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is necessary for CI complete understanding of RAD File Models 9367B and 9367C 
when used with related SDS equipment. 

Publication Title Publication No. 
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SDS 92200/93200 Time-·Multiplexed Communi- 900685 
cation Channel, Theory of Operation 

SDS 92220. Direct Acces.s Communication 900696 
Channel, Theory of Operation 

SDS 925/930/9300 Input-Output Interface 900561 
Design Manual 

SDS Silicon Logic Circuit Modules, C, H, and 64-55-14 
L Series, Applications Manual 

SDS Powc~r Supply Mode!1 PX13, Technical 900001-C 
Manual 

SDS 910, 920, 925, 930, or 9300 Diagnostic 004009 
Control Program 
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SDS Automatic Instruction Diagnostic Program 604004 
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Bryant Computer Products Handbook Auto-Lift BCPH-101-5-64 
Magnetic: Storage Drum 
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SECTION I 

GENERAL 'DESCRIPTION 

1-1 INTRODUCTION 

1-2 SCOPE OF MANUAL 

This manual provides technical information pertaining to the 
Rapid Access Data File Model 9367B (RAD File Model 
9367B) and Rapid Access Data Fi Ie Model 9367C (RAD File 
Model 9367C) manufactured by Scientific Data Systems, 
1649 Seventeenth Street, Santa Monica, California 90404. 
RAD File Model 9367B contains a drum memory; RAD File 
Model 9367C contains a disc memory. When either RAD , 
fi Ie is installed with an SDS computer, the! applicable docu- . 
ments tabu~ated in the List of Related Publications should be 
available to supplement the information cClntained herein. 
A complete set of documents comprises this. manual and re
lated publi cations, engineering drawings, wire lists, diag
nosti c programs, and other data supplied with the equipment. 

1-3 ORGANIZATION OF MANUAL 

The information contained in this manual i:; organized as 
follows: 

a. Section I General Information: Functional and 
physical descriptions, model differences, specifications and 
leading parti cu lars. 

b. eration and Pro ramming: Functions 
of all contro s and indicators, operation and programming 
information. 

c. Section III Theory of Operation: General and 
detai led theory of operation. 

d. Section IV Installation and Maintenance: Installa
tion planning, installation procedure, maintenance, and 
spares information. 

e. Section V Performance Testing and Trouble 
Analysis: Test procedures, diagnostic programming descrip
tion, and trouble analysis data for confirming proper opera
tion or locating trouble. 

f. Section VI Parts Lists: Location, identification, 
and listing of all major assemblies, subassemblies, and re
placeable parts in RAD File Models 9367B c::md 9367C. 

g. Section VII Drawings: Engineering drawings, wire 
list identification and clarification. 

h. Section VIII Logic Equations: Lislts of all logic 
equations for RAD file subassemblies, relatiion of the logic 

equations to logic diagrams and wire lists, and instructions 
and examples of signal mnemonics interpretation. 

1-4 GENERAL DESCRIPTION 

1-5 FUNCTIONAL DESCRIPTION 

Either RAD fi Ie provides on-line, rapid access, auxi liary 
data storage for SDS Computer Models 92, 925, 930, 940, 
and 9300. The basic elements of a RAD file are the RAD 
memory unit, controller, and power protection panel (fig
ure 1- 1). The RAD memory unit can store 524,288 charac
ters,1, 048,576 characters, or 2,097, 152 characters. A 
RAD file installation includes up to four memory units with 
a maximum of 8,388,608 stored six-bit characters accessible 
to the computer. The stored characters can be transferred 
between the RAD memory unit and the associated computer 
at the rate of 588,000 characters per second. The con
troller functions as the interface between one to four RAD 
memory units of a RAD fi Ie installation and an input/output 
channel of a computer. The power protection panel enables 
selected data to be stored in memory in case of power 
fai lure. 

1-6 PHYSICAL DESCRIPTION 

A basic RAD file installation consists of a RAD memory 
unit, a controller, a power protection panel, and cable 
assemblies (figure 1-2). The RAD memory unit can be 
installed remotely from the computer (subject to cable 
length limitations). The controller and power protection 
panel are installed in or near the computer also as limited 
by cable length. 

1-7 RAD Memory Unit 

The RAD memory unit contains the memory (disc or drum), 
selection unit, and power supplies (fi gure 6- 1). The RAD 
memory unit is connected to an ac source through an 
8-foot power cord. The power distribution panel routes 
ac to other subassemblies of the RAD memory unit and to 
the ac plug mold. A forced air cooling unit powered 
from the ac plug mold causes cool air to enter at the bot
tom of the RAD memory unit and exit through fans at the 
top. Power Supply Mode I PX13 is installed in a RAD mem·· 
ory unit to provide dc for the selection unit. One PX13 
can supply power for two selection units. A 3 or 4 RAD 
memory unit installation requires two PX13 power supplies. 

1-8 Controller 

The controller is installed in or near the computer, is con
nected to the computer input/output channel through four 

1-1 
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CONTROLLER UNIT 

' .•. . i:, ...... > ••• :" 

: ~ .. > 
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POWER PROTECTION PANEL 

BASIC MEMORY UNIT 

901029A.23 

Figure 1-1. RAD File Model 9367B/C 
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901029A.101 

Figure 1-2. RAD File Installation Block Diagram 

cable assemblies, and is connected to the selection unit 
in the RAD memory unit through one cable assembly. The 
controller draws module dc from the computer. A ground 
line is connected from the controller to tlhe selection unit 
in a RAD memory unit. 

1-9 Power Protection Panel 

All power protection panel components are mounted on a 
standard 5-1/4 by 19 inch panel. Power protection panel 
components are connected to the computE~r ac source, RAD 
memory ac source, and to control circuits of the controller. 
The power protection panel must be mounted near these 
components to enable hookup of pane I wiiring. 

1-10 Cable Assemblies 

Each cable assembly consists of two print-ed circuit boards 
connected by a wiring harness. Some printed circuit 
boards include electronic components {diodes, resistors, 
inductors} connected by additional point'-to-point wiring; 
other printed circuit boards include only point-to-point 
wiring. The printed circuit boards are the connectors for 
the plug module cable assemblies and am inserted in spe
cified locations in the same manner as ciircuit boards con-

. taining Ic)gi c circuits. 

1-11 MODEL DIFFERENCES 

Characteristics of the six models of RAD File Model 9367B 
and the four mode Is of RAD Fi Ie Mode I 9367C are summar
ized in table 1-1. The three memory calpacities {disc or 
drum} are approximately half-mi Ilion, one mi Ilion, and 

two mi Ilion characters. The minimum RAD fi Ie (suffix OX) 
consists of a RAD memory unit, a controller, a power pro·, 
tection panel, and five cable assemblies {figure 1-2}. Four 
cable assemblies connect the controller to the computer 
input/output channel; one cable assembly connects the 
controller to the RAD memory unit. A RAD file installa
tion of more than one RAD memory unit includes a basi c 
RAD fi Ie and up to three additional RAD fi les {suffix 1 X}. 
Each of these RAD files includes a RAD memory unit and 
an interconnecting cable assembly. 

1-12 SPECIFICATIONS AND LEADING PARTICULARS 

1-13 RAD FILE 

Physical characteristics of a RAD fi Ie are listed in table 1-2. 
Environmental and electrical characteristics are listed in 
table 1-3. Table 1-4 lists memory capacity of RAD file 
installations in terms of the number and models of RAD 
files in the installation. These are the major characteris-
tics to be considered when planning a RAD file installation. 
For detai led information about signal levels, bit rates, and 
other engineering data, refer to the following SDS documents: 

Disc memory purchase specification 113374 
Drum memory purchase specifi cation 127890 

The module complements of RAD Fi Ie Models 9367B and 
9367C are listed in tables 1-5 and 1-6. Each RAD mem
ory unit in a multiple-unit installation includes a selection 
unit; therefore, the total modu Ie complement is the con
troller module complement plus the module complement 
for each RAD memory unit in the installation. The se lection 

1-3 



::r 

Paragraphs 1··14 to 1-15 SDS 901029 

unit is used with either the drum memc)ry or the disc 
memory. 

1- 14 Drum Mem0!Y 

The drum memory in RAD File Model 93678 uses a magn,e
tically coated drum rotating on a vertical shaft. Connector 
J1 is used for power input, J2 and J4 am for read/write 
inputs, and J3, J5, and J7 are for clock outputs. Fu" fre
quency is defined as reading a track recorded at a density 
of 900 bits per inch, one bit being represented by a double 
flux reversal. The frequency is nominally 810 khz (varying 
with drum rotlltional speed) or the frequency obtained from 
a clock track recorded with 28,288 bits cfround the 
periphery. 

Playback of the track into' a load of 560 ()hms across two 
ha/f-coi Is produces an 11 to 50 mv amplitude output. 
Three clock tracks are prerecorded by the manufacturer 
with 27,712 bits. The sector marks consists of 63 single 
doublets followed by a double doublet index mark. The 
positive peaks of the single doublets do not deviate more 
than ±2 fJSec. The second doublet of the d6uble doublet 
occurs 5.0 ± 1 Q 0 fJSec after the positive peak of the first 
doublet, with a minimum pulse of 7.5 mv, measured with 
reference to a zero of 1.5 mv maximum into a load of 2000 
ohms. The three clock tracks are identical sine waves. 

The interco~nE~cting cables for the drum memory (power, 
read/write matrix heads, and clock) are interchangeable 

between all three drums (128, 256, and 512 heads). Drum 
memory power is controlled at the three-phase circuit 
breaker on the power distribution panel. 

1-15 Disc Memory 

The disc memory used in RAD File Model 9367C uses one, 
two, or four magnetically coated discs rotating on a verti cal 
shaft. Both sides of each disc are used together with 64 
read/write heads for each surface, or 128 per disc. C()n
nector J1 is used for power input, J3 is for read/writl:! 
inputs, and J7 is for clock outputs. The discs and heads 
are mounted in an air-tight enclosure which must not bEt 
opened except in a cleanroom. If the enclosure is opened, 
the memory must be returned to the factory for cleaning, 
lubrication, and purging. ' 

A motor starting box on the side of the memory housing is 
cable interconnected to the motor receptacle on the memory 
housing. The motor starting box power cord connects to the 
ac plug mold. The power, read/write matrix, and cI()ck 
cables are interchangeable between all three disc memories. 

Full frequency is defined as recording (after dc erasure) 
838 khz on any of 64 tracks on any surface with a resultant 
playback amplitude across two half-coils of 10 to 48 rnv 
across a load of 560 ohms. The three clock tracks prodt)ce 
the same si gnals as the drum memory clock tracks. 

Disc memory power is controlled at the single-phase circ:uit 
breaker on the power distribution panel. 

Table 1-1. RAD File Models 93678 and 9367C Model Differences 

Memory Size Power Cab II:! 
Model No. PClrt No. Memory (Characters) Power Supplies Controller Protection Panel Assembli 

93678-01 132802 127898-001 524,288 101270 131564 116989 113896 

93678-02 132803 127898-002 1,048,576 101271 
113899 
113902 -- ..-93678-04 132804 127898-004 2,097, 152 
11638B 
11651 :3 

93678-11 132805 127898-001 524,288 See Note None None 116509 

93678-12 132806 127898-002 1,048,576 

93678-14 132807 127898-004 2,097, 152 

_...I: ;.. 9367C-01 132808 115261-001 524,288 101270 131564 116989 113896 

9367C-02 132809 115261-002 1,048,576 101271 
113899' 
113902' 
116388 
116513 

9367C-ll 132811 115261-001 524,288 See Note None None 116509 

9367C-12 132812 115261-002 1,048,576 
-

Note: Requires a power supply if installation includes 3 or 4 RAD memory units 

1-4 
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Table 1-2. RAD File Models 93678 and 9367C Physical Characteristics 

RAD MEMORY UNIT 

Height (max) 63.47 in. 
Width (max) 28.09 in. 
Depth (max) 25.84 in. 
Weight (max) 760 Ibs 

Drum Memory 127898-001 127898-002 127898-004 

Height 16-3/8 in. 17-7/8 in. 30-3/4 in. 
Width 17-1/2 in. 17-1/2 in. 17-1/2 in. 
Depth 17-1/2 in. 17-1/2 in. 17-1/2 in. 
Weight 120lbs 160 Ibs 250 Ibs 
Shipping weight 1901bs 229 Ibs 295 Ibs 

Disc Memory 

Height 18 in. 
Width 16-1/2 in. 
Depth 21-1/2 in. 
Weight 760 Ibs (Shipped 

in cabine't) 

Controller 

Height (max) 28.0Q in. 
Width (max) 18.78 in. 
Depth (max) 8.66 in. 
Weight (max) 90lbs 

Power Protection Panel 

Height (max) 5. ~ !n. 
Width (max) 19.03 in. 
Depth (max) 3.8) in. 
Wei ght (max) 6 Ibs , 

Plug Module Cable Assembly Len91ths 

Controller to RAD Memory Unit P170/P171 30 ft 
P155/P156 10 ft 

Computer to Controller P157/P158 10 ft 
P159/p160 10 ft 
P161YP162 10ft 

RAD Memory Unit to RAD Memory Unit P168YP169 4 ft 

RAD Memory Unit Power Cable Leingth 8ft 
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Table 1-3. RAD File MI)dels 93678 and 9367C Environmental and Electrical Characteristics 

Operating temperature range 
Relative humidity range 
Altitude range 

Model 9367B-OX 
Model 9367B-OX with -lX 
Model 9367B-IX No.1 
Model 9367B-l X No.2 
Mode I 9367B-l X No. 2 with -1 X No. 3 
Model 93678-1 X No.3 
Mode I 9367C-OX 
Model 9367C-OX with -1 X 
Mode I 9367C-l X No. 1 
Model 9367C-IX No.2 
Model 9367C-IX No. 2with -lX ~~o. 3 
Mode I 9367C-l X No. 3 

Dc from computer-

Ac from computer 

100 to 400 C (500 to 104°F) 
10 to 90 percent 
o to 10,000 feet 

Unregulated AC 
(volt-amperes) 

Heat Dissipation 
(btu/hr) 

775 
1010 
295 
530 
765 
295 
935 

1115 
455 
690 
870 
455 

+8v, 2.5 amperes 
+25 v , 6. 0 amperes 
-25v, 1.0 ampere 

220 volt-amperes regulated 
245 volt-amperes unregulated 

2370 
3170 
740 

1540 
2340 
740 

3090 
3700 
1460 
2260 
2870 
1460 

Table 1--4. Memory Capacity of RAD File Installations 

MODEL 
----- - CAPACITY IN CHARACTE RS 

-01 -02 -04 -11 -12 -14 TOTAL (6 bits per character) 

1 524,288 

1 1,048,576 

1 1 2,097, 152 

1 1 2 2,621,430 

1 1 2 3, 145,728 

1 1 2 4,194,304 

1 1 1 3 4,718,592 

1 1 1 3 5,242,880 

1 2 3 6,291,456 

1 1 2 4 6,815,744 

1 1 2 4 7,340,032 

1 3 4 8,388,608 
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Table 1-5. Module Complement of Selection Unit 

Module Reference Designation Total 

Read Input Contro I A K61 B:20 1 

V-Select AK62 BI2*, * : t t t t B13 , B14, B15, B16, B17, B18, B19 8 

Write Driver AK63 A14, A15, A16, A17, A18, A19, A22, A25, B4, 85, 86, B7, B8, B9, 16 
B'IO, Bll 

Index/Sector Amplifier AK64 B:2 1 

Write Clock Amplifier AK65 B'I 1 

Cable Driver AX14 A4, A5, A6 3 

AND/OR Buffer Amplifier BH 10 A7 1 

DC Flip-Flop FH19 A'9 1 

Basic Flip-Flop FL21 A2, A3, A30, A31 4 

Gate Expander GH14 AH 1 

Read Preumplifier H K73 B22, 825, B28, B31 4 

Limiter H K74 B21, B24, B27, B30 4 

Clock Discriminator H K75 A20, A23, A26, A29 4 

I 
Data De code r H K76 A:21, A24, A27, A30 4 

Index/Sector Decoder H K77 B:3 1 

AND Gate/Inverter ILl2 Al0 1 

Read-Write Decoder NK59 B23, B26 B29, B32 4 

One-Shot Multivibrator OX12 C43 1 

+4v Regulator SX60 A12 1 

-8v Regu,lator SX69 A13 1 

*Used in -X2 Models and -X4 Models 

tUsed in -X4 Models 

I 
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Module 

Signal Amplifier AH 1 ° 
Cable Oriver AX14 

Cable Driver AX16 

AND/OR Buffer Amplifier BH10 

OC Flip-Flop FH19 

Basic Flip-Flop FH20 

Basic Flip-Flop FL21 

~iode Gate No. 1 G K51 

ANO/OR Invl~rter IH 10 

ANO Gate/Inverter IH 14 

5DS 901029 

Table 1-6. Module Complement of Controller 

Reference Oesignation 

B36, B37, B38, C36, C40 

A28, A29, B26, 827, B28 

A26, A27 

A37, B29, B35, B45, C41, C42, 032, 037, 038, 040 

C33, C34, C35, C44, C46 

A30, A31, A32, A33, A34, A38, A39, A40, A41, A43, A44, A45, 042 

C37 

A~i5, A36, A42, 830, 831, 832, B39, B40, 841, 842, 843, 030, 031, 
034, 035, 036, 043, 044, 045 

0:19, 041 

833, 834, B44, C31, C32, C38, C39, 033 

Relay Module KX12 D27 

One-Shot Multivibrator OX12 C43 

Primary Power Oetector S K60 028, 029 

1-8 

Total 

5 

5 

2 

10 

5 

13 

19 

2 

8 

2, 
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SECTION II 

OPERATION AND PROGRAMMING 

2-1 OPERATION 

2-2 CONTROLS,INDICATORS, AND WORD FORMAT 

This section describes controls and indiccltors of RAD File 
Models 9367B and 9367C, routine turn-on/turn-off pro
cedures, and program control of input/output. All pro
gramming information in this technical ml::mual is based on 
the 24-bit word format and instruction format typical of 
SDS computers 930 and 9300. For selected instruction 
codes, 15 bits of the 24-bit word format address locations 
in a RAD file installation. For the 12-biit instruction for
mat of the SDS 92 computer, the 15-bit S-register stores 
address codes for transfer to the RAD file. 

Table 2-1 lists RAD file controls and indkators. All 
assembly controls and indicators are located in the RAD 
memory unit. For details concerning Power Supply Model 
PX13, refer to SDS publication 900001-<:. 

Prior to equipment operation, the control:s and indicators 
listed in table 2-1 should conform to the following pattern: 
MEMORY PROTECTION SWITCHES in the up position 
(preventing writing in all memory locatic,ns); all switches 
and circuit breakers in the position corresponding to power 
off; and cdl indicators not lighted. The l"urn-on procedure 
in paragraph 2-4 assumes these initial conditions. 

Table 2-1. RAD File Controls and Indicators 

Control or 

I D::r~·1 Indicator Function 

Power Supply Model PX13 

ON/OFF switch Sl Controls appl ic:ation of ac to 
Power Supply Model PX13 

POWER indicator DS1 Lighted when 0 N/OFF swi tch 
is ON 

Selection Unit 

MEMORY Sl In up position, prevents inser-
PROTECTION thru tion of new dalra in associated 
SWITCHES S16 locations 
(000 thru 017) 

Power Distribution Panel 

Ci rcu i t breaker CB2 Contro Is appl i c:ati anof 1.0 ac 

Circuit breaker CB3 Controls applic:ation of 3.0 ac 

2-3 START-STOP PROCEDURES 

The turn-on procedure in paragraph 2-4 and the turn-off 
procedure of paragraph 2-5 are used for routine operation. 
For initial installation and for turn-on following repair, use 
the performance testi ng procedure in section V. 

2-4 TURN-ON PROCEDURE 

Turn on the RAD file installation as follows: 

Note 

For RAD file installations of more than one RAD 
memory unit, perform these steps for each RAD 
memory unit. 

a. Check that all controls and indicators are off. 

b. At Power Supply Model PX13, place ON/OFF 
switch ON. 

RAD Fi Ie Model 9367B (drum memory) has a direc
tional arrow marked on the equipment. Immediately 
after applying power, check that the fan moves in 
the direction indicated. If not, remove power 
before drum reaches operati ng speed. 

c. At power distribution panel, set circuit breakers 
ON and check that: 

1. Fans at top of RAD memory unit are 
operating 

2. POWER indicator on Power Supply Model 
PX13 is lighted 

3. Fan in drum memory rotates counterclockwise. 

d. At selection unit control panel, place appropriate 
MEMORY PROTECTION SWITCHES in down position to 
enable computer to write in memory. 

2-5 TURN-OFF PROCEDURE 

, Since the order of power removal from subassemblies of the 
RAD file is not critical, turn-off can be accomplished in 
any 0 f three ways: 

a. Place each switch in off position, or 

b. Place circuit breaker on power distribution panel 
OFF, or 
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c. At e.xternal control point (if available) disconnect 
RAD fi Ie pow.!r source. 

2-6 PROGRAMMING 

2-7 INSTRUC:TIONS 

Control signa Is and data signals exchanged between the 
RAD fi Ie and the computer are related to the following 
instructions: 

Mnemonic SDS 9300 Code .Name 

EOM 02 Energ i2:e output M 

SKS 20 Skip if signal not set 

POT 31 Para lIel output (from 
computer memory) 

PIN 33 Parallel input (to 
computer memory) 

Of the 24-bit instruction format (bits 0 through 23), only 
bits 9 through 23 are read by the RAD fi Ie. When bits 0 
through 8 indicate an instruction of significance to the 
RAD file, a si!:Jnal is generated within either the computE!r 
or the input/output channel and transmitted to the RAD 
fi Ie to control operations. 

The RAD file response to a parallel output from computer 
memory (POT) instruction is to a-ccept 15 bits (9 through 
23) from the input/output channel. These bits address a 
location in thE! RAD file as indicated below: 

901029A.31 

Bits 9 and 10 are a 2-bit code identifying I:>ne of a maxi
mum of 4 RAD memory units. Bits 11 through 17 address a 
band on that ItI\D memory unit; bits 1.8 through 23 address 
one of 64 sectors in the band. Each sector contains 128 
12-bit codes (64 24-bit words). A total of 128 bands ma}" 
be contained in each RAD memory unit. logical design 

. of the contro".~r prevents transfer from location XXX 111 
111 111 111 to' location XXX 000 000 000 000. Therefom, 
each RAD memory unit is divided into two groups of bands 
which must be addressed by separate POT c~perations. For 
each revolution of the memory data is read from 32 
sectors. Two revolutions therefore are required to read 
a complete band of 64 sectors. For commands in the 
non-increment mode, data is read from a sector without 
incrementing the band address. This mode of operation 
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makes possible reading data beginning with any sector of 
the band, and returning to read the initial part of the band 
after reading from an arbitrary location in the band. 

The RAD file response to a parallel input to computer mem
ory (PIN) instruction is to enable transmission of 6 bits 
(bits 18 through 23) to the computer. These bits repreSient 
the contents of a counter in the RAD file which identifies 
the sector currently being read in the addressed RAD 
memory unit. 

All configurations of.the energize output M (EOM) and skip 
if signal not set (SKS) instructions are identified by thE~ 
mnemonic and a five-digit octal numeral which togeth1er 
define 21 bits of the 24-bit instruction format, as indicated 
by the following examples: 

EOM 10026 ~ ~~ ~22.0~~!E 
t EOM 1 0 0 2 6 

SKS 13026 

l ~~~o~o~~~o SKS 1 3 0 2 6 

For any EOM or SKS instruction associated with a RAD 
file, the last two octal numerals are always 26 or 66. 
Instructions ending in 26 are related to computer input 
operations; instructions ending in 66 are related to com
puter output operations. Other bits of the instructions are 
related to the mode of operation of the computer or thE! 
input/output channel, to the format of the data accepted 
or transferred to the RAD fi Ie, or to other functions rekJt.~d 
to data exchange and equipment operation. EOM instruc:
tions and SKS instructions related to operation of the RAD 
fi Ie are listed in table 2-2. 

2-8 SAMPLE PROGRAM 

Table 2-3 lists a sample program which causes data storied 
in RAD file locations 00773 through 01572 (octal, 600 
words; decimal, 384 words) to be read from the disc and 
stored in computer memory core locations 12707 through 
13506 (octal). This program is intended only to clarify 
operations associated with execution of instructions to i-hE! 
RAD file and not to indicate best use of programming 
capabilities. Each step of the program is explained in th'B 
following paragraphs. 

The S KS instruction in computer memory location 01202 
tests a controller signa I for a ready status. If the contrloUer 
is either reading or writing, the program reads the instflJc
tion from location 01203, causing the computer to bran<e:h 
to location 01202. Thus the computer cyc les through a 
two-instruction loop until the controller is ready, when 
the instruction in location 01204 is read. 

The EOM instruction in location 01204 prepares the con
troller for the POT instruction in location 01205. The POT 
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instruction transfers the contents of local~ion 01213 to the 
address register of the controller. This clddress identifies 
the first iRAO file location from which delta is to be trans
ferred to the computer. The EOM instruction in location 
01206 selects the W buffer, connects thE~ RAO file to the 
computer through the W buffer, and establishes the 12-bit 
character format. The EOM instruction in location 01207 
establishes the mandatory IOSO mode of operation and arms 
the zero--count interrupt of the W buffer., 

The POT instruction read from location 01210 causes trans
fer of the contents of core memory locati'on 01214 to the 
I/O channel interlace. Bits 0 through 9 of the interlace 
word contain an octal number equa I to the number of words 
to be transferred. Bits 10 through 23 of the interlace word 
(12707) contain the address of the first of 600 (octal) core 

- memory locations into which disc memof)' words are to be 
transferred. When this portion of the prc>gramhas provided 

,/ a II parameters required to initiate a tramifer of data, the 
branch instruction location in 01212 returns control to the 
main program. When the interlace word count reaches 
zero, the interrupt subroutine tests for pc)ssible program 
errors. 

Table 2-2. EOM and S KS Instruc:tions Used 
With RAO Fi Ie 

Instruction 

EOM 10026 

EOM 02266 

EOM 02226 

EOM 11026 

Operaticm 

Alert to POT. Prepanes controller for 
POT instruction wh ich a Iways follows 
alert to POT instructicm. POT instruc
tion causes address dal~a to be stored 
in controller 

Connect RAO memory, write. Causes 
controller to send interface control 
signa Is, starting with the time addressed 
sector comes under disc memory write 
heads. Only IOSO (input/output unti I 
signa I, then disconnec:t) EOM instruc
tions may be used 

Connect RAO memory, read. Causes 
controller to send interface control 
signals, starting with tne time addressed 
sector comes under disc memory read 
heads. Only IOSO EOM instructions 
may be used 

Alert to POT, no incromenting of band. 
Simi lar to EOM 10026" but used when 
a fu II band is to be transferred sJarting 
at an arbitrary sector, and band incre
menting is not desired after last sector 
in band. Controller in non-increment 
mode 

(Continued) 

Table 2-2. EOM and S KS Instructions Used 
With RAO File (Cont.) 

Instruction Operation 

~---------------~-----------------------------------------,-- -
EOM 1tf216 

SKS 10026 

SKS 11026 

SKS 13026 

Alert to PIN. Prepares controller for 
PIN instruction which always follows 
alert to PIN instruction. PIN instruc
tion causes a 6-bit code wpresenting 
sector count of addressed RAO memory 
unit to be transferred to computer. For 
RAO memory unit 1, 2, 3, or 4, N is 
Q9~, ~x' 1QX, or 11X, respectively. 
Contr er disregards least significant 
bit of . 

Skip if controller ready. Samples con
troller output which indicates if con
troller is ready to exchange data with 
input/output channel 

Skip if no controller error. Samples 
controller output which indicates if 
programming error or processing error 
has occurred 

Skip if band not write-protected. 
Samples controller output which indi
cates if addressed memory location can, 
be used for storage of data from com
puter (not write-protected location) 

T.able 2-3. Example of RAO Fi Ie Read Program 

.. 
Computer Memory 

location Instruction Operation 
-

01201 - - - - - - - -
01202 SKS 10026 Skip if controller ready 

(signal) 

01203 BR 01202 Branch to 01202 

01204 EOM 10026 Alert to POT 

01205 POT 01213 Para Ilel output of 
(01213) to controller 

01206 EOM 50000 Alert interlace 

01207 EOM 15200 IOSO and arm zero 
word count interrupt 

01210 POT 01214 Set up interlace 

01211 EOM 02226 Connect memory, 
read 

(Continued) 
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Table 2-3. Example of RAD File Read Program (Cont.) 

Computer Memory 
Location Instruction Operation 

01212 BR ---- Branch to main program 

01213 00000 773 RAD file location 

01214 30012 707 Interlace word count 
and starting memory 
location 

2-9 PARTIAL SECTOR READ OR WRITE 

Entire 64-word sectors need not be written or read. How
ever, if less th(]n a complete sector is to bE! transferred 
restrictions are imposed on the program. FI)r example, if 
in the sample read program of table 2-3 only 32 words 
(40 octal) are to be read, the contents of the interlace 
word 01214 must be 01752707. When the interlace word 
count reaches 2:ero, the W buffer generates a disconnect 
signal and the W buffer accepts no additional data from 
the RAD fi Ie. 

If less than a c()mplete sector is written or read, the word 
boundary range:; from the first word. It is not possible to 
read or write the last 32 words of a sector without reading 
or writing the first 32 words of the sector. If less than 64 
words are to be writ·ten into a sector, zeros wi II be written 
in all RAD file word locations following thE~ final data 
word for the sec:tor. For example, if data is written into 
only the fi.rst 20 words of a sector, the remcdning 44 words 
wi II be a II zeros. 

2-10 IMMEDIATE MODE ACCESSING 

When one complete band (64 sectors) is to be transferred, 
access time can be reduced to a minimum by special pro
gramming techniques. If the program addresses the RAD 
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file without determining the sector being read, access time 
can be as long as 35 mi lIiseconds. For example, if the 
program is written to read sector 00 through 77 (octal), and 
sector 13 is under the read/write heads at the time the 
transfer is initiated, about 30 mi lIiseconds wi II be spen!' 
before sector 00 comes under the heads and the transfer CCIn 

begin. During these 30 mi lIiseconds, the I/O channel 
cannot be used for other input/output operations. This 
delay can be eliminated if the program is written so that 
the complete 64 sector band is read in two separate pass-es. 
The first pass reads sector n through 77, and the second PCISS 

reads sectors 00 through (n-1), where n equals the first 
sector avai lable during storage. The starting address n is 
obtained by executing a PIN instruction to determine the 
current sector address and adding two to this address. For 
example, if the PIN instruction reads sector 23 as the 
current address, the first pass reads sectors 25 through 77 
and the second pass reads sectors 00 through 24. 

Normally, if 64 sectors are to be transferred and the start-
ing address is not 00, the band address will count up as the 
sector address changes from 77 to 00. To prevent this 
change, a one is placed in bit 14 of the instruction word 1'0 
define the non-increment mode as indicated in table 2-:2. 
When using the immediate access mode, the end-of-recl)rd 
interrupt must be armed so that when sector 77 has been 
read, the interrupt signal will cause the computer to enl'er 
the interrupt subroutine. This interrupt subroutine must 
supply the core memory locations for the transfer of sectom 
00 through (n-1). 

2-11 INTERRUPT OPTION 

Access time can also be reduced by use of the interrupt 
option. This option allows the program to set up initial 
transfer conditions without connecting the buffer thereby 
permitting the selection unit and controller to search for 
the first address to be transferred without tying up the .I/O 
channel. When the addressed sector is available to the 
selection unit, the interrupt occurs. The interrupt sub
routine connects the controller with a connect-to-read or 
connect-to-write EOM instruction. 
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SECrION III 

THEORY OF OPERATION 

3-1 SCOPE OF SECTION 

This section describes the theory of operoltion of RAO File 
Models 9367B and 9367C for maintenancf~, operation, and 
trouble analysis. For Power Supply Model PX 13 informC!l"'; 
tion refer to SOS publication 900001. An analysis of 
common logic circuits is included in SDS publication 
64-55-14; circuit analysis of modules designed for use in 
RAO File Models 9367B and 9367C is included in this 
section. Table 3-1 relates signal designations of the con
troller to those listed in SOS publication 900516. 

TabIEl3-1. Controller Input/Output to Computer 
Input/Output Signal RelaHon 

Controller TMCCW TMCC Y 
Signal DACC Signal Buffer Sign'::ll Buffer Signal 

8BUCW <9 C§ C§ 
8C09C @ @ @ 

thru thru thru thru 

8C23C @ @ @) 
8C12W @ @) @) 
thru thru thru thru 

8C23W @) @) @ 
9D01A @?) <g~1 @ 

thru thru thru thru 

9D06A @) @VI ~~D 
9ECWA @ @ ® 
8IOCW C§) CfV @ 

'8PINC ® @ ® 
; 8PTl C <:ED <:ED <:ED 
! 

@ @' @ 8PT2C I 

(Continued) 

i 

Table 3-1. Controller Input/Output to Computer 
Input/Output Signal Relation (Cont.) 

Controller TMCCW TMCC Y 
Signal DACC Signal Buffer Signal Buffer Signal 

8Q20C C~2) @) @) 
9RTIC ® ® ® 
9RTOC ® ® ® 
8R01W @ (§) @ 

thru thru thru thru 

8R06W @ @) @ 

8R07W @ C§) ® 
thru thru thru thru 

8R12W C§ § @ 
9SlOA @ @ @ 
8STOC ® ® ® 
9V01A @ ® @ 
thru thru thru thru 

9V06A @ @ @ 
9V07A @ @ ® 
thru thru thru thru 

9V12A @V' @V @D 
9WHSA @ @ @ 
9WESA ® @ @ 
8W50W @ @ @ 
8W60W @ @ ® 

(Continued) 
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Table 3-1. Controller Input/Output t,o Computer 
Input/Output Signal Relation (Cont.) 

Controller TMCCW TMCC Y 
Signal DACC Signal Buffer Signal Buffer Signal 

8W90W ® ® @ 
8Wl0W @) @ @) 
thru thru thru thru 

8W14W @) @ @ 
9X12A @ -~~ @ 

.-
Paragraph 3-2 describes RAD fi Ie/computer information flow 
during input and output operations, and timing and major 
signal flow within the controller, selection unit, and mem
ory. This part of the section also covers functions of the 
major circuit divisions of the RAD file, the sequence of 
operations, and timing problems without reference to detai:ls 
of logic circuits. The selection unit in the RAD memory 
unit is suitable for use with either a disc memory (SDS part 
number 115621) or a drum memory (SDS pari' number 12789H) 
without modification. 

Paragraphs 3-3 through 3-41 provide detai led descriptions 
of each major circuit division of the controller and selec
tion unit. Simplified diagrams of the selec1"ion unit and 
controller are provided in this section (refer to section VII 
for module circuit schematics; detai led logic diagrams and 
the corresponding equation lists are include,d in section VIH). 

Paragraph 3-42 describes circuits of the RAD fi Ie which dis
tribute ac and dc to the subassemblies, and the interlock to 
disconnect the RAD fi Ie in case of power fai lure. These 
circuits include Power Supply Model PX13, the power dis-· 
tribution panel, and portions of the controliler. 

3-2 GENERAL THEORY OF OPERA nON 

A RAD file installation includes a controller and a maximum 
of four RAD memory units, each of which contains a selec·· 
tion unit and a memory (figure 3-1). The controller func
tions as the interface between each RAD mE'mory unit and 
the computer input/output channel. The computer input/ 
output channel may be a Time-Multiplexed Communication 
Channel (TMCC) or a Direct Access Communication Channel 
(DACC). 

Signals exchanged between the controller and all RAD mem
ory units use a s,et of lines common to all R.A,D memory units. 
To prevent any but the addressed RAD memory unit from 
controlling or reading signals levels on the common lines, 
the controller gEmerotes two sets of four signals which ad
dress the RAD memory units. Two flip-flops in the address 
register generate four signals which address a RAD memory 
unit for read or write operations initiated b}l a POT instruc
tion. The unit register generates four signals which address 
a RAD memory unit for operations initiated by a PIN 
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instruction. Cable wiring enables each RAD memory unit 
to interpret one signal from each of these two sets offc)uli as 
its selection signal. RAD memory units not addressed have 
no control over common input or output lines. BecaUSE: 
selection is established by cable wiring from the contmller 
to a RAD memory unit and from one RAD memory unit te) 
another, two-bit addresses are assigned to RAD memory units 
simply by connecting the plug module cable assemblies. 

The controller and selection unit together form a buffer be
tween data storage devices operating at two independent 
clock rates. The c lock rate of the memory is establishEld by 
its rotational speed; the clock rate of the computer is Elst,ab
lished by its timing circuits. When a data transfer takEls 
place, the controller temporari Iy stores 12:"'bit codes. DClta 
must be read or written into the memory at its clock ra1·e. 
During a read operation, the selection unit reads data fwm 
four memory outputs at the memory clock rate and transmi'ts 
data on four outputs to the controller. The controller ClC'

cepts a 12-bit code every 3 memory clock ti mes and storElS 
the code until the input/output channel can accept the' 12-
bit codes in parallel. Du'ring a write operation the selec1'ion 
unit accepts 12-bit codes 4 bits at a time and writes delta on 
4 lines. The selection unit uses an ~ncoding method wlhic:h 
generates two bits for each data bit received from the c:on
troller. This technique permits a higher bit density on I11Clg
netic surfaces and is known by a variety of names (such as 
Manchester, Ferranti, frequency-modulation, modified
non-return-to-zero, and doub Ie transition). For either.a re,:id 
or a write operation the controller must exchange data with 
the computer input/output chanl)el at a rate commensurclte 
with the memory fixed rate and must store 12-bit codes untii I 
ready for output to either the computer or selection unit. 

The timing circuits include a modul0-3 counter (MOl, M02) 
which counts each group of 3 clock pulses to define the' time' 
required to transfer 12-bit codes in 3 groups of 4 bits eCJch. 
During either read or write operations, the controller pm·· 
cesses one sector at a time. Each cycle of the module-:3 
counter advances the character counter (KOl through K07) 
which counts the 128 characters of each sector and i ndicetes .
the end of one write or read process. A sector consists c)f 
1/64 of the data read during a memory revolution. 

The data register contains three 12-bit registers (VOl thro'Jgh 
V12, ZOl through Z 12, and SOl through S 12). Character 
codes are stored temporari Iy in these registers during a daj'a 
transfer between the memory and computer. During a write 
operation, data passes from the computer to the V-regis,ter, 
to the Z register, and to the S register. From the S regi:ste:r, 
the 12-bit codes are transferred to the selection unit 4 bits 
at a time. During a read operation, the S register accepts 12-
bit codes four bits at a time, then transfers 12 bits to thEl Z reg
ister. The Z register transfers the data to the V register, which 
stores the data unti I acceptable to the input/output chann,~I. 

The address register (A09 through A23) stores a 15-bit c()de 
identifying the RAD file location of data to be read or writ
ten. At the start of an operation, the address register c()dl~ 
indicates the location of the first sector to be processed. 
Unless the input/output channel disconnects, the addres!i 
register is counted up by one after each sector is processed. 



A09 THRU A23 

X03 

FOl, F02 

TEST VOl THRU Vl2 
SIGNALS P06 

EOI 

P50V 

L lVAC5, 1 VAC6 

9VOIA THRU 9V06A 

8NPOA 

9ECWA 

9WESA 

9SIOA 

8BUCW 

81WOW 

9WHSA 

8IOCW 

8W50W 

8W60W 

8W90W 

SWteW l'ttRtt -SW14W 

8R01W THRU 8R06W 

8C09W TH RU 8C23W 

15, , 
2 I 

_ 12~ , 

... 
2, 
f 

6, 
I 

-
-

5/. 

6 1
, 

15 ~ 
1 

8PTlC,8PT2C 2,' 

r 
1026 
..---

'---

IC29 
(PI 58) 
~ 

L...-

IC28 
(PI 60) 
r-

Q20C -----i~ 

6PTQA .... -~----I 

9RTOA .... -.....j 

8STOC -----iH 

8C09C THRU 8C23C 15/ 

IC30 
(PI62) 

.----

8R07W THRU 8R12W-----i~ 

9EDSW-----i.t 

9XI2A4--.....j 

9V07A THRU 9V12A .... ---1 

IC27 
(PI 56) 

~~T~~~ 
9DOTA THRU 9D06A ~ 

----- -----
CONTROLLER 

- - ---c2;1 
(PIlO) I 

I - - - - - - - - - - -1 
I DATA REGISTERS 

I I 
I Val ZOl 501 I 

THRU THRU THRU 
I V12 Z12 S12 I 
I I 
L __ _____ .J 

r-----------l 
BUFFER CONTROL CIRCUITS 

I I : I:~ I T~~~ T:~ : 
I 

L ___________ J 

L ____ _ 

UNIT REGISTER 
GOI, G02 

All 
THRU 
A17 

Al8 
THRU 
A23 

I 
I 
I 

______ J 

PARITY REGISTER 
POI THRU P04 

,-----------l 
TIMING CIRCUITS 

I ~ KOI I : 8 T~~ : 

I I 
L __ _...J 

r--

i....-

L _____ _ ________ --.J 

4/ 
i 

.... 

-
6, 

/ 

6 

7'/ , 

4 , 

4, 

4
1
, , 

r----------, 
I
A5 SELECTION UNIT A32 I 
(PI71) (P169) 

r--

L--

I 

TIMING CIRCUITS 
DOl THRU 006 

ADDRESS CIRCUITS 
All THRU Al5 

READ/WRITE 
CONTROL CIRCUITS 

READ OUTPUT CIRCUITS 

MEMORY CIRCUITS I 
J3 

~ 

'---

L i I 

-~ 

,-----
I 
I 
I 
I 
I 
I 
I 
I 
I 

CONTROLLER 

L __ _ 

8GSIA 

8GS2A 

8GS3A 

8GS4A 

C26 PI70 

SDS 901029 

..- 4, 
-, 

-
..-

-
6, , 

. 
- 6 1 

~ , . 
--. 

4, 
7 --. 

~ 

4, 

4', 
-.. 

, 

9RDI S THRU 9R04S 

9ENPS 

9RCNA 

9WLKS 

9SlPS 

9CDIS THRU 9C06S 

8PWRA 

9001 S THRU 9OO6S 

8AllA THRU 8Al7A 

9RENA 

9WDIA THRU 9WD4A 

9WENA 

9CLKS 

} SEE INSERT AND TABLE FOR 
8GSIA THRU 8GS4A AND 
9USIA THRU 9US4A 

XOI THRU )(78 

YOI THRU Y32 

.6SIHS. 

7SIHS 

CSIHS 

6WCHS 

7WCHS 

CWCHS 

CONTROLLER JLLL'-IJVI"'C PIN 
UNIT NO.1 

.. 

