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SECTION 1
INTRODUCTION

1.1 Purpose of Manuzsl

This manual provides a functional overview of the M6BCCOLEB CPU beeard.
Included are descriptions of ell functicns conteined on the CPU board as well
es a2 block diagram of the coverall board. The description of each functicn
consists of explaining its interface with other functionel areas within the
CPU and a detailed description of the operaticn of that particulear function.
The overall biock diagram shcws the complete interconnection between all CPU

functions described in this manual.
1.2 General Description

The CPU board provides a complete interface between the Motorola M680COLB
Microproccessor running at an 8MHz rate and the |EEE-796 bus (Intel Multibus)
referred to as the 796 bus in the remainder of this document. At the same
time it provides the functicns need in the CPU secticn of a high performence,
large-memory, 796 bus based computer system. The board addresses the full 16
Mbyte 796 bus address space through a memory map which offers both relocation
and protection for multiple simultaneous users. The board alsc provides fast
serial bus arbitration ellowing existence in & system with a large number of
other bus masters. The CPU board consists of the following features:

R M68OOOLE is a registered frademark of Motorcla, Inc.

R Multibus is a registered trademark of Intel.
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Microprocessor running at 8MHz

Complete interface tc a 16Mbyte 796 bus

Seven interrupt priority levels

Memory management utilizing segmentation and paging
Onboard status, error, and context registers

‘Eight software readable switches for configuration selection
Sockets for up to 16Kbyte of local EFPROM

2Kbyte of local scratch-pad RAM

Three programmable 16-bit timers

Two programmable UARTS, one with full modem control
Full MACSBUG compatibility, including transparent mode
Opticnel IEEE format floating point processor.

0O 0O 0O o 0O o 0 o oo o o o

Maintenance pert for testing and diagnostic operations.

The CPU board consists of the functional areas shown in Figure 1-1. Each of
these ereas are described in the sections that follow. Interfaces to and from
the CPU board include the UARTS ports, 796 bus, and maintenance connector.
Certain strapping options are alsc provided on the board as explained in each

functional descripticn as applicable.
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SECTION 2
M68000LB MICROPROCESSOR

2.1 General Features

The M68COCLE microprocessor is a'high-performance, programmable, 16-bit

processor containing a 32-bit architecture with the features listed below.

8MHz operation

16Mbyte direct addressing range
Eight 32-bit data registers
Seven 32-bit address registers
56 instruction types

Five data types

14 addressing modes

CPU driven at 8MHz

o O O O O O O o

In addition, it incorporates such features as multi-level, vectored
interrupts, privilege states, illegal instruction policing and bus-cycle

abort.

The detailed operation of the M6800OLB is discussed in publications supplied
by the manufacturer of the device. Consult these as required for detailed
information as to the specific features and operation of the M68000LB.

AN



2.2 M68000LB/CPU/Multibus Interface

The interface of the CPU to the 796 bus as shown in Figure 2-1 are listed as
follows:

Address Latches
State generation end data acknowledge (DTACK)
Local commands
UARTS

Timer and FPU

RAM and ROM

SMAP and PMAP

CPU interrupts
Errors and timeout
796 bus interface
Clock generator

Test and maintenance interface

O O 0 o o o o 0O o0 O o o o

Context and status registers

2-2
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Table 2-1 lists the name, category, and functicn of each signal fo and from
the M6800OLEB.

The M68COOLB supplies address bits (RAW.A<23..1>), raw write (RAW.Wx),
function code (RAW.FC<2..0>), and upper and lower dete strobes (LDS* and UDS*)
to the address latches. The letches in turn provide addressing, read/write
commands, function codes, and upper and lower data byte selection as described

in the addressing section ¢f this manual.

LDS* and UDS* data strobes are supplied to the RAM and ROM memories and the
stete generation and DTACK logic. The strobes provide upper and lower byte
selection for the operation of the RAM scratch pad memory. The strobes also
generate datea strobe outputs from the state generation legic to the CPU
board. The function codes, all true, plus AS*¥ from the M68000LB generate
FC.INT.ACK* from the state generation logic tc the M68COOLB. Functicn code
bits FC<2..1> are also supplied to the errors and timecut logic as inputs to
the S.MAP ERR decoder.

The M68000LB data bus provides an interface among the varicus functions on the
CPU board. These are the context and status registers, timer, FPU, RAM and
ROM, errors and timeout, segment and page maps, UARTS, and 796 bus

interface. Deta is exchanged between these functions and the 796 bus as
confrelled by the program (user or supervisor mode) and in turn as selected by
the address bus, read/write selectior, function code, and upper and lower deta
strobes.

2-4



Table 2-1.

SIGNAL

RAW A<23..1>

D<15..0>

AS*
(Address Strcbe)

RAW W
(Read/Write¥)

uDS*
(Upper Data Strobe)

LDS*
(Lower Data Strobe)

CATEGORY

Address Data Lines

Data Lines

Asynchronous Bus

Control

Asynchronous Bus

Control

Asynchronous Bus
Control

Asynchronous Bus

Control

M680COLB Interface Signals

FUNCTION

Provides address for bus
operations during all
cycles except interrupt
modes (refer to CPU
Interrupts, Section 5).

Bi-directional data line
for word or byte length
date fransfers (refer to
CPU Interrupts, Section
5).

Indicates a valid address
is cn the M68000LB
address bus.

Defines the data bus

transfer as a read or
write cycle. Also
operates in conjunc-
tion with the UDS¥* and
LDS* signals.

Controls upper byte of
data lines D<15...8>
depending on condition
of RAW Wx,

Controls lower byte of
data lines (D<7..0>)
depending on condition
cf RAW Wx,



Table 2-1.

SIGNAL

DTACK
(Data Transfer

Acknow ledge)

RAW FC<2..0>

(Function Code)

IPL<2..0>)¥
(Interrupt Priority

Level)

FC.INT.ACK.*
(Valid Functicn
Code)

M68OOCLE Inferface Signals (Continued)

CATEGORY

Asynchronous Bus
Cortrol

Processor Status

Interrupt Centrol

Peripherel Control

2-6

FUNCTION

Indicates data transfer

is completed.

Indicate the state (user
or supervisor) and the
cycle type currentiy
being executed. Function
code outputs are valid

only when AS* is active.

Indicete the encoded
pricrity level cf the
device requesting an
interrupt (refer tc
CPU Interrupts,
Section 5).

Indicates MEEOOOLB
shculd use automatic
vectoring for an inter-

rupt.



Table 2-1. M68000LB Interface Signals (Ccntinued)

SIGNAL CATEGORY FUNCTION
RAW RESET* System Control Bidirectional signal
(Reset) resets the M68000LB

in response to an
external reset signal.
An external ly genera-
ted reset (from CPU)
causes all external
devices to be reset
without affecting the
state of the pro-
cessor. A tfotal
system reset as a
result of a HALT or
RESET, causes M68000LB
and all other devices

to be reset.

RAW HALT* System Control Bi-directional signal.

(Halt) When driven by M68000LB,
indicates to external
devices that processor
has stopped. When
driven by external
device, causes pro-
cessor to stop at
completion of current
bus cycle.

2-7



Table 2-1. M680COLB Interface Signals (Continued)

SIGNAL CATEGORY FUNCT ION
BERR¥ System Control Informs processor of
(Bus Error) problem with current

cycle being executed.
Works with RAW HALT*
to determine if excep-
ticn processing should
be performed or cur-

rent bus cycle refried.

CLK Provides 8MHz clock
signal to operate the
M68000LB.

The 8MHz clock is generated by circuits on the CPU board and supplied tc the
796 bus (see Clock Generator, Section 19) or can be received from the 796 bus
from another scurce. |Interrupts can originate either on the CPU board or the
796 bus. These result in a three bit code used by the MEBOOCLE to select one
of seven strappable interrupts. A bus error (BERR*) is applied to the
M68000LB after a timeout, an eddress bus error from the command logic, or a
segment or page error. Reset (RAW RESET*) is a bi-directionzl line between
the 796 bus and the M68000LB. A reset from either source is provided to the
CPU reset logic. The RAW.HALT line is a bi-directional signal used to healt
M680O0OOLB operations. The line illuminates a red light emitting diode (HALT
LED) when activated. The reset and halt lines are &lso provided fc the test
end maintenance connector for fault isolation purposes.

2-8



SECTION 3
LOCAL COMMANDS

3.1 Purpose

The purpose of the local commands is to generate command strobes for the CPU.
The commands logic is odd-byte addressed and precvides on board resources, map,
and 796 bus access. The local commands interface within the CPU is shown in

Figure 3-1. A detailed diagram of the commands logic is shown in Figure 3-2.

3.2 Local Commands/CPU Interface

The commands interface within the CPU, as shown in Figure 3-1, consists of
receiving addressing, timing, and contrcl signals from the address latches,
state generation and DTACK, and context and status registers. The commands

logic then provides commend strobes to the various CPU functions as shown.

3.3 Commands Generaticn

The local commands logic consists of two programmable PROMs and two decoders.
The PROMs (2048 x 4 and 512 x 8) are addressed from the CPU address latches
over lines A<23,.16> and A<15..11> respectively. Addressing to the decoders
is over lines A<13..11>., In addition tc the address l|ines, the PROMs are also
addressed during the boot state controlled by one of the map access modes over
function code line (FC<2>). The 512 x 8 PROM is addressed from the 2048 x 4
PROM, and the read.write line from the address latches. Commands generated

from the PROMs include the following:

796 .BUS.OP* to the 796 bus interface

MAP.OP tc the segment map

ADR BNDS.ERR to the errors and timeout logic

RAM and ROM commands for local operation
Acknowledge lines to the state generation and DTACK
Read/write commands to the command decoders

O O 0O O O ©o
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The command decoders are cperated by the data strobe (DS) and lcower data
strobe selection (LDS) lines from the state generation and DTACK logic. The
write decoder can be disabled by the local write disable line (LCL.W.DIS¥*)

generated by the state generation logic. The decoders operete in either a
read cr write mode. The read decoder is selected by a read (RE.MISC*) command

from the 512 x 8 PROM, coupled with & true lower date strobe (LSD+Z). The
final read outputs are placed on the CPU lines as the DS+3* pulse occurs tfo

the read decoder. For a write operation, a WE.MISC¥ line from the 512 x 8
PROM coupled with the LDS+2 selects the write decoder and the DS+3 pulse

from the state generation logic places the write commands on the CPU lines.
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SECTION 4
MEMORY

4.1 Generzl

The CPU memory management consists of the M68000LB utilizing both segmentation
and page mapping. The functions of the CPU board along with associated
interfacing involved in the memory management task are shown in Figure 4-1.
Shown are the segment map, page map, address, date, and select and control
lines that interface with the varicus functions cf the CPU board including the
M68000LB, address latches, and 796 bus interface.

4.2 Segment and Page Map Interface

Addressing and read/write commands for the segment map are received from the
M6BOOOLE via the address latches. Map selection and upper and lower data
strobe (UDS+2* and LDS+2¥) are supplied by the context register and state
generator and DTACK respectively. Segment map addresses as well as control
and selection sicghals are supplied to the page map. Segment map error signals
(PROT<3..0>) to the errors and timeout logic are lines that provide inputs for
the generation of the SMAP.ERR signal to the error register (see Registers,
Section 10). An infterface tc the bi-directional data lines (D<15..0>) is also

provided for reading and writing of segment map data as described in
paragraphs that follow.

The page map supplies map addresses to the 796 bus (PMAP.A<23..12>) and
interfaces with the data bus for read/write purposes. The map receives
addresses and read/write commands (W) from the address latches and data strobe
(DS+3 and DS+4), selection (796.BUS.OP*), upper and lower byte selection
(LDS+2* and UDS+2), and errcr signals (SUM.ERROR) from the stage generation
and DTACT local commands, and error and timeout logic.

A detailed block diagram of the segment and page map is provided in Figure

4-2. In addition to the inteface diagram of the segment and page map

described in the previous paragraphs, the detailed diagram shows gating of the
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control and selection signals and bi-directional buffers used for reading and

writing of date to and from the respective msps.

The selecticn logic shown in the case cf both the segment and page map
provides lower and upper byte selecticn based on the upper end lower data
strobes and segment and page map selection signals. Also shown are the
PMAP.USED, PMAP.DIRTY, PMAP, 10 and PMAP LCL which are discussed in the memory
management paragraph.

4.3 Segment and Page Map Strapping

The segment and page maps can be strapped to accept larger mapping RAMs. In
that case, each of 16 processes can access a separate 16Mbyte logicel

address space containing 256 segments each of 16-4Kbyte pages. A diagram of
the strapping configuration is shown in Figure 4-3. The strapping to a

larger RAM mapping system involves using additional selecticn signals and
address bit A<23> as shown instead of the +5V connection used for the VCC
input of the smaller map. The segment map also provides the SMAP.A<7> bit for
additional addressing space to the page map increased RAM size. This is also
strapped to increase the addressing to the lerger page map RAMs. The +5V
input is then reccnnected to the VCC input of the larcer capacity RAMs.

4.4 Memory Management

The CPU board ircludes memory management sufficient to support a full
capability multi-user operating system such as Unix runnning with 4Mbyte
physical memory (16Mbyte using the 4K-map configuration. Each process can
access tc a separate 4Mbyte logical address space consisting of 64 pages of
64Kbyte each, which can be mapped anywhere within the 16Mbyte physical address
space of the 796 bus.

As many as 16 processes can be mapped simultaneocusly. The low-order four
bits of the context register (PID<3..0>) contains the process ID of the
process currently being executed. In cases where there are more than 16
processes to be mapped, a process |D can be reused by relcading the

appropriete section of the map.
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As shown in Figures 4-1, 4-2, anc 4-4, the segment teble contains 1K entries

and is addressed by the ccntext 4-bit process ID concatenated with six logicel

address bits A<21..16> frem the MEBOOOLE.

has the following format:

FIELD

<15..12>

<11..8>

<7..6>

<5C .O>

NAME

Undefined

ACCESS.MODE<3, .0>

Reserved

A<5..0>

A segment teble entry so addressed

INTERPRETATION

Per-segment legal access

modes

High crder page teble
address

The high-order four bits of a segment table entry are undefined and can be
The ACCESS.MODES<3..0> define the legal access modes

neither read or written.

for the segment which has the fcllowing structure:

FIELD

<3>

<2>

<0>

These bits have independent meanings.

