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NOTICE

Data General Corporation (DGC) has prepared this manual for use by DGC personnel and customers as a
guide to the proper installation, operation, and maintenance of DGC equipment and software. The draw-
ings and specifications contained herein are the property of DGC and shall neither be reproduced in whole
or in part without DGC prior written approval nor be implied to grant any license to make, use, or sell
equipment manufactured in accordance herewith.

DGC reserves the right to make changes without notice in the specifications and materials contained here -
in and shall not be responsible for any damages (including consequential) caused by reliance on the materials
presented, including but not limited to typographical or arithmetic errors, company policy and pricing in-
formation. The information contained herein on DGC software is summary in nature. More detailed in-
formation on DGC software is available in current released publications.
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SECTION I
GENERAL DESCRIPTION

1-1 INTRODUCTION

This manual contains a detailed technical presentation of the installation, operation,
and maintenance procedures for the Nova 1200 Computer, The Nova 1200 Computer, as
described in this document, consists of the Nova 1200 central processor with one or more
4K core memory assemblies. The Basic I/ O Control assembly is also described in this man-
ual. The Basic I/O Control can be configured to control three basic types of peripheral equipment,
specifically the Teletype, the Paper Tape Reader, and the Paper Tape Punch. Both the memory
and the Basic I/O Control with its various equipment configurations are options which may be
purchased independent of the Nova 1200 central processor. This manual, however, addresses
its presentation to the classical definition of a Computer and describes the central processor
with 4K of core memory and a Teletype I/O facility., It should be noted that Technical Manuals for
each optional peripheral device is produced by the original manufacturer and is shipped under
separate cover with the corresponding equipment. This accompanying documentation should
be thoroughly reviewed immediately after the peripheral device is received and prior to in-
stallation,

This manual is intended to complement Data General Reference Manual, "How to Use
the Nova Computers'. Operation and Programming information is provided in the Reference
Manual and will not be repeated here except where necessary for expositional continuity.

It is recommended that all potential users of this publication become familiar with the
Reference Manual prior to reviewing this Technical Manual.

The detailed technical descriptions presented in this manual assumes the user of
this document has a thorough knowledge of the operation of TTuL logic circuitry and the
fundamentals of digital computer operations, The contents of this manual are divided into
two individual volumes with each volume assembled and shipped under separate covers.
Volume I contains Sections I through V, Appendix A, and Appendix B of this document,

Volume II contains the [lustrated Parts List. These volumes are 'integrated into the all-
inclusive Master Documentation for this equipment at the time of shipment. The input/output

pin definitions of the various types of integrated circuit (IC) packages constituting the Nova 1200 and
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Basic I/0O Control logic are summarized in Appendix A of this manual. The illustrated
parts list, presented in Section VI of this manual, can be used as a cross reference source
which indexes the reference designator for the IC part (appearing on the logic diagram) with
the corresponding manufacturer's part number., Once the IC manufacturer's part number
has been retrieved from Section VI it can be used to reference the corresponding IC logic

symbol and pin definitions listed in Appendix A.

1-2 GENERAL FUNCTIONAL DESCRIPTION

The Nova 1200 is a general purpose Computer with a 16 -bit word length. The
memory cycle time for the Nova 1200 is 1.2 microseconds. The Nova 1200 contains four
hardware accumulators which are used for temporary data storage and data manipulation
during the execution of all arithmetic and logic class (ALC) instructions. The four ac-
cumulators also perform double duty as part of the Input/Output system, Data exchanges
between the interface logic of the external device and the Nova 1200 processor are performed
under program control using the four accumulators.

The data paths within the Nova 1200 Processor are four bits wide and the processor
is capable of performing several internal operations simultaneously. The Nova 1200 features
a bi-directional Input/Output (I/O) bus which not only transmits data between the Central Proces-
sor Units (CPU) and the external I/0 devices, but also allows external I/O devices to com-
municate directly with memory, bypassing the CPU. The speed of Data Channel opera-
tions between memory and external I/O high speed devices is greatly increased because of
this direct exchange feature.