8GSIA 
~~ 

8GSAA 36 

8GS2A 8GSBA 37 

8GS3A 8GSCA 38 

8GS4A 8PSLA 39 
--

9USIA 9USAA 40 

9US2A 9USBA 41 

9US3A 9USCA 42 l-lo 

9US4A 9USLA 43 

-------------------l 
CABLE WIRING FOR UNIT SELECTION 

SELECTION UNIT 

P17l A5 tl\ 
8GSAA 

36 
8GSAB 

37 

38 
8GSAC 

8 PSLA 
39 

c:p 

A32 P169 PI68 A5 

cp 

SELECTION UNIT 
t*'1--' A32 Pl69 

8GSAA 
~-------I 36 
1--__ 8..:...G:...S:...A_B __ ~ 37 

8GSAC 
1---~:"':"'~-~38 

8PSLA 
....... ---.;..;....;..;;;;--........j39 

I 
I 
I 
I 
I 
I 
I 
I 

-------------------J 
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The controller then processes a new sector, if no errors have 
occurred. This sequence continues unti I the address regis,ter 
reaches its maximum permissible count, which prevents 
transfer from the initial RAD memory unit to a new RAD 
memory unit. 

The phase control flip-flops (F01, F02) indicate whether 
the controller is reading, writing, or waiting for new instruc
tions. The subphase control flip-flops (U01 through U06) 
control the sequence of events during a read or a write oper
ation. For a write operation, the controller wri tes sequen
tiallya lO-bit preamble, 128 characters, and parity bits. 
For a read operation, the controller searches for the pre
amble, reads the characters, and checks the parity bits. The 
data transfer control circuits (XOl through X09) control the 
start of new operations, data transfer during operation, and 
detecti on of errors. 

The parity flip-flops (POl through P04) read data passing 
between the selection unit and controller ,on the four dat(l 
lines. For write operations, the parity register generates 
four parity bihii for read operations, the parity register 
checks four parity bits. 

The selection unit includes the timing circuits, the address 
circuits, the read/write control circuits, the read output 
circuits, and the memory circuits. Each selection unit in a 
RAD file installation receives all controller signals. Only 
the selection unit addressed by the controller can respond 
to controller outputs or generate inputs to the controller. 
The controller can address only one RAD memory unit at (] 
time. A selection unit is activated when the controller 
addresses the RAD memory unit to begin a write or a read 
operation, or to determine the sector currently under the 
read/write heads of the memory circuits. 

The timing circuits read permanent timing tracks on the 
memory, and generate write clock signals, read clock 
signals, sector signals, and index signals. The memory 
generates 27,712 clock signals during each revolution. 
In this interval, data is read from 64 sectors, each of whic:h 
contains 128 12-bit codes (64 24-bit words) for a total of 
98,304 data bits per revolution. These bits are read from 4 
lines, each of which stores 24,576 data bits. The difference 
between 27,712 clock pulses per revolution and 24,576 da'ta 
bits per revolution is taken up in the parity bit, postamble, 
and preamble c)f the sector-to-sector gap. 

Each revolution of the memory generates 63 sector pulses 
and one index pulse. Each sector pulse advances a sector 
counter which stores the binary code that identifies the 
sector avai lable at the read/write heads. The sector coun
ter generates two sets of signals. One set is generated to 
enable the controller to compare data stomd in the con
troller with thEl code stored in the sector counter. The 
other set of signals enables the controller to transmit the 
sector counter code to the computer. The index pu Ise resets 
the sector counter once per revolution. 

The address signals received from the controller consist of a 
two-bit track code and a five-bit band code. The two-bit 
track code selects one four-channel track~ The selected 
four-channel track transmits or receives data frqm 128 

3-8 

magnetic heads. The five-bit band code selects one c)f the 
'h 32 bands by activating only 4 of the'3f28 magnetic hecrds. 

, Address signals are combined with switch-controlled si'gnals 
to prevent the controller from storing new data in a writ,e-
protected band. 

, The read/write control circuits include 4 write flip-flopli, 
16 write-drivers, and 16 read/write couplers. Signalsi orig
inating in the controller enable the read/write coupler to 
read data from read/write heads and transmit the data to the 
read output circuits, or to accept data from the write flip
flops and write-drivers and transmit the data to the re(ld/ 
write heads for storage in memory. During a write opercrtion, 
the write flip-flops accept data from controller inputs" Em
code the data in modified NRZ format, and pass the encoded 
data to the write-drivers. The write-drivers store the dClta ' 
in memory through the four read/write couplers selected by 
the track code. 

During a read operation, the read output circuits accE!pf 
data from selected read/write couplers. The analog dati] 
signals pass to a preamplifier and a limiter. The output of 
the limiter passes through a data decoder which decodes the 
modified NRZ signal and restores the original data. A. clock 
discriminator extracts the c lock signal from the limiter out
put and generates clock pulses synchronized with the dl]ta. 
The outputs of the data decoder and clock discriminator are 
inputs to flip-flops. The flip-flops transmit the digital data 
to the controller through cable drivers. 

The memory circuits consist of a matrix of 512 read/wJ'it(~ 
heads from which a set of 4 are selected for read or writ(~ 
operations. The 2-bit track code selects' 4 of the 16 read/ 
write couplers, which exchange data with 128 read/write 
heads. The 5-bit band code activates one of 32 signals. 
The activated signa I grounds 4 of the selected 128 read/ 
write heads. Of the matrix of 512 read/write heads, 4 (ue 
selected by a 7-bit address code. 

3-3 DETAILED THEORY OF OPERA nON 

3-4 CONTROLLER 

The controller reads computer instruction signals and eno!bles 
data exchange between the addressed RAD memory unit cmd 
the computer through the selection unit (figure 3-2). The 
controller responds to four types of instructions. The format 
of each instruction is described in section II. A parallel ' 
input (PIN) instruction places the unit register in a state 
which addresses one of the RAD memory units and causes the 
state of the selection unit sector counter to be transmilrted to 
the computer as six binary signals. A skip if signal not set 
(SKS) instruction causes an output of the controller to be 
sampled to determine if the controller is ready for an oUfput 
(write), or an input (read) operation. A parallel output 
(POT) i nstructi on causes data to be stored in the address 
register. An energize output M (EOM) instruction prepares 
the controller for a POT or PIN i nstructi on, or causes data 
wri te or read in the memory. 

The phase control circuits enable the controller to perform a 
read or write operation, or to wait for instructions. The sub
phase control circuits establish periods for control of pre,]mble 
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. bits, data bits, or parity bits, and establ ish waiting periods. 
The data transfer control circuits cause delta to be moved 
between the V-register, the Z-register, cmd the S-register, 
enabling elata exchange between storage devices operating 
at two independent clock rates. The address register 
identifies the RAD file memory locationt() be read or 
written into. 

During a write operation, four data bits are transferred from 
the S-register to the track converter of the selection unit 
at the clock rate of the memory. As the four data bits are 
transferred, data is shifted to enable four new data bits to 
be transferred during the next clock time. Every third 
c lock time, 12 data bits are transferred from the Z-register 
to the S-register. Data transfer continues at a constant 
rate while data is written into a sector of the memory. 
Data from the computer is stored in the V·-register and trans
ferred to the Z-register. Each time a data transfer from the 
V-register to the Z-register takes place, a signal is sent to 
the computer to enable transfer of new data to the V
register. If the computer fai Is to keep up with the data 
transfer rate to the memory, an error is dE~tected. The con
troller continues to process the current sector, but no new 
sectors are processed after the current sector is complete. 

During a read operation, four data bits arc3 accepted from 
the track converter of the sel ection unit at the clock rate 
of the memory. The four data bits are stored in the S
register each clock time. Every third clock time (after 12 
bits have been stored) the 12 bits are transferred from the 
S-register to the Z-register. Data transfer continues at a 
constant rate while a sector of the memory' is read. When 
the data is then transferred from the Z-register to the 
V-register, a signal is sent to the input/output channel. 
The data must be accepted by the input/output channel 
and new data transferred from the Z-regisf'er to the V
register before data previously stored in the V-register is 
cleared. If the computer fails to keep pac:e with the data 
transfer rate from the memory, the error is detected. The 
controller continues to process the current sector of data 
but disconnects from the input/output channel after the 
sector is processed. 

3-5 Timing Circuits 

The timing circuits include the modul0-3 counter (flip-flops 
MOl and M02), the character counter (flip-flops KOl 
through K07),' and associated logic elements (figure 8-7). 
The timing circuits are controlled by flip-flops F01, F02, 
U01, U02, and U05, and by signal 9CLKS. Signal 9CLKS 
- generated in the selection unit under control of the 
memory - is true 27,712 times for each revolution of the 
memory (the frequency of the data clock). All clock 
signals wi th an odd prefix are af the same logi c I evel as 
9CLKSi 'all clock signals with an even prefTx are at the 
complerr!entary logic level. 

\ 

'-. 

The modul0-3 counter repeats the sequence 00, 01, 10, 
changing state each time signal 2CNTA is true: 

sMOl OM01A OM02A 2CNTA 

rM01 1 M01A 2CNTA 

sM02 OM02A 1M01A 2CNTA 

rM02 1 M02A 2CNTA 

Signal 2CNTAistrue at the clock rate while U01 is in the 
reset state during the read phase or the write phase, or 
when fl ip-flop U02 is in the set state:' 

2CNTA = ;"2CLKA 3U01A 201 FA (write phase) 
+ 2CLKA3U01A 202FA (read phase) 
+ 2CLKA 2U02A 

When signal 3DRKA is false, flip-flops MOl and M02 are dc 
reset. Signal 3DRKA is false during the first clock pulse 
after flip-flop UOl is set or if flip-flop U02 is in the reset 
state duri ng the standby phase: 

zMOl 3DRKA 

zM02 3DRKA 

3DRKA = 2CLKD 2U01A 3U02A (first clock after 
sU01, or last three clocks of read preamble) 
+ 200FA 3U02A (standby phase) 

The functions of the modul0-3 counter are to define three 
: clock times during which bits are stored in the S-register 
and to advance the' character counter. Signal OOM is true 
when the modul0-3 counter is in state 00; signal 02M is true 
when the modul0-3 counter is in state 10: 

300MA = 

200MA = 

302MA = 

202MA = 

200MA 

lM01A lM02A 

202MA 

OM01A 

: The character counter is a binary counter in which flip-flap 
: K07 represents the least significant bit and flip-flop KOl 
represents the most signi ficant bi t. Each fl ip-flop changes 

i state as the input level of the trigger signal passes from 
true to false. When signal J K57 A is true, fl ip-flops K05, 
K06, and K07 advance in normal binary sequence from 000 

: to 111 each time signal OM01A changes from true to false 
(figure 3-3): -"-=--

sK05 o K05A 0 K06A J K57 A 

rK05 1 K05A OK06A 

sK06 OK06A OK07A 

rK06 1 K06A BK06A 

sK07 OK07A OM01A JK57A 

rK07 '1 K07A OM01A 

BK06A 2 K07A 
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';~,C\'''' CNT ~-LLJLJLJL 

M()2 ~.-FL~_---,n ______ na..-_---,I 
MOl ~. ____ Il,--_----,rl __ ---,n n ..... __ 
K07 ~ J I'--___ ~ 
K06

1 J 0·,----------------
,. 1 rI 

TSU-\!.-- OOM 0 ...J L-

* CLOCK K04 K05 K06 K07 MOl M02 SIGNAL 

1 0 0 0 0 0 0 OOM 

2 0 0 0 0 0 1 
3 0 0 0 0 1 0 02M 

4 0 0 0 1 0 0 OOM 

5 0 0 0 1 0 1 
6 0 0 0 1 1 0 02M 

7 
i 

0 0 1 0 0 0 OOM 

8 0 0 1 0 0 1 
9 0 0 1 0 1 0 02M 

10 0 0 1 1 0 0 OOM 

11 0 0 1 1 0 1 

12 0 0 1 1 1 0 02M 

13 0 1 0 0 0 0 OOM 

14 0 1 0 0 0 1 
15 0 1 0 0 1 0 02M 

*STATE WHEN CLOCK N GENERA TED 

Figure 3-·3. Controller Timing Signals Timing Diagram 
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During the write phase, signal BK06A is true and signal 
JK57A is false dfter flip-flop UOl is set:: 

BK06A 

JK57A 

201 FA 2UOIA OMOIA 

201 FA 2UOIA 2K06A 

thereby causing these flip-flops to count' through the 
sequence 000, 001, 010, 000 each time signal OMOIA is 
true. 

Each time flip-flops K05 through K07 aUain a count of 
111, the four-bit counter consisting of filip-flops KOl 
through K04 is triggered through signal 2LSCA: 

sK01 OKOIA OK02A 

rKOl 1 KOlA OK02A 

sK02 OK02A OK03A 

rK02 1 K02A OK03A 

sK03 0i<0'3A 0 K04A 

rK03 1 K03A OK04A 

s,K04 0"R'04A OK05A 2K06A 2lSCA 2CNTA 

rK04 1 K04A OK05A 2K06A 2lSCA 2CNTA 

2lSCA OMOIA 2K07A (every sixth clock) 

When signal JK57A is true, the charactelr counter advances 
in binary sequence from 0 000 000 to 1 111 111. A true 
2NN LA signa I is generated when the character counter 
reaches 1 111 100; a true 2NXLA signal is generated when 
the character counter reaches 1 111 110. The character 
cou·nter is cleared by a false 3DRKA signcJl, resetting KOl 
by' an input to the set output: 

NXl 

NNl 

K06 NNl (next-to-Iast character) 

K05 K04 K03 K02 KOl 

3-6 'Data Register 

The data register includes the V-register (flip-flops VOl 
through V12), the Z-register (flip-flops ZOl through Z12), 
the S-register (flip-flops SOl through S12), and associated 
logic elements (figure 8-8). During read operations, data 
bits are passed from the S-register to the Z-register to the 
V-register. During write operations the sequence is 
reversed. 

3.:.7 Data Flow During Write Operation 

During a write operation, the V-register j's first cleared 
by a false 3DRVA signal: 

zVOl 

zV12 

Signa I 3DRVA is controlled by F02, X03, and signa I 
6DRVA. When the controller is in the read phase (F02 
reset), signal 3DRVA is held at the true level to prevent 
interference with data transfer from the Z-register: 

3DRVA 

2DRVA 1 F02A 

When the controller is in the write phase (F02 set) and con
nected for operation (X03 set), signal 3DRVA is controlled 
by signal 6DRVA: 

6DRVA X06 W50 W60 erR 

thereby enabling clearing of the V-register just before data 
is accepted from i nput/ output Ii nes RO 1 through R 12 (refer 
to paragraph 3-19). 

When signa I LDV is true, data is stored in the V-register 
through direct set inputs: 

yVOl lDV ROl 

yV12 lDV R12 

lDV 01 F X03 X06 W60 STY ClK 

Signal STY is a short-duration clock that strobes the data 
into the V-register. T~~ function of signa Is X06 and W60 
are described in paragraph 3-19. After the data is stored 
in the V-register, the Z-register is cleared:..::=~,;> 

zZOl 

zZ12 

DRZ 

I5RZ 
01 F X03 X09 ClK 

and the contents of the V-register transferred to the 
Z-register: 

yZOl lDZ VOl 

yZ12 lDZ V12 

lDZ 01 F X07 ClK 

The contents of the Z-register are transferred to the 
S-register at each 02M clock: 

ySOl 

yS12 

LOS 

lDS ZOl 

lOS Z12 

01 F 02M ClK 
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and transmitted from the S-register to the selection unit by 
signals WD1 through WD4. 

3-8 S-Registe!r Operation 

The S-register consists of four groups of identical circuits 
each containing three flip-flops. During a write operaticm, 
12 bits of data are transferred from the Z-register to the 
S-register at ~Jch 02M clock and read from flip-flops SOl, 
S04, S07, and S10 by signals WDl through WD4: 

9WD1A 4WD1A 201 FA 

9WD4A 4WD4A 201 FA 

4WD1A 223UA OSOlA 

4WD2A 223UA OS04A 

4WD3A 223UA OS07A 

4WD4A 223UA OS10A 

223UA 1 U01A OU02A 

After the first bit is read from flip-flop SOl, additional bits 
are shifted from S02 and S03 on successive clock times: 

sSOl S02 SHS ClK 

rSOl S02 SHS ClK 

sS02 S03 SHS 

rS02 S03 SHS 

SHS 01 F 02M ClK 

A false lRl signal shifts zeros into S03: 

rS03 

so that the S-mgister is cleared in preparation for the next 
02M clock which shifts new bits from the Z-register. In (J 

simi lar mannerf the other three groups of the S-register 
shift three bits of data to the selection unit. 

During a read ()percltion, data is shifted into the S-registE~r 
from selection unit outputs: 

2lR1A 

2lR4A 

2RD1A 

2RD4A 

202FA 2RD1A 

202FA 2RD4A 

9RDl S 

This data is accepted by flip-flops S03, S06, S09, and 
S12 at a clock rate established by the selection unit: 
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sS03 lRl SHS 

rS03 lR1 SHS 

sS12 lR4 SHS 

rS12 m SHS 

SHS 02F ClK 

Each group of 5-register flip-flops continually shift dalta at 
the clock rate established by the selection unit: 

s502 S03 5HS 

rS02 ~ 5HS 

s501 502 5HS ClK 

r501 502 5H5 ClK 

In a simi lar manner, the other three groups of 5-registE!r 
flip-flops accept data from the selection unit and conHnu
a Ily transfer the data to load 12 bits into the 5-register 
before data transfer to the Z-register. 

3-9 Data Flow During Read Operatiqn 

During a read operation, data is shifted in the S-register at 
a clock rate established by the selection unit and trans
ferred to the Z-register at each OOM clock: 

sZOl 

rZ01 

sZ12 

rZ12 

lRC 

501 lRC 

501 lRC 

512 lRC 

m lRC 

02F OOM ClK 

The contents of the Z-register are transferred to the V
register under control of flip-flops X06 through X09, (refer 
to paragraph 3-20). Transfer must take place at least cm(:e 
during each 3-clock interval to keep pace with the 
5-register and the Z-register: 

sVOl lVR ZOl 

rVOl lVR zm 

sV12 lVR Z12 

rV12 lVR Z12 

lVR 02F X08 OOM ClK 

+ 02F X07 X08 ClK 
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The contents of the V-register are transmitted to the input/ 
output channel from signa Is 9V01A throus~h 9V12A under 
control of signal W60 generated in the input/output 
channel: 

9V12A 

2W56A 

OV01A 2W56A 1 F01A 

OV12A 2W56A 1 F01A 

2W50A 3W60A 

Signal 1 F01A enables control by the V-n~gister during the 
read operation and causes a II output signa Is to be true 
during write or standby. 

3-10 Address Register 

The address register {A-register} includes flip-flops A09 
through A23 and associated logic elements {figure B-9}. 
All flip-flops of the A-register are reset during standby 
phase {signa I 200FA true} if a new address is to be loaded: 

zA09 :rr5RAA 

zA23 

30RAA 

3ACTA 

mRAA 

3ACi'A BPWRA 

200FA OU06A 1 X03A {new POT operation} 

After the A-register is cleared, a new address is loaded 
from signals BC09Cthrough BC23C when signal 2LOAA is 
true: 

yA09 

yAl0 

yA23 

2LOAA 

2LOAA BC09C 

2LOAA BC10C 

2LOAA BC23C 

OX01A OX02A BPT2C {POT operation} 

The A-register is a binary counter in which flip-flop A23 
represents the least significant bit and flip-flop A09 repre
sents the most significant bit. The numb,er increases in 
binary sequence from whatever number is initia I Iy stored to 
XXX 111 111 111 111, in which XXX relPresents the states 
of flip-flops A09 through All. Changes of state of A09 or 
A 10 imply transfer from one RAO memory unit to another. 
This function is not allowed during a read or write opera
tion. Advance of the binary counter is controlled by signal 
2AINA which is true each time an exit from a sector-read 
or sector·-write operation takes place. Advance of the 
binary counter thus indicates that data hCJS been read or 
written into one sector of memory. 

Flip-flop A23 changes state each time si!gnal 2AINA is true: 

sA23 OA23A 2AI NA 

rA23 lA23A 2AINA 

Signal 2AINA is true after the character counter reaches a 
maximum va lue in either the read or the write phase: 

2AINA 

2RFLA 

201 FA 201UA 2LSCA 3AFLA 2K06A 

2CLKA {write} 

+ 2RF1A 3AFLA 2CLKA {read} 

202FA 3U01A 3U02A 2K06A 202MA 

Signa I 3AFLA is true until the A-register reaches maximum 
count: 

~ 

2AFAA 

2AFBA 

2AFCA 

2AFAA 2AFBA 2AFCA 

OA12A OA13A 

OA14A OA15A OA16A OA17A 

OA1BA OA19A OA20A OA21A 

OA22A OA23A lX05A 

Signal lX05A inhibits a true 2AFCA signal if the non
increment mode is established. 

Signa I AIN is equiva lent to: 

AIN 02F AFL CLK UOl U02 02M K06 (read) 

+ 01 F AFL CLK UOl U02 02M K06 

K07 {write} 

After the last character is read or written, flip-flops (U01, 
U02) are placed in state {O,O} for the postamble phase. 
Signal AIN is then controlled by timing circuit flip-flops 
representing the least significant bits of the count {K06, 
K07, MOl, M02}. The parity bit is read or written immedi
ately after entry into the postamble phase as the timing 
circuit flip-flops change from state CO, 0, 0, O} to state 
CO, 0, 0, 1}. For the read operation, signal AIN becomes 
true at the eighth clock after the parity bit when the flip
flops are in state {1, 0, 0, 1}. For the write operation, 
signal AIN becomes true at the eleventh clock after the 
parity bit when the flip-flops are in state {1, 1, 0, 1}. 

Flip-flops A lB through A22 advance in binary sequence 
each time fl ip-flop A23 passes from the set to the reset 
state: 

sA22 OA22A OA23A 

rA22 lA22A OA23A 

sA21 OA21A OA22A 

rA21 lA21A OA22A 

sA1B OAleA OA19A 

rA1B lA1BA OA19A 
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Each time flip-flops A 18 through A23 reach a count of 111 
111, a true 2AFCA signal signal toggles flip-flop A17 if 
flip-flop X05 is in the reset state: 

sA 17 OA 17A 2AFCA 2AINA 

rA17 lA17A 2AFCA 2AINA 

When flip-flop X05 is set to establish the non-increment 
mode of operation, the controller enables the computer to 
read or write into the same sector on two c(lnsecutive 
passes. This feature permits fast~r operation in some cir
cumstances, as described in section II. 

Flip-flops A14 "through A16 are connected to form a 
modulo-8 counter in the same manner as flip-flops A 18 
through A22 form a modul0-32 counter. Each time flip
flops A 14 through A 17 reach a count of 1111, a true 2AFBA 
signal is generated. When flip-flops A14 through A23 
attain a count of 1 111 111 111, flip-flop A13 is toggled 
to advance the modulo-32 counter formed by flip-flops A09 
through A13. When flip-flops A12th,rough A23 are in the 
set state, signals AFA, AFB, and AFC are true if flip-flop 
X05 is in the reset state. These signals generate a false 
AFl signal, inhibiting signal AIN and preventing further 
incrementing of the address register. 

A true sector address compare (SAC) signa I is generated 
when signals A18 through A23 are identical to signals 
9CDl S through 9CD6S. Signals COl throu~lh CD6 represent 
the state of the sector counter in the select'ion unit: 

SAC (A1acl51) (m COl) (A 11~) 

(A 19 C02) (A23 aM) (Aij CD6) 

3-11 Parity Circuit~ 

The parity circuits consist of flip-flops POl through P04 and 
associated logic elements (figure 8-13). FI ip-flops POl 
through P04 are direct set at the start of a read or a write 
operation: 

yPOl SPR 

yP04 

SPR 

SPR 

01 F U01 (write phale) 

+ 02F U01 002 (read phase) 

During a write operation, each flip-flop changes state each 
time a one is written into disc memory from the S-register: 

sP01 01 F WOl ClK 

rPOl 01 F WD1 ClK 

sP04 01 F WD4 .c.J.K 
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rP04 01 F W04 ClK 

WDl 23U SOl 

WD2 23U S04 

WD3 23U S07 

WD4 23U S10 

23U W1 U02 

After all characters have been written, each flip-flop iis in 
the set state if an even number of ones have been writhm 
and in the reset state if an odd number of ones have becm 
written. 

A fter the last character has been written, parity bits are 
written by transferring the contents of flip-flops POl through 
P04 to memory: 

WDl 

WD4 

01U 

01 U POl 

01U P04 

001 U02 

After the parity bits are written, an ll-bit postamble of a II 
zeros is written on each track. 

During a read operation, each flip-flop changes state each 
time a one is read from memory into the S-register: 

sPOl lRl U02 ClK 

rPOl lRl U02 ClK 

sP04 lR4 U02 ClK 

rP04 lR4 U02 ClK 

lRl 02F RDl 

lR4 02F RD4 

After the last character has been read, signal PCP compares 
the parity of flip-flops POl through P04 with the parity bits 
read from memory and generates an error signal if the two 
sets are not identical: 

WES 02F ~ R06 K07 001 LK52 OOM Cl!S 

POl lR1 

+ POl Rl5l 

+ P<54 lR4 

+ P04 RD4 



SOS 901029 Paragraphs 3-12 to 3-13 

3-12 Buffer Control Circuits 

The buffer control circuits consist of phase control, sub
phase control, and data transfer control circuits (figures 
~-10 through 8-12). For a read or a wdte operation, data, 
IS exchanged between the computer and RAO fi Ie each of 
which operate at different clock rates. To ~nabl~ data 
exchange, the buffer control circuits identify computer 
instruction codes, define the start and finish of the data 
transfer process, monitor the generation and reading of 
parity bits, and indicate errors of progr'C1mming, timing, or 
data transfer. 

Read and write operations are initiated by S KS, EOM, and 
POT instructions from the computer as described in section 
II. These instructions store an address in the A-register, 
connect the controller to the input/output channel, and 
enable transfer from the standby phase to either the read 
or the write phase (figure 3-4). Once (] read or write 
operation is begun, the controller returns to standby after 
processing 128 12-bit codes. If the process is complete, 
the controller is disconnected and remains in standby; if 
the process is not complete, the controller returns to read 
or write to complete the operation. 

For a PIN (para Ilel input) operation, thl~ contents of the 
sector counter in the selection unit are ~iampled and the 
data passed through the controll er to the input/output 
channel. 

3-13 Start of Read or Write Operation 

If the RAO fi Ie is addressed by the computer, the contents 
of the computer C-register generate a true OMA signal: 

OMA C17 C19 C20 C21 C22 C23 

Whi Ie the RAO fi Ie is addressed, signa I SIO may be 
sampled by an S KS instruction to determine if the con
troller is ready as indicated by a false S10 signal: 

SIO OMA C13 C14 EOl (SKS 11026) k'RRDR 

lOT OMA 10C m (alert to POT) 

sU06 lOT 

Subsequent events are controlled by the PTl and PTQ sig
nals, generated while the computer is in the wait phase of 
the POT instruction. Signal PTl is true throughout the POT 
wait phase. Signal PTQ is generated on a circuit card of a 
plug module cable assembly and is true periodica lIy during 
the POT wait phase: 

PTQ PTl Q20 

If the controller is in the standby phase when flip-flop U06 
is set, XOl is set when the PTl signal is true: 

sXOl U06 NUF flQ 
NUF OOF (standby phase) 

+ om ~ (not postamble of write phase) 

and a true RTO signal is generated to enable the computer 
to leave the POT wait phase after a time delay: 

RTO XOl PTl 

At the same time, a true ACT signal is generated: 

ACT OOF U06 ~ 

and a false ORA signal clears the A-register in preparation 
for a new address: 

ACT PWR 

After flip-flop XOl is set, fl.ip-flop X02 is direct set: 

yX02 OOF XOl X03 

and a true LOA signa I loads the new address into The 
A-register and sets flip-flop UOl : 

+ OMA C13 C14 WLK (SKS 13026)wfh~t'i.{,1wtr 

+ OMA C13 C14 X03 PUF (SKS 10026) /YEAbY 

LOA 

yUOl 

XOl X02 PT2 

LOA 

PUF OOF (standby phase) 

+ UOl U02 (postamble) 

Signal EOl indicates a processing error; signal WLK indi
cates a write-protected address stored in the A-register. 
If signal SOl is sampled as part of the prc)gram (as indicated 
in table 2-3), the controller wi II be connected by the 
instructions which follow. If this signal iis not sampled, 
the controller may not be ready when the instructions are 
read and may disconnect. 

If the RAD fi Ie is addressed whi Ie the computer is in the 
input/output control mode, flip-flop U06 is set: 

-/.,... .. 

since flip-flops U01, U02, U03, F01, and F02 were reset 
when the A-register was cleared: 

zUOl 

zU02 

zU03 

zFOl l5RA 

zF02 
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YES 

rX03, rX04, rU03 IwAIT FOR SECTOR L INDEX (SIP) 

UOI 

1 

1 

0 

0 
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[
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~ 
(DRK) 

z (KOI THRU K07) 
z(M01, M02) 

[ yU02 

[

COUNT 
3 CLOCKS 

[ ,U05 

[

COUNT 
10 CLOCKS 

0-{ ,U02 

WRITE PHASE 

U02 U03 SUB PHASE 

0 0 ENTER 

1 X WRITE PREAMBLE 

1 0 WRITE CHARACTER 

0 0 WRITE PARITY BITS 

0 1 EXIT 
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sXOl 
yX02 

(DRA) 
z (A09 THRU A23) 

z(F01, F02) 
z(U01, U02, U03) 

(LOA) 
TRANSFER 
CONTENTS OF 
INSTRUCTION 
REGISTER (C) TO 
ADDRESS 
REGISTER yUOl 

rU06, rX01, rX02 

LEGEND 

s SET 
RESET 

Y DIRECT SET 
z DIRECT RESET 
() CONTROLLING SIGNAL 

READ PHASE 

UOI U02 U03 SUB PHASE 

1 0 0 ENTER 

1 1 0 FIRST CLOCK 
1 0 1 SEARCH FOR PREAMBLE 
0 1 0 READ CHARACTER 

0 0 1 READ PARITY 

0 0 0 EXIT 

Figure 3-4. Controller Operation Simplified Flow Diagram (Sheet 1 of 2) 
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WRITE 
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WRITE 
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rU02 

WRITE 
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A-REGISTER 
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Figure 3-4. ContlrOller Operation Simplified Flow Diagram (Sheet 2 of 2) 
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The next time signal PTQ is true, flip-flopi U06, X01, arId 
X02 are reset: 

rU06 XOl PTQ 

rXOl NUF .fIl 
rX02 

BXP2A 

BX02A 

2 P'Tl A 

Flip-flop X03 is set when buffer connect signal BUC is 
generated by the computer: 

sX03 OOF BUC DMA 

If the controllelr is in the p~stamble of the write phase 
when flip-flop U06 is set, X01 is not set until the controller 
enters standby ,and operations continue as previously 
described. If i·he controller is not in standby or the post
amble phase when flip-flop U06 is set, flip-flop X01 is S'Elt 
when the controller enters standby. The error flip-flop 
however, is direct set by the next PT2 signa I: 

yE01 X01 X02 PT2 

3-14 Phase Cemtro I 

Flip-flops F01 and F02 of the phase control circuits estab·· 
lish the three main phases (standby, read, or write). 
During standby, bO'~h flip-flops are in the reset state, and 
signal OOF is true: 

200FA = 1 f01A 1 F02A 

For a transfer from standby, signals ERW and DMW must be 
true, causing E~ither F01 or F02 to be set: 

sF01 2ERWA 2DMWA 3W90A ~ClKA 
(enter read phase) 

sF02 2ERWA 2DMWA 8W90W ~~ClKA 
(enter write phase) 

3W90A 

Signal DMW hi controlled by the input register of the 
input/output channel and is true when the RAD fi Ie is 
addressed: 

DMW W10 W11 W12 W13 W1·4 

Signal DMW may also generate a false X1.2 signal to 
indicate exchemge of 12-bit codes, an NPO signa I, and 
a WHS signal: 

DMW 

NPO DMWFm' 

x03 SOC OOF DMW 
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Signal W90indicates if the RAO file is addressed for input 
to the computer from the RAD file (octal 26, read), or fOI' 
output from the computer to the RAD file (octal 66, wriite), 
and determines whether F01 or F02 is set. Signal ERW is 
true after a timing interval, as described subsequently. 

Signal 01 F is true during the entire write phase; signal 02F 
is true during the entire read phase: 

01F 

02F 

FOl F02 (write phase) 

F01 ~ {read phase} 

The read or the write phase is entered each time data i:i t,o 
be exchanged between the computer and memory. AftElr 1:1 

full sector of 128 12-bit characters is processed, a return 
to the standby phase takes place: 

rF01 RF1 ClK 

RF1 02F U01 W 02M K06 (exit from read phCJse) 

rF02 01 F U02 lSC K06~ {exit from write phose} 

lSC MOl K07 

As transfer to the read or the write phase takes place, ,other 
flip-flops are set or reset to establish initial conditions: 

sU01 ERW ClK 

rU02 OOF K05 ClK 

rU03 ERW ClK 

rU04 ERW OOF 

rU05 ERW DMW W90 ClK {write only} 

rX06 ERW ClK 

sX08 ERW DMW W90 ClK (write only) 

3-15 Transfer From Standby Phase (See figure 3-4) 

Transfer from standby can occur only if flip-flop X03 i:i in 
the set state, indicating that the controller is connectE!d. 
Flip-flop X03 is initially set when buffer connect signed 
BUC is generated by the computer after the RAD file is 
addressed: 

sX03 OOF BUC DMA 

and may be reset if a rate error occurs during a read or 
write operation (if the controller is disconnected by the 
computer, or if the sector addressed is write-protected,): 

rX03 OOF X04 ClK (rate error) 

+ 01 F WlK ClK (write-protected) 

+ U01 EDS ClK (DACC count 4, 
- SDS 940 only) 

+ U01 DMW ClK (RAD not addressed) 
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Once X03 is set (indicating that the controller is connected), 
a search is begun for the addressed sect()r at the direct set 
input to U02. Flip-flop U02 is set when a new address is 
stored {HSD}, the sector index pulse from the selection unit 
(SI P) i ndi cates the start of a sector, and the sector address 
compares with the address stored in the A-register (SAC). 
When all these conditions are true, one'-shot BSC is 
triggered: 

Bse 
HSD 

yU02 

OOF SIP HSD 

UOl XOl 

OOF BSC SAC HSD 

Before U02 is set, the timing counters are cleared; after 
U02 is set, the counters begin counting clock signals 
through signal CNT: 

DRK 

CNT 

OOF U02 (clear counters) 

U02 ClK {count clock signals} 

If the buffer is not connected when sector address compare 
occurs, an INT signal is generated. This signal may be 
used as a priority interrupt: 

INT OOF SAC BUC XOl ~: UOl 

After three clock pulses, U05 is set, and a false REN 
signal is generated: 

sU05 OOF U02 K07 OOM 

RtN U05 

After 10 additional pulses, K05 is set, enabling a true ERW 
signa I to reset U02 and causing transfer ito either the write 
or the read phase: 

ERW OOF K05 X03 

rU02 OOF K05 ClK 

The timing sequence that occurs between the, sector index 
pulse and exit from standby takes place following each 
exit from either the read or the, write phcJse provided the 
controller is still connected (X03) and the maximum A
register c:ount was not reached during thE~ previous read or 
write operation {~: 

HSD U03 X03 

Bit 14 of the computer command distinguishes between the 
increment mode and the non-increment mode. For the 
non-increment mode, X05 i's set: 

sX05 

rX05 

IDT PUF ~ C14 

IDT PUT X03 CT4 
PUf OOF (standby phas~) 

+ U01 U02 (postamble of write phase) 

When X05 is set, the A-register cannot count beyond state 
XXX XXX XXX 111 111, because signal AFC (which can
not be true) prevents a change of state of A 17: 

AFC A18 A19 A20A21 A22 A23)W5 

sA17 AFC m AIN 

rA17 AFC A17 AIN 

A fter data has been transferred from the band, the address 
register is not incremented and exit from standby is per
mitted if no errors have occurred (tOl): 

HSD DOl X05 E01 

The controller then processes data from the same band. 
This function of the controller is used for fast access opera
tion (refer to section 11). 

3-16 Write Cycle (See figure 3-4) 

Once the controller enters the write phase, the controller 
processes 128 12-bit characters unless the location aadressed 
is write-protected. During the write cycle, the controller 
first establishes that the location is not write-protected, 
then writes a preamble to identify the data for readout. 
A fter the preamble is generated, the controller accepts 
12-bit characters from the input/output channel at its clock 
rate, and writes data into memory at the memory clock rate. 
After the data is written, a parity bit is generated for each 
of the four outputs and the controller returns to the standby 
phase. The operations of flip-flops X06 through X09 to 
control the data transfer process are described subsequently. 
The logic which enables data flow from the input/output 
channel to the V-register, Z-register, S-register, and 
selection unit is described in paragraph 3-7. 

3-17 Write Order of Operations 

Immediately after entering the write' phase, write lockout 
signal WlK from the selection unit is sampled to determine 
if the location addressed is write-protected. If the location 
is write-protected, a true WlK signa I causes return to the 
standby phase: 

rF02 01 F WlK ClK 

rUOl 01 F WlK ClK 

rX03 01 F WlK ClK 

If the location is not write-protected, a false WlK signal 
sets U02 to begin the write preamble phase: 

sU02 01 F UOl WlK ClK 

The preamble is written by output signals WDl through WD4 

01F UOl U03 

01F UOl U03 
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which are transmitted to the selection unit. Flip-flop U03 
changes state each clock time to write the 10-bit preambl~ 
(01 0101 01 00): 

sU03 01 F UOI PNC ClK ~ 

rU03 01 F UOI PNC ClK U03 

Signal PNC is jtrue for the first 7 counts of the modul0-3 
counter and chcnacter counter. However, the timing 
counters do not star~ counting unti I U02 is !iet. The write 
preamble therefore is an alternating pattern of zeros and 
ones until the eighth bit, when signal PNC becomes false. 
After two additiona I counts, signa I WPC is true, ending 
the write preamble operation: 

rUOl 01 F WPC ClK 

WPC UOI K06 02M 

Whi Ie characters are written, flip-flops UOI and U03 are 
in the reset stai'e and flip-flop U02 is set. The outputs of 
the S-register ore transmitted from signals WOl through 
WD4 to the sel~!ction unit: 

9WDIA 01 F 23U SOl 

9WD2A 01 F 23U S04 

9WD3A 01 F 23U S07 

9WD4A 01 F 23U S10 

23U UOI U02 

The detai Is of this process are described in paragraph 3-8. 
A character is written during the three clock periods re
quired to shift data from the S-register. After each char
acter is written" the character counter is advanced: 

CNT 01 F DOl ClK 

When the last character has been written, flip-flop U02 is 
reset: 

rU02 01 F NXl lSC ClK 

N X l KO 1 K02 K03 K04 K05 1(06 

lSC K07 MOl 

thereby inhibiting data transfer from the S-register and 
enabling the parity bits to be written: 

01U 
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01 F 01 U POI 

01 F 01 U P02 

01 F 01 U P03 

01 F 01 U P04 

UOl U02 

As the parity bits are written, transfer from the write tOI the 
standby phase takes place and the A-register is increme,nted. 
~~rity bits are writt,!n, an II-bit f?ostamble of ell 
zeros is written on each track. The A-register cannot be 
incremented if in state XXX, 11 111 111 111 for in this 
case AFl is true: 

AIN 01 F 01 U K06 lSC AFt ClK 

rF02 01F~ lSC ClK 

sU03 01 F U02 lSC AFl ClK 

sU04 01 F NNl K07 02M ClK 

NNl KO 1 K02 K03 K04 K05 

lSC K07 MOl 

Flip-flop U03 is set only if the A-register has reached 
maximum count so that return to the write phase is not 
allowed. 

If the controller is sti II connected (X03 set) and the A
register has not reached its maximum count (U03 reset), 
signal HSD is true to begin the timing sequence which 
returns the controller to standby (refer to paragraph 3-1.5):: 

HSD X03 U03 

3-18 Read Cycle (See figure 3-4) 

Once the controller enters the read phase, the controllE~r 
processes 128 12-bit characters. During the read cycle" 
the controller first searches for the preamble which identi·· 
fies the start of data, then reads the characters from 
selection unit output. After all characters have been rElOd, 
the parity of the data read from memory is compared with 
the output of the parity register. The operations of flip·· 
flops X06 through X09 to control the data transfer process 
are described subsequently. The logic which enables delta 
flow from the selection unit to the S-register, Z-register, 
V-register, and the input/output channel is described in 
paragraphs 3-9 and 3-10. 

3-19 Search, Read, Check Operations 

Flip-flop U02 is set one clock time after the controller 
enters the read phase: 

sU02 02F UOI U03 OOM ClK 

enabling the timing counters to advance on each clock: 

CNT U02 ClK 

After five additional clock times, U02 is reset and U03 is 
set: 

rU02 02F UOI K07 02M elK 

sU03 02F UOI U02 K07 02M ClK 
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and a search for the preamble is begun. The timing counters 
are cleared: 

DRK ~ UOI ClK 

and count signa I CNT is inhibited unti I UOI is reset: 

CI\IT 02F U01 ClK 

The preamble double zero is detected b;v a zero in S03 
while a zero is read from signal RD1: 

sU02 02F U01 U03 RD1 soa ClK 

as data from the selection unit is shifted into the S-register. 
One clock time after detection of the dDuble zero, U01 is 
reset, enabling the timing counter: 

rU01 02F U02 U03 ClK 

Flip-flop U03 changes state during the next clock interval 
at OOM. U04 remains in the reset state until the next OOM 
interva I: 

rUO:3 

sU04 

02F U01 U02 OOM ClK 

02F lJ01 OOM 

Whi Ie the character codes are read from the output of the 
. selection unit, the modul0-3 counter is iincremented by: 

CNT 02F U01 ClK 

and the character counter is incremented once for each 
three counts of the modul0-3 counter. When the character 
counter indicates that the last character has been read, 
U02 is reset, then U03 is set: 

rU02 02F NXl lSC ClK 

NX L KO 1 K02 K03 K04 K05 K06 

lSC K07 MOl 

sU03 02F U01 U02 X07 X08 CLK 

and the p:lrity bits are read as described iin paragraph 3-11. 

As the parity bits are read, the A-register is incremented if 
it has not reached a count of XXX 111 111 111 111 so that 
AFl is fa Ise: 

AIN RFl Aft ClK 

RFl 02 F ·UO 1 U02 K06 02M 

The transfer to standby is then made: 

rFOl 

rU03 

rU04 

rU05 

RFl ClK 

RFl AFl ClK 

RFl 

RFl 

3-20 Data Transfer During Write Operation 

When the controller is in the write phase, 12-bit character 
codes are accepted from signals ROl through R12 into the 
V-register. These character codes are stored in sequence 
in the Z-register and the S-register and then transmitted to 
the selection unit, as described in paragraph 3-7 (figure 
3-4). This process is controlled by flip-flops X06 through 
X09. Before the preamble is written, two character codes 
are stored in the Z-register and the V-register. When the 
character-write operation begins, data is immediately 
avai lable for transfer to the selection unit. Once the 
character-write operation begins, character codes continu
ally flow from the input/output channel through the data 
register to the selection unit. 