NAME

USER

WRITE

READ

EXECUTE

INTERPRETAT ION

User mede access

permitted

Writes permitted

Data spece reads

permitted

Program space reads

permitted

For example, a segment that is intended

to have "superviscr-read cr execute' access hes ACCESS.MODES=3. Alsc note

that all PC relative accesses are classified as "program space" accesses.
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The page map table shown in Figure 4-4 contains 1K 16-bit entries and is

addressed by cencatenating the 6-bit field SMAP.A<5..0> from a segment table
entry with the four lcgical address bits A<15..12> from the M68COOLE. Eech
accessible segment requires 16 contiguous page table eniries. However, nct
necessarily 16 pages of physical memory since page table enfries can be marked

"not present". A page table entry addressed in this manner has the following
format:

FIELD NAME INTERPRETATION
<15..12> PAGE .CONTRCL Per-page centrel bits
<11..0> A<11..0> High-order physical

address

Field A<11..0> is concatenated abcve the low-order 12 address bits from the
M6800CLB to form a full 24-bit 796 bus address. The PAGE CONTROL <3..0> field
has the following formet:

FIELD NAME INTERPRETATION

<3> USED This page was accessed
<2> DIRTY This page was written
<1> LOCAL Accesses tc this page

are not permifted
<0> IC 1/0 address

The USED and DIRTY fields are updated by hardware when the page is accessed.
The USED is set whenever the page is accessed and DIRTY is set whenever the
page is written. The exception is USED and DIRTY are not chenged if the
access is illegal. |If LOCAL = 1, then the access is not legel for example,

the page does noct exist irn physical memory. Otherwise, if 10 = 1, the access
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is to 796 bus 1/0 spece, and if 10 = 0, then it is to 796 bus memory space,
If either the segment or page teble sirobes are sent, USED and DIRTY are not
updated, and the M680COLB is forced to execute a bus-error trap. The CPU

error register captures the exact cause of the trap.

All 16 bits of a page table entry can be read or written using byte or word
operations, as can all 12 defined bits of a segment table entry. To access
either a segment table entry or a page table eniry, the context register must
be set up appropriately. The high-order address bit (A<23>) of the M68000LB
must be set and the low-order 23 bits must be set as if the access were to
some location within the segment or page concerned. The segment map can be
accessed directly, but the page map is accessed by first setting up a location
in the segment map and then addressing the page map through the segment map.

Since the high-order M68000LB address bit distinguishes map references, the
M6800OLE can do map operations interleaved with 796 bus operations, for
example, copying from main 796 bus memory into the map. References with A<23>
set are to the map, and references with A<23> clear are to the 796 bus.

Note that supervisor and user share a single logical-address space, allowing

the supervisor direct access to user data structures.

if the map is strapped to accept larger mapping RAMs, each of 16 processes can
access e separate 16Mbyte logiczl-address space containing 256 segments each

of 16-4Kbyte pages.



SECTION 5
CPU INTERRUPTS

5.1 Interrupts/CPU Interface

The CPU interrupts interface with the CPU as shown in Figure 5-1. Interrupts
are received from the 796 bus interface, UARTS, FPU, end timer, end test and
maintenance connector. The interrupts are strappable as described in the
paragraphs that fcllow. The resulting interrupts to the M680COLE (3-bit code)
are gated and clocked by EN.INT* and CLK* signals received from the status

register and clock generatcr respectively.

The interupts operate asynchronously in auto-vector mode to deliver the three
bits (IPL<2..0>¥) fto the M68B000LB. The bits {rack to one of seven fixed
addresses. During interrupt cycles, the M6800OLE address lines A<3..1>
provide informaticn abcut whet level interrupt is being serviced while address
lines A<Z3..4> are all set to logic high. During an interrupt acknowledge
cycle, an externzl device supplies the vector number on deta lines D<7..0>.
Incoming interrupts are latched at the falling edge cf the CLK* pulse. During
the time between clock pulses, the latches prcvide stability and settling time
between the asynchronocus priority inputs and the encoder. The 796 bus
intferrupts are further described in the discussion of the 796 bus in the

secticns that fol low.
5.2 Interrupt Strapping

Any of the interrupts (19 total) can be strapped in any pricrity level to the
seven inputs of the latches as shown in Figure 5-2. The seven letch outputs
are applied one-for-cne to the priority encoder inputs and correspond to the
priority scheme of the 79€ bus (INT<7..0>) inputs as fcllows:

Lire 7

Line 1

highest pricrity

lowest priority

Line 0 = no priority
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SECTION 6
796 BUS

6.1 796 Bus Interface

The CPU/796 bus interface with the M68000LB and various functions located on
the CPU board is shown in Figure 6-1. A more detailed diagram of the internal
796 bus including gating and buffers is shown in Figure 6-2. The bus
interface contained cn the CPU board consists of the required number of
buffers and control logic to completely interface the functions of the
M68000LB CPU with the bus. The buffers provide gated bidirectional data paths
for communication between the M68000LB and other devices atteched to the bus.
Synchronous, serial bus arbitration alsc allows a large number of bus masters
to exist in 2 single system.

Straps are available to drive the CCLK* and BCLK* signals of the 796 bus at
either a 4MHz or 8MHz synchronous rate with the M68000LB (BCLK* at 4MHz allows
2 lerger number of bus masters using serial arbitration). The XPU board
drives the M68000LB from CCLK* (CLK) received from the bus. Bus request logic
is driven from BCLK* also received from the 796 bus. In systems where more

than cne CPU exists, only one is strapped as a clock driver.

The CPU board both resets the bus or the board can be reset from the bus. The
CPU devices are reset via an incoming X.INIT* signal from the bus. The
M68000LE executes a reset instruction to reset all on-board devices (except
stetus and context registers and the M6800OLB) and sends a RESET.T0.796 BUS
pulse to generate X.INIT*¥ on the bus. A PWR.ON.TO 796 BUS pulse also resets
the bus as well as a TST.INIT used during maintenance purposes.

Both byte and word bus operations are supported by this interface. In the
M6&000LB, low-order bytes of words have odd addresses, while on the 796 bus,
high-order bytes of words have odd addresses. The interface therefore
translates the low-order address bit of M68000OLB addresses. The address sent
cver the 796 bus has the |ow-order address bit (A<0>) set when the M6800OLB is
dcing an even byte access. The bit in turn is clear when the M680COLB is
doing an odd byte access or a word access.

6-1



FAKE BHEN
ADDRESS 796
FAKE A B BUS
LATCHES INTER-
ACLL.. > 711 FACE
RAW A23..1> 23 W
MEBBBAL D<C7. . /8
MICRO- RAW HALTH
PROCESSOR RAW RESETx
PAGE PMAP A <23..12»> /12
MAP
RESET TO 68080
RESET RESET TO 796BUS
[_" RESET*
ERRURS CL K
AND
TIMEQOUT
RESET
UARTS
CL.OOK 8MHZ
GENERATOR —© ©
TIMER AMHe
-AND o G
FPU
CLK
MAINTEMNAN
PORT
TEST TEST. INIT
CONNECTOH
INT<7. . /8
INTERRURLS.
XBPRN
BUS CBRQ
ARBITER
BUSY
BREQ
CBRQ TO 7896BU3
OWN 736BUS
BCLKx*
LOCAL 736BUS OPx
COMMANDS
STATE LDS+ 1k
GENERATOR
AND
DTACK
LDS+1
AARCK
JOWCx
796BUS
COMMANDS JORCx
MRDCx
MWTCx
THIS BDOCUMENT CONTAINS INFORMATION PROPRIETARY TITLE: F16 B-1 ABBREV:
TO UALID LOGIC SYSTEMS INCORPORATED (VALID). USE
OR DISELOSURE WITHOUT THE'WRITTEN PERMISSION loF AN 78BBUS/CPU INTERFACE
OFFICER OF UALID IS EXPRESSLY FORBIDDEN. EXPR: UERSTON:
COPYRIGHT (C> UALLD 1982




OFFICEI OF LALIN IS E~PRLSELY FOPBIDDEN.

CNPYRT LT

oy

182

UARLTD

e 7 i 6 lL 5 a 3 1 2 1
° D
P ———
—-4 it
d«15..0> bi-dir X.d<1S, . 8> %
c
¢ 1 buff
796
Ics+1 — I b
- uUSs
own 796 bus }‘, |
d<15..8>
br-dir x.d<T. . O
)  I— buff
8 tes+x { )Q,__._____v_ B
—_——
| S
w ._..__—_[
e I
?:‘5 bus op* I
_4 ‘—- |
. ———
A A
| THIS DOCUMENT CONTAINS INFORMATION PROPRIETARY TITLE: DATE:
TO UM_ID LOGIC SYSTEMS INCORPORATED (VALID>. USE L
0% DISILOSURE WITHOUT THE WRITTEN PERMISSION OF AN R TR e s+ e I
- NGINEER PAGE :
LOGIC 5‘37[!"3 INC OWOWILU

8




" I 7 6 5 a ] 3 T 1
L i
) D
I [T glLx- 823, . 12>% ]
Clhkox g~ =~ Talx-bcik b
-1y IS a x.adcll.. 1ox
bcikx y al x-cclr buffers 2
—_— fr— *. 3@y x
amhz 796 bus |, PUfF e e
—_— YO © b | x.bhenx
B8mhz 796 bus a <
— o o | x.85%
&
bl x.p2.a3ackx
- 2 5e basap 798 C
X. mwtcx 796 owr 796 pus J bus
x. mrock biss fow
X. 1 0WCx p2. aack
X. 10rCx aack
pl.aack — -
—O0
X. DRrox
raw haltx
to '—*——_"'I -
sapps AW resetx | oreq -:g ~
i
ot 582¢ - I
. reset 6622 e S 5
[} al._. 3 ! TALCT. . B> s T TTTRLLA1nt<7. . DoF
cbrig 785 b a — T k |I
prebeshiin Sl - - ' x.pl.aackx
ow € bus p OYF d - a t i
. xack a Duffers X. 2 3TK*
pwr.on. 7S6 bus b a b
- cbrg a & x. cb~gn
b - 5 is
a busy a e x.busyx
*“ b al. ] -
. reset X. 1n1tx
2 e
c2 ab-ba reset a b
] Clk a < X. CC1Rk*
i 1 oe basab
fow
i fou I |
“ A

THIS COCUMENT CONTAINS  INFORMAT PR | : [5RTE
TO  UH_ID LUl SYSTENS INCORPORATEL  Usl | \ /N M ‘D |
AP DISILOSUR HOUT THE WRITTEN PERIISS 1 \k/)& \! L i ,.!..A_.,_ JRP—
OFFICE X OF vaL 1S £2PRE FORBILDI : \ PG . S U'PAGE:
COPYR[GHT <l UARLID 1982 i N LOGIC SYGILMS [1( ORPORHTED i

8 7 [ 3 [ s 4 3 1




6.2 Non-Standard Bits

The non-standard 796 bus bits used in this system are shown below and are
further described later in this section.

CONNECTOR PIN(s) - SIGNAL
P1 25 X.P1.AACK*
P2 40 X.P2.AACK*
P2 39 X AS*
P2 56,60 X.A<23>
P2 55,59 X.A<22>
P2 58 X.A<21>
Pz 57 X.A<20>

The 796 bus advanced acknowledge signal (X.AACK¥) is received on both
connectors P1 and P2. The signal is strapped from one source or the other.
The strapping cf a tapped delay line minimizes the number of wait cycles the
ME68OCOLB executes while accessing 766 bus main memory.

The address strobe (X.AS¥) signal is driven on connector P2. The signal
ellows 79€ bus main memory to start access before mapping is complete. This
minimizes M6800CLE wait cycles while accessing memory boards which use the AS*

signal.

Four high-order address bits (X.A<23..20>) are also driven on connector P2.
Two different standards exist for the positions of X.A<22> and X.A<23> on P2.
The bits are therefore driven according to both of these standards to allow

the use of memory or peripheral board conforming to either standard.

6.3 796 Bus Description

The following paragraphs provide a general overview of the 796 bus
operaticns, For more information as to the specific timing and technical
details, refer to IEEE 796 specifications and related technical reference data

listed under "Related Documents" contained in this manueal.



The 796 bus is made up of the following signal categories:

20 address lines
16 bi-directional deta lines

8 multilevel interrupt lines
16 bus control lines

1 bus clock

8 interrupt lines to M6800CLB
Power supply lines

O O O O O O O

The 796 bus connects to the CPU board by means of connectors P1 and PZ.
Connector P1 contains the signal groups listed above. Connector P2 contains

opticonal signal lines.

The address and data |ines are driven by three-state devices. The interrupt

and other control lines are open-collector driven.

6.3.1 Master-Slave Relationship

The 796 bus provides for both 8 and 16-bit bus masters and slaves. A bus
master module (such as the CPU bcard) drives the commend and address lines &nd
controls the bus. A bus slave cannct contrcl the bus and only performs
functicns based cn commands from the bus. A particular system may have a
number of masters. In this case, bus arbitraticn results when more than one
requests control of the bus.

6.3.2 Bus Clock

A bus cleck is provided by one bus master and is derived independent of the
processor clocks. The bus clock is placed on the bus then routed back into
the providing bus master equally with other boards connected to the bus. This
is to prevent skewing of the clock between the source and cther users,

The bus clock provides e timing reference for bus arbitration between bus
masters in cases where multiple requests occur from more than one bus master.
Once a bus request is granted, single of multiple read/write transfers occur.
Actual transfers cn the bus proceed asynchroncusly with respect to the bus

clock.



6.3.3 Signal Interface

The signals that make up the 796 bus interface for both connectors P1 and P2
are listed in table 1 and 2 respectively. The signal name and active logic
level (* = active low) is listed as well as the function for each signal.

Table 6-1. 796 Bus Interface Signals (P1)

SIGNAL FUNCTION
X.INIT* Resets the entire system to a known
(Initialize) state. Driven from bus master or front

panel reset switch.

X.ADRO* - X,ADRO* 20 address lines used to transmit
X.ADRA¥* - X,ADRF* address of memory location or 1/0
X.ADRIO* - X,ADR13% port to be accessed.

(Address Lines)

X .BHEN* Address control line used to specify

(Byte High Enable) that data will be transferred on the
high byte (X.DAT8%.- X.DATF¥*) 796 bus
data lines.

X. INH1 * Prevents ROM memory from responding
(Inhibit RAM) to the memory address on the system
address bus.

X. INHZ2¥ Prevents ROM memory from responding
(Inhibit ROM) to the memory address on the system

address bus.

X.DATO* - X,.DATF* Bi-directional lines used to transmit
(Data Lines) or receive informaticn to or from a

memory location or 1/0 port.



Table 6-1. 796 Bus Interface Signals (P1) (Continued)

SIGNAL

X.BCLK*
(Bus Clock)

X.CCLK*
(Constant Clock)

X.BPRN
(Bus Priority=-In)

X.BPRO
(Bus Priority-Cut)

X.BUSY*
(Bus Busy)

X.BREQ*
(Bus Request)

FUNCTION

X.BCLK is asynchrchous to the processor
clock. Negative edge (high fo low)

is used to synchronize bus priority
resclution circuits. May be slowed,
stopped, or single stepped for de-

bugging.

Provides a censtant clock signal for
general use by modules on the system

bus.

Synchronized with X.BCLK¥, Indicates to
a particular bus master that no higher
pricrity module is requesting use of

the system bus,

Synchrenized with X.BCLK*. Supplied to
BPRN* input of the master module with
the next lcwer bus pricrity.

Synchrenized with X.BCLK*, Open=-
collector line driven by bus master
currently in control tc indicete

bus is currently in use.

Synchrenized with X.BCLK*, Indicates
a particular bus master requires use
of the bus for one or more date

transfers.
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Table 6-1. 796 Bus Interface Signals (P1) (Continued)

SIGNAL

X.CBRG*
(Commen Bus

Request)

X .MDRC*
(Memory Read

Command)

X.MWTC*

(Memory Write
Command)

X.|ORC*
(1/0 Read Command)

X. IOWC*
(1/0 Write

Command)

FUNCTION

Open-col lector |ine driven by all
potential bus masters to inform
the current master that another
wishes to use bus. |f high, indi-
cates to bus master no other bus

master is requesting bus.

