NRD MSO XWT XDK CDS XAS 
.PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO] 

MB2,oc,RK,ru page 159 



FSCC-Version PC 3 October 22, 1990 

JUMP DATPRWX; 

%-----------------------------------------------------------------------% 
% Routine OATA_PROCESSOR_SEC_ADDRESS_READ % 
% --SLOW-- --READ-- % 
%-----------------------------------------------------------------------% 
% IF FBREQ THEN clear FASTBUS lines, TMP.•0, .njMp. TO INTS. % 
% ELSEIF WT•l THEN Enable FASTBUS transceivers and drivers % 
% (FDOE*•O, DDIR•l,CPBA•O, DSAB•O,DSBA•O,DG*•O), enable % 
% processor transceivers (POE*•O), Assert RD•l, HS•2 and % 
% loop here. % 
% ELSEIF DK•l THEN return DSACK, and continue. % 
% ELSE Assert DS(u), TMR, and loop here. % 
% % 
% Hold DSACK true for one more cycle, and continue. % 
% % 
% IF FBREQ THEN clear FASTBUS lines, THR~O, DEassert DSACK, jump % 
% to WAYHOHE. % 
% ELSEIF WT•l THEN negate DSACK, disable processor and FASTBUS % 
\ transceivers, continue to assert RD•l, MSa2, and DS=l, \ 
% · :. and loop here. % 
% ELSEIF DK=O THEN negate DSACK, disable processor and FASTBUS % 
% transceivers, deassert RO, and MS, and go WAYHOME. % 
% ELSE negate DSACK, disable processor and FASTBUS transceivers, % 
% deassert RD, MS, and DS, assert THR, and loop here. % 
%-----------------------------------------------------------------------% 
OATPSRX: [CDEF NSRT NOW DATAINPROC FDOE FCOE NIRQ DFFDIS 

HOLDB NEOBA NEG RO HS2 XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTHR NCCLR STAT6 DSAK MUXO] 
CONTINUE; 

WAIT2: IF /I6 
THEN 

%FBREQ*% 
[CTRLDEF 

MUXl] 

MUXO] 

REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTHR NCCLR STAT15 NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CTRLDEF 

HOLDB NEOBA NEG RO MS2 XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTHR NCCLR STAT6 NDSAK 

JUMP WAIT2; 
ELSEIF /I4 %/FRDK% 
THEN [CTRLDEF 

FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTHR NCCLR STAT6 NDSAK MUXl) 
JUMP WAYHOHE; 

ELSE [CTRLDEF 
HOLDB NEOBA NEG NRO MS2 XWT XDK CDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT6 NDSAK MUXO) 
JUMP WAIT2; 

%-----------------------------------------------------------------------% 
% Routine DATA PROcESSOR SEC ADDRESS WRITE % 
% --FAST-- --WRITE-- - - - % 
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% IF FBREQ THEN clear FASTBUS lines, TMR•O, jump to WAYHOME. % 
% ELSEIF WT=l THEN Enable FASTBUS transceivers and drivers \ 
% (FDOE*•O, DOIR=O, CPBA•O, DSAB•O, DSBA•l, DG*•O), % 
% Assert RD•O, MS•2 and loop here. % 
% ELSEIF DK=l THEN disable FASTBUS transceivers and drivers, and % 
% continue. % 
% ELSE Assert DS(u), keep FASTBUS lines asserted, assert TMR, % 
% and loop here. % 
% IF FBREQ THEN clear FASTBUS lines, TMR•O, jump to HOME. % 
% ELSEIF WT•l THEN continue to assert DS•l, and loop here. % 
% ELSEIF DK•O THEN .qo HOME. % 
% ELSE deassert OS, assert TMR, and loop here. % 
%---------------------------~-------------------------------------------% 
DATPSWX:IF /I6 %FBREQ*% 

MUXl] 

MUXO] 

THEN [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRO DFFOIS 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP J:NTF; 

ELSEIF I7 %FRWT% 
THEN [CTRLDEF 

FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT6 NDSAK 

JUMP DATPSWX; 
ELSEIF /I4 %/FRDK% 
THEN [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRQ DFFOIS 

FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT6 NDSAK MUXlJ 
JUMP HOME; 

ELSE [ CTRLDEF 
HOLDB NEOBA NEG NRD MSO XWT XDK CDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT6 NDSAK MUXOJ 
JUMP DATPSWX; 

%-----------------------------------------------------------------------% 
% Routine DATA_PROCESSOR_BLOCK_TRANSFER_READ % 
% --SLOW-- --READ-- % 

%-----------------------------------------------------------------------% 
% This routine is qoinq to be a little bit different than any of % 
% the others, in that, DSACK will have to be returned % 
% after each DK(t) to allow the 68020 to read the data. t 
% Here goes: % 
% % 
% Turn on FASTBUS AD line receivers, Assert RD•l, MS•l, switch % 
% to MUXl and continue. % 
% IF FBREQ THEN Release bus, JUMP TO INTS. ' 
% ELSEIF WT=l THEN Assert RD-1, MS•l, on FASTBUS Turn on FASTBUS % 
% xceivers and enable processor xceivers % 
% (POE*•O, DDIR•l, CPBA•O, DSAB•O, DSBA•O, DG*•O, FDOE*•0)% 
% and loop here. % 
% ELSEIF DS•O THEN Assert RD•l, MS•l, DS(u), enable FASTBUS and ' 
% processor transceivers (POE*•O, DDIR•l, CPBA•O, % 
% DSAB•O, DSBA•O, DG*•O, TDOE*•O)and assert TMR, and JUMP % 
% to DKUPR. % 
% ELSE Assert RD•l, MS=l, DS(d), enable FASTBUS and processor % 
% transceivers (POE*•O, DDIR•l, CPBA•O, DSAB•O, % 

MBZ,GC,RK,JU page 161 



FSCC· Version PC 3 October 22, 1990 

% DSB~=O, DG*•O, FDOE*•O) assert TMR, and JUMP to DKDWNR. % 
%DKDWNR % 
% IF FBREQ THEN RD•l, MS•l, Clear OS, jump to INTS. % 
% ELSEIF OK•O THEN Assert DSACK, continue to drive FASTBUS lines, % 
% and processor and FASTBUS transceivers, deassert TMR, % 
% and JUMP to next 1. % 
% ELSE Continue to drive FASTBUS lines, and transceivers, and % 
% TMR, and loop here. % 
%DKUPR % 
% IF FBREO THEN RD•l, MS•l, Clear OS, assert DSACK, jump to % 
% NEXT2. % 
% ELSEIF OK=l THEN Assert DSACK, continue to drive FASTBUS lines, % 
% and processor and FASTBUS transceivers, deassert TMR, % 
% and JUMP to nextl. % 
% ELSE Continue to drive FASTBUS lines, and transceivers, % 
% assert TMR, and loop here. % 
%NEXT1 % 
% Continue to drive FASTBUS lines, DSACK, and transceivers, and % 
% Continue. % 
% Continue to drive FASTBUS lines, and transceivers negate OSACK % 
% and JUMP WAYHOME. % 
% % 
%NEXT2 Clear FASTBUS lines, release bus, keep DSACK asserted, jump % 
% to WAYHOME. % 
%---------------------------------------------------------------~-------% 
DATPBRX:IF /I6 %FBREQ*% 

MUXl] 

MUXO} 

THEN [CTRLOEF 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTS; 
ELSEIF I7 %FRWT% 
THEN [CDEF NSRT NDW DATAINPROC FDOE FCOE NIRQ DFFDIS 

HOLOB NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK 

JUMP DATPBRX; 
ELSEIF /Il %/FROS% 
THEN [CDEF NSRT NOW DATAINPROC FDOE FCOE NIRQ DFFDIS. 

HOLOB NEOBA NEG RD MSl XWT XDK SOS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO] 
JUMP DKUPR; 

ELSE [CDEF NSRT NOW DATAINPROC FDOE FCOE NIRO DFFDIS 
HOLOB NEOBA NEG RD MSl XWT XDK CDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO] 
JUMP DKDWNR; 

DKDWNR: IF /I6 %FBREO*% 

MUXl] 

THEN [CTRLDEF 
HOLDB NEOBA NEG RD MSl XWT XDK CDS XAS 
PFFOIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTS; 
ELSEIF /I4 %/FRDK\ 
THEN [CDEF NSRT NDW DATAINPROC FDOE FCOE NIRO DFFDIS 

HOLDS NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS OSAK MUXl] 

page 162 MBZ,GC,RK,JU 



FSCC-Version PC 3 October 22, 1990 · 

JUMP NEXTl; 
ELSE [CDEF NSRT NOW DATAINPROC FDOE FCOE NIRQ DFFDIS 

HOLDB NEOBA NEG RO MSl XWT XOK XOS XAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE TMR NCCLR STATS NOSAK MUXO] 
JUMP DKDWNR; 

DKUPR: IF /I6 %FBREQ*% 

MUXl] 

NEXTl: 

NEXT2: 

THEN [CTRLDEF 
HOLDB NEOBA NEG RO MSl XWT XOK CDS XAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT15 DSAK 

JUMP NEXT2; 
ELSEIF I4 %FROK% 
THEN [CDEF NSRT NOW DATAINPROC FDOE FCOE NIRQ DFFDIS 

HOLDB NEOBA NEG RO MSl XWT XOK XOS XAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS DSAK MUXl] 
JUMP NEXTl; . 

ELSE [CDEF NSRT NOW DATAINPROC FDOE FCOE NIRQ DFFDIS 
HOLDB NEOBA "NEG RD MSl XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE TMR NCCLR STATS NOSAK MUXO] 
JUMP DKUPR; 

[CDEF NSRT NOW DATAINPROC FDOE FCOE NIRO DFFDIS 
HOLDB NEOBA NEG RO MSl XWT XDK XOS XAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS DSAK MUXl] 
CONTINUE; 

[CDEF NSRT NOW DATAINPROC FDOE FCOE NIRO DFFDIS 
HOLDB NEOBA NEG RO MSl XWT XOK XDS XAS 
PFFDIS NSR SCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXl] 
JUMP WAYHOME; 

[CTRLDEF 
REL 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS DSAK MUXl] 
JUMP WAYHOME; 

%-----------------------------------------------------------------------% 
% Routine DATA_PROCESSOR_BLOCK_TRANSFER_WRITE % 
% --FAST-- --WRITE-- % 

%-----------------------------------------------------------------------% 
% As with DATPBR, DSACK will have to be returned after each DK(t) % 
% to allow the 68020 to output new data. % 
% % 
% Keep FASTBUS AD line drivers enabled, assert MS•l, set MUXl, % 
% and continue. % 
% IF FBREQ THEN Release bus, JUMP TO WAYHOME. % 
% ELSEIF WT•l THEN Assert MS•l, keep FASTBUS transceivers enabled,% 
% and enable FASTBUS drivers (POE*•l, DDIR•O, % 
% CPBAcO, DSAB~O, DSBA•l, DG*•O, FDOE*•O), and loop here. % 
% ELSEIF DS•O THEN Assert MS•l, DS(u), TMR, keep FASTBUS % 
% transceivers enabled and enable FASTBUS drivers (POE*•l,% 
% DDIR•O, CPBA=O, DSAB•O, DSBA•l, DG*•O, FDOE*•O), and % 
% JUMP to DKUPW. % 
% ELSE Assert MS=l, DS(d), TMR, keep FASTBOS transceivers enabled,% 
% and enable FASTBUS drivers (POE*•l, DDIR•O, % 
% CPBA=O, DSAB•O, DSBA•l, DG*•O, FDOE*•O), and JUMP to % 
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% DKDWNW. % 
%DKDWNW % 
% IF FBREQ THEN Release bus, JUMP TO HOME. % 
% ELSEIF DK•O THEN deassert MS, TMR, disab1e FASTBUS transceivers % 
% and drivers (POE*•O, DDIR=O, CPBA•O, DSAB•O, DSBA•O, % 
% DG*•l, FDOE*•l), and JUMP home. % 
% ELSE· continue to assert MS, TMR, and keep FASTBUS transceivers % 
% and drive~s enabled, and loop.here. % 
%DKUPW % 
% IF FSREQ THEN Release bus, JUMP TO HOME. % 
% ELSEIF DK•l THEN deassert MS, TMR, disable FASTSUS transceivers % 
% and drivers (POE*•O, DDIR•O, CPBA•O, DSAB•O, DSBA•O, % 
% DG*•l, FDOE*•l), and JUMP home. % 
% ELSE continue to assert MS, TMR~ and keep FASTSUS transceivers % 
% and drivers enabled, and loop here. % 
%-----------------------------------------------------------------------% 
DATPSWX:IF /I6 %FBREQ*% 

MUXl] 

MUXOJ 

DKDWNW: 

MUXl] 

THEN [CTRLDEF 
REL 
PFFDIS NSR NSC~K NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 

HOLDS NEOBA NEG NRD MSl XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK 

JUMP DATPBWX; 
ELSEIF /Il %/FROS% 
THEN [CDEF NSRT NDW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 

HOLDB NEOBA NEG NRD MSl XWT XDK SDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE ·NCEOE TMR NCCLR STATS NDSAK MUXO] 
JUMP DKUPW; 

ELSE [CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRO DFFDIS 
HOLDS NEOBA NEG NRD MSl XWT XDK CDS XAS 

THEN 

PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO] 
JUMP DKDWNW; 

IF /I6 %FBREQ*% 
[CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF /I4 %/FRDK% 
THEN [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRQ DFFDIS 

FSDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NOSAK MUXl] 
JUMP HOME; 

ELSE [CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 
HOLDS NEOBA NEG NRD MSl XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NOSAK MUXO] 
JUMP DKDWNW; 

DKUPW: IF /I6 %FBREQ*% 
THEN [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRQ DFFDIS 

REL 
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MUXlJ 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT15 NOSAK 

JUMP INTF; 
ELSEIF I4 %FRDK% 
THEN [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRQ DFFDIS 

FBDEF 
PFFDIS NSR SCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NDSAK MUXl] 
JUMP HOME; 

ELSE [CDEF NSRT NOW DATAOUTHOLD FDOE FCOE NIRQ DFFDIS 
HOLDB NEOBA NEG NRD MSl XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE TMR NCCLR STATS NDSAK MUXO} 
JUMP DKUPW; 

%-----------------------------------------------------------------------% 
% Routine LOCAL_COUNTER_LOAD % 
% --SLOW-- --WRITE-- % 
%--------------------------~--------------------------------------------% 
% This routine loads the Local Word Counter with data from % 
% the processor. Only the lower 12 bits of the 32 bit word % 
% are used. % 
% % 
% Set POE* true, put Local Word Counter into load mode, i 
% assert DSACK and continue. % 
% Negate POE*, put Local Word Counter into hold, keep DSACK % 
% asserted, and continue. % 
% Negate DSACK (hold DSACK false for two cycles to prevent % 
% sequencer from seeing FBSEL from this cycle when % 
% returning home). % 
% % 
LC_LOADX: [CHOLD NSRT NOW DATAOUT NFDOE FCOE NIRQ DFFDIS 

FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT9 DSAK MUXl] 
CONTINUE; 

[CHOLD NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 
FBDEF 
PFFDIS NSR SCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT9 NDSAK MUXl] 
JUMP WAYHOME; 

%--------------------------------------------------------------~--------% 
% Routine LOCAL_COUNTER_READ % 
% --SLOW-- --READ-- % 

%-----------------------------------------------------------------------% 
% Routine to allow the processor to read the value of the Local % 
% Word Counter. % 

% ' % Set POE* true, put Local Word Counter into Read mode, assert % 
% DSACK, and continue. % 
% Keep all outputs the same for one more cycle. % 
% Negate DSACK (hold DSACK false for two cycles to prevent % 
% sequencer from seeing FBSEL from this cycle when % 
% returning home). % 
% % 
LC_READX: [CREAD NSRT NDW COUNTIN NFDOE FCOE NIRO DFFDIS 

FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT9 DSAK MUXl] 
JUMP WAYHOME; 
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%------------------------------------------------------~----------------% % Routine FIFO WRITE % 
% --SLOW-- --WRITE-- % 

%-----------------------------------------------------------------------% % Routine to write a word from the 68020 into the processor % 
% and data FIFO' s. \ 
% % 
% Enable processor transceivers (POE*•O), set FIFO Write true % 
% (DW•l), enable FIFO's, set DSACK true. % 
% Set FCLK true. ' 
% Neqate DSACK, DW, FCLK, and POE*, JUMP TO WAYHOME. % 
% % 
FIFO_WRX: [CDEF NSRT DW DATAOUT NFDOE FCOE NIRQ DFFEN 

FBDEF 
PFFEN NSR SCLK FCLK NDEOE NCEOE NTMR NCCLR STATlO DSAK HUXl] 
JUMP WAYHOME; 

%-----------------------------------------------------------------------% 
% Routine OATA_FIFO_BLOCK_TRANSFER_READ % 
% • i· --FAST-- --WRITE Qr READ-- % 
%-------------------------------~--------------------------------~------% 
% This routine does a FASTBUS handshake block transfer read from % 
% the FASTBUS crate segment to the FSCC' s Output Port Data FIFO, % 
% and also the Processor Data FIFO. % 
%-----------------------------------------------------------------------% 
% Note: DDIR, and SAB must be held high throuqhout the block % 
% transfer operation. % 
% % 
%DATFBR:IF FBREQ % 
% THEN release bus jump to INTF % 
% ELSEIF WT•l % 
% THEN Enable FASTBUS xceivers, enable processor and Data FIFO's % 
% MS=l, RD•l, Place local word counter into hold, and % 
% loop here. % 
% ELSE Turn on FASTBUS xcievers, enable processor and Data FIFO's % 
% MS•l, RO=l, Place local word counter into count, set % 
% DS=l, NO FCLK ! , and jump to DATFBRX. % 
% % 
%BXFERLP:IF (/FROK * FRSSl) + EOB + FBREQ % 
% THEN Enable FASTBUS xceivers, enable processor and Data FIFO' s % 
% MS=l, RO=l, Place local word counter into hold mode, % 
% and JUMP to EOBIRQ. % 
% ELSEIF WT•l . % 
% THEN Enable FASTBUS xceivers, enable processor and Data FIFO's % 
% MS•l, RO•l, Place local word counter into hold, and % 
% loop here. % 
% ELSEIF DK•O % 
% THEN Turn on FASTBUS xcievers, enable processor and Data FIFO's % 
% MS•l, RO•l, Place local word counter into count, set % 
% DS•l, set FCLK, and continue. % 
% ELSE Place local word counter into hold, and loop here. \ 
% % 
%DATFBRX:Place counter into hold mode, neqate FCLK, set TMR, and % 
% continue. This cycle ensures that the FSCC's minimum % 
% FASTBUS cycle time (100ns) is not violated. If some % 
% slave returns DK too quickly, the FSCC could % 
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try to do another DS before the FIFO's were ready for 
the next word. This cycle keeps the sequencer from 
looking for DK before it should. 

Keep TMR true, and do another NOP for the same reason as above. 

% 
% 
% 
% 
% 
% 

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

IF (FRDK* FRSSl) + EOB + 
THEN counter•hold, NTMR, 
ELSEIF WT•l 

FBREQ % 
keep FIFO's enabled and jump to EOBIRQ.% 

% 
THEN counter•hold, ~TMR, 
ELSEIF DK•l 

keep both FIFO's enabled and loop here.% 

THEN counter•decr, set DS•O, set FCLK, keep FIFO's enabled, 
Clear TMR, and continue. 

ELSE counter=hold, TMR, keep FIFO's enabled, and loop here. 

Place local word counter in hold, negate FCLK, keep processor 
and oport FIFO's enabled, set TMR, and JUMP to DATFBR. 
This cycle ensures that the FSCC's minimum cycle time 
is not violated in the same way as above. 

% 

% 
% 
% 
% 
% 
% 

% 
% 

Keep TMR set, do another NOP for the same reason as above, 
jump to BXFERLP.. . 

and % 

%EOBIRQ:IF FBREQ THEN Release bus, jump to HOME. 
% ELSEIF DS=l 
% THEN counter•hold, TMR, continue. 
% ELSE counter=hold, TMR, JUMP DSLOWH. 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

--case DS=l--
IF FBREQ THEN Release bus, jump to HOME. 
ELSEIF DK•l THEN Clear TMR, continue. 
ELSE keep TMR true,- and wait here. 

Wait two cycles to allow for FIFO write. 

IF FBREQ THEN Release bus, jump to HOME. 
ELSEIF WT=l 
THEN RD=l, MS=O, 
ELSE DS•O, RD=O, 

counter•hold, FIFO's disabled loop here. 
MS=O, FIFO's Disabled continue. 

IF FBREQ THEN Release bus, jump HOME. 
ELSEIF DK=O THEN NTMR, EOBA, IRQ, jump HOME. 
ELSE TMR, wait here. 

%DSLOWH:IF FBREQ THEN Release bus, jump to HOME. 
% ELSEIF DK•O THEN clear TMR, continue. 
% ELSE TMR, wait here. 
% 
% 
% 
% 

wait three cycles to ensure FIFO write, then IRQ, EOBA, jump 
home. 

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

BXFERLP:IF (/I4 * IO) + I.3 + /t6 % (/FRDK * FRSSl) + FEOB + FBREQ*% 
THEN [CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 

HOLDB NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT7 NOSAK MUXO) 
JUMP EOBIRQ; 

ELSEIF I7 %FRWT% 
THEN [CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 
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HOLDS NEOSA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT7 NOSAK MUXO] 
.JUMP BXFERLP; 

ELSEIF /!4 %/FRDK% 
THEN [COUNT NSRT NDW DATAINFIFO FDOE FCOE NIRQ DFFEN 

HOLDS NEOBA NEG RD MSl XWT XDK SDS XAS 
PFFEN NSR NSCLK FCLK NOEOE NCEOE NTMR NCCLR STAT7 NOSAK MUXO] 
CONTINUE; 

ELSE [CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ DFFEN 
HOLDS NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT7 NOSAK MUXO] 
JUMP SXFERLP; 

DATFSRX: [CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ DFFEN 
HOLDS NEOSA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT7 NDSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRQ DFFEN 
HOLDB NEOSA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT7 NDSAK MUXOJ 
CONTINUE; 

WAIT3: IF (I4 * IO) + I3 + /I6 %(FRDK * FRSSl) + FEOS + FSREQ*% 

EOSIRQ: 
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THEN [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDS NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT7 NDSAK MUXOJ 
.JUMP EOSIRQ; 

ELSEIF I7 %FRWT% 
THEN [CHOLD NSRT NDW DATAINFIFO FOOE FCOE NIRQ DFFEN 

HOLDS NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT7 NDSAK. MUXO] 
.JUMP WAIT3; 

ELSEIF I4 %FRDK% 
THEN [COUNT NSRT NDW DATAINFIFO FDOE FCOE NIRQ OFFEN 

HOLDB NEOSA NEG RD MSl XWT XOK CDS XAS 
PFFEN NSR NSCLK FCLK NDEOE NCEOE NTMR NCCLR STAT7 NDSAK MUXO] 
CONTINUE; 

ELSE [CHOLD NSRT NOW DATAINFIFO FOOE FCOE NIRO OFFEN 
HOLDS NEOSA NEG RD MSl XWT XDK XDS XAS 

THEN 

PFFEN NSR NSCLK NFCLK NOEOE NCEOE TMR NCCLR STAT7 NOSAK MUXO] 
JUMP WAIT3; 

[CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ DFFEN 
HOLDS NEOSA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT7 NDSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRO DFFEN 
HOLDS NEOSA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT7 NOSAK MUXO] 
JUMP SXFERLP; 

IF /IO %/FR$Sl% 
[CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDS NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK FCLK NOEOE NCEOE NTMR NCCLR STAT7 NOSAK MUXO] 
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MUXO} 

CONTINUE; 
ELSE [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRO OFFEN 

HOLDS NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT7 NDSAK MUXO) 
CONTINUE; 

IF /I6 %FBRE0*% 
THEN [COEF NSRT NDW OATAOUT NFOOE FCOE NIRO DFFOIS 

REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF Il %FRDS% 
THEN [CHOLD NSRT NDW OATAINFIFO FDOE FCOE NIRQ OFFEN 

HOLDS NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT7 NDSAK MUXO) 
CONTINUE; . 

ELSE [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRO OFFEN 
HOLDS NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT7 NDSAK MUXO) 
JUMP DSLOWH; 

% Case--DS=l 
DSHIGHH:IF /I6 %FSREQ*% 

MUXO] 

THEN [CDEF NSRT NDW DATAOUT NFDOE FCOE NIRO DFFDIS 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT15 NDSAK 

JUMP INTF; 
ELSEIF I4 %FRDK% 
THEN [CHOLD NSRT NOW DATAINFIFO FOOE FCOE NIRO OFFEN 

HOLDS NEOSA NEG RD MSl"XWT XDK XOS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT7 NDSAK MUXO) 
CONTINUE; 

ELSE [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDS NEOSA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STAT7 NDSAK MUXO] 
JUMP DSHIGHH; 

[CHOLO NSRT NDW OATAINFIFO NFOOE FCOE NIRQ OFFEN 
HOLDS NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT7 NDSAK MUXOJ 
CONTINUE; 

[CHOLD NSRT NDW DATAINFIFO NFDOE FCOE NIRO OFFEN 
HOLDB NEOBA NEG RD MSl XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT7 NDSAK MUXO) 
CONTINUE; _. 

WAITS: IF /I6 %FSRE0*% 
THEN [CDEF NSRT NDW DATAOUT NFDOE FCOE NIRO OFFDIS 

REL 
PFFOIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

MUXl] 
JUMP INTF; 

ELSEIF I7 
THEN [CTRLDEF 
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MUXO] 

HOLDB NEOBA NEG RD MSO XWT XDK XOS XAS 
PFFOIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT7 NOSAK 

JUMP WAITS; 
ELSE (CTRLDEF 

HOLDB NEOBA NEG NRD MSO XWT XOK CDS XAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE TMR NCCLR STAT7 NOSAK MUXOJ 
CONTINUE; 

WAIT6: IF /I6 %FBREQ*% 

MUXl] 

THEN [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRQ DFFDIS 
REL 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT15 NOSAK 

JUMP INTF; 
ELSEIF /I4 %FRDK•0% 
THEN [CDEF NSRT NOW DATAOUT NFDOE FCOE IRQ DFFDIS 

HOLDS EOSA NEG NRD MSO XWT XOK XOS XAS 
PFFDIS NSR SCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT7 NOSAK MUXl] 
JUMP HOME; 

ELSE [ CTRLDEF ._ 
HOLDS NEOBA NEG RD MSO XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE TMR NCCLR STAT7 NOSAK MUXO] 
JUMP WAIT6; 

% case--os-o 
DSLOWH: IF /I6 , %FSREQ*% 

MUXl] 
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THEN [CDEF NSRT NOW DATAOUT NFDOE FCOE NIRO DFFDIS 
REL 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATlS NOSAK 

JUMP INTF; 
ELSEIF /I4 %FRDK•0% 
THEN [CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 

HOLDS NEOBA NEG RD MSl XWT XOK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT7 NOSAK MUXl] 
CONTINUE; 

ELSE [CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDS NEOSA NEG RD MSl XWT XDK XOS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE TMR NCCLR STAT7. NOSAK MUXO] 
JUMP DSLOWH; 

[CHOLD NSRT NOW OATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDS NEOBA NEG RD MSl XWT XOK XOS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT7 NOSAK MUXl] 
CONTINUE; 

[CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ DFFEN 
HOLDB NEOBA NEG RD MSl XWT XOK XOS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT7 NOSAK MUXl] 
CONTINUE; 

[CROLD NSRT NOW DATAINFIFO FDOE FCOE IRQ DFFEN 
HOLDB EOBA NEG RD MSl XWT XOK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT7 NOSAK MUXl] 
JUMP HOME; 

MB2,oc,RK,ru 



FSCC-Version PC 3 October 22, 1990 

%-----------------------------------------------------------------------% % Routine DATA_FIFO_PIPELINED_READ_l (100ns transfers) % 
% --FAST-- --WRITE or READ-- % 
%-----------------------------------------------------------------------% 
% FASTBUS pipeline block transfer read from the FASTBUS crate % 
% segment to the FSCC's Output Port Data FIFO, and also the % 

·% Processor Data FIFO if enabled through the parrallel port. % 

% ' % Set FASTBUS xcievers for input (OOIR•l, SAB•l, FOOE*•O), % 
% enable data and processor FIFO' s (OFIFOEN-1·, PFIFOEN•l),' 
% MS•3, RO•l, and continue. % 
% % 
% Note: ODIR, and SAB must be held high throughout the block % 
% transfer operation. % 
% % 
%DATFPl:IF FBREQ THEN Release bus, jump to INTS. % 
% ELSEIF WT•l % 
% THEN Enable FASTBUS xceivers for input, MS•3, RO•l, Place local % 
% word counter into hold, and loop here. % 
% ELSE Enable FASTBUS xceivers for input, MS•3, RO•l, Place local % 
% word counter into count, set OS=l, and JUMP to OATFPlX: % 
% % 
%PXFR1LP:IF FBREQ THEN Release bus, jump to INTS. % 
% ELSEIF WT=l % 
% THEN Enable FASTBUS xceivers for input, MS•3, RO•l, Place local % 
% word counter into hold, and loop here. % 
% ELSEIF EOB % 
% THEN Enable FASTBUS xceivers for input, MS•3, RO•l, Place local % 
% word counter into hold mode, and JUMP to EOBPIPE. % 
% ELSE Enable FASTBUS xceivers for input, MS•3, RO•l, Place local % 
% word counter into count, set OS•l, set FCLK, and "% 
% continue. % 
% % 
%DATFP1X:Place counter into hold mode, negate FCLK, and % 
% continue. This cycle provides the FSCC's % 
% FASTBUS cycle time (lOOns). % 
% % 
% IF FBREQ THEN Release bus, jump to HOME. % 
% ELSEIF WT=l % 
% THEN counter=ho..ld, keep both FIFO'~ enabled and loop here. % 
% ELSEIF EOB % 
% THEN counter=hold, keep FIFO' s enabled and jump to EOBPIPE. % 
% ELSE counter=decr, set DS•O, set FCLK, keep FIFO's enabled, % 
% and continue. % 
% % 
% Place local word counter in hold, negate FCLK, keep processor % 
% and oport FIFO's enabled, and JUMP to PXFRlLP. % 
% This cycle provides the FSCC's cycle time. % 
% % 
%EOBPIPE:IF SS <> 2 (Local counter terminated the block transfer) % 
% THEN FCLK continue. % 
% ELSE (SS•2 terminated the block transfer) continue. % 
% % 
% IF FBREQ THEN Release bus, jump to HOME. % 
% ELSEIF OS•l % 
% THEN counter•hold, TMR, continue. % 
% ELSE counter=hold, TMR, JUMP OSLOWP. % 
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% 
% --case OS•l--

% 
% 

%DSHIGHP: IF FBREQ THEN Release bus, jump to HOME. ' % % ELSEIF OK•l THEN Clear TMR, continue. 
% ELSE keep TMR true, and wait here. % 

% 
% 
% 

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

Wait two cycles to allow for FIFO write. 

IF FBREQ THEN Release bus, jump to HOME. % 
ELSEIF WT•l THEN RD•l, counter-hold, disable FIFO's, loop here. % 
ELSE RD•O, MS•O, os-o, disable FIFO', continue. % 

IF FBREQ THEN Release bus, jump to HOME. 
ELSEIF OK=O THEN clear TMR, EOBA, IRQ, continue. 
ELSE TMR, wait here. 

% --case os-o--

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

%OSLOWP: IF FBREQ THEN Release bus, jump to HOME. 
% ELSEIF DK•O THEN clear TMR, CONTINUE. 
% ELSE TMR, wait here. 
% 
% 
% 
% 

Wait three cycles to ensure FIFO write, then IRQ, EOBA, jump 
home. 

% 
PXFRlLP:IF /I6 

THEN 
%FBREQ*% 

[CTRLOEF 

MUXl] 

REL 
PFFOIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CHOLO NSRT NOW OATAINFIFO FOOE FCOE NIRQ OFFEN 

HOLOB NEOBA NEG RD MS3 XWT XOK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
JUMP PXFRlLP; 

ELSEIF I3 %FEOB% 
THEN [CHOLO NSRT NOW OATAINFIFO FOOE FCOE NIRQ OFFEN 

HOLDB NEOBA NEG RO MS3 XWT XOK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
JUMP EOBPIPE; 

ELSE [COUNT NSRT NOW OATAINFIFO FOOE FCOE NIRQ OFFEN 
HOLOB NEOBA NEG RD MS3 XWT XOK SOS XAS 
PFFEN NSR NSCLK FCLK NDEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
CONTINUE; 

OATFPlX: [CHOLO NSRT NOW. OATAINFIFO FOOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XOK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

WAIT7: IF /I6 'FBREQ*% 

MUXl] 
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THEN [CDEF NSRT NOW OATAOUT NFOOE FCOE NIRQ OFFOIS 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
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THEN [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
JUMP WAIT7; 

ELSEIF I3 %FEOB% 
THEN [CHOLD NSRT NDW OATAINFIFO FDOE FCOE NIRQ OFFEN 

HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
JUMP EOBPIPE; 

ELSE [COUNT NSRT NDW OATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK CDS XAS 
PFFEN NSR NSCLK FCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NOW OATAINFIFO FOOE FCOE NIRQ OFFEN 
HOLOB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
JUMP PXFRlLP; 

EOBPIPE:IF /IO %/FRSS1% 

MUXl] 

THEN [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRO OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK XOS XAS 
PFFEN NSR NSCLK FCLK NDEOE NCEOE NTMR·NCCLR STATS NDSAK MUXO] 
CONTINUE; 

ELSE [CHOLD NSRT NOW OATAINFIFO FDOE FCOE NIRO OFFEN 
HOLOB NEOBA NEG RD MS3 XWT XDK XOS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

IF /I6 %FBREQ*% 
THEN [CDEF NSRT NOW OATAOUT NFOOE FCOE NIRO OFFOIS 

REL 
PFFOIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT15 NDSAK 

JUMP INTF; 
ELSEIF Il %FRDS% 
THEN [CHOLO NSRT NOW OATAINFIFO FOOE FCOE NIRO OFFEN 

HOLOB NEOBA NEG RD MS3 XWT XDK XOS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

ELSE [CHOLD NSRT NDW OATAINFIFO FOOE FCOE NIRO OFFEN 
HOLOB NEOBA NEG RD MS3 XWT XOK XOS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO] 
JUMP OSLOWP; 

% case OS=l % 
OSHIGHP:IF /I6 

THEN 
%FBREQ*% 

[COEF NSRT NDW OATAOUT NFDOE FCOE NIRO OFFOIS 
REL 

MUXl] 
PFFOIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STAT15 NDSAK 

JUMP INTF; 
ELSEIF I4 %FRDK% 
THEN [CHOLO NSRT NOW OATAINFIFO FOOE FCOE NIRO OFFEN 

HOLOB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 
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ELSE [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDS NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO] 
JUMP DSHIGHP; 

[CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDS NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXOJ 
CONTINUE; 

[CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

WAIT9: IF /I6 %FBREQ*% 

MUXl] 

MUXOJ 

WAITlO: 

MUXl]. 

THEN [CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CTRLDEF 

HOLDS NEOBA NEG RD MSO XWT XDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK 

JUMP WAIT9; 
ELSE [ CTRLDEF 

THEN 

HOLDB NEOSA NEG RD MSO XWT XDK COS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

IF /I6 %FBREQ*% 
[CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ DFFDIS 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT15 NDSAK 

JUMP INTF; 
ELSEIF /I4 %FRDK=0% 
THEN [COEF NSRT NDW OATAOUT NFDOE FCOE IRQ DFFDIS 

HOLDB EOBA NEG NRD MSO XWT XDK XDS XAS 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR iAK MUXl] 
JUMP HOME; 

ELSE [CTRLDEF 
HOLDB NEOBA NEG RD MSO XWT XDK XDS XAS 
PFFOIS NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXO] 
JUMP WAITlO; 

% Case os-o % 
OSLOWP: 

MUXl] 
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THEN 
IF /I6 %FBREQ*% 
[CDEF NSRT NDW DATAOUT NFOOE FCOE NIRO DFFDIS 
REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF /I4 %FRDK•0% 
THEN [CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRO OFFEN 
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HOLDB NEOBA NEG RD MS3 XWT XOK XOS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE TMR NCCLR STATS NOSAK MUXl] 
CONTINUE; 

ELSE [CHOLD NSRT NOW DATAINFIFO NFDOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK XOS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO) 
JUMP OSLOWP; 

[CHOLD NSRT NOW OATAINFIFO FOOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXl) 
CONTINUE; 

[CHOLD NSRT NOW OATAINFIFO FOOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE TMR NCCLR STATS NDSAK MUXl] 
CONTINUE; 

(CHOLD NSRT NOW DATAINFIFO FDOE FCOE IRQ OFFEN 
HOLDB EOBA NEG RD MS3 XWT XDK XOS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE TMR NCCLR STATS NDSAK MUXl] 
JUMP HOME; 

%-----------------------------------------------------------------------% % Routine OATA_FIFO_PIPELINED_READ_2 (200ns transfers) % 
% --FAST-- --WRITE or READ-- % 

%-----------------------------------------------------------------------% 
% This routine does a FASTBUS pipeline block transfer read from % 
% the FASTBUS crate segment to the FSCC's Output Port Data FIFO, % 
% and also the Processor Data FIFO. % 

% ' % Note: DOIR, and SAB must be held hiqh throuqhout the block % 
% transfer operation. % 
% % 
%DATFP2:IF FBREQ THEN Release bus, JUMP WAYHOME. % 
% ELSEIF WT=l % 
% THEN Enable FASTBUS xceivers for input, Enable FIFO' s, MS•3, % 
% RD•l, Place local word counter into hold, and loop here.% 
% ELSEIF EOB % 
% THEN Enable FASTBUS xceivers for input, enable FIFO's, MS=3, % 
% RD=l, Place local word counter into hold mode, and % 
% JUMP to EOBPIPE. % 
% ELSE Enable FASTBUS xceivers for input, enable FIFO's, MS•3, % 
% RD•l, Place local word counter into count, set DS•l, % 
' and JUMP to OATFP2X. ' 

% ' 
%PXFR2LP:IF FBREQ THEN Release bus, JUMP WAYHOME. ' 
% ELSEIF WT•l % 
% THEN Enable FASTBUS xceivers for input, Enable FIFO's, MS•3, % 
% RD=l, Place local word counter into hold, and loop here.% 
% ELSEIF EOB % 
% THEN Enable FASTBUS xceivers for input, enable FIFO's, MS•3, t 
% RD•l, Place local word counter into hold mode, and % 
% JUMP to EOBPIPE. % 
% ELSE Enable FASTBUS xceivers for input, enable FIFO' s, MS•3, % 
% RD•l, Place local word counter into count, set DS=l, % 
% set FCLK, and continue. % 
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% 
%OATFP2X:Place 
% 

counter into hold mode, neqate FCLK, and 
continue. These cycles provide the FSCC's 
FASTBUS cycle time (200ns). 

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

Continue (add SOns to cycle time). 

Continue (add SOns to cycle time). 

IF FBREO THEN Release bus, jump to HOME. 
ELSEIF WT•l 
THEN counter•hold, keep both FIFO's enabled and loop here. 
ELSEIF EOB 
THEN counter•hold, keep FIFO's enabled and jump to EOBPIPE. 
ELSE counter•decr, set OS•O, set FCLK, keep FIFO's enabled, 

and continue. 

Place local word counter in hold, neqate FCLK, keep processor 
and oport FIFO's enabled, and Continue. 
These cycles provide the FSCC's ·cycle time. 

Continue (add SOns to cycle time) . 

Jump to PXFR2LP. (add SOns to cycle time). 

PXFR2LP:IF /I6 %FBREQ*% 
(CTRLDEF 

MtJXl] 

THEN 
REL 
PFFOIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRO OFFEN 

HOLDB NEOBA NEG RD MS3 XWT XDK XOS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
JUMP PXFR2LP; 

ELSEIF I3 %FEOB% 
THEN [CHOLO NSRT NOW OATAINFIFO FOOE FCOE NIRO OFFEN 

HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT~ NDSAK MUXO] 
JUMP EOBPIPE; 

ELSE [COUNT NSRT NOW DATAINFIFO FDOE FCOE NIRO OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK SOS XAS 
PFFEN NSR NSCLK FCLK NDEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
CONTINUE; 

DATFP2X: [CHOLD NSRT NOW OATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
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PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NOW OATAINFIFO FDOE FCOE NIRO OFFEN 
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WAITll: 

MUXl] 

THEN 

HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
CONTINUE; 

IF /I6 %FBREQ*% 
[CDEF NSRT NOW DATAOUT NFDOE FCOE NIRQ DFFDIS 
REL 
PFFDIS NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATlS NOSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 

HOLDS NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
JUMP WAITll; 

ELSEIF I3 %FEOB% 
THEN [CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 

HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
JUMP EOSPIPE; 

ELSE [COUNT NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDS NEOSA NEG RD MS3 XWT XDK CDS XAS 
PFFEN NSR NSCLK FCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDS NEOSA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDS NEOSA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLDS NEOSA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
JUMP PXFR2LP; 

%-----------------------------------------------------------------------% 
% Routine DATA FIFO PIPELINED READ 4 (400ns transfers) % 
% --FAST-- --READ or WRITE-- - - . % 
%----------------------------------------------~------------------------% 
% This routine does a FASTBUS pipeline block transfer read from % 
% the FASTSUS crate segment to the FSCC's Output Port Data FIFO, % 
% and also the Processor Data FIFO. % 
% % 
% Note: DDIR, and SAS must be held high throughout the block % 
% transfer operation. % 
% % 
%DATFP4:IF FBREQ THEN Release bus, jump to WAYHOME. % 
% ELSEI.F WT•l % 
% THEN Enable FASTSUS xceivers for input, enable data -and % 
% processor FIFO's, MS•3, RD•l, Place local word counter % 
% into hold, and loop here. % 
% ELSEIF EOB % 

2 .. 
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% 
% 
% 
% 
% 
% 
% 

THEN 

ELSE 

Enable FASTBUS xceivers for input, enable FIFO's, Place % 
local word counter into hold mode, MS•3, RD•l, and JUMJ? % 
to EOBPIPE. % 

Enable FASTBUS xceivers for input, enable FIFO's, Place % 
local word counter into count, MS•3, RD•l, set DS•l, % 
and JUMP to DATFP4X. % 

%PXFR4LP:IF FBREO THEN Release bus, jump to WAYHOME. 
% 
% 
% % 

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

' % 
% 
% 
% 
% 

' % 

' % 
% 

' 

~ ·!t"! 
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ELSEIF WT•l 
THEN Enable FASTBUS xceivers for input, enable data and 

processor FIFO's, MS•3, RD•l, Place local word counter 
into hold, and loop here. 

ELSEIF EOB 
THEN Enable FASTBUS xceivers for input, enable FIFO's, Place 

local worq counter into hold mode, MS•3, RD•l, and JUMJ? 
to EOBPIPE. 

ELSE Enable FASTBUS xceivers for input, enable FIFO's, Place 
local word counter into count, MS•3, RD•l, set DS•l, 
set FCLK, and continue. 

Place counter into hold mode, negate FCLK, and 
continue. These cycles provide the FSCC's 
FASTBUS cycle time (400ns). 

Continue (add sons to cycle time). 

Continue (add sons to cycle time). 

Continue (add sons to cycle time). 

Continue (add sons to cycle time). 

Continue (add sons to cycle time). 

Continue (add sons to cycle time). 

IF FBREQ THEN Release bus, jump to HOME. 
ELSEIF WT=l 
THEN counter=hold, keep both FIFO's enabled and loop here. 
ELSEIF EOB 
THEN counter•hold, keep FIFO's enabled and jump to EOBPIPE. 
ELSE counter•decr, set OSaO, set FCLK, keep FIFO's enabled, 

and continue. 

Place local word counter in hold, neqate FCLK, keep processor 
and oport FIFO's enabled, and Continue •. 
These cycles provide the FSCC's cycle time. 

Continue (add sons to cycle time) . 

Continue (add sons to cycle time). 

Continue (add sons to cycle time). 

Continue (add sons to cycle time). 

Continue (add sons to cycle time). 

% 

' ' % 

' % 

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
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% % 
% Jump to PXFlt4LP. (add 50ns to cycle time). % 
% % 
PXFR4LP:IF /I6 %FBREQ*% 

MUXl] 

THEN [CTRLOEF 
REL 
PFFOIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CHOLD NSRT NOW OATAINFIFO FDOE FCOE NIRQ OFFEN 

HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
JuMp PXFR4LP; 

ELSEIF I3 %FEOB% 
THEN [CHOLO NSRT NOW OATAINFIFO FOOE FCOE NIRQ OFFEN 

HOLOB NEOBA NEG RD'MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
JUMP EOBPIPE; 

ELSE [COUNT NSRT NOW OATAINFIFO FOOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK SOS XAS 
PFFEN NSR NSCLK FCLK NOEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

DATFP4X: [CHOLD NSRT NOW OATAINFIFO FOOE FCOE NIRQ OFFEN 
HOLOB NEOBA NEG RD MS3 XWT XOK XOS XAS 
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PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

[CHOLO NSRT NOW OATAINFIFO FOOE FCOE NIRQ OFFEN 
HOLDB NEOBA·NEG RD MS3 XWT-XOK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
CONTINUE; 

[CHOLO NSRT NOW OATAINFIFO FOOE FCOE NIRO OFFEN 
HOLOB NEOBA NEG RD MS3 XWT XDK XOS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NOW DATAINFIFO FDOE FCOE NIRO OFFEN 
HOLOB NEOBA NEG RD MS3 XWT XDK XOS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
CONTINUE·; 

[CHOLD NSRT NOW DATAINFIFO FOOE FCOE NIRO OFFEN 
HOLOB NEOBA NEG RD MS3 XWT XDK XOS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
CONTINUE; 

[CHOLO NSRT NOW OATAINFIFO FOOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XOK XDS XAS 
PFFEN NSR NSCLK NFCLK NOEOE NCEOE NTMR NCCLR STATS NOSAK MUXO] 
CONTINUE; 

[CHOLO NSRT NOW OATAINFIFO FDOE FCOE NIRO OFFEN 
HOLOB NEOBA NEG RD MS3 XWT XDK XDS XAS 
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WAIT12: 

MUXl] 
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THEN 

PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

IF /I6 %FBREQ*% 
[COEF NSRT NDW DATAOUT NFOOE FCOE NIRO DFFOIS 
REL 
PFFDIS NSR.NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTF; 
ELSEIF I7 %FRWT% 
THEN [CHOLD NSRT NDW DATAINFIFO FOOE FCOE NIRQ OFFEN 

HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXOJ 
JUMP WAIT12; . 

ELSEIF I3 %FEOB% 
TH~N [CHOLD NSRT NDW DATAINFIFO FOOE FCOE NIRQ OFFEN 

HOLDB NEOBA NEG RD MS3 XWT XOK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXOJ 
JUMP EOBPIPE; 

ELSE [COUNT NSRT NDW OATAINFIFO FOOE FCOE NIRO OFFEN 
HOLOB NEOBA NEG RD MS3 XWT XOK CDS XAS 
PFFEN NSR NSCLK FCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXOJ 
CONTINUE; 

[CHOLD NSRT NDW DATAINFIFO FOOE FCOE NIRO OFFEN 
HOLOB NEOBA NEG RD MS3 XWT XOK XOS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXOJ 
CONTINUE; 

[CHOLD NSRT NDW OATAINFIFO FDOE FCOE NIRO OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXOJ 
CONTINUE; 

{CHOLD NSRT NDW OATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLOB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXOJ 
CONTINUE; 

[CHOLO NSRT NOW OATAINFIFO FOOE FCOE NIRO OFFEN 
HOLDS NEOBA NEG RD MS3 XWT XDK XOS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NDW DATAINFIFO FDOE FCOE NIRQ OFFEN 
HOLOB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO} 
CONTINUE; 

[CHOLD NSRT NDW OATAINFIFO FOOE FCOE NIRQ OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XDK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
CONTINUE; 

[CHOLD NSRT NDW DATAINFIFO FOOE FCOE NIRO OFFEN 
HOLDB NEOBA NEG RD MS3 XWT XOK XDS XAS 
PFFEN NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATS NDSAK MUXO] 
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JUMP PXFR4LP; 

%-----------------------------------------------------------------------% 
% SLAVE_DATA_INPUT % 
% --SLOW-- --READ-- % 

%-----------------------------------------------------------------------% 
% Enable FASTBUS AD line receivers, Clear WT, jump to SLVDINX. % 
% % 
% IF FBREQ then release bus, jump to INTS. \ 
% ELSEIF WT•l, THEN wait here. ' 
% ELSEIF DS•l THEN latch FASTBUS AD lines, set DK, DSACK, ' 
% continue. % 
' ELSE (DS•O) THEN latch FASTBUS AD lines, clear DK, DSACK, ' 
% continue. % 

% ' % DSACK, Hold latched FASTBUS data, jump WAYHOME. ' 
SLVDINX:IF /I6 %FBREQ% 

THEN [CTRLDEF 

MUXl] 

ELSE IF 
THEN 

MUXO] 

ELSE IF 
THEN 

MUXO] 

ELSE 

MUXO] 

REL 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP INTS; 
17 %FRWT% 

[CDEF NSRT NDW DATAINPROC FDOE FCOE NIRQ DFFDIS 
FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATl3 NDSAK 

JUMP SLVDINX; 
I1 %FROS% 
[CDEF NSRT NDW DATAINLATCH FDOE FCOE NIRQ DFFDIS 
NREQ NEOBA NEG NRD MSO XWT SOK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATl3 DSAK 

CONTINUE; 
[CDEF NSRT NDW DATAINLATCH FDOE FCOE NIRQ DFFDIS 
NREQ NEOBA NEG NRD MSO XWT CDK XDS XAS 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATl3 DSAK 

CONTINUE; 

[CDEF NSRT NDW DATAINHOLD NFDOE FCOE NIRQ DFFDIS 
FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT13 DSAK MUXl] 
JUMP WAYHOME; 

%-----------------------------------------------------------------------% 
% Null % 
% --FAST-- WRITE or READ-- % 

%-----------------------------------------------------------------------% 
NULLX: [CTRLDEF 

FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT12 NDSAK 

MUXl] 
JUMP WAYHOME; 

%-----------------------------------------------------------------------% 
% End Of Event % 
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% --SLOW-- --WRITE-- % 

%---~-------------------~~~~~~~~~~~~~----------------------% 
% --Two dwnmy words-- \ 
% DW (Data FIFO Write), DEOE, CEOE, OFFEN, Set FASTBUS interface % 
% transceivers for output to FIFO (Data and Processor). % 
% DSACK, continue. % 

% ' % Hold all lines for one more cycle (make sure that the write % 
% pulse to the FIFO's is lonq enough). % 

% ' % Hold DEOE true for one more cycle while DW is false. This % 
% provides the "hold" time for the fifo's. % 

% ' 
% Set CW, for two cycles to insert another dummy word with DEOE % 
% false. % 

% ' 
% Hold DEOE true for one more cycle while DW is false, to % 
% ensure that the fifo data hold time spec is met. % 
% % 
EOEX: 

MUXl) 

MUXl) 

MUXl) 

MUXl) 

[CDEF NSRT DW OATAOUT NFDOE FCOE NIRQ OFFEN 
FBDEF 
PFFDIS NSR NSCLK NFCLK DEOE CEOE NTMR NCCLR STAT14 DSAK MUXl] 
CONTINUE; 

[CDEF NSRT NDW DATAOUT NFDOE FCOE NIRO OFFEN 
FBDEF 
PFFDIS NSR NSCLK NFCLK DEOE NCEOE NTMR NCCLR STAT14 NDSAK 

CONTINUE; 

[CDEF NSRT OW DATAOUT NFDOE FCOE NIRQ OFFEN 
FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT14 NDSAK 

CONTINUE; 

[CDEF NSRT DW DATAOUT NFDOE FCOE NIRQ OFFEN 
FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT14 NDSAK 

CONTINUE; 

[CDEF NSRT NDW DATAOUT NFDOE FCOE NIRQ OFFEN 
FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STAT14 NDSAK 

JUMP HOME; 

%------- - -----•- w------------------------------------------------% 
% Interrupt handler % 

%----------- -- -------------------------------------------------% % Being interrupted means that there was a FASTBUS error, or \ 
% the RB (Reset Bus) line has been driven true. In either case % 
\ the sequencer's assigned task is simply to abort any operation % 
% it is currently doing, and return to idle state. % 

' % % Returning DSACK to the 68020, is a preisely timed function % 
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% which the sequencer must perform. DSACK is asserted true % 
% for exactly two sequencer cycles. Then it is deasserted, and % 
% the FBxS* lines may not be sampled for three sequencer cycles. % 
% What this means is that when a routine wants to return DSACK % 
% and return to idle, it must do three nop type cycles before % 
% testing either of the two FBxS* lines. % 

% ' % The interrupt handler is a strange routine since the IRQ line % 
% is tested at almost every "IF" instruction there i~. If IRQ is % 
% true at any of these places, the IH m~st make sure that DSACK % 
% is returned with the proper timinq in mind. % 

% ' INTS: 

MUXl] 

INTF: 

MUXl] 

MB2,oc,RK,ru 

[CTRLDEF 
FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS DSAK MUXl] 
CONTINUE; 

[CTRLDEF 
FBDEF 
PFFDIS NSR NSCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS DSAK 

JUMP WAYHOME; 

[CTRLDEF 
FBDEF 
PFFDIS NSR SCLK NFCLK NDEOE NCEOE NTMR NCCLR STATlS NDSAK 

JUMP WAYHOME; 
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;FF_ CTRL.ABL-2/28/90 
MODULE FB CTRL FF 
TITLE 'FB-CTRL-FF VERSION 14-AUG-89 1000 hrs• 
FF_CTRL DEVICE-'P22Vl0'; 

FSAS PIN l; 
FCAS PIN. 2; 
FSDS PIN 3; 
FCDS PIN 4; 
FSDK PIN 5; 
FCDK PIN 6; 
!SPOE PIN 7; 
SLCOE PIN 8; 
!SDG PIN 9; 
!SR PIN 10; 
DDIR PIN ll; 
!FCOE PIN 13; 
!DG PIN 14; 
!LCOE PIN 15; 
!POE PIN 16; 
! FB2S·~· PIN 18; 
!FBlS PIN 19; 
!PWRITE PIN 20; 
FDDK PIN 21; 
FOOS PIN 22; 
FDAS PIN 23; 

EQUATIONS 

FDAS (FSAS t (FDAS & !FCAS)) & FCOE; 

FOOS (FSDS t (FOOS & !FCOS)) & FCOE; 

FOOK (FSDK t (FOOK & !FCDK)) & FCOE; 

" Equations to prevent bus conflicts on the IOD bus, by preventing 
" any two enables from being true at one time. 
" POE* is only true during a processor write when selected ($POE & 
" PWRITE & (FBlS I FB2S)), when the 646's (! (SDG & DDIR)), the Data 
" FIFO (!SR), and the Local Counter ( ! SLCOE), are not driving the IOD 
" bus. POE* is also true during processor reads (t (SPOE & !PWRITE). 
POE = ( (SPOE & PWRITE) & ! (SDG & DDIR) & !SR & ! SLCOE t (SPOE & ! PWRITE)) 
& (FBlS t FB2S); 

" 
" 
" 
LCOE 

" 
" 
" 
" 
DG 

In similar fashion to POE*, LCOE is only true during processor reads 
(! (SPOE & PWRITE)), when the 646's ! (SOG & DDIR), and the Data FIFO 
(!SR), are not enabled. 

-= SLGOE & ! (SOG & DDIR) & ! SR & ! (SPOE & PWRITE) ; 

Again, as above, DG* (646's) can only be true during processor reads 
(! (SPOE & PWRITE)), when the Data FIFO (!SR), and the Local Counter 
(!SLCOE), are not enabled. Also, OG* can be true when driving the 
FASTBUS AD lines (# (SOG & !DDIR)). 
• (SOG & ODIR) & !SR & !SLCOE & ! (SPOE & PWRITE) f (SOG & !DOIR); 

END FB_CT~_FF 
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FIFO CTR.ABL-2128/90 
MODULE FIFO CTRL 
TITLE 'FIFO-CTRL VERSION 28-FEB-90 1500 hrs' 
FIFO_CTR DEVICE 'P22Vl0'; 

CLK PIN l; 
OFIFOEN PIN 2; 
PFIFOEN PIN 3; 
COP YEN PIN 4; 
FRDK PIN 5; 
FW PIN 6; 
SOCPAB PIN 7; 
FRSSl PIN 8; 

DKT PIN 15; 
FRDKZ · PIN 16; 
SA PIN 17; 
SB PIN 18; 
SC PIN 19; 
SD PIN 20; 
DCPAB PIN 21; 

!OW PIN 23; 
!PW PIN 22; 

NS TATE = [SA, SB] 
PS TATE - [SC,SD] 
so CO, OJ; 
Sl - (0,1); 
S2 - Cl, OJ; 
S3 = (1,1); 

EQUATIONS 

FRDKZ := FRDK; 

DKT := ((!FRSSl & (FRDK != FRDKZ)) I DKT) & ! (NSTATE =• 0); 

WHEN (NSTATE SO) & ((!FRSSl & (FRDK !• FRDKZ)) I DKT) THEN NSTATE := Sl; 

WHEN (NSTATE Sl) THEN NSTATE := S2; 

WHEN (NSTATE •• S2) THEN NSTATE :• S3; 

WHEN (NSTATE •• S3) THEN NSTATE :• SO; 

ow :• ((((NSTATE •-SO) & ((!FRSSl & (FRDK !• FRDKZ)) I DKT)) 
I (NSTATE == Sl) 
I (NSTATE •= S2)) 
& (OFIFOEN •• 1)) 
I (FW & DFIFOEN); 

WHEN ((PSTATE =•SO) & (!COPYEN)) I ((PSTATE •= S3) & (!PFIFOEN)) 
THEN PSTATE :• SO; 

WHEN ((PSTATE ·- Sl) & CPFIFOEN)) I ((PSTATE ==SO) & (COPYEN)) 
THEN PSTATE := Sl; 
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WHEN ((PSTATE •• S2) & (!PFIFOEN)) t ((PSTATE •• Sl) & (!PFIFOEN)) 
THEN PSTATE :• S2; 

WHEN ((PSTATE == S3) & (PFIFOEN)) f ((PSTATE •= S2) & (PFIFOEN)) 
THEN PSTATE :• S3; 

PW :-

DCPAB :• 

END FIFO_CTRL 
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((((NSTATE ••SO) & ((!FRSSl & (FRDK !• FRDKZ)) t DKT)) 
t (NSTATE •• Sl) 
t (NSTATE •• S2)) 
& (PSTATE •• S3)) 
t (FW & PFIFOEN) ;· 

( (NS TATE •• S.0) & ( (DFIFOEN •• 1) I (PFIFOEN - 1) ) 
& ((!FRSSl & (FRDK !• FRDKZ)) f DKT)) 
I SDCPAB; 
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HEAD A V2.ADF • 7/11190 
module counter 
Gustavo I. Cancelo 
Fermilab 
10/9/89 
title header.latch & 12 bit event total counter 

October 22, 1990 · 

% Changed PL equation from registered ou~put to combinatorial. RX ' 
% ll-dec-89 1400hrs• 
% --Added state 7 (CLEAR2) to the state machine to lengthen the clear• 
% pulse to the counter. 11-JUL-90 RX% 

PART: EPB1400 

INPUTS: 05@25, CS@12, A1@13, RW@36, RESET@9, EOE@8, CK@14, CLK@7 

OUTPUTS: CARRY@l7, CKE@6, WRITE@37, RC@38 
P0@24, P1@23, P2@22; P3@21, P4@20, P5@19, P6@18, %counter% 
OAT0@26, OAT1@27, OAT2@28, OAT3@29, OAT4@32, OAT5@33, OAT6@34, 

DAT7@35 
Q3@39, Q2@40, Ql@l, Q0@2, PL@5 

NETWORK: 
OS•INP(OS) 
CS•INP(CS) 
Al•INP(Al) 
RW•INP(RW) 
RESET=INP(RESET) 
EOE=INP(EOE) 
CK•INP(CK) 
CLK•INP(CLK) 

% data tranceiver bus % 
DATO,OAT1,0AT2,DAT3,DAT4,DAT5,DAT6,DAT7 • BUSX (IBUS,,XOE) 

% low order counter. input register fl LBUSI % 
B0,Bl,B2,B3,B4,BS,B6,B7 = LBUSI (IBUS,DS,WEl) 

% control register. input register t2 LBUSI % 
SEO,SE1,RF,WRT,QE2,QE1,QEO,XO = LBUSI (IBUS,DS,WE2) 

% low order counter. output register fl % 
IBUS - LBUSO(P0,Pl,P2,P3,P4,P5,P6,CARRY,,OE1,RE1) 

% status register. output register 12 % 
IBUS • LBUSO (SO,Sl,QO,Ql,Q2,Q3,RC,WRITE,,OE2,RE2) 

%macrocell connection % 
SO • NOCF(SOc) 
Sl • NOCF(Slc) 

RC,RC • RORF(RCd,CLK,,,) 

Q3,Q3 • RORF(Q3d,CLK,RESET,,) 

Q2,Q2 • RORF(Q2d,CLK,RESET,,) 
Ql,Ql • RORF(Qld,CLK,RESET,,) 
QO,QO • RORF(QOd,CLK,RESET,,) 

MB2,ac,RK.ru 

%software reset macrocell% 

page 187 



FSCC· Version PC 3 October ll, 1990 

%PL,PL • RORF(PLd,CLK,RES,,) %%enables Preload/Transparent modes for 
HEAD1% 
PL,PL = COCF(PLd,) %Changed from registered to combinatorial rk ll-dec-89% 

WRITE,WRITE - RORF(WRITEd,CLK,RESET,,WOE) %control FIFO's write pulse% 

CKE• RONF(CKEd,CLK,RES,,) 

% counter macrocells % 
PO,PO • TOTF(POt,RELO,RES,,) 
Pl,Pl • TOTF(Plt,RELO,RES,,) 
P2,P2 • TOTF(P2t,RELO,RES,,) 
P3,P3 = TOTF(P3t,RELO,RES,,) 
P4,P4 • TOTF(P4t,RELO,RES,,) 
PS,PS • TOTF(PSt,RELO,RES,,) 
P6,P6 • TOTF(P6t,RELO,RES,,) 

CARRY,CARRY = COCF(CARRYc,) 

EQUATIONS: 

%Fastbus clock enable for HEAD1% 

REl = IDS * /CS * RW * /Al; % low_counter read enable % 
RE2 = IDS * /CS * RW * Al; % status register read enable % 
% RE • REl + RE2 read function is activated for either REl or RE2% 

WEl • /RW * /CS * /Al; 
WE2 = /RW * /CS * Al; 

% low counter write enable % 
% control register write enable % 

OEl /Al + Al; % output registers tri state always enabled 

OE2 /Al + Al; 

XOE = /CS * RW; 

% counter equations % 
% INCR mode == Sl * !sO % 
% if (mode=INCR) RELO=ck else RELO•clk % 

RELO 03 * /Q2 * Ql * /QO * CK + /Ql * CLK; 

RES = RC; 

POt - 03 * /02 * 01 * /00 * Sl * /SO% counter increments if (mode--INCR) % 
+ Q3 * /02 * /01 * QO * BO * /PO % preload mode !Sl * SO, state mach-9 % 
+ 03 * /02 * /01 * 00 * /BO * PO ' toggle if (mode--LOAD & Bi !• Pi) % 
+ 03 * Q2 * /Ql * QO * BO * /PO % transparent mode Sl * SO, SM•l3 % 
+ Q3 * Q2 * /Ql * QO * /BO * PO; % toggle if (mode••WRDT & Bi !• Pi) % 

Plt - Q3 * /Q2 * 01 * /QO * Sl * /SO * PO 
+ 03 * /Q2 * /01 * 00 * Bl * /Pl + 03 * /Q2 * /01 * 00 * /Bl * Pl 
+ Q3 * 02 * /Ql * QO * Bl * /Pl + 03 * 02 * /Ql * 00 * /Bl * Pl; 

P2t - 03 * /Q2 * Ql * /QO * Sl * /SO * PO * Pl 
+ 03 * /02 * /01 * 00 * B2 * /P2 + 03 * /02 * /Ql * QO * /B2 * P2 
+ Q3 * Q2 * /01 * QO * B2 * /P2 + 03 * 02 * /01 * QO * /B2 * P2; 

P3t - 03 * /02 * Ql * /QO * Sl * /SO * P2 * Pl * PO 
+ 03 * /Q2 * /01 * 00 * B3 * /P3 + 03 * /Q2 * /Ql * 00 * /B3 * P3 
+ Q3 * 02 * /Ql * QO * 83 * /P3 + Q3 * 02 * /01 * QO * /83 * P3; 

P4t - 03 * /Q2 * 01 * /QO * Sl * /SO * P3 * P2 * Pl * PO 
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+ Q3 * 
+ Q3 * 

PSt • Q3 * 
+ Q3 * 
+ Q3 * 

P6t • P6 * 

SOc • SEO; 
Slc • SEl; 

/Q2 * /Ql * 
Q2 * /Ql * 

/Q2 * Ql * 
/Q2 * /Ql * 

Q2 * /Ql * 
/P6; 

QO * 
QO * 

/QO * 
QO * 
QO * 

% state machine, controls the 
% states: Off line•O, Idle•8, 
% Pass•l2, pass_1•13, 
QOd • 03 * /Q2 * /Ql * /QO * 

+ 03 * Q2 * /Ql * /QO * 
+ Q3 * Q2 * Ql * QO + 
+ Q3 * Q2 * Ql * /QO * 

Old • Q3 * 02 * /Ql * QO * 
+ Q3 * /Q2 * /Ql * /QO * 
+ Q3 * 02 * Ql * /QO + 
+ /Q3 * 02. * Ql * QO; 

84 * /P4 + 03 * /Q2 * /Ql * 
B4 * /P4 + Q3 * 02 * /01 * 
Sl * /SO * P4 * P3 * P2 * 
BS * /PS + 03 * /02 * /Ql * 
BS * /PS + Q3 * 02 * /01 * 