The Nova 1200 is also available in an enclosure with one central processor board
assembly and 16 additional spare assembly slots, or ten more spare slots than the basic
enclosure, This extra large enclosure, called the Nova 1200 "Jumbo™, is available under
option 8102, The other Nova 1200 enclosure configuration available is the " Table Top" cab-
inet (under option 8105). The technical data provided within this publication is applicable
to all three Nova 1200 enclosure configurations.

Nova 1200 input/output instructions perform data transfers to and from peripheral
equipment, The I/0 instruction format allows 64 device code definitions, of which (octal)
code 0 is not used and (octal) 77 is reserved for special functions. A 16-level programmed
priority interrupt facilitates handling 16 different device speed classes within the interrupt

control structure. Interrupts are enabled or disabled by a processor word, of which each

1-2



Data General Corporation (DGC) has prepared this manual for use by 1)GC personnei and
customersas a guidetotheproper installation, operation, and maintenance of DGC equip-
ment and software. Thedrawings andspecifications contained herein are the property of
DGC and shall neither be reproduced in whole or in part without DGC prior written ap -
proval nor be implied to grant any license to make, use, or sell equipment manufactured
in accordance herewith,

bit position exercises disabling control over (the interrupt logic) the devices assigned to that

bit position. In terms of Interrupt timing, the time a device must wait depends on the number
of devices capable of producing interrupts, the length of service routines for devices of higher
priority, and whether the data channels are in use. Excluding the execution of indirect mem -
ory reference instructions the maximum interrupt waiting time is approximately 6 usec. The

instruction times for the Nova 1200 are listed in Table 1-1.

1-2,1 Computer Organization

The particulars covered in this paragraph are addressed primarily to the unique
features of the Nova 1200 Architecture rather than to the fundamental operations characteristic
of all general purpose computers, A block diagram of the Nova 1200 Computer is shown on
Drawing 001-000107, bound into Section VII. Figure 1-1 is a duplication of this illustration
and is included here for convenience purposes. The horizontal dash line appearing in the
diagram separafes the block components as to their physical relationships. The sections
above the dash line are located on the CPU Printed Circuit Board (PCB) assembly. Con-
versely, the sections below the dash line are located on other PCB assemblies also housed
in the Processor enclosure. The memory section consists of one or more memory PCB
assemblies which are mounted within the Nova 1200 enclosure., The Console section is
part of the Console/Enclosure Unit of the Nova 1200, The I/O Device Controller is a PCB
assembly designed to interface any external 1/O equipment properly which is operational
compatible with the Nova 1200.

The Nova 1200 is organized around three data busses, each of which is 16 bits wide,
The three busses are identified as the MEM (Memory) bus, the MBO (Memory Buffer Output)
bus, and the 1/O (Input/Output) bus., The primary function of the MEM bus is to carry data
from the memories to the CPU. This data may be either instructions or operands. Only one
memory is allowed to use the MEM bus at a time, that being the memory which is selected.
The MEM bus is also used during programmed I/O input operations, Data from an I/O
device Controller is loaded into the MB register of the selected memory, and transfer-
red from the MB to the CPU via the MEM bus. The MEM bus also transmits data from the
Console to the CPU. Console data may be generated either by the Console data switches, as
during a READS, start, examine, etc., or by the Console functional switches., In the latter

case, the Console function to be performed is encoded into bits placed on the MEM bus, from
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Table 1-1, Nova 1200 Instruction Execution Times (in Microseconds)

Execution
Instruction Time*
LDA 2.55
STA 2.55
ISZ,DSZ 3. 15*
JMP 1. 35
JSR 1.35
Indirect addressing add 1.2
Base register addressing add 0
Autoindexing add .6
COM, NEG, MOV, INC 1.35%**
ADC, SUB, ADD, AND 1. 35%*
10 input (except INTA) 2.55
NIO 3.15
10 output 3. 15
10 skips 2.55
INTA 2.55
MUL 3.75
DIV
Successful 4.05
Unsuccessful 2.55
Interrupt 3.0
Latency
With multiply -divide 8.0
Without multiply -divide 6.0
Data Channel
Input 1.2
Output 1.2/1. 8*%*
Increment 1.8/2.4%**
Latency
With multiply -divide 8.0
Without multiply -divide 6.0

Times are for core; for read-only subtract .4 for LDA, STA,ISZ,DSZ

if reference is to read-only memory.
#* If skip occurs add 1. 35 microseconds.