Asynchronocus with respect to X.BCLK*,
Indicates address of a memory loca-
tion is placed on system address
lines and specifies contents of the
addressed locaticn are to be read
and placed on system data bus.

Asynchronous with respect to X.BCLK*.
Indicated address of a memory loca-
tion is placed on system address
lines and that data is placed on

the system data bus.

Asynchronous with respect to X.BCLK¥,
Indicates address of an input port

is placed on system address bus and
date is to be read and placed on
system data bus.

Asynchronous with respect to X.BCLK*.
Indicates address of an output port
is placed on system address bus and
contents of system data bus are out-
put tc the address port.
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Table 6-1. 796 Bus Interface Signals (P1) (Continued)

SIGNAL

X.AACK
(Transfer
Acknow ledge)

X INTO* = X, INT7*
(Asynchronous

Interrupt Lines)

X. INTA*
(Interrupt
Acknew ledge)

Table 6-2.

SIGNAL

X.AACK

X.ACLO
(AC Low)

X.AS¥*

X.PFIN*
(Power Fail

Interrupt)

X.PFSN¥

(Power Fail Sense)

FUNCT ION

Asynchronous with respect to BCLK¥,
Indicates specific slave board
read/write operation is complete.

Eight parallel interrupt lines used

with interrupt resolution network.

Line driven by bus master transfer
of interrupt information cnto bus
frem slave pricrity interrupt con-

trollers.

796 Bus Interface Signals (P2)

FUNCTION

Same as P1.

Monitor AC line voitage. Goes true
when voltage drops below predefined
level. Goes false when &ll DC voltages
return to approximately 95% of

requested velue,

Allows main memory to start accessing

before mapping is complete.

interrupts processor when power

failure occurs,

Latched output that indicates power

failure has occurred.
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Table 6-2. 796 Bus Interface Signeals (P2) (Continued)

SIGNAL FUNCTICN
X.A<23..20> Allcows use of memory or peripheral
boards.
X.PFSR¥ Used to reset power fail sense |atch
(Power Feil (PFSN¥*)

Sense Reset)

X .MPRO¥ Prevents memory operation during
(Memory Protect) period of uncertain DC power by

inhibiting memory requests.

X.ALE Generated by CPU to provide auxil-
(Address Latch liary address latch.

Eneble)

X HALT* Indicates master CPU is halted.

X.AUX RESET* Initiates power up sequence.

XWAIT Indicates processor is in wait state.
(Bus Master Wait

State)

6.3.4 Date Transfers, Inhibit, and Interrupt Cperations

Date transfer on the 796 bus consists of transferring read and write data. A
typical date transfer occurs with a maximum bandwidth of 5MByte/sec for both
single or multiple read/write transfers. Due to bus arbitration and memory
access time, @ typical meximum fransfer rate is cften on the order of
2MByte/sec.

6.3.4.1 Read Data. The read operation time is used by the 796 bus interface
tc deccde the address and provide the required device selects. The device

selects establish the date paths cn the user system in anticipation of the
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command strobe that follows. The read cperaticn is initiated by the X,AS¥
signal from the M68CCOOLB fol lowed by strcbe command (X.lORC* or X.MRDC*).
Valid date is driven cnfo the bus following the command and is not removed
until the command is cleared. When the command is cleared, the X.ACK* signal

indicates the operation is complete.

6.3.4.2 Write Data. During a write data cperation, valid data is presented

simultanecusly with a stable address. Stable data before and after X.IOWC or
X.MWTC enables the bus interface to letch date cn either the leading or

trailing edge of the command. The X.ACK* signel indicates the operation is

complete,

A 16-bit master transfers cata on the data lines using 8~bit cr 16-bit paths
depending on whether byte or work (2-byte) operaticn is specified. A word
transfer specified with an odd |/0 or memory address is actually executed as

two single byte transfers cn the data lines.

TJo adapt to both 8 and 16-bit devices, three buffers are used: lower, upper,
and swap byte as shown in Figure 6-3. The lower byte buffer accesses X,DATC*
through X.DAT7%, the upper accesses X.DAT8%* through X.DATF¥*, and the sweap
buffer accesses 79€ bus data lines X.DATO* through X.DAT7* enc fransfers the
data from bocard data |ines D& through D19 end visa verse depending on the
direction selected by the ccntrel logic. A read operation transfers low byte

to high byte, a write fransfers high to low.

6.3.4.3 Inhibit. Bus inhibit operations are required by bootstrap and memory
mapped 1/0 configurations. The inhibit operation allows a combination of
RAM/ROM memory mapped 1/0C to occupy the same memory address space. In the
case of a bootstrap, it may be desirable to have both ROM and RAM occupy the
same address spece selecting ROM instead of RAM for low order memory only when
the system is reset. Alsc, a system which has actual memory occupying the
memory mappec |/0 address space may need to inhibit RAM or ROM memory to

perform its functicns.
€.3.4.4 Interrupts. The interrupt lines (X.INTO* through X.INT7%) are used by

& bus master to receive interrupts from bus slaves, other bus masters, or

external logic such as power fail. The bus master may also contain external
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interrupts (such as cn the MEECOOLB CPU) which dc rot require the bus

interrupt lines to interrupi the master.

There are two interrupt schemes used by bus interrupts: vectored and
nonvectored. The M6&000LB uses the vectored type of interrupts with the
vector provided over the 796 bus address lines. The vectored interrupts are
transferred from the slave to the bus mester, when the master issues the
X.INTA* command signal in response to an interrupt. When an interrupt
occurs, the interrupt contrcl logic in the CPU interrupts the M6800OLB.

In single board systems which use & CPU board capable of bus vectored
inferrupt operaticn, the X.BPRN* pin must be grounded at master only if slave
boards are to be &accessed.

6.3.5 Slave Interface

The three basic elements of a slave bus interface are address decoders, bus

drivers, and conircl logic.

6.3.6 Address Decoding

The address decode logic decodes the appropriete 796 bus address bits into
RAM or ROM requests, or 1/0 selects.

6.3.7 Data Bus Drivers and Receivers

For users which only receive data from the 796 bus, buffers are used tfo

ensure that maximum allcwable bus loading is not exceeced. In systems that
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place data onto the 796 bus date |ines, three state drivers are required.

For beth read and write functicns, bi-directional bus drivers are used.
€.3.8 Control Signal Lcgic

The control signal logic consists of circuits that forward /0 and memory
read/write commands to their respective destinations, provide the bus with a

transfer acknowledge response, and drive system interrupt lines.

6.3.9 Power Failures

Power failures are monitored by lines provided by connector P2. The power
supply monitors the AC power level and when the power drops below an
acceptable level, the supply raises the ACLO line. This tells the power fail
logic that three milliseconds remain before the DC power falls below the
regulated voltage levels. The power fail logic then sets a sense |atch
(X.PFSN*) and generates an interrupt (X.PFIN¥) tc the processor. After a 2.5
mil lisecond timeout, the memory protect signal (X.MPRO*) is asserted by the
power fail logic to prevent any memory activity. As power fails, the memory

goes on standby power.

As the AC line revives, the lcgic voltage level is monitored by the power
supply. After power returns fo its operating level for one millisecond
minimum. The power supply sets the X.ACLC* signal to begin a restart
sequence. This starts when the X.MPRO¥* then the X.INIT* become inactive. The
bus master running then checks the power fail latch (X.PFSN¥), If the latch
is set, the power up routine branches to reset the latch (X.PFSR¥*}, restore

the environment, and resume execution.



SECTION 7
796 BUS COMMANDS

7.1 796 Bus Commands/CPU Interface

The 796 bus commands/CPU interface is shown in Figure 7-1. The 796 bus

commands logic receives varicus enables, address lines, error inputs, and

disables from the following CPU functions:

Address leatfches

Page map

Errors and timeout

Local commands

State generation and DTACK

o O O O o

Based on the configuration of the irput signals (with noc disables or errors),

the command logic provides cne of the fcllowing focur commands to the 766 bus

interface:
o IOWC* : /0 write command
c IORC* : 1/0 read command
o MWTC* : Memory write command
¢ WRDC* : Memory read command

7.2 796 Bus Commands Detailed Description

The 796 bus commands logic is shown in Figure 7-2. The lcgic consists of a
one of eight decoder and associated enable gating. The decoder generates one

of four outputs based on the address inputs (A0 through AZ) when the decoder
is enabled.

Either AND gate is enabled by a 796 BUS.OP true previous to & deleyed data
strobe (DS+2.CLY) occurring. The particular gate activated depends on the
condition cf the read/write selection lires (W and Wx). The read cutput |
enable can always be activated however, the write function can be disabled by
g 796 BUS.W.CMD.DIS* input. Without the disable or an SMAP.ERR present,
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the enable decoder address inputs provide one of the four selected outputs as

follows:
PMAP.I0 W = |CWC*
FMAP. IC = |ORC*
PMAP. 10 W = MWTC*
PMAP. 10 W = MRTC*

The SMAP.ERR signal sets all four 1/0 and memory output read/write selection
lines to high therefore disebling the command function. After the error, a
reset from the M6800OLB to the errors and timeout logic resets the SMAP.ERR
line thus re-enabling the command decoder.

7-4



8.1 Bus Arbiter/CPU Interface

SECTION 8
BUS ARBITER

The bus arbiter/CPU interface is shown in Figure 8-1. The bus arbiter

implements 796 bus prctocel and provides fast bus exchange for the CPU in
conjuncticn with other bus masters connected to the 796 bus. The arbiter

receives signal inputs from the status register and state generaticn and
DTACK, and fo and from the 796 bus interface. The signals are listed

and described in teble 8-1.

Table 8-1.

SIGNAL

796 BUS.LOCK

ASH1

OWN.796 BUS*

OWN.766 BUS

Bus Arbiter Interface Signals

FUNCTION

Holds ownership of 796 bus and prevents BREQ

line from being reset.

Address strobe used for setting BREQ true.

Activates 79€ bus interface. Complementary
with OWN.796 BUS.

Activates 796 bus interface bus commands
buffer, generates X.BUSY* signifying bus is in
use, and provides enable to data bus buffers.
Complement tc OWN.796 BUS*.
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Table 8-1. Bus Arbiter Interface Signals (Continued)

SIGNAL FUNCTICON

CBRQ.TO.796 BUS Generates X.CBRQ* through 796 bus interface
buffers to signify that another master wishes
to use the bus. When false, indicates no

other bus master is requesting bus.

BREQ Indicates CPU requires use of 796 bus.

CBRQ Common bus request informing CPU that
another bus master wishes to use 796 bus.

X .BPRN* Indicates no higher priority module is
requesting use of 796 bus. Synchronized
with BCLK*,

BCLK* Negative going edge sets current condi=-

tion into bus arbiter logic.

BUSY Indicates to bus arbiter that 796 bus is
currently in use.

8.2 Bus Arbitfer Logic

The bus arbiter logic is shown in Figure 8-2. The logic consists of two J-K
flip-flops used to set and reset the 796 bus request and control lines as
centrolled by the bus selection inputs and related gating.

Curing operaticn, the BREQ is set by signals 796 BUS.OP, AS+1, and a low-going
clock pulse to indicate the CPU wants the bus for the next or more cycles. At
the same time, CBRQ.T0.796 BUS indicates to all bus mesters that the CPU
wishes to use the bus. |If the bus is not busy and X.BPRN¥ is not set, a

high to the second flip=flop J input ezlong with the next low-going clock pulse
generates OWN.796 BUS and OWN.796 BUS* to activate the bus interface buffers.
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If it is desired o lock the bus into & constant bus request situation, a 796
BUS.LCOCK line cen lock the flip=-flop sc the BREQ line cannot be reset. A low
common bus request line (CBRQ) also disables the reset of BREG as lcng as no

other bus mester desires to use the bus. A BUSY line from the bus indicates

the bus is in use and disables the OWN.796 BUS outputs. These lines ir furn

disable the CPU 796 bus interface.

8.3 Bus Arbiter Strapping

Strapping of certain signals is used in situations where constant dominatiocn
of the CPU on the 796 bus is desired (cne example is where no other bus
masters exist). These situations involve the strepping of the CBRQ or X.BPRN¥
signals. The CBRQ feeture can be constantly enabled by strapping the input
true. The X.BPRN* feature can be constantly enabled by strapping it false.
The true CBRQ line then generates a constant bus request and the X.BPRN¥
always simulates a bus priority request. The 796 BUS.LOCK feature can alsc be
disabled by strapping it false.



SECTION 9
CPU ADDRESS ING

9.1 Address Bus/CFU Interface

The address bus/CPU interface is shown in Figure 9-1. Addressing is provided
on the address bus (RAW A<23..1>) from the M68000LB to the address latches.

The latches operate in an asynchronous manner (constantly enabled). Each
address from the M6800OLE is strobed ontc the address bus lines (A<23,.1>) by
the data strobe (DS) along with the read/write command (W), upper and lower
data strobes (UDS* and LDS*) which in furn generate FAKE.A<0> and FAKE.BHEN as
required. Because the M68COOLB is capable of updating the address lines in
approximately 30 nancseconds, a delay line is used to delay the data strobe by
approximately 125 nanoseconds before placing a new address on the latch
outputs. This allows time for the addresses to be used either by the CPU or

796 bus by keeping them available on the latch outputs for the correct amount
of time.

The address bus interfaces varicus functions on the CPU board. These are each
listed and described in detail in ftable 9-1. The FAKE.A<0> interfaces with
796 bus address bit X.A<0>*. The bit is generated by the address latches

LDS* cignal from the M68000LB. The bit is used to signify data is to be
fransfered on the lower byte 796 bus data lines. The FAKE.BHEN indicates
date is to be fransfered on the high byte 796 bus data lines. The AS* signal
is generated by the M68000LB to the state generation and DTACK logic to

indicate a valid address is on the address bus.

Table 9-1. CPU Addressing Features

FUNCTION DESCRIPTION
Local Commands Decodes commands for all CPU functicons.
796 Bus Commands Uses W and W* with other commands and

contrel signals to generate one of four

bus commands depending on the CPU mode.
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Table 9-1.

FUNCTION

Segment Map

Fage Map

RAM and ROM

CPU Addressing Features (Continued)

DESCRIPTION

Addresses (A<22Z..16>) and context
register CTXT<3..0> address the seg-
ment map to generate map addresses to
the page map. The signal along with
other control signals is used to
address a PROM which in turn gener-
ates segment and page map status sig-
nals. The W signal also controls bi-
directional buffers which allow either
segment map data ontc the data bus or
lines from the data bus directly to the

page mep and errors &nd timecut logic.

Address A<15..12> aleng with segment
map addresses SMAP<7..0> are used to
generate page map addresses to the
796 bus end status signels to other
CPU functions. The W signal is used
in the generaticn of PMAP.DIRTY (see
memory management). The W signal &alsc
controls bi-directional buffers which
al lcw addressing and generaticn of
status signels directly from the

data bus to the 796 bus.