00 * /B4 * 
00 * /84 * 

Pl * PO 
00 * /BS * 
00 * /BS * 

counter's operation % 
Preload•9, Incr•lO, Write•ll, % 
Clear•l4, OS_Hiqh•lS % 
/Sl * SO + 03 * /02 * 
/OS * /Al * /RW * /CS + 
03 * /02 * 01 * /00 * 

/EOE; 

/Ql * 00 * /Sl * 
03 * 02 * /01 * 
Sl * /SO * EOE 

OS + 03 * 02 * Ql * QO 
Sl * /SO + 03 * /Q2 * Ql * 
/02 * 01 * /QO * Sl * /SO 

00 * EOE 

Sl * 
/OS + 

SO + 03 * 02 * /01 * /00 * Sl * 
03 * 02 * /01 * 00 

P4 
P4; 

PS 
PS; 

so 
00 

so Q2d • 03 * /Q2 * /Ql * /QO * 
+ 03 * Q2 * /Ql * /QO * 
+ Q3 * /Q2 * Ql * QO * 
+ Q3 * 02 * Ql * /QO; 

Sl * SO * /EOE + 03 * /02 * 01 * QO * EOE 

Q3d • /CS * /RW * /OS * Al 
+ Q3 * /Q2 * /Ql * /QO 
+ Q3 * /Q2 * /Ql * QO 
+ Q3 * /Q2 * Ql * /QO 
+ Q3 * /Q2 * Ql * QO 
+ Q3 * Q2 * /Ql * /QO 
+ Q3 * 02 * /Ql * QO 
+ Q3 * 02 * Ql * /QO * 
+ Q3 * Q2 * Ql * QO 
+ /Q3 * 02 * Ql * QO; 

%0•8% 
%0=9% 
%Q=A% 
%O=B% 
%0=C% 
%0=0% 

EOE %Q=E * EOE=l% 
%O=F% 
%0=7% 

PLd = Q3 * /Q2 * /01 * /QO * /Sl * SO + 
+ Q3 * 02 * /Ql * /00 * Sl * SO + 
+ Q3 * 02 * 01 * 00 + 03 * /02 * 

03 * /02 * /01 * /00 * Sl * 
03 * 02 * /Ql * QO 

so 

01 * 00 * Sl * SO. * /EOE; 

WOE = Q3 + /03 * Q2 * Ql * 00; 

03 * 02 * /Ql * 00 * OS 
Sl * ISO * EOE 

WRITEd • /(Q3 * 02 * 
+ 03 * /Q2 * 
+ Q3 * /Q2 * 

Ql * 00 + 
Ql * /QO * 
Ql * QO * Sl * /SO); %CAMBIE EOE POR Sl * !SO% 

CLR • Q3 * /Q2 * /Ql * QO; 

CARRYc • PS * P4 * P3 * P2 * Pl * PO; 

CKEd • Q3 * /Q2 * /Ql * /QO * 
* /EOE + 03 * 02 * Ql • loo * 

Sl * /SO + Q3 * /02 * 
Sl * !SO + /Q3 * 02 * 

Ql * /QO * 
Ql * QO * 

RCd • Q3 * 02 * 01 * /00 + /03 * Q2 * Ql * QO + RESET + RF; 

ZEROc • Al * /Al; 
END$ 
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Sl * ! SO 
Sl * /SO; 
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HEADBVl.ADF-12/9/89 
module counter 
Gustavo I. Cancelo 
Fermi lab 
10/9/89 

Odober 22, 1990 

Added, counter reset (RC) input. Richard Kwarciany 17-NOV-89 
Removed HABl from Header pin equations, Header outputs are now always 

enabled. 
Reversed WE2, with WEl, RE2, with REl, and OE2 with OEl, in input and 

output 
register equations. 9-dec-89 rk. 

title header latch & 12 bit event total counter 

!?ART: El?Bl400 

INPUTS: DS@25, CS@l2, Al@l3, RW@36, RESET@9, CK@l4, CKE@8, PL@S, CARRY@6, 
CLK@7, 

RC@lS 

OUTPUTS: H0@2, Hl@l, H2@40, H3@39, H4@38 %header% 
1?6@24, 1?7@23, 1?8@22, P9~21, 1?10@20, 1?11@19, %counter% 
DAT0@26, DAT1@27, DAT2@28, DAT3@29, DAT4@32, DAT5@33, DAT6@34, 

DAT7@35 

NETWORK: 
DS•INJ?(OS) 
CS•INl?(CS) 
Al==INP(Al) 
RW•INP(RW) 
RESET•INP(RESET) 
CKE•INP(CKE) 
PL•INP (J?L) 
CARRY•INP(CARRY) 
CK•INP(CK) 
CLK•INP(CLK) 

RC•INP(RC) %added 17-NOV-89 RK% 

% data tranceiver bus % 
DATO,DAT1,DAT2,DAT3,DAT4,DAT5,DAT6,DAT7 - BUSX (IBUS,,XOE) 

% hea~er. input register #2 LBUSI % 
XE1,XE2,HEO,HE1,HE2,HE3,HE4,XE3 • LBUSI (IBUS,OS,WE2) %diferente nombre% 

% counter's 6 highest bits. input register tl LBUSI % 
B0,Bl,B2,B3,B4,B5,B6,B7 • LBUSI (IBUS,DS,WEl) 

% output register f 2 % 
IBUS • LBUSO (Xl,X2,HO,Hl,H2,H3,H4,X3,,0E2,RE2) 

% output register fl % 
IBUS • LBUSO (P6,P7,P8,P9,Pl0,Pll,Nl,N2,,0E1,RE1) 

% header outputs% 
HO,HO • COCF (HEO,) 
Hl,Hl • COCF (HEl,) 
H2,H2 • COCF (HE2,) 
H3,H3 • COCF (HE3,) 
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H4,H4 = COCF (HE4,) 

% junk. just to give a name to unused macrocells % 
Xl = NOCF(Xlc) 
X2 = NOCF(X2c) 
X3 .. NOCF(X3c) 

October 22, 1990 

% counter outputs % %changed RESET to CRESET in counter eqs.% 
%17-nov-89 RK% 

P6,P6 • TOTF(P6t,RELO,CRESET,,) 
P7,P7 • TOTF(P7t,RELO,CRESET,,) 
P8,P8 • TOTF(P8t,RELO,CRESET,,) 
P9,P9 • TOTF(P9t,RELO,CRESET,,) 
PlO,PlO • TOTF(PlOt,RELO,CRESET,,) 
Pll,Pll = TOTF(Pllt,RELO,CRESET,,) 

Nl NOCF(N2c) 
N2 NOCF (N2c) 

RELO = NOCF(RELOc) 

CRESET .. NOCF(CRESETc) 

EQUATIONS: 
REl = !OS * !CS * RW * !Al; 
RE2 • !OS * !CS * RW * Al; 

% RE = REl + RE2 % 

WEl = !RW * !CS * !Al; 
WE2 !RW * !CS * Al; 

OEl = !OS * !CS * RW * !Al; 
OE2 !OS * !CS * RW * Al; 

XOE !CS * RW; 

HABl = !CS; 9-0EC-89 RK% 

CRESETc = RESET + RC; 

% counter equations % 

RELOc = CLK * !CKE 
+ CK * CKE; 

P6t = !PL * CKE * CARRY 
+ BO * !P6 * PL 
+ !BO * P6 * PL; 

P7t P6 * !PL * CKE * CARRY 
+ Bl * !P7 * PL 
+ !Bl * P7 * PL; 

P8t = P6 * P7 * !PL * CKE * CARRY 
+ B2 * !PB * PL 
+ PS * !B2 * PL; 
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P9t = P6 * P7 * PB * !PL * CKE * CARRY 
+ 83 * !P9 * PL 
+ P9 * ! B3 * PL; 

PlOt • pg * PB * P7 * P6 * !PL * CKE * CARRY 
+ B4 * !PlO * PL 
+ PlO * !B4 * PL; 

Pllt • PlO * pg * PB * P7 * P6 * !PL * CKE * CARRY 
+ BS * !Pll * PL 
+ Pll * !BS * PL; 

X2c • PL * !PL; 

X3c • PL * !PL; 

. Nlc = PL * !PL.; 

N2c -= PL * !PL; 

Xlc = PL * !PL; 

END$_ 
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INTF3.ADF -9/°'/90 
module oport_interface 
Gustavo Cancelo 
Fermi lab 
10/5/89 INTF3 
-Chanqed RES equation. Rick Kwarciany 16-NOV-89 
-Chanqed clock on START, INHIB, MODE, RES, pins, from RELO (CLK2C), to CS; 
-Chanqed polarity of WE2. Kwar 16-DEC-89 
-Chanqes from INTF2 •.•. added RPERMIN, and RWAIT to reqister PERMIN, and 

WAIT siqnals. Kwar 4-20-90 
-Changed interrupt, and interrupt mask equations. kwar 9-4-90 
-Chanqed INCOMP interrupt to PERMIN interrupt. kwar 9-4-90 
-Added clear to IRQ line. kwar 9-6-90 

title interface the Oport controller to the CPU system 

PART:EPB1400 

INPUTS: CS@l2,RW@36,DS@25,A0@13,CLK@l4,CLK2@7,RESET@9 
PERMIN@8,PRMOUT@40,STPACK@l8,ERROR@l7,SM3@21,SM2@22,SM1@23,SM0@24 
WAIT@S 

OUTPUTS: DB0@26,DB1@27,DB2@28,DB3@29,DB4@32,DB5@33,DB6@34,DB7@35 
MODE2@2,MODE0@4,MODE1@3,RES@l,STPMK@39,PERMINMK@38,ERRMK@37 
IRQ@l6,RPERMIN@l9,RWAIT@6,IRQS@20 

NETWORK: 

AO=INP (AO) 
CLK=INP(CLK) 
CLK2=INP(CLK2) 
CS=INP (CS) 
RW=INP(RW) 
DS=INP(DS) 
RESET=INP(RESET) 

SM3=INP(SM3) %SM3,SM2,SM1,SMO: OPORT's state machine status% 
SM2=INP(SM2) 
SMl=INP (SMl) 
SMO=INP (SMO) 
PERMIN•INP(PERMIN) 
PRMOUT•INP(PRMOUT) 
STPACK•INP(STPACK) 
ERROR•INP(ERROR) 
WAIT•INP(WAIT) 

MODEO,MODEO•RORF(MODEOd,RELO,RESET,,) 
MODEl,MODEl•RORF(MODEld,RELO,RESET,,) 
MODE2,MODE2=RORF(MOOE2d,RELO,RESET,,) 
RES,RES•RORF(RESd,CLK2,,,) 

IRQ,IRQ•RORF(IRQd,CLK,,,) 
STPMK,STPMK•RORF(STPMKc,RELO,RESET,,) 
PERMINMK,PERMINMK•RORF(PERMINMKc,RELO,RESET,,) 
ERRMK,ERRMK•RORF(ERRMKc,RELO,RESET,,) 
IRQS,IRQS•COCF(IRQSd,) 
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RPERMIN,RPERMIN=RORF(PERMINd,CLK,RESET, 1 ) 

RWAIT,RWAIT•RORF(WAITd,CLK2,RESET,,) 

%hiqh add/data byte tranceiver w/tri state enable% 
DBO,DB1,DB2,DB3,DB4,DBS,DB6,DB7 - BUSX (IBUS,,XOE) 

October 22, 1990 

%hiqh address byte input register w/tri state enable 2% 
MODE01,MODE11,MODE21,RES1,0R10,STPMK1,PERMINMK1,ERRMK1 • LBUSI (IBUS,,WE2) 

%hiqh data byte output register 1 % 
IBUS • LBUSO (SMO,SM1,SM2,SM3,IRQS,RPERMIN,STPACK,ERROR,,OLE1,RE1) 

%hiqh data byte output register 2 % 
IBUS • LBUSO (MOOE0,MODE1,MODE2,RES,PRMOUT,STPMK,PERMINMK,ERRMK,,OLE2,RE2) 

EQUATIONS: 

RELO = !OS * !CS * !RW * AO * CLK2; 

REl = !OS * !CS·-• RW * !AO; 
RE2 = !OS * !CS * RW * AO; 
% RE • REl + RE2 % 

WE2 = ( ! RW * ! CS * AO) ; %Chanqed polarity 16-dec-89 rk% 

OLEl = CLK; 
OLE2 = CLK2; 

XOE = !CS * RW; 

MODEOd • MOOEOl; 
MODEld •MOOEll; 
MOOE2d = MOOE2l; 

!RESd z RESET + RESl; 
!IRQd = (STPACK * STPMK) 

+ (!PERMIN * PERMINMK) 
+ (ERROR * ERRMK) 
+ ( ! IRQ * RES * ! ( ! OS * ! CS * RW * ! AO) ) ; 

STPMKc = STPMKl; 
PERMINMKc • PERMINMKl; 
ERRMKc • ERRMKl; 
IRQSd • IRQ; 

WAITd • WAIT; 
PERMINd • PERMIN; 

END$ 

page 194 MB2,oc,RK,JU 



FSCC-Version PC 3 

LC HIGH.ABL-2/S/90 
MODULE LOCAL_COUNTER_HIGH 
TITLE 'LOCAL_COUNTER_HIGH PC2 VERSION 5-FEB-90 0900 hrs' 
LC HIGH DEVICE 'P22Vl0'; 

CLK PIN 
LCO PIN 
LCl PIN 

~CIN PIN 
!TC PIN 

!OE PIN 

IO PIN 
Il PIN 
I2 PIN 
I3 PIN 
I4 PIN 
IS PIN 

QO PIN 
Ql PIN 
Q2 PIN 
Q3 PIN 
Q4 PIN 
QS PIN 

DATA 
INPUT 
MODE 
HOLD = 
WRITE = 
COUNT 
MATCH 

EQUATIONS 

l; 
2; 
3; 

22; 
23; 

13; 

4; 
5; 
6; 
7; 
8; 
9; 

16; 
17; 
18; 
19; 
20; 
21; 

[QS •• QOJ; 
[IS .. IO); 
[LCl,LCO]; 
[O,.X.]; 
(1,0]; 
(1,1]; 
0; 

ENABLE DATA OE; 

WHEN (MODE COUNT) & (CIN == 1) THEN DATA:•DATA-1; 

WHEN (MODE •• WRITE) THEN DATA:•INPUT; 

October 22, 1990 

WHEN (MODE•• HOLD) t ((MODE =c COUNT) & (CIN •• 0)) THEN DATA:•DATA; 

TC (DATA=• MATCH); 

ENABLE CIN•O; 

END LOCAL_COUNTER_HIGH 

'MBZ,ac,RK,JU page 195 



FSCC-Version PC 3 

LC _LOW.ABL-2/5/90 
MODULE LOCAL_COUNTER_LOW 
TITLE 'LOCAL COUNTER LOW PC2 VERSION S-FEB-90 0900hrs' 
LC_LOW DEVICE 'P22Vl0'; 

CLK PIN 
LCO PIN 
LCl PIN 

!COUT PIN 
!TC PIN 

!OE PIN 

IO PIN 
Il PIN 
I2 PIN 
I3 PIN 
I4 PIN 
IS PIN 

00 PIN 
01 PIN 
02 PIN 
03 PIN 
04 PIN 
05 PIN 

DATA 
INPUT 
MOOE • 
HOLD 
WRITE = 
COUNT 
MATCH 

EQUATIONS 

ENABLE DATA 

l; 
2; 
3; 

22; 
23: 

13; 

4; 
5; 
6; 
7; 
8; 
9; 

16; 
17; 
18; 
19; 
20; 
21; 

[QS .• OOJ; 
[IS .. IO); 
[LCl,LCOJ; 
[O,.X.]; 
[1,0]; 
[1,1]; 
0; 

... OE; 

. WHEN (MODE •• COUNT) THEN DATA:•DATA-1; 

WHEN (MODE •• WRITE) THEN DATA:•INPUT; 

WHEN (MODE •• HOLD) THEN OATA:•DATA; 

TC - (DATA - MATCH) ; 

COUT - (MODE -- COUNT) & (DATA=• 0); 

END LOCAL_COUNTER LOW 
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OPOV7.02.ASM-6/4/90 
OPORT State Machine SAM format file 
VDAS controller 
V7.02 Monday 4-JUN-90 1530hrs 
Change from V3: Keep oe true during reset to prevent 485 drivers from 

oscillating on cable. 
Change from V4: Change Start, and Step inputs _to ModeO, and Model. 

Four possible modes are now: 
Ml MO Mode 
0 0 Hold 
0 1 Start 
1 0 Force_Start 
1 1 CPU 

Change from VS:Reverse polarity of Strobe output, and remove Strobe, and 
OE from RESET state. Now a negative qoing •25 ns pulse 
will be generated by a one shot on the AUX card from the 
rising edge of the 'the VDAS controller Strobe output. 
Change made 21-Mar-90 by Richard Kwarciany. 

Change from V6:Inverted PE:RMIN/PERMOUT signals as per E77l's request, and 
corrected error in macros for vdas oe line. 24-Mar-90 RK 

Change from V6.0l:Change polarity of WAIT input to match VDAS's ./WAIT signal~ 
10-APR-90, RK. 

Change from V6.02: Change INHIB line to MODE2. Encode the three mode lines 
to allow for two new modes. The new modes are; EMPO, and PO. 
(Event With Manual Permit Out, and Permit Out). The Eight 
possible modes are now: 
Mode M2 Ml MO 
Hold 0 0 0 
Event 0 0 l 
Force Event 0 1 0 
CPU (Step) 0 1 1 
Inhibit 0 1 0 
EMPO l 0 1 
PO 1 1 0 
Reserved 1 1 l 

Change· from V7.00: Added two new states; Active2, and Wait3. Active2 is the 
same as Active, except that EOE is not tested. This state will 
only be used on the first data cycle, where EOE is not valid. 
Wait3 is the same as Wait, except that it returns to Active2 
instead of Active. 

Change from V7.01: Made changes to fix bugs in Step mode operation. 

PART: EPS448 

INPUTS: wait@2, eoe@3, def@4, cef@S, permin@9, mode2@10, model@ll, mode0@12 

OUTPUTS: 03@25, 02@24, 01@23, 00@22, 

MACROS: 

lck@l3, strobe@20, /cfifor@l7, /dfifor@lB, 
/loe@l4, error@26, stpack@27, /prmout@28, 
/lclr@l~, vdas_oe@l 

% outNo state 
RESET • "0000 
OUTO = "0000 
OUTl = "0001 
OUT2 "0010 
OUT3 "0011 

outputs % 
0011100100" 
0011000101" 
0001000111" 
0011000101" 
0001000111 n 

%LCLR*% 
%LCLR*,LOE*,VDAS OE% 
%CFR*,LOE*,VDAS_OE% 
%LCLR*,LOE*,VDAS_OE% 
%CFR*,LOE*,VDAS_OE% 
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EQUATIONS: 

OUT4 "0100 
OUTS = "0101 
OUT6 - "0110 
OUT7 = "0111 
OUTS • "1000 
OUT9A • "1001 
OUT9B • "1001 
OUT9C • "1001 
OUT9D • "1001 
OUTlO • "1010 
OUTll • "1011 
OUT12 = "1100 
OUT13 -= "1101 
OUT14 -= "1110 
OUTlS .., "llll 

1010000111" 
0011001011" 
0001000111" 
0011110100" 
0011100110" 
0011000101" 
0010000001" 
0011000001" 
0010100100" 
1011000111" 
1011000111" 
0110000111 n 

0011001011" 
1011000111" 
1011000111" 

MODE 0 = /mode2 * /mod~l 
%hold% 
MODE 1 /mode2 * /model 
%Event% 
MODE 2 '/mode2 * model 
%Force_Event% 
MODE_3 = /mode2 * model 
%CPU% 
MODE 4 == mode2 * /model 
%Inhibit% 
MODE_S mode2 ·-· /model 
%EMPO% 
MODE 6 mode2 * model 
%PO% 
MODE 7 • mode2 * model 
%Reserved% 

PROGRAM: 

* 

* 

* 

* 

* 

* 

* 

* 

October 22, 1990 

%LCK,DFR*,LOE*,VDAS OE% 
%STPACK,LOE*,VDAS OE,PERMOUT*% 
%CFR*,LOE*,VDAS OE% 
%ERROR,LCLR*% -
%no outputs% 
%LCLR*,LOE*,VDAS OE% 
%DFR*,PERMOUT*,LOE*,VDAS OE% 
%PERMOUT*,LCLR*,LOE*,VDAS OE% 
%DFR* 1 LCLR*% -
%LCK,LOE*,VDAS OE% 
%LCK,LOE*,VDAS-OE% 
%STROBE,DFR*,LOE*,VDAS OE% 
%STPACK,LOE*,VDAS OE,PERMOUT*% 
%LCK,LOE*,VDAS_OEt 
%LCK,LOE*,VDAS_OE% 

/modeO; 

modeO; 

/modeO; 

modeO; 

/modeO; 

modeO; 

/modeO; 

modeO; 

%***************************************************************************% 
% State = IDLE, CK=L, strobe•H, cfifor=H, dfifor•H, oe•H, error=O, % 
% stpack=L, prmout=L % 
%***************************************************************************% 

[RESET} CONTINUE; 

RES: IF (MODE 1 + MOOE_3 + MODE_S) %Event + CPU + EMPO% 
THEN [RESET) CONTINUE; 
ELSEIF MODE_2 THEN [OUTOJ JUMP IDLES; 
%Force Event% 
ELSEIF-MODE 4 THEN [OUTS} JUMP INHIBS; 
%inhibit% -
ELSE [RESET) JUMP RES; 

PINWAITl:IF /permin +MODE 2 
THEN COUTO) JUMP IDLES; 

%permin* + Force_Event% 
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ELSEIF MODE 4 THEN (OUTS) JUMP INHIBS; 
%inhibit% -
ELSE (RESET) JUMP PINWAITl; 
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%****************************************************************************% 
% State - IDLE, CK•L, strobe•H, cfifor-H, dfifor=H, oe-H, error-0, % 
% stpack•L, prmout•L % 
% IF inhib THEN State•INHIB (S) ' 
% ELSEIF ((Event+ Force_Event +CPU+ EMPO) * cef) State•SETUP (2) ' 
% ELSE state-IDLES (0) % 

·%****************************************************************************% 
IDLES: IF MOOE 4 \Inhibit\ 

THEN [OUTS] JUMP INHIBS; 
ELSEIF (MODE_l + MODE_2 + MODE_3 + MODE_S) * cef 
THEN [OUT2] JUMP SETUPS; 
ELSE COUTO] JUMP IDLES; 

%****************************************************************************% 
% State • INHIB, CK•L, strobe•H, cfifor•H, dfifor•H, oe•H, error•O, \ 
% stpack•L, prmout•L % 
%****************************************************************************% 
INHIBS: IF MODE 4 THEN [OUTS] JUMP INHIBS; %Inhibit% 

ELSE [OUTO] JUMP RES; 

%****************************************************************************% 
% State = SETUP, CK=L, strobe•H, cfifor•H, dfifor•H, oeaH, error•O, % 
% stpack=L, prmout•L % 
% IF /wait State•ERROR (7), error qo to H % 
% ELSE State•CONTS (6), cfifor•L, oe•L % 
%****************************************************************************% 
SETUPS: IF (/wait) THEN [OUT7] JUMP ERRORS; 

ELSEIF MODE_3 THEN [OUT3] JUMP STEPS; 
%Step% 
ELSE [OUT6] JUMP CONTS; 

%****************************************************************************% 
% State = CONTS, CK=L, strobe•H, cfifor•L, dfifor=H, oe=L, error•O, % 
% stpack=L, prmout=L % 
% IF cef State=ACTIVE (14), ck go to H, strobe•L, cfifor=H % 
%****************************************************************************% 
CONTS: IF MOOE 0 THEN [OUT4] JUMP HOLOlS; %hold% 

ELSE [OUT14] JUMP ACTIVE2S; 

%****************************************************************************% 
% State • ACTIVES, CK•H, strobe•L, cfifor•H, dfifor•H, oe=L, error=O, % 
% stpack•L, prmout•L % 
% IF /WAIT THEN WAITS. % 
% IF eoe State•EOES (9), ck qo to H, oe•H, % 
% ELSEIF def THEN State-DATA (12), ck•L, strobe•H, dfifor•H, % 
% ELSE State - ACTIVES· ' 
%****************************************************************************% 
ACTIVES: IF (/wait) THEN [OUT15] JUMP WAITS; 

ELSEIF (eoe) THEN [OUT9A] JUMP CHKMODE; 
ELSEIF (def) THEN [OUT12] JUMP DATAS; 
ELSE [OUT14] JUMP ACTIVES; 

ACTIVE2S:IF (/wait) THEN [OUT15] JUMP WAIT3S; 
ELSEIF (def) THEN [OUT12] JUMP DATAS; 
ELSE [OUT14] JUMP ACTIVE2S; 
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%****************************************************************************% 
% State • DATAS, CK•L, strobe•H, cfifor=H, dfifor•H, oe•L, error-0, % 
% stpack•L, prmout•L % 
% IF /start THEN HOLDlS. % 
% ELSE State-ACTIVE (14), ck go to H, strobe•L, cfifor-H % 
%***************************************************~************************% 
DATAS: IF MODE_O THEN [OUT4) JUMP HOLDlS; \hold\ 

ELSE [OUT14] JUMP ACTIVES; 

%****************************************************************************% 
% State • WAITS, CK•H, strobe•L, cfifor•H, dfifor-H, oe•L, error-0, % 
% stpack•L, pz:mout•L % 
% IF cef State•ACTIVE (14), same outputs \ 
%****************************************************************************% 
WAITS: IF (wait) THEN [0UT14] JUMP ACTIVES; %/wait*% 

ELSE [OUTlS] JUMP WAITS; 

WAIT3S:IF (wait) THEN [OUT14] JUMP ACTIVE2S; %/wait*% 
ELSE [OUTlS) JUMP WAIT3S; 

\****************************************************************************% 
% State • HOLDlS, CK•H, strobe=L, cfifor•H, dfifor•H, oe=L, error•O, % 
% stpack•L, prmout•L % 
% IF inhib State•INHIBS (8), ck go to L, strobe•H, oe•H % 
% ELSEIF (step * !start) State•IDLE, ck goto L, strobe•H, oe•H % 
% ELSEIF (start) State•ACTIVE, same outputs \ 
%****************************************************************************% 
HOLDlS: IF MODE 4 THEN [OUTB] JUMP INHIBS; 

ELSEIF MODE_3 THEN [OUTO) JUMP IDLES; 
%Step% 
ELSEIF MODE 1 + MODE 2 + MODE 5 
%Event+ Force Event"+ EMPO% 
THEN [OUT12] JUME> DATAS; 
ELSE [OUT4] JUMP HOLDlS; 

%****************************************************************************% 
% State • STEPS, CK•L, strobe•H, cfifor•L, dfifor•H, oe•L, error•O, % 
% stpack•L, prmout•L % 
% IF /wait State•WAIT2S (1), same outputs % 
% ELSEIF (!cef) State•STPACKl cfifor•H, oe•H, stpack•H % 
% ELSE State•IDLE, stpack goto H, cfif or•H, oe•H % 
%****************************************************************************% 
STEPS: IF (/wait) THEN (OU'?l] JUMP WAIT2S; 

ELSEIF (!cef) THEN [OUTS) JUMP STPACKlS; 
ELSE [OU'l'lll JtJMP SDATAS; 

%****************************************************************************% 
% State • SDATAS, CK•H, strobe•L, cfifor•H, dfifor•H, oe•L, error•O, % 
% stpack•L, prmout•L % 
% IF (!step) State•HOLD2S, same outputs % 
' ELSEIF (cef) State-STEPS (3), ck go to L, strobe•H, cfifor•L ' 
%****************************************************************************% 
SDATAS: IF MODE 3 THEN (OUT3] JUMP STEPS; %step% 

ELSE [OUTlO] JUMP HOLD2S; 
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%****************************************************************************% 
% State • HOLD2S, CK•H, strobe-L, cfifor-H, dfifor-H, oe•L, error-0, % 
% stpack•L, prmout•L % 
' IF inhib State•INHIBS (8), ck go to L, strobe•H, oe•H ' 
% ELSEIF (/step * /start) State•IDLES, ck goto L, strobe•H, oe•H % 
% ELSEIF (start * step) State•SDATAS, same outputs % 
%****************************************************************************% 
HOLD2S: IF MODE 4 THEN [OUTS] JUMP INHIBS; %Inhibit% 

ELSEIF MODE 1 + MODE 2 + MODE 5 
%Event + Force Event + EMPO% -
THEN [OUTO] .JUMp IDLES; 
ELSEIF MODE_3 THEN [OUTll] JUMP SDATAS; 
%step% 
ELSE [OUTlO} JUMP HOLD2S; 

%****************************************************************************% 
% State = WAIT2S, CK•L, strobe•H, cfifor•L, dfifor•H, oe•L, error•O, \ 
% stpack=L, prmout=L % 
% IF cef State=STEP (3), same outputs % 
%****************************************************************************% 
WAIT2S: IF (wait) THEN (OUT3] JUMP STEPS; 

ELSE [OUTl] JUMP WAIT2S; 

%****************************************************************************% 
% EOE goto IDLE % 
%****************************************************************************% 
EOES: [OUT9C] C6NTINUE; 

PINWAIT2:IF (/permin) THEN [OUTO} JUMP IDLES; 
%/permin*% 
ELSEIF MOOE_O THEN [RESET] JUMP RES; %hold% 
ELSEIF MODE 4 THEN [OUTS] JUMP INHIBS; 
%inhibit% -
ELSE [RESET] JUMP PINWAIT2; 

%****************************************************************************% 
% STPACKlS goto STPACK2 % 
%****************************************************************************% 
STPACKlS: [OUT13} JUMP STPACK2S; 

%**************************************'*************************************% 
% STPACK2S goto PINWAIT2 % 
%**********************************************~*****************************% 
STPACK2S: [OUTO] JUMP PINWAIT2; 
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\****************************************************************************% 
% State • ERRORS, CK•L, strobe•H, cfifor-H, dfifor-H, oe•H, error-1, ' 
% stpack•L, prmout•L , 
% stay in ERRORS until hardware Reset % 
%****************************************************************************% 
ERRORS: [OUT7} JUMP ERRORS; 

CHKMODE:IF MODE_6 + MODE_l + MODE_2 %PO + Event + Force_Event% 
THEN [OUT9B] JUMP EOES; 
ELSEIF MODE_O THEN [OUT9D] Jt1MP CLEANUP; 
%hold% 
ELSEIF MODE 4 THEN [OUT9D] Jt1MP INHIBS; 

UnMbit\ 
ELSE [OUT9A] JUMP CHKMODE; 

CLEANUP: (RESET] JUMP RES; 

END$ 
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STIMER.ABL-10/13/89 
MODULE SHORT_TIMER 
TITLE 'SHORT TIMER 
STIMER DEVICE 'P22Vl0'; 

CLK PIN l; 
FR.SH PIN 3; 

'FRR.B PIN 4; 
FDR.B PIN S; 
STEN PIN 8; 
TIMER PIN 9; 
FRWT PIN 10; 
FCLERR PIN 13; 

TO PIN 14; 
Tl P'IN 15; 
T2 PIN 16; 
T3 PIN 17; 
T4 PIN 18; 
!STO PIN 20; 
RO PIN 21; 
Rl PIN 22; 
!FRESET PIN 23; 

COUNT [T4 .. TO]; 
RCOUNT = [Rl.. RO]: 
RINIT = [1,0); 

VERSION 21-AUG-89 1430 hrs' 

CINIT = [1,1,1,1,l]; 

EQUATIONS 

WHEN (FCLERR •• 1) f (FRBH ~= 1) f (FRR.B •• 0) f (FDR.B -- 1) THEN 
RCOUNT:•RINIT; 

ELSE RCOUNT:•RCOUNT-1; 

WHEN (TIMER == 0) # (FCLERR == 1) # (STEN =• 0) f (FRWT •• 1) THEN 
COUNT:=CINIT; 

STO := 

FRESET :-

END SHORT_TIMER 
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ELSE COUNT:•COUNT-1; 

((COUNT== 0) f (STO == 1)) & (FCLERR •• 0); 

((RCOUNT =• 0) f (FRESET ••l)) & (FCLERR •• 0); 
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STROBE.ABL-9/28189 
module ds generator 
title 'Fastbus Readout Controller, data strobe generator 
Gustavo Cancelo, Fecnilab, 4/3/89' 

"Added OS to LOS and ODS 19-SEP-89 RK 

October 22, 1990 

"Changed LOS, and ODS from pins 16 and 17 to .pins 15 and 16. 27-SEP-89 RK 

strobe device 

ADO,ADl,SIZO,SIZl,RW,OS 
LOS, ODS 
WLOS,WUDS 
WUUDS,WUMDS,WIJmS,WLLOS 
RDS 

L,H,X,Z • 0,1,.X.,.Z.; 

TRANF TYPE= [SIZl,SIZO]; 
LONG ;; "bOO; 
TRI BY • "bll; 
WORD = "blO; 
BYTE • "bOl; 

ADl_O • [ADl,ADOJ; 

equations 
!ODS = !ADO * !OS; 

'P22V10'; 

pin 
pin 
pin 

·pin 
pin 

8,7,6,5,4,3; 
15,16; 
22,23; 
21,20,19,18; 
14; 

!LOS • ADO * !DS t !SIZO * !DS t SIZl * !DS; 

!WUDS - !ADO & !RW; 
!WLOS • (ADO t !SIZO t SIZl) & !RW; 

!RDS • RW; 

!WOODS == !ADO & !ADl & !RW; 

!WUMDS • (!ADl & !SIZO 
t ADO & !ADl 
t !ADl & SIZl) & !RW; 

!WIJmS • (!ADO & ADl 
I !ADl• & !SIZO & !SIZl 
t !ADl & SIZO & SIZl 
f ADO & !ADl & ! SIZO) 

!WLLOS - (ADO & SIZO & SIZl 
f !SIZO & !SIZl 
t ADO & ADl 
t ADl & SIZl) & !RW; 

test_vectors 

& !RW; 

([TRANF_TYPE,ADl,ADO, RWJ -> [WUUDS,WUMDS,WLMDS,WLLDS]) 
[ LONG, 0, 0, L) -> [ L, L, L, L ]; 
[ TRI_BY, 0, 0, L ) -> [ L, L, L, H ] ; 
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[ WORD, o, O, L ] -> [ L, L, H, H ] ; 
[ BYTE, ,(), O, L ] -> [ L, H, H, H ] : 
[ LONG, O, 1, L ] -> [ H, L, L, L J ; 
[ TRI_BY, 0, 1, L ] -> [ H, L, L, L ] ; 
[ WORD, O, 1, L ] -> [ H, L, L, H ] ; 
[ BYTE, 0, 1, L ] -> [ H, L, H, H ] ; 

[ LONG, 1, 1, H ] -> [ H, H, H, H ] ; 
[ TRI_BY, 1, 1, H ) -> [ H, H, H, H ] ; 
[ WORD, 1, 1, H ] -> [ H, H, H, H ] ; 
[ BYTE, 1, 1, H ] -> [ H, H, H, H J ; 
[ LONG, 1, O, H ] -> [ H, H, H, H ] ; 
[ TRI_BY, 1, O, H J -> [ H, H, H, H ) ; 
[ WORD, 1, o, H ] -> [ H, H, H, H ] ; 
[ BYTE,. 1, O, H ] -> [ H, H, H, H ] ; 

test vectors 
( [TRANF _TYPE, DS,ADl,ADO, RW] -> [WUDS,WLDS,UDS,LDS]) 

[ LONG, 0, 0, O, L ] -> [ L, L, L, L]; 
[ WORD, o, O, l, H ] -> [ H, H, H, L]; 
[ BYTE, o, 1, o, H ] -> [ H, H, L, H]; 
[ BYTE, 0, 1, 1, H ] -> [ H, H, H, L]; 
[ BYTE, o, O, o, H ] -> [ H, H, L, H]; 
[ BYTE, O, O, 1, H ] -> [ H, H, H, L); 

END 
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Appendix D - FSCC Documentation 

FNAL# 
0882-MB-199070 
0880.000-ED-215714 
0880.000-ED-269065 
0880.000-AC-269129 
0880.000-AC-269130 
0880.000-AC-269131 
0880.000-AC-269132 
0880.000-AC-269133 
0880.000-AC-269134 
0880.000-AC-269135 
0880.000-AC-269136 
0880.000-AC-269137 
0880.000-MD-269138 
0880.000-MD-269139 
0880.000-MD-269140 
0880.000-MD-269141 
0880.000-MD-269142 

0880.000-MD-269143 

Fermilab Drawing Numbers 
Title 

Mounting Bracket 
FSCCIVDAS Interface 
FSCCIVDAS Interface 
FSCCLayer 1 
FSCCLayer2 
FSCCLayer3 
FSCCLayer4 
FSCCLayer5 
FSCC Top Silk 
FSCC Bot Silk 
FSCC Solder Mask 
FSCC Front Panel 
FSCC Assembly 
FSCC Front Panel 
FSCC Mechanical 
FSCC OPORT Test Board 
FSCC FPP Test Board 
FSCC FPP Top Layer 
FSCC FPP Bottom Layer 
FSCC Schematic 

Description 
FASTBUS Module Front Panel Mount 
E771 FSCCIVDAS interface schematic 
E791 FSCCIVDAS interface schematic 
Trace Layer 1 
-2.0V &. -5.2V Layer 2 
Ground Layer 3 
+5.0V Layer 4 
Trace Layer S 
Top Silkscreen Photo 
Bottom Silkscreen Photo 
Top.& Bot. Solder Mask 
Front Panel Silkscreen Photo 
Assembly drawing 
Front Panel Mechanical Drawing 
Board Dimensions &. Pads 
OPORT Test Board Schematic 
Front Panel Pon Test Board Schematic 
Front Panel Pon Test Board Top Layer 
Front Panel Port Test Board Bottom Layer 
11 Page Schematic and Block Diagram 

Fermilab Documents 
F ASTBUS Smart Crate Controller • PC3, Design Specification 

Fennilab Computing Division . 
Mark Bernett - Online and Data Acquisition Software Groups 
Mark Bowden, Rick Kwarciany, John Urish - Data Acquisition Electronics Group 

Fennilab Physics Department 
Gustavo Cancelo 

Diagnostics for the FASTBUS Smart Crate Controller· PN417 
Fcnnilab Computing Division 

Mark Bernett, Dave Slimmer - Online and Data Acquisition Software Groups 
Fennilab Computing Division 

Rick Kwarciany, John Urish - Data Acquisition Electronics Group 
. Release Notes for SCG68K V2.3 

PN376 
David M. Berg, Bryan MacKinnon - Fermilab Computing Division 

Online Systems Software Group 
SCG68K User's Guide and Reference 

PN369 
Peter Heinicke, David Berg, Bryan MacKinnon, Tom Nicinski, Gene Oleynik -

Fermilab Computing Division, Online Systems and Data Acquisition Software Groups 
Serial Port Driver for the PAN-DA pSOS Environment 

PN379.2 
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Bryan MacKinnon • Fermilab Computing Division, Data Acquisition Software Group 
FSCC Parts List, Front Panel Port Test Board Parts List, OPORT Parts List 

and FSCCNDAS interface Parts List 
The pans lists are implemented in a Microsoft EXCEL spreadsheet program to allow easy 
updating and sorting. They are available from John Urish at Fermilab as a printed copy or on a 
Macintosh floppy disk. 

Non-Fennilab Documents 

pSOS-68K, pROBE-68K, pRISM-68K 
Software Components Group, Inc. 
4655 Old Ironsides Drive 
Santa Cara, CA 95054 

IBEE Standard FASTBUS 
IEEE960 

_Institute of Electrical and Electronics Engineers, Inc. 
· 345 East 47th Street 
New York, New York- 10017 

68020 32-Bit Microprocessor Manual 
Motorola Literature Distribution 
P.O. Box 20912 
Phoenix, AZ 85036 

FASTBUS Standard Routines 
DOE/ER0325 

National Technical Information Service, U.S. Dept. of Commerce 
Springfield, Virginia 22161 

Software .Components Group, Inc. 
4655 Old Ironsides Drive 
Santa Clara, CA 95054 

FSCC Software 

FSCC System Software 

(Refer to ... SCG68K User's Guide and Reference" or contact David Berg at Fennilab) 
FSCC Diagnostic Software · 

The diagnostic software is supplied by Fennilab and described in "Diagnostics for the FASTBUS 
Sman Crate Controller". The source code or compiled code may be obtained by contacting Dave 
Slimmer at Fcnnilab. 

FSCC Microcode 

PAL/PLD Equations for FSCC 
The P AUPLD sources are listed in Appendix C of this document. The source listings and JEDEC 
files may be obtained on a Macintosh or mM format floppy disk from John Urish at Fermilab. 

FPORT Equations for FSCC 
The EPS448 sources arc listed in Appendix C of this document. The source listings and JEDEC 
files may be obtained on a Macintosh or mM format floppy disk from John Urish at Fennilab. 

PAL/PLD Equations for OPORT Test Board 
The source listings and JEDEC files may be obtained on a Macintosh or mM format floppy disk 
from John Urish at Fennilab. 
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INPUT 
PORT 

0 
RESET 

0 

PERM 

0 

HOST 

0 
TERM 

0 
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Appendix E • FSCC Front Panel 
FASTBUS Slave: Yellow LED 

FASTBUS Master: Green LED 

Front Panel Output (20 pin IDC): Pin# 
1 

RS422 Funciton 
Front Panel 0 + 
Front Panel 0 -
Front Panel 1 + 
·Front Panel 1 -
Front Panel 2 + 
Front Panel 2 -
Front Panel 3 + 
Front Panel 3 -
Reserved 

2 
3 

·4 
5 
6 
7 
8 

9-20 

Trigger Input (20 pin IDC): Pin# 
1-10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

RS422 Funciton 
Reserved 
Trigger Strobe+ 
Trigger Strobe -
Trigger IDO + 
Trigger IDO -
Trigger ID 1 + 
Trigger ID 1 -
Trigger 102 + 
Trigger 102 -
Trigger 103 + 
Trigger ID3 -

Reset Pushbutton: Hard processor reset. 

Remote Reset:: Hard processor reset This is an active low TIL input. Shorting 
the connetor or applying a Til.. low will cause a reset. This input 
may be Daisy-Chained. 

Penn_In/Perm_Out: Serial "daisy-chain" signals for FSCC auxiliary port 
bossing, LEMO connectors. 

2 Serial Ports: 

Ethernet Port: 

RS232 signal levels (4 pin LEMO connectors) one for Host 
connection and one for Terminal connection. 
Terminal port 
Host port (Null Modem) 

Cheapernet signal levels, Isolated BNC Connector. 
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Appendix F • FSCC EPROMs 

ROM BANK 1: OPERATING SYSTEM AND PSCC DIAGNOSTICS 

-----PROM BOARD BYTE POSTION (0-3) 
(FSCC ROM BANK 1) 

VERSION NUMBER 

CHECKSUM 

RELEASE DATE 

ROM BANK 2: SYSTEM OR INDIVIDUAL MODULE DIAGNOSTICS 

OPTION 1; System Diagnostic Tests 

-----PROM BOARD BYTE POSTION (0-3) 
(FSCC ROM BANK 0) 

VERSION NUMBER 

i..---- CHECKSUM 
...._ ____ RELEASE DATE 

OPTION 2; Individual Module Tests 

PROM BOARD BYTE POSTION (0-3) 

---VERSION NUMBER 

FSCCO V 1.0 
SSD MOD DIAG ....__APPLICATION 

CHECKSUM 

-------RELEASE DATE 
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1. INTRODUCTION 
The Master Timing Controller (MTC) module is pan of the Silicon Strip Detector 
System. intended for use in experiments E771 and E789. In addition to generming the 
system clock coherent to the beam. the MTC provides·the mechanism to maintain system 
synchronization. and acts as an interface between the readout system and the 1st level 
trigger system. generating hit addresses in response to trigger requests. The MTC 
provides a pipeline for triggers and is responsible for system reset (initialinlion). Figure 
1 shows the MTC connections to the Sequencer modules and to the trigger systmL 
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Fl1. 1 • MTC connections to tbe Sequencen and 1st level tri11er system. 
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2. GENERAL DESCRIPTION 
The Master Timing Conttoller generates the system clock. controls system 

synchroniz.ation. and generates the hit addresses upon the receipt of Levei 1 triggers from the 
experiments Trigger system. A block diagram of the MTC is shown in Figure (2). The MTC 
receives the 53 MHz Tevatton RF and establishes a near 50% duty cycle clock whose phase is 
adjustable relative to the incoming RF. This CLOCK along. with a SYNC pulse (occurring every 
256 clock cycles) are disttibuted to each Sequencer and evenmally to all Delay/Encoders (D/Es). 
D/Es use this clock and sync to determine write addresses for incoming data. Being 
synchronized, the MTC knows the current DIE write address and generates a read or "hit" 
address when a trigger is received. The hit address generated is offset from the write address 
based upon a calibration of the Trigger decision time. 
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In the case of D/Es being busy, hit addresses are placed into a high speed FIFO 
queueing up to seven ttigger requests which can occur as close together as successive RF 
buckets. The read or "hit" address outout from the FIFO is broadcast to all DIE mnciules at a rate 
determined by the ENC_READY sign3l summed from all DIE modules. 
· · The ability to pipeline ttiggers makes the system tntly deadrimeless at trigger mes up to 
the readout bandwidth. With knowledge of the read address and the D/Fs cum:nt write address. 
the MTC detects fatal DIE memory overwrite errors (256 clock cycles. or 4.8 µs. is how much 
time it takes to overwrite the memory). However, to prevent such a condition. the sys11m1·is 
throttled by sending a WAIT signal to the Trigger systmn- the MTC trigger pipeline deplb can 
be set by Fastbus and will generarc a trigger W Arr at this depth. 

The MTC provides trigger synchronimtion monitoring and incorporates femmes for 
system calibration and debugging. 

3. CLOCK GENERATION AND SYSTEM SYNCHRONIZATION 
Figme 3 shows the Clock and the Sync generation block diagram. -

The MTC expects a continuous NIM 53 !vlHz RF from the accelerator. and generates a 
fixed duty cycle near 50% that is fanned out individually to each crate. In order to mainlain 
constant phase relationship to the RF. it is suggested that the sinusoidal RF signal be procc:ssed 
by EG&G Model 140/N Zero Crossing Discriminator. producing NIM level pulses. prior tG 
being fed to the MTC, which in rum reshapes the 53 MHz pulses with a 8 ns delay line to 
achieve the desired duty cycle. To account for slow drifts of the RF with respect to the actual 
beam, as well as equipment changes. the MTC provides a 6-bit programmable delay line with 
0.5 ns resolution for clock phase adjustment. This delay line is programmed through 
FASTBUS. 

• 
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Fi1. 3 • Clock Generation ancl System Synchronization 
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The MTC is thus capable of delivering a fixed phase 53 MHz clock relative to the beam. This 
clock is the absolute timing signal for the system and can be used as a reference throughout the 
system. If individual modules of the Data Acquisition System need a different phase 
relationship, they have to adjust the phase locally. 

The MTC gcnmates a SYNC signal with fixed phase relative to the clock on every 256 
clock cycles. 1be MTC keeps a copy of the D/Es write counters for use as a reference to evaluale 
the read address (hit add:n=ss). The MTC thus knows when the write counters in every DIE are 
expected to be ataddless zero. At this precise time the MTC broadcasts a 18.8 ns SYNC pulse 
to all Sequencers in the system. The Sequencer will then bus this signal to all the D/Es in the 
crate, with each DIE checking its synchronization to the SYNC pulse. If a loss of sync is 
detected, the faulty DIE will inform the Sequencer in the crate by assen:ing the SYNC_ERROR 
line (wired-or of all D/Es in a crate). Each faulty DIE will identify itself by latching the error and 
displaying it on the front panel Although the SYNC signal has a close phase match to the 
system clock. it is not used as a timing signal. The SYNC signal is sampled in the D/Es on the 
trailing edge of the system clock. as shown in Figure 4a, and is allowed some phase skew 
without affecting D/Es synchronization. The Sequencers, which have control over the clock 
phase in each crate, have to adjust the SYNC signal phase if they change the clock phase. 

Page_ 4 

;..:,....,_--18.8 ns _ __..,.~· 

(a) Synchronism checting in the D/Es 

SVNa-RlNIZED 
WRrrE ENABLE AT 0 

(b) WRITE_EN Sync:hmnizalion 

F11. 4 • DIE and WRITE_ENABLE tlmin1 dla11"am1 
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The SYNC signal has to be calibrated internally in the MTC to phase match the clock 
signal. A tapped delay line is provided for this purpose. with dip switch SW3 being used to 
select the tap which gives the right phase. This calibration is done only once and remains fixed 
theteafu:r. . 

The WRITILEN signal programmed through FASTBUS is intended to start the D/Es to 
acquire daia. as well as allowing the MTC to accept trigger requests. The WRITE_EN is sent to 
the Sequencers/DIE 128 clock cycles before the SYNC pulse. so that all D/Es can see it befon: 
the next SYNC pulse. 

On system start up, the WAIT signal to the trigger system is deassened only after 
WRITE_EN is asserted. and 256 clock cycles after the D/Es have started taking data. 

A flow chart of the system initialization is shown in Figme S. 

RESET ! 

MTC RECEIVES THE WRITE_ENABLE 
Ca.AMANO FROM FA&BUS 

MTC WAITS 258 CLOCK CYCLES 
- TO AU.OW INmAUZATION 

OFlHE OIEs' MEMORIES 

1 • Ml'CSENOS MTC DEASSERTS WRrTE_ENABLE SIGNAL WAIT SIGNAL TO lHE 
TOSECUENCEAS WHICH TRIGGERSVSTEM 
RELAY IT TO THEO/Es 

1 

OIEs SYNCHRONIZE START OF DATA 
ACQUISITION WITH THE SYNC SIGNAL AND 
lHENEGATIVEGOING EDGEOFn..E CLOCK 

, 
EACH DIE CHECKS ITS OWN 

SVNCHACNIZATIONCIN 
EVERYOCCURAENCEOFSVNC 

Fl1. S • S71tem initialization 

4. READ ADDRESS 
Each trigger pulse received by the MTC genemes a READ_ADDRESS - adda:ss where 

the hit data com:sponding to the trigger is stored in the D/Es memories -, obtained by 
subtracting an offset to the reference DIB write counter of the MI'C. This offset is softwm 
programmable and its value is detennined by a calibration procedure. The offset accounts for the 
trigger decision ~ which is expected to be close to 1 µs (for example, for a trigger decision 
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time of 1 µs, the offset would be 1000 ns/18.8 ns • 53 clock cycles). The READ_ADDRESSes 
are sent asynchronously to the Sequencers (and D/Es) along with the ADDRESS_ V Al.JD sipal. 
If the D/Es are busy, the MTC stares the trigger addresses in a FIFO for later delivery. An mar 
is issued if the NEXT.:,.READ_ADDR to be output from the FIFO is too close (dip switch _ 
programmable in SW2) to the cum:m write address in the D/Es, such that a MEM_OVWR mar 
could occur. An opened switch on SW2 means a logic one, and the quantity programmed 
in SW2 should be equivalent to the time (number of clock cycles) needed for the 
READ _ADDRESS to reach the D/Es and be processed before that memory location is 
overwritten with new data. The memory overwrite error monitor is inhibited when the FIFO is 
empty, a situation in which the hanlware would tlag a non-existing mar. 

S. TRIGGERS 
Triggers can be external or internal External triggers come from the 1st level trigger· 

. system and signal an event (external triggers are inhibited in Test mode and under enor 
conditions in other modes). Internal triggers are software generated triggers and are intended for 
test purposes only. There are no hal'dware restrictions as to when an internal trigger is allowed. 
Triggers produce READ_ADDRESSes that arc loaded into the trigger FIFO. 

5. I. Trigger Phase 
The incoming trigger pulse must hold a cenain phase relationship to the system clock for 

the MTC to work properly. Specifically, a trigger must not arrive close to the rising edge of the 
clock. which would cause the trigger synchronization logic to malfunction, by not honoring the 
setup time of the logic. If the trigger phase is not set right, the MTC will tlag an error named 
TRIG_PHASE_ERR. which will halt the system by discarding new nigger requests and by not 
sending out READ~DRESSes.Thc MTC produces the signals TRG WIN (nigger window) 
and TRG MON (trigpr monitor) to help adjust the trigger timing. By observing these signals 
with a scope, one should externally delay the trigger pulse input such that the TRIOOER 
MONITOR signal lies inside the range presented by the TRIOOER WINDOW signal. It is 
recommended thu the TRIOOER. MONITOR signal be positioned in the center of this time 
window, to allow for eventual timing drifts. 

An altemadve way of setting the trigger timing is to monitor the TRIG_PHASE_ERR 
LED while making the delay adjustments. By nodng the range for which no errors are flagged, 
one can set the nigger delay to be centered to the window. 

The width of the window described above can be trimmed to allow a nam>wer or looser 
phase error check for the incoming triggers. A rotary switch (SWS) is provided for setting the 
window width. 

In test mode. triggers are generated by softwale and have a random phase. The nigger 
phase errors are disreguded in this case. and do not halt the system. 

S. 2. Trigger Interface 
The MTC accepts pulses from the 1st level trigger system and broadcasts the addresses 

of the data corresponding to those niggers (READ_ADDRESSes) to the Sequencers/DIE. 1be 
MTC is capable of pipelining trigger m{UeslS if the D/Bs m busy enmcffng the prmous trigpr. 
The pipeline depth, programmable through FASTBUS, depends on the trigger delay, and on the 
expected average number of hits in the detector, which in tum causes different encoding times in 
the D/Es. A wise selection of the number of stages in the pipeline prevents the D/Es from 
wrapping around their memories and consequently overwriting data; the MTC'tests for this type 
of error as said in the previous section. When the number of events waiting to be serviced. 
exceeds the maxhnam pmpammed number of stages in the pipeline, the MTC sends a W Arr 
signal to the trigger system. 'lbe MTC, however, doesn't block om new trigger requests. even 
though it bas sent the W Arr to the trigger system. 'Ibis featme is imponant in me case of trigpr· 

·- .. 
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requests that are in the process of being delivered when the W Arr signal is asserted. The trigger 
request FIFO can store up to 7 trigger requests. 

For test purposes. triggers can be generated by software (FB _TRIGGER) and arc 
OR'ed to extemal triggers. 

S. 3. Trigger WAIT 
The way the MTC throttles the trigger system is by sending a WAIT signal. This signal 

is asserted under four conditions: whenever the system is in stand-by, is running in Test made, 
the FIFO depth exceeds the programmed FIFO depth. or the Sequencers are not ready (the 
Sequencers' FIFOs used to store the encoded data from the D/Es become more than half full 
with encodeddara from the D/Es). 

S. 4. Trigger FIFO 
When the D/Es are busy encoding the previous trigger, the MTC stores the 

READ_ADDRESSes com:sponding to the incoming triggers in a FIFO. Commercial FlFOs 
available today have limitations in speed and functionality. To meet the requirements of the SSD 
trigger pipelining, a discrete ECL FIFO is built in the MTC, with the following charactaisdcs: 

- 53 MHz input frequency 

- depth (number of stages) programmable through FASTBUS 

- generation of a WAIT signal if the current number of stages in the FIFO is gre&lm'than 
the FASTBUS programmed depth 

- generation of status such as empty.full, and error 
- generad.on of the NEXT_READ_ADDRESS 

The number of stages in the FIFO was limited to 7. Figure 6 shows the FIFO 
:. connections to other MTC blocks. 

a.cac 

TRIGGERN SYNCHRONIZATION 
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ENC AEAIW LOGIC FIFO_AEAD 

_ WAlf 
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FASTBUS PIPELINE DEPTH. -

FAS1BUBOFFSET ADDAESS FIFO -
READADDAEBS 

WAITE ADDRESS _ 
ADDER - ADDRESS_YALID ~ WRnE 

COUNTIR 

J AB9EI' -

- FIFOOVEARCWEFIAOR 

- NEXr_READ_ADDR 
-

Fig. 6 • FIFO sipals 
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The pipelirring functional characteristics an::: 
- fifo empry: do nothing; wait for trigger. 

-.fifo not empry: if the D/Es are READY, retrieve a read address stored in the pipe; point to 
the next read address in the pipe. 

- fifo depth > programmed number of stages: send WAIT to tlle trigger system. This is a 
very imponant feature that makes the FIFO more flexible, allowing the 
trigger pipelining to be tuned to the detector hit rate. 

- fifo depth > 7: error. 
A more detailed block diagram for the FIFO is depicted in Figme 7. 

The FIFO is implemented as 8 registers, 2 pointers (write and read pointers) and a status 
generation logic. 

The write pointer is always pointing to the next free location in the FIFO. Upon receiving 
a trigger pu~ the FIFO writes the hit address to the current free location and increments the 
pointer to the next one. The write operation is synchronized internally to the falling edge of the 
clock; the READ_ADDRESSes an: generated after the rising edge of the clock. 

The read pointer is always pointing to the register where the data in the pipe is to be read.. 
The contentS of this register is available and is called NEXT_READ_ADDR9 used in the 
MEM_OVWR error monitor. In response to a FIFO_READ, this data is latched and becomes the 
READ_ADDRESS. which is sent out to the SequencerslD/Es. The read pointer is then 
incremented. pointing to the NEXT _READ _ADDR. In order to allow minimum time for the 
error and status circuits, the FIFO_READ is synchronized internally to the rising edge of the 
clock. This provides one half clock cycle for the mar checking cin:uit. since the writes occur m 
the falling edge of the clock. The difference between the write pointer and the read pointer is the 
FIFO depth. 

6. MODES OF OPERATION 
The MTC has 3 modes of operation: Run (Acquisition) mode, Test mode. and 

Calibration mode. 

6.1. Run Mode 

The Run mode is the normal mode for data acquisition. The MTC basically broadcasts 
READ_ADDRESSes in response to triggerrequem. and is capable of pipelining triggers (read 
addresses) when the system is busy. The MTC checks· for system integrity, halting the system· 
on the occnnence of an error. A FB_ WRITE_EN causes the MTC to enter Run mode. 

6.2. Test (Debugpng) Mode 
The Test mode feature serves many purposes. the most important one being the sysum 

test. In TEST _MODE. the D/Es acquire data in the usual fashion. the data now being a known 
pattern generated by the Post-Amp/Comparaur board. The 1EST _MODE capability allows one 
to read the contents of the DI&' memories and compare them to the known pattern being wriam 
into the memories. . 

In this mode, the write counter in the MTC is shut down (SYNC pulses are generau:d by 
an alternate counter used solely for this pmpose), and the read address is controlled by the 
trigger offset (TOFFSET) setting alone. The actual read address that is broadeast is achieved by 
subtracting an offset from the current write counter contcntS (which is zero in this case). 

''Test" READ_ADDRESS = 256 - TOFFSEt 

In this way, one has control over which addresses to read from the D/Es. A softwme 
program can scan over the entire DIE memory and check for com:ct dara. 
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External trigger requests are disregarded in this mode. and triggers arc generated by 
software (FB_TRIGGER). The software generated triggers are not phased to the clock. and 
their role is to load test READ_ADDRBSS into the trigger FIFO. AWAIT condition can be read 
back through Fastbus. caused by either a FIFO_ WAIT or by the Sequencers not being ready, 
and has to be observed by the software routine that generates triggers. 

~e piuccdurcs to execute the test are: 
. Assert the TEST_MODE signal. 
. Assert FB_ WRIT.E_EN. This will initiate the D/Es accepting hit data. 

. Load an offset that will give the desired READ_ADDRES: 
RBAD_ADDRESS = 256 - TOFFSET 

. Generate the FB_TRIOOER pulse by softwue. 

. Change offset and wait for ENC_READY to issue another FB_TRIOOER 
The Test mode can be also used to test the MTC alone. A great amount of the MTC's 

hardware can be checked under Test mode. The generation of a FB_ENC_READY closes the 
loop on the boani. by allowing triggers stored in the FIFO to be read back through Fastbus. This 
checks the circuitry that evaluates the read address. the FIFO itself. and the Fastbus interface. 
The routine can be extended to funher check the FIFO depth (generates Fastbus readable W Arr 
signals if the number of stages in the FIFO exceeds the programmed depth). the memmy 
overwrite cnor monitor. and the hardware used in the calibration feature of the MTC. 

6. 3. Calibration Mode 
This mode is used for evaluating the correct TOFFSET (number of clock cycles) 

necessary to accomplish for ttigger decision time and other inainsic delays. When set to 
Calibration mode. the MTC waits for the first external trigger pulse to anive and genermes N 
(switch setable) consecutive read addresses, using an esrimau:d offset. The number of triggers 
produced is equal do the switch setting plus 1. 
Fig. 8 shows a diagram of this switch. which 
is set to the number 4 in the figure (5 trigger 
pulses produced) 

These READ_ADDRESSes are stored 
in the MTCs trigger FIFO. and are delivered 
on demand to the D/Es. Additional trigger 
pulses cause the MTC to gcncrare a new must 
of N trigger addresses synchronized to the 
arrival of the trigger pulse input. In other 
words. each trigger pulse will generate one 
burst of N consecutive trigger addresses. 
However, if a new trigger arrives before the 
N calibration triggers corresponding to the 
previous trigger have been stored m FIFO, the 
FIFO_OVFL_ERR is generated. 

The procedure to perform the 
calibration cycle is: 

OFF•1 
SWI 

Fla. 8 • Dlqram for tbe number of 
calibradon triggers switcb 

. RESET the module to clear the error latches and reset the FIFO • 

. Set trigger pipeline depth (FIFO_DEPIH) to 1. so that the FIFO_ WAIT will inhibit 
external triggers if the first burst of N read addresses is not serviced yet. 

. Assert CALIB_MODE 
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. Set WRITE_EN 

If any error occurs. external triggers are blocked out and ADDRESS_ V ALIDs are not 
produced. 

Performing this calibration procedure with different ·clock phases (adjusted in the Se
quencers) and different offsets. the system is able to determine the correct offset by looking into 
the data collected in the D/Es. This offset then becomes a constant to the system and will be 
used by the MTC to determine the READ _ADDRESSes that arc broadcasted to all Sequencers/ 
D/Es in the systmL 

The Calibration mode internal hardware of the MTC can be checked by operaling the 
MTC with both the Calibration mode and Test mode asserted. This allows one to have comml of 
the READ_ADDRESS to be stored in the trigger FIFO (see Test mode) when a a calibrmion 
cycle is initiated by a software generated trigger. The expected contents of the FIFO are N 
(switch setable) consecutive numbers. the first one being equal to the loaded TOFFSET 
subttacted from 256. 

7. ERROR MONITORS 
The MTC monitors errors in the system. Any error is fatal. and the mechanism by which 

the MTC informs the control system of an error in the DAS or itself is to halt the system, i.e., 
external triggers are disregarded and ADDRESS_ VALIDs are not sent ou~ except when the 
MTC is in Test mode. In addition. the MTC provides a NIM output indicating the presence of an 
error, and front panel LEDs for visualization of the errors. All errors arc latched, and can be 
cleared by software or by pressing the front panel switch CLEAR ERRORS (provided the error 
conditions has been corrected). 

The errors can be read through FASTBUS and include: 

DE_SEQ_ERROR : means that a DIE module has lost synchronization or that a Sequencer FIFO 
has overflowed. To identify the exact cause of the error, one needs to read the 
Sequencers' error registers. 

MEM_OVWR_ERROR : indicates that a trigger address cannot be broadcast due to da1a being 
overwritten in the DIE memories. The MTC compues the DIE' write address against the 
NEXT_READ_ADDR; if they are too close to one another, as programmed in dip switch 
SW2 (memory overwrite margin), the MEM_OVWR_ERR is flagged. 

FIFO_OVFL~ : indicates that the trigger pipelining FIFO in the MTC has overflowed. This 
enor may occur if the trigger system disregards the W Arr signal. the MTC sends to it 
informing the pipe is almost full. Normally, the W Arr signal is sent out before the FIFO 
becomes full. whenever the progralDJIUll1i depth is exceeded. 

TRIG_PHASE_t:RR : signals that the trigger input from the first level trigger system has drifted 
by an amount that causes it to fall outside a pre-established time window. 

CLOCK_MISSING : detects that at least one clock cycle was not received from the acceleraror. 
ERROR_SUM : it's the OR logic of all errors. 

8. FRONT PANEL 110 AND DISPLAYS 
Figure 8 shows a section of the MTC's front panel. 

8 .1. Front panel LEDs 

MOD SEL : it is a yellow LED that flashes when module address is selected by Fastbus. 

FIFO DEPTH : Is composed of 8 green LEDs numbered 0-7. They monitor the difference 
between the read and write pointers of the FIFO. If at 0, the read and write pointers are 
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pointing to the same register in the FIFO, which means the FIFO is empry. The 
maximum depth is 7, and an additional write to the FIFO will cause it to overflow, 
flagging an caor • 

• Errors· 
MEM OVWR: indicates a MEM_OVWR_ERR. 

in theD/Es. 

FIFO OVF : indicates that the FIFO has 
overflowed. 

'IRG PHZ : monitors the external trigger phase 
to be within a pre-established time 
window. 

DFJSEQ : signals that at least one D/Es is out of 
sync or that some Sequencer FIFO has 
overflowed. 

CLK MIS: indicates the 53 MHz system clock 
is missing or was not present for at least 
one clock cycle. 

- Status • 
WRITE EN : status LED indicating the MTC is 

ready to accept triggers. The 
WRITB_EN is required also when the 
MTC is being operated in Test or 
Calibration modes. · 

CALIB : informs the MTC is in Calibration 
mode... 

TEST : Test mode indication. 

TRG IN : alongside TRG IN connector, shows 
when the MTC is receiving external 
triggers. 

TRG WAIT : alongside the WAIT output, 
shows W Arr signals being sent to the 
trigger system. A persistent W Arr 
condition will leave the LED constandy 
lighted. 

• At the front panel bottom • 
See Fig 10. 

+S : monitors the S volts power in the MTC 
board. 

MTC 
MCDsa. 
0 

RFO 
DEPTH ERF0=5 
7 Q MEMOJWRQ 

6 Q RFOOVFQ 

sO 
4Q 

3Q 

20 
10 
oO 

TRGPHZ Q 

DEtSEOQ 

CU<MIS Q 

CLEAR 
ERRORS 

(!) 