“%#*\When two numbers are given, the one at the left of the slash is the time
for an isolated transfer, the one at the right is the minimum time between
consecutive transfers.
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Figure 1-1. Block Diagram of Nova 1200
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which it is loaded into the CPU instruction register and executed as a single instruction.

As data is read from the Console onto the MEM bus the selected memory is prevented

from also placing data on the bus by an INH TRANS signal generated by the CPU. The MEM
bus is also used to generate a zero address function during the last cycle of a Program Load*
sequence, and during the cycle preceding a PI (program interrupt cycle.)

The MBO bus is the data path for transmitting CPU data to either memory or 1/0
device Controllers., During a programmed [/O output operation, data is first transmitted
to the MB (Memory Buffer) of the selected memory via the MBO bus. The information is
then transferred from the MB out onto the I/0 bus. Hence, the MBO is not physically
connected directly to any 1/0 device Controller, but transmits output data through the MB.

In the sequence of memory operations, the MBO bus transmits the address of the desired
memory location to the selected memory MA register for loading. After the address data has
been loaded into each MA register, the MBO bus will carry the data to be loaded into that ad-
dress if the instruction requires a memory modification, as in a STA, or a console deposit
operation.

The 1/0 bus differs from the other two bus paths in that it is a bi-directional path
between memory and I/O device Controllers. The I/O bus communicates directly with
memory and no logical connection is made to the CPU (although the bus is terminated at the
CPU). The data flow for programmed [/O operations is the same as described previously,
since the 1/0 bus receives data from the MB register of the selected memory. During
Data Channel (DCH) operations data flow is between the 1/0 device Controller and memory,

with the CPU completely bypassed.

1-3  PHYSICAL DESCRIPTION

The Nova 1200 Central Processor by definition consists of the Console/Enclosure
Unit, Power Supply Unit, and the Central Processor printed circuit board assembly. An
outline drawing of the printed circuit boards used in major Nova 1200 assemblies is provided
in Appendix A of the "How to use the Nova Computers" reference manual. The Console/
Enclosure Unit is so designed that seven 15 X 15 inch Printed Circuit Board (PCB) Assemblies
may be plug mounted into a special printed circuit board connector in the Enclosure Chassis.
The board assemblies are inserted horizontally into the Enclosure Chassis., A pair of guid-
ing rails are built into the chassis frame (on each board level) to insure proper insertion of
the board contacts into the corresponding socket of the multiple printed circuit board con-
nector. The seven connector slots are numbered from the bottom of the chassis up to the
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top with the first slot reserved for the CPU PCB assembly. The six remaining slots may be
used for memory assemblies, I/O assemblies, or special control board assemblics, Figure
1-2 is a drawing showing the major components of the Nova 1200 Computer. The Power supply
is mounted in the rear of the Console/Enclosure Unit and contains one fan mounted in the cen -
ter of the supply for cooling. The Input/Output connector panel for the processor is mounted
beside the power supply in a slightly recessed position. When optional peripheral equipment
is purchased with the Nova 1200, the required I/O connector is mounted on Input/Output con -
nector panel and wired into the multiple printed circuit board connector. (This wiring is direct
from the pins of the selected PCB socket to the pins of the corresponding I/O connector.) It
should be noted once a socket is wired for a specific Control PCB Assembly (used to con-

trol the optional peripheral device) that particular socket is dedicated to that purpose and
must not be used for any other (different type) Control PCB Assembly. For example, a 4K
Memory PCB Assembly can be mounted in any spare socket and will work properly. However,
since the Device Controller PCB Assemblies are each hardwired from the selected socket
position to the output I/O connector, each Controller assembly must be mounted in the
(multiple printed circuit board) socket wired for it.