As the controller enters the write phase, X06 is reset and 
X08 is set: 

rX06 

sX08 

ERW ClK 

ERW DMW W90 ClK 

after which X07 is reset and X09 direct set: 

rX07 

yX09 

X07.ill 

UOl ~ 

so that the states of (X06, X07, X08, X09) after entering 
the write phase are (0, 0, 1, 1) (figure 3-5). A true EON 
signa I is generated: 

ECW 01 F W50 W60 X03 X08 

causing the input/output channel to generate a true W60 
signal which makes ECW false, sets X06, and clears the 
V-register: 

sX06 

DRV 

01F W50 W60 erR 

F02 X06 W50 W60 C lK 
(clear V-register) 

One clock time after X06 is set, X06 is reset, X08 is 
reset, and the V-register is loaded from signals ROl through 
R12: 

rX06 

lDV 

rX08 

01F X06 crR 

01 F X03 X06 W60 STV ClK 
(load V-register) 

01 F X06 ClK 

While X08 is reset, the Z-register is cleared, and X07 is 
set: 

DRZ 

sX07 

01 F X08 X09 ClK (clear Z) 

01 F X08 X09 ClK 
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At the following clock time, the conten'ts of the V-register 
are transferred to the Z-register, X07 is reset, X08 is set, 
and X09 is reset: 

lDZ 01 F X07 ClK (load Z) 

rX07 X07 elK 

sX08 01 F D04 X09 .m 
rX09 01 F U01 X07 Q..K 

When X08 is set, a false fCW signal is 91enerated again and 
the resultant true W60 signal enables a new 12-bit code to 
be stored in the V-register. After X06 i:s set, X06, X07, 
and X08 a re reset: 

DRV 

sX06 

X06 WOO W60 m (clear V-register) 

01 F W50 W60 elK 

After this transfer takes place, the Z-register is cleared ,)nd 
X07 and X08 are set, generating a false fCW signal. Thus 
the operation of transferring data from the V-register to the 
Z-register, clearing the V-register, and storing new'datCl 
in the V-register continues as in previous descriptions of 
data transfer. 

Flip-flop X09 cannot be reset unti I X07 is set: 

rX09 01 F 02M X07 ClK 

which prevents reset of X09 unless new data is stored in the 
Z-register from the V-register: 

sX07 01 F X08 X09 eLK 

DRZ 

lDZ 

01 F ~ X09 eLK (clear Z-register) 

01 F X07 ClK (load Z-register) 

lDV 

rX06 

rX07 

rX08 

01 F X03 X06 W60 STV elK (load V-register) 

01 F X06 ClK 
If new data is not stored in the Z-register before the 02M 
clock pulse, an error has occurred and X04 is set: 

X07~ 

01 F X06 ClK 

Because )(09 is in the reset state, neither X07 nor X08 can 
be set. One 12-bit code is now in the Z-registerand a 
second is in the V-register. The contents of the Z-register 
are transferred to the S-register at each 02M clock but the 
Z-register is not cleared: 

lDS 01 F 02M ClK 

At the end of the write preamble, X09 is set: 

sX09 01 F WPC ClK 

On the following clock pulse, X07 and X08 are set and the 
Z-register is cleared: 

sX07 

sX08 

01 F X08 X09 ClK 

01 F D04 X09 ClK 

DRZ 01 F X08 X09 ClK (cleelr Z-register) 

'/ 

(' 

sX04 01 F 1Xfr X08 X09 02M elK 

The data transfer process wi 1/ continue unti I the end of the 
sector and transfer to standby when the control/er wi II be 
disconnected as described subsequently. 

If a disconnect occurs while the controller is in the write 
phas~, flip-flop X06 is set after flip-flop X03 is reset: 

sX06 . = 01 F W50 X03 ClK 
i 1/ ./' 

1'1. :)".·'.Zli p- flops X06 through X09 wi 1/ then be reset so that a II 
1'-. 'wHJ be in the reset state before transfer to the standby 

: I phase: 

rX06 

rX07 

rX08 

rX09 

01 F X06 g:g 
X07 ClK 

01 F X06 ClK 

01 F om X07 ClK 

3-21 Data Transfer During Read Operation 
so that a talse fCW signal is again generclted. The contents, 
of the V-register are transferred to the Z-'register and X07 

When the controller is in the read phase, 12-bit character 
codes are accepted from signals RD1 through RD4 into the 
S-register. These codes are stored in sequence in the 
Z-register and the V-register, then transmitted to the 
input/output channel as described in paragraph 3-9 (fig
ure 3-4). This process is control/ed by flip-flops X06 
through X09. The preamble must be detected before data 
transfer can begin. Codes are read into the S-register 
during 3 consecutive clock pulses, after which the 12-bit 
code is transferred to the Z-register. Transfer of data 

is reset: 

lDZ 01 F X07 ClK (load Z-n~gister) 

rX07 X07.Q..K 

During the remainder of the write operation, X09 will be 
set as codes are transferred from the Z-re~Jister to .the 
S-register: 

lDS 01 F 02M ~ (load S-register) 

sX09 01 F U01 02M ClK 
from the Z-register to the V-register must keep pace with 
this fixed rate. 
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A fter entry i nt() the read phase, X06, X07j , and X08 are 
reset and X09 is direct set (figure 3-6): 

rX06 

rX07 

rX08 

yX09 

ERW ClK 

X07 Q:K 
02F '02M ClK 

U01 U02 

This condition is maintained until the preamble double zero 
is detected. Detection of the preamble double zero sets 
U02, then resets UOl and U03 to enable logic operations 
during the character read subphase as described in para
graph 3-18: 

sU02 

rUOl 

rU03 

02F UOl U03 R151 ~ ~lK 
02 F U02 U03 .c.LK 

02F U01 U02 QQM ClK 

Before ECW becomes false the first time, X06 is set to 
a Ilow transfer ()f a code from the S-register to the Z
register. At the first 02M clock X06 is set. At the follow
ing OOM clock, data transfer takes place as U04 is set: 

sX06 

lRC 

sU04 

02F U01U04 02M m 
02F OOM ~ (S to Z) 

02F OOM DOl 

(5)~(Z) 

1 00 01 02 

At the next 02M clock, X08 is set and the code is trans
ferred to the V-register: 

sX08 

lVR 

02F X06 X<W 02M ClK 

02F X07 X08 ClK (Z to V) 

A fa Ise ECW signal causes the input/output channel to 
generate a true W60 signa I and sets X06: 

sX06 02F U04 w.so W60 ClK 

At the next clock pulse, X06 is reset and X07 is set: 

rX06 02F UOl U03 MOl . .aK 
+ 02F lJOT '003 X09 ClK 

sX07 02F X06 MOT ClK 

+ 02 F X06 X09 Q..K 

After X07 is set, the contents of the Z-register are trans·· 
ferred to the V-register, X07 is reset, and X09 is set t,D 
indicate data transfer: 

lVR 02F X07 X08 ClK (Z to V) 

rX07 

sX09 

(S)~(Z) 

00 01 

X07 aR 

02F X07 OOM ~ 

02 

(5) ~(Z) 
00 

ClK 11 11 ., 
O-~ ~ l~ L ____ ~ 

W50 I W60 0 

n X06 
0 

X07 
0 r~ 

X08 
0 n 

X09 
0 ~ L 

lVR 
~ n (Z) -w-(V) 0 

900613A. 304 

FigurE~ 3-6. Controller Read'Phase Timing Diagram 
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Ouring a normal read process, data is shifted into the S
register at the clock rate and transferred to the Z-register 
at each OOM clock. Flip-flop X09 is reset as transfer is. 
made: 

SHS 

lRC 

rX09 

02F ClK (shift S) 

02F OOM ClK (S to Z) 

02F DOl OOM ClK 

A fa Ise ECW signa I is generated when eHher X09 or X06 
is reset: 

ECvi 02FW50 W60 OMW U04 ~ X09 

+ 02F W50 W60 OMW U04 X06 

The false ECW signal generates a true W60 signal causing 
X06, X07, and X09 to be set in turn, and enabling data 
transfer from the Z-register to the V-register: 

sX06 

sX07 

sX09 

lVR 

02F U04 W50 W60 clK 

02F X06 MOl ClK 

+ 02F X06 X09 ClK 

02F X07 OOM ClK 

02F X07 X08 ClK (Z 1'0 V) 

If X09 is in the reset state at OOM clock time, an error 
has occurred and X04 is set: 

sX04 
/. , 

( PST") = 
02F UOl X09 OOM PST ClK 

U02 (read character subphase) -

+ K06 (inhibit invalid error signa"1) 

Since X09 is reset at each OOM clock to indicate data 
transfer from the S-register to the Z-register, X09 must be 
set at one of the other two clock times to indicate data 
transfer from the Z-register to the V-register to prevent an 
error signa I. If a late W 60 signa I sets X06 at the clock 
before 02M, X08 is set at the 02M clock: 

sX08 02F X06 5ro9 02M CLI~ 

enabling data transfer at the leading edge of the following 
OOM c lock as X08 is set and X09 resets: 

lVR 

rX08 

02F X08 OOM elK 

02F 02M ~ 

sX09 02F X08 ClK 

Oata transfer from the S-register to the Z-register and reset 
of X09 takes place at the trailing edge olf the same clock: 

lRC 02F OOM ClK 

rX09 02F DOT OOM Q.K 

If W60 signal is true at a 02M clock, a rate error takes 
place and the controller is disconnected when entering 
standby as described subsequently. 

After 128 12-bit characters have been read, the controller 
exits from the character read subphase and checks parity 
against the parity bits generated during the read process tiS 

described in paragraph 3-11. 

3-22 Para Ilel Input From Sector Counter 

When the computer requests a parallel input from the sector 
counter of the selection unit (PIN operation), signa Is IOC, 
OMA, and C16 are true, flip-flop X02 is set, and an RTO 
signa I is generated when the selection unit generates ENP: 

OMA 

ION 

sX02 
.. 
RTO 

~ C19 C20 C21 C22 C23 

·!Cl'6 IOC OMA 

X02 ION 

XOl X02 ENP (signals stable) 

Signa I ION also enables flip-flops GOl and G02 to read 
bits from signals C12 and C13: 

.' 

sGOl C12 ION 

~GOl 

sG02 

, rG02 

C12 ION 

C13 ION 

C13 ION 

Flip-flops G01 and G02 control signals GSl through GS4, 
each of which address one of four possible RAO memory 
units: 

8GS1A OG01A OG02A (RAO memory unit 1) 

'&8GS2A 0G0lA 1G02A (RAO memory unit 2) 

8GS3A 1 'G01A OG02A (RAO memory unit 3) 

8GS3A lG01A lG02A (RAO memory unit 4) 

The addressed RAO memory unit controls selection unit 
input signa Is 9001 S through 9006S. These signa Is in turn 
control outputs 9001A through 90065 to the computer: 

9001 S (XOl + X02) 

90065 (XO 1 + X02) 

Outputs can be read only after fl ip-f1op X02 is reset by GIn 

RTI signa I generated in the computer: 

rX02 BX02A 
". 

BX02A 2RTIA 

2RTIA 
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Paragraph 3-23 to 3-26 5DS 901029 

Error Detectio!!, 

Error detection is performed by flip-flops EOl and X04, j:n 
addition to th,e parity error signa I (refer tl) paragraph 3- '11). 
When the con~roller is in the standby phase, X04 is resel': 

rX04 OOF ClK 

/"'ThiS flip-flop is set whenever a rate error is detected during 
i, a read or a write operation: 

sX04 01 F UOl X08 X09 02M elK (rate error, 
write) 

+ 02F UOl X09 PST OOM ClK (rate em)r, 
read) 

PST U02 + K06 

and generates a true WES signa I unti I return to the standby 
phase takes place: 

WES X04 

sX04 OOF ClK 

When the controller is connected, EOl is reset: 

rE01 OOF DMA SUC 

/This flip-flop is set if an attempt is made f'o store ~ new
\ address during a read or a write operation:: , . . 

yEOl X01 X02 PT2 

or if an attempt is made to write in a write-protected 
location: 

sEOl 01 F WlK ClK 

When the adgress register reaches maximum count, U03 is 
in the set state, when return to standby taktes place. If a 
new address is not f'ransferred before the next sector index ~ 
pulse, a true WHS signal is generated and E01 is set: 

rU03 OOF X03 ClK 

rX03 DMW UOl ClK 

WHS OOF DMW U03 SIP 

sEOl OOF U03 SIP ClK 

A true WHS signal is also generated if the RAD file is 
disconnected by resetting X03. 

rX03 

WHS 

3-26 

OOF X04 ClK 

+ 01 F WlK ClK 

OOF DMW X03 SUC 

3-23 SELECTION UNIT 

3-24 Circuit Description 

Since selection unit modules perform closely related func
tions, the following descriptions often refer to inputs from 
specific modules (indicated by name and type designation). 
Where modules include a set of identical circuits, thE~ 

schematic diagrams a typical circuit. Text reference d(~sig
nations refer to typical circuit designations. 

3-25 Read Input Control A K61 (See figure 7-7} 

Read input control A K61 consists of four NAND gates and 
a transformer bias source. Each NAND gate includes a 
5-input diode AND gate and an inverter. The transformer 
bias source includes transistors Q2 through Q5 and assod
ated components. The function of read input control A 1<61 
is to accept input signals from logic elements and genemte 
bias signals for the transformers in each read/write coupler 
NK59. 

The NAND gates receive address signa Is and a read enable 
signal. When an input signal is false, the inverter output 
is +8v and the transformer in read/write coupler N K59 is 
biased to prevent a read output. When all inputs are true, 
Q1 conducts, the output falls to Ov, and the transformer 
read output is enabled. 

The transformer bias source contains a double inverter «(~2, 
Q3) and a two-stage power control switch (Q4, Q5). Zener 
diode VR3, capacitor C2, and resistor R9 supply the 
collector of Q4 with regulated emitter-follower current. 
During a read operation the power control switch output 
functions as a +Bv, 160 ma power source. During a write 
operation, the power control switch is not conducting and 
-25v is applied to the output through resistor R10. 

3-26 ,Y-Select A K62 (See figure 7-8) 

Y-select AK62 includes four 5-input AND gates and twCl 
2-input NAND gates, so connected that a pair of AND 
gates provide inputs to one NAND gate and amp I ified gClte 
outputs for use in other circuits. The inputs to a II AND 
gates are address signals; the outputs of Y-select AK62 are 
used for write-protect and memory control. 

The diode AND gate controls Ql (a conventiona I invertE~r) 
and a two-stage control switch consisting of Q2 and Cl3. 
When any input signa I is fa Ise (Ov), Q3 is cut off a nd the 
output is approximately +25v. When a II input signa Is ar,e 
true (+8v), Q3 conducts to saturation (400 ma at Ov OLltput). 

Each 2-input NAND gate consists of a diode gate and an 
inverter. The outputs from two AND gates provide the! 
inputs to the NAND gates. Diode CR10 is connected ~o a 
write-protect switch through externa I circuits. If the 
switch is connected to ground, the NAND gate output is 
Ov regardless of the input; if the switch is open, the NAI\lD 
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gate output is controlled by the inputs. When both inputs 
are at the true level (+25v), transistor Q4 conducts and the 
output is f(llse. If either input is false (Ov), transistor Q4 
is cut off and the output is true (+8v). 

3-27 Write-Driver A K63 (See figure 7.,.9) 

Write-driver A K63 provides the current to saturate a mag
netic head when writing in memory. When a write-driver 
is selected by logic inputs to a gate, a data signa I and its 
complement are received from an external flip-flop. Clock 
signal inputs control a flip-flop in write driver AK63. 
'Write outputs Aand B, which are coupled to the magnetic 
head through read/write coupler NK59, alternately drive 
each half-coi I in the magnetic field. 

When a II inputs to diodes CR21 through CIR27 are true (+8v 
or open), write-driver A K63 operates. This seven-:Jnput 
diode gate controls transistors Q10, Q9, <Q2, and Q1 to 
permit operation of the write flip-flop. Transistors Q3 and 
Q4 are high current drivers which control the state of flip
flops Q5 and Q6. The output of a write flip-flop is 
received by buffer pairs Q11-Q12 and Q15-Q16 through 
complementary inputs A and B, respectively. The data 
inputs control drivers Q7 and Q8, which cue coupled to 
drivers Q3 and Q4 through transformer T1., The clock 
input to Q14 and Q13 synchronizes the drivers and the 
flip-flop. 

3-28 Index-Sector Amplifier AK64 (See figure 7-10) 

. Index-sector amplifier AK64 reads sector marks and index 
marks from the magnetic head associated with the sector 
track on memory. Each index mark produces an input of 
four negative-going pu Ises; each sector m<lrk produces an 
input of two negative-going pulses. The circuit output is 
a single negative-going pulse for each input pulse. 

The input circuit of index-sector amplifielr AK64 is an 
impedance-matching network which provides proper ter
mination and dc isolation for the magnetic: head. Transistors 
Q1, Q2, and Q3 are differential amplifiers that produce 
complementary outputs to emitter-followelrs Q4 and Q5. 
Transistors Q6 and Q7 rectify the emitter-·follower output 
waveforms by conducting only during the positive half
cycle. Tmnsistors Q8 and Q9 clip the in!put waveforms to 
produce square-wave outputs at pin 28. 

3-29 Write Clock Amplifier AK65 (See figure 7-11) 

The write clock amplifier AK65 input is an 830 khz pulse 
train from the magnetic head that reads m1emory input clock 
track. The output is a 1660 khz pu Ise tra'in generated by 
the positive-going portion of a square wave. The input is 
applied through pins 10 and 12 to an impedance-matching 
network which provides proper termination and dc isolation. 
The input pulsesareamplified by differentkd amplifiers Q1 
and Q2. Diodes CR3 and CR4 in the circluit of Q2 limit 
the output by squaring the amplified pulses. The delay line 
differentiator circuit connected between the collectors of 

Q3 and Q4 differentiates the limited input to produce 
pulses at twice the input frequency. The pulses are recti
fied by Q6 and amplified by Q7. The bias of Q7 is 
regulated by Q8 to compensate for any dc components in 
the pulse train. 

The collector circuit of Q7 contains the tank circuit con
sisting of L4, LS, and C12, which is part of the input 
circuit of Q9. The tank circuit and Q9 form a shock
excited oscillator tuned to a value nearly twice the 
frequency of the clock track. Each pulse output of Q7 
shocks Q9 into osci IIation to produce a sinusoida I output 
applied to emitter-follower Q10. The output of Q10 is 
applied to differentia I amplifiers Q11 and Q12.. The output 
of the differential amplifier is clamped at the input to Q1:3 
by diode CR7. The circuit of Q13 and Q14 produces an 
asymmetrica I square wave high approximately 200 nsec and 
low approximately 400 nsec. Transistor Q13 is alternately 
driven to conduct and to cut off by Q12 output. Whi Ie 
Q13 is cut off, Q14 conducts, connecting C15 to ground 
and C15 is charged through R54 and R14. When Q13 con
ducts again, C15 is connected to ground through R45 and 
the charge on C15 cuts off Q14 for about 200 nsec. 
Capacitor C15 is then charged to the opposite polarity 
through R55 and R46 unti I Q14 conducts. After Q14 
conducts for about 400 nsec the cycle repeats. 

3-30 Read Preamplifier HK73 (See figure 7-12) 

Read preamplifier H K73 receives an analog signa I from 
read/write coupler N K59 and proquces an output which is 
the differentiated form of the input (figure 3-10). The 
circuit includes an input network and a differential ampli
fier, a delay line differential amplifier, an amplifier, a 
limiter, and an emitter follower. 

The input network contains 16 diode pairs (CR1 through 
CR16, and CR19 through CR34), and a diode-resistor 
network (CR17, CRl8, CR35, CR36, R3 through R6). Each 
diode pair (for example, CRl, CRl9) receives comple
mentary inputs from the secondary winding of a transformer 
in read/write coupler N K59. A +8v bias voltage applied 
through the transformer center tap to the diode network of 
read preamplifier HK73 reverse-biases the associated inpu1 
diodes. When an input is selected for amplification, the 
bias voltage fa lis to zero, the input diodes are forward
biased and the analog input signal can be read. 

Differential amplifier Q1 is supplied by a constant current 
source (Q8) for high common-mode noise rejection. The 
gain of the delay line differential amplifier Q2 is almost 
linear with frequency up to approximately 2 mhz. Beyond 
that frequency, gain decreases rapidly for high-frequency 
noise rejection against fast switching transients. The delay 
line differentiator (Ll, L2, L3 network) transforms signal 
peaks into zero-reference crossover transitions ampl ified and 
limited in the amplifier (Q3) and the limiter (Q4, Q5). 
Limiting diodes CR37 through CR40 between the collectors 
of the amplifier and limiter stages square the signal, 
allowing the amplifier to operate in the active region. 

3-2:7 
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The output stage Q6 and Q7 is an emitter follower low 3-33 Data Decoder HK76 (See figure 7-15) 
impedance driving source. 

3-31 Limiter H K74 (See figure 7-13) 

Limiter H K74 receives the differentiated output signa I elf 
read preamplifier H K73 and produces a square wave simi lar 
to the original write signal (figure 3-10). Limiter HK74 
contains thre«~ differential limiting amplifiers, a differential 
switch, and an emitter follower. Limiter H K74 primari Iy 
equalizes signal amplitude variations inherent in rotating 
magnetic memory, mechanisms. 

In the input circuit transformer T1 provides dc isolation, 
resistor R1 terminates line impedance, and capacitor C1 
makes limiter HK74 less susceptible to switching transient 
noise. Limiting in the first three stages is by diodes CR'I 
through CR6, between the collectors of Q1, Q2, Q3, c'nd 
04. Diode CR7 and capacitor C5 provide a voltage refer
ence to the collector loads of the differentia I switch Q5 
and Q6 to assure C1ctive region operation of emitter 
followers Q7 and Q8. The emitter followers are driven by 
complementary outputs of the diode switch. Limiter H K74 
produces two pairs of complementary outputs isolated by 
resistor pairs R37-R39 and R38-R40. 

3-32 Clock Discrimi nator H K75 (See figure 7-14) 

Clock discriminator HK75 extracts the cI()ck pulse from I-he 
read data by E~liminating segments of the read signal not 
pertinent to delta clocking. The inputs to clock discrimi
nator HK75 are the complementary outputs of limiter HK74. 
The outputs of clock discriminator HK75 clre a clock puls,e 
and a delayed clock pulse (figure 3-10). 

When the circuit is in the quiescent state, the undelayed 
clock output at pin 40 is +8v applied through R31. The 
complementary inputs are applied through pins 13 and 20 
to Q1 and Q2 to feed a one-shot composed of Q3, Q4, Q8, 
and Q9. Cap:lcitors C5 and C6 are charged by current 
source Q11-Q12 and determine the one-shot period. When 
the one-shot i:; triggered, C5 and C6 discharge, Q 13 
conducts and the unde/ayed clock output ot pin 40 goes 
low. 

Delay circuits L 1, L2, and L3 with associated components., 
delays and applies the clock pulse to the delayed clock 
output through Q5, Q6, Q7, and resistor R6. The delayed 
clock signal is also applied through R3 and R4 to the input 
circuit. The feedback prevents an input firOm triggering 
the one-shot again until the end of the delay. 

Transistor Q10 with current source Q11 compensates for 
peak shifting and the effect of pulse crowding inherent 
when high bit-packing is combined with modified NRZ 
recording. Q10 is controlled by a previolls data bit puls«~ 
fed-back from data decoder HK76. When the pulse is low, 
Q10 conducts (lnd inhibits Ql1, thereby mducing charging 
current to C5 and C6. Potentiometers R26 and R28 adjust 
the charging current (which determines theone-shot period). 

3-28 

Data decoder HK76 reads limiter HK74 output (a strinSI of 
ones and zeros in modified NRZ code) and produces a . 
binary signal in the form originally received as inpulr to the 
write flip-flops. The output is sampled by read flip-'f/,::>ps 
and sent to the controller. Data decoder HK76 contains 
two independent circuits controlled by the outputs of clock 
discriminator HK75. One circuit is triggered by the fcilling 
edge of the undelayed clock signal; the other circuit, 
samples limiter H K74 output at the leading edge of the 
delayed clock signal. The circuit consisting of trans;isl'ors 
Q9 through Q12 is triggered by the fa lIing edge of the 
clock signal. When this circuit is in the quiescent s'~al'e, 
the input at pin 36 is near +4v, transistors Q9 and Ql1 are 
not conducting, and transistor Q12 conducts, generating 
a Ov output. As input falls from +4v, Q9 and Q11 conduct, 
Q 12 is cut off, and output rises to +8v unti I capacite>r C7 
discharges. 

Complementary I imiter output signa Is are applied to Hip
flop A 1 through transistors Ql and Q2. The flip-flop 
outputs control transistors Q3 and Q4 to generate the! data 
output. Flip-flop A2 provides the feedback pulse to clock' 
discriminator HK75. This signal compensates for the pE!ak 
shift effect due to pulse crowding. Flip-flops A 1 and A2 
are controlled by the delayed clock from clock discriminator 
H K75. The delayed clock is the input to differentia I 
emitter circuit Q5 and Q6, with amplifiers Q7 and Q8. 
When the delayed clock input becomes high, the clock to 
A2 becomes high (Q5 and Q8 stop conducting), and t'hEl • 
clock to Al becomes low (Q6 and Q7 start conducting)" 
This sequence decodes the data input to low and high levels 
with a pulse duration of 1200 nanoseconds. 

3-34 Index-Sector Decoder H K77 (See figure 7-16) 

The input to index-sector HK77 is the output of index
sector amplifier A K64. Upon detecting four negative-going 
pulses of the index mark, HK77 generates a single pos:itive
going pulse at index output pin 10. Upon detecting two 
negative-going pulses of the sector mark, HK77 generates 
a single positive-going pulse at sector output pin 3. The 
input circuits of index-sector decoder HK77 include a one
shot formed by transistors Ql-Q2 and integrated circuit 
flip-flop A 1. The one-shot is followed by buffer amplifiers 
Q3 and Q4. When no pulses are received, transistors C'l 
and Q3 are conducting, transistors Q2 and Q4 are nol
conducting, and the flip-flop is in the reset state. 

When the four pulses of an index mark are applied to l'hEl 
one-shot and the flip-flop, the first pu Ise causes the 
collector of Ql to become low, causing the collector of 
Q4 to become high. The first pulse has no effect on flip
flop A 1 because of the inherent delay of the one-shot and 
buffers. The second pu Ise of the group acts as a clock 
pulse and sets A 1 because the set input is held high by 
transistor Q4, which remains high during capacitor C3 dis
charge. The third pulse sets A2 and resets Al; the fourth 
pulse sets A 1 again. The set outputs of Aland A2 are 
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inputs to the AND gate of diodes CR21 through CR23. 
Inputs to the AND gate of diodes CR24 thn:>ugh CR26 are 
the set output of A 1 and the reset output of A2. When Q4 
conducts following the second pulse, transistor Q5 which 
normally conducts, is interrupted for approximately two 
microseconds and produces a strobe pulse also applied to 
the AND gates. Because the gate which provides an input 
to Q11 and Q12 is the only gate enabled, Q11 conducts, 
Q12 is cut off, and a single pulse is produced at index 
output pin 10. Transistors Q6 through Q8 produce a reset 
pulse which directly reset Aland A2 to the initia I state. 

A sector mark generates only two pulses. .A2 therefore 
remains in the reset state and only the gate associated with 
Q9 and Q10 is enabled, causing Q9 to conduct and Q10 
to be cut off. A pu Ise is produced at sector output pi n 3. 
A1 is reset by the output from Q8 to restore initial' 
conditions. 

3-35 Read/Write Coupler N K59 (See figure 7-17) 

Read/write' coupler N K59 comprises four tlransformers and 
coupling networks of resistors and diodes. During a write 
operQtion, read/write coupler N K59 accelPts the output of 
write-driver A K63 at input d,iodes CR5-CR6 and routes the 
data through diodes CR1-CR3 and CR2-CR4 to magnetic 
heads in the memory circuits. A signa I from a Y-select 
AK62 modlJle determines which magnetic head is active. 
During a read operation, data from a magnetic head is 
received through diodes CR1-CR3 or diod€is CR2-CR4'and . 
transmitted to read preamplifier HK73 thmugh the secondary' 
witlding of transformer Tl. The operation to be performed 
(read or write) is determined by bias signals generated in 
read input control AK62 and applied at pins 21 and 5. 
Address signals applied to write flip-flopsJ' write-drivers, 
and magnetic heads determine which head functions during 
an operation. 

During a write operation, the input to the primary of trans
former Tl through resistor R3 is -25v. This voltage reverse
biases diodes CR7-CR8 and disconnects recJd output from 
write inpu't. The input to the secondary of transformer Tl 
from pin 5 is +8v. 

During a read operation, the va lue of the selected read/ 
write coupler and the input to the secondclrY are both Ov. 
The read input is from the magnetic head to the read output 
circuit through transformer Tl. 

3-36 logic Description 

The modules described in paragraphs 3-23 through 3-35, 
and less specialized modules such as gates, flip-flops, 
inverters, and cable drivers, are interconnected to form 
the selecHon unit (figure 3-7). The selection unit is 
separable into timing circuits, address circuits, read/write 
control circuits, read output circuits, and memory circuits. 

To store 98,304 data bits per revolution, the selection unit 
writes 24,576 data bits per revolution on four separate 

channels. A typica I write channel is illustrated in fig-
ure 3-8. Digital data is received from the controller, 
encoded in modified NRZ format, and stored in memory. 
When data is read from memory, the selection unit reads 
simultaneously from four separate channels. A typical read 
channel is illustrated in figure 3-9. Analog data is received 
from the read/write coupler N K59 in the associated read/ 
write control circuit. The analog data is changed to 
digital, transformed from modified NRZ to the same form in 
which originally received, and sent to the controller. 

3-37 Timing Circuits (See figure 8-2) 

The timing circuits include write clock amplifier AK65, 
index-sector amplifier AK64, index-sector decoder HK77, 
the read clock circuit, and the sector counter. Write clock 
signal WCA is true twice for each of the 27,712 write clock 
marks on the memory clock track. Sector signal SEC is tru(~ 
63 times, and index signal IDX is true once for each rev
olution of the memory. If neither sector signal SEC nor 
index signa I IDX is true, a true 3SIMS signa I enables each 
WCA signal to change the state of flip-flop WCK. Each 
time index pulse IDX is true, flip-flop WCK is dc reset. 
Thus WC K is true at ha If the frequency of WCA, and is 
fa Ise at the start of each revolution and sector: 

sWCK 

rWCK 

zWCK 

3SIMS 

1 WC KS 3SIMS 2WCAS 

OWCKS 2WCAS 

3IDXS 

3SECS 3IDXS 

Signa I 2RCSS is true when read output channel signa I is true: 

2RCSS RCS1 (read channel 1) 

+ RCS2 (read channel 2) 

+ RCS3 (read channel 3) 

+ RCS4 (read channel 4) 

Signal RCS triggers one-shot RCK; signal WCK triggers one
shot WCO. When the selection unit is addressed by the 
controller, signa I 9USLA is fa Ise and signa I 9ClKS gener
ates a c lock signa I transmitted to the controller. Either the 
read clock or the write clock is selected, depending on 
signal RCN originated in the controller: 

ClK WCO RCN 

+ RCK RCN 

(write clock selected) 

(read clock selected) 

The sector counter consists of flip-flops DOl through D06 
and is controlled by signals 2SECS and 3IDXS. When signal 
3IDXS is false, the sector counter is cleared to 000 000. 
Flip-flop D06 represents the least significant bit; flip-flop 
DOl represents the most significant bit. Flip-flop D06 
changes state each time signa I 2SECS is true. Each of the 
other fl ip-flops change state when the set output of the 
controlling flip-flop changes from true to false. Each time 

3-:11 
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signa I 2SECS i:s true therefore, the sector counter advances 
one count in binary sequence from 000 001 to 111 111: 

s006 0006S 2SEC5 

r006 10065 2SECS 

s005 0005S Q..QQ2.S 

r005 10065 0006S 

sOOl 00015 0002S 

rOOl 1 001 S .QOO2S 

z006 3IOXS 

zOOl 310XS 

When signal 9USLA is false, signals 9COl S through 9C065 
are controlled by the outputs of flip-flops 001 through 006: 

9C01S 9USLA OOOlS 

9C06S 9USLA 0006S 

Signals 9COl S through 9C06S are transmi1'ted to the con·
troller and represent the state of the sector counter. Thus 
if flip-flops 001 through 006 are in state 011 101, signals 
9COl S through 9CD6S are at levels 100 0'10, respectively. 
These signa Is eire transmitted to the controller for comparison 
of the sector counter state with the addres.s register in thE~ 
controller. When signal 9USLA is true, signals 9COl S 
through 9C06S are all false. Signal9USLA, (controller·
generated to address one of four RAO memory units) is fa Ise 
if the selection unit is addressed and true if the selection 
unit is not addressed. Signa I 9US LA defeClts unaddressed 
selection unit COl through C06 inputs to the controller. 

When signal 31PSLS is false, signals 9001 S through 90065 
are controlled by the outputs of flip-flops 001 through 006: 

9001S 3PSLS 0001 S 

9006S 3PSLS 00065 

These circuits are identical to the circuits generating sig·
nals 9COl S through 9C06S. Signa I PSL i~i generated by 
the controller to enable sampling of the SE!ctor counter 
state in the addressed RAO memory unit. 

Signal 1 YSCS is generated in the address c:ircuits at a 
frequency corresponding to sector count signa I SEC. For a 
false 3PSLS si~/nal, signal 1 YSCS generatE!S signal 9ENPS. 
This signa I times the controller for sector e:ount signa I 
sampling. 

3-38 Address Circuits (See figure 8-3) 

The address circuits generate signa Is to activate memory 
channels. Signals RCN, REN, USL, and PSL are inputs 

3-34 

from the controller to indicate whether the selection unit is 
addressed and whether the operation is to be write or read: 

2RENS mNA (read enable) 

2USLA 9USLA (unit select) 

2RCNS 9RCNA (read control) 

3P5LS 8PSLA (PIN unit select) 

Signa Is 8A l1A through 8A 17A include the 5-bit band 
address (A 11 through A 15) and 2-bit track address (A 16 ,and 
A 17). The band address bits are stored in flip-flops All 
through A 15; the track address bits control signa Is in thE! 
read/write control circuits. Flip-flop YSC is reset each 
time the index signa I is true. YSC is set for each sector 
signQ,1 by the WC K signa I which coincides with a sect'Jr 
pulse and reset by the WCA clock signal which coincidE!~ 
with a sector pulse: 

s YSC YSC SIM WC K 

rYSC YSC SEC WCA 

zYSC lOX 

Flip-flops A 11 through A 15 store the band address bits 
received from the controller. When either a sector pLllsl~ 
or an index pu Ise is detected, the band address registE!r is 
cleared: 

zAll SIM 

zA15 SIM 

While YSC is in the reset state, All through A15 may be 
set if the corresponding controller signal is true. A trUE! set 
input overrides a true reset input to a flip-flop: 

sA 11 

rA 11 

sA15 

rA 15 

8AllA lYSCS 

lYSCS 

8A15A lYSCS 

lYSCS 
,J 

,1\' 

The band select circuits consist of eight Y-select AK62 
modules. Band select signals YOl through Y32 are con
trolled by outputs from the band address register: 

VOl All A12 A13 A14 A15 

Y02 An A 12 A 13 A 14 A 15 

Y31 All A12 A13 A14 A15 

Y32 A 11 A 12 A 13 A 14 A 15 

The code stored in the band address register causes onl~ band 
select signal to be false and all others to be true. ThiS! 
fa Ise band address signa I grounds the center tap of a SIS!t of 
read/write heads in the memory circuits to enable datel 1'0 
be read or written. 
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Each pair of band address signa Is controls (] write lockout 
signa I. If a II write-protect switches are connected to 
ground, lockout signal WLK is always fals49; if any write
protect switch is open, the write lockout signa I may be 
controlled by one of signa Is SPOl through SP16: 

SPOl VOl Y02 

sPOi Y03 Y04 

Y31 Y32 

Because only one band address signal can be false, only 
one signa I SPOl through SP16 can be true. If either input 
is false (indicating that one of the bands i:) addressed) and 
the write-protect switch is open, the signcli will be true, 
generating a true WLK signa I to inhibit write operations. 

3-39 Reacl/Write Control Circuits (See fi!~ure 8-4) 

The read/write control circuits include 16 write-driver 
A K63 modules, 16 read/write coupler N K59 modu les, and 
four read input control A K61 modules. The read/write 
control circuits accept data signals from the controller and 
write data in memory through four identic(:d channels (fig
ure 3-8). Input signa Is to the read/write control circuits 
discriminate read from write operations. Controller inputs 
are encoded in modified non-return to zero format before 
being stored in memory. 

Write flip-·flops WDEl through WDE4 receive data signa Is 
-WD1 through WD4 from the controller and transmit signa Is 
to the ,read/write couplers under control of c lock signa Is 
WCA and WCK. Clock signal WCA is true at twice the 
frequency of clock signal WCK. When si!gnal WCK is true, 
each write flip-flop changes state: 

sWDE1 

rWDE1 

sWDE4 

rWDE4 

WDE1 WCK WCA 

WDEl WCK WCA 

WDE4 WCK WCA 

WDE4 WCK WCA 

When signal WCK is false, each write flip-flop reads a 
data signa I: 

sWDEl 

rWDE1 

sWDE4 

rWDE4 

WDEl WCK WCA WD1 

WDEl WCK WCA WD1 

WDE4 WCK ':::fK.A WD4 

WDE4 WCK WCA WD4 

The read/write couplers interface between the memory 
magnetic heads and other selection unit circuits. For a 
read operation signa I REN is true and one of signa Is DS1 
through DS4 is false, enabling one set of four read/write 
couplers to feed data to the read output circuits: 

DSl REN A16 A17 (read channell) 

DS2 REN A16 ill (read channel 2) 

DS3 REN A16 A17 (read channel 3) 

DS4 REN A16 A17 (read channel 4) 

CMC WEN 

For a write operation signal REN is false and signal CMC 
is fa Ise if no write lockout signa I is generated: 

2WENS 

9WENA (not write-enable) 

+ 2W LKS (write lockout) 

All read/write couplers are activated by signal CMC. 
Only one group of four receives valid inputs as determined 
by the track bit inputs to the write-driver AK63 modules. 
The write flip-flops encode a sequence of data bits to 
generate two output bits for each input bit. For example, 
input and output starting from a reset state of WDE may be: 

Input: 0 0 0 1 0 0 

Output: 01 00 10 10 11 00 11 01 01 00 

Note that output pairs are the same if previous consecutive 
input bits are different, and output pairs are different if 
previous consecutive input bits are the same. In the read/ 
write control circuits the input bit is received from the 
controller (WDl through WD4) and the output bits are 
generated by the associated write fl ip-flop (WDEl through 
WDE4). The write-drivers accept data at the high fre
quency clock rate as controlled by signal WCA. During 
each clock interval (27,712 per revolution) output pairs 
will be either the same polarity or opposite polarity, as 
established by the write flip-flop outputs (figure 3-10). 

The 16 write-drivers read the output of the write flip-flops 
and write in memory through the read/write couplers. If 
the power source has not failed (PWR true), the selection 
unit has been addressed by the controller (USL true), and (] 
write operation is to be performed (WEN true), a group of 
four write-drivers is then selected for operation by track 
signa Is A 16 and A 17. The active outputs for each track 
address are listed in table 3-2. 

Table 3-2. Write Outputs 

Track Address 
Input --,--- ----- -

Data Source A16, A17 A 16, A 17 A16, A17 A 16, A 17 

WDE1 W01, W02 Wll,W12 W21, W22 W31, W32 

WDE2 W03, W04 W13,W14 W23, W24 W33, W34 

WDE3 W05, W06 W15, W16 W25, W26 W35, W36 

WDE4 W07, W08 W17, W18 W27, W28 W37, W38 
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-i t-- 200 NSEC 

WCA (HEAD) 

WCK 

WCOS 

o o o o 
WDI-4 ....... L __ ...... I 

woe 

1 0 o 
WRITE CURRENT PHASE CODING _____ j. 

--1 1200 NSEC f--
READ SIGI'-oIAL ... /~ ___ __ 

DIFFERENTIATED SIGNAL 

LIMITED SIGNAL ___ J 
~ 1-600 NSEC 

ONE-SHOT ___ rL. 
-l r- 200 NSEC 

ONE-SHOT DELAYED _, ___ JL 

DATA FLIP-FLOP ____ .r-I~----I 

DATA STROBE ______ fL nL-.-_--'nL.__---'n~_---'nL._ _ _____'L_. 
o 1 1 0 0 

9OI029A.33 

Figure 3-10. Read/Write Timing Diagram 
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3-40 Read Output Circuits (See figure 8-5) 

The read output circuits include four read preamplifier 
HK73 modules, four limiter HK74 modules" four clock 
discriminator HK75 modules, and four dot-:] decoder HK76 
modules. The read output circuits accept the signals read' 
from memory through the read/write couplers of the read/ 
write control circuits. The ana log output is changed to a 
digita I form and decoded from modified NRZ to the origina I 
data form. Four identica I channels are provided (figure 
3-9). For a given track address, outputs RDD1 through 
RDD4 accept data from one set of four read/write couplers, 
as summarized in table 3-3. 

Table 3-3. Read Outputs, 

Track Address . 
Output 
Data A16, A17 A16, A17 A16, A17 A 16, A 17 

RDDl RX01, RX02 RXll, RX12 RX21, RX22 RX31, RX32 

RDD2 RX03, RX04 RX13, RX14 RX23, RX24 RX33, RX34 

RDD3 RX05, RX06 RX15, RX16 RX25, RX26 RX35, RX36 

RDD4 RX07, RX08 RX17, RX18 RX27,RX28 RX37, RX38 

The read output circuits accept the. ana 10H read signa I from 
the read/write couplers (figure 3-10). This signa I is dif
ferentiated by read preampl ifier H K73. Limiter H K74 
amplifies and squares the differentiated signal. The output 
of the limiter provides pairs of complementary inputs to 
both clock discriminator H K75 and data decoder H K76. 
The clock discriminator generates a clock pulse and a 
delayed clock pu Ise. 

The limiter output contains information to regenerate the 
original code. The limiter output is sampled by A 1 of the 
data decoder at the rising edge of the del1ayed clock. The 
falling edge of clock pulse RCOl generatE!S data strobe 
RCSl. The output of flip-flop Al is sampled by the data 

, strobe and stored in read flip-flop RD1. IFeedback from 
flip-flop A2 of the data decoder to clock discriminator 
HK75 is used for adjusting the clock pulSE! on-time. 

During a write operation, preamble 0101010100 is stored 
in memory before writing data. During a read operation, 
a timi ng signa I generated in the controller prevents output 
read unti I the a Iternating ones and zeros of the preamble 
are available. The first double zero detected is always 
in the preamble. The preamble guards decoding of the 
modified NRZ data to prevent incorrect data. 