WRITEe-1' Q 
CALIB Q 

TI:ST 0 

TRIGGER 
WNXJW 
ADJUST 

-5.2 : monitors the -5.2 volts power for the 
ECL logic. Fla 8 • MTC's front panel partial view 

-2 : monitors the ·2 volts power supply for the 
ECL terminations. . 
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8. 2. Coaxial connectors: 
Fig 9 depicts the MTCs front panei coaxial connectors. 

CLOCK IN : a NIM 53 MHz clock input 
which is derived from the accelerator 
RF via the CA TV system. The only 
concern here is to have a signal that 
has a fixed phase relationship to the 
RF. This signal may experience slow 
timing drifts over long periods of 
time. which can be compensated by 
reprogramming (Fast-bus operation) 
the delay line inremal to the MTC. 

CLOCK OUT : a NIM 50% duty cycle clock 
output reference that has a constant 
phase to the beam. This signal is 
fanned out individuallv to each of the 
12 crates. The 13th. output is for 
monitoring. 

SYNC OUT : NIM output pulse. 
synchronous to CLOCK. to test write 
counters sync at each zero counL This 
signal is delivered individually to each 
Sequencer. The 13th output is for 
monitoring. 

ERROR : NIM output intended for immediate 
sipalization of an error condition. 

TRG IN : NIM trigger pulse inp11t from the 
1st level trigger system. 

TRG MON : output used. in conjunction with 
the TRG WIN signal to adjust the 
phase of the trigger signal. TRG WIN : 
presents the time window for phasing 
thetrigpr. 

TRG W Arr : NIM output signal informing 
the 1st level trigger that the system is 
busy and cannot accept new trigger 
requests 

8. 3. Ribbon cable connector: 

Fig 9 • Front panel Coaxial Co•ecton 

All signal in the ribbon cable connector are bussed to all crates. It is shown in Fig. 10. 

RESET : initiated from Fastbus. it accomplishes system resetting and initialization. It is a 
differential ECL output signal. asynchronous to CLOCK. 

WRITE_EN : output signal. differential ECL, asynchronous to CLOCK. for enabling the DIE 
modules to start data acquisition. i. e •• accept hit data and increment write countas. 

ENC_READY : single-ended wire OR'd EO.. input signal from the Sequencers informing 
the D/Es status. This signal is used in determining when to deliver another 
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READ_ADDRESS to the Sequencers/ 
D/Es. It is the OR logic of the 
encoders not being ready. 

SEQ_READY : input from the Sequencers. 
single-ended wire OR'd ECL. it 
signals that the Sequencers have room 
in its FIFOs for encoded events. If the 
Sequencers an: not READY, the MTC 
immediately sends a WAIT to the 
trigger system. SEQ_READY 
performs the OR logic of the 
Sequencers not being ready. 

DE_SEQ_ERR : single-ended wire OR'd 
ECL input from the Sequencers 
informing that the event FIFOs in the 
Sequencers have been overfilled by 
the encoders or that a DIE has lost 
synchronization. 

READ _ADDRESS : 8 bit differential ECL 
output, asynchronous to CLOCK. 

ADDRESS_ VALID : it is a 80 ns wide 
differential ECL output pulse, 
asynchronous to CLOCK. occurring 
80 ns after the READ_ADDRESS is 
asserted. It signals the Sequencers that 
a new READ_ADDRESS is available. 

9. FASTBUS INTERFACE 

October 19, 1990 

+I -
READADDRO 0 0 

READADDR1 0 0 

READADDR2 0 0 

READADDR3 0 0 

READAOOR4 0 0 

READAOOR5 0 0 

READADDR8 0 0 

READADDR7 0 0 

ADORVN...OUT 0 0 

WRTENQJT 0 0 

RESET OUT 0 0 

ENC ROY IN 0 0 

SEQ ROY IN 0 0 

OE SEQ ERR IN 0 0 

0 0 

0 0 

CH> 0 0 CH> 

0 0 0 
+5 -5.2 -2 

Fl1 10 • Rlbbo• Cable coaaector 

The MTC commnnicar.es to the cxtrmal world tbmugh FASTBUS. Functions executed 
through FASTBUS include system resetting, system calibl'ation. sys1em debugging, clock phase 
adjustment. pipeline depth setting, read address offset progranmring and crrorreponing. 

The MTC is a slave device that responds to geographical addRss in the CSR spacce The 
module m is 01A2. The signals and addresses me listed below. 

9.1. CSRO 
CSRO is used to control the MTC. Its signals me listed below: 
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bit 
CSRO(OO) 
CSR0(16) 

CSR0(02) 
CSR0(18) 

CSR0(06) 
CSR0(07) 

write 
Set EmJr Flag 

Clear Ermr Flag 

WRmi_EN Ser 
WR11E_EN Clar 

Calibmim Made set 
START_CALIB 

-EnorFlag 
ID . 

.WJUm_EN 
ID 

Calibrllian Mode stams 
ENC_READY 



MTC V. 3 October 19, 1990 

CSR0(22) Calibration mode clear ID 

CSR0<08) Test Mode set Test Mode swus 
CSR0(09) not used CLOCK_MISSING 
CSR0(24) Test Mode clear ID 

CSRO(lO) nOlused DEi_SEQ_ERR 
CSRO(ll) nOlused MEM_OVWR_ERR 
CSRO(l2) not used FIFO_OVFL_ERR 
CSRO(l3) not used TRIG_PHASE_ERR 

CSR0(30) Reset ID 

CSR0(16:31) MODULE m (01A2) 

RESET is not latched internally, and the RESET pulse is the result of writing a one to bit 
30 of CSRO. A hardware reset is performed on system power up, and a software reset is issued 
in system initialization or after a fatal error had halted the system. RESET causes the MTC to go 
to the following state: 

. WRrI'E_EN is reset 

. Calibration mode is reset . 

. Test mode is reset. 

. All errors arc cleared. 

. TOFFSET, CKPHASE. and PRDPTII ( programmable FIFO depth) are left 
unchanged. 

The FB_ WRITE_EN command signal to start data acquisition is set by CSR0(02) and 
reset by CSRO(l8). 

The Calibration mode is set by CSR0(06) and reset by CSR0(22). 
The Test mode is set by CSR0(08) and reset by CSR0(24). 

9.2. CSRIO : READ ADDRESS - . 
. CSRlO is used in Test mode to read back the READ_ADDRESSes and to generate 

FB_TRIOOER.s and FB_ENC_READYs. 

bit 
CSR10(0:7) 
CSR10(08) 
CSR.10(09) 

wrile 
don't care 

FB_TRIOGER. 
FB_ENC_READY 

-FIFO _RA(0:7) 
not used 
not used 

FB_TRIGGERs and FB_ENC_READYs an: not latched internally. Pulses on tbcso lines 
uc produced by writing a one to bit 8 and 9 of CSIUO, respcciively. 

9. 3. CSRll : PRDPTH 
CSRl 1 programs the trigger pipeline depth (PRDPTH). Legitimate values are 1 to 7. 

CSRl 1 is also used to monitor status used in Test mode. 

bit write -
CSR11(0:2) PRDPTH(0:2) same 
CSR11(4) don't care TRIG_ WAIT 
CSR11(5) don't care FlFO_NOT_EMPTY 

The status of WAIT output on the front panel can be read through CSRl 1(4) which reads 
1 whenever WAIT is assencd. This is intended for module diagnostic purposes. 

Page 15 



MTC V. 3 October 19, 1990 

The NOT EMPTY /EMPTY status of the FIFO can be read in CSRl 1 (5) which reads 1 
when the FIFO is NOT empty (the FIFO has READ_ADDRESSes stored in it) and 0 when the 
FIFO is EMPTY. 'Ibis bit is intended for module diagnostic purposes. 

9.4. CSRU : TOFFSET 
CSR12 holds the 8-bit trigger address offset (TOFFSET). 

bit 
CSIU2 

9. S. CSR13 : CKPHASE 

wrir.e 
TOFFSE I (0:7) 

CSR13 is used to adjust the the internal clock delay. Six bits are used to program the 
ELMEC PDH 6500 delay line with a .5 ns resolution. 

bit 
CSR13 

9. 6. Fastbus Error Responses 
SS=7 Bad NTA R/W 
SS=6 R/W to invalid address 

wrir.e 
CKPHASE(O:S) 

SS=2 End of Block (Although not normally used. the MTC is capable of Block 
Transfers) 

10. MODULE CALmRATION 
As said in secdon 3, the MTC requires the phase of the SYNC signal to phase march the 

clock phase. This is accomplished in SW3.(only one switch should be closed at a time) and 
needs to be performed only once. 

11. MODULE INTERNAL SETTINGS 
In addition to SW3 (SYNC phase) adjustment which is fixed for a particular module. 

two other dip switch adjustments are required. 'Ibey arc dependant on the experiment, which 
means that they have to be tuned to a particular system. These dip switches arc SW6 for 
adjusting the number of triggers for Calibration mode., and SW2, used for the z;nemory over
write margin adjustment. 

SW6 is shown in Fig. 8 and explained in section 6.3 above. . 
SW2 setting depends on the number of clock cycles required for a READ_ADDRESS to 

be recognized by the D/Es, after a ADDRESS_ VALID signal was issued. This number 
compensates for all delays due to cables, Sequencer processing and DIE acknowledging. In 
other wcmis, this number should be set to some safe number (margin) that would guarantee that 
the D/Es' men:aics will reuieve the stored data. before being overwriam by new data. The MIC 
monitors this situation by knowing the current D/Es' write address and the NEXT_ 
READ_ADDRESS that is to be sent out. 

Another switch, SWS, is provided for adjusting a time window for incoming triggers. 
SWS is a rotary switch and is located in the front panel Positions 1 to 5 are used. SW5 setting 
depends on how tight the external trigger phase is to be monitored. 

12. POWER REQUIREMENTS 
5Volts@2A 

-5.2 Volts@ 8 A 

-2 Volts@ 3.S A 
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13. MTC PRELIMINARY TESTING 

After assembling the MTC module, there are several tests that are required before 
automated software tests can be performed. 

A Test Module (Appendix D) was built to provide the clock and trigger inputs to the 
MTC, so that the board can be tested. By providing a 53 MHz clock inpuL to the MTC. the 
signals CLOCK OUT, SYNC, and TRG WIN should be present at the front panel coaxial 
connectors. It is imponant to check that all the 13 CLOCK and SYNC outputs deliver a Dice 
NIM outpuL 'lbe CLOCK outputs should have approximately SO'll duty cycle; the TR.O_ WIN 
width can be adjusted by a front panel rotary switch. This is the right moment to calibrate me 
SYNC phase dcJay, as explained in section 10. 

14. AUTOMATED TESTS 
The hardware requirements for testing the MTC are a standard Fastbus crate. with a 

Fastbus Smart Crate Conaoller, and the MTC Test Module. which provides the S3 MHz clock 
and the external trigger input to the MTC. Fig. 11 shows the connections between the MTC and 
the Test Module. The circuit diagram of the MTC Test Module is found in Appendix E. 

The trigger phase. as observed in the 
trigger monitor output, has to be adjusted to 
reside within the time window presented by 
the TRIG_ WINDOW signal (the leading edge 
of the window is dependent on the leading 
edge of the clock. and the width is set by lhe 
SW5 front panel rotary switch). See section Test Module 
5.1 for a more detailed description. If the 
trigger phase is not correct, an error is 
produced and some tests will not nm, since 
the MTC was designed to stop at an ermr 
condition. 

Trigger 
Inhibit 

--

M1C 

Clock 
~ 

Trigger ---
Wait Tile normal situation is when the 

external trigger produced by the 1st level 
trigger system is delayed extcmally in order to 
have the right phase. For the tests. however, 
the absolute phase is not important and the 
phase adjusunent can be done by adjusting the 
clock phase. which changes the clock delay 

Fl1. 11 • The MTC Test Modale 

and, consequently, the window delay with 
respect to the trigger inpuL The trigger could 
also be delayed externally, using a delay line 
module or cable. 

The front panel TRIG PHZ LED goes on if the aigger phase is not conect. By pmviding 
the MTC with an external clock and an appropriate trigger input, the front panel cnor LEDs 
should go off by pressing the a.EAR ERRORS front panel push-button switch. 

A program. called MTC Test Software, was developed to test the MTC. This program 
tests all MTC features. being able to perform system tests as well. 

14 .1. Test Software 
The MTC Test Software is resident in the FSCC {Fastbus Smart Crate Controller), 

burned in EPROM. Below is presented a brief summary of what is expected from the hanlware 
and software to accomplish the tests on the MTC. 
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Test Mode: External trigger requests arc disregarded. triggers arc generated by software (FB 
triggers). 

Write counter is set to zero (256) and the READ _ADDRE~S is conttolled by the aigger 
offset (READ_ADDRESS = 256 - TOFFSET) 

WAIT is always set in this mode. 

FB_ENC_READY reads back the READ_ADDRESSes. 

ADDRESS_ V AUD continues to be generated in the presence of cnms. 

Calibration Mode: Each external trigger pulse generates N (switch setable) consecutive 
· READ _ADDRESSes. They are stored in the Trigger FIFO and send to the Sequencen/ 
D/Es on demand (upon receiving of a ENC_READY signal). 

ADDRESS_ V AUD will not be generated in the presence of an enor. 

Calibration Mode may also be used in combination with Test Mode. This is useful 
primarily in checking if the MTC is generating the correct READ _ADDRESSes. The first 
READ_ADDRESS. in this way. can be determine by software. 

Run Mode: Each external trigger generates a READ_ADDRESS; if the D/Es are not ready, the 
READ _ADDRESS is stored in the trigger FIFO. 

The FIFO depth (number of stages in the FIFO) is programmable and WAIT is asserted 
if the number of FIFO stages is greater than the prognmmm depth. If the nnmber of 
triggers exceed the maximum FIFO capacity (equal to 7), then the FIFO OVFL emrwill 
be generated.. 

If the read address (obtained by subtracting the offset - determined by the calibradm 
pmccdme- to the reference DIE write counu:r of the MTC) is close by a switch setable 
amount to the current write address in the D!Es. a MEM_OVWR enor will be issued. 

Any of the above errors, or TRIGGER PHASE and DIE errors, will stop external 
triggers. 

ADDRESS_ V AUD is inhibited until all errors me clem:d. 

MTC features that are tested 
1) Fastbus interface 

2) Filo read address 

3) Flfo overflow 

4) Cock phase adjusanent 

5) Memory overwrite 

6)Wait 

7) Calibration 

Description of tests 

Pseudo code for each of the tes1S are: 

Fastbus interface : Write and read to ( from) CSRlO • CSR13; 
set and reset flags ( bi1S ) and read stams of CSRO. 
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Fifo read address : Reset 
Error flag reset 
Test mode 
Write enable 
Trigger address offset to 256 - N 
FB trigger 
FB encoder ready 
ReadCSRlO 
Compare 
Reset 

The above test checks the arithmetic unit that evaluates the READ_ADDRESS, 
the trigger FIFO where this address is stored. and the control pulses FB_TRIOOER and 
FB_ENC_ READY. 

Fifo overflow : Reset 
Error r1a2 resec 
Test mode 

· Write enable 
Set trigger pipeline depth to 7 
While not overflow 

Set trigger address offset 
FB trigger 

End While 
Cleek number of triggers generated 
Loop on trigger number 

Read back with Encoder Ready and 
check addiess 

End Loop 
Reset 

The current FIFO depth can be found at any time by writing to the prognmmahle 
depth register and observing the WAIT signal The WAIT signal is assened whenever the FIFO 
depth exceeds the programmed depth-

Cock phase adjustment : Change the clock phase over a range of values. checking for 
trigger phase eiror. The change in the clock phase causes the 

··· trigger window to move, throwing the trigger input outside 
the window, producing the error. For automatic tests make 
sme that trigger remains in phase (inside window). 

Memory Overwrite : Reset 
Error flag Reset 
Test mode 
Write Enable 
Loop on the 2SS possible read addresses 

Error flag Reset 
Set trigger address offset 
Assert FB trigger 
Check Memory Overflow 
If not when address agrees with the Dip Switch, report it 
Assert FB trigger 
Read and compare address 
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In the Memory Overwrite tes~ the memory overwrite margin switch SW2 has to be 
hanicoded to the value 8, or one can change the default during the initialization time to agree with 
the switch setting. 

Wait: Reset 
Em>r flag reset 
Loop over fifo depth 

Set fifo depth 
Set write enable 
Loop until wait or error or timeout 
When wait or error, external triggen arc inhibited 
Set test mode 
Assert Fb encoder ready until fifo is empty 
Compare with depth or if error report 

EndLoop 
Reset 

Calibrate: Reset 

Notes: 

Error tlag reset -
Set trigger pipeline to l so wait will inhibit all but the first external trigger 
Set calibration 
Set Write enable 
Loop until Wait 

Set Test mode 
Loop 

Assert fb encoder ready 
Fill.array 
Bn:ak if fifo empty 

Endl.oop 
Compare and check anay, report errors 

Reset 

; the FIFO contents should 
;rcadconsecutivenumbe:rs 
; representing the read addrmses 

Test mode is required for reading back READ_ADDRESSes in order to prevent the 
blocking of ADDRESS_ V ALIDs due to MEM_OVWR error. For every FB write to a rcgisu:r. 
the concsponding read is pcrfonncd in order to check the FB interface. 

During the initialization. the default values that correspond to dip switches can be 
changed (main mmu). or the hardcoded values can be tested to set the defaults. 

The default values (i.e trigger offset, pipeline depth, ••• ) can be modified for each test if 
the program is being nmned in the interactive mode. / 

Refer to document for a complete description of the MTC Test 
Software. 
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APPENDIXB 

PAL EQUATIONS USED IN 1HE 

FASTBUS IN1ERFACE 



"1TC V. 3 

MODULE MTC_NTA 

1TI1.E 'F ASTBUS NT A decode PAL for SSD Master Timing Controller Module 

"Inpurs: 

"Ouq>uts: 

Ken TreptoW - FERMlLAB 
Sep 25. 1989 - Revised Sep 25. 1989 ' 

MTCNT A DEVICE 'P20V8C; " nonnaily P20L8 

CSR.lCON.!FB_WRJFB_RDJNC 
nc6.nc7.nc8.nc9.nc10 
NTAO.NTA1.NTA4.NT A5 

!EOB.NTV,!CSRO.!CSRlO 
!CSR11,!CSR12.!CSR13.ncl5 

PIN 1.2.3.4.S ; 
PIN 6.7,8.9.10 ; 
PIN 11.13.14,23 

PIN 22.21.20.19 : 
PIN 18.17,16.15 : 

"Consrant declanu:ions: 

x = .x. ; 
ADDR = [NTA5.NTA4.X.X.NTA1.NTAO] ; 

NTV =CON ct CSR ct !((ADDR = 0) 
# ((ADDR >= "'hlO) ct (ADDR <= "'hl3))) ; 

CSRO =CON ct CSR ct (ADDR = 0) ; 

CSRlO =CON ct CSR ct (ADDR = "'hlO) ; 

CSRll =CON ct CSR ct (ADDR =="'hll) ; 

CSR12 =CON & CSR ct (ADDR == "'h12) ; 

CSR13 =CON ct CSR ct (ADDR == -'h13) ; 

EOB• CONctCSRctINCctNTV: 

ENDMTCJITA 

B • 1 

"NotCSRO 
"Not CSRI0.13 

APPENDIX B 



\ITC V. 3 

MODULE MTC PALI 
. -

TITLE 'FASTBUS Slave PALI Corr SSD Master Timing Conuoller Module 
This is a modified FAS'i'BUS Slave PALl from E706s ICBM Module 
Ken Trepraw - FERM1LAB 
Aug 25. 1989 - Revised Aug 25. 1989 ' 

"Note this is a mcvtification of FASTBUS Slave PALS done by L. PREGERNIG 
" when he was at die UNIVERSITY OF n.LINOIS HIGH ENERGY PHYSICS GROUP 
"DAlE 1986 OCTOBER 20 
"CHIP FB009_SCL2 PAL20L8 

MTCPALl DEVICE 'P20V8C': " normally P'20L8 

"Inpurs: 

IASJDSJ>mS2JMS2JMS l.IMSO 
!BCADD.DmStJRD.!GA 
IEGJWT.!INHJAK 

"Outpurs: 

!DIAS.!CON.!NT ARD.NT AO.K 
!INTAa.KJNC_LD,!OAK.nc 

equalicns 

DIAS = IAS : "Delayed Input AS 

"CONnec:tal (anacbrd) 

PIN 1.2.3,4.S,6 ; 
PIN 7.8.9.10; 
PIN 11,13.14,23 ; 

PIN 22.21.20,19 ; 
PIN 18,17,16.15 ; 

APPENDIX B 

CON= IAS & !IAIC & !IRD le. !IMS2 & !DASI & IMSO & GA & IEG 
# IAS & !IAK & !IRD & !DAS2 & DASI & BCADD 
#IAS&CON: 

"Geograpbical Add CS 
"'8lmdcasl Addlms 
"laa:b while AS is up 

"NTAReaD 

NTARD =CON & IRD & !IMS2 & IMSl & !IMSO & ms & !DmS1 "set on DS up 
# NTARD le. CON & lRD & !IMS2 & JMSI & !IMSO le. ms & DIDS2; 

"Nl"ACLocK 

NTAa.K = INTACLK 
# INC_LD le. llAS 
# NTACLK & ms & !DIDS2 
# NTACLIC & !IDS & DIDS2; 

"Internal NT A CLocK 

"laa:b unlil new MS or Write and DSJ>K up 

" Inc NTA when u:nninaling Blk xfer with AS dn 
"Larch while DS up 
"Larch while OS down 

B·2 
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(cont. MTC _PALI) ••• 

INTACLK =CON & !INC_LD & !IRD & !IMS2 & IMSl & !IMSO & DIDSl &. !DIDS2 &. !NTACLK 
"NI" A wrire cycle 

#CON & INC_LD & !INH & !IMS2 & IMSO & IDS & !DIDS2 & !NTACLK 
· "Block ttansfcr DS up 

#CON & INC_LD & IJNH & !IMS2 & IMSO & !IDS & DIDS2 & INT ACLK 
"Block aansfcr DS dn 

#CON & INC_LD & !INH & IRD & !IMS2 &. IMSl & !IMSO 
& ms & !DIDS2 & !NTACLK "NTArmcycll: 

#CON & INC_LD & llNH & !IMS2 & !IMSl & !IMSO 
& IDS & !DIDS2 & !NTACLK; "Singte R/W cycle 

"INCrement or LoaD the NTA 

INC_LD = !(!(CON & !INH & IMSO & ms & DIDS2) & !INC_LD "Set if blk 
# IIRD & !IMS2 & IMSl & !IMSO & IDS & !DIDS2 "ResetonNTA wrire 
# IIMS2 & !IMSO & NT AO.K "Reset on NTA or Single & after NT ACLX 
# !CON ) : "Reset when disconnecred 

''Output AK 

OAK= CON & !IAK & !IWT & !BCADD 
#OAK&CON 
#OAK&IWT 
#OAK&DIDS2; 

END MTC_PALl 

B-3 

"Send AK if not brmdca.u address 
"Lalch wuil CON goes away 
"Hold if WaiT is asserted 
"Stretch until DK is off 
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MODULE MTC_PALl 

rrn.E 'FASTBUS Slave PAL2 for SSD Sequencer Module 
This is a modified FASTBUS Slave PAL2 from E706s ICBM Module 
Ken Trepmw - FERMILAB 
Aug 28, 1989 - Revised Aug 28, 1989 ' 

"Note this is a mcxtificadon ofFASTBUS Slave PALS done by L. PREGERNIG 
" when he was at die UNIVERSITY OF ILLINOIS HIGH ENERGY PHYSICS GROUP 
"DA TE 1986 OCTOBER 20 
"CHIP FB010_SCL2 PAL20L8 

MTCPAL2 DEVICE 'P20V8C'; .. nonnally P20L8 

"Inpuas: 

IAKJCONJDS.DIDS2JMS2JMS1,IMSO 
!OAKJRDJBSY,!EOBJWT.DIDSl,NTV 

"Outpu&s: 

!FB_ WR,CSR.!OSSO,!OSS 1,!0SS2 
!ODK.!FB_RD,!OINH 

"Consram declaralioas 

"INHibil clala aansfas 

PIN 1,2,3,4,5,6,7 ; 
PIN 8,9,10,11,13,14,23 ; 

PIN 22.21.20,19,18 ; 
PIN 17,16,15 ; 

APPENDIX B 

INH =CON ct. EOB & !IMS2 ct. IMSO 
#CON&BSY 

"If End or Block is mlChed (block or pipeline) 
"whenBuSY 

#CON&NTV 
# IMS2 ; 

Equalions 

"Fas&Bus WRire suobe 

"when NoT Valid address is in the NT A 
"when bad MS code 

FB_ WR= CON & !INB & !IRD & !IMS2 & !IMSl & !IMSO ct. omst & !DIDS2 
"MS-0 mndom clala write. DS up only 

#CON & !INB & !IRD ct. !IMS2 & IMSO & DIDSl & !DIDS2 
"MS-1 block lrallSfer write. DS up 
"MS-3 pipeline aansfer write. DS up 

#CON & !INH & !IRD & !IMS2 & IMSO & !DIDSl & DIDS2 ; 
"MS-1 block aansfer write. DS dawn 
•MS•3 pipeline tr.msfer write. DS down 

"Addlased in CSR 

CSR= CON & IMSO & !IAK 
#CSR&CON; 

"Output Slave Srams bit O 

"set if CSR at primary address time 
"larch mnil end of CONnected (aaachcd) 
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(cont MTC_PAL2) 

OSSO= CON&: BSY &: !IMS2 &: !IMSl &: !IMSO &: DIDSl &: !DIDS2 "BuSY &: single xfer 
#CON & BSY & IIMS2 & IMSO & DIDS1 & !DIDS2 "BuSY and MS•l or 3 on DS up 
# CON & BSY & !IMS2 & IMSO & !DIDSl & DIDS2 "BuSY and MS=l or 3 on DS dn 
#CON & NTV & !IMS2 & IMSl & IIMSO & DIDSl & !DIDS2 "NTV &2ndAddn:ss 
# OSSO & IDS & DIDS2 & CON "Lalch while DS=DK=l 
# OSSO & !IMS2 & IMSO & !IDS & !DIDS2 & CON ; "Larch if DS=DK=O & MS=lar3 

"Output Slave StalllS bit 1 
OSS1 =CON & IMS2 "any MS=-4-7 on DS up or down 

#CON & !IMS2 & NTV & !BSY & DIDSl & !DIDS2 
"any Not Valid address if not BuSY on DS up 
#CON & !IMS2 & IMSO & NTV & !EOB & !BSY & !DIDSl & DIDS2 
"any Not Validaddless.notBuSY. not End Of Block. & MS=lor3 on DS down 
#CON & !IMS2 & IMSO & EOB & !BSY & DIDS1 & !DIDS2 
"End Of Bloc.le if not BuSY on DS up 
#CON & !IMS2 & IMSO & EOB & !BSY & !DIDSl & DIDS2 
"End Of Block if not BuSY on DS down 
# OSSl & IDS & DIDS2 & CON "I...atch while DS=DK=l 
# OSSl & IMSO & !IDS & !DIDS2 & CON : "Lalch ifDS=DK=O & MS=l.3.5.or 7 

"Slave SWiii bit 2 
OSS2 = CON & IMS2 "any MS=4-7 on DS up or down 

#CON & !IMS2 & NTV & !EOB & !BSY & DIDSl & !DIDS2 
"any Not ValidaddressifnotBuSY andnotEndOfBloc:kon OS up 
#CON & !IMS2 & IMSO & NTV & !EOB & !BSY & !DIDSl & DIDS2 
•any Not Valid addless. not BuSY. not End Of Block. & MS•lor3 on DS down 
# OSS2 & IDS & DIDS2 & CON "Laich while DS=DK-1 
# OSS2 ct IMSO & !IDS ct !DIDS2 & CON ; "Larch if DS=DK=O & MS=l.3.S.or 7 

"Ouqna DalaacKnawlege genem1m DK 

ODK = llWT ct CON ct OAK & DIDS2 •set ifDS (delayed) and •narbed and not WaiT 
# IMSl ct IMSO & CON ct OAK & DIDS2 

•set if DS (delayed) and anpctwt and MS-3 (pipeline) even if WaiT 
# ODK ct CON & OAK ct DIDS2 "tnmitiCJn hold while DS (delayed) 
# IWT & !IMSl & ODK "hold if WaiT and not MSl 
# IWT & !IMSO & ODK ; "hold if WaiT and notMSO 

•te. bold if not MS-3 (pipeline) AND WaiT. releate i1 otbelwise 

"FastBus R.eaD 

FB_RD •CON & !INH & IRD cl: !IMS2 & !IMSl & llMSO & DIDSl & !DIDS2 
"set on DS up. Ms-o randml dara lead 

#CON cl: !INH & IRD ct !IMS2 ct IMSO & DIDSl & !DIDS2 
"set on DS up. MS:al block lead 
•set on DS up. MS-3 pipeline rad 

#CON & !INH & IRD ct !IMS2 & IMSO & !DIDSl & DIDS2 
"set on DS dn. MS-1 bloct lead 
"set on DS dn. MS-3 pipeline lead 

# CON & IRD & !IMS2 & !IMS1 & !IMSO &IDS & DIDS2 & FB_RD 
"Jalda while MS=O n:ad and DS.DK up 

# CON cl: IRD ct !IMS2 ct IMSO & FB_RD 
"Jalda while Ms-1.3 rad 

#CON ct IDS & DIDS2 & FB_RD "1alcb while DS.DK up 
#CON & !IDS & IDIDS2 & FB_RD ; "larch while DS.DK down 

"i.e. larch unlil new MS or WR cycle 

B-5 
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(cont MTC_PAL2) 

"Output INHloit da1a uansfers 

OINH=INH 
#CON & !CSR: 

END MTC_PAI.2 

APPENDIX B 

"This srops NT A Incrementing for die FIFQ in Data Space 
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PARTS LIST 



M"l'C p AR.TS 

~o. ~P:at1M"', \f--' \f.-PARTNo. FN' & I c;:,,.,... No. De__....._ ntv ,.. __ r.-.-
R-

l R3.I AB 1487-0385 lOKl/IWRa l 0.13 0.13 
2 R6,7,9.l 1.12 1471..m47 S 1 obm lJlw Res s 0.16 0.80 
3 R13-Rl7.l9,21 1487-028! 220 obm lJlw Ra 7 0.16 1.12 
4 Rll.:ZO 1487-0620 IOOobm l/4w Ra 2 0.06 0.12 s Rl.R5 1487.()590 S6 alma l/4w Ra 2 0.06 0.12 
6 RIO 1487..0130 S.lK obm l/4w Ra 1 0.06 0.06 
7 R2,4 1487-0720 620 alma 1/4w Ra 2 0.04 O.OI 
8 RN1-RN44 AB 4610X-101 IOOobm 10-pinSIP 44 0.32 14.0I 
9 RPl·RP3 AB 4610X·10l 270 ohm lQ.pin SIP 3 0.32 0.96 
10 RP4-RP6 AB 4610X-l01 330alma lQ.pinSIP 3 0.32 0.96 

rn Clrcaltl 
11 U1l6-Ulll Matorola lOlOlP 14.55-5801 Qu8li OR/NOR. Gala 1 0.31 Q.31 
12 U9,l37 Molarala l0114P Tripla Lim Rlmliwrr' 1 0.76 0.76 
13 U:ZS.33.35.31,41 Matorola 10124P 1455-5124 Qu8li T'lt.10 &CL Tnmiaaor s 1.52 7.SJ 
14 Ul,34,49,SO,Sl M--. 1012SP 1455-5125 Qu81i ECL IO TI'L Tlllllllalar 5 1.22 6.10 
IS Ul06-Ul13 MCllGlala 10133p 1455-5133 QuMlatdl 16 

U127·U134 
16 U47,6.5,67,14,16 MClf.Ola!a IOIBBP Ha Buffer wlenabla 9 2.20 19.80 

U91,101,102 
Ull9 

17 U20.21.3l.32.46 Mat.onHa 10192P Quad Bus Driver(ECL to Nim) 8 3.90 31.lD 
U64.B3,97 

18 Ul MOIOIVia l0198P MOllClll&bl& Mllllivibruor l 8.15 8.15 
19 U29.17,81 Matorola lOHlOlP Quad OR/NOR Gara 3 0.64 1.92 
20 UlS.19 MCllGlala l0Hl02P Quad 2 Inpa NOR Gala 2 0.64 1.21 
21 U37.39.42.54,60.19 Matorola 10H103P Quad 2 llqim OR Gala 6 0.64 3.14 
22 U21.4.5.61 Matorola 10H104P Quad 2 liqim AND 4 0.64 2..56 
23 UJ6 MOIDrDJa IOHJOSP Triple 2·3·2 Inpua ORJNOR 1 0.64 0.64 
24 U30.61.IS,99,12D. Matorola 10Hl09P Dall S-4 lnpa OR/NOR s 1.49 7.45 
2S tnS-1171 Matorola 10H016P 4-Bi& Binary munrer I 7.46 59.8 

U36,44,9SJJ6 
26 U3,4,26J2 Marmala 10H12SP Qui ECL to TI'L Tnmlalor 4 2.ID I.ID 
27 U40,41,43.53,,57 Matorola 10Hl31P Dual D type F/F I 1.90 1S.2D 

Sl,59,90, 
21 Ul2.Ul4 Molarala 10H135P Dml JlC MS FiJp Flop 3 2.30 6.tD 
29 UM Marmala IC11161P B...,. TO 1-1 Decader (Low) I 2.44 2.44 
30 1172.93 Matorola lClll62P BiDuy TO 1-1 Decader(Hiib) 2 2.44 4.a 
31 U62.63.66.70,71.74 Matorola 1Cla166P S-Bi& m•pimde CllllllpaW 6 3.2.4 19.44 
32 UI00.114,135 Molarala l0Hl76P Muler.u-aqHlap 6 3.54 21.2.4 

u1m.u1os 
33 tn9-Ul2.73 Matorola lClllllP 4-Bilala/6mclim ........ 5 9.95 49.'JS 
34 Ul23-U126 Matorola lOlllllP Ha Bufl'erwlmable 1 1.45 1.45 

Ul 1'.121,136 
3.5 Ul22 Mcwanu l0Hll9P Ha Jnwnerwlembl& 1 2.20 2.20 
36 tn.un T.L 74Ul23N 1455-1123 Dual~Moaoll·ble 2 0.59 1.11 

U6 T.L 74LSD2 1455-8002 Norpra 1 0.23 Q.23 

37 SW2,SW3 CISCorp. P/N206-l1 1455-9'708 a ...... dip nria:b. 2 0.19 1.71 
sws CAlt 3Ml20 lOPol. ....._ switdt CWlll 1 4.65 4.65 

31 SW crso.p. P/H20MI 1455-9'704 ..... dip ..... 1 0.1' O.'JS 
39 SWI CAlt MODELTPll tiay,,......... IWilcb l 4.05 4.05 

c 
40 L1-U6 KJNGS K·LOCK P/N1077-3 1435-4400 Lemo PC maa& 32 4.19 156.41 
41 Jl 3M PIH 3431-5302 1435-7105 34piarigbl .... Mldcr 1 1.61 UI 
42 FBSEG A.FBSBl B AMP 1-102515·3 FASTBUS 130SOCKETCONNEt 1 7.87 7.rt 

Dllllll• 
43 02.4.6.1.11.13.14 H.P. PIN HLMP-l5m 144.5-0470 pemLED 11 0.2.4 2.64 

015.22..23.24 
44 03,,.7,9,12 H.P. P/NRLMP·l301 144.5..()475 red LED s 0.24 1.lD 
45 D16-D20.Dl H.P. PIN HLMP·l40l 144.5-0495 yellawLED 6 o.24 1.44 

Dl0.D21 1N4001 144.5-1550 Sipaldic* 2 o.m 0.06 .... 
46 Fl·F3 Lmlefllle typs2SIODS 11»0250 pimia•SA 3 0.41 1.44 

I 

47 C16S,Clli7 ERIE 8131· 100-651-334M 1415-3170 .33afcl anmic a., 2 O.ll Q.36 
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~o. Part o. 
48 Cl3 l<X>t:ifd l 0.14 0.14 
49 ClT.3 470pfdca., l 0.115 0.16 so C3 IOOOpfd C11P 2 0.11 0.36 
Sl Cl74 68CJW!f d l 0.06 0.05 
S2 Cl0-C12.14 MAU.ORY CSR13...c:33fiK 33ufdca, 4 Q.45 1.• 
S3 Cl45-lfi4,C170-172 SPRAGUE 923C'Z.5Ul04M0508 . lufd dip C8p 29 0.42 12.11 
S4 . C4,fil,61.l75.176 
SS C7-C9,Cl5-C144 SPRAGUE 923c:it71'103k050b .Olafd dip mp 137 0.36 49.32 
56 Cl.2,169 
51 ne 
58 ua EC. Tn.DM-1001' DELAYLINB 15.20 1.5.211 
59 DLl EC. ECLDL-IO DELAYLINB 1 13.20 13.211 
60 U2,U25 EC. ECL-lOOK-LDM-16 DELAYLINB 2 41.10 9'7.• 
61 U17 ELMEC PDH6500 DELAYLINB 1 15.00 IS.CD 
62 Ul6 ELMEC FDD9010 DBLAYLINB 1 9.00 9.m 
63 
64 
65 MTC rraa pmel 800.000-MD-269 l 40.00 40.CD 
66 HW NYLON SPACER .6251.0NGX~ 7 0.10 0.10 

112 
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MTC TEST MODULE DIAGRAM 
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MTC V. 3 APPENDIX E 

Two design changes are responsible for two modilications on the MTC' printed circuit 
board. 

The first one is the addition of a NOR gate to inv~ the signal to the pin 6 of U6 
(74802). 'Ibis NOR gate is in the same U6 package. The cmrections to the board am shown in 
Fig. E-1 (the 11X" represents a cut to a trace, and the hand drawn lines are the added wires). 

us ua
0 0 0 0 

~ --g 0 0 
0 o\.. 0 
0 0 0 0 
0 0 ~ ~~ 0 0 
0 0 0 
0 0 

Fii E-1 - Modification number 1 or the MTC'S PCB 

In the case of a new PCB design, there is a better way of implementing this logic. A 
suggestion is given in Fig. E-2, for the trigger rate LED and for the W Arr ratc·LED in schematic 
9/9. 