The wiring terminations for the major assembly components of the Nova 1200 are
brought out to printed circuit edge type connectors. These connectors are mechanically a-
ligned (on the abutting side of each major component to be assembled) so as to home with
its connector mate on the adjacent assembly component. This interconnection facility
replaces bulky interconnection cable runs and permits easy quick removal or replacement
of any major assembly component. Figure 1-3 is a simplified diagram depicting the plug-
ging sequence for assembling the Nova 1200. The plugging sequence for a complete processor
assembly is performed as follows:

a) The Multiple PCB connector is hardware fastened to the Enclosure Chassis as the
first step.

b) The plug receptacle on the end of the Console assembly is then mated with the edge
connector on the end of the Multiple PCB Connector, and hardware secured to the
Enclosure Chassis when properly positioned.

c) The edge connector of the Resistor Board subassembly is then plugged into the
receptacle connector on the opposite end of the Multiple PCB connector and hardware
secured to the Enclosure Chassis when properly positioned.

d) The edge connector of the power supply Unit is then plugged into the receptacle con-
nector mounted on the Resistor Board subassembly and hardware secured to the
Enclosure Chassis when properly positioned.
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All that remains to make the processor operational is to plug the CPU, Memory, and
[/0 PCB assemblies into their respective slot locations within the Multiple PCB con-
nector, and plug in the power cord. Table 1-2 is a summary of the Nova 1200 Physical
Characteristics.
1-4 PERTINENT DOCUMENTS

The following documents serve as source material and complement the information
in this manual.

How to Use the Nova Computers Nova 1200 Instruction Timer

DGC Manual 097-000019
Section 574 -100-201 of Bulletin 272B

Volume 1, TECHNICAL MANUAL, Nova 1200 Teletype Test

32 AND 33, TELETYPEWRITER SETS DGC Manual 097-000021
Arithmetic Test Nova 1200 Logic Test

DGC Manual 097-000018 DGC Manual 097-000017
Nova 800/1200 Power Shut Down Test Memory Checkerboard III

DGC Manual 097-000022 DGC Manual 097-000014
Bootstrap Loader Exerciser

DGC Manual 093-000002 DGC Manual 097 -000004

Binary Loader
DGC Manual 093-000003

1-5 ABBREVIATIONS

Listed below are the most commonly used abbreviations of registers, key opera-
tions, components, instructions, and signal names. Signal names not included in this list
will be found in Appendix B Signal Origins. Appendix B contains an alphanumerical list of
all signal names which appear on drawings, together with the drawing number which con-

tains the generating circuits for the signal.

ABCO thru ACB15 Accumulator Buffer Register Outputs 0 thru 15
ACD : Destination Accumulator

ACD OUT Destination Accumulator Out

ACDP Accumulator Deposit

1-10
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Table 1-2. Nova 1200 Physical Characteristics

Physical Specifications

Enclosure Height:
Enclosure Width:
Enclosurc Depth:
Weight:
ASR33 Tcletype Height (on stand):
ASR33 Teletype Width:
ASR33 Teletype Depth:
ASR33 Teletype Weight:

5 1/4 inches

19 inches

21 1/4 inches (23 with Console)
50 1bs.

45 inches

22 inches

‘ 19 inches

56 1bs.

Electrical Specifications

Power Requirements:

ASR33 Teletype:

Bus Signal

Processor Logic Signals

Power Supply Voltages
+ 5 Volt Output:

- 5 Volt Output:

*230v on Special order

115v or 230v* single phase, *20%
47 to 63 Hz, Minimum Current**
1. 5 amperes (175 watts) maximum
Current 2.4 amperes (275 watts)

115v single phase, 2 amperes.
turn on surge 7 amperes.
92 watts.

Low = 0 volts to + .4 volt nominal
High= + 2. 2 volts to 3. 0 volts nominal

Low = 0 volts to + . 4 volt nominal
High= + 2. 5 volts to 5. 0 volts,
-+ 3.5 volts nominal

+ 5 volts (nom. ), + 4.7 volts low limit,
+ 5. 45 high limit @ 25°C.

Temperature variation: From

+5.1v @ 25°C to + 5.0v @ 55°C Typ.

- 5 volts (nom. ), -4.5 volts high limit,
- 5.45 low limit @ 25°C.

Temperature variation: From - 5.0V
@ 25°C to - 5.1V @ 55°C Typ.

**Based on Minimum Computer Configuration of Processor, teletype interface,

and 4K of memory.
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Table 1-2. Nova 1200 Physical Characteristics (Continued)

Indicator Lamp Voltage (+VLamp

Memory Voltage
(Formerly + VINH & + VMEM)

Power Supply Currents
+ 5 Volt Output:
- 5 Volt Output:

Memory Drive Nominal
(+ VMEM) X and Y windings:
(+ VINH) Inhibit windings:

Functional

Memory Reference Cycle Time
With Accumulator:
Without Accumulator:

Word Length:

Core Memory Size:

)

+ 10.5+ 13.5 Volts

Temperature variation: N/A

See Memory Drive Specification.