3-41 Memory Circuits (See figure 8-6) 

Memory circuits consist 0(i2W 256, or 512 magnetic 
heads in a matrix. For a read or a write operation, a set 
of four read/write heads is selected to provide output or 
receive input. Selection is by the band address signal VOl 
through Y32~ and by track address signals A16 and A17. 
The track address signals control circuit elements of gates 
in the' read/write control circuits. The band address sig
nals are connected directly to the memory matrix. A 
summary of effective signals is provided in table 3-4. 

Each fa Ise band address signa I enables 16 read/write heads. 
The read/write heads are connected in four sets of four 
heads each. Complementary outputs are directed to the 
read/write couplers. The track bits select one head from 
each set of four by inhibiting inputs or outputs on three of 
the four pairs. During a read or a write operation, only 
four heads of the maximum of 512 are active. For example, 
if the address code A 11 through A 17 is 10110 01, band 
address signal Y23 selects the 16 heads indicated in table 
3-4, and track address bits A 16 A 17 select signa Is X21 
through X2? If the operation is write, signa Is are 
received at these inputs; if the operation is read, signals 
are transmitted from these outputs. 

For RAD Fi Ie Model 9367B, the maximum number of read/ 
write heads is 256, bit All is always a zero, and band 
address signals Y17 through Y32 are always true. For RAO 
Fi Ie Model 9367C, the maximum 512 read/write heads 
may be used. 

Table 3-4. Memory Input/Output Signa Is 

Track Address 

Band Address 
Signal A16, A 17 A16, A17 A16, A17 A 16, A17 

C~\ X91 X02 ~ , ,. Xlli X12 X21, X22 X31, X32 
" 

VOl t X03, X04 X13, X14 X23, X24 X33, X34: 
through 

Y08 ') X05, X06~ X15,~ X16 X25, X26 X35, X36 

4 X07, X08 X17, X18 X27, X28 X37, X38 
-

X41, X42 X51, X52 X61, X6~ X71, X72 

Y09 X43, X44 X53".X54 X63, X64 X73, X 74-
through 

Y16 ~45, X46 X55, X56 X65, X66 X75, X76 
~' -~~.,......-- X47, X48 X57, X58 X67, X68 X77, X78 v-

(Cont i nu ed) 
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Table 3-4. Memory Input/Output Signals (Cont.) If ac fails or drops below a threshold adjustment on eHhElr 

Track Address. 

Band Address 
Signal A 16, A 17 A16, A17 A16, A17 A 16, A 17 

X01, X02 Xll, X12 X21, X22 X31, X32 

Y17 X03, X04 X13, X14 X23, X24 X33, X34 
through 

Y24 X05, X06 X15, X16 X25, X26 X35, X36 

X07, X08 X17, X18 X27, X28 X37, X38 

X41, X42 X51, X52 X61, X62 X71, X/,2 

Y25 
X43, X44 X53, X54 X63, X64 X73, X74 

through 
X45, X46 X55, X56 X65, X66 X75, X76 

Y32 

X47f X48 X57, X58 X67, X68 X77, X78 

3-42 POWER DISTRIBUTION AND CONTROL 

3-43 POWER DISTRIBUTION 

The controller draws dc from the computer power supply 
and samples ac to detect power failure (figure 7-27). 
The memory motor power is from the ac plug mold. The 
selection unit receives dc from Power Supply Model PX13 
in the RAD memory unit in which located, or from the 
basic RAD memory unit. Ac enters the RAD memory unit 
through connector Jl and passes through circuit breaker 
CBl on the power distribution panel. 

3-44 POWER FAIL-SAFE CONTROL 

Two S K60 primary power detector modules in the controlller 
deactivate the controller in case of power failure, or if 
the computer START pushbutton is pressed (figure 8-14). 
One S K60 detects eln ac fai lure in the input/output buffel~ 
that supplies power to the controller; the a,ther SK60 
detects ac failures in the selection unit. Stepdown trans-· 
formers on the power protection panel supply the ac signal. 

Under norma I operating conditions, outputs 3RLA and 
3RL2A are at the ground (fa Ise) level, the relays are 
energized, and signal 8PWRA is at the high (true) level. 
If primary power fa i Is, the fi Itered dc suppl i es in the 
input/output buffer or in the selection unit wi II maintain 
sufficient dc for norma I operation for severa I mi lIiseconds. 
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S K60, the output goes to +25 volts, the relay is deene!r
gized, and signal 8PWRA is held at the false level attht~ 
output of the buffer amplifier. As the signal falls to 2:ero 
volts, the output drivers of the write amplifiers are inhibited 
from further writing, the phase circuits of the controller are 
placed in standby, the buffer disconnects, and flip-fl()p~1 
A09 through A23, UOl through U06, and XOl through X04 
are reset through direct inputs: 

3DRAA 

zA09 

zA23 

zFOl 

zF02 

zUOl 

zU02 

zU03 

zU04 

zU05 

zU06 

zX01 

zX02 

zX03 

3ACTA 8PWRA 

200FA OU06A 1 X03A (buffer connect 
signa I) 

3DRAA 

3DRAA 

3DRAA 

3DRAA 

3DRAA 

3DRAA 

3DRAA 

8PWRA 

8PWRA 

8PWRA 

8PWRA 

8PWRA 

8PWRA 

zX04 = 8PWRA 

Signal 8PWRA is .also controlled by signal STO originatin!~ 
at the START pushbutton on the computer control panel. 
When the START pushbutton is pressed, signa I 8PWRA is 
grounded, and the same sequence occurs as described for 
power fai lure. In addition, flip-flop EOl is set by a signa I 
applied to the output. 
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SEctION IV 
i 

INSTALLATION AND MAINTENANCE 

4-1 INSTALLATION 

4-2 INSTALLATION PLANNING 

A RAO file installation consists of a controller, power 
protection panel, a maximum of four RAD memory units, 
and cable assemblies. Verify that all items required for 
the installation are available, and exercise normal care 
during unpacking. For some RAO memory units, the mem
ory is shipped separately; for others the memory is shipped 
in the RAD memory unit with special bracing to be removed 
during installation. 

Space requirements for a RAO memory unit are illustrated in 
figures 7-24 and 7-25. The primary considerations are 
provision for heat dissipation and accessibility. Space is 
required in front of the RAO memory unit for access to a 
memory when extended from the cabinet (md for access to 
power supplies and the power distribution panel. Space is 
required at the rear of the RAD memory unit for access to 
selection unit controls. Minimum recommended space 
allowances are: 5 feet in front of the unit; 3 feet at the 
rear of the unit, and 2-1/2 feet on each end of RAD memory 
units. Since RAD memory units of a multiple-unit insta Ila
tion are bolted together, side panels are included for only 
the basic unit. 

The controller and power protection panel shou Id be insta lIe<i:l 
in the same cabinet as near the computer as possible. ' 
Distances between the controller, power protection panel, 
and RAD memory units are restricted by interconnecting 
cable assembly lengths. Cable lengths fClr RAD fi Ie inter
connecting cables are: 

Connection 

Controller to computer (signa I) 10ft 

Controller to computer (dc) 5 ft 

Power protection panel to controller 10ft 

Power protection panel to computer (ac sample) 10ft 

Power protection panel to RAD memory unit (ac) 30 ft 

RAD memory unit to RAD memory unit 3 ft 

Controller to RAD memory unit 30 ft 

RAD memory unit to ac source 8 ft 

Because a part of the 30-foot cable between the controller 
and RAD memory unit must be used within the equipment, 
the maximum practica I distance from controller to RAO 
memory unit is 20 feet. 

4-3 INSTALLATION PROCEDURES 

4-4 Insta lIation of RAD Fi Ie Model 9367B 

Insta II RAD Fi Ie Model 9367B as follows: 

a. Insta II controller in computer input/output cabinet 
or if necessarYi in a separate cabinet (figure 7-23). 

b. Install power protection panel in controller 
cabinet. 

c. Connect computer/controller power wiring as 
follows: 

From (Controller) 

B26-44 

B26-45 

B26-46 

B26-47 

To (Computer Source) 

o vdc return 

+ 8v 

-25v 

+25v 

d. Connect six leads from power protection panel to 
controller as follows (figures 4-5 and 4-6): 

Power Protection Panel Controller Function 

TB2-5 TB2-1 AC 

TB2-4 TB2-2 Bias 

TB2-3 TB2-3 AC 

TBl-5 TB3-1 AC 

TBl-4 TB3-2 Bias 

TBl-3 TB3-3 AC 

e. Connect 30-foot cable from power protection panel 
to computer ac source. 

Note 

Perform steps f through m for each RAD memory 
unit (figure 7-25). 
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f. Instal~ and level RAD memory unit within cable 
reach of controller, or adjacent RAD memory unit as 
applicable. 

g. Remove drum memory shipping hardware as 
follows: 

1. Loosen and remove three red shipping lock-
nuts and screws on top of drum memory and save for future: 
use. 

2. Insert three button-head cap5;crews (attached 
to top of drum memory) in holes previously occupied by 
shipping screws. 

h. Check that cable assembly 133304 in memory unit 
is connected from ac plug mold to Power Supply Model 
PX13. 

i. Check that drum matrix cable ass(~mbly 131623 is 
connected from selection unit to drum memory. 

j. Check: that drum clock cable assembly 132238 is 
connected from selection unit to drum memory. 

k. Check: that circuit breaker-to-drum motor cable 
assembly 131825 is connected from power distribution pan.el 
to drum memory. 

I. Check: that topside fan power cables are con
nected to ac plug mold. 

m. Check: that a II RAD memory contr,ols and indicattJl's 
are off. 

Note 

Refer to section V for performance test (if 
desired at this point) before connecting power 
or signal cables, or installing modules. 

n. Connect signa I cables between controller and 
RAD memory unit, and between controller Ilnd computer 
(figure 4- 1). 

o. Connect 30-foot chassis ground w ire from con
troller to RAD memory selection unit. 

p. Connect 30-foot ac cable from power protection 
panel to RAD memory ac plug mold. 

q. For multiple-unit installations, connect plug P169 
of plug module cable assembly P168/P169 to refeptacle 
A32 of selection unit in RAD memory unit; connect plug 
P168 to receptacle A5 of selection unit in (]djacent RAD 
memory unit. 

r. For multiple-unit installations, connect leads 
between RAD memory units as illustrated in figure 4-2 and 
as listed below: 

£!:2!!! To function 

TB2-1 TBl-9 o 'Ide return 
TB2-2 TBl-8 +8v 
TB2-3 TBl-7 -2.5v 
TB2-4 TBl-6 +2.5 v 
TB2-6 TBl-4 +50v 

4-2 

s. Insert modules in controller (figure 4-3). 

t. Insert modules in selection unit of each RAD 
memory unit (figure 4-4). 

u. For each RAD memory unit, connect power ceJblle 
assembly to site ac (figure 4-7). 

v. Perform turn-on procedure (refer to paragraph2-,8). 

4-5 Installation of RAD File Model 9367C 

Install RAD File Model 9367C as follows: 

a. Perform steps a through e in paragraph 4-4. 

Note 

Perform steps b through m for each RAD mem
ory unit (figure 7-24). 

b. Install and level RAD memory unit within cable 
reach of controller, or adjacent RAD memory unit as 
applicable. 

Note 

9367C disc memory is shipped separately from 
memory cabinet. 

c. Extend slide assembly mount for disc memory. 
Rotate support legs down to support disc memory during 
assembly. 

d. Mount disc memory on base plate with 12 
8-32NC x 3/4 pan-head screws, 12 flat washers, and 112 
internal tooth lockwashers. 

e. Slide disc memory into RAD memory unit cabinet. 

f. Connect power cable assembly from disc memor}' 
to ac plug mold. 

g. Connect ground wire from selection unit to tolP of 
disc memory. 

h. Connect cable assembly from ac plug mold to 
Power Supply Model PX13. 

i. Connect disc matrix cable assembly 131620 fr<:>m 
selection unit to disc memory. 

j. Connect disc clock cable assembly 132240 from 
selection unit to disc memory. 

k. Check that topside fan power cables are con
nected to ac plug mold. 

I. Check that power cable from ac plug mold is 
connected to circuit breaker on power distribution pane!l. 

m. Check that all RAD memory controls and indi-, 
cators are off. 

Note 

Refer to section V for performance test (if 
desired at this point) before connecting 
power or signal cables, or installing modules. 

n. Perform steps 0 through v in paragraph 4-4 to 
complete installation procedure. 



SOS 901029 

RAD CABLING 

SELECTION 
92 925 930 9:~00 
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P 
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'---

.. 

NOTE: REFERENCE 50S OWG: 13182O-4B 900613A.402 

Figure 4-1. RAO Fi Ie Controller-to-Computer Cabling 
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I SELECTION I 
UNIT l.!:_. ____ ~ 

,------., 
I I 
I RAD I 
I MEMORY I 
I UNIT I 
I I 
I SELECTION I 

UNIT ~ _____ J 
WIRING TERMINALS 

TOP VIEW OF CABINETS 
(Sf)READ APART) 

1 234 5 6 789 123456789 

TBlA 

TB1B 

RAD MEMORY UNIT 
(REAR VIEW, RIGHT END) 

4-4 

DC RETURN 

-+BV 

-25V 

+25V 

+SOV 

TB2A 

TB2B 

123456789 

RAD MEMORY UNIT 
(REAR VIEW, LEFT END) 

901029A.17 

Figure 4-2. Selection Unit Dc Wiring 



LOCATION 

MODULE 

LOCATION 

MODULE 

LOCATION 

MODULE 

LOCATION 

MODULE 

CHASSIS A 
1 2 3 4 5 6 7 

P FL FI:. AX AX AX BH 
171 21 21 14 14 14 10 

L NOTE 1 

CHASSIS B 
1 2 3 4 5 6 7 

AK AK HK AK AK AK AK 
65 64 77 63 63 63 63 

NOTES: 

SD~ 901029 

CHASSIS A 
45 44 43 42 41 40 39 38 ~7 36 35 34 33 32 31 30 29 28 27 26 

FH FH FH GK FH FH FH FH aH GK GK FH FH FH FH FH AX AX AX AX 
20 20 20 51 20 20 20 20 !10 51 51 20 20 20 20 20 14 14 16 16 

CHASSIS B 
45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 

BH IH GK GK GK GK GK AH AH AH BH IH IH GK GK GK BH AX AX AX 
10 14 51 51 51 51 51 10 10 10 10 14 14 51 51 51 10 14 14 14 

CHASSIS C 
45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 

FH FH OX BH BH AH IH IH FL AH FH FH FH IH IH P P P P P 
19 19 12 10 10 10 14 14 21 10 19 19 19 14 14 162 158 160 156 170 

CHASSIS D 
45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 

GK GK GK FH IH BH IH BH BH GK GK GK IH BH GK GK SK SK KX 
* 51 51 51 20 10 10 10 10 10 51 51 51 14 10 51 51 60 60 12 

V{EWED FROM MODULE SIDE. 
*CONNECTOR WIRED FOR INDICATING-LAMP TEST MODULE. 

8 9 
GH FH 
14 19 

8 9 
AK AK 
63 63 

Figure 4-3. Controller Module Complement 

10 11 12 13 14 

IL OX SX SX AK 
12 12 60 69 63 

10 11 12 13 14 

AK AK AK AK AK 
63 63 62 62 62 

15 ~6 17 
AK ~K AK 
63 63 63 

NOtE 2 
I 

15 ~6 17 
i 

AK AK AK 
62 62 62 

18 
AK 
63 

18 

AK 
62 

19 20 21 22 

AK HK HK AK 
63 75 76 63 

19 20 21 22 

AK AK HK HK 
62 61 74 73 

23 24 25 26 ---
HK HK AK HK 
75 76 63 75 

23 24 25 26 

NK HK HK NK 
59 74 73 59 

27 

HK 
76 

27 

HK 
74 

28 

HK 
76 

28 

HK 
73 

1. P171 IS INPUT FROM CONTROLLER TO RAD MEMORY UNIT AS SHOWN. 
FOR AN ADDITIONAL RAD MEMORY UNIT, THtS CONNECTOR WILL BE P169. 

2. AK62-0NE PER 64 HEADS: TWO FOR 128, FOUR FOR 256, OR EIGHT FOR 
512 HEADS (MAX), AS SHOWN. : 

3. P168 IS OUTPUT TO SELECTION UNIT OF ADDItIONAL RAD MEMORY UNIT, IF USED. 

Fi~~ure 4-4. Selection Unit Module Complement 

901029A.16 

29 30 31 32 
--- --_or'· 
HK FL FL P 
75 21 21 168 

NOTE 3 ~ 

29 30 31 32 
r~ 

NK HK HK NK 
59 74 73 59 

901029A.15 
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10 VAC Clr ~--...--:~ 
(2 RUNS) 
5 FT MAX 

AC INPUT 

115 VAC 
60 HZ 
1 PH 

POWER PROTECTION 
PANEL (PARTS SlOE) 

lagram (Sheet 2 of 2) RAO Fi I~ Installation O' 

901029A.21 
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4-6. MAINTENANCE 

4-7 ROUTINE MAINTENANCE 

Routi ne mai ntenance or adjustment are not requi red for the 
RAD fi Ie installation. All variable eleme~nts of the modules. 
are shipped ca,librated and adjusted. Memory malfunctions 
are indicated by control panel lamps. A periodic removal 
of dust in and around cabinets and fans should be scheduled 
at which time the RAD fi Ie installation ca'n be inspected. 

4.:.8 MODULE REPLACEMENT AND ADJUSTMENT 

Spare modules are supplied with each model of the RAD file, 
~ as listed in table 4-1. ' A multi pie-unit RAD fi Ie installa

tion stocks spare modules for the controller plus a set of 
spare modules for each RAD memory unit. Since at least 
one spare module of each type is supplied j , field mainte
nan'ce should be limited to replacement of' defective modules: 

The following adjustment procedures should be used only 
when abnormal or marginal operation exlsli's and no replace
ment is avai lable. The location of modulE!s is indicated in 
figures 4-2 and 4-3. Adjustable elements are identified in 
section VI, and schematic diagrams are provided in section 
VII. All cldjustment procedures requi re the use of Tektronix 
oscilloscope Model 545B or equivalent, with a dual-trace 
plug-In unit model 82. The oscilloscope must be calibrated 
immediately prior to starting an adjustment procedure. 

Table 4-1. Spare Modules for RAD Fi Ie 
Mode Is 9367B and 9367C 

Signal Amplifier AH 10 

. Read Input Control AK61 

Y-Select AK62 

Write-Ddver AK63 

Index/SElctor Ampli-
fier AK64 

Write Clock Ampli-
fier AK65 

Cable Driver AX14 

Cable Driver AX16 

AND/OR Buffer BH 10 

DC Flip--Flop FH 19 

Basic Flip-Flop FH20 

Basic Flip-Flop FL21 

RAD File 
w/o 

Controll er 

1 

1 

2 

1 

(Continued) 

RAD File 
with 

Controller 

1 

1 

1 

2 

1 

1 

1 

2 

1 

2 

1 

Table 4-1. Spare Modules for RAD File 
Models 9367B and 9367C (Cont.) 

RAD File RAD File 
Module w/o with 

Controller Controller 

Gate Expander GH 14 1 1 

Diode Gate GK51 2 

Read Preamplifier HK73 1 1 

Limiter HK74 1 1 

Clock Discriminator 1 1 
HK75 

Data Decoder HK76 1 1 

Index/Sector Decoder 1 1 
HK77 

AND/OR Inverter IH 10 1 

AND Gate/Inverter 1 1 
IH 14 

AND Gate/Inverter 1 1 
ILl2 

Relay Module KX12 1 

Read-Write Decoder 1 1 
NK59 

One-Shot Multivi- 1 1 
brator OX12 

Primary Power 1 
Detector SK60 

+4v Regu lator SX60 1 1 

-8v Regu lator SX69 1 1 

4-9 Selection Unit Module Adjustments 

+4v Regulator SX60. Adjust +4v regulator SX60 as 
follows: 

.-

a. Connect oscilloscope to output terminal of regula
tor in selection unit location A 12, pin 40, 41, or 42 (fig
ure 4-2). 

b. Adjust R9 for output of +4.00 (±0.04)v (figure 4-8). 

-8v Regulator SX69. Adjust -8v regulator SX69 as follows: 

a. Connect osci 1I0scope to output terminal of regu
lator In selection unit location A 13, pin 36 or 37 (fig
gure 4-2). 

b. Adjust R6 for output of -s. 00 (±O.OS)v (see fig
gure 4-8). 
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---,.--------~~----------~--.-------------------------------------, 
MODULE ADJUSTMENT* WAVEFORM 

~----------~------.----~~-------------------------------------~ 

AK65 
LOC B1 

C4 

---J t-- 200 NSEC* 

~400NSEC 

;'l~600 NSEC· I 
~----------~----------~~------------------------------------~ 

(SELECTION 
UNIT) 02.5 

OX12 
LOC-I2-'~ 

;::// 

R4-·1 
(LOWER) 

R4··2 
(UPPER) 

J 450 NSEC*r-

. 1'"--750 NSEC---J 

I. 1.2~SEC .1 

if; 5l> c . ..tJIJ./t.· ti?Aob.";i(' 

-=1 r~400 'NSEC " .... "d'.~j 

.... 1 .. ~--1 . 2 ~SEc---t.1 

~.----------~----------~--.------------------------------------~ 

AK64 
LOC B2 

R24 

l '-0.4 MIN, 0.8 MAX !-,SEC* 

ICD @ @ 

~ ./ INDEX MARK I 
2±0.5!-,SEC //"",/ I 

"'" I /"",/ I 
"",/ I 

---.----------~----------~-------------------------------------~ 

HK75 
LOC~ 

OX12 
(CONTROLLER) 

LOC C43 

R26, R28 

R4"2 
(UPPER) 

~ CLOCK PULSE 

I ~ DELAYED 
'----1 200 NSEC '--- CLOCK PULSE 

--I '-- FIXED ~ 1 

l--820 NSEC*-J 

_1...-4 . 5 ~sEc*--L 
~------~--~-------------------------------------~ 

R4··1 
(LOWER) 

-=:J r-' 300 NSEC* I 
... 1 .. ----1. 2 ~SEc---..... 1 

*XNDICATES CHANGE BY ADJUSTMENT l[STED. 
. 901029A. 14 

Figure 4-8. Adjustment Waveforms 
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Write 'Clock Amplifier AK65. Adjust write clock amplIfier 
AK65 as follows: 

a. Connect osef IIoscope to output h!rminal of ampli
fier in selection unit location Bl, pin 20 (figure 4-2). 

b. Withdraw AK65 module from selE~ction unit. Exam
Ine shield on the right-hand side to determine if a hole has 
been drilled in lower right-hand corner c:>ver trimmer 
capacitor adjustment screw. If not, drl II 3/8-lnch hole 
(figure 6-16). 

c. Reinstall AK65 module. 

d. Insert short non-metallic screwdriver (up to 4-lnch 
length) through access hole In lower left-·hand side of 
selection unit as viewed from front and inside of cabinet. 

e. Adjust C4 for maximum output at 200 nsec minimum 
i,ndlcatIon (figure 4-8). 

Write Clock Multlvlbrator OX12. Adjust· write clock mul-
tivibrator OX12 as follows (adjust read clock multIvibrator 
as described I n subsequent and separate adiusfmentprocedure~ 

a. Connect oscilloscope to output of write clock mul- : 
tivibrator in selection unit location A 11, pin 25 (figure 4-2)., 

b. Adjust R4-1 for positive pulse duration of 450 nsec 
within normal operating range of 350-550 nsec (figure 4-8 
trace for R4- 1). 

Index-Sector Amplifier AK64. Adjust Index-sector ampli
fier AK64 as follows: 

a. Connect osef 1I0scope to output tE~rminal of ampli
. fier in selection unit location B2, pin 28 (figure 4-2). Use 
~ internal synchronization. 
)Jth/lwt. 

. b. Adjust R24 for maximum gain and fI II-in. Pulses l' 
. should have a duration of 0.4 to 0.8 ,",sec. 

Note 

Pulse train (top trace in figure 4-8 for R24) 
consists of 63 double timing puls,es, followed 
by 64th double-double pulse. L,ower trace 
shows double-double pulse. CRr persistence 
causes change in time base to shlow 63 double 
pulses stacked with a bright display and 
double-double Index mark to show on Iy faintly. 
Because of limiter output, contr()1 affects 
All-in of missing pulses and puls l9 duration 
more than pulse amplitude. A low gain setting 
produces narrow or missing pulses. 

Clock Discriminator HK75. Adjust clock discriminator 
HK75 as f()lIows: 

a. ''Disconnect controller by removin!~ connector P170 
from controller location C26 (figure 4:"3). 

b. If data in memory is known, that data may be used 
for test. If the data Is not known, test prc:>gram may be used.', 

If not convenT ent to use test program, writi ng may be forced 
as follows: 

1. Clip ground lead to AND Gate/Inverter ILl2 
In selection unit location A 10, pin 22 (figure 4-4). 

2. Use a second clip lead to connect momentary 
ground (duration of at least one memory revolution) on 
same module at pin 28. 

3. Provide a read output by using second clip to 
connect ground to same module at pin 12. 

Note 

Use dual trace plug-in unit model 82 or 
equivalent with oseflloscope to display 
clock pulses and delayed clock pulses 
simultaneously in following steps. (If 
not avai lable, the two traces may be 
examined separately and compared. ) 

c. Connect osci 1I0scope to clock output of discrimi
nator in selection unit location A20, A23, A26, or A29, 
pin 40 (figure ·4-4). Observe waveform (figure 4-8) and 
synchronize with leading edge of clock. 

d. Connect osef 1I0scope to delayed clock output (pIn 
32) and synchronize with leading edge of clock. 

e. Check that variable resistor R26 is in maximum g.,! 
clockwise position. 

f. Verify fixed delay of 200 ns. 

g. Adjust R28 for total clock time of 820 nsec. 'r,~( 

h. Remove two grounds connected in step b. 

i. Insert connector P170 in location C26 of controller. 

Read Clock Multivibrator OX12. Adjust read clock multi
vibrator (location A 11) as follows: 

a. Connect osci "oscope to read clock multivibrator 
output in location A 11, pin 22 (figure 4-3). 

b. -Connect clip leads as described in step b of proce
dure for clock discriminator HK75. 

c. Disconnect controller by removing connector P170 
from controller location C26 (figure 4-4). 

d. Adjust potentiometer R4::2-'f~r positive pulse dura
tion of,/40()(±50) ns (figure 4-8). 

7()p ~ 

e. Remove clip leads connected in step b. 

f. Insert connector P 170 in controller location C26 
(figure 4-4). 

4-11 
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4-10 SPECIAL TOOLS 

The following special tools are provided for each drum 
memory: 

Description, Bryant Part No. Quantity 

Head adjustmont tool B-AB-022 

4-12 
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Desert ptt on 

3/16 inch open end 
wrench 

Head squaring fixture 

Bryant Part No. 

C-56650-1 

AD-087 

Refer to Bryant handbook BCPH-101-5-64 for servicing 
information on drum memory. 
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SECTION V 

PERFORMANCE TESTING AND TROUBLE ANALYSIS 

5-1 PERFORMANCE TEST AND DIAGNOSTIC 
TEST FUNCTIONS 

5-2 USE OF PERFORMANCE TESTS 

The performance testis intended. for use durin!=) installation, 
for major malfunction checkout, or as a preliminary test 

..fo"owing rna jor overhaul and repair. A major rna Ifunction 
includes power failure, discontinuity or short circuits in 
power cable assemblies, and mechanical defects in modules, 
connectors, or switches. The performanc1s test also includes 
the following: adjustment of power failure circuits; loca
tions of test points for timing signa Is; and characteristics of 
timing signals and counters. 

5-3 USE OF DIAGNOSTIC TEST PROGRAMS 

The diagnostic test programs are intended for deta i led 
trouble analysis of a RAD file using a typewriter to input/ 
output a program stored in the SDS computer linked to the 
RAD file. . 

5-4 PERFORMANCE TEST PROCEDURE 

The performance tests in the following paragraphs are for a 
RAD fi Ie connected to an SDS computer. Any operation 
prescribed for a RAD memory unit shou Id be performed for 
all RAD memory units in the installation. 

5-5 TEST EQUIPMENT 

The following test equipment is required: 

Tektronix 545A oscilloscope or equivalent 

Tektronix Type CA preamplifier or equivalent 

Triplet 630A VOM or equivalent. 

5-6 SELECTION UNIT PERFORMANCE rEST 

Test selection unit as follows: 

a. Disconnect a II ac/dc from controller, power 
protection panel, and RAD memory unit. 

b. Remove a" modu les from controller and from 
selectio,n unit of each RAD memory unit. 

c. Check that a" interconnecting cables are 
installed as indicated in figure 4-l. 

d. Inspect sel,ection unit for loose wires, bent pins, 
and other mechanica I defects. 

e. ,Perform continuity checks between selection unit 
and Power Supply Model PX13 as follows: 

PX13 

GRD1, GRD2 

+8v 

-25v 

+25v 

+50v 

Selection Unit 

A31- 1, A32-44, B32-44, B32- 1 

A32-45, B32-45 

A32-46, B32-46 

A32-47, B32-47 

A 14-41, B 11-41 

f. Connect RAD memory unit to ac source. 

Immediately after applying power in step g, 
verify that fans in RAD Fi Ie Model 9367B 
rotate in correct direction. If fans rotate 
in reverse, set circuit breaker OFF before 
drum reaches operating speed. Reverse 
phase B and phase C power leads (figure 
4-7) and repeat step g. v 

g. Set circuit breakers ON. Verify that fans rotate 
in direction indicated and that no abnorma I sounds (such as 
scraping or scratching) are audible in the memory unit. 

Do not remove or insert modules while power is 
applied. 

h. On Power Supply Model PX13, set POWER switch 
ON. Measure for followi ng voltages: 

Location Voltage 

A32-45, B32-45 +8v 

A32-46, B32-46 -25v 

A32-47, B32-47 +25v 

A 14-41, Bl1-41 +50v 

i. At Power Supply Model PX13, set POWER switch 
OFF. Insert all modules except cable plug modules as 
indicated in figures 4-2 and 4-3. 

5-1 
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j. At P()wer Supply Model PX13, set POytER switch 
ON. Adjust voltage margin knob to obtai l1 nominal volt
ages for +8v, ,.25v, +25v, and +50v outputs. 

k. At selection unit, adjust trimpot on SX60 module 
for +4.00 (±O. 004}v at A 12-40. 

I. Adjust trimpot on SX69 module for -8.00 (±O.OB)v 
at A 13-36. 

m. Observe the signals listed in table 5-1 for indi-
cated characteristics. Adjust to tolerance of ± 10 percent 
unless otherwi~;e indicated. 

n. Simulate unit select signal by connecting pin 
A 1-43 to ground. Observe sector counter output at 
following points to verify that a" signa Is me fa Ise during 
sector time preceding index pulse and true during sector 
time following index pulse: 

Signal Test Point Pulse Reeetition Rate 

9CD6S Al-14 1 ms 

9CD5S A 1-13 2 ms 

9CD4S A 1-12 4 ms 

9CD3S Al-11 8 ms 

9CD2S A1-1O 16 ms 

9CD1S Al-9 ~'l3 ms 

o. Use clip leads to connect sector counter to 
Y-select input as follows: 

Sector Counter Y-Select 

01)06 ~,. A 3..: 3 A9-6 

A3-13 A9-13 

A3-23 A9-20 

A3-33 A9-27 

A2-3 A9-34 

Note 

Terminate step p after observing YB for models 
-01 and -11, Y16 for models -02 and -12, and 
Y32 for models -04 and -14. Sector times 33 
to 64 repeat sector time~ 1 to 32. 

p. Synchronize osci IIoscope on index pulse •. Verify 
that Y-select outputs are Ov during sector times indicated 
in table 5-2 and +25v otherwise. 

Note 

Terminate step q after switch 030-037 for 
-01 and -11 models, switch 070-077 for 
-02 and -12 models, and switch 017-177 
for -04 and -14 models. 

Table 5-1. RAD Memory Unit Test Signals 

-
Function Mnemonic Test Point 

Basic Write Clock OWCAS 801-20 

Pulse width: 200 ns 
Pulse period: 620 ns ± 20 ns 
Sync: internal positive 
Adjust capacitor on 8-01 (through access hole) for 
maximum pulse width with minimum jitter 

Half-Frequency Write Clock OWCKS '·A02-23 

Pulse width: 620 ns ± 20 ns 
Pulse period: 1. 24 IlS ± 0.04 IlS 
Sync: interna I positive 

Write Clock One-Shot OWCOS A 11-25 

Pulse width: 450 ns 
Pu Ise period: 1. 24 IlS ± 0.04 IlS 
Sync: internal positive 
Adjust lower trimpot on all for pulse width of 450 ns 

(Continued) 
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Table 5-1. RAO Memory Unit Test Signa Is (Cont.) 

Function Mnemonic Test Point 

![ndex Sector Am~lifier 2SIDS B02-28 
\7 jo" ,J .. ~.~ C> 

See figure 4-8 for definition of signa I characteristics 
Adjust trimpot on B02 to obtain 750 ns duration of ' 
first negative pu Ise (~,"~,'A'_I'" L", 1"" ' •• , " " 

,. Sync: internal negative 

Index Pulse 2IOXS B03-10 I' -

" 

Pu Ise width: 2. 5 jJs ± O. 5 jJs 
Pulse period: 33.8 ms ± O. 3 ms 
Sync: internal positive 

Sector Pu Ise 2SECS B03-03 

Pulse width: "2: 5.}Js ± O. 5 jJS 1'(" ! 

Pulse period: 527 jJs ± 4 jJs 
Sync: OB-03-10 (index pulse) 
One pu Ise missing at index time 

Sector Index Mark 3SIMS A02-38 

Pulse width: 'Z~'§ __ jJs ± 0.5 jJs 
Pulse period: 527 jJs ± 4 jJs 
Sync: 08-03-10 (index pulse) 
Inverted sum of sector pu Ise and index pu Ise 

Y-Select Control lYSCS A09-33 

Pulse width: 3. 4 jJS ± O. 8 jJS 
Pulse period: 527 jJs ± 5 jJS 
Sync: OB-03-10 (index pulse) 
Use a delayed sweep to compare signal 1 YSCS wit~ 
signal 3SIMS (OA-02-~,-, ~e positive-going edg~ of 
signa I 1 YSCS must be ter t an signa I 3SIMS by O~ 6 
jJs minimum, or 1.4 jJs maximum i 

i 

Table 5-2. Y-Select Output Timing Table 5-2. Y-Select Output Timing (Cont.) 

Signal Y-Select Output Sector Time Selected Signal Y-Select Output Sector Time Selected 

YOl B12-34 1 
Y02 812-32 2 Y17 B16-34 17 
Y03 B12-10 3 Y18 B16-32 18 
Y04 B12-09 4 , Y19 B16-10 19 

·Y05 B13-34 5 Y20 B16-09 20 
Y06 B13-32 6 Y21 B17-34 21 
Y07 B13-10 7 Y22 B17-32 22 
Y08 8·13 ... 09 8 Y23 B17-10 23 
Y09 B14-34 9 Y24 B17-09 24 
YlO B14-32 10 Y25 B18-34 25 
Y11 B14-10 11 Y26 B18-32 26 
Y12 B14-09 12 Y27 B18-10 27 
Y13 B15-34 13 Y28 B18-09 28 

, Y.l4 B15-32 14 Y29 B19-34 29 
Y15 B15-10 15 Y30 B19-32 30 
Y16 B15-09 16 Y31 B19-10 31 

(Continued) Y32 B19-09 32 

5··3 
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q. Check thai' all write-protect switches are in down 
position, and that signal 2WlKS measured (It pin A8-2 is 
false. Check that signal 2WlKS is true during sectors 
indicated in table 5-3 as each write-protect switch is 
individua Ily plclced in up position. 

r. Remove clip leads connected in step o. 

s. Simulclte write-enable signa I (9WENA) by con
necting pin A 1-,22 to ground. A pattern should be written 
in channel o. 

t. Remove ground from pin A 1-22 and simulate 
9RENA read-enable signal by connecting pin A 1-30 to 
ground. 

u. Observe signals listed in table 5-4 and adjust to 
±10 percent tolerance unless otherwise indicated. Measure 
all pulse durati(ms at 50 percent level. 

Table 5-3. Write-Protect Switch Timing 

Switch Sector Time Switch Sector Tin ne 

000-007 1, 2 100-107 17, 18 

010-017 3, 4 110-117 19, 20 

020-027 5, 6 120-127 21, 22 

030-037 7, 8 130-137 ?3J.~4 ..-

040-047 9, 10 140-147 25, 26 

050-057 11, 12 150-157 27, 28 

060-067 13, 14 160-167 29, 30 

070-077 15, 16 170-177 31, 32 

Table 5-4. SI~lection Unit Test Signa Is 

5-4 

Limiter Outpu! 

Pulse wid'/'h: 0.6 I-'s 

Function 

Pulse period: 1. 24(±0. 04)l-'s 
Average de level: -2v 
AmplitudE!: 1.6v 
Sync: internal 

Read Clock 

Pulse width: 0.6 I-'s 
Pulse period: 1. 24(±0. 04)l-'s 
Average de level: +3v 
AmplitudEl: 2. 1 v 
Sync: use read clock RCOx as sync fClr delayed 

read clock RCDxfor same track. See 
delayed read clock' 

Delayed Read Clock 

Pulse widl'h: 0.6 I-'s 
Pulse period: 1. 24(±0. 04)l-'s 
Average dc level: 1. 5v 
Amplitude!: 1.6v 
Delay: 200 ns after read clock 

(Track 1) 

(Track 2) 
(Track 3) 

(Track 4) 

(Track 1) 

(Track 2) 
(Track 3) 
(Track 4) 

(Track 1) 

(Track 2) 
(Track 3) 
(Track 4) 

Sync: sync delayed read clock RCDx on test point of corre
sponding read clock RCOx 

Adjustment: observe RCOx on one trace and RCDx on other 
trace. Turn lower trimpot on module maximum 
clockwise, then adjust upper trimpot for 800 
(±20) ns from rise of RCOx to fa II of RCDx 

(Continued) 

Mnemonic 

ORCll 

ORCL2 
ORCl3 

ORCl4 

RCOl 

RC02 
RC03 
RC04 

RCDl 

RCD2 
RCD3 
RCD4 

Test Point 

821-34 

824-34 
827-34 ." 

830-34 ,; , 

A20-40 

A23-40 
A26-40 
A29-40 

A20- 32 ~ '" A¥Z:' 

A23-32 
A26-32 
A29-32 
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TCJble 5-4. Selection Unit Test Signa Is 

Function 

C lock Strobe 

e width: 200 (±50) ns 

Read 

Puis 
Puis 
Sync 

e period: 1.24 (±O. 04) IlS 
.. internal 

. Wave in Read Clock Stabilizer Sine 

lI"oximate amplHude: 5v App 
Acljl Jstment: adjust for maximum amplitude 

(TrCllck 1) 

(Track 2) 
(Track 3) 
(Track 4) 

1-. 

Mnemonic Test Point 
-

RCSl A21-32 

RCS2 A24-32 
RCS3 A27-32 
RCS4 A28-32 

A31-TPl 

5-5 
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5-7 CONTROLLER PERFORMANCE TEST 

Test controller as follows: 

a. InspEtct controller for bent pins, broken wires, 
and other evidence of mechanical defects. 

b. Verify voltage bus bars are correctly installed and 
that mechanical connections are tight 5 (figure 4-2). 

c. Perfclrm continuity tests on power fai I-safe wiring 
as follows: 

Power ProtecHon Pane I 

TB1-E-5 
TB1-E-4 
TB1-E-3 
TB.2-E-5 
TB2-E-4 
TB2-E-3 

Controller 

D29-12 
D2St-14 
D29-13 
D28-12 
D28-14 
D28-13 

d. Perform continuity tests between controller powc~r 
source and controller as follows: 

5-6 

Controller Power Source Contl'oller 

e. 

+25 v 

··25v 

+8v 

Ov 

A45-47 
845·-47 
C45-47 
D45-47 
A45-46 . 
845··46 
C45-46 
D45-46 
A45-45 
845··45 
C45·-45 
D45·-45 
A45·-44 
845-·44 
C45·-44 
D45·-44 

Turn <>n controller power source. 

f. Measure following voltages: 

+25v 
-25v 
+8v 
Ov 

A45··47 
A45··46 
A45··45 
A45··44 

g. Turn off controller power source. 

Insert following modules in controller: 

Cl27 Relay Module KX12 

D28 

D29 

Primary Power Detedor S K60 

Primary Power Detector S K60 

'J 

,,{ 

\ 

h. At controller power source, turn power on one! 
set power supplies for nominal voltage values, if nec1ass.ary. 

j. Connect 30-foot ac cord from power protection 
panel to ac plug mold in RAD memory unit. 

k. Connect 10-foot power cord from power prolrec:-
tion panel to computer ac source. . 

I. Adjust D29 powerfai I-safe detection circuit' as 
follows: 

1. Measure and record voltage Vp (nominell 
115 vac) between terminal TB1-1 and terminal TBl-2 of 
power protection panel. 

2. Measure and record voltage Vs (nominal 
10 vac) between terminal TBl-3 and terminal TBl-5 o,f 
power protection panel. 

3. From recorded values compute: Vb = 
(70.7Vs/Vp) - 0.4. 

4. Measure voltage between test point D29..,. il4 
and ground. Adjust trimpot on SK60 module in location 
D29 so that measured voltage equals that calculated in 
step 13. 

m. Adjust D28 power fai I-safe detection circuit al( 
follows: 

1. Measure and record voltage Vp (nominClI 
115 vac) between terminal TB2-1 and TB2-2 of power 
protection panel. 

2. Measure and record voltage Vs (nominal 
10 vac) between terminal TB2-3 and TB2-5 of power 
protection panel. 

3. From recorded values compute: Vb = 
(70.7Vs/Vp) - 0.4. 

4. Measure voltage between test point D28-14 
and ground. Adjust trimpot on SK60 module in locati()n 
D28 so that measured voltage equals that calculated in 
step m3. 

n. T urn off contro IIer power supp Iy. 

o. Insert following modules: 

C38 AND Gate/Inverter I H 14 
C40 Signal Amplifier AH 10 

p. Turn on controller power source. 

q. Verify that signal 8PWRA at test point C40-1 is 
+8 vdc nominal (true). 

r. Remove ac connection between power protedion 
panel and controller. Verify that signal 8PWRA is 0 vdc' 
nominal (false). Reconnect ac line. 
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s. Turn off controller power source. 

t. Insert all remaining controller modules as indi-
cated in figure 4-3. 

u. Verify that all RAD file power supplies are on. 

v. Measure signals listed i.n tablE~ 5-5 for indicated 
characteristi cs. 

5-8 TROUBLE ANALYSIS 

5-9 DIAGNOSTIC PROGRAM DOCUMENTS 

For detai led trouble analysis refer to information contained 
in the following documents: 

SDS Computer Document 
Model Number Title 

SDS 92 SDS 794004 SDS 92 RAD Analytic 
Diagnostic 

SDS 925, 930 SDS 594003. SDS 925/930 RAD 
Apoca Iypti c Di agnosti c 

SDS 9300 SDS 604004 SDS Alltomatic Instruc-
tion Diagnosti c Program 
for Computer Mode I 9300 

SDS 900 SDS 004009 SDS 910, 920, 925, 930, 
. Series or 9300 Diagnosti c 

Contro II Program 

SDS 9300 SDS 694010 SDS 93100 RAD 
Apocal:vptic Diagnostic 

For RAD fi Ie tests, refer to SDS publi caltion 004009, and 
the applicable computer document. SDS publication 
004009 includes information common to all diagnostic 
programs for SDS 900 series computers. 

