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is necessary for o complete understanding of RAD File Models 9367B and 9367C
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cation Channel, Theory of Operation

SDS 92220 Direct Access Communication 900696
Channel, Theory of Operation

SDS 925/'930/9300 Input~Output Interface 900561
Design Manual

SDS Silicon Logic Cireuit Modules, C, H, and 64-55-14

L Series, Applications Manual .
SDS Power Supply Model PX13, Technical 900001-C

Manual
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Confrol Program
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SDS Autematic Instruction Diagnostic Program 604004
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Bryant Computer Praducts Handbook Auto-Lift ~ BCPH-101-5-64
Magnetic Storage Drum
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Paragraphs 1-1 to 1-8

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 File 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

file is installed with an SDS computer, the applicable docu- |
ments tabulated in the List of Related Publications should be

available to supplement the information contained herein.

A complete set of documents comprises this manual and re-
lated publications, engineering drawings, wire lists, diag-
nostic programs, and other data supplied with the equipment,

1-3 ORGANIZATION OF MANUAL

The information contained in this manual is organized as
follows:

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

b. Section II Operation and Programming: Functions
of all controls and indicators, operation and programming
information,

c. Section Ill Theory of Operation: General and
detailed theory of operation,

d. Section 1V 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 and 9367C.

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

h. Section VIII Logic Equations: Lists of all logic
equations for RAD file subassemblies, relation 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 file provides on-line, rapid access, auxiliary
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 file 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
failure,

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 (figure 6-1). The RAD
memory unit is connected fo 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 Model 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
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CONTROLLER UNIT

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 the 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 fo the computer 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 panel wiring.

1-10 Cable Assemblies

Each cable assembly consists of two printed circuit boards
connected by a wiring harness. Some prinfed 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 are inserted in spe-
cified locations in the same manner as circuit boards con-
_taining logic circuits,

1-11 MODEL DIFFERENCES

Characteristics of the six models of RAD File Model 93678
and the four models of RAD File Model 9367C are summar-
ized in table 1-1. The three memory capacities (disc or
drum) are approximately half-million, one million, and

two million characters, The minimum RAD file (suffix 0X)
consists of a RAD memory unif, 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 basic
RAD file and up to three additional RAD files (suffix 1X).
Each of these RAD files includes @ RAD memory unit and

an interconnecting cable assembly.

1-12 SPECIFICATIONS AND LEADING PARTICULARS

1-13 RAD FILE

Physical characteristics of a RAD file are listed intable 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 detailed information about signal levels, bit rates, and
other engineering data, refer to the following SDS documents:

Disc memory purchase specification 113374
Drum memory purchase specification 127890

The module complements of RAD File 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 module complement is the con-
troller module complement plus the module complement

for each RAD memory unit in the installation, Theselection

1-3
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Memory Size Power Cable
Model No. | Part No. Memory (Characters) | Power Supplies | Controller | Protection Panel | Assemblies
9367B-01 132802 127898-001 524,288 101270 131564 116989 113896
oo | 9367B-02 | 132803 | 127898-002 | 1,048,576 101271 o
i _.+ 9367B-04 132804 127898-004 2,097,152 o
i 116388
116513
9367B-11 132805 127898-001 524,288 See Note None None 116509
9367B-12 132806 127898-002 1,048,576
9367B-14 132807 127898-004 2,097,152
9367C-01 132808 115261-001 524,288 101270 131564 116989 113896
9367C-02 | 132809 | 115261-002 | 1,048,576 101271 : : ggzz
116388
116513
9367C-11 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

Paragraphs 1-14 to 1-15

SDS 901029

unit is used with either the drum memory or the disc

memory.

1-14 Drum Memory

The drum memory in RAD File Model 93678 uses a magne-~
tically coated drum rotating on a vertical shaft. Connector
J1 is used for power input, J2 and J4 are for read/write
inputs, and J3, J5, and J7 are for clock outputs, Full 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 rotational speed) or the frequency obtained from
a clock track recorded with 28, 288 bits cround the

periphery,

Playback of the track into a load of 560 ohms across two
half-coils produces an 11 to 50 my 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 psec. The second doublet of the dduble doublet
occurs 5.0 £1, 0 psec 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 interconnecting cables for the drum memory (power,
read/write matrix heads, and clock) are interchangeable

between all three drums (128, 256, and 512 heads). Crum
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 ore,
two, or four magnetically coated discs rotating on a vertical
shaft. Both sides of each disc are used together with 64
read/write heads for each surface, or 128 per dise. Con-
nector J1 is used for power input, J3 is for read/write
inputs, and J7 is for clock outputs, The discs and heads

are mounted in an air-tight enclosure which must not be
opened except in a cleanroom, If the enclosure is operied,
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 clock
cables are interchangeable between all three disc memories,

Full frequency is defined as recording (after dc erasurs)
838 khz on any of 64 tracks on any surface with a resultant
playback amplitude across two half-coils of 10 to 48 myv
across a load of 560 ohms, The three clock tracks produce
the same signals as the drum memory clock tracks.

Disc memory power is controlled at the single-phase circuit
breaker on the power distribution panel,

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




Table 1-2, RAD File Models 9367B and 9367C Physical Characteristics
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G FEA

RAD MEMORY UNIT

Height (max)
Width (max)
Depth (max)
Weight (max)

Drum Memory

Height

Width

Depth

Weight
Shipping weight

Disc Memory

Height
Width
Depth
Weight

Controller

Height (max)
Width (max)
Depth (max)
Weight (max)

Power Protection Panel

Height (max)
Width (max)
Depth (max)
Weight (max)

Plug Module Cable Assembly Lengths

Controller to RAD Memory Unit
Computer to Controller

RAD Memory Unit to RAD Memory Unit

RAD Memory Unit Power Cable Length

63.47 in.
28,09 in,
25,84 in.
760 lbs

127898-001 127898-002
16-3/8 in, 17-7/8 in,
17-1/2 in. 17-1/2 in,
17-1/2 in. 17-1/2 in.
120 Ibs 160 lbs
190 lbs 229 lbs
18 in.
16=1/2 in.
21-1/2 in,
760 lbs (Shipped

in dabinet)
28,00 in.
18.78 in.

8.66 in,
90 Ibs

5.25 in.
19.08 in.

3,81 in,
6 lbs
P170/P171 30 ft
P155/P156 10 ft
P157/P158 10 ft
P159/P160 10 ft
P161/P162 10 ft
P168/P169 4 ft

8 ft

127898-004

30-3/4 in.
17-1/2 in.
17-1/2 in.
250 Ibs
295 Ibs
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Table 1-3. RAD File Models 9367B and 9367C Environmental and Electrical Characteristics

Operating temperature range
Relative humidity range
Altitude range

Model 9367B-0X

Model 9367B~-0X with -1X

Model 9367B-1X No. 1

Model 93678-1X No. 2

Model 9367B-1X No, 2 with =1X No. 3
Model 93678-1X No, 3

Model 9367C-0X

Model 9367C-0X with -1X

Model $367C-1X No. 1

Model 9367C-1X No. 2

Model 9367C=-1X No, 2 with -1X No. 3
Model 9367C-1X No, 3

Dc from computer:

Ac from computer

10° to 40°C (50° to 104°F)

10 to 90 percent
0 to 10,000 feet

Unregulated AC
(volt-amperes)
775
1010
295
530
765
295
935
115
455
690
870
455

Heat Dissipation
(btu/hr)

2370
3170

740
1540
2340

740
3090
3700
1460
2260
2870
1460

+8v, 2.5 amperes
+25v, 6.0 amperes
~25v, 1.0 ampere

220 volt-amperes regulated
245 volt-amperes unregulated

Table 1-4, Memory Capacity of RAD File Installations

MODEL

=01 -02 -04 -11 -12

-14

TOTAL

CAPACITY IN CHARACTERS
(6 bits per character)

524,288
1,048,576
2,097, 152

2,621,430
3,145,728
4,194,304

w w

4,718,592
5,242, 880
6, 291, 456

2

6,815,744
7, 340, 032
8, 388, 608
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Table 1-5. Module Complement of Selection Unit

Module Reference Designation Total
Read Input Control AK61 | B20 1
Y-Select AK62 BI2%, BI3*, Bl4, BI5, B1&, BI7', Big', B19f 8
Write Driver AK63 Al4, A15, A6, A17, A8, A19, A22, A25, B4, B5, B6, B7, BS, B9, 16
B10, B11
Index/Sector Amplifier AK64 B2 1
Write Clock Amplifier AK65 Bl 1
Cable Driver AX14 A4, A5, A6 3
AND/OR Buffer Amplifier BH10 A7 1
DC Flip-Flop FH19 A9 1
Basic Flip=Flop FL21 A2, A3, A30, A3 4
Gate Expander GH14 A8 1
Read Preamplifier HK73 B22, B25, B28, B31 4
Limiter HK74 21, B24, B27, B30 4
Clock Diseriminator HK75 A20, A23, A26, A29 4
Data Decoder HK76 A21, A24, A27, A30 4
Index/Sector Decoder HK77 B3 1
AND Gate/Inverter I1L12 A10 1
Read-Write Decoder NK59 B23, B26 B29, B32 4

One=-Shot Multivibrator OX12
+4v Regulator SX60

-8v Regulator $X69

C43
Al12

A13

*Used in =X2 Models and =X4 Models

tUsed in =X4 Models
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Table 1-6. Module Complement of Controller

Module Reference Designa’r.ion Total
Signal Amplifier AH10 B35, B37, B38, C36, C40 5
Cable Driver AX14 A28, A29, B26, 827, B28 5
Cable Driver AX16 A26, A27 2
AND/OR Buffer Amplifier BH10 A37, B29, B35, B45, C41, C42, D32, D37, D38, D40 10
DC Flip-Flop FH19 C33, C34, C35, C44, C46 5
Basic Flip-Flop FH20 A30, A31, A32, A33, A34, A38, A39, A40, A41, A43, A44, A45, D42 13
Basic Flip-Flop FL21 Cy7 1
Diode Gate No. 1 GK51 A35, A36, A42, B30, B31, B32, B39, B40, B41, B42, B43, D30, D31, 19

D34, D35, D36, D43, D44, D45

AND/OR Inverter IH10 D39, D41 2
AND Gate/Inverter IH14 B33, B34, B44, C31, C32, C38, C39, D33 -8
Relay Module KX12 D27 1
One~-Shot Multivibrator OX12 C43 1
Primary Power Detector SK60 D28, D29 2,

1-8
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Paragraphs 2-1 to 2-5

SECTION II
OPERATION AND PROGRAMMING

2-1 OPERATION
2-2 CONTROLS, INDICATORS, AND WORD FORMAT

This section describes controls and indicators 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 manual 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-bit 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 indicators. All
assembly controls and indicators are located in the RAD

memory unit. For details concerning Power Supply Model
PX13, refer to SDS publication 900001-C.

Prior to equipment operation, the controls 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 locaticns); all switches
and circuit breakers in the position corresponding fo power
off; and all indicators not lighted. The turn-on procedure
in paragroph 2-4 assumes these initial conditions.

Toble 2-1. RAD File Controls and Indicators

Control or Ref.
Indicator Desig. Function

Power Supply Model PX13

ON/OFF switch | S1 |Controls application of ac to
Power Supply Model PX13

POWER indicator| DS1 (Lighted when ON/OFF switch
is ON

Selection Unit

MEMORY ST |In up position, prevents inser=-
PROTECTION thru |tion of new data in associated
SWITCHES S16 |locations

(000 thru 017)

Power Distribution Panel

Circuit breaker CB2 |Controls application-of 18 ac
Circuit breaker | CB3 |Controls application of 3% 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 testing 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 File 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 operating 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 of 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 external control point (if available) disconnect
RAD file power source.

2-6 PROGRAMMING
2-7 INSTRUCTIONS
Control signals and data signals exchanged between the

RAD file and the computer are related to the following
instructions:

Mnemonic  SDS 9300 Code Name
EOM 02 Energize output M
SKS 20 Skip if signal not set
POT 31 Parallel output (from
computer memory)
PIN 33 Parallel input (to

computer memory)

Of the 24-bit instruction format (bits O through 23), only
bits 9 through 23 are read by the RAD file. When bits 0
through 8 indicate an instruction of significance to the
RAD file, a signal is generated within either the computer
or the input/output channel and transmitted to the RAD
file to control operations.

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

BAND SECTOR
{

} i
10 Il'l2'13'|4'l5lléll7 13'19'20';IT2‘2 2

- ——-ZC

901029431

Bits 9 and 10 are a 2-bit code identifying one of a maxi-
mum of 4 RAD memory units. Bits 11 through 17 address o
band on that RAD memory unit; bits 18 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 may
be contained in each RAD memory unit. Logical design

- of the controller prevents transfer from location XXX 111
111 111 111 to location XXX 000 000 000 000. Therefore,
each RAD memory unit is divided into two groups of bands
which must be addressed by separate POT cperations. For
each revolution of the memory data is read from 32
sectors. Two revolutions therefore are required to read
a complete band of é4 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 ihitial 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 represent
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 together
define 21 bits of the 24-bit instruction format, as indicated
by the following examples:

EOM 10026 ‘ XXX 000 010 001 000 000 010 110
A e dhn et i e el oo
EOM 1. 0 0 2 6

SKS 13026

XXX 010 000 001 011 000 010 110
m——

S v e

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 é6 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 file, or to other functions related
to data exchange and equipment operation. EOM instruc-
tions and SKS instructions related to operation of the RAD
file are listed in table 2-2.

2-8 SAMPLE PROGRAM

Table 2-3 lists a sample program which causes data stored
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 the
RAD file and not to indicate best use of programming
capabilities. Each step of the program is explained in the
following paragraphs.

The SKS instruction in computer memory location 01202
tests a controller signal for a ready status. If the controller
is either reading or writing, the program reads the instruc-
tion from location 01203, causing the computer to branch
to location 01202, Thus the computer cycles 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 location 01213 to the
address register of the controller. This address identifies
the first RAD file location from which data is to be trans-
ferred to the computer. The EOM instruction in location
01206 selects the W buffer, connects the RAD file to the
computer through the W buffer, and establishes the 12-bit
character format, The EOM instruction in location 01207
establishes the mandatory IOSD mode of operation and arms
the zero-count interrupt of the W buffer.

The POT instruction read from location (1210 causes trans-
fer of the contents of core memory location 01214 to the
I/O channel interlace. Bits 0 through 9 of the interlace

Table 2-2, EOM and SKS Instructions Used

With RAD File (Cont.)

Instruction

Operation

EOM n\,;zié

Alert to PIN. Prepares controller for
PIN instruction which always follows
alert to PIN instruction. PIN instruc-
tion causes a 6-bit code ggpresenting
sector count of addressed RAD memory
unit to be transferred to computer. For
RAD memory unit 1, 2, 3, or 4, N is

word contain an octal number equal to the number of words Q0X, 91X, 10X, or 11X, respectively.
to be transferred. Bits 10 through 23 of the interlace word Contrdfler disregards least significant
(12707) contain the address of the first of 600 (octal) core bit of ;
memory locations into which disc memory words are to be
transferred, When this portion of the program has provided SKS 10026 Skip if controller ready. Samples con~
all parameters required to initiate a transfer of data, the troller output which indicates if con-
branch instruction location in 01212 returns control to the troller is ready to exchange data with
main program. When the interlace word count reaches input/output channel
zero, the interrupt subroutine tests for possible program
errors, SKS 11026 Skip if no controller error. Samples
controller output which indicates if
Table 2-2. EOM and SKS Instructions Used programming error or processing error
With RAD File has occurred
SKS 13026 Skip if band not write-protected,
Instruction Operation Samples controller output which indi-
cates if addressed memory location can .
EOM 10026 | Alert to POT. Prepares controller for befuse(d ftor storage C;f dtcf;: Ifromt.cor;m—
POT instruction which always follows puter (not write-protected location
alert to POT instruction, POT instruc-
tion causes address data to be stored
in controller Table 2-3, Example of RAD File Read Program
EOM 02266 Connect RAD memory, write, Causes
. Computer Memory
controller to send interface control Locati Instrocti o .
signals, starting with the time addressed ocarton nstruction peration
sector comes under disc memory write
heads, Only IOSD (input/output until 01201 -———— -——
signal, then disconnect) EOM instruc- 01202 SKS 10026 { Skip if controller ready
tions may be used .
(signal)
EOM 02226 Connect RAD memory, read. Causes 01203 BR 01202 | Branch to 01202
controller to send inferface control 01204 EOM 10026 | Alert to POT
signals, starting with the time addressed
sector comes under disc memory read 01205 POT 01213 | Parallel output of
heads. Only I0SD EOM instructions (01213) to controller
may be used 01206 EOM 50000 | Alert interlace
EOM 11026 Alert to POT, no incrementing of band. 01207 EOM 15200 [ IOSD and arm zero
Similar to EOM 10026, but used when word count interrupt
a full band is to be transferred starting ‘ .
at an arbitrary sector, and band incre- 01210 POT 01214 | Set up interlace
menting is not desired after last sector - o121 EOM 02226 | Connect memory,
in band. Controller in non-increment read
mode
(Continued) (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 00 000 773 | 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 than a complete sector is to be transferred
restrictions are imposed on the program. For 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 zero, the W buffer generates a disconnect
signal and the W buffer accepts no additional data from
the RAD file.

If less than a complete sector is written or read, the word
boundary ranges 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 written into a sector, zeros will be written
in all RAD file word locations following the final data
word for the sector. For example, if data is written into
only the first 20 words of a sector, the remaining 44 words
will be all 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 milliseconds. 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 initioted, about 30 milliseconds will be spent
before sector 00 comes under the heads dnd the transfer can
begin, During these 30 milliseconds, the 1/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 passes.
The first pass reads sector n through 77, and the second peiss
reads sectors 00 through (n-1), where n equals the first
sector available 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 to
define the non-increment mode as indicated in table 2-2.
When using the immediate access mode, the end-of-record
interrupt must be armed so that when sector 77 has been
read, the interrupt signal will cause the computer to enter
the interrupt subroutine. This interrupt subroutine must
supply the core memory locations for the transfer of sectors
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 1/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 EQM instruction.
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SECTETION 11
THEORY OF OPERATION

3-1 SCCPE _OF SECTION

This section describes the theory of operation of RAD File
Models 9367B and 9367C for maintenance, operation, and
trouble analysis. For Power Supply Model PX13 informa=
tion refer to SDS publication 900001. An analysis of
common logic circuits is included in SDS publication
64-55-14; circuit analysis of modules designed for use in
RAD File Models 9367B and 9367C is included in this

section. Table 3-=1 relates signal designations of the con=-

troller to those listed in SDS publication 900516.

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

Controller TMCCW | TMCCY
Signal | DACC Signal | Buffer Signal | Buffer Signal
8BUCW
8C09C
" thru thru thru thru
8C23C ©d @D @ |
8C12W @12 €12 e |
thru thru thru thru
8C23W @D) €23 3
9DOTA GID)
thru thru thru thru
9D0GA D)
secwa | @& D) &
810CW
"8PINC
%apnc
8pT2C (ot 2

(Continued)

Table 3-1.

Paragraph 3-1

Controller Input/Output to Computer

Input/Output Signal Relation (Cont.)

Controller TMCCW | TMCC Y
Signal | DACC Signal | Buffer Signal | Buffer Signal
8Q20C
SRTIC
9RTOC
8ROIW
thru thru thr thru
8ROGW D)
8RO7W
thru thru thru thru
8RI2W (Ry12)
9S10A |
8STOC GO GO GO
9VOIA ) (¢m) )
thru thru thru thru
9V06A @D (273
9VO7A &@ 62) &
thru thru thru thru
9VI2A : G2
IWHSA @ D) D)
SWESA
BWS0W @ Ws) D)
BW6OW

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

Controller TMCCW | TMCC Y
Signal | DACC Signal | Buffer Signal | Buffer Signal
BWIOW
BWI0W
thru thru thry thru
BW14w 712
9X12A D) @D | G®

Paragraph 3-2 describes RAD file/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 details
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 part number 127898)
without modification,

Paragraphs 3-3 through 3-41 provide detailed descriptions

of each major circuit division of the controller and selec-
tion unit, Simplified diagrams of the selection unit and
controller are provided in this section (refer to section VII
for module circuit schematics; detailed logic diagrams and
the corresponding equation lists are included in section VIII).

Paragraph 3-42 describes circuits of the RAD file which dis-
tribute ac and dc to the subassemblies, and the interlock to
disconnect the RAD file in case of power failure. These
circuits include Power Supply Model PX13, the power dis-
tribution panel, and portions of the controller.

3-2 GENERAL THEORY OF OPERATION

A RAD file installation includes a controller and a maximum
of four RAD memory units, each of which contains q selec~
tion unit and a memory (figure 3-1). The controller func-
tions as the interface between each RAD memory 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
(DACCQ).

Signals exchanged between the controller and all RAD mem-
ory units use a set of lines common to all RAD memory units.
To prevent any but the addressed RAD memory unit from
controlling or reading signals levels on the common lines,
the controller generates 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 by 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 of four 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 controller
to a RAD memory unit and from one RAD memory unit to
another, two-bit addresses are assigned to RAD memory unifts
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 clock rate of the memory is established by
its rotational speed; the clock rate of the computer is estab=-
lished by its timing circuits. When a data transfer takes
place, the controller temporarily stores 12=bit codes. Data
must be read or written into the memory at its clock rate.
During a read operation, - the selection unit reads data From
four memory outputs at the memory clock rate and transmits
data on four outputs to the controller. The controller ac-
cepts a 12-bit code every 3 memory clock times and stores
the code until the input/output channel can accept the 12-
bit codes in parallel. During a write operation the selection
unit accepts 12-bit codes 4 bits at a time and writes data on
4 lines. The selection unit uses an encoding method which
generates two bits for each data bit received from the con=
troller. This technique permits a higher bit density on mag-
netic surfaces and is known by a variety of names (such as
Manchester, Ferranti, frequency-modulation, modified-
non-return-to-zero, and double transition). For either.aread
or a write operation the controller must exchange data with
the computer inpuf/oufpuf channel at a rate commensurate
with the memory fixed rate and must store 12-bit codes until
ready for output to either the computer or selection unit.

The timing circuits include a modulo-3 counter (MO1, 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 each.
During either read or write operations, the controller pro-
cesses one sector at a time. Each cycle of the module=3
counter advances the character counter (KG1 through K07)
which counts the 128 characters of each sector and indicates «
the end of one write or read process. A sector consists of
1/64 of the data read during a memory revolution,

The data register contains three 12-bit registers (VO1 through
V12, ZO1 through Z12, and SO1 through $12). Character
codes are stored temporarily in these registers during a data’
transfer between the memory and computer. During a write
operation, data passes from the computer to the V-register,

to the Z register, and to the S register. From the S register,
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 the Z reg-
ister. The Z register transfers the data to the V register, which
stores the data until acceptable to the input/output channel,

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

SIGNALS |

8CO9W THRU 8C23W —2f—»

15
™ A09 THRU A23 e——

X03 +—

V01 THRU VI2<-—]27’——

P06 @—-
EO1 @—
P50V -—

| 1VAGS, 1VACSs 42—

9VO1A THRU 9VO6A 4—‘%‘—1
8NPOA +——

JECWA ¢——

IWESA *——

9SI0A 4——

8BUCW ———>

8IWOW ———>

IWHSA «+—
810CW ——1

8W50W —
8WEOW —»
SWPOW ———

sWiow THkus-wuwi/-——-

8ROTW THRU 8RO6W —Sf—

2
8PTIC, 8PT2C —f—»

Q20C —>
6PTQA €—
9RTOA €—
85TOC ———»

15
8C09C THRU 8C23C —F—

8RO7W THRU 8R12W ———

9EDSW ———

9X12A €4—
9VO7A THRU 9V12A €—

8PINC ———»
IRTIC ——
9D0TA THRU 9DOGA ——

FO1, F02 e—2/—]

DATA REGISTERS

|

' —*1 vo1 et BV A} > so1 > l
THRU THRU THRU

l - V12 |o Z12 |, S12 |o |

I |

b -

Ir BUFFER CONTROL CIRCUITS —:

I FO1 uo1 X01 |
THRU THRU

| Fo2 Uo6 X09 |

I i

L - J

___________ 7

l— ADDRESS REGISTER I

I :

| AQ9 All Al8 I
THRU THRU

| Al0 Al7 A23 |

| |

PARITY REGISTER
PO1 THRU P04

UNIT REGISTER
GO, G2

TIMING CIRCUITS

MO1 KO1
THRU
M02 K07

le7)
< 4,’
DY
b6,
- 7:’ -
i
‘>
MR
4:, .
e
|
L
—
|
|
I
|
|
|
l
I
l
L

r- - — —— — —— — — =/
A5 SELECTION UNIT A32 |
(P169)
4
| «——F——9RD1S THRU 9RDA4S
TIMING CIRCUITS SENPS
DO1 THRU D06 <
————» 9RCNA
fe—————— SWLKS
ADDRESS CIRCUITS 9S1PS
A1l THRU Al5 «
<—"+—9cms THRU 9CDéS
READ/W ———— 8PWRA
D/WRITE le—S/——9D01S THRU 9D06S
CONTROL CIRCUITS -
L———Z/—»8A11A THRU 8AI7A
————— 9RENA
READ OUTPUT CIRCUITS L 4 OWDIA THRU SWD4A
—— > 9WENA
T 2CLKS
ITS >
MEMORY CIRCU 4 :]—SEE INSERT AND TABLE FOR
'——/—’. 8GSTA THRU 8GS4A AND
13 I, 12, 34 —| QUSIA THRU SUS4A
[ ] : SELECTION
i — O | CONTROLLER | ' iioy | PN
Y W l} )
o4 8GSIA * 8GSAA 3%
="/ » X01 THRU X78
8GS52A 8GSBA 37
L Y01 THRU Y32
8GS3A 8GSCA 38
8GS4A 8PSLA )
SSIHS. SUSIA SUSAA 40 |-
75IHS 9US2A 9USBA 4 |
L
CSIHS
SWCHS 9US3A 9USCA 2 |-
7WCHS , 9US4A SUSLA 43 ¥
CWCHS |
CABLE WIRING FOR UNIT SELECTION _l
CONTROLLER SELECTION UNIT SELECTION UNIT |
c26]P170 P7ifas 4\ A32]P169 P168| AS &Y Anlees |
. ; 8GSAA % 8GSAA % |
: 8GS1A— 36 S 8GsAB 8GSAB
8GS2A 37 37 37 37 |
8GSAC 8GSAC
8GS3A— 38 38 38 8
8 PSLA 8PSLA |
8GS 4A— 39 39 39 39
D A A 5 |

Figure 3-1. RAD File Input and Output
Signals Block Diagram
901029A, 301
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2CLKD —
0X07A —
1X08A —
202FA—

202MA —
3CLKA —
202FA —

2X03A —
2X06A —
2CLKA —| 2LDVA
201FA — .
(R)—=(V)
0STVA —
2W60A —]
FROM 1 8ROIW 5
1/0 THRU ==
CHANNEL/| 8RI12W
= 2LVRA
— AR (%]

0X08A —

1F02A 3DRVA
E [: [: CLEAR V

VS
REGISTER

Vo1
THRU
V12

(SEE FIG.8-10)

0X07A :]:

OSTVA

201FA

2U01A

202FA

2U01A 3}——-
3UO02A

1X03A —

2SPRA

4CLKA —p

201FA ——»]

4WD1A

THRU —4L»]

4WD4A

2U02A ——»

2LR1A
THRU
2LR4A
9RD1S
THRU

9RD4S

PARITY
REGISTER

PO1
THRU
P04

(SEE F1G.8-13)

12 , 0ZOIA THRU 0ZI2A 12 ,  0SOIA THRU 0S12A
7 L4
12 ,  1Z01A THRU 1Z12A 12,  1S01A THRU ISI2A
7 - 4
202FA zZ- 201FA—I\
200/A 2LRCA REGISTER 302MA
> Sy —(2) I } L
2CLKA 0=@ 2C1KA 2SHSA
201FA— Z01 |
1X08 A— > 3DRZA THRU 202FA
0X09A — Z12
09 2CLKA 4CLKA —»
5CLKD—
— 201FA
201FA JLDZA | (SEE FIG.8-10) [\ 2LDSA
0X07A — 202MA l/
2CLKA— W)= 2CLKD
12, OVOIA THRU OVI2A 12 ,  0ZOIA THRU 0Z12A
7 > 7 e
L —— TO /O CHANNEL
12/, ' 2LR1A
>
CABLE ool 202FA—1  INVERTERS | THRU
DR
1FO1A ——» PRIVERS 12 THRU (SEE FIG:8=10) ZLRIA 4/ >
(SEE F1G.8-10) 9V12A FROM 9RDIS &-q
SELECTION{THRU -3/
2W60A —| UNIT 9RD4S
s IPCPA

(SEE FIG.8-10)

0SOIA

.

0504A

0S07A

0S10A

OPOIA 4
THRU
OPO4A

201FA ——

2U01A ——»f
2UQ3A —»
201UA ~——»

223UA ——pf

CABLE
DRIVERS

(SEE FIG.8-10)

IWDIA| TO
THRU | SELECTION
SWD4A | UNIT

4WDI1A
THRU
4WD4A

Figure 3-2. Controller Block Diagram
(Sheet 1 of 2)

900613A.,307/1
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Paragrophs 3-3 to 3-4

The controller then processes a new sector, if no errors have
occurred. This sequence continues until the address register
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 (FO1, F02) indicate whether

the controller is reading, writing, or waiting for new instruc=-
tions. The subphase control flip-flops (UO1 through U04)
control the sequence of events during a read or a write oper-
ation. For a write operation, the controller writes sequen-
tially a 10-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 (X01 through X09) control the
start of new operations, data transfer during operation, and
detection of errors,

The parity flip-flops (PO1 through P04) read data passing
between the selection unit and controller on the four data
lines. For write operations, the parity register generates
four parity bits; 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 a
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 whizh
contains 128 12-bit codes (64 24-bit words) for a total of
98, 304 data bifs 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 data
bits per revolution is taken up in the parity bit, postamble,
and preamble of 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 available 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 stored in the con-
troller with the 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 pulse 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 from 128

3-8
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magnetic heads. The five-bit band code selects one of the
32 bands by activating only 4 of the 128 magnetic heads.

Address signals are combined with switch-controlled signals
to prevent the controller from storing new data in a write-

protected band.

' The read/write control circuits include 4 write flip-flops,

16 write-drivers, and 16 read/write couplers. Signals 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 read/
write heads for storage in memory. During a write operation,
the write flip-flops accept data from controller inputs, en-
code the data in modified NRZ format, and pass the encoded
data to the write-drivers, The write-drivers store the data
in memory through the four read/write couplers selected by
the track code.

During a read operation, the read output circuits accept
data from selected read/write couplers. The analog data
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 clock signal from the iimiter out-
put and generates clock pulses synchronized with the data.
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/write
heads from which a set of 4 are selected for read or write
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 signal grounds 4 of the selected 128 read/
write heads. Of the matrix of 512 read/write heads, 4 are
selected by a 7-bit address code.

3-3 DETAILED THEORY OF OPERATION
3-4 CONTROLLER

The controller reads computer instruction signals and enables
data exchange between the addressed RAD memory unit and
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 [I. A parallel
input (PIN) instruction places the unit register in a state
which addresses one of the RAD memcry units and causes the
state of the selection unit sector counter to be transmitted 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 output
(write), or an input (read) operation. A parallel output
(POT) instruction causes data to be stored in the address
register. An energize output M (EOM) instruction prepares
the controller for a POT or PIN instruction, or causes data
write 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 preamble
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" bits, data bits, or parity bits, and establish waiting periods. -
The data transfer control circuits cause data to be moved
between the V-register, the Z-register, and the S-register,
encbling data exchange between storage devices operating
at two independent clock rates. The address register
identifies the RAD file memory location to be read or
written info.