• 

~~~$ 

~---liiWll......._~ 

.,. 
~ti~~~ 

lll9 

~.,.--.a.Iii-~ 

.:.::r.-=---"Wili-~ 

~--.a.Iii......_~ 
lll9 

~"'"____.."1.llli....._~ 

~, ~.,.--'lolll:IU&I..~ 

Fl1 E • 2 • Su11estec1 cball1es to tbe TRG IN and TRG W A1T LED driver lotic in 
scbematlc 9/9 
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The 2nd change was requimi to make the front panel TRG MON and TRG WIN signals 
have the right timing. as observed with a scope. for adjusting the exremal trigger delay to the 
module. In order to accomplish this. the trigger signal to the NIM driver was taken from a 
different point in the circuit (also an extra NANO gate was added. mainly for not messing with 
the ECL terminations and not to run the signal too long distances;. the available pre was found in 
U45, inputs 12 & 13 of a 10Hl04, and the input signal to the gate was taken from the same 
U45, pin 4). The changes are shown in Fig. E-3. · 

The above changes in the schematics are updated in the respective Cadnetix files. The 
2nd modification. however, is not handled by the Cadnetix system, since it makes use a 
heterogeneous gate in the 10Hl04 package. A note is posted in the schematic such that new PCB 
designs will have to find a way to bypass this problem. 

0 
0 
0 
0 

U43 
a o 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

Nate: 
The traces on the left are on 
the solder side at the board 

U44 
a o 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

U45 
a o 
0 0 
0 0 

~ 

Fl1 E-3 • Chn1es to retime the TRG MON sipal oa tbe front panel coax connector 
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1. GENERAL 

The Master Timing ContrDiler (MTO module is pan of the Silicon Strip Deaecmr 
System. intended for use in experimenu E771 and E789. In addidon to generming me sysmm 
clock coherent to the beam. the MTC provides the mechanism to mainlain system 
synchronizmion. generates hit addresses. and aas as an inmace between the readout sysmm 
and the 1st level trigger system. The MTC provides a pipeline for triggers and is respa11ible 
for system reset (ininaH:cnion). Figure 1 shows the MTC connections to the Seqaenccr 
modules and m me mger sysu:m. 
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Fig. l • MTC connections to the Sequencers and 1st level trigger system. 
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2. SYSTEM DESCRIPTION 
The: MTC plays a ccnmli roie in the control of the SSD read.out system. It throttles the 

trig1er rare basc:ci on· maxjnmm system throughput capability and broadcasts hit addmsscs in 
response to aigger requests. · 

Upon rcceiving a aig1er pulse from the lst level Digger sysu:m. the MTC sends me · 
carrespondillg hit address to the Sequencers. which relay it m the D/Es. Trigaer requesa 
peadiilg in lbe MTC due to nigger pipelining are forwarded only airer all D/Es in the sysa:m 
have encadcd me previous Digger. The MTC also ilmpames feamms for sysa:m calibmim 
and debugging. Figure 2 shows the MTC's intemal ftmcrions. 
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Fig. 2 • MTC intemal block diagram 
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2. 1. Clock Generation and System S ynctaronization 
Figun: 3 shows the Clock and the Sync generation block diagram. 

The MTC ex-pectS a coiitinuous NIM S3 MHz RF from the accelerator. and generares. a 
nearly 5~ duty cycle clock signal that is fanned out individually to each crate. In mder to 
maintain comunt phase relationship to the RF. a EG&.G Model 140/N Zero Crossing 
Discriminarar is used. The 50'3& duty cycle is achieved by reshaping the 53 MHz pulses widl a 
8 ns delay line. To account for slow drifts of the RF with n:spect to lb.e acmai beam. the MTC 
provides a 6-bit progmmmable delay line widl .5 ns resolmion for clock phase adjvstmenr. 
This delay line is piopa!D!Ded lhrough Fastbus. 

The MTC is capable of delivering a fixed p1*e 53 MHz clock relative to the beam. 'Ibis 
clock is the absolute timing signal for lb.e system and. can be used as a men:nce lbroagbmt the 
system. If individual modules need a different phase relationship, they have to adjust the phase 
locally. 

r----~e 

J:)-.... ~ I llilPiiAjiUihM•O.... ~ .......... -~-"51EM--a.,.oac ..... ___. [> 1-------;' 
• -1-----e 
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Fi1. 3 • Clock Generation and System Synchronization 
The MTC generates a SYNC signal with fixed phase relative to the clock on every 256 

clock cycles. The MTC keeps a copy of the D/Es write couna:rs for use as a reference to 
evaluate the read addzess (hit address). The MTC thus knows when me write counters in every 
DIE are expecled to be at address zero. At this precise time the MTC broadcasts a 18.8 ns 
SYNC pulse to the Sequencers in the system. The Sequencer will then bus this signal to all the 
D/Es in the crate. with each DIE checking its synchronization to the SYNC pulse. If a_ loss of 
sync is detected. the faulty DIE will inform the Sequencer in the crate by assemng the 
SYNCJ:RROR line (wired-or of all D/Es in a crate). Each faulty DIE will identify itself by 
latching the error and displaying it on the front panel. The SYNC signal has a close phase 
match to the system clock. although it is not used as a timing signal. The SYNC signal is 
sampled in the D/Es on the trailing edge of the system clock, as shown in Figure 4a (note that 
the SYNC signal allows some phase skew without affecting D/Es synchronization). The 
Sequencen, which have conwl over the clock phase in each crate. have to adjust the SYNC 
signai phase every time they change the clock phase. 
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Figure 4 ·DIE and WRITE_ENABLE timing diagrams 

The WRIIE_ENABLE signal programmed through FASTBUS is intended to start the 
D/Es to acquire hit data. The WRITE_ENABLE is sent to the Sequencers/DEs 128 clock 
cycles before the SYNC pulse. The D/Es mime this signal using the O..OCK and SYNC 
signals for synchronizing the sran of event acquisition (see Figure 4b). The D/Es are expected 
to remain synchronized to the MTC generated SYNC signal and flag loss of sync cmxs. 

In system start up, the W Arr signal to the trigger system is deassened only after the 
D/Es' memories have been wriling data for 256 clock cycles: this allows de D/Es to initialize 
their memories with new daia and assures that the data stored in the D/Es' memories is valid 
when the lriggerpulsc arrives. 

A flow chart of the system initialiurion is shown in Figure S. 
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Figure S • System initialization 

2. 2. Read Address 
Each uigpr pulse received by the MTC generates a read address - address where me hit 

data corresponding to die uigger is sURd in.de D/Es memories ... , obtained by adding an 
offset to die ref'emlce DIE write coun1er of die MTC..This offset is software progra~le and 
its value is detc:rmincd by a calibration procedure. The offset accounts for the trigger da:ision 
time. which is expected to be close to 1 µs. The read addresses am sent asynchronously to the 
Sequencers (and D/Es) along with the address valid signal. If the D/Es are busy, The MTC 
stares the trigger addresses in a FIFO for later delivery. If a read address is close by some 
amount to the current write address in the D/Es. such that the memory could be overwritten. an 
error is issued. nus amount is programmed through dip switches. 
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2. 3. 1st Level Trigger Communication 
The MTC acceptS pulses irom the 1st level trigger system and transmits the acidress of the 

data corresponding to that a'igger to the SequenCers1DEs. The MTC is capable of pipelining 
triggcrrequcstS if the D/Es are busy encoding the previous aigger (see section 2.4 below,. The 
pipeline depdl. programmable through FASTBUS~ depends on the trigger delay. and on the 
expected average number of bilS in the dea:cmr. wtaich in mm causes diffe:ent encoding times 
in the D/Es. A wise selection of the number of stages in the pipeline preventS the D/Es &om 
wrapping around their memories and consequently overwrilin.g data: the MTC tcslS far this 
type of amr as said in the previous section. When the number of evems wailing to be serviced 
nears the mazinnnn prognmmect number of smges in the pipeline. the MTC sends a W Arr 
signal to 1bc aigpr system. The MTC. however. doesn't block out new trigger requem. even 
though it has sent the WAIT to the trigger system. This feature is important in the case of 
trigger reqaestS that are in the process of being delivered when the W Arr signal is asmned. 
The triggern:quesif'IFO can store up to 8 triggcrrcquem. 

The MTC will also assert the WAIT signal to nigger system when the Sequencers' 
FIFOS used to store the eQcoded data from the D/Es become more than half full with encoded 
data from the D/Es. The Sequencers notify the MTC of this condition by deasserting the 
SEQ_READY line. 

2. 4. Trig1er pipelining 
When the D/Es are busy (not READY), the MTC has to store the incomi_ng triggers in a 

FIFO. so that they don't get lost. Commert:W FIFOs available today have limitations in speed 
and functionality. To meet the requirementS of the SSD trigger pipelining. :in ECL discrete 
FIFO is built in the MTC. with the following characteristics: 

- 53 MHz input frequency 

- depth (number of stages) programmable dimugh FASTBUS 

- generation of a W An: signal if the current number of stages in the FIFO is equal.or 
greater than the FASTBUS programmed depth · 

• generation of stams such as empry, almost full. and e"or 
The number of stages in the FIFO was limited to 8, a number that satisfies experiment 

requirementS and is easy to implement. Figure 6 shows the FIFO connections to other MTC 
blocks. 

The FIFO is implemented as 8 registe?S, 2 pointers (write and rc:id pointers) and a status 
generation logic. 

1be write pointer is always pointing to the next free location in the FIFO. Upon receiving 
of a aigger pulse. the FIFO writes the hit addn:ss to the current free location and incremen1S the 
pointer to the next one. The write operation is synchronized internally to the falling edge of the 
clock (the hit addresses are generated after the rising edge of the clock). 

1be read pointer is always pointing to the register where the data in the pipe is to be read. 
In order to allow minimum time for the mar and stams circuitries. the reads ue synchronized 
internally to the rising edge of the clock. After retrieving a aiggcr address from the FIF<;>. the 
read pointer is incremented. The FIFO depth is simply the write pointer minus the read pointer. 
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cux:K 

TRIGGERIN 
FIR> WRITI: 

SYNCHllONIZAtlON 
ENC READY LQQIC c:!flO DS&I"\ 

WAJT 
READ_ADDRF"_CUT _ 

FASTIUS PtPBJNE DEP'TM ~ 

FA1119JSOFFl!IE1' AIXIFIESS FIFO •DDAFSS VALID -
-

r ADDER 
READ ADDRESS 

WRITE WAl11! ADCRESS 
COUNTER 

1 RESET 

~ n:IFO l"tt-111:1 t"MI\ 

Fig.6 FIFO signals 

The pipelining functional ch.araca:risdcs are: 

- fifo empry: do nothing; wait for nigger. 

-fifo nor empry: if the DIEs are READY. remeve a read address stored in the pipe; point to 
the next read address in me pipe. · 

- jifo deprh > programnrMl lllU'lliMr of naga: semi WAIT to the nigger system. This is a 
very imponant famre that makes the FIFO more flexible. :i.llowing the 
trigger pipelining to be amed to ·me derecmr hit me. 

- fifo deprh > 6: if the fifo depth is 7 or parer. send W Arr to the trigger system. This 
makes use of the almost full status condidon. 

- ft/a deprh > 8: error. 

A more detailed block diagram for the Fif'O is depicted in Figure 7. 



~ 
llQ . 
...... 

~ ;; 
:;· -,. 
~ ., -
0 

llQ -· n 

WRITE ADDRESS 

Addell READ AOORESS 14 > c • - -FASTWSOFFSET ADORE&S 
... 
I 
\. 

IRIGGEHIN 

I 
y 
N 
c 
H 
A 
0 
N 

Ql)Q( I I 
- z 

A 

' I 
0 

B£ READY 

SEQ READY 

G WAI 

po TlllOOER SYSTf .. 

,.,. ... 

....... 
llFO ,::1 ;« a l' I 

> 
'HOit! 

l I MUIE FFO I -a....r-
0 EIMlll IA'llCll 
G 

f 
c !I!!! 

AEAD_FlfO 

• RFO 

-I I I .... 
> 

> " 
I·-·---- .... rE I 

c: 

RECIS1!!!1 lllR ._ 

lllOISliltflt IP 

-- ID 

l 

> " 
&Ql:tll.m ~·a. T 

c 
•J: H 

~Dl 

" T 
c 
H 

l • I I > ,., 

•lllM' ,. A *"•I a. T 
c 
It 

-~"?& 
1. READ AIJUHt::>:>uUr 

Adde• ...... • ................................................ ~~----............................... """"' 

WAil I ..... 
... .... EN!lld 

ltllJI: 

,. 'Hiil 

•• llNARYe 

llWlllMll: 
lAIWlllMlCltl 

fAt1Ull$ 
Pfflllli ..... WAii 

llHARYI 
.. 

llMQNftll: 
IA!olPMA1Cltl 

WAIJ 

ISUIAYI 

t.WlllllUll. 
LOllPMAlOll 

Ml' .. -. 

fl'OCMWUJW 
~ 
( 'l 

•t1 
fl) 
I') 

..>-



2. S. Calibration Mode 
This mode is used for evaluating the com offset (number of clock cycies) necessary to 

accomplish for triggc:r decision time and other inainsic delays. 
F'mt. the CALIB_MODE signal. is assened. causing the MTC .to empty ia FIFO by 

ignoring triggerrequesis. When a software gem:rued START_CAUB command is issued., die 
MTC then wails for the first extemal trigger pulse to arrive and gem:rares 5 consecmive read.. 
addresses (using an esftmaJrd offset). which are delivered on derm11vt ta the D/Es. Otbermgpr· 
pulses are ignored. unless a new START_CALIB command is issued. causing the·MTC to 
generate a new bum of trigger addresses synchronized to the mive of the following mgpr· 
pulse input. In other words. each 'START_CALIB pulse will generate one bunt of S 
consecutive nigger addresses. the first trigger address being synchmni%.ed ro a ai.ggerinpm. 

Performing this calibration procedure with different clock phases (adjusted. in the Se· 
quencers) and different offsea. the system is able to determine the correct offset by looking 
into the dala collected in the D/Es. This offset then becomes a constam to the svsrem·and. will 
be used by the MTC in evaluating the read addresses that are broadc:isted. to all 
Sequencers/D/Es in the system. 

2. 6. Test (Debugging) Mode 
The test mode fcamrc is intended for checking the D/Es proper operation. It also resis the 

DIE-Sequencer communication. since :ill data from the D/Es pass thmugh the Sequencers. 

In TEST~'dODE. the D/Es acquire data. in the usual fashion. the data now being a known 
paaem generau:d by the Post-Amp/Compararm boani. 'lbeTEST.:.MODE capability allows one 
to read the contentS of the D/Es' memories and compare them to the paaem being wrinm into 
the memories. 

In this mode. the write counter in the MTC is shut down (SYNC pulses are still sent 
out). and the read address is conaolled by the trigger offset selling· alone. The acmal read 
address that is broadcast is achieved by subtracting an offset from the current write counter 
contents (which is zero in this case). In this way, one has conaol over which addresses to read 
from the D/Es. A software program can scan over the entire DIE memory and check for can ea 
data. 

Tligger requesa are disregarded in this mode. :ind triggers an: generated by software 
(FB_TRICiGER.). The generation of software ttig1ers has to adhere m the same conventions 
used by the em:mal trigger. i. e.. has to wait if the W Arr signal is asserted. caused by either 
the FifO wait or by the Sequencer not being ready. 

'Ibe p1ocedmes to execute the test are: 
. Assert FB_ WRITE_EN. This will initiate the D/Es accepting hit dam. 
. Assert the TEST _MODE signal. 

. Load an offset that will give the desired read address. 

. Generate the FB_ TRIGGER pulse by software. 

3. ERRORS 
The MTC infonns the system of the occurrence of errors. The errors c:m be read through 

FASTBUS and inciudc: 

. DE_SEQ_ERROR - means that a DIE module has lost synchronization or that a 
Sequencer FIFO has overflown. To identify the exact cause of the error, one needs to read the 
Sequencers1 error registers. 
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. MEM_OVWR_ERROR - indic:ires that a ll'igger :icidrcss cannot be broadcast due m data 
being overwritten in the DIE memories. This monitoring is accompiishcci in the MTC • 

. FIFO_OVFL_ERROR - indicates that the trigger pipelining FIFO in the MTC has 
overr1own. This ermr may occur if the trigger system disregards the WAIT signal the MTC 
sends to it informing the pipe is almDSt full. 

. TRIG_PHASE_ERROR - signals that the trigger input from the first level trigger 
system has dzifa:d by an amount U1at causes it to fall outSide a pre-eSTablishc:d time· window. 

4. INPUT/OUTPUT 

4.1. FASTBUS Interface 
The MTC communicates to the external world through FASTBUS. Functions executed 

through F ASTBUS include system resetting, system calibration. system debugging, clock 
phase adjusancm. pipeline depth setting. re:ui address offset programming and error reponing. 
Below are me funcuons provided in FASTBUS. . 

-'.1.1. Reset 
The system reset is accompiishcci in bit 30 of CSRO. Reset is asserted in system power 

up or in response ma fatal ermr.~ 

4.1.2. Write_enable 
Command signal to start data acquisition. The MTC transmitS this signal- to all 

Sequencers/DEs. It is set by CSR0(02) and reset by CSR0(18). · 
4.1.3. Calibration mode 

The calibration mode is set by CSR0(06) and reset by CSR0(22}. Associated with the 
calibration made is the start_c:ilib pulse in CSR0(07). 

4.1.4. Test mode 
Set by CSllOCOS) and reset by CSROC24}. 

4.1.S. Clock Phase 
The clock phase adjusanent requires a 6 bit register for programming a delay line with .5 

ns resolution (31.S ns total delay time). The c:lay line used is the ELMEC PDH 6500. The 
MTC receives a quantity that reflectS the clock phase deviation and compensates it by 
reprogramnring the delay line. CSR13 is used for this purpose. 

4.1.6. Trlgaer pipeline depth 
CSRl 1 is used to program the pipeline depth from 0 to 7. 

4.1.7. Read address offset 
The read address is obtained by adding a programmable offset to the reference write 

counter in the MTC. The offset 8 bit number is stored in CSR12. 

4.1.8. Trig1er Wait Status 
The stams of WAIT output on the front panel can be read from CSRl 1C4) which rc:ids l 

whenever WAIT is asserted. This is intended for module diagnostic purposes. 
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.J.1.9. FIFO NOT EMPTY 
The NOT E..'vlPTY/EMPTY srams of the FIFO c:m be re:ld from CSRl 1C5) which re:uis 1 

when the FIFO is NOT Empty and 0 when the FIFO is EMPTY. This bit is is inrendrd for 
module diagnostic purposes. 

4.2. Front Panet Signals 
Coaxial connccmrs: 
. CLOCK INP - a NlM 53 MHz clack from the Zero Crossing Discriminamr· M«xhJle. 

The only cancem here is to have a signal that has a fixed phase relationship to the RF. This 
signal may experience slow timing drifts over long periods of time • 

• a.OCK our -a NJM· S.09& duty cycle clock output teferencc that has a consram phase 
to the beam. This signal is fanned out individually to each craie. 

. SYNC OUT - NIM output pulse. synchronous to CLOCK. to test write counters 
synchronm.lion at each zero counL This signal is delivered individually to each Sequencer • 

. ERR.OR_ OUT - N1M output intended for immeciia.te signalization of an error condilion. 

· . TRIGGER. INP - N1M trigger pulse input irom the lst level trigger system. 

. WAIT - NIM output signal inionning the l st levei trigger that the system is busy and 
c:mnot accept new trigger requests. 

Ribbon cable connector: 
. RESEr - differential ECL output signal. asynchronous to CLOCK. for system reseaing 

and imrializarion. 

. WRITE_ENABLE - output signal. differential ECL. a.synchronous to CLOCK. for 
enabling the DIE modules to st.an daJa acquisition. i. e .• accept hit daza and increment write 
counters. This signal is bussed to all crates • 

. ENC_READY - wire OR'd ECL input signal from the Sequencers informing the D/Es 
status. This signal is used in determining when to deliver another read address to the 
SequencerslDEs. 

. SBQ_READY - input from the Sequencers. win: OR'd ECL. it signals that the 
Sequencc:rs have room in ia FIFOS for encoded events. If the Sequencers arc not READY. the 
_MTC immrriiau:ly sends a W Arr to the trigger sysrem. 

• BRROR • wire OR'd ECL input from the Sequencers informing that the FJFOS have 
been overfilled by the encoders or that a DIE has lost synchronization • 

• READ_ADDRESS • 8 bit differential ECL output. asynchronous to CLOCK. bussed to 
all cratCS • 

. -ADDRESS_ V AUD • differential BCL output. asynchronous to CLOCK. saobes rem 
addresses in the Sequencers. This signal is bussed to all cmes. 
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5. APPENDIX -Fastbus interface memory map 
The FASTBUS intc:ria.cc for the MTC has the module ID 01A2. The signais and 

addresses are listed below. · 

CSR0(02) WRI'IE_ENABLE WRITE:_ENABLESet 
CSR.0(18) JD WRrl'E_ENABLE Car 

CSR.0(06) Calibralion Mode siams Calilmu:ion Mode set 
CSR0(07) ENC_READY START_CALIB 
CSR0(22) ID Calibration mode clear 

CSROC08) Test Mode swus Test Mode set 
CSROC09) CLOCK_MISSING* not used 
CSR0(24) ID Test Mode clear 

CSR0(10) DE_SEQ_ERR* not used 
CSRO(ll) MEM_OVWR_ERR* not used 
CSR0(12) FIFO_OVFL_ERR* not used 
CSR0(13) TRIG..PHASE_ERR* not used 

CSR0(30) JD Reset 

CSR0(16:31) MODULE m (01A2) 

( : don·t care 
CSR10C08) FB_TRIGGER. 
CSR10C09) FB_ENC_READY 

CSR.11 Tngpr & -. dept.tl 
CSR.11(0:2) PRDPT'H(O:l) same 
CSR.11(4) TRIG_WAlT don't care 
CSR.llCS) FIFO _NOT_EMPIY dont'tcare 

CSR12 trigger Addimo&t 
TOFFSETC0:7) 

same 

CSR13 CLiCk PlilSe ldjusmu:nt same 
CKPHASEC0:5) 
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1 • INTRODUCTION 
The Master Timing Controller (MTC) module is part of the Silicon Strip Detector 
System, intended for use in experiments E771 and E789. In addition to generating the 
system clock coherent to the beam, the MTC provides the mechanism to maintain system 
synchronization, and acts as an interface between the readout system and the 1st level 
trigger system, generating hit addresses in response to trigger requests. The MTC 
provides a pipeline for triggers and is responsible for system reset (initialization). Figure 
1 shows the MTC connections to the Sequencer modules and to the trigger system. 
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Fig. 1 • MTC connections ·to the Sequencers and 1st level trigger system. 
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2. GENERAL DESCRIPTION 
The Master Timing Controller generates the system clock. controls system 

synchronization, and generates the hit addresses upon the receipt of Level 1 triggers from the 
experiments Trigger system. A block diagram of the MTC is shown in Figure (2). The MTC 
receives the 53 MHz Tevatton RF and establishes a near 50~ duty cycle clock whose phase is 
adjustable relative to the incoming RF. This CLOCK. along with a SYNC pulse (occurring every 
256 clock cycles) are distributed to each Sequencer and eventually to all Delay/Encoders (D/Bs). 
D/Es use this clock and sync to- determine write addresses for incoming data. Being 
synchronized, the MTC knows the current DIE write address and generates a read or "hit" 
address when a trigger is received. The hit address generated is offset from the write address 
based upon a calibration of the Trigger decision time. 
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Fig. 2 - MTC internal block diagram 
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In the case of D/Es being busy, hit addresses are placed into a high speed FIFO 
queueing up to seven trigger requests which can occur as close together as successive RF 
buckets. The read or "hit" address output from the FIFO is broadcast to all DIE modules at a rate 
determined by the ENC_READY signal smnrmt ~all DIE modules. 

The ability to pipeline triggers makes the system ttuly dc•drimelcss at trigger rates up to 
the readout bandwidth. With knowledge of the read address and the D/E's -current write address, 
the MTC detects fatal DIE memory overwrite enors (2.56 clock cycles, or 4.8 µ.s, is how much 
time it takes to overwrite the memory). However, to prevent such a condition, the system is 
throttled by sending a WAIT signal to the Trigger system- the MTC trigger pipeline depth can 
be set by Fastbus and will generate a trigger WAIT at this depth. 

The MTC provides trigger synchronization monitoring and incorporates features for 
system calibration and debugging. 

3. CLOCK GENERATION AND SYSTEM SYNCHRONIZATION 
Figure 3 shows the Clock and the Sync generation block diagram. 

The MTC expects a continuous NIM 53 MHz RF from the accelerator, and generates a 
fixed duty cycle near 50% that is fanned out individually to each crate. In order to maintain 
constant phase relationship to the RF, it is suggested that the sinusoidal RF signal be processed 
by EG&G Model 140/N Zero Crossing Discriminator, producing NIM level pulses, prior to 
being fed to the MTC, which in tum reshapes the· 53 MHz pulses with a 8 ns delay line to 
achieve the desired duty cycle. To account for slow drifts of the RF with respect to the actual 
beam, as well as equipment changes, the MTC provides a 6-bit programmable delay line with 
0.5 ns resolution for clock phase adjustment. This delay line is programmed through 
FASTBUS. 

Delay lldl. 11v FASTBUS 

8 

1o----...;€) 
...._ ___ --t [> to---E> 

,,.,._..,. .... 8 bit ~Ille Delay Une .--.- S~Cl.OCK -
.._~o_.s_,,._,... __ 11an~--- : 

Fixed Delay 
8,,. 

WAIT_1 

(Vlalll 258 
clocll qclesl 

FASTBUS WRITE ENABLE 

> SWIC 

a 

WRR'Eca.M'ER 
&SYNC 

1o-----E> 

E> 

t> 
E> ---• 
E> 

\\ftllE ADDffESS 

,. 
WRne ENABLE 

D R 

Fig. 3 • Clock Generation and System Synchronization 
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The MTC is thus capable of delivering a fixed phase 53 :MHz clock relative to the beam. This 
clock is the absolute timing signal for the system and can be used as a reference throughout the 
system. If individual modules of the Data Acquisition System need a different phase 
relationship, they have to adjust the phase locally. 

The MTC generates a SYNC signal with fixed phase relative to the clock on every 256 
clock cycles. The MTC keeps a copy of the D/Es write counters for use as a reference 10 evaluate 
the read address (hit address). The MTC thus knows when the write counters in every DIE are 
expected to be at address zero. At this precise time the MTC broadcasts a 18.8 ns SYNC pulse 
to all Sequencers in the system. The Sequencer will then bus this signal to all the DIEs in the 
crate, with each DIE checking its synchronization to the SYNC pulse. If a loss of sync is 
detected, the faulty DIE will inform the Sequencer in the crate by asserting the SYNC_ERROR 
line (wired-or of all D/Es in a crate). Each faulty DIE will identify itself by latching the error and 
displaying it on the front panel. Although the SYNC signal has a close phase match to the 
system clock. it is not used as a timing signal. The SYNC signal is sampled in the D/Es on the 
trailing edge of the system clock, as shown in Figure 4a~ and is allowed some phase skew 
Without affecting D/Es synchrohization. The Sequencers. which have conttol over the clock 
phase in each crate, have to adjust the SYNC signal phase if they change the clock phase. 
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The SYNC signal has to be calibrated internally in the MTC to phase match the clock 
signal. A tapped delay line is provided for this purpose, with dip switch SW3 being used to 
select the tap which gives the right phase. This calibration is done only once and remains fixed 
thC?Cafter. 

The WRITE_EN signal programmed through FASTBUS is intended to start the D/Es to 
acquire data, as well as allowing the MTC to accept trigger requests. The WRITE...EN is sent to 
the Sequencers/DIE 128 clock cycles before the SYNC pulse, so that all DIEs can see it before 
the next SYNC pulse. 

On system start up, the WAIT signal to the trigger. system is deasserted only after 
WRITE_EN is asserted, and 256 clock cycles after the D/Es have staned taking data. 

A flow chart of the system initialization is shown in Figure S. 

I RESET I 

MTC RECEIVES THE WRITE_ENABLE 
COMMAND FROM FASTBUS 

MTC WAITS 256 CLOCK CYCLES - TO ALLOW INITIALIZATION 
OF THE DIEs' MEMORIES 

' ~ 
MTCSENDS 

MTC DEASSERTS WRITE_ENABLE SIGNAL WAIT SIGNAL TO THE 
TO SEQUENCERS WHICH TRIGGER SYSTEM 
RELAY IT TO THE O/Es 

' 
DJEs SYNCHRONIZE START OF DATA 

ACQUISITION WITH THE SYNC SIGNAL ANO 
THE NEQATIVE GOING EDGE OF THE CLOCK 

, 
EACH DIE CHECKS ITS OWN 

SYNCHRONIZATION ON 
EVERYOCCURRB-JCEOF SYNC 

Fig. S • System initialization 

4. READ ADDRESS 
Each trigger pulse received by the MTC generates a READ_ADDRESS - address where 

the hit data corresponding to the trigger is stored in the D/Es memories -, obtained by 
subtracting an offset to the reference DIE write counter of the MTC. This offset is software 
programmable and its value is determined by a calibration procedure. The offset accounts for the 
trigger decision time, which is expected to be close to 1 µs (for example, for a trigger decision 
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time of 1 µs, the offset would be 1000 ns/18.8 ns = 53 clock cycles). The READ_ADDRESSes 
are sent asynchronously to the Sequencers (and D/Es) along with the ADDRESS_ VALID signal. 
If the D/Es are busy. the MTC stores the trigger addresses in a FIFO for later delivery. An error 
is issued if the NEXT _READ _ADDR to be output from the FIFO is tao close (dip switch 
programmable in SW2) to the cUITCnt write address in the D/Es. such that a MEM_OVWR error 

· could occur. An opened switch on SW2 means a logic one, and the quantity programmed 
in SW2 should be equivalent to the time (number of clock cycles) needed for the 
READ_ADDRESS to reach the D/Es and be processed before that memory location is 
overwritten with new data. The memory overwrite error monitor is inhibited when the FIFO is 
empty, a situation in which the hardware would flag a non-existing error. 

5. TRIGGERS 
Triggers can be external or internal. External triggers come from the 1st level trigger 

system and signal an event (external triggers are inhibited in Test mode and under error 
· conditions in other modes). Internal triggers are software generated triggers and are intended for 
test purposes only. There are no hardware restrictions as to when an internal trigger is allowed. 
Triggers produce READ_ADDRESSes that are loaded into the trigger FIFO. 

5 .1. Trigger Phase 
The incoming trigger pulse must hold a cenain phase relationship to the system clock for 

the MTC to work properly. Specifically, a trigger must not anive close to the rising edge of the 
clock, which would cause the trigger synchronization logic to malfunction, by not honoring the 
setup time of the logic. If the trigger phase is not set right, the MTC will flag an error named 
TRIG_PHASE_ERR, which will halt the system by discarding new trigger requests and by not 
sending out READ_ADDRESSes.The MTC produces the signals TRG WIN (trigger window) 
and TRG MON (trigger monitor) to help adjust the trigger timing. By observing these signals 
with a scope, one should externally delay the trigger pulse input such that the TRIGGER 
MONITOR signal lies inside the range presented by the TRIGGER WINDOW signal. It is 
recommended that the TRIGGER MONITOR signal be positioned in the center of this time 
window, to allow for eventual timing drifts. 

An alternative way of setting the trigger timing is to monitor the TRIG_PHASE_ERR 
LED while making the delay adjustments. By noting the range for which no errors are flagged, 
one can set the trigger delay to be centered to the window. 

The width of the window described above can be trimmed to allow a narrower or looser 
phase error check for the incoming triggers. A rotary switch (SW5) is provided for setting the 
window width. 

In test mode, triggers are generated by software and have a random phase. The trigger 
phase errors are disregarded in this case, and do not halt the system. 

5 • 2 . Trigger Interface 
The MTC accepts pulses from the 1st level trigger system and broadcasts the addresses 

of the data corresponding to those triggers (READ_ADDRESSes) to the Sequencers/DIE. The 
MTC is capable of pipelining trigger requests if the D/Es are busy encoding the previous trigger. 
The pipeline depth, programmable through FASTBUS, depends on the trigger delay, and on the 
expected average number of hits in the detector, which in tum causes different encoding times in 
the D/Es. A wise selection of the number of stages in the pipeline prevents the D/Es from· 
wrapping around their memories and consequently overwriting data; the MTC tests for this type 
of error as said in the previous section. When the number of events waiting to be serviced 
exceeds the maximum programmed number of stages in the pipeline, the MTC sends a WAIT 
signal to the trigger system. The MTC, however, doesn't block out new trigger requests, even 
though it has sent the WAIT to the trigger system. This feature is important in the case of trigger 
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requests that are in the process of being delivered when the WAIT signal is assened. The trigger 
request FIFO can store up to 7 trigger requests. 

For test purposes, triggers can be generated by software (PB_ TRIGGER) and are 
OR'ed to external triggers. 

S. 3. Trigger WAIT 
The way the MTC throttles the trigger system is by sending a W Arr signal. This signal 

is asserted under four conditions: whenever the system is in stand-by, is running in Test mode, 
the FIFO depth exceeds the programmed FIFO depth, or the Sequencers are not ready (the 
Sequencers' FIFOs used to store the encoded data from the D/Es become lllOl'e than half full 
with encoded data from the D/Es). 

S. 4. Trigger FIFO 
When the D/Es are busy encoding the previous trigger, the MTC stores the 

READ_ADDRESSes corresponding to the incoming triggers in a FIFO. Commercial FIFOs 
available today have limitations in speed and functionality. To meet the requirements of the SSD 
trigger pipelining, a discrete ECL FIFO is built in the MTC, with the following characteristics: 

- 53 MHz input frequency 

- depth (number of stages) programmable through FASTBUS · 

- generation of a WAIT signal if the current number of stages in the FIFO is greater than 
the FASTBUS programmed depth 

- generation of status such as empty,full, and e"or 
- generation of the NEXT_READ_ADDRESS 

The number of stages in the FIFO was limited to 1. Figure 6 shows the FIFO 
connections to other MTC blocks. 

o.QCK 

FIFO WRITE 
TRIGGERIN SYNCHRONIZATION 

0C READY _ LOGIC FIFO_READ 

WArr 

READ_AODRESS_OUT 
FASTBUS PIPELINE DEPTH 

FASTBUS OFFSET ADDRESS FIFO 
READ ADDRESS 

ADDER 
WAITE ADDRESS - ADDRESS_VALID _ 

WRITE -
COUNTER -

J RESET 

FIFOOVERR.OW ERROR 

- NEXT_REAO_ADOR 

Fig. 6 • FIFO signals 
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The pipelining functional characteristics are: 

- fifo empty: do nothing; wait for trigger. 

-Jifo not empty: if the D/Es are READY, retrieve a read ~ss stored in the pipe; point to 
the next read address in the pipe. 

- fifo depth > programmed number of stages: send WAIT to the trigger system. This is a 
very imponant feature that makes the FIFO more flexible, allowing the 
trigger pi~g tO be tuned to the detector hit rate. 

- fifo depth > 7: error. 

A more detailed block diagram for the FIFO is depicted in Figure 7. 

The FIFO is implemented as 8 registers, 2 pointers (write and read pointers) and a status 
generation logic. 

The write pointer is always pointing to the next free location in the FIFO. Upon receiving 
a trigger pulse, the FIFO writes the hit address to the culTCnt free location and increments the 
pointer to the next one. The write operation is synchronized internally to the falling edge of the 
clock; the READ_ADDRESSes are generated after the rising edge of the clock. 

The read pointer is always pointing to the register where the data in the pipe is to be read. 
The contents of this register is available and is called NEXT_REAO_ADDR, used in the 
l\1EM_OVWR error monitor. In response to a FIFO_READ, this data is latched and becomes the 
READ_ADDRESS, which is sent out to the Sequencers/D/Es. The read pointer is then 
incremented, pointing to the NEXT ~'READ _ADDR. In order to allow minimum time for the 
error and status circuits, the FIFO_READ is synchronized internally to the rising edge of the 
clock. This provides one half clock cycle for the error checking circuit, since the writes occur on 
the falling edge of the clock. The difference between the write pointer and the read pointer is the 
FIFO depth. 

6. MODES OF OPERATION 
The MTC has 3 modes of operation: Run (Acquisition) mode, Test mode, and 

Calibration mode. 

6.1. Run Mode 
The Run mode is the normal mode for data acquisition. The MTC basically broadcasts 

READ_ADDRESSes in response to trigger requests, and is capable of pipelining triggers (read 
addresses) when the system is busy. The MTC checks for system integrity, halting the system 
on the occurrence of an error. AFB_ WRITE_EN causes the MTC to enter Run mode. 

6. 2. Test (Debugging) Mode 
The Test mode feature serves many purposes, the most important one being the system 

test. In TEST _MODE, the D/Es acquire data in the usual fashion, the data now being a known 
pattern generated by the Post-Amp/Comparator board. The TEST_MODE capability allows one 
to read the contents of the D/Es' memories and compare them to the known pattern being written 
into the memories. 

In this mode, the write counter in the MTC is shut down (SYNC pulses are generated by 
an alternate counter used solely for this purpose), and the read address is controlled by the 
trigger offset (TOFFSET) setting alone. The actual read address that is broadcast is achieved by 
subtracting an offset from the current write counter contents (which is zero in this case). 

"Test" READ_ADDRESS = 256- TOFFSET 

In this way, one has control over which addresses to read from the D/Es. A software 
program can scan over the entire DIE memory and check for comct data. 
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External trigger requests are disregarded in this mode. and triggers are generated by 
software (FB_TRIOGER). The software generated triggers are not phased to the clock. and 
their role is to l~ test READ_ADDRESS into the trigger FIFO. A W Arr condition can be read 
back through Fastbus, caused by either a FIFO_ WAIT or by the Sequencers not being ready, 
and has to be observed by the software routine that generates triggers. 

The procedures to execute the test arc: 
. Assert the TEST _MODE signal. 

. Assert FB_ WRITE_EN. This will initiate the D/Es accepting hit data. 

. Load an offset that will give the desim:l READ_ADDRES: 

READ_ADDRESS = 256- TOFFSET 

. Generate the PB_ TRIGGER pulse by software . 

. Change offset and wait for ENC_READY to j.ssue 3:11other FB_1RIGGER 

The Test mode can be also used to test the MTC alone. A great amount of the MTC's 
hardware can be checked under Test mode. The generation of a FB_ENC_READY closes the 
loop on the board, by allowing triggers stored in the FIFO to be read back through Fastbus. This 
checks the circuitry that evaluates the read address, the FIFO itself. and the Fastbus interface . 

. The routine can be extended to funher check the FIFO depth (generates Fastbus readable WAIT 
signals if the number of stages in the FIFO exceeds the programmed depth), the memory 
overwrite error monitor, and the hardware used in the calibration feature of the MTC. 

6. 3. Calibration Mode 
This mode is used for evaluating the correct TOFFSET (number of clock cycles) 

necessary to accomplish for trigger decision time and other intrinsic delays. When set to 
Calibration mode, the MTC waits for the first external trigger pulse to arrive and generates N 
(switch setable) consecutive read addresses, using an estimated offset The number of triggers 
produced is equal do the switch setting plus 1. 
Fig. 8 shows a diagram of this switch, which 

is set to the number 4 in the figure (5 trigger 
pulses produced) 

These READ _ADDRESSes are stored 
in the MTCs trigger FIFO, and are delivered 
on demand to the D/Es. Additional trigger 
pulses cause the MTC to generate a new burst 
of N trigger addresses synchronized to the 
arrival of the trigger pulse input. In other 
words, each trigger pulse will generate one 
burst of N consecutive trigger addresses. 
However, if a new trigger arrives before the 
N calibration triggers ·corresponding to the 
previous trigger have been stored in FIFO, the 
FIFO_OVFL_ERR is generated. 

The procedure to perform the 
calibration cycle is: 

OFF·1 
SW6 

Fig. 8 • Diagram ror the number or 
calibration triggers switch 

. RESET the module to clear the error latches and reset the FIFO . 

. Set trigger pipeline depth (FIFO_DEPTII) to 1, so that the FIFO_ WAIT will inhibit 
external triggers if the first burst of N read addresses is not serviced yet . 

. Assen CALIB_MODE 
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. Set WRITE_EN 
If any error occurs, external triggers are blocked out and ADDRESS_ V ALIDs are not 

p~uced. 

Performing this calibration procedure with different clock phases (adjusted in the Se
quencers) and different offsets. the system is able to determine the cCJ.p"eCt offset by looking into 
the data collected in the D/Es. This offset then becomes a constant to the system and will be 
used by the MTC to determine the READ_ADDRESSes that arc broadcasted to all Sequencers/ 
D/Es in the system. 

The Calibration mode internal hardware of the MTC can be checked by operating the 
MTC with both the Calibration mode and Test mode asserted. This allows one to have control of 
the READ_ADDRESS to be stored in the trigger FIFO (see Test mode) when a a calibration 
cycle is initiated by a software generated trigger. The expected contents of the FIFO arc N 
(switch setable) consecutive numbers. the first one being equal to the loaded TOFFSET 
subtracted from 256. 

7. ERROR MONITORS 
The MTC monitors errors in the system. Any em>r is fatal, and the mechanism by which 

the MTC informs the control system of an em>r in the DAS or itself is to halt the system, i.e .• 
external triggers are disregarded and ADDRESS_ VALIDs are not sent out, except when the 
MTC is in Test mode. In addition, the MTC provides a NIM output indicating the presence of an 
error. and front panel LEDs for visualization of the errors. All errors are latched. and can be 
cleared by software or by pressing the front panel switch CLEAR ERRORS (provided the error 
conditions has been corrected). 

The errors can be read through FASTBUS and include: 
DE_SEQ_ERROR : means that a DIE module has lost synchronization or that a Sequencer FIFO 

has overflowed. To identify the exact cause of the error. one needs to read the 
Sequencers' error registers. 

MEM_OVWR_ERROR : indicates that a trigger address cannot be broadcast due to data being 
overwritten in the DIE memories. The MTC compares the DIE' write address against the 
NEXT_READ_ADDR; if they are too close to one another, as programmed in dip switch 
SW2 (memory overwrite margin), the MEM_OVWR_ERR is flagged. 

FIFO_OVFL_ERR : indicates that the trigger pipelining FIFO in the MTC has overflowed. This 
error may occur if the trigger system disregards the WAIT signal the MTC sends to it 
informing the pipe is almost full. Nonnally, the WAIT signal is sent out before the FIFO 
becomes full, whenever the programmed depth iS exceeded. 

TRIG_PHASE_ERR : signals that the trigger input from the first level trigger system has drifted 
by an amount that causes it to fall outside a pre-established ,time window. 

CLOCK_MISSING : detects that at least one clock cycle was not received from the accelerator. 

ERROR_SUM : it's the OR logic of all errors. 

8. FRONT PANEL 110 AND DISPLAYS 
Figure 8 shows a section of the MTC's front panel. 

8 .1. Front panel LEDs 
MOD SEL : it is a yellow LED that flashes when module address is selected by Fastbus. 

FIFO DEPTH: Is composed of 8 green LEDs numbered 0-7. They monitor the difference 
between the read and write pointers of the FIFO. If at 0, the read and write pointers are 
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pointing to the same register in the FIFO, which means the FIFO is empty. The 
maximum depth is 7, and an additional write to the FIFO will cause it to overflow, 
flagging an error. 

- Errors -
MEM OVWR: indicates a MEM_OVWR_ERR 

in theD/Es. 

FIFO OVF : indicates that the FIFO has 
overflowed. 

TRG PHZ : monitors the external trigger phase 
to be within a pre-established time 
window. 

DFJSEQ : signals that at least one D/Es is out of 
sync or that some Sequencer FIFO has 
overflowed. 

CLK MIS : indicates the 53 MHz system clock 
is missing or was not present for at least 
one clock cycle. 

- Status -
WRITE EN : status LED indicating the MTC is 

ready to accept triggers. The 
WRITE_EN is required also when the 
MTC is being operated in Test or 
Calibration modes. 

CALIB : informs the MTC is in Calibration 
mode .. 

'IEST : Test mode indication. 

TRG IN : alongside TRG IN connector, shows 
when the MTC is receiving external 
triggers. 

TRG WAIT : alongside the WAIT output, 
shows WAIT signals being sent to the 
trigger system. A persistent WAIT 
condition will leave die LED constantly 
lighted. 

- At the front panel bottom -
See Fig 10. 

+5 : monitors the 5 volts power in the MTC 
board. 

-5.2 : monitors the -5.2 volts power for the 

MTC 
MCX>SB.. 

0 
RFO 

DEPTH EfRFS 
7 Q MEMO/WR Q 
6 Q FIFOOVF Q 

5 Q TRGPHZ Q 

4 Q DeJSECQ 

CLKMISQ 

10 
oO 

WRllEEN Q 
CALIB Q 

TEST Q 

TRIGGER 
~oow 
ADJUST 

EO.. logic. Fig 8 • MTC's front panel partial view 

-2: monitors the -2 volts power supply for the 
EO.. terminations. 
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8. 2. Coaxial connectors: 
Fig ~ depicts the MTCs front panel coaxial connectars. 

CLOCK IN: a NIM 53 MHz clock input 
which is derived from the accelerator 
RF via the CA TV system. The only 
conceni here is to have a signal that 
has a fixed phase relationship to the 
RF. This signal may experience slow 
timing drifts over long periods of. 
time, which can be compensated by 
reprogramming (Fast-bus operation) 
the delay line internal to the MTC. 

CLOCK OUT : a NIM 50% duty cycle clock 
output reference that has a constant 
phase to the beam. This signal is 
fanned out individually to each of the 
12 crates. The 13th output is for 
monitoring. 

SYNC OUT : NIM output pulse, 
synchronous to CLOCK, to test write 
counters sync at each zero count. This 
signal is delivered individually to each 
Sequencer. The 13th output is for 
monitoring. 

ERROR : NIM output intended for immediate 
signalization of an error condition. 

TR.G IN : NIM trigger pulse input from the 
1st level trigger system. 

TR.G MON : output used in conjunction with 
the TRG WIN signal to adjust the 
phase of the trigger signal. TRG WIN : 
presents the time window for phasing 
the trigger. 

TRG WAIT : NIM output signal informing 
the 1st level trigger that the system is 
busy and cannot accept new trigger 
requests 

8. 3 • Ribbon cable connector: 

Fig 9 • Front panel Coaxial Connectors 

All signal in the ribbon cable connector are bussed to all crates. It is shown in Fig. 10. 

RESET : initiated from Fastbus, it accomplishes system resetting and initialization. It is a 
differential EO.. output signal, asynchronous to O..OCK. 

WRITE_EN : output signal, differential ECL, asynchronous to O..OCK, for enabling the DIE 
modules to stan data acquisition, i. e., accept hit data and increment write counters. 

ENC_READY : single-ended wire OR'd EO.. input signal from the Sequencers infonning 
the D/Es status. This signal is used in determining when to deliver another 

Page 13 



MTC V. 3 

READ_ADDRESS to the Sequencers/ 
D/Es. It is the OR logic of the 
encoders not being ready. 

SEQ_READY: input from the Sequencers, 
single-ended wire OR'd ECL, it 
signals that the Sequencers have room 
in its FIFOs for encoded events. H the 
Sequencers are not READY, the MTC 
immediately sends a WAIT to the 
trigger system. SEQ_READY 
performs the OR logic of the 
Sequencers not being ready. 

DE_SEQ_ERR : single-ended wire OR'd 
ECL input from the Sequencers 
informing that the event FIFOs in the 
Sequencers have been overfilled by 
the encoders or that a DIE has lost 
synchronization. 

READ ADDRESS : 8 bit differential ECL 
output, asynchronous to CLOCK. 

ADDRESS_ VALID : it is a 80 ns wide 
differential ECL output pulse, 
asynchronous to CLOCK, occurring 
80 ns after the READ_ADDRESS is 
assened. It sigrials the Sequencers that 
a new READ_ADORESS is available. 

9 • FASTBUS INTERFACE 

October 19, 1990 

+I -
READ ADDR o o o 

READ ADDA 1 o o 

READ AOOR 2 o o 

READ ADDA 3 o o 

READ AOOR 4 o o 

READ ADDA 5 o o 

READ ADDA 6 o o 
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AODRVALOUT o o 

WRTENOUT o o 

RESETOUT o o 

ENCRDYIN o o 

SEORDYIN o o 

DESEOERRIN o o 
0 0 

0 0 

Gl)OOGI) 

0 0 0 
+5 -5.2 -2 

Fig 10 • Ribbon Cable .connector 

The MTC communicates to the external world through FASTBUS. Functions executed 
through FASTBUS include system resetting, system calibration, system debugging, clock phase 
adjustment, pipeline depth setting, read address offset programming and error reporting. 

The MTC is a slave device that responds to geographical address in the CSR space. The 
module ID is 01A2. The signals and addresses are listed below. 

9.1. CSRO 
CSRO is used to control the MTC. Its signals are listed below: 
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bit 
CSRO(OO) 
CSR0(16) 

CSR0(02) 
CSR0(18) 

CSR0(06) 
CSR0(07) 

write 
Set Enor Flag 

aear Enor FJag 

WRITE_EN Set 
WRITE_EN Clear 

Calibration Mode Set 
START_CALIB 

aea:l 
EnorFJag 

ID 

WRITE_EN 
ID 

Calibration Mode status 
ENC_READY 
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CSR0(22) Calibration mode clear m 
CSRO(OS) Test Mode set Test Mode status 
CSR0(09) not used Q.OCIC_MISSING 
CSR0(24) Test Mode clear m 

CSRO(lO) not used DE_SEQ..ERR 
CSRO(ll) not used MEM_OVWR_ERR 
CSR0(12) not used FIFO_OVFL_ERR 
CSR0(13) not used TRIG_PHASE_ERR 

CSR0(30) Reset m 

CSR0(16:31) . MODULE ID (01A2) 

RESET is not latched internally, and the RESET pulse is the result of writing a one to bit 
30 of CSRO. A hardware reset is performed on system power up, and a software reset is issued 
in system initialization or after a fatal em>r had halted the system. RESET causes the MTC to go 
to the following state: 

. WRITE_EN is reset 

. Calibration mode is reset . 

. Test mode is reset 

. All eIT01'S are cleared. 

. TOFFSET, CKPHASE. and PRDPTH ( programmable FIFO depth) are left 
unchanged. 

The FB_ WRITE_EN command signal to stan data acquisition is set by CSR0(02) and 
reset by CSR0(18). 

The Calibration mode is set by CSR0(06) and reset by CSR0(22). 

The Test mode is set by CSR0(08) and reset by CSR0(24). 

9.2. CSRlO : READ ADDRESS 
CSRIO is used in Test mode to read back the READ_ADDRESSes and to generate 

FB_TRIGGERs and FB_ENC_READYs. 

bit 
CSR10(0:7} 
CSR10(08) 
CSR10(09) 

write 
don't care 

FB_TRIGGER 
FB_ENC_READY 

reld . 
FIFO_RA(0:7} 

not used 
not used 

FB_TR.IGGERs and FB_ENC_READYs are not latched internally. Pulses on these lines 
are produced by writing a one to bit 8 and 9.of CSRlO, respectively. 

9. 3. CSRll : PRDPTH 
CSRI l programs the trigger pipeline depth (PRDPTH). Legitimate values are 1 to 7. 

CSRl 1 is also used to monitor status used in Test mode. 

bit 
CSR11(0:2) 
CSR11(4) 
CSRll(S) 

write 
PRDPTil(0:2) 

don't care 
don't care 

tad 
same 

TRIG_ WAIT 
FIFO_NOT_EMPTY 

The status of WAIT output on the front panel can be read through CSRl 1(4) which reads 
1 whenever WAIT is assened. This is intended for module diagnostic purposes. 
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The NOT EMPTY /EMPTY status of the FIFO can be read in CSRl 1 (5) which reads 1 
when the FIFO is NOT empty (the FIFO has READ_ADDRESSes stored in it) and 0 when the 
FIFO is EMPTY. This bit is intended for module diagnostic purposes. 

9.4. CSR12 : TOFFSET 
CSR12 holds the 8-bit trigger address offset (TOFFSET). 

bit 
CSR12 

9. 5. CSR13 : CKPHASE 

write 
10FFSET(0:7) 

Jelli 
same 

CSR13 is used to adjust the the internal clock delay. Six bits are used to program the 
ELMEC PDH 6500 delay line with a .5 ns resolution. . 

bit write Jelli 
CSR13 CKPHASE(O:S) same 

9. 6. Fastbus Error Responses 
SS=7 Bad NTA R/W 
SS=6 R/W to invalid address 

SS=2 End of Block (Although not normally used, the MTC is capable of Block 
Transfers ) · · 

10. MODULE CALIBRATION 
As said in section 3, the MTC requires the phase of the SYNC signal to phase match the 

clock ·phase. This is accomplished in SW3 (only one switch should be closed at a time) and 
needs to be performed only once. 

11. MODULE INTERNAL SETTINGS 
In addition to SW3 (SYNC phase) adjustment which is fixed for a panicular module, 

two other dip switch adjustments are required. They are dependant on the experiment, which 
means that they have to be tuned to a particular system. These dip switches are SW6 for 
adjusting the number of triggers for Calibration mode, and SW2, used for the memory over
write margin adjustment 

SW6 is shown in Fig. 8 and explained in section 6.3 above. 

SW2 setting depends on the number of clock cycles required for a READ_ADDRESS to 
be recognized by the D/Es, after a ADDRESS_ VALID signal was issued. This number 
compensates for all delays due to cables, Sequencer processing and DIE acknowledging. In 
other words, this number should be set to some safe number (margin) that would guarantee that 
the D/Es' memories will retrieve the stored data before being overwritten by new data. The MTC 
monitors this situation by knowing the current D/Es' write address and the NEXT_ 
READ_ADDRESS that is to be sent out. 

Another switch, SWS, is provided for adjusting a time window for incoming triggers. 
SWS is a rotary switch and is located in the front panel. Positions 1 to Sa.re used. SW5 setting 
depends on how tight the external trigger phase is to be monitored. 

12. POWER REQUIREMENTS 
+5 Volts lA Typ. Fuse F2: SA 

-5.2 Volts 6A Tyo. Fuse F3: lOA 

-2 Volts l.5A Typ. Fuse Fl: SA 
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13. MTC PRELIMINARY TESTING 

After assembling the MTC module, there are several tests that arc required before 
automated software tests can be performed. 

A Test Module (Appendix D) was built to provide the clock and uigger inputs to the 
MTC, so that the boani can be tested. By providing a 53 MHz clock input. to the MTC, the 
signals CLOCK OUT, SYNC, and TRG WIN should be present at the front panel coaxial 
connectors. It is imponant to check that all the 13 CLOCK and SYNC outputs deliver a nice 
NIM output. The CLOCK outputs should have approximately 50% duty cycle; the TRG_ WIN 
width can be adjusted by a front panel rotary switch. This is the right moment to calibrate the 
SYNC phase delay, as explained in section 10. 

14. AUTOMATED TESTS 

The hardware requirements for testing the MTC are a standard Fastbus crate, with a 
Fastbus Sman Crate Controller, and the MTC Test Module, which provides the 53 MHz clock 
and the external trigger input to the MTC. Fig. 11 shows the connections bctwc;en the MTC and 
the Test Module. The circuit diagram of the MTC Test Module is found in Appendix E. 

The trigger phase, as observed in the 
trigger monitor output, has to be adjusted to 
reside within the time window presented by 
the TRIG_ WINDOW signal (the leading edge 
of the window is dependent on the leading 
edge of the clock, and the width is set by the 
SWS front panel rotary switch). See section 
5.1 for a more detailed description. If the 
trigger phase is not correct, an error is 
produced and some tests will not run, since 
the MTC was designed to stop at an error 
condition. 

The normal situation is when the 
external trigger produced by the 1st level 
trigger system i~ delayed externally in order to 
have the right phase. For the tests, however, 

Test Module 

Trigger 
Inhibit -

MTC 

Cl90k -
Trigger --

Wait 

the absolute phase is not imponant and the Fig. 11 • The MTC Test Module 
phase adjustment can be done by adjusting the 
clock phase, which changes the clock delay 
and, consequently, the window delay with 
respect to the trigger input. The trigger could 
also be delayed externally, using a delay line 
module or cable. 

The front panel TRIG PHZ LED goes on if the uigger phase is not correct. By providing 
the MTC with an external clock and an appropriate trigger input, the front panel error LEDs 
should go off by pressing the CLEAR ERRORS front panel push-button switch. 

A program, called MTC Test Software, was developed to test the MTC. This program 
tests all MTC features, being able to perfonn system tests as well. 

14 .1. Test Software 

The MTC Test Software is resident in the FSCC (Fastbus Sman Crate Controller). 
burned in EPROM. Below is presented a brief summary of what is expected from the hardware 
and software to accomplish the tests on the MTC. 
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Test Mode: External trigger requests are disregard~ triggers arc generated by software (FB 
triggers) . 

. Write ~ounter is set to zero (256) and the READ_ADDRESS is controlled by the trigger 
offset (READ_ADDRESS = 256 - TOFFSET) 

WAIT is always set in this mode. 

FB_ENC_READY reads back the READ_ADDRESSes. 

ADDRESS_ V AUD continues to be generated in the presence of errors. 

Calibration Mode: Each external trigger pulse generates N (switch setable) consecutive 
READ_ADDRESSes. They arc stored in the Trigger FIFO and send to the Sequencers/ 
D/Es on demand (upon receiving of a ENC_READY signal). 

ADDRESS_ VALID will not be generated in the presence of an error. 

Calibration Mode may also be used .in combination with Test Mode. This is useful 
primarily in checking if the MTC is.generating the coaect READ_ADDRESSes. The first 
READ_ADDRESS, in this way, can be determine by software. 

Run Mode: Each external trigger generates a READ_ADDRESS; if the D/Es are not ready, the 
READ_ADDRESS is stored in the trigger FIFO. 

The FIFO depth (number of stages in the FIFO) is programmable and WAIT is assened 
if the number of FIFO stages is greater than the programmed depth. If the number of 
triggers exceed the maximum FIFO capacity (equal to 7), then the FIFO OVFL enor will 
be generated. 

If the read address (obtained by subtracting the offset - determined by the calibration 
procedure - to the reference DIE write counter of the MTC) is close by a switch seta.ble 
amount to the current write address in the D/Es, a MEM_OVWR enor will be issued. 

Any of the above errors, or TRIGGER PHASE and DIE errors, will stop external 
triggers. 

ADDRESS_ VALID is inhibited until all errors are cleared. 

MTC features that are tested 
1) Fastbus interface 

2) Fifo read address 

3) Fifo overflow 

4) Cock phase adjustment 

5) Memory overwrite 

6)Wait 

7) Calibration 

Description of tests 

Pseudo code for each of the tests are: 

Fastbus interface : Write and read to ( from ) CSRlO - CSR13; 
set and reset flags ( bits ) and read status of CSRO. 
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Fifo read address : Reset 
.Etror flag reset 
Test mode 
Write enable 
Trigger address offset to 256 - N 
FB trigger 
FB encoder ready 
ReadCSRlO 
Compare 
Reset 

The above test checks the arithmetic unit that evaluates the READ_ADDRESS, 
the trigger FIFO where this address is stored, and the control pulses FB_TRIGGER and 
FB_ENC_ READY. 

Fifo overflow : Reset 
Em>r flag reset 
Test mode 
Write enable 
Set trigger pipeline depth to 7 
While not overflow 

Set trigger address offset 
FB trigger 

End While 
Oieck number of triggers generated 
Loop on trigger number 

Read back with Encoder Ready and 
check address 

End Loop 
Reset 

The current FIFO depth can be found at any time by writing to the programmable 
depth register and observing the WAIT signal. The WAIT signal is asserted whenever the FIFO 
depth exceeds the programmed depth. 

Clock phase adjustment : Change the clock phase over a range of values, checking for 
trigger phase error. The change in the clock phase causes the 
trigger window to move, throwing the trigger input outside 
the window, producing the error. For automatic tests make 
sure that trigger remains in phase (inside window). 

Memory Overwrite : Reset 
Error flag Reset 
Test mode 
Write Enable 
Loop on the 255 possible read addresses 

Em>r flag Reset 
Set trigger address offset 
Assen FB trigger 
Check Memory Overflow 
If not when address agrees with the Dip Switch, report it 
Assen FB trigger 
Read and compare address 

End Loop 
Reset 
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In the Memory Overwrite test, the memory overwrite margin switch SW2 has to be 
hardcoded to the value 8, or one can change the default during the initialization time to agree with 
the switch setting. 

Wait: Reset 
Error flag reset 
Loop over tifo depth 

Set tifo depth 
Set write enable 
Loop until wait or error or timeout 
When wait or error, external triggers are inhibited 
Set test Iilode 
Assen Fb encoder ready until tifo is empty 
Compare with depth or if error rcpon 

End Loop 
Reset 

Calibrate: Reset 

Notes: 

Error flag reset 
Set trigger pipeline to 1 so wait will inhibit all but the first external trigger 
Set calibration 
Set Write enable 
Loop until Wait 

Set Test mode 
Loop 

Assert Fb encoder ready 
Fill may 
Break if tifo empty 

End Loop 
Compare and check array, repon errors 

Reset 

; the FIFO contents should 
; read consecutive numbers 
; representing the read addresses 

Test mode is required for reading back READ_ADDRESSes in order to prevent the 
blocking of ADDRESS_ V ALIDs due to MEM_OVWR error. For every FB write to a register, 
the corresponding read is perfonned in order to check the FB interface. 

During the initialization, the default values that correspond to dip switches can be 
changed (main menu), or the hardcoded values can be tested to set the defaults. 

The default values (i.e trigger offset, pipeline depth, ... ) can be modified for each test if 
the program is being runned in the interactive mode. 

Refer to document for a complete description of the MTC Test 
Software. 
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FASTBUS INlERFACE 
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MODULE MTC_NTA 

1TILE 'FASTBUS NT A decode PAL for SSD Muter Timing Controller Module 

"Inputs: 

"Outputs: 

Ken Treprow - F£RMll.AB 
Sep 25. 1989 - Revised Sep 25. 1989 ' 

MTCNTA DEVICE 'P20V8C'; " normally P20L8 

CSR.!CON,!FB_ WR,!FB_RD.INC 
nc6.nc7,nc8.nc9,ncl0 
NTA0,NTA1,NTA4,NTAS 

!EOB,NTV,!CSRO,!CSRIO 
!CSRl l,ICSR12,ICSR13,nclS 

PIN 1.2.3.4.S ; 
PIN 6,7.8,9,10 ; 
PIN 11,13,14,23 ; 

PIN 22.21,20,19 ; 
PIN 18,17,16.lS ; 

"Constant declaralions: 
' 

Equations 

X=.X.; 

ADDR = [NTA5,NTA4,X,X,NTA1,NTAO) ; 

NTV =CON & CSR & !((ADDR = 0) 
# ((ADDR >= "hlO) & (ADDR <= "hl3))) ; 

CSRO = CON & CSR & (ADDR = 0) ; 

CSRlO =CON & CSR & (ADDR = "hlO) ; 

CSRl 1 =CON & CSR & (ADDR ="hi 1) ; 

CSR12 =CON & CSR & (ADDR = "hl2) ; 

CSR13 =CON & CSR & (ADDR = "hl3) ; 

EOB = CON &: CSR & INC & NTV ; 

ENDMTC_NTA 

8 - 1 

• NotCSRO 
• NotCSRl0-13 
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MODULE MTC_PALI 

TITLE 'FASTBUS Slave PALI forr SSD Maste.r Timing Controller Module 
This is a modified FASTBUS Slave PALI from E706s ICBM Module· 
Ken Treptow - FERM1LAB 
Aug 2S. 1989 - Revised Aug 2S. 1989' 

"Note this is a modification of FASTBUS Slave PALS done by L PREGERNIG 
" when he was at the UNIVERSITY OF n.LINOIS lllGH ENERGY PHYSICS GROUP 
"DA1E 1986 OCI'OBER 20 
"CHIP FB009_SCL2 PAL20L8 

MTCPALI DEVICE 'P20V8C; " normally P20L8 

"Inputs: 

IAS.IDS.DIDS2.IMS2,IMS 1,IMSO 
!BCADD.DIDS1JRD.!GA 
IEG,lWT.!INH,IAK 

"Outputs: 

!DIAS,!CON,!NTARD,NT ACLK 
!INTACLKJNC_LD.!OAK.nc 

equations 

DIAS = IAS ; "Delayed Input AS 

"CONnec:red (aaached) 

PIN 1,2,3.4,S.6 ; 
PIN 7.8.9.10 ; 
PIN 11.13.14,23 ; 

PIN 22.21.20.19 ; 
PIN 18.17.16.15 ; 

APPENDIX B 

CON= IAS & !IAK & !IRD & !IMS2 & !IMSI & IMSO & GA & IEG 
# IAS & !IAK & !IR.D & !IMS2 & IMSl & BCADD 
# IAS &CON ; 

"Geographical Add CS 
"Bl'llldam Address 
"latch while AS is up 

"NTAReaD 

NT ARD =CON & IR.D & !IMS2 & IMS 1 & !IMSO & IDS & !DIDS2 "set on DS up 
# NTARD & CON & IR.D & !IMS2 & IMSI & IIMSO & IDS & DIDS2; 

"NTACLocK 

NTACLK = INTACLK 
# INC_LD & !IAS 
# NTACLK & IDS & !DIDS2 
# NTACLK & !IDS & DIDS2; 

"Internal NT A CLocK 

"larch until new MS or Write and OS.DK up 

.. Inc NT A when terminating Bllc xfer with AS dn 
"Latch while OS up 
"Laich while DS down 

B • 2 
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(cont. MTC_PALl) ••• 

INTACLK =CON & !INC_LD & IIRD & llMS2 & IMSI & !IMSO & DIDSI & !DIDS2 & !NTACLK 
"NTA wrire cycle 

# CON & INC_LD & !INH & !IMS2 & IMSO & IDS & !DIDS2 & !NTACLK 
"Bloc.le ttansfa- OS up 

# CON & INC_LD. !INH & llMS2 & IMSO & !IDS & DIDS2 & !NTACLK 
"Bloc.le transfer DS dn 

#CON & INC_LD & !INH & IRD & !IMS2 & IMSI & !IMSO 
& IDS & !DIDS2 & !NTACLK "NTA iad~lc 

#CON & INC_LD & !INH & !IMS2 & !IMSI & !IMSO 
& IDS & !DIDS2 & !NTACLK;' "Single R/W cycle 

"INCrement or LoaD the NTA 

INC_LD =!(!(CON & !INH & IMSO & IDS & DIDS2) & !INC_LD "Set if blk 
# !IRD & !IMS2 & IMSl & !IMSO & IDS & !DIDS2 "ResetonNTA write 
# !IMS2 & !IMSO ct NT ACLK "Reset on NTA or Single & aftez NTACLK 
# ICON ) ; "Reset when disconnect.ed 

"Output AK 

OAK= CON & !IAK & !IWT & !BCADD 
#OAK&CON 
#OAK&IWT 
#OAK&DIDS2; 

END MTC_PALI 

B-3 

"Sencl AK if not broadcast address 
"Laich mnil CON gQeS away. 
"Hold if WaiT is a.uened 
"Stretch until DK is off 
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MODULE MTC_PAL2 

Tll1.E 'FASTBUS Slave PAL2 for SSD Sequencer Module 
1bis is a modified FASTBOS Slave PAL2 from E7~ ICBM Module 

. Ken Treptow - FERMILAB 