5-10 USE OF DIAGNOSTIC PROGRAM DOCUMENTS 

The program documents describe' a set of directives (instruc
tions) to write a program to test part or all of a RAD fi I., 

Table 5-5. Controller Test Signals 

Function Mnemonic Test Point 

Basic Clock Pulse 4CLKA B36-01 

Pu Ise width: 0.45 !-IS 
Pulse period: 1. 2 -!-IS 

Sector Pu Ise 2SIPA C43-18 

Pulse width: 21JS 
J' 

Pulse period: 500 !-IS 

Begin Sector Pulse OBSCA C43-22 

Pulse width: adjustable 
Top Jic i to 4.5 !-IS 

Pulse period: 500 jJS , 

(To test signal connect 
test poi nt A33-04 to 
ground) 

Strobe Pu Ise OSTVA C43-25 

Pulse width: adjustable. 
8~,rlOM PeT to 280 ns 
Pulse period: 1. 2 !-IS 

1,'-

Ripple Counter 2CD6S (LSB) C32-25 
(LSB changes state at 2CD5S C32-32 
approximate Iy 500 !-IS 2CD4S C32-33 
intervals) 2CD3S C32-40 

2CD2S C31-01 
2CD1S (MSB) C31-08 

5-7/5-8 
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SECTION VI 

PARTS LIST 

6-1 SCOPE OF SECTION 

Figures 6·,1 through 6-30 locate and identify all replace
able items in assemblies, subassemblies, c:md modules of 
RAD File Models 9367B and 9367C. Tablles 6-1 through 
6-24 faci litate parts replacement orderin!~. For parts 
identjfication of Power Supply Model PX'13 components, 
consult SDS publication 900001. 

6-2 USE OF TABLES 

The tables are keyed to the parts identification figures 
in this section and to the schematic dia:grams in section 
VIII. Refer to table 6-24 for a list of manufacturer code 
numbers. 

6-3 PARTS BREA KDOWN 

The parts complement of a RAD file installation depends 
on the number of RAD memory units included, the power 
source frequency, and the maximum memory size. A basic 
RAD fi Ie consists of a controller, power protection panel, 
cable assemblies, and RAD memory unit. A RAD fi Ie in
stallation with one RAD memory unit requires all cable 
assemblies except plug module cable assembly P168/P169 
(figure 1-2). A plug module cable assembly P168/P169 is 
required to connect each additional RAD memory unit. The 
RAD memory unit ac supply cable is integral to the RAD 
memory unit. 

Power Supply Model PX13 provides sufficient power for two 
se lecHon units. A one or two RAD memory unit installation 
requires one power supply; a three or four RAD memory unit 
installation needs two power supplies. 

6-1 



SDS 901029 

Table 6-1. RAD Fi Ie Models 9367B and 9367C Replaceable Parts 

I -Fig. & Reference 
Index No. 

Description 
Designator 

Manufacturer Part No. ( 

6-1 Rapid Access Data File Model 9367B SDS * 

6-1 Rapid Access Data Fi Ie Model 9367C SDS t 

6-2 Assembly, Cable, Plug Module SDS 113899 
1?155/P156 (see table 6-2) 

6-3 " 
Assembly, Cable, Plug Module SDS 113902 1 . 

IP157/P158 (see table 6-3) 

6-4 ., Assembly, Cable, Plug Module SDS 113896 
!P159/P160 (see table 6-4) 

6-5 ., Assembly, Cable, Plug Module SDS 116388 
P161/P162 (see table 6-5) 

6-6 · Assembly, Cable, Plug Module SDS 116509 
P168/P169 (see table 6-6) 

6-7 Assembly, Cable, Plug Module SDS 116513 
P170/P171 (see table 6-7) 

6-9 Pane I, Power Protection (see table 6-8) SDS 116989 

6-10 Controller (see table 6-9) SDS 131564 

6-10 RAD Memory Unit (see table 6-10) SDS * · * 
6-11 · RAD Memory Unit (see tClble 6-11) SDS t 

*See table 1-1 for part numbers and model differences. RAD memory unit containing drum used with RAD Fi Ie 
Model 9367B 

tSee table 1-1 for part numbers and model differences. RAD memory unit containing disc used with RAD Fi Ie 
Model 9367C 

**Required for each additional RAD memory unit connl3cted to basic RAD file installation (figure 1-2) 

-
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Table 6-2. Pllug Module Cable Assembly P155/P156 Replaceable Parts 

Fig. & Description! Reference 
Manufacturer Part No. Qty 

Index No. Designator 

6-2 Plug Module Cable Assembly P155/P156 113899 1 
(see table 6-1 for next hi~,her assembly) 

6-2 • Board, printed wiring P155 SDS 100682-016 1 

6- 2 • Board, pri nted wi ri ng P156 SDS 111197-016 1 

6-8 • Diode, SDS 103 (100091) CR 1 thru CR27 3 FD100 27 

6-8 • Inductor, molded, 10 jJh (100342-103) L1 thru L3 41 1537 3 

6-8 • Resistor, 100 ohm, 2%, 1/2w Rl thru R3 96 E009 3 
(100111- 1 01) i 

6-8 • Resistor, 8200 ohm, 2%" 1/2w R4 thru R30 96 E009 27 
(100111-822) 

Table 6-3. Plug Module Cable Assembly P157/P158 Replaceable Parts 

Fig. & Description! Reference Manufacturer Part No. Qty 
Index No. Designator 

6-3 Plug Module Cable Assembly P157/P158 113902 1 
(see table 6-1 for next higher assembly) 

6-3 • Board, printed wiring P157 SDS 100682-026 1 

6-3 • Board, printed wiring P158 SDS 111197-020 1 

6-8 • Diode, SDS 103 (100091) CR1 thru CR11 3 FD100 11 

6-8 • Inductor, molded, 10 jJh (100342-103) CR1 thru CR31 41 1537 31 

6-8 • Inductor, molded, 4.7 jJh (100342-472) CR32 41 1537 1 

6-8 • Resistor, 100 ohm, 2%, 1/2w R1 thru R31 96 E009 31 
(100.111-101) 

6-8 • Resistor, 8200 ohm, 2%, 1/2w R33 thru R43 96 E009 11 
.(100111-822) 

6-8 • Resistor, 47 ohm, 2%, 1/2w R32 96 E009 1 
(100111-470) 
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Table 6-4. PllJg Module Cable Assembly P159/Pl60 Replaceable Parts 

Fig. & Description Reference 
Manufacturer Part No. I 

Index No. Designator 

6-4 Plug Module Cable Assembly P159/Pl60 113896 
(see table 6-1 for next higher assembly) 

6-4 • Boord, printed wiring P159 SDS 100682-020 

6-4 • Board, printed wiring P160 SDS 111197-026 

6-8 • Diode, SDS 103 (100091) CR1 thru CR5 3 FD100 5 

6-8 • Inductor, molded, 10 jJh (l 00342-1 03) Ll thru l40 41 1537 40 

6-8 • Resistor, 100 ohm, 2%, 1/2w R1 thru R40 96 E009 40 
(100111-101) 

6-8 • Resistor, 8200 ohm, 2%, 1/2w R41 thru R43 96 E009 3 
(100111-822) 

Table 6-5. Plug Module Cable Assembly P161/P162 Replaceable Parts 

Fig. & Description Reference Manufacturer Part No. ( 
Index No. Designator 

6-5 Plug Module Cable Assembly P161/P162 116388 
(see table 6-1 for next higher assembly) 

6-5 · Board, pri nted wi ri ng P161 SDS 111197-024 

6-5 • Board, printed wiring P162 SDS 100682-018 

6-8 Diode, SDS 103 (100091) CR 1 thru CR20 3 FD100 

6-8 Inductor, molded, 10 jJh (100342-103) II thru L20 41 1537 , 

6-8 Resistor, 100 ohm, 2%, 1/2w Rl thru R20 96 E009 
, , 

(100111- 1 01) 

6-8 · Resistor, 8200 ohm, 2%, 11/2w R21 thru R40 96 E009 
, . 

(100111-822) 
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Table -6-6. Plug Module Cable:Assembly P168/P169 Replaceable Parts 

-
Fig_ & 

Description " 

Reference Manufacturer Part No. Qty 
Index No. I Designator 

'. 

6-6 Plug Module Cable Assembly Pl68/P169 50S 116509 * 
(see table 6-1 for next hinher assembly) 

6-8 • Board, print\!d wiring Pl68, Pl70 50S 111197-020 1 

6-8 • Board, pri nted wi ri ng P169, P171 50S 111197-018 1 

* Required for each RAD memory unit connected to basic RAD file installation (figure 1-2) 

Table 6-7. Plug Module Cable Assembly P170/P171 Replaceable Parts 
: 

Fig_ & Description 
Reference Manufacturer Part No. Qt}' 

Index No. Designator 

6-7 Plug Modu Ie Cable Assembly Pl70/P171 50S 116513 1 
(see table 6-1 for next higher assembly) 

6-8 • Board, printed wiring P170 50S 111197-020 1 

6-8 • Board, printed wiring P171 50S 111197-018 1 

6-8 i • Resistor, 330 ohm, 2%, 1/2w R1 96 E009 1 

6-8 • Resistor, 47 ohm, 2%, 1/2w R2 thru R14 96 EOO9 13 

6-8 • Inductor, molded, 10 tJh, 10% Ll thru U3 41 1537 13 
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Table 6··8. Power Protection Panel, R~placeable Parts 

Fig. & Description Reference Manufacturer 
Index No. Designator 

6-7 Power Protection Panel (see table 6-1 SDS 
for next higher assembly) 

-1 • Plug, male, 3-contact (106691) Pl, P2 106 

-2 • Transformer, filament, 115v primary, Tl, T2 151 
10v secondary, 4 amp (101126) 

-3 · Resistor, 33 ohm, 2%, lw Rl thru R4 16 
(110996-330) 

-4 • Block, termina I (100094-005) TB1, TB2 219 

Table 6-9. Contr.oller Replaceable Parts 

Fig. & Description Reference 
Manufacturer 

Index No. Designator 

6-10 Controller, (see table 6-1 for NHA) SDS 

6-10-1 · Assembly, chassis SDS 

7-23 · Assembly, 20-modu Ie chassis SDS 

6-10-2 Module, Signal Amplifier AH10 * SDS 

6-10-3 Module, Cable Driver AX14 * SDS · 
6-10-4 Module, Cable Driver AX16 * SDS · 
6-10-5 Module, AND/OR Buffe·r Amplifier * SDS · BH10 

6-10-6 Module, DC Flip-Flop FH19 * SDS · 
6-10-7 Module, Basic Flip-Flop FH20 * SDS · 
6-10-8 Module, Basic Flip-Flop FL21 * SDS 

6-10-9 Module, Diode Gate No. 1 GK51 * SDS · 
6-10-10 Module, AND/OR Inverter IH 10 * SDS 

6-10-11 Module, AND Gate/lnverter IH14 * SDS · 
6-10-12 Module, Relay KX12 * SDS · 
6-10-13 Module, One-Shot Mult"ivibrator OX12 * SDS · 
6-10-14 Module, Primary Power Detector S K60 * SDS · 

*See table 1··5 for reference designations of modules 

-

6-6 

Part No. 

116989 

5266 

P5016 

C-32 

601 

Part No. 

131564 

131823 

101141 

100839 

102853 

114269 

100164 

103134 

105169 

110552 

100246 

100137 

104362 

106327 

103459 

106586 

t 

( 

1 

2 

2 

4 

2 

~ty 

1 

4 

5 

5 

2 

10 

5 

13 

19 

2 

8 

2 
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Table 6-10. RAD Memory Unit With Drum Memory Replaceable Parts 

Fig. & Description I Reference 
Manufacturer Part No. Qty 

Index No. Designator 
-

6-1 RAD Memory Unit (seetclble 6-1 for SDS * 
NHA) 

6-1-1 · Assembly, cabinet SDS 131353 1 

7-24 · Receptacle, male, 5-contact Jl 106 3525 1 

7-24 · · Panel, filter SDS 131642 1 

7-24 · · Fi Iter, air 300 5251 F 2 

6-1-10 · · Plug mo·ld, ac 103 G-20GB 306 1 

7-24 · · Connector, butt 111 320562 1 

6-1-7 · · Assembly, top fan SDS 123943 2 

7-24 Cord, Power SDS 133669 1 

7-24 · Connector, female, 5-contact 364 45000 1 

7-24 Connector, m(lle, 5-contact 364 45000 1 

6-23 · Assembly, Panel, IPower SDS 131365 1 
distribution 

6-23-2 · · · Circuit breakeir, 35 amp, CB2 186 220-235-101 1 
3-pole 

6-23-1 · · Circuit breakeir, 25 amp, CBl 186 195-225-101 1 
2-pole 

6-1-6 · · Power supply PX13 SDS 101270 It 

6-1-8 · Power supply PX14 SDS 101271 1 t 

6-1-9 · Selection unit (see table 6-12 for SDS 129484 1 
breakdown) 

6-1-11 · · Drum memory SDS 127898* 1 

6-25 · · Assembly, cable, circuit breaker SDS 131825 

6-25 · · · Connector, female, 11-pin Pl0l 227 BT06A-18-11S 1 

6-26 · Assembly, cable SDS 133304 1 

6-24 · Assembly, cable, drum matrix SDS 131623 1 

6-24-1 · Connector, male, 50-pin P11, P22 51 57-40500 2 

6-24-2 · · · Connector, m(lle, 75-pin P2, P4 110 MRAC-75P- 2 
JTD-H8 

6-28 · · Assembly, cable, drum clock 132238 J 

6-28-1 · Connector, m(lle, 50-pin P33 51 57-40500 1 

6-28-2 · · · Connector, mClle, 75-pin P3 110 MRAC-75P- 1 
JTD-H8 

------ --

*See table 1-1 for part numbers and mCldel differences 

tNot used in -lX models; see table 1-1 

'"-
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Table 6-1'1. RAD Memory UnitWith Disc Replaceable Parts 

Fig. & 
Index No. 

Description 

6-1 RAD Memory Unit (See table 6-1 
for N HA) 

6-1-1 • As sembly, cabinet 

7-24 

7-24 

7-24 

6-1-10 

7-24 

6-1-7 

• • R eceptacle, male, 5-cI:mtact 

Panel, fi Iter 

Fi Iter, air 

Plug mold, ac 

• • C onnector, butt 

• • A ssembly, top fan 

7-24 .• C ord, power 

7-24 

7-24 

· Connector, female, 5-contact 

· Connector, male, 5-c:ontact 

6-23 •• A ssembly, panel, power distribution 

6-23-2 

6-23-1 

Circuit breaker, 35 amp, 3-pole 

Circuit breaker, 25 amp, 2-pole 

· . s election unit (see table 6-12) 

Power supply 

Power suppl y 

D isc memory 

• • A ssembly, cable 

• • A ssembly, cable, disc matrix 

-
Reference 
Designator -

Jl 

CB2 

CBl 

6-1-9 

6-1-6 

6-1-8 

7-24 

6-26 

6-30 

6-30-1 

6-30-2 

• Connector, female, 50-pin P22, P11 

6-8 

6-29 .• A 

6-29-2 

6-29-1 

6-29-3 

Connector, female, 130-pin 

ssembly, cable, disc c:lock 

Connector, female, 50-pin 

Connector, male, 15-pin 

Hood, connector 

P3 

P7 

P33 

*See table 1-1 for part numbers and model differences 

tNot required in -IX models; see table 1-1 

Manufacturer 

SDS 

SDS 

106 

SDS 

300 

103 

111 

SDS 

SDS 

364 

364 

SDS 

186 

186 

SDS 

SDS 

SDS 

SDS 

SDS 

SDS 

324 

82 

SDS 

324 

51 

51 

Part No. 

* 

131353 

3525 

131642 

5251F 

G-20GB 306 

320562 

123943 

133669 

45000 

45000 

131365 

220-235-101 

195-225-101 

129484 

101270 

101271 

115621 

133304 

131620 

17-830 

8017-130-
000-011 

132240 

17-830 

DASM-15S 

DA-20961 

1 

2 

1 

2 

1 

2 
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Table 6-12. Selection Unit Replaceable Parts 

Fig. l~ Description Reference 
Manufacturer Part No. Qty 

Index t-..!o. Designator 

6-11 Selection Unit (See tablles 6-10 and 6-11 SDS 129484 
for NHA) 

6-11-1 • Assembly, chassis SDS 131393 1 

6-11-2 • • Assembly, 32-modulE~ chassis, upper SDS 104911 1 

6-11-3 • • Assembly, 32-moduIE~ chassis, lower SDS 104912 1 

4-2 • • Block, terminal, molded barrier 51 141 4 

6-11-4 • • Switch, toggle 106 TS-3A 16 

6-11-5 • • Connector, female, 50-pin 51 57-40500 3 

6-11-23 Module, Read Input Control * SDS 131027 1 · . 
AK61 (see table 6-13) 

6-11-.24 Module, Y-Select AK62 * SDS 131029 t · . 
(see table 6-14) 

6-11-10 Module, write driver AK63 * SDS 131031 16 · . 
(see table 6-15) 

6-11-26 Module, index/sector amplifier AK64 * SDS 131043 1 · . 
(see table 6-16) 

6-11-27 Module, write clock lamplifier AK65 * SDS 131047 1 · . 
(see table 6-17) 

6-11-18 Module, cable driver AX14 * SDS 102853 3 · . 
6-11- ~7 Module, AND/OR buffer amplifier * SDS 100164 I · . 

BHlO 

6-11-15 Module, dc flip-flop FH 19 * SDS 103134 I · . 
6-11-7 Module, basic flip-flop FL21 * SDS 110552 4 · . 
6-11-16 Module, gate expandE~r GH 14 * SDS 104431 1 · . 
6-11-21 Module, read preamplifier HK73 * SDS 131035 4 · . 

(see table 6-18) 

6-11-22 Module, limiter HK74 * SDS 131037 4 · . 
(see table 6-19) 

6-11-8 Module, clock discriminator HK75 * SDS 131039 4 · . 
(see table 6-20) 

6-11-9 Module, data decoder HK76 * SDS 131041 4 · . 
(see table 6-21) 

6-11-25 Module, index/sector decoder HK77 * SDS 131045 1 · . 
(see table 6-22) 

6-11-14 Module, AND gate/inverter IL12 * SDS 108075 1 · . 
6-11-20 Module, read-write dE!coder NK59 * SDS 131033 4 · . 

(see table 6-23) 

*See table 1-6 for reference desi!;Inations of modules 
tTwo for -X 1 Models 
Four for -X2 Models 
Eight for -X4 Models 

(Continued) 
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Table 6-12. Selection Unit Replaceable Parts (Cont.) 

Fig. & Description 
Reference 

Manufacturer 
Index No. Designator 

6-11-13 Module, one-shot multi vibrator OX12 * SDS · . 
6-11-12 Module, +4v regulator SX60 * SDS · . 
6-11-11 Module, -8v regu lator SX69 * SDS · . I 

L 
*See table 1-6 for reference designations of modulE~s 

-

Table 6-13. Read Input Control AK61 Replaceable Parts 

Fig. & Description 
Reference 

Manufacturer 
Index No. Designator 

6-12 Read Input Control AK61 SDS 
{See table 6-12 for NHA) 

Capacitor, silver mica, 30 pf, 5%, 300v C1 188 

· Capacitor, tantalum, 1.5 IJf, 2a:>Io, 6v C2 11 

• Capacitor, tantalum, 4.7 IJf, 20%, 50v C3, C4 192 

• Capacitor, ta~talum, 5.6 IJf, 2a:>Io, 15v C5, C6 11 

• Diode, SDS 103 CR1-CR4, CR7, CR8 3 

• Diode, SDS 104 CR5, CR6 3 

· Diode, SDS 101 VR1-VR3 11 

• Resistor, 3.9k, 2%, 1/2w Rl, R4, R6 96 

· Resistor, 18k, 2%, 1/2w R2, 5 96 

· Resistor, 680 ohms, 2%, 1/2w R3 96 

· Resistor, 1k, 2%, 1w R7 16 

• Resistor, 220 ohms, 2%, 1/2w R8 96 

• Resistor, 680 ohms, 2%, 1w R9 16 

· Resistor, 1. 5k, 2%, 1w RlO 16 

• Resistor, 200 ohms, 5%, 1/2w R11 11 

· Transistor, SDS 216 Ql 3 

· Transistor, SDS 201 Q2, Q3 3 

· Transistor, SDS 226 Q4 3 

• Transistor, 5DS 214 Q5 3 

6-10 

Part No. 

103459 

110727 

126999 

Part No. 

131027 

1459 

ECM 

GA901 

ECM 

FD100 

FD-6 

1N746 

E009 

E009 

E009 

C-32 

E009 

C-32 

C-32 

CD 1/2 

S6156 

S6325 

56486 

56262 

e 

( 

1 

:2 

:2 

20 

2 

,6 

.0 

5 

4 

1 

4 

2 
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Table 6-14. V-Select AK62 Replaceable Parts 

Fig. & i Reference 
Index No. 

Description 
Designator 

Manufacturer Part No. Qty 

.-

6-13 V-Select AK62 (See table 6-12 for NHA) 

• Capacitor, tantalum, 4.7 !-If, 20%, 50v el, C2 192 GA901 2 

• Capacitor, tantalum, 5.6 !-If, 20010, 15v C3 11 ECM 1 

• Diode, SDS 103 CR 1-CR7, CR10 3 FD100 30 

• Diode, SDS 104 ,CRB, CR9 3 FD-6 4 

• Diode, SDS 101 VR1, VR2 11 lN746 6 

• Resistor, B.2k, 2%, 1/2w Rl, RB 96 E009 6 

• Resistor, 27k, 2%, 1/2w R2 96 E009 4 

• Resistor, 15k, 2%, 1/2w R3 96 E009 4 

• Resistor, 750 ohms, 2%" 1/2w R4 96 E009 4 

• Resistor, 91 ohms, 2%, 1w iR5 16 C-32 4 

• Resistor, 4. 7k, 2%, 1/2w 'R6 96 E009 4 

· Resistor, 2k, 2%, 1w 'R7 16 C-32 4 

• Resistor, 39k, 2%, 1/2w 'R9 96 E009 2 

• Resistor, 1k, 2%, 1/2w R10 96 E009 2 

• Resistor, 200 ohms, 5%, 1/2w R11 11 CD 1/2 1 

• Transistor, SDS 216 :Ql, Q4 3 S6156 6 

• Transistor, SDS 214 Q2 3 S6262 4 

• Transistor, SDS 226 Q3 3 564B6 4 
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Table 6-1S. Write-Driver AK63 Replaceable Parts 

Fig. & 
Description Reference 

Manufacturer Part No. Qty 
Index No. Designator 

6-14 Write-Driver AK63 (See table 6-12 SDS 131031 
for NHA) 

• Capacitor, tantalum, S. 6 J.lf, 20'/0, lSv C1 11 ECM 

• Capacitor, tantalum, 1 J.lf., 20'10, SOv C2 11 ECM 

• Capacitor, tantalum, 4.7 J.lf, 20%, SOv C3 11 ECM 

• Capacitor, mylar, 4. 7 nf, 10%, 80v C4, C9 192 608 2 

• Capacitor, mylar, 10 nf, '10%, 80v Cl0 192 608 

• Capacitor, mica,22 pf, S%, 300v Cll, C12 188 14S9 2 

• Capacitor, tantalum, 6.8 J.lf, 20'/0, 6v C13 11 ECM 

• Capacitor, mylar, 1 nf, 10%, 80v C14, C1S 192 608 2 

• Diode, SDS 123 CR l-CR3, CR17, 3 FD6 21 
CRS-CR14, CR18, 
CR34-CR37, CR28, 
CR31 

• Diode, SDS 122 CR1S, CR16, 11 GD70 M 
CR19-CR27, CR29 
CR30, CR32, CR38, 
CR39 

• Diode, SDS 101 -~ 3 .. ). V I fw, VR 1- VR3, 11 lN746 '7 
VR7-VR10 

· Diode, SDS 106 5'~" v VR4, VR11, VR12 11 Fl180 ,3 

· Resistor, 2 ohms, 5%, lw Rl, R2, R24 36 BWH :3 

· Resistor, 18k, 2%, 1/2w R3 96 E009 

· Resistor, 1. Sk, 2%, l/w R4, R11, R12 16 C-32 :3 

· Resistor, 10k, 2%, 1/2w R5, Rl0, R13, R22, 96 E009 If 
R23, R33, R37, 
R41, R4S 

· Resistor, 10 ohms, 2%, 1/2w R6, R9, R17, R18 96 E009 4 

.. Resistor, lSk, 2%, 1/2w R7, R8 96 E009 :2 

., Resistor, 71S ohms, 1%, lw R14, R21 36 CES :2 

" Resistor, 619 ohms, 1%, lw R1S, R20 36 CES 2 

(Continued) 
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Table 6-15. Write-DriverAK63 Replaceable Parts (Cont.) 
.-

Fig. & Description 
; Reference Part No. Qty Manu fac turer 

Index No. i Designator 

6-14 • Resistor, 562 ohms, 1%, lw R 16, R19 36 CES 2 
(Cont. ) 

• Resistor, 910 ohms, 2°A), lw R25, R29 16 C-32 2 

• Resistor, 15k, 2%, lw R26, R28 16 C-32 2 

• Resistor, 100 ohms, 2%, lw R27 16 C-32 1 

• Resistor, 470 ohms, 2%, lw R30 16 C-32 1 

• Resistor, 4.7k, 2%, 1/2w R31 96 E009 1 

• Resistor, 6.2k, 2%, 1/2w R32, R36, R40, R44 96 E009 4 

• Resistor, 3.9k, 2%, 1/2w R34, R38, R42, R46 96 E009 4 

• Resistor, 1. lk, 2%, 1/2w R47, R49 96 E009 2 

• Resistor, 1.5k, 5%, 1/4w R50 11 GP 1/4 1 

• Transformer Tl 39 2ZNHA 1 

• Transistor, SDS 238 Ql, Q3-Q6 3 3517 5 

• Transistor, SDS 226 Q2, Q7, Q8 3 S6486 3 

• Transistor, SDS 216 Q9-Q16 3 S6156 8 
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Fig. & 
Index No. 

6-15 

6-14 

5DS 901029 

Table 6-16. Index/Sector Amplifier AK64 Replaceable Parts 

Description 

Index/Sector Amplifier AK64 
(See table 6-12 for NHA) 

Reference 
Designator 

• Capacitor, tantalum, 5. 6 ~If, 20%, 15y Cl, C4 11 

• Capacitor, tantalum, 4. 7 ~If, 200k, 50y C2, C3 11 

· Capacitor, mica, 510 pf, 5%, 300y C5 188 

• Capacitor, mica, 330 pf, 5%, 300y C6 188 

• Capacitor, mylar, 10 nf, '10%, 80y C7, ClO 192 

• Capacitor, mylar, 47 nf, '10%, 80y C8, C9, Cll, C12 192 

• Capacitor, tantalum, 120 rlf, 20%, 15y C13 11 

• Capacitor, mylar, 100 nf, 10%, 80y C14 192 

• Diode, SDS 122 CR5-CR16 11 

· Potentiometer, 2.5k, 10%, 1w R24 35 

• Resistor, 2 ohms, 5%, 1w Rl, R12 36 

• Resistor, 30 ohms, 2%, 1w R2 16 

· Resistor, 390 ohms, 2%, 1/2w R3 96 

" Resistor, 1. 8k, 2%, 1/2w R4 96 

· Resistor, 1 k, 2%, 1/2w R5 96 

· Resistor, 10 ohms, 2%, 1/2w R6, R7 96 

· Resistor, 43 ohms, 2%, 1w Rl1 16 

· Resistor, 1. 5k, 1%, 1/8w R13 36 

· Resistor, 3.01k, 1%, 1/8w R14, R41 36 

· Resistor, 1. Ok, 1%, 1/8w R15, R16, R42 36 

• Resistor, 200 ohms, 1 %, 1/8w R17 36 

.' Resistor, 7.5k, 1%, 1/8w R 18, R 19, R33, R34 36 
R20, R23 

· Resistor, 3.7 4k, 1 %, 1/8w R21, R22 36 

. ' Resistor, 75 ohms, 1%, 1/8w R25, R26 36 

(Conti nued) 

Manufacturer Pa rt No. Q!ry 

131043 

ECM 

ECM 

1459 

1459 

608 

608 

ECM 

608 

GD70 

275P-584 

BWH 

C-32 

E009 

E009 

E009 

E009 

C-32 

CCM 

CCM 

CCM 

CCM 

CCM 

CCM 

CCM 

') 
I.. 

4 

1') 
I.. 

') 
I.. 

') 
I.. 

') 
I.. 

6 

') 
I. • 

') 
J.. 
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Table 6-16. Index/Sector Am~;lifier AK64 Replaceable Parts (Cont.) 
~-

Fig. & Description Reference Manufacturer Part Nd. Qty 
Index No. Designator 

"-
6-15 • Resistor, 18.7k, 1%,1/8w R27, R28 36 CCM 2 

(Cont. ) 
• Resistor, 2.43 ohms, 1%, 1/8w R29, R30 36 CCM 2 

• Resistor, 100 ohms, 1%, 1/8w R31, R32 36 CCM 2 
\ 

• Resistor, 30 ohms, 2%, 1/2w R35, R36 96 E009 2 

• Resistor, 2. 4k, 2%, 1/2w R37, R38 96 E009 2 

• Resistor, 3k, 2%, 1/2w R39, R40, R44 96 E009 3 

• Resistor, 2. 2k, 2%, 1/2w R43 96 E009 J 

· Resistor, 560 ohms, 2%, 1/2w R45 96 E009 1 

• Resistor, 8.2k, 2%, 1/2w R46 96 E009 1 

• Transformer Tl 39 2ZNHA 1 

• Transistor, SDS 230 01 5 4JX12E1348 1 

• Transistor, SDS 231 Q2, Q3 5 4JX121347 2 

• Transistor, SDS 216 04-Q9 3 56156 6 
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Table 6-17. Write Clock Amplifier AK65 Replaceable Parts 

--
Fig. & Description Reference Manufacturer Part No. Qty 

Index No. Designator --
6-16 Write Clock Amplifier AK65 SDS 131047 

(See table 6-12 for NHA) 

" Capacitor, mica, 220 pf, 5%, 300v Cl, C15 188 1459 :2 

., Capacitor, mylar, 47 nf, 10%, 80y C2, C3 192 608 2 

" Capacitor, mica, 10 pf, 5%, 300y C4 188 1459 1 

· Capacitor, mica, 100 pf, 5%, 300y C5, C6 188 1459 2 

• Capacitor, mica, 200 pf, 5%, 300y C7, C8 188 1459 2 

• Capacitor, mylar, 10 nf, 10%, 80y C9-C11, C19-C21 192 608 6 

• Capacitor, mica, 68 pf, 5%, 300y C12 188 1459 1 

• Capacitor, mica, 120 pf, 5%, 300v C13, C14 188 1459 2 

• Capacitor, tantalum, 4.7 iJf, 20010, 50y C16, C17 11 ECM 2 

• Capacitor, tantalum, 5.6 iJf, 20010, 15v C18 11 ECM 1 

• Diode, SDS 122 CR1-CR7, CR9-CRll 11 GD70 10 

• Diode, SDS 123 CR8 3 FD6 I 1 

• Diode, SDS 132 VRl, VR2 1 lN936 2 

• Inductor, molded, 47 iJh, 5% L 1, L2, L3 41 1537 3 

· Inductor L5 1 

• Inductor, molded, 330 iJh, 5% L6 41 1537 1 

• Resistor, 1.5k, 2%, 1/2w Rl, R2 96 E009 2 

• Resistor, lk, 1%, 1/8w R3, R7 36 CCM 2 

• Resistor, 10 ohms, 5%, 1/4w R4, R5, R51 11 GP 1/4 3 

• Resistor, 3.01 k, 1%, 1/8w R6, R9-R12 36 CCM 5 

• Resistor, 20 ohms, 2%, 1/2w R8 96 EOO9 1 

• Resistor, 100 ohms, 5%, 1/4w R 13, R43, R49 11 GP 1/4 3 

• Resistor, 3. 57k, 1%, l/Bw R14, R15, R21, R22 36 CCM 4 

• Resistor, 5. 11k, 1%, 1/8w R16, R19 36 CCM 2 

• Resistor, 2k, 1%, 1/8w R17, R18 36 CCM 2 

(Continued) 
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Table 6-17., Write Clock AmpHfier AK65 Replaceable Parts (Cont.) 

Fig. & Description Reference 
Manufacturer Part No. Qty 

Index No. 
! 

Designator 

6-16 • Resistor, 75 ohms, 5%, 1/4w R20 11 GP 1/4 1 
(Cont. ) 

• Resistor, 511 ohms, 1%, 1/8w R23, R24 36 CCM 2 

• Resistor, 51 ohms, 5%, 1/4w I R25 11 GP 1/4 1 

• Resistor, 2.61 k, 1%, 1/8w R26, R27, R60, R61 36 CCM 4 

• Resistor, 10k, 2%, 1!2w R28, R29, R41 96 E009 3 

• Resistor, 51k, 2%, 1/2w R30 96 E009 1 

• Resistor, 15k, 2%, 1/2w R31 96 E009 1 

• Resistor, 200 ohms, 5%, 1/4w R32 11 GP 1/4 1 

• Resistor, lk, 5%, 1/4w R33 11 GP 1/4 1 

• Resistor, 47 ohms, 5%" 1/4w R34, R37, R45, 11 GP 1/4 5 
: R50, R52 

• Resistor, 5.1k, 2%, 1/2w R35, R36, R42 96 E009 3 

• Resistor, 6.8k, 2%, 1/2w R38 96 E009 1 

• Resistor, 150 ohms, 2%, 1/2w R39, R62 96 E009 2 

• Resistor, 100 ohms, 2%, 1/2w R40 96 E009 1 

• Resistor, 390 ohms, 2%, 1/2w R44, R54 96 E009 2 

• Resistor, 2.4k, 2%, 1/2w R46, R55 96 E009 2 

• Resistor, 820 ohms, 2%" 1w R47 16 C-32 1 

• Resistor, 510 ohms, 5%" 1/4w R48 11 GP 1/4 1 

• Resistor, 8.2k, 2%, 1/2w R53 96 E009 1 

• Resistor, 5.6k, 5%, 1/4w R56 11 GP 1/4 1 

• Resistor, 2k, 5%, 1/4w R57, R58, R59 11 GP 1/4 3 

Transformer Tl 39 2ZNHA 1 

• Transistor, SOS 230 Ql 5 4JX12E1347 1 

· Transistor, SOS 231 Q2, Q6 5 4JX12E1348 2 

• Transistor, SDS 222 Q3, Q4 3 515099 2 

• Transistor, S05 216 Q7, Q9, Q13, Q14 3 56156 4 

• Transistor, 505 219 :010, Qll, Q8, Q12 3 57411 4 
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Table 6-·18. Read Amplifier HK73 Replaceable Parts 

--
Fig. & Description Reference Manufacturer Part No. GHy 

Index No. Designator .-
6-17 Read Amplifier HK73 SDS 131035 

(See table 6-12 for NHA) 

• Capacitor, mylar, 200 nf, 10%, 80v C2 192 608 1 

• Capacitor, tantalum, 5.6 pf, 20010, 15v C3, C4 11 ECM "I i., 

• Capacitor, mylar, 47 nf, 10%, 80v C5, C7 192 608 "'I i.. 

· Capacitor, mica, 4.7 pf, 5%, 300v C8, Cll 188 1459 1'1 
.I.. 

Capacitor, mica, 100 pf, 5%, 300v C9, ClO 188 1459 1'> 
.I.. 

• Diode, SDS 134 CR1-CR40 11 TID44 40 

· Inductor, molded, 47 jJh, 5% Ll-L3 41 1537 :1 
• Resistor, 10 ohms, 2%, lw Rl 16 C-32 " 

" Resistor, 62 ohms, 2%, lw R2 16 C-32 " 

" Resistor, 210 ohms, 5%, 1/4w R3, R4, R5 11 GP 1/4 :3 
" Resistor, 1. 47k, 1%, 1/8"" R7, R 10, R 13, 36 CCM ,-

.) 

R27, R28 

" Resistor, 2. 43k, 1%, 1/8w R8, R22, R23, 36 CCM ,-
.) 

R31, R32 

,. Resistor, 681 ohms, 1%, 1/8w R9 36 CCM J 

,. Resistor, 3.01k, 1%, lw Rll, R 12, R41, R42 36 CES 4 

, Resistor, 75 ohms, 1%, 1/8w R14, R15, R20, R21 36 CCM 4 

· Resistor, 1.5k, 1%, 1/8w R16, R19 36 CCM :2 

• Resistor, 1.5k, 1%, lw R 17, R18 36 CES :2 

• Resistor, 10 ohms, 5%, 1/4w R24, R25 11 GP 1/4 :2 

• Resistor, 3.01k, 1%, 1/8w R26, R29 36 CCM :2 

• Resistor, 300 ohms, 2%, '1/2w R30 96 E009 1 

• Resistor, 750 ohms, 1%, 1/8w R33, R34 36 CCM :2 

• Resistor, 121 ohms, 1%, '1/8w R35, R37 36 CCM 2 

• Resistor, 3.57k, 1%, 1/8w R36, R38 36 CCM 2 

• Resistor, 30 ohms, 2%, 1/2w R39, R40 96 E009 2 

• Resistor, 75 ohms, 2%, 1/2w R43, R44 96 E009 2 

• Resistor, 2k, 5%, 1/4w R45, R46, R47 11 GP 1/4 3 

• Transistor, SDS 230 Ql 5 4JX12E1347 1 

• Transistor, SDS 231 Q2, Q3 5 4JX12E1348 2 

• Transistor, SDS 216 Q4-Q8 3 56156 5 
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lrable 6-19. Limiter HK74 Replaceable Parts 

'-
Fig. &. I Reference 

Index No. 
Description 

Designator 
Manufacturer Port No. Qty 

6-1B Limiter HK74 (See table 6-12 for NHA) SDS 131037 

• Capacitor, mylar, 10 nf, 10%, BOy :C1 192 608 1 

• Capacitor, tantalum, 4.7 tJf, 20010, 50y ;C3 192 GA901 " 

• Capaci tor, mylar, 47 nf, 10%, BOy C4 192 608 1 

Capacitor, tanta I um, 1. 5tJf, 20010, 6y C5 11 ECM 1 
1 

• Diode, SDS 134 iCR1-CR7 11 TI044 7 

• Resistor, 6BO ohms, 5%" 1/4w 'R1 11 GP 1/4 1 

• Resistor, 3.01 k, 1%, 1w IR2 36 CES 1 

• Resistor, 1k, 1%, l/Bw R3, R12, R13 36 CCM 3 

• Resistor, 1.21k, 1%, 1w R4-R7 36 CES 4 

• Resistor, 300 ohms, 2%, 1/2w RB 96 E009 1 

Resistor, 2.43k, 1%, l/Bw R9, R10 36 .CCM 2 

· Resistor, 2. Ok, 1%, 1w R11, R14 36 CES 2 

• Resistor, 200 ohms, 2%, 1/2w R15, R2B, R29, 96 E009 5 
~3B, R40 

• Resistor, 4.64k, 1%, l/Bw R 16, R 17, R33, R34 36 CCM 4 

• Resistor, 10 ohms, 5%, 1/4w R1B, R19, R30, R31 11 GP 1/4 4 

• Resistor, 1.82k, 1%, 1w ~20, R23 36 CES 2 

• Resistor, 357 ohms, 1 %, l/Bw R21, R22 36 CCM 2 

• Resistor, 68. 1 ohms, 1%, l/Bw R24, R25 36 CCM 2 

• Resistor, 4.32k, 1%, l/Bw R26, R27 36 CCM 2 

• Resistor, 20 ohms, 2%, 1/2w R32, R37, R39 96 E009 3 

• Resistor, 1 • Bk, 2%, 1/2w R35, R36 16 C-32 2 

• Resistor, 10 ohms, 2%, 1/2w R41 96 E009 1 

• Transformer T1 39 1ZMHA 1 

• Transistor, SOS 230 Q1 5 4JX12E1347 1 

• Transistor, SOS 231 Q2 5 4JX12E134B 1 

· Transistor, SOS 216 Q3-QB 3 S6156 6 
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Table 6-20. Clock Discriminator HK75 Replaceable Parts 

Fig. & Description Reference Manufacturer 
Index No. Designator 

6-19 Clock Discriminator HK75 (See table 6-12 SDS 
for NHA) 

• Capacitor, tantalum, 5.6 I-'f, 20010, 15v Cl, C2 11 

• Capaci tor, mica, 100 pf, 5%, 300v C3, C4, C6, C12, 188 
C13 

• Capacitor, mica, 220 pf, 5%, 300v C5 188 

• Capacitor, mylar, 10 nf, '10%, 80v C7, C8, Cl0 192 

• Capacitor, tantalum, 1.5 I-'f, 20010, 6v C9 11 

· Capacitor, mica, 47 pf, 5%, 300v Cll, C14 188 

• Diode, SDS 122 CR1-CR7 11 

• Diode, SDS 101 YR.1 11 

• Inductor, molded, 47 I-'h, 5% L l-L3 41 

• Potentiometer, 50k, 10%, lw R26 35 

• Potentiometer, 5k, 1 ()o1a, 1w R28 35 

• Resistor, 2 ohms, 5%, 1 w R1, R2 36 

· Resistor, 300 ohms, 2%, 1/2w R3, R4 96 

• Resistor, 330 ohms, 2%, 1/2w R5, R6 96 

• Resistor, 243 ohms, 1%, 1/8w R7 36 

• Resistor, 68 ohms, 2%, 1/2w R8, R9 96 

• Resistor, 649 ohms, 1%, 1/8w Rl0 36 

• Resistor, 430 ohms, 2%, 1/2w R 11 96 

• Resistor, lk, 1%, 1/8w R12, R 17, R33 36 

• Resistor, 6.2k, 2%, 1/2w R13 96 

• Resistor, 332 ohms, 1%, 1/8w R14 36 

• Resistor, 619 ohms, 1%, 1/8w R15 36 

• Resistor, 357 ohms, 1%, 1/8w R16 36 

· Resistor, 33 ohms, 2%, 1/2w R18, R20, R21 96 

• Resistor, 12k, 2%, 1/2w R19 96 

• Resistor, 2.2k, 2%, 1/2w R22 96 

• Resistor, 10k, 2%, 1/2w R23 96 

• Resistor, 820 ohms, 2%, 1/2w R24 96 

• Resistor, 2. 7k, 5%, 1/4w R25 11 

• Resistor, 2k, 5%, 1/4w R27, R36, R37 11 

• Resistor, 681 ohms, 1%, 1/8w R29, R31 36 

• Resistor, 100 ohms, 1%, 1/8w R30 36 

(Continued) 
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Part No. 