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
clock 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 fails to keep up with the data
transfer rate to the memory, an error is detected. 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 are accepted from
the track converter of the selection 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-register to the V-
register before data previously stored in the V-register is
cleared. If the computer fails to keep pace 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 modulo=3 counter (flip-flops
MOT and M02), the character counter (flip-flops KO1
through K07),” and associated logic elements (figure 8-7).
The timing circuits are controlled by flip-flops FO1, 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 with an odd prefix are at the same logic level as
9CLKS; all clock signals with an even prefix are at the
complementary logic level.

o

Paragraph 3-5

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

sMO1 = OMOTA OMO02A 2CNTA
rMO1 = TMOTA 2CNTA
sM02 = OMO2A 1MOTA 2CNTA
rM02 = TMO2A 2CNTA

Signal 2CNTA is true af the clock rate while UO1 is in the
reset state during the read phase or the write phase, or
when flip-flop U02 is in the set state:’

2CNTA = 2CLKA 3UO1A 201FA (write phase)
+ 2CLKA 3UO1A 202FA (read phase)
+ 2CLKA 2U02A

When signal 3DRKA is false, flip-flops MO1 and MO02 are dc
reset. Signal 3DRKA is false during the first clock pulse
after flip-flop UO1 is set or if flip-flop U02 is in the reset
state during the standby phase:

zM01 = 3DRKA
zM02 = 3DRKA
3DRKA = 2CLKD 2UO1TA 3UQ2A (first clock after

sUO1, or last three clocks of read preamble)
+ 200FA 3U02A (standby phase)

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

300MA = 200MA
200MA = TMOTA 1M02A
302MA = 202MA
202MA = OMO1A

The character counter is a binary counter in which flip-flap
KO7 represents the least significant bit and flip-flop K01
represents the most significant bit. Each flip-flop changes
state as the input level of the trigger signal passes from
true to false. When signal JK57A is true, flip-flops K05,
K06, and K07 advance in normal binary sequence from 000
to 111 each fime signal OMO1A changes from true to false
(figure 3-3):

sK0O5 = OKO5A OKO6A JK57A
rk05 = TKO5A 0K06A

sk06 = OKO&A O0KO7A

rK06 = TKO6A BKOSA

sk07 = OKO7A OMOIA JK57A
rk07 = TKO7A OMO1A
BKOGA =  2KO7A
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During the write phase, signal BKO6A is true and signal
JKS7A is false after flip-flop UO1 is set:

BKO6A

201FA 2U01A OMO1A

JK57A 201FA 2UOTA 2KO06A
thereby causing these flip-flops to count through the
sequence 000, 001, 010, 000 each time signal OMO1A is

true,

Each time flip-flops KO5 through K07 attain a count of
111, the four-bit counter consisting of flip-flops K01
through K04 is triggered through signal ZLSCA:

sk01 = m 0K02A
KOl = TKOTA 0K02A
sk02 = 'OKO2A 0K03A
rk0z = TKO2A QKO03A
sk03 = TKO3A 0K04A
rK03 = TKO3A 0K04A
sk04 = ODKOZA OKO5A 2KO6A 2LSCA 2CNTA
rk04 = TKO4A OKO5A 2KO6A 2LSCA 2CNTA
2LSCA = OMO1A 2KO7A (every sixth clock)

When signal JK57A is true, the character counter advances

in binary sequence from 0 000 000 to 1 111 111. A true
2NNLA signal 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
* counter is cleared by a false 3DRKA signal, resetting KO1
by an input to the set output:

NXL

K06 NNL (next-to-last character)

NNL

K05 K04 KO3 K02 KO1
3-6 'Data Register .

The data register includes the V-register (flip-flops VOI
through V12), the Z-register (flip-flops Z01 through Z12),
the S-register (flip-flops SO1 through $12), 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.,

© 327 Data Flow During Write Operation

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

Paragraphs 3-6 to 3-7

V0l = 3DRVA
Z2V12 = 3DRVA

Signal 3DRVA is controlled by F02, X03, and signal
6DRVA. When the controller is in the read phase (FO2
reset), signal 3DRVA is held at the true level to prevent
interference with data transfer from the Z-register:

3DRVA = DRVA
2DRVA = 1F02A

When the controller is in the write phase (FO2 set) and con-
nected for operation (X03 set), signal 3DRVA is controlled
by signal 6DRVA:

6DRVA = X06 W50 wé0 CLK
thereby enabling clearing of the V-register just before data
is accepted from input/output lines RO1 through R12 (refer
to paragraph 3-19),

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

yVO1 = LDV ROI
yV12 = LDV RI2
LDV = OIF X03 X06 Wé0 STV CLK

Signal STV is a short-duration clock that strobes the data
into the V-register. The function of signals X06 and W60
are described in paragraph 3-19. After the data is stored
in the V-register, the Z-register is cleared:=--,

zZ01 = DRZ
2212 = DRZ
DRZ = OlF X03 X09 CLK

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

yZ01 = LDZ VOI
yZ12 = LDZ VI2
LDZ = OIF X07 CLK

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

ySO1 = LDS Z01
y$12 = LDS Z12
LDS = 01F 02M CLK



Paragraphs 3-8 to 3-9

and transmitted from the S-register to the selection unit by
signals WD1 through WD4.,

3-8 S-Register Operation

The S-register consists of four groups of identical circuits
each containing three flip-flops. During a write operation,
12 bits of data are transferred from the Z-register to the
S-register at each 02M clock and read from flip-flops SO1,
S04, 507, and S10 by signals WD1 through WD4:

SWDTA = 4WDIA 201FA
SWDFA = 4WD4A 201FA
AWDIA = 223UA 0SOIA
AWD2A = 223UA 0SO4A
AWD3A = 223UA 0S07A
AWD4A = 223UA O0SI0A
223UA = 1UOIA OUO2A

After the first bit is read from flip-flop SO1, additional bits
are shifted from 502 and SO3 on successive clock times:

$S01 = S02 SHS CLK
© 1501 = 502 SHS CLK
$502 = S03 SHS
rS02 = 3503 SHS
SHS = 0IF 02M CLK

A false LR1 signal shifts zeros into S03:
rS03 = [RT SHS

so that the S-register is cleared in preparation for the next
02M clock which shifts new bits from the Z-register. Ina
similar manner, the other three groups of the S-register
shift three bits of data to the selection unit,

During a read operation, data is shifted into the S-register
from selection unit outputs:

2IRIA = 202FA 2RDIA
2LR4A = 202FA 2RD4A
2RDIA = ORDTS
2RD4AA = ORDAS

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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$S03 = LRI SHS
rS03 = [R1 SHS
$S12 = LR4 SHS
rS12 = [R4 SHS
SHS = 02F CLK

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

5502 = S03 SHS

rS02 = 303 SHS
sS01 = §02 SHS CLK
rSO1 = 502 SHS CLK

In a similar manner, the other three groups of S-register
flip-flops accept data from the selection unit and continu-
ally transfer the data to load 12 bits into the S-register
before data transfer to the Z-register.

3-9 Data Flow During Read Operation

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 00OM clock:

sZ01 = SO LRC
rZ01 = $SO1 LRC
sZ12 = 512 LRC
rZ12 = §12 LRC
LRC = 02F 00M 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 once
during each 3-clock interval to keep pace with the
S-register and the Z-register:

sVO1 = LVR Z01
rvol = LVR Z01
sV12 = LWR Z12
V12 = LWR Z12

LVR = 02F X08 00M CLK
: + 02F X07 X08 CLK
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The contents of the V-register are transmitted to the input/
output channel from signals 9VO1A through 9V12A under
control of signal W60 generated in the input/output
channel:

9VOTA = OVOlA 2W56A 1FO1A
OVIZA = OVI2A 2W56A 1FO1A
2W56A = 2W50A 3W60A

Signal 1FOTA enables control by the V-register during the
read operation and causes all output signals 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 8-9),
All flip-flops of the A-register are reset during standby
phase (signal 200FA true) if a new address is to be loaded:

zAQ9 = 3DRAA

2A23 = IDRAA
3DRAA = 3ACTA 8PWRA
3ACTA = 200FA OUO6A 1XO03A (new POT operation)

After the A-register is cleared, a new address is loaded
from signals 8CO09C through 8C23C when signal 2LDAA is
frue:

yA09 = 2LDAA 8C09C
yAl0 = 2LDAA 8C10C
yA23 = 2LDAA 8C23C
2LDAA = OXO0TA 0X02A 8PT2C (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 number increases in
binary sequence from whatever number is initially stored to
XXX 111 111 111 111, in which XXX represents the states
of flip-flops A0 through A11. Changes of state of A09 or
A10 imply transfer from one RAD 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 has been read or
written into one sector of memory.

Flip-flop A23 changes state each time signal 2AINA is true:

sA23 = O0A23A 2AINA
rA23 = 1A23A 2AINA

Paragraph 3-10

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

2AINA = 201FA 201UA 2LSCA 3AFLA 2KO6A
2CLKA (write)
+ 2RFTA 3AFLA 2CLKA (read)
2RFLA = 202FA 3UOTA 3U02A 2KO06A 202MA

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

3AFTA = 2AFAA 2AFBA 2AFCA
2AFAA = O0A12A 0AI13A

2AFBA = O0A14A 0A15A OA16A 0A17A
2AFCA = O0A18A OA19A 0A20A 0A21A

0A22A 0A23A 1X05A

Signal 1X05A inhibits a true 2AFCA signal if the non-
increment mode is established.

Signal AIN is equivalent to:

AIN = 02F AFL CLK U071 U02 02M K06 (read)
+01F AFL CLK UO1 U02 02M K06
KO7 (write)

After the last character is read or written, flip-flops (UO1,
UO02) are placed in state (0, 0) for the postamble phase.
Signal AIN is then controlled by timing circuit flip-flops
representing the least significant bits of the count (K06,
K07, MO1, MO02), The parity bit is read or written immedi-
ately after entry into the postamble phase as the timing
circuit flip-flops change from state (0, 0, 0, 0) to state
(0, 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 A18 through A22 advance in binary sequence
each time flip-flop A23 passes from the set to the reset
state:

sA22 = 0A22A 0A23A
rA22 = TA22A 0A23A
sA21 = 0A2TA 0A22A
rA21 = TA2TA 0A22A
sA18 = OAT8A 0AI19A
rA18 = TAT8A 0A19A

3-13



Paragraph 3-11

Each time flip-flops A18 through A23 reach a count of 111
111, a true 2AFCA signal signal toggles flip-flop A17 if
flip-flop XO05 is in the reset state:

sA17 = O0A17A 2AFCA 2AINA
rAl17 = 1A17A 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 consecutive
passes, This feature permits faster operation in some cir-
cumstances, as described in section II,

Flip-flops A14 through A16 are connected fo form a
modulo-8 counter in the same manner as flip-flops A18
through A22 form a modulo-32 counter. Each time flip-
flops A14 through A17 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 A12 through 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) signal is generated
when signals A18 through A23 are identical to signals
9CDI1S through 9CDéS. Signals CD1 through CD6 represent
the state of the sector counter in the selection unit:

SAC = (A18 CD1) (AT8 CDI) (A19 CD?)
(A19 CD2) (A23 CDé) (A23 CD¢)

3-11 Parity Circuits

The parity circuits consist of flip~flops PO1 through P04 and
associated logic elements (figure 8-13). Flip-flops P01
through PO4 are direct set at the start of a read or a write
operation:

yPO1 = SPR
yPO4 =  SPR
SPR = O01F UO1 (write phase)

+ 02F U0l U02 (read phase)

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

sPO1 = O1F WD1 CLK
rPO1 01F WD1 CLK

sP04 01F wD4 CLK

SDS 901029

rP04 = O0IF WD4 CLK
wD1 = 23U s01
wD2 = 23U S04
wD3 = 23U S07
wD4 = 23U S10
23U = U01 uo2

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

After the last character has been written, parity bits are
written by transferring the contents of flip-flops PO1 through
PO4 to memory:

WDl = 01U POl
WD4 = 01U PO4
01U = (01 002

After the parity bits are written, an 11-bit postamble of all
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:

sPO1 = LRI U02 CLK
rPOT = LRI U02 CLK
sPO4 = LR4 UO2 CLK
rPO4 = LR4 U2 CLK
LRI = 02F RDI
LR4 = 02F RD4

After the last character has been read, signal PCP compares
the parity of flip-flops PO1 through P04 with the parity bits
read from memory and generates an error signal if the two
sets are not identical:

WES =" 02F PCP K0& K07 U01 U0Z 00M CLK
PCP = POT LRI

+ PO1 RDI

+ P04 LR4

+ P04 RD4
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3-12 Buffer Control Circuits

The buffer control circuits consist of phase control, sub~
phase control, and data transfer control circuits (figures
8-10 through 8-12). For a read or a write operation, data
is exchanged between the computer and RAD file, each of
which cperate at different clock rates. To enable 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 programming, timing, or
data transfer,

Read and write operations are initiated by SKS, 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 a 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 (parallel input) operation, the contents of the
sector counter in the selection unit are sampled and the
data passed through the controller to the input/output
channel,

3-13 Start of Read or Write Operation

If the RAD file is addressed by the computer, the contents
of the computer C-register generate a true DMA signal:

DMA = Ci7 C19 €20 C21 C22 €73

While the RAD file is addressed, signal SIO may be
sampled by an SKS instruction to determine if the con-
troller is ready as indicated by a false SIO signal:

SIO DMA CT3 C14 EO1 (SKS 11026) cRroRr

Paragraphs 3-12 to 3-13

IDT DMA 10C CT8& (alert to POT)
sU06 = IDT

Subsequent events are controlled by the PT1 and PTQ sig-
nals, generated while the computer is in the wait phase of
the POT instruction. Signal PT1 is true throughout the POT
wait phase. Signal PTQ is generated on a circuit card of a
plug module cable assembly and is true periodically during
the POT wait phase:

PTQ = PT1 Q20

If the controller is in the standby phase when flip-flop L06
is set, XO1 is set when the PT1 signal is true:

sX01 = U06 NUF PTQ
NUF = O00F (standby phase)

+ UO1 U02 (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 = XO01 PTI
At the same time, a true ACT signal is generated:
ACT = 00F U066 X03

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

DRA = ACT PWR
After flip-flop X01 is set, flip-flop X02 is direct set:
yX02 = O00F X0l X03

and a true LDA signal loads the new address into the
A-register.and sets flip-flop UO1:

LDA = X01 X02 PT2
o ') M .
+ DMA Cl-3 Clt WLK (SKS 13026) wrviei PRoTixt JUOl = LDA
+ DMA C13 CI14 XO03 PUF (SKS 10026) Renpy
PUF = OOF (;fandby phase) since flip-flops UO1, U02, U03, FO1, and FO2 were reset

+ U01 U02 (postamble)

Signal EOT indicates a processing error; signal WLK indi-
cates a write~protected address stored in the A-register.

If signal 501 is sampled as part of the program (as indicated
in table 2-3), the controller will be connected by the
instructions which follow. If this signal is not sampled,

the controller may not be ready when the instructions are
read and may disconnect.

If the RAD file is addressed while the computer is in the
input/output control mode, flip~flop U06 is set:

when the A-register was cleared:

zU01 = DRA
zU02 = DRA
zU03 = DRA
zF0O1 = DRA
zF02 = DRA

3-15



SDS 901029

YE;/ CONTROLLER

i

QERROR (X04 SET)

A —
NO

1

rX03, rX04, rU03

WAIT FOR SECTOR
INDEX (SIP)

@0— rU02

TRIGGER
ONE-SHOT
BSC (HSD)

y

(DRK)
z(KO1 THRU K07)
z(MO1, M02)

yu02

COUNT
3 CLOCKS

sU0S

COUNT
10 CLOCKS

sU06

sX01
yX02

Y

(DRA)
z(A09 THRU A23)
z(FO1, FO2)
z(U01, U02, U03)

(LDA)

TRANSFER
CONTENTS OF
INSTRUCTION
REGISTER (C) TO
ADDRESS
REGISTER yUO1

rU06, rX01, rX02

EGEND

SET
RESET
DIRECT SET
DIRECT RESET
) CONTROLLING SIGNAL

READ PHASE
WRITE PHASE ol | uoz | uo3 SUB PHASE
vor [ uo2 [ uos SUB PHASE 1 | 0o ENTER
1o o ENTER 1 1] o FIRST CLOCK
[ ] x WRITE PREAMBLE 1 | o [ 1 [ SEARCH FOR PREAMBLE
0o | 1 [ o | WRITE CHARACTER o [ v [ o READ CHARACTER
0 | 0 | O | WRITE PARITY BITS o [ ol READ PARITY
o] o 1 EXIT o[ o] o EXIT
900613A., 303/1
Figure 3-4. Controller Operation Simplified Flow Diagram (Sheet 1 of 2)
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Figure 3-4. Controller Operation Simplified Flow Diagram (Sheet 2 of 2)
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Paragraphs 3-14 to 3-15

The next time signal PTQ is true, flip-flops U06, X01, ard
X02 are reset:

06 = X0l PTQ

eX01 = NUF PII

X02 = BX02A
BXD2A = 2PTIA

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

sX03 = 00F BUC DMA
If the controller is in the postamble 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 the controller is not in standby or the post-
amble phase when flip-flop U06 is set, flip-flop XO01 is set
when the controller enters standby. The error flip-flop
however, is direct set by the next PT2 signal:

yEOl =  X01 X02 PT2

3-14 Phase Control

Flip-flops FO1 and FO2 of the phase control circuits estab-
lish the three main phases (standby, read, or write),
During standby, both flip-flops are in the reset state, and
signal O0F is true:

200FA = 1FO1A 1F02A

For a transfer from standby, signals ERW and DMW must be
true, causing either FO1 or FO2 to be set:

sFO1 = 2ERWA 2DMWA 3W90A 4CLKA
(enter read phase)
sF02 = 2ERWA 2DMWA 8W90W 4CLKA
(enter write phase)
3w90A = BW90A

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

DMW = W10 WI1 W12 W13 Wi4

Signal DMW may also generate a false X12 signal fo
indicate exchange of 12-bit codes, an NFO signal, and
a WHS signal:

= DMW

= DMW FOT

1f

X03 BUC 00F DMW

3-18
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Signal W90 indicates if the RAD file is addressed for input
to the computer from the RAD file (octal 26, read), or for
output from the computer to the RAD file (octal 66, write),
and determines whether FO1 or FO2 is set. Signal ERW is
true after a timing interval, as described subsequently.

Signal O1F is true during the entire write phase; signal 02F
is true during the entire read phase:

O1F
02F

FO1 FO2 (write phase)
FO1 FO2 (read phase) \

The read or the write phase is entered each time data is to
be exchanged between the computer and memory. After a
full sector of 128 12-bit characters is processed, a return
to the standby phase takes place:

rFO1 = RFI CLK
RF1 = 02F UO1 U02 02M KO6 (exit from read phase)
rF02 = OI1F U02 LSC K06 CLK (exit from write phose)
LSC = MOl Ko7

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)
tX06 = 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 is in
the set state, indicating that the controller is connected.
Flip-flop X03 is initially set when buffer connect signal
BUC is generated by the computer after the RAD file is
addressed:

sX03 = O0OF 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)

+ O1F WLK CLK (write-protected)
+ UO01 EDS CLK (DACC count 4,
. SDS 940 only)
+ UOT 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 sector at the direct set
input to U02. Flip-flop UO2 is set when a new address is
stored (HSD), the sector index pulse from the selection unit
(SIP) indicates 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:

BSC = OQOF SIP HSD
HSD = U0l XO1
yU02 = OO0F BSC SAC HSD

Before UO2 is set, the timing counters are cleared; after
UO2 is set, the counters begin counting clock signals
through signal CNT:

DRK

CNT

O00F 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 = 00F SAC BUC X01 X03 UO01

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

sU05 00F U02 K07 00M
REN = U05

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

ERW = OOF K05 X03
rU02 = O0F 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 phase provided the
controller is still connected (X03) and the maximum A-
register count was not reached during the previous read or
write operation (U03):

HSD = {03 x03

Bit 14 of the computer command distinguishes between the
increment mode and the non-increment mode. For the
non-increment mode, XO05 is set:
$sX05 IDT PUF X03 Cl4
rX05 IDT PUT X03 CT4
PUF. = OO0F (standby phase)
+ T01 UD2 (postamble of write phase)

]

Paragraphs 3-16 to 3-17

When XO05 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 A17:

AFC = AIlI8 A19 A20A21 A22 A23X05
sA17 = AFC AT7 AIN
rAl7 = AFC Al17 AIN

After 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 (E0T):

HSD = U0l X05 EOT

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

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 addressed
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.
After 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 signal causes return to the
standby phase:

rF02 = O0OIF WLK CLK
rU01 = OIF WLK CLK
rX03 = O01F WLK CLK

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

sU02 = OIF U0l WLK CLK

The preamble is written by output signals WD1 through WD4

9WDIA = OIF U0l U03
SWD4A = O01F U0l U03



Paragraphs 3-18 to 3-19

which are transmitted to the selection unit. Flip-;flop uo3

changes state each clock time to write the 10-bit preamble
(0101010100):

sU0O3 = O01F UO1 PNC CLK U03
rU0O3 = O1F U0l PNC CLK U03

Signal PNC is true for the first 7 counts of the modulo-3
counter and character counter. However, the timing
counters do not start counting until U02 is set. The write
preamble therefore is an alternating pattern of zeros and
ones until the eighth bit, when signal PNC becomes false.
After two additional counts, signal WPC is true, ending
the write preamble operation:

rUo1
WPC

I}

O01F WPC CLK
U0l K06 02M

While characters are written, flip-flops UO1 and U03 are
in the reset state and flip-flop U02 is set. The outputs of
the S-register are transmitted from signals WD1 through
WD4 to the selection unit:

SWDIA = 0IF 23U SO1
SWDZA = OIF 23U 504
SWD3A = O1F 23U 507
SWD4A = O1F 23U S10
23U = U001 wo2

The details 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 = 01F U01 CLK

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

rU02 = 01F NXL LSC CLK
NXL = KOl KO2 KO3 K04 KO5 K06
LSC = K07 MOI1

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

WD1 = 0IF 01U PO1
WDZ = O01F 01U P02
WD3 = OIF 01U PO3
WD4 = OIF 01U P04
olu = Tol U02

3-20
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As the parity bits are written, transfer from the write to the
standby phase takes place and the A-register is incremented.
After the parity bits are written, an 11-bit postamble of all
zeros is written on each track. The A-register cannot be
incremented if in state XXX 111 111 111 111 for in this
case AFL is true:

AIN = 01F 01U K06 LSC AFL CLK
rF02 = 01F U02 LSC CLK

sU03 = OIF U02 LSC AFL CLK
sU04 = OIF NNL K07 02M CLK
NNL = KOl K02 KO3 K04 KO5
LsC = K07 MO

Flip-flop UO3 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 still connected (X03 set) and the A-
register has not reached its maximum count (UO3 reset),
signal HSD is true to begin the timing sequence which
returns the controller to standby (refer to paragraph 3-15):

HSD = X03 U03
3-18 Read Cycle (See figure 3-4)

Once the controller enters the read phase, the controller
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 read,
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 data
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 UO2 is set one clock time after the controller
enters the read phase:

sU02 = 02F UO1 TU03 00M CLK

enabling the timing counters to advance on each clock:

CNT = U02 CLK

After five additional clock times, UO2 is reset and U03 is
set:

ruo2

02F UO1 K07 02M CLK

sU03

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

DRK = T02 U0l CLK

and count signal CNT is inhibited until UO1 is reset:

CNT = 02F U0T CLK
The preamble double zero is detected by a zero in 503
while a zero is read from signal RD1:

02F U01 U03 RDT S03 CL

sU02 =

as data from the selection unit is shifted into the S-register.
One clock time after detection of the double zero, UO1 is
reset, enabling the timing counter:

rU01 = 02F U02 U03 CLK

Flip-flop U0O3 changes state during the next clock interval
at 00M. UO4 remains in the reset state until the next 0OM
interval:

ruo03
sU04

02F UO1 U02 00M CLK
02F UG 00M

While the character codes are read from the output of the

_selection unit, the modulo-3 counter is incremented by:
CNT = 02F U0T CLK

and the character counter is incremented once for each

three counts of the modulo-3 counter. When the character

counter indicates that the last character has been read,
U02 is reset, then UO3 is set:

rU02 = 02F NXL LSC CLK
NXL = KOl K02 KO3 K04 K05 K06
LSC = K07 MOI

sU03 = 02F U01 U02 X07 X08 CL

—_—

and the parity bits are read as described in 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 false:

AIN = RF1 AFLCLK
RF1 = 02F U01 U02 K06 02M

The transfer to standby is then made:

rFO1 = RF1 CLK
ru03 = RFI AFL CLK
rU04 = RFI

rU05 = RFI

Paragraph 3-20

3-20 Data Transfer During Write Operation

When the controller is in the write phase, 12-bit character
codes are accepted from signals RO1 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
available 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, XO06 is reset and
X08 is set:

rX06 = ERW CLK
sX08 = ERW DMW W90 CL

after which X07 is reset and X09 direct set:

X07 CIK
uo1 U02
so that the states of (X06, X07, X08, X09) after entering

the write phase are (0, 0, 1, 1) (figure 3-5), A true ECW
signal is generated:

rX07
yX09

ECW = OIF W50 Wé&0 X03 X08

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

$X06 =  O01F W50 W60 CLK
DRV = F02 X06 W50 Wé&0 CLK

(clear V-register)

One clock time after X06 is set, X06 is reset, X08 is
reset, and the V-register is loaded from signals RO1 through
R12:

rX06 = OIF X06 CLK

LDV = 01F X03 X0& W60 STV CLK
(load V-register)

rX08 = OIF X06 CLK

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

DRz = OIF X08 X09 CLK (clear 2)
sX07 = OIF X08 X09 CLK

3-21
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At the following clock time, the contents of the V-register
are transferred to the Z-register, X07 is reset, X08 is set,
and X09 is reset: :

LDZ = O01F X07 CLK (load 2)
rX07 = X07 CLK

sX08 = O1F U04 x09 CIK
rX09 = OIF U0l X07 CLK

When X08 is set, a false ECW signal is generated again and
the resultant true W60 signal enables a new 12-bit code to -
be stored in the V-register. After X06 is set, X06, X07,
and X08 are reset:

DRV = X06 W50 Wé0 CLK (clear V-register)

sX06 = O1F W50 W&o CLK

LDV = O1F X03 X06 W60 STV CLK (load V-register)
rX06 = OIF X06 CLK

rX07 = Xx07 TLK

rX08 = OIF X06 CLK

Because X09 is in the reset state, neither X07 nor X08 can
be set. One 12-bit code is now in the Z-register-and a
second is in the V-register. The contents of the Z-register
are fransferred to the S-register at each 02M clock but the
Z-register is not cleared:

LDS = O01F 02M CLK
At the end of the write preamble, X09 is set:
sX09 = O0lFWPC CLK

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

sX07 = O01F X08 X09 CLK
sX08 = O1F U04 x09 CIK
DRZ = OIF X08 X09 CLK (clear Z-register)

so that a false ECW signal is again generated. The contents
of the V-register are transferred to the Z-register and X07
is reset:

01F X07 CLK (load Z-register)
X07 CLK

LDZ
rX07 =

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

LDS = O01F 02M CLK (load S-register)
sX09 = O01F U01 02M CLK

B

i

o
i

Paragraph 3-21

After this transfer takes place, the Z-register is cleared and
X07 and XO08 are set, generating a false ECW signal. Thus
the operation of transferring data from the V~-register to the
Z-register, clearing the V-register, and storing new date

in the V-register continues as in previous descriptions of
data transfer.

Flip-flop X09 cannot be reset until X07 is set:
rX09 = O1F 02M X07 CLK

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

sX07 = OIF X08 X09 CTLK
DRZ = O1F X08 X09 TIK (clear Z-register)
LDZ = O1F X07 CLK (load Z-register)

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

.
sX04 = OIF TOT x08 X09 02m LK

The data transfer process will continue until the end of ths
sector and transfer to standby when the controller will be
disconnected as described subsequently.,

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

sX06 -= O01F W50 X03 CLK

Flip=flops X06 through X09 will then be reset so that all

3

Wikl be in the reset state before transfer to the standby
phase:

rX06 = OIF X06 CLK
rX07 = X07 CLK

rX08 = O1F X06 CLK
rX09 = O1F 02M X07 CLK

3-21 Data Transfer During Read Operation

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 controlled 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
from the Z-register to the V-register must keep pace with
this fixed rate.

3-23



After entry into the read phase, X06, X07, and X08 are
reset and X09 is direct set (figure 3-6):

rX06 = ERW CLK
rX07 = X07 CLK
rX08 = 02F 02M CLK
yX09 = U011 U02

This condition is maintained until the preamble double zero

is detected. Detection of the preamble double zero sets
U02, then resets UO1 and U03 to enable logic operations
during the character read subphase as described in para-
graph 3-18:

sU02 = 02F UO1 U03 RD1 303 CLK
rUOT = 02F U02 UO3 CLK
ruo3 = 02F U0l U02 00M CLK

Before ECW becomes false the first time, X06 is set to
allow transfer of 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 UO4 is set:

5PS 901029

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

02F X06 X09 02M CLK
02F X07 X08 CLK (Z to V)

sX08
LVR

A false ECW signal causes the input/output channel to
generate a true W60 signal and sets X06:

sX06 = 02F U04 W50 wéo CLK

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

rX06 = 02F U01 U03 MOl CLK
+ 02F T0T U03 X09 TLK
sX07 = 02F X06 MOT LK

+ 02F X06 X09 CLK

After XO7 is set, the contents of the Z-register are trans-
ferred to the V-register, X07 is reset, and X09 is set to
indicate data transfer:

LVR = 02F X07 X08 CLK (Z to V)
sX06 = 02F U0l UO4 02m CLK o 0
X07 = X07 CIK
LIRC = 02F 00M CLK (S to Z) '
sU04 = 02F 00M TOI sX09 = 02F X07 00M CLK
(8)—=(2) (8) —(2) (8) —=(2)

] 00 01 02 00 01 02 00
ak L 1T 1_ T [ N I I

ws0 1
weo o1 1L

| |

X06 :) []

I

I

X07 :) [ ]

X08 0 | |
X09 (') | | 1 [ |
LWVR 1

@) —=—M o [L N

900613A, 304

Figure 3-6. Controller Read Phase Timing Diagram
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During 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 = 02F CLK (shift S)
LRC = 02F 0OM CLK (S to 2)
rX09 = 02F UOT 00M CLK

A false ECW signal is generated when either X09 or X06
is reset:

ECW = 02F W50 Wé0 DMW U04 T03 X09

+ 02F W50 W60 DMW U04 X06
The false ECW signal generates a true W40 signal causing

X06, X07, and X09 to be set in turn, and enabling data
transfer from the Z-register to the V-register:

sX06 = 02F U04 W50 wé0o CLK
sX07 = 02F X06 MO1 CLK

+ 02F X06 X09 CLK
sX09 = O02F X07 00M CLK
LVR = 02F X07 X08 CLK (Z to V)

If X09 is in the reset state at 0OM clock time, an error
has occurred and X04 is set:

$X04 02F UOT X09 00M PST CLK Q}

e ~
{ psT )

+ K06 (inhibit invalid error signal)

Since X09 is reset at each 00M 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 signal. If o late W60 signal sets X06 at the clock
before 02M, XO08 is set at the 02M clock:

sX08 = 02F X06 X09 02M CLK

enabling data transfer at the leading edge of the following
0OM clock as X08 is set and X09 resets:

LVR = 02F X08 00M CLK
rX08 = 02F 02M CIK
sX09 = 02F X08 CLK

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

LRC 02F 0OOM CLK

rX09

02F TOT 00M CLK

U02 (read character subphase) - <

Paragraph 3-22

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 os
described in paragraph 3-11,

3-22 Parallel Input From Sector Counter

When the computer requests a parallel input from the sector
counter of the selection unit (PIN operation), signals 10C,
DMA, and C16 are true, flip-flop X02 is set, and an RTO

signal is generated when the selection unit generates ENP:

DMA = CT7 CI9 T20 C21 C22 €23
IDN = {CI6 IOC DMA

sX02 = X02 IDN

RTO = XO1 X02 ENP (signals stable)

Signal IDN also enables flip-flops GO1 and G02 to read
bits from signals C12 and C13:

sG01 = Cl2 IDN
G0l = CIZ IDN
sG02 = CI3 IDN
, rG02 = CT3 IDN

Flip~flops GO1 and G02 control signals GS1 through G54,
each of which address one of four possible RAD memory
units:

8GS1A = 0GOTA 0G02A (RAD memory unit 1)
“B8GS2A = OGOTA TGO?A (RAD memory unit 2)
8GS3A = TGOTA 0GO02A (RAD memory unit 3)
8GS3A = TGOTA TGO2A (RAD memory unit 4)

The addressed RAD memory unit controls selection unit
input signals 9DO1S through 9D06S. These signals in turn
control outputs 9DOTA through 9D06S to the computer:

9DOTA

9D0TS (XO1 + X02)

9D06A 9D06S (XO01 + X02)

Outputs can be read only after flip-flop X02 is reset by an
RTI signal generated in the computer:

IX02 = BX02A
BX0O2A = 2RTIA
RTIA = ORTIC
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Paragraph 3-23 to 3-26

Error Detection .