Address bit A<10..1> provides addres-
sing tfo the RAM memory. Address bits
A<13,.1> provide addressing to the
ROM memory. The W¥* signal aleng with
the UDS* and LDS* select the read

and write operations cf the RAM.
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Table 9-1. CPU Addressing Features (Continued)

FUNCTION DESCRIPTION

TIMER and FPI Address bits A<2..1> selects the
intervel timer when the CPU selects
it for use. The floating point

processor is addressed by address
bit A<1> when CPU selected.

UARTS Address bits A<2..1> selects the
UARTS internal function for use

when selected for use by the CPU.

9.2 Logical Address Space Structure

The 16 megabyte logical address space of the M68000OLB is divided into 256-64K
bytes segments. Locgical addressing cperates in both the user and supervisor
modes.

9.2.1 User Mode

In the user mode, accesses within the lowest 64 segments (4Mbytes from
$000000 through $3FFFF) are mapped and checked for correct access mode as
specified in the map. Correct accesses map to either the 1/0 space or memory
space of the 796 bus. All others cause an address bounds bus-error trap.

The user cannot access on-board RAM or other lccal resources.,

9.2.2 Supervisor Mcde

In the superviscer mode, the second segment (64Kbyte from $010000 through
$01FFFF) is reserved to access locel resources such as on-board RAM and ROM.
Accesses in this segment are not mapped. All other supervisor mode accesses
within the lowest 64 segments are mepped and checked for ccrrect access mode
a@s specified ir the map.
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In general, supervisor references to other than the lowest 64 segments cause

an address-bounds bus-error trap. However, the context register conteins a
field which contrcls reading and writing the map. |f the context register
conteins a value which allows access to the map, then (supervisor mode only)
addresses in segments 128 through 191 (4Mbyte froem $800000 through $BFFFFF)

are noct mapped through tc the 7S6 bus, but reference the map itself.

When the CPU is in the boot state (see status register), supervisor mode
accesses to the first segment are unmapped and forced to loce! resources.

9.3 Lccal Resources

The CPU board contains certein local rescurces. These include ROM, RAM,
UARTS, timer, flcating point processor, and various status registers. The
software running in supervisor mode accesses these local resources by
generating addresses in the second segment (64Kbytes from $010000 through
$01FFFF). First segment addresses (64Kbytes from $000000 through $00FFFF)

also access these resources if the CPU is in the boot state.
NOTE
Accesses to locel resources are nct mapped since some local
register control the mapping function itself, Local rescurces

are nct accessible by other 796 bus masters.

The second segment, low-order 16-bits select the local rescurces as follows:

Address Range Size Function
010000..013FFF 1.6Kbytes Local ROM
014000..017FFF 16Kbytes (reserved, timeout)
018000..0187FF 2Kbytes Local RAM
018800..018FFF 14Kbytes (reserved, timeout)
01C000..C1FFFF 16Kbytes Local Devices
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Local devices are selected by the low-order 14-bits as follows:

Base Address Device
01C001 Host UART
01C€801 Terminal UART
01DCO1 8253 Programmable Interval Timer
01D801 8232 Flcating-Point Processor
01E001 Context Register
01E801 Error Register
01F001 Status Register
61F801 Switches (Context)

All devices in region $01C000 through $01FFFF are byte devices. 0dd byte
addresses shcould be used to access these devices. For a device with internal
addressable functions, the bare address for the device must be odd, and the
low-order ten word address bits (A<10..1>) select the functicn within the
cdevice, Byte accesses on even eddresses within this area do not activate any
device, and only the odd byte is read or written during a word access within

this area.



SECTION 10
REGISTERS

10.1 Registers/CPU Interface

The CPU includes status, errcr, and context registers contained as part of the
context and status switches and errors and timeout logic functions of the
board. The purpose of the registers is to have available certain conditions

of the CPU for menitoring and informaticn purposes when required. The
registers may be written-into and read-from during CPU operations. The

registers interface with various functions of the CPU board and the data bus
as shown in Figures 10-1, 10-3, and 10-5. A description of each register and

its particular functions are included in the paragraphs that follow.
10.2 Status Register

The status register interface is shown in Figure 10-1. The purpose of the
status register is to light the red and green LEDs based on the results of CPU
diagnostics and provide control signais to varicus functions on the CPU board
as well as place the status of the bits onto the M680OOLB deta bus.

The register can be either written-intc or read-from using M6800CLE byte or
worc cpereticns. The register can elso be cleared by reseting all bits (using
RESET TO 68000%) during & 796 bus cr power-up reset. The effects of writing
into the status register is observed after the write is completed (before the
teginning of the next instruction). The register is written into from the

data bus by a WE STATUS* signeal generated from the locel commands logic.

The date written into the register is made available on the register output
lines tc the CPU toard functions depending cn the CPU operaticn being
performed. The same date is also made available to the three state interface
buffers for gating onto the MEBOOOLB deta bus. This is accomplished by

generating a RE,STATUS* signal to the buffers from the local commands logic.
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The register conteins fields releted to each bit positicn as shown in Figure
10-2. These ccrrespond to bit lines cn the date bus. The fields are alsc
listed in teble 10-1 as well as each name and definition.

Teble 10-1. Status Register Fields

FIELD NAME DEFINITIONS
<7>, <6> RED.LED, Used by diagnostic
GREEN.LED software to display

results of diagnos-
tics. After success-
ful completion.
EPROM CPU diagnos-
tics light the green
LED and red LED is
lighted for unsuc-
cessful completion.
Both LEDs are dark
if diagnostics do
nct complete. Both

are dark at power-up.

<5> TST.STB Connected to test
cennector. Used by
software to signal
events to external

diaghostic equipment.
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Table 10-1. Status Register Fields (Continued)

FIELD NAME DEFINITICNS

<4> EN.INT Handle interrupts to
M68000LB. Since status
register is cleared
at power-up, inter-
rupts are disabled
enc are nct re-
engbled by scftware
until map and treap
vectors are initial-

ized.

<3> BCOT.STATE* Input fc locel com-
mands. Contrcls
mapping of the lowest
64K byte segment of
each address speace.
Normally. only the
seconc segment of each
address space accesses
locel rescurces (on-
board ROM and RAM),
However, in boot
stete both the first
and second segments
access those rescurces.
This &llows the MEECOOLB
reset vector tc be
located in on-board
ROM.
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Table 10-1. Stetus Register Fields (Continued)

FIELD NAME DEFINITIONS

<2> 796 BUS.LOCK Controls release cof
796 bus after next
bus access. Other-
wise, it is released
to any requestor,
regardless of
pricrity.

<1> EN.TRANSPT Cirectly connects
two RS-232C ports
by hardware in s
bi-directional chan-
nel allowing the two
UARTS to continucusly
monitor the ports (two
ports operating at
the same laud rate).
Allows competibility
with Motorola MACSBUG

monitor.

<0> EN.BK.DET When true, a break
detected by either
UART causes a power-
on reset to be issued
on the 796 bus. This
allows resets to be
issued on the bus
remotely using the
break key of a stend-
ard ASCII terminal.
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10.3 Errcr Register

The register lcads error information onto data bus bits <3> through <C>.
Incoming error informetion is received from the errors and timeout logic,
local commands, segment map, and page map. The errcr register letches the
current errors onto the date bus upon receipt of an RE.ERRS¥ input from the
local commands when the BERR* signel is received from the timeout logic. The
latches are cleared when a CLR.ERRS* is received from the local commands. The
errcr register fields are shown in Figure 10-4. The errcrs and their

definiticns are listed in table 10-2.

Table 10-2. Error Register Fields

FIELD NAME DEFINITIONS
<7..4> Reserved
<3> TIMEOUT Indicates addressed
locatich did not
respond.
<2> ADDRESS EOUNDS Indicates an illegel
legical address was
generated.
<1> SEGMENT MAP Indicates access mode

violation detected in

segment map.

<0> PAGE MAP Indicates access mode
vicletions detected
in page map.

10.4 Context Register

The context register conteins the process ID of the current process being

executed as well as the map contrcl field which enables the map to be
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accesssed. The context register interfaces within the CPU board as shown in
Figure 10-5. The register can be read or written by the M6800OLE using byte
or word operations. All bits in the register are reset by a 796 bus reset or
a power up (RESET TO 68000%) signal from the CPU reset logic. The signal
occurs from the local commands. For reading the register bits ontc the data
bus, an RE CTXT* signal is applied to the three-state interface buffers from
the local commands.

The context register fields are shown in Figure 10-6. The ftwo fields
contained in the register control map accesses (CTXT<3..0>) and name of the
current process (PID). The PID field (current name of the 4-bit process),
determines the section of the segment map is used in the address translation.
The map control field controls access to the map. The context register

fields, names, and definitions are listed in table 10-3.

Table 10-3. Context Register Fields

FIELD NAME DEFINITIONS

<T..4> CTXT<3..0> Controls map accesses.

(map contrcl)

PID:

<3> ALLOW.MAP,ACCESS Enables map accesses.

<2> SEL .LOW.MAP Enables high (low) map
accesses,

<1> SEL .SMAP Enables segment map
accesses,

<0> reserved

The ALLOW.MAP.ACCESS bit allows reading or writing of the segment or page
map. In those cases, the SEL.SMAP bit determines which map is accesses as

fol lows:
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SEL.SMAP true enables segment map acess.
SEL.SMAP false enables page map access.
SEL.LOW.MAP control access to the low half of the segment map (not

relevent to 4K-map configuration).
When map access is enabled, an address from the M68000LB accesses the map only

if its high order address bit (A<23> is set. All other addresses are mapped

egs described in memory management.
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SECTION 11
ERRORS AND TIMEOUT

11.1 Errors and Timeout/CPU Interface

The errors and timeout logic interfaces within the CPU as shcwn in Figure
11-1. The purpose of the logic is to cepture the most recent cause of a bus
error trap. It is then read by the 68000 using byte or word operations (see
error register section of this manual).

The errcrs and timeout logic receives a BERR¥ input from the M6800OLB,
PMAP.ERR from the page map, and address bounds error (ADR.BNDS.ERR) from the
local commands logic. The logic generates an SMAP.ERR to the 796 bus commands
logic and a SUM.ERR output fo the page map and test and maintenance connectors
depending on the type of error occuring.

Data strobes (DS+2 and DS+4) are received from the state generaticn and
timeout to provide a cleer signel fo the internal timeout counter and a sirobe
(DS+4) to clock the current error (BERR¥) into the error register latches.

The current error is then placed on the 68000 data bus by the read errcrs
(RE.ERRS*) signal issued from the CPU locel commands logic. The local
commands also provides a CLR.ERRS* signal used to reset the error register to
its initiel state.

A PROM is also used in the errors and timeout logic to monitor conditions of
the address latches W and FC<2..1> outputs, 796.BUS.OP line, and PROT<3..0>
from the segment mep. Inccrrect conditions from these lines as well as a page
map error indicates an access mode violation.

The errors and timeocut logic generates two clock signals (CLK.DBZ* and CLK.
DB8#*) for use by the timer and FPU from the timeout counters. These are
tapped from the timeout ccunter outputs. A TST.DIS.TIMEOUT* line is alsc
included to disable the timeout logic as required for testing and maintenance
purposes.
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11.2 Errors and Timeout Detailed Operaticn

The errors and timeout logic is shown in Figure 11-2. The logic consists of a
two-state timeout counter, 256 x 4 EPROM, error register, and associated
gating. The timeout counters allow time for a response from a 796 bus

device. |f the response is not received within the alloted time (approxi-
mately 15 microseconds), the TIMEOUT line causes the generation of a SUM.ERR
to the page map to terminate mapping operations., The DS+2 line clears the
timeout second stage counter to its initial stete for the next response.

If an error other than timeout occurs (ADR.BNDS.ERR, SMAP.ERR, or PMAP.ERR),
data strobe DS+4 enables the gating to clock the error over the BERR* line and
also latch it into the error register. The error is then read cnto the data
bus by the M68000LB via the local commands logic by generating @ RE.ERRS*
signal to the error register enable. After an error condition is reset, the
CLR.ERRS* |ine clears the latches.

The 256 x 4 PROM (PA) generates an SMAP.ERR fo the errcr lcgic, error
register, and disables the 796 bus commands logic. For test and maintenance
purposes the timeout lcgic can be disabled over the TST.DIS.TIMEOUT* line and
the SUM.ERR l|ine monitored for page and segment map and address bounds
errors,
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SECTION 12
RAM AND ROM MEMORIES

The CPU board incorporates both RAM and ROM memories. The RAM is used as a
scratch pad memory and the ROM is used for storing monitor programs and
self-test diagnostics. The function and features of both memories are

described and illustrated in the paragraphs that follow.
12.1 Scratch Pad RAM/CPU |nterface

The scratch pad RAM interface within the CPU board is shown in Figure 12-1.
The RAM is made up of four 1K x 4 bit random access memory chips combined to
form 2Kbytes of RAM memory. The RAMs are addressed from the M6800OLB vie the
address latches. The chip select input of each RAM is activated by the DS+3
and RAM.OP* select lines from the state generation end DTACK logic and the
locel commands respectively. Either the upper or lower bytes are selected for
use by either the upper date strobe (UDS) or the lower data strobe (LDS). The
selected byte is then written-into or read-from depending on the conditicn of
the W* line. A true W¥ |ine enzbles a read cycle, a false W¥ enables the
write cycle.

The memory cen be accessed by either a word or byte operaticn. The cycle Time
is fast encugh so that no wait stetes are introduced intc the M6800OLB. The
memory &l lcws CPU diagnostics to run without the bus. The operating system
can ealso place small programs such as weit loop in the RAM memory in order to
remove instruction-fetch traffic from the bus at critical times.

12.2 ROM/CPU Interface

The erasable-programmable read-only-memory (EPROM) interface within the CPU
is shown in Figure 12-2. The EPROMS are used for mcnitoring and performing
CPU on-board diagnostics. The EPROM consists of two plug-in 8K x 8 bit chips
making & totel of 16Kbytes available. The EPROM is addressed from the
address bus latches and enabled by RE.ROM¥* and DS+3 from the local commands
and state generation and DTACK logic. Outputs are provided onto the M6800OLB
data bus.
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SECTION 13
INTERVAL TIMER

13.1 Timer/CPU Interface

The CPU board includes an 8253 programmable interval timer which contains
three 16-bit timers, each of which receives a 1MHz clock. Each of the timers
output signals can be strapped to interrupt the CPU (see Interrupts, Secticn
5). The 8253 contains four 8-bit registers accessed by odd byte addresses.

The purpose of the timer is fo provide the programmer with the capability of
generating accurate time delays. Upon command, one of the counters counts out
a delay, then interrupts the M68000OLB when the task is completed.