131039 

ECM 

1459 

1459 

608 

ECM 

1459 

GD70 

lN746 

1537 

275P-584 

275P-584 

BWH 

E009 

E009 

CCM 

E009 

CCM 

E009 

CCM 

E009 

CCM 

CCM 

CCM 

EOO9 

E009 

E009 

E009 

E009 

GP 1/4 

GP 1/4 

CCM 

(CM 

2 

5 

1 

3 

2 

7 

3 

1 

2 

2 

2 

1 

2 

3 

3 

3 
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Table 6-20. Clock Discriminator HK75 Replaceable Parts (Cont.) 

Fig. &. Description Reference Manufacturer Part No. Qty 
Index No. Designator 

6-19 • Resistor, 3.01k, 1%, l/Bw R32 CCM 36 1 
(Cont. ) 

• Resistor, 560 ohms, 2%, 1/2w R34 E009 96 1 

• Transistor, 505 219 Q1-QB, Q11, Q12 57411 3 10 

• Transistor, 505 216 Q9, Q1O, Q13, 56156 3 4 
Q14 

I 
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Table 6-21. Data D€!coder HK76 Replaceable Parts 

r---------~---------------------------------~--------------~----------------~----------~---.--
Fig. & 

Index No. 

6-20 

6-22 

Description 

Data Decoder HK76 (See tClble 6-12 
for NHA) 

Reference 
Designator 

• Capacitor, mylar, 100 nf, 10010, 80v Cl 

• Capacitor, tantalum, 5.6 IJf, 2a'1o, 15v C2, C4 

• Capacitor, tantalum, 6.8 IJf, 20%, 6v C3 

• Capacitor, mylar, 10 nf, '10%, 80v C5 

· Capacitor, mica, 100 pf, 5%, 300v C7 

• Diode, SDS 122 

• Integrated circuit, SDS 307 

· Resistor, 2 ohms, 5%, lw 

• Resistor, 3.32k, 1%, 1/8w 

• Resistor, 432 ohms, 1%, 1/8w 

· Resistor, 2.2k, 2%, 1/2w 

• Resistor, 560 ohms, 2%, 1/2w 

• Resistor, 330 ohms, 2%, 1/2w 

· Resistor, lk, 2%, 1/2w 

• Resistor, 18k, 2%, 1/2w 

• Resistor, 680 ohms, 2%, 1/2w 

• Resistor, 2.7k, 2%, 1/2'11 

• Resistor, 1k, 1%, 1/8w 

• Resistor, 619 ohms, 1%, 1/8w 

• Resistor, 332 ohms, 1%, 1/8w 

• Resistor, 20 ohms, 2%, 1/2w 

• Resistor, 2.61k, 1%, 1/8w 

• Transistor, SDS 216 

· Transistor, SDS 219 

CR l-CR 19 

Al, A2 

Rl, R2, R3 

R4, R5, R28 

R6 

R7, R8, R11, 
R12, R13 

R9, Rl0, R25, 
R26, R27, R32 

R14, R15 

R 16, R 17, R24, 
R37, R38 

R18, R21 

R19, R20, R36 

R22, R23 

R29 

R30 

R31 

R33 

R34 

Q1-Q4, Q7, Q8, 
Ql1, Q12 

Q5, Q6, Q9, QlO 

Manufacturer 

5DS 

192 

11 

11 

192 

188 

11 

3 

36 

36 

36 

96 

96 

96 

96 

96 

96 

96 

36 

36 

36 

96 

36 

3 

3 

Pa rt No. Q:ty 

131041 

608 

ECM 

ECM 

608 

1459 

.--

1 

2 

1 

1 

1 

GD70 19 

U5S 114959X i 2 

BWH 

CCM 

CCM 

E009 

E009 

E009 

E009 

E009 

E009 

E009 

CCM 

CCM 

CCM 

E009 

CCM 

S6156 

S7411 

3 

3 

1 

5 

6 

2 

-5 

2 

3 

2 

1 

1 

1 

1 

1 

8 

4 



Fig. & 
Index No. 

6-21 

SD~ 901029 

Table 6-22. Index/Sector:Decoder HK77 Replaceable Parts 
! 

Description 

Index/Sector Decoder HK77 
(See table 6-12 for NHA) 

• Capacitor, tantalum, 5.6 fJf, 20010, 15v 

• Capacitor, tantalum, 6 .. 8 fJf, 20010, 6v 

• Capacitor, mylar,lO nf, 10%, 80v 

• Capacitor, mica, 2.2 pf, 5%, 300v 

• Capacitor, mylar, 1 nf, 10%, 80v 

• Capacitor, mica, 470 pf,5%, 300v 

• Capacitor, tantalum, 4.7 fJf, 20010, 50v 

• Diode, SDS 122 

• Diode, SDS 101 

• Integrated circuit, SDS 307 

· Resistor, 2 ohms, 5%, 11w 

· Resistor, 750 ohms, 2%" 1/2w 

· Resistor, 2.2k, 2%, 1/2w 

• Resistor, 1. 65k, 1 %, 1/8w 

• Resistor, 1.5k, 2%, l/:2w 

• Resistor, 3.9k, 2%, l/:2w 

• Resistor, 51 ohms, 2%, 1/2w 

• Resistor, 1.8k, 2%, 1/2w 

· Resistor, 680 ohms, 2%" 1/2w 

• Resistor, 3.57k, 1%, 1/8w 

• Resistor, 10k, 2%, 1/2w 

· Resistor, 330 ohms, 2%, 1/2w 

• Resistor, lk, 2%, 1/2w 

· Resistor, 820 ohms, 2%, 1/2w 

• Transistor, SDS 216 

• Resistor, 2.7k, 2%, 1/2w 

C1 

C2 

Reference 
Designator 

C3, C7 

C4 

C5 

,C6 

C8, C9 

;CR1-CR26 

VR1-VR4 

A1, A2 

Rl, R2 

R3, R27 

R4, R22-R25, 
R29-R32 

R5 

R6, R14 

R7, R15, R37, R38 

R8, R13, R20 

R9, R17, R40, R43 

R 10, R21, R 18, 
R41, R44 

R12 

R16, R39, R32, R46 

R26, R33, R34 

R28, R35, R36 

R45 

Ql-Q12 

R19 

Manufacturer 

SDS 

11 

11 

11 

188 

192 

188 

11 

11 

11 

3 

36 

96 

96 

36 

96 

96 

96 

96 

96 

36 

,96 

96 

96 

96 

3 

96 

Part No. Qty 

131045 

ECM 1 

ECM 1 

608 2 

1459 1 

608 1 

1459 1 

ECM 2 

GD170 26 

1 N746 4 

U5S 114959X 2 

BWH 2 

E009 2 

E009 9 

CCM 1 

E009 2 

E009 4 

E009 3 

E009 4 

E009 5 

CCM 1 

E009 4 

E009 3 

E009 3 

E009 1 

S6156 12 

E009 1 
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Fig. & 
Index No. 

6-22 

Code No. 

1 

3 

11 

13 

16 

35 

41 

48 

51 

79 

96 

103 

104 

105 

106 

110 

130 

151 

188 

191 

219 

227 

341 

364 

SDS 

SDS 901029 

Table 6-23. Read/Write Coupler NK59 

Description 
Reference 

Manufacturer ·Part No. 
Designator 

Read/Write Coupler NK59 SDS 

'. Diode, SDS 134 CR1-CR8 11 TID44 

. Resistor, 10 ohms, 5%, 1/4w R2, R4 11 GP 1/4 

. Resistor, 560 ohms, 5%, 1'/4w R3, R5 11 GP 1/4 

, Transformer Tl 39 lZMHA 

Tuble 6-24. Manufacturer Supply Codes 

Name 

Motorola Semiconductor Products, Inc. 

Fairchi Id Semiconductor 

Texas Instruments, Inc. 

TRW Semiconductors, Inc. 

Corning Glass Works 

Bourns, Inc. 

Delevan Electronics Corp. 

Littelfuse, Inc. 

Cinch Manufacturing Co. 

Allied Control Co. 

Amperex Electronics Corp. 

The Wiremold Co. 

Dialight Corp. 

Heinemann Electric Co. 

Arrow-Hart & Hegem'Jn Electric Co. 

Winchester Electronics Corp. 

C. P. Clare & Co. 

Stancor Electronics, Inc. 

Aerovox Corp., New Bedford Div. 

Dearborn Electronics, Inc. 

Ku Ika Electric Corp. 

Burndy Corp. 

ITT Industria I Product's 0 iv. 

Hubbell 

Scientific Data Systems, Inc. 

Address 

P. O. Box 2953, Phoenix, Ariz. 85002 

313 Fairchild Dr., Mountain View, Calif. 94041 

P. O. Box 6015, Da lias, Tex. 75222 

14520 Aviation Blvd., Lawndale, Calif. 

550 High St., Bradford, Pa. 

1200 Columbia Ave., Riverside, Calif. 

270 Quaker Rd., E. Aurora, N. Y. 14052 

800 E. Northwest Hwy., Des Plains, III. 

1026 S. Homan Ave., Chicago, III. 60624 

2 E. End Ave., New York, N. Y. 10021 

230 Duffy Ave., Hicksvi lie, N. Y. 11802 

Hartford, Conn. 

60 Stewart Ave., Brooklyn, N. Y. 11237 

2636 Brunswick Pike, Trenton, N. J. 08602 

103 Hawthorne St., Hartford, Conn. 

Main & Hi IIside Aves., Oakvi lie, Conn. 06779 

3101 Pratt Blvd., Chicago, III. 

3501 W. Addison, Chicago, III. 

740 Belleville Ave., New Bedford, Mass. 02741 

P. O. Box 350, Orlando, Fla. 

633 S. Fulton Ave., Mt. Vernon, N. Y. 10551 

Norwa Ik, Conn. 06854 

15151 Bledsoe, San Fernando, Calif. 

Bridgeport, Conn. 06602 

1649 Seventeenth St., Santa Monica, Ca lif. 90404 

I Q1y 

32 

:3 

4 

~-------------~--------------------------------------~---------------------------------------------.--
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Figune 6-1. RAD Fi Ie Model 9367B/C Parts Location 

6-25/6-26 
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NOTE: REFERENCE 5DS DWG: 113899-10 
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o 

Figure 6-2. Plug Module Cable Assembly 
P155/P156 Parts Location 

900613A.617 
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PARTS LOCATION PARTS LOCA nON PARTS LOCATION 

MODUU PISS MODUU P157 MODULE PI59 

DIODES DIODES DIODES 

cm (3*50) CRI3 (31 *78) CRIO (1 +I- 048) CM (7*54) CR3 (14+1-61) CR4 (199+1-156) CR20 
CIt26 (15 +I- 62) CR12 (32 +1-79) CR9 (2 +I- 49) CR3 ( 8 +I- 55) CR2 (15+1-62) CRS (192+1- 149) CRI9 
CR25 (16 *63) CR11 (33 +I- 80) CRB (3 +I- 50) CR2 (9 +1-56) CRI (16+1-63) CRI8 
CR2-4 (20 ..... 67) CR10 (34 ..... 81) CRl (4 +I- 51) CRI (10 ..... 57) CR17 
CR23 (21 +I- 68) CJt9 (35 ...... 82) CR6 (5 +I- 52) CR12 (I2 ..... 59) CR16 
em (22 +I- 69} CRS (36"* 83) CRS (6 +1-53) CiilJ (13*60) INDUCTORS CRl5 
CR21 (23 +I- 70) CRl (37 +I- 84) CR14 
CR20 (2-4 +I- 71) CR6 (38 +I- 85) L40 (1 - 48) L20 {24 - 71) CR13 
CRI9 (2S +I- n) CRS (39 +I- 86) INDUCTORS l39 {2 - 49) 119 {25 - 72) CR12 
CRIB (26 ~ 73) CR4 (-40 +I- 87) 138 (3 - SO) ll8 (26 - 73) CR11 
CRI7 I;l7 +I- 74) CR3 (41 +f- SS) l32 (11 - 58) L15 (29 - 76) l37 (4 - 51) 117 (27 - 74) 
CRI6 (28 +f- 75) CR2 (-42 +I- 89) l30 (I4 - 61) 114 (3O - 77) L36 (5 - 52) 116 (28 - 75) 
CRI5 (29 +I- 76) CRI (43 ..... 90) l28 (16 - 63) 113 (31 - 78) l35 (6 - 53) ll5 (29 - 76) 
CRI-4 (30 +I- 71) L27 (17 - 64) 112 (32 - 79) L34 (7 - 54) 114 (30 - 77) 

126 (18 - 65) Lll (33 - 80) l33 (8 - 55) 113 (31 - 78) ll9 
125 (l9 - 66) llO (34 - 81) l32 (9 - 56) U2 (32 - 79) US 

INDUCTORS 124 (20 - 67) L9 (35 - 82) l31 (10 - 57) III (33 - 80) Ll7 
123 (21 - 68) L8 (36 - 83) l30 (11 - 58) llO (34 - 81) Ll6 

13 (I - 4) 1I (13 - 60) 122 (22 - 69) L7 (37 - 84) 129 (12 - 59) L9 (35 - 82) lI5 
12 (8 - 55) 121 (23 - 70) L6 (38 - 85) l28 (13 - 60) L8 (36 - 83) L14 

l20 (24 - 71) l5 (39 - 86) 127 (17 - 64) L7 (37 - 84) L13 
L19 (2S - n) L4 (40 - 87) 126 (18 - 65) L6 (38 - 85) L12 

RESISTORS 1I8 (26 - 73) 13 (41 - 88) L25 (19 - 66) l5 (39 - 86) Lll 
117 (27 - 74) 12 (42 - 89) 124 (20 - 67) L4 (40 - 87) L10 

R3 ( 1 - .ca) RI8 (233 - 190) L16 (28 - 75) II (.43 - 90) [23 (21 - 68) !..3 (41 - 88) 
R2 ( B - 55) R17 (194 - 151) 122 (22 - 69) 12 (42 - 69) 
Rl ( 13 - 60) R16 (206 - 163) 121 (23 - 70) 1I (43 - 90) 
R30 (207 - 164) R15 (212 - 169) RESISTORS 

R29 (211 - 168) RI4 (214 - 171) R29 

R28 (213 - 170) RI3 (216 - 173) R38 (192 - 149) R20 (24 - 71) RESISTORS R39 

R27 (215 - 172) R12 (218 - 175) R43 (193 - 150) R19 (25 - 72) R28 

R26 (217 - 174) Rll (220 - 177) 137 (194 - 151) R18 (26 - 73) R43 (162 - 205) R21 (23 - 70) R38 

R25 (219 - 176) RIO (222 - 179) R42 (195 - 152) R17 (27 - 74) R42 (163 - 2(6) R20 {24 - 71) R27 

R24 (221 - 178) R9 (224 - 181) R36 (196 - 153) R16 (28 - 75) R41 (164 - 207) R19 (25 - 72) R37 

R23 (223 - 180) Jt8 (226 - 183) R41 (197 - 154) RI5 {29 - 76) R40 (J - 48) R18 (26 - 73) R26 

R22 (225 - 182) Rl (228 - 185) R35 (198 - 155) R14 (30 - 77) RJ9 (2 - 49) R17 (27 - 74) R36 

R21 (227 ~ 184) It6 (230 - Ian R40 (199 - 156) !t13 (31 - 711) R38 (3 - 50) R16 (21) - 75) R25 

R20 (229 - 186) RS (232 - 189) R34 (200 - 157) R12 (32 - 79) 137 (4 - 51) R15 {29 - 76) R35 

R19 (231 - ISS) R4 (234 - 191) R39 {201 - 158) Rll (33 - 80) R36 (5 - 52) R14 (30 - 77) RI9 
R33 {204 - 161) RIO (34 - 81) R35 (6 - 53) R13 (31 - 78) RI8 
R32 ( lJ - 58) R9 (35 - 82) R34 (7 - 54) R12 (32 - 79) RI7 
R29 ( 14 - ~- R8 (36 .., 83) 133 (8 - 55) RlJ (33 - 80) RI6 
R28 ( 16 - Rl (37 - 84) R32 (9 - 56) RIO (34 - 81) RI5 
R27 ( 17 - 61, R6 (38 - 85) RJI (10 - 57) R9 (35 - 82) RI4 

PARTS LOCATION R26 ( 18 - . ..5) R5 (39 - 86) 130 (ll - 58) R8 (36 - 83) RI3 
R25 ( 19 - 66) R4 (40 - 87) R29 (12 - 59) Rl (37 - 84) RI2 

MODUU P160 R24 ( 20 - 67) RJ (41 - 88) R28 (13 - 60) R6 (38 - 85) RII 
R23 (21 - 68) R2 (42 - 89) R27 (17 - 64) RS (39 - 86) RIO 

DIODES R22 (22 - 69) Rl (43 - 90) R26 (18 - 65) R4 (40 - 87) 
R21 ( 23 - 70) R25 (19 - 66) R3 (41 - 88) 

CR2 (192 +f-149) R24 {20 - 67) R2 (42 - 89) 

CRI (199 +1-156) R23 (21 - 68) Rl (43 - 90) 
R22 (22 - 69) 

PARTS LOCATION 

MODULE P170 

RESISTORS INDUCTORS 

RI (197 - 154) R8 (32 - 79) 11 ( 6 - 53) L8 (33 - 80) 
R2 ( 6 - 53) R9 (33 - 80) 12 (22 - 69) L9 (34 - 81) 
R3 (22 - 69) RIO (34 - 81) L3 {28 - 75) Ll0 (40 - 87) 
R4 (28 - 75) RII (40 - 87) L4 (29 - 76) III (41 -SS) 
R5 (29 - 76) RI2 (41 - SS) l5 (30 -77) 112 (42 - 89) 
R6 (30 - 77) RI3 (42 - 89) l6 (31 -78) L13 (43 - 90) 
R7 (31 - 78) RI4 (43 - 90) L7 (32 -79) 

NOTE: REFERENCE SDS DWG: l00611B 

PARTS LOCATION 

MODULE PI61 

192 149 100 
DIODES 193 150 

194 151 102 
195 152 

196 153 104 
197 154 

r--- 198 155 106 
199 !~6 

200 157 108 
201 158 

202 159 110 
203 160 

204 161 112 

(23 +1-70) CR10 (33+1-S0) 
(24 +1-71) CR9 (34+1-81) 
(25 +1-72) CRB (35+1-82) 
(26 +1-73) CRl (36 ..... 83) 
(27*74) CR6 (37 ..... 84) 
(28 +t-75) CRS (38+t-85) 
(29 +1-76) CR4 (39+1-86) 
(30+1-77) CRJ (40+1-87) 
(31 +1-78) CR2 (41+1-88) 
(32 +1-79) CRI (42+1-89) 

205 162 
206 163 114 INDUCTORS 

207 164 
208 165 116 

209 166 
210 167 118 

211 168 
212 169 120 

213 170 
214 171 122 

215 172 
216 173 124 

217 174 

( I - 48) L9 (11 - 58) 
( 2 - 49) L8 (12 - 59) 
( 3 - 50) L7 (13 - 60) 
( 4 - 51) L6 (14 - 61) 
( 5 - 52) L5 (15 - 62) 
(6 - 53) L4 (16 - 63) 
( 7 - 54) l3 (17 - 64) 
(8 - 55) L2 (18 - 65) 
( 9 - 56) L1 (19 - 66) 
(10 - 57) L20 (20 - 67) 

218 175 126 
RESISTORS 219 176 

220 177 128 
221 178 

222 179 130 
223 180 

224 181 132 
225 182 

226 183 134 
227 184 

228 185 136 
229 186 

230 187 138 
231 188 

232 189 140 
233 190 

234 191 142 

(171 - 214) R24 (181 - 224) 
(172 - 215) R34 (182 - 225) 
(173 - 216) R23 (183 - 226) 
(174 - 217) R33 (184 - 227) 
(175 - 218) R22 (185 - 228) 
(176 - 219) R32 (186 - 229) 
(177 - 220) R21 (187 - 230) 
(178 - 221) R31 (1SS - 231) 
(179 - 2£2) R;10 (l89 - 232) 
(l80 - 223) R30 (190 - 233) 
( 1 - 48) R9 ( 11 - 58) 
( 2 - 49) RB ( 12 - 59) 
( 3 - 50) R7 ( 13 - 60) 
( 4 - 51) R6 ( 14 - 61) 
( 5 - 52) RS ( 15 - 62) 
( 6 - 53) R4 ( 16 - 63) 
( 7 - 54) R3 ( 17 - 64) 
( 8 - 55) R2 ( 18 - 65) 
( 9 - 56) RI ( 19 - 66) 
( 10 - 57) R40 (20 - 67) 10....-.. 
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15 
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117 65 18 

19 
119 67 20 

21 
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!25 73 26 CONNECTOR 

27 
127 75 28 END 

29 
129 77 30 
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SDS 901029 Paragraphs 7-1 to 7-4 

SECTION VII 

DRAWINGS 

7-1 DOCUMENTATION SOURCES 

The documentation package accompanying 01 RAD file in
cludes a complete set of manufacturing drawings, this 
technical manual, and selected documents fmm the List of 
Related Publications. This section of the mcmual contains 
wirelists, schematic diagrams, installation drawings, and 
assembly drawings (figures 7-1 through 7-25). 

7-2 WIRELISTS 

7-3 Wirelis't Format! 

Table 7-1 relates RAD fi Ie equipment by part number to a 
specific wirelist document. For the controilier and the 
selection unnt, the wirelists provide information in several 
formats to simplify signal tracing. The basic:: information 
provided is the location of all points in the assembly asso
ciated with a specific signal mnemonic. Signals are listed 
alphabetically by the three-character mnemonic, suffix, 
and prefix. A list of three-character mnemonics in the 
controller and selection unit, and a description of the 
relation between three-character mnemonic:s and five
character mnemonics are included in section VIII. 

Wirelist data formats are illustrated in figun~ 7-1. For each 
signal, the wirelist provides the following information: 

CHASSIS LOCATION The chass'is of the assem
bly (A, B,r C, or D for 
the contrc)ller; A or B 
for the selection unit) 

MODULE LOCATION 

PIN LOCATION 

MODULE NAME 

7-4 Signal Tracing 

The location of the module 
in the chassis 

The connector pin to which 
the designated signal is fed 

The module type inserted 
at the location 

The entry for signal (A, figure 7-1) shows that signal 
BK06A is connected between chassis A, location J37, pin 
5, and chassis A, location J43, pin 43. The module in 
location J43 is a basic flip-flop FH20. The module in 
location J37 is an AND/OR buffer amplifier BH10. 

The wirelist data shown in paragraph 7-3 is categorized 
three ways: a. All signals are listed; b. A list of all 
signals in each chassis is provided; and c. A list of all 
signals crossing from one chassis to another is provided 
for each chassis (B, figure 7-1). 

A dictionary listing provided for each chassis (C, fig
ure 7-1) is a matrix with each possible pin number as
signed to a horizontal row, and each possible location 
number assigned to a vertical column. Each cell of the 
matrix shows the signal connected to the corresponding 
location and pin. If no signal is connected to a pin at 
a particular location, the corresponding cell of the matrix 
is blank. Each column of the matrix thus indicates all 
signals to a module in a particular location. No signal 
is connected to pin 1 ~of locations 41, 42, or 45 of chassis 
B. Jumper signal J184 is connected to pin 1 in locations 
39 and 40. 

/-1 
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Table 7-1. RAD File Wirelists 

Equipment 

Controller (logic) 

Controller (power) 

Selection unit (logic) 

Selection unit (power) 

Selection unit (switch and connector) 

Drum matrix cable assembly' 

Drum clock cable assembly 

Disc matrix cable assembly 

Disc clock cable assembly 

Power protection panel 

Plug module cable assembl:>, P155/P156 

Plug module cable assembl:>, P157/P158 

Plug module cable assembly P159/P160 

Plug module cable assembly P161/P162 

Plug module cable assembly P168/P169 

Plug module cable assembly P170/P171 

7-2 

Part Number 

131564 

131564 

129484 

129484 

129484 

131623 

132238 

131620 

132240 

116989 

113899 

113902 

113896 

116388 

116509 

116513 

Wirelist 
Document Number 

131565 

133548 

129485 

131613 

132235 

132236 

132239 

132237 

132241 

134018 

113900 

113903 

113897 

116389 

116511 

116515 
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lOGIC RACK CHASSIS MoDuLE PIN MODULE 
10 LOCATION LOCATION LOCIAT 1 ON LOCATION NAME 

OKOSA A C J 42 E 10 BHIO 1 
3 

lKOSA A A J 44 E .31 rH20 1 
A - A J 44 E ,41 fH20 ') 

6 
BJ06A A A J 3'7 E 05 BH10 5 

A A J 43 E 43 FH20 N 

OK06A A 'A J 37 E 29 BH10 
A A J 43 E 36 FH20 
A A J 44 E 35 FH20 
A A J 44 E 43 FH20 

A. SIGNAL LIST 

CROSS-CHASSIS'WIRELtST 
lOGIC RACK CHASSIS MODULE PIN MODULE 

10 LOCATION LOCATION LOCATION LOCATION NAME 
9C01S A C J 31 E 02 IH14 1 

A 0 J 30 E 32 GK51 3 
1 

2e02A A c J 31 E 01 IHllt 5 
A 0 J 30 E 20 GK51 6 

5 
geD2S A c J 3,1 E 06 IHllt N 

A 0 J 30 E 21t GK51 

2e03A A c J 32 E, ItO IHllt 
A 0 J 3~ E 08 BHIO 

9C03S A C J 32 E 34 IHllt 
A D J 30 E Olt GK51 

B. CROSS-CHASSIS WIRE LIST 

AS OF 12-03-66 DICTIONARY 
DRAWING 131S6SN 

FOR 
CHASSIS 8 

PIN 36 31 38 39 ItO; Itl 1t2 .. 3 .... .. 5 PIN 
1 4elkA 202FA 201FA J012 J01:0 J115 6ClKA 1 
2 lF02A Of02A J054 JOS6 J031t 3WS,OA OKO .. A 2 
J Jll .. YS06~ JOS3 J090 J115 6NNlA 1 
It 6elKA OFOIA If01A OU02A 60RVA OK03A It 
5 2LOS" OUOlA lX06A 2TNIA 5 • Ol06A OU03A 2WS6A 9ClKS 2SPRA 6 
1 2l0SA 2LDS~ DKOItA 1 
8 J012 YS05A J161 J126 6NNlA 2W50A 2LSCA 8 
9 OSOIA OK02A 9 

10 OlOlA OlO5,A 2ClKO OK05A 2K06A 10 

C. DICTIONARY 

900613A.727 

Figure 7-1. Wirelist Data Format 
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SDS 901029 

DES 
LOC 
KEY 

"NATION PI56 
245 
~ 

244 243 

AnON 

+25V 0 
-25V 8 
+8V 

OV 0 
IiID06A 0 
9DOM 0 
9D04A 0 
9003A 0 
ID02A 0 
900lA 0 

5AI7A 0 
5AI6A 0 
5AISA 0 
5AI4A 0 

47 

:: 
44 

~~ 
4~ 

41 
4Q 

u 
38 

37 
~6 

~5 
~4 

CZ7 ----MLO 
4-16 r-----..n.!..o 

r-~ 

~lo 87 -
~: 85 

83 

~o QI 

~ o-i2.o 234 

~ o 8i o -
~~ 

232 -
~--oEo 
0 39 0--- 0 8&0 

230 

~ ~~ 

0
37

0 ~ 
228 

0
36

0 ~ 
~~ 

226 

0
34

0 ~ 
33 ~224 

~~ ~--0-1!0---
5A13A~ 
5AI2A 0 

31 31~ 
~Q 0 30 0-- 0 77 0 

5AIIA~ 
5AIOA 0 
5A09A 0 

OCDec 0 
SCD7C 0 
ElCDGe 0 

~2 
~§ 

~7 
~§ 

25 

0 29
0 ~ 
~~ 
oNo---~ 
~~ 

25 

222 

220 

21S 

216 
5CD5e~ ~ -24 oMo--o""o 5CD4C 0 
5CD3C 0 
SCD2e 0 

23 oPo----o-12o--214 
22 ~--oMo-. 

5CDIC 8 
5CDOC ~~ ~~ 20 --o-llo--

4RTOC 

sssec 

4ISKSC 

9RTlC 

5sr8c 

8PINC 

NOTES: 

19 19 ~ 
18 o 18 0 ~ 
~ o 

17 ±-~ 16 16 ~ 8 
I 15 ~ 
14 

0 '4 0 cJlo 
~ o 
o o 

I~ 0'30--~ 
I~ 0'20 o-2io 
II 0'1 0 oMo 
10 I 0 57 0 ~ 

o o 
o 
o 
o 
o 
8 

9 
8 

7 
§ 

5 
4 

~ 
2 

o 9 0 

o 8 0 
~ 
~ 

7 ~ 0 0 

0 6 0 0 53
0 

o 5 0 ~ 
0

4
0 ~ 

3 50 
o 2 0 -o-w--o 0 0-=0 

o 0 ' 0 ~ 

212 

210 

208 

206 

204 

202 

200 

198 

196 

194 

192 

241 

238 
235 

91il 

9 18i 

9 'S7 

9 '85 

9 '83 

9 '8' 

9 179 

9 177 

fl75 

9 173 

9 171 

Ii 169 

Ii 167 

9 '65 

~ 163 

9'61 

9 '59 

.9 '57 

9 155 

9 153 

9 151 

149 

POINTS NUMBERED 100 THROUGH 142, ~'ND 92,94,1' AND 91 
SERVE AS CONNECTION POINTS FOR THE WIRES COMING FROM 
THE CABLE. 

240 

237 
ii 

2. POINTS 143 THROUGH 141, NOT SHOWN ON SCHEMATIC, ARE FOR 
FASTENING THE CABLE LEADS TO THE BOARD. 

3. ADJACENT PAIRS OF TERMINALS SUCH AS 233-190 ETC ARE 
PHYSICALLY ARRANGED AT 0.6 INCH CENTERS, AND CAN ACCOM
ODATE A TERMINATING COMPONENT OR SOLID WIRE JUMPER. 

4. REFERENCE SOS OWG: 113901-1 B 

233 

231 

229 

227 

225 

223 

221 

219 

217 

215 

213 

211 

209 

207 

205 

203 

201 

199 

197 

195 

193 

-"--eo 
_'-4~ 
82 

142 
141 

c!H80 14O.A 
13i_ 

h'S8 138.A 
137 

h'S8 138.A 
135 

6184 134.A 
133 

6182 132 
131 

6180 130 
129_ 

6178 128 
127 

6,76 126 
12~ 

6,74 124 
1ZL 

6172 122 
121 

h'70 120 
119 

6,68 118.A 
117 

hl66 116 
115 

h'64 114 
113 

6,62 112 
III 

h'60 110 
109 

6'5S 108 
107 

6,56 106 _ 
105 

6,54 104 
103 

h 152 102 _ 

101 
6,50 100 0 

REFERENCE DESIGNATIONS 
ARE ABBREVIATED. 
PREFIX THE DESIGNATION 
WITH UNIT NUMBER 

DRAIN 

OR ASSEMBLY DESIGNATION 
OR BOTH. (MIL. STD. 16B) 

Figure 7-2. Plug Module Cable Assembly P155/P156 Schematic Diagram (Sheet 1 of 2 sheets) 
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+25\1 
-25 ... 
+IV 

OV 

9D06A 
9D05A 

9D04A 
9D03A 

9002A 
900lA 

SAI7A 
SAI6A 

SAI5A 
SAI4A 

5AI3A 
5AI2A 

SA IIA 
SA lOA 

5A09A 
~C08C 

5CD7C 
5C06C 

5CD5C 
5CD4C 

5CD3C 
5C02C 

5COIC 
5COOC 

.. ROTC 

5SSCC 

4SKSO 

9ATIC 

5SISC 

DESIGNATION PI55 

.L ,_O._C ._.A. .. T, .1 O_N.. .3 . .,' F, ."3:<' F PIP 
I KEY 6-16 I 

() 47 ~Z 0 n 

8:: :~:-
95 
93 

0 44 440 91 

0 43 a43o- 90 CRI 

~~ 89 CR2 
~ 

0 41 ~ 88 CR3 

~..., 87 CR4 

~ 86 CR5 

~.; 85 CR6 

8;~ ~ 
84 CR7 
83~ CR8 

82_ CR9 ~~ 
~-.., 81 CRIO 

~ 80 CRII 

~ .. 79 CRI2 

CRI3 
~ 78 

~ 77 CRI4 

CRI5 ()29 ~ 76 

~ 75 CRI6 

~ 74 CRI7 

~ 73 CRI8 

CRI9 
~ 72 

~ 7' CR20 ....... 
70 CR21 

0 23 ~ 
~ 69 CR22 

CR23 

8 ~~ 21 68 
~-.. 67 CR24 

~ 66 

() 18 0 /8 0 65 

8 :~ 17 _ 64 

Z-~ 63 CR25 

CR26 

8H~ 
62 
61 

0 /3 ~~ LI&.RI 

~ 59 

~ 58 

() 10 0 '0 0 57 

~ 56 
B 8 55 L2&R2 

~ 54 

o-L----<>-Lo 53 

()5 o 5 0 52 

()4 o 4 0 51 

50 CR27 
49_ 

SD5901029 

245 244 243 

, 242 241 240 

239 238 237 
! 236 235 91:1 

t8_ 
96 
94_ 

, 1:12 

234 -191R4 ' 142 

! 141 

232 'VVV''Y 189R5 233 190 RIS 140.0 
i 1390() 

2~0 - 187 R6 231 188 RI9 138 
i 137 

2~8 ~185R7 229 .1.186 R20 136 
i 135 

2~6 ~183R8 227 ~AA --- 184 R21 134 
133 

2~4 ~181R9 225 '" 182 R22 132 _ 
, 

131 

2~2 ~179R10 223 '" 180 R23 130 
129 

2~0 i I77RII 221 178 R24 128 
127 

21:8 'vvv '"'( 175, RI2 219 176 R25 1260() 
L25 

21',6 ~173R13 '217 174 R26 124 
i 123 

21~ - 171 RI4 215 172 R27 122 
; 121 

2t12 - 169 RI5 213 170 R28 120 _ 

119 

21P Cj>167 211 168 R29 118 
117 _ 

208 Cj>165 209 6166 116 
liS 

20,6 ~163R16 207 JO. A 164 R30 114 
113 

2q4 Ii 161 205 0,62 112 
i III 

20:2 ql59 203 6,60 110 
109 

2QO q 157 201 0158 108 
107 

19i8 Ii 155 199 0156 106 
105 

19'6 ~ 153 197 0154 104 
103 

194 - 151RI7 195 ( o 152 102 
101 

8PINC ()~----O~~~ ~~~~ __ ~ __ ~ _____ y~ __________ ~ ______ ~~O~ ____ ~IO~O~O 8 2 ±-
L3&R3 19~ 149 193 6,5 

NOTE: REFERENCE SDS DWG: 113901-2B 

DRAIN 

900613A. 717/2 

Figure 7-2. Plug Module Cable Assembly P155/P156 Schematic Diagram (Sheet 2 of 2 sheets) 

7-5 



7-6 

~DESIGNATION PI57 1 
LOCATION 18F :J.-of I 

I--:':'J(EY 6-26 ~ 

SDS 901029 

..... DRAIN 

245 244 

r---"':?~ 241 
r-__ ~2~':3~~0~~~238 

236 235 

243 

240 

237 
00 

+25V 0 47 47 0 O-:o-=7....&.+++-__ -+ _________ _4-------~01~18-
-25V 46 48 o~~.~S~ .. ~-r~--.~------------__ --~------------~9~e 
+8V 45 4S !U 04 

OV 44 44 Q, 02 

8C23W 0 43 ~"::::R-:I-__ L:-:I:___23-<4-_+--..J9'-1...;,9-1-----..... -------;;;:14;.:2-o 
8C22W c)42 ~ O~'-R~2--~L2~----.~~----------------~~--_,-------~1~4~1~ 
8C21W ~ ~~R~3--~L~3---2-3-2.~----~918-9--------~2~3-3~------~1-0-0----~I~40~~ 
8C20W ~ oJtlo~R~4--~L4~------~----------------_4---~--------~13~9~ 
BCl9W ~ ~-=R~5--~L::_5-;;;.23;;;.C;)-+_-......Jq...;I..;:8....:...7----=.23;:;..1~---O~18;:;..8;..---1:,::3:;8_0-
BCI8W ~ O~~~o.:.:..R6;:::.--L::.:6~--...,I_--------_+--_,_---~13~7-o 

0
37 37 84 R7-L7 228 9 185 229 ~ 186 136 

:~:~: c)36 ~ ~;R~B:-~L~8:::::::t::::~:::::::::::::::t::::::~::::::jl~3~5:: 
R9 L9 22",' "'183 227 1 184 

BCI5W ~ ~~~-~~--~.-+----..JT------------4-----V-----...;1~3~4-o 
eCI4W ~ ~~R'-IO~-~LI~0----.~-----------------__ ~-~-----~1~3~3-o-
B CI3W ~ ~ R II - L11 224~1__---'--'?1_8_1 _________ 2_2_5~---O-I-8-2------1:..::3;.:2-o-
B C 12W ~ a-12.o R12- LI2 _1__----------~---_._-----~13~I-o 
8RPOW~ ~~R~13~-~LI~3-2-2-2.~(~---'--91-79----------2-2-3~-----6-1-8-0--____ 1~3..;:0_o 
BR06W~ ~~R~14~-~L~14'----.~---------------__ ~--_,-------~1~2~9-o-
8R05W 0 29 29 C~~R~15::_-~L1~5:--2-20.-+_(----i"iL...1-7-7-----2-2-1+_---617-8--__ .:!:12:.::::8~ 
8 RO,4W 0 2 8 ~ ~7.:5-o-R'-16..;;.......:;L'-16;....--_+_-----------------__ ~--~--------~1~2:.:.7_o 
BR03W~ ~~R~I7~-=oL~I7~2-18._+--~"iL...1-7-5-----2-19_4-----017-6----~12~6~_ 
8R02W~ ~'-R...;.IS~~L~IS'----~-----_----~--T_-----~12~5-
BRO IW ~ OoRo-';!':o-:::R:-::::19-::::---:-L~19:::-2-16,_+--...J9L...1-7-3----...::2-17_4----bI7-4-__ ~12:.:::4:..o 
SWl4W ~ o-ll-oR20 L20 -.+-------_____ 4 ___ --r ____ ..!.I12-.:3i!-o 

BWI3W 8 ~32 0230 o-1Qo~R:-::2:::1-~L.::271 _2_14.-t ___ 9&..-I7_1 ____ ...::2;.;.1.:.,5+ __ .......:..61,;.;72::..-__ .!.!12:.lii2:...o 
BWI2W. ~ ~~R~2~2~-~L~2~2---~---------------~----_._-------~12~~I-o-

8 2201 ~2201 6 8 .... R~2:_:_3--_;;L~2~3-2-1--2+---..L... 91_6_9 ______ 2_I_3_4~--6-1-7-0-----1u:2~O:-o 
eWIIW ~24-L24 
eWlow ~~~~~--;_------------+----~--__ ~luI9~ 

eW90W~ ~~R~2~5--~L~2~5-2-I-O-~--~~1-6-7--__ --...;2;.;.1-1~----6~16;.;.8--___ ~1I~8~-
BI6CW ~ ~~R~2~6--~L~2~6 __ ---I__------~------~----_._-____ -~1I~7-o 

8 
17 17 64 R27- L27 208 '? 165 209 6166 116 

~~~~ . 16 ~t,--'~"";R;-;;2;-;;e~L;.;;2;-;;e:--·:~+:::::~:::::::::::::::''=-::::::::::::::~II..!olis~ 
eW5Cfflo l5 ~~ 206 9163 207 6164 114 
SWOOW 14 _ 14 _ AA ,~ 61 R30- L30 113 

9WESA 0 13 ~~....;C~R-:-:I:-I ____ 2~O._4_6-t_.J\-..,.,-A_r-...... .0_1...;,6_1 _R_3_3 ___ --=2;.;;0.;;;;.5+-:::-:~-6-1:.:6~2---!.!1I~2-o 
SJWOW 0 12 oJ.Z....o." ~ CHI2 R44 III 
SBuCW () I I ~R32-L32 20~+ __ ....&._91_59 _______ 2_0_3+ _____ 1...:..6~0 ______ I!...!.I.l:o!....oO 
9S18A ~~~5~7;.;.C~R~1 ____ -t-____________ ~--~~------~110~9-
9WHSA 0 9 0 9 0 o==oo-;;5~6o-~C.;::R~2----2-C-10_6-I-.J\_ ""_ oA ___ .0....&._1_5 7_R_3_4 ___ --.:2_0_1 +.A.....:.... ___ A....;I...:..5...:..e_R....;:3:...:9_..l1~0~8-o 
9~WA ~ ~~C~R~3 _____ ;-___________ + ___ ~ ___ ~10~7 

7 7 54 CR4 19,8 o,.......~--O 155 R35 199.A _A 156 R40 ._-9Z0PA () 0 0 ~~~ _____ + __ ..L... _______ .......:..~~~.....:....~~~.....:......lI~U0-o 
9Z06A 0 6 0 6 0 ~~C~R~5'--___ + _______________ ~-~~-----..l1~0!5_o 

5 5 52 CR6 1966..J1~".--OyI53R:36 197 -" A I54R41 104 
9Z05A 0 0 0 ~~~:-----~--~---------__ ~----------~~ 9Z04A () 4 0 4 0 ~~C...;.R~7 ______ -t-_____________ ~-_,r-------..l1~0~3 

3 3 50 CRS ISt46..J1""voA".--O 151 R37 195 152 R42 ,~ 9Z03A 0 0 0 o-=o--:::-::-: ____ + __ ..L.....:.....--=~ __ ...;..:....:.-.j~--~..:...~:.-..lI~O:a....ot: 
9Z0 2A 0 2 0 2 0 ~~C~R:..:::9'--___ + ________________ ~-_,r---_--~110 u.I_o 

9Z01 A 0 I 0 I 0 .. , ~_C_R_IO ___ I~I;.;.?_6-_-"_Vl_ "'_,...J.00_'_4_9_R_3_B ____ 1...:..9...:..3 ______ 1...:..5..:.0_R..:..4:...:3 __ ....:1~0~O_o 

DRAIN 

P61~1 

NOTES' I. POINTS NUMBERED 100 THROUGH 142 AND 92,94,96 AND 98 SERVE 
AS CONNECTION -POINTS FOR THE WIRES COMING FROM THE CABLE. 

2. POINTS 143 THROUGH 148, NO'r SHOWN ON SCHEMATIC, ARE FOR 
FASTENING THE CABLE LEADS TO THE BOARD. 

REFERENCE DESIGNATIONS 
ARE ABBREVIATED. 

~ .. ADJACENT PAIRS OF TERMINALS SUCH AS 233- 190 ARE PHYSICALLY 
ARRANGED AT 0.6 INCH CENTERS, AND CAN ACCOMODATE A TERMINATING 
COMPONENT OR SOLID WIRE JUMPER. 

i(. REFERENCE SDS DWG: 113904-1 B 

PREFIX THE DESIGNATION 
WITH UNIT NUMBER 
OR ASSEMBLY DESIGNATION 
OR BOTH. (MIL. STD. 168) 

900613A.i'20/1 

Figure 7-3. Plug Module Cable Assembly P157/P158 Schematic Diagram (Sheet 1 of 2 sheets) 
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r---------------------------------------------------'--"-

ESIGNATION o 
LO 
KE 

CATION 
y 

+25V 
-26V 
+8V 

OV 

BC23W 
8C22W 

BC21W 
BC20W 

8CI9W 
BCI8W 

9CI7W 
8CI6W 

8CI5W 
8CI4W 

8CI3W 
8CI2W 

8RPOW 
BR06W 

BR05W 
BR04W 

8R03W 
8R02W 

8ROIW 
eWI4W 

eWI3W 
BWI2W 

aWllW 
aWlow 

BW90W 
8H~CW 

BQ20W 
aW60W 

aw~ow 

8WOOW 

9WESA 
aIWOW 

8BUCW 
9S18A 

9WHSA 
9ECWA 

9Z0PA 
9Z06A 

9Z0~A 

9Z04A 

9Z03A 
9Z02A 

O·n 

8:: 
0

44 

o ~~ 
04~ 

0
41 

04Q 

O,l~ 

0
38 

0 37 

0
36 

8
35 
,l4 

O~~ 
O~i: 

0
31 

0 30 

0&:9 o ~§ 
0 27 

o ~§ 
o ~5 
0

24 

8 ~i 
8 ~~ 
0 19 

0
18 

8 :~ 
0

15 

0
14 

8 :~ 
0" 
0

10 

9 

0
8 

0 
7 

0 
§ 

0
5 

0
4 

PI 58 

~ C29 

4-20 

~Z 0 (97 

~~~ ( 95 
c 93 

4~o c 91 

0
43 0 c 90 

0
42 a c 89 

0
41 

0 (88 

~ c 87 

0 39 0 ( 86 

~ c 85 

0 37
0 

0 36
0 

c 84 
( 83 

35 

~ ~ :~ 
0

33
0 

0 32
0 

( 80 
c 79 

0 31 
0 ( 78 

~ (77 

0 29
0 

0
28

0 

c 76 
c 75 

0
27

0 

~ 
c 74 
c 73 

0 25
0 c 72 

oM-o c 71 

~ ~ ~~ 
21 

~ 
68 

~ 67 

~ c 66 
o 18 0 Cl 65 

± ~ :; 
0 15 

0 c 62 

0 14 
0 ( 61 

tit ~ ~~ 
011 0 ( 58 

0 10 0 ( 57 

9 56 

o 8 0 ( 55 

o 7 0 c 54 

0 6 0 c 53 

0 5 0 c 52 

0 4 0 c 51 

~ ~ ~ ~ ~~ 

- DRAIN 

245 244 243 

242 241 240 

239 238 237 

236 ... 235 99 

-.iL 
98 
94 __ 

92 

234 9 191 142 __ 

i 141 

232 .9 189 233 c!.190 140 
I 139 

230 9187 231 ~188 138 
137 

228 9 185 229 hl86 136 
135 

226 9 183 227 ~184 134 
133 ... 