Error detection is performed by flip-flops EO1 and X04, .in

addition to the parity error signal (refer to paragraph 3-11).

When the controller is in the standby phase, X04 is resef:
tX04 = O00F CLK

Sl ; . . .
/ This flip-flop is set whenever a rate error is detected during
{ aread or a write operation:

01F UO1 X08 X09 02M CLK (rate error,

sX04 =
write)
+02F UOT X09 PST 00M CLK (rate error,
- read)
PST = U02 + K06

and generates a frue WES signal until return to the standby
phase takes place:

WES = X04
sX04 00F CLK

When the controller is connected, EO1 is reset:
rEO1 = 00F DMA BUC

/" This flip-flop is set if an attempt is made fo store a 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:

sE01 = O1F WLK CLK

When the address register reaches maximurn count, U03 is
in the set state when return to standby takes place. Ifa

new address is not transferred before the next sector index ~~

pulse, a true WHS signal is generated and EQ1 is set:

rU03 = O0F X03 CLK
rX03 = DMW U0l CLK
WHS = 00F DMW UO03 SIP

sE01 = O00F U03 SIP CLK

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

rX03 = O00F X04 CLK
+ O1F WLK CLK
WHS = O00F DMW X03 BUC

3-26
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3-23 SELECTION UNIT

3-24 Circuit Description

Since selection unit modules perform closely related furic-
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 desig-
nations refer to typical circuit designations.

3-25 Read Input Control AK61 (See figure 7-7)

Read input control AKé61 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 associ-
ated components. The function of read input control AKé1
is fo accept input signals from logic elements and generate

bias signals for the transformers in each read/write coupler
NK59.

The NAND gates receive address signals and a read enable
signal. When an input signal is false, the inverter output
is +8v and the transformer in read/write coupler NK59 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 (Q2,
QJ) 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 +8v, 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 AK62 (See figure 7-8)

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

The diode AND gate controls Q1 (a conventional inverter)
and a two-stage control switch consisting of Q2 and G13.
When any input signal is false (Ov), Q3 is cut off and the
output is approximately +25v. When all input signals are
true (+8v), Q3 conducts to saturation (400 ma at Ov output).

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 to a
write-protect switch through external circuits. If the
switch is connected to ground, the NAND gate output is
Ov regardless of the input; if the switch is open, the NAND
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gate output is controlled by the inputs. When both inputs
dre at the true level (+25v), transistor Q4 conducts and the
output is false. If either input is false (Ov), transistor Q4
is cut off and the output is true (+8v).

3-27 Write-Driver AK63 (See figure 7-9)

Write-driver AK63 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 signal 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-coil in the magnetic field.

When all inputs to diodes CR21 through CR27 are true (+8v
or open), write-driver AKé3 operates. This seven-input
diode gate controls transistors Q10, Q%9, 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 are 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 AKé4 (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 pulses; each sector mark 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 amplifier 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-followers Q4 and Q5.
Transistors Q6 and Q7 rectify the emitter-follower output
waveforms by conducting only during the positive half-
cycle. Transistors Q8 and Q9 clip the input waveforms to
produce square-wave outputs at pin 28.

3-29 Write Clock Amplifier AKé5 (See figure 7-11)

The write clock amplifier AK65 input is an 830 khz pulse
train from the magnetic head.that reads memory input clock
track. The output is a 1660 khz pulse train 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 dec isolation.
The input pulses are amplified by differential amplifiers Q1
and Q2. Diodes CR3 and CR4 in the circuit of Q2 limit
the output by squaring the amplified pulses. The delay line
differentiator circuit connected between the collectors of
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Q3 and Q4 differentiates the limited input to produce
pulses at fwice 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, L5, 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 oscillation to produce a sinusoidal output
applied to emitter-follower Q10. The output of Q10 is
applied to differential amplifiers Q11and Q12.. The output
of the differential amplifier is clamped at the input to Q13
by diode CR7. The circuit of Q13 and Q14 produces an
asymmetrical 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. While
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 R4é until Q14 conducts. After Ql4
conducts for about 400 nsec the cycle repeats.

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

Read preamplifier HK73 receives an analog signal from
read/write coupler NK59 and produces 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, CR18, CR35, CR36, R3 through Ré). Each
diode pair (for example, CR1, CR19) receives comple~
mentary inputs from the secondary winding of a transformer
in read/write coupler NK59. A +8v bias voltage applied
through the transformer center tap to the diode network of
read preamplifier HK73 reverse-biases the associated input
diodes. When an input is selected for amplification, the
bias voltage falls 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 (L1, L2, L3 network) transforms signal
peaks into zero-reference crossover fransitions amplified 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.
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The oufpul' stage Q6 and Q7 is an emitter follower low
impedance driving source.

3-31 Limiter HK74 (See figure 7-13)

Limiter HK74 receives the differentiated output signal of
read preamplifier HK73 and produces a square wave similar
to the original write signal (figure 3-10). Limiter HK74
contains three differential limiting amplifiers, a differential
switch, and an emitter follower. Limiter HK74 primarily
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 Cl
makes limiter HK74 less susceptible to switching transient
noise. Limiting in the first three stages is by diodes CR1
through CRé, between the collectors of Ql, Q2, Q8, ond
Q4. Diode CR7 and capacitor C5 provide a voltage refer-
ence to the collector loads of the differential switch Q5
and Q6 to assure active region operation of emitter
followers Q7 and Q8. The emitter followers are driven by
complementary outputs of the diode switch., Limiter HK74
produces two pairs of complementary outputs isolated by
resistor pairs R37-R39 and R38-R40,

3-32 Clock Discriminator HK75 (See figure 7-14)

Clock discriminator HK75 extracts the clock pulse from the
read data by eliminating segments of the read signal not
pertinent to data clocking. The inputs to clock discrimi-
nator HK75 are the complementary outputs of limiter HK74.
The outputs of clock discriminator HK75 are a clock pulse
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 QI and Q2 to feed a one-shot composed of Q3, Q4, Q8,
and Q9. Capacitors C5 and C6 are charged by current
source Q11-Q12 and determine the one-shot period. When
the one-shot is triggered, C5 and C6 discharge, Q13
conducts and the undelayed clock output at pin 40 goes

low.

Delay circuits L1, 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 from 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 previous data bit pulse
fed-back from data decoder HK76. When the pulse is low,
QI0 conducts and inhibits Q11, thereby reducing charging
current to C5 and C6.  Potentiometers R26 and R28 adjust
the charging current (which determines the one~shot period).
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3-33 Data Decoder HK76 (See figure 7-15)

Data decoder HK76 reads limiter HK74 output (a string of
ones and zeros in modified NRZ code) and produces a
binary signal in the form originally received as input to the
write flip-flops. The output is sampled by read flip-flops
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 falling
edge of the undelayed clock signal; the other circuit
samples limiter HK74 output at the leading edge of the
delayed clock signal. The circuit consisting of transistors
Q9 through Q12 is triggered by the falling edge of the
clock signal, When this circuit is in the quiescent state,
the input at pin 36 is near +4v, transistors Q9 and Q11 are
not conducting, and transistor Q12 conducts, generating - *
a Ov output, As input falls from +4v, Q9 and Q11 conduct,
Q12 is cut off, and output rises to +8v until capacitor C7
discharges.

Complementary limiter output signals are applied to flip~
flop A1 through transistors Q1 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 peak
shift effect due to pulse crowding. Flip~flops A1 and A2
are controlled by the delayed clock from clock discriminator
HK75. The delayed clock is the input to differential
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 the
clock to A1 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 HK77 (See figure 7-16)

The input to index-sector HK77 is the output of index- - ¥
sector amplifier AKé4. Upon detecting four negative-going
pulses of the index mark, HK77 generates a single positive-
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 Q1-Q2 and integrated circuit
flip-flop Al. The one-shot is followed by buffer amplifiers
Q3 and Q4. When no pulses are received, transistors Cf1
and Q3 are conducting, transistors Q2 and Q4 are not
conducting, and the flip-flop is in the reset state.

When the four pulses of an index mark are applied to the
one-shot and the flip-flop, the first pulse causes the
collector of Q1 to become low, causing the collector of
Q4 to become high. The first pulse has no effect on flip-
flop A1 because of the inherent delay of the one-shot ard
buffers. The second pulse of the group acts as a clock
pulse and sets Al 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 Al again. The set outputs of Al and A2 are
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Figure 3-7. Selection Unit Block Diagram
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inputs to the AND gate of diodes CR21 through CR23.
Inputs to the AND gate of diodes CR24 through CR26 are
the set output of Al 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 A1 and A2 to the initial 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 pulse is produced at sector output pin 3.
A1 is reset by the output from Q8 fo restore initial
conditions.

3-35 Read/Write Coupler NK59 (See figure 7-17)

Read/write coupler NK59 comprises four transformers and
coupling networks of resistors and diodes. During a write
opergtion, read/write coupler NK59 accepts the output of
write-driver AK63 at input diodes CR5-CR6 and routes the
data through diodes CR1-CR3 and CR2-CR4 to magnetic
heads in the memory circuits. A signal from a Y-select
AK62 module determines which magnetic head is active.
During a read operation, data from a magnetic head is
received through diodes CR1-CR3 or diodes CR2-CR4'and
transmitted to read preamplifier HK73 through the secondary |
winding of transformer T1, The operation fo 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-flops, write-drivers,
and magnetic heads determine which head functions during
an operation.

During a write operation, the input to the primary of trans-
former T1 through resistor R3 is -25v, This voltage reverse- :
biases diodes CR7-CR8 and disconnects read output from
write input., The input to the secondary of transformer T1
from pin 5 is +8v,

During a read operation, the value of the selected read/
write coupler and the input to the secondary are both Ov.
The read input is from the magnetic head to the read output
circuit through transformer T1.

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 selection 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
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channels. A typical 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 NK59 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 AKé4, 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 true
63 times, and index signal IDX is true once for each rev-
olution of the memory. If neither sector signal SEC nor
index signal IDX is true, a true 3SIMS signal 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 WCK is true at half the frequency of WCA, and is
false at the start of each revolution and sector:

sWCK = 1WCKS 3SIMS 2WCAS
'WCK = OWCKS 2WCAS
ZWCK = 3IDXS

3SIMS = 3SECS 3IDXS

Signal 2RCSS is true when read output channel signal 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, signal QUSLA is false and signal 9CLKS gener-
ates a clock signal transmitted to the controller. Either the
read clock or the write clock is selected, depending on
signal RCN originated in the controller:

WCO RCN
+ RCKRCN

CLK =

(write clock selected)

(read clock selected)

The sector counter consists of flip-flops DO1 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
DO1 represents the most significant bit. Flip-flop D06
changes state each time signal 2SECS is true. Each of the
other flip-flops change state when the set output of the
controlling flip-flop changes from true to false. Each time
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signal 25ECS is true therefore, the sector counter advances
one count in binary sequence from 000 001 to 111 111:

sD06 = OD0&S 2SECS
D06 = TDOGS 2SECS
sD05 = ODO5S 0DOGS
D05 = TDOGS 0DOSS
D01 = ODOTS 0D02S
(D01 = TDOTS 0DO2S
2D06 = 3IDXS

2D01 = 3IDXS

When signal QUSLA is false, signals 9CD1S through 9CD6S
are controlled by the outputs of flip-flops DO1 through D06:

9CDI1S 9USLA 0DO1S

9CD6S 9USLA 0D06S

Signals 9CDI1S through CD6S are transmitted to the con-
troller and represent the state of the sector counter. Thus
if flip-flops DO1 through D06 are in state 011 101, signals
9CD1S through ?CD6S are at levels 100 010, respectively.
These signals are transmitted to the controller for comparison
of the sector counter state with the address register in the
controller, When signal QUSLA is true, signals 9CDI1S
through 9CD6S are all false. Signal USLA, (controller-
generated to address one of four RAD memory units) is false
if the selection unit is addressed and true if the selection
unit is not addressed. Signal USLA defeats unaddressed
selection unit CD1 through CDé inputs to the controller.

When signal 3PSLS is false, signals 9D01S through 9D06S
are controlled by the outputs of flip-flops DO1 through DQ6:

9D01S = 3PSLS ODOIS

9D06S = 3PSLS 0D06S

These circuits are identical to the circuits generating sig-
nals 9CD1S through 9CDéS. Signal PSL is generated by
the controller to enable sampling of the sector counter
state in the addressed RAD memory unit.

Signal 1YSCS is generated in the address circuits at a
frequency corresponding to sector count signal SEC. Fora
false 3PSLS signal, signal 1YSCS generates signal 9ENPS.
This signal times the controller for sector count signal
sampling.

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

The address circuits generate signals to activate memory
channels. Signals RCN, REN, USL, and PSL are inputs
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4
from the controller to indicate whether the selection unit is
addressed and whether the operation is to be write or read:

2RENS = 9RENA (read enable)
2USLA = OSUSLA  (unit select)

2RCNS = 9RCNA (read control)
3PSLS = 8PSLA  (PIN unit select)

Signals 8A11A through 8A17A include the 5-bit band
address (A11 through A15) and 2-bit track address (A16 and
A17). The band address bits are stored in flip-flops A11
through A15; the track address bits control signals in the
read/write control circuits.  Flip-flop YSC is reset each
time the index signal is true, YSC is set for each sector
signal by the WCK signal which coincides with a sector
pulse and reset by the WCA clock signal which coincides
with a sector pulse:

sYSC = YSC SIM WCK S
rYSC = YSC SEC WCA ’
zYSC = IDX

Flip-flops A1l through A15 store the band address bits
received from the controller. When either a sector pulse
or an index pulse is detected, the band address register is
cleared:

1t

zAl1 SIM

zAl15 SIM

While YSC is in the reset state, A1l through A15 may be
set if the corresponding controller signal is true, A true set
input overrides a frue reset input to a flip-flop:

Al = BATIA 1YSCS
AT = 1YSCS
sAl5 = BAI5A 1YSCS
Al5 = 1YSCS

2
pr
The band select circuits consist of eight Y-select AKé62

modules. Band select signals YO1 through Y32 are con-
trolled by outputs from the band address register:

YO1 = A1l A12 A13 A14 Al5
YOZ = AIll Al12 A13 AT4 Al5
Y31 = All A12 AI3 Al4 AT
Y32 = All Al2 A13 Al4 Al5

The code stored in the band address register causes one band
select signal to be false and all others to be true. The
false band address signal grounds the center tap of a set of
read/write heads in the memory circuits to enable data to
be read or written.
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Each pair of band address signals controls a write lockout
signal. If all write-protect switches are connected to
ground, lockout signal WLK is always false; if any write-
protect switch is open, the write lockout signal may be
controlled by one of signals SPO1 through 5P16:

P01 = YOl Y02
SP0Z - Y03 YO4
SPIE = Y31 Y32

Because only one band address signal can be false, only
one signal SPO1 through SP16 can be true, If either input
is false (indicating that one of the bands is addressed) and
the write-protect switch is open, the signal will be true,
generating a true WLK signal to inhibit write operations.

3-39 Read/Write Control Circuits (See figure 8-4)

The read/write control circuits include 16 write-driver
AK63 modules, 16 read/write coupler NK59 modules, and
four read input control AK61 modules. The read/write
control circuits accept data signals from the controller and
write data in memory through four identical channels (fig-
ure 3-8). Input signals 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 WDE1 through WDE4 receive data signals
“WD1 through WD4 from the controller and transmit signals

to the read/write couplers under control of clock signals
WCA and WCK. Clock signal WCA is true at twice the

frequency of clock signal WCK. When signal WCK is true,

each write flip-flop changes state:

SWDEI = WDET WCK WCA
‘WDEl = WDEI WCK WCA
JWDE4 = WDE4 WCK WCA
'WDE4 = WDE4 WCK WCA

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

SWDEl =

WDE1 WCK WCA WDI1
rWDET = WDEl WCK WCA WDI1
sWDE4 = WDE4 WCK WCA WD4
fWDE4 = WDE4 WCK WCA WD4

The read/write couplers interface between the memory
magnetic heads and other selection unit circuits. For a
read operation signal REN is true and one of signals DS1
through DS54 is false, enabling one set of four read/write
couplers to feed data to the read output circuits:

Paragraph 3-39

DS1 = REN Al16 A17 (read channel 1)

DS2 = REN Al6 AT7 (read channel 2)

DS3 = RENATE A17 (read channel 3)

DS4 = REN Alé Al7 (read channel 4)
CMC = WEN

For a write operation signal REN is false and signal CMC
is false if no write lockout signal is generated:

2WENS

2CMCS =
2ZWENS = O9WENA (not write-enable)

+ 2WLKS (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: 1 0 0 0 1 0 1 1 1 O
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 (WD1 through WD4) and the output bits are
generated by the associated write flip-flop (WDE1 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 a
write operation is to be performed (WEN true), a group of
four write-drivers is then selected for operation by track
signals A16 and A17. The active outputs for each track
address are listed in table 3-2,

Table 3-2, Write Outputs

Track Address
Input — — 1 —
Data Source |AT6, A17 |A16, A17|AT6, A17 |A16, Al7
WDEI W01, W02 |W11, W12 | w21, W22 | W31, W32
WDE2 W03, W04 (W13, W14 | W23, W24 (W33, W34
WDE3 WO05, W06 |W15, W16 | W25, W26 | W35, W36
WDE4 W07, W08 |W17, W18 | W27, W28 |W37, W38
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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 data 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 analog output is changed to a
digital form and decoded from modified NRZ to the original
data form. Four identical 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 T _
Data | Al16, A17 | Al16, A17 | Al16, A17 | Al6, A17
RDD1 |RXO01,RX02 [RX11,RX12|RX21, RX22 [RX31, RX32
RDD2 |RXO03, 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 cutput circuits accept the analog read signal from
the read/write couplers (figure 3-10). This signal is dif-
ferentiated by read preamplifier HK73. Limiter HK74
amplifies and squares the differentiated signal. The output
of the limiter provides pairs of complementary inputs to
both clock discriminator HK75 and data decoder HK76.
The clock discriminator generates a clock pulse and a
delayed clock pulse.

The limiter output contains information to regenerate the
original code, The limiter output is sampled by Al of the
data decoder at the rising edge of the delayed clock. The
falling edge of clock pulse RCO1 generates data strobe
RCS1. The output of flip-flop Al is sampled by the data

" strobe and stored in read flip-flop RD1. Feedback 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 timing signal generated in the controller prevents output
read until the alternating 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,

Paragraph 3-40 to 3-41

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

Memory circuits consist of 12§> 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 YOI
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 false band address signal 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 A11 through A17 is 10110 01, band
address signal Y23 selects the 16 heads indicated in table
3-4, and track address bits ATE A17 select signals X21
through X28. If the operation is write, signals are
received at these inputs; if the operation is read, signals
are transmitted from these outputs.

For RAD File 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 RAD
File Model 9367C, the maximum 512 read/write heads
may be used.

Table 3-4. Memory Input/Output Signals

Track Address

Band Address [ 1
Signal 16 Alé, A171A16, A17[1A16, A17

>
N

e [xo1, x02/[X11; X12 [X21, X22 |X31, X32

YOI 7 |x03, X04 |X13, X14 |X23, X24 |X33, X34

through |
YO8 % [X05, X06i[X15, X16 |X25, X26 |X35, X3&

4 |x07, x08 |17, X18 |x27, x28 |Xx37, X38

X41, X42 |X51, X52 [X61, X62 |X71, X72

Y09 X43, X44 |X53, X54(X6é3, X64 |X73, X74
through b
Y16 X45, X46 |X55, X56 |X65, X66 |X75, X7é

e X47, X48 |X57, X58 |X67, X68 |X77, X78

(Continued)
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Table 3-4. Memory Input/Output Signals (Cont.)

Track Address

Band Address| o
Signal Al6, Al6, A17|A16, A17|AT6, A7

>

X01, X02|X11, 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, X72

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

throush | xs, X46|X55, X56| X65, X66|X75, X76

XA47, 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 J1 and passes through circuit breaker
CB! on the power distribution panel.

3-44 POWER FAIL-SAFE CONTROL

Two SK60 primary power detector modules in the controller
deactivate the controller in case of power failure, or if
the computer START pushbutton is pressed (figure 8-14).
One SK&0 detects an ac failure in the input/output buffer
that supplies power to the controller; the other SK60
detects ac failures in the selection unit. Stepdown trans-—
formers on the power protection panel supply the ac signal.

Under normal operating conditions, outputs 3RLA and
3RL2A are at the ground (false) level, the relays are
energized, and signal 8PWRA is at the high (true) level.
If primary power fails, the filtered dc supplies in the
input/output buffer or in the selection unit will maintain
sufficient dc for normal operation for several milliseconds.
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If ac fails or drops below a threshold adjustment on either
SK60, the output goes to +25 volts, the relay is deener-
gized, and signal 8PWRA is held at the false level at the
output of the buffer amplifier. As the signal falls to zero
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-flops
AO09 through A23, UOT through U064, and X01 through X04
are reset through direct inputs:

3DRAA 3ACTA 8PWRA

3ACTA = 200FA OUO6A 1X03A (buffer connect
signal)

zA09 = 3DRAA

zA23 = 3DRAA
zFO1 = 3DRAA
zF02 = 3DRAA
zUO1 = 3DRAA
zU02 = 3DRAA
zU03 = 3DRAA

zU04 8PWRA

zU05 = 8PWRA
zU06 = 8PWRA
zX01 = 8PWRA
zX02 = 8PWRA

zX03 = 8PWRA

zX04

8PWRA

Signal 8PWRA is also controlled by signal STO originating
at the START pushbutton on the computer control panel,
When the START pushbutton is pressed, signal 8PWRA is
grounded, and the same sequence occurs as described for
power failure. In addition, flip-flop EO1 is set by a signal
applied to the output.
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Paragmphs 4-1 to 4-4

SECTION IV
INSTALLATION AND MAINTENANCE

4-1 INSTALLATION
4-2 INSTALLATION PLANNING

A RAD 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 RAD 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 RAD 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 RAD memory unit for access to a
memory when extended from the cabinet and for access to
power supplies and the power distribution panel. Space is
required at the rear of the RAD memory unit for access fo
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 installa- .
tion are bolted together, side panels are included for only
the basic unit.

The controller and power protection panel should be installed
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 for RAD file inter-
connecting cables are:

Connection Length
Controller to computer (signal) 10 ft
Controller to computer (dc) 5f
Power protection panel to controller 10 ft

Power protection panel to computer (ac sample) 10 ft

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 practical distance from controller to RAD
memory unit is 20 feet.

4-3 INSTALLATION PROCEDURES

4-4 Installation of RAD File Model 9367B

Install RAD File Model 9367B as follows:

a. Install controller in computer input/output cabinet
or if necessary, 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)

To (Computer Source)

B26-44 0 vdc return
B26-45 + 8v
B26-46 -25v
B26-47 +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
TB1-5 TB3-1 AC
TB1-4 TB3-2 Bias
TB1-3 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. Install 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 capscrews (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 assembly 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 panel
to drum memory.

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

m. Check that all RAD memory controls and indicators
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 signal cables between controller and
RAD memory unit, and between controller and computer
(figure 4-1).

o. Connect 30-foot chassis ground wire 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 P149
of plug module cable assembly P168/P169 to regeptacle
A32 of selection unit in RAD memory unit; connect plug
P168 to receptacle A5 of selection unit in adjacent RAD
memory unit,

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

From To Function
TB2-1 TB1-9 0 vdc return
TB2-2 TB1-8 +8v

TB2-3 T81-7 -25v

TB2-4 TB1-6 +25v

TB2-6 TB1-4 +50v

SDS 901029

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 cable
assembly to site ac (figure 4-7),

v. Perform turn-on procedure (refer to paragraph 2-8).

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 12
internal tooth lockwashers.

e. Slide disc memory into RAD memory unit cabinet.

f.  Connect power cable assembly from disc memory
to ac plug mold.

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

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

i. Connect disc matrix cable assembly 131620 from
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 panel.

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 o through v in paragraph 4-4 to
complete installation procedure.
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RAD CABLING

92 | 925 | 930 | 9300 SELECTION
CONTROLLER wNIT
c-26| pi7o PI7I | A-1
P P SLU
F F 3F -
DACC 3 3 3 155 156 c-27
aF | aF aF oy
way AL | 3F | 3F | 3F
BUFFER | 32L | 32F | 32F | 32F
P P
26F 26F 26F 159 160 c-28
pacc 27F | 27F | 27F
POT
wey 2SR | B | o
BUFFER | 3oL | 2ar | 24F | zar
23F | 23F | 23F
DACC 24F | 24F | 24F P P
26F | 25F | 2oF 157 158 c-29
aF | 14F | 14F ‘
Y BUFFER 15F | 15F | 15F AUX
16F I6F 16F '
OF | 19F | 19F
W BUFFER| 260 | 20F | 20F | 20F
2F | aiF | wiF
9F | 19F | 1oF
DACC N , P P
oF | 20F | 20F 6 62 c-30
8F 5E 8F
Y BUFFER oF 9F 9F WRD
oF | 1oF | 1oF
W BUFFER | 25D
1IF HIF IF
L'y
NOTE: REFERENCE SDS DWG: 131820-4B
900613A. 402
Figure 4-1. RAD File Controller-to-Computer Cabling
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WIRING TERMINALS
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TBIA
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780 123456789
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901029A. 17
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Figure 4-2, Selection Unit Dc Wiring
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CHASSIS A
LOCATION 45|44 |43 (42 141 (4039 |38 |37 [36 (35 |34(33]32|31130|29 |28]27 |26

FH|FH|FH|GK|FH|FH|FH|FH|BH |G K|GK|FH|FH|FH|{FH|FH[AX|AX[AX|AX
20|20(20|51 |20]20{20 (20 EIO 51]511|20(20{20(20]120|14|14]16|16

MODULE

. CHASSIS B
LOCATION [4544[43 42 [41 [40]39 [38]37] 36 [35 [34[33] 32] 31] 30]29 [ 28 [ 27 [ 26

BH|IH|GK|GK|GK|GK|GKIAH|AH|AH|BH|IH|IH|GK|GK|GK[BH|AX|AX[AX
10[14)51 | 51| 51| 51151{10[10]10|10|14|14{51|51|51[10|14|14|14

MODULE

| CHASSIS C
LOCATION [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
191121 12(10|10{10[14|14|21|10 [ 19| 19| 19|14]|14[162[158]160[156(170,

MODULE

: CHASSIS D
LOCATION |45 |44 |43 |42|41|40139|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

MODULE 151151 51]20|10[10]10{10(10| 51| 51| 51|14|10| 51| 51| 40| 60] 12| *
VIEWED FROM MODULE SIDE.
*CONNECTOR WIRED FOR INDICATING-LAMP TEST MODULE.
901029A, 16
Figure 4-3. Controller Module Complement
.
CHASSIS A

2|13 [4|5]|6(7]8]92]|10|11 12131415161718]920212223242526272829303{3"2_”

P [FL|FL|ax|ax|ax|BH|GH|FH | 1L |ox|sx|sx|ak|ak|ak|ak|ak|ak|rk|Hk|aklHK|HK|AKIHK|HKIRK HK] FL [FL] P
17112112114 [14]14[10{14 |19 [12]12]60 |69 | 63| 63| 63| 63| 63[ 63|75 | 76| 63|75 |76 | 63|75 |76 |76 | 75 |21 |21 1168
L Notes NOTE 3—
NOTE 2
CHASSIS B r L - 7
112[3]4]5]6]|7]8]9io[n]r2[13]14]i5]he]17[18]19]20]21]22]23]24] 25]26] 27] 28] 29] 30] 31] 32]
AK|AK|HK|AK|AK|AK|AK|AK|AK|AK|AK|AK|AK|AK|AK|AK|AKIAKIAKIAKIHK|H K INKIHK[HKINKIH K HKINKIHK [HKINK
65|64|77|63]63|63|63|63| 63| 63[63] 62| 6262|6262 62| 62(62| 617473 |59 |74|73| 59| 74| 73|59 | 74|73|59
NOTES: -
1. PI71 IS INPUT FROM CONTROLLER TO RAD MEMORY UNIT A$ SHOWN.
FOR AN ADDITIONAL RAD MEMORY UNIT, THIS CONNECTOR WILL BE P169.
2. AK62-ONE PER 64 HEADS: TWO FOR 128, FOUR FOR 256, OR EIGHT FOR
512 HEADS (MAX), AS SHOWN. ;
3. P168 1S OUTPUT TO SELECTION UNIT OF ADDITIONAL RAD MEMORY UNIT, IF USED.

901029A., 15

Figure 4-4, Selection Unit Module Complement
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901029A, 22!

Figure 4-5, RAD File Installation Diagram (Sheet 1 of 2)
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CONTROLLER
(PLUG SIDE)

DC INPUT
(FROM COMPUTER)
(N T T \
[T . ™
VL |
A
4 LEADS i
5 FT MAX
E
28 IN.
E
E
\\\!
10 VAC CT
(2 RUNS)
5FT MAX
POWER PROTECTION
PANEL (PARTS SIDE)
115 VAC
| 60 HZ
1PH

AC INPUT
. 115 VAC

60 HZ
1PH

901029A, 21

Figure 4-5. RAD Fil¢ Installation Diagram (Sheet 2 of 2)
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4-6 . MAINTENANCE
4-7 ROUTINE MAINTENANCE

Routine maintenance or adjustment are not required for the
RAD file installation. All variable elements of the modules
are shipped calibrated 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 file installation can be inspected.