The timer interface within the CPU board is shown in Figure 13-1. Counter
selection lines (1 of 3) are supplied by address bus bits A<2..1>. Programmed
data for time delays is provided over data bus bits D<7..0>. The 1MHz clock
is supplied by a counter in the errors and timeout logic. Time delay values
contained on the date bus for a particular counter are read into the timer by
the RE.PIT* signazl. Upon completion of a time delay, an interrupt is
generated and supplied to the CPU interrupts which in turn interrupts the
M68COOLB depending on how the PIT<2..0> signals are strapped within the CPU
interrupt logic.
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SECTION 14
STATE GENERATION AND DTACK

14.1 State Generation/CPU Interface

The state generation and DTACK logic interface within the CPU is shown in
Figure 14-1. The logic is generally controlled by input signals from the
M68000LB microprocessor, address latches, timer and FPU (if used), local
commands, and in the diagnostic mode through the test and meintenance
connector. The logic contains varicus latches, shift register, multiplexers,
programmable time delays and associated gating. Certain critical signals are
strappable to the time delays as described in the paragraphs that follow.

The M68000OLB provides an address strobe (AS*) signifying a valid address on
the address bus and the basic lower and upper data strobes (LDS* and UDS¥).
The state generation and DTACK provides both a function code acknowledge
(FC.INT.ACK*) and data acknowledge (DTACK¥*) to the M68000LB. The function
code is ANDed in the state generation logic to provide the acknowledge
whenever AS* is active. The DTACK signifies the end of a date transfer and
allows the M68000LB to start & new cycle.

The timer and CPU provides a FPU DONE which can be strapped into the DTACK
generation logic for FPU operations if included with the CPU (optional item).
The ACK.SEL<2..C> lines are applied to the select inputs of the DTACK
multiplexer to select which one of the timing or acknowledge signals cause a
DTACK output.

The 796 bus supplies the clock signals (CLK and CLK¥) required for generation
of the timing signels from the state generation logic. The 796 bus also
supplies the normal acknowledge (X.ACK) and a special advance acknowledge
(AACK). The X.ACK is gated directly to the DTACK multiplexer over the BUS.ACK
line. This line acknowledges the M68B00OLB is ready. The AACK is provided to
a time delay where it can be strepped at different times to accommodate system
requirements. This line also causes the generaticn of BUS.ACK to the DTACK
multiplexer.
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14.2 State Signal CGeneration

All stete generation signals are clocked into the CPU function by the clock
signal received from the bus. All even numbered signals are generated by the
rising edge of the clock and all odd numbered signals are generated by the
felling edge of the clock. A command strobe (DS+2 DLY) is also supplied to
the 796 bus commands logic as well as the data strobe (DS) and disable signal
(796 BUS.W.CMD DIS¥*). The delay of the command signal is adjustable to fit
system requirements. Both the program inputs and the data strobe state
generation signals are strappable as shown in Figure 14-2. The program inputs
adjust the timed output and the data strobe inputs allcw selecticn of either
DS+2 or DS+3 as an input source for the delay.

The data strobe (DS) is used as one of three enables to the 796 bus commands
decoder logic. The DS signal is also supplied to the CPU address latches to
gating the addresses onto the CPU address bus. The signel is also supplied fo
the test and maintenance connector for servicing requirements. The 796
BUS.W.CMD.DIS.* is used for disabling the 796 BUS.OP write command (W) to the
796 bus commands.
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SECTION 15
FLOATING POINT PROCESSOR

15.1 Floating Point Processor/CFPU Interface

The floating point processor/CPU interface is shown in Figure 15-1. The
purpose of the 8232 floating point processor is to enhance the computaticnal
capabilities of the CPU M680CCLE microprocessor and eliminate the necessity to
write and verify floating point software. The processor executes
single-precision (32-bit) and double precision (64-bit) add, subtract,
multiply, and divide operations at 4MHz clock rate. The processor executed a
single-precision floating-point add irn 15 microseconds and a multiply in 50

microseconds, making it considerably faster than the M6800OLB software.

The operand, resuIT,vsfaTus and command information for the processor tfeke
place over the CPU bi-directionzl data bus. Operends are placed into the
processor and commands to perform an cperation are issued by the CPU. Results
are provided to the CPU on the data bus.

The floating point processor irterface is shown in Figure 15-1. The processcr
interfaces with the M680COLB vie the address latches. These supply the
address bit required to perform the operating modes of the processor. The
address bit in conjunction with the WE.FPU¥ and RE.FPU* determine the type of

transfer fc be performed on the datea bus as follcws:

A<t> WE.FPU* RE.FPU¥ Transfer

0 1 0 Enter dats byte
C 0 1 Read data byte
1 1 0 Enter commeand

1 0 1 Read status

The 4MHz clock is supplied frem a counter lcceted in the errors and timecut
logic over line CLK.DB2. A RESET line from the bus terminates any
cperation in progress and clears the processcr tc zero. After completicn of

an cperation, the processor executes an end of execution (FPU.SVREG) to
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indicete the completion cf a command. This signel is & strappeble signal

suppliec to the CPU interrupts logic.

The FPU DONE also indicates a completion of command to the state generation
encd DTACK logic. The FPU DONE is cleared by any read or write operaticn or

reset.



SECTION 16
SWITCHES

16.1 Switches/CPU |Interface

A bank of eight dual inline package (DIP) switches are available for use under
software control. They read as zero when closed and one when open. They can
be used to indicate to mode or configuration of the board. For example,
special cdiagncstics to be executed, etc. Writing this onfo the data bus
causes a timeout bus trap error.

The switches interface the CPU data bus as shown in Figure 16-1. The
cenfiguration of the switches is gated from the three-state buffers by the
RE.SWITCHES* input from the local commands. The open switches are pulled up
by +5V through a pull up resistor to each switch line. By closing a
particular switch, the +5V is cleamped to ground producing a ground level
onto the respective data bus line when the buffers are enabled.
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SECTION 17
UARTS

17.1 UARTS/CPU Interface

The CPU board conteins two 2662-2 programmable UARTS and associated RS232C
drivers and receivers as shown in Figure 17-1, Each UART contains four
eight-bit registers accessed by odd byte addresses. Address bits A<2..1>
select the internal functions within each UART. The UARTS are capable of
transmitting and receiving seriel data at a rate up to 38400 baud in a full
duplex mode. The two UARTS are designated as host and terminal UARTS. The
host UART is wired to communicate with a modem, the second with a terminal.
The host UART features full mcdem control with strappable interrupts. The
terminal UARTS is wired to communicate with @ terminal. Both the host and

terminal UARTS must be operating at the same baud rate.

17.2 UARTS Operation

During operation, if EN.TRANSPT is true in the CPU status register
(fransparent mode) and both UART tfransmitters are disabled, the received data
from the host RS232C port is routed to the terminal, and vice-versa. This
a2lso zllows the UARTS to monitor incoming data. This feature allows
communication between the terminal and the host with complex scftware

buffering and rate control. This may also be used with Motorola's MACSBUG
monitor.

The host or terminal UARTS is addressed over |ines from the address latches
(A<2..1>) via the M6800CLB. The eight date lines D<7..0> are connected to the
CPU bidirecticnal data bus. An external 4.9152 MHz external clock is provided
for input to the UARTS internal baud rate generator for synchronizing baud
rates between the hcst and terminal UARTS. The EN.TRANSPT and EN.BKDET* are
supplied to the host and terminel interfaces and the UARTS one shot is used
for issuing a break detect (BK.DET.0S) pulse to the reset logic. This is used
for performing a master reset to both UARTS.
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The local commands read and write decoders supply both read and write enables
(WE.UART 0, RE.UART O and WE.UART 1, RE.UART 1) signals to both UARTS chip
enable (CE*) inputs for enabling one or both UARTS depending on the operation
being performed. Interrupts, which are strappable in the interrupt logic, are
supplied to the CPU interrupts. These may be used as required depending on
the required configuration of the board. For a more detailed description of
the 2661 UARTS, refer to the manufacturer's technical data.

17.3 UARTS Strapping
The hest and terminal interface strapping are shown in Figures 17-2 and 17-3.

The received signals CTS, DSR, and DCD can be strapped low to allow
communicaticns with devices which do not generate those signals.
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SECTION 18
CPU RESETS

The CPU reset circuit on the CPU board provides resets to either the CPU board
or the 796 bus. The following describes the reset logic within the CPU as
well as the detailed cperation of the logic used to generate individual
resets.

18.1 Resets/CPU |nterface

The resets/CPU interface is shown in Figure 18-1. The reset function consists
of the CPU reset logic and a one shot which generates a master clear to the
reset logic, M680COLB, CPU functicns, and 796 bus devices. The one shot
generates the clear signal upcn receipt of a CPU power-up or a break detect
signal from the UARTS. The reset logic receives a RESET* input from the bus
and a RAW RESET* from the M68000LB. The RAW RESET* |ine causes the reset
logic to generate & RESET.T0.796 BUS signel to the bus which then sends a
reset onto the bus (X.INIT*) line. The RESET.T0.796 EUS line alsc sends a
RESET to the UARTS and timer and FPU to set those functions to their initial
states. The signal can zlso be monitored over the test and mezintenance

connector.

A reset can alsc be initiated from the bus to reset the CPU lcgic exclusively.
This is received over the X.INIT¥ line which in turn generates both the RESET
and RESET* signals. The RESET line provides a reset o the UARTS, timer and
FPU circuits, and the test and meintenance connector for monitoring purposes.
The RESET* line is applied to the reset logic which in furn generates a RAW
HALT* and a RAW RESET* to the ME80OOOLB and a RESET.T0.68000* used to reset the
context and status registers. The RESET* line can also be accessed thrcough
the test and meaintenance connector for service and testing purposes.

18.2 Resets Detailed Cperation
The logic circuits for the CPU reset function with cperaticnal stetes is shown

in Figure 18-2. Sheown are the initiel power-up state, reset from the
M6ECCCOLB, and reset initiated from the bus.
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18.2.1 Power On Reset

The power on reset is started when power is applied to the CPU board. The +5V
level is sensed by the one-shot as shown in Figure 18-2, example A. The cne-
shot generates a clear pulse tc the reset logic latches and a ftrue level over
the PWR.ON.TO0.796 BUS line tc the bus inteface logic. This sets the latches
and bus devices fo their initial state. At the same time, the power-cn state
elso generates & RESET signal to clear the UARTS and timer and FPU and &
RESET* back to the reset logic., The RESET* line the reset logic (Figure 18-2,

example B) to generate a RAW HALT* and & RAW RESET* to the M6800OLB to place
it in its initiel state.

18.2.2 Reset From M680COLB

The states of the reset logic for generating a RESET.TO0.796 BUS when a reset
is selected from the M68000LB are shown in Figure 18-2, examples C anc D. The
generation of the reset is accomplished in two successive positive clock
transiticns. The first fransition, upon receipt of @ RAW RESET¥*, clocks the
resulting high through the first D latch onto the D input of the seconc
latch. The second positive going clock pulse then clocks the high from the
first D latch end tc the output of the secend letch., These lines (Q) ir
adcition to the latch complementary outputs (Q) prcvides gating to block any
MEE0OOLE resets and also generate & RESET.T0.796 BUS signal to the bus
inferface. AT the same time, a feedback line to the RAW RESET* input gate is
set to a ftrue conditicn. Therefore, after the RAW RESET* condition is clear
{goes false), e low is genereted tc the first O latch input. Each subsequent
clock pulse then transfers the low through the latches to set them to their

initial stetes preparing them for the occurrance of another reset condition.

18.2.3 Reset Frcm Bus

A reset initiated from the bus is received on the RESET¥ |ine as shown in
Figure 18-2, example E. Upon receipt of a RESET* true signeal, two false
levels are applied to the AND gate that controls M6B00OOLE resets. A false
level is also applied to the NCR gate which in furn sends & true level tc the
RAW RESET* gate to block any attempt to reset from the M680OOLE. The
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resulting RESET.T0.68000 is generated by the two lows at the reset gating.
The line is also inverted to provide a RESET.T0.68000* level which is used by
the CPU board to reset the context and status registers. The RESET.T0.68000
causes the generation of both the RAW HALT* and RAW RESET* to the M6800OLB as
described in previous paragraphs. After the M68C0OLB and registers reset is
complete, the RESET* |ine goes true thus resetting the logic to its original
state,
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SECTION 19
CLOCK GENERATOR

19.1 Clock Generator/CPU |nterface

The clock generator interface with the 796 bus and CPU is shown in Figure 19-
1. The clock circuits are located on the CPU board. The features of the
clock include a crystal oscillator, gating, and two dividers tc produce both
4MHz and 8MHz cutputs from the basic oscillator frequency of 16MHz. The two
outputs are then provided tco the bus interface. Sirapping is previded to
select the required frequency. The selected clock output is placed on the bus
frem the interface for use by other bus users. The clock is alsc routec back
into the CPU board. This provides & commen clock source as well as an equel,
stable cloeck input to all users and the CPU as further described in the 796

bus description in this manuel (Section 6).

For test end maintenance purposes, inputs are provided to the oscil lator gates
for disabling the oscillator and injecting & test clock input signel directly
to the divider network.
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SECTION 20
MAINTENANCE PORT

20.1 Maintenance Port/CPU Interface

The maintenance port interface is shown in Figure 20-1, The port consists of
connector J1 and fully buffered test signals used to exercise and moritor
various functions cf the CPU board for maintenznce purposes. One advantage of
the port is that the board can be single stepped or clocked with an external
clock. The buffers are continucusly enebled eliminating any special gating or
enabling signals for test purposes. The signels to and from the varicus
functions of the CPU toard and their particuler purpose are listed in table
20-1.

Table 20-1. Maintenance Port Interface Signals

SIGNAL PURPOSE

TST.DIS.CLK* Disebles clock 16MHz

cscillator.

TST.EXT.CLK* Provides path to clock
generator divider for
externel clock signel
after oscil lator is
cisabled by
TST.DIS.CLK*,

TST. INT* Test interrupt line to
CPU irterrupts (strap).

TST.INIT* Test line to bus tfo
reset entire system.
Generates KRESET and
*¥RESET on CPU board.



Table 20-1. Maintenance Port Interface Signals (Continued)

SIGNAL

TST.DIS.DTACK*

TST.DIS. TIMEOUT*

CLK

BCLK*

DS

OWN.796 BUS

RAW.HALT*

20-2

PURPOSE

Disable CPU data
acknowledge (DTACK¥*)
line to M6800OLB.

Disable errors and
timeout logic tTimeout
counter.

Provide monitoring of
M68000LB clock output.

Provide monitoring of
bus clock output.

Provide menitoring of
state generation and
DTACK data strobe output.

Allow monitoring of
write strobe from

address latches.

Allow monitoring of
bus address buffers
enable signal from CPU

bus arbiter.

Provide monitoring of
CPU and bus halt
signal and exercise
HALT LED.



Table 20-1. Maintenance Port Interface Signels (Continued)

SIGNAL PURPOSE

RESET Allow moritoring of
reset from bus.

TST.STE Used as test status bit

Yo check operation cf-
status register.
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DIAGNOSTICS
VALID RESIDENT MONITOR (VRM)
This document is intended to enable the user of a Valid TLogic

Systems Inc. M68000L8 CPU board to execute the on board diagnostics
provided on pron.

To obtain a menu of commands the operator must use a terminal
connected to the console port oan the CPU. By typing a "?7" menu of
commands will be displayed.

Menu Of Commands

COMMAND

?