224 9 181 225 ~182 132 
131 0 

222 9 179 223 0180 130 
129 

220 9 177 221 hl78 128
0 

127 

218 9 175 219 0176 ill-o 
216 9 173 217 bl74 

1~5 0 

124 
123 

214 9 171 215 c!.172 122 
Ii,:I 0 

212 9 169 213 0170 120
0 

119 
210 9 167 211 0168 118 0 117 __ 

208 9 165 209 0166 116 
I~ 

206 9 163 207 0164 114 
113 

204 9161 205 0162 112 
II~--

202 9 159 203 ~160 
IIQ 0 
IQ9 0 , 9 157 0158 200 I 

201 108 0 
! IQ10 

198 9 155 199 0156 
IQ~ 0 
105 

196 9 153 197 0154 104 
103 

194 9 151 195 0152 102 __ 
iOl __ 8; 

192 149 193 6150 
9Z0lA 0~----<0~I~D----<clvAlb-4~------------~--y~--------------------------~IO~O~a 

NOTE: REFERENCE SDS DWG: 113904-28 

DRAIN 

Figure 7-3. Plug Module Cable Assembly P157/P158 Schematic Diagram (Sheet 2 of 2 sheets) 

PIIF 
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SDS 901029 

DRAIN 
DES 
Loe 
KEY 

+25V 0 
-25V 8 
+8V 

OV 0 

IGNATION PI60 
loTION C28 

4-26 

47 ~1 0 
46 

:~: 42 
44 4~0 

43 0&0 
4 4 

~ 24! 0 244 

242 0 
24' 

Z~2 0 
238 

23& 23! 

D7 I 

D! : 

D3 

9' 

0900 234 'lIDI -
0 89

0 
8C23C 0 
8C22C~ 

41 41 
8C21C~ 0 88

<:) 
232 'l18D 

NOTES' 

8C20C 0 
8CI9C 0 
8CI8C 0 
8CI7C 00 
8CI6C 

8CI5C 00 
8CI4C 

4Q 

3~ 
38 

37 
36 

35 
34 

~~ 
~~-
~ ~ 
~~ 
0 36 0 0 83

0 

0350-~ 
0

34
0 0 81 0 

33 33~ 
3~ ~----0-1!0--

8CI3CO~ 
8el2C 

31 ~--o-l!o--
30 ---o.l1o-----BellC Q30 _30_ 

BCloe~ 
0 

29 ~~ 
8 28 0 75 0 

Be0ge Q 28 _28_ 
4CBOC~ 

27 oPo---oJ!o.-
26 0 73 0 

4C70C 0 
4C60C~ 

25 25 
24 4 

.... C5OC~ 

.... C400~ 
~ 
o 71 0 

.... C30C 8 
4C02C 

iP 
22 ~~ 

.... COIC 8 
,",cooc 

~I 
20 ~~ 20 --o-llo--
19 19 
18 18 ~ 

5C17C~ 

4STOC g 
9RTOA 

17 
16 ~ 

~ 
o 650 

0 640 
0 630 

IS 15 
14 

5SSCC~ 
5S19C~ 
~ 

o 61
0 

14 

13 0 13 0- ~ 
I I 

-

4SKSC Q 12 _ 12 _ 
4MTGC~ ~ -

II " 10 10 ~ 4RTIC~ 
9 9 
8 8 

4PINC~ 
4Q20C~ 

7 o 7 0 4QIOC 0 
4E8MC~ 

-----o.Mo--
o 57 0 

0
56

0 

~ 
~-
~ 

5 5 4~,(SC~ ~ 
4BUCC 0 
41SCC 0 
8PT2C 0 
8PTICO 

4 

~ 
2 

I 

040-~ 
o 3 0 0

500 
0 

2 0 o 4Do 

0 I a oAA, 

230 '1187 

228 9 185 

226 9 183 

224 9 181 

222 9 179 

220 9 177 

218 ~175 

216 9 173 

214 9 171 

212 9 169 

210 ~167 

20e 9 165 

206 ~ 163 

204 9 161 

202 T 159 

200 ~ 157 

1ge 9 155 

196 ~153 

194 9 151 

192 149 

I. POINTS NUMBERED 100 THROUGH 142 AND 92,94,96 AND 98 SERVE 
AS CONNECTION POINTS FOR THE WIRES COMING FROM THE CABLE. 

2. POINTS 143 THROUGH 148, NOT SHIOWN ON SCHEM~,TIC. ARE FOR 
FAs'rENING THE CABLE LEADS TO 'rHE BOARD. 

3. ADJACEN'r PAIRS OF TERMINALS SUCH AS 233- 190 ARE PHYSICALLY 
ARRANGED AT 0.6 INCH CENTERS.A~D CAN ACCOMODATE A TERMINATING 
COMPONENT OR SOLID WIRE JUMPER. 

4. REFERENCE SDS DWG: 113898-1 B 

243 

240 

237 

DD 

233 

231 

229 

227 

225 

223 

221 

219 

217 

215 

213 

211 

209 

207 

205 

203 

201 

199 

197 

195 

193 

'1_ 
--"--
D4 
D2 DRAIN 

142 
141 

blDO 140 
139 

b'88 138 
137 

b18& 136 __ 

135 

bl84 134 
133 

b 182 132 
131 

bleo 130 

129 

bl78 128 
127 

0176 126 
125 

b 174 124 
123 

0172 122 
121 

0170 120 
119 

0168 118 
117 

bl66 116 
115 
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8-1 SCOPE OF SECTION 

SDS 901029 

SECTIQN VIII 

lOGIC EQUA nONS 

Paragraphs 8-1 to 8-2 

identifies the signal function or origin combined with a 
one-character prefix and a one-character suffix. The 

This section includes: lists for RAD Fi Ie Model 9367D; 
signal mnemonic interpretation for the selection unit and 
controller; a cross-reference for logic diagrams and logic 
equations. 

resu Itant five-character mnemonic identifies the signa I 
function, the signal origin and relation to other signals of 
the same three-character mnemonic, but with a different 
prefix or suffix. The three-character mnemonics for con
troller signals are listed in table 8-1; the three-character 
mnemonics for selection unit signals are listed in table 8-2. 
In these tables, signa I mnemonics are I isted in alphanumeric 
order according to the three-character code. Each mne
monic is keyed to the logic diagram for the signa I and to the 
table entry for the related equations. 

8-2 SIGNAL MNEMONICS 

The mnemonic for a signa I in either the selection unit or 
the controller is norma Ily a three-character code that 

'Table 8-1. Controliler Signal Mnemonics 

Mnemonic Descri~tion 

ACT Accept nE1W address 

AFA Address bits 9 through 13 a II ones 

AFB Address bHs 14 through 17 a II ones 

AFC Address biits 18 through 23 a', jones 

AFl All addre~;s bits ones and non ... increment mode 

AIN Address increment 

A09 thru A23 Address rE~gister flip-flop sigma Is 

BSC Begi n sector count 

BUC Buffer control mode sig!:,al frCi>m computer 

CD. thru CD6 Sector counter signals from selection unit 

ClH Compare lower ha If of sector address 

ClK Clock 

CNT Count clc)ck pu Ise 

CUH Compare upper ha If of sector address 

C09 thru C23 Computer outputs to A-regist;er 

DAP Disable lines DOl through D06, and RTO 

DMA Disc memory address signa I 

DMW Disc memory 

DRA Clear A-register 

DRK Clear K-counter 

DRV Clear V-register 

DRZ Clear Z-register 

(Continued) 

Figure Table 

8-9 8-8 

8-9 8-8 

8-9 8-8 

8-9 8-8 

8-9 8- 8 

8-9 8-8 

8.:-J~R 8-8 

8-10 8-9 

8-15 8-14 

8-9 8-8 

8-9 8-8 

8-7 8-6 

8-7 8-6 

8-9 8-8 

8-15 8-14 

8-15 8-14 

8-10 8-9 

8-10 8-9 

8-9 8-8 

8-7 8-6 

8-8 8-6 

8-8 8-7 

8-1 



8-2 

Mnemonic 

001 thru DO 

EeW 

EDS 

ENP 

ERW 

EOl 

F01, F02 

OOF 

OlF 

02F 

GSl thru GS 

G01, G02 

HSO 

ION 

lOT 

INT 

IOC 

KOl thru KO 

LOA 

LOS 

LOV 

LOZ 

LRC 

6 

4 

7 

LRl thrll LR4 

LSC 

LVR 

MOl, M02 

NNL 

NXL 

PIN 

PTl 

PT2 

PWR 

POl thru P04 

RCN 

REN 

SOS 901029 

TClble 8-1. Controller Signal Mnemonics (Cont.) 

Description 

Sector Ct:>unter signa Is 

Externa I clock 

-5-QS ~t-t:l5nfrol signa I £,q€l-:/ 2> I SCD IJ ~ ~(!. r 
Enable PIN operation 

Enter read or write phase 

Error 

Phase control flip-flop !iignals 

Standby phase signa I 

Write phtJse signa I 

Read phase signa I 

RAO memory unit select for PIN operation 

Unit register 

»~or 
P"eT input 

~input 
Interrupt 

Input/output computer mode 

Character counter fl ip-flop signa Is 

Load A-register 

Load S-mgister 

Load V-register 

Load Z-register 

Load Z-register 

Read datel input 

Last sector 

Load V- rt~g ister 

Modu 10-3 counter 

Next to next-to-Iast sector 

Next-to-Iast sector 

Parallel input instruction 

Parallel c1utput instructic,n 

Para IIel o·utput i nstructiCln 

Power fail 

Parity register flip-flop signals 

Read control 

Read enable 

(Continued) 

Figure Table 

8-15 8-14 

8-15 8- 14 

8-12 8-11 

8-15 8-14 

8-10 8-9 

8-14 8-13 

8-10 8-9 

8-10 8-9 

8-10 8-9 

8-10 8-9 

8-10 8-9 

8-10 8-9 

8-10 8-9 

8-10 8-9 

8-10 8-9 

8-10 8-9 

8-15 8-14 

8-7 8-6 

8-9 8-8 

8-8 8-7 

8-8 8-7 

8-8 8-7 

8-8 8-7 

8-8 8-7 

8-7 8-6 

8-8 8-7 

8-7 8-6 

8-7 8-6 

8-7 8-6 

8-15 8-14 

8-15 8-14 

8-15 8-14 

8-14 8-13 

8-13 8-12 

8-10 8-9 

8-10 8-9 
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Table 8-1. Controll~rSignal Mnemonics (Cont.) 

Mnemonic Oescri[ption Figure Table 

RF1 Exit from read phase 8-11 8-10 

RU, RL2 Power detection relay control 8-14 8-13 

SAC Sector address compare 8-9 8-8 

SHS Shift S-register 8-8 8-7 

SIP S'ector index pu Ise 8-10 8-9 

SPR Set parity register 8-13 8-12 . 

STO Start opE~ration signa I from computer 8-14 8-13 

STY One-sholt for R-to-V transfer 8-8 8-7 

501 thru 512 S-registE~r flip-flop signals 8-8 8-7 

USl thru US4 Unit selE~ct signa Is 8-W.8 8-8 

UOl thru U06 SubphasE~ flip-flops 8~ 11 8-10 

VOl thru V12 V-regist,er flip-flop signals 8-8 8-7 

W01 thru W04 Write data output 8-lfi 8-7 

WEN Write-enable 8-10 8-9 

WES Error signa I 8-15 8-14 

WHS Halt signal 8-15 8-14 

WLK Write lockout signal from selection unit 8-10 8-9 

WPC Write preamble 8-7 8-6 

W50 Clock timing 8-15 8-14 

W60 Clock timing 8-15 8-14 

W90 Read/write' bit 8-15 8-14 

W10 thru W14 RAD address bits 8-15 8-14 

X01 thru X09 Data transfer control flip-flops 8-12 8-11 

X12 12-bit character 8-10 8-9 

ZOl thruZ12 Z-regist,er flip-flop signals 8-8 8-7 

OOM Modulo-'3 counter, state 8-7 8-6 

02M Modulo-'3 counter, state 8-7 8-6 

R01 thru R12 Data from input/output channel 8-8 8-7 

8-3 
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Table 8-2. Selection Unit Mnemonics 

-
Mnemonic Description Figure Table 

All thru A 17 Barid address signals 8-3 8-16 

CDl thru CD6 Sector counter signc.ls 8-2 8-15 

ClK Clock 8-2 

CMC Write enable 8-4 

DS 1 thru DS4 Channel select 8-5 

DOl thru D06 Sector counter flip-flop signals 8-2 8-15 

ENP Enable pulse 

IDX Inde>: pulse 8-2 

PSl Selec:t unit for PIN operation 8-3 

PWR Power-fail 

RCC 1 thru RCC4 Read signals 8-5 

RCD 1 thru RCD4 Read clock, delayed 8-5 

RCK Read clock 8-2 

RCL 1 thru RCl4 Limit,er output 8-5 

RCN Read control 8-3 

RCS Read clock 8-2 

RCS 1 thru RCS4 Read clock strobe 8-2 

RCOl thru RC04 Read clock 8-5 

RDA 1 thru RDA4 Read signals 8-5 

RDD 1 thru RDD4 Read signals 8-5 

RD L1 thru RD l4 Read signals 8-5 

RD 1 S thru RD4S Read signals 8-5 

-
(Continued) 

8-4 
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TCJble 8-2. Selectioh Unit Mnemonics (Cont.) 

Mnemonic Description Figure Table 

REN Read c::lnable 8-5 

RX-- Read output signals 8-5 

SEC Sector pu Ise 8-2 

SIM Sector index mark 8-2 

SIP Sector index pulse f. 8·' 8 8-2 

SPOl thru SP16 Write··protect 8-3 8-16 

USA, USB Unit select 8-3 
USC, USL 

WCA Write clock B-2 

WCH Write clock head 8-2 

WCK Half-frequency write clock 8-2 

WCO Write clock one-shot 8-2 

WDEl thru WDE4 Encoded write data 8-4 8-17 

WDl thru WD4 Write data 8-4 8-17 

WEN Write enable 8-4 

WLK Write lockout 8-3 

W-- Write signals 

X-- Memory signals 8-6 

YSC Y-seIE~ct control 8-3 

YOl thru Y32 Write·· protect 8-3 8-16 

8-,'} 



Paragraphs 8-~3 to 8-4 ,50S .901029 

Table 8-3. Interpretation of Mnemonic Prefix 

Circuit Prefix Interpretation 

Flip-flop 0 True if flip-flop is in set state! 

1 False if flip-f/.)p is in set state 

Signal amplifier 2 True if condition represented 
or inverter by three-character mnemonic 

is true 

3 False if condition represented 
by three-character mnemonic 
is true 

4 Same as 2 ... 

5 Same as 3' Higher numbers 

Diode gate 6 Same as 2 
generally indi-, 
cate later stages 

7 Same as 3 of signal ampli-

Cable driver or 8 Same as 2 
fication or 
inverSion 

special circuit 
9 Same as3 ~ 

-. 

Table 8-4. Interpretation of Mnemonic Suffix 

Suffix 

A 

C 

D 

S 

W 

Interpretat ion 

Signal originates in controller 

Signal originates in computer 

Delayed timing signal 

Signal originates in RAD memory unit 

Signal originates in input/c)utput channel 

Table 8-5. Examples of Mnemonic Interpretation 

Signal Interpretation 

9IDXS An index signal originating in RAD memory uniti 
false during index time; output of cable driver 
or special circuit 

2IDXS An index signal originating in RAD memory unit; 
true during index time; output of :signa I amplifielr 
or inverter 

OUOIA A signal originating in the controller; true when 
flip-flop UOl is in set state 

2UOIA An output signal of an amplifier o,r inverter; true 
when flip-flop UOI is in set state 

8BUCW A buffer control signal originatin~1 in input/ 
output channel 

(Continued) 

8-6 

Table 8-5. Examples of Mnemonic Interpretation (C.)n'r.) 

Signal Interpretation 

3BUCA A buffer control signal from an amplifier or 
inverter originating in controller 

IVAC5 A test signal for ac voltage 

P50V A test signa I for 50 vdc 

The meaning of each prefix character is listed in tablE~ 8-3; 
the meaning of each suffix character is listed in table 8·-4. 
Examples of signal mnemonics, including those which do not 
have prefixes, are provided and interpreted in tabl e 8-5 . 

8-3 LOGIC EQUA nONS 

Logic equations for the selection unit and controller are 
listed in tables 8-6 through 8-17. The tabulated logic 
equations correspond to the logic diagrams in figures 8-2 
through 8-15. The tables include equations for only those 
logic elements illustrated in the corresponding figure. To 
find the source of an input to any diagram, consult table!s 
8-1 and 8-2 for the figure which shows signal origin. 

The logic equations are written in conventional notation of 
Boolean algebra with the signal mnemonic treated as a 
Boolean variable. The following notations are used for 
Boolean operations: 

Operation 

OR 

AND 

NOT 

Notation 

+ 

(none) 

Example 

OX01 S + 8PWRA. 

OXOIS 8PWRA OU01S 

OXO 1 S 8 PWRA o,u6fs 

In addition to notations of Boolean algebra, an underline is 
used to identify trigger signal inputs to gates of flip-flop:;. 
The trigger signal is the enabling signal for changes of st':Jte 
of ac triggered flip-flops and is the only signal which can 
cause a change of state. Thus in the equations: 

rTC2 = 2LDWS 9WD1A 2CLl S 

sTC2 = 2LDWS 2WD1 S ~ 

flip-flop TC2 cannot be set or reset unti I signal 2CL 1 S is 
true, regardless of the level of other signals. For a de'~ailed 
description of trigger inputs, refer to SDS publication 
64-55-14. 

8-4 LOGIC DIAGRAMS 

Figure 8-1 shows the relation between symbols used in SDS 
logic diagrams and simplified symbols. The SDS symbols 
used in figures 8-2 through 8-15 are related to both the 
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logical function and circuit design of module components. 
The simplified symbols in figure 8-1 repre!sent only logical 
functions corresponding to notations in Boolean algebra. 
For a detai led description of the information represented 
by SDS symbols, refer to SDS publication 64-55-14. 

The table of logic equations corresponding to a logic dia
gram sometimes deletes an intervening amplifier or inverter. 
For example, consider the complete equations for signal 
8INTA (see figure 8-10 and table 8-9): 

8INTA 

3INTA 

6INTA 

6INTA 

200FA 2SACA OBSCA 2U01A lX03A 
lX01A 

For simplicity, the intervening inverter may be deleted: 

8INTA :: 200FA 2SACA OBSCA 2U01A lX03A 
lX01A 

In this case, the related signals for which no equations 
are given (3INTA, 6INTA) differ from listed signals having 
the same three-character mnemonic only in the prefix. In 
all cases in which an intervening amplifi,er or inverter is 
deleted from the table, the logic level 01F the related sig
nals can be determined from the prefix, CIS summarized in 
table 8-3. 

When a flip-flop is in the set state, output signals with an 
even prefix (OU01A, 2U01A) are true and output signals 
with an odd prefix (1 U01A, 3U01A) are false. When logic 
equations are written using three-charact'er mnemonics 
only, even-numbered output signals take the normal form 
(UOl), and odd-numbered output signals t!ake the comple
mented form (UOl). For example: 

INT = OOF SAC BSC UOl X03 XOl 

3CLKA 

6CLKA 

2CLKD 

5CLKD 

sM02 

rM02 

tM02 

sMOl 

rM01 

Table 8-6. Logic Equations for Controller 
Timing Circuits 

Equation Comment 

= 9CLKS Clo,ck 

= ~ 
= 9CLKS 

= 2CLKD .., 

= 1M01A 2CNTA 

= ~ 
= 3DRKA ) Modu 10-3 counter 

= OM02A 2CNTA 

= 2CNTA 

(Continued) 

T~ble 8-6. Logic Equations for Controller 
Timing Circuits (Cont.) 

Equation Comment 

tMOl = 3DRKA Modu 10-3 counter 

2CNTA = 2U02A 2CLKA 

+ 201 FA 3U01A 2CLKA Write phase count 

+ 202FA 3U01A 2CLKA Read phase count 

3I)ifRA = 200 FA Standby phase 

+ 3U02A 

+ 2U01A 2CLKD 

300MA = lM01A 1 M02A 

302MA = OM01A 

2LSCA = OM01A 2 K07A Last sector 

2WPCA = 2K06A 202MA 2U01A Write preamble 

sKOl = .Q.KQ28 

rKOl = o K02A 

yKOl = 3DRKA 

sK02 = o K03A 

rK02 = o K03A 

yK02 = 3DR'KA 
sK03 = o K04A 

rK03 = o K04A 

yK03 = 3DifRA 

sK04 = o K05A 0 K06A 2 LSCA 

2CNTA 

rK04 = o K05A 0 K06A 2 LSCA 

2CNTA 

: yK04 = :IDRKA 

3NNLA = OK01A OK02A OK03A 
OK04A OK05A 

2NXLA = 3NNLA 1 K06A Next-to-Iast char-
acter (1 111 11 0) 

2NNLA = 3NNLA 

BK06A = 2 K07A 

+ OM07A 2U01A 201 FA 

sK05 = 2U01A 2K06A 201 FA 

OK06A 

rK05 = OK06A 

tK05 = ~ 
sK06 = o K07A 

(Continued) 
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rK06 

tK06 

sK07 

rK07 

tK07 

sSOl 

rS01 

yS02 

sS02 

rS02 

yS03 

sS03 

rS03 

sS04 

rS04 

yS05 

sS05 

rS05 

yS06 

sS06 

rS06 

sS07 

rS07 

yS08 

sS08 

rS08 

8-8 
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Table 8-6. Logic Equations for Controller 
Timing Circuits (Cont.) 

Equation Comment 

= ~K06A 

= 3DRKA 

= 2"00TA 2K06A 201 FA OM01A 

= QM01A 

= ll5ifKA 

Table :3-7. Logic Equations for DClta Registers 

--
Equation Comment" 

--
2LDSA OZOlA 4CLKA LDS to load from . 

+ 2SHSA OS02A 4CLKA . Z-register 
SHS to shift and 

2LDSA 1 ZOlA 4CLKA load from selec-

+ 2SHSA 1 S02A 4CLKA tion unit (LRl 
through LR4) 

2LDSA OZ02A 

OS03A 2SHSA 

~i03A 2SHSA 

21LDSA OZ03A 

21LR1A 2SHSA 

2'tR1A 2SHSA 

2lDSA OZ04A 4CLKA 

+ 2SHSA OS05A 4CLKA 

2 LDSA 1 Z04A 4C LKA 

+ 2SHSA 1 S05A 4CLKA 

2LDSA OZ05A 

OS06A 2SHSA 

OS06A 2SHSA 

2LDSA OZ06A 

2LR2A 2SHSA 

2iID 2SHSA 

2l.DSA OZ07A 4CLKA 

+ 2SHSA OS08A 4CLKA 

2LDSA 1 Z07A 4CLKA 

+ :2SHSA 1 S08A 4CLKA 

2LDSA OZ08A 

OS09A 2SHSA 

OS09A 2SHSA 

(Continued) 

Table 8-7. Logic Equations for Data Registers (Cont.) 

Equation Comment 

yS09 . 2LDSA OZ09A 

sS09 2LR3A 2SHSA 

rS09 2DUA. 2SHSA 

sS10 2LDSA OZ10A 4CLKA 

+ 2SHSA OSl1A 4CLKA 

rSl0 2LDSA 1Z10A 4CLKA 

+ 2SHSA lS11A 4CLKA 

yS11 2LDSA OZ11A 

sSll OS12A 2SHSA 

rSll 0ST'2A 2S HSA 

yS12 2LDSA OZ12A 

sS12 2 LR4A 2.SJ:iSA 

rS12 2LR4A 2SHSA 

sZOl 2LDZA OV01A LDZ to load from V-

+ 2LRCA OSOlA 
register 
LRC to load fr<>m S-

rZ01 2LRCA lS01A register 

tZOl 3DRZA 
'DRZ to clear Z-
register 

sZ02 2LDZA OV02A 

+ 2 LRCA OS02A 

rZ02 2LRCA 1 S02A 

tZ02 3DRZA 

sZ03 2LDZA OV03A 

+ 2 LRCA OS03A 

rZ03 2LRCA lS03A 

tZ03 3DRZA 

sZ04 2LDZA OV04A 

+ 2 LRCA OS04A 

rZ04 2LRCA lS04A 

tZ04 3DRZA 

sZ05 2LDZA OV05A 

+ 2 LRCA OS05A 

rZ05 2LRCA lS05A 

tZ05 3DRZA 

(Continued) 
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Table 8·-7. Logic Equations for Data Rlegisters (Cont.) Table 8-7. Logic Equations for Data Registers (Cont.) 

Equation Comment Equation Comment 

sZ06 = 2LDZA OV06A LDZ to locJd from V-register sV03 = 2LDVA 8R03W 

+ 2 LRCA OS06A LRC to loold from S-register + 2 LVRA OZ03A 

rZ06 = 2LRCA 1 S06A 15RL to cll:!CJr Z-register rV03 = 2LVRA lZ03A 

tZ06 = 3DRZA tV03 = 3DRVA 

sZ07 = 2LDZA OV07A sV04 = 2LDVA 8R04W 

+ 2LRCA OS07A + 2 LVRA OZ04A 

rZ07 = 2LRCA lS07A rV04 = 2LVRA lZ04A 

tZ07 = 3DRZA tV04 = 3DRVA 

sZ08 = 2LDZA OV08A sV05 = 2LDVA 8R05W 

+ 2LRCA OS08A + 2LVRA OZ05A 

rZ08 = 2LRCA lS08A rV05 = 2LVRA lZ05A 

tZ08 = 3DRZA tV05 = 3DRVA 

sZ09 = 2LDZA OV09A sV06 = 2LDVA 8R06W 

+ 3LRCA OS09A + 2 LVRA OZ06A 

rZ09 = 3LRCA lS09A rV06. = 2LVRA lZ06A 

tZ09 = 3DRZA tV06 = 3DRVA 

sZlO = 2LDZA OV10A sV07 = 2LDVA 8R07W 

+ 2LRCA OSlOA + 2LVRA OZ07A 

rZ10 = 2LRCA 1 SlOA rV07 = 2LVRA lZ07A 

tZ10 = 3DRZA tV07 = 3DRVA 

sZll = 2LDZA OVllA sV08 = 2LDVA 8R08W 

+ 2LRCA OSllA + 2 LVRA OZ08A 

rZl·l = 2LRCA1SllA rV08 = 2LVRA lZ08A 

tZll = 3DRZA tV08 = 3DRVA 

sZ12 = 2LDZA OV12A sV09 = 2LDVA 8R09W 

+ 2LRCA OS12A + 2LVRA OZ09A 
rZ12 = 2LRCA lS12A rV09 = 2LVRA lZ09A 
tZ12 = 3DRZA tV09 = 3DRVA 
sVOl = 2LDVA 8R01W LDV to locld from I/O 

channel 
sV10 = 2LDVA 8R1OW 

+ 2LVRA OZOlA LVR to lood from Z-register + 2LVRA OZlOA 

rVOl = 2LVRA 1 ZOlA DRV to clElOr V-register rV10 = 2LVRA lZlOA 

tVOl = 3DRVA tVlO = 3DRVA 

sV02 = 2LDVA 8R02W sVll = 2LDVA 8RllW 

+ 2LVRA OZ02A + 2LVRA OZllA 

rV02 = 2LVRA lZ02A rVll = 2LVRA lZllA 

tV02 = 3DRVA tVll = 3DRVA 

(Continued) (Continued) 

8-9 



SDS 901029 

Table 8-7. Logic Equations for Data Registers (Cont.) Table 8-7. Logic Equations for Data Registers (Cont.,) 

Equation Comment Equation Comment 

sV12 = 2LDVA 8R12W 2LR3A 9RD3S 202FA 

+ 2LVRA OZ12A 2LR4A 9RD4S 202FA 

rV12 = 2LVRA lZ12A 9WD1A 201 FA 2U01A 2U03A Write preamble 

tV12 = 3DRVA + 201 FA 201 UA OP01A Write parity bitsi 

2LDVA = 201 FA 2X03A 2X06A Load V-register, + 201 FA 223UA OSOlA Write data bits 

OSTVA 2W60A 2CLKA write phase 9WD2A 201 FA 2U01A 2U03A 

2LDZA = 201 FA OX07A 2CLKA Load Z-register, + 201 FA 201 UA OP02A 
write phase 

+ 201 FA 223UA OS04A 
2LVRA = 202FA OX07A lX08A Load V-register 

2CLKD 9WD3A 201 FA 2U01A 2U03A 

+ 202 FA 202MA OXOSA Load V-register + 201 FA 201 UA OP03A 

3CLKA + 201 FA 223UA OS07A 

2LRCA = 202FA 200MA 2CLKA Load Z-register, IiWn4A 201 FA 2U01A 2U03A 
read phase 

OSTVA = 3CLKD + 201 FA 201 UA OP04A 

2LDSA = 201 FA 202MA 2CLKD L'ood S-register 
+ 201 FA 223UA OSlOA 

from Z write phase 

3DRZA = 201 FA 1 X08A OX09A Clear Z-register, Table 8-8. Logic Equations for Address Register 
write phase 

2SHSA = 201 FA 302MA 2CLKA Shift S-register, Equation Comment 
write phase 

+ 202FA 2C LKA Shift S-register, 
read phase 

3DRVA = 7DRVA ~ CJear V-register 

yA09 2LDAA 8C09C LDA to read POT 

sA09 OA10A 
data and store in 
A-register 

rA09 .QAJ.M D'RA to clear 
7DRVA = lX03A + lX06A 2W56A 

3CLKA I .. 
9V01A = OV01A 2W60A 1 F01A 

tA09 3'r5RAA A-register 

yAlO 2LDAA 8Cl0C 

9V02A = OV02A 2W 60A 1 FO 1 A sAlO .QAllA 

9V03A = OV03A 2W60A 1 F01A rAlO OAllA 

9V04A = OV04A 2W60A 1 F01A tAlO 3DRAA 

9V05A = OV05A 2W60A 1 F01A yAll 2LDAA 8CllC 

9V06A OV06A 2W60A 1 F01A 
W60 to transfer = contents of V-

9V07A = OV07A 2W60A 1 F01A ~. • I 
reg Ister to Input; 

sA 11 OA12A 

rAll OA12A 

9VOSA = OV08A 2W60A 1 F01A output channel 
tAll 3DRAA 

9V09A = OV09A 2W60A 1 F01A yA12 2LDAA 8C12C 

9Vl0A = OV10A 2W60A 1 F01A sA12 OA13A 

9VllA = OVllA 2W60A 1 F01A rA12 QAUA 

9V12A = OV12A 2W60A 1 F01A 
I~ 

tA12 3DRAA 

8NPOA = 2DMWA 1 F01A yA13 2LDAA 8C13C 

2LR1A = 9RDl S 202FA sA13 2AFCA 2AFBA 2AINA 

2LR2A = 9RD2S 202FA rA13 2AFCA 2AFBA 2AINA 
--

(Continued) (Conti nued) 
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Table S-S. Logic Equations for Addres:; Register (Cont.) Table S-S. Logic Equations for Address Register (Cont. ) 

Equation Comment Equation Comment 

tA13 = ~ yA23 = 2LDAA SC23C 

yA14 -. 2LOAA SC14C sA23 = 2AINA 

sA14 - OA15A rA23 = 2AINA 

rA14 -. .QAl58 tA23 = 3DRAA 

tA14 -. 3DRAA 2LDAA = OX01A OX02A SPT2C Load A-register 

yA15 _. 2LOAA SC15C 3DRAA = 3ACTA 8PWRA Clear A-register 

sA15 = Ml6A 3AID = 200FA OU06A 1 X03A Accept address 

rA 15 = Ml.2A 2AINA = 2CLKA 3AFLA 2RF1A Read phase incre-

tA 15 = mRAA ment address 

yA16 = 2LOAA SC16C 
+ ~ 3AFLA 2K06A Write phase incre-

2LSCA 201 FA 201 UA ment address 
sA16 = OA1ZA 

2AFLA = ~ 
rA16 = OA1ZA 

3AFLA = 6AFi:A 
tA16 = ~ 

6AFLA = 2AFAA 2AFBA 2AFCA A-register all ones 
yA1Z = 2LOAA SC1 ZC 

2AFAA = OA12A OA13A 
sA1Z = 2AFCA 2AINA 

LOA to reCld POT data and 2AFBA = OA14A OA15A OAl6A 
rA17 = 2AFCA 2AINA store in A--register OA1ZA 

tA17 = ~ ORA to clE~r A-register 2AFCA = OA lSA OA 19A OA 19A X05 if non- i ncre-

yA1S = 2LOAA SC1SC 
OA20A OA2l A OA22A ment mode. (Only 
OA23A lX05A sector bits count) 

sA1S = OA19A 
9US1A = 1A09A fATOA Select RAD memory 

rA1S = OA19A unit 1 

tA1S = 30RAA ORA to clE~r A-register 9US2A = lA09A OA10A Select RAO memory 

yA19 = 2LOAA SC19C 
unit 2 

sA19 = .QA2QA 
9US3A = OA09A lA10A Select RAD memory 

unit 3 
rA19 = .QA2OA 

9US4A = OA09A OA10A Select RAD memory 
tA19 = 3DID unit 4 

yA20 = 2LOAA 8C20C SAllA TATIA 
... 

= 

sA20 = M2lA 8A12A = fA12A 

rA20 = .Q82lA SA13A = lA13A 

tA20 = 30RAA 8A14A = fAT4A .. Band address 

yA21 = 2LDAA 8C21C 8A15A = lA15A signa Is 

sA21 = OA22A 8A16A = lA16A 

rA21 = OA22A 8A1ZA = lA1ZA oJ 

... 
tA21 = 30RAA 2CD1A = 9CD1S 

yA22 = 2LOAA 8C22C 

sA22 = OA23A 

2CD2A = 9CD2S 
2CD3A 9CD3S 

Sector count 
= for PIN opera-

2CD4A = 9crm tion 
rA22 = OA23A 2C05A = 9CD5S 

tA22 = 3DRAA 2CD6A = 9CD6S oJ 

(Continued) (Continued) 
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Table S-S. Logic Equations for Address Register (Cont •. ) 

MSAA 

2SACA 

2CLHA 

2CUHA 

7CLHA 

7CUHA 

Equation 

OA09A OA lOA OA 11 A 

2CUHA 2CLHA 

7CLHA 

7CUFiA 

OA21A 9CD4S 

+ lA21A 2CD4S 

+ OA22A 9CD5S 

+ 1 A22A 2CD5S 

+ OA23A 9CD6S 

+ lA23A 2CD6S 

OA18A 9CD1S 

+ lA1SA 2CD1S 

+ OA 19A 9CD2S 

+ 1A 19A 2CD2S 

+ OA20A 9CD3S 

+ 1 A20A 2CD3S 

Comment 

SElctor address 
compare 

Cc)mpare lower 
hCllf 

Compare upper 
hCllf 

Table S-9. Logic Equations for Phase Control Circuits 

--
Equation Comment 

sFOl = 2ERWA 2DMWA Enter read phase 

3W90A 4CLKA 

rF01 = 2RFIA 4CLKA Exit from read phase 

tFOl = 3DRAA Clear 

sF02 = 2ERWA 2DMWA Enterwrite phase 

SW90W 4CLKA 

rF02 = 201 FA 3U02A 2LSCA Exit from write 
AQ.M phase 

+ 201 FA 2WLKA Exit if write-
4CLKA pr,:>tected 

tF02 = 3DRAA Clear 

2WLKA = 9WLKS Write lockout 

2ERWA = 200FA OK05A 2X03A 

2DMWA = SW10W 3WllA RAD addressed 

SWl2A SW13A 

3Wl4A 

202 FA = OF01A 1 F02A Read phase 

(Conti nued) 

S-12 

201 FA 

200FA 

sG01 

rGOl 

tG01 

sG02 

rG02 

tG02 

21DNA 

21DTA 

2DMAA 

SGS1A 

SGS2A 

SGS3A 

SGS4A 

9WENA 

9X12A 

SRCNA 

9RENA 

OBSCA 

2SIPA 

2HSDA 

SINTA 

Table S-9. Logic Equations for Phase 
Control Circuits (Cont.) 

Equation Comment 

1 F01A OF02A Write phase 

1 F01A 1 F02A Standby phase 

2C12A 2IDNA h 

3C12A 21DNA 

8PWRA Store RAD memo,ry ~ 

2C13A 21DNA unit addressed dur·· 

3C13A 21DNA ing PIN operati()n 

SPWRA 1--

SC16W SIOCW Alert to PIN 
2DMAA 

3C16A SIOCW Alert to POT 
2DMAA 

9Cl7W SC19W RAD addressed 
3C20W SC21W 
SC22W 3C23W 

OGOTA~ Select RAD memory 
unit 1 

OG01A ] G02A Select RAD memory 
unit 2 

lG01A 0G02A Select RAD memorv 
unit 3 

l'GOTA 1 G02A Select RAD memory 
unit 4 

201 FA Write-enable 

2DMWA 

202 FA Read control 

QU05A Read-enable aftc~r 
sU05 

200FA 2HSDA Initiate read or wriite 
2SIPA operation 

9SIPS Sector index pulse 

2U01A 1X01A New address in A-
reg ister, POT 
complete 

+ 3U03A OX03A Continue after 
sector gap 

+ 5U01A OX05A Non- increment mode 
1 E01A 

200FA 2SACA Priority interrupt 
OBSCA 

+ 2U01A 1 X03A 
OX01A 
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Table 8-10. Logic E9uations for Subphase Circuits 

Equation Comment 

i 

yU01 = 2LDAA Load A-register 

sU01 = 2ERWA 4CLKA Exit from standby phase 

rU01 = 201FA 2WPCA ~KA End write preamble 

+ 201 FA 2WLKA ~ Exit if write-protected 

+ 202FA 2U02A 2U03A 4CLKA Preamble 

tU01 = ~ Clear 

yU02 = 200FA OBSCA 2SAC:A 2HSDA Sector address compared 

sU02 = 201 FA 2U01A 9WLlKS ~ First clock in write phase 

+ 202FA 2U01A 3U03A 200MA ~ First clock in read phase 

+ 202FA 2U01A 2LJ03A 1 S03A 9RD1 sl ~ Detect read preamb Ie 

rU02 = 200FA 0 K05A 4C LKA i Stop clock count 

+ 201FA 2LSCA 2~~XLA ~ Prepare for exit from write phase 

+ 202FA 2LSCA 2NXLA ~ Prepare for exit from read phase 

+ 202FA 2U01A 202MA OK07A ~ Start search for preamble 

tU02 = IDRAA Clear 

sU03 = 201 FA 2U01A PNCA 4CLKA Write preamble 

+ 201 FA 3U02A 2A~FLA 2LSCA ~ Exit from write phase 

+ 202FA OU01A OU02A 202MA OK07A ~ 

+ 202FA 5U01A 1 Ll02A OX07A 1X08A 4CLKA 

rU03 = 2ERWA 4CLKA Exit from standby phase 

+ 200FA 1 X03A ~~ Buffer disconnected 

+ 201 FA 2U01A PNCA 4CLKA Write preamble 

+ 202FA 2U01A 2L102A 200MA .4C.1.M 
+ 2RF1A 3AFLA ~;LKA Exit from read phase 

tU03 3DRAA I Clear = 
sUD4 = 201 FA 2NNLA 2K07A 202MA 2CLKD: 

; 

+ 202FA 3U01A 200MA 

rU04 = 2RF1A Exit from read phase 

+ 200FA 2ERWA Exit from standby phase 

tU04 = 8PwRA Power-fail 

sUD5 = 200FA 2U02A 200MA OK07A Third clock following sU02 

rU05 = 2RF1A Exit from read phase 

+ 2ERWA 2DMWA 8W90W 2CLKA Enter write phase 

tU05 = 8PWRA Power-fail 

sU06 = 21DTA Alert to POT 

rU06 = 2PTQA OX01A 

tU06 = 8PWRA Power-fail 

J . (Cqntlnued) 
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2RF1A 

201UA 

223UA 

f5N"CA 

NUFA 

PUFA 

SDS 901029 

Table 8··10. Logic EqL,ations for Subphase Circuits (Cont.) 