4-8 MODULE REPLACEMENT AND AD JUSTMENT

Spare modules are supplied with each model of the RAD file,
as listed in table 4-1, - A multiple-unit RAD file 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, field mainte~
nance should be limited to replacement of defective modules:

The following adjustment procedures should be used only :
when abnormal or marginal operation exists and no replace-
ment is available. The location of modules is indicated in
figures 4-2 and 4-3. Adjustable elements are identified in |
section VI, and schematic diagrams are provided in section |
VIL All adjustment procedures require 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. i

Table 4-1. Spare Modules for RAD File
Models 9367B and 9367C
o RAD File | RAD File
@’?ﬁ Module 73 w/o with
9\{ 2% Controller Controller
Signal Amplifier AH10 1
_ Read Input Control AKé1 1 1
. Y-Select AK62 1 1 ;
Write-Driver AK63 2 2 5
Index/Sector Ampli- 1 1
- fier AKé4
Write Clock Ampli- 1 1
fier AK65 ,
Cable Driver AX14 1 1
Cable Driver AX16 1
AND/OR Buffer BH10 1 2
DC Flip~Flop FH19 ' 1 ;
Basic Flip-Flop FH20 2 ,
Basic Flip-Flop FL21 1 1 '

(Continued)

Paragraphs 4-6 to 4-9

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 GH14 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 IH10 1

AND Gate/Inverter 1 1
IH14

AND Gate/Inverter 1 1
IL12

Relay Module KX12 1

Read-Write Decoder 1 1
NK59

One-Shot Multivi- 1 1
brator OX12

Primary Power 1
Detector SK60

+4v Regulator $X60 : 1 1

-8v Regulator $X69 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 A12, 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 S$X69. Adjust -8v regulator SX69 as follows:

a. Connect oscilloscope to output terminal of regu-
lator In selection unit location A13, pin 36 or 37 (fig-
gure 4-2),

b.  Adjust Ré for output of ~8, 00 (+0, 08)v (see fig-
gure 4-8),

4-9
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MODULE ADJUSTMENT* WAVEFORM
—={  }=—200 NSEC*
et c4 -~ ~— 400 NSEC
500 NSEC
(SELECTION —=—{450 NSEC*
UNIT) 5] R4-1 . }=—750 NSEC
(LOWER) ] , 1
OX12 ' f————1.2 pSEC——I
LOC 82~
A i /21 ):JJ/ vi Ao wee)
- P oo T agm®i Sadsay 7 i
.- R4 | [=—400 NSEC
(UPPER) 1.2 pssc——l
’] =—0.4 MIN, 0.8 MAX uSEC*
AKe4 R24 7 " INDEX MARK
LOC B2 |‘7 -7 :
2+ 0.5 uSEC -
i : :
~
rd
e M Jb
/ \ CLOCK PULSE
HK75 R26, R28 L—/—-\__ DELAYED
LOCf%éf 200 NSEC CLOCK PULSE
’L_ FIXED \
820 NSEC*
R4~2
(UPFER) . B psec*——l__
OX12
(CONTROLLER)
LOC C43 NSECH
(LOWER) le 12 pSEC————
*INDICATES CHANGE BY ADJUSTMENT LISTED.

© 901029A; 14

4-10

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

a. Connect oscilloscope to output terminal of ampli-
fler in selection unit location B1, pin 20 (figure 4-2).

b. Withdraw AKé5 module from selection unit. Exam-f
ine shield on the right-hand side to determine If a hole has Z
been drilled in lower right-hand corner over trimmer

capacitor adjustment screw. If not, drill 3/8-Inch hole
(Figure 6-16).

c. Reinstall AK45 module.

d. Insert short non-metallic screwdriver (up to 4-inch
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 mmimum
indication (figure 4-~8).

Write Clock Multivibrator OX12. Adjust write clock mul— '
tivibrator OX12 as follows (adjust read ¢lock multtvibrator
as described In subsequent and separate adjustment procedure):

a. Connect oscilloscope to output of write clock mul- |
tivibrator in selection unit location A11, 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 AKé4. Adjust index-sector ampli-
fier AK64 as follows:

a. Connect oscllloscope to output terminal of ampli-
“fier in selection unit location B2, pin 28 (figure 4-2), Use z

ﬁeﬂﬂ-ve internal synchronization.
EGATIIE

b. Adjust R24 for maximum gain and fill-in. Pulses 7
.should have a duration of 0.4 to 0.8 psec. k

Note

Pulse train (top trace In figure 4-8 for R24)
consists of 63 double timing pulses, followed
by 64th double~double pulse. Lower trace
shows double-double pulse. CRT persistence
causes change in time base to show 63 double
pulses stacked with a bright display and
double-double index mark to show only faintly.
Because of limiter output, control affects
fill=in of missing pulses and pulse duration
more than pulse amplitude. A low gain setting
produces narrow or missing pulses.

) Clock Discriminator HK75. Adjust clock discriminator
HK75 as follows:

a. "Disconnect controller by removing 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 program may be used.%

If not convenlent to use test program, writing may be forced
as follows:

1. Clip ground lead to AND Gate/Inverter IL12
In selection unit location A10, pin 22 (figure 4-4).

2, Use asecond 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 oscllloscope to display
clock pulses and delayed clock pulses
simultaneously In following steps. (If
not available, the two traces may be
examined separately and compared. )

c. Connect oscilloscope 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 oscilloscope to delayed clock output (pln
32) and synchronize with leading edge of clock.

e. Check that variable resistor R26 is in maximum )
clockwise position.

f. Verify fixed delay of 200 ns.
g- Adjust R28 for total clock time of 820 nsec. ..o

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 A11) as follows:

a. Connect oscilloscope to read clock multivibrator
output in location A11, 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).

o E e

d. Adjust potentiometer R4-2 for positive pulse dura-
tion of - 4007 (£50) ns (figure 4-8).

7007

e. Remove clip leads connected in step b.

f. Insert connector P170 in controller location C26
(figure 4-4).



Paragraph 4-10:

4-10 SPECIAL TOOLS

The following special tools are provided for each drum

memory:
Description

Head adjustment tool

Bryant Part No.

SDS 901029
Description Bryant Part No. Quantlty
3/16 inch open end C-56650-1 1
- wrench
Quantity Head squaring fixture AD-087 1

B-AB-022

1

Refer to Bryant handbook BCPH-101-5-64 for servicing
Information on drum memory.
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Paragraphs 5-1 to 5-6

SECTION V
PERFORMANCE TESTING AND TROUBLE ANALYSIS

5-1 PERFORMANCE TEST AND DIAGNQSTIC
TEST FUNCTIONS

5-2 USE OF PERFORMANCE TESTS

The performance test is intended for use during installation,
for major malfunction checkout, or as a preliminary test
Jollowing major overhaul and repair. A major malfunction
includes power failure, discontinuity or short circuits in
power cable assemblies, and mechanical defects in modules,
connectors, or switches. The performance test also includes
the following: adjustment of power failure circuits; loca-
tions of test points for timing signals; and characteristics of
timing signals and counters.

5-3 USE OF DIAGNOSTIC TEST PROGRAMS

The diagnostic test programs are intended for detailed
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 file connected to an SDS computer. Any operation
prescribed for a RAD memory unit should 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 TEST
Test selection unit as follows:

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

b. Remove all modules from controller and from
selection unit of each RAD memory unit.

c. Check that all interconnecting cables are
installed as indicated in figure 4-1.

d. Inspect selection unit for loose wires, bent pins,
and other mechanical defects.

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

PX13 Selection Unit
GRD1, GRD2 A31-1, A32-44, B32-44, B32-1
+8v A32-45, B32-45
-25v A32-46, B32-46
+25v A32-47, B32-47
+50v Al4-41, B11-41

f. Connect RAD memory unit to ac source.

Immediately after applying power in step g,
verify that fans in RAD File 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.

g. Set circuit breakers ON. Verify that fans rotate
in direction indicated and that no abnormal sounds (such os
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 following voltages:

Location Voltage
A32-45, B32-45 +8v
A32-46, B32-46 ~-25v
A32-47, B32-47 +25v
A14-41, B11-41 +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



SDS 901029

j- At Power Supply Model PX13, set POWER switch
ON. Adjust voltage margin knob. to obtain.nominal volt-
ages for +8v, =25v, +25v, and +50v outputs.

k. At selection unit, adjust trimpot on SX60 module
for +4,00 (x0.004)v at A12-40.

I.  Adjust trimpot on SX69 module for -8.00 (x0.08)v
at A13-36.

m. Observe the signals listed in table 5-1 for indi-
cated characteristics. Adjust to tolerance of £10 percent
unless otherwise indicated.

n. Simulate unit select signal by connecting pin
A1-43 to ground. Observe sector counter output at
following points to verify that all signals are false during
sector time preceding index pulse and true during sector
time following index pulse:

Signal Test Point Pulse Repetition Rate
9CDé6S Al-14 1 ms
9CD5S Al1-13 2 ms
9CD45s Al-12 _ 4 ms
9CD3S Al-11 8 ms
9CD2S Al1-10 : 16 ms
9CDI1S Al-9 33 ms

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

Sector Counter Y-Select
opos S A3-3 ‘ A9=6
A3-13 A9-13
A3-23 .A9-20
A3-33 A9-27
A2-3 A9-34

Note

Terminate step p after observing Y8 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 times 1 to 32,

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

Nofte

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

Pulse width: 200 ns
Pulse period: 620 ns + 20 ns
Sync: internal positive

maximum pulse width with minimum jitter

Ha lf-Frequency Write Clock

Pulse width: 620 ns + 20 ns
* Pulse period: 1.24 s +0.04 ps
Sync: internal positive

Write Clock One-Shot

Pulse width: 450 ns
Pulse period: 1.24 s +0.04 us
Sync: internal positive

Adjust capacitor on B-01 (through access hole) for

Adjust lower trimpot on all for pulse width of 450 ns

OWCAS BO1-20

OWCKS “A02-23

0WCOs Al1-25

(Continued)
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Table 5-1. RAD Memdry Unit Test Signals (Cont.)

Function

Mnemonic

Test Point

Index Sector Amplifier

See figure 4-8 for definition of signal characteristics
Adjust trimpot on B02 to obfaln 750 ns durcmon of
first negative pulse Tromaet s
Sync: internal negative

Index Pulse

Pulse width: 2,5 ps 0.5 ps
Pulse period: 33.8 ms £ 0.3 ms
Sync: internal positive

Sector Pulse

Pulse width: 2.5 us £ 0.5 ps
Pulse period: 527 ps £ 4 ps

Sync: 0B-03-10 (index pulse)

One pulse missing at index time

Sector Index Mark
Pulse width: 2.5 s + 0.5 ps

* Pulse period: 527 ps = 4 ps

Sync: OB-03-10 (lndex pulse)
Inverted sum of sector pulse and index pulse

Y-Select Control

Pulse width: 3.4 ps = 0.8 ps

Pulse period: 527 ps = 5 ps

Sync: 0B-03-10 (index pulse)

Use a delayed sweep to compare signal 1YSCS wn'rh
signal 35IMS (0A-02- iiék" he positive-going edge of
signal 1YSCS must be Yer than signal 3SIMS by O 6

ps minimum, or 1.4 ps maximum

2S1DS

2IDXS

2SECS

3SIMS

1YSCS

- B02-28

BO3-10 }!. -

B03-03

A02-38

A09-33

Table 5-2, Y-Select Output Timing

Signal | Y-Select Output Sector Time Selected |
|
YOl B12-34 1 ‘:
Y02 B12-32 2
Y03 B12-10. 3 i
Y04 B12-09 4 :
Y05 B13-34 5 ;
Y06 B13-32 6 é
Y07 B13-10 7 f
Y08 B13-09 8
Y09 B14-34 9
Y10 B14-32 10
Y11 B14-10 11
Yi2 B14-09 12
Y13 B15-34 13
“ Y14 B15-32 14
Y15 B15-10 15
Y16 B15-09 16

(Continued)

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

Signal Y-Select Output Sector Time Selected
Y17 B16-34 17
Y18 B16-32 18

Y19 B16-10 19

Y20 B16-09 20
Y21 B17-34 21
Y22 B17-32 22
Y23 B17-10 23
Y24 B17-09 24
Y25 B18-34 25
Y26 B18-32 26
Y27 B18-10 27
Y28 B18-09 28
Y29 B19-34 29
Y30 B19-32 30
Y31 B19-10 31
Y32 B19-09 32

5-3
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q. Check that all write-protect switches are in down Table 5-3. Write-Protect Switch Timing
position, and that signal 2WLKS measured at pin A8-2 is

false. Check that signal 2WLKS is true during sectors

indicated in table 5-3 as each write-protect switch is Switch Sector Time Switch Sector Time
individually placed in up position.
000-007 1, 2 100-107 17, 18

r. Remove clip leads connected in step o. 010-017 3, 4 110-117 19, 20

s. Simulate write-enable signal (IWENA) by con- 020-027 5 6 120-127 21 22
necting pin A1-22 to ground. A pattern should be written ! !
in channel 0. 030-037 7, 8 ]30-!_324“ 23, 24

t.  Remove ground from pin A1-22 and simulate 040-047 %, 10 ]49']47 25, 26
9RENA read-enable signal by connecting pin A1-30 to 050-057 11, 12 150-157 27, 28
ground.

060-067 13, 14 160-167 29, 30
u. Observe signals listed in table 5-4 and adjust to :
+10 percent tolerance unless otherwise indicated. Measure 070-077 15, 16 170-177 31, 32

all pulse durations at 50 percent level.

Table 5-4. Selection Unit Test Signals

Function Mnemonic Test Point
Limiter Output ' {Track 1) ORCLI B21-34
Pulse width: 0.6 ps {Track 2) ORCL2 B24-34
Pulse period: 1.24(x0.04)us (Track 3) ORCL3 B27-34
Average dc level: -2v : L
Amplitude: 1.6v . (Track 4) ORCL4 B30-34 i -
Sync: internal
Read Clock ' (Track 1) RCO1 A20-40
Pulse width: 0.6 us (Track 2) RCO2 T A23-40
Pulse period: 1.24(x0.04)ps (Track 3) RCO3 A26-40

Average dc level: +3v (Track 4) RCO4 A29-40

Amplitude: 2,1v : '

Sync: use read clock RCOx as sync for delayed
read clock RCDx for same track. See
delayed read clock

Delayed Read Clock (Track 1) RCD1 A20-32 =2=Am
Pulse width: 0.6 ps (Track 2) RCD2 A23-32
Pulse period: 1,24(0.04)us (Track 3) RCD3 A26-32
Average dc level: 1,5y (Track 4) RCD4 A29-32

Amplitude: 1.6v

Delay: 200 ns after read clock

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 fall of RCDx

(Continued)
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Table 5-4, Selectioh Unit Test Signals

Function Mnemonic Test Point
Read Clock Strobe ) (Track 1) RCS1 A21-32
Pulse width: 200 (+50) ns (Track 2) RCS2 A24-32
Pulse period: 1,24 (x0,04) ys : (Track 3) RCS3 A27-32
Sync: internal (Track 4) RCS4 A28-32
Sine Wave in Read Clock Stabilizer A31-TP1

Approximate amplitude: 5v 1
Adjustment: adjust for maximum amplitude

5~5
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5-7 CONTROLLER PERFORMANCE TEST
Test controller as follows:

a. Inspect 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. Perform continuity tests on power fail-safe wiring
as follows:

Power Pratection Panel Controller

TB1-E-5 D29-12
TB1-E-4 D29-14
TB1-E-3 D29-13
TB2-E-5 D2§-12
TB2-E-4 D28-14
TB2-E-3 D28-13

SDS 901029

h. At controller power source, turn power on and
set power supplies for nominal voltage values, if necessary.

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 protec—
tion panel to computer ac source.

. Adjust D29 power fail-safe detection circuit as
follows:

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

2. Measure and record voltage Vs (nominal
e 10 vac) between terminal TB1-3 and terminal TB1-5 of

W power protection panel. o

3. From recorded values compute: Vb =

(70.7Vs/Vp) - 0.4,

d.  Perform continuity tests between controller power ;J,,GJ

source and controller as follows:

Controller Power Source Controller

+25v Ad45-47
B45-47
C45-47
D45-47
Ad5-46
B45--46
C45-46
D45-46
Ad45-45
B45-45
C45-45
D45-45
Ov A45-44
B45--44
C45-44
D45-44

+8Bv

e. Turn on controller power source.

f.  Measure following voltages:

+25v A45--47
- 25v A45 "46
+8v A45-45
Ov. A45--44

g. Turn off controller power source.

he  Insert following modules in controller:

D27 Relay Module KX12
D28 Primary Power Detector SK60
D29 Primary Power Detector SK60

4. Measure voltage between test point D29-14
and ground, Adjust trimpot on SK&0 module in location
D29 so that measured voltage equals that calculated in
step 13.

m, Adjust D28 power fail-safe detection circuit as”
follows:

1. Measure and record voltage Vp (nominal
. 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,

‘:\;L}' 4. Measure voltage between test point D28-14

2 and ground. Adjust trimpot on SK40 module in location
D28 so that measured voltage equals that calculated in
step m3.

n. Turn off controller power supply.
o. Insert following modules:

C38
C40

AND Gate/Inverter IH14
Signal Amplifier AH10

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 protection
panel and controller. Verify that signal 8PWRA is 0 vdc .
nominal (false). Reconnect ac line.
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5-10 USE OF DIAGNOSTIC PROGRAM DOCUMENTS

s.  Turn off controller power source.

The program documents describe: a set of directives (instruc-
tions) to write a program to test part or all of a RAD file.

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

u.  Verify that all RAD file power supplies are on. Table 5-5. Controller Test Signals

. Measure signals listed in table 5-5 for indicated Function Mnemonic Test Paint
characteristics.
Basic Clock Pulse 4CLKA B36~01
5-8 TROUBLE ANALYSIS Pulse width: 0.45 s
5-9 DIAGNOSTIC PROGRAM DOCUMENTS Pulse period: 1.2 s
For detailed trouble analysis refer to information contained Sector Pulse - 2sIPA c43-18
in the following documents: Pulse width: 2 ps
Pulse period: 500 ps
SDS Computer  Document
Model Number Title Begin Sector Pulse OBSCA C43-22
SDS 92 SDS 794004  SDS 92 RAD Analytic Pu ';9 W:f:h’ :‘:’i‘;”;‘“ﬁs’e
. . [4 o .
. Diagnostic Pulse period: 500 ps.
SDS 925, 930  SDS 594003 SDS 925/930 RAD (To test signal connect
Apocalyptic Diagnostic test point A33-04 to
SDS 9300 SDS 604004  SDS Automatic Instruc- ground)
) tion Diagnostic Program
for Computer Model 9300 Strobe Pulse 0STVA C43-25
SDS 900 SDS 004009  SDS 910, 920, 925, 930, Pulse width: adjustable
e . : Butlore Pt to 280 ns
Series or 9300 Diagnostic Pl iod: 1.2
Control Program vise period: 1. }.;s‘
SDS 9300 SDS 694010  SDS 9300 RAD , Ripple Counter 2CD6S (LSB) | C32-25
Apocalyptic Diagnostic (LSB changes state at 2CD5S C32-32
approximately 500 ps 2CD4s C32-33
For RAD file tests, refer to SDS publication 004009, and intervals) 2CD3S C32-40
~ the applicable computer document, SDS publication 2CD2S C31-01
004009 includes information common to all diagnostic 2CD1S (MSB) | C31-08
programs for SDS 900 series computers, :

5-7/5~8
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Paragraphs 6-1 to 6-3

SECTION VI

6-1 SCOPE OF SECTION

Figures 6-1 through 6~30 locate and identify all replace-
able items in assemblies, subassemblies, and modules of
RAD File Models 9367B and 9367C. Tables 6-1 through
6-24 facilitate parts replacement ordering. For parts
identification of Power Supply Model PX13 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 diagrams in section
VIII, Refer t6 table 6-24 for a list of manufacturer code
numbers,

PARTS LIST

6-3 PARTS BREAKDOWN

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 file consists of a controller, power protection panel,
cable assemblies, and RAD memory unit., A RAD file 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 Mode!l PX13 provides sufficient power for two
selection 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.
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Table 6-1. RAD File Models 9367B and 9367C Replaceable Parts

Fig. &

Reference

o e (
Index No. Description Designator Manufacturer Part No, |Qty

6-1 Rapid Access Data File Model 93678 SDS *

6-1 Rapid Access Data File Model 9367C SDS t

6-2 . Assembly, Cable, Plug Module SDS 113899 1
P155/P156 (see table 6-2)

6-3 . Assembly, Cable, Plug Module v SDS 113902 1
P157/P158 (see table 6-3)

6-4 . Assembly, Cable, Plug Module SDS 113896 1
P159/P160 (see table 6-4)

6-5 . Assembly, Cable, Plug Module SDS 116388 | 1
P161/P162 (see table 6-5)

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

6~7 . Assembly, Cable, Plug Module SDS 116513 1
P170/P171 (see table 6-7) .

6-9 . Panel, Power Protection (see table 6-8) SDS 116989 1

6~10 . Controller (see table 6-9) SDS 131564 1

6=-10 . RAD Memory Unit (see table 6-10) sDS * *

6~11 . RAD Memory Unit (see table 6-11) sSDS t t

Model 93678

Model 9367C

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

*See table 1-1 for part numbers and model differences. RAD memory unit containing drum used with RAD File

*See table 1-1 for part numbers and mode! differences. RAD memory unit containing disc used with RAD File
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Table 6-2. Plug Module Cable Assembly P155/P156 Replaceable Parts

Fig. &

Reference

Index No. Description Designator Manufacturer Part No, |Qty

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

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

6-2 . Board, printed wiring P156 SDS 111197-016 | 1

6-8 .- Diode, SDS 103 (100091) “ CR1 thru CR27 3 FD100 27

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

6~8 . Resistor, 100 ohm, 2%, 1/2w R1 thru R3 96 E009 3
(100111-101) /

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
[nF;z;( zo. Description ll;:sf?;:::; Manufacturer Part No. |Qty

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 thry CR11 3 FD100 1

6-8 . Inductor, molded, 10 ph (100342-103) CR1 thru CR3I1 41 1537 31

6-8 . Inductor, molded, 4.7 puh (100342-472) CR32 4] 1537 1

6~8 . Resistor, 100 ohm, 2%, 1/2w R1 thru R31 96 E009 31
(100111-101)

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)

6-3
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Table 6-4. Plug Module Cable Assembly P159/P160 Replaceable Parts

Fig. & i Reference Qt
Index No. Description Designator Manufacturer Part No, |Qty
6-4 Plug Module Cable Assembly P159/P160 113896 1

(see table 6=1 for next higher assembly)
6-4 . Board, printed wiring P159 SDS 100682-020 | T
6-4 . Board, printed wiring P160 SDS 111197-026 | 1
6-8 . Diode, SDS 103 (100091) CR1 thru CR5 3 - FD100 5
6-8 . Inductor, molded, 10 ph (100342-103) L1 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. & —_— Reference +
Index No., Description Designator Manufacturer Part No, |Qty
6-5 Plug Module Cable Assembly P161/P162 116388 1
(see table 6-1 for next higher assembly)
6-5 . Board, printed wiring P161 SDS 111197-024 | 1
6~5 . Board, printed wiring P162 SDS 100682-018 | 1
6-8 . Diode, SDS 103 (100091) CR1 thru CR20 3 FD100 20
6-8 . Inductor, molded, 10 ph (100342-103) L1 thru L20 41 1537 20
6~8 . Resistor, 100 ohm, 2%, 1,/2w R1 thru R20 9% E009 20
(100111-101)
6-8 . Resistor, 8200 ohm, 2%, 1/2w R21 thru R40 96 E009 20
(100111-822)
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Table 6-6. Plug Module Cable Assembly P168/P169 Replaceable Parts

1,:2; f‘.jo' Description i g::?;:::; Manufacturer Part No, |Qty
6-6 Plug Module Cable Assembly P168/P169 SDS 116509 *
(see table 6-1 for next higher assembly)
6-8 . Board, printed wiring P168, P170 SDS 111197-020 1
6-8 . Board, printed wiring P169, P171 SDS 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. & - Ref
lnclizx No. Description D:siegr::::r Manufacturer Part No. Qty
6-7 Plug Module Cable Assembly P170/P171 SDS 116513 1
(see table 6-1 for next higher assembly)
6-8 . Board, printed wiring P170 SDS 111197-020 | 1
6-8 . Board, printed wiring P171 SDS 111197-018 | 1
6-8 | . Resistor, 330 ohm, 2%, 1/2w R1 926 E009 1
6-8 . Resistor, 47 ohm, 2%, 1/2w R2 thru R14 96 EO09 13
6-8 . Inductor, molded, 10 ph, 10% LT thry L13 4] 1537 13

6-5




SDS 901029

Table 6-8. Power Protection Panel, Replaceable Parts

Fig. & — Reference . Qt
Index No. Description Designator Manufacturer Part No, | Qy
6~7 Power Protection Panel (see table 6-1 SDS 116989 1

for next higher assembly)
-1 . Plug, male, 3-contact (106691) P1, P2 106 5266 2
-2 . Transformer, filament, 115y primary, T1, T2 151 P5016 2
10v secondary, 4 amp (101126)
-3 . Resistor, 33 ohm, 2%, 1w R1 thru R4 16 C-32 4
(110996-330)
-4 . Block, terminal (100094-005) TB1, TB2 219 601 2
Table 6=9. Controller Replaceable Parts
Fig. & o Reference (' '
Index No. Description Designator Manufacturer Part No, [Qty
6-10 Controller, (see table 6-1 for NHA) SDS 131564
6~10~1 Assembly, chassis SDS 131823 1
7-23 . Assembly, 20-module chassis SDS 101141 4
6-10-2 Module, Signal Amplifier AH10 * SDS 100839 5
6-10-3 Module, Cable Driver AX14 * SDS 102853 5
6-10-4 . Module, Cable Driver AX16 * SDS 114269 2
6-10-5 . Module, AND/OR Buffer Amplifier * SDS 100164 | 10
BH10 ’
6-10-6 . Module, DC Flip-Flop FH19 * SDS 103134 5
6-10-7 . Module, Basic Flip-Flop FH20 * SDS 105169 | 13
6-10-8 Module, Basic Flip-Flop FL21 * SDS 110552 1
6-10-9 . Module, Diode Gate No, 1 GK51 * SDS 100246 19
6-10-10 . Module, AND/OR Inverter IH10 * SDS 100137 2
6-10-11 Module, AND Gate/Inverter IH14 * SDS 104362
6-10-12 . Module, Relay KX12 * SDS 106327 1
6-10-13 . Module, One-Shot Muliivibrator OX12 * SDS 103459 1
6-10-14 . Module, Primary Power Detector SK60 * SDS 106586 2

*See table 1-5 for reference designations of modules
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Table 6-10. RAD Memory Unit With Drum Memory Replaceable Parts

[nFciig; ﬁo. Description [ g::?;::::r Manufacturer Part No, | Qty
6-1 RAD Memory Unit (see table 6-1 for SDs *
NHA)
6-1-1 Assembly, cabinet SDS 131353 1
7-24 . Receptacle, male, 5-contact J 106 3525 1
7-24 « « Panel, filter SDS 131642 1
7-24 . . Filter, air 300 5251F 2
6-1-10 Plug mold, 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, male, 5-contact 364 45000 1
6-23 Assembly, Panel, Power SDS 131365 1
distribution
6-23-2 « « « Circuit breaker, 35 amp, CB2 186 220-235-101 | 1
3-pole
6-23-1 . . Circuit breaker, 25 amp, CB1 186 195-225-101 | 1
2-pole
6~1-6 .« Power supply PX13 SDS 101270 1f
6-1-8 Power supply PX14 SDS 101271 it
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 P101 227 BTO6A-18-115] 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, male, 75-pin P2, P4 110 MRAC-75P- | 2
‘ JTD-H8
6-28 . . Assembly, cable, drum clock 132238 | 1
6-28-1 . . Connector, male, 50-pin P33 51 57-40500 1
6-28-2 . . . Connector, male, 75-pin P3 110 MRAC-75P- 1
JTD-H8
.

*See table 1-1 for part numbers and model differences

*Not used in =1X models; see table 1-1
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Table 6-11. RAD Memory Unit With Disc Replaceable Parts

InF:;Z;( ﬁo‘ Description g::?;ﬁ:foer Manufacturer Part No, | Gity
6~1 RAD Memory Unit (See table 6~1 SDS *
for NHA)
6-1-1 . Assembly, cabinet SDS 131353 1
7-24 . Receptacle, male, 5-contact Ji 106 3525 1
7-24 . Panel, filter SDS 131642 1
7-24 . Filter, air 300 5251F 2
6-1-10 . Plug mold, ac 103 G-20GB 306 1
7-24 . Connector, butt 1 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, male, 5-contact 364 45000 1
6-23 . Assembly, panel, power distribution SDS 131365 1
6-23-2 . o Circuit breaker, 35 amp, 3-pole CB2 186 220-235-101 1
6-23-1 . » Circuit breaker, 25 amp, 2-pole CB1 186 195-225-101 1
6=1-9 . Selection unit (see table 6~12) SDS 129484 1
6-1-6 . Power supply SDS 101270 1t
6-1-8 . Power supply SDS 101271 1t
7-24 . Disc memory SDS 115621 1
6-26 . Assembly, cable SDS 133304 1
6~-30 . Assembly, cable, disc matrix SDS 131620 1
6-30-1 . . Connector, female, 50-pin P22, P11 324 17-830 2
6-30-2 . . Connector, female, 130-pin P3 82 8017-130- 1
000-011

6-29 . Assembly, cable, disc clock SDS 132240 1
6-29-2 . . . Connector, female, 50-pin P7 324 17-830 1
6-29-1 . . . Connector, male, 15-pin P33 51 DASM-15S 1
6-29-3 . « + Hood, connector 51 DA-20961 1

"Not required in -IX models; see table 1-1

*See table 1-1 for part numbers and model differences
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Table 6-12, Selection Unit Replaceable Parts

Fig., & - Reference +
Index No, Description Designator Manufacturer Part No. |Qty
6=11 Selection Unit (See tables 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-module 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 amplifier AK65 * SDS 131047 1
(see table 6-17)

6=11-18 . . Module, cable driver AX14 * SDS 102853 3

6-11-17 | . . Module, AND/OR buffer amplifier * SDS 100164 1
BH10

6=11-15 . . Module, dc flip-flop FH19 * SDS 103134 1

6-11-7 . Module, basic flip-flop FL21 * SDS 110552 4

6-11-16 . Module, gate expander GH14 * 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 decoder NK59 * SDS 131033 4

(see table 6-23)

*See table 1-6 for reference designations of modules

tTwo for -X1 Models
Four for =X2 Models
Eight for -X4 Models

(Continued)

6-9
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Table 6-12. Selection Unit Replaceable Parts (Cont.)