Aug 28, 1989 - Revised Aug 28. 1989 ' 

"Note this is a modification of FASTBUS Slave PALS done by L PREGERNJG 
" when he was at lhe UNIVERSITY OF D..LINOIS IDGH ENERGY PHYSICS GROUP 
"DA1E 1986 OCTOBER 20 
"CHIP FB010_SCL2 PAL20U 

MTCPAL.2 DEVICE 'P20V8C'; " normally P20L8 

"Inputs: 

IAK.!CON,IDS.DIDS2JMS2JMS1.IMSO 
!OAKJRD,!BSY,!EOB,IWT .DIDSl,NTV 

"Outputs: 

!FB_ WR,CSR,!OSSO,!OSS l ,!OSS2 
!ODK,!FB_IU>,!OINH 

"Constant declaralions 

"INHibit data transfers 

PIN 1,2,3,4,S,6,7 ; 
PIN 8,9,10,11,13,14,23 ; 

PIN 22,21,20,19,18 ; 
PIN 17,16,lS ; 

APPENDIX B 

INH = CON & EOB & !IMS2 & IMSO 
#CON&BSY 

"If End Of Block is reached (block or pipeline) 
"whenBuSY 

#CON &NTV 
# IMS2 ; 

Equalims 

"FastBus WRite strobe 

"whenNoTValidaddressisin theNTA 
"when bad MS code 

FB_ WR =CON & !INH & !IRD & !IMS2 & !IMSl & !IMSO & DIDS 1 & !DIDS2 
"MS=O random data write. OS up only 

#CON & !INH & llRD & !IMS2 & IMSO & DIDSl & !DIDS2 
"MS=l block transfer wrile, OS up 
"MS=3 pipeline ttansfer write, DS up 

#CON & !INH & !IRD & !IMS2 & IMSO & !DIDSl & DIDS2 ; 
"MS=l block transfer write, DS down 
"MS=3 pipeline transfer write, OS down 

"Addressed in CSR 

CSR = CON & IMSO & !IAK 
#CSR&CON; 

"Output Slave Status bit 0 

"set if CSR at primary address rime 
"latch until end of CONnected (attached) 

B-4 
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(cont MTC PAL2) 

OSSO= CON & BSY & !IMS2 & !IMSl & !IMSO & DIDSl & !DIDS2 "BuSY & single xfer 
# CON & BSY & !IMS2 & IMSO &: DIDSl &: !DIDS2 "BuSY and MS•l or 3 on DS up 
#CON&. BSY &: !IMS2 &. IMSO &: !DIDSl &. DIDS2 "BuSY and MS•l or 3 on DS dn 
#CON & NTV & !IMS2 & IMSl & !IMSO & DIDSl & !DIDS2 "NTV & 2nd Address 
# OSSO & IDS & DIDS2 & CON "Larch while DS=DK=l 
#OSSO & !IMS2 & IMSO & !IDS & !DIDS2 & CON; "Latch ifDS=DK=O & MS=lor3 

"Output Slave Status bit 1 
OSSl =CON & IMS2 "any MS=4-7 on DS up or down 

#CON & !IMS2 & NTV &. !BSY &: DIDSl & !DIDS2 
"any Not Valid address if not BuSY on DS up 
#CON & !IMS2 & IMSO & NTV &: !EOB & !BSY & !DIDSl & DIDS2 
"any Not Valid address, not BuSY, not End Of Block, & MS=lor3 on DS down 
# CON & !IMS2 & IMSO & EOB & !BSY & DIDSl & !DIDS2 
"End Of Block if not BuSY on DS up 
#CON & !IMS2 & IMSO & EOB & !BSY & !DIDSl &. DIDS2 
"End Of Block if not BuSY on DS down 
# OSSl & IDS & DIDS2 & CON "Latch while DS=DK=l 
# OSSl & IMSO & !IDS & !DIDS2 & CON : "Lalch ifOS=DK=O & MS=l,3,5,or 7 

"Slave Status bit 2 
OSS2 = CON & IMS2 "any MS=4-7 on DS up or down 

#CON & !IMS2 & NTV & !EOB & !BSY & DIDSl & !DIDS2 
"any Not Valid address if not BuSY and not End Of Block on DS up 
#CON & !IMS2 & IMSO & NTV & !EOB & !BSY & !DIDSl & DIDS2 
"any Not Valid address, not BuSY, not End Of Block, & MS=lor3 on DS down 
# OSS2 & IDS & DIDS2 & CON "Latch whileDS=DK=l 
# OSS2 & IMSO & !IDS & !DIDS2 & CON ; "Lalch ifDS=DK=O & MS=l,3,5,or 7 

"Output Data acKnowlege generates DK 

ODK = ! IWT & CON & OAK & DIDS2 "set if DS (delayed) and attached and not WaiT 
# IMS 1 & IMSO & CON & OAK & DIDS2 

"set if DS (delayed) and attached and MS=3 (pipeline) even if WaiT 
# ODK & CON & OAK & DIDS2 "transition hold while DS (delayed) 
# IWT & !IMS 1 & ODK "hold if WaiT and not MS 1 
# IWT & !IMSO & ODK : "hold if WaiT and not MSO 

"i.e. hold if not MS=3 (pipeline) AND WaiT, release it otherwise 

"FastBus ReaD 

FB_RD = CON & !INH & IRD & !IMS2 & !IMS 1 & !IMSO & DIDS 1 & !DIDS2 
"set on DS up, MS=O random data read 

#CON & !INH & IRD & !IMS2 & IMSO & DIDSl & !DIDS2 
"set on DS up, MS=l block read 
"set on DS up, MS=3 pipeline read 

#CON & !INH & IRD & !IMS2 & IMSO & !DIDSl & DIDS2 
"set on DS dn, MS=l block read 
"set on DS dn, MS=3 pipeline read 

#CON & IRD & !IMS2 & !IMSl & !IMSO &IDS & DIDS2 & FB_RD 
"latch while MS=O read and DS,DK up 

# CON & IRD & !IMS2 & IMSO & FB_RD 
"latch while MS=l.3 read 

# CON & IDS & DIDS2 & FB RD "latch while OS.DK up 
# CON & !IDS & !DIDS2 & FB_RD ; "latch while DS,DK down 

"i.e. latch until new MS or WR cycle 
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(cont MTC_PAL2) 

"Output INHibit data transfers 

OINH=INH 
#CON & !CSR: 

END MTC_PAL2 

APPENDIX B 

"This stops NTA Increme::;;_,,,g for die FIFO in Data Space 
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MTCPAR'TS 

Last Upda•: 1123/91 Unit Module 
MI5' !:la C.R td1au1 rdlllill r:~m: tia ftl61. Stack ~ 1211&CillliRD g11 Mlilll 'Qll 

R3,8 AB 1487·0385 10K 118W Res 1 0.13 0.13 
R6,7,9, 11,12 1478·0247 51 otm 1/8w Rea 5 0.16 0.80 

R13·R17, 19,21 1487·0285 220 ohm 118w Aas 7 0.16 1.12 
R18,20. 1487·0620 100 ohm 1/4w Aas 2 0.06 0.12 
R1,R5 1487·0590 56 ohm 1/4W Rea 2 0.08 0.12 
R10 1487-0830 5.1K ohm 1/4'w Rea 1 0.08 0.06 
R2,4 1487·0720 620 ohm 1/4w Aas 2 0.04 0.08 

RN1·RN44 AB 4610X·101 100 ohm 10-pin sip 44 0.32 14.0B 
RP1·RP3 AB 4610X·101 270 ohm 10-pln sip 3 0.32 0.98 
RP4·RP6 AB 4610X·101 330 ohm 10-pln alp 3 0.32 0.96 

iDllSIEllls:I liitmai& 
U116·U118 Motorola 10101P 1455-5801 Quad OAA'«lR Gal9 1 0.31 0.31 

U9,137 Motorola 10114'P Triple Une Receiver 1 0.76 0.76 
U25,33,35,38,"8 Motorola 10124P 1455·5824 Qu.d TTL ID ECL TrarllialDr 5 1.52 7.60 
U8,34,49,50,51 Motorola 10125P 1455·5825. QuM ECL to TTL Tr...ialDr 5 1.22 6.10 

U108·U113 Motorola 10133p 1455·5833 Qu8d laleh 16 
U127·U134 

U47 ,65,67,84,86 Motorola 10188P Hex BuHer wlttnal:lle 9 2.20 19.80 
U98,101,10Z 

U119 
U20,21,31,32,46 Motorola 10192P Quad Bua Driver (ECL to Nim) 8 3.90 31.20 

U64,83,97 
U1 Motorola 10198P Monostable Multlvibrator 1 8.85 8.85 

U29,87,88 Motorola 10H101P Quad OMIOR Gal9 3 0.64 1.92 
U15, 19 Motorola 10H102P Quad 2 Input NOR Gata 2 0.64 1.28 

U37,39,42,54,60,89 Motorola 10H103P Quad 2 Input OR Gal8 6 0.64 3.84 
U2B,45,61 Motorola 10H104P Quad 2 Input AND 4 0.64 2.56 

UH Motorola 10H105P Triple 2·3-2 Input OR/NOR 1 0.64 0.64 
U30,68,85,99, 120 Motorola 10H109P Du.a 5-4 Input OR/NOR 5 1.49 7.45 

U75·U78 Motorola 10H016P 4·Blt Binary counter 8 7 ... 6 59.68 
U36,44,95,96 

U3,4,26,52 Motorola 10H125P Quad ECL to TTL Translator 4 2.00 8.00 
U40,41,43,53,57 Motorola 10H131P Du.a D type F/F 8 1.90 15.20 

58,59,90, 
U12·U14 Motorola 10H135P Dual JK MS FHp Rop 3 2.30 6.90 

UM Motorola 10H161P Binary TO 1·8 Decoder (Low) 1 2.44 2.44 
U72,93 Motorola 10H162P Binary TO 1-8 Decoder (High) 2 2."4 4.88 

U62,63,66,70,71,74 Motorola 10h166P 5-Blt magnitude comparator 6 3.24 19.44 
U100,114,135 Motorola 10H176P Muter-slave flip-flop 6 3.54 21.24 

U103·U105 
U79·U82,73 Motorola 10H181P 4-Blt alu/function generator 5 9.95 49.75 
U123·U126 Motorola 10H188P Hex BuHer w/enable 1.45 t.45 

Ut 15, 121, 136 
U122 Motorola 10H189P Hex lnvener w/enable 1 2.20 2.20 

U7,U11 T.I. 74LS123N 1455-8123 Dual Rebiggerable Monostable 2 0.59 1.18 
U6 T.I. 74LS02 1455-8002 Nor gate 1 0.23 0.23 

SW2,SW3 CTS Corp. PIN 206·8• 1455-9708 8 section dip switch 2 0.89 1.78 
SW5 C&K 3M120 10 Poa. lhumbwhHI switch cw81H 1 4.65 4.65 
SW8 CTS Corp. PIN 206-4s 1455-9704 4 section dip switch 1 0.75 0.75 
SW1 C&K MODEL TP11 tiny pushbutton switch 1 4'.05 4.05 

L 1·L16 KINGS K·LOCK PIN1077·3 1 "35·""00 Lemo PC monl 32 4.89 156.48 
J1 3M PIN 3"31·5302 1435-7105 3"pin 19ght angle header 1 1.61 1.61 

FBSEG A.FBSEG B AMP 1·102585·3 FASTBUS 130 SOCKET CONNECTOR 1 7.87 7.87 

02,4',6,8, 11, 13, 14 HP. PIN HLMP-1503 1"4'5·04' 70 green LED 11 0.24 2.64 
015,22,23,24 
03,5,7,9, 12 HP. PIN HLMP·1301 144'5-0475 red LED 5 0.24 1.20 
D16·D20,D1 HP. PIN HLMP·1"01 1445-0495 yellow LED 6 0.24 1.44 

D10,021 1N4001 1"4'5· 1550 Signal diode 2 0.03 0.06 

Ft, F2 Littlefuse type 251005 1120·0250 picofusa SA 2 0.48 0.96 
F3 Lilllefuse type 251010 picofusa 1 OA 1 0.48 0.48 
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Last Update: 1123/91 Unit Modula 
MIC pan Np Manuf Manut PARJ Ng fNAL Stpgls ,, p11grjpJtpn Qty Cptt C91t 

C185,C167 ERE 8131-100-651-334M 1415-3170 
C13 SAW;&JE PIN 10TS-T10 1415-2110 

C173 SPIVGUE PIN 10TS-T47 1415-2150 
C3 SPIW3LIE PIN 10TS-D10 1415-2170 

C174 SPIVGUE 1415-2180 
C10·C12, 14 MAU.ORY CSR13·C336K 1425-1180 

C145·164,C170-172 SPFWiLIE 923CZSU104M050B 
C4,61 ,68,175,178 
C7-C9,C15·C1.t4 SPIW3LIE 123cxlr103k050b 

C1,2,169 

U8 
DL1 

U2,U25 
U17 
U16 

BG.CCNP. TTLDM·100T 
BG.CCMP. ECLDL-50 
BG.CCNP. ECL-100K·LDM-16 

BMEC PDH6500 
BMEC FDD9010 

c- 2 

.33ufd ceramic cap 
100pld 
470pfd cap 
1 OOOpfcl cap 
680pfd 
33utd cap 
. fufd dip cap 

.01uld dip cap 

DBAYUNE 
DBAYUNE 
DBAVLINE 
DBAYLINE 
DB.AYLINE 

2 
1 
1 
2 

' 4 
29 

137 

1 
1 
2 
1 
1 

0.18 0.36 
0.14 0.14 
0.16 0.16 
0.18 0.36 
0.06 0.06 
0.45 1.80 
0.42 12.18 

0.36 49.32 

15.20 15.20 
13.20 13.20 
48.70 97.40 
85.00 85.00 

9.00 9.00 

MTC front panel 800.000·MD-2691' 1 40.00 40.00 
HYLONSPACER.625LONGX4-40 7 0.10 0.70 
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MTC TEST MODULE DIAGRAM 
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CORRECTIONS TO TiiE PRINTED CIRCUIT BOARD 



MTC V. 3 APPENDIX E 

. . Two design changes are responsible for two modifications on the MTC printed circuit 
board. 

The first one is the addition of a NOR gate to invert the signal to the pin 6 of U6 
(74S02). This NOR gate is in the same U6 package. The conections to the board arc shown in 
Fig. E-1 (the "X" represents a cut to a ttace, and the hand drawn lines arc the added wires). 

us 
O O USO O 

V
,..,.1111111!~--... -.... .... 

0 0 0 
o o'-.~-----------......;;o.._ ____ _ 
0 0 0 0 

~ ~ ~-.,...-&s--511.0~-- -
0 0 0 ~ 
0 0 

Fii E-1 • Modification number 1 or tbe MTC'S PCB 

In the case of a new PCB design, there is a better way of implementing this logic. A 
suggestion is given in Fig. E-2. for the trigger raa: LED and for the WAIT rue LED in schematic 
9/9. 

_.......,..""'"'--"' 
IC]...-~,.,.. .. '" 
~\11/'v<...___ .. Ill> 

, 
10 

am 

I 

i..iRIT -C YEL> 

... 
' 
~!I "'____g,gi;~$ 

~~lliU.&I...$ 

~--w.!Ai~~ 
LR• 

~!I~"'---~ 

~"'---~ 
~--_.......~ 

~-"' ~llZLLU..~ 

~!I ....-l!'-"' ~1&1&1.-~ ,-. y 
.,. 

Fig E • 2 • Su1gested cbaa1es to the TRG IN and TRG WAIT LED driver lo1ic in 
schematic 9/9 
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The 2nd change was required to make the front panel 1RO MON and lRO WIN signals 
have the right timing, as observed with a scope, for adjusting the external trigger delay to the 
module. In order to accomplish this, the trigger signal to the NIM driver was taken from a 
different point in the circuit (also an extta NAND gate was added, m'!:!L.:r not messing with 
the ECL tenninations and not to nm the signal too long distances; the a · e gate was found in 
U45, inputs 12 & 13 of a 10Hl04, and the input signal to the gate w115 taken from the same 
U45, pin 4). The changes are shown in Fig. E-3. 

The above changes in the schematics are updated in the respective Cadnetix files. The 
2nd modification, however, is not handled by the Cadnetix system, since it makes use a 
heterogeneous gate in the IOH104 package. A note is posted in the schematic such that new PCB 
designs will have to find a way to bypass this problem. 

U43 
c 
0 
0 
0 
0 
0 
0 
0 

0 
p 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

Nate: 
The traces on the left are on 
the solder side of the board 

U44 U45 
IJ 0 IJ 0 
0 0 0 0 
0 0 0 0 
0 0 ~ 0 0 
0 0 
0 0 
0 0 

Fig E-3 - Changes to retime the TRG MON signal on the front panel cou connector 
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1. General Information 

1.1. Description 
This backplane is installed in a FASTBUS crate as defined in IEEE 960. It is 
a component part of a readout system for Silicon Strip Detectors used in 
experiments at Fennilab. The crate is populated as shown in Figure 1. The 
backplane is made in one piece to simplify the assembly of these crates. This 
will eliminate the requirement for external power connections to the 
Auxiliary connectors. 

NOTE: 
'TV«) PLANES OF ELECmoNICS (1334 CHANNELS) ARE SHOWN 
PA· POSTAMP COMPARATOR, 128 CHANNELS 
E·ENCOCER 
AOC· FASTBUS MASTER & REAOOUTC:ONTI=IOl.ER 

Level 1 Reduced Digital Data to Level 2 Option 

25 23 21 19 17 15 13 11 9 7 5 3 1 
2A 22 2D 18 16 14 12 10 8 6 4 2 0 

Figure 1 

-Merle Haldeman. Cecil Needles, J. Urish page2 
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1.2. Specification 
The backplane will be consttucted of fiber glass reinforced epoxy laminate of 
type G-10 or FR4. All signal layers are a minimum of .003 inch copper 
except the. Ground, +5.0 Volt and -5.2 Volt layers which are minimum of 
.004 inch. The thickness of the layers within the lamination must be closely 
controlled to provide a transmission line environment using stripline and 
microstrip techniques. 

There are two external signal layers, four internal signal layers. three power 
and three ground layers. The crossection is shown in Figure 2. All signals 
are nonnal ECL. Clocks are separated physically by isolation in layers. The 
signals in these layers are discussed in following sections. 

SSD Backplane Crossection 

0.024 

0.024 

0.266 

. 0.100· 

0.008 

0.025 
1 

Figure 2 

-Merle Haldeman, Cecil Needles. J. Urlsh 

Cu 
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1. 3. Test Procedure 
The Prototype crates are first sent to Computing Division, Insuument Repair 
Group for testing of the FASTBUS Segment backplane. The Instrument 
Repair group has a special test stand for testing the connectivity and 
mechanical specifications of a FASTBUS crate. 

After this is complete a crate will be sent to Kinetic Systems Inc. which has a 
power distribution test stand for FASTBUS crates. They have agreed to do 
this part of the testing. 

At the same time the Computing Division, Data Acquisition Electronics 
Department will begin testing the Auxiliary backplane of the other 
prototype. 

2. Mechanical 

2.1. Specification 
The mechanical dimensions and mounting provisions of the backplane must 
fit the backplane area of a Kinetics System FASTBUS Crate model # F050-
Al 1. A mechanical drawing of the backplane, showing mounting holes and 
connector positions, is attached. The lower backplane is detailed in chapter 
14 of the FASTBUS specification, IEEE 960. Power connections must 
conform to the mechanical requirements of the Kinetic Systems Crate named 
above. This rest of this document refers to the Auxiliary section of the 
backplane. Where the IEEE 960 Auxiliary backplane specifications differ, 
this docwnent shall be used. 

All Auxiliary backplane connectors are three row 195 pin connectors. The 
connectors are as specified in chapter 14 of IEEE 960 and figures 14.2 (a & 
b) of IEEE 960 and addendum's to the specification. The Auxiliary 
connectors are provided with a shroud/card guide as shown in figure 14.2( c) 
of IEEE 960 or guide pins as shown in detail A of the supplied mechanical 
drawing. The connectors have daughter cards on both sides of the Auxiliary 
backplane. Daughter card connectors will conform to appendix K of IEEE 
960. Daughter cards will be plugged into both sides of the backplane. 

2.2. Test Procedure 
The Instrument Repair Group has a special test stand for FASTBUS crates 
and test jigs to check dimensional tolerances. 

-Merle Haldeman, Cecil Needles, J. Urish page4 
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2.3. Test Result 
The terminator sips for the Auxiliary backplane interfere with the insertion 
of modules. Interlogic will Modify crates to place the sips on the back . .. ~--..-

I 
J 
I 
J 

3 • Power Distribution 

...... ~ .......... 
Figure 3 

3 .1. Auxiliary Backplane 

3.1.1. Specification 
Power and ground distribution for the Auxiliary section of the backplane is 
through internal power layers in the backplane. There are separate layers 
for +5.0 Volts@ 120 Amps, -5.2 Volts@ 120 Amps, -2.0 Volts@ 50 Amps 
and Ground @ 290 Amps. The 26 MHZ and 53 MHZ clocks are in an 
internal layer with ground planes on either side. There are no active 
components on the Auxiliary backplane. The power should be distributed in 
a way that insures a voltage drop across-the backplane of less than 0.01 Volts 
for the ground plane and 0.030 Volts for voltage planes. Tennination 
resistors are socketed. 

-Merle Haldeman, Cecil Needles, J. Urish pages 
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The power pins will be the same for all Auxiliary cards except the Sequencer 
module slot 13 and slot 0 which has none. The large number of pins required 
on some modules means it won't be possible to ammge the power pins a per 
IEEE 960.- There is a limit of 3 amps per Auxiliary card (except the 
Sequencer slot Auxiliary card) for all supplies. 

3.1.2. Test Procedure 
As the power requirement for the Auxiliary backplane is significantly less 
than the Segment backplane no special t.ests are required if the crate passes the 
test at the Segment backplane. A simple check will be made of the voltage 
drops at the Auxiliary connector. 

3.1.3. Test Result 

3.1.4. Additional Power Bus Required for Postamp/Comp. 
There is the possibility of using existing contacts on the FASTBUS crate 
segment connector for bringing the plus and minus 3.5 volt power supply 
voltages to the Postamp/Comparator modules. These voltages are required 
for some of the ASIC's used on this module. In order to determine the 
feasibility of this idea, a series of measurements should be conducted on a 
typical crate used in the SSD project. 

3.1.4.1. Specification 
The FASTBUS Crate segment pins are specified to handle a maximum of 
thre~ amperes each. (See ANSI/IEEE Std 960-1986, section 13.2.1 (e)). 
Each P/C Module is expectedto require +3.5 V@ 7.07 amperes and -3.5 V 
@ 3.52 amperes. Thus three pins for the +3.5 and 2 pins for the -3.5 should 
be adequate for each P/C Module. 

There are to be twelve P/C Modules per crate requiring +3.5 V@ 12x7.07 = 
85 amperes and -3.5 V @ 12x3.52 = 42 amperes per crate. 

-Merle Haldeman, Cecil Needles, J. Urish page6 
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The following 8 existing busses are being considered. 

1) +28 Volts (pin B02.stations 0 through 12)::[06 and 07] 
2) +28 Volts (pin B02.stations 13 through 25)::[19 and 20] 
3) +28 Volts (pin B03.stations 0 through 12)::[04 and 05] 
4) +28 Volts (pin B03.stations 13 through 25)::(17 and 18] 
5) +15 Volts (pin B04.stations 0through12)::[05 and 06] 
6) +15 Volts (pin B04.stations 13 through 25)::[18and19] 
7) -15 Volts (pin BOS.stations 0 through 12)::[07 and 08] 
8) -15 Volts (pin BOS.stations 13 through 25)::[20 and 21] 

The information inside the brackets"[]" represents station numbers between 
which the power supply connection to the bus exists. 

In order to determine the quality of the bus. a few simple measurements 
should be made. In general. a current source will be connected across a 
ponion of the bus structure, and the resulting voltages drops ·for various 
portions of the backplane bus will be recorded. The current source to be used 
should have an output ·of 2 amperes plus or minus 2 percent, an output 
impedance of at least 1 ill, and an outpUt voltage of 1/2 volt,.plus or minus 
1/4 volt. One might expect to measure between 5 and 10 millivolt drops 
between stations where cunent is flowing. 

-Merle Haldeman, Cecil Needles, J. Urish page 7 
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3.1.4.2. Test Procedure and Result 
Instruments used:· 

HP 62278 Power Supply 
Keithley 179A DVM 

Bus 1 {Upper +28 volt bus, stations 0 through 12) 
Connect one lead of the current source to pin B02 at station 0 , and the other 
lead to the bus connection between stations 06 and 07. Use a Digital Volt 
Meter (DVM) capable of measuring 0.1 millivolt changes. Connect one lead 
of the DVM to pin B02 at station 01,and connect the other lead to the pin B02 
of the following stations and record the voltage. 

Station MilHvolts 
02 o.ss 
03 1.08 
04 1.52 
05 1.98 
06 3.03 
07 3.03 
08 2.94 
09 2.93 

Connect one lead of the current source from pin B02 at station 12, and the 
other lead to the bus connection between stations 06 and 07. Connect one lead 
of the DVM to pin B02 at station 11, and connect the other lead to the pin B02 
of the following stations and record the voltage. 

Station 
02 
03 
04 
OS 
06 
07 
08 
09 

-Merle Haldeman, Cecil Needles. J. Urish 

Millivolts 
0.49 
0.96 
1.46 
2.10 
2.46 
2.29 
2.27 
2.28 
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Bus 2 (Upper +28 volt bus, stations 13 through 25) 
Connect one lead of the current source from pin B02 at station 13, and the 
other lead to the bus connection between stations 19 and 20. Connect one lead 
of the DVM to pin B02 at station 14. Connect the other lead to the pin B02 of 
the following stations and record the voltage. 

Station 
02 
03 
04 
OS 
06 
07 
08 
09 

Millivolts 
0.51 
0.99 
1.45 
1.88 
2.87 
2.89 
2.82 
2.82 

Connect one lead of the current source from pin B02 at station 25, and the 
other lead to the bus connection between stations 19 and 20. Connect one lead 
of the DVM to pin B02 at sq..tion 24. Connect the other lead to the pin B02 of 
the following stations and record the voltage. 

Station 
02 
03 
04 
05 
06 
07 
08 
09 

-Merle Haldeman. Cecil Needles. J. Urish 

Millivolts 
0.56 
1.09 
1.56 
2.24 
2.58 
2.43 
2.43 
2.43 
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Bus 3 (Lower +28 volt bus, stations 0 through 12) 
Connect one lead of the cutrent source to pin B03 at station 0 , and the other 
lead to the bus connection between stations 04 and 05. Connect one lead of the 
DVM to pin B03 at station 01.and connect the other lead to the pin B03 of the 
following stations and record the voltage. 

Station 
02 
03 
04 
OS 
06 
07 
08 
09 

Millivolts 
0.70 
1.43 
2.19 
2.31 
2.31 
2.31 
2.31 
2.32 

Connect one lead of the current source from pin B03 at station 12, and the 
other lead to the bus connection between stations 04 and 05. Connect one lead 
of the DVM to pin B03 at station 11, and comiect the other lead to the pin B03 
of the following stations and record the voltage. 

Station 
02 
03 
04 
05 
06 
07 
08 
09 

-Merte Haldeman, Cecil Needles, J. Urlsh 

Millivolts 
0.75 
1.50 
2.24 
2.31 
4.27 
5.27 
5.81 
5.78 
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Bus 4 (Lower +28 volt bus, stations 13 through 25) 
Comiect one lead of the current source from pin B03 at station 13, and the 
other lead to the bus comection between stations 17 and 18. Connect one lead 
of the DVM to pin B03 at station 14. Connect the other lead to the pin B03 of 
the following stations and record the voltage. 

Station 
02 
03 
04 
OS 
06 
07 
08 
09 

Millivolts 
0.77 
1.53 
2.34 
2.47 
2.46 
2.46 
2.46 
2.47 

Connect one- lead of the current source from pin B03 at station 25; and the 
other lead to the bus comection between stations 17 and 18. Connect one lead 
of the DVM to pin B03 at station 24. Connect the other lead to the pin B03 of 
the following stations and record the voltage. 

Station 
02 
03 
04 
OS 
06 
07 
08 
09 

-Marte Haldeman, Cecil Needles, J. Urish 

Millivolts 
0.78 
1.56 
2.32 
3.41 
4.41 
5.44 
5.99 
S.97 
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Bus 5 (+15 volts, stations 0 through 12) 
CoIUlect one lead of the current source to pin B04 at station 0 , and the other 
lead to the bus coIUlection between stations 05 and 06. Connect one lead of 
the DVM to pin B04 at station 01,and connect the other lead to the pin B04 of 
the following stations and record the voltage. 

Station 
02 
03 
04 
OS 
06 
07 
08 
09 

Millivolts 
0.20 
0.39 
0.55 
0.86 
0.85 
0.73 
0.69 
0.67 

Connect one· 1ead of the current source from pin B04 at station 12, and the 
other lead to the bus connection between stations 05 and 06. Connect one lead 
of the DVM to pin B04 at station 11, and connect the other lead to the pin B04 
of the following stations and record the voltage. 

Station 
02 
03 
04 
OS 
06 
07 
08 
09 

-Merle Haldeman. Cecil Needles. J. Urtsh 

Millivolts 
0.20 
0.38 
0.51 
0.74 
0.98 
1.09 
0.95 
0.92 
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Bus 6 (+15 volts, stations 13 through 25) 
Connect one lead of the current source from pin B04 at station 13, and the 
other lead to the bus connection between stations 18 and 19. Connect one lead 
of the DVM to pin B04 at station 14. Connect the other lead to the pin B04 of 
the following stations and record the voltage.· 

Station 
02 
03 
04 
05 
06 
07 
08 
09 

Millivolts 
0.21 
0.40 
0.56 
0.86 
0.84 
0.74 
0.69 
0.68 

Connect one lead of the current source from pin B04 at station 25, and the. 
other lead to the bus connection between stations 18 and 19. Connect one lead 
of the DVM to pin B04 at station 24. Connect the other lead to the pin B04 of 
•he following stations and record the voltage. 

Station 
02 
03 
04 
05 
06 
07 
08 
09 

-Marte Haldeman. Cecil Needles, J. Urish 

Millivolts 
0.21 
0.39 
0.53 
0.78 
1.03 
1.13 
0.98 
0.94 
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Bus 7 (-15 volts, stations 0 through 12) 
Connect one lead of the current source to pin BOS at station 0 , and the other 
lead to the bus connection between stations 07 and 08. Connect one lead of 
the DVM to pin BOS at station 01,and connect the other lead to the pin BOS of 
the following stations and record the voltage. 

Station 
02 
03 
04 
OS 
06 
07 
08 
09 

Millivolts 
0.33 
O.S6 
0.1S 
0.93 
1.21 
1.73 
1.53 
l.33 

Connect one lead of the current source from pin BOS at station 12, and the 
other lead to the bus connection between stations 07 and 08. Connect one lead 
of the DVM to pin BOS at station 11, and connect the other lead to the pin BOS 
of the following stations and record the voltage. 

Station 
02 
03 
04 
OS 
06 
07 
08 
09 

-Marte Haldeman, Cecil Needles, J. Urish 

Millivolts 
0.38 
0.68 
1.05 
1.40 
I.OS 
0.94 
0.90 
0.88 
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Bus 8 ( -15 volts, stations 13 through 25) 
Connect one lead of the current source from pin BOS at station 13, and the 
other lead to the bus connection between stations 20 and 21. Connect one lead 
of the DVM to pin BOS at station 14. Connect the other lead to the pin BOS of 
the following stations and record the voltage. 

'1tation 
02 
03 
04 
OS 
06 
07 
08 
09 

Millivolts 
0.34 
0.57 
0.75 
0.96 
1.24 
1.75 
1.54 
1.35 

Connect one lead of the current source from pin BOS at.station 25, and the 
other lead to the bus connection between stations 20 and 21. Connect one lead 
of the DVM to pin BOS at s~tion 24. Connect the other lead to the pin BOS of 
the following stations and record the voltage. 

Station 
02 
03 
04 
OS 
06 
07 
08 
09 

-Merle Haldeman. Cecil Needles, J. Urish 

Millivolts 
0.38 
0.69 
1.08 
1.43 
1.08 
0.97 
0.93 
0.91 
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3. 2. Segment Backplane 

3.2.1. Specification 
The Segment backplane power distribution will be as specified in IEEE 960, 
Chapters 14 and 15. 

3.2.2. Test Procedure 
A prototype crate was tested at Kinetic Systems Inc. for evaluation on a 
specially built FASTBUS crate power test stand. The test stand consists of a 
small rack and Kinetic Systems standard FASTBUS power supply. A shunt is 
provided to be inserted in the power leads to allow measurement of total 
current for a given supply voltage. Special load modules composed of 
FASTBUS cards with dip and sip terminators across the boards are used to 
load the crate. These load modules are designed to allow use with -5 .2 Volts, 
+5.0 Volts and -2.0 Volts. The modules can be used with only one voltage at a 
time. this is accomplished through the use of jumper wires along the edges of 
the modules. These modules thus provide a uniform current load throughout 
the crate for one supply voltage at a time. 

The test procedure is to fill the crate with test modules jumpered for one of 
the supply voltages and measure the voltage drop from the power bus to the 
pins at the top and bottom of each slot. This yeilds only the differential 
voltage across the backplane. Each voltage is tested in tum. 

-Merle Haldeman, Cecil Needles. J. Urish page 16 
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3. 2 .3. Test Result 
Test results for crate serial #0553 are shown in tables below: 

-5.2 Vokbus 
Bus to Ground voltage -4.22 V (supplies current limited@ 320 Ampe~.) 
Current 320 Amps. (measured with 50 mv/500 Ampere shunt) 

· Measured at the top and bottom of the crate segment connector9 all values are 
in millivolts. 

Slot # 0 5 7 11 15 17 19 20 21 22 23 24 25 

+5 Volt bus 
Bus to Ground voltage +4.61 V (supplies current limited@ 340 Amperes.) 
Current 340 Amps. (measured with 50 mv/500 Ampere shunt) 
Measured at the top and bottom of the crate segment conn~ctor, all values are 
in millivolts. 

-2 Volt bus 
Bus to Ground voltage -2.0 V 
Current 140 Amps. (measured with 50 mv/500 Ampere shunt) . 
Measured at the top and bottom of the crate segment connector, all values are 
in millivolts. 

Slot # 0 3 5 7 11 15 1 7 20 21 22 23 24 25 

14 

The maximum voltage difference across the backplane is 
specified as 30 mv when fully loaded. The maximum measured 
was 17 mv. 

-Merle Haldeman, Cecil Needles, J. Urish page 17 
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4. Signal Layers 
Signals for each layer are isolated due to the power planes inserted in the 
multilayer card. This should reduce crosstalk for data lines and prevent the 
clock from being coupled to other signals. Each group of signals is discussed 
separately below. All terminations and drivers will be on daughter cards 
except the 26 MHZ clock bus, Reset bus, Sync bus, Sync Err bus and Event 
Address Data and Strobe lines which are terminated on the backplane. 
Tenninations are single except as noted. 

All pinouts are specified in Appendix A. Slot 0 (rightmost slot viewed from 
front of crate) has no connections in the Auxiliary backplane. A Netlist can 
be supplied in any of several computer fonnats. 

5. Electrical 

5 .1. Specification 
All signals conform to ECL standard levels and terminations~ Impedance 
of transmission lines shall be specified when · fully loaded by 
connectors and a one inch stub with a single ECL receiver on each 
daughter card which receives. that signal. Termination resistance not 
less than 2S Ohms for double tenninated bus lines (10 Event Address; 2 
Sync, 1 Reset) and SO Ohms for single tenninated lines. Impedance not 
exceeding 100 Ohms. Variation of impedance shall not be greater than 10%. 

5. 2. Test Procedure 
Impedance will be measured using a Time Domain Reflectometer (TDR) 
with a resolution of at least 1 inch. The impedance will be measured without 
terminations in place and the TDR connected in place of the drivers. 
Measurements will be taken for both the loaded and unloaded condition. 
Loads will be simulated by attaching capacitors of appropriate size to the 
backplaiie pins. FigUre 4 is a diagram of the test setup. Table 1 shows the 
test results. 

-Merle Haldeman. Cecil Needles, J. Urish page 18 
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Test Configuration for TDR Measunnents 

Figure 4 

TestSVli 
<1 rm::riaetne 
2\tll@500ms. 

-Merle Haldeman, Cecil Needles. J. Urish 
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Note 1 
Note 2 

Note 1 
Note 2 
Note 4 
Note 3 
Note· 1 
Note 2 

Note 1 

Note 1 
Note 3 
Note 1 
Note 3 
Note 1 
Note 3 
Note 1 
Note 3 
Note 1 
Note 3 
Note 1 
Note 3 
Note 1 

Note 1 
Note 2 
Note 3 
Note 4 

TOR Measurements (Unloaded Lines) 
211411990 #550 

p Zo Zo' El Er % Cale. 
Error Imped 

. 
(Er-Ei)/Ei Otvns Ohms Volts Volts Otvns 
za '2bm llDI m1111u1m1oi fsn: SCllll2ElilDD 

0.23 50 I 80 12.00 2.46 6.5 75.0 
ldlll Z5 llbm M11111E1m1ai1 

0.20 50 75 2.00 2.40 0.0 75.0 
50 75 2.00 2.40 

II Mbl Clas;ls LIDll 
0.38 50 110 2.00 2.75 25.4 87.7 

50 110 2.00 2.75 
0.31 50 94 2.00 2.61 7.1 87.7 

Ba11S Llne(1·BB\ 

0.00 50 I 50 2.00 2.00 -51.5 103.0 
50 50 2.00 2.00 

tlll 12111 aua-cai 
0.21 50 I 76 2.00 2.41 17.7 64.4 

tlll 12111 1Hll·61l 
0.21 so I 76 2.00 2.41 17.7 64.4 

21 Mbz c1as:1su a-ca:n 
0.12 50 I 63 12.00 2.23 -38.8 103.0 

aa Mbz CJgs:kU a-aa:n 
0.12 50 63 2.00 2.23 -38.8 103.0 

&!D Si' l ·~Sl 
0.09 50 59 2.00 2.17 -42.4 103.0 

&KDG El:C'2EU ·Cl rn 
0.09 50 I 59 2.00 2.17 -42.4 103.0 

12111 ~lllSUl :t·Cl l l 
0.24 so I 81 2.00 2.47 25.3 64.4 

612 L.ID11(2a·622l 
0.00 50 50 2.00 2.00 -22.4 64.4 

1st Formula: Zo'•(1 +((Er-Ei)/Ei))/(1-((Er-Ei)/El))*Zo 
2nd Formula: Zo'•((Zo*Er)+(Zo*El))/(Ei-Er) 

Meas. Cale. 
Delay Delay 

Nanosecs Nanosecs 
(Oetay•2) (Loaded) 

- -
- -

4.4 1.5 

4.4 1.5 . 

10.9 4.0 

4.4 1.8 

4.4 1.8 

5.4 2.3 

5.4 2.3 

9.0 4.6 

9.0 4.6 

4.6 

4.6 

These lines are Partiaty Loaded as they are bussed and have connectors installed. 
Crate #553 -· 

Table l 
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The Measured impedance of lines in the backplane is consistently high. The 
calculations are based on the manufacturers layup and specification of .010 
inch trace width, the dielectric constant is assumed to be 4. 7 based on 
industry practice for fiber-glass laminate material. 

The parameters most likely to case the observed discrepancy are trace width 
and dielectric constant. A 50% reduction in trace width to .005 inch would 
cause the observed error as would a dielecttic constant of 3. 

To test the trace width the 53 Mhz clock lines were calculated to be .176 Ohm 
for the given copper thickness and width. A clock line was measured to be .4 
Ohm. This is consistent with the error we have observed. See Table 4 for 
data. 

The capacitance of a 53 l\1hz clock line was measured to be 20 pf for 7 .95 
inches of line, or 30 pf/foot. The geometries given by the manufacturer 
should yield a capacitance of approximately 27 pf/foot (from table 3-10 on 
page 47 of the MECL System design Handbook) and a .005 inch line width 
would be 25 pf/foot. The difference is within the measurement and 
construction tolerance. ·~ 

An attempt was made to measure the dielectric constant by using the identical 
layers 2 and 3 which have matching areas and are solid copper. 

Dlalectrtc Constant Measurement 

Formula: Er = ( C x 10••12 x t ) I 8.85 A 
Er is the relative Dielectric Constant 

C is the capacitance in 
Farads 
t Is the dielectric thickness in meters 
A is the area of one plate in square meters 

Layers 2 & 3 
Er C Mult. t Constant A 

Crate #550 5. 73529473 36900.E-12 1.00E+12 .20320E-03 8.85 0.147724 

Crate #553 5.81300875 37400.E-12 1.00E+12 .20320E-03 8.85 0.147724 

-Merle Haldeman. Cecil Needles, J. Urish page 21 
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5.3. Segment Backplane 

5.3.1. Connectivity 

S.3.1.1. Specification 
Comectivity as specified in IEEE 960, Chapter 14, u.u "~'"cu.1.u.odifications. 

S.3.1.2. Test Procedure 
The Computing Division, Instrument Repair Group will test connectivity 
with a special FASTBUS crate test stand. This procedure is documented in 
PN 383, "Diagnostic Test for FASTBUS Crate Backplanes", which is 
obtainable from the Instrument Repair Group of the Fermilab Computing 
Depanment. 

5.3.1.3. Test Result 
The measurements taken by Instrument Repair were checked by hand and all 
comections were found to be correct. There was some misunderstanding 
about the power supplies which caused the results shown in Table 3 and Table 
4. These.tables are from the Instrument Repair test facility. 

s.., ..... ar., fto t·t:'1·t.r· :1· d~!;,:l O't-f'IAR-89 Fa~tbll:a "''·•t est VJ. O ···----... ____ -------------·-----···---------------.. ---------
Slot $1 t•1 Pir1 t-'in pjn 
Wr i t t 1:n Rc-l!Cl ~h·i 1.ten Op•n 9hra1"ted 

., 
J B b:'< B 14 '· 

2 J .B tt:• D 1':• 
2 J n u::i D 2~ 
C? J D 6:-t B ':i' 
2 J B b:c D .!13 
2 l B oa D 64 

10 ? D 6:.• D 14 
10 9 u 6:'-C D 1~ 
10 9 D 63 8 iii!:l 
10 ,,, B b~ J1 --ol& 

10 'I n .-,~1 D 6::. 
10 '? li ~:c n 64 
1n u Jt (,:·c I.I 14 
JO JJ Ii :..: . D 1:. 
t (.t l! IJ u:.-1 D i2~ 
.HJ 1J D u:I D 5~ 
10 u D b!j D 63 
10 lJ u 63 D 64 
12 13 B 4 B 4 
12 13 1) ~ a ~ 
,2 J :J 8 b B 6 

T ..... " 1 .......... ............... ... 21 
Table 3 
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Suamnarq foT· CretP • '°'50 09-rtAR-89 Fastbus C1'ate rest Vl.O 
------------------~·---- --- ________ __.,_ 

Slot Slot Pin Pin Pjn 
Written R•ad W'f'ttten Open SbOT"tetd 

0 1 D :lft B 38 
2 J D ~· B 14 
2 1 D 6~1 8 1:t 
2 1 D 63 B = 2 J B 6:• B ~ 
2 .l D 6:4 8 63 
2 1 D b3 B 64 

12 1~ II ~ Ii 4 
12 l:J B ~· IC , 
12 J !J D ,.. B 6 
24 ;!:) B 63 ·u 14 
24 C!::t B £\3 D 1 :5 
24 2:; Jl (;)J B 22 
ir?4 :.!~ B a:-c B :52 
24 .2~ B 6:.f B 63 
24· 2~ B ~=· 8 64 

Total e1",..DT'S deter ted :. Ha 

Table 4 

5.3~2. Impedance 

5.3.2.1. Specification 
Impedance is as specified in IEEE 960, Chapter 14, there are no special 
modifications. 

5.3.2.2. Test Procedure 
Impedance of the Segment backplane will be tested as described in section 5.2 
with the exception that actual modules will be installed to provide a load. 

5.3.2.3. Test Result 
The Impedance of the Segment backplane was measured to be 50 Ohms with 
the connector pins installed but not loaded with modules. See Table 1. 
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5.4. Auxiliary Backplane 

5.4.1. 53 MHZ Clock 

5.4.1.1. Specification 
The 53 MHZ clock has the special requirement that it must be distributed 
with a very small skew to the Post Amp/Comp. modules and to the Encoder 
modules. The specification given is+/- 250 picoseconds. It is possible to 
match the distribution line length for 24 modules (Post Amp & Encoder) but 
receivers and drivers must be kept to a minimum as the typical skew of ECL 
1 OKH is 800 picoseconds min. to max. per IC. There are two 53 MHZ clocks 
labeled phase 1 and phase 2. The phase 1 clock goes to the Post Amp/Comp. 
boards and the phase 2 clock to the Encoder boards. A MClOElll clock 
driver is used. as shown in the circuit of Figure 5, the skew for this part is 
specified as 100 picoseconds min. to max. 

The Skew is then 100 picoseconds for the MClOEl 11 plus the skew variation 
of the backplane. The backplane lines must be matched to 150 picoseconds 
delay. As the driver and loads affect the skew, all lines on daughter cards 
must be less than 1 inch and only one load per Post Amp or Encoder. 

The clock is driven from the Sequence in slot 13 of the FASTBUS crate. The 
top two pins and the bottom two pins on the outside rows of the three row 
connector will be used to drive the series terminations which are located as 
close as possible to the connector. All striplines are made as close as possible 
to the same propagation delay. 

The stripline impedance is calculated from the equation on page 42 of the 
MECL System Design Handbook as follows; 
Zo (Stripline) Er (Dielectric) b (Thickness) t (Copper) w (Strip 
Width) 

85 Ohms S 100 mills . 0.003 mills 10 mills 
A correction must be made as shown by the equation on page 152 to allow for 
loading. This is the line capacitance plus connector and gate capacitance. A 
connector load of 7 picofarads (2.2 for pins, 2 for a stub and 2.8 connectors) 
and a gate load of 3 picofarads (page 141) was assumed. The line capacitance 
is from the equation on page 142. 
Zo' (Stripline) CT Co 
51 Oluns I Opf 2.2 pf/inch 

·Merle Haldeman, Cecil Needles, J. Urish 
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Figure S 

The series resistor value is given by subtracting the nominal output 
impedance for MECL 1 OK of 7 Ohms (page 46) from Zo', thus Rs = 44 
Ohms. 
The value of the emitter pulldown resistor is from the fonnula on page 48. 
This yields the maximum pulldown resistor which may be used for a given 
fanout and Zo'. The minimum value is detennined by the maximum output 
current. The maximum current for ECL 1 OK is 50 ma and the recommended 
value is· 25 ma. 
RE(Max) Zo' Rs n (fanout) !source 
155 51 Ohms 44 Oluns 3 28ma 

The clock will be received by the Post· Amp module on the top left pin (COl) 
and the founh from bottom left (C62) on the Encoder modules (viewed from 
the front of the crate). 

5.4.1.2. Connectivity 
Connectivity is checked by comparing Ohm meter readings of appropriate 
pins against schematic above and pin-out list. All signals are correctly 
connected. 
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5.4.1.3. Impedance 
Impedance of the 53 Mhz Clock lines were tested as described in section 5.2. 
See Table 1 for unloaded Impedance. Resistence measurements were made to 
try to determine the cause of the impedance error. The resistence was 
measured using a known current through the line under test and measuring 
the voltage drop. Ohms law was then used to calculate the resistence. A 
check was done by using a sensitive Obmmeter9 the results agreed with the 
current method. See Table 4 for resistence results and section 5.2 and Table 
1 for impedance tests. 
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5.4.2. 26 MHZ Clock 

S.4.2.1. Specification 
The 26 MHZ clock is bussed to all Encoder slots (12) and is driven from the 
center by the sequencer card with two MC10123 bus drivers. The drivers 
will be on the Sequencer, the bus is terminated at each end of the bac:;kplane 
with a resistor to -2.0 Volts. These are driven hlc:lependently and are single 
tenninated. · 

The left (C33) and right (A33) connector pins are used to drive the clock 
busses. The Encoder modules receive the clock on pin C49 (crate viewed 
from the front) of the Auxiliary connector. 

All drivers and receivers are on modules and lead lengths must be less than 1 
inch. 

5.4.2.2. Connectivity 
Connectivity is checked by comparing Ohm meter readings of appropriate 
pins against pin-out list. Connectivity is correct. 

S.4.2.3. Impedance 
Impedance of the Segment backplane will be tested as described in section·s.2 
with the exception that actual modules will be installed to provide a load. See 
Table l for unloaded impedance. 

S.4.3. Post Amp Data 

S.4.3.1. Specification 
There are 128 data channels transmitted from the Post Amp to the Encoder 
module. The modules are always adjacent and line lengths including 
connectors must be less than 2 inches. 

As the 128 channels will require two rows of pins (65 pins/row), the adjacent 
rows of the connectors for the Post Amp and Encoder modules are used for 
I/O. This leaves one row of Encoder module pins for communication with 
the Sequencer module. The Auxiliary card signals are picked from the same 
pins used for signals transmitted to the encoder. This means one Auxiliary 
card will pick off row B on the Encoder, which is connected to row A on the 
Post Amp and the other will Pick up row B directly from the Post Amp 
module. See Figure 6. 
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Post Amp/Comp. Encoder 
C B A- A 

DnU 
D Cl L]_.------~~-

D D.~-d-... ______ it..iiii..,.-
D q d 
D net 

Figure 6 
There are 16 analog and 16 digital sums which must be transmitted by the 
Auxiliary cards to the trigger logic. These are connected using a similar 
scheme which allows the Auxiliary cards to be identical for Post Amp and 
Encoder slots. See Figure 7. 

Post Amp/Comp. 
C B A 

Sum O DD 
Sum 1 D D 
Sum2 D D 
Sum3 D D 
Sum4 D D 0 
Sums D D -0 
Sum6 0 0 0 
Sum7 0 0 0 

Figure 7 
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Encoder 
C B A 

DOD 
DOD 
ODD 
DOD 

DD 
DD 
DD 
DD 
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5.4.3.2. Connectivity 
Connectivity is checked by comparing Ohm meter readings of appropriate 
pins against schematic above and pin-out list. Connectivity is as specified. 

5.4.3.3. Impedance 
Impedance of the Segment backplane will be tested as described in section 
5.2. See Table 1 for unloaded impedance. 

5.4.4. Hit Data 

5.4.4.1. Specification 
There are eight Hit Data lines and one Data Valid for each Encoder module. 
These are connected from row C pins not used ~y the Post Amp data lines, to 
the Sequencer card. 

5.4.4.2. Connectivity . 
Connectivity is checked by comparing Ohm meter readings of appropriate 
pins against schematic above and pin-out list. All signals are correctly 
connected. 

S.4.4.3. Impedance 
Impedance of the Segment backplane will l>e tested as described in section 
5.2. See Table 1 for unloaded impedance. 

S.4.5. Event Address 

5.4.5.1. Specification 
The Event Address lines are bussed in the outer layers of the board. There 
are eight data bits~ Event Address Enable and one Event Address Strobe line. 
Because these lines are bussed to the 12 Encoder slots, the effect of capacitive 
loading on impedance must be considered as the load is distributed over eight 
inches of backplane. These lines are terminated at each end of the backplane 
with a resistor to -2.0 Volts. They are driven from the Sequencer module 
and terminated at the last backplane connectors. The lines on the Encoder 
cards are stubs off this bus and must be kept to less than one inch. 

S.4.5.2. Connectivity 
Connectivity is checked by comparing Ohm meter readings of appropriate 
pins against schematic above and pin-out list. Connectivity is as specified. · 

5.4.S.3. Impedance 
Impedance of the Segment backplane will be tested as described in section 
5.2. See Table 1 for unloaded impedance. 
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5.4.6. Reset and Sync 

5.4.6.1. Specification 
The Reset is bussed to all slots except slot 0. The two Sync lines are bussed to 
all Encoder card slots. These lines are driven from the Sequencer module 
pins BO l, B 10 and B09, and are tenninated at each end of the backplane with 
a resistorto -2.0 Volts. The Reset signals are connected to all Post Amp and 
Encoder cards. The Traces on the daughter cards are stubs off this bus and 
must be kept to less than one inch. 

5.4.6.2. Connectivity 
Connectivity is checked by comparing Ohm meter readings of approptiate 
pins against schematic above and pin-out list. Connectivity is correct. 

5.4.6.3. Impedance 
Impedance of the Segment backplane will be tested as described in section 
5 .2. See Table 1 for unloaded impedance. 
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1. General Description 

The FASTBUS modules that arc used in the Silicon Strip Detector (SSD) 
Readout System are listed below: 

MAIN SYSTEM MODJTl,BS 
Postamp/Comparmor (PC) 
DeJayJEncn:ter (DE) 
Scqucncer(SEQ) 
FASTBUS Smart Crate Controller (FSCC) 
Main Tuning Cona:oller (M'fC) 

DIAGNQSTIC MODID .ffl 
Test Stand Module (TSM) 
Level Shifter Module(LSM) 

Each of the modules listed above must be tested before being integrated into crate 
subsystems as shown in Figure 1. This document details the hardware configurations 
required to test both individual PC and DE modules and modules assembled into crate 
subsystems. Detailed diagnostic test information for the FSCC, MTC, and SEQ can be 
found in the individual hardware and software description manuals for each module. The 
hardware and software description documents are listed in Table L 

MODULE 

FSCC 
MTC 
SEQ 
PC 
I>E 
TF.STHARDWARE 

BARDWABE DESC. # 

HN96 
HN98 
HN99 
HN 100 
HNlOl 
HN102 

Table I: Documentation 

SOFIWABE PESC. # 
SINGLE BOARD SYS1EM 
PN417 
PN434 
PN434 
PN434 
PN434 
PN434 

PN436 
PN436 
PN436 
PN436 
PN436 

In addition this dc;>eument covers the current and appropriate fusing for each 
module, full crate power and difference between a SSD crate and a FASTBUS crate. 

1.1 Application 

The FSCC, MTC, and SEQ diagnostic tests are performed using a minimum of 
other module types. For example, the FSCC is tested in a stand alone mode while the 
MTC and SEQ need the FSCC acting as a FASTBUS master to be fully tested. The 
individual hardware description documents for the FSCC, MTC, and SEQ contain the 
hardware test configurations for those particular modules. This document focuses on 
the hardware configurations required to test the PC, DE modules and the 
crate subsystem tests. To simplify the description of the different hardware 
configurations, a series of module symbols is provided in Figure 2. These symbols are not 
a detailed representation of the modules front panel.The two diagnostic modules, TSM and 
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LSM, arc used in conjunction with the FSCC, SEQ, and MTC to perform all the PC - DE 
tests. 

All the diagnostic softwate used in testing the SSD mldout modules is contained in 
EPROM that are installed in the FSCC module. These tests are stand alone requiring only a 
tenninal There are actually two EPROM sets (four EPROMS' each set), one for system 
tests . (SSD SYST DIAG), and one for individual module tests (SSD MOD DIAG). The 
user will have to swap EPROM sets (using bank 2) when changing from system to single 
board test unless two FSCC are available. Please see Software Document PN 434 
and PN 436 for complete software details. 

1.1.1. Packaging 

The SSD mldout system is package in a FASTBUS crate, but several modificatians 
where made to accommodate the system requirements. The following are the special 
changes: 

- The backplane is an integral unit that includes the FASTBUS segment as 
well as the auxiliary segment. 

- The auXiliary connector of all slots ate specified for readout purposes. 

- The power pins +15v, -15v and28v ate allocated for +3.Sv and-3.5 
as required by the PC. 

- A key bar is used to prevent non SSD readout modules from being 
plugged into the crate. 

These modifications are documented in the SSD backplane specifications. 

1.1.2. Physical Size 

The main modules are all FASTBUS size boards. Auxiliary backplane sized 
modules used in individual module tests include the following: 

FSCC - Output Pon Auxiliary Backplane test module. 
SEQ - Output Pon Auxiliary Backplane test module. 
DE Aux. - Auxiliary card for DE slot. Used for DE testing. 
TSM Aux. - Auxiliary card for TSM slot. Used for DE testing. 
SEQ Aux. - Auxiliary card for SEQ. Used for DE testing. 

1.2 Auxiliary Backplane Module Position Pinout 

The pinout of the FSCC, SEQ, PC, DE, TSM and LSM ate provided in appendix· 
A. The following is a· module-slot allocation list. 

SEQ - Slot 13. 
FSCC - Slot 0. 
DB - Slots 24, 22, 20, 18, 16, 14, 12, 10, 8, 6, 4, 2. 
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PC - Slots 25, 23, 21, 19, 17, 15, 11, 9, 7, 5, 3, 1. 

1.3 Power Requirements 

:th -S.2y :li +3.Sy -3.Sy WA'ITS 

PC 2.74A 3.8A 4.SA 4.62A S.63A 78.lW 
DE 0.02A 14.0A 6.0A 84.9W 
SEQ 9.0A 3.0A 2.0A 65.0W 
FSCC 5.4A l.2A 0.2A 33.4W 
MTC l.OA 6.0A l.SA 58.6W 
TSM 2.SA 9.0A 4.0A 67.3W 
LSM 0.007A 6.SA 2.2A 38.0W 

1.3.1. Module Fusing 

Each FAS1BUS module is both fuse and Transmrb protected. The table below 
shows the fusing level for each module with fuses in parallel shown in the following 
format; NUMBER IN PARALLEL@(FUSE VALUE). 

w -5.2y -:k +3.Sy -3.$y 

PC l@(lOA) l@(lOA) l@(lOA) l@(lOA) l@(lOA) 
DE 'l@(.SA) 2@(10A) l@(lOA) 
SEQ 3@(4A) 3@(2A) l@(SA) 
FSCC l@(lOA) l@(lOA) l@(SA) 
MTC l@(SA) l@(lOA) l@(SA) 
TSM 1@(4A) 2@(10A) l@(lOA) 
LSM l@(.SA) l@(lOA) 1@(3A) 

Full Crate Power Requirements 

+$.Oy .5.2y -2.0y +3.$y -J.$y 

PC(l2) 32.88A 45.12A 53.16A 55.44A 67.56A 
DE(12) 0.24A 168.0A 72.0A 
SEQ(l) 9.0A 3.0A 2.0A. 
FSCC(l) S.4A l.2A 0.2A 

TOTAL ~I.SZA Z1I.J2A IZI.JCiA 

The power dissipated in the crate using the nominal voltages and currents ~ 2053 
watts. 
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2 • General Information 

The test configmations described in this document can be divided into tests that can 
be perfonned on a FASTBUS crate (ie. FASTBUS interface tests) and those that must be 
run on a SSD crate (i.e. SSD readout tests). Since the tests performed on a FASTBUS 
crate can also be performed on the SSD crate it will be assumed for this document that the 
user is always using a SSD crate. For the SSD crate the keybar will ensme that each 
module reside in the proper slot. Note that for the haniwarc configurations described in this 
document the only module that does not have a p1especified slot is the MTC. Since the 
MI'C does not use the auxiliary connector it will be keyed to use any of the slots. 

There are several parameters or options that have to be p1operly iniriali:red. Among 
these there arc two that require special attention; the a.Kl to CLK2 delay and the addn:sS 
correction parameter. The CLKl to CLK2 delay is set by switches in the SEQ on a rad 
only FASTBUS register. For all test using the SEQ the switches must be set to a value of 
28. The address correction parameter is used to account for the difference in stan time and 
propagation delays between different modules. This parameter essentially aligns the soun:e 
and the destination. For example, when using the TSMILS to drive the PC, data from 
address 0 of the TSM will not be stored in address 0 of the DE. The difference is provided 
to the software by the address com:ction parameter. 

2.1 Test Hardware . 

The SSD readout system is based on four modules; DE, FSCC, SEQ and PC. In 
this section the special hardware used to test DE and PC is described. The DE test is 
performed with the TSM. For the PC test the TSM and LSM arc used as a unit. The 
abbreviation TSMJLSM is used when 1eferring to both modules. 

The TSMJLSM is composed of two FASTBUS modules as shown in the block 
diagrams of Figure 3a and 3b. The TSM and LSM are keyed like the PC and DE, 
respectively. A detailed hardware description of these modules is provided in TSM/LSM 
Hardware Description. The TSM is composed of memory and control logic that allows 
the generation of 128 parallel bits of simulated hit data at the 53MHz accelerator clock rate. 
A different pattem can be generated every 18.9 ns. These 128 bits patterns can be used to 
drive the DE or to drive the LSM. The TSM implements a mode switch ·that selects the 
clock source for it's internal operation. Each of these modes is specified in such a JDallDCI' 
that the n:quiml synchroniz.ation is provided. Theze are fom modes (modes 0 to 3) and in 
this document a mode is specified for each of the hardware configurations. 

The LSM module is used to convert single ended ECL data to differential with the 
option of selecting four possible amplitudes. These amplitudes arc selected to be in the 
operating range of the PC inputs. 

3 • Single Board Test 

In this section the harctwarc configurations required to exercise the software 
covered on software document PN 434 aJC described. · 
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3.1 DE Test 

The DE docs not have a FASTBUS interface. The tested function of the module is 
thercfon: it's ability to input bit data, encode the 128 channel bit pattern into encoded bit 
addresses and output that data to a SEQ channel emnlator or a SEQ module. 

The hardware configuration in Figure 4 is used when a SEQ module is not available 
and testing of the DE is requimi. To run this test a working FSCC, SEQ and Auxiliary 
cards are n:qlllred. The TSM is used to simulate the PC and a single input channel of the 
SEQ. The TSM resides in a PC module slot with the DE under test in the normal adjacent 
slot. The SEQ port connection is made by the awdliary canl and the backplane provides 
connection fer the 128 data channels (this is the normal PC data connection). Fer this test a 
termination card is needed at the SEQ slot to replace the tenninations provided by the SEQ. 
The address c:omction parameu:r for this test is set to 0. 

To tests the DE the TSM is set for mode 0 or mode 1 operation, but for inode 1 a 
NIM clock (nonnally 55MHz) must be supplied for the TSM. Acceptance criteria for the 
DE requires that the test be nm with the SSMHz clock. 

Once the hardware has been properly set the user can start testing DEs. The 
software is menu driven with pancm data selection, looping options, stoping conditions, 
etc. When the test is statted the appropriate bits arc set on the TSM such that data transfer to 
the DE begins. After a delay the DE will start writing data synchronously into it's memary. 
If the DE and the TSM are properly synchronized the enor light of the DE should be off. 
Synchroniation problems must be fixed before proc«ding with the test. 

In general testing of the DE is a based on writing an event address and forcing a 
trigger duough the TSM. After recognizing the trigger the DE encodes the event and 
transmits it to the TSM (SEQ channel of the TSM). The FSCC reads the event and 
compares it with the expected event. If errors occur they arc reported to the user in a table 
that displays the expected data with the received data. The diagnostic software reqWm:l for 
this test is covered in detail in document PN434. 

3.2 PC Test 

3. 2 .1. PC F ASTBUS Diagnostics 

When the PC diagnostics are selected from the SSD module test menu, a new menu 
will be displayed that includes separate detailed tests for each function of the module. To 
run this test a working FSCC is required. In addition there is a menu option which 
automatically tests all the module functions without operator inteivention. If the module 
passes these tests without an error, then by definition the FASTBUS interface is 
operational. Refer to software document PN 434 for more details. The features of the 
module that arc tested arc shown below: 

Geographical Addressing 
Primary Address 
Secondary Addressing 

NTA Register 
CSROO 
CSROl 
CSRlO 

page7 



Module and Crate SµbsysJem Tests 

4 • System Tests 

Test Counter 
Channel EnableJDisable 
Halt Mode 
Run Mode 
ModuleLD. 
Digital-to-Analog Convertas and Read back 
Normal and sum channel analog inputs. 

6113J9J 

The system software implements different features to perform incmnental SSD 
readout tests. This section describes the hanlware configurations that are associated with 
system tests covered in software document PN 436. The tests arc grouped under the 
system tests carcgory because they rcquin: multiple modules of the SSD readout system to 
be used. The are three tests covered: TSM as PC, TSM/LSM driving the input port of the 
PC and PC counter test. 

4 .1 TSM Based Test 
.. 

This configuration adds the normal DE readout path to the DE tests described in 
section 3.1. The test setup for this configuration is shown in Figure 5. In this test the TSM 
replaces a PC and drives the associated DE with the data patterns specified by the user. 

For this test the TSM is set for mode 2. In this mode the TSM uses CLKl from the 
· backplane to synchmniz.e to the DE and it will start transmitting data when CLKl is enable 

on the backplane. To check that the TSM is synchroni7.ed with the rest of the readout 
system the user can check the TSM front panel TC* against the DE front panel TC*. A 
sketch of these two signals for properly synchronized modules is shown in Figure 5. Note 
that DE synchronization errors will be flagged by the cmr led of the DE. For this test the 
addiess offset parameter is set to 0. 

The encoding of an event is requested from the MTC and the encoded event is 
readout from the SEQ. The read back data is compmd to the transmitted data and errors are 
reponed to the user. The diagnostic software required for this test is covered in detail in 
document PN436. · 

4. 2 PC Input Port Test 

To test the PC input pon the TSM/LSM arc used with the hardware configuration 
shown in Fi~ 6. To run this test a working FSCC, SEQ, TSMJLSM and MTC arc 
required. Note that the TSM and LSM occupy a PC and DE slot, respectively. For this test 
it is required that the TSMJLSM, DE, SEQ, FSCC and MTC be operational before the test 
is started. The TSM is set for mode 3 operation and the LSM outputs arc connected to the 
PC inputs. In addition the TSM front panel 53MHz and SYNC arc supplied by the MTC. 
The TSM uses the front panel clock and the sync signal to synchronize with the rest of the 
·readout system. If the TSM has been properly initialized it will be synchroni7.ed with the 
rest of the SSD readout system. Note that DE synchronization is flagged by an off error 
LED, but for the TSM there is no such LED. TSM synchronization can be checked by 
referencing the front panel TC* of the DE with that of the TSM. For the cable length 
specified on figure 6 and for a CLKl delay value of 39 a sketch of these two signal is 
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provided on the same figure. Note that the timing between these two signals changes with 
the Cl.Kl delay. 

Once the software has iniriaHzed everything pattern data is generated by the TSM, 
convened by the LSM to the proper amplitudes. the PC discriminates and latches the input 
data and drives the DE. For the cable length provided the address correction parameter 
should be iniriaHud to 0 and the OKI delay value to 39. 

The encoding of an event is requested by the FSCC through the MTC and the 
encoded event is transmitted by the DE to the SEQ. The encoded data is read by the FSCC 
and compared to the test pattern.. Since TSM/LSM, DE, SEQ and. MTC are known to be 
operational. errors found are attributed to the PC under test. 

4. 3 PC Test Counter Test 

The PC counter test is used to check the SSD readout system and to decide when a 
group of PCs, DEs and SEQ is functional. The test uses the internal counter of the PC to 
generate known data patterns. The PC is intialized such that the counter data bypasses the 
analog input data circuitry. This test is essentially a module integration test and is intended 
to be run after all the individual module tests have been successfully run and the modules 
are integrated into crate sub-systems. For this test the address COD'CCtion parameter is set to 
1. . 

The test is basically a module substitution tests and therefore requires that all the 
modules shown in Figure 7 operate correctly before tests of either the PC or the DE are 
attempted. The test requires that the user define the addresses of the PC to be active in the 
test. Note that for each PC addn:ss defined the associated DE must be present, otherwise 
em>rs will occur because encoded data is expected from a defined PC. Note that 
synchronimion problems with the DE are~ to the MTC, but there is no report when 
a PC counter is out of synchronization. Because of the peculiar data patterns generated by 
the counter it is possible to attribute certain type of errors to a PC counter out of 
synchroni7.ation. 

In general the test is run with a maximum of 11 DE-PC pairs which allows the 
MTC to reside in the same SSD crate. This minimizes communication times and incaases 
the event testing rate. The basic test uses rolling counter with all trigger address checking 
(refer to software document 436) . The acceptance criteria for the crate subsystem test 
requires that this test run for a million events without error. Note that this criteria is for the 
crate subsystem and all the module used in this test must satisfy the single module test 
criteria. 
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S • Appendix A: Module Auxiliary Backplane Pinouts 

Encoder Module Auxiliary Connector Pin List 
(Viewed From Front of Crate-10/1/90) 

COl-N,C 
C02-GND 
C03-N,C 
C04-GND 
COS-GND 
m>-OND 
C07-0ND 
COB-Reset 
C09-Sync 
ClO-OND 
CU-OND 
C12-Sync Bir 
Cl3-GND 
Cl4-GND 
ClS-GND 
Cl6-0ND 
Cl7-GND 
Cl8-GND 
Cl9-GND 
C20-0ND 
C21-BitDataO 
C22-Bit Dara 1 
C23-GND 
C24-Hit Dara 2 
C2S-Bit Data 3 
C26-GND 
C27-Bit Dara 4 
C28-Hit Daras 
C29-GND 
C30-Hit Data 6 
C31-0ND 
C32-HitData 7 
C33-Daaa v Alid 
C34-GND 
C3S-26 MHZ Clock 
C36-0ND 
C37-Event Admea Valid 
C38-B'lenl Addless Wrt. Bn. 
C39-0ND 
C40-Bvcnt Address 0 
C41-EvcntAddress 1 
C42-GND 
C43-Event Address 2 
C44-Event Address 3 
C4S-GND 
C~Event Address 4 
C47-Event Address S 
C48-GND 
C49-Event Address 6 
<:»Event Address 7 
CSl-GND 
CS2-0ND 

BOl-Posr/Dile Cb.00 
B02-Post1Disc Cb.02 
B03-Posf/Disc Cb.04 
B04-Post/Dilc Cb.06 
BOS-Post/Disc Cb.08 
B06-Post1Disc Cb.10 
B07-Post1Disc Cb.12 
BOS-Post/Disc Cb.14 
809-Post/Disc Cb.16 
BlO-PostlDisc Cb.18 
B 11-PostlDisc Cb.20 
B 12-Posrll>isc Cb.22 
B13-Post/Disc Cb.24 
B 14-Postll>iac Cb.26 
B 15-Post/Disc Ch.28 
B16-Post1Disc Ch.30 
817-PostlDisc Ch.32 
818-PostlDisc Ch.34 
819-Posf/J)isc Ch.36 
B20-Posr/Disc Ch.38 
B21-Posr/Disc Cb.40 
822-Posr/Dilc Ch.42 
B23-Post/Disc Cb.44 
B24-Post1Disc Cb.46 
B2S-Post1Diac Cb.48 
B26-Post/Disc Cb.SO 
B27-Posr/Dilc Cb.S2 
828-PostlDisc Cb.S4 
829-Posr/Dilc Cb.S6 
830-Posr/Disc Cb.SS 
831-PostlDisc Cb.60 
832-PostlDisc Ch.62 
833-PostlDisc Ch.64 
B34-Post/Disc Cb.66 
835-Posr/Dilc Cb.68 
836-PostlDisc Ch. 70 
B37-Post1Disc Cb.72 
B38-Post1Diac Ch. 74 
B39-Post1Disc Cb. 76 
B40-Posr/Disc Cb. 78 
B41-Posr/Dile Cb.80 
842-Posf/Dile Cb.82 
843-PostlDisc Ch.84 
B44-Post1Disc Cb.86 
84S-Post1Disc Ch.88 
846-Posf/Disc Ch.90 
847-Posf/Disc Cb.92 
848-PostlDisc Cb.94 
849-Post/DiSC Ch.96 
BSO-Posf/Disc Cb.98 
BSl-Posf/Disc Cb.100 
BS2-Post/DiSC Cb.102 

AOl·Post/Disc Cb.01 
A02-Post/Disc Cb.03 
A03·Post/Disc Cb.OS 
A04-Post/Disc Cb.07 
AOS-Post/Disc Cb.09 
A06-Post/Disc Cb.11 
A07-Post/Disc Cb.13 
A08-Post/Disc Cb.IS 
A09-Post/Disc Cb.17 
AlO-Post/Disc Cb.19 
All-Post/Disc Cb.21 
A12-Posr/Disc Ch.23 
A13-Post/Disc Ch.2S 
A14-Post/Disc Ch.27 
AlS-PosrJDisc Cb.29 
Al6-Post/Disc Cb.31 
Al7-Post/Disc Cb.33 
Al8-Post/Disc Cb.3S 
A19-Post/Disc Cb.37 
A20-Post/Disc Cb.39 
A21-Post/Disc Cb.41 
A22-Post/Disc Cb.43 
A23-Post/Disc Cb.4S 
A24-Post/Disc Cb.47 
A2S-Post/Disc Cb.49 
A26-Post/Disc Cb.St 
A27-Post/Disc Cb.53 
A28-Post/Disc Cb.SS 
A29-Post/Disc Ch.57 
A30-Post/Disc Cb.S9 
A3l·Post/Disc Cb.61 
A32-Post/Disc Cb.63 
A33-Post/Disc Cb.65 
A34-Post/Disc Cb.67 
A3S-Post/Disc Cb.69 
A36-Post/Disc Cb.71 
A37-Post/Disc Cb.73 
A38-Post1Disc Cb.75 
A39-Post/Disc Cb. 77 
A40-Post/Disc Ch. 79 
A41-Post/Disc Cb.81 
A42-Post/Disc Cb.83 
A43-Posr/Disc Cb.85 
A44-Posr/Disc Cb.87 
A4S-Posr/Disc Ch.89 
A~Post/Disc Ch.91 
A47-Posr/Disc Cb.93 
A48-Post/Disc Cb.95 
A49-Post/Disc Cb.97 
AS().PosrJDisc Cb.99 
ASl-Post/Disc Cb.101 
AS2-Post/Disc Ch.103 

6113/91 
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CS3-GND 
CS4-GND 
CSS-GND 
CS6-GND 
CS7-GND 
CSB-OND 
CS9-GND 
~ 
C61-GND 
C62-HS3MBZ.02 Clock 
C63-L53MHZ.,02 Cloct 
C64-N,C 
C6S-N,C 

BS3·Post/Disc Ch.104 
B54-Posr/Disc Cb.106 
BSS·Posr/Disc Ch.108 
BS6-Post/Disc Ch.110 
BS7·Post/Disc Ch.112 
BS8-Post/Disc Ch.114 
BS9-Post/Disc Ch.116 
B60-Post/Disc Cb.US 
B61-Post/Disc Cb.120 
862-Post/Disc Ch.122 
863-Post/Disc Ch.124 