N

DESCRIPTION

Print this menu

Store a byte

Store a word

Load address
register from
the accumulator

Display this byte

Display next byte

Display previous
byte

Restore and jump

Zero accumulator

SYSTEM ACTION

The list of commands
will be printed.

A byte of data which

has been specified by
the user will be written
in a user selected
location.

A word of data which has
been specified by the

user will be written in
a user selected location.

The address entered on
the console, will be
loaded into the address
register.

The byte of data at the
address selected by the
user will be printed on
the console.

The byte of data which
follows the address
selected will be printed
on the console.

The byte of data prior

to the address selected
will be printed on the

console.

The CPU will jump to an
address specified by the

usere.

Entries made on the

console will be cancelled.



X?.

X?TST.

X?BAB.

X?DK.

X?TP.

Display this BAB

location

Display next BAB

location

Display previous
BAB location

Print menu

of basic

extended commands

Print menu
diagnostic

Print menu
commands

Print menu
commands

Print menu
commands

of
commands

of BAB

of disk

of tape

Page

This is a special command
used by Valid system
products.

Same as above

Same as above

A list of extended
commands will be printed
on the console.

A list of diagnostic
commands will be printed
on the console.

Special commands for
Valid system products.

A list of disk drive
commands will be printed
on the console. These may
or may not be applicable
to disk drives other than
those used by Valid
system products.

A list of tape drive

commands will be printed
on the system console.



COMMAND

XLLAT.

XLRT.

XMEMT.

XONET.

XALLT.

201
203
204

205

Page

DIAGNOSTIC COMMANDS

DESCRIPTION
Loop on logical

address (write or
read)

Execute local ram
diagnostic (des-
tuctive)

Execute memory test

Execute one test

Execute all tests

TEST NUMBERS
Context register
Switches
Segment map
Page map
Timer
Uarts
Fixed wmemory area
Status Register
User specified memory

Floating point unit

ACTION

System will loop on
an address selected by
the user.

System will execute a test
of the local RAM. Data 1in
The local RAM will be
destroyed.

System will execute a write
read test of user specified
memory using a semi-random
data pattern. The test will
promt the user for test
limits.

System will execute only the
test selected by the user.

System will execute all tests
which have a single digit as
their test number.



Page 4

TEST COMMAND FORMAT

The following format must be used to execute VRM tests:

nnnnnnLeeeeeeLtttLrrrXONET.

Where nnnnnn=The starting address to be tested.

eeeeee=The
L=The
ttt=The
rrr=The
XONET.=The

ending sddress plus 1.

load command (address register)

test number of the test to be executed.
repetition count.

appropriate command.

NOTE

All extended commands must

be terminated by a "."
No carriage return.
EXAMPLES

20000L100000L204L5XONET.

This will execute the memory diagnostic from address HEX 20000 to
HEX FFFFF five (5) times. The test output will be as follows:

000001P 000000F

000002P 000000F

000003pP 000000F

000004pP 000000F

000005P 000000F
done

This indicates 5 successful passes and 0 failures. The first

column

indicates the number of cumulative successful passes. The second

column

indicates the cumulative number of failing passes.
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VED-051282~-2 Revision 10-4-82 (LCW) 06 Oct 82
Abstract:

Describes the full strapping options for the Valid CPU Board

710-00001 Revision A, including the default strap configuration.

Notes:

1. Straps marked with "X" are counected by traces on the PC board.

2. Straps marked with "*" are connected using blue w/w wire during
assembly.

3. Each "=" represents a single possible connection from the one pin
on the left to any one of the pins on the right.

——— e - - - - — - - - - o - = = e em . - - —— o ——— - ——

SHT LoC PIN DESCRIPTION

3 16BA M68000 INTERRUPT LEVEL
M68000 INTERRUPT LEVEL
M68000 INTERRUPT LEVEL
M68000 INTERRUPT LEVEL
M68000 INTERRUPT LEVEL
M68000 INTERRUPT LEVEL
M68000 INTERRUPT LEVEL

INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT

No B wnN -
— NWkerUOo N

3 16BB HOST/CONSOLE BREAK-DETECT INTERRUPT
MAINTENANCE-CONNECTOR INTERRUPT
FPU-SERVICE-REQUEST INTERRUPT
TIMER<K2> INTERRUPT

TIMERKL> INTERRUPT

TIMER<O> INTERRUPT

NP W

3 16BC CONSOLE UART TXRDY INTERRUPT
CONSOLE UART RXRDY INTERRUPT
HOST UART TXRDY INTERRUPT
HOST UART RXRDY INTERRUPT

HOST UART DSCHG INTERRUPT

(S O

3 16BD

OOV N

MULTIBUS
MULTIBUS
MULTIBUS
MULTIBUS
MULTIBUS
MULTIBUS
MULTIBUS
MULTIBUS

DISABLE

INTERRUPT
INTERRUPT
INTERRUPT
INTERRUPT
INTERROUPT
INTERRUPT
INTERRUPT
INTERRUPT

AACK
ENABLE AACK WITH

LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

No LN~ O

ZERO ON-BOARD DELAY
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10

10

10

13

13

14

14

14

16

16

16

7L

4T

6T

11H

1A

11D

21D

23M

23B

198

21B

19A

13E

11E

WN =

]
S~ 0o

o

- W - N W s,

—

W = W - W (o) WF = N)

e

ENABLE AACK
ENABLE AACK
ENABLE AACK
ENABLE AACK
ENABLE AACK

ENABLE FPU
DISABLE FPU

WITH
WITH
WITH
WITH
WITH

12T
12T
12T
12T
12T

TAP
TAP
TAP
TAP
TAP

#1
#2
#3
#4
#5

Page 2
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DELAY
DELAY
DELAY
DELAY
DELAY

TIME MULTIBUS CMD FROM (DS+2)+63NS
TIME MULTIBUS CMD FROM (DS+3)+63NS

ADVANCE MULTIBUS CMD BY 32NS
ADVANCE MULTIBUS CMD BY 16NS
ADVANCE MULTIBUS CMD BY 8NS

END MULTIBUS WRITE COMMANDS EARLY
DO NOT END MULTIBUS WRITE CMDS EARLY

ENABLE SOFTWARE MULTIBUS LOCK
DISABLE SOFTWARE MULTIBUS LOCK

ENABLE CBRQ
DISABLE CBRQ

FORCE CPU TO

RECEIVE AACK
RECEIVE AACK

EXTRA PULLUP
EXTRA PULLUP
EXTRA PULLUP

BE

ON
ON

ON
ON
ON

HEAD OF BPRN CHAIN

P1-25
P2-40

BUSY
CBRQ
INIT

ENABLE DRIVING CCLK
ENABLE DRIVING BCLK

8MHZ CCLK (IF DR
4MHZ CCLK (IF DR
8MHZ BCLK (IF DR
4MHZ BCLK (IF DR

IVING
IVING
IVING
IVING

CCLK
CCLK
BCLK
BCLK

IS
IS
IS
IS

ENABLED)
ENABLED)
ENABLED)
ENABLED)

USE BCLK AS MAIN INTERNAL CLOCK
USE CCLK AS MAIN INTERNAL CLOCK

1KX4 MAP
4KX4 MAP

1KX4 MAP
4KX4 MAP

1KX4 MAP
4KX4 MAP
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17 11F 2 =3 X 1KX4 MAP
1 4XX4 MAP
17 13F 2 =3 X 1KX4 MAP
1 4XX4 MAP
17 15F 2 =3 X 1KX4 MAP
1 4XX4 MAP
17 17F 2 =3 X 1KX4 MAP
1 4XX4 MAP
22 3K 2 =1 * IGNORE HOST CTS
3 ENABLE HOST CTS
22 1K 2 =1 * IGNORE HOST DSR
3 ENABLE HOST DSR
22 lH 2 =1 * IGNORE HOST DCD
3 ENABLE HOST DCD
23 3M 2 =1 * IGNORE CONSOLE RTS
3 ENABLE HOST DSR
23 1M 2 =1 * IGNORE CONSOLE DTR
3 ENABLE CONSOLE DTR
26 23N 2 =1 * DRIVE A<23> ON P2-56
4 =3 * DRIVE A<23> ON P2-60
26 23T 2 =1 * DRIVE A<22> ON P2-55
4 =3 * DRIVE A<22> ON P2-59

Interrupts:

Any M68000 interrupt input (16BA) can be connected to any number of
interrupt outputs (16BB, 16BCC, or 16BD).

UNIX interrupt strapping:

68000 BUS

L7 16BA1 =

L6 * 16BA2 = 16BB6 PIT<O0>

L5 L2 * 16BA3 = 16BD3 INTERPHASE FUJITSU CONTROLLER
L4 L3 * 16BA4 = 16BD4 RIMFIRE CONTROLLER

L3 * 16BA5 = 16BCl, 16BC2 CONSOLE TXRDY, RXRDY

L2 L5 * 16BA6 = 16BD6 UTB

L1 L6 * 16BA7 = 16BD7 VGB, PIB
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Command-strobe tuning:

For operation with the Valid ECM, tune X.MRDC* falling edge to occur
on the Multibus between 20ns and 12ns before the falling edge of CLK
internal to the CPU board.

Switches:

The switches at location SW are used by VRM. Set the switches as
specified below. "ON" is "O" and "OFF" is "1".

SWITCH SWITCH
NUMBER MEANING
<7..8> 0 => ILLEGAL
1 => TRANSFER TO $18000 AFTER RESET TRAP
* 2 => TRANSFER TO VRM AFTER RESET TRAP
3 => AUTOBOOT AFTER RESET TRAP

6 0 => DO NOT RUN DIAGNOSTICS AFTER RESET
1 => RUN DIAGNOSTICS AFTER RESET

5 * 0 => INITIALIZE 4MBY MAP
1 => INITIALIZE 16MBY MAP

4 0 => DO NOT USE MULTIBUS MEMORY
* 1 => OK TO USE MULTIBUS MEMORY

PROMs

LOC TYPE CHECK  NAME

10A 27821  $0260  PA

8M 275185 $0BA4  PBIK

10M 27529  $AB66  PC

148 27819  $017C  PD
EPROMs :

LOC TYPE CHECK  NAME

16N 2764-3 $DO4E  VRM/5.5/9-18-82 H

20N 2764-3 $2951  VRM/5.5/9-18-82 L

NOTE: EPROMs 2764-4 are also acceptable to use

\
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1.0 INTRODUCTION

The Valid Logic Systems 512KBy Error—Correcting Memory (ECM) features very
high performance, high reliability, and high functionality. The board
contains 512KBy of read/write memory interfaced to a 16MBy Multibus and
accessible as words or bytes. Each access is checked and corrected using a
single error correct — double error detect (SECDED) code that corrects any
single-bit error and detects any double-bit error (as well as some other
multi-bit errors). Advanced pipelining logic allows read accesses from the
8MHz Valid M68000 CPU (CPU) to proceed with only one wait cycle, even with two
levels of mapping on the CPU board and full ervor correction on the ECM board.

Features

e}

512KByte capacity

o One-wait-cycle corrected read using Valid 8MHz M68000 CPU

o Full support of the 16MBy IEEE—796 bus (Intel Multibus)

o Transparent single-error correction and double-error detection

o Software-enabled single- and double-error interrupts

o Strappable Multibus interrupt levels

o Multibus-accessible error—address and syndrome-bit registers

o Multibus—accessible read/write status and mode registers

o Diagnostic LEDs display status

o Supports special diagnostic writes of the error-correction bits

o Switch-selectable bank address

o Automatic refresh
The ECM is designed to be used with full-functionality operating systems such
as UNIX. Separate error interrupts are available for single- and double-bit
errors, and each is individually maskable on the board under software control.
Each interrupt can be strapped to any Multibus interrupt level. The
least-recent error address and the error syndrome bits are available as

Multibus I/0 locations. An overflow—error bit in the status register
indicates that a second error occurred before the first was cleared.
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To facilitate testing, the ECC bits can be written by Multibus devices (using
special diagnostic-mode writes). To facilitate maintenance, two diagnostic
LEDs display the error status, and two additional LEDs can be accessed in I/0
space on the Multibus and are available for use by software diagnostics. For
ease in trouble-shooting, the board can be strapped to inhibit error
correction and to inhibit refresh.

This manual applies only to Valid ECM PC assembly 710-00005 Rev. B.

2.0 MULTIBUS INTERFACE

The ECM is a slave device on a standard 16MBy Multibus. High-current bus
drivers are used for all output signals. Bus receivers are used for all input
signals.

Internally, the ECM is organized as 16-bit words with an additional six
error-correction~code (ECC) bits per word. However, the board supports both
byte and word operations. In the case of a byte write, the board first reads
the old word value, merges the new byte, then affixes the final check bits to
the result before writing into the RAM array.

The board receives 24 address bits. The top two address bits (A<23..22>) are
strappable to be received in either the standard positions (P2-55 and P2-56)
or the common alternate positions (P2-59 and P2-60).

The ECM drives the single- and double-bit error interrupts to any of the seven
standard Multibus interrupt lines; the assignment is selectable by means of
two straps.

The board directly connects BPRN* to BPRO* to facilitate serial bus-priority
systems. It also processes INH1* and INH2* according to Multibus
specifications. INIT* resets the board to a fixed initial state (without
inhibiting automatic refresh). AACK* is strappable to be driven either on
P1-25 or P2-40.

The ECM is capable of synchronous operation; it is strappable to run off of
the (8MHz) CCLK* or BCLK*, Alternatively, it can be strapped to use its own
internal 8MHz clock. "High-speed" mode requires that the ECM be strapped for
synchronous operation. )
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Tables 2-1 and 2-2 show all Multibus signals used by the ECM.

Table 2-1., Valid ECM Multibus Interrupt and Control Signals

Signal

INTL7>*
INT<6>*
INTL5>*
INT<4>*
INT<3>*
INT<2>*
INT<I>*
INT<O>*

INHI*
INH2*

AS*

Table 2-2.

Signal

Pin

P1-36
P1-35
P1-38
P1-37
P1-40
P1-39
P1-42
Pl1-41

P1-24
P1-26

P2-39

Signal Pin

INIT*
MRDC*
MWIC*
IORC*
IOWC*
XACK*
AACK*
BHEN*
BPRN*
BPRO*
BCLK*
CCLK*

P1-14
P1-19
P1-20
P1-21
P1-22
P1-23
P1-25 or P2-40
P1-27
P1-15
P1-16
P1-13
P1-31

Valid ECM Multibus Address and Data Signals

Pin

A<19>* Pl1-34
A<18>* P1-32
A<17>* P1-30
A<16>* P1-28
A<15>* Pl-44
A<14>* P1-43
A<13>* Pl1-46
A<12>* Pl-45
A<11>* P1-48
A<10>* P1-47
A<9>*  P1-50
A<8>*  P1-49
AL7>*  P1-52
A<6>*  P1-51
A<5>*  P1-54
A<L4>* P1-53
A<L3>*  P1-56
A<L2>%  P1-55
A<L>*  P1-58
A<O>*  P1-57

Signal

AL23>*
A<22>%*
AL215%*
A<20>*

DLI5>*
D<14>*
DL13>*
D<12>*
D<11>=*
D<LO>*
D<9>*
D<8>*
DT >*
D<6>*
D<5>*
D<4>*
D<3>*
D<2>*
D<1>*
D<O>*

Pin

P2-56 or P2-60
P2-55 or P2-59
P2-58
P2-57

P1-60
P1-59
P1-62
Pl-61
P1-64
P1-63
P1-66
P1-65
P1-68
P1-67
P1-70
P1-69
P1-72
P1-71
P1-74
P1-73



512KBy ECM User Manual

3.0 HIGH-SPEED MODE

The ECM can be strapped to operate in high-speed mode, and is then is capable
of performing corrected reads of bytes or words while introducing only one
wait cycle for the Valid CPU, and corrected writes of bytes or words with only
two wait cycles. This high-performance operation is achieved by using two
non-standard Multibus signals, advanced acknowledge (AACK*) and address strobe
(AS*). Because of dependence on CPU timing, this mode can be used only by the
Valid CPU.