Fig. & N Reference Qr
Index No. Description Designator Manufacturer Part No, Ay
6~-11-13 . Module, one-shot multivibrator OX12 * SDS 103459 1
6-11-12 . Module, +4v regulator SX60 * SDS 110727 1
6-11-11 . Module, -8v regulator SX69 * SDS 126999 1

*See table 1-6 for reference designations of modules
Table 6=13. Read Input Control AKé61 Replaceable Parts

Fig. & _— Reference Qt

Index No. Description Designator Manufacturer Part No, Aty

6-12 Read Input Control AK61 SDS 131027
(See table 6-12 for NHA)
. Capacitor, silver mica, 30 pf, 5%, 300v| CI 188 1459 ]
. Capacitor, tantalum, 1.5 pf, 20%, év C2 11 ECM 1
. Capacitor, tantalum, 4.7 pf,20%, 50v | C3, C4 192 GA901 2
. Capacitor, tantalum, 5.6 uf, 20%, 15v | C5, C6 1 ECM 2
. Diode, SDS 103 CR1-CR4, CR7,CR8 3 FD100 29
. Diode, SDS 104 CR5, CRé 3 FD-6 2
. Diode, SDS 101 VR1-VR3 11 1N746 b
. Resistor, 3.9k, 2%, 1/2w R1, R4, R6 96 EQ09 5
. Resistor, 18k, 2%, 1/2w R2, 5 96 E009 5
. Resistor, 680 ohms, 2%, 1/2w R3 96 E009 4
. Resistor, 1k, 2%, 1w R7 16 C-32 1
. Resistor, 220 ohms, 2%, 1/2w R8 96 E009 1
. Resistor, 680 ohms, 2%, 1w R9 16 C-32 1
. Resistor, 1.5k, 2%, 1w R10 16 C-32 1
. Resistor, 200 ohms, 5%, 1/2w R11 N CD 1/2 1
. Transistor, SDS 216 Q1 3 S6156 4
. Transistor, SDS 201 Q2, Q3 3 $6325 2
. Transistor, SDS 226 Q4 3 S6486 1
. Transistor, SDS 214 Q5 3 $6262 1
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Table 6-14. Y-Select AK62 Replaceable Parts

InF;z;( ﬁo' Description ll;:i?grre;::oer Manufacturer Part No, |[Qty
6-13 Y-Select AKé2 (See table 6=12 for NHA)

. Capacitor, tantalum, 4.7 pf, 20%, 50v | Cl1, C2 192 GA901 2

. Capacitor, tantalum, 5.6 pf, 20%, 15v | C3 11 ECM 1

..Diode, SDS 103 CR1-CR7, CR10 3 FD100 30

. Diode, SDS 104 CR8, CR? 3 FD-6 4

. Diode, SDS 101 VR1, VR2 11 1N746 6

Resistor, 8.2k, 2%, 1/2w R1, R8 96 E00% 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 R5 16 C-32 4

. Resistor, 4.7k, 2%, 1/2w R6 9% E009 4

. Resistor, 2k, 2%, 1w R7 16 C-32 4

. Resistor, 3%k, 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 Q1, Q4 3 S6156 6

. Transistor, SDS 214 Q2 3 $6262 4

. Transistor, SDS 226 Q3 3 S6486 4
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Table 6-15. Write-Driver AK63 Replaceable Parts

Fig. & o e Reference
Index No. Description Designator Manufacturer Part No, | Qty
6-14 Write-Driver AK63 (See table 6-12 SDS 131031
for NHA)
. Capacitor, tantalum, 5.6 pf, 20%, 15v | CI1 11 ECM 1
Capacitor, tantalum, 1 uf, 20%, 50v c2 1 ECM 1
. Capacitor, tantalum, 4.7 uf, 20%, 50v | C3 11 ECM 1
. Capacitor, mylar, 4,7 nf, 10%, 80v C4, C9 192 608 2
. Capacitor, mylar, 10 nf, 10%, 80v C10 192 608 1
. Capacitor, micq, 22 pf, 5%, 300v C11, Ci2 188 1459 2
. Capacitor, tantalum, 6.8 pf, 20%, 6v C13 11 ECM 1
. Capacitor, mylar, 1 nf, 10%, 80v Cl4, C15 192 608 2
. Diode, SDS 123 CR1-CR3, CR17, 3 FD6 21
CR5-CR14, CRIS,
CR34-CR37, CR28,
CR31
. Diode, SDS 122 CR15, CR16, 11 GD70 16
CR19-CR27, CR29
CR30, CR32, CR38,
CR39
. Diode, SDS 101 2.3v .Y, | WI-Wws, n 1N746 7
" | VR7-VR10
. Diode, SDS 106 =Ty VR4, VRI1, WRI2 n F1180 3
. Resistor, 2 ohms, 5%, 1w R1, R2, R24 36 BWH 3
. Resistor, 18k, 2%, 1/2w R3 9 E009 1
. Resistor, 1.5k, 2%, 1/w R4, R11, R12 16 C-32 3
. Resistor, 10k, 2%, 1/2w R5, R10, R13, R22, 96 E009 9
R23, R33, R37,
R41, R45
. Resistor, 10 ohms, 2%, 1/2w R6, R9, R17, R18 96 EQ09 4
. Resistor, 15k, 2%, 1/2w R7, R8 96 E009 2
. Resistor, 715 ohms, 1%, 1w R14, R21 36 CES 2
. Resistor, 619 ohms, 1%, 1w R15, R20 36 CES 2

6-12

(Continued)
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Table 6~15, Write=Driver:AK63 Replaceable Parts (Cont. )

Fig. &

Reference

Index No., Description Designator Manufacturer Part No, | Qty

6~14 . Resistor, 562 ohms, 1%, 1w R16, R19 36 CES 2
(Cont. )

. Resistor, 910 ohms, 2%, 1w R25, R29 16 C-32 2

. Resistor, 15k, 2%, 1w lR26, R28 16 c-32 2

. Resistor, 100 ohms, 2%, 1w "R27 16 C-32 1

Resistor, 470 ohms, 2%, 1w 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, 1.1k, 2%, 1/2w R47, R49 96 E009 2

. Resistor, 1.5k, 5%, 1/4w R50 11 GP 1/4 1

. Transformer VTT 39 2ZNHA 1

. Transistor, SDS 238 Ql1, 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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Table 6-16. Index/Sector Amplifier AK64 Replaceable Parts

lri;z;( ilo. Description g::?;z:::r Manufacturer Part No, |Qty
6-15 Index/Sector Amplifier AKé4 131043
(See table 612 for NHA)
. Capacitor, tantalum, 5.6 pf, 20%, 15v | Cl, C4 11 ECM 2
. Capacitor, tantalum, 4.7 pf, 20%, 50v | C2, C3 11 ECM 2
. Capacitor, mica, 510 pf, 5%, 300v C5 188 1459 1
. Capacitor, mica, 330 pf, 5%, 300v C6 188 1459 1
. Capacitor, mylar, 10 nf, 10%, 80v C7, C10 192 608 2
. Capacitor, mylar, 47 nf, 10%, 80v C8, C9, C11, C12 | 192 608 4
. Capacitor, tantalum, 120 nf, 20%, 15v | C13 11 ECM 1
. Capacitor, mylar, 100 nf, 10%, 80v Cl4 192 608 1
. Diode, SDS 122 CR5-CR16 11 GD70 12
. Potentiometer, 2.5k, 10%, 1w R24 35 275P-584 1
. Resistor, 2 ohms, 5%, 1w R1, R12 36 BWH 2
. Resistor, 30 ohms, 2%, lw R2 16 C-32 1
. Resistor, 390 ohms, 2%, 1/2w R3 96 E009 1
. Resistor, 1.8k, 2%, 1/2w R4 9 E009 |
. Resistor, 1k, 2%, 1/2w R5 9% E009% ]
. Resistor, 10 ohms, 2%, 1/2w Ré, R7 96 EQ09 2
. Resistor, 43 ohms, 2%, 1w R11 16 C-32 1
. Resistor, 1.5k, 1%, 1/8w R13 36 CCM 1
. Resistor, 3.01k, 1%, 1/8w R14, R41 36 CCM 2
. Resistor, 1.0k, 1%, 1/8w R15, R16, R42 36 CCM 3
. Resistor, 200 ohms, 1%, 1/8w R17 36 CCM 1
. Resistor, 7.5k, 1%, 1/8w R18, R19, R33, R34 | 36 CCM 6
R20, R23

. Resistor, 3.74k, 1%, 1/8w R21, R22 36 CCM 2
. Resistor, 75 ohms, 1%, 1/8w R25, R26 36 CCM 2

(Continued)
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Table 6-16. Index/Sector Amplifier AK64 Replaceable Parts (Cont.)

[nF;g)‘( i‘lo. Description g::iegr:::; Manufacturer Part Nqi; Qty
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 ccMm 2
. Resistor, 30 ohms, 2%, 1/2w R35, R36 96 E009 2
. Resistor, 2.4k, 2%, 1/2w R37, R38 9 E009 2
. Resistor, 3k, 2%, 1/2w R39, R40, R44 9% E009 3
. Resistor, 2,2k, 2%, 1/2w R43 96 E009 ]
. Resistor, 560 ohms, 2%, 1/2w R45 96 E009 1
. Resistor, 8.2k, 2%, 1/2w R46 96 E009 1
. Transformer T1 39 2ZNHA 1
. Transistor, SDS 230 Q1 5 4JX12E1348 | 1
. Transistor, SDS 231 Q2, Q3 5 4JX121347 2
. Transistor, SDS 216 Q4-Q9 3 S6156 é
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Table 6-17. Write Clock Amplifier AK65 Replaceable Parts

InFi{g; ilo. Description g::iegrz:::r Manufacturer Part No, |Qty
6-16 Write Clock Amplifier AK65 SDS 131047

{See table 6-12 for NHA)
. Capacitor, mica, 220 pf, 5%, 300v C1, C15 188 1459 2
. Capacitor, mylar, 47 nf, 10%, 80v C2, C3 192 608 2
. Capacitor, mica, 10 pf, 5%, 300v C4 188 1459 1
. Capacitor, mica, 100 pf, 5%, 300v C5, C6 188 1459 2
. Capacitor, mica, 200 pf, 5%, 300v C7, C8 188 1459 2
. Capacitor, mylar, 10 nf, 10%, 80v C9-C11, C19-C21 192 608 6
. Capacitor, mica, 68 pf, 5%, 300v C12 188 1459 1
. Capacitor, mica, 120 pf, 5%, 300v C13, C14 188 1459 2
. Capacitor, tantalum, 4.7 pf, 20%, 50v | C16, C17 1 ECM 2
. Capacitor, tantalum, 5.6 uf, 20%, 15v | C18 " ECM 1
. Diode, SDS 122 CR1-CR7, CR9-CR11 1 GD70 10
. Diode, SDS 123 CR8 3 FD6 1
. Diode, SDS 132 W1, W2 1 TN936 2
. Inductor, molded, 47 ph, 5% L1, L2, L3 41 1537 3
. Inductor L5 1
. Inductor, molded, 330 ph, 5% L6 41 1537 1
. Resistor, 1.5k, 2%, 1/2w R1, R2 9% E009 2
. Resistor, 1k, 1%, 1/8w R3, R7 36 CCM 2
. Resistor, 10 ohms, 5%, 1/4w R4, R5, R51 1" GP 1/4 3
. Resistor, 3.01k, 1%, 1/8w R6, R9-R12 36 CCM 5
. Resistor, 20 ohms, 2%, 1/2w RS 9 E009 1
. Resistor, 100 ohms, 5%, 1/4w R13, R43, R49 1 GP 1/4 3
. Resistor, 3.57k, 1%, 1/8w 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 Amplifier AK65 Replaceable Parts (Cont.)

Inl::ilz; go. D;-:scrip’rion g:sfie;f\z;::r Manufacturer Part No, [Qty
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 R25 1 GP 1/4 1
. Resistor, 2.61k, 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 EC09 1
. Resistor, 15k, 2%, 1/2w R31 96 E009 1
. Resistor, 200 ohms, 5%, 1/4w R32 1 GP 1/4 1
. Resistor, 1k, 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 % E009 1
. Resistor, 150 ohms, 2%, 1/2w R39, R62 96 EO09 2
. Resistor, 100 ohms, 2%, 1/2w R40 9% E009 1
Resistor, 390 ohms, 2%, 1/2w R44, R54 96 E009% 2
. Resistor, 2.4k, 2%, 1/2w R46, R55 9 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 T1 39 2ZNHA 1
. Transistor, SDS 230 Q1 5 4JX12E1347 | 1
. Transistor, SDS 231 Q2, Q6 5 4JX12E1348 | 2
. Transistor, SDS 222 Q3, Q4 3 S15099 2
. Transistor, SDS 216 Q7, Q9, Q13, Q14 3 S6156 4
. Transistor, SDS 219 Q10, Q11, @8, Q12| 3 57411 4
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Table 6-18. Read Amplifier HK73 Replaceable Parts

lnFciige; ﬁo. Description g::ie;\:u:;r Manufacturer Part No, |Qty
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 uf, 20%, 15v | C3, C4 1 ECM 2
. Capacitor, mylar, 47 nf, 10%, 80v C5, C7 192 608 2
. Capacitor, mica, 4.7 pf, 5%, 300v C8, C11 188 1459 2
. Capacitor, mica, 100 pf, 5%, 300v c9, C10 188 1459 2
. Diode, SDS 134 CR1-CR40 " TID44 40
. Inductor, molded, 47 ph, 5% L1-L3 41 1537 3
. Resistor, 10 ohms, 2%, 1w R1 16 C-32 1
. Resistor, 62 ohms, 2%, 1w R2 16 Cc-32 1
. Resistor, 210 ohms, 5%, 1/4w R3, R4, R5 11 GP 1/4 3
. Resistor, 1.47k, 1%, 1/8w R7, R10, R13, 36 CCM 5'
R27, R28
. Resistor, 2,43k, 1%, 1/8w R8, R22, R23, 36 CCM 5
R31, R32

. Resistor, 681 ohms, 1%, 1/8w RS 36 CCM 1
. Resistor, 3.01k, 1%, 1w R11, R12, 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%, 1w R17, 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 1 GP 1/4 3
. Transistor, SDS 230 Ql 4JX12E1347 ( 1
. Transistor, SDS 231 Q2, Q3 5 4JX12E1348 | 2
. Transistor, SDS 216 Q4-Q8 3 $6156 5
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Table 6-19. Limiter HK74 Replaceable Parts

InF;g; ﬁlo. Description | DR::?;:Z::'_ Manufacturer Part No, |[Qty
6-18 Limiter HK74 (See i'ablé 6-12 for NHA) SDS 131037
. Capacitor, mylar, 10 nf, 10%, 80v C1 192 608 1
. Capacitor, tantalum, 4.7 pf, 20%, 50v C3 192 GA901 1
. Capacitor, mylar, 47 nf, 10%, 80v c4 192 608 |
. Capacitor, tantalum, 1.5uf, 20%, év C5 11 ECM 1
. Diode, SDS 134 ICR1-CR7 11 TID44 7
. Resistor, 680 chms, 5%, 1/4w R1 11 GP 1/4 1
. Resistor, 3.01k, 1%, 1w R2 36 CES !
. Resistor, 1k, 1%, 1/8w R3, R12, R13 36 ccMm 3
. Resistor, 1,21k, 1%, 1w R4-R7 36 CES 4
. Resistor, 300 ohms, 2%, 1/2w R8 96 E009 1
. Resistor, 2.43k, 1%, 1/8w R9, R10 36 ccM 2
. Resistor, 2.0k, 1%, 1w R11, R14 36 CES 2
. Resistor, 200 ohms, 2%, 1/2w R15, R28, R29, 96 F009 5
R38, R40
. Resistor, 4.64k, 1%, 1/8w R16, R17, R33, R34 36 CCM 4
. Resistor, 10 ohms, 5%, 1/4w R18, R19, R30, R31 1 GP 1/4 4
. Resistor, 1.82k, 1%, 1w R20, R23 36 CES 2
. Resistor, 357 ohms, 1%, 1/8w R21, R22 36 CCM 2
. Resistor, 68,1 ohms, 1%, 1/8w R24, R25 36 CCM 2
. Resistor, 4.32k, 1%, 1/8w R26, R27 36 CcCM 2
. Resistor, 20 ohms, 2%, 1/2w R32, R37, R39 96 E009 3
. Resistor, 1.8k, 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, SDS 230 Qi 5 4JX12E1347 | 1
. Transistor, SDS 231 Q2 5 4JX12E1348 | 1
. Transistor, SDS 216 Q3-Q8 3 S6156 é
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Table 6-20. Clock Discriminator HK75 Replaceable Parts

InF:!z; zo. Description g:sf?éz:::r Manufacturer Part No, | Qty
6-19 Clock Discriminator HK75 (See table 6-12 SDS 131039
for NHA)
. Capacitor, tantalum, 5.6 pf, 20%, 15v | C1, C2 B ECM 2
. Capacitor, mica, 100 pf, 5%, 300v C3, C4, C4, C12, 188 1459 5
C13

. Capacitor, mica, 220 pf, 5%, 300v C5 188 1459 1
. Capacitor, mylar, 10 nf, 10%, 80v C7, C8, Ci10 192 608 3
. Capacitor, tantalum, 1.5 pf, 20%, év Cc9 11 ECM 1
. Capacitor, mica, 47 pf, 5%, 300v Cl1, C14 188 1459 2
. Diode, SDS 122 CR1-CR7 11 GD70 7
. Diode, SDS 101 W1 11 1N746 1
. Inductor, molded, 47 uh, 5% L1-L3 41 1537 3
. Potentiometer, 50k, 10%, 1w R26 35 275P-584 1
. Potentiometer, 5k, 10%, 1w R28 35 275P-584 1
. Resistor, 2 ohms, 5%, 1w R1, R2 36 BWH 2
. Resistor, 300 ohms, 2%, 1/2w R3, R4 96 E009 2
. Resistor, 330 ohms, 2%, 1/2w R5, Ré 96 E009 2
. Resistor, 243 ohms, 1%, 1/8w R7 36 CCM 1
. Resistor, 68 ohms, 2%, 1/2w R8, R? 96 E009 2
. Resistor, 649 ohms, 1%, 1/8w R10 36 CCM 1
. Resistor, 430 ohms, 2%, 1/2w R11 9 E009 1
. Resistor, 1k, 1%, 1/8w R12, R17, R33 36 CCM 3
. Resistor, 6.2k, 2%, 1/2w R13 9 E009 1
. Resistor, 332 ohms, 1%, 1/8w R14 36 CCM 1
. Resistor, 619 ohms, 1%, 1/8w R15 36 CCM 1
. Resistor, 357 ohms, 1%, 1/8w R16 36 CCM 1
. Resistor, 33 ohms, 2%, 1/2w R18, R20, R21 96 E009 3
. Resistor, 12k, 2%, 1/2w R19 9% E009 1
. Resistor, 2.2k, 2%, 1/2w R22 96 E009 1
. Resistor, 10k, 2%, 1/2w R23 96 E0O9 1
. Resistor, 820 ohms, 2%, 1/2w R24 96 E009 1
. Resistor, 2.7k, 5%, 1/4w R25 11 GP 1/4 1
. Resistor, 2k, 5%, 1/4w R27, R36, R37 11 GP 1/4 3
. Resistor, 681 ohms, 1%, 1/8w R29, R31 36 CCM 2
. Resistor, 100 ohms, 1%, 1/8w R30 36 ccM 1

6-20
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Table 6-20. Clock Discriminator HK75 Replaceable Parts (Cont. )

Fig. & N Reference
Index No., Description Designator Manufacturer Part No, | Qty
6-19 . Resistor, 3.01k, 1%, 1/8w R32 CCM 36 1
(Cont.) | Resistor, 560 ohms, 2%, 1/2w R34 E009 9% .
. Transistor, SDS 219 QI-Q8, Q11, Q12 | S7411 10
« Transistor, SDS 216 Q9, QI0, Q13, S6156 4

Q14
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Table 6-21, Data Decoder HK76 Replaceable Parts

InF;z; ﬁo. Description gz:iegr::::r Manufacturer Part No, |[Qty
6-20 Data Decoder HK76 (See table 612 SDS 131041
for NHA) :
. Capacitor, mylar, 100 nf, 10%, 80v Ct 192 608 1
. Capacitor, tantalum, 5.6 uf, 20%, 15v | C2, C4 11 ECM 2
. Capacitor, tantalum, 6.8 pf, 20%, év C3 11 ECM 1
. Capacitor, mylar, 10 nf, 10%, 80v C5 192 608 1
. Capacitor, mica, 100 pf, 5%, 300v Cc7 188 1459 1
. Diode, SDS 122 CR1-CR19 11 GD70 19
. Integrated circuit, SDS 307 Al, A2 3 U55114959X | 2
. Resistor, 2 ohms, 5%, 1w R1, R2, R3 36 BWH 3
. Resistor, 3.32k, 1%, 1/8w R4, R5, R28 36 CcCcM 3
. Resistor, 432 ohms, 1%, 1/8w R6 36 CCM 1
. Resistor, 2.2k, 2%, 1/2w R7, R8, RI11, 96 E009 5
R12, R13
. Resistor, 560 ohms, 2%, 1/2w R9, R10, R25, 96 E009 6
R26, R27, R32
. Resistor, 330 ohms, 2%, 1/2w R14, R15 96 E009 2
. Resistor, 1k, 2%, 1/2w R16, R17, R24, 96 E009 5
R37, R38
. Resistor, 18k, 2%, 1/2w R18, R21 96 E009 2
. Resistor, 680 ohms, 2%, 1/2w R19, R20, R34 9% E009 3
. Resistor, 2.7k, 2%, 1/2w R22, R23 96 E009 2
. Resistor, 1k, 1%, 1/8w R29 36 CCM 1
. Resistor, 619 ohms, 1%, 1/8w R30 36 CCM 1
. Resistor, 332 ohms, 1%, 1/8w R31 36 CCM 1
. Resistor, 20 ohms, 2%, 1/2w R33 926 E009 1
. Resistor, 2.61k, 1%, 1/8w R34 36 CCM 1
. Transistor, SDS 216 Q1-Q4, Q7, Q8, 3 S6156 8
Q11, Q12
. Transistor, SDS 219 Q5, Q4, Q%, QIO 3 S7411 4
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Table 6-22. Index/Sector Decoder HK77 Replaceable Parts

InFt;g;c f:lo. Description gzsf?;::::r Manufacturer Part No, |Qty
6-21 Index/Sector Decoder HK77 SDS 131045
(See table 6-12 for NHA)
. Capacitor, tantalum, 5.6 uf, 20%, 15v | C1 11 ECM 1
. Capacitor, tantalum, 6, 8 pf, 20%, év C2 11 ECM 1
. Capacitor, mylar, 10 nf, 10%, 80v C3, C7 1 608 2
. Capacitor, micaq, 2.2 pf, 5%, 300v C4 188 1459 1
. Capacitor, mylar, 1 nf, 10%, 80v C5 192 608 1
. Capacitor, mica, 470 pf, 5%, 300v :Cé 188 1459 1
. Capacitor, tantalum, 4,7 uf, 20%, 50v | .C8, C9 11 ECM 2
. Diode, SDS 122 'CR1-CR26 1 GD170 26
. Diode, SDS 101 “VR1-VR4 11 1N746 4
. Integrated circuit, SDS 307 Al, A2 3 U5S114959X| 2
. Resistor, 2 ohms, 5%, 1w R1, R2 36 BWH 2
. Resistor, 750 ohms, 2%, 1/2w R3, R27 96 E009 2
. Resistor, 2.2k, 2%, 1/2w R4, R22-R25, 96 E009 9
R29-R32
. Resistor, 1,65k, 1%, 1/8w R5 36 CCM 1
. Resistor, 1.5k, 2%, 1/2w R6, R14 96 E009 2
. Resistor, 3.9k, 2%, 1/2w R7, R15, R37, R38 96 EQ09 4
. Resistor, 51 ohms, 2%, 1/2w R8, R13, R20 %6 E009 3
. Resistor, 1.8k, 2%, 1/2w R9, R17, R40, R43 9% E009 4
. Resistor, 680 ohms, 2%, 1/2w R10, R21, R18, 96 EQ09 5
R41, R44

. Resistor, 3.57k, 1%, 1/8w R12 36 CCM 1
. Resistor, 10k, 2%, 1/2w R16, R39 R32, R46 .96 E009 4
. Resistor, 330 ohms, 2%, 1/2w R26, R33, R34 96 E009 3
. Resistor, 1k, 2%, 1/2w R28, R35, R34 96 ECO9 3
. Resistor, 820 ohms, 2%, 1/2w R45 % E009 1
. Transistor, SDS 216 Ql1-Q12 3 S6156 12
. Resistor, 2.7k, 2%, 1/2w R19 96 E009 1
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Table 6-23. Read/Write Coupler NK59
Fig. & .. Reference 1A
Index No. Description Designator Manufacturer Part No, | Qiy
6-22 Read/Write Coupler NK59 SDS
. Diode, SDS 134 CR1-CR8 11 TID44 32
. Resistor, 10 ohms, 5%, 1/4w R2, R4 11 GP 1/4 3
. Resistor, 560 ohms, 5%, 1/4w R3, R5 11 GP 1/4 8
, Transformer T1 39 1ZMHA 4
Table 6-24. Manufacturer Supply Codes
Code No. Name Address
1 Motorola Semiconductor Products, Inc. P. O. Box 2953, Phoenix, Ariz. 85002
3 Fairchild Semiconductor 313 Fairchild Dr., Mountain View, Calif. 94041
11 Texas Instruments, Inc. P. O. Box 6015, Dallas, Tex. 75222
13 TRW Semiconductors, Inc. 14520 Aviation Blvd., Lawndale, Calif.
16 Corning Glass Works 550 High St., Bradford, Pa.
35 Bourns, Inc. 1200 Columbia Ave., Riverside, Calif.
41 Delevan Electronics Corp. 270 Quaker Rd., E. Aurora, N. Y. 14052
48 Littelfuse, Inc. 800 E. Northwest Hwy., Des Plains, Ill.
51 Cinch Manufacturing Co. 1026 S. Homan Ave., Chicago, Ill. 60624
79 Allied Control Co. 2 E. End Ave., New York, N.Y. 10021
96 Amperex Electronics Corp. 230 Duffy Ave., Hicksville, N. Y. 11802
103 The Wiremold Co. Hartford, Conn.
104 Dialight Corp. 60 Stewart Ave., Brooklyn, N. Y. 11237
105 Heinemann Electric Co. 2636 Brunswick Pike, Trenton, N. J. 08602
106 Arrow-Hart & Hegeman Electric Co. 103 Hawthorne St., Hartford, Conn.
110 Winchester Electronics Corp. Main & Hillside Aves., Oakville, Conn, 06779
130 C. P. Clare & Co. 3101 Pratt Blvd., Chicago, Ill.
151 Stancor Electronics, Inc. 3501 W. Addison, Chicago, Ill.
188 Aerovox Corp., New Bedford Div. 740 Belleville Ave., New Bedford, Mass. 02741
191 Dearborn Electronics, Inc. P. O. Box 350, Orlando, Fla.
219 Kulka Electric Corp. 633 S. Fulton Ave., Mt. Vernon, N, Y. 10551
227 Burndy Corp. Norwalk, Conn, 06854
341 ITT Industrial Products Div. 15151 Bledsoe, San Fernando, Calif.
364 Hubbell Bridgeport, Conn. 06602
SDS Scientific Data Systems, Inc. 1649 Seventeenth St., Santa Monica, Calif. 90404
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Figure 6-4. Plug Module Cable Assembly
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Figure 6-5. Plug Module Cable Assembly
1A

P121/P142 Parte Location
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Figure 6-6. Plug Module Cable Assembly
P168/P169 Parts Location
900613A.616
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Figure 6=7. Plug Module Cable Assembly

P170/P171 Parts Location
900613A, 621
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NOTE: REFERENCE SDS DWG: 1006118