864-Post/Disc Ch.12.6 
B6S-GND 

AS3-Posr/Dilc Cb.105 
AS4-Post/Disc Ch.107 
ASS-Posr/Dilc Cb.109 
AS6-Post/Dilc Cb.111 
AS7-PostJDisc Cb.113 
ASS-Post/Disc Cb.1 IS 
AS9-Post/Disc Cb.117 
A60-Post/Disc Cb.119 
A61-Post/Disc Cb.121 
A62-Post/Disc Cb.123 
A63-PostJDisc Cb.125 
A64-PostJDisc Ch.127 
A6S-N,C 

PC Module Auxiliary Connector Pin List 

C01-HS3MBZ.01 Oock 
C02-GND 
C03-L53MHZ.01 Clock 
C04-GND 
COS-GND 
CQ6.GND 
C07-GND 
~-Reset 
C09-GND 
ClO-GND 
Cll-GND 
C12-Analog Sum O* 
C13-Analog Sum 0 
C14-Digital Sum O* 
ClS-Digilal Sum 0 
C16-Analog Sum I* 
Cl 7-Analog Sum 1 
C18-Digital Sum I* 
C19-Digital Sum 1 
C20-GND 
C11-Analog Sum 2• 
C22-Analog Sum 2 
C13-Digital Sum 2• 
C24-Digital Sum 2 
C1S-Analog Sum 3• 
C16-Analog Sum 3 
C17-Digital Sum 3* 
C18-Digital Sum 3 
C29-GND 
C30-GND 
C31-Analog Sum 4• 
C32-Analog Sum 4 
C33-Digital Sum 4• 
C34-Digital Sum 4 
C35-Analog Sum s• 
C36-Analog Sum S 
C37-Digital Sum s• 
C38-Digital Sum 5 
C39-GND 
C40-Analog Sum 6* 

(Viewed From Front of Crate-10/1/90) 
BOl-Posf/DiSC Ch.01 
B02-Posr/Disc Ch.03 
B03-Post/Disc Ch.OS 
B04-Posr/Disc Ch.07 
BOS-Post/Disc Ch.09 
B06-Post/Disc Ch.I I 
B07-Post/Disc Cb.13 
BOB-Post/Disc Cb.IS 
B09-Posf/Di8C Cb.17 
BIO-Post/Disc Cb.19 
Bll-Postll>iac Cb.21 
B 12-Postll>iac Ch.23 
Bl3-Postll>iac Ch.2S 
B14-Postll>iac Cb.27 
B 15-Postll>iac Ch.29 
B16-Post/Disc Cb.31 
B17-Post/Disc Cb.33 
B 18-Post/Disc Cb.3S 
B 19-Post/Disc Ch.37 
B20-Post/Disc Ch.39 
B21-Post/Disc Ch.41 
B22-Post/Disc Ch.43 
B23-Post/Disc Ch.4S 
B24-Post/Disc Cb.47 
B2S-Post/Disc Ch.49 
B7.6-Postll>iac Cb.SI 
B27-Post/Disc Ch.S3 
B28-Post/Disc Ch.SS 
B29-Post/Disc Cb.S7 
B30-Post/Disc Cb.S9 
B31·Post/Disc Cb.61 
B32-Post/Disc Cb.63 
B33-Post/Disc Cb.65 
B34-Post/Disc Cb.67 
B35-Post/Disc Ch.69 
B36-Post/Disc Cb.71 
B37-Post/Disc Cb.73 
B38·Post/Disc Cb. 1S 
B39·Post/Disc Cb.77 
B40-Post/Disc Cb.79 

AOl·PosflDisc Cb.00 
A02-PosrJDiac Ch.02 
A03-Post/Disc Cb.04 
A04-Post/Disc Ch.06 
AOS-Post/Disc Cb.OB 
A06-Post/Disc Cb.IO 
A07-Post/Disc Cb.12 
AOB-Post/Disc Cb.14 
A09-Post/Disc Cb.16 
AIO-PosrJDiac Ch.18 
Al 1-PosrJDiac Cb.20 
Al2-Post/Disc Cb.22 
Al3·Post/Disc Cb.24 
A14-Post/Disc Cb.26 
AIS-Post/Disc Cb.28 
Al6-Post1Disc Ch.30 
Al7·Posrll>isc Ch.32 
AIB-Post/Disc Ch.34 
Al9-Post/Disc Ch.36 
A20-Post1Disc Ch.38 
A21-Posf/Disc Ch.40 
A22-Posr/Disc Cb.42 
A23-Posr/Disc Cb.44 
A24-Posr/Disc Ch.46 
A2S-POSl/Disc Ch.48 
A'-6-Posr/Disc Cb.SO 
A27·Post1Disc Ch.S2 
A28·Posrll>isc Cb.54 
A29-Post/Disc Cb.56 
A30-Post/Disc Cb.SS 
A31-Post/Disc Ch.60 
A32-Post/Disc Ch.62 
A33-Post/Disc Ch.64 
A34-Posr/Disc Ch.66 
A35-Post/Disc Cb.68 
A36-Posi/Disc Cb. 70 
A37-POSl/Disc Ch. 72 
A38-POSl/Disc Ch. 74 
A39-PostlDisC. Ch. 76 
A40-Post/Disc Cb. 78 

6113/91 
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C41·Analog Sum 6 
C42-Digital Sum 6* 
C43·Digital Sum 6 
C44-Analog Sum 7* 
C4S-Analog Sum 7 
C46-Digital Sum 7* 
C47·Digital Sum 7 
C48-GND 
C49-0ND 
C50-GND 
CSl-OND 
CS2-0ND 
CS3-GND 
CS4-0NI> 
CSS-GND 
C56-0ND 
CS7-0ND 
CSS-OND 
CS9-0ND 
C60-0ND 
C61-GND 
C62-0ND 
C63-GND 
C64-NIC 
C6S-N,C 

B41·Post/Diac Cb.81 
B42-Post/Disc Ch.83 
B43·Posr1Disc Cb.SS 
.844-Post/Diac Cb.87 
B4S·Posr1Disc Cb.89 
846-Post/Diac Ch.91 
B47·Post/Di8c Cb.93 
848-Post/Diac Cb.9S 
B49-Post1Disc Cb.97 
BSO.Post/Diac Cb.99 
BSl·Post/Diac Ch.IOI 
BS2-Post/Diac Cb.103 
BS3-Posr1Disc Cb.IOS 
854-Post/Diac Cb.107 
BSS·Post/Disc Cb.109 
BS6-Post/Disc Cb.111 
BS7-Post/Disc Cb.113 
8S8-Post/Disc Cb.US . 
BS9·Posl/DiSC Ch.117 
860-Post/Diac Cb.119 
861-Post/Disc Cb.121 
B62·Post/Disc Cb.123 
863-Post/Disc Ch.12S 
864-Post/Disc Ch.127 
86.5-0ND 

A4 l·Posf/Disc Cb.80 
A42-Post/Disc Cb.82 
A43·Posr/Disc Cb.84 
A44-Posr/Disc Cb.86 
A4S·Post/Disc Cb.88 
A46-Posr/Disc Cb.90 
A47-Posr/Disc Cb.92 
A48-Posr/Disc Cb.94 
A49-Posr/Disc Cb.96 
ASO-Posr/Disc Cb.98 
ASl·Posr/Disc Cb.100 
AS2·Posr/Disc Cb.102 
AS3·Posr/Disc Cb.104 
AS4-Posr/Disc Cb.106 
ASS-Post/Disc Cb.108 
AS6-Posr/Disc Cb.110 
AS7·Post/Disc Cb.112 
ASS-Post/Disc Ch.114 
AS9·Post/Disc Cb.116 
A60-Post/Disc Cb.118 
A61-Posr1Disc Cb.120 
A62-Post1Disc Ch.122 
A63-Post1Disc Ch.124 
A64-Post/Disc Cb.126 
A6S-NIC 

6113/91 

Sequencer Module Auxiliary Connector Pin List 
(Viewed From Front of Crate-10/10/90) 

COl·HS3MHZ,01 Clock. Slot 25,23, 
C02-LS3MHZ.fZJl Clock. 21,19,17,IS 
C03-Hit Daaa 0, Slot 24 
CQ4..Bit Dara 1, Slot 24 
COS-Bit Dara 2, Slot 24 
C06-Hit Dara 3, Slot 24 
C07·Hit Dara 4, Slot 24 
C08-1Dt Dara S, Slot 24 
C09-Hit Dara 6, Slot 24 
CIO-Hit Dara 7, Slot 24 
CU-Dara Valid, Slot 24 
C12-NIC 
C13-Bit Dara 0, Slot 20 
C14-Hit Dara I, Slot 20 
ClS-Bit Dara 2, Slot 20 
C16-Hit Dara 3, Slot 20 
C17-Bit Dara 4, Slot 20 
C18-1Dt Dara S, Slot 20 
C19-Bit Daaa 6, Slot 20 
C20-Hit Dara 7, Slot 20 
C21·Dara Valid, Slot 20 
C22-GND 
C23-Hit Dara 0, Slot 16 
C24-Bit Daaa I, Slot 16 
C2S-Bit Dara 2, Slot 16 
C26-Hit Daaa 3, Slot 16 
C27-Hit Daaa 4, Slot 16 

BOl-Reaet 
B02-0ND 
803-Fiber .Enor 
B04-0ND 
BOS-Fiber Wait 
B06-0ND 
B07-Fibet Clock 
JO.GND 
809-Sync 
BIO.Sync Ea 
Bll-GND 
B12·Fibet DOO 
Bl3-GND 
B14-Fiber DOI 
Bls-GND 
B16-Fibe:r 002 
Bl7-GND 
B18-Fiber 003 
B19-0ND 
B20-Fiber 004 
B21-0ND 
B22-Fiber DOS 
B23-0ND 
B24-Fibet 006 
B2S-OND 
B26-Fibet 007 
BZ7-0ND 

AOl·HS3MBZ,01Ooct,Slot11, 
A02-LS3MHZ,01 Cloct,9,7,S,3,I 
A03-Hit Dara 0, Slot 2 
AQ4..Hit Dara 1, Slot 2 
AOS·Hit Dara 2, Slot 2 
A06-Hit Dara 3. Slot 2 
A07-Hit Dara 4, Slot 2 
A08-Hit Dara S, Slot 2 
A09-Hit Dara 6, Slot 2 
AIO-Hit Dara 7, Slot 2 
All-Dara Valid. Slot 2 
A12-NIC 
A13-Bit Data 0, Slot 6 
Al4-Hit Data 1, Slot 6 
AlS-Hit Data 2, Slot 6 
Al6-Hit Data 3, Slot 6 
Al7·Hit Dara4, Slot 6 
A18·Hit Data S, Slot 6 
A19-Bit Data 6, Slot 6 
A20-Hit Dara 1, Slot 6 
A21-Dara Valid. Slot 6 
A22-0ND. 
A23-Hit Data 0, Slot 10 
A24·Hit Data 1, Slot 10 
A2S-Hit Data 2, Slot 10 
A26-Hit Data 3, Slot 10 
A27-Hit Dara4, Slot 10 
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C28-1Dt Data 5, Slot 16 
C29-Hit Data 6, Slot 16 
C30-Hit Dara 7, Slot 16 
C31-Dara Valid, Slot 16 
C32-GND 
C33-Left 26 MHZ Clock 
C34-Hit Dala 0, Slot 14 
C3S-Hit Dara 1, Slot 14 
C36-Hit Dala 2, Slot 14 
C37-Hit Dara 3, Slot 14 
C38-Hit Dara 4, Slot 14 
C39-1Dt Dara S, Slot 14 
010-Hit Dara 6, Slot 14 
C41-Hit Dala 7, Slot 14 
C42-Dara Valid, Slot 14 
C43-GND 
C44-Hit Dara 0, Slot 18 
C4S-Hit Dala 1, Slot 18 
C46-Hit Dala 2, Slot 18 
C47-Hit Dala 3, Slot 18 
C48-Hit .Data 4, Slot 18 
C49-1Dt .Data S, Slot 18 
CSO-Hit Dala 6, Slot 18 
CSl-Hit Da&a 7, Slot 18 
CS2-Dara Valid, Slot 18 
CS3-N,(: 
CS4-Hit Da1a 0, Slot 22 
CSS-Hit Da1a 1, Slot 22 
CS6-Hit Dara 2. Slot 22 
CS7-Hit Data 3. Slot 22 
CS8-Hit Dara 4, Slot 22 
CS9-1Dt Dara S, Slot 22 
C60-Hit Data 6, Slot 22 
C61-Hit Data 7, Slot 22 
C62-Dara Valid, Slot 22 
C63-N,(: 
C64-HS3MBZ,02 CloCt, Slot 24.22. 
C6S-LS3MHZ,02 Clock. 20,18,16,14 

828-Fiber IQ 
829-GND 
830-Fibcr D()IJ 
B31-0ND 
832-Fiber DlO 
833-0ND 
834-Fiber Dl 1 
B3S-OND 
B36-Fiber D12 
837-GND 
B38-Fiber Dl3 
839-0ND 
~FiberD14 
841-GND 
842-Fiber DIS 
843-0ND 
844-Fiber Mu Enable 
845-Fiber User 2 
846-0ND 
847-GND 
848-Ew:mAddress Valid 
849-Ew:m Addi.ms WttEn 
BSO-E'Wlll Address 0 
B~il·Event Address 1 
BS2-Event Address 2 
BS3-Ewnt Address 3 
BS4-Ewnt Address 4 
BSS-E'Wlll Address S 
BS6-Eveat Address 6 
BS7-Event Address 7 
BSS-GND 
BS9-GND 
860-Fibcr User 1 
861-Fiber User O 
862-GND 
863-Fiber Mu Conttol 
B64..QND 
865-N,(: 

A28-Hit Data S, Slot 10 
A29-Hit Data 6, Slot 10 
A30-Hit Data 7, Slot 10 
A31-Dala Valid, Slot 10 
A32-N,(: 
A33-Rigbt 26 MHZ Clock 
A34-Hit Dara 0, Slot 12 
A3S-Hit Dara 1, Slot 12 
A36-Hit Data 2, Slot 12 
A37-Hit Data 3, Slot 12 
A38-Hit Data 4, Slot 12 
A39-Rit Dala S, Slot 12 
MO-Hit Dala 6, Slot 12 
A41-HitDala 7, Slot 12 
A42-Data Valid, Slot 12 
A43-N,(: 
A44-Hit Dara 0, Slot 8 
MS-Hit Dala 1, Slot 8 
A46-Hit Data 2, Slot 8 
A47-Hit Dara 3, Slot 8 
A48-Hit Dala 4, Slot 8 
A49-Hit Data S, Slot 8 
A.SO-Hit Data 6, Slot 8 
ASl-Hit Data 7, Slot 8 
AS2-Data Valid, Slot 8 
AS3-GND 
AS4-Hit Data 0, Slot 4 
ASS-Hit Data 1, Slot 4 
AS6-Hit Data 2, Slot 4 
AS7-Hit Data 3, Slot 4 
ASS-Hit Data 4, Slot 4 
AS9-Hit Data S, Slot 4 
A60-Hit Data 6, Slot 4 
A61-Hit Data 7, Slot 4 
A62-Data Valid, Slot4 
A63-GND 

6113191 

A64-HS3MHZ,02 Clock.Slot 12,10, 
A6S-LS3MHZ,02 Clock 8,6,4.2 

TSM Module Amiliary Connector Pin List 

C01-HS3MBZ,01 Clock 
C02-GND 
C03-LS3MBZ,01 Clock 
C04-GND 
COS-GND 
C06-GND 
C07-GND 
all-Reset 
0>9-GND 
ClO-GND 
Cll-GND 
Cl2-RES-OUT 
Cl3-SYNC 
Cl4-GND 

(Viewed From Front of Crate-10/9/90) 
801-PostlDisc Ch.01 AOl-Post/Disc Cb.00 
B02-Post1Disc Cb.03 A02·Post/Disc Ch.02 
803-PostlDisc Ch.OS A03-Post/Disc Ch.04 
804-Post/Disc Ch.07 A04-Post/DiSC Cb.06 
BOS-Post/Disc Cb.09 AOS-Post/Disc Ch.08 
B06-Post/Disc Ch.11 A06-Post/Disc Ch.10 
807-PostlDisc Ch.13 A07-Post/Disc Ch.12 
808-Post/Disc Cb.IS A08·Post/Disc Cb.14 
809·.PostlDiac Cb.17 A09·Post/Disc Cb.16 
BIO-Post/Disc Cb.19 AlO-Post/Disc Cb.18 
BU-Post/Disc Cb.21 AU-Post/Disc Cb.20 
B 12-Post/Disc Cb.23 A12-Post/Disc Cb.22 
B 13-Post/Disc Cb.25 A13-Post/Disc Cb.24 
814-Post/Disc Cb.27 Al4-Post/Disc Ch.26 
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ClS-SYNC·ERR 
C16-GND 
C17-0ND 
C18-IDT-DATAO 
C19-IDT-DATA1 
C»OND 
C21-IDT-DATA2 
C22-IDT-DATA3 
C23-GND 
C24-IDT-DATM 
C2S-IDT-DATAS 
C26-GND 
C27-IDT-DATA6 
C28-IDT-DATA7 
C29-GND 
C30-GND 
C31-DATA-V AUD 
C32-26MHZ(CLIO) 
C33-GND 
C34-BVENT-ADDR-V AUD 
C3S-EVENT-WR-ENABLE 
C36-GND 
C37-ADDRO 
C38-ADDR1 
C39-GND 
C40-ADDR2 
C41-ADDR3 
C42-0ND 
C43-ADDR4 
C44-ADDR5 
C4S-GND 
C46-ADDR6 
C47-ADDR7 
C48-GND 
C49-GND 
C50-GND 
CSl-GND. 
CS2-GND 
CS3-GND 
CS4-GND 
CSS-GND 
CS6-GND 
CS7-GND 
CSB-GND 
CS9-GND 
C60-GND 
C61-GND 
C62-S3MHZ+ 
C63-S3MHZ-
C64-N,(: 
C6S-N,(: 

8 lS-PostlDisc Ch.29 
816-Posf/Disc Ch.31 
817-PostlDisc Cb.33 
B 18-Post/Disc Cb.3S 
819-Post/Disc Cb.37 
820-Post/Disc Cb.39 
B21-Post1Disc Cb.41 
822-Post/Disc Ch.43 
823-Post/Disc Cb.4S 
824-PostJDisc Cb.47 
82S-Post1Disc Ch.49 
826-Posr/Dilc Cb.SI 
827-Posr/Diac Cb.S3 
828-Post/Disc Cb.SS 
829-Posr/Diac Cb.S7 
B30-Post1Disc Cb.S9 
831-Post/Disc Cb.61 
832-PostlDisc Cb.63 
833-Posf/Disc Cb.6S 
834-Post/Disc Ch.67 
B3S-Posf/Disc Cb.69 
836-Post/Disc Ch.71 
837-Post/Disc Ch. 73 
838-Posf/Disc Ch.7S 
839-Post/Disc Ch. 77 
840-Post/Disc Ch. 79 
841-Post/Disc Ch.81 
842-PostlDisc Cb.83 
843-Post/Disc Ch.SS 
844-Post/Disc Cb.87 
84S-Post/Disc Cb.89 
.846-Post/Disc Cb.91 
847-Post/Disc Cb.93 
848-Post/Disc aL9S 
849-Post/Disc Ch.97 
8SO-Post/Disc Cb.99 
BSl-PostlDisc Cb.101 
8S2-Post1Disc Ch.103 
BS3-Posr/Dilc Cb.lOS 
8S4-Posf/Disc Cb.107 
BSS-Post/Disc Ch.109 
BS6-Post/Disc Cb.111 
BS7-Post1Disc Cb.113 
8S8-Post/Disc Ch.US 
BS9-Post1Disc Cb.117 
860-Post/Dise Cb.119 
B61-Post1Disc Cb.121 
862-Post/Disc Cb.123 
B63-Post,1Disc Cb.12S 
864-Posf/Disc Cb.127 
B6S-OND 

AlS-Post/Disc Cb.28 
Al6-Post/Disc Cb.30 
A17-Post/Disc Ch.32 
A18-Post/Disc Cb.34 
A19-Post1Disc Cb.36 

. A20-Post/Disc Cb.38 
A21-Post1Disc Cb.40 
A22-Post/Disc Cb.42 
A23-Post/Disc Cb.44 
A24-Post/Disc Cb.46 
A2S-Post/Disc Cb.48 
A26-Post/Disc Cb.SO 
A27-Post/Disc Cb.S2 
A28-Post/Diac Cb.S4 
A29-Post/Disc Cb.S6 
A30-Post/Disc Cb.SS 
A31-Post/Disc Cb.60 
A32-Posr/Disc Cb.62 
A33-Post/Dise Cb.64 
A34-Posr/Disc Cb.66 
A3S-Posr/Disc Cb.68 
A36-Posr/Disc Cb. 70 
A37-Posr/Disc Cb.72 
A38-Posr/Disc Cb. 74 
A39-Posr/Disc Cb. 76 
A40-Posr/Disc Ch. 78 
A41-Post/Disc Cb.80 
A42-Posr/Disc CIL82 
A43-Post/Disc Cb.84 
M4-Post/Disc Cb.86 
A4S-Posr/Dise Cb.88 

. A46-Post/Disc Cb.90 
A47·Posr/Disc Cb.92 
A48-Posr/Disc Cb.94 
A49-Post/Disc Ch.96 
ASO-Post/Disc Cb.98 
ASl·Posr/Disc Cb.100 
AS2-Posr/Disc Cb.102 
AS3-Posr/Disc Cb.104 
AS4-Posr/Disc Cb.106 
ASS-Post/Disc Cb.108 
AS6-Posr/Disc Cb.110 
AS7-POSf/Dise CILl 12 
ASS-Post/Disc Cb.114 
AS9-Posr/Disc Cb.116 
A60-Posr/Disc Cb.118 
A61-Posr/Disc Ch.120 
A62-Posr/Disc Cb.122 
A63-Posr/Disc Cb.124 
A64-Post/DiSC Cb.126 
A65-N,(: 
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Mod,nle and Crate Subsystem Tests 

COl-N,C 
C02-GND 
C03-N,C 
C04-GND 
a>S-GND 
C06-GND 
C07-GND 
C08-NIC 
C09-NIC 
ClO-OND 
Cll-GND 
C12-NIC 
C13-0ND 
C14-GND 
ClS-GND 
Cl<HlND 
C17-GND 
C18-GND 
C19-GND 
C20-GND 
C21-NIC 
C22-NIC 
C23-GND 
C24-N,C 
C2!5-NIC 
C26-GND 
C27-NIC 
C28-NIC 
C29-GND 
C30-N,C 
C31-GND 
C32-NIC 
C33-NIC 
C34-GND 
C3S-N,C 
C36-GND 
C37-N,C 
C38-NIC 
C39-GND 
C40-N,C 
C41-NIC 
C42-GND 
C43-N,C 
C44-NIC 
C4S-GND 
C46-N,C 
C47-N,C 
C48-GND 
C49-N,C 
CSO-N,C 
CSl-OND 
CS2-0ND 
CS3-0ND 
CS4-GND 
CSS-GND 
CS6-0ND 

Level Shifter Module Auziliary Connector Pin List 
(Viewed From Front of Crate-10/1/90) 

BOl-Post/Disc Cb.00 
B02-Post1Disc Cb.02 
B03-Post/Disc Cb.04 
804-Post/Disc Cb.06 
BOS-Post/Disc Cb.08 
806-Postll)isc Cb.10 
807-Post/Disc Cb.12 
B08-Posr/Dise Cb.14 
B09-Post/Disc Cb.16 
BIO-Post/Disc Cb.18 
Bl 1-Post/Disc Cb.20 
B 12-Post/Disc Cb.22 
813-Post/Disc Cb.24 
814-Post/Dile Cb.26 
BIS-Post/Disc Cb.28 
Bl6-Post/Disc Cb.30 
B 17-Post/Disc Ch.32 
B 18-Post/Disc Ch.34 
B19-Post/Disc Ch.36 
B20-Post/Disc Ch.38 
B21-Post/Disc Cb.40 
B22-Post/Disc Cb.42 
823-Post/Disc Ch.44 
B24-Posf/Disc Cb.46 
B2S-Post/Disc Cb.48 
826-Posf/Disc Cb.SO 
B27-Post/Disc Cb.S2 
B28-Posf/Disc Cb.!54 
B29-Post1Disc Cb.!56 
B30-Post1Disc Cb.SS 
831-Post/Dile Cb.60 
B32-Posr/DisC Cb.62 
B33-Post/Disc Cb.64 
B34-Post1Disc Cb.66 
B3S-Post/Disc Cb.68 
836-Posr/Dise Cb. 70 
837-Post/Disc Cb. 72 
B38-Posf/Disc Cb. 74 
839-Post/Disc Cb. 76 
840-Post/Disc Cb. 78 
B41-Posr/Disc Cb.80 
B42-Posf/Disc Cb.82 
B43-Post/Disc Cb.84 
B44-Posr/Dise Cb.86 
B4S-Posr/Dise Cb.88 
846-Posr/Dise Cb.90 
B47-Posf/Disc Cb.92 
848-Posf/Disc Cb.94 
B49-Post/Disc Cb.96 
BSO-PostlDisc Cb.98 
BSl-PostlDisc Cb.100 
BS2-Post/Disc Cb.102 
BS3-Posf/Disc Cb.104 
BS4-Posr/Dise Ch.106 
BSS-Posf/Disc Cb.108 
BS6-Post/Disc Cb.110 

AOl-Posr/Disc Cb.01 
A02-Post1Disc Cb.03 
A03-Post1Disc Cb.OS 
A04-Post/Disc Cb.07 
AOS-Post/Dise Cb.09 
A06-Post/Dise Cb.11 
A07-Post/Dise Cb.13 
A08-Post/Dise Cb.IS 
A09-Post/Disc Cb.17 
AlO-Post/Disc Cb.19 
All-Post/Disc Cb.21 
Al2-Post/Disc Cb.23 
A13-Post/Dise Cb.2S 
Al4-Posr/Disc Ch.27 
AlS·Post/Disc Ch.29 
Al6-PosrJJ)isc Ch.31 
Al7-Post/Dise Ch.33 
Al8-Post/Dise Ch.3S 
A19-Post/Dise Ch.37 
A20-Post/Dise Ch.39 
A21-POSf/Disc Ch.41 
A22-Post/Dise Ch.43 
A23-Posr/Disc Ch.4S 
A24-Post/Dise Cb.47 
A2S-Posr/Disc Ch.49 
A26-Post/Dise Ch.SI 
A27-Posr/Disc Cb.S3 
A28-Posr/Disc Cb.SS 
A29-Posr/Disc Ch.S7 
A30-Post/DisC Cb.S9 
A31-Post/DisC Ch.61 
A32-Post/Dise Ch.63 
A33-Posr/Diic Cb.6S 
A34-Post/DisC Cb.67 
A35-Post/Dise Cb.69 
A36-Post/Dise Ch.71 
A37-Post/DisC Ch. 73 
A38-Post/Dise Ch. 75 
A39-Post/Dise Ch. n 
A40-Posr/Dise Cb. 79 
A41-Post/Dise Ch.81 
A42-Posr/Dise Ch.83 
A43-Post/DisC Ch.SS 
A44-Post/DisC Ch.87 
A4S-Post/Dise Ch.89 
A46-Post/Dise Ch.91 
A47-Post/DisC Cb.93 
A48-Post1Disc Cb.95 
A49-Post/Disc Ch.97 
ASO-Post/DisC Ch.99 
ASl-Post/Dise Cb.101 
AS2-Post/Dise Ch.103 
AS3-Post/DisC Ch.105 
AS4-Post/Dise Ch.107 
AS5-Post/DisC Ch.109 
AS6-Posr/Disc Ch.111 
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Module and Crate; SuJmrmn Tests 

CS7-0ND 
CSS-OND 
CS9-0ND 
C60-GND 
C61-0ND 
C62-N,(: 
C63.:.N,t: 
C64-N,(: 
C6S-N,t: 

BS7-Post/Disc Ch.112 
BSS-Post/Disc Ch.114 
BS9-Post/Disc Cb.116 
860-Post/Disc Cb.118 
B61-Post/Disc Cb.120 
B62-Post/Disc Cb.122 
B63-Post/Disc Ch.124 
B64-Post/Disc Cb.126 
B6S-GND 

AS7·Posr/Disc Cb.113 
ASS-Posr/Disc Cb.1 lS 
AS9-Posr/Disc Cb.117 
AfiO..Post/Disc Cb.119 

. A61-Posr/Disc Cb.121 
A62-Posr/Disc Cb.123 
A63-Posr/Disc Cb.12S 
A64-Posr/Disc Cb.127 
A6S-NJC 

6/)J12J 
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Sequencer 
High Spead AaHout Path 

FASTBUS Auxlllary 
Board 

FASTBUS R•dout via: 
. ECLlna, Fiber, ate. 

Special Auxlllary 
Backplane 

CRA1C40 
11-15-90 

FASTBUS Backplane 

SINGLE CRATE SUBSYSTEM (1536 CHANNELS) 

PC - POSTAMP/CO:MPARATOR 
DE -DELAY/ENCODER 
SEQ -SEQUENCER 
FSCC - FASTBUS SMART CRATE CONTR.Oll..ER 

Figure 1 



AB 

DE 

TC*+ 0 
53MHz+ 0 

Connection: 

A : 128 Hit Data. 
B : Sequencer Port. 

AB 

PC 

oc 
DD 
OE 
0 F 
G 

Connection: 

A : 128 Discriminated Output Data. 
B : Sequencer Port. 
C->F : 128 Differential Inputs Data. 
G : FASTBUS Port. 

A 

LS 

Bl 
co 
DI 
El 

Connection: 

A : 128 Input Data 
B->E : 128 Diff. Output Data. 

AB 

SEQ 

0 ... 53Mhz 
0 +-sync 

co 

D 

Connection: 

A : SSD Readout and Control. 
B : Auxiliary Port Event Readout. 
C : SEQIMTC Control and Status. 
D : FASTBUS Pon. 

Figure la: Module Symbols 



Sync 
Cock 

AB 

~Sii 

0 
0 

oc 

D 

Connection: 

A - 128 Out Dara. 
B - Sequencer Pon. 
C - Fiber Receiver. 
D - FASTBUS Pon. 

Trig. Mon. 
Trig. Wmd. 
Ezmr 

Sync 
Out 

MTC 
00 
00 

00 
001 
0-02 
00 
00 
00 
I I 
I I 

0 Cl.3 

A 

sec 

0 .,_ Pennit In 
0 .,_ Permit Out 
0 4- HostPmt 
0 .,_ TermPon 

Connection: 

A - Auxiliary Readout Pon. 
B - FASTBUS Pon. 

Trig In 
CI.Kin 
TRIGWlil 

53MHz 
Out 

0 Sequencer Intelface 

FASTBUS Port 

Figure 2b: Module Symbols 



Fiberoptic Receiver 

------------------------------------------

Fiber 
Receiver 

FIFO 

FASTBUS 
Interface 

Test Stand Module (TSM) 

Pattern 
Memory 

(128x256) 

L 
a 
t 
c 
h 

Sequencer 
Control 

and 
Encoder 

Data Cllannel 

128 

• I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

53MHz(Dlff .) : 

26MHz 
Reset 

Address_ Valid 1 

Wrlte_Enable 1 

Address 
Sync 
Data_ Valid 

Data 
I , _____ _ ----;s-;----(-~;~-~eset -- -------------· 

Backplane CLKl + _ __. 
CLKl- __ _. 

Front Panel ( CIK In 
Sync 

Figure 3a: TSM Block Diagram 

Auxiliary Cant 
Connection 

SSD Backplane 
Connection 

/ 



PC_Data(O: 1 
'TERM' ,I -I 11 , 32 • 27) / 128/ 1 

i..1 
Buffer 

-. 
/ - -

'TERM' ~ -
I 11 ,. 32 • Differential 1 

Driver 
... 
-

'TERM' ~ 

I 't , . 
l 32 

... 

-
:TERM~ 

,, -
• 32 

I .. 

TERM. -
VOLTAGE I TERM. 

VQ.TAGE 
TERM. 

.__ 
SELECT 

VOLTAGE2 swrrams 

Note: LS uses PC slot key. 

Figure 3b: Level Shifter Block Diagram 



TSM Aux. Card DE Aux.Card 

' / 
SSD Auxliliary Backplane 

A BI IA Bl 
DE 

'!SK o I 
0 0 
0 

I 
OCI I I 

D" . . 

Figure 4: DE Testing with TSM 

... 

I A 

IFSCC 

I 
0 

I o 
o I 

. ..... . 

SEQ Aux. Card 
(slot 13) 

'.( TrmDnol ) 



SSD Auxiliary Backplane 

A Bl 1A B AB 
MTC 

I ~ 
DE ::_u ~;·1 I 0 

SEQ Bnsec IFSCC 
0 t 00 

1 

+ 002 
00 Bnsec 00 0 

oc I I I I c IL I 00 0 I I 
I I 0 
0 013 

D I I I I n I -A#. I II I I D 

Fipre 5: Confi1uration for SSD Sin1le Channel 
Readout Test With TSM 

53MHZ 
NIM Clock 

I ~(Tenmnw) 
I 

l.i -18nsec ~ 

TSMTC* I I 
DETC* l I 



SSD Auxiliary Backplane 

S3MHz 
NIMOock 

A Bii A l rAulrAB AB rMTC1 Im 
DE T I ;; ;; I I IFSC TSHll LS I I PC 11 0 SEQ 

0 

B c 
00 0 

oc 11 c D 00 0 

c I I 
D E I I 

tiEJ E F r D J l + G D -4ft. 
-4ft. 

/' 
6nsec 8nsec 

TSMTC* I I 
f.-18ns--.1 

DETC• I I 

Figure 6: Configuration to Test PC Input Port 



SSD AUXILIARY BACKPLANE 

53MHZ 
NIM Clock I I , " AB' " AB' 'A B' r ~ " 

AB AB A 

DE 
MTC 

DE 8nsec 
PC PC SEQ 

t 
00 

FSCC 0 0 0 0--
0 0 00 

~ ft 1 ....... 
t 0 02 

I c I c 00 
0 

ID I D 8nsec 00 
00 0 

I E I E c°' 
I I 
I I 0 

(Tatmnru) I F I F 0 013 -~ • -
G G,. D -4ft. I 

B • . 
I I I I I I 

Figure 7: Configuration Test fo SSD Readout Test 
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SSD Test Stand - PRELIMINARY -- Date 4·2·90 

1. GENERAL INFORMATION 
The Silicon Strip Detector Readout System will contain hundreds of modules. An autonJared test stand is 

required to inilially rest the integration of each of r.he modules into a system dial operates properly togedJer at the 
crate level • 1be techniques and hardware developed for lhe inilial tests will be used to test the produclion modules as 
they become available and before they are installed in the field. The Test Stand will also be used after bmall•tion 
into the experiment by suppon personnel to maintain the system and the modules. 

1.1 Purpose . 
The Test Stand will be used to test the modules used in the Silicon Strip Deaector System at the crate level. 

It is int.ended to be used as an auromat.ed test system to test procluclion qnamilies of all the modules in lhe system. 
The SSD Test Stand is not intended to be a Module development swion. Each module in die system is assumed to 
have been fully developed. Typical problems detected in Test S&and tests might be due to failed pans, wrong pans, 

· board solder shorts, eac. Design problems such as signal cross-talk, logic design errors, etc. should bave been 
resolved long before these tests are run. On the other hand, it will be possible to use a special diagnostic module 
(please see Test Stand Module (TSM) ·specification) to perfonn tests on an installed system to help resolve 
problems that may be out of the ordinary. 

1.11 Goais 
1. Test modules at the crate/module level 
2. Menu driven diagnoslics 
3. Testing as close as possible to actual system operation 
4. Automatic test pattern selection 
S. Field use desireable 

The Test Stand will be capable of testing the modules that comprise the SSD system together at the 
crate level. The test will be as close to normal system operation as practical. It will be possible to install a test . 
module in a field installed system to test the modules in an individual crate. Software diagnostics will be menu 
driven and will be user friendly. The Test Stand must be capable of helping the operator determine if any of the 
modules in the system are operating properly at the module level. · 

CASetal 2 



SSD Test Stand - PREUMlNARY - Date 4-2-90 

2. THEORY OF OPERATION AND OPERATING MODES 
The Test Slalld will requiR a working module of each lype of module since the test is a module 

substiwtion tecboique. lbe Test Sland is not intended IO be a module development stalion. The use of die Test 
Srand assumes dial the Test Srand bas been tested by running die softwme diaposlics on modules dial are known 
to be good. Alta tbal rest is complefe the module Wider test can be substiauted for the known good module and the 
tests repeated This sbould allow rapid automated lleSdng of each of die l)'W IDOdglet in an enviranmem u close 
as possible to the real system. EmJl'S at die board level will be defected and u macb detail as pmsib1e will be 
rtpaned. This of course assumes lhat the individual modules have enor regisras lbat can be mad. 

2.1 Buie Operation · 
' A bloc:k diagram of lhe Test Slllld is shown in Figme 1. 1be Tea Srmd Module (TSM). shown lblded ill 

Figure 1. contains a pauem memory, conttol logic, and a fiberoplic receiver. lbe FASTBUS Sman ~ 
Controller (PSCC) will be down-loaded ~th a test pauern duougb a RS232 or Elbemet link. lbe FSCC will load 
the pattern memory in the TSM with that pauem and start systan dala acquishion. A simulated trigger signal will 
be generaaed dial cames the Main Timing Con1roller (M'I'C) to generare an event encode lddress &o the Delay/Encoder 
{0/E}. The DIE will encode the pauem and place it into the Sequencer (SEQ) event buffer. The SEQ will also 
uansmit the data over the fiberoptic link to the fiber FIFO in the TSM. The FSCC will then read the SEQ everit 
buffer and the fiber buffer and compare the data to the pattern loaded into lhe TSM paucm memory. Errors will be 
reponed to the operator. · 

SILICON STRIP DETECTOR MODULE TEST STAND 

f'5(lC INTl'f Al J7J! 
P.C. SEQ. MTC 

Figure 1; Test Stand Block Diagram 
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sso Test Stand - PRELIMINARY - Date 4-2-90 

3. SYSTEM SOFTWARE DESCRIPTION 
The Test Stand applicalion software will incorpomte software lhat was·wriuen for each module during &he 

development stage if possible. Overall system r.est software reqllilements are similar to ahe application propams 
thal mus1 be wriaen for acmal system operation. The FSCC will be used as the FASTBUS Master in dle Test 
S1and. The FSCC will be down loaded with a program that will inilialize the individual modules· in die system, 
start data acquisilian and encoding, and finally compare uansmiual hit pamms wUll those ieceived by me SE.Q and 
the fiberqJdc FIFO buffer. lnconsisrencies in the received dala will be Oagecland n:ported to 1be opearar. Tbe rest 
oplions and seleclions will be available &om a menu driven display. 

1be application software must be capable of performing the following operations on the SSD system 
modules through the FASTBUS interface on the appropropriale modules. The Operadons listed are basically 
iniriali:zarion rowines and must be augmenred by the software lhat perfoans rats on lhe inrepul=d sysrem. 

Test Staad· Module 
Wrire/Read Pattern Memory 
Read Fiben>ptic FIFO 
Srart Data Acquisition (Simulated Level 1 to MTC) 

Master Timing Controller 
Reset 
Write Enable: Slart Daia Acquisition 
Calibration Mode 
Debug Mode 
Clock Phase Adjust (Programmable Delay) 
Trigger Pipeline Deplh 
Read Address Offset 
Errors 

Postamp/Com parator 
CSRO 
Run/Halt 
Enable Disable Latches 
Oear Latches 
Enable Sum Channel Latches 
Clear Sum Channel Latches 
Enable/Disable Clock to Diagnostic Counter 
Enable/Disable Clock to D/A(s) 
CSRl 
Data to Diagnoslic Counter 
D/A Dara ('lbresholds) 
Emxs 

Sequencer 

CASetal 

Write/Read Programmable Delay 
Write/Read Plane/Encoder l.D. RAM 
Write/Read Block/Word Count 
Read Event Buffer · 
Emn 

4 



SSD Test Stand - PRELIMINARY - Date 4-2-90 

3.1 SUGGESTED TESTS TO PERFORM USING THE SSD TEST STAND 

INITIALIZATION (Performed by FSCC) 
PostamplCompararor 
Sequence1' 
MTC 
TSM (Paaern Gener.um) 

1 ~ FSCC sends write or read to selected module register 
a. Cmtinuous until stopped by operaror. 

2. FSCC sends MTC Address/Write Enable/Sync 
a. Continuous until stopped by operator. 

3. Input ro Poswnp/Companor module from DCC's preamp card. 
a. Input to P/C is a known fixed pattern. 
b. Delay/Encoder encodes panem. 
c. Sequencer places addresses into event buffer. 
d. Continuous until stopped by operatar. 

4. FSCC reads event buffer in Sequencer until stopped by oeprator. (empty FIFO??) 

5. FSCC reads event buffer in Sequencer and compares readout with DCC fixed pauem 
preamp board. 

6. FSCC loads pattern into TSM 
a. TSM transmits pattern to Posramp/Comparator. 
b. FSCC reads Sequencer event buffer and compares to pattern loaded into TSM. 

. c. FSCC changes pattern in TSM • repeat starting at a. 
d. Continuous until stopped by operator. 

FULL CRATE TEST • 
7. Tests using Posramp/Comparator pattern generation mode - No TSM required. 

_a. Load pattern into P/C. 
b. Start dara acquisition. 
c. Read paltenl (addresses) from Sequencer event buffer. 
d. Compare Pauem set into P/C to addresses read from Sequencer. 
e. Change pattern loaded into P/C - repeat starting at a. 
f. Change P/C crate address - repeat starling at a. 
g. Continuous until stopped by operator. 

• A variation of this test can be used by vendors to test production quantities of the Posramp/Comparator 
and Delay/EDCOder modules. 

3.2 Software Approach 
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SSD Test Stand - PRELIMINARY -

INPUT/OUTPUT SPECIFICATIONS 
Test Stand Module (TSM) 

FASTBUS Imerface 
128 outpUts fonnaaed for ouq>ut lO the Delay/Encoder over lhe AwWiary backplane 
128 outputs fonnaued for ouqrut lO the Postamp/Compararor thmugb the front panel 
Fiber Receiver/Driver: four optical inputs. one optical ouq>ut 
Simulated Clock Output 
Simulaled ~vel I Trigger 

Muter Timing Controller (MTC) 
FASTBUS Interface 
Clock Input 
System Conaol as Detailed in MTC Specific:alion 

Postamp/Comparator (P/C) 
FASTBUS Interface 
128 inputs through front panel 

Sequencer 
F ASTBUS Interface 
System Conuol as Detailed in Sequencer Specification 

FASTBUS Smart Crate Controller 
FASTBUS Interface 
RS232 
Ethernet 

4.1 Communication Interfaces 

Date . 4-2·90 

Communication with the outside world will take place duough the RS232 or the Ethernet ports on the 
FSCC. 
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SSD Test Stand -- PRELIMINARY - Date 4-2-90 

5. PHYSICAL SPECIFICATIONS 

5.1 Packaging 

The Test Stand will will be packaged in FAS1BUS • 

5.11 Physical Siz~ 

5.2 Power Requirements 

5.3 Cooling Requirements 

5.4 Integrated Circuits .used 

5.5 Pin Configurations 

APPENDIX A • Info 
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S SD FilJcroptic Link 

1. 

2. 

3. 

4. 

General Information 
1.1. ()vCIViev.r 

1.1.1. Standard Bus System Used 
1.1.2. Number of Channels 

1. 2. Application 
1. 3. Packaging 

1.3.1. Physical Size 
1 . 3. 2. Module Pinout 

1. 4. Pov.rer Requirements 
1.4.1. Conttol and Monitoring Requirements 

1. S. Cooling Requirements 

Theory of Operation and Operating Modes 
2 .1. Basic Operation 
2.2. On-Board Processor Description 

2.2.1. Conttol and Status Relristers 
2.2.2. Error Responses -
2. 2. 3. Diagnostic Soft\Vare 
2.2.4. Intemipts 

2. 3. Addressing Modes 
2.3.1. Data Transfer Description and Rates 
2.3.2. Error Responses 
2. 3. 4. Diagnostic Soft\Varc 

Input/Output Specifications 
3 .1. Communication Interfaces 

7 

3.2. 

3 .1.1. Description of operation of Ports 

3 .1.2. Communication Protocol 
Analog/digital signals 
3 .2.1. Signal Waveshape 

System Softv.rare Description 
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ssp fibemptic Link 

1.0 General Information 

1.1 Overyiew 

This fiberoptic data link can be thought of as a general purpose. optically isolated. point-to-point 
pon through which infonnation can be transmitted at relatively high data rates. A commercially 
available aansmitter/receiver chipse~ manufactured by Advanced Micro Devices (A.MD) and called 
TAXI. is used. The aansmitter chip encodes up to 10 parallel data bits. serializes them. and outputs 
the result at 125 Mbits/sec. This serial data stream is then fed to an optical transmitter which passes 
the data through a fiberoptic cable to a remote optical receiver. 'This optical receiver then convens the 
optical signal into an electrical bit stream that is applied to the input of the A.MD receiver chip. The 
receiver chip decodes the data. perfonns a serial-to-parallel conversion, and then outputs the data in 
parallel along with a strobe which oc~urs at a data valid poinL The result of this operation is the 
aansfer of parallel data over a serial optical link that is basically transparent to the user. 

In the Silicon Strip Detector (SSD) application. the fiberoptic data link is configured to transfer 
data at 50 Mbytes/sec. This rate requires that four individual fiber links be used. each transmitting 10 
data bits (a total of 40 bits; 32 bits of data. 8 bits of status), at a rate of 10.42 Mbvtes/sec. 

1.11 Standar<i Bus Sysiem Used 

The SSD readout system is being implemented in the FASTBUS standard. The fiberoptic data 
link aquires power (+SV) from the FASTBUS crate. Both the optical transmitter and receiver are 
physically mounted on FASTBUS auxiliary boards but have no physical connection to the 
FASTBUS backplane. 

1.12 Nymberof Channels 

Basically, the tiberoptic data link is a single channel pon, connecting a aansmitting node to a 
receiving node operating at a data aansfer rate of 41.68 Mbytes/sec. Word width at the transmitting 
and receiving node is 40 bits (32 bits of data. 8 bits of status). 

1.2 ApJllicatioo 

The tiberoptic data link is a point-to-point pipelined data mover presently capable of transmitting 
data at 41.68 Mbytes/scc. Any application that may require data transfers at this rate or higher is a 
potential customer for this link. 

1.3 J>ackamn1 

The fibcroptic data link requires no special packaging, and may be implemented in any system 
that provides the proper voltages. In the SSD case, the transmitting node is packaged on a 
FASTBUS auxiliary board. The receiving node can be implemented in any appropriate configuration 
or system capable of accepting 40 bits of parallel data and a strobe every 96 ns. 

1.32 Pjpoyt 

The connections between the FASTBUS board and the auxiliary board containing the fiberoptic 
data link components will be as defined in Table I of this specification. The connection to the outside 
world will be through S fiberoptic cable connectors located on the auxiliary backplane board. 
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l.33 N/A 

1.4 Power Reguirements 

The auxiliary card implementation will require the following voltages and currents: 

Receiver 
Transmitter 

1.41 Conqol and Monitorini Requiremems 

+Sv@ l.75A 
+Sv@ l.5A 

The fiberoptic data link uses a simple standard protocol to communicate between transmitting and 
receiving nodes. · 

1.5 Coolin& Regyjrements 

The fiberoptic data link auxiliary board will be cooled by air passing over the surface of the 
auxiliary board. 

1.6 Unusua} Requirements NIA 

2.0 Theory of Operation 

2.1 Basic D,pcration 

The fiberoptic data link is a data pipeline pon through which parallel data is encoded. serialized, 
and transmitted optically over fiberoptic cable. At the receiving node the data is optically received, 
convened to electtical signals, decoded. de-serialized and then made available as parallel multi-bit 
words. 

A block diagram of the fibcroptic data link is shown in Figure 1. This description assumes that 
there is a one-to-one correspondence between the transmitting node and the receiving node. In other 
words. there is one receiver connected to one transmitter. An alternative arrangement might be to 
connect multiple transmitting nodes to a single receiving node. In this case a Permit to Transmit is 
used at each SEQ or FSCC to control the number of nodes transmitting and the data is or'ed optically 
or electrically at the receiver. 

In either case, the fiberoptic data link is operated according to a protocol that defines a very 
simple communication interchange between a transmitting and receiving node. The protocol docs not 
stipulate a data transfer rate since future implementations of this link will likely be at higher data 
transfer·ratcs. 

The link itself has no intelligence. Data is applied to the link in parallel, received at the remote 
end, and then presented in parallel as though a multiconductor cable were connecting the two 
devices. 
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The fiberoptic data link contains five separate fiberoptic channels. each operating at 10.42 
Mbytes/sec. Four of the fibers carry pipeline data and status informatjon to the remote node. The 
fifth fiber is used to transmit acknowledge or error information from the remote node back to the 
originating node. The four fibers carrying data to the remote node are operating at an aggregate rate 
of .41.68 Mbytes/sec. with the acknowledge link operating at 12.5 Mbytes/sec. Commercially 
available communication chips and optical components are used in the implementation of the link. 

Appendix A of this document details the communication chips (AMD TAXI Chips) as well as the 
optical components used in this implementation. · 

2.2 N/A 

2.3 Ac!dressin1 Modes 

The fiberoptic data link contains no system interface and is therefore not addressable. 

2.31 Data Transfer Description and Transfer Rates 

The FASTBUS data acquisition system communicates with the fiberoptic link through the 
FASTBUS auxiliary backplane. A FASTBUS module connectS to the link through an auxiliary 
backplane connector. The fiberoptic data link components are mounted on a FASTBUS auxiliary 
board that plugs into the auxiliary backplane at the back of a standard FASTBUS crate. The link 
accepts 40 bit wide (32 bits of data. 8 bits of status) data words and a sttobe using Til.. logic levels. 
The FASTBUS transmitting module is responsible for implementing the simple communication 
protocol as detailed in Appendix A. through the use of the 8 status bits. The module must also 
supply the link with 32 bits of parallel data and a strobe. The rate of data transfer to the fiberoptic 
link is controlled by the FASTBUS transmitting module. A maximum rate of transfer between the 
module and the link is a 40 bit word every 80 ns. The transmitting link has the ability to signal the 
FASTBUS transmitter that is cannot accept data. This status flag can be used by the module to time 
the transmissions over the link. The optical receiving node can output a 40 bit data word and strobe 
at a maximum data rate of one per 80 ns. 

An. example of a data tral1:Sfer using the link protocol is shown in Figure 2. The transmitter 
begins the communication session by transmitting a Stan of Message (SOM) control code. The 
transmitting node waits for an acknowledge transmission from the receiving node for a specific 
amount of time (timeout protection). If and when the acknowledge signal arrives at the transmitter, 
data transmission begins. At the end of data an End of ~essage (EOM) is transmitted to the receiving 
node. The receiving node acknowledges that it has received the EOM code. Additional data 
transmissions could follow without waiting· for the initial SOM/acknowledge again. The SOM 
merely tests the integrity of the link before transmitting data. 

Figure 2 also contains an example of a communication session in which the receiving node 
detects an error. In this case an error messageis transmitted back to the transmitting node. The 
transmitting node will continue to transmit data during the time it takes for the receiving node to 
detect an error and transmit that information back to the transmitting node. When the transmitting 
node realizes that an error message has arrived. an error handling routine must be activated that 
resolves the problem based on system level considerations. 

3. 0 Input/Output Specifications 

3 .1 Communication Interfaces 

5 
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This link is in itself a communication pon between a transmitting and receiving nO' · 
implemented in almost any system. The fibcroptic link and a simple data pipeline communicatic.; •• 
protocol provides both elecaicai and logical system isolation. The transmitting node accepts data in 
parallel, ttansmits the data. receives the data at the remote node. and makes the data available in 
parallel as though a muticonductor cable were connected between the two points. This ttansparency 
makes the connection of two different systems relatively easy. The "bridge" between different 
systems is implemented in the design of the transmitting and receiving node interfaces to the fiber 
link. 

3 .11 Descri,ption and Om"ation of Pons 

The fiberoptic link has a 40 bit (32 bits of data. 8 bits of status) parallel input port at the 
transmitting node and a 40 bit (32 bits of data, 8 _bits of status) parallel output pon at the receiving 
node. The link input pon is accessed through a connection between a FASTBUS module and the 
FASTBUS auxiliary card containing the fiberoptic link components. The link output pon will be 
available for use in.any system implementation that is capable of accepting a 40 bit parallel data 
word. 

3 .12 Communication Protoccii 

The communication protocol will be implemented according to the emerging fiberoptic data link 
standard presently under review by the FASTBUS Standards Committee. · · 

3 .2 Analo&fl>iaital Simals 

3.21 Loajc LeyeJs 

Digital signal levels at the input to the optical aansmitting node and at the output of the opl:l~ J • 
receiving node are at 'ML levels. 

4.0 System Software 

4 .1 1Qitiali7.atiop N/ A 

4.2 . Smem Software 

Conttol of the link both at the transmitting and receiving end is the responsibility of the devices to 
which the link is interfaced. The SSD FASTBUS Smart Crate Conaoller and/or Sequencer wiJl 
contain the requiml link eonttol logic. 

6 
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CHAPTER 1 

SSD SINGLE BOARD TESTS 

1.1 INTRODUCTION 

The single board tests are a collection of SSD board level 
diagnostics. Tests are included for the Postamp Comparator (PC), 
Delay Encoder (OE), Sequencer (SE), and Master Timing Controller 
(MTC). Each of the tests assume a working FASTBUS Smart Crate 
Controller (FSCC), and a working SSD FASTBUS crate and power 
supplies. In addition, some of the tests require special test 
modules. The purpose of these tests is twofold. First, the 
tests are intended for initial board qualification; and, second 
to diagnose and requal ify a board that has broken in a previously 
working SSD system. In the case of a previously working system, 
it is assumed that a bad board is isolated by substitution or 
some other system level diagnosis method. 

1.2 SINGLE BOARD TEST OPERATION FORMATS 

The diagnostic can be run in a variety of ways, but the 
method with the fastest execution speed and most convenience is 
using the ROM version of the code. The ROM version of the 
diagnostic can be installed in FSCC ROM bank 2. · (Copies can be 
made of the latest version in release from Computing Department 
master prom set.) If FSCC ROM bank 2 is not available, the 
diagnostic can be downloaded from the SSD DIAGStests product 
directory. Both the ROM version and downlOaded version of the 
diagnostic run in FSCC RAM, so execution speed is the same. 
Downloading the diagnostic can take up to 10 minutes over a 
serial line, making this method far less convenient than using 
the ROM version. The diagnostic may also be run using remote 
procedure cal Is, using either the ethernet or serial front panel 
ports on the FSCC. Although the ethernet version does offer 
faster execution speed, both methods have relatively slow 
execution speed. Details of using the ROMed version follows. 
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1.3 ROM 

The fol lowing sequence of commands copies the diagnostic 
code from FSCC ROM bank 2 to FSCC RAM, and starts the diagnostic. 

{reset the FSCC manually with the front panel reset button} 

$ SET HOST/DTE ttnn: 
pROBE> go 40000 
pROBE> gs 
pROBE> go 

1.4 ORGANIZATION 

(establish serial communications with FSCC) 
(run EPROM to RAM copy program) 
(start pSOS and do other board initializations) 
(start diagnostic) 

The Single Board Tests are organized under a top level menu. 
Each of the Single Board Tests contain a main menu and submenus. 
There are also options in the top level menu to provide an 
interface for tailoring FASTBUS evironment parameters. The top 
level menu: 

SSD Single Board Test Menu 
---------------------~--------~-------------------1) Initialize FASTBUS 

2) Arbitrate (status = xxxx) 
3) Release Bus 
4) Set Long Timer (xxxx usec) 
5) Set Short Timer (xxxx usec) 
6) Set Primary Addresses 
7) Postamp Comparator menu 
8) TSM/Delay Encoder menu 
9) Sequencer menu 

10) Master Timing Controller menu 
11) Select Call mode (mode= Get Menu) 
12) Loop on tests switch (F) 
99) Exit to pROBE 
Enter Conunand: 

1.4.1 Initialize FASTBUS 

When the Single Board Test diagnostic is started, the FASTBUS 
environment is automatically initialized by the FASTBUS routines 
cal led by this menu option. Each ~ASTBUS Standard Routine that 
is part of this initial izaion is displayed in a banner above the 
top level menu. The initialization creates a FASTBUS environment 
ID that is passed to the module tests, so an error wil I occur if 
this menu option is called more than once before cal ling menu 
option 3) Release Bus. This FASTBUS initialization routines are: 
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0 GPMINI - initialize interrupts and internal database 

0 FBOPEN - open FASTBUS rout i.nes for use 

0 FCIENV - al locate an environment ID and associated 
storage 

0 FNPALL - al locate FASTBUS port for use 

o FBPSET(EG) set environment parameter to enable 
geograhic addressing 

o FBPSET(COEN) - set environment parameter to enable FSCC 
data FIFO to processor FIFO copy 

o FBPSET(EOBI) - set environment parameter to enable end 
of block interrupt 

1.4.2 Arbitrate 

The menu option shows the current arbitor status of the FSCC, one 
of either "Master", "Slave", or "unknown". If this option is 
chosen, the FSCC tries to arbitrate for bus mastership using the 
selected arbitration level. It is not necessary for the FSCC to 
be bus master to run these tests. 

1.4.3 Release Bus 

This option wi I I release the bus and delete the current FASTBUS 
environment ID using the fol lowing routines: 

o FRLENV 

o FBCLOS 

1.4.4 Set Long Timer 

The menu option displays the current environment value for the 
long timer. Selecting this option al lows the long timer to be 
set to a new value. After selecting menu item 1) Initialize 
FASTB~S, the long timer wi I I always be reset to 5000000 usec. 
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1.4.5 Set Short Timer 

Same as above, but the short timer can only be enabled or 
disabled. Selecting 1500 enables and selecting 0 disables the 
timer. 

1.4.6 Set Primary Address Menu 

Set the primary addresses for the SSD modules. 
displays the current values of the PADs. 

1.4.7 ·Postamp Comparator Menu 

The submenu 

Queries user if 53MHz clock is present. After user [Y/N] 
response, cal Is the main menu for the PC tests. 

1.4.8 TSM/Delay Encoder Menu 

Cal Is the main menu for the Delay Encoder tests (which use the 
TSM) . 

1.4.9 Sequencer Menu 

Cal Is the Sequencer tests main menu. 

1.4.10 Master Timing Controller Menu 

Cal Is the Master Timing Controller tests main menu. 

1.4.11 Select Cal I Mode 

Al lows the cal I mode for the test to be modified. The call mode 
currently active is displayed by this menu item. There are four 
cal I modes possible, the default mode being to get the main menu 
of a single board test. The three other cal I modes include: 

o Continue on Error - Tests do not terminate when an error 
is encountered. 
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o Stop on Error 
encountered. 

Tests terminate when an error is 

o Get Menu on Error Tests terminate when an error is 
encountered and the appropriate menu is displayed. 

Depending on implementation, an error message may or may not be 
displayed in each of the call modes described above. 

1.4.12 Loop On Tests Switch 

If this menu item displays (T), any test. selected from the top 
level menu wit I repeat unti I a keyboard <Return) 1s entered. 
Otherwise, any test selected will execute only once. 

1.4.13 Exit To PROBE 

In the ROM version, this option wi I I terminate the Single Board 
Tests with a pROBE break. 
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CHAPTER 2 

POSTAMP COMPARATOR SINGLE BOARD TEST 

2.1 INTRODUCTION 

PC TEST is a menu driven software tool capable of effectively 
testing and/or exercising all FASTBUS accessable circuitry of the 
PostAmp Comparator module. This software is designed to be used 
as an integral part of the Single Board Test software package. 

2.2 TEST HARDWARE SETUP 

The PostAmp Comparator stand-alone tests which are described 
here require a known working FSCC (Fastbus Smart Crate 
Controller) located in slot 0 of a functional SSD crate, and a 
PostAmp Comparator module. The PostAmp Comparator module must be 
located in a valid PostAmp Comparator slot of the SSD crate. The 
PostAmp Comparator Primary Address can be verified or changed in 
the top level menu. 

The PostAmp Comparator module test can be executed in either 
automatic or manual test mode. In automatic mode, the user 
cannot select individual PostAmp Comparator Test options, but 
wi I I perform an overal I GO/NO-GO test of all FASTBUS circuitry on 
board the module, displaying errors where appropriate. The 
features tested using this mode are as follows : 

Test Al I Geographical Addressing Circuitry 

Data Space Addressing Mode Response 

Response to Multiple CSR Space Addresses 

Test Al I Secondary Addressing Ciruitry 

Test the NTA Register 
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Write/Read Response to Valid NTA Addresses 

Oh, lh, lOh, COOOOOOO - COOOOOFF (64 DACs Onboard) 

Write/Read Response to Invalid NTA Address 

Test the CSRO Register 

Check Module IO 

Set/Reset/Read Counter Clock Disable/Enable Bits 

Set/Reset/Read Channel Force Zero Disable/Enable Bits 

Set/Reset/Read Individual Channel Force Zero Disable/Enable 

Set/Reset/Read Mode Halt/Run Bits 

Test Functionality of CLKl On Bit 

Write/Read Response to Unused CSRO Bits 

Test the CSRl Register 

Write/Read Test Counter Preset Byte (00 - FF) 

Write/Read Response to Unused CSRl Bits 

Test the CSRlO Register 

Read Onboard DAC Count 

Write Response to Unused CSRIO Bits 

Test Write/Read of Onboard DACs 

Write/Read All Accessable DACs with FF Pattern 

Write/Read All Accessable DACs with 00 Pattern 

Write/Read All Accessable DACs with Alternating 55/AA 
Pattern 

Write/Read All Accessable DACs with DAC Address 

In manual mode, the PostAmp Comparator Test will be called, 
displaying the full PC TEST menuing system, which will be 
described as fol lows. This option wi I I also select the default 
error handling mode (see Chapter 1.3.11 for detai Is). The 
features tested using this mode are as described above for the 
automatic mode, except for the added features of allowing the 
user to write a single DAC location using a user defined value, 
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read a single DAC location, write/read al I accessable OACs with a 
user defined pattern, and allowing continuous looping of a 
process of series of processes for oscilloscope based testing. 

2.3 PC TEST MENUING SYSTEM 

PC TEST 
Copyright (C) 1990 Universities Research Association, Inc. 
All Rights Reserved. 

-----> PC TEST Main Menu 

-----> 
-----> 
-----> 

1 Test Geographical Addressing 
2 Test Secondary Addressing 
3 Exercise PostAmp Comparator 

-----> 99 Exit PC TEST Environment 

Enter Menu Option (1 - 3, 99) : 

In response to the prompt, select an option by typing the 
option number located to the left. Menu selection errors will be 
flagged and the user wit I be prompted to re-enter the required 
option. 

2.3.1 Option 1 Test Geographical Addressing: 

-----> Test Geographical Addressing 

-----> 
-----> 
-----> 
-----> 

1 Define Primary Address 
2 Address PostAmp Comparator 
3 Release AS-AK Lock 
4 Exercise Geographical Addressing 

-----> 99 Exit Geographical Addressing Menu 

Enter Menu Option {1- 4, 99) : 

In response to the prompt, select an option by typing the 
option number located to the left. Menu selection errors wi II be 
flagged the user wi I I be prompted to re-enter the required 
option. 
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2.3.1.1 Option 1 Define Primary Address: -

This option prompts the user to enter a valid slot location 
for the PostAmp Comparator module. Val id slot numbers are 
displayed for the user. Invalid slot selections wil I be flagged 
and the user wi I I be prompted to re-enter a val id slot number. 

2.3.1.2 Option 2 Address PostAmp Comparator: -

This option wi II attempt to perform a primary address to the 
specified PostAmp Comparator module. If unsuccessful, the user 
wi I I be notified. 

2.3.1.3 Option 3 Release AS-AK Lock: -

This option wi I I attempt to release the current primary 
address AS-AK lock. If unsuccessful, the user will be notified. 

2.3.1.4 Option 4 Exercise Geographical Addressing: -

This option wi II fully exercise the primary address 
circuitry of the PostAmp Comparator module. Situations tested 
for include response to multiple addresses and response to Data 
Space Addressing. The user wi I I be notified of al I occurring 
errors. 

2.3.l.5 Option 99 Exit Geographical Addressing Menu: -

This option wi I I return the user to the previous menu. 

2.3.2 Option 2 Test Secondary Addressing: 

-----> Test Secondary Addressing 

-----> 
-----> 
-----> 
-----> 
-----> 
-----> 

1 Test NTA Register 
2 Test CSR 00 
3 Test CSR 01 
4 Test CSR 10 
5 Test DAC Load and Read-back 
6 Exercise Secondary Addressing 
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-----> 99 Exit Secondary Addressing Menu 

Enter Menu Option (1 - 6, 99) : 

In response to the prompt, select an option by typing the 
option number located to the left. Menu selection errors wi I I be 
flagged and the user wi I I be prompted to re-enter the required 
option. 

2.3.2.1 Option 1 Test NTA Register: -

-----> Test NTA Register 

-----> 1 Write to NTA Register 
-----> 2 Read from NTA Register 
-----> 3 Exercise NTA Register 

-----> 99 Exit NTA Register Menu 

Enter Menu Option (1 - 3, 99) 

In response to the prompt, select an option by typing the 
option number located to the left. Menu selection errors will be 
flagged and the user wi I I be prompted to re-enter the required 
option. 

2.3.2.1.1 Option 1 Write To NTA Register: -

This option wi I I write a user specified value to the PostAmp 
Comparator NTA register. Valid NTA values are displayed for the 
user. Invalid NTA entries wil I be flagged and the user will be 
prompted to re-enter a valid NTA value. If unsuccessful, the 
user wi I I be notified. 

2.3.2.1.2 Option 2 Read From NTA Register: -

This option wi I I al low the user to view the current value 
stored in the PostAmp Comparator NTA register. If unsuccessful, 
the user wi I I be notified. 
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2.3.2.1.3 Option 3 Exercise NTA Register: -

This option wil I fully exercise the PostAmp Comparator NTA 
register. Al I valid NTA values are tested as well as their 
boundaries. The user wi I I be notified of al I occurring errors. 

2.3.2.1.4 Option 99 Exit NTA Register Menu: -

This option wil I return the user to the previous menu. 

2.3.2.2 Option 2 Test CSR 00: -

-----> Test CSR 00 

-----> 1 Set a Specific Bit in CSR 00 
-----> 
-----> 

2 Read the Status of a Specific Bit in CSR 00 
3 Read CSR 00 

-----> 4 Exercise CSR 00 

-----> 99 Exit CSR 00 Menu 

Enter Menu Option (1 - 4, 99) 

In response to the prompt, select an option by typing the 
option number located to the left. Menu selection errors wil I be 
flagged and the user wi II be prompted to re-enter the required 
option. 

2.3.2.2.1 Option 1 Set A Specific Bit In CSR 00: -

-----> Write CSR 00 

-----> 
-----> 
-----> 
-----> 
-----> 
-----> 
-----> 
-----> 
-----> 

1 Set Test Counter Clock Disable Bit 
2 Set Sum Channel Force Zero Disable Bit 
3 Set Individual Channel Force Zero Disable Bit 
4 Set Mode Halt Bit 
5 Set Test Counter Clock Enable Bit 
6 Set Sum Channel Force Zero Enable Bit 
7 Set Individual Channel Force Zero Enable Bit 
8 Set Mode Run Bit 
9 Write to CSR 00 

-----> 99 Exit Write CSR 00 Menu 
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Enter Menu Option (1 - 9, 99) 

In response to the prompt, select an option by typing the 
option number located to the left. Menu selection errors will be 
flagged and the user wi I I be prompted to re-enter the required 
option. 

2.3.2.2.1.1 Option 1 Set Test Counter Clock Disable Bit: -

This option wi I I set the Test Counter Clock Disable Bit and 
reset the Test Counter Clock Enable Bit of the PostAmp Comparator 
CSR 00 register. The Write to CSR 00 option must be executed for 
this option to take effect. 

2.3.2.2.1.2 Option 2 Set Sum Channel Force Zero Disable Bit: -

This option wi I I set the Sum Channel Force Zero Disable Bit 
and reset the Sum Channel Force Zero Enable Bit of the PostAmp 
Comparator CSR 00 register. The Write to CSR 00 option must be 
executed for this option to take effect. 

2.3.2.2.1.3 Option 3 Set Individual Channel Force Zero Disable 
Bit: -

This option wi II set the Individual Channel Force Zero 
Disable Bit and reset the Individual Channel Fo~ce Zero Enable 
Bit of the PostAmp Comparator CSR 00 register. The Write to CSR 
00 option must be executed for this option to take effect. 

2.3.2.2.1.4 Option 4 Set Mode Halt Bit: -

This option will set the Mode Halt Bit and reset the Mode 
Run Bit of the PostAmp Comparator CSR 00 register. The Write to 
CSR 00 option must be executed for this option to take effect. 

2.3.2.2.1.5 Option 5 Set Test Counter Clock Enable Bit: -

This option wil I set the Test Counter Clock Enable Bit and 
reset the Test Counter Clock Disable Bi.t of the PostAmp 
Comparator CSR 00 register. The Write to CSR 00 option must be 
executed for this option to take effect. 
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2.3.2.2.1.6 Option 6 Set Sum Channel Force Zero Enable Bit: -

This option wi I I set the Sum Channel Force Zero Enable Bit 
and reset the Sum Channel Force Zero Disable Bit of the PostAmp 
Comparator CSR 00 register. The Write to CSR 00 option must be 
executed for this option to take effect. 

2.3.2.2.1.7 Option 7 Set Individual Channel Force Zero Enable 
Bit: -

This option will set the Individual Channel Force Zero 
Enable Bit and reset the Individual Channel Force Zero Disable 
Bit of the PostAmp Comparator CSR 00 register. The Write to CSR 
00 option must be executed for this option to take effect. 

2.3.2.2.1.8 Option 8 Set Mode Run Bit: -

This option wi II set the Mode Run Bit and reset the Mode 
Halt Bit of the PostAmp Comparator CSR 00 register. The Write to 
CSR 00 option must be executed for this option to take effect. 

2.3.2.2.1.9 Option 9 Write To CSR 00: -

This option wi II write a user specified value (as specified 
by the above enable/disable bit manipulations) to the PostAmp 
Comaparator CSR 00 register. If unsuccessful, the user wi II be 
notified. 

2.3.2.2.1.10 Option 99 Exit Write CSR 00 Menu: -

This option wi I I return the user to the previous menu. 

2.3.2.2.2 Option 2 Read The Status Of A Specific Bit In CSR 00: 

-----> Read CSR 00 

-----> 
-----> 
-----> 
-----> 
-----> 
-----> 

1 Read Module ID Bits 
2 Read CLKl On Bit 
3 Read Test Counter Enable/Disable Bit 
4 Read Sum Channel Enable/Disable Bit 
5 Read Individual Channel Enable/Disable Bit 
6 Read Mode Run/Halt Bit 
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-----> 99 Exit Read CSR 00 Menu 

Enter Menu Option (1 - 6, 99) : 

In response to the prompt, select an option by typing .the 
option number located to the left. Menu selection errors will be 
flagged and the user wi I I be prompted to re-enter the required 
option. 

2.3.2.2.2.1 Option 1 Read Module ID Bits: -

This option wi I I al low the user to view the current Module 
ID value stored in the PostAmp Comparator CSR 00 register. If 
unsuccessful, the user wil I be notified. 

2.3.2.2.2.2 Option 2 Read CLKl On Bit: -

This option wil I al low the user to view the current status 
of the CLKl On Bit stored in the PostAmp Comparator CSR 00 
register. If unsuccessful, the user wi I I be notified. 

2.3.2.2.2.3 Option 3 Read Test Counter Enable/Disable Bit: -

This option wit I al low the user to view the current status 
of the Test Counter Enable/Disable Bit stored in the PostAmp 
Comparator CSR 00 register. If unsuccessful, the user wil I be 
notified. 

2.3.2.2.2.4 Option 4 Read Sum Channel Enable/Disable Bit: -

This option will al low the user to view the current status 
of the Sum Channel Enable/Disable Bit stored in the PostAmp 
Comparator CSR 00 register. If unsuccessful, the user wi II be 
notified. 

2.3.2.2.2.5 Option 5 Read Individual Channel Enable/Disable Bit: 
This option will al low the user to view the current status 

of the Individual Channel Enable/Disable Bit stored in the 
PostAmp Comparator CSR 00 register. If unsuccessful, the user 
wi I I be notified. 
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2.3.2.2.2.6 Option 6 Read Mode Run/Halt Bit: -

This option wi II al low the user to view the current status 
of the Mode Run/Halt Bit stored in the PostAmp Comparator CSR 00 
register. If unsuccessful, the user wi I I be notified. 

2.3.2.2.2.7 Option 99 Exit Read CSR 00 Menu: -

This option wi II return the user to the previous menu. 

2.3.2.2.3 Option 3 Read CSR 00: -

This option wi I I al low the user to view the current value 
stored in the PostAmp Comparator CSR 00 register. If 
unsuccessful, the user will be notified. 

2.3.2.2.4 Option 4 Exercise CSR 00: -

This option will fully exercise the CSR 00 register 
circuitry of the PostAmp Comparator module utilizing test 
sequences from the above menu options. The user will be notified 
of all occurring errors. 

2.3.2.2.5 Option 99 Exit CSR 00 Menu: -

This option wi II return the user to the previous menu. 

2.3.2.3 Option 3 Test CSR 01: -

-----> Test CSR 01 

-----> 1 
-----> 2 
-----> 3 
-----> 4 

Set Test Counter Byte in CSR 01 
Read Test Counter Byte in CSR 01 
Read CSR 01 
Exercise CSR 01 

-----> 99 Exit CSR 01 Menu 

Enter Menu Option (1 - 4, 99) 
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In response to the prompt, select an option by typing the 
option number located to the left. Menu selection errors will be 
flagged and the user wi I I be prompted to re-enter the required 
option. 

2.3.2.3.1 Option 1 Set Test Counter Byte In CSR 01: -

This option wi I I write a user specified value to the PostAmp 
Comparator CSR 01 register. Val id Test Counter values are 
displayed for the user. Invalid Test Counter entries will e 
flagged and the user wi II be prompted to re-enter a valid Test 
Counter value. If unsuccessful, the user wi II be notified. 

2.3.2.3.2 Option 2 Read Test Counter Byte In CSR 01: -

This option wi I I al low the user to view the current Test 
Counter Byte value stored in the PostAmp Comparator CSR 01 
register. If unsuccessful, the user wi I I be notified. 

2.3.2.3.3 Option 3 Read CSR 01: -

This option will al low the user to view the 
stored in the PostAmp Comparator CSR 01 
unsuccessful, the user wi I I be notified. 

2.3.2.3.4 Option 4 Exercise CSR 01: -

current value 
register. If 

This option wi I I fully exercise the CSR 01 register 
circuitry of the PostAmp Comparator module uti Ii zing test 
sequences from the above menu options. The user wil I be notified 
of all occurring errors. 

2.3.2.3.5 Option 99 Exit CSR 01 Menu: -

This option wi II return the user to the previous menu. 

2.3.2.4 Option 4 Test CSR 10: -

-----> Test CSR 10 
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-----> 1 Read CSR 10 
-----> 2 Exercise CSR 10 

-----> 99 Exit CSR 10 Menu 

Enter Menu Option (1 - 2, 99) 

In response to the prompt, select an option by typing the 
option number located to the left. Menu selection errors will be 
flagged and the user wi I I be prompted to re-enter the required 
option. 

2.3.2.4.1 Option 1 Read CSR 10: -

This option wi I I allow the user to view the current value 
stored in the PostAmp Comparator CSR 10 register. If 
unsuccessful, the user wi I I be notified. 

2.3.2.4.2 Option 2 Exercise CSR 10: -

This option wi I I fully exercise the CSR 10. register 
circuitry of the PostAmp Comparator module utilizing test 
sequences from the above menu options. The user will be notified 
of all occurring errors. 

2.3.2.4.3 Option 99 Exit CSR 10 Menu: -

This option wi I I return the user to the previous menu. 

2.3.2.5 Option 5 Test DAC Load And Read-back: -

-----> Test DACs/ADCs 

-----> 
-----> 
-----> 
-----> 
-----> 
-----> 
-----> 
-----> 
-----> 

1 Load User Selected DAC 
2 Load all DACs to Ful I Scale 
3 Load all DACs to Zero 
4 Load al I DACs to User Selected Value 
5 Load all DACs, Alternating AA and 55 Values 
6 Load all DACs to Their Corressponding Address 
7 Read User Selected ADC 
8 Read a I I ADCs 
9 Exercise DACs/ADCs 
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-----> 99 Exit Test DACs/AOCs Menu 

Enter Menu Option (1 - 9, 99) 

. In response to the prompt, select an option by typing the 
option number located to the left. Menu selection errors wil I be 
flagged and the user wi I I be prompted to re-enter the required 
option. 

2.3.2.5.1 Option 1 Load User Selected DAC: -

This option wi I I write a user specified value to a user 
specified DAC location on the PostAmp Comparator module. The 
Mode Halt Bit located in CSR 00 is temporarily enabled for this 
option. Valid DAC locations and acceptable OAC values are 
displayed for the user. Invalid DAC locations and/or 
unacceptab I e DAC va I ues w i 11 be f I agged and the user w i 11 'be 
prompted to re-enter val id DAC locations and/or DAC values. If 
unsuccessful~ the user wi I I be notified. 

2.3.2.5.2 Option 2 Load All DACs To Full Scale: -

This option wi I I write a Full Scale value to all available 
DACs on the PostAmp Comparator module. The Mode Halt Bit located 
in CSR 00 is temporarily enabled for this option. If 
unsuccessful, the user wi I I be notified. 

2.3.2.5.3 Option 3 Load All DACs To Zero: -

This option wi I I write a Zero value to all available DACs on 
the PostAmp Comparator module. The Mode Ha'lt Bit located in CSR 
00 is temporarily enabled for this option. If unsuccessful, the 
user wi I I be notified. 

2.3.2.5.4 Option 4 Load Al I DACs To User Selected Value: -

value to all 
The Mode Halt 
this option. 

This option wi I I write a user specified 
available DACs on the PostAmp Comparator module. 
Bit located in CSR 00 is temporarily enabled for 
Acceptable DAC values are displayed for the user. 
DAC values wi II be flagged and the user wil I be 
re-enter valid DAC values. If unsuccessful, the 
notified. 
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2.3.2~5.5 Option 5 Load Al I DACs, Alternating AA And 55 Values: 
This option wil I write an alternating pattern of AA and 55 

values to al I avai I able DACs on the PostAmp Comparator module. 
The Mode Halt Bit located in CSR 00 is temporarily enabled for 
this option. If unsuccessful, the user wi I I be notified. 

2.3.2.5.6 Option 6 Load Al I DACs To Their Corresponding Address: 
This option wi I I write to a val id DAC, that DAC's 

corresponding address. As an example, the DAC residing at 
address 7F wi I I be loaded with the value 7F. The Mode Halt Bit 
located in CSR 00 is temporarily enabled for this option. If 
unsuccessful, the user wi I I be notified. 

2.3.2.5.7 Option 7 Read User Selected ADC: -

This option will al low the user to view the current value of 
a user specified ADC location on the PostAmp Comparator module. 
The Mode Halt Bit located in CSR 00 is temporarily enabled for 
this option. If unsuccessful, the user will be notified. 

2.3.2.5.8 Option 8 Read All ADCs: -

This option wi I I al low the user to determine that all 
avai I able ADCs return the expected values previously stored in 
al I the avai I able DACs located on the PostAmp Comparator module. 
The Mode Halt Bit located in CSR 00 is temporari_ly enabled for 