The Valid CPU contains advanced two-level (segmentation and paging)
memory-mapping hardware. Since it uses a 4KBy page size, the low-order 12
address bits are available earlier than the high-order 12 bits. The CPU
asserts AS* to signal that the low-order addresses are ready and (in
high-speed mode) the ECM asserts RAS* immediately for one of four 22-bit rows
selected by address bits A<10..9>. RAS* is asserted even before the Multibus
command strobe occurs. If the high-order address bits fail to select the
board at command-strobe time, the ECM inhibits further operation, no CAS
occurs, and no state change occurs on the board.

The high-speed mode also uses AACK*, Whenever an access begins with AS*, the
ECM asserts AACK* during the cycle preceding data-ready time; this cycle then
is used by the CPU in preparing to latch the data. AACK* is strappable to be
driven on either P1-25 (LOCK* on some Multibus systems, and AACK* on some
others) or on P2-40. ‘

XACK* is normally delivered according to Multibus specifications, independent
of AACK*, However, XACK* can be strapped not to occur on accesses that begin
with AS* in order to guarantee that the CPU is responding to AACK¥*.

Normal Multibus devices do not assert AS*., Accesses from these devices do not
use high-speed mode and do not begin before the Multibus command strobe
occurs.

High-speed mode can be inhibited simply by strapping the ECM so that AS*
appears to be always deasserted.

4,0 ADDRESSING

The ECM must be aligned on a 512KBy boundary in Multibus memory space. A bank
of five switches (location 28A, switches 4..8) selects the board base address:
Switch 8 is the least-significant bit of the board address; '"ON" corresponds

to a "0," and "OFF" corresponds to a "1".

The ECM also responds to full 16-bit I/0 addresses on the Multibus. The base
I/0 address of the board (i.e., the upper eight bits of I/O function addresses
on the board) is simply the value of the eight switches at location 28A:
Switch 8 is the least-significant bit; '"ON" corresponds to a "0," and "OFF"
corresponds to a "1." Note that the low—order five bits of the base I/0
address are determined by the same switches as the base memory address.

B~
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Within a board, the low-order three bits of the I/0 address select the I/0
Function as follows:

Table 4-1. 1I/0 Function Offsets

A<L2..0> Direction I/0 Function
0 read/write STATUS<7..0>
2 read ERRADRK15..0>
4 read ERRADR<23,.16>
6 write DIAGREGK15..0>

Only the low-order three bits of the offset (A<2..0>) are significant in
selecting the I/0 function. Thus each function also is selected by 31 alias
addresses within the same 256-byte block. All I/0 functions are 16 bits wide;
byte devices within the board simply ignore the most-significant byte or leave
it undefined, depending on the operation direction. Undefined I/0 operations
(e.g., a read of the diagnostic register) change no ECM state and also do not
time-out.

4,1 Status Register

The Status Register (STATUS) is read or written as the least-significant byte
of I/0 Function O. Every bit of STATUS can be read or written from the
Multibus. 1In addition, certain bits are set automatically by the ECM, and the
entire register is cleared (set to zero) at RESET time. The assignment of
bits is as follows:

Table 4-2., STATUS Format

STATUS Name Meaning

Bit
7 OFE overflow error
6 MBE multi-bit error
5 ERR some error
4 ENMBEI enable MBE to cause interrupt
3 ENERRI enable ERR to cause interrupt
2 DIAG enable diagnostic writes
1 REDLED software-controlled red LED
0 GREENLED software-countrolled green LED

OFE is set by the ECM if ERR already is true when a new single- or multi-bit
ecrror occurs. MBE is set only when a multi-bit error occurs, whereas ERR is
set when either a single- or multi-bit error occurs. OFE, MBE, and ERR are

5
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"sticky" (i.e., they are not reset by subsequent errors). Note that single-
or multi-bit errvors can occur during write accesses, that are implemented as
read-modify-write cycles. ERR and MBE drive the LEDs at the top of the ECM
board at locations Z1EA and Z1EB, respectively. Thus, two red lights signify
a multi-bit error, while ome light indicates a single-bit error.

ENMBEI enables MBE to drive the Multibus interrupt line to which it is
strapped. Similarly, ENERRI enables ERR to drive the Multibus interrupt line
to which it is strapped. Since STATUS is fully writeable, MBE and ERR can be
reset by the error-handling interrupt routine.

DIAG causes all writes to the RAM array to be done in "diagnostic" mode. In
this mode, the low-order six bits of DIAGREG (loaded by an I/0 function) are
substituted for the normally generated check bits during writes. Reads
proceed normally, possibly detecting errors. Writes in diagnostic mode also
may detect errors during the read portion of the read-modify-write cycle.
Diagnostic mode is important for verifying that the ECM is correcting errors
properly.

REDLED and GREENLED drive LEDs on the top of the ECM board at locations ZI1BA
and Z1BB, respectively. These LEDs can be set or reset under software
control. Valid diagnostics use these LEDs to display the test results.,

4.2 Error Address Register

As long as the ERR bit in STATUS is false, the Error Address Register (ERRADR)
latches the address and syndrome bits associated with each read or write to
the ECM. When ERR becomes true, ERRADR simply holds the last address and
syndrome bits (i.e., those associated with the error). ERRADR thus latches
the least-recent error. It is not explicitly writeable via the Multibus.

ERRADR is a three-byte register. The low-order word of ERRADR is accessible
as I/0 Function 2; it contains bits A<16..11>:A<18..17>:A<8..1> of the access
address., The high-order byte of ERRADR is accessible as I/0 Function 4. it
contains bits A<10..9> of the access address in its low-order bits, and
syndrome bits S8:54:S2:51:S0:SX in its high-order bits. Since the board is
selected by address bits A<23..19>, these bits of the access address are not
recorded. Similarly, since every access to the ECM RAM array is word-wide,
A<O> is not recorded. The syndrome bits are generated by the AM2960; these
bits identify the location of any single-bit error in a 16-bit word. For more
information on the AM2920, refer to the vendor’s information.

Table 4-3. ERRADR Format

ERRADR Bits Contents
<23..16> $8:54:52:51:50:SX : A<10..9>
<15..0> A<l6..11> : A<18..17> : A<L8..1>
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Bits A<10..9> of the access address define the "row" containing the error.
The individual bits of each row are located on the PC board as shown in the
following table:

Table 4-4. RAM Chip Location Designators

Al0 A9 DO D2 D4 D6 D8 DLO D12 D14 CX Cl CcC4

0 0 2F 4F O6F 8F 10F 12F 14F 16F 18F 20F 22F
0 1 2K 4K 6K 8K 10K 12K 14K 16K 18K 20K 22K
1 0 2M 4M 6M 8M 10M 12M 14M 16M 18M 20M 22M
1 1 2T 4T 6T 8T 10T 12T 14T 16T 18T 20T 22T
Al0 A9 D1 D3 D5 D7 D9 DII DI3 D15 co c2 c8

0 0 2H 4H 6H 8H 10H 12H 14H 16H 18H 20H 22H
0 1 2L 4L 6L 8L 10L 12L 14L 1léL 18L 20T 22L
1 0 2N 4N 6N 8N 10N 12N 14N 16N 18N 20N 22N

1 1 20 4U 6U 8U 10U 120 14U 16U 18U 20U 220

4,3 Diagnostic Register

The Valid ECM features the capability to fully diagnose its error—correction
logic. When the DIAG bit in STATUS is true, the contents of the Diagnostic
Register (DIAGREGK5.,.0>) are substituted for the normally generated check bits
during every write to the RAM array. In this way, any arbitrary 22-bit
pattern can be forced into any location within the RAM array.

DIAGREG is a write-only register. 1Its contents at RESET time are undefined.
Only the low-order six bits of DIAGREG are defined; these bits correspond to

the 16-bit, format-check bhits as follows (refer to the AM2960 documentation
for additional information):

Table 4-5., DIAGREG Format

DIAGREG Contents

Bit

5 CB8
4 CB4
3 CB2
2 Canl
1 CBO
0 CBX
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5.0 TIMING

When a memory operation is initiated, the ECM performs the following basic
sequence:

1. TIssues RAS* to the selected row (A<10..9>) of the RAM array.
2. TIssues CAS* to the RAM array.
3. Latches the 16-bit write data into a holding register.

4, Latches the 22-bit RAM array read data into the AM2960 input
latch.

5. Checks and corrects the RAM array read data and sets OFE, MBE,
or ERR as appropriate.

6. In case of a read, drives the corrected data to the Multibus.

7. In case of a write, merges the corrected data with the byte to
~ be written or overlays it with the word to be written, generates
new ECC bits, and writes the result into the RAM array.

An I/0 operation proceeds with the same timing and order, but no CAS* is
issued, no error checking, correcting, or data merging is performed, and
reading or writing of I/0 registers is substituted for reading or writing of
the RAM array.

If INH1* or INH2* becomes asserted during an ECM operation, then XACK*, AACK%*,
and the data—-output buffers are all immediately disabled (driven to
high-impedance), but otherwise the cycle completes normally.

Refresh occurs automatically with one row being refreshed every 12 us.
Refresh takes priority over Multibus accesses, although the ECM always waits
until a previous operation has completed before initiating a new operation.

The ECM is designed to operate normally in high-speed mode with a Valid 8MHz
M68000 CPU. In high-speed mode, the ECM must be strapped to run off of the
same clock (either CCLK* or BCLK*) as the CPU. In this case, we call the
synchronous internal CPU/ECM clock "CLK" and "CLK*", where CLK* has the same
phase as CCLK* or BCLK*. We note that CLK may have as much as 15 ns skew
between the CPU and ECM. If high-speed mode is not used, the ECM may be
strapped to run off its own 8MHz internal clock. In this mode we still call
the internal ECM clock "CLK" and "CLK*",
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In high-speed mode, the CPU asserts AS* on the falling edge of CLK (the
beginning of M68000 S3 for a read, S5 for a write), and RAS* is issued to the
RAM array on the next rising edge, at which time the CPU has been driving
A<ll..1> to the bus for at least 70 ns, not including CLK skew or address
settling time. 1If an I/0 or memory command (with proper board selection)
arrives at all, then it must be stable on the bus before 5 ns after the
following falling edge of CLK (the beginning of M68000 55 for a read, S7 for a
write), and it is sampled shortly thereafter. If the sampled board-selected
command is a memory operation, then CAS* is asserted, otherwise CAS* is
inhibited.

The board-selected memory command may not arrive at all, for example, in case
the access is an I/0 operation, in case another ECM is being accessed, or in
case of a segment or page fault on the CPU board. An I/0 or memory command is
executed by the ECM if, and only if, the board-selected command arrives
promptly as described above. Furthermore, CAS* is issued only for memory
commands. If no board-selected command arrives, then the ECM completes its
normal cycle without changing any accessible state, in particular, without
changing STATUS or the contents of the RAM array.

In case of an AS* access with a prompt board-selected command following, AACK*
is asserted approximately 30 ns after the start of M68000 S5 (for a read) or
S7 (for a write). This interval allows the data to be latched by the M68000
at the beginning of S9 (for a read) or S1l1 (for a write). Thus one wait cycle
is incurred on reads, and two on writes. This timing applies to both memory
and I/0 operations. Note that the ECM can be strapped to inhibit XACK* during
those operations for which AACK* is asserted in order to ensure that the CPU
is responding to AACK*,

Bus masters other than the Valid CPU do not assert AS*, For these devices
(and also in the case that AS* is strapped to the de—asserted state on the
ECM), the Multibus command is synchronized on the falling edge of CLK. After
synchronization, operation proceeds as in high-speed mode except that AACK* is
inhibited. For this type of operation, XACK* is asserted four cycles after
the first falling edge of CLK which catches the asserted command (i.e.,
between 4+ and 5 cycles after the command edge itself). The shortest possible
interval occurs when the command is asserted on the bus approximately 15 ns
before the falling edge of CLK in which case XACK* is asserted four cycles
after that falling edge.

6.0 OPERATING SYSTEM CONSIDERATIONS

Logging single-bit errors during normal operations can identify marginal RAM
chips that can be replaced during subsequent periodic maintenance. The Valid
ECM includes the features necessary for error logging in a full-functionality
operating system. With MBE and ERR strapped to drive Multibus interrupt level
0 (and Multibus interrupt level O strapped to non-maskable level 7 on the
Valid CPU), any error causes a non-maskable interrupt that is serviced after
completion of the instruction causing the error.
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The memory-error—trap interrupt handler identifies the board responsible for
the interrupt as well as the interrupt type (single- or multi-bit error) by
reading the each ECM board’s STATUS register,

After determining the board responsible for the interrupt, the handler reads
the ERRADR register to determine which chip caused the error and then logs the
error in system tables. 1If OFE is set in the STATUS register, more than one
error occurred since the last invocation of the interrupt handler, and the
ERRADR register has recorded only the first.

If the error is single-bit, it is corrected by the ECM, and the interrupt
handler simply returas and continues execution of the process that encountered
the error. If the error is multi-bit, it probably is not corrected, and the
process is killed. Note that multi-bit errors may indicate bus problems or
failed control circuitry.

If any chip fails permanently, a single-bit error may occur on every access.
In this case, invoking the interrupt handler on single-bit errors would be
prohibitively time-consuming. When the handler detects frequent single-bit
errors in a given chip, it logs the chip as defective and inhibits the
single-bit—-error interrupt on that specific board. It is important to strap
both MBE and ERR to Multibus interrupt lines so that multi-bit errors will
continue to interrupt after single-bit-error interrupts have been disabled.

10
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APPENDIX A
STRAPPING OPTIONS

This appendix describes the full strapping options and switch settings for
Valid ECM board 710-00005, Rev B and includes the default factory jumper
positions. Jumper straps are either suit case jumpers between terminal posts
or, as with interrupt level selection, insulated wire-wrap jumpers.

The following conventions are used in the strapping configuration table:

Default jumper strap positions are noted by an asterisk (*).

An equals sign (=) indicates a single possible connection between the pin
listed to the left of the equals sign and one of the pins listed to the
right of the equals sign.