PARTS LOCATION PARTS LOCATION PARTS LOCATION PARTS LOCATION
MODULE P155 MODULE P157 MODULE P159 MODULE P151
DIODES DIODES DIODES DIODES
CRZ (3 PF 50) CRI3 (31 P+ 78) CRIO (1 Pt 48) CRe (7 PF54) CR3  (149461) CR4 (199 P 156) CR20 (23 §+70) CRIO  (33-9+80)
cr% (15 Pt 62) CR12 (32 Bt 79) CRY 2 Pt 49) CR3 (8 Pt 55) CR2 (15-P+62) CR5 (1929 149) CRI9 (24 PF71) CRY  (34PH81)
CR25 (16 Pt 63) CRI1 (33 P} 80) CR8 (3 P+ 50) CR2 (9 PF56) CR1 (16 P+ 63) CRI18 25 Pt72) CR8  (35-9+82)
CR4 (20 D} 67) CRIO (34 P+ 81) CR7 (4 P+ 51) CR1 (10 B+ 57) CRI7 (26 P+73) CR7 (36P+83)
CR23 1 bt 68) CR? (35 -pH.82) CR6 (5 Pt 52) CRI2 (12 P+ 59) CR16 (27 Pt74)" CR6  (37-PF84)
gﬁ g ﬁ 49) Cﬁ gg ﬁ gi; RS {6 B+ 53) CRi1 (i3 P+ 60) INDUCTORS CRI5 (28 175) CR5 (wﬁss)
70) C CR14 76 CR4  (39-PF86
CR20 (24 Pt 71) CR6 (38 Pt 85) 40 (1 - 48) 120 (24 - 71) CRI3 ?33*773 CR3 gm-)p.gyg
CRI9 (25 Pt 72) CRS (39 P+ 8) INDUCTORS 139 (2 - 49) Le (25 - 72) CR12 (31 P+78) CR2  (41-PF88)
CcrIs (26 bt 73) CR4 (40 Dt 87) 38 (3 - 50) L8 (26 - 73) CRI1 (32 P+79) CRl  (429+89)
cr7 (27 P74 CR3 (41 Dt 88) w2 (11 - 59 s @29 - 76) L7 @4 - 51) L7 @ - 74
CRI6 (28 D} 75) CR2 (42 P+ 89) 130 (14 - 61) L4 (30 - 77) 136 (5 - 52) L6 (28 - 75)
CRI5 (29 P 76) CRI 43 P+ 90) 128 (16 - 63) 113 (31 - 78) 135 (6 - 53) L5 (29 - 76) INDUCTORS
CRI4 (30 Pt 71) 27 (17 - 64) L2 @@ - 79 L34 (7 - 54) L14 (30 - 77)
26 (18 - 65) L1 (33 - 80) 133 (@ - 55) L3 (31 - 78) L9 (1 - 48) 9 (11 - 58)
125 (19 - 66) L10 (34 - 81) B2 © - 56) uz (@2 - 79 L8 (2 - 49) 18 (12 - 59)
INDUCTORS 124 (20 - 67) L9 (35 - 82) L31 (10 - 57) L1 (33 - 80) L7 (3 - 50) U (13 - 60)
123 @1 - 68) 18 (3% - 83) 30 (11 - 58) Lo (34 - 81) L6 (4 - 51) B (14 - 1)
B (-4 L (3 - &0 22 @ - 69 7 @7 - 84) 29 (12 - 59) 19 (35 - 82) Ls (5 - 52) L5 (15 - 62)
2 @6 - 55 21 @3 - 70) b (38 - 85) 128 (13 - 60) 18 (3% - 83) L14 (6 - 53) U (16 - 63)
120 (24 - 71) 5 @9 - 8) 127 (17 - 64) v (7 - 84 L3 (7 - 54 B (7 - 64
Le (25 - 72) 4 40 - 87 126 (18 - 65) L5 (38 - 85) L2 (8 - 59 12 (18 - &)
RESISTORS L8 (26 - 73) 13 {41 - 88) 25 (19 - 66) 5 (39 - 8) Lt {9 - 5) L (19 - 66)
L7 (27 - 74) 2 (42 - 89) 124 (20 - 67) 4 40 - 87) Lo (10 - 57) 120 (20 - 47)
B3 (1- 4 RIS (233 - 190) L6 8 - 75) L1 43 - %) 122 (21 - 48) 12 (41 - s8)
R (8- 55 R17 (194 - 151) 122 (22 - &9) 12 (42 - 89 RESIS
R (13- 60) RI6 (206 - 163) 21 (@3 - 70) L @3 - 50 ESISTORS
R30 - 164) RIS (212 - 169) RESISTORS
Y (21 - 168) RI4 (214 - 171) R29 (171 - 214) R24 (181 - 224)
R28 13 - 170) RI3 (216 - 173) R (192 - 149) R0 (24 - 71) RESISTORS R39 (172 - 215) R34 (182 - 225)
R27 (15 - 172) RI2 (218 - 175) R43 (193 - 150) R19 (25 - 72) R28 (173 - 216) R23 (183 - 226}
R6 @17 - 174) RIT 220 - 177) R3Z (194 - 151) RI8 (26 - 73) R43 (162 - 205) R1 (23 - 70) R38 (174 - 217) R33 (184 - 227)
" R2s @19 - 178) RIO (222 - 179) R42 (195 - 152) R17 (27 - 74) R42 (163 - 206) R20 (24 - 71) R27 (175 - 218) R22 (185 - 228)
R4 (21 - 178) RY (224 - 181) R% (196 - 153) RI6 (28 - 75) R4T (164 - 207) RI9 (25 - 72) R37 (176 - 219) R2 (186 - 229)
R23 (23 - 180) R (226 - 183) R4l (197 - 154) RI5 (29 - 76) RO (1 - 48) RIB (26 - 73) R6 (177 - 220) R21 (187 - 230)
R2 @25 - 182) & (28 - 185) R35 (198 - 155) RI4 (30 - 77) R (2 - 49) RI7 (27 - 78) R36 (178 - 221) R31 (188 — 231)
R (227 - 184) RS (30 - 187) R4O (199 - 156) RI3 (31 - 78) RB (3 - 50) Rlg (28 - 75) R25 (179 - 222) R0 (189 - 232)
R0 (229 - 186) RS (232 - 189) R34 (200 - 157) RI2 (2 - 79) R7 (4 - 51) m 529 - ;g; k:;xg ?80 - 23; :go ??z]) - 2533
- - R39 (201 - 158 RIT (33 - 80) R (5 - 52) 0 - R 1- -
R19 (231 - 188) R4 (234 - 191) R3 g(u - m; RI0 §34 - 81 R35 (6 - 53) RI3 (31 - 78) RIB ( 2 - 49) R8 (12 - 59)
R (11 - 58) R (35 - 82) R34 (7 - 54) R12Z (32 -~ 79) RIZ ( 3 - 50 (13- 60)
R9 (14 - 61 R8 (36 - 83) R33 (8 - 55) R11 (33 - 80) RI6 ( 4 - 51) R (14 - 61)
R28 (16 - 5.;: 7 (37 - 84) R2 (9 - 56) RIO (34 - 81) RI5 ( 5 - 52 RS (15 - 62)
R7 (17 - &4 R (38 - 85) R31 (10 - 57) R9 8: - 82) R4 E 6 - 53; R4 “6 - ﬁ;
R6 (18 - .45) RS (39 - 86 R30 (11 - 58) R8 - 83) R13 7 - 54 R3 7 -
PARTS LOCATION R5 (19 - 66) M- o) RS (12 - 59 v (37 - 84) 2 (8- 55) RZ. (18- 69)
MODULE P160 R4 (20 - 67) R3 (41 - 88) R28 (13 - 60) R6 (38 - 85) R (9 - 56 RI (19 - 66)
—_— R3 (21 - 68) R (42 - 89) R7 (17 - 64) RS (39 - 86) RIO (10 - 57) RO (20 - 67)
DIODES R2 (22 - &9) 13 43 - %0) R26 (18 - 65) R4 (40 - 87)
R21 (23 - 70) R25 (19 - 66) :g g; - ss;
CR (192 B 149) R4 @0 - 67) -
= R23 (21 - 68) R (43 - 90)
CR1 (199 P+ 154 2 @2 - 69)
PARTS LOCATION
MODULE P170
RESISTORS INDUCTORS
Rl (197 - 154) RS (32-79) L (6-53 L8 (33-80)
R2 (6-53) R? (33 - 80) 2 (22-69) L9 (34 -81)
R3  (22-69) RI0 (34 -81) L3 (28-75) LI0 (40 - 87)
Ré (28 -75) RIT (40 - 87) 14 (29-76) LIt (41 -88)
RS (29 -76) RI2 (41 -88) L5 (30-77) L2 (42 -89)
RS (30 -77) RI3 (42 - 89) L (31 -78) LI3 (43 - 90)
rF  (31-79) R14 (43 -90) v (32-79)

192
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3
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Figure 6-8. Cable Plug Printed Wiring Board
Parts Location
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Figure 6-9. Power Protéction Panel Parts Location
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Figure 6-10. Controller Parts Location
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Figure 6=13. Y-=Selector AK62 Parts Location
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Figure 6=14. Write-Driver AK63 Parts Location
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Index/Sector: Amplifier AK64 Parts Location

Figure 6-15.
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Figure 6-16. Write Clock Amplifier AK65 Parts Location
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Read Preamplifier HK73 Parts Location

Figure 6~17.
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Figure 6-18. Limiter HK74 Parts Location
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Figure 6=19. Clock Discriminator HK75 Parts Location
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Figure 6-20, Data Decoder HK76 Parts Location
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Figure 622, Read/Write Decoder NK59 Parts Location
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Figure 6-23, Power Distribution Panel Assembly Parts Location
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Figure 6-24. Drum Memory Cable Assembly Parts Location
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Figure 6=25, Circuit Breaker to Drum Motor Cable Assembly Parts Location
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Figure 6=26. Plug Mold to Power Supply Cable Assembly Parts Location
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Figure 6-27. Power Cord Assembly Parts Location
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Figure 6-28. Drum Clock Cable Assembly Parts Location
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Figure 6-29. Disc Clock Cable Assembly Parts Location
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Paragraphs 7-1 to 7-4

SECTION VII
DRAWINGS

7-1 DOCUMENTATION SOURCES

The documentation package accompanying a RAD file in-
cludes a complete set of manufacturing drawings, this
technical manual, andselected documents from the List of
Related Publications. This section of the manual contains
wirelists, schematic diagrams, installation drawings, and
assembly drawings (figures 7-1 through 7-25),

7-2 WIRELISTS

7-3 Wirelist Format:

Table 7=1 relates RAD file equipment by part number to a
specific wirelist document. For the controller and the
selection unit, 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 mnemonics and five=-
character mnemonics are included in section VIII.

Wirelist data formats are illustrated in figure 7-1. For each
signal, the wirelist provides the following information:

CHASSIS LOCATION The chassis of the assem-
bly (A, B, C, or D for
the controller; A or B

for the selection unit)

MODULE LOCATION The location of the module

in the chassis

PIN LOCATION The connector pin to which

the designated signal is fed

MODULE NAME The module type inserted

at the location

7-4 Signal Tracing

The entry for signal (A, figure 7-1) shows that signal
BKO&A 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
3% and 40,
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Table 7-1. RAD File Wirelists

Equipment

Part Number

Wirelist
Document Number

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 assembly P155/P156

Plug module cable assembly 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

131564

131564

129484

129484

129484

131623

132238

131620

132240

116989

113899

113902

113896

116388

116509

116513

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
ID LOCATION LOCATION LOCATION LOCATION NAME
OKOSA A C J 42 E 10 BHL10 1
. h 3
1KOSA A A J 44 £ a7 FH20 1
A - A J 44 E 41 FH20 5
| . 6
BKOG6A A A J 37 E 05 8H10 S5
' A A J 43 3 43 FH20 N
0K06A A A J 37 E 29 BH10
A A J 43 E 36 FH20
A A J 44 £ 35 FH20
A A J 44 € 43 FH20
A. SIGNAL LIST
CROSS-CHASSIS WIRELIST
LOGIC  RACK CHASSIS MODULE PIN MODULE
ID LOCATION LOCATION LOCATION  LOCATION NAME
9CD1S A c J 31 € 02 IH14 1
A D J 30 £ 32 GK51 3
. 1
2CD2A A c J 31 £ o1 IH14 5
A D J 30 E 20 GK51 6
5
9CD2S A c J 31 3 06 [H14 N
A D J 30 E 24 GK51
2CD3A A c J 32 E 40 IH14
A D J 32 E 08 BHL0
9CD3S A c J 32 E 34 IH14
A D J 30 E 04 6K51
B. CROSS-CHASSIS WIRELIST
AS OF 12-03-66 " DICTIONARY
_DRAWING 131565N
FOR
" CHASSIS B
PIN 36 37 V) 39 40 41 42 43 o4 45 PIN
1 4CLKA 202FA 201FA JO72 JOTD J175 6CLKA 1
2 LFO2A OF02A JOS4 J0S6 JO34 3WS0A OKOAA 2
3 J114 YSO6A J053 J090 J175 6NNLA 3
4 6CLKA OFOlA 1FO1A 0U02A 60DRVA OKO3A 4
5 2LDSA OUO1A 1X06A 2INIA 5
6 0Z06A DUO3A 2W56A 9CLKS 2SPRA 6
7 2LDSA 2LDSA DKO4A 7
8 JO72 YSO5A J167 J126 6NNLA 2WSOA 2LSCA 8
9 DSO1A 0KO2A 9
10 0Z01A 0Z05A 2CLKD OKO5A 2K06A 10

C. DICTIONARY

900613A.727

Figure 7-1. Wirelist Data Format

7-3



$DS 901029

DESIGNATION P156 e ::: ::,‘ i::
LOCATION c27 s e}
KEY 4-16 ZQQ_° 238 237
236 235 | o9
47 47, o2 9
Y Qaees  Jas 22
ey 845 45, o923 94
ov 044 44 o3 92 o DRAIN
pno6A Q43— o435 90, 2 g9 142 5
8005a O-42 042, 89, 2T
9004A O-4l— o4l o 588, 232 ¢ g189 233 ¢ 4190 140 o
9003a O-42 o040, 87, ] 139
9002A O3 o305 86, 230 9187 231 9 3188 128
o001A O38 o385 85, - ] 137
sa7a O 37 a4 228 | 9 185 229 ¢ 4186 136 _
salen (28— o365 o83, 135
saish O25 35 82 226 9 9183 227 o184 134
sAldA O24 34, o8, 133 .
sABA (932 a3 80 224 9 9181 225 ¢ di82 132
saza O22— o324 o2y 131
saA O3 o3la 578, 2224 2179 223 180 120
saion O30 30 o 17, 129
sa0oh O-22 29 76 2204 9177 221 4178 28
scpec 28— 02845 575, 127
scorc O-21 27 o4y 218 9175 219 8176 126
sco6c 28— 0280 o013, 126 .
sc05c O2S 25 72 216 9173 217 ¢ 5174 124
5CD4c (OBt ——084 oo Ui, 123 4
scp3c OB —o23o 570, 214 VAl 215 ¢ 8172 122
scp2c O28—o82 oo 69, 12l o
P i 21 .58, 212 9 169 2134 3170 120
5CDOC 830 029, o870 19 4,
o2 19 056, 210 9167 21 ¢ 3168 ue
-8 018 o 0650 | 17 4
17 17 64 208 9 165 209 ¢ 166 e
arToc O~ 16 —o-£35 115 o
ssscC Q-8 — ol o o624 206 gl63 207 S 164 14,
14 14 o o bl TEDS
asksc O3 o3 o 560, 204 2161 205 162 2
2 o012 o 059 TN
0 ¥ o058, 202 9159 203 3160 1o
8 10 ; 10 o570 ] 109 o
O-2 9 055, 200 ¢ 9157 201 ¢ d1s8 108 _
orTic O-2 o8 0055 1075
7 7 054, 198 9 155 199 ¢ 0 156 106 o
OO ) o6 o 053, 105 4
3-8 5 052, 196 ¢ 9153 197 ¢ diss 104
o4 o4 o P 103 4
ss1ec O=2 3 50, 194 ¢ 9 151 195 6152 102 ,
O-2—0o-2- -39 [<]IPY
8PINC O—L—olo— o136 192 ¢ 9 149 193 150 100
NOTES:

THE CABLE.

I. POINTS NUMBERED 100 THROUGH 142, ANMD 92,94,96 AND 98
SERVE AS CONNECTION POINTS FOR THE WIRES COMING FROM

2. POINTS 143 THROUGH 148, NOT SHOWN ON SCHEMATIC, ARE FOR

FASTENING THE CABLE I.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 SDS DWG: 113901-18B

REFERENCE DESIGNATIONS
ARE ABBREVIATED.

PREFIX THE DESIGNATION
WITH UNIT NUMBER

OR ASSEMBLY DESIGNATION
OR BOTH. (MIL. STD. 168)

900613A.717/1

Figure 7-2. Plug Module Cable Assembly P155/P156 Schematic Diagram (Sheet 1 of 2 sheets)
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DESIGNATION P155
:%sAT.ON :'Fs 32F PIP 245 244 243
! 242 ) 24| J 240
239 238 [ 237
| 236 235 | g9
47 47 97
+28v O o $8 o
-25V A¢ 48 o o5, : 96 .
+ov (9458 45 093 i 542
ov 044 44, oSl . 92
9D06A Q_L__oﬂo_ 90 . CRI 234 C-AVW—9 191 R4 "
a2 B9 . CR2 vy
9005A O42— o492, 4 B89, 2
9D04A o____o__o__“__o&cﬁcns 232 -"VWA—9 IBORS 233 ¢S 190 RIS 140
9003A OO0 540, 4 oB7, CR4 139
9D02A M 86 . CRS 230 V-0 |87 R6 231 —AAA=D 188 RIS 38 _
—ﬂ—&L@CRS 137
opoia O38 538, =% — ©
SAITA g; 37 _“_OB_QLCFU i -9 185 R7 229 AM—5186 R20 ;36
5A16 A —p—o0-83, CRE ; ] 135
3s 35 82 226 S v 183 RE 227 184 R2I
S5AI5A O—-—o—o—-ﬂ.—o_& 134
34 34 81, CRIO I 133
5A14A OO0 ""0—d—0—0 v - o
5A13A Q23— o330 p—oB80CTL 181R9 225 w5182 R22 |5,
sAl2A 28 o325 5 o579, [ 131
satla O 31 o3l o o718 CRI3 232 W9 179 RI0 223 180 R23 |30 _
5A10A QL_oﬂo_ 77,. CRI4 d 12,
5A09A gg OR9___ 29, 4 76, CRIS 220 ¢-vW—g I77RII 221 &A—8178 R24 o9
BCDBC o—aﬁ—o—o-—q—@ﬁcr CRI6 : 127 o
5CO7C Ol — 02T o—p} 74 . CRI7 218 ¢V I75.RI2 219 ¢—AAA~d |76 R28 126
26 730 CRI8 , °
5C06C O-28&—0=50- ; oe
8CDSC oﬁ—o—o—-u—o-l?-c gr;lzso 216 T—vw—q 173R13 217 Wb 174 R26 54
5CD4C O——————o—o—-—u—o—c— 123
scp3c ORI o234 4 o70, CR2!  2ia A9 171 RI4 215 &8 172 R27 .223
22 2 69, CR22 [
5CD2C O——o—a—o——u—o——c 121 o
21 68 CR23 212 &AM—9 169 RIS 213 w3170 R28 |
5CDIC -u—o—& 20 ,
20 20 CR24 I
5CDOC 19 o
L9 oo T e 210 ¢ 2167 211 WS 168 R29 |15
Oe— o2 o5 , 1T o
17 I‘I 64 208 9 9 165 209 ¢ 4166 ne
arotc O-L6 —»—o 83, CR25 TES
CR26
555CC 62 20.6 VWW—9 163 RI6 207 ¢—WA—O 164 R30 ey
o-blo | 13 o
4SKSO O——Emuw' 2°4? Vil 205 I 362 T8
[P
o"—o—o oss, 202‘} 9159 2038 Jieo o
O 10 010 o 57 I Loso
o320 L2&R2 200# g7 201 ¢ éi58 108
9RTIC Ogﬁ;mﬁc ! . 107 4
oL —o'o 024 '98§ 9 155 199 ¢ 156 106
6 8 53 ] 105
!’ Y
o5 o O 52 leef} 9153 197 9 $ise 104
o4 ot o pEETIY | ] . 03>
R 194 ISIRI? |
ss16c 8t2%_—:- 5o CR27 ’ 95 ? 152 ,‘g‘,;‘_
8PINC o—l—ﬁl—’wh L3&R3 (92 9 149 193 0 $is0 00

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)
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NOTES: .

DESIGNATION PI57 — DRAIN
:(E)::Aﬂon |:r26,;wfr' ‘ 245 244 243
— e 4)
242 2 240
239 238 | 2a7
236 235 99
47 97 \
+25v O4L— 41, °
~28v O oS 96
+8v (45 45 o023 042
ov O44 - - 92 5 DRAIN
scosw 04— T STUNLL 20y g1 a2,
scezw O~ " o2 RZB-‘I.J 23z 89 233 d190 o
- i
scziw Q-2 ——o%0 o Ora-ia - ? | o
aczow O2¢——o49, olofttd ] : -
sclow O3 39 86 _RS 2 9187 23| 188 138
scisw O-=28 ] 0-85,R6- L6 137
sciw O — o3l g4 R7-L7 228 9 185 229 ¢ 3186 136
sciow (O-28 36 83 R8-L8 135 2.
RO-L9 226 183 227 4184
scisw O-22 gi o—%—";—cmo_ . hi :%.
8claw 0—3-‘-‘——0—0 oo I 33,
8 CI3w 33 33 80 _RIt—LII 224 ¢ 18l 225 ¢ 182 132
acizw OO 32 :: 32 : 79 . Rl2— LI2 T30
RI3-LI3 222% 179 223 ¢ 6180
BRPOW O——-—-—o—oo;' c:::(l)n O-%CRM—LM 1 ::%
BROSW . RIS~ LIS 220 § 177 221 b178 -
15-Ll
SRoow OO T °§: o ; -',lgc RI6—LI6 1 :z%‘
sroaw O-£2 RI7-LI7 218 175 219 4176
srRoaw O-21—o&lo TR L i 126 o
eRosz-ZL—oz—e-o 73,RIB LIS 125 o
RIO—LI9 26 17 13
srRoOW 28— o255 °1ch . 2 9173 217 174 24
aw 14w O 24 24 o © 71 o 2 L20 6 123 . P6ISI
swiaw O-22 3 70 R21— L2l 214 g 215 172 122 ,
awizw O-22 oo L 212 169 213 4170 Lo
R23-
swiow ()22 2 o8l Red- 19 4
ewoow O—2—o0'2 o 66,25~ 125 210 g167 2 o168 s
sidow O-L2——o-P0 TS 208 ¢ ? uss. 209 9 b166 tlo
17 17 64 R27-L27 16
w O——O-
232&, 16 16 63 R28—L28 1 1 TN
5 5 % W 206 9163 207 3164 ‘e
o - 562, °
gzgm 14 14 6l R30-L30 TEDS
owesA O-L2 13 A 36: CRII 204 VW9 161 R33 205 o162 hz
slwow -8 12 o 990-CH12 | [ Raa T
8BuCW i 1 58 R32-L32 202 é Q159 203 —WA—0 160 110 .
BB e o5 57 Chl [ L
owHsA O—2——o0-20 056, CR2 200 M9 157 R34 201 ¢—AA—0 158 R39 ~ 108
w 8 ) 55, CR3 072
seewAa O———————o0——0 0—==0-
ozOPA 7 7 54 CR4 198 -9 155 R35 199 3—AMA—0 156 R40 |06
o—t——-o0——o °
9206A - (O-&o0-8-0 53, CRS 105
52054 5 5 2 CR6 19 6 e~ VW\—9 153 R36 197 3 A0 154 R4l 04
O—=—0—=—
9z04r O-4——o02-0 Sl CRT 103
92034 O—2——o0—3-0 50 CRB 194 &-AAMA—9 i51 R37 195 W3 152 R42 102
92024 O——o0-L2—0 49, CR9 | 100 o
0201 A \ .48, CRIO 19269 149 R38 193 &AM—0150 R43 150 -/

POINTS NUMBERED 100 THROUGH 142 AND 92,94,96 AND 98 SERVE
AS CONNECTION POINTS FOR THE WIRES COWMING FROM THE CABLE.

POINTS 143 THROUGH 148, NOT SHOWN ON SCHEMATIC, ARE FOR
FASTENING THE CABLE LEADS TO THE BOARD.

3, 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.

4, REFERENCE SDS DWG: 113904-18

REFERENCE DESIGNATIONS
ARE ABBREVIATED.

PREFIX THE DESIGNATION
WITH UNIT. NUMBER

OR ASSEMBLY DESIGNATION
OR BOTH. (MIL. STD. 168)

900613A,720/1

Figure 7-3. Plug Module Cable Assembly P157/P158 Schematic Diagram

(Sheet 1 of 2 sheets)
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DESIGNATION PI58
LOCATION FE)
243
KEY =
4-20 e
237
99
A1 41, [T
ge 2
+8v 4 4 94
ov Q44 44, 92
scaaw (-4 43, 90, 234 ¢ 219 142
sczaw O-4 4 894 — : .y
sc2iw O-4L oo 88 ‘ 9189 233 190 140
8C20W 40, 875 39
gClow O3 39, 86 230 9187 231 $ias 138
scisw ()28 85, — — — Tas 137
I M ? |
8CI6W —1 — —1 - 135
acisw O-32 35 82, 9! b 134
sclaw O34 24, 8! 133,
scizw O-=22 33, .80, 224 ¢ 9181 225 ¢ Tia2 132
sciew O-22 o032, 79 ETRS
srrow O 3t o3l o o 783 222 ¢ 9179 223 ¢ 0180 130
groew O-22 o300 17, FT
9 29 76 220¢ 9177 221 d178 128
BROSW O3 o894 TATY °
BRO4W (O-28 028, 2o 27 ¢
218 175 I &7
sro3W(-2L o2lo PN b a9 6 126
8RO2W 28 o130 " 1552
| 17 [
srRoIW O-£3 25 N 216 9173 217 174 24
swiaw O-24 4 o 230
awisw 23 70, 214 Q171 215 9 172 22
awiaw O co. 21 169 l i <
I |
swiiw Q-2 o2l PRI 2 g 213¢ 0 120
swiow (22 029, 870 | 09,
awsow O—2 19 4 58, 210 g 167 21t ¢ S 168 e
sldcw O 18 18 55, TR
8Q2ow O-L1 7 264, 208 9 9 165 209 5166 16
BW60W 8“3—;'—¢—o—<>ﬁc ! s e
awsowO-LS—— o135 5 62, 206 ¢ 9 163 207 d 164 e
swoow (-4 o4, o-Slo TEDS
OWESA Q-1 ' 60, 2049 916l 205 ¢ o162 n2
s1wow O-& o2 o 59, | 1 e
ssucw O-LL T .58 202 § 9159 203 § $is0 o
os10A O o000 .57, 09>
SWHSA OO0 00— 0-5% 200 g157 201 ¢ 4158 108
oEcwa O-2 8 22 n 107 o
s20m Ol ol o o84 198 q 155 199 156 106
9Z06A 6 53, T 105 o
9205A O—2 o030 52, 196 9153 197 154 104
s204a O-4 o4 o o-3lo 03,
9203a 3 50, 1949 g 15! 195 d152 102 .
92024 8 2 o2 2% 1014
9zo1a O oL 48, 192¢ $ 149 193 0150 100

NOTE: REFERENCE SDS DWG: 113904-2B

DRAIN

?-mr

900613A.720/2

Figure 7-3. Plug Module Cable Assembly P157/P158 Schematic Diagram (Sheet 2 of 2 sheets)
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NOTES:

I. POINTS NUMBERED

ORAIN
DESIGNATION PI160
LOCATION c28 248 244 243
L a-28 242, J28 240
_ 239 ’233 237
236 (235 [ o0
41 47, 97
T 082 e,
ey O4 pEY) 04 ¢
ov O34 24y ol 92 o—pRAIN
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amTee O-——ol2 o 599, ] N
o-U [T o 58 202 9——9 159 203 ¢ 3160 10 o
4RTIC 10 10 o314 109 .
aPING O=2 o9 o 56, 200 9 157 20l 9 o158 108
4a20¢c O-2 8 5 S5 ] 107 o
. ) S
4Q10C O-’—o-z—o——ogc 198 Q 155 199 156 106
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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 SHOWN ON SCHEMATIC, ARE FOR

FASTENING THE CABLE LEADS TO THE BOARD.

3 ADJACENT PAIRS OF TERMINALS SUCH AS 233-190 ARE PHYSICALLY

4. REFERENCE SDS DWG: 113898-1B

ARRANGED AT 0.6 INCH CENTERS,AND CAN ACCOMODATE A TERMINATING
COMPONENT OR SOLID WIRE JUMPER.,

REFERENCE DESIGNATIONS
ARE ABBREVIATED.

PREFIX THE DESIGNATION
WITH UNIT NUMBER

OR ASSEMBLY DESIGNATION

OR BOTH. (MIL. STD. 168)

900613A.718/1
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Figure 7-4. Plug Module Cable Assembly P159/P160 Schematic Diagram (Sheet 1 of 2 sheets)
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POLARIZING PINS: 6420
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NOTE: REFERENCE SDS DWG: 113898-28
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Figure 7-4. Plug Module Cable Assembly P159/P160 Schematic Diagram (Sheet 2 of 2 sheets)
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NOTES :

. POINTS NUMBERED 100 THRQUGH 142, AND $2,94,96 AND 98
%ﬁngAl;EECONNECTION POINTS FOR THE WIRES COMING FROM

FASTENING THE CABLE LEADS T(O 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 SDS DWG: 1163%90-18B

2. POINTS 143 THROUGH 148, NOT SHOWN ON SCHEMATIC, ARE FOR

DESIGNATION Pl62
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REFERENCE DESIGNATIONS
ARE ABBREVIATED.

PREFIX THE DESIGNATION
WITH UNIT NUMBER

OR ASSEMBLY DESIGNATION
OR BOTH. (MIL. STD. 168)

900613A,719/:

Figure 7-5. Plug Module Cable Assembly P161/P162 Schematic Diagram (Sheet 1 of 2 sheets)
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DESIGNATION _ Pi6l _
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NOTE: REFERENCE SDS DWG: 116390-28B
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Figure 7-5. Plug Module Cable Assembly P161/P162 Schematic Diagram (Sheet 2 of 2 sheets)
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NOTES,
1o

3.

DESIGNATION JP168]P170
LOCATION __ |A-32 |C-26 245 244 43
£ o [
KEY 4+~ 20 242 ) 241 240
239 238 | 237
236 235 | 99.
= p © DRAIN#2
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94
92 o DRAIN #1
234 ¢ 9191 142
141
232 ¢ 9189 233 ¢ d190 140
139
230 ¢ 9187 231 ¢ diss 138
137,
228 9185 229 9 o186 136
I 135
226 ¢ 9183 227 9 di84 134
133 o
224 ¢ 9181 225 o182 132
131,
222 9179 223 ¢ 4180 130
129
- 220 ¢ 9177 221 3178 128
127 ,
218 ¢ 9175 219 176 126 _
125 o
aAIA (925 25 172 216 ¢ 9173 217 ¢ 8174 24,
8AI2ZA 0-2—4——-0-&0-—-—-0&(: 123 o
Al IA (923 23 70 214 917 215 éi72 122
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UNLESS OTHERWISE SPECIFIED

POINTS NUMBERED 100 THROUGH 142, SERVE L
AS CONNECTION POINTS FOR THE WIKES COMING
FROM THE CABLE.

POINTS 1143 THROUGH 148, NOT SHOWN ON SCHEMATIC,
ARE FOR FASTENING THE CABLE LEADS TO THE' BOARD. 5

ADJACENT PALRS TO TERMINALS SUCH AS 233-190 ETC
ARE PHYSICALLY ARRANGED AT 0.6 INCH CENTERS, AND
S?:E“ﬁﬁaggg‘n A TERMINATING COMFONENT OR $01.10

POINT 92 SERVES AS TERMINATION FOR THE DRAIN WIRE
FOR THE 30 CONDUCTOR CABLE, AND POINT 236 SERVES
eiBIERHINI.HON FOR THE ORAIN WIRE OF THE 1h CONDUCTOR

REFERENCE SDS DWG: 116510-18

REFERENCE DESIGNATIONS
ARE ABBREVIATED.

PREFIX THE DESIGNATION
WITH UNIT NUMBER

OR ASSEMBLY DESIGNATION
OR BOTH, (MIL. STD. 168B)

900613A,721/1
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Figure 7-6. Plug Module Cable Assembly P170/P171 Schematic Diagram (Sheet 1 of 2 sheets)
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NOTE: REFERENCE SDS DWG: 116510-28 900613A,721/2

Figure 7-6. Plug Module Cable Assembly P170/P171 Schematic Diagram (Sheet 2 of 2 sheets)
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NOTE:
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REFERENCE SDS DWG: 131052-18

901029A, 708
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Figure 7-7. Read Input Control AK61 Schematic Diagram
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901029A, 709

Figure 7-8. Y-Select AK62 Schematic Diagram
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O
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Figure 7-9. Write-Driver AK63
Schematic Diagram
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NOTE: REFERENCE SDS DWG: 131244-1C
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Schematic Diagram

901029A.711

7-18




SDS 901029

+25v 47—

—25v 46

+8v 450————_l
+

[+

GRD 440

+25v

POL PINS!I17 & 31

R8

AN\~
+

TC!B

:}:cw

B> —25VF

—~Cl16

~iO—
15O—
17 O—
18 O—
s O—
230—
31 O—
30—

R4

L
RS

NOTE: REFERENCE SDS DWG: 131342-1D

+25v +8v
R4? A CRS
R55
l [ : al4
CRE| 48y >
R49 P SRrse §L4
R32 R33
- ‘A- b
==Cli
T :-.1-: —25VF
CRII CRIO CR9
in j¢ ¢ ¢ O
= RS9 R57 RS8 20 *
— VW AWM
' L2
L L3
c8 c7
cs | ljcs
raff _—) -
ca_ CR3 =
- > v i¢
CR4 3 \
R9 <2RIO %Rn RI2 JRI6 SRI? | py RIB 2RI9 R23 R24
= = = = = £
—25VF —25VF :
—25vF Rz28
R29
AN
.AQ
L
[ Ql Q2 Q3 Q4 \Q6
6 I = ) G K
% FCRI YCR2 »
2
R
, , c2 RI3 c3  R20 R2S 62
R? R6 Vv
> > >
= RI4 RIS R2I R22 R26 $R60 %RZ? %RGI %RSO TP-2
cal
1=
—25VF

Schematic Diagram

Figure 7-11. Write Clock Amplifier AK65
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POL PINS: 17 & 33
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POL PINS: 17 & 39
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Figure 7-18. Disc Matrix Cable Assembly Schematic Diagram
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Figure 7-19. Drum Matrix Cable Assembly Schematic Diagram
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SDS 901029 Paragraphs 8-1 to 8-2

SECTION VIII
LOGIC EQUATIONS

8-1 SCOPE OF SECTION identifies the signal function or origin combined with a
one-character prefix and a one-character suffix. The
This section includes: lists for RAD File Model 9367D; resultant five-character mnemonic identifies the signal
signal mnemonic interpretation for the selection unit and function, the signal origin and relation to other signals of
controller; a cross-reference for logic diagrams and logic the same three-character mnemonic, but with a different
equations. 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.