Equatiol1 Comment 

202FA 3U01A 3U02A 202MA 2K06A 

1 U01A 1 U02A 

Exit from read phase 

1 U01A OU02A 

300MA 2K06A 

300FA 201 UA 

300FA NUFA 

Table 8-1 T. Logic Equations for Data Transfer Control Circuits 

Equation Comment 

sXO 1 OU06A N U FA .2.fI.QA 

rX01 

tX01 

yX02 

sX02 

rX02 

tX02 

sX03 

rX03 

tX03 

sX04 

rX04 

tX04 

NUFA 2PTlA 

8PWRA 

200FA OX01A 1XOJA 

2IDNA 

.BXQ28 

8PWRA 

200FA 2BUCA 2DMAA 

200FA OX04A ~ 

+ 201 FA 2WLKA 2CLKA 

+ 3U01A m"SW 2CLKA 

+ 3U01A 2DMWA 2CLKA 

8PWRA 

201 FA OX08A OX09A 202MA 5UO~A 5CLKD 

+ 202FA 1X09A 3U01A 200MA 2ClKD fOO2A 
+ 202FA 1X09A 3U01A 200MA 2ClKD 2K06A 

200FA ~ 

8PWRA 

sX05 2C14A 2TNIA 

sX06 

rX06 

+ 2C 14A 1.I..t::!!8. 
201 FA 2W 56A 3C LI<A 

+ 201 FA 3W50A 1 X03A ~ 

+ 202FA 3U01A 202MA 1U04A 3CLKA 

+ 202FA 2W56A OU04A ~ 

2ERWA 2CLKA 

+ 201 FA 3CLKA 

(Continued) 

} 

} 
} 

Power-fail 

Power-fail 

Buffer connected 

Error during read/write 

Write lockout 

Power-fail 

Write timing error 

Read timing error 

Clear 

Power-fail 

Write 

Read 

Exit from standby 

Enter write 
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Table 8-11. Logic Equations f~r Data Transfer Control Circuits (Cont.) 

Equation Comment 
; 

+ 202FA 3U03A 5U01A 3CLKA 1 MO:1A } Read 
+ 202FA 3U03A 5U01A 3CLKA 1x09A 

sX07 = 201 FA 1X08A OX09A 3CLKA Write 

+ 202FA 2X06A 'IX09A 3CLKA ] Read 
+ 202FA OX06A 11M01A 5CLKO 3C~KA 

rX07 = 3CLKA 

sX08 = 2ERWA 2DMWA 8:W90W 2CLKA Exit from standby 

+ 201 FA 1 U04A OX09A 3CLKA Write 

+ 202FA OX06A 11 X09A 202MA 2CLKA Read 

rX08 = 201 FA 2X06A 2CLKA Write 

+ 202FA 202MA3CLKA Read 

yX09 = 2U01A 3U02A A fter exit from standby 

sX09 = 201 FA 2WPCA 2C:LKA End write preamble 

+ 201 FA 3U01A 202MA 2CLKA Write 

+ 202 FA OX07 A ~300MA 3C LKA } Read 
+ 202FA OX08A aCLKA 

rX09 = 202 FA 3UO 1 A 200MA 2C LKA Read 

+ 201 FA OX07A 2CLKA 202MA } Write 
+ 201 FA OX07A 2CLKA 3U01A 

2W56A = 2W50A ~ 

2TNIA = PUFA 2IDTA 1 X03A 

BX02A = 2RTIA Exit from PIN wait phase 

+ 2PTlA Alert to POT 

Table 8-12. Logic fquations for Parity Register 

Equation 
; 

Comment 

yP01 = 2SPRA WD1 through WD4 for write parity 

sP01 = 201 FA 4WD1A ~LKA 
(01 F) 

+ 2U02A 4CLKA 2LR1A 

rP01 = 201 FA 4WD1A 4CLKA LR1 through LR4 for read parity 

+ 2U02A 4CLKA 2LR1A 
(02 F) 

yP02 = 2SPRA 

sP02 = 201 FA 4WD2A ..4.C.LK8 
+ 2U02A 4CLKA 2LR2A 

·L (Continued) 
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Table 8--12. Logic Equations for Parity Register (Cont.) 

~------------------------------------~------------T------------~----------------.-.. 
Equation Comment 

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

8-16 

rP02 

yP03 

sP03 

rP03 

yP04 

sP04 

rP04 

2SPRA 

3PCPA 

yE01 

sE01 

rE01 

EOl 

8PWRA 

-

= 

= 

= 

= 

= 

201 FA 4WDZA 4CLIV~ 

+ 2U02A 4CLKA 2LR:2A 

2SPRA 

201 FA 4WD3A ~ 

+ 2U02A 4CLKA 2LR:3A 

201 FA 4WD3A 4CL~~ 

+ 2U02A 4CLKA 2LR.3A 

2SPRA 

201 FA 4WD4A 4CL~~ 

+ 2U02A 4CLKA 2LR4A 

201FA 4WD4A ~~ 

+ 2U02A 4CLKA 2LR4A 

201 FA 2U01A 

+ 202FA 2U01A 3U02A 

1 P01A 2LR1A 

+ OP01A 9RD1 S 

+ 1 P02A 2 LR2A 

+ OP02A 9RD2S 

+ 1 P03A 2 LR3A 

+ OP03A 9RD3S 

+ 1 P04A 2 LR4A 

+ 0 P04A 9RD4S 

Table 8-13. Logic Equations for Error Circuits and Power Fai lure Circuits 

Equation Comment 

OX01A OX02A 8PT2A Illegitimate POT 

200FA 2U03A 2SIPA ~CLKA Address overflow 

+ 201 FA 2WLKA 4CLKA Write-protected 

200FA 2BUCA 2DMAA. New instruction 

lSTOC } START pushbutton 
8STOC 

+ 3RLlA } Relay control 
+ 3RL2A 
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Table 8-1~~'. Logic Equations ifor Controller Input/Output Signals 

Equation Comment 

2D01A = ~ 

2D02A = 9D025, 

2 D03A = 9D03S 
Sector counter signals from selection 

2 D04A = 9D04S unit 

2 D05A = 9D05S 

2D06A = 9D06S ... 
9D01A = 2D01A 6DAPA ~ 

9D02A = 2D02A 6DAPA 

9D03A = 2D03A 6DAPA 

9 D04A = 2D04A 6DAPA 
Sector counter signals to TMCC 

9D05A = 2D05A 6DAPA 

9D06A = 2D06A 6DAPA ~ 

6DAPA = 1X01A 1X02A Disable outputs 
I 

2PT1A = 8PTlC POT 1 signal (POT instruction in 

2PTQA = 6PTQA 
computer) 

6PTQA = 8PTlC Q20C POT 2 signa I (T5 thru T1 of POT 1) 

2RTIA = 9irfiC Exit from PIN wait phase 

2BUCA = 8BUCW Buffer control mode 

2W60A = 8W60W 

J Character transfer rate 
2W50A = 8W50W 

3W90A = ~ 

3W11A = 8WTlW Read/write control 

3W14A = 8W14W 

2C12A = 8C12C 

2C13A = 8C13W 

2C14A = 8C14W 

3Cl6A = 8C16W } 3C20A = 8C20W Computer register signals 

3C23A = 8C23W 

9 ECWA = 6ECWA Clock signal to TMCC 

6 ECWA = 201 FA 3W50A 3W60A 2X03A OX08A Enable clock write mode 

+ 202FA 3W50A 3W60A OU04A J20~ Enable clock read mode 

J201 = 2DMWA 1X06A 

+ 2DMWA 1 X09,A. 1 U03A 

9WHSA = 6WHSA Halt signal 

(CoMi nued) 
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6WHSA 

9WESA 

6WESA 

9SIOA 

6SIOA 

9RTOA 

6RTOA 

2W56A 

"JIN56A 

SOS 901029 

Table 8-14. Logic Equations for Controller Input/Output Signals (Cont.) 

Equation 

200FA 20MWA 

+ 2U03A 2SIPA 

+ 1 X03A 3BUCA 

6WID. 

OX04A 

+ 202FA 3PCPA 2CLKO lK06A lK07A 

+ 202FA 3PCPA 2CLKO 3U01A 3U02A 200MA 

6SIOA 

20MAA 3C13A 2Cl4A 1 E01A 

+ 20MAA 2C13,L, 2Cl4A 9WLKS 

+ 20MAA 3C13,L, 3Cl4A lX03A fIDFA 

+ 20MAA 3C13A 3Cl4A lX03A 300FA 

61rrOA 

2PTlA OX01A 6DAPA 

+ lX01A OX02A 9ENPS 60AP,lI, 

7'NS6A 

2WSOA 3WSOA 

Error signal 

Comment 

Table 8-1S. Logic Equations for 5e!ctor Counter Table 8-1S. Logic Equations for Sector Counter (Coni'.) 

Equation Comment Equation Comment 

sOOl 00025 t006 ~ 

rOOl 00025 9C015 00015 9U5LA 
.... 

tOOl ~ 9C025 00025 9U5LA 

s002 00035 9C035 00035 9U5LA 

r002 OOO~ 9C045 00045 9U5LA ~5ector counter compCJrE~ 

t002 30ROS 9COS5 000S5 9U5LA 

s003 00045 9C065 00065 9U5LA 

r003 00045 95IPS 2SIPS 9USLA I .. 

t003 3DRlJS 9001S 0001 S 3PSLS 
I.., 

5004 ~ 9002S 0002S 3PSLS 

r004 ~ 90035 0003S 3PSL5 

t004 30RDS 90045 00045 3P5LS 
Read sector counter 
for PIN operation 

sOOS 00065 900S5 000S5 3P5LS 

r005 00065 90065 00065 3P5LS 

t005 30RD5 9ENPS 25IP5 3P5L5 

5006 25EC5 3P5LS BP5LA I" 

r006 25EC5 

(Continued) 
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Table 8-16. Logic E~uations for Address Circuits 

Equation Comment 
.-

Y01S = OAllS lA12S lA13S lA14S lA15S . 
Y02S = lAllS lA12S lA13S lA14S OA15S V. & "1-
Y03S = lAllS lA12S lA13S OA14S lA15S 
Y04S = lAllS lA12S lA13S OA14S OA15S 
Y05S = lAllS lA12S OA13S lA14S lA15S 
Y06S = lAllS lA12S OA13S lA14S OA15S 
Y07S = lAllS lA12S OA13S OA14S lA15S 
Y08S = lAllS lA 12S OA13S OA14S OA15S ' 
Y09S = lAllS OA12S lA 13S lA14S lA15S 
Y10S = lAllS OA12S lA13S lA14S OA15S 
YllS = lAllS OA12S lA13S OA14S lA15S 
Y12S = lA 11S OA12S lA13S OA14S OA15S 
Y13S = lAllS OA12S OA13S lA 14S lA15S 
Y14S = lAllS OA12S OA13S lA 14S OA15S 
Y15S = lAllS OA12S OA13S OA14S lA15S 
Y16S = lAllS OA12S OA13S OA14S OA15S 
Y17S = OAllS lA12S lA13S lA14S lA15S . 
Y18S = OAllS lA12S lA13S lA14S OA15S 
Y19S = OAllS lA 12S lA13S' OA14S lA15S 
Y20S = OAllS lA12S lA13S OA14S OA15S 
Y21S = OAllS lA12S OA13S lA14S lA15S 
Y22S = OAllS lA12S OA13S lA14S OA15S 
Y23S = OAllS lA12S OA13S OA14S lA15S 
Y24S = OAllS lA12S OA13S OA14S OA15S 
Y25S = OAllS OA12S lA13S lA14S lA15S 
Y26S = OAllS OA12S lA13S lA14S OA15S 
Y27S = OAllS OA12S lA13S OA14S lA15S 
Y28S = OAllS OA12S lA13S OA14S OA15S 
Y29S = OAllS OA12S OA13S lA 14S lA15S 
Y30S = OAllS OA12S OA13S lA14S OA15S 
Y31S = OAllS OA12S OA13S OA14S lA15S 
Y32S = OA l1S OA 12S OA13S OA14S OA15S 
SPOl = Y01S Y02S 
SP02 = Y03S Y04S 
SP03 = Y05S Y06S 
SP04 = Y07S Y08S 
SP05 = Y09S Y10S 
SP06 = YllS Y12S 
SP07 = Y13S Y14S 
SP08 = Y15S Y16S 
SP09 = Y17S Y18S 
SP10 = Y19S Y20S 
SPll = Y21S Y22S 
SP12 = Y23S Y24S 
SP13 = Y25S Y26S 
SP14 = Y27S Y28S 
SP15 = Y29S Y30S 
SP16 = Y31S Y32S 
sA 11 = 8AllA lYSeS 
rAll = lYSeS 
tAll = 3SIMS 
sA12 = 8A12A lYSeS 
rA12 = lYSeS 
tA12 = 3SIMS 

(Continued) 
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sAl3 
rAD 
tAi3 
sA14 
rA]4 
tAl4 
sA]5 
rA15 
tA]5 
sYSC 
rYSC 
tYSC 

3SIMS 
3A16A 
3A17A 

SDS 901029 

Table 8-16. Logic Equations for Address Circuits (Cont.) 

Equation 

8A13A lYSCS 
lYSCS 
3SIMS 
8A14A lYSCS 
lYSCS 
3SIMS 
8A l5A lYSCS 
lYSCS 
3SIMS 
3SIMS OWCKS 
2SECS 2WCAS 
3IDXS 
3SECS 3IDXS 
8A16A 
8A17A 

r--____ , ______ Ta_b_le_8-_l_7_. _Lo...:::g:-ic_Eq.!-u_at~ns for ReadIWrite Control Circuits 
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sWDEl 

rWDEl 

sWDE2 

rWDE2 

sWDE3 

rWDE3 

sWDE4 

rWDE4 

2WD1S 

2WD2S 

2WD3S 

2WD4S 

Equation 

2WD 1 S 1 WC KS 2WCAS 

+ OWC KS 2WCAS 

9WDIA lWCKS 'J:WCAS 

+ OWC KS 2WCAS 

2WD2S 1 WC KS ~WCAS 

+ OWC KS 2WCAS --
9WD2A lWCKS 2WCAS 

+ OWC KS 2WCAS 

2WD3S 1 WC KS 2WCAS 

+ OWC KS 2WCAS --

9WD3A lWCKS 

+ OWC KS 2WCAS 

2WD4S lWCKS 

+ OWC KS 2WCAS 

9WD4A lWCKS 

+ OWC KS 2WCAS 

9WD1A 3SECS 

9WD2A 3SECS 

9WD3A 3SECS 

9WD4A 3SECS 

Comment 

Comment 



Similarly, the following signals (see figure 8-9 and 
table 8-8): 

2AINA 

6AINA 

simplify to: 

6AINA 

2RF1A 3AFLA 2ClKA 

+ 201 FA 3AFLA 201 UA. 2lSCA 
2K06A 2ClKA 

AIN RF1 AFl ClK 

+ 01 F AFl 01 U lSC K06 ClK 

SOS 901029 

Flip-flops may have inputs independent of triggered gating 
inputs, and may also be controlled by connecting flip-flop 
outputs to ground. For a detailed description of these 
operations, refer to SOS publication 64-55-14. Special 
inputs which set flip-flops are indicated in the logic dia
grams by an input at the top of the flip-flop symbol and 
indicated in the corresponding equations by a lower case y 
prefix. Special inputs which reset flip-flops are indicated 
in the logic diagrams by an input at the bottom of the flip
flop symbol and in the .corresponding equations by a lower 
case z prefix. Thus, in the fo"owi ng equations (fig-
ure 8-11): 

yU02 = 200FA OBSCA 2SACA 2HSOA 

sU02 200FA 2U01A 1 U03A 200MA 4ClKA 
and the following signals (see figure 8-15 and table 8-14): 

2W56A 7W56A 

7W5{-;A = 2W50A 3W60A 

simplify to: 

W56 := W50 W60 

rU02 

zU02 

200FA OK05A 4ClKA 

30RAA 

flip-flop U02 may be set by either of the first two sets of 
conditions, or reset by either of the second two sets of 
cond i ti ons. 
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SDS DRAWING SYMBOL 

:3)--oQ 
NO 
CONNECTION 

:i D OQ 

A~Q 

NAME 

AND GATE 

AND GATE, 
ONE TERMINAL 
UNUSED 

AND GATE, 
WITH EXTENDER 
AND GATE 

OR GATE 

OR GATE, 
ONE TERMINAL 
UNUSED 

INVERTER 

BUFFER AMPLIFIER 

SIMPLIFIED SYMBOL 

SAME 

Acr----f\ 
B~Q 

A 0---1 

Bo---I 

Co---I 

Do----l 

E o---~ 

F o----l 

SAME 

SAME 

SAME 

Q 

lOGIC EQUATION 

Q = ABC 

Q =AB 

Q = ABCDEF 

Q=A+B+C 

Q =A + B 

Q=A 

SDS DRAWING SYMBOL 

Alr---; 

Bo----l 

1------oQ 

Co----l 

Do----l 

Ao---r ...... 

Bo---....., 

D o-----t--+--oQ 

Eo----+-::.oo" 

A 0---1 

Bo----; 

Co-----l 

Du----I 

A 0---1 

Bo---I 

E 

NAME 

GATED INPUT 
OR GATE 

PHANTOM OR 
GATE 

NOR GATE 
USING 
INVERTING 
AMPLIFIERS 

SDS 901029 

SIMPLIFIED SYMBOL 

A .. r----. 

B IJ'---t 

Do----I 

A 

B 

SAME AS ABOVE 

A 0---1 

Bo---; 

E 0---1 

E 0----1-...... 

Cn----l 

00---; 

lOGIC EQUATION 

Q Q = (AB) + (CD) 

Q = (AB) + (CD) 

Q Q = (AB) + C + D + E 

Q Q = E [(AB) + (CD)] 

:~Q Q=A+B 

Figure 8-1. Logic Symbols 
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PROGRAMt-lING THE !)367 RAD FILES 

64.87.855.01.01 
1 November 1966 

There is a new product bulletin (64-l7-02H (Rev. 2») which describes both 
the 9366 and 93(-)7 RAD files. The intent of this memo is to provide some 
perspective on these files, to explain terminology used in their descrip
tion and to illustrate techniques of programming the 9367 (fast) RAD. A 
separate memo on programming the 9366 (slower) RAD will be generated at 
;,omt- time in the future. It is hoped that the product bulletin, supple
mented by these descriptions will give the information you require. The 
contents and specifications described herein are s~bject to change, and 
are not binding on SDS. 

First of all, the 9366 is applicable to the SDS 910/920 only. The 9367 is 
i1.pplicable to the SDS 92, 925, 930, 940 and 9300 only. Since the 9366 can 
only be attached to a 910/920 V-Ruffer with a 9321 interlace and 912424 24 
bit Y buffer, the product bulletin illustrates the EOM/SKS instructions for 
the 9366 with the Y buffer bit on. 

St~condly, the remaining discussion on the 9367 is intended to promote a 
clear headed way of thinking about this RAD file from a programming point 
of view, and should not be mis-construed as an exact physical description. 
in lilis sense we can compare it to Sigma virtual addresses of data locations 
being independent [rom actual core locations as affected by memory mapping 
and interleaving.· 

A 9367 RAD controller is attached to an I/O channel. Each controller may 
control from one to four storage devices. Devices corne in tllree sizes: 
524,288 6-bil characters, 1,048,576 6-bit characters or 2,097,152 6-bit 
characters. The 2 million character storage device is treated as two logical 
storage units of l,0!!8,S7G characters each. Thus the maximum capacity per 
controller is 8,388,6108 characters. 

Each storage unit contains 04 bands (32 baIfds for a 524,288 character unit), 
each band contains bl-f sectors, and each sector contains 256 6-bit characters. 
Tilus each band contains 16,384 characters or 4096 words. Areas of the 9367 
storage are thus addn~ssed by spec ifying the part icular. uni t, band, and 
sector. Each particuLlr bane] is actually recorded in four physical tracks, 
each with a separate readh.,1ritc head) thereby eliminating the m£.~chani cal C,)nl

plexity and positioning time that are characteristic of movable arm disc fllt>~;. 

Note tbat tlte word "track" \.,11len used with the 9367 RAD file does not dt·scrlln· 
a program addressable element. 



64.87.855.01.02 
1 November 1966 

Physically then, the storage unit may be thought of as follows: 

1 logical unit 

-------------------~ 

four tracks 

band 

sector 

a physical disc surface, 
which may be recorded on 
either the top or bottom 
side. 

(The information for the 
band is actually recorded 
on four physical tracks in 
each band.) 

'Ilte read/write heads actually pick-up/record information four tracks (one band) 
at a time. A memory war,] is thus actually recorded in the followipg way: 

Heads , 
1 0 O~ 

2 0 3 

3 D 6 

4 D 9 

Hotion 

+--
1 

bit number 

1 2 12 13 i4 

4 5 1 ,~ 

7 8 18 19 20 

10 11 21 22 23 

bi! time of 1. 2 ILS 

track 

------------------------------ 11 

etc. --------------------------1 BAND 

------------------------------

(Actually 4 bits are, involved since 
there are four tracks but it is 
one bit time from the band point 
of view.) 

lJu~ ... ,) . nr~~allization of ,', tracks per band, recolding of 6-bit characters 
_. must be uorw 111 llll.;., ;: 1 f": of two characters (12 bits) which is what the 

coupler rt:quires. Tilis llll'dns that a 24-bit word to the coupler locks like 
two II bit cl!aracter.s~~, This if] tltt: explanation for selecting th(~ t~JO 

character per word lllClde of tlte EOH when prograrrnning the RAD file. 
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64.87.855.01.03 
1 November 1966 

'i'he rl'ldtitL1al Lltcn,:y (35 LlSC'C' I'1aXllTllrn) can he minimized ',dlCil 1-1.rr~(' ~;t()ck(; 

I)! (i.1ta tll'C tl'cl11sCr'rrcd l'et1,.j(~n the computEr and the :;()dr:l ~J()7 F~AD unir. 

i'llis Lype n[ l;lr!;r~ h' ('Ick transfer is frequently encountered in appl';J1l:iotis 

,ac.h as li:nlc :;h;,r;_n',~ ,!ncl vel'\' 1 ar~e simulation problems crnployi.: ... g ;~r(":?Jarl 

I' uvc l' l'JY" t cchn Lquc~, • 

. \ c.I:l:'dnctt:io:l l)~' :l;):·l~I·.\are arJd l)·rJ:.~ra:l;;I1~llg J~inir:!i;:ed lcl1l'>llCY. '1'11(' lLl::'<'C'} 

} ~: , : r t: : , S i .. ,: C ( 1 n f .; 111 : 1 1 L y J:' cl i. II L :1 j II (' din 1: h cell 1.1 p 1. cr. :, u (' C C' ~) r: i. \' C ~, (' (' l () r [! ( I r I' - ,. C 

, i..:C l'IJtl ' .O)nd ,'.-)tl1lt('j, :l~; the :)dnd:; rl"-,olvE, as a l)-~'i[ num:'IJr hc-tl.·'f·CIl i)l I:cl 

") (octal). 

l'1:(~ current r;cctnr :lddrc:"..; of nnv d(~vi ce C<Jll rl.. r~:',J by tile C0:i:P1jtC[! S pre,) ! <1"1' " 

It ;111:" ll.i"1L !-.y ,11l I);>~/:)l:;. Thu~~, ~he progr'1.ffi can cumpute Ule cpLit'll,'::1 ~t<nt ine' 

lj\):il.'~ lor d dnt-l tClll!.!.J·r, a~ j tlu;:-;ll'<lLed Ln the foLlmdng lxm:lp]c: 

:\:-;Sll~;W tile pl"0~1';1m Lf l.l) 11.111'.:1c.r 010 .. 0()O (octal) \"orJs [r/)r.~ corL n~c;:lory 

l()cntio:)[, O():)7~O-()1')/l/ ollLo s(,CT:or locO-ciotH, OOL/./O(J-OO'-t277. (hand 1~~~,1! L 

~(:ctnl.'::;) ;\:)~;lJ:r.C tl,.:~t the Cl:rrl.ill ~~cctl)r addt'l!;;f; is 0 1 ,3. The.l:;[' ste:)~: ,)rc'l.!r: 

2. Tilt: prof.rill:l LXl'Lut~.'> :.1" E(l:v1/PIN. The Ctlrr(~Ilt.: :'<ct~r addn'~s (O~ 

L~; Yl:::cl into the co\!1pulL'r. 

3 . 'I h ~ p r n S r ,1 Ja a J (. I :; t \0. 0 t u C 11 e f, e c tor; add n~ s s, n[l k i ! H 7 "L t 045. T h i ~: 

in;:ul"e~ Lhat one :H'cLoc tirilt' is available to the:. ,)gram before 

r~ading or writing occurs. 

(The unit could be ve:ry near to the end of sect-OJ 0:'13 ,,,hen read 

and, hellce J :[ n lo sector O/-+!~ be fore a read or \"r i t L' co uld be 

i nit i ate.: d, t h L ref 0 r c imp 0 sin g a full rot a t ion a 1 cJ e 1.:; y • ) 

4. The pruL,ram ~;e l s up t\vO I/O fi 1e operations. 

A. Tile first causes corc locations 012420-0L5717 to 1JI: \.Jritten 
onto sectors 004245-004277. 

B. The.: seconJ causes core locat ions 005720-012417 to be \-Jl'i t ten 
onto sectors 004200-004244. 

In this example, 4096 words are transferred in about 35 msec. If normal I'ro
gralruning had been used with the cntire record started at sector zero, the 

operation would have taken almost 50 ms~c, due to the latency encountered, 
while the unit rotated from sector 44 to sector 00. Thus, the inunediate ,:.:,', f 

capability of the Model 9367 reduced the transfer time by about 30 percent. 
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NOTE: When a read or \\rrite operat ion is in progress c)n any of the 
units conne'cted to the 9367 ,-ontroller, it is not possible to PIN 
the current sector address of any of the attached storage devices. 

TnlING NOTE 

In all cases, the addllo'sS POiT must occur one or more sectors before the 
start of the desired sector, or one band time is lost. 

()PTI0!'\AL PRrORITY INTERRUPT LINE 

The 9367 supplies a momentary signal for use in the priority interrupt system. 
It occurs ncar the start of thl' elise sector on which the address ffi<'1tches the 
contents of the sector aduress register. Thus it is possible to POT an 
address n and be interrupted in time to set up a read or write operation on 
sector n+l. 

FILE PROTECTION 

Both 1:-1odel 9366 and Hodel 9367 RAD units contain provision for manual write 
protection. A group of toggle switches selectively inhibit writing on band 
groups associated with each switch. There are a total of sixteen switches, 
each controlling eight bands, or 32,768 words of storage each. Unimplemented 
bands on a .5 million character unit will test as file protected if addressed, 
and the switch for the unimplemented band is set to the protected position. 

ADDITIONAL CONSIDERATIONS 

The minimum unit written at .any time on the RAD is a sector, and all trans
mission must begin on a sector boundary. If the word count ,controlling an 
output operation is not equal to zero modulo 64, the remainder of the last 
sector will be written as zero (erased). The amount transmitted to memory for 
an input operation is limited of course to the actual word count specified. 

Sector incrementing is auto~ltically performed by the coupler when more than 
one sector is to be transferred. Unless inhibited, the band number will also be 
incremented after the last Slector in each band if transmission -passes a band 
boundary. It is not pOSSible, how.ever, to increment automatically to a different 
unit. This means that a single transmission on 2 million character double unit 
cannot cross the boundary from the first million charact~rs to the second. They 
are, from a programming point of view, two separate units. ~ddressing is, 
therefore, continuous within a unit but not continuous from unit to unit. 
Similarly, if a million charucters of storage are set up as two .5 million 
character units, it is not possible to increment automatically across the unit 
boundary. 
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EOM/SKS COMMANDS 

64.87.855.01.05 
1 November 1966 

The following EOH's and SKS's are applicable to all models of the 9367 RAD 
files. All EO~~'s and SKS's nre configured for channel A. The bits for 
channe Is other than A arc the same as v..'ould be used for any other device 
controllers. The ;'T.,TA-S\~mOL names and mnemonics are included. 

S?,A C SET Rt\D A~~)EF~)S EO}! 010026 

h'[1('!"P ('=0- -;, t.he channel number 

Action: ,\l('rt to POT .. 

"1'11i::. EOY sb0ulcl be prccecleJ hy the coupler re:1ciy test and be i111r1edlately 
folJ.o'.JC'cl by D t'CY~ i:1~~trt1ctjon vIllose effc'ctive address contains the cesir(·d 

.:.J.ric1re~s in tlle follo'.·!ing fOrr'1C.lt. 

r----- -.---- "t 

1._ I 
'-~---- ----. -----1 

L'NIT HAND 

8 9 11 12 

SRAl C SET [{AD ADDRESS AND INUlnIT BAND INCREMENT 
\.,rhere c=0-7 

SECT OR _____ 1 
17 18 23 

EOM 011026 

Action: Alert to POT and inhi~it increment. In addition to performing the 
[unction described in the previous alert EOM, this instruction will inhibit 
the normally automatic incrementation of the band address after sector 778. 
This feature is required to implement the "immediate addressing" technique 
described in example H3, (Pg. 12). 

PRS C,U PIN MD SECTOR EOM 01U22.6 
\-Ihere C=0-7; U=0-7 logical unit s 

Action: Alert to PIN. This EOM is inunediately followed by a PIN instruction. 
After execution of the PIN, the contents of the effective address of the PIN 
will contain the current sector address for the unit specified by U (0-7) ill 
following fonnat. 

The PIN instruction will be acknowledged immediately with tht! exception of 
a 10 microsecond period at the end of each sector during which time the 
sector address is incremented. 



RRAD C,U,CC 
WRAD C,U,CC 

READ, RAD 
WRITE RAD 

Action: Connect for read or write 
where CC-=l for 9366 RAD 

=2 for 9367 RAD 

EOM 02226 
EOM 02266 

64.87.855.01.06 
1 November 1966 

Standard buffer control (BUC) EOM's are used to connect for read or write 
using unit addresses 26 8 and 668 respectively in the 2 character/word mode. 

RRT CHAD READYTEST SKS 010026 

Action: Test Coupler Ready 

Execut.ion of this instruction will result in a skip if the coupler is ready. 
The coupler will test not ready if there is a power loss, if the coupler is 
addressed, or th~ read/write ~ircuitry is in use. (The words coupler and 
controller are interchangeable). 

FILE PROTECTED TEST 

RF PT C RAJ) F 1L£ PROTECTED TEST SKS 013026 

Action: Test for File Protected 

Execution of this instruction will result in a skip g the addressed ban'i is 
not file protected and can be written on. This instruction will not result 
in a skip if the addressed band is one of eight bands designated protected by 
d manual switch which is set: to the protect position. 

NOTE: Addressed POTted to the RAD controller are not transmitted 
to the RAD Selection Unit until the ~ available gaptime. This 
means that if an RFPT (SKS ~.Jrite Protect) is performed immediately 
after the set RAD addrt:'ss POT instruction, the SKS response will 
refer to the last address held in the Controller's address register 
rather than the one just POTted. Therefore, a minimum of one sector 
delay must be progranuned to perform the POT/SKS operation. 

RET C RAD ERROR TEST ~;KS 011026 

Action: Test for Error in Coupler 

Execution of this instruction will result in a skip if ££ ~ conditions were 
encountered. Anyone of four (4) conditions in the coupler will result' in an 
error. 
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1. If the coupler receives or increments into an cnimplemented 

address, or increments across a unit bound~ry, the error 

indicator is set and the ch£1nnel is di:;connected. The II 
interrupt will not occur. 

2. If the couplers monitoring electronics detect device fault, 

the error indicator is set and the channel is disconnected. 

The II interrupt will not occur. 

3. If a write protected area is specified/encountered during a 
write operation the error indicator is set and the channel 

is disconnected. The II interrupt will not occur. 

4. If either of the alert to POT EOM's are executed when the 
coupler is busy, the error indicator will be set. The on 

going operation is only affected by the pre~ence of the error 

indicator i.e. the channel is not disconnected by the coupler. 

CHANNEL ERROR TEST 

SKS 011000 

For a write operation the channel error will only be set if a data rate error 
exists. This condition occurs if the channel is not prepared to transmit the 
next character when requested by the coupler. 

For read operation, three distinct conditions will set the channel error. 

1. A data rate error occurs if the channel is not prepared to receive 
the next character from the coupler. 

2. The channel error will set if the channel d~tects bad parity on the 
input character. 

3. The channel error will be set if the coupler detects an error via 
the end of sector parity bits. 
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This flow chart describes the requirement for a typical read or write transmission without 
interrupts. 

] 

] 
no 

Alert EOM/POT ] 

.one Sector Delay] 

For 
Write·--~ 

O:1:Y 

Load Interlace and Con-=-l 
nect ALC/EOM/POT/B~ 

] 

Try 
• ...8__--1 

Again 

yes 

write 
o 

read 

Illegal POT Unimplemented Addr. 
caused error or Device Fault 

~ 
Not likely in a 

checked out program 
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Code required to implement flow-chart of example 1f1 for a write operation. 

\{RITE 

A 

ERROR 

ADDR 

OUTPUT 

\.JRLTE 64 \.JORDS OUT Fl{OH 01000 ONTO UNIT 0, RAt-~D 1, SECTOR O. 

PZE 

SKS 

BEU 

SKS 

BRU 

[OM 

POT 

LDX 

BRX 

SKS 

BRN 

ALC 

EOH 

POT 

EOM 

SKS 

BRU 

SKS 

BRU 

SKS 

BRU 

BRR 

SKS 

BRU 

SKS 

BRH 

HRM 

BRR 

DATA 

DATA 

o 

014r)00 

$-1 

010$26 

$-1 

010(1)26 

ADDR 

=0177343 

A 

013~26 

PROTECT 

) 

014200 

OUTPUT 
:, 

02266 

010$26 

$-1 

011G26 

ERROR 

011(!)00 

RETRY 

WRITE 

012(])00 

ILLEGPOT 

013(1)26 

PROTECT 

OPERATOR 

WRITE 

0100 

04{)OlOOO 

CHANNEL ACTIVE 

YES 

COUPLER READY 

NO 

ALERT TO POT 

POT COUPLER ADDR. 

ONE SECTOR 

DELAY 

IS IT WRITE PROTECTED 

YES. GO TO PROTECTED ROCTI~E 

ALERT INTERLACE 

IOSD, NO INTERRUPTS 

64 WDS, 01000 

CONNECT WRITE 

COUPLER READY 

WAIT 

COUPLER ERROR 

WHAT TYPE 

CHANNEL ERROR 

AS REQl,JIRED 

RETURN 

INTERLACE COUNT=O 

ILLEGAL POT 

WRITE PROTECTED 

YES. GO TO WRITE PROTECTED ROUTtNE 
i 

NOTIFY OPERATOR OF ILLEGAL ADDRE:~~S 

OR DEVICE FAULT 

EXIT 

UNIT 0, BAND 1, SEC~OR 0 

64 WDS FROM 01000 

*A!.!. data transmission must bt.' performed with function code 10SD. The connect 

for read/write must follow the interlace load :' ~fuence. 
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Symbols external to this subroutine are assumed to have the follt)wing 
significance: 

PROTECT: 

RETRY: 

OPERATOR: 

is a subroutine to handle the error condition that WRITE 
has been asked to output onto a file protected area of the 
disc. Note that the second file protect test in this 
particular example is not required, since the file protection 
applies to groups of eight bands and only one sector of one 
band was written. In general the test would mean that during 
automatic band incrementing, a new band was addressed for 
writing that was file protected, although the write was 
initiated for a non-protected band. 

is a routine which would attempt to recover from the error. 
For example it might decrement a count, branching to '.JRITE + 1 
if more tries were to be attempted, and to an operator notifi
cation routine if the recovery attempt was unsuccessful. The 
recommended number of read/write tries attempted automatically 
is three. 

is a routine which will notify the computer operator of the 
error condition and take whatever action is required to 
terminate the job, etc. 

similarly, ILLEGPOT is a routine to indicate that specific programming error. 



IHMED 

EXAMPLE 1f3 

(\VRITE ONLY) 

ON UNIT 1, BAND 2 

64.87.855.01.11 
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hTRITE ONE BAND, USING THE It-1MEDIATE ADDRESS TECHNIQUE 

HITIIOUT INTERRUP'l'S 

CALLING SEQUENCE ASSUHED IS 

RRH 

DATA 

PZE 

HIN 

SKS 

BRU 

SRA 

BRU 

PRS 

PIN 

LDA 

ETR 

ADD 

ETR 

SKE 

BRU 

ADD 

CLB 

LSH 

STA 

RSH 

MRG 

STA 

IMNED 

LOC 

o 

IMHED 

014000 

$-1 

o 

$-1 

0,1 

SAVE 

SAVE 

=077 

=2 

=077 

=0 

$+2 

-I 

6 

SAVE 

6 

DISCAD2 

DISCADl 

FIRST Of 4096 ~~ORDS TO BE WRITTEN (15 HIT ADDf\ 

STEP ENTRY LOC.A'tlON 

CHANNEL ACT IVE 

YES 

COUPLER READY 

NO 

ALERT TO PIN UNIT #1 

SAVE CURRENT SECTOR ADDRESS 

CCE 

LEAVE SECTOR ADDRESS ONLY 

ADD TWO 

CHECK FOR CURRENT SECTOR 

NOT 62 OR 63 

SET UP OK 

START AT SECTOR 1 

CLEAR B 

HULTIPLY BY 64 

SAVE FOR POT WORD CALCULATIONS 

KESTORE UNIT NUMBER 

MERGE WITH IIN!T AND BAND 

TO SET UP t I :\~;T SECTOR WRITTEN 



* THE CODE FRO~1 HERE TO LABEL E01'1 IS NOT 

* PART OF THE I/O, nUT HERELY SET-UP COHPPTATIONS 

* ['OR THE INTERLACE rOT WORDS AND HT-COPNI' BITS 

* LT Dl'ES SERVE TO ILLUSTRATE THE RC")OKK[CP l~:C RF.Ql:IRED. 

* 05VIOUSLY 1 IF THE DISC UNIT AND BAND '"n~p,E ALSO 

* ROUTU~E rAR.AHETERS, HORE SET-UP THAN ILLUSTRATED 

* \.JAS REQUIRED BEF01~E THIS. 

LDA "\"I~1Hr:n r: T,or" 
J 1, • DATA LOCATION 

ETR =077777 TO 15 BITS 

LDB SAVE FIRST SECTOR ~',64 IS ',.]URD 

BRM FEONPOT fORH EON/POT WORDS 

STA EOM2 fOR SECOND TRANSHISSION 

STB SECO\iD AND STORE TIlEJ"l 

LDA :1+096 FORM \vORD COUNT 

SCB SAVE FO[{ FIRST THANSNISSION 

CAB PUT IN B· FOH FE()}~POT CALL 

LDA ~'<"IHHED GET DATA LocATION 

64.87.855.01.12 
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COUNT 

ETR =0777'77 PLUS WORDS TO B !~ DONE WITH 

ADD SAVE SECOl~D T RAN SH ISS 10 N AS LOCATION 

ERN FEONPOT AT \-.JlIICH FIRST TRANS~lIS S ION BEGINS 

STA [OMI SAVE [OM/POT FOR 

STB FIRST FII::'ST OUTPUT DONE 

EOM SRAI 0 ALERT TO POT AND INHIBIT 

POT DISCAD1 lSI' DEVICE ADDRESS 

ALC 0 ALERT INTERLACE 

EOMI EOM 0142010 IOSD, NO INTERRUPTS 

POT FIRST 1ST TRANSMISSION 

WRAD 0,1,2 CONNECT WRITE 

SKS 014000 \JAIT FOR CHANNEL READY 

BRU $-1 



ALe 

EOH2 EOM 014200 

POT SECOND 

RRT 0 

BRU ~? -1 

RET 0 

BRU ERROR 

EOM3 SRA 0 

POT DISCAD2 

SKS 011000 

BRU RECOV 

WRAD 0,1,2 

BRR Il'1MED 

DISCADl DATA 0 

DISCAD2 DATA 00010200 

FIRST RES 1 

SECOND RES 1 

RELOAD urTERLACE 

IOSD, NO INTERRUPTS, 

2ND TRANSMISSION 

COUPLER READY 

NO 

COUPLER ERROR 

AS REQUIRED 

ALERT TO POT 

2ND DEVICE ADDRESS 

CHANNEL ERROR 

AS REQUIRED 

CONNECT FOR 2ND ~TRITE 

UNIT 1, BAND 2, SECTOR 0 
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STORAGE FOR FIRST POT WORD 

STORAGE FOR SECOND POT WORD 

A note of explanation may help to clarify Example 3. ERROR is assumed to be a 
routine which will check whether the condition is due to a device fault, unimple
mented address/file protected area, etc. as shown in the Example 1 flow chart, 
taking appropriate act:ion. RECOV is a routine to bump a counter and retry the 
operation to see if the data rate error on the channel persists, notify the 
operator or calling program of the unsuccessful write, etc. Note that IMMED 
exits before completion of the second write operation, so channel and coupler reedy 
and error testing will need to be done to verify a totally successful transmissiDn. 
FEOHPOT is assumed to be a routine which given an address and count forms the 
10SD EOM with the necessary high count and high order address bits, and generates 
the POT word in a FORM 10, 14. 

For Simplicity, no attempt was mad~ to take advantage of the case when the band 
could be written at sector zero with just one write operation. Special code for 
this case would save in excess of 500 microseconds of output time when the condi
tion existed, or assuming a 1/64 probability, an. .&:lv-erage of 8 microseconds 'Would 
be saved. 
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Finally, a note about the order in whi.ch the code is written may be helpful. The 
first test on the channel (EOMI + 3) waits for the zero word count condition. 
Since the coupler will still be bu~y, this time is used productively to reload 
the interlace for the second output required, and then the wait for coupler ready 
is performed. The existing status of the coupler error flip flop is then tested. 
Then the channel error indicator is tested before the final connect for write, 
which reset the channel indicator. 

RECOVERY PROCEDURE 

Disregarding critical applications, it is reconunended that no more than three 
attempts be made to read or write a portion of the file. 

OTHER PROGRAl'fHING CONS IDERATIONS 

1. Care should be exercised when using the II (zero word count) interrupt or 
the count zero test (SKS 012000) since the coupler may disconnect (before 
count zero) for reasons described previously in the section on coupler errors. 

2. The occurrence of an 12 interrupt (or a skip on thannel active test) is not 
necessarily synonomous with the coupler becoming ready. If the word count 
is modulo 64, the coupler on output must (after zero count) write the last 
data characters and the check character before indicating ready. 

If the count is no modulo 64, tile coupler will be busy after the 12 until 
trailing words of zero and the check character are written or until the 
end of the current sector is reached and the check character is verified 
for reading. 

Reference 

SDS 925/930 RAD Aposalyptic 
Diagnostic, Prog. No. 594003. 
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