this option. Al I DAC/ADC pairs are compared al lowing a tolerance 
of +- 1 bit and displaying any discrepancies. If unsuccessful, 
the user wi II be notified. 

2.3.2.5.9 Option 9 Exercise DACs/ADCs: -

This option wi I I fully exercise all circuitry associated 
with addressing, reading and writing the PostAmp Comparator DACs 
and ADCs, utilizing test sequences from the above menu options. 
The user wi II be notified of al I occurring errors. 

2.3.2.5.10 Option 99 Exit Test DACs/ADCs Menu: -

This option wi I I return the user to the previous menu. 
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2.3.2.6 Option 6 Exercise Secondary Addressing: -

This option wi I I fully exercise the secondary address 
circuitry of the PostAmp Comparator module uti Ii zing test 
sequences from the above menu options. The user wi I I be notified 
of al I occurring errors. 

2.3.2.7 Option 99 Exit Secondary Addressing Menu: -

This option wi II return the user to the previous menu. 

2.3.3 Option 3 Exercise PostAmp Comparator: 

This option wi I I fully exercise al I FASTBUS accessable 
circuitry of the PostAmp Comparator module including all 
geographical address, secondary address, and DAC/ADC circuitry. 
The user will be notified of all occurring errors. 

2.3.4 Conclusion 

The purpose of this software package is to effectively and 
efficiently test and exercise al I FASTBUS accessable circuitry of 
the P-0stAmp Comparator module. The user is alerted to any and 
al I errors which may occur during execution of the test software, 
al lowing further investigation of problem areas. 

Questions and/or comments concerning these PostAmp 
Comparator tests should be forwarded to : 

Garry R. Moore 
Fermi National Accelerator Lab 
M.S. 222 
P.O. Box 500 
Batavia, II 60510 

(708)840-4059 
FNAL::MOORE 
FNSSOl::MOORE 
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CHAPTER 3 

DELAY ENCODER SINGLE BOARD TEST 

3.1 INTRODUCTION 

The routine DE TEST is designed to test the Delay Encoder 
FASTBUS board of ~he SSD system using the Test Stand Module 
(TSM). The paramaters are: the primary address of the TSM, the 
environemnt identification for the FASTBUS standard routines and 
a flag, which determines in which mode the routine is called. 
The routine is written in C and uses MCCSK and VAXC for 
conditional compilations. 

3.2 TEST SETUP 

The TSM is used either in a system test, 1n which it 
replaces a PC or in a single module test, in which only the DE 1s 
tested. In the latter case the TSM controls the OE system 
signals and is used for the readout of the hits. The format of 
these hits are different from the ones, which are received from 
the SE in the system test. This program is designed for the 
single module test of the OE using the TSM. 

The Test Setup is as fol lows : 

o Standard FASTBUS crate and an FSCC 1n slot 0 

o DE 

o TSM 

o Jumper cards for the auxi I I iary backplane between OE 
slot and TSM slot 

o Terminating card in slot 13 

o Jumper cables on the TSM 
(sync) 
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3.3 PACKAGES USED 

The program uses the fol lowing software packages: 

o TSMF.C 

o BUFFER.C 

o FASTBUS standard routines 

o Standard C I ibraries 

3.4 INCLUDE FILES USED 

o Standard C std I ib.h,math.h,staio.h 

o FASTBUS : fbpars.h,fberrs.h,fbconstants.h 

o FSCC specific : fscc ad.h 

o SSD specific : menu~intf .h,tsmreg.h,syst.h 

3.5 FEATURES TESTED 

The routine DE TEST tests the ful I functionality of the DE 
board. Certain kinds of errors wi II only be detected, if certain 
hit patterns are used. One option in the manual menu lets you 
choose specific patterns. By default, the programm wi I generate 
random patterns. 

The test relies on a working TSM board. There is the 
possibi tty to verify the stored data in the TSM memory. TSM. 

3.6 SOFTWARE ORGANIZATION 

The file DE TEST.C contains three routines. The main entry 
point DE TEST( ... ) and three support routines, 
DE MAKE HIY- LIST( ... ), DE COMPARE HIT LIST( ... ) and 
DE~PRINT"9 MENU(). All four routines -Use -global variables. 
These global variables al I start with DE and are in capital 
letters. These variables are initialized at program load time. 
So if you change variables using the menu option, these changes 
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are permanent and wi I I be used when the automatic test is cal led. 
The seed value for the random number generation 1s one of the 
global variables. 

3.7 USER GUIDE 

The routine DE TEST can be cal led in the following modes : 

o GO ON ERR : An internal buffer is fi I led with random - -hi ts (20 hi ts in even and 60 hi ts in odd I ocat ion) . The 
buffer is organized to reflect the ring buffer located 
in the DE (0 .. 255). The TSM memory is filled and the 
TSM transfers to the DE started. The readout loops over 
al I trigger addresses, reads the encoded hits via the 
TSM and compares it with the generated list of hits. 
The program does not stop if an error occurs. No error 
messages are printed. The return value is the number of 
errors detected. The internal loop counter is set to 
10. At every iteration, new random hits are generated. 

o STOP_ON_ERR The steps are the same as above, but if 
an error occurs, the program will return with a non zero 
return value, after the first attempt to read an event 
at trigger address 1. No error messages are printed. 

o GET MENU ON ERR Instead of returning with a non 
zero return value after detecting an error, the program 
calls the Menu and waits for commands. 

o GET MENU : In this mode, the Menu is cal led. No 
actTOns are taken. So the buffer is still empty and no 
FASTBUS operations are performed. The user has full 
control over the sequence of operations. Error messages 
will be displayed. 

3.7.1 Error Messages 

Errors can occur during FASTBUS operations, verification of 
buffer contents and comparing the predicted hit list with the one 
received from the TSM. 

Errors during FASTBUS operations are reported only if the 
routine 1s cal led in the mode GET MENU. If verifying the TSM 
contents gives an error, the local buffer is printed together 
with the data received from the TSM. If an error 1s detected 
during readout, the fol lowing error information is given 

DE ERROR : 1, ITERATION : 1, DE_NHIT : 86, LOOP : O 
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byte F E D C B A 9 8 7 6 5 4 3 2 1 O 
PBA (000) 5b01000a0a0802200000103940002000 

TA (001) : 31c8bflbfffffedf83c0lffa40f8bfe4 
DE EXP I DE EXP I DE EXP I DE EXP I DE EXP DE EXP 
yif yif I yif yif I yif yif I yif yif I yif yif I yif yif 

* 000 020 * 000 050 * 000 060 * 000 070 * 000 100 * 000 110 
* 000 120 * 000 130 * 000 140 * 000 151 * 000 170 * 000 230 
* 000 240 * 000 250 * 000 260 * 000 270 * 000 361 * 000 401 
* 000 410 * 000 431 * 000 441 * 000 451 * 000 460 * 000 470 
* 000 500 * 000 510 * 000 520 * 000 530 * 000 541 * 000 660 
* 000 670 * 000 700 * 000 710 * 000 770 * 000 800 * 000 810 
* 000 820 * 000 830 * 000 840 * 000 851 * 000 860 * 000 870 
* 000 911 * 000 920 * 000 930 * 000 940 * 000 950 * 000 960 
* 000 970 * 000 aOO * 000 alO * 000 a20 * 000 a31 * 000 a40 
* 000 a50 * 000 a60 * 000 a70 * 000 bOO * 000 bll * 000 b20 
* 000 b31 * 000 b40 * 000 b50 * 000 b60 * 000 b70 * 000 cOO 
* 000 ell * 000 c31 * 000 c40 * 000 dOO * 000 dlO * 000 d20 
* 000 d30.• 000 d40 * 000 d50 * 000 d70 * 000 eOl * 000 e30 
* 000 e60 * 000 e70 * 000 fOl * 000 fll * 000 f31 * 000 f41 
* 000 f 50 * 000 f61 

PBA Previous Bucket Address 
TA Trigger Address 
DE data received from the TSM 
EXP data expected 
f RF flag (Previous Bucket Flag) 
y Byte number (0 .. f) 

Bit number (0 .. 7) 

(The star indicates that this hit was not found in the received list) 

The current implementation verifies, that al I hits predicted 
are actually present in the received hit list. It will flag 
extra hits too. 

3.7.2 MAIN MENU 

*****WARNING : Buffer not filled***** : use I) first 
----- DE/TSM Test Menu -----

a) Set Readout delay (0 [msec]) 
b) Initialize TSM, fi I I event memory and verify 
c) Select Trigger Address (1) and read 
d) Loop over all trigger addresses 
e) Random f i I I and loop over al I trigger addresses 
f) Set maximum error count (10) 
g) Set number of hits (even:20,odd:60) and fi II buffer 
h) Print this text i) Read buffer from file 
j) Write buffer to file k) Accept hits from PBA (T) 
I) Generate new random buffer and do b 
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m) Set loop counter for c,d and e (10) 
n) Modify buffer o) Print buffer contents 
p} Toggel menu print out q) FIFO block transfer enable (T) 
r) Print Error Buffer s) Clear Error Buffer 
t) Set Trigger Address Correction (O) 
u) Clear Write v) Verify TSM memory 
z) Scramble buffer(S->J) w) Unscramble buffer (J->S) 
x) Exit Test (Last Iteration count : O, Errors 0) 

Enter command ( HELP : h ) : 

3.7.2.1 Item A) -

You can introduce a delay between iterations. 

3.7.2.2 Item 8) -

TSM FILL in TSMF is cal led. Reset TSM, copy the event 
buffer t-0--the TSM and read the buffer back in order to verify it. 
Only the processor control led block transfers are used. If the 
block transfer via the FIFO is enabled, it wi II be disabled 
before reading and enabled after reading. 

3.7.2.3 Item C) -

You can select a specific trigger address and the encbded 
hit data wil I be compared to the predicted list of hits. The 
number of times this operation is executed can be set in item m). 
The loop can be interrupted by pressing any key of the kerboard. 

3.7.2.4 Item D) -

Similar to c), but the routine loops over all trigger 
addresses, starting with 1 and ending with 0. The number of 
times this operation is executed, can be set in item m). The 
loop can be interrupted by pressing any key of the keyboard. 

3.7.2.5 Item E) -

The buffer is f i I led with a random pattern. The number of 
hits can be selected in item g). The program loops over all 
trigger addresses. After each loop, the buffer 1s filled with 
new random hits. 
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3.7.2.6 Item F) -

Set the maximum number of errors. The program wi I I stop if 
the number of errors reaches this maximum. 

3.7.2.7 Item G) -

Set the number of hits for random fi I ling. The number of 
hits for even addresses and odd addresses seperately will be set, 
the buffer f i I led and copied to the TSM. 

3.7.2.8 Item H) -

The menu 1s printed. 

3.7.2.9 Item I) -

Instead of filling buffers with random numbers or specific 
patterns, you can read a prepared buffer from a file. This is 
only useful, if the program runs on the VAX, communicating with 
the FSCC via Remote Procedure Execution (RPX). When running on 
the FSCC, the input wi I I be via the serial line. 

3.7.2.10 Item J) -

Writes the current buffer to a file. See Item i) 

3.7.2.11 Item K) -

This determins, whether hits in the previous bucket (trigger 
address - 1) will be accepted for the generation of the hit data. 
Jumpers on the DE must be set accordingly. By default hits in 
the previous bucket wi I I be accepted. 

3.7.2.12 Item L) -

Generate new random buffer, fi I I the TSM and verify. 
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3.7.2.13 Item M) -

Set the outer loop counter for c), d) and e). If a key on 
the keyboard is pressed, the loop is aborted. 

3.7.2.14 Item N) -

This option calls a submenu for the fi I ling of the buffer. 
This submenu is part of the package BUFFER.C. 

0 f i II selected position 
1 f i 11 with row of pattern 
2 f i II with 5555 ... 

AAAA •.. 
3 f i II with FFFF ... 

0000 ... 
4 f i II with PC counter -fixed- pattern 
5 f i II with PC counter -running- pattern 
6 f i II with random pattern 
7 f i 11 with repeated N raw pattern 

LLLL. .. 
wwww ... 
KKKK ..• 

8 display selected positions 
99 exit 

3.7.2.15 Item 0) -

Output the contents of the buffer at a certain address. 

3.7.2.16 Item P) -

En/disable the printout of the menu. 

3.7.2.17 Item Q) -

Change the FASTBUS environment to en/disable the block 
transfer read via the FSCC f ifo. Block transfers via the FIFO 
are enabled by default. 
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3.7.2.18 Item R) -

Print the error buffer. A circular buffer accumulates the 
last 20 data errors. 

Error : 1 , 
byte 
PBA (000) 

TA (001) 

Error : 0 , 
byte 
PBA (000) 

TA (000) 

Iteration : 1 , NHIT : 86 
F E D C B A 9 8 7 6 5 4 3 2 1 O 

: 5b01000a0a0802200000103940002000 
: 31c8bflbfffffedf83c01ffa40f8bfe4 

Iteration : 0 , NHIT : 0 
F E D C B A 9 8 7 6 5 4 3 2 1 O 

00000000000000000000000000000000 
: 00000000000000000000000000000000 

3.7.2.19 Item S) -

Clear the error buffer. 

3.7.2.20 Item T) -

Define an offset from the selected trigger address, which 
wi II be subtracted from the trigger address and sent to the TSM. 
This al lows for non synchronized transfers of hits to the DE. 

3.7.2.21 Item X) -

Exit the menu and return to the main program. 

3.7.2.22 Typical Session -

The following is a typical sequence of events, which as 
necessary to do the test manually with random hits: 

~ Set readout delay a) 

o Set maximum number of errors f) 

o Set maximum loop count m) 

o Set number of hits g) 
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o Start readout loop e) 

The test wi II be aborted in the fol lowing cases: 

- The maximum loop count is reached 

- The maximum error count is reached 

- The user hits a key on the keyboard 
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CHAPTER 4 

SEQUENCER SINGLE BOARD TEST 

4.1 INTRODUCTION 

The testing of the Sequencer is broken into three separate 
types of test. The initial low level test are simple peek and 
poke at FASTBUS registers to fix miswires or broken parts. The 
second set of test verify that the module works without errors 
for extended periods, that is test that loop and compare data. 
The third set of test are high level tests which involve system 
integration. These last test require that most of the hardware 
1s working and that system test modules are present and working. 

The following test are available as low level tests and as 
tests with looping and compare of data. The final higher level 
system tests are not described in this document. 

4.2 TEST HARDWARE SETUP 

The Sequencer stand alone test which are described here 
require that a sequencer test module be present and working. The 
Sequencer test module is composed of two parts. 

4.2.1 Sequencer Fastbus Test Card 

This card resides in a Fastbus slot and emulates the MTC 
interface for the sequencer and also provides control switches to 
control the auxiliary cards emulation of the Delay encoder. 

Switches are present which select the start and stop strip 
pattern for generation of events. 4 switches to select a start 
pattern number and 4 switches to select a stop pattern number. 
There are also 12 switches which enable/disable which delay 
encoder channels wi I I have hits. There is a set of 6 switches to 
select the event size. The last set of 8 switches selects the 
event address. 
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There are buttons to generate sync errors, reset, manual or 
automatic address valid, write enable, sync, and a reset of the 
test card. 

There are led for 

1. ERR TO MTC. indicates that the sequencer has set the 
error signal. 

2. WR ENBL. indicates that the sequencer has received and 
sent the write enable. 

3. SYNC. indicates that the sequencer has received and 
sent the sync signal. 

4. Reset. indicates that the sequencer has received and 
sent the reset signal. 

5. ADR VAL. indicates that the sequencer had received and 
sent the address val id signal. 

6. +5 power and -5 power. indicate presence of power to 
test card. 

7. Error count. is a count of errors detected by the auto 
test hardware. 

8. TEST count. is a count of transfers completed with or 
without errors. 

4.2.2 Sequencer Auxiliary Test Card 

This card resides on the SSD aux backplane. It received 
power from the backplane as well as from a cable to the fastbus 
backplane. This card emulates 12 delay encoders and also test 
the auxi I iary interface. (See attachment for more detailed 
description.) 

4.2.3 Cables 

There are 5 cables which must be connected before testing 
can begin. 

1. CLK 53MHZ. This is generated by the FASTBUS test card 
and a cable must be connected between the 53MCLK lemo of 
the test card and the 53MCLK lemo of the Sequencer. 
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2. SYNC. This signal is generated by the FASTBUS test card 
and a cable must be connected between the SYNC lemo of 
the test card and the SYNC lemo of the Sequencer. 

3. MTC interface 34pin ribbon. This cable must connect 
between the FASTBUS test card and the Sequencer. It has 
all the signals which are normally generated by the MTC. 
(ie. ev adr(0:7), Write enable, address valid, reset, 
... ) -

4. Test card interface. This 40 pin ribbon connects 
control signals and status between the FASTBUS test card 
and the Auxi I iary test card. 

5. Aux power. This cable provides additional power for the 
auxiliary test card for the standard fastbus backplane. 

4.3 TEST PROGRAM FILES 

The Sequencer test program is integrated into the SSD single 
board test program. The Sequencer test are part of a program 
SE TEST. 

There are a number of include files which must be present 1n 
SSD DIAG I ibraries. The ones specific to the sequencer are: 

4.3.1 SEERS.H 

This is a definition of the error bit fields which get set 
during the test program operation. They are used to display 
status but are mainly for debugging difficult to understand 
errors. 

4.3.2 SEREG.H 

This is a definition of the sequencer register bit fields. 
Some of the fields are specific for building event data for 
checking errors. The bit field definitions simplify the test 
programs setting and clearing of bits and display of status. 

4.3.3 SEQPAT.H 

This is a 
patterns which 

definition of an array which contains fixed 
are present 1n the sequencer auxiliary test card 
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for generation of delay encoder events. 

4.3.4 CURCON.H 

This is a definition of cursor control bit strings which 
simplify the cursor control commands. 

4.3.5 CURCON.C 

This is a set of basic cursor control commands. 
clear screen and set cursor position.) 

4.4 SEQUENCER ACCES THROUGH SINGLE BOARD TEST MENU 

(i.e. 

Before starting the tests the Sequencer should be located in 
slot 13 (D) 

of the crate. Use the SET PRIMARY ADDRESS option of the 
Single Board TEST (SBT) menu to confirm the address value. 

The sequencer test can be executed in automatic mode or in 
manual test mode. To enter automatic mode the test card switches 
must first be set to enable al I encoder channels and generate 2 
word events with start and stop pattern 0 and 1. Select the SBT 
option for Default test Menu to enter 

auto mode. Set desired mode (ie. stop on error) then 
execute test. If errors occur the test program wi I I return an 
error and stop or go to a test menu or continue. 

To operate in manual mode select the SBT menu option for 
Sequencer menu. 

You wi I I receive the sequencer test menu. 

4.5 SEQUENCER MENU 

----- Sequencer Main Menu 
a) Single Transfer menu 
b) Block Transfer menu 
y) Sequencer Auto test 
g) Sequencer menu 
i) Set loop counter ,se nbr loops 
m) Set Primary Address "{PAD) (hex value: •se_pad) 
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n) SAD (hex value: •se sad) 
r) display read buffer-
s) load write buffer 
w) Map FASTBUS crate 
u) Show or reset Status Summary, TOTAL errors= se ERS total 
x) Exit Program 

Enter se command: 

In response to the prompt select an option by typing the letter 
on the left. The response is not case sensitive. In some cases 
another submenu wi I I be displayed. 

4.5.1 I) Set Loop Counter ,se_nbr_loops 

In the main menu display option I shows the value of 
se nbr loops which is the number of times a test will be 
executed. Select option I and you can change this value. The 
fol lowing prompt wit I be displayed. 

Enter loop value (dee) 

If you type a value of 0 the tests wi I I loop until a key 1s 
pressed to stop them. 

4.5.2 M) Set Primary Address (PAD) (hex Value: •se_pad) 

Main menu option M shows se pad, which is the value of the 
FASTBUS primary address which-wi I I be used for the tests. The 
fol lowing prompt wi I I be displayed. 

Enter PAD (in hex): 

4.5.3 N) SAD (hex Value: •se_sad) 

Option N shows the value of the FASTBUS secondary address 
which wi I I be used or was used. The fol lowing prompt will be 
displayed. 

Enter SAD (in hex): 

4.5.4 A) Single Transfer Menu 

In response to the selection of option 
process_se_single_transfer(se_pad,envid,action) 
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and the fol lowing menu wi I I b displayed. 

----- Single Transfer Menu -----
a) FRO 
b) FWD 
c) FRC 
d) FWC 
n) Print read data after every loop ,print data 
o) Inc SAD after each loop ,inc st sad -
p) Inc write data after each loop -;-inc st data 
x) Exit this menu - -
Enter se command: 

4.5.4.1 A) Single_transfer_read_data -

The FSCC wi II do a FASTBUS read of data space using the 
previously selected FASTBUS primary address (se_pad), secondary 
address (se sad) and wi I I loop for se nbr loop times. The data 
value read will be displayed each -time. The option of 
incrementing data or secondary address toggled by option P or 0 
respectively. 

If errors are detected in the FASTBUS return status the following 
message will be printed if in GET_MENU mode. 

FASTBUS error at PAD: se_pad SAO: se sad 

The fol lowing message wi II be printed with each FRO loop. 

SAD (in hex): se sad Value (in hex): se read data 

4.5.4.2 B) Single_transfer_write_data -

Selecting the FWD option wi II provide the fol lowing prompt. 

Enter data value {in hex): 

The FSCC wi I I do a FASTBUS write to data space using the 
previously selected FASTBUS primary address (se pad), secondary 
address (se sad) and wi I I loop for se nbr loop times. The data 
value you -select wi II be written each-time with the option of 
incrementing data or secondary address selected by option P or 0 
respectively. 

If errors are detected in the FASTBUS return status the following 
message wi I I be printed if in GET_MENU mode. 

FASTBUS error at PAD: se_pad SAO: se sad 
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4.5.4.3 C) Single_transfer_read_control -

The FSCC wi I I do a FASTBUS read. of control space using the 
previously selected FASTBUS primary address (se_pad), secondary 
address (se sad) and wi I I loop for se nbr loop times. The data 
value read wil I be displayed each -time. The option of 
incrementing data or secondary address toggled by option P or 0 
respective I y. 

If errors are detected in the FASTBUS return status the following 
message wi I I be printed if in GET_MENU mode. 

FASTBUS error at PAD: se_pad SAD: se sad 

The fol lowing message wi I I be printed with each FRO loop. 

SAD (in hex): se sad Value (in hex): se read data 

4.5.4.4 B) Single_transfer_write_control -

Selecting the FWC option will provide the following prompt. 

Enter data value (in hex): 

The FSCC wil I do a FASTBUS write to control space using the 
previously selected FASTBUS primary address (se pad), secondary 
address (se sad) and wit I loop for se nbr loop times. The data 
value you -select wi I I be written each-time with the option of 
incrementing data or secondary address selected by option P or 0 
respective I y. 

If errors are detected in the FASTBUS return status the following 
message wi I I be printed if in GET_MENU mode. 

FASTBUS error at PAD: se_pad SAD: se sad 

4.6 U) SHOW STATUS DISPLAY 

Option U in main menu shows se ERS total, which is the total 
errors which have already - occurred. If selected 
STA SUM(action,se pad,envid) wi I I be cal led and the following 
status display wiTI be shown. 

Summary Screen 
PAD: se pad SAD: se sad 
The Executing Test is in Reverse graphic 
se CSROOO tst errors : se ERS 000 
se-CSRCOO-tst errors : se-ERS-COO 
Block Word counter tests,-se_CSRClO_tst errors :se ERS ClO 
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Clock delays tests, se CSRCll tst errors :se ERS Cll 
Overflow status register, se CSRC12 tst errors :-se ERS C12 
Encoder event f ifo, se_ECF_tst errors : se_ERS_ecf- -

read: %x write: ?.x\n",se read data,se write data); 
se data rec: # se ignore-rec:-# se rf-rec: J se ovf rec: # 
Se-strip rec: j Se id rec: f - - - -
Wd-cnt exp: # rec:-# Blk cnt exp: # rec: I 
errors this test: # SubTotal tests i Total data errors: ?.x 
Total errors : se ERS total Total tests : se TOT tst 
on last data error read: se read data write:-se write data 

Do you wish to reset the status? (Y) or (N): 

4.7 W) MAP THE FASTBUS CRATE 

Selecting this option wi I I cal I the fol lowing program. 
map crate(action,se pad,envid). The FSCC wi II sequentially 
address each slot at CSR space with secondary address 0. Only 
response with FASTBUS status FENORM wi II display the following: 

Module with ID: se_read data responds to PAO: *Se_pad 

When complete the FSCC wi I I prompt with: 

Press Q to return to menu 

To this you must type a key followed by return to return to the 
main menu. 

4.8 R) SE_DISPLAY_READ_BUFFER() 

This option wil I display the contents of the read buffer. 
The fol lowing wil I be displayed 

Last buff loc used was : se buff loc 
Enter starting offset (in hex): 

The se buff loc is the last used read 
select-a buff location value to display. 
be printed. 

buffer location. You 
Then the fol lowing wi I I 

%08lx %081x ?.08lx ~081x %081x 

This is a block of values found at the selected buffer locations 
followed by the following prompt. 

Continue? 
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If you type Y the display wi I I again show more values starting at 
the next location. A N response will abort the display and 
return to the main menu. 

4.9 S) SE_LOAD_WRITE_BUFFER() 

Selection of option Swill display the following menu. 

----- Display Menu -----
a) Clear write buffer 
b) load write buffer with bit pattern 
c) load write buffer with ascending integers 
d) load write buffer with long words 
e) Load write buffer with )55555555,AAAAAAAA' 
f) Copy read buffer to write buffer 
w) Display write buffer 
y) Load write buffer with datasel[i] pattern 
h) Load datasel [i] with write buffer pattern 
x) exit 
Enter se command: 

4.9.1 A) Clear Write Buffer 

This option if selected will clear the write buffer from 
location 0 to se buff length as set by the global at beginning of 
the program. - -

4.9.2 B) Load With Bit Pattern 

This option wi I I produce the fol lowing prompt 

Enter bit pattern (in hex): 

The program wi II then fi I I the write buffer from location 0 to 
se_buff_length with the selected pattern. 

4.9.3 C) load Write Buffer With Ascending Integers 

This option wi I I load the write buffer with ascending values 
starting with location 0 with the value 0 unti I se buff length is 
loaded with value se_buff_length. - -
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4.9.4 0) Load Write Buffer With Long Words 

This option wi I I prompt with the fol lowing. 

Starting offset (in hex): 

You select the buff location then the fol lowing is displayed. 

i : se_wrbuff(i) New value (exit with >.>) : 

Where i is the buff location and you select a value or type . to 
terminate this option. If a value other than . is selected the 
next location wi II be displayed and a new value can be entered. 

4.9.5 E) Load Write Buffer With ,55555555,AAAAAAAA, 

Loads the write buffer with the pattern 55555555 to location 
O then AAAAAAAA to location 1 then repeats the sequence unti I 
se_buff _length is reached. 

4.9.6 F) Copy Read Buffer To Write Buffer 

Copies the contents of the read buffer to the write buffer. 

4.9.7 Y) Load Write Buffer With Datasel[i] Pattern 

Loads the write buffer with the dataset pattern which was 
previously set. 

4.9.8 H) Load Datasel[i] With Write Buffer Pattern 

Loads the datasel buffer with the contents of the write 
buffer. The datasel buffer is only a 16 location array which is 
used when checking for expected events. This is meant to 
duplicate the patterns which might be set by hardware test module 
sequences. 

4.9.9 W) Display Write Buffer 

To display the contents of the write buffer select option W. 
The fol lowing wil I be displayed 

Last buff loc used was se buff loc 
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Starting offset (in hex): 

To this you select the buffer location which you wish to display 
and the fol lowing wi I I be displayed 

se_wrbuff[loc],se_wrbuff[loc+l],se_wrbuff[loc+2],se_wrbuff[loc+3] 

After the array of data has been displayed the following prompt 
w i I I be given. 

Continue? 

To this if you type Y more data wi I I be displayed but if you type 
N the routine wi I I be terminated and the program will return to 
the main routine. 

4.10 Y) SEQUENCER AUTO TEST 

This option 1n the main menu wil I call the following 
routine. 

process_seqauto(action,se_pad,envid) 

This routine wil I in turn cal I the fol lowing routines. 

sqt OOO(action,se pad,envid); /* Process CSRO tests */ 
sqt-ClO{action,se-pad,envid); /* Process CSR (0000010 tests 
sqt-Cll{action,se-pad,envid); I• Process CSR COOOOOU 
sqt-C12{action,se-pad,envid); /* Process CSR C0000012 
sqt ecf(action,se:pad,envid); /* Process Encoder f ifo 

4.11 G) SEQUENCER MANUAL TEST 

This option in the main menu wi II cal I the fol lowing 
subroutine. 

process_seqtst(action,se_pad,envid) 

The fol lowing sub menu wil I be displayed. 

----- Sequencer Manual test Menu 
a) Geographic addressing 
b) NTA load and increment 

tests 
tests 
tests 

c) Set start and stop pattern datasel[i],se start pat,se stop pat 
d) Set Val id Delay encoder channels dvs number - - -
f) Set Event data size se ev data size-maxbytes= se_maxbytes 
h) CSRO tests - - -
i) CSR COOOOOOO-COOOOOOB Ram tests 
j) CSR COOOOOlO tests 
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k) CSR COOOOOll tests 
I) CSR C0000012 tests 
m) Encoder f ifo tests 
o) Dump registers 
p) Set ignore error flag 1.x \n",se ignore err 
q) Display error in compare read and write buffers 
x) Exit this menu 
Enter se command: 

4.11.1 A) Geographic Addressing 

Selection of this option wil I cause geographic data space 
addressing of the sequencer to be tested using the address 
selected by se pad. The FASTBUS operation executed wil I be a 
primitive address cycle without a secondary address or a data 
cycle fol lowed by a address cycle release if an AK was returned. 
The test wi I I loop depending upon se nbr loop. The following 
messages wi I I be printed if there are fastbus errors. 

FASTBUS error at PAD: se_pad 

If there is an error in the release of the FASTBUS the following 
message wi II be printed. 

FASTBUS address release error at PAD: se_pad 

4.11.2 B) NTA Load And Increment 

This test wi I I address the module at se pad and perform a 
secondary address write fol lowed by a secondary address read. 
When errors are found the fol lowing message wil I be printed. 

FASTBUS error at PAD: se_pad SAD: se sad 

If the value read is not the value written to the NTA then the 
fol lowing message wi II be printed. 

Bad NTA error at PAD: se_pad SAO: se sad Read: se_bufspec 

4.11.3 C) Set Start And Stop Pattern 
Datasel [i],se_start_pat,se_stop_pat 

This option will al low you to change the value of the start 
and stop test pattern for the strip field when checking for 
events in the ECF test routine. The fol lowing messages will be 
printed. 
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Starting pattern address (in hex): 

Stop pattern address (in hex): 

The normal response to these prompts is the switch setting of the 
Sequencer FASTBUS test card for the respective settings of start 
and stop pattern. 

4.11.4 D) Set Valid Delay Encoder Channels Dvs_number 

If selected this option wil I prompt for which encoder 
channels are enabled. This data wil I be used when checking 
incoming events for the correct data. The normal response to the 
prompt is the setting of the Sequencer FASTBUS test card setting 
for the individual channel enables 12 switches or values 0 to 
4096. Each bit position is a separate channel enable. The 
prompt received is as fol lows. 

Set encoded Valid Delay encoder channels: 

4.11.5 F) Set Event Data 
Se_maxbytes 

Size Se ev data size Maxbytes= 

To set the size of the expected event select option F. The 
fol lowing prompt wil I be displayed. 

Set Delay encoder event size: 

The response should be the same setting as 1s on the Sequencer 
FASTBUS test card switch for event size. It is a byte count of 
each of the expected Delay encoder channels. Each channel will 
have the same byte count. Only one value wil I be expected. 
Total event size and byte count wi I I be calculate using this 
number with the number of channels enabled and ignore words. 

4.11.6 H) CSRO Tests 

When option H is selected the fol lowing sub test wi II be 
executed. int sqt OOO(action,se pad,envid) This test will read 
and write patterns to the val id bits of CSRO and check if errors 
occur. If an error occurs the int se erinc(action,se pad,envid) 
subprogram wi II be cal led to increment-the error count- and then 
the fol lowing display programs wi I I be cal led. 

int se display subtest(action,se pad,envid) Which will print the 
fol lowTng message to the screen at a fixed screen tine. 
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errors this test: # SubTotal tests se_sub_TOT_tst: # 

int se display(action,se pad,envid) .Wi I I then ·be called and the 
status-summary of STA_SUM(action,se_pad,envid) wi I I be displayed. 
The test wi I I then terminate by calling int 
se_endtest(action,se_pad,envid) and prompting withe the 
following: 

Press return to exit: 

To this prompt a key must be pressed followed by a return and the 
program wi I I then return to the sequencer manual test sub menu. 

4.11.7 I) CSR COOOOOOO-COOOOOOB Ram Tests 

This test wi II execute as above in test H with the exception 
that tests wi I I be performed on the CSRC locations of the 
Sequencer. By calling the int sqt_COO(action,se_pad,envid) test 
program. 

4.11.8 J) CSR COOOOOlO Tests 

This test wi I I execute as above in test H with the exception 
that tests wi I I be performed on the CSRC-10 locations of the 
Sequencer. By calling the int sqt_ClO(action,se_pad,envid) test 
program. 

4.11.9 K) CSR COOOOOll Tests 

This test wi I I execute as above in test H with the exception 
that tests wi I I be performed on the CSRC-11 locations of the 
Sequencer. By calling the int sqt_Cll(action,se_pad,envid} test 
program. 

4.11.10 L) CSR C0000012 Tests 

This test wi II execute as above in test H with the exception 
that tests wi I I be performed on the CSRC-12 locations of the 
Sequencer. By calling the int sqt_C12(action,se_pad,envid} test 
program. 
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4.11.11 M) Encoder Fifo Tests 

This test wi II execute as above in test H with the following 
exceptions. The tests wi II be performed on the data space O 
locations of the Sequencer. The program cal led wi I I be int 
sqt_ecf (action,se_pad,envid). This routine must be set up if not 
in Stop_on_err mode or Get_menu_on_err mode. The setup 
information comes from responses to prompts in this section of 
the program and those previously selected for configuring the 
event. The Sequencer FASTBUS test card and the Sequencer Aux 
test cards must be attached or these test might be confusing. 
The fol lowing prompt wil I be typed. 

Do you want to reset the Sequencer (Y) : 

If Y is selected routine int sqt rst(action,se pad,envid) will be 
cal led and the bit 30 (reset) wi II be set and written to CSRO 
of the sequencer at se pad. If not selected Y then be careful 
about how the previous-values of CSR registers were set. 

Then the fol lowing wi I I be printed. 

Read event with single word transfers (Y) 

The program can read the Sequencer event data 1n block transfer 
mode or single transfers based upon this response. 

After the above responses have been made the 
cal I the sqt ecf buff (action,se pad,envid) 
prompt for the-folTowing. -

program wi II then 
routine which will 

Do you wish to load ID ram with incrementing pattern? (Y) or (N): 

This wi I I load the ID ram of the Sequencer if Y is selected. 

Do you wish to set the RF flag? (Y) or (N): 

This wi I I set the RF flag in the expected event if Y is selected. 

Do you wish to disable the aux f ifo? (Y) or (N): 

Do you wish to disable the FASTBUS fifo? (Y) or (N): 

The enable bits of the Sequencer buffers wi I I be set depending on 
the response to the above prompts. 

Events will now be read, when ready press G for go: 

When ready to start taking events press G return. The test card 
s.hou Id at this ti me be armed and data sent to the Sequencer. 
Pressing G wi I I cause the program to read the Sequencer for the 
expected events and compare the data cal I ing normal routines as 
in the previous routine H. That is status wi I I be displayed with 
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error checking. 

4.11.12 0) Dump Registers 

An additional status display is present which shows the 
registers. The option causes int sqt_dr(action,se_pad,envid) to 
be cal led which wi I I read each register and display the status in 
the following format. 

Sequencer Register dump 

CSRO errs: wr: # rd: # cmp: # 
CSRCOO errs: wr: # rd: f cmp: # 
CSRClO errs: wr: # rd: # cmp: # 
CSRCll errs: wr: # rd: # cmp: # 
CSRC12 errs: wr: # rd: # cmp: f 

CSRO : ID: # OT: # FEF: # AIF: 

CSRlO Blockcount: # Wordcount: 

CSRll Clkl delay: # Cl k2 delay: 

CSR12 Sync err: # Encoder f ifo 

Valid Delay encoder channels# 

# 

# 

# 

overflow: 

start and stop pattern datasel[i] #, i 

Event data size: # maxbytes: # maxwds: # 
Fastbus status: 

# 

The fol lowing prompt wi I I then be given to select more event data 
display. 

Display event info Y ? 

If Y is the response then the following will be typed. 

se ev idbuf: 
- - se_ev_idbuf[i],se_ev_idbuf[i+l],se_ev_idbuf[i+2],se_ev_idbuf[i+3]); 

se event data.bit: FLAG: se event data.bit.flag 
SE-EVENIOATA.bit: ID: # -. strip: # , RF: i 
se-event-data.word: se event data.word 
se-event-last.bit.blockcount'7 se event last.bit.blockcount 

press key to return 

In response to the prompt a key press fol lowed by return must be 
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pressed. 

4.11.13 P) Set Ignore Error Flag ,se_ignore_err 

Wi I I prompt with the fol lowing. 

Do you wish to ignore all errors? 

If you answer Y the ignore errors wil I be selected and much 
display information wil I not be displayed errors will not be 
checked in sub programs. If you answer N then error checking 
wi I I again be enabled. 

4.11.14 Q) Display Error In Compare Read And Write Buffers 

This routine wi I I compare the read and write buffers for 
differences and display those differences. It wi II prompt of the 
starting location in the buffers to compare. 

Starting offset (in hex): 

Then it wi I I display the data in the fol lowing format. 

loc: i read: se_rdbuff[i] write: se_wrbuff [i] 

After displaying a group of differences it wil I prompt 

Continue? 

A response of Y return wil I cause more compares to be done until 
al I the buffer has be compared. Then the only valid response 
wi I I be a N return. 

4.12 B) BLOCK TRANSFERS 

Selection of this main menu option wi II cause 
process se block transfer(se pad,envid,action) subprogram 
cal led and-the following subiiienu to be displayed. 

----- Block Transfer Menu -----
a) FRDB 
b) FWDB 

the 
to be 

g) FIFO read enabled (~c) COPYEN (~c)\n",fifo read,coen 
h) PIPEiined read enabled (%c) : %d nsec\n",plpe read,pipe time 
i) Get number of bytes transferred (%d) \n",number of bytes 
j) Reset FIFOs - -
I) Reset FIFOs in each loop (%c)\n",fifo_reset 
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o) EOBINT enabled (~c)\n",eoen 
p) Number of long words to transfer (dee value: ~d)\n",se maxwds 
n) Print read data after every loop (~c)\n",print_data -
x) Exit this menu 

Enter se command: 

4.12.1 A) FRDB 

Wi I I initiate a 
se nbr loop times. 
follows. 

block transfer loop which wil I repeat 
if errors occur they wi II be displayed as 

FASTBUS error at PAD: se_pad SAD: se_sad 

Return data wi II be displayed if enabled by option N. with 
format: 

PAD se_pad SAD se sad 

loc: i read: se_rdb~ff [i] 

When the test loops are complete the fol lowing prompt wi I I be 
displayed. 

Continue? 

The only val id response is a key press fol lowed by a return. 

4.12.2 I) Get Number Of Bytes Transferred 

Wi I I display the number of bytes transfered in the last 
command. 

Number of Bytes transferred number_of_bytes 

4.12.3 P) Process "set Number Of Words To Transfer" Commands 

Sets the number of words to transfer in the block transfer 
command. 

Enter maximum number of long words to transfer (in decimal): 

4-18 



-SEQUENCER SINGLE BOARD TEST 

4.12.4 G) Process FIFO Command 

Wi I I select use of FIFO in FSCC and set copy flag for data 
compare. 

Copy enabled (T/F) : 

4.12.5 H) Process PIPE Command 

Wi I I select the pipeline transfer option for block transfers 
and set the speed parameter. 

pipelined read (100/200/400) nsec: 

For further information, please contact: 

M. Larwil I, B. Demaat 
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CHAPTER 5 

MTC SINGLE BOARD TEST 

5.1 TEST DEFINITION 

5.1.1 Modes Of Operation (Ref. MTC HARDWARE DISCRIPTION, 
October 19, 1990 ) 

1. Test : External trigger requests are disregarded , 
triggers are generated by software ( FB triggers). 
Write counter is shut down and the read address 1s 
control led by the trigger offset ( 0 - trig. offset ) 
Wait is always set in this mode. 

2. Calibration : Each external trigger generates N ( 
switch setable ) consecutive read addresses. Address 
valid is generated independent of the presence of any 
error 

3. Run : Each external trigger generates a read address, 
which is stored in the FIFO if D/E READY is not present. 
The FIFO depth is programmable and WAIT is set if the 
number of FIFO stages is greater equal than that. If 
more triggers occur then FIFO OVERFLOW ERROR wi 11 be 
generated. If the read address ( obtained by adding the 
offset determined by the calibration procedure to the 
reference D/E write counter of the MTC ) is close by a 
programmable amount to the current write address in the 
O/Es a MEMORY OVERWRITE ERROR wi II be issued. Any of 
the above errors, or TRIGGER PHASE and DE errors will 
stop external triggers and FIFO reads ( addr valid) 
until it is cleared 

5.2 FEATURES OF THE MODULE THAT ARE TESTED 
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1. Fastbus interface 

2. Fifo read address 

3. Fifo overflow 

4. Clock phase adjustment 

5. Memory overwrite 

6. Wait 

7. Calibration 

5.3 HARDWARE REQUIREMENTS 

A standard Fastbus crate for the MTC and a standard NIM 
crate for the MTC test module. The test module provides the 
clock input and the external trigger input for the MTC. Since 
there are no external readings durring the test, the module wi II 
issue a Memory Overwrite Error after (256 - Memory window set ) 
clock cycles. The external trigger rate from the test module was 
choosen to be 1/6 clock cycles in order to fire enough triggers 
to test the whole FIFO depth before the error is issued. The 
triggers from the test module are inhibited with the WAIT output 
of the MTC , to prevent FIFO overflow error. The phase of the 
trigger must be adjusted to be synchronized with respect to te 
clock This is done in the following way : the front pannel 
provides a trigger monitor and a trigger window signals (NIM ). 
The possition of the leading edge of the trigger signal must be 
set in the middle of the trigger window delaying the external 
trigger with respect to the clock. Also, the window width can be 
adjusted from the front pannel switch . A working module should 
not issue a trigger phase error (front pannel led) when the write 
enable is set if the phase is properly adjusted ( the write 
enable must be set to see a trigger phase error). 

No more front panel connections are required and the presence 

of an ENCODER READY from the ribbon cable connector wi II cause 

the test to fail. 
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Test module MTC 

I CI ock I I 
1------------------>I I 
I I I 
I Trigger I I 
1------------------>1 I 

I I I I 
ITriggerl Wait I I 
IInhibitl<------------------1 I 

5.4 TEST DESCRIPTION. 

According to a) , b) , c) the test procedures are defined 

1. Fastbus interface : Write and read to (from) CSR10 -
CSR13 set and reset flags ( bits ) and read statuses of 
CSRO. 

2. Fifo read address 

3. Fifo overflow 

Reset 
Error flag reset 
Test mode 
Write enable 
Trigger address offset to 256 - N 
FB trigger 
FB encoder ready 
Read CSRlO 
Compare 
Reset 

Reset 
Error flag reset 
Test mode 
Write enable 
Set trigger pipeline depth to 7 
While not overflow 

Set trigger address offset 
FB trigger 

End While 
Check number of triggers generated 
Leap on trigger number 
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End Loop 
Reset 

4. Clock phase adjustment Adjust clock phase and delay 
the trigger over a range of values , checking for 
trigger phase error ( only in manual test , for 
automatic tests make sure that trigger remains in sync ) 

5. Memory Overwrite : 
Reset 
Error flag Reset 
Test mode 
Write Enable 
Loop on the 255 possible read addresses 

Error flag Reset 
Set trigger address offset 
Assert FB trigger 
Check Memory Overflow 
If not when address agrees with the Dip Switch 

report it 
Assert FB trigger 
Read and compare address 

End Loop 
Reset 

Here you have to set the switch to the hardcoded value 8 
( see last MTC TESTS section ) or you can change the 
default during the initial I ization time , to agree with 
your set value. 

6. Wait : 

7. Ca Ii brate 

Reset 
Error flag reset 
Loop over f ifo depth 

Set f ifo depth 
Set write enable 
Loop unti I wait or error or timeout 
When wait or error triggers(external) are inhibited 
Set test mode 
Assert Fb encoder ready unti I f ifo is empty 
Compare with depth or if error report 

End Loop 
Reset 

Reset 
Error flag reset 
Set trigger pipeline to 1 so wait will inhibit al I 

but the first external trigger 
Set calibration 
Set Write enable 
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Loop unti I Wait 
Set Test mode 
Loop 
Assert Fb encoder ready 
Fi I I array 
Break if f ifo empty 

End Loop 
Compare and check array, report errors 
Reset 

Test mode is required when reading back external triggers in Run 
mode in order to prevent the blocking of addr valid due to Memory 
overwite error. For the same reason Reset -is required after 
every test completion. For every FB write the corresponding read 
is performed in order to check the FB interface. During the 
initial I ization the parameters that correspond to dip switches ( 
memory overwrite window, number of calibration triggers ) must 
be matched with the hardware values, from the main menu ( option 
d ) . 

Also depending on the mode of operation ( interactive or auto ) 
you can ( or cannot in auto ) alter the values of the parameter 
of each test ( i .e trigger offset, pipeline depth) , to run on 
your prefered values. 

5.5 SOFTWARE DESCRIPTION 

MTC TEST.C program compiles ,links and runs with the 
standard SSD procedures , under the control of SSD MAIN MENU , 
either on the VAX or on the 68020 of the FSCC ( FNSSDl node ). 
The interface with SSD MENU is via a cal I to the function : 
mtc test(•primary address-:-•envid,•action) where action is defined 
according to the SSD standard ( section 1.3.11 ) I so you can 
either cal I the ful I test or the main menu of the test. The 
function returns the longword MTC er log.word , which is defined 
in the include file ssd diagSlibrary:mtcdefn.h (== PASS when 
everything is fine) -

MTC_er_log; 

Bits O - 11 

Error Flag 
Write Enable 
Calibration Mode 
Test Mode 
Fifo Pipeline Depth 
Trigger Address Offset 
Clock 
Fifo Read Address procedure 
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Fifo Overflow procedure 
Calibration procedure 
Wait procedure 
Memory Overwrite procedure 

5.5.1 Program Structure 

There are 4 different types of functions according to the 
task they perform : 

1. Single action 

2. Test procedure 

3. Menu 

4. Display and error log. 

The single action functions perform al I the operations that are 
provided from the Fastbus Interface In each of them succesful I 
completion is checked and a status is returned. In the test 
procedure functions the previous category functions are combined 
to perform the different module tests The full test calls 
sequentially the test procedures and does the error loging. 

The menus (see Appendix ),give the capabi II ity to perform each 
test individually , if you enter mtc test in menu driven mode, 
either interactively (step by step) or in a loop using the 
standard features of 550 DIAG , stop or continue on error and log 
the errors. 

The error log (and the corresponding display function) provides 
information in two levels :There is an error word bitf ield that 
has a bit set corresponding to every error that occures in each 
single action and a bit set for each test procedure error , then 
there are counters for each register and for every test procedure 
that give the multiplicity of each error . 
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SSD MENU ------> FULL_TEST ( EXTERNAL LOOP from SSD_MENU ) 

I 
I 

\ I 

MTC_MENU ------->Loop on function (or perform full test 1 

with i ntern'a I - I oop) 
I I ---- Error log 
I I 
I ----> 
I 

Interactive menu 

I I \ 
\ I I \ 

I \ 
change display 

defaults 
I 
I 

\ / Test menus 

Single action menu 

5.5.2 Mode Description 

The differnt modes of operation 1n the menu driven run of 
the test are ===> 

1. LOOP mode 

You can choose to run the ful I test or any single 
t~sk test in an infinite loop (until CR 1s pressed) or 
specifying the number of repetitions , aborting or 
continuing on error. Also for checking the output 
signals exists an infinite loop of setting and resetting 
particular bits on each register. 

2. Interactive mode : 

You can run each test step by step specifying the 
conditions by answering the on screen questions and 
having the status of the module after each action on 
screen. If an error occures the control is passed to 
the FASTBUS interface menu.There is also the option of 
selecting a single action to activate , which gives the 
possibility to combine them to perform a test different 
from the defaults. 

In each of the interactive submenus reset module ,reset 
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error flag and display register values items are 
provided. 

5.6 SUMMARY - DEFAULT SETTINGS 

A users application can cal I mtc test via the standard 
Single Board Test action flags either-to run the ful I test and 
decide pass or fail from the return value of the function or to 
enter it in the menu driven mode . 

There are two parameters that must be matched in the software 
with the corresponding hardware values ( switch setable) 

1) The memory window ( MEMSW) -- default value 8 

2) N~mber of triggers from calibration -- default 3 

This values can be changed via the main menu item d) or one can 
set them on the module to the hardcoded software values via the 
dip switces. 
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TYPICAL SESSION WITH MTC TEST PROGRAM IN MENU DRIVEN MODE 

After setting the MTC primary address in the top level menu 
and cal I ing MTC TEST in the mode GET~MENU, a typical test 
sesson could look~like the fol lowing 

----- Main Menue ----
e) Expert actions 
d) Display and change defaults 
a) Full test (1 time) 
I) Loop on function 
s) Check signals 
i) Display error summary 
c) Clear error summary and reset 
g) Registers display 
r) Reset module 
t) Reset error flags 
x) Exit Program 

Enter command: d 

default MEMSW is : 8 
do you want to change it (1) 

default total f ifo counts are 9 
do you want to change it (1) 

default wait set offs is : 1 
do.you want to change it (1) 

default extra trig is : 0 
do you want to change it (1) 

default calibration length is 3 
do you want to change it (1) 

----- Main Menue ----
e) Expert actions 
d) Display and change defaults 
a) Full test (1 time) 
I) Loop Dn function 
s) Check signals 
i) Di sp I ay. error summary 
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c) Clear error summary and reset 
g) Registers display 
r) Reset module 
t) Reset error flags 
x) Exit Program 

Enter command: I 

ERRORS are not cleared by default 

--~-- Loop Menue -----
AVAILABLE FUNCTIONS ARE 

fO) Ful I TEST , burning test 
fl) FbiO-test 
f2) FbilT test 
f3) Fbi12-test 
f4) Fbi13-test 
f 5) RA test 
f6) Fifo test 
f7) Calibrate test 
f8) Wait test-
f9) Mem liv test 
x) Ex i t-Menue 

Enter command: fO 

Infinite loop (0) or not (anything else) :0 

Stop on error(O) or continue test(anything else) :0 

----- Loop Menue -----
AVAILABLE FUNCTIONS ARE 

fO) Full TEST, burning test 
fl) Fb iO-test 
f2) Fbill test 
f3) Fbi12-test 
f4) Fbi13-test 
f 5) RA test 
f6) Fifo test 
f 7) Ca I ibrate test 
f8) Wait test-
f9) Mem liv test 
x) Exit-Menue 

Enter command: x 

TEST COMPLETED , NO ERRORS DETECTED 

-----Main Menue ----
e) Expert actions 
d) Display and change defaults 
a) Ful I test (1 time ) 
I) Loop on function 
s) Check signals 
i) Display error summary 
c) Clear error summary and reset 
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g) Registers display 
r) Reset module 
t) Reset error flags 
x) Exit Program 

Enter command: e 

----- Main interactive Menue 
s) Set Primary Address (mtc_pa) (hex value) 
i) Fastbus Interface test menue 
f) Fifo test menue 
c) Cal I ibrate test menue 
p) Clock Phase adjastment menue 
w) Wait test menu 
m) Memory overflow test menue 
a) Individual I action menue 
d) Display register 
r) Reset module 
t) Reset error flag 
x) Exit Menue 

Enter command: r 

Reseting MTC ...... . 
CSRO is set to : la20080 
CSRlO is set to 0 
CSRll 1s set to 11 
CSR12 is set to 1 
CSR13 1s set to lf 

----- Main interactive Menue -----
. s) Set Primary Address (mtc pa) (hex value) 

i) Fastbus Interface test menue 
f) Fifo test menue 
c) Cal I ibrate test menue 
p) Clock Phase adjastment men~e 
w) Wait test menu 
m) Memory overflow test menue 
a) Individual I action menue 
d) Display register 
r) Reset module 
t) Reset error flag 
x) Exit Menue 

Enter command: c 

Set Calibration mode 
CSRO is set to : la200c0 
and so the Calibration mode 1s 1 
Set Write Enable 

Write enable : 1 
Hopefully you are providing an external Trigger input 
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you expect to get back 5 consecutive read addresses 
Read ERROR flag 
CSRO is set to : la208c5 
and so the ERROR flag 1s 1 
Wait bit is : 1 
Test mode set 
TEST mode is : 1 
CSRlO is set to 9 
and so the FIFO read addres is 9 

Generate Fastbus Encoder Ready 
CSRlO is set to : a 
and so the FIFO read addres is a 

Generate Fastbus Encoder Ready 
CSRlO is set to : b 
and so the FIFO read addres is b 

Generate Fastbus Encoder Ready 
CSRlO is set to : c 
and so the FIFO read addres as c 
Reset Calibration mode 
CSRO is set to : la20985 
and so the Calibration mode is 0 

-----Main interactive Menue -----
s) Set Primary Address (mtc pa) (hex value) 
i) Fastbus Interface test menue 
f) Fifo test menue 
c) Cal librate test menue 
p) Clock Phase adjastment menue 
w) Wait test menu 
m) Memory overflow test menue 
a) Individual I action menue 
d) Display register 
r) Reset module 
t) Reset error flag 
x) Exit Menue 

Enter command: w 

Setting trigger address offset to 1 ... 

----- Wait Test Menue -----
1) Loop over preselected values 
i) Manual test 
d) Display register 
r) Reset module 
t) Reset error flag 
x) Exit Menue 

Enter command: r 

Reseting MTC ...... . 
CSRO is set to : la20080 
CSRlO is set to : c 
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CSRll 1s set to 14 
CSR12 1s set to 1 
CSR13 is set to lf 

----- Wait Test Menue -----
1) Loop over preselected values 
i) Manual test 
d) Display register 
r) Reset module 
t) Reset error flag 
x) Exit Menue 

Enter command: i 

Enter Trigger Pipeline Depth (hex 3 bits) 1 

Triger Pipeline depth is : 1 
Set Write Enable 

Write enable : 1 
Read ERROR flag 
CSRO is set to : la20885 
and so the ERROR flag is 1 
Wait bit is : 1 
Test mode set 
Assert first FB encoder ready, check for Fifo Status 

Generate Fastbus Encoder Ready 
Fifo status bit is : l 
Enc ready eq Pipeline Depth+l Fifo must be empty 
Enter 1 to assert another enc ready 0 to stop : 1 

Generate Fastbus Encoder Ready 
Fifo status bit is : 0 
Enc ready eq Pipeline Depth+l Fifo must be empty 
Enter 1 to assert another enc ready 0 to stop : 0 

Test completed 

----- Wait Test Menue -----
1) Loop over preselected values 
i) Manual test 
d) Display register 
r) Reset module 
t) Reset error flag 
x) Exit Menue · 

Enter command: x 

Main interactive Menue 
s) Set Primary Address (mtc pa) (hex value) 
i) Fastbus Interface test menue 
f) Fifo test menue 
c) Call ibrate test menue 
p) Clock Phase adjastment menue 
w) Wait test menu 
m) Memory overflow test menue 
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a) Ind iv i dua I I action menue 
d) Display register 
r) Reset module 
t) Reset error flag 
x) Exit Menue 

Enter command: i 

----- Fastbus Interface Menue 
I) Loop over preselected values 
i) Read Write register 
x) Exit Menue 

Enter command: i 

i) Read module 1 s ID 
c) Check flag setting reseting 
w) Write register (one of CSRlO 11 12 13) 
r) Read register (one of CSRlO 11 12 13) 
d) Display registers 
s) Reset MTC 
x) Exit Menue 

Enter command: c 

e) Check error flag 
w) Check write enable 
c) Check Calibration mode set reset 
t) Check Test mode set reset 
r) Reset module 
f) Write Read FIFO read addres 
p) Write Read Triger Pipeline depth 
a) Write Read Triger addres offset 
k) Check Clock phase adjustement 
d) Display registers 
x) Exit Menue 

Enter command: r 

Reseting MTC ...... . 
CSRO is set to : la20080 
CSRlO 1s set to 16 
CSRll is set to 11 
CSR12 is set to 1 
CSR13 1s set to lf 

e) Check error flag 
w) Check write enable 
c) Check Calibration mode set reset 
t) Check Test mode set reset 
r) Reset module 
f) Write Read FIFO read addres 
p) Write Read Triger Pipeline depth 
a) Write Read Triger addres offset 
k) Check Clock phase adjustement 
d) Display registers 
x) Exit Menue 
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Enter command: c 

Set Calibration mode 
CSRO is set to : la200c0 
and so the Calibration mode 1s 1 
Reset Calibration mode 
CSRO is set to : la20080 
and so the Calibration mode 1s 0 

e) Check error flag 
w) Check write enable 
c) Check Calibration mode set reset 
t) Check Test mode set reset 
r) Reset module 
f) Write Read FIFO read addres 
p) Write Read Triger Pipe! ine depth 
a) Write Read Triger addres offset 
k) Check Clock phase adjustement 
d) Display registers 
x) Exit Menue 

Enter command: x 

i) Read module's ID 
c) Check flag setting reseting 
w) Write register (one of CSRlO 11 12 13) 
r) Read register (one of CSRlO 11 12 13) 
d) Display registers 
s) Reset MTC 
x) Exit Menue 

Enter command: x 

----- Fastbus Interface Menue 
I) Loop over preselected values 
i) Read Write register 
x) Exit Menue 

Enter command: x 

----- Main interactive Menue 
s) Set Primary Address (mtc pa) (hex value) 
i) Fastbus Interface test menue 
f) Fifo test menue 
c) Callibrate test menue 
p) Clock Phase adjastment menue 
w) Wait test menu 
m) Memory overflow test menue 
a) Individual I action menue 
d) Display register 
r) Reset module 
t) Reset error flag 
x) Exit Menue 

Enter command: a 

Action Menue 
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d) Display register 
e) Error Flag 
w) Write Enable 
c) Calibration mode 
s) Start Calibration 
t) Test mode 
f} Fifo address 
p) Trigger pipeline 
a) Trigger address ofset 
I) Clock phase 
i) Read wait 
k} Read Fifo status 
b) Assert FB trigger 
y) Assert FB encoder ready 
r) Reset module 
x) Exit Program 

Enter command: t 

Enter 1 to set anything to reset 
Test mode reset 

----- Action Menue 
d) Display register 
e) Error Flag 
w) Write Enable 
c) Calibration mode 
s) Start Calibration 
t) Test mode 
f) Fifo address 
p) Trigger pipeline 
a) Trigger address ofset 
I) Clock phase 
i) Read wait 
k) Read Fifo status 
b) Assert FB trigger 
y) Assert FB encoder ready 
r) Reset module 
x) Exit Program 

Enter command: x 

----- Main interactive Menue 
s) Set Primary Address (mtc pa) (hex value) 
i) Fastbus Interface test menue 
f) Fifo test menue 
c) Cal librate test menue 
p) Clock Phase adjastment menue 
w) Wait test menu 
m) Memory overflow test menue 
a) Individual I action menue 
d) Display register 
r) Reset module 
t) Reset error flag 
x) Exit Menue 
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Enter command: x 

----- Main Menue 
e) Expert actions 
d) Display and change defaults 
a) Fut I test (1 time ) 
I) Loop on function 
s) Check signals 
i) Display error summary 
c) Clear error summary and reset 
g) Registers display 
r) Reset module 
t) Reset error flags 
x) Exit Program 

Enter command: x 

For further information, please contact: 

Panagiotis 

FNAL: : SPENTZ 
x4250 

Spentzouris 

JNET~6SPA350GRATHUN1" I UOA. 

A.l ABBREVIATIONS 

DE Delay Encoder 

E771 I UOA. 

FSCC FASTBUS Smart Crate Controller 
FSR FASTBUS Standard Routines 
MTC Master Timing Controller 
PC Postamplifier/Comparator 
RPX Remote Procedure Execution 
SE Sequencer 
SSD Silicon Strip Detector 
TSM Test Stand Module 
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CHAPTER 1 

OVERVIEW 

The primary goals of the 55D system diagnostic tests are to 
exercise as of much of the 55D hardware as possible and to 
exercise that hardware in a manner similar to the way it will be 
used in the experimental environment~ The hardware includes a 
FASTBUS crate with SSD backplane, Postamp Comparator module (PC), 
Delay Encoder (DE), Sequencer (SE), and Master Timing Controller 
(MTC). A FSCC is used as the system control and data handling 
device as wel I as the processor running the diagnostic code. 

Various hardware configurations involving test modules are 
used at the front end of the system in the system tests. There 
are three different front end test modules. Each of these 
provides an input to, or substitutes for, the PC module. FASTBUS 
test hardware modules include a Test Stand·Module (TSM), and a 

·Level Shifter Module (LSM). The TSM provides output patterns for 
the DE using the SSD backplane. Alternately, the TSM output can 
be used as input for the LSM module. The LSM then converts the 
TSM output to a level compatible with the front panel inputs of 
the PC. Note that tests using the TSM-L5M test module 
configuration produce results dependent on the TSM-LSM signals, 
which vary slightly from channel to channel in time, slope, and 
amp I itude. An external test device, the Dave Christian's Card 
(DCC), can provide test pattern output directly to the PC inputs. 
A description of the hardware configurations is given in Hardware 
Note 102 (HN102). 

The system test software is organized in a menu driven 
format with a tree structure. Top level menu items are generally 
concerned with FASTBUS environment settings. Lower level menus 
are concerned with either making special test initializations or 
selecting specific tests. Default values for all FASTBUS and 
test parameters are initialized immediately after the diagnostic 
is cal led to al low certain tests to be executed with minimal menu 
interaction. There is a default test provided as a "button test" 
which runs most of the individually selectable tests with default 
parameters. 
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Tests described by this document are meant to verify subsets 
of the total possible SSD system configuration. It is assumed 
that the appropriate single board tests for individual SSD 
modules have been successfully completed before these tests are 
attempted. Although the system tests provide error messages, 
problems should first be isolated by module substitution, and 
later by using single board tests to isolate a hardware fault. 
Because some of the single board tests do not test module I/O 
paths, the system tests may be needed to trouble-shoot an 
indi~idual SSD module. 
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ABBREVIATIONS SUMMARY 

o add - address 

o bkt - bucket 

o cntr - counter 

o corr - correction 

o DCC - Dave Christian>s Card 

o DE - Delay Encoder 

o dee - decimal 

o encdr - encoder 

o [F] - False 

o FSCC - FASTBUS Smart Crate Controller 

o FSR - FASTBUS Standard Routines 

o horiz - horizontal 

o IC - (PC) Individual Channel 

o LSM - Level Shifter Module 

o MTC - Master Timing Controller 

o ovf lw - overflow 

o PAD - FASTBUS Primary address 

o PC - Postampl if ier/Comparator 
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o pin - plane 

o prev - previous 

o RPC - Resistive Plate Counter module (variant of PC) 

o RPX - Remote Procedure Execution 

o SC - (PC) Sum Channel 

o SE/SEQ - Sequencer 

o SSD - Si I icon Strip Detector 

o stats - statistics 

o [T] - True 

o trig - trigger 

o TSM - Test Stand Module 

o vert - vertical 
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CHAPTER 3 

SYSTEM TEST OPERATION FORMATS 

The diagnostic can be run in a variety of ways, but the 
method with the fastest execution speed and most convenience is 
using the ROM version of the code. The ROM version of the 
diagnostic can be installed in FSCC ROM bank 2. (Copies can be 
made of the latest version in release from Computing Department 
master prom set.) If FSCC ROM bank 2 is not available, the 
diagnostic can be downloaded from the SSO OIAGStests product 