8-2 SIGNAL MNEMONICS In these tables, signal mnemonics are listed in alphanumeric

_ order according to the three-character code. Each mne-
The mnemonic for a signal in either the selection unit or monic iskeyed to the logic diagram for the signal and to the
the controller is normally a three-character code that table entry for the related equations.

Table 8-1. Controller Signal Mnemonics

Mnemonic Descrigtion Figure Table
ACT Accept new address 8-9 8-8
AFA Address bits 9 through 13 all ones 8-9 8-8
AFB Address bits 14 through 17 all ones 8-9 8-8
AFC Address bits 18 through 23 a'li ones 8-9 8-8
AFL All address bits ones and non-increment mode 8-9 8-8
AIN Address increment 8-9 8-8

A09 thru A23 Address register flip-flop signals ' 8- R 8-8
BSC Begin sector count 8-10 8-9
BUC Buffer control mode signal from computer 8-15 8-14
CDi thru CD6 Sector counter signals from sélection unit 8-9 8-8
CLH Compare lower half of sector address 8-9 8-8
CLK Clock 8-7 8-6
CNT Count clock pulse 8-7 8-6
CUH Compare upper half of sector address 8-9 8-8
CO09 thru C23 Computer outputs to A-register 8-15 8-14
DAP Disable lines DO1 through Ddé, and RTO 8-15 8-14
DMA Disc memory address signal ‘ 8-10 8-9
DMW Disc memory 8-10 8-9
DRA Clear A-register 8-9 8-8
DRK Clear K-counter 8-7 8-6
DRV Clear V-register 8-8 8-6
DRZ Clear Z-register 8-8 8-7
(Continued)

8-1
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Table 8-1. Controller Signal Mnemonics (Cont. )

Mnemonic Description Figure Table
DO1 thrv DO6 Sector counter signals 8-15 8-14
ECW External clock » 8-15 8-14
EDS SDS-99voSTIgnal £nely O sScownesal 8-12 8-11
ENP Enable PIN operation 8-15 8- 14
ERW Enter read or write phase 8-10 8-9
EO1 Error 8-14 8-13
FO1, FO2 Phase control flip-flop signals 8-10 8-9
OOF Standby phase signal 8~10 8~9
O1F Write phase signal 8-10 8-9
02F Read phase signal 8-10 8-9
GS1 thru GS4 RAD memory unit select for PIN operation 8-10 8-9
GO1, G02 Unit register 8-10 8-9
HSD ector 8-10 8-9
IDN %6”1 input 8-10 8-9
IDT Tinput 8-10 8-9
INT Interrupt 8-10 8-9
I0C Input/output computer mode 8-15 8-14
K01 thru KO7 Character counter flip-flop signals 8-7 8-6
LDA Load A-register 8-9 8-8
LDS Load S-register 8-8 8-7
LDV Load V-register 8-8 8-7
LDZ Load Z-register 8-8 8-7
LRC Load Z-register 8-8 8-7
LR1 thru LR4 Read data input 8-8 8-7
LSC Last sector 8~7 8-6
LVR Load V-register 8-8 8-7
MO1, MO02 Modulo-3 counter 8-7 8-6
NNL Next to next-to-last sector 8-7 8-6
NXL Next-to-last sector 8-7 8-6
PIN Parallel input instruction 8-15 8-14
PT1 Parallel cutput instruction 8-15 8-14
PT2 ‘Parallel output instruction 8-15 8-14
PWR Power fail 8-14 8-13
PO1 thru PO4 Parity register flip-flop signals 8-13 8-12
RCN Read control 8-10 8-9
REN Read enable 8-10 8-9

(Continued)
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Table 8-1, Controller Signal Mnemonics (Cont.)

Mnemonic Description Figure Table
RF1 Exit from read phase 8-11 8-10
RL1, 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 Sector index pulse 8-10 8-9
SPR Set parity register 8-13 8-12 .
STO Start operation signal from computer 8-14 8-13
STV One-shot for R-to-V transfer 8-8 8-7
SO1 thru S12 S-register flip-flop signals 8-8 8-7
US1 thru US4 Unit select signals 8-95 8-8
U01 thru U06 Subphase flip-flops 8-11 8-10
VOI thru V12 V-register flip-flop signals 8-8 8-7
WD1 thru WD4 Write data output 8-%7 8-7
WEN . Write-enable 8-10 8-9
WES Error signal 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
Wé0 Clock timing 8-15 8-14
w90 Read/write bit 8-15 8-14
W10 thru W14 RAD address bits 8-15 8-14
X071 thru X09 Data transfer control flip-flops 8-12 8-11
X12 12-bit character 8-10 8-9
Z01 thrv Z12 Z-register flip-flop signals 8-8 8-7
00OM Modulo-3 counter, state 8-7 8-6
02M Modulo-3 counter, state 8-7 8-6
RO1 thru R12 Data from input/output channel 8-8 8-7
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Table 8-2. Selection Unit Mnemonics

Mnemonic Description Figure Table
A1l thru A17 Band address signals 8-3 8-16
CD1 thru CD6 Sector counter signals 8-2 8-15
CLK Clock 8-2
CMC Write enable 8-4
DS1 thru DS4 Channel select 8-5
DO1 thru D06 Sector counter flip~flop signals 8-2 8-15
ENP Enable pulse
IDX Index pulse 8-2
PSL Select unit for PIN operation 8-3
PWR Power-fail
RCC1 thru RCC4 Read signals 8-5
RCD1 thru RCD4 Read clock, delayed 8-5
RCK Read clock 8-2
RCL1 thru RCL4 Limiter output 8-5
RCN Read control 8-3
RCS Read clock 8-2
RCS1 thru RCS4 Read clock strobe 8-2
RCOT thru RCO4 Read clock 8-5
RDA1 thru RDA4 Read signals 8-5
RDD1 thru RDD4 Read signals 8-5
RDL1 thru RDL4 Read signals 8-5
RD1S thru RD4S Read signals 8-5

(Continued)
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Table 8-2. Selection Unit Mnemonics (Cont.)

Mnemonic Describfion Figure Table
REN Read enable ’ 8-5
RX =~ Read output signals 8-5
SEC Sector pulse 8-2
SIM Sector index mark 8-2
SIP Sector index pulse FR.28 8-2
SPO1 thru SP16 Write-protect 8-3 8-16
USA, USB Unit select 8-3
UsC, UsL
WCA Write clock 8-2
WCH Write clock head 8-2
.WCK Half-frequency write clogk 8-2
wWCO Write clock one-shot 8-2
WDE]1 thru WDE4 Encoded write data 8-4 8-17
WD1 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-select conirol 8-3
Y01 thru Y32 Write-protect 8-3 8-16




Paragraphs 8-3 to 8-4
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Table 8-3. Interpretation of Mnemonic Prefix Table 8-5. Examples of Mnemonic Interpretation (Cont. )
Circuit Prefix Interpretation Signal Interpretation
Flip-flop 0 True if flip-flop is in set state 3BUCA | A buffer control signal from an amplifier or
1 False if flip-flop is in set state X inverter originating in controller
1VAC5 | A test signal for ac voltage
Slg.ncl amplifier 2 True if condition represenfe.d PSOV | A test signal for 50 vdc
or inverter by three-character mnemonic
is true
3 False if condition represented The meaning of each prefix character is listed in table 8-3;
!’y three~character mnemonic the meaning of each suffix character is listed in table 8-4.
Is frue Examples of signal mnemonics, including those which do not
4 Same as 2 have prefixes, are provided and interpreted in table 8-5.
5 Same as 3’ Higher numbers 8-3 LOGIC EQUATIONS
Diode gate 6 Same as 2 ge:erla ltly ";:'-
s 3 g c? e la ler s ?es Logic equations for the selection unit and coniroller are
7 ame as ?, stgna ampli= listed in tables 8-6 through 8-17. The tabulated logic
Cable driver or 8 Same as 2 jlcatton or equations correspond to the logic diagrams in figures 8-2
special circuit 9 s 3 J fnversion through 8-15. The tables include equations for only those
ame as logic elements illustrated in the corresponding figure. To
find the source of an input to any diagram, consult tables

Table 8-4. 1

nterpretation of Mnemonic Suffix

Suffix

Interpretation

£ vuouon >

Signal originates in controller

Signal originates in computer
Delayed timing signal

"Signal originates in RAD memory unit

Signal originates in input/output channel

Table 8-5. Examples of Mnemonic Interpretation

Signal Interpretation

9IDXS |An index signal originating in RAD memory unit;
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 signal amplifier
or inverter

OQUOTA | A signal originating in the controller; true when
flip-flop UO1 is in set state

2UOTA | An output signal of an amplifier or inverter; true
when flip-flop UO1 is in set state

8BUCW| A buffer control signal originating in input/
output channel

8-6

(Continued)

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 Notation Example
OR + 0X01S + 8PWRA
AND (none) 0X01S 8PWRA QU0N1S
NOT — 0XO0TS 8PWRA QUOTS

In addition to notations of Boolean algebra, an underline is
used to identify trigger signal inputs to gates of flip-flops.
The trigger signal is the enabling signal for changes of state
of ac triggered flip~flops and is the only signal which can
cause a change of state. Thus in the equations:

rTC2 =2LDWS 9WDI1A 2CL1S

sTC2 = 2LDWS 2WD1S 2CL1S
flip-flop TC2 cannot be set or reset until signal 2CL1S is
true, regardless of the level of other signals. For a detailed
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 5DS
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 represent only logical
functions corresponding to notations in Boolean algebra.
For a detailed 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
3INTA = 6INTA
6INTA = 200FA 2SACA OBSCA 2U01A 1X03A

1X0TA
For simplicity, the intervening inverter may be deleted:

200FA 2SACA OBSCA 2UOTA 1XO03A
1X01A

8INTA =

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 amplifier or inverter is
deleted from the table, the logic level of the related sig-
nals can be determined from the prefix, as summarized in
table 8-3,

When a flip-flop is in the set state, output signals with an
even prefix (OUOTA, 2UO1A) are true and output signals
with an odd prefix (TUO1A, 3UO1A) are false. When logic
equations are written using three=character mnemonics
only, even-numbered output signals take the normal form
(U0T), and odd=numbered output signals take the comple-
mented form (UOT). For example:

INT = O00F SAC BSC UOT X03 XOT
Table 8-4. Logic Equations for Controller
Timing Circuits
Equation Comment
3CLKA = 9CLKS Clock
6CLKA = 9CLKS
2CLKD = 9CLKS
5CLKD = 2CLKD
sM02 = 1MOTA 2CNTA \
rM02 = 2CNTA
tM02 = 3DRKA * Modulo-3 counter
sMOT = OMO2A 2CNTA
rMO1 = 2CNTA )

Table 8-6.

Logic Equations for Controller

Timing Circuits (Cont.)

Equation Comment
tMO1 = 3DRKA Modulo-3 counter
2CNTA = 2U02A 2CLKA
+ 201FA 3UOTA 2CLKA| Write phase count
+ 202FA 3UO1A 2CLKA Read phase count
3DRKA = 200FA Standby phase
+ 3U02A
+ 2UO1A 2CLKD
300MA = 1MOITA 1MO2A
302MA = OMOTA
2LSCA = OMOITA 2KO7A Last sector
2WPCA = 2KO06A 202MA 2UOTA Write preamble
skO1 = 0KO02A
rK01 =" 0KO02A
yKOl = 3DRKA
sK02 = 0KO03A
rKO2 = QKO3A
yKo2 = 3DRKA
sK03 = O0KO04A
rK0O3 = 0KO04A
yK03 = 3DRKA
sK04 = OKO5A OKO6A 2LSCA
2CNTA
rK04 = OKO5A OKO6A 2LSCA
2CNTA
. yKo4 = 3DRKA
SNNLA = OKO1A OKO2A 0KO3A
0KO4A OKO5A
2NXLA = 3NNLA TK06A Next-to-last char-
: acter (1 111 110)
2NNLA = 3NNLA
BKOGA = 2KO7A
+ OMO7A 2UOTA 201FA
sK05 = 2UO0TA 2KO06A 201FA
0KOéA
rKO5 = O0KO6A
tk0o5 = 3DRKA
sK06 = 0KO7A

(Continued)

(Continued)



Table 8-6. Logic Equations for Controller
Timing Circuits (Cont.)

SDS 201029

Table 8-7. Logic Equations for Data Registers (Cont, )

Equafion

Comment

Equation Comment
06 = BK0eA "o
tK06 = 3DRKA 1509
sK07 = ZUOTA 2KO&A 20TFA OMO1A «510
rk07 = OMOIA
tkK07 = 3DRKA rs10
Table 8-7. Logic Equations for Data Registers
yS11
Equation Comment sS11
sS01 = 2LDSA 0ZOIA 4CLKA LDS to load from. rsh
v o A I
rS01 = 2LDSA 1Z01A 4CLKA load from selec- s512
+ 2SHSA 1502A 4CLKA :L‘:gu‘;f'l_&‘;' rS12
yS02 = 2LDSA 0Z02A sZ01
s502 = 0S03A 2SHSA
(502 = OS03A 2SHSA rz01
yS03 = 2LDSA 0Z03A t201
$S03 = 2LRIA 25HSA s202
1503 = ZIRTA 2SHSA
sS04 = 2LDSA 0ZO4A 4CLKA r202
+ 2SHSA 0S05A 4CLKA 1202
1S04 = 2LDSA 1Z04A 4CLKA s203
+ 2SHSA 1505A 4CLKA
yS05 = 2LDSA 0ZO5A rZ03
sS05 = 0S06A 2SHSA t203
rS05 = OS08A 25HSA sZ04
yS06 = 2LDSA 0ZO6A
sS06 = 2LR2A 2SHSA rZ04
1506 = 2ZIRZA 2SHSA t204
sS07 = 2LDSA 0ZO7A 4CLKA s205
+ 2SHSA 0S08A 4CLKA
rS07 = 2LDSA 1Z07A 4CLKA rZ05
+ 2SHSA 1508A 4CLKA +205
yS08 = 2LDSA 0Z0SA
sS08 = OSO9A 2SHSA
(508 = OSO9A 2SHSA

2LDSA 0Z09A
2LR3A 2SHSA

2IR3A 25HSA

2LDSA 0Z10A 4CLKA
+ 2SHSA 0S11A 4CLKA
2LDSA 1Z10A 4CLKA
+2SHSA 1ST1A 4CLKA
2LDSA 0Z11A

0S12A 2SHSA

0ST2A 2SHSA

2LDSA 0Z12A

2LR4A 2SHSA

2LR4A 2SHSA

2LDZA OVO1A
+2LRCA 0S01A
2LRCA 1S01A

3DRZA

2LDZA 0V02A

+ 2LRCA 0S02A
2LRCA 1502A

3DRZA

2LDZA 0VO3A
+2LRCA 0S03A
2LRCA 1S03A

3DRZA

2LDZA OVO4A

+ 2LRCA 0S04A
2LRCA 1504A

3DRZA

2LDZA OVO5A

+ 2LRCA 0S05A
2LRCA 1505A

3DRZA

LDZ to load from V-
register
LRC to load from S-
register

DRZ to clear Z-

register

8-8

(Continued)

(Continued)



SDS 901029

-Table 8-7. Logic Equations for Data Registers (Cont.)

Table 8-7, Logic Equations for Data Registers (Cont.)

Equation Comment Equation Comment
sZ06 = 2LDZA OVO6A LDZ to load from V-register sV03 = 2LDVA 8RO3W
+ 2LRCA 0S06A LRC to load from S-register + 2LVRA 0Z03A
rZ06 = 2LRCA 1506A DRZ to clear Z-register rVO3 = 2LVRA 1Z03A
tZ06 = 3DRZA tVO3 = 3DRVA
sZ07 = 2LDZA OVO7A sV04 = 2LDVA 8R04W
+ 2LRCA 0S07A + 2LVRA 0Z04A
rZ07 = 2LRCA 1S507A rV04 = 2LVRA 1Z04A
tZ07 = 3DRZA ’ tV04 = 3DRVA
sZ08 = 2LDZA OVO8A sV0O5 = 2LDVA 8RO5W
+ 2LRCA 0S08A + 2LVRA 0Z05A
rZ08 = 2LRCA 1S08A V05 = 2LVRA 1Z05A
tZ08 = 3DRZA tV05 = 3DRVA
sZ09 = 2LDZA OVO%A sV06 = 2LDVA 8RO&W
+ 3LRCA 0S09A + 2LVRA 0Z06A
rZ09 = 3LRCA 1509A V06 = 2LVRA 1Z06A
tZ09 = 3DRZA tV06 = 3DRVA
sZ10 = 2LDZA OVI10A sV07 = 2LDVA 8RO7W
+ 2LRCA 0S10A + 2LVRA 0Z07A
rZ10 = 2LRCA 1S10A rV07 = 2LVRA 1Z07A
tZ10 = 3DRZA fV07 = 3DRVA
sZ11 = 2LDZA OV11A sV08 = 2LDVA 8R0O8W
+ 2LRCA 0ST1A + 2LVRA 0Z08A
rZ11 = 2LRCA 1S11A rvos = 2LVRA 1Z08A
tZ11 = 3DRZA tV08 = 3DRVA
sZ12 = 2LDZA OV12A sV09 = 2LDVA 8ROSW
* 2LRCA 05124 + 2LVRA 0ZO09A
rZ12 = 2LRCA 1512A V09 = 2LVRA 1Z09A
tz12 = 3DRZA V09 = 3DRVA
sVO1 = 2LDVA 8ROIW ::.I?x‘::lloud from I/O sV10 = 2LDVA SRIOW
+ 2LVRA 0Z01A LVR to load from Z-register + 2LVRA 0Z10A
r'VO1 = 2LVRA 1Z01A DRV to clear V-register V10 = 2LVRA 1Z10A
tVO1 = 3DRVA tV10 = 3DRVA
sV02 = 2LDVA 8RO2W sVI1 = 2LDVA 8R1IW
+ 2LVRA 0Z02A + 2LVRA 0Z11A
V02 = 2LVRA 1Z02A Vil = 2LVRA 1Z11A
tV02 = 3DRVA tV11l = 3DRVA

(Continued)

(Continued)
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Table 8-7. Logic Equations for Data Registers (Cont, ) Table 8-7. Logic Equations for Data Registers (Cont. )

201FA 1X08A 0X09A

201FA 302MA 2CLKA

+ 202FA 2CLKA

3DRVA
7DRVA

9VO1A
9VO2A
9VO3A
9VO4A
9VO5A
9VOSA
9VO7A
9VO8A
9VO9A
9VI0A
FAARY:
9VIi2A
8NPOA
2LR1A
21R2A

7DRVA TFOZA

1X03A + 1X06A 2W56A
3CLKA
OVOTA 2W60A T1FO1A

0VO2A 2W60A 1FO1A
OVO3A 2W60A 1FO1A
O0VO4A 2W60A TFO1A
OVO5A 2W60A T1FOTA
OVO6A 2W60A T1FOTA
OVO7A 2W60A 1FO1A
OVOBA 2W6&0A 1FO1A
OVO9A 2W60A 1FO1A
OVI0A 2W60A T1FO1A
OVI1A 2W60A 1FO1A
OVI2A 2W60A 1FO1A
2DMWA 1F01A
9RDTS 202FA

9RD2S 202FA

from Z write phase

Clear Z-register,
write phase

Shift S-register,
write phase

Shift S-register,
read phase

Clear V-register

W60 to transfer

>ccmi'ents of V-

register to input/
output channel

Equation Comment Equation Comment
sVI2 = 2LDVA 8RI2W 2LR3A = ORD3S 202FA
+2LVRA 0Z12A 2LR4A = ORDAS 202FA
V12 = 2LVRA 1Z12A GWDTA = 201FA 2U01A 2U03A |Write preamble
tV12 = 3DRVA + 201FA 201UA OPOTA | Write parity bits
2LDVA = 201FA 2X03A 2X06A | Load V-register, + 201FA 223UAOSOIA | Write data bits
OSTVA 2W60A 2CLKA | write phase SWDZA = 201FA 2U0TA 2U03A
2LDZA = 201FA OX07A 2CLKA | Load Z-register, +201FA 201UA OPO2A
write phase +201FA 223UA 0S04A
2LVRA ggZLF'-?DOX07A 1X08A Load V-register SWD3A = 201FA 2U0TA 2U03A
+ 202FA 202MA 0X08A| Load V-register + 201FA 201UA OPO3A
3CLKA +201FA 223UA 0507A
2IRCA = 202FA 200MA 2CLKA | Load Z-register, SWDZA = 201FA 2U01A 2U03A
read phase
OSTVA = 3CLKD * 201FA 201UA 0P04A
2LDSA = 201FA 202MA 2CLKD | Load S-register + 201FA 223UA 05104

Table 8-8. Logic Equations for Address Register

Equation

Comment

8-10

(Continued)

yA09
sA09
rA09
tA09
yA10
sA10
rA10
tA10
yAll
sA11
rAll
tA11
yAl2
sA12
rA12
tA12
yAl3
sAl13
rAl3

2LDAA 8C09C
OA10A

OA10A

3DRAA

2LDAA 8C10C
OAT1A

0A11A

3DRAA

2LDAA 8C11C
0A12A

0A12A

3DRAA

2LDAA 8C12C

0A13A

0A13A

3DRAA

2LDAA 8C13C
2AFCA 2AFBA 2AINA
2AFCA 2AFBA 2AINA

LDA to read POT
data and store in
A-register

DRA to clear

A-register

(Continued)
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Table 8-8. Logic Equations for Address Register (Cont.)

Equation Comment
tA13 = 3DRAA
yAl4 = 2LDAA 8C14C
sAl4 = OQAl15A
rAl4 = QA15A
tAl4 = 3DRAA
yAl5 = 2|DAA 8Cl15C
sA15 = OQAlGA
rAl5 = QA16A
tA15 = 3DRAA

yAl6 = 2LDAA 8Cl16C
sAlé6 = 0QAI17A

rAlé = 0A17A
tA16 = 3DRAA

yAl7 = 2LDAA 8C17C
sA17 = 2AFCA 2AINA
rA17 = 2AFCA 2AINA

tA17 = 3DRAA
yAl18 = 2LDAA 8C18C
sA18 = O0AI9A
rA18 = QAI19A
tA18 = 3DRAA
yA19 = 2LDAA 8C19C
sA19 = 0A20A
tfA19 = QA20A
tA19 = 3DRAA
yA20 = 2LDAA 8C20C
sA20 = 0A21A
rA20 = QA21A
tA20 = 3DRAA
yA2]1 = 2LDAA 8C21C
sA21 = 0A22A
rA21 = QA22A

tA21 = 3DRAA
yA22 = 2LDAA 8C22C
sA22 = 0A23A
rA22 = 0A23A
tA22 = 3DRAA

LDA to read POT data and

store in A-register

DRA to clear A-register

DRA to clear A-register

Equation

Comment

yA23
sA23
rA23
tA23
2LDAA
3DRAA
3ACTA
2AINA

2AFLA
3AFLA
6AFLA
2AFAA
2AFBA

2AFCA

9USIA
QUS2A
QUS3A
QUS4A

8A11A
8A12A
8A13A
8AT14A
8A15A
8AT16A
8A17A

2CD1A
2CD2A
2CD3A
2CD4A
2CD5A
2CD6A

2LDAA 8C23C
2AINA

2AINA

3DRAA

0XO01A 0X02A 8PT2C
3ACTA 8PWRA
200FA OUO6A 1X03A
2CLKA 3AFLA 2RF1A

+ 2CLKA 3AFLA 2K06A
2LSCA 201FA 201UA

3SAELA

GAFIA

2AFAA 2AFBA 2AFCA
0A12A 0A13A

OAT4A 0A15A 0A16A
0A17A

OAT8A 0A19A 0A19A
O0A20A 0A21A 0A22A
0A23A 1X05A
TAO9A TATOA
1A0%A OA10A
O0AO%A TA10A
OAO%A OAT0A

T1ATIA

Load A-register
Clear A-register
Accept address

Read phase incre-
ment address

Write phase incre-
ment address

A-register all ones

X05 if non-incre-
ment mode. (Only
sector bits count)

Select RAD memory
unit 1

Select RAD memory
unit 2

Select RAD memory
unit 3

Select RAD memory
unit 4
3

¢ Band address
signals

Sector count
> for PIN opera-
tion

(Continued)

(Continued)
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Table 8-9.

Logic Equations for Phase

Control Circuits (Cont.)

Table 8-8. Logic Equations for Address Register (Cont. )
Equation Comment
MSAA = O0AO%A OAT0A OA11A
2S5ACA = 2CUHA 2CLHA Sector address
2CLHA = 7CLHA compare
2CUHA = 7CUHA
7CLHA = O0A21A 9CD4S Compare lower
+ 1A21A 2CD4S half
+ 0A22A 9CD5S
+ 1A22A 2CD5S
+ 0A23A 9CD6S
+ 1A23A 2CDé6S
7CUHA = O0A18A 9CDI1S Compare upper
+1A18A 2CDI1S holf
+ OA19A 9CD2S
+ 1A19A 2CD2S
+ 0A20A 9CD3S
+ 1A20A 2CD35
Table 8-9. Logic Equations for Phase Control Circuits
Equation Comment
sFO1 = 2ERWA 2DMWA Enter read phase
3W90A 4CLKA
rFO1 = 2RF1A 4CLKA Exit from read phase,
tFO1 = 3DRAA Clear
sF02 = 2ERWA 2DMWA Enterwrite phase
8W9OW 4CLKA
rF02 = 201FA 3U02A 2LSCA | Exit from write
ACLKA phase
+201FA 2WLKA Exit if write-
ACLKA protected
tF02 = 3DRAA Clear
2WLKA = SWLKS Write lockout
2ERWA = 200FA OKO5A 2X03A
2DMWA = 8WIOW 3WI1A RAD addressed
8WI12A 8W13A
SWI4A
202FA = OFO1A 1F02A Read phase

Equation Comment
201FA 1FO1A OF02A Write phase
200FA 1FOTA 1F02A Standby phase
sG01 2C12A 2IDNA
rGO1 3C12A 2IDNA
1GOI SPWRA Store RAD memory
sG02 2C13A 2IDNA unit addressed dur-
rG02 = 3CI3A 2IDNA ing PIN operation
tG02 8PWRA
2IDNA 8C16W 8I0CW Alert to PIN
2DMAA
2IDTA 3C16A 8I0CW Alert to POT
2DMAA
2DMAA 9C17W 8CI19W RAD addressed
3C20W 8C21wW
8C22W 3C23wW
8GSI1A 0GOTA 0G02A Select RAD memory
unit 1
8GS2A 0GOTA TGO02A Select RAD memory
unit 2
8GS3A TGOTA 0G02A Select RAD memory
unit 3
8GS4A TGOTA TGO02A Select RAD memory
unit 4
9WENA 201FA Write-enable
9X12A 2DMWA
8RCNA 202FA Read control
9RENA OUO5A Read-enable after
sU05
0BSCA 200FA 2HSDA Initiate read or write
2SIPA operation
2SIPA 951PS Sector index pulse
2HSDA 2UO01A 1X01A New address in A-
register, POT
complete
+ 3UO03A 0XO03A Continue after
sector gap
+ 5UO01A 0X05A Non~increment mode
1EQTA
8INTA 200FA 2SACA Priority interrupt

OBSCA

+2UO0TA 1X03A
0X01A

(Continued)
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" Table 8-10. Logic Eciuations for Subphase Circuits

Equation Comment
yUo1 21DAA Load A-register
sUO1 2ERWA 4CLKA Exit from standby phase

rU01

tU01
yUu02
sU02

ruo2

+U02
sUC3

rUc3

tUc3
sU04

rU04

tUo4
sU05
rU05

tUG5
sU06
rUoé
. tU06

201FA 2WPCA 4CLKA

+ 201FA 2WLKA 4CLKA

+ 202FA 2U02A 2U03A 4CLKA

3DRAA

200FA OBSCA 2SACA 2HSDA

201FA 2UO1A SWLKS ACLKA ,
+ 202FA 2U0TA 3UO3A 200MA 4CLKA
+ 202FA 2UOTA 2U03A 1S03A 9RDIS| 4CLKA
200FA OKO5A 4CLKA f
+ 201FA 2LSCA 2NXLA 4CLKA

+ 202FA 2LSCA 2NXLA 4CLKA

+ 202FA 2UOTA 202MA 0KO7A 4CLKA
3DRAA

201FA 2UOTA PNCA 4CLKA

+ 201FA 3U02A 2AFLA 2LSCA 4CLKA
+ 202FA OUOTA OUO2A 202MA OKO7A 4CLKA
+ 202FA 5U0TA TU02A 0XO7A 1XO08A 4CLKA
2ERWA 4CLKA

+ 200FA 1X03A 4CLKA

+ 201FA 2UOTA PNCA 4CLKA

+ 202FA 2UOTA 2U02A 200MA 4CLKA
+ 2RFIA 3AFLA 4CLKA

3DRAA

201FA 2NNLA 2K07A 202MA 2CLKD
+ 202FA 3UOTA 200MA |
2RF1A

+ 200FA 2ERWA

BPWRA

200FA 2U02A 200MA O0KO7A

2RF1A

+ 2ERWA 2DMWA 8W90W 2CLKA
8PWRA

2IDTA

2PTQA OX01A

8PWRA

End write preamble

Exit if write-protected
Preamble

Clear

Sector address compared

First clock in write phase

First clock in read phase

Detect read preamble

Stop clock count

Prepare for exit from write phase
Prepare for exit from read phase
Start search for preamble

Clear

Write preamble

Exit from write phase

Exit from standby phase
Buffer disconnected

Write preamble

Exit from read phase

Clear

Exit from read phase

Exit from standby phase
Power-fail ‘
Third clock following sU02
Exit from read phase

Enter write phase
Power-fail

Alert to POT

Power-fail

(Co!nfinued)
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Table 8-10. Logic Equations for Subphase Circuits (Cont.)