Board Location

16AA

26AA

12AA

30BB

29BB

30CC

Strap

2 -

= 30DD1%*
= 30DD1*

= 30DD2
= 30DD3
= 30DD4
= 30DD5
= 30DD6
= 30DD7
= 30DD8

11

Description

Enable Refresh
Disable Refresh

Enable High—Speed (AS*) Mode
Disable High-Speed (AS*) Mode

Inhibit XACK* During AACK* Cycles
Enable XACK* During AACK* Cycles

Drive AACK* on P1-25
Drive AACK* on P2-40

Use X.BLCK* (if using clock from bus)
Use X.CCLK* (if using clock from bus)

MBE Interrupt to Multibus Level 0
ERR Interrupt to Multibus Level O

Multibus Level
Multibus Level
Multibus Level
Multibus Level
Multibus Level
Multibus Level
Multibus Level

NSO LB
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Board Location Strap Description
20BB 2 = 1% Drive CLK from bus (inverted)
3 Drive CLK Internally at 8Mhz
20BB 5 = 4% Drive CLK* from bus
6 Drive CLK* Internally at 8MHz
22BB 2 = 1% Correct all Reads and Writes
3 Inhibit all Error Correction
30UB 2 = 1% Receive X.A<23>* on P2-56
3 Receive X.A<23>* on P2-60
30U0A 2 = 1% Receive X.A<22>* on P2-55
3 Receive X.A<22>* on P2-59
SWITCHES:

The switches at 28A select both the 512K byte memory bank and the 256 byte I/0
block. Switch 1 is the most significant bit; "OFF" is a "1," and "ON" is a
|l0. "

Location Switches Description
28A 4,.8 Memory Bank Address A<23..19>
28A 1..8 I/0 Block Address A<15..8>

12
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APPENDIX B

ASSEMBLY DRAWING AND SILKSCREEN
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APPENDIX C
SPECIFICATIONS
Physical: . Height 6.75 in. Length 12.00 in.
Electrical: +5V +57% at 3.3A (typical)
Temperature: 0 C to +50 C
Relative Humidity: 10% to 70% (non-condensing)
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1.0 INTRODUCTION

The Valid Logic Systems Video Graphics Board (VGB) is a Multibus-compatible
board that is used as the graphics engine for SCALDsystem work station. The
work station itself consists of:

o A high resolution, high performace, raster-scanned, CRT-based graphics
display. The graphics display is refreshed at a rate of 60 frames per
second from an on-board frame buffer. The image is 800 lines by 1024
pixels, each pixel at one of four intensity levels. The board generates
a single composite video signal compatible with a variety of standard
CRT monitors.

o A keyboard and a graphics tablet/puck. These input devices communicate

with the VGB over two RS-232C serial ports at any standard baud rate up
to 38.4Kbaud.

The VGB offers the following features:

o 800- by 1024-pixel display

o 60Hz refresh rate

o Composite video output

o Four levels of intensity per pixel

o Line, arc, circle and area-fill hardware

o 224- by 1024-pixel graphics scratch pad memory

o On-board control (input/output) processor

o 2KBy of 16cal RAM for the IOP, upgradeable to 16KBy

o On-board status, error and memory-relocation registers

o Full interface to 16M byte IEEE-796 bus (Intel Multibus)

o RS-232C keyboard interface port

o RS-232C graphics-tablet interface port

o Maintenance port for testing and diagnosis
In order to achieve fast response at the work station without over-burdening
the CPU, the VGB includes two microprocessors. The first microprocessor is a
graphics display controller or "GDC" (an NEC uPD7220). This device controls
the refresh of the CRT from the frame buffer and provides hardware assistance
for rapidly drawing key graphic primitives such as lines and arcs. The second

1
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microprocessor is an Intel 8086 that functions as an input/output processor or
"IOP," This device handles high-frequency local computations such as scanning
of display lists held in Multibus memory space, character generation,
windowing, scaling, clipping, and the low-level processing associated with the
keyboard and tablet, The IOP executes programs that reside either in Multibus
memory or in on-board RAM (or both). Communication between the IOP and the
CPU use shared memory and a simple interrupt scheme.

2,0 VIDEO GRAPHICS BOARD ARCHITECTURE

The architecture of the VGB allows the board to operate as autonomously as
possible by shifting a great deal of the load associated with the work station
away from the CPU and the Multibus. The overall structure consists of the IOP

driving an on-board bus with six devices attached as shown in the following
illustration.
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All devices are memory mapped with the following address assignments (in IOP
address space):

- 00000 ... O3FFF : on-board RAM
- 04000 ... 04007 : UARTO
- 04008 ... 0400F : UART1

- 04010 : segment register (SREG)

- 04018 : status and error register (ERR/ST)
- 06000 : GDC status

- 06800 : GDC command

- 07000 ¢ GDC DMA port

- 10000 ... 1FFFF : Multibus IO access
- 30000 ... 3FFFF : Multibus memory access

During Multibus access, a full 24-bit Multibus address is formed by
concatenating SEGREGK7..0> with A<15..0>. The high-order address bits
(A<23..20>) are driven on connector P2, Two different standards exist for the
positions of A<22> and A<23> on P2. These bits are therefore driven according
to both standards to allow the use of memory or peripheral boards that conform
to either standard. The positions of the non-standard Multibus signals are as
follows:

Pin(s) Signal
56, 60 A<23>
55, 59 AL22>
58 AL21>
57 AL20>

The Multibus is acquired and released using precisely the same bus arbitration
logic that is used on the CPU board. This arbitration logic has two
strappable options. One option allows locking of the the bus, and the other
selects between giving the bus away after each bus cycle or only surrendering
the bus when it is requested by another bus master.
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The VGB also functions as a Multibus slave. Devices on the VGB can be
accessed by the CPU using Multibus reads and writes. For this purpose, the
VGB occupies a 64K-byte window of Multibus memory address space. This window
can be located on any 64K-byte boundary using on-board switches; each work
station on a cluster must be assigned a unique 64K-byte window. Within this
window, the CPU address space is the same as the IOP, except that A<17..15> of
the on-board address bus are forced to zero during CPU accesses. Should the
IOP generate a Multibus reference to its own 64K-byte window, a timeout will
occur,.

Devices on the VGB may not be accessed from the Multibus while the IOP is
running. However, a memory write operation to board address 008000 with D<5>
set clears the DEV.EN bit of the on-board status register whether or not the
IOP is running. Clearing this bit, in turn, forces the IOP into its reset
state and forces the board into slave mode.

To facilitate CPU/IOP communication, "door bell" interrupts are provided.
There are two door bell bits in the status register. When DOORBELLO is set,
an interrupt is sent to the IOP, When DOORBELLl is set, an interrupt is sent
to the host at a strappable priority level. 1In addition, straps are provided
so that the IOP can sense one Multibus interrupt. A memory write operation to
board address 008000 with D<1> set, sets the DOORBELLO bit of the on-board
status register (see section 3.2) whether or not the IOP is running.

3.0 VIDEO GRAPHIC BOARD CAPABILITIES

The VG board has a great deal of local processing power and powerful local
devices that can be used in a variety of ways. The main functions of these
devices are outlined below.
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3.1 The IOP

The IOP is is general-purpose microcomputer; its role on the board is
determined mainly by its programming. (Further information on the 8086 used
as the TOP can be found in Intel publications The 8086 Family User’s Manual

and the Component Data Catalog.) The IOP is intended to perform simple,
frequently occuring tasks such as:

o Reading a display list prepared by the CPU in Multibus memory.

o Taking objects from the list and the current view specification,
transforming the objects to screen coordinates, and then drawing the
objects. These operations require windowing and clipping the
objects and converting the resultant objects into GDC command
sequences.

o Low-level display-list processing such as locating the objects
nearest the cursor.

o Buffering characters from the keyboard and passing them to the CPU
only when required (i.e., when <return> is pressed).

o Receiving the pointer position from the tablet, smoothing position
movement, converting the position from tablet to screen coordinates,
and updating the cursor image on the screen.
o Character generation from ASCII codes.
o DMA transfers of frame-buffer images to and from Multibus memory.
o Running local diagnostics.
Local on-board RAM contains most of the code and constant data required by the

I0P. By using on-board RAM, most IOP wait states are eliminated and much of
the VGB traffic from the Multibus is removed.
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3.2 The Status Register

An on-board status register contains important board state information, some
of which may be written. The register has eight fields (unless otherwise
noted a field is read/write):

[FIEIp[c|Blal9l8]7I6]514]3]2]1]0]
< >Aram s nn
undefined | } ' ‘ i ‘ } } |___ DOORBELLO
RED.LED DOORBELL1
GREEN.LED ‘ ! LOCK
DEV.EN TIMEOUT
T FORCE.BLANK*

o RED.LED lights the on-board red diagnostic LED if, and only if, it is
set.,

o GREEN.LED lights the on-board green diagnostic LED if, and only if, it
is set,

o DEV.EN is normally strapped to the reset pin of the IOP., If clear, the
IOP is forced to the reset state. Independent of the strapping, a
second on-board red LED lights if, and only if, DEV.EN is clear. DEV.EN
is not only read/write, but may be "asynchronously" cleared from the
Multibus as described in section 2.0.

o FORCE.BLANK blanks the CRT of the work station if, and only if, is is
clear.

o TIMEOUT is set if no response to a bus cycle (on or off board) is
received by the IOP after 16 microseconds. A timeout causes a
non-maskable interrupt to be sent to the IOP that stacks some status
information and executes the appropriate interrupt routine. Note: If
the timeout occurs on a intra-segment jump instruction, the stacked IP
is wrong. If the timeout occurs on an inter-segment jump, both the
stacked IP and CS are wrong. TIMEOUT is a clear only bit. Writing the
status register clears TIMEOUT.

o If TOCK is set, the bus is not released after the next Multibus access;
if LOCK is clear, the bus is released to any requestor regardless of
priority.

o If DOORBELL] is set, an interrupt request is made to the host at a
strappable priority level.

o If DOORBELLO is set, an interrupt request is made to the IOP, at a
strappable priority. DOORBELLO is not only read/write, but may be
asynchonously set from the Multibus as described in section 2.0.

The status register is cleared on reset.

6
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3.3 The Serial Ports

The VGB contains two serial ports implemented with 2661-2 UARTs and associated
RS-232C drivers and receivers. Both ports are RS-232C compatible and capable
of sending and receiving serial data up to 38.4KBaud.

One port (the keyboard port) is a minimal port that simply sends and receives
serial data. The second port (the tablet port) sends and receives the most
commonly used subset of modem control signals to communicate with the graphics
data tablet. (The actual signals driven and received are - RxD, TxD, CTS,
DSR, RTS, and DTR; RTS and DTR may optionally be strapped high.)

Each 2661 UART contains four 8-bit registers accessed by low-order byte
addresses; A<2..1> selects the internal function. For additional information
on the 2661 UART, refer to the vendor’s documentation.

3.4 The GDC
The graphics display processor has three primary functions:

0 Creating images in the frame-buffer given a suitable set of commands from
the IOP. The GDC primitives include line, arc, circle, and rectangle
drawing and area-fill.

o Generating sync, blanking and video signals (to be combined by the DAC).
o Refreshing the dynamic RAMs of the frame-buffer.

The GDC is extremely fast and capable of drawing lines at a rate of
approximately 100 microseconds per inch.

A portion (224x1024 pixels) of the GDC’s frame-buffer is not displayed and is
available as a scratch-pad memory for the GDC. Some uses of the scratch-pad
memory are for "caching" characters that then can be drawn by simply
performing block transfers within the frame-buffer, and "rasterizing" vector
lists for Versatec plots. A full description of the GDC (uPD7220) can be
found in the vendor’s documentation.
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4,0 MANUFACTURING AND MAINTENANCE

The VGB has been designed to operate with a number of RAM devices (for the
frame buffer) from various manufacturers. Control signals for the RAMs are
developed from delay lines. Each manufacturer’s RAM requires a different
delay line (all of which come from the same vendor however). Independent of
the choice of RAMs, two control signals must be tuned to occur at the correct
time relative to one clock edge.

Maintenence is enhanced by several features, for example, the IOP’s ability to
run local diagnostics. The results of these diagnostics are indicated via two
on-board LEDs - a red LED and a green LED. Additionally, a maintenance
connector is included on the board. This connector includes critical signals
to be monitored for diagnosis faults as well as the signals that must be
driven to single-step the IOP. Finally, since the VGB can operate as a
Multibus slave, the system CPU itself can diagnose all on-board functions
(except for correct operation of the IOP and the GDC).

The prototype board has the following strappable options:
o The IOP may be reset either by the 796Bus reset signal or DEV.EN.

o Relinquishing Multibus mastership on each clock cycle or only when there
is an outstanding request.

o Priority level of the DOORBELL! interrupt.
o Disabling DOORBELL1 interrupts.
o Priority level of the Multibus interrupt (if any) monitored by the IOP.

o RTS and DTR of the tablet port may be strapped high rather than received.
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APPENDIX A

STRAPPING OPTIONS

INTRODUCTION

This appendix describes the full strapping options and switch setting for the
VGB, assembly 710-00002, Rev B and includes the default factory jumper strap
positions. Jumper straps are insulated wire—jumpers installed between the
designated terminal posts.
The following conventions are used in the strapping configuration table:
Default jumper strap positions are noted by an asterisk (*).
An equals sign (=) indicates a single possible connection between the pin
listed to the left of the equals sign and one of the pins listed to the
right of the equals sign.

NC indicates that no jumper strap is installed.

JUMPER STRAPS

Board Location Strap Description
11C 2=3 VGB front end runs from CCLK
1% VGB front end runs from BCLK
2E 2 =3 Fast ACK time for on-board cycles
1% Slow ACK time for on-board cycles
1H 2 =1 Select 4K-byte on-board RAM
NC* Select 16K-byte on-board RAM
4a 2 = 3% Disable software Multibus Lock
1 Enable software Multibus Lock
5 = 4% Disable CBRQ
6 Enable CBRQ
4J 2 = 1% Select 16K-byte local RAM.,
NC Select 4K-byte local RAM
9E 2 = 1% Enable 8086 reset from status register
3 Enable 8086 reset from bus INIT only
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7B

11A

11J

3p

8p

6P

13U

w N
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oo

]

NC*

S~ o

1%

bL*

Configur
Configur
higher

Interrup
Disable

Doorbell
Multibus
Multibus
Multibus
Multibus
Multibus
Multibus
Multibus
Multibus

Assert C
Assert C
Assert D

e VGB for head of BPRN chain
e VGB to receive BPRN from
-priority bus master

t 8086 each vertical sync time
vertical sync interrupt to 8086

interrupt from host
Interrupt Level
Interrupt Level
Interrupt Level
Interrupt Level
Interrupt Level
Interrupt Level
Interrupt Level
Interrupt Level

O~ NWPsULOV

TS on tablet port
TS when RTS is asserted
SR on tablet port

Assert DSR when DTR is asserted

Advance
Advance
Advance

Advance
Advance
Advance

Multibus
Multibus
Multibus
Multibus

10

RAS falling edge by 8ns
RAS falling edge by léns
RAS falling edge by 32us

2nd CAS rising edge by 8ns
2nd CAS rising edge by l6ns
2nd CAS rising edge by 32ns

address A<22> on P2-59
address A<22> on P2-55
address A<23> on P2-60
address A<23> on P2-56
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APPENDIX B
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