directory. (The logical SSD DIAGStests pointing to the SSO tests 
directory is defined by setting up the SSO product with the 
command S SETUP SSD DIAG). Both the ROM version and downloaded 
version of the diagnostic run in FSCC RAM, so execution speed is 
the same. Downloading the diagnostic can take up to 10 minutes 
over a serial I ine, making this method far less convenient than 
using the ROM version. The diagnostic may also be run using 
remote procedure calls, using either the Ethernet or serial front 
panel ports on the FSCC. Although the Ethernet version is 
slightly faster, both methods have relatively slow execution 
speed due to the overhead associated with high numbers of small 
data transfers. Details of using the ROMed version follows. 
Please note that the commands are case insensitive, but are shown 
in capital letters for demonstration purposes. 

3.1 ROM 

The fol lowing sequence of commands copies the diagnostic 
code from FSCC ROM bank 2 to FSCC RAM, and starts the diagnostic. 

{reset the FSCC manually with the front panel reset button} 

S SET HOST/DTE ttnn: 
pROBE> go 40000 
pROBE> gs 
pROBE> go 

(establish serial communications with FSCC) 
(run EPROM to RAM copy program) 
(start pSOS and do other board initializations) 
(start diagnostic) 
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3.2 SERIAL DOWNLOAD 

This command sequence downloads the diagnostic from the 
SSD DIAGStests project area directly to FSCC RAM using the 
PORT_MGR product, and starts the diagnostic. 

$ SETUP PORT MGR (if not done previously) 

S DOWNLOAD SSD DIAGSroot:[tests]ssd diag.abs ttnn: 
$ PTALK ttnn: - (or alternately) -$ SET HOST/DTE ttnn: 
pROBE> gs (start pSOS and do other board initializations) 
pROBE> go (start diagnostic) 

3.3 RPX ETHERNET 

This sequence of commands downloads the server code to the FSCC 
through the serial port and starts the "boss" on a VAX. The 
diagnostic runs as if it were executing on the VAX, and uses the 
Ethernet connection to the FSCC for communications. 

$ SETUP SSD DIAG 
S SETUP PORT MGR 
S SETUP TRMBl:r 

$ SET DEFAULT SSD DIAGSTESTS 
$ Odef rpx 

$ Oboot f scc eth 

S RUN/NODEBUG SSD DIAG 

3.4 RPX SERIAL 

(setup appropriate products) 

{diagnostic and command procedure directory) 
{defines logicals - must be tailored to 

environment) 
{download server code and start boss - starts 

boss with cal I to boss eth.com. Both 
must be tailored to environment) 

{start diagnostic) 

This sequence of commands also downloads the server code to 
the FSCC through the serial port and starts the "boss" on a VAX. 
The diagnostic then runs as if it were executing on the VAX, 
using the serial connection to the FSCC for communications. 

S SETUP SSO DIAG 
S SETUP PORT MGR 
S SETUP TRMBl:r 

S SET DEFAULT SSD DIAGSTESTS 
$ Odef rpx -

$ Oboot f scc 

(setup appropriate products) 

{diagnostic and command procedure directory) 
(defines logicals - must be tailored to 

environment) 
(download server code and start boss - starts 
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S RUN/NOOEBUG SSD_DIAG 

boss with call to boss.com. Both 
must be tailored to environment) 

(start diagnostic) 
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CHAPTER 4 

SYSTEM TEST SOFTWARE HARDWARE CONFIGURATION 

There are four general test configurations used 1n the 
system tests. They are the PC/s injecting test bit patterns, the 
TSM substituting for the PC, the TSM driving the PC through the 
LSM, and the DCC generating fixed pattern input to the PC. The 
only test al lowing for multiple PC/DE pairs is the PC injecting 
bit pattern test. Other tests wi I I typically be run with one of 
each type of SSD module required, appropriate test module/s, and 
the FSCC, al I in the same FASTBUS/SSD crate. Reference HN102 for 
the appropriate hardware test configuration. 
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CHAPTER 5 

SYSTEM TEST SOFTWARE DESCRIPTION 

5.1 MENU STRUCTURE OVERVIEW 

SSD System Test Menu 
I \ 

I \ 
Primary Address menu System test menu 

5.2 MAIN MENU 

I 
I 

System test initialization menu 
I 
I 

Debugging options menu 

The top level menu provides information on the FASTBUS 
environment as well as options to tailor the FASTBUS environment. 
In addition, it provides access to lower level menus, and a means 
to end the test program. Several initializations occur 
automatically as the test is started to reduce the amount of menu 
interaction required. Initializations include those done by menu 
option Initialize FASTBUS, and initialization of the long timer. 
Primary addresses are set assuming one of each type of SSD system 
module. Note that it is not necessary for the system tests to 
have the FSCC arbitrate for bus mastership. Generally, the only 
menu interaction required is to check the Primary address 
initializations and to select the system test submenu. The main 
menu: 
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SSD System Test Menu 
--------~------------------~----------

1) Initialize FASTBUS 
2) Arbitrate (status = unknown) 
3) Release Bus 
4) Set Long Timer (297 usec) 
5) Set Short Timer (1500 usec) 
6) Set Primary Addresses 
7) System test menu 

99) Exit to pROBE 
Enter Command: 

5.2.1 Initialize FASTBUS 

When the SSD System diagnostic is started, the FASTBUS 
environment is automatically initialized by the FASTBUS routines 
cal led by this menu option. Each FASTBUS Standard Routine that 
is part of this initialization is displayed in a banner above the 
top level menu. The initialization creates a FASTBUS environment 
ID that is passed to the module tests, so an error wi II occur if 
this menu option is called more than once before cal ling menu 
option Release Bus. The FASTBUS initialization routines are: 

0 GPMINI - initialize interrupts and internal database 

0 FBOPEN - open FASTBUS routines for use 

0 FCIENV - allocate an environment IO and associated 
storage 

0 FNPALL - al locate FASTBUS port for use 

o FBPSET(EG) set environment parameter to enable 
geograhic addressing 

o FBPSET(COEN) - set environment parameter to enable FSCC 
data FIFO to processor FIFO copy 

o FBPSET(EOBI) - set environment parameter to enable end 
of block interrupt 

5.2.2 Arbitrate 

The menu option shows the current arbitor status of the FSCC, one 
of either "Master", "Slave", or nunknown". If this option is 
chosen, the FSCC tries to arbitrate for bus mastership using the 
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selected arbitration level. It is not necessary for the FSCC to 
be bus master to run these tests. 

5.2.3 Release Bus 

This option wi I I release the bus and delete the current FASTBUS 
environment ID using the fol lowing routines: 

o FRLENV releases system resources, environment ID 
becomes invalid 

o FBCLOS - deasserts any asserted FASTBUS port lines 

5.2.4 Set Long Timer 

The menu option displays the current environment value for the 
long timer. Selecting this option allows the long timer to be 
set to a new value. After selecting menu item Initialize 
FASTBUS, the long timer wi I I always be reset to 5000000 usec. 

5.2.5 Set Short Timer 

Same as above, but the short timer 
disabled. Selecting 1500 enables 
disables the timer. 

5.2.6 Set Primary Address Menu 

can only 
the timer 

be enabled or 
and selecting 0 

Set the primary addresses (slot number) for the SSD modules. The 
submenu ~isplays the current values of the PADs. 

a) Postamp Comparator 
b) TSM 
c) Sequencer 
d) Master Timing Controller 
x) Go back to main menu 

Select module: 

PAD (dee) 
21 
17 
13 
2 

The DE module has no FASTBUS interface, and therefore no PAD. 
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5.2.7 System Test Menu 

In the process of bringing up .the system test menu, an 
initialization is performed to al low the user to bypass the 
system test initialization submenu. The PC PAO displayed in the 
Primary address menu is written out to the SE as the PC>s plane 
ID. Al I other PC plane IDs in the SE are set to zero. See the 
System test menu section for description of tests. 

5.2.8 Exit To PROBE 

In the ROM version, this option will terminate the SSD System 
tests with a pROBE break. 

5.3 SYSTEM TEST MENU 

A fut I description of each System test menu option fol lows. 

a) System test initialization menu 
b) TSM as PC test 
c) PC test counter test 
d) General readout loop 
f) CLKl/DAC scan 
g) PC channel quick tests 
h) PC channel characterization tests 
j) PC crosstalk test 
k) Default system tests 
I) Trigger address scan 
x) Go back to main menu 

Select test: 

5.3.1 System Test Initialization Menu 

Al I tests, with the exception of the General readout loop, are 
setup to use some default values for test parameters. The 
purpose of System test initialization menu options is to allow 
system tests to be run in non-default ways. Although each of 
these menu options are given default values when the diagnostic 
first starts, subsequent changes wit I remain in effect. Each 
test description section contains a section named "Initialization 
Menu Options" that should be checked prior to running a test. 
The menu is logically divided so that menu options are associated 
with their respective SSO module. Additionally, there are 
several options at the end of the menu that are not specifically 
associated with one module. 
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Several FASTBUS operations occur before the system test 
initialization menu scrol Is onto the screen. The operations 
determine the current state (as displayed by the menu) of several 
selectable options for the SE and MTC. A detailed description of 
initialization menu options follows. 

System test initialization menu with default states and options shown: 

PC: 

DE: 

SE: 

MTC: 

1) PC PADs/pln encdr IDs 
3) Running Test Cntr [F] 
5) Set Test Cntr (FE hex) 
7) Set DAC buff er (100 dee) 
9) DAC scan (230, O, -1, F) 

20) Accept prev bkt hit [T] 
22) Set Trig Add Cor (-1 dee) 

30) Reset Sequencer 
32) FASTBUS FIFO Enabled [F] 
34) Set CLKl (00), CLK2 (00) 
36) CLKl scan ( 0,63, 1, F) 

40) Reset MTC 
42) Write Enable on [F] 

50) Fi 11 Buff er 
52) One ch CLKl/DAC scan [F] 
54) FSCC Data FIFO enable [F] 
66) Debugging options menu 
99) Exit menu 

2) Define PC PADs 
4) Rolling Test Cntr [T] 
6) PC latch mode [F] 
8) IC Enable [F] 

10) SC Enab I e [F] 

21) Loop on trig add (0 dee) [F] 
23) Trig add range (0 to 255 dee 

31) Define pin encdr IDs 
33) Aux FIFO Enabled [F] 
35) Ovf lw trunc Enabled [F] 

41) Set trig pipe depth (0 dee) 

51) Use RPC [F] 
53) Print stats buf horiz 
55) Print stats buf vert 

Enter Command: 

o PC PADs/pln encdr IDs 

Displays a I ist of PC PADs and their associated SE plane 
IDs. Each non-zero PC PAO in the I ist indicates a PC 
used during subsequent tests. Note that only the PC 
test counter test can handle multiple PC>s running 
simultaneously. 

o Define PC PADs 

Al lows creation of the PC PAO list. Al I previous PADs 
in the PAD I ist are set to zero. Each addition to the 
I ist is displayed. SE plane IDs should be redefined 
with the Define pin encdr IDs menu option. 

o Running Test Cntr [F] 

Sets a flag. Pertains only to the PC test counter test. 
See the test description for more detail. 
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o Roi I ing Test Cntr [T] 

Sets a flag. Applies only to the PC test counter test. 
See the test description for more detail. 

o Set Test Cntr (FE hex) 

Sets a hex value in the range of 00 to FF {hex) which is 
passed to the PC test counter test. Pertains only to 
the PC test counter test. See the test description for 
more deta i I . 

o PC latch mode [T] 

Sets a flag used by an internal PC initialization 
routine. In some tests this request may be overridden 
to establish the proper test conditions. The tests 
which automatically set this flag to the state shown in 
parenthesis include: PC test counter test (F), CLKl/DAC 
scan (T), PC channel characterization tests (T), PC 
channel quick tests (T), and PC crosstalk (T). This 
mode must be set to the desired state for the General 
readout loop test. 

o Set DAC buff er (100 dee) 

Sets a 256 byte buffer with a single DAC value to be 
used by the PC. This value is used by tests which may 
not scan thru or initialize DAC values as part of the 
test. These tests include the General readout loop, PC 
channel characterization tests (CLKl vs channel mode), 
and PC channel quick tests. 

o IC Enable [T] 

Toggles a flag used by the PC initialization routine 
which enables or disables the PC Individual channel 
logic. This flag is automatically initialized to the 
appropriate state by the PC test counter test, the 
CLKl/DAC scan, the PC crosstalk test, the PC channel 
characterization tests, and the PC channel quick tests. 
This mode should always be set to the desired state for 
the General readout loop. 

o DAC scan (230, 0, -1, F) 

Sets the DAC scan range for the fol lowing tests 
REGARDLESS OF THE INDICATED STATE OF THE FLAG: CLKl/DAC 
scan, PC channel characterization tests (in the DAC vs 
channel mode), and PC crosstalk test. The General 
readout loop uses the indicated DAC scan range only if 
the flag shows the scan function to be enabled. If the 
scan range is not enabled, the General readout loop uses 
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the PC OAC value as set by the Set DAC buffer (ddd dee) 
menu option where "ddd" is a value between 0 and 255. 

Because there are a fixed number of PC CSR bits (8), a 
DAC value request greater than 255 wil I always be 
truncated to 255. Tests using the DAC scan range end 
when the terminal value is reached. If the DAC 
increment or decrement is set so that the terminal value 
never occurs, the test wi I I go into an infinite loop. 

o SC Enable [F] 

Toggles a flag used by the PC initialization routine 
which enables or disables the PC Sum channel logic. 
This flag is automatically initialized to the 
appropriate state by the PC test counter test, the 
CLKl/DAC scan, the PC crosstalk test, the PC channel 
characterization tests, and the PC channel quick tests. 
This mode should always be set to the desired state for 
the General readout loop. -

o Accept prev bkt hit [T] 

Sets a flag. If set, internal data checking routines 
wi I I accept a hit occurring in the previous bucket that 
may or may not be present in the current bucket. 

o Loop on trig add (0 dee) [F] 

If enabled, the selected test continues to loop on the 
beginning trigger address as set by the Trig add range 
menu option unti I a keyboard return is entered. This 
switch applies to the PC test counter test (fixed test 
counter only), TSM as PC test, and General readout loop. 

o Set Trig Add Corr (-1 dee) 

Sets up a positive or negative value in the range of 
-255 to +255 which is used in the DE trigger address 
offset calculations in the following tests: PC test 
counter test, TSM as PC test, CLKl/DAC scan, PC 
crosstalk, PC channel characterization tests, General 
readout loop, and PC channel quick tests. Normally this 
value should be set to zero except for the PC test 
counter test. See the System test description section 
for more information. 

o Trig add range (0 to 255 dee) 

Sets the range of DE trigger addresses to be read out. 
Used by the fol lowing tests: PC test counter test, TSM 
as PC test, and General readout loop. The beginning 
address only is used by the DAC/CLKl scan, the PC 
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crosstalk test, the PC channel characterization tests 
and the PC channel quick tests. 

o Reset Sequen~er 

Performs a FASTBUS write to SE CSR 0 to set the SE reset 
bit. 

o Define pin encdr IDs 

Allows definition of plane IDs in SE RAM. Selecting. 
this option wi I I result in a query for al I PC plane IDs. 
After the last PC plane ID is entered, the plane IDs are 
written to the SE. Then, the active PC PAD list and 
their corresponding plane IDs are displayed. 

o FASTBUS FIFO Enabled [T] 

Switches state of SE FASTBUS FIFO by writing to SE CSR O 
and then checks if the bit is set. The flag fol lowing 
the menu option always reflects the enable state of the 
FIFO. The FASTBUS FIFO should be enabled for all system 
tests. 

o Aux FIFO Enabled (F] 

Switches state of SE Auxi I iary FIFO by writing to SE CSR 
0 and then checks if the bit is set. The flag following 
the menu option always reflects the enable state of the 
FIFO. Having this FIFO enabled will cause overflow 
errors if there is no readout device attached to the SE 
auxiliary output port. 

o Set CLKl (20), CLK2 (24) 

Sets SE CLKl with FASTBUS write to SE CSR space. The 
current value of CLKl and CLK2 ts read back and 
displayed by the menu. CLK2 is set by dip switches 
which are located on the SE module. The CLKl value is 
important to tests that may not scan CLKl values, such 
as the PC test counter test, the TSM as PC test, the 
General readout loop, the PC channel characterization 
tests, the PC channel quick tests, and the PC crosstalk 
test. 

Because the CLKl value is always read back after it is 
set; and, there are a fixed number of bits (6) allocated 
in the internal data structure for the CLKl value, a· 
CLKl value request greated than 63 wi I I always be 
truncated to 63. 
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o Ovf lw trunc Enabled [F] 

Switches the state of the SE 
function. When enabled, the SE 
the SE FASTBUS FIFO is half full. 
be disabled if more than one PC 
counter test due to the amount of 
PCs. 

o CLKl scan ( 0,63, 1, F) 

overflow truncation 
truncates events after 
This function should 

is used in the PC test 
data produced by the 

Sets the CLKl scan range for the CLKl/DAC scan and the 
PC channel characterization tests REGARDLESS OF THE 
INDICATED STATE OF THE FLAG. The General readout loop 
is a special case and uses the indicated CLKl scan range 
only if the flag shows the scan function to be enabled. 
If the scan range is not enabled, the General readout 
loop uses the SE CLKl value indicated by the Set CLKl 
(dd), CLK2 (dd) menu option where "dd" has a value from 
0 to 63 and each unit is equal to 0.5 nsec. 

Because the CLKl value is always read back after it is 
set; and, there are a fixed number of bits (6) al located 
in the internal data structure for the CLKl value, a 
CLKl value request greater than 63 wi II always be 
truncated to 63. Tests using the CLKl scan range end 
when the terminal value is reached. If the CLKl 
increment or decrement is set so that the terminal value 
never occurs, the test wi I I go into an infinite loop -
perhaps a useful feature in trouble-shooting. 

o Reset MTC 

Performs a FASTBUS write to MTC CSR 0 to set the MTC 
reset bit. This reset also resets the other SSD 
modules. The SE auxiliary FIFO enable state, FASTBUS 
FIFO enable state, and overflow truncation enable state 
may need to be reinitialized afer a MTC reset operation. 

o Set trig pipe depth (7 dee) 

Sets the MTC trigger pipeline depth (0 to 7) to the 
requested value by a write to MTC CSR space. The 
current pipe depth is displayed by the menu option. 

o Write Enable on [T] 

Switches state of MTC write enable, which when on allows 
DEs to accept data. The current state of write enable 
is displayed. 
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o Fi 11 Buffer 

0 

Cal Is submenu that gives options for filling the data 
buffer loaded to the TSM memory. (Data loaded into the 
TSM memory becomes the TSM output.) This option applies 
to the TSM as PC test and the General readout loop which 
do not initialize the buffer used by the TSM. 

Other tests which do initialize the TSM input buffer, 
but may be overridden, include the CLKl/DAC scan, the PC 
channel characterization tests, and the PC channel quick 
tests. Entering "111" at the System initialization menu 
"Enter Command" prompt wil I toggle a flag that allows 
the user to change the default buffer initialization for 
these three tests. When menu responds to entering "111" 
with "use default hit buffer (F]", the tests wi I I use 
the buffer as initialized by the Fi II Buffer menu 
option. When the menu responds to entering "111" with 
11 use def au It hit buff er [T] 11 , the tests w i 11 use def au It 
buffer initializations. 

The menu: 

0 f i II selected position 
1 f i 11 with row of pattern 
2 f i 11 with 5555 ... 

AAAA ... 
3 f i 11 with FFFF ... 

0000 ... 
4 f i 11 with PC counter -fixed- pattern 
5 f i 11 with PC counter -running- pattern 
6 f i II with random pattern 
7 f i 11 with repeated N raw pattern 

LLLL. .. 
wwww ... 
KKKK .•. 

8 display selected positions 
99 exit 

Selection 

Use RPC [F] 

Sets a flag used by the TSM initialization routine. If 
set, this flag enables a variation on the scrambling 
routine used to setup the TSM data buffer which is 
specific to the RPC version of the PC. Assuming that 
only PCs are tested, none of the system tests require 
this flag to be set. 
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o One ch CLKl/DAC scan [F] 

This option, which only applies to the CLKl/DAC scan, 
al lows one selected channel to be scanned, verses al I 
128 channels. 

o Print stats buf horiz 

This menu option is for examining the CLKl/DAC scan data 
on individual channels. It al lows selection of a single 
channel or range of channels for graphic display. If 
using the RPX version of the system tests, the graphs 
may be printed to an output file by enabling the Log 
errors to file switch in the Debugging options menu. 

Example output: 

2551 
2401 
2251 
2101 
1951 
1801 
1651 

DAC 1501 
1351 
1201 
1051 

901 
751 
601 * 
451 
301 * 
151 

* 
* 

* 
* 

* 
** 

Channel 5 DAC vs CLKl 

************* 
****** * 

*** * 

* 
* 

* * 

* 
OI• *** 

*** 
* 

** 
* 

* 

******** 
****** 

l----------111111111122222222223333333333444444444455555555556666 
CLKl 0123456789012345678901234567890123456789012345678901234567890123 

The OAC values shown on the vertical axis represent the 
programmed DAC value. Actual DAC output is 
approximately equal to the programmed value multiplied 
by SmV. CLKl values on the horizontal axis also 
represent programmed value. The actual CLKl value is 
equal to the programmed value multiplied by 0.5 nsec. 
Note that the graph displays the actual hit (the first 
pulse) and an extra hit, (the second pulse) which is 
provided by the DE. The extra hit provided by the DE is 
enabled by jumpers on the DE board. 

o FIFO block transfer enable [F] 

This option allows use of the FSCC data FIFO. If 
enabled, data is also copied to the FSCC processor FIFO 
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for checking. Enabling this option may slow test 
execution speed, and in some cases the FSCC data FIFO 
may overflow. This option, however, wi I I al low data to 
be read out by an auxiliary device attached to the FSCC. 

o Print stats buf vert 

This option al lows a finer examination of the CLKl/DAC 
scan channel data. The display for each selected 
channel is distributed accross several terminal screens. 

o Debugging options menu (default state on switches shown) 

a) Stop on error switch [F] 
b) Readout loop delay (0 dee) [F] 
c) Debugging mode switch [F] 
d) Stepping mode switch [F] 
e) Log errors to file switch (rpx only) [F] 
f) Log errors to banner switch [F] 
g) Print errors to terminal [F] 
h) Display Status 
x) Exit debugging options menu 

Select option: 

o Stop on error switch (F] - Sets a flag. Applies to 
PC test counter test and TSM as PC tests only. 

o Readout loop delay (0 dee) [F] - Sets a flag and a 
delay value if enabled. Applies to PC test counter 
test and TSM as PC tests only. A delay count value 
of 3,000,000 produces a delay of about 1 second. 

o Debugging mode switch [F] - If enabled, sets a flag 
with test specific meanings as fol lows. 

CLKl/DAC scan - display TSM input buffer, each CLKl value used, 
each DAC value used 

PC crosstalk test - display first 5 TSM input buffer locations 
PC channel characterization tests - display TSM input buffer, display 

i nterna I ly buffered data for graph i 
display 

PC channel quick tests - display TSM input buffer 

o Stepping mode switch [F] - Sets a flag. Internal 
routines for dynamic memory allocation, 
deal location, PC initialization, MTC initialization, 
and SE initialization respond with a print statement 
indicating the next action to be taken, which must 
be initiated with a keyboard <Return). The PC test 
counter test and TSM as PC test also use this flag 
in the same manner to indicate internal test 
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actions. 

o Log errors to file switch (rpx only) [F] - This 
option tries to open a file with the name "syst.log" 
in the current directory. Al I tables and graphs 
output to the terminal are also written to this log 
file. Menus and other prompts do not appear in this 
file. The log file is always opened with the append 
option, so al I data logged wi II go to the same file. 

o Log errors to banner switch [F] - Sets a flag. If 
enabled, the PC test counter test and TSM as PC test 
wi I I have a banner displayed in inverse video along 
the bottem of the terminal screen indicating the 
current PC plane ID, DE address being read, total 
number of data errors, total number of word count 
errors, and total test iterations. Because of the 
frequent screen updates, use of this option wi II 
significantly reduce test execution speed. 

o Print errors to terminal [F] - If enabled, errors 
detected after each DE address read will be 
displayed in tabular form. An example: 

================> PC 21 <=============== 
0 ** 
8 ** 

16 ** 
24 ** 
32 
40 
48 
56 
64 
72 
80 
88 
96 

104 
112 
120 

I 1 * 
I 9 * 
I 17 * 
I 25 * 

Ml 33 
Ml 41 
Ml 49 
Ml 57 
Ml 65 
Mj 73 
Ml 81 
Ml 89 
Ml 97 
Mll05 
Ml113 
Mll21 

Pl 2 ** 
Pl 10 ** 
Pl 18 ** 
Pl 26 ** 
Ml 34 
Ml 42 
Ml 50 
Ml 58 
Ml 66 
Ml 74 
Ml 82 
Ml 90 
Ml 98 
Mll06 
Ml114 
Ml122 

I 3 * 
I 11 * 
I 19 * 
I 21 * 

Ml 35 
Ml 43 
Ml 51 
Ml 59 
Ml 67 
Ml 75 
Ml 83 
Ml 91 
Ml 99 
Ml107 
Ml115 
Ml123 

Pl 4 ** I 5 * 
Pl 12 ** I 13 * 
Pl 20 ** I 21 * 
Pl 28 ** I 29 * 
Ml 36 Ml 37 
Ml 44 Ml 45 
Ml 52 Ml 53 
Ml 60 Ml 61 
Ml 68 Ml 69 
Ml 76 Ml 77 
Ml 84 Ml 85 
Ml 92 Ml 93 
Ml 100 MllOl 
Mll08 Ml109 
Ml 116 Ml 117 
Ml 124 Mll25 

Pl 6 ** I 7 * 
Pl 14 ** I 15 * 
Pl 22 ** I 23 * 
Pl 30 ** I 31 * 
Ml 38 Ml 39 
Ml 46 Ml 47 
Ml 54 Mj 55 
Ml 62 Ml 63 
Ml 70 Ml 71 
Ml 78 Ml 79 
Ml 86 Ml 87 
Ml 94 Ml 95 
Mjl02 Mjl03 
Ml110 Mllll 
Ml118 Ml119 
Ml126 Mll27 

Extra Ch. (E) 0, Missing Ch. (M) 96, Prev. Bucket Error (P) 
TA 0, CLKl 20 Buff er [254] FFFFFFFFFFFFFFFFFFFFFFFFAA 
CLK2 24, DAC 50 [255] FFFFFFFFFFFFFFFFFFFFFFFFFF 
Rec. 32, Exp. : 128 ==> [ OJ : 00000000000000000000000000 

[ 1] 00000000000000000000000055 

The first "star" to the right of a channel number 
indicates that an expected channel was received. 
The second "star" to the right of a channel number 
indicates the expected previous hit flag was 
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received. Single capital letters fol lowing channel 
numbers indicate errors as shown by the key at the 
bottom of the table. 

o Display Status - Selecting this option wi I I cause a 
table of information to be printed to the screen 
which represents the current content of the SSO 
modu I e CSR registers. An examp I e di sp.1 ay: 

=========================================~============================= 
MTC CSRO=Ola20985 CSR10=00000100 CSRll=OOOOOOlO CSR12=000000f c CSR13=00 

TRIG PHASE ERR=<> FIFO OVFL ERR 
CLOCK MISSTNG =O TEST-MODE
WR ITE-ENABLE =l FIFO-RA 
CKPHASE =00 ERROR FLAG 

=0 MEM OVWR ERR=l DE SEQ ERR 
=l ENC-READY =1 CALIBRATION MOD 
=00 PRD"i5'TH =O TOFFSET 
=l TRIG WAIT =l FIFO NOT EMPTY 

SE CSRO=Ola30040 CSRCxlO=OOOOOOOO CSRCx11=040c0600 CSRCx12=00000000 

OVERFLOW TRUNC =O LOAD AUXILIARY =0 LOAD FASTBUS =l BLOCK C 
WORD COUNT =00 CLK2-DELAY =18 CLKl-DELAY =00 
ENCODER ERROR STATUS =OoO SYNC ERROR FLAG =0 
PLANE ENCODER-RAM : 00 00 00 00 00 oO 00 oO 00 00 00 00 

PC SLOT=15 CSRO=OOOOOOOO CSRl=OOOOOOOO 

lMHz CLOCK =X CLKl ENABLE=O SUM CHANNEL =O SINGLE CHANNEL=<> 
MODE RUN =O MOO STATUS =X MODtl STATUS=X MODE2 STATUS =X 
TEST COUNTER =00 

5.4 SYSTEM TESTS DESCRIPTION 
I 

The system tests can be broadly categorized as those using the PC 
front panel input and those that do not. The "PC test counter 
test" and the "TSM as PC test" are the two tests that do not use 
the PC front panel input path. Al I other tests in the menu do 
use the PC front panel input path. A full description of each 
test fol lows. 

5.4.1 TSM As PC Test 

In this test the TSM generates test patterns and outputs them via 
the backplane to the DE. The DE is read out by the FSCC from the 
SE FIFO. Bit patterns are verified by the FSCC. System triggers 
are generated by the MTC. Errors may be displayed while the test 
is running as with the PC test counter test. 

5-14 



SYSTEM TEST SOFTWARE DESCRIPTION 

5.4.1.l Test Pattern - The TSM input data buffer must be 
initialized before running the TSM as PC test with the Fill 
buffer menu option. There is no default initialization for the 
data buffer for this test. 

5.4.1.2 Initialization Menu Options - (default state shown) 

-<> Loop on trig add (O dee) [F] 

o Accept prev bkt hit [T] 

o Trigger add range (0 to 255 dee) 

o Aux FIFO Enabled [F] 

o FASTBUS FIFO Enabled [T] 

o Ovf lw trunc Enabled [F] 

o Set CLKl (20), CLK2 (24) 

o Set Trig Add Corr (-1 dee) 

5.4.1.3 Debugging Menu Options - The fol lowing options can be 
used for the TSM as PC test. The default state is shown. 

o Stop on error switch [F] 

o Readout loop delay (0 dee) [F] 

o Stepping mode switch [F] 

o Log errors to file switch (rpx only) [F) 

o Log errors to banner switch [F] 

o Print errors to terminal [F] 

5.4.2 PC Test Counter Test 

In this test the PC generates test patterns which are latched by 
the DE and read out by the FSCC from the SE. The PC test 
patterns are verified by the FSCC. System triggers are generated 
by the MTC. Errors may be reported during the test by enabling 
one of the debugging submenu options. An error summary is given 
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at the end of the test. See appendix for standard error summary. 
NOTE: the TSM and LSM modules should be removed from the crate 
during this test or spurious errors wi I I occur. In addition, the 
trigger address correction should be set to 1 with the system 
test initialization menu option Set Trig Add Corr (d dee). This 
test wi I I loop indef inately unti I a keyboard <Return) is entered. 

5.4.2.1 Initialization Menu Options -

5.4.2.1.1 Test Pattern -

1. Running Test Cntr [T], Roi ling Test Cntr [F] 

The DE is fi tied with patterns resulting from incrementing the PC 
test counter by one, 255 times. (See appendix for patterns.) 
Each input buffer pattern always corresponds to the same DE 
trigger address, i.e. first test counter pattern to DE trigger 
address O, second test counter pattern to DE trigger address 1, 
etc. The initial test counter pattern is set with option Set 
Test Cntr (xx hex). 

2. Running Test Cntr [F], Roi ling Test Cntr (T] 

The DE is f i I led with patterns resulting from incrementing the PC 
test counter by one, 255 times. After al I PC test counter 
patterns are read out from the DE, the PC test counter patterns 
are rewritten to the DE, incrementing the test patterns 
relationship to DE trigger addresses by one. The PC test counter 
patterns are "rotated" through DE trigger addresses in this 
manner so that each test pattern is eventually read out from each 
possible DE trigger address. The initial test counter pattern is 
set with option Set Test Cntr (xx hex). This is the default mode 
for the PC injecting bit pattern test. 

3. Running Test Cntr [F], Roi ling Test Cntr (F] 

With both options false, the entire DE memory is filled with the 
pattern resulting from the test counter value input with option 
Set Test Cntr (xx hex). 

5.4.2.1.2 Other Options Affecting Test - (default state shown) 
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o Loop on trig add (0 dee) [F] 

o Accept prev bkt hit [T] 

o Trigger add range (0 to 255 dee) 

o Aux FIFO Enabled [F] 

o FASTBUS FIFO Enabled [T] 

o Ovf lw trunc Enabled [F] 

o Set CLKl (20), CLK2 {24) 

o Set Trig Add Corr (-1 dee) 

5.4.2.1.3 Options Set Automatically By Test - (to state shown) 

o PC latch mode (F] 

o IC Enable [F] 

o SC Enable [F] 

5.4.2.2 Debugging Menu Options - The fol lowing options can be 
used for the PC test counter test. The default state is shown. 

o Stop on error switch [F] 

o Readout loop delay (0 dee) (F] 

o Stepping mode switch (F] 

o Log errors to file switch (rpx only) [F] 

o Log errors to banner switch [F] 

o Print errors to terminal [F] 

5.4.3 General Readout Loop 

This is a general readout routine which al lows maximum flexiblity 
in a test configuration using test modules like the TSM-LSM pair 
or the DCC to provide input for a single PC/DE pair of SSD 
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modules. This f lexibi lty is provided to al low creation of 
special purpose trouble-shooting loops. Data taken from this 
test is not saved, but the standard error summay is displayed 
when the General readout loop is stopped by keyboard <Return) or 
ends. There are no default parameters supplied by the test which 
requires that several parameters be setup in the System test 
initialization menu prior to executing the test. These 
parameters control DAC, CLKl and trigger address loops. The 
input data buffer for the TSM must also be setup in the System 
initialization menu with the Fi I I Buffer menu option. 

5.4.3.1 Required Ini~ial izations - (default state shown) 

o CLKl scan ( 0,63, 1, F) - If the scan range is not 
enabled as indicated by the flag, the test will use the 
CLKl value displayed by the Set CLKl (dd), CLK2 (dd) 
menu option. 

o Set CLKl (20), CLK2 (24) - Used if CLKl scan function 
not enabled. 

o Fi 11 Buffer 

o PC I atch mode [T] 

o DAC scan (230, O, -1, F) - If the scan range 1s not 
enabled as indicated by the flag, the test wi II use the 
DAC value displayed by the Set DAC buffer (ddd dee) menu 
option. 

o Set DAC buffer (100 dee) - Used if DAC scan function not 
enabled. 

o IC Enable [T] 

o SC Enable [F] 

5.4.3.2 Optional Initializations - (default state shown) 

o Loop on trig add (0 dee) [F] 

o Accept prev bkt hit [T] 

o Trigger add range (0 to 255 dee) 

o Aux FIFO Enabled [F] 
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o FASTBUS FIFO Enabled [T] 

o Ovf lw trunc Enabled [F] 

o Set Trig Add Corr (-1 dee) 

5.4.3.3 Debugging Menu Options -

o Debugging mode switch [F] 

o Log errors to file switch (rpx only) [F] 

o Print errors to terminal [F] 

5.4.4 CLKl/DAC Scan 

This test produces a data base which contains the highest PC DAC 
value at which a channel is on for each SE CLKl delay. The test 
is designed to take data on (1) or (128) channels through user 
selected ranges of DAC values and CLKl delays. The channels may 
be read at a user. selected DE trigger address. A table is 
provided at the end of the test which indicates the CLKl value at 
the highest DAC value found for each channel. The criteria for 
finding a "higher" DAC value 1s that the DAC value must be 6 
counts higher than the previous highest DAC value. This 
condition is imposed to try to find the highest DAC value in the 
actual hit instead of in the extra hit given by the DE. (In the 
graph displayed by the Print stats buf horiz menu option, the 
actual hit corresponds to the first pulse, and the extra hit 
given by the DE corresponds to the second pulse.) The average 
CLKl value is a simple average of al I CLKl values displayed 1n 

the table below. 
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ch: CLKl ch: CLKl ch: CLKl ch: CLKl ch: CLKl ch: CLKl ch: CLKl ch: 
0: 23 1: 20 2: 16 3: 23 4: 18 5: 21 6: 22 7: 
8: 15 9: 19 10: 15 11: 23 12: 15 13: 21 14: 14 15: 

16: 58 17: 24 18: 17 19: 20 20: 15 21: 17 22: 18 23: 
24: 14 25: 20 26: 16 27: 18 28: 17 29: 18 30: 13 31: 
32: 15 33: 22 34: 16 35: 19 36: 18 37: 19 38: 14 39: 
40: 16 41: 18 42: 10 43: 19 44: 15 45: 16 46: 10 47: 
48: 13 49: 17 50: 13 51: 21 52: 18 53: 18 54: 10 55: 
56: 15 57: 16 58: 8 59: 18 60: 18 61: 14 62: 12 63: 
64: 21 65: 16 66: 12 67: 21 68: 17 69: 18 70: 16 71: 
72: 16 73: 14 74: 15 75: 19 76: 22 77: 14 78: 19 79: 
80: 18 81: 14 82: 14 83: 21 84: 16 85: 12 86: 15 87: 
88: 19 89: 11 90: 14 91: 20 92: 16 93: 14 94: 15 95: 
96: 0 97: 16 98: 10 99: 16 100: 16 101: 20 102: 14 103: 

104: 20 105: 16 106: 10 107: 21 108: 18 109: 18 110: 16 111: 
112: 19 113: 14 114: 8 115: 19 116: 19 117: 14 118: 15 119: 
120: 18 121: 11 122: 9 123: 14 124: 22 125: 11 126: 16 127: 

average CLKl . 17 
max CLKl 58 
min CLKl 0 

A error summary is also provided at the end of test. The system 
initialization menu options Print stats buf horiz and Print stats 
buf vert provide the means to examine individual channel data 
from the data base produced by the test. The data base contains 
val id data after the CLKl/DAC scan has completed, and retains 
that data unti I the CLKl/DAC scan is re-run, causing old data to 
be overwritten. 

5.4.4.1 Test Pattern Input - The input data buffer for the TSM 
consists of (hex) A>s and 5)s. This data will produce a 50~ duty 
cycle at the input of the PC. The buffer appears as fol lows: 

[ O] AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
[ 1] 55555555555555555555555555555555 
[ 2] AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
[ 3] 55555555555555555555555555555555 

[255] 55555555555555555555555555555555 

5.4.4.2 Initialization Menu Options - (default state shown) 
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o Accept prev bkt hit [T] 

o Trigger add range (0 to 255 dee) - Uses beginng trigger 
address only. 

o Aux FIFO Enabled [F] 

o FASTBUS FIFO Enabled [T] 

o Ovf lw trunc Enabled [F] 

o CLKl scan ( 0,63, 1, F) 

o Set Trig Add Corr (-1 dee) 

o DAC scan (230, 0, -1, F) 

o One ch CLKl/DAC scan [F] 

o Print stats buf horiz 

o Print stats buf vert 

5.4.4.3 Options Set Automatically By Test - (to state shown) 

o PC latch mode [T] 

o IC Enable [T] 

o SC Enable [F] 

5.4.4.4 Debugging Menu Options -

o Debugging mode switch [F] 

o Log errors to file switch (rpx only) [F] 

o Print errors to terminal [F] 

5.4.5 PC Channel Quick Tests 

The "quick" tests for the PC front end use two TSM-LSM generated 
data patterns. The first pattern presented to the PC input is 
all O's and should not generate PC output. If channels do 
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appear, they are considered "hot" channels. The second pattern 
shou Id turn a II channe Is on. If any channel does not appear 
given the second pattern, it is considered a "dead" channel. 
This test provides very I imited information about a PC module, 
and is meant to be used only as a cursory examination of a PC to 
locate potential problems. Different variations of the second 
pattern are used to test the PC individual and sum channel logic. 
After the test executes, the SSD modules remain active, with th~ 
TSM-LSM continuously presenting the second data pattern to the PC 
inputs. This provides an opportunity to trace signals through 
the PC. 

Output is displayed graphically as fol lows: 

"O" = chan 0 - 63 
"+" = chan 64 - 127 
"p" = previous hit flag error 
"e" = extra hit flag error 

"*" = previous hit flag and extra hit flag error 

symbol plotted along top of grid for hot channel 
symbol plotted along bottom of grid for dead channel 

Sample quick test output testing individual channel logic. 

Hot 
Channels 

Good 

Individual Channel Quick Test DAC=50 
CLK1=17 

Channels 0000000000000000000000000000000000000000000000000000000000000000 
0 to 63 

Good 
Channels ++++++++++++++++++++++++++++++++ +++++++++++++++++++++++++++++++ 

64 to 127 

Dead 
Channels + 

----------111111111122222222223333333333444444444455555555556666 
0123456789012345678901234567890123456789012345678901234567890123 

Dead channels 
96 

Note that the horizontal scale indicates channel numbers for channels 0 to 63 
only. Channels in the range from 64 to 127 may be identified by adding 64 to 
the appropriate horizontal scale number, or by using the "Dead channel" list 
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summary displayed at the lower left side of the graph. 

5.4.5.l Test Pattern Input - The input data buffer for the TSM 
consists of patterns selected via submenu to test either the PC 
individual or sum channel logic. When testing the individual 
channel logic, the sum channel· logic is disabled and visa versa. 
The tests and corresponding input patterns are: 

Whole buffer O's, fol lowed by: 

Individual channel 
single o>s, F>s 

Sum channel (3's) 
single O's, 3>s 

Sum channel {6's) 
single O's, 6>s 

Sum channel (C>s) 
single O's, C's 

Sum channel (l's) 
single O's, l's 

Sum channel (2's) 
single O's, 2's 

Sum channel {4's) 
single O's, 4's 

Sum channel (S's) 
single o>s, S's 

A representative buffer for the Individual channel test: 

[ O] 00000000000000000000000000000000 
[ l] FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF 
[ 2] 00000000000000000000000000000000 
[ 3] 00000000000000000000000000000000 

[255] 00000000000000000000000000000000 

5.4.5.2 Initialization Menu Options -

o Accept prev bkt hit [T] 

o Trig add range (0 to 255 dee) 
trigger address used. 
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o Aux FIFO Enabled [F] 

o FASTBUS FIFO Enabled (T] 

o Ovf lw trunc Enabled [F] 

o Set CLKl (20), CLK2 (24) 

o Set DAC buffer (100 dee) - Depending on the combination 
of DAC value and input threshold used, adjacent sum 
channel responses indicated by "e"s on the graph may be 
present. 

o Set Trig Add Corr (-1 dee) 

5.4.5.3 Automatic Initializatons -

o PC latch mode [T] 

o IC Enable [T] - State depends on selected test. 

o SC Enable [F] - State depends on selected test. 

5.4.5.4 Debugging Menu Options -

o Debugging mode switch [F] 

o Log errors to file switch (rpx only) (F] 

o Print errors to terminal [F] 

5.4.6 PC Channel Characterization Tests 

Depending on the selected submenu option, this test does 
individual or sum channel characterization for the Postamp 
Comparator front end. The default test checks individual or sum 
channel response by scanning through a selected DAC range and 
recording where the channels respond less than 8 out of 8 reads 
and also where the channels respond 8 out of 8 reads. The fixed 
CLKl value is user selected. The alternate test scans thru a 
selected CLKl range using a selected, fixed DAC value. Selecting 
the DAC vs channel submenu option wi I I toggle the test mode to 
CLKl vs channel and visa versa. 
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Output is displayed graphically as fol lows: 

no hits 
( 8 out of 8 hits 
8 out of 8 hits 

= blank space 
= >o> 
= >+> 

Sample output for the DAC vs channel mode: 

2551 Individual Channel Characterization Test ch 0-63 CLK1=20 

2401 
2251 
2101 + + 0 0 + + + + + + + + T 0 + + + + + + +++ + + 0 
1951 + ++++++++++++++ +T+++++++++ ++++++++++++++++++++++++++++++++++ 
1801 ++++++++++++++++ ++++++++++++++++++++++++++++++++++++++++++++++ 
1651 ++++++++++++++++ ++++++++T+T+++++++++++++++++++++++++++++++++++ 

DAC 1501 +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
1351++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
1201++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
1051++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

901++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
751++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
601++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
451++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
301++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
151++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

OI++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
l----------111111111122222222223333333333444444444455555555556666 

Chan 0123456789012345678901234567890123456789012345678901234567890123 

Output for this test is displayed in two terminal screens. The first screen 
displays channels 0 to 63, and the second screen displays channels 64 to 127. 
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Sample output for the CLKl vs channel mode: 

68 Individual Channel Characterization Test ch 0-63 DAC=l90 
64 
60 ++++++++++++++++ ++++++++++++++++++++O+++ +++++++ +++++++ +++++ 

56 ++++++++++++++++ ++++++++++++++++++++++++++++++++++++++++++++++ 
52 + +++++++ +++++ +++++++++++ ++++++++++++++++++++++++++++++++++ 
48 + + + + + + + + +++ +++ + + + + +++ +++ +++++ + ++++++++++++ 

44 + + + + + + + + + + 

CLKl 40 
36 
32 + + + + + + + + + 
28 + +++++ + +0+ + + + + + + ~ + + + + + + + + + + + 
24 ++++++++++++++++ ++++++++++++++++++++++++ +++ +++ +++++++ +++ + 
201 ++++++++++++++++ +++++++++++++++++++++++++•++++++++++++++++++++ 
161 + ++++++++++++++ +++++++++++ ++++++++++++++++++++++++++++++++++ 
121 + + + + + + + + +++ +++++ +++++ +++ ++++++++++++++++++++++++ 

81 + + + + + + + + + + + + + + + + + + + + + 

41 
01 

l----------111111111122222222223333333333444444444455555555556666 
Chan 0123456789012345678901234567890123456789012345678901234567890123 

Output is also displayed in two screens as with the DAC vs channel mode. 
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5.4.6 .. 1 Test Pattern Input - The input data buffer for the TSM 
consists of patterns selected via submenu to test either the PC 
individual or sum channel logic. When testing the individual 
channel logic, the sum channel logic is disabled and visa versa. 
The tests and corresponding patterns are: 

Individual channel 
whole buff er F1 s, 0 1 s 

Sum channel (3's) 
whole buff er 3 1 s, 0 1 s 

Sum channel (S's) 
whole buffer 6 1 s, 0 1 s 

Sum channel (C's) 
whole buffer (>s, 0 1 s 

Sum channel (1 's) 
whole buffer l's, 0 1 s 

Sum channel (2,s) 
whole buffer 2 1 s, 0 1 s 

Sum channel (4's) 
whole buff er 4 1 s, O's 

Sum channel (8 's) 
whole buffer S's, O's 

A representative buffer for the Individual channel test: 

[ O] FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF 
[ 1] 00000000000000000000000000000000 
[ 2] FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF 

[255] 00000000000000000000000000000000 

5.4.6.2 Initialization Menu Options - (defaults shown) 

o Accept prev bkt hit [T] 

o Trig add range (0 to 255 dee) - The beginning trigger 
address only used. 

o Aux FIFO Enabled [F] 

o FASTBUS FIFO Enabled [T] 

o Ovf lw trunc Enabled [F] 

o CLKl scan ( 0,63, 1, F) - Used for the CLKl vs channel 
mode. 
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o Set CLKl (20), CLK2 (24) - Used for the DAC vs channel 
mode. 

o Set DAC buffer (100 dee) - Used for the CLKl vs channel 
mode. 

o Set Trig Add Corr (-1 dee) 

o DAC scan (230, 0, -1, F) - Used for the DAC vs channel 
mode. 

5.4.6.3 Automatic Initializatons -

o PC latch mode [T] 

o IC Enable [T] - State depends on selected test: 

o SC Enable [F] - State depends on selected test. 

5.4.6.4 Debugging Menu Options -

o Debugging mode switch [F] 

o Log errors to file switch (rpx only) [F] 

o Print errors to terminal [F] 
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5.4.7 PC Crosstalk Test 

Crosstalk test for the Postamp Comparator front end. This test 
uses the TSM-LSM configuration to generate a single hit, and then 
checks al I channels for the expected hit and any extra hits. The 
test cycles through al I 128 channels placing a hit on each 
channel. Each channel is checked through a selected PC DAC 
range. Up to four channels showing crosstalk are recorded for 
each channel expected to produce an output. No channel 1s 
reported more than once, even though it may be detected as a 
crosstalk channel at several DAC values. Errors are printed in a 
table at the end of the test. 

Channels under the label ttich" are the channels with the input or the ones 
expected to produce an output. Channel numbers appearing under the label 11 ch 11 

produced an unexpected output at the DAC value shown to the right of the 
channel number. Sample crosstalk error output with standard error summary: 

ERROR Crosstalk results 
Ich ch; DAC ch; DAC ch; DAC ch; DAC 

2 6· 
' 

24 6· 
' 

23 6· 
' 

22 6· I 21 
6 2· 

' 25 2· 
' 24 2· 

' 
23 2· 

' 22 
29 33; 52 33; 51 33; 50 33; 49 
96 92; 43 92; 42 92; 41 92; 40 

125 121; 24 121; 23 121; 22 121; 21 

Total events read: 27008 Data verify errors: 
Events with errors: 2979 Prev. bucket errors: 
Sync errrors: 0 Missing hit errors: 
Word count errors: 2796 Extra hit errors: 

If no error is found, the test wi 11 print a "no crosstalk errors 
found" message before the standard error summary. 

5.4.7.1 Test Pattern Input - Input 
consists of a single channel on 
representative buffer displayed below 
0. 

[ 0) 00000000000000000000000000000001 
[ l] 00000000000000000000000000000000 
[ 2] 00000000000000000000000000000000 

[255] 00000000000000000000000000000000 
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5.4.7.2 Initialization Options -

o Trig add range (0 to 255 dee) - Accepts beginning 
trigger address only. 

o Aux FIFO Enabled [F] 

o FASTBUS FIFO Enabled [T] 

o Ovf lw trunc Enabled [F] 

o Set CLKl (20), CLK2 (24) 

o Set Trig Add Corr (-1 dee) 

o DAC scan (230, 0, -1, F) 

5.4.7.3 Automatic Initial izatons - (to state shown) 

o PC latch mode (T] 

o IC Enable [T] 

o SC Enable [F] 

5.4.7.4 Debugging Menu Options -

o Debugging mode switch [F] 

o Log errors to file switch (rpx only) [F] 

o Print errors to terminal (F] 

5.4.8 Default System Tests 

This test is a shell used to run several of the system tests. 
The system tests run with default parameters which are in effect 
only during the execution of this test. These tests include: 

1. CLKl/DAC scan - Default parameters include a DAC scan 
range of 250 to 0 by steps of -1, and a CLKl scan range 
of 0 to 63 by steps of 1. 
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2. PC channel quick tests - This test is run with the (8) 
patterns which correspond to PC individual and sum 
channel modes. 

3. PC channel characterization tests - The test is run in 
the DAC versus channel mode and CLKl versus channel mode 
with PC individual logic enabled only. 

4. PC crosstalk test - The default parameters for the DAC 
scan range are 230 to 20 by steps of -1. 

5.4.9 Trigger Address Scan 

This option 1s not a test, but uses the TSM-LSM pair in 
conjunction with a DE-PC pair to determine the DE address where 
TSM generated data should appear. The result suggests a value 
for the trigger address correction that should then be entered in 
the system test initialization menu. This routine scans through 
both CLKl values and DE trigger addresses to find a TSM input 
pattern of 128 channels enabled. The CLKl scan range and steps 
may be controlled by system intial izaion menu option, but the 
routine wi II always scan DE addresses 0 through 255. MTC module 
Trigger address offset calculation information and scan results 
are presented fol rowing the completion of the scan. 

5.4.9.1 Initialization Menu Options -

o Accept prev bkt hit [T] 

o Aux FIFO Enabled [F] 

o FASTBUS FIFO Enabled [T] 

o Ovf lw trunc Enabled [F] 

o CLKl scan ( 0,63, 1, F) 

5.4.9.2 Debugging Menu Options -

o Debugging mode switch [F] 

o Log errors to file switch (rpx only) [F] 
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o Print errors to terminal [F] 
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CHAPTER 6 

REFERENCE DOCUMENTS 

The fol lowing is a brief I isting of supporting hardware and 
software product documents. Document HN102 contains a complete 
listing of SSD hardware documentation. 

o PORT MGR - PN406 

o FSCC - HN96 

o RPX - PN384 

o FSR FSCC (FASTBUS Standard Routines) - PN416 
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CHAPTER 7 

RELEASE NOTES 

7.1 SYSTEM TESTS Vl.O 

7.1.1 Hardware Versions 

o PC - Ver 2 

o DE - Rev 2 

o SE - Rev A 

o MTC - Rev C 

o TSM - July 1990 

o LS - June 1990 

o FSCC - PC2, PC3 with board revisions to date 

o SSD Backplane - Rev A 

7.1.2 Executables 

o SYST.ABS - System Tests described by this document, 
PN436. The target for this executable is the FSCC. 

o SYST RPX.EXE - Same as above, but bui It for execution on 
the -VAX using Remote Procedure Cal Is over a serial or 
Ethernet connection to the FSCC. 

o SYST RPX DSG.EXE - Same as SYST_RPX.EXE, but bui It to 
enable VAX debugging. 
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7.1.3 Remote Procedure Cal I Executables For FSCC 

o FSR.ABS Serial communication version of FASTBUS 
Standard Routine server. 

o FSR ETH.ABS - Ethernet communication verson of FASTBUS 
Standard Routine server. 

7.2 SYSTEM TESTS Vl.l 

7.2.l Bug Fixes 

o Stop on error switch 

This switch, which applies to the PC test counter tests 
and TSM as PC tests, caused test execution to stop after 
every trigger in Vl.O. Initialization corrections al low 
this option to function as described in the section 
labeled "Debugging options menu" above. 

o TSM as PC tests 

In version Vl.0 TSM input data pattern scrambling 
enabled. The scrambling function is disabled 
version Vl.l. 

was 
for 

o General readout loop 

Several problems were corrected that caused this routine 
to loop incorrectly over CLKl and DAC scan ranges. 

o Print errors to terminal 

An initialization of an internal error counter was moved 
so that previous hit flag errors are now displayed if 
the Print errors to terminal Debugging menu option 1s 
enabled. 

o Default system tests 

Trigger address correction is no longer set 
routine. The value used for the trigger 
correction is the value displayed by the 
initialization menu. 

o SYST RPX 

Several tests required additional cal Is 
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SWITCH CRATE 
conditTons. 

routine to cover error and no error 

7.2.2 New Features 

o Tigger address scan 

This feature was added to facilitate determination of 
the correct trigger address correction for the TSM-LSM 
tests using the new SSD backplane. The trigger address 
correction for the PC test counter tests has been found 
to have the fol lowing relationship to the TSM-LSM tests 
trigger address correction value: 

TAC = trigger address correction value 

PC test counter tests TAC = {{TSM-LSM tests TAC) + 2) 

o PC test counter tests 

This routine was modified so that the SE word counter is 
written prior to each MTC trigger with the two>s 
compliment of the expected word count. This 
modification causes the SE word count to be zero under 
normal circumstances. A non-zero word count provides a 
real time trigger for SE module debugging purposes. 
This modification handles the case of multiple PC-DE 
pairs, but is not designed to handle the case of SE 
overflow truncation enabled. 

7.2.3 Changes In Behavior 

1. FSCC pre verify event 

This routine wi I I only print the message "defaulting to 
fscc vfy event" if the Debugging menu option Print 
errors to terminal is enabled. 

2. Trigger address correction 

This value was initialized to 0 in Vl.O. It is now 
intial ized to -1 to reflect timing differences between 
the current and previous versions of the SSD backplane. 
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3. PC test counter - Stop on error 

The print statements were removed that duplicate the 
display of the test counter value and the previous and 
current bucket PC output patterns. 

4. Default System tests 

The average CLKl value determined by the CLKl/DAC scan 
1s no longer passed to the PC Quick tests. The CLKl 
value for the entire set of tests is taken from the 
value given by the System test initialization menu. 

5. Set Primary Addresses 

The TSM PAD is now initialized to slot 17 (dee). 

6. Set DAC buffer 

This System test initialization option for changing the 
PC DAC value shows the new initialization value of 100. 
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APPENDIX A 

PC TEST COUNTER PATTERNS 

PC tp 
bits resultant PC output #bits set in output 
===== =================================== --
[ O] 00000000 00000000 00000000 00000000 ( 0) 
[ 1] 00000000 00000000 00000000 55565555 ( 16) 
[ 2] 00000000 00000000 00000000 AAAAAAAA ( 16) 
[ 3] 00000000 00000000 00000000 FFFFFFFF ( 32) 
[ 4) 00000000 00000000 65555555 00000000 ( 16) 
[ 5) 00000000 00000000 55555555 55555555 ( 32) 
[ 6) 00000000 00000000 55555555 AAAAAAAA ( 32) 
[ 7] 00000000 00000000 55555555 FFFFFFFF ( 48) 
[ 8] 00000000 00000000 AAAAAAAA 00000000 ( 16) 
[ 9] 00000000 00000000 AAAAAAAA 55555555 ( 32) 
[ 10) 00000000 00000000 AAAAAAAA AAAAAAAA ( 32) 
[ 11) 00000000 00000000 AAAAAAAA FFFFFFFF ( 48) 
[ 12) 00000000 00000000 FFFFFFFF 00000000 ( 32) 
[ 13) 00000000 00000000 FFFFFFFF 55555555 ( 48) 
[ 14) 00000000 00000000 FFFFFFFF AAAAAAAA ( 48) 
[ 15] 00000000 00000000 FFFFFFFF FFFFFFFF ( 64) 
[ 16) 00000000 56555555 00000000 00000000 ( 16) 
[ 17] 00000000 55555555 00000000 55555555 ( 32) 
[ 18] 00000000 55666555 00000000 AAAAAAAA ( 32) 
[ 19] 00000000 55655555 00000000 FFFFFFFF ( 48) 
[ 20] 00000000 55655555 55555555 00000000 ( 32) 
[ 21] 00000000 55555555 55555555 55566555 ( 48) 
[ 22] 00000000 55555555 55555555 AAAAAAAA ( 48) 
[ 23] 00000000 55666555 55555555 FFFFFFFF ( 64) 
[ 24] 00000000 56555555 AAAAAAAA 00000000 ( 32) 
[ 25] 00000000 55555555 AAAAAAAA 55555555 ( 48) 
[ 26) 00000000 55555555 AAAAAAAA AAAAAAAA ( 48) 
[ 27) 00000000 55555555 AAAAAAAA FFFFFFFF ( 64) 
[ 28] 00000000 55555555 FFFFFFFF 00000000 ( 48) 
[ 29] 00000000 55555555 FFFFFFFF 55555555 ( 64) 
[ 30] 00000000 55555555 FFFFFFFF AAAAAAAA ( 64) 
[ 31] 00000000 55555555 FFFFFFFF FFFFFFFF ( 80) 
[ 32] 00000000 AAAAAAAA 00000000 00000000 ( 16) 
[ 33] 00000000 AAAAAAAA 00000000 55555555 ( 32) 
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[ 34] 00000000 AAAAAAAA 00000000 AAAAAAAA ( 32) 
[ 35] 00000000 AAAAAAAA 00000000 FFFFFFFF ( 48) 
[ 36] 00000000 AAAAAAAA 55555555 00000000 ( 32) 
[ 37] 00000000 AAAAAAAA 55555555 55555555 ( 48) 
( 38] 00000000 AAAAAAAA 55555555 AAAAAAAA ( 48) 
[ 39] 00000000 AAAAAAAA 55555555 FFFFFFFF ( 64) 
[ 40] 00000000 AAAAAAAA AAAAAAAA 00000000 ( 32) 
[ 41] 00000000 AAAAAAAA AAAAAAAA 55555555 ( 48) 
[ 42] 00000000 AAAAAAAA AAAAAAAA AAAAAAAA ( 48) 
[ 43] 00000000 AAAAAAAA AAAAAAAA FFFFFFFF ( 64) 
[ 44] 00000000 AAAAAAAA FFFFFFFF 00000000 ( 48) 
[ 45] 00000000 AAAAAAAA FFFFFFFF 55555555 ( 64) 
[ 46] 00000000 AAAAAAAA FFFFFFFF AAAAAAAA ( 64) 
[ 47] 00000000 AAAAAAAA FFFFFFFF FFFFFFFF ( 80) 
[ 48] 00000000 FFFFFFFF 00000000 00000000 ( 32) 
[ 49] 00000000 FFFFFFFF 00000000 55555555 ( 48) 
[ 50] 00000000 FFFFFFFF 00000000 AAAAAAAA ( 48) 
[ 51] 00000000 FFFFFFFF 00000000 FFFFFFFF ( 64) 
[ 52] 00000000 FFFFFFFF 55555555 00000000 ( 48) 
[ 53] 00000000 FFFFFFFF 55555555 55.555555 ( 64) 
[ 54] 00000000 FFFFFFFF 55555555 AAAAAAAA ( 64) 
[ 55] 00000000 FFFFFFFF 55555555 FFFFFFFF ( 80) 
[ 56] 00000000 FFFFFFFF AAAAAAAA 00000000 ( 48} 
[ 57] 00000000 FFFFFFFF AAAAAAAA 55555555 ( 64) 
[ 58) 00000000 FFFFFFFF AAAAAAAA AAAAAAAA ( 64) 
[ 59] 00000000 FFFFFFFF AAAAAAAA FFFFFFFF ( BO) 
[ 60] 00000000 FFFFFFFF FFFFFFFF 00000000 ( 64) 
[ 61] 00000000 FFFFFFFF FFFFFFFF 55555555 ( BO) 
[ 62] 00000000 FFFFFFFF FFFFFFFF AAAAAAAA ( 80) 
[ 63] 00000000 FFFFFFFF FFFFFFFF FFFFFFFF ( 96) 
[ 64] 55555555 00000000 00000000 00000000 ( 16) 
[ 65] 55555555 00000000 00000000 55555555 ( 32) 
( 66] 55555555 00000000 00000000 AAAAAAAA ( 32) 
[ 67] 55555555 00000000 00000000 FFFFFFFF ( 48) 
[ 68] 55555555 00000000 55555555 00000000 ( 32) 
[ 69] 55555555 00000000 55555555 55555555 ( 48) 
[ 70] 55555555 00000000 55555555 AAAAAAAA ( 48) 
[ 71] 55555555 00000000 55555555 FFFFFFFF ( 64) 
[ 72] 55555555 00000000 AAAAAAAA 00000000 ( 32) 
[ 73] 55555555 00000000 AAAAAAAA 55555555 ( 48) 
[ 74] 55555555 00000000 AAAAAAAA AAAAAAAA ( 48) 
[ 75] 55555555 00000000 AAAAAAAA FFFFFFFF ( 64) 
[ 76] 55555555 00000000 FFFFFFFF 00000000 ( 48) 
[ 77] 55555555 00000000 FFFFFFFF 55555555 ( 64) 
[ 78] 55555555 00000000 FFFFFFFF AAAAAAAA ( 64) 
[ 79] 55555555 00000000 FFFFFFFF FFFFFFFF ( 80) 
[ 80] 55555555 55555555 00000000 00000000 ( 32) 
[ 81] 55555555 55555555 00000000 55555555 ( 48) 
[ 82] 55555555 56555555 00000000 AAAAAAAA ( 48) 
[ 83] 55555555 55555555 00000000 FFFFFFFF ( 64) 
[ 84] 55555555 55555555 55555555 00000000 ( 48) 
[ 85] 55555555 55555555 55555555 55555555 ( 64) 
[ 86) 55555555 55555555 55555555 AAAAAAAA ( 64) 
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[ 87] 55555555 55555555 55555555 FFFFFFFF ( 80) 
[ 88] 55555555 55555555 AAAAAAAA 00000000 ( 48) 
[ 89] 55555555 55555555 AAAAAAAA 55555555 ( 64) 
[ 90] 55555555 55555555 AAAAAAAA AAAAAAAA ( 64) 
[ 91] 55555555 55555555 AAAAAAAA FFFFFFFF ( 80) 
[ 92] 55555555 55555555 FFFFFFFF 00000000 ( 64) 
[ 93] 55555555 55555555 FFFFFFFF 55555555 ( 80) 
[ 94] 55555555 55555555 FFFFFFFF AAAAAAAA ( 80) 
[ 95] 55555555 55555555 FFFFFFFF FFFFFFFF ( 96) 
( 96] 55555555 AAAAAAAA 00000000 00000000 ( 32) 
[ 97] 55555555 AAAAAAAA 00000000 55555555 ( 48) 
[ 98] 55555555 AAAAAAAA 00000000 AAAAAAAA ( 48) 
[ 99] 55555555 AAAAAAAA 00000000 FFFFFFFF ( 64) 
(100] 55555555 AAAAAAAA 55555555 00000000 ( 48) 
(101] 55555555 AAAAAAAA 55555555 55555555 ( 64) 
(102] 55555555 AAAAAAAA 55555555 AAAAAAAA ( 64) 
[103] 55555555 AAAAAAAA 55555555 FFFFFFFF ( 80) 
[104] 55555555 AAAAAAAA AAAAAAAA 00000000 ( 48) 
[105] 55555555 AAAAAAAA AAAAAAAA 55555555 ( 64) 
(106] 55555555 AAAAAAAA AAAAAAAA AAAAAAAA" ( 64) 
[107] 55555555 AAAAAAAA AAAAAAAA FFFFFFFF ( 80) 
[108] 55555555 AAAAAAAA FFFFFFFF 00000000 ( 64) 
(109] 55555555 AAAAAAAA FFFFFFFF 55555565 ( 80) 
[110] 55555555 AAAAAAAA FFFFFFFF AAAAAAAA ( 80) 
(111] 55555555 AAAAAAAA FFFFFFFF FFFFFFFF ( 96) 
[112] 55555555 FFFFFFFF 00000000 00000000 ( 48) 
[113] 55555555 FFFFFFFF 00000000 55555555 ( 64) 
(114] 55555555 FFFFFFFF 00000000 AAAAAAAA ( 64) 
(115] 55555555 FFFFFFFF 00000000 FFFFFFFF ( 80) 
[116] 55555555 FFFFFFFF 55555555 00000000 ( 64) 
[117] 55555555 FFFFFFFF 55555555 55555555 ( 80) 
[118] 55555555 FFFFFFFF 55555555 AAAAAAAA ( 80) 
[119] 55556555 FFFFFFFF 55555555 FFFFFFFF ( 96) 
[120] 55555555 FFFFFFFF AAAAAAAA 00000000 ( 64) 
(121) 55555555 FFFFFFFF AAAAAAAA 55555555 ( 80) 
[122] 55555555 FFFFFFFF AAAAAAAA AAAAAAAA ( 80) 
[123] 55565555 FFFFFFFF AAAAAAAA FFFFFFFF ( 96) 
(124] 56555555 FFFFFFFF FFFFFFFF 00000000 ( 80) 
[125] 55555555 FFFFFFFF FFFFFFFF 55555555 ( 96) 
[126] 55555555 FFFFFFFF FFFFFFFF AAAAAAAA ( 96) 
(127] 55555555 FFFFFFFF FFFFFFFF FFFFFFFF (112) 
[128] AAAAAAAA 00000000 00000000 00000000 ( 16) 
(129] AAAAAAAA 00000000 00000000 55555555 ( 32) 
[130] AAAAAAAA 00000000 00000000 AAAAAAAA ( 32) 
[131] AAAAAAAA 00000000 00000000 FFFFFFFF ( 48) 
(132] AAAAAAAA 00000000 55555555 00000000 ( 32) 
[133] AAAAAAAA 00000000 55555555 55555555 ( 48) 
[134] AAAAAAAA 00000000 55555555 AAAAAAAA ( 48) 
[135] AAAAAAAA 00000000 55555555 FFFFFFFF ( 64) 
(136] AAAAAAAA 00000000 AAAAAAAA 00000000 ( 32) 
(137] AAAAAAAA 00000000 AAAAAAAA 55556555 ( 48) 
(138] AAAAAAAA 00000000 AAAAAAAA AAAAAAAA ( 48) 
(139] AAAAAAAA 00000000 AAAAAAAA FFFFFFFF ( 64) 

A-3 



PC TEST COUNTER PATTERNS 

[140] AAAAAAAA 00000000 FFFFFFFF 00000000 ( 48) 
[141] AAAAAAAA 00000000 FFFFFFFF 55555555 ( 64) 
[142] AAAAAAAA 00000000 FFFFFFFF AAAAAAAA ( 64) 
(143] AAAAAAAA 00000000 FFFFFFFF FFFFFFFF ( 80) 
[144] AAAAAAAA 55555555 00000000 00000000 ( 32) 
[145] AAAAAAAA 55555555 00000000 55555555 ( 48) 
[146] AAAAAAAA 55555555 00000000 AAAAAAAA ( 48) 
[147] AAAAAAAA 55555555 00000000 FFFFFFFF ( 64) 
[148] AAAAAAAA 55555555 55555555 00000000 ( 48) 
[149] AAAAAAAA 55555555 55555555 55555555 ( 64) 
[150] AAAAAAAA 55555555 55555555 AAAAAAAA · ( 64) 
(151] AAAAAAAA 55555555 55555555 FFFFFFFF ( 80) 
[152] AAAAAAAA 55555555 AAAAAAAA 00000000 ( 48) 
[153] AAAAAAAA 55555555 AAAAAAAA 55555555 ( 64) 
[154] AAAAAAAA 55555555 AAAAAAAA AAAAAAAA ( 64) 
(155] AAAAAAAA 55555555 AAAAAAAA FFFFFFFF ( 80) 
[156] AAAAAAAA 55555555 FFFFFFFF 00000000 ( 64) 
[157] AAAAAAAA 55555555 FFFFFFFF 55555555 ( 80) 
[158] AAAAAAAA 55555555 FFFFFFFF AAAAAAAA ( 80) 
[159] AAAAAAAA 55555555 FFFFFFFF FFFFFFFF ( 96) 
[160] AAAAAAAA AAAAAAAA 00000000 00000000 ( 32) 
[161] AAAAAAAA AAAAAAAA 00000000 55555555 ( 48) 
[162] AAAAAAAA AAAAAAAA 00000000 AAAAAAAA ( 48) 
[163] AAAAAAAA AAAAAAAA 00000000 FFFFFFFF ( 64) 
[164] AAAAAAAA AAAAAAAA 55555555 00000000 ( 48) 
[165] AAAAAAAA AAAAAAAA 55555555 55555556 ( 64) 
[166] AAAAAAAA AAAAAAAA 55555555 AAAAAAAA ( 64) 
[167] AAAAAAAA AAAAAAAA 55555555 FFFFFFFF ( 80) 
[168] AAAAAAAA AAAAAAAA AAAAAAAA 00000000 ( 48) 
[169] AAAAAAAA AAAAAAAA AAAAAAAA 55555556 ( 64) 
[170] AAAAAAAA AAAAAAAA AAAAAAAA AAAAAAAA ( 64) 
[171] AAAAAAAA AAAAAAAA AAAAAAAA FFFFFFFF ( 80) 
[172] AAAAAAAA AAAAAAAA FFFFFFFF 00000000 ( 64) 
[173] AAAAAAAA AAAAAAAA FFFFFFFF 55555555 ( 80) 
[174] AAAAAAAA AAAAAAAA FFFFFFFF AAAAAAAA ( 80) 
[175] AAAAAAAA AAAAAAAA FFFFFFFF FFFFFFFF ( 96) 
[176] AAAAAAAA FFFFFFFF 00000000 00000000 ( 48) 
[177] AAAAAAAA FFFFFFFF 00000000 55555555 ( 64) 
[178] AAAAAAAA FFFFFFFF 00000000 AAAAAAAA ( 64) 
[179] AAAAAAAA FFFFFFFF 00000000 FFFFFFFF ( BO) 
[180] AAAAAAAA FFFFFFFF 55555555 00000000 ( 64) 
(181] AAAAAAAA FFFFFFFF 55555555 55555555 ( 80) 
[182] AAAAAAAA FFFFFFFF 55555555 AAAAAAAA ( 80) 
[183] AAAAAAAA FFFFFFFF 55555555 FFFFFFFF ( 96) 
[184] AAAAAAAA FFFFFFFF AAAAAAAA 00000000 ( 64) 
[185] AAAAAAAA FFFFFFFF AAAAAAAA 55555555 ( 80) 
[186] AAAAAAAA FFFFFFFF AAAAAAAA AAAAAAAA ( 80) 
[187] AAAAAAAA FFFFFFFF AAAAAAAA FFFFFFFF ( 96) 
[188] AAAAAAAA FFFFFFFF FFFFFFFF 00000000 ( 80) 
[189] AAAAAAAA FFFFFFFF FFFFFFFF 55555555 ( 96) 
[190] AAAAAAAA FFFFFFFF FFFFFFFF AAAAAAAA ( 96) 
[191] AAAAAAAA FFFFFFFF FFFFFFFF FFFFFFFF (112) 
[192] FFFFFFFF 00000000 00000000 00000000 ( 32) 

A-4 
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.·. Ev.ent.~··w·i th .erril)rs: 

Sync -:er.r ror:s; 
'..\VOf';V count •rttOi's: 

· APFSND!IX . i:B 

·· STANt>ARD· ERliOR SUhWARY 

Data .verify errors; 
.. · :P.rev . bucket ,er r·ors : 

Missing hit .errors: 
iExtra hit erro.rs: 
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