Equation Comment
2RF1IA = 202FA 3UOTA 3U02A 202MA 2K06A Exit from read phase
201UA = 1UOTA 1U02A
223UA TUOTA 0OUO2A
PNCA 300MA 2KO06A
NUFA 300FA 201UA
PUFA = 300FA NUFA

Table 8-11. Logic Equations for Data Transfer Control Circuits

Equation Comment
sX01 = OUO6A NUFA 2PTQA
rX01 = NUFA 2PTIA
tX01 = B8PWRA Power-fail
yX02 = 200FA OXO1A 1X03A
sX02 = 2IDNA
rX02 = PBX02A
tX02 = B8PWRA Power-fail
sX03 = 200FA 2BUCA 2DMAA Buffer connected
rX03 = 200FA 0X04A 2CLKA Error during read/write

+ 201FA 2WLKA 2CLKA Write lockout
+ 3U01A PEDSW 2CLKA
+ 3UOTA 2DMWA 2CLKA
tX03 = B8PWRA Power-fail
sX04 = 201FA OX08A O0XO09A 202MA 5U01A 5CLKD Write timing error
+ 202FA 1X09A 3UOTA 200MA 2CLKD TUOZA Read timing error
+ 202FA 1X09A 3UOTA 200MA 2CLKD 2KO06A
rX04 = 200FA 2CLKA Clear
tX04 = 8PWRA Power-fail
sX05 = 2Cl14A 2TNIA
+ 2CTZA 2INIA
sX06 = 201FA 2W56A 3CLKA Write
+ 201FA 3W50A 1X03A 3CLKA
+ 202FA 3UOTA 202MA 1U04A 3CLKA Read
+ 202FA 2W56A O0UO4A 3CLKA
rX06 = 2ERWA 2CLKA Exit from standby

+ 201FA 3CLKA

Enter write

(Continued)
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Table 8-11. Logic Equations fo:r Data Transfer Control Circuits (Cont. )

Equation : Comment
+ 202FA 3UO03A 5U01A 3CLKA IMQEIA ] ' Read
+ 202FA 3UO03A 5U01A 3CLKA 1X0%A
sX07 = 201FA 1X08A OX09A 3CLKA Write
+ 202FA 2X06A 1X09A 3CLKA ' ] Read
+ 202FA 0X06A TMO1A 5CLKD 3CLKA
rX07 = 3CLKA
sX08 = 2ERWA 2DMWA 8W90W 2CLKA Exit from standby
+ 201FA TUO4A 0X09A 3CLKA Write
+ 202FA OX06A 1X09A 202MA 2CLKA Read
rX08 = 201FA 2X06A 2CLKA Write
+ 202FA 202MA 3CLKA Read
yX09 = 2UOTA 3U02A After exit from standby
sX09 = 201FA 2WPCA 2CLKA End write preamble
+ 201FA 3UOTA 202MA 2CLKA Write
+ 202FA OXO7A 300MA 3CLKA ] Read
+ 202FA 0X08A 3CLKA
rX09 = 202FA 3UO1A 200MA 2CLKA _ Read
+ 201FA OX07A 2CLKA Z02MA } Write
+ 201FA 0X07A 2CLKA 3U0TA
ZW56A = 2W50A 3WG0A
2TNIA = PUFA 2IDTA 1X03A
BX02A = 2RTIA Exit from PIN wait phase
+ 2PT1A - : Alert to POT
Table 8-12.  Logic Equations for Parity Register
Equation i Comment
yPO1 = 2SPRA . WD1 through WD4 for write parity
sPO1 = 201FA 4WDIA 4CLKA 1P
+ 2U02A 4CLKA 2LR1A
rPO1 = 201FA 4WD1A 4CLKA LR1 through LR4 for read parity
+ 2U02A 4CLKA 2LRIA (02F)
yP02 = 2SPRA _
sP02 = 201FA 4WD2A ACLKA

+ 2U02A 4CLKA 2LR2A

(Continued)
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Table 8-12. Logic Equations for Parity Register (Cont. )

Equation

Comment

rP02

yP0O3
sPO3

rP03

yPO4
sPO4

rP04

2SPRA

3PCPA

201FA 4WDZA 4CLKA
+ 2U02A ACLKA 2LR2A
2SPRA

201FA 4WD3A 4CLKA
+ 2U02A 4CLKA 2LR3A
201FA 4WD3A 4CLKA
+ 2U02A 4CLKA 2LR3A
2SPRA

201FA 4WD4A 4CLKA
+ 2U02A 4CLKA 2LR4A
201FA 4WD4A 4CLKA
+ 2U02A 4CLKA 2LR4A

201FA 2U01A

+ 202FA 2UOTA 3U02A
1PO1A 2LR1A

OPOTA 9RDI1S

1PO2A 2LR2A

0PO2A 9RD2S

1PO3A 2LR3A

OPO3A 9RD3S

1PO4A 2LR4A

OPO4A 9RD4S

+ o+ o+ 4+ 4+ o+ o+

Table 8-13, Logic Equations for Error Circuits and

Power Failure Circuits

Equation

Comment

yEO1
sEO1

rEol
EO1
8PWRA

0XOTA 0X02A 8PT2A

200FA 2UO3A 2SIPA 4CLKA

+ 201FA 2WLKA 4CLKA
200FA 2BUCA 2DMAA
1STOC

8STOC

+ 3RL1A

+ 3RL2A

lllegitimate POT
Address overflow
Write~protected

New instruction

} START pushbutton

} Relay control
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Table 8-14, Logic Equations [for Controller Input/Output Signals

Equation _ Comment

2D01A = 3DOTS | ‘

2D02A = 9D0ZS.

2D03A - = §E§ | Sector counter signals from selection
2D04A = 9D04S unit

2D05A = 9D05S

2D06A = 9D06S = J

9D01A = 2DO1A 6DAPA

9D02A = 2D02A 6DAPA

9D03A = 2D03A 6DAPA

9D04A = 2D04A 6DAPA t Sector counter signals to TMCC
9DO5A = 2DO05A 6DAPA

9D06A = 2D06A 6DAPA /

6DAPA = 1X01A 1X02A Disable outputs

2PTIA = 8PTIC POT 1 signal (POT instruction in
2PTQA = 6PTQA computer)

6PTQA = 8PTIC Q20C POT 2 signal (T5 thru T1 of POT 1)
2RTIA = 9RTI Exit from PIN wait phase
2BUCA =  B8BUCW Buffer control mode

2WE0A = Bweow ] Character transfer rate

2W50A = 8W50W

3W90A = BWIOW

WA = SWITW - Read/write control

WI4A = BWIAW |

2CI12A = 8Cl12C

2C13A = 8CI3w

2C14A = 8Cl4w

3C16A = BCT&W

3C20A = B8C20W Computer register signals
3C23A = 8C23W

YECWA = &ECWA ' Clock signal to TMCC
6ECWA = 201FA 3W50A 3W60A 2X03A 0X08A Enable clock write mode

+ 202FA 3W50A 3W60A OUO4A J201 Enable clock read mode
J201 = 2DMWA 1X06A
+ 2DMWA 1XO09A 1UO3A

9WHSA = 6WHSA Halt signal

(Conitinued)
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Table 8-14, Logic Equations for Controller Input/Output Signals (Cont. )

Comment

Equation

6WHSA = 200FA 2DMWA

+ 2U03A 2SIPA

+ 1X03A 3BUCA
SWESA = GWESA Error signal
6WESA = 0X04A

+ 202FA 3PCPA 2CLKD 1KO06A 1KO07A

-+ 202FA 3PCPA 2CLKD 3UO1A 3U02A 200MA
9SIOA = 4SI0A
6SIOA = 2DMAA 3CI13A 2Cl14A 1EO1A

9RTOA = &RTOA
6RTOA = 2PT1A OXO1A 6DAPA

+ 2DMAA 2C13A 2C14A 9WLKS
+ 2DMAA 3C13A 3C14A 1X03A NUFA
+ 2DMAA 3C13A 3CI14A 1X03A 300FA

+ 1X01A 0X02A 9ENPS 6DAPA

2W56A = 7W56A
7W56A = 2W50A 3W50A
Table 8-15. Logic Equations for Sector Counter Table 8-15. Logic Equations for Sector Counter (Cont. )
Equation Comment Equation Comment
sDO1 = 0DO02S tD06 = 3DRDS
rDO1 = 0D02S 9CD1S = O0DO1S 2USLA A
tD01 = 3DRDS 9CD2S = 0D02S 9USLA
sD02 = 0DO03S 9CD3S = 0D03S 2USLA
rD02 = QDO03S 9CD4S = 0DO04S USLA ¥Sector counter compare
tD02 = 3DRDS 9CD5S = O0D05S 9USLA
sD03 = 0DO04S 9CD6S = 0D06S FUSLA
rDO3 = 0DO04S 9SIPS = 2SIPS QUSLA J
tD03 = 3DRDS 9D01S = O0DO1S 3PSLS |
sD04 = 0DO5S 9D02S = 0D02S 3PSLS
D04 = QDO5SS 9D03S = O0D03S 3PSLS
tD04 = 3DRDS 90045 = O0DO4S 3PSLS | b ?:f";ljj‘:::'er‘;‘;‘i’:;e'
sDO5 = 0DO06S 9D055S = O0DO05S 3PSLS
rD05 = 0DO06S 9D06S = O0D064S 3PSLS
tD05 = 3DRDS 9ENPS = 2SIPS 3PSLS
sD06 = 2SECS 3PSLS = BPSLA J
rD06 = 2SECS

(Continued)
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Equation Comment
YOI1S = OAI11S 1A125 TA13S 1A14S 1AI15S -
Y02S = 1A1IS 1A12S 1A13S 1A14S 0A15S Yo
Y035 = 1A11S 1A12S 1A13S 0A145 1A15S
Y045 = 1A11S 1A12S 1A13S 0A145 0AIT5S
Y055 = 1A11S 1A12S O0A13S 1A145 1AI15S
Y06S = 1A11S 1AI12S 0A13S 1A14S O0A15S
YO07S = 1A11S 1A12S 0A135 0A14S 1A15S
Y085 = 1AI1S 1A12S O0A13S 0A14S 0AI15S
Y09S = 1A11S 0A12S 1A13S 1A145 1AI15S
Y105 = 1A11S 0A12S 1A13S 1A14S O0AI5S
Y11S = 1A11S 0AI12S 1AI3S 0A14S 1A15S
Y125 = 1AI11S 0AT12S 1A13S O0A145 0A15S
Y135 = 1A11S 0A125 0AI3S 1A14S 1A15S
Y145 = 1A11S 0A12S OA13S 1A14S 0A15S
Y155 = 1A11S 0A125 0A13S O0A14S 1A15S
Y165 = 1A11S 0A12S O0A13S O0A145 0A15S -
Y17S = OA11S 1A12S 1A13S 1A14S 1A15S
Y185 = O0AI1S 1A12S 1A13S 1A14S 0A15S
Y19S = O0A11S 1A125 1A13S 0A14S 1A15S5
Y20S = O0A1IS 1A12S 1A13S 0A14S O0AI15S
Y21S = 0A11S 1A12S 0A13S 1A14S 1A15S
Y225 = O0A11S 1A12S 0A13S 1A14S OA15S
Y235 = O0A11S 1A12S 0A13S 0A14S 1A15S
Y245 = O0A11S 1A12S 0A13S O0A14S 0A15S
Y255 = O0ATIS 0AI25S 1A13S 1A14S 1A15S
Y265 = O0AI1S 0A12S 1A13S 1A14S 0A15S
Y275 = O0AT1S 0A12S 1A13S 0A14S 1A15S
Y285 = O0AI11S 0A12S 1A13S 0A14S 0A15S
Y29S = O0AI11S 0A12S O0A13S 1A14S 1AI15S
Y30S = O0A11S 0AI12S OA13S 1A14S 0AI15S
Y31S = O0AT11S 0A12S OA13S 0A14S 1A15S
Y325 = O0A11S 0AI12S O0A13S OA14S 0AI5S
SPOT = YOIS Y025
SP02 = YO03S Y04S
SPO3 = Y055 Y06S
SPO4 = Y075 Y08S
SPO5 = Y095 Y105
SPOS = YI1IS Y125
SPO7 = YI3S Y14S
SPO8 = YI5S Y16S-
SPO = YI7S Y18S
SP10 = Y195 Y20S
SP11T = Y215 Y225
SP12 = Y235 Y245
SP13 = Y255 Y265
SP14 = Y275 Y28S
SP15 = Y29S Y30S
SP16 = Y31S Y328
sA11 =  B8Al1A 1YSCS
rA1l = 1YSCS
tA11 =  3SIMS
sA12 = 8AI2A 1YSCS
rA12 = 1YSCS
tA12 = 3SIMS

(Continued)

8-19



5DS 901029

Table 8-16. Logic Equations for Address Circuits (Cont, )

Equation Comment
sA13 = 8AI3A 1YSCS
rA13 = 1YSCS
tA13 =  3SIMS
sAl4 = 8Al4A 1YSCS
rAl4 = 1YSCS
tA14 = 3SIMS
sAl5 = B8A15A 1YSCS
rAl5 = 1YSCS
tA15 = 3SIMS
sYSC = 3SIMS OWCKS
rYSC = 2SECS 2WCAS
tYSC = 3IDXS
3SIMS = 3SECS 3IDXS
3AT6A = B8AI6A
3AT7A = B8AI7A
Table 8-17. Logic Equations for Read/Write Control Circuits
Equation Comment
sWDET = 2WDIS 1WCKS 2WCAS
+0WCKS 2WCAS
rWDEl = 9WDIA 1WCKS 2WCAS
+ OWCKS 2WCAS
sWDE2 = 2WD2S 1WCKS 2WCAS
+ OWCKS 2WCAS
rWDE2 = 9WD2A TWCKS 2WCAS
+ OWCKS 2WCAS
sWDE3 = 2WD3S 1WCKS 2WCAS
+ OWCKS 2WCAS
rWDE3 = 9WD3A 1WCKS
+ OWCKS 2WCAS
sWDE4 = 2WD4S TWCKS
+0WCKS 2WCAS
rWDE4 = 9WD4A TWCKS
+ OWCKS 2WCAS
2WDIS = 9WDIA 3SECS
2WD25 = 9WD2A 3SECS
2WD35 = 9WD3A 3SECS
2WD4S = 9WD4A 3SECS
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Similarly, the following signals (see figure 8-9 and : Flip-flops may have inputs independent of triggered gating
table 8-8): , inputs, and may also be controlled by connecting flip-flop
outputs to ground. For a detailed description of these
2AINA = 6AINA operations, refer to SDS publication 64-55-14, Special
inputs which set flip-flops are indicated in the logic dia-
6AINA = 2RF1A 3AFLA 2CLKA grams by an input at the top of the flip-flop symbol and
indicated in the corresponding equations by a lower case v
+ 201FA 3AFLA 201UA 2LSCA prefix., Special inputs which reset flip-flops are indicated
2K06A 2CLKA in the logic diagrams by an input at the bottom of the flip~
flop symbol and in the corresponding equations by a lower
simplify to: case z prefix. Thus, in the following equations (fig-
ure 8-11):
AIN = RF1 AFL CLK
yUO2 = 200FA OBSCA 2SACA 2HSDA

+ OTF AFL 01U LSC K06 CLK

sU02 = 200FA 2UOTA TUO3A 200MA 4CLKA
and the following signals (see figure 8~15 and table 8-14):
rU02 = 200FA OKO5A 4CLKA
2W56A = 7W56A
7W56A = 2W50A 3W60A zU02 = 3DRAA
simplify fo: flip-flop UO2 may be set by either of the first two sets of
Pty To: conditions, or reset by either of the second two sets of
W56 = W50 Wé0 conditions,
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SDS DRAWING SYMBOL NAME SIMPLIFIED SYMBOL LOGIC EQUATION SDS DRAWING SYMBOL NAME SIMPLIFIED SYMBOL LOGIC EQUATION
A o___'\ AO A O—
BO- / 0Q AND GATE SAME Q = ABC ; : ;
Co— O— GATED INPUT
Q Q| Q=(AB)+ (CD)
o— | OR GATE
A ™ AND GATE, Ao— I\ . co——\ ! co—
B O- } 0Q ONE TERMINAL Q=AB DO— / Do
Or— |/ UNUSED B O—
CONNECTION A
A O—— A O——— B O—
B O——| :
Bo ) —OQ c o PHANTOM OR SAME AS ABOVE Q = (AB) + (CD)
co— : AND GATE, © Q Q = ABCDEF GATE
I WITH EXTENDER D O—
Do— I AND GATE E O— co—
EO— F o— D O—
Fo——L /0 »
AO——]
AO-——>\ BC A
B O- 0Q OR GATE SAME Q=A+B+C
C 0—7/ I C O— :
b Q|Q=(AB)+C+D+E
Ao—.x OR GATE, AO : ce—>\ £ O—
B o 0Q ONE TERMINAL Q Q=A+B Do 0Q .
3_7/ UNUSED B o— E&—-rj
AO——] Q INVERTER SAME Q=X AC | AO—
BO—— BoO— |
™ EOo— ™
Q ): -- Foa | a=t [@8+ D)
AO——] Q BUFFER AMPLIFIER SAME Q=A L/ EO—]
CO— CcCoO——
DO—— D Ol
AO—]
NOR GATE Aol
USING Q| Q=A78
INVERTING B 0—| =
AMPLIFIERS
BO——] Q
Figure 8-1. Logic Symbols

901034A, 700
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64.87.855.01.01
1 November 1966

PROGRAMMING THE 9367 RAD FILES

There is a new product bulletin (64-17-028 (Rev. 2)) which describes both
the 9366 and 9367 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
some 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 subject to change, and
are not binding on SDS. '

First of all, the 9366 is applicable to the SDS 910/920 only. The 9367 is
applicable to the SDS 92, 925, 930, 940 and 9300 only, Since the 9366 can
only be attached to a 910/920 Y-RBuffer 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.

Secondly, the remaining discussion on the 9367 is intended to promote a
clear headed way of thinking about this RAD file from a programming point

ol view, and should not be mis-construed as an exact physical description.
In this scnse we can compare it to Sigma virtual addresses of data locations
being independent from actual core locations as affected by memory mapping
and interleaving..

A 9367 RAD controller is attached to an I/0 channel. FLach controller may
control from one to four storage devices., Devices come in three sizes:
524,288 6-bit characters, 1,048,576 6-bit characters or 2,097,152 6-bit
characters. The 2 million character storage device is treated as two 1ogicél
storage units of 1,048,576 characters each. Thus the maximum capacity per
controller is 8,388,608 characters.

Lach storage unit contains 64 bands (32 bands for a 524,288 character unit),
each band contains 04 scetors, and each sector contains 256 6-bit characters,
Thus each band contains 16,384 characters or 4096 words. Areas of the 9367
storage are thus addressed by specifying the particular unit, band, and
sector., FEach particular band is actually recorded in four physical tracks,
cach with a separate read/write head, thereby eliminating the mechanical com=-

plexity and positioning time that are characteristic of movable arm disc files,

Note that the word "track" when used with the 9367 RAD file does not describe
a program addressable element.
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Physically then, the storage unit may be thought of as follows:

1 logical unit a physical disc surface,
//,37 which may be recorded on

i ////,,//”/’ either the top or bottom

T side,

*\\\\\ (The information for the
7>§;: /// _» four tracks band is actually recorded
- on four physical tracks in
and
;1 ‘” ban each band.)
,/)x?/ sector
\

5\\\\‘
lhe read/write heads actually pick-up/record information four tracks (one band)
at a time. A memory word is thus actually recorded in the following way:

bit number track

- e e . . e - oS Su Pe P ee ma e e .

i
f—
%]
p—t
ro
[
w
e
~

BAND
3 6 7 8 18 19 20 etC,~-memmmceccccomccccccmonean
4 9 10 11 21 22 23 e e el B
Motion
‘._..____
1 bit! time of 1.2 pus (Actually 4 bits are involved since

there are four tracks but it is
one bit time from the band point
of view.)

bue to 7. oreanization of 4 tracks per band, recording of 6-bit characters
Lmust be done in wusiiples of two characters (12 bits) which is what the
coupler requires. This means that a 24-bit word to the coupler lucks like
two 12 bit characters; ‘This is the explanation for selecting the two
character per word mode of the EOM when programming the RAD file.
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CRAMMING CONSTDURATTONS

The retational latency (35 nscc saximen) can be minimized when large blocks
of data ave transCerred hetween the computer and the Model 9367 RAD unir.
This tvpe of Large biock transfer is lrequently encountered in applications
s»uch as time sharine and very large simulation problems employing proaram
"overlay! techniques,

n

A combination of hardware and programnning minimi zed Latency.  The unir ooy
vhdrens s continually maintained 4n the coupler,  Succescive seclor arc ire - ec
Sre votes and counted, as the hands revolve, as a 0-ML number bhetween U ond

7 (octal),

Fhe curvent sector addrecs of anv device can be roead by the computer's praoyram s
‘toany time by oan LoM/ o, Thus, the program can compute Lhe optimun start ing
point lor a datna trimeier, as jllustrated in the faollowing examplc: S
Sssume the program ie Lo transtor 010,000 (octal) vords {rom corc memory
lecations 005720-015717 onto sector locations 004200-004277, (band 42, all

sectors) seume that the curront scctor addiess is 043, These stens secur:
1, e provram tests for coupler ready with an 5KS instruction. ;
2, The program cxecutes ar GOM/PIN, The current roctor address 0473y

is read into thu'compuLer.

3. The prograw adds two to rhe sector address, making it 045. Thie
insures that one sector time is available to the r.ogram before
reading or writing occurs. |
(The unit could be very near to the end of sector 043 when read
and, heuce, into sector 044 before a read or write could be
initiated, therefore imposing a full rotational delay,)

4, The program sects up two T/0 file operations,

A, The first causes core locations 012420-015717 to L. written
onto sectors 004245-004277.

B, The second causes core locations 005720-012417 to be written
onto sectors 004200-004244

In this example, 4096 words are transferred in about 35 msec, If normal pro-
gramming had been used with the entire record started at sector zero, the
operation would have taken almost 50 msec, due to the latency encountered,
while the unit rotated from sector 44 to sector 00, Thus, the immediate ..« s
capability of the Model 9367 reduced the transfer time by about 30 percent .
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NOTE: When a read or write operation is in progress on any of the
units connected to the 9367 .ontroller, it is not possible to PIN
the current sector address of any of the attached storage devices,

TIMING NOTE

In all cases, the address POT must occur one or more sectors before the
start of the desired sector, or one band time is lost.

OPTTIONAL PRIORITY INTERRUPT LINE

The 9367 supplies a momentary signal for use in the priority interrupt system,
[t occurs near the start of the disc sector on which the address matches the
contents of the sector address 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 Model 9366 and Model 9367 RAD units contain provision for manual write
protection. A group of toggle switches selectively inhibit writing on band
groups associated with cach 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 automatically 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 sector in each band if transmission -passes a band
boundary. It is not possible, howeVer, 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 characters to the second. They
are, from a programming point of view, two separate units. Addressing is,
therefore, continuous within a unit but not continuous from unit to unit.
Similarly, if a million characters 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

The following EOM's and SKS's are applicable to all models of the 9367 RAD
files, All EOM's and SKS's are configured for channel A, The bits for
channels other than A are the fame as would be used for any other device
controllers, The META-SYMBOL names and mnemonics are included,

SRA € SET RAD ADDRESS EOM 010026
vhere €=0-7, the channel number

Action: Alert te Pov.
This EOM should he preceded by the coupler ready test and be immediately

follewed by 2 207 instruction vhose effective address contains the desired
ardress in the following format,

o ——

' e
[N —— -

B

UNTT BAN | SECTOR J

T
8 9 11 12 17 18 23

3

SRAT C SET RAD ADDRESS AND [NHIBIT BAND INCREMENT EOM 011026
wvhere C=0-7

Action: Alert to POT and inhibit increment. 1In addition to performing the
function described in the previous alert EOM, this instruction will inhibit
the normally automatic incrementation of the band address after sector /7g.
This feature is required to implement the "{immediate addressing" technique
described in example #3, (Pg. 12),

RS C,U PIN RAD SECTOR EOM 0lu226
where C=0-7; y=0-7 logical units

Action: Alert to PIN. This EOM is immediately followed by a PIN instruction.
After -exccution 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) in
following format.

[ ' T SECTOR

e e e e e e

T ———

18 23

The PIN instruction will be acknowledged immediately with the exception of

a 10 microsecond period at the end of each sector during which time the
scctor address is incremented,
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RRAD C,U,CC  READ. RAD EOM 02226
WRAD C,U,CC - WRITE RAD EOM 02266

Action: Connect for read or write
where CC=1 for 9366 RAD
=2 for 9367 RAD

Standard buffer control (BUC) EOM's are used to connect for read or write
using unit addresses 268 and 668 respectively in the 2 character/word mode.

RRT C RAD READYTEST SKS 010026

Action: Test Coupler Ready

Execution 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 the read/write circuitry is in use. (The words coupler and

controller are interchangeable),

FILE PROTECTED TEST

RFPT C RAD FILE PROTECTED TEST SKS 013026
Action: Test for File Protected

Execution of this instruction will result in a skip if the addressed band is
not file protected and can be written on. This instruction will not résult
in a skip if the addressed band is one of eight bands designated protected by
a 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 next available gaptime. This
means that if an RFPT (SKS Write Protect) is performed immediately
after the set RAD address 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 programmed to perform the POT/SKS operation.

RET C RAD ERROR TEST SKS 011026
Action: Test for Error in Coupler
Exeédtion of this instruction will result in a skip if no error conditions were

encountered. Any one 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 tnimplemented
address, or increments across a unit boundary, the error
indicator is set and the channel is disconnected. The Il
interrupt will not occur.

2, If the couplers monitoring clectronics detect device faule,
the error indicator is set and the channel is disconnected.
The Il interrupt will not occur,

3. If a write prdtected area is specified/cncountered during a
write operation the error indicator is sct and the channel
is disconnected. The Il interrupt will not occur.

4, If either of the alert to POT EOM's are exccuted when the
coupler is busy, the error indicator will be set, The on
going operation is only affected by the presence 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 ocecurs 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 detects 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.

Enter

-l

Y
@onnel Active }—
)/es

no

Alert EOM/POT

'

One Sector Delay

For l
Write ————’(Write Protect y—es—’
Only "o .

Load Interlace and Con-

nect ALC/EOM/POT/BUC

CCoupler Ready o yes

write T
(Coupler Error>7),es —>@rite ProfecD
lno

read - " no
Try . <G~—@hanne| Error) lllegal POT Unimplemented Addr.
Again  yes :

Y caused error or Device Fault

Interlace

Count =0

Return Not likely in a

checked out program
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EXAMPLE 42 *

Code required to imblemcnt flow-chart of example #1 for a write operation.

* WRITE 64 WORDS OUT FROM 01000 ONTO UNIT O, BAND 1, SECTOR 0.
WRITE PZE 0
SKS 014600 CHANNEL ACTIVE
BRU $-1 YES
SKS 010026 COUPLER READY
BRU $-1 NO )
EOM 010026 ALERT TO POT
POT ADDR POT COUPLER ADDR,
LDX =0177343 ONE SECTOR
A BRX A DELAY
SKS 013026 IS IT WRITE PROTECTED
BRM PROTECT YES, GO TO PROTLECTED ROUTINE
ALC ¢ ALERT INTERLACE
EOM 014200 I10SD, NO INTERRUPTS
POT OUTPUT 64 WDS, 01000
EOM 02266 CONNECT WRITE A
SKS 010026 COUPLER READY
BRU o $-1 WAIT
SKS 011026 COUPLER ERROR
BRU ERROR ~ WHAT TYPE
SKS 011000  CHANNEL ERROR
BRU - RETRY AS REQUIRED
BRR WRITE RETURN
ERROR SKS | 012000 INTERLACE COUNT=0
BRU ILLEGPOT ILLEGAL POT
SKS 013026 WRITE PROTECTED
BRM PROTECT . YES, GO TO WRITE PROTECTED ROUT INE
BRM OPERATOR NOTIFY OPERATOR OF ILLEGAL ADDRESS
B ‘ OR DEVICE FAULT :
BRR WRITE EXIT '
ADDR DATA 0100 UNIT O, BAND 1, SECTOR O
OUTPUT DATA 04001000 64 WDS FROM 01000

*All data transmission must be performed with function code IOSD. The connect .

for read/write must follow the interlace load “oguence.
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Symbols external to this subroutine are assumed to have the following

significance;

PROTECT :

RETRY:

OPERATOR :

1s 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
injtiated 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 WRITE + 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, ectc.

similarly, ILLEGPOT is a routine to indicate that specific programming error.
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EXAMPLE #3

(WRITE ONLY)

ON UNIT 1, BAND 2
WRITE ONE BAND, USING THE IMMEDIATE ADDRESS TECHNIQUE

WITHOUT INTERRUPTS

* CALLING SEQUENCE ASSUMED IS
* RRM IMMED
* DATA  LOC FIRST OF 4096 WORDS TO BE WRITTEN (15 BIT ADDRES:]
IMMED PZE 0
MIN IMMED STEP ENTRY LOCATION
SKS 014000 CHANNEL ACTIVE
BRU $-1 YES
SRA 0  COUPLER READY
BRU $-1 : NO
PRS 0,1 ALERT TO PIN UNIT #1
PIN SAVE SAVE CURRENT SECTOR ADDRESS
LDA SAVE CCE
ETR =077 LEAVE SECTOR ADDRESS ONLY
ADD = ADD TWO
ETR =077 CHECK FOR CURRENT SECTOR
SKE =0 NOT 62 OR 63
BRU 542 SET UP OK
ADD =1 START AT SECTOR 1
CLB _ CLEAR B
LSH 6 MULTIPLY BY 64
STA SAVE SAVE FOR POT WORD CALCULATIONS
RSH 6 RESTORE UNIT NUMBER ‘ .
MRC DISCAD2 MERGE WITH (NIT AND BAND

STA DISCAD1 : TO SET UP t ST SECTOR WRITTEN
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THE CODE FROM HERE TO LABEL EOM IS NOT

PART OF THE 1/C, BUT MERELY SET-UP COMPUTATIONS

FOR THE INTERLACE TOT WORDS AND WT-COUNT BLTS

LT DOES SERVE TO ILLUSTRATE THE BOOKKLEPING REQUIRED,

OSVIQUSLY, IF THE DISC UNIT AND BAND WERE. ALSO

ROUTINE PARAMETERS, MORE SET-UP THAN ILLUSTRATED

WAS REQUIRED BEFORE THIS,

LDB
BRM

STA

BRM
STA
STB
SRAIL
POT
ALC
EOM
POT
WRAD
SKS
BRU

FTMMED
=077777
SAVE
FEOMPOT
EOM2
SECOND
=4096
SAVE

*IMMED
=077777
SAVE
FEOMPOT
EOM1
FIRST

0
DISCAD1
0
014200
FIRST
0,1,2
014000
$-1

GIT DATA LOCATTON

TO 15 BTTS

FIRST SECTOR *64 IS WORD COUNT
FORM EOM/POT WORDS

FOR SECOND TRANSMISSION

AND STORE THEM

FORM WORD COUNT

FOR FIRST TRANSMISSTON

PUT IN B- FOR FEOMPOT CALL

GET DATA LOCATION

PLUS WORDS TO BE DONE WITH
SECOND TRANSMISSION AS LOCATION
AT WHICH FIRST TRANSMISSION BEGINS
SAVE EOM/POT FOR

FIRST OUTPUT DONE

ALERT TO POT AND INHIBIT

1ST DEVICE ADDRESS

ALERT INTERLACE

[OSD, NO INTERRUPTS

15T TRANSMISSION

CONNECT WRITE

WAIT FOR CHANNEL READY
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ALC RELOAD INTERLACE
EOM?2 EOM 014200 I0SD, NO INTERRUPTS

POT SECOND - 2ND TRANSMISSION

RRT 0 COUPLER READY

BRU §-1 NO

RET 0 COUPLER ERROR

BRU ERROR AS REQUIRED
EOM3 SRA 0 ALERT TO POT

POT DISCAD2 2ND DEVICE ADDRESS

SKS 011000 CHANNEL ERROR

BRU RECOV AS REQUIRED

. WRAD  0,1,2 CONNECT FOR 2ND WRITE

BRR IMMED
DISCAD1 DATA 0 »
DISCAD2  DATA 00010200 UNIT 1, BAND 2, SECTOR O
FIRST  RES 1 STORAGE FOR FIRST POT WORD
SECOND RES 1 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 1is due to a device fault, unimple-
mented address/file protected area, etc, as shown in the Example 1 flow chart,
raking appropriate action. RECOV 1is 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 ready
and error testing will need to be done to verify a totally successful transmission, -

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 dverage of 8 microseconds would

be saved, '
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Finally; a note about the order in which the code is written may be helpful. The
first test on the channel (EOM1 + 3) waits for the zero word count conditionm.
Since the coupler will still be buéy, 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 recommended that no more than three
attempts be made to read or write a portion of the file,

OTHER PROGRAMMING CONSIDERATIONS

1. Care should be exercised when using the 11 (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 channel 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,

1f the count is no modulo 64, the coupler will be busy after the I2 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
This diagrostic is available:

SDS 925/930 RAD Aposalyptic
Diagnostic, Prog. No. 594003,
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