Temperature variation: From
+ 15. 1v setting @ 25°C to 14.5
(Max. ) @ 55°C.

9. 75 amps max, *
1.0amp max.

+ 15.0
+ 15. 0 Volts, 390 ma @ 25°C
+ 15.0 Volts, 740 ma @ 25°C

2.55 microseconds
1.2 microseconds

16 bits
4096 words, expandable

to 32, 768 in increments
of 4096 words

* + 5 Volt current specification is based on requirements of a Nova 1200 with one 4K

Memory only.
ory installed.
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ACD 3 SEL.
ACD 4 SEL
AC EX
ACS

ACS 1 SEL
ACS 2 SEL
ACTGO, ACTG1
ALC

AND ENAB
CLK

CLR

CLR ION
CON DATA
CON INST
CON RQ
CONT

CPU

CPU CLK
CPU INST
CRY ENAB
CRY OUT
CRY SET
DATIA
DATIB
DATIC
DATOA
DATOB
DATOC
DATAQO thru DATA15
D BUFFR
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ABBREVIATIONS. (Continued)
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Destination Accumulator Sclect enable line
Destination Accumulator Select enable line
Accumulator Examine

Source Accumulator

Source Accumulator Select cnable line
Source Accumulator Select enable line
Accumulator Timing Generator outputs 0 & 1
Arithmetic Logic Class (instruction)

AND {instruction) Enable

Clock

Clear

Clear Interrupt On

Console Data

Console Instruction

Console Request

Continue switch at Console

Central Processor Unit

Central Processor Unit Clock

Central Processor Unit Instruction

Carry Enable

Carry Out

Carry Set

Data In A (I/O instruction)

Data In B (I/O instruction)

Data In C (I/O instruction)

Data Out A (I/O instruction)

Data Out B (I/O instruction)

Data Out C (I/O instruction)

I/O Data bus signals, 16 bits wide

Destination (Accumulator) Buffer



DCH

DCHA

DCH INC

DCHI

DCH LOOP ENAB
DCHM(0 or 1)

DCHO
DCHP IN
DCHP OUT
DCHR
DEFER
DISABLE D MULT
DIV

DP

DPN

D MULT

D SET

DSZ
DS0-DS5
D+E SET
EFA

EX

EXN

E SET

INH GATE A
INH GATE B
INH TRANS
INHO-INH15
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ABBREVIATIONS. (Continued)

Data Channels

Data Channel Acknowledge
Data Channels Increment
Data Channel In

Data Channel Loop Enable

Data Channel Mode (0 or 1)
Code type of Data Channel
Cycle requested by Device

Data Channel Out

Data Channel Priority In

Data Channel Priority Out

Data Channel Request

Defer (instruction execution state)
Disable Destination Multiplexer
Divide (instruction)

Deposit

Deposit Next

Destination Multiplexer

Defer Set

Decrement and Skip if Zero (instruction)
Device Select lines 0 thru 5
Defer or Execute Set

Effective Address

Examine

Examine Next

Execute Set

Inhibit Gate A (Memory)

Inhibit Gate B ‘Memory)

Inhibit Transmission

Inhibit Register outputs 0 thru 15 (Memory)
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INTA

INTP IN
INTP OUT
INTR

10 (F+D)
IO or 1/0
ION

IO PLS
IORST

IO SKIP
IRO thru IR7
ISTP

ISZ

JMP

ISR

KEYM
LOAD AC
LOAD ACB
LOAD IR
LOAD MBO

LOAD PC

MA1 thru MA15
MA LOAD

MB CLEAR

MBC8 thru MBC15
MB LOAD

MBOO thru MBO15

MD SEL1
MD1-MD15
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ABBREVIATIONS (Continued)

Interrupt Acknowledge

Interrupt Priority In (to Device)
Interrupt Priority Out (from Device)
Interrupt (Bus Signal from Device)

IO (instruction) (Fetch or Defer state)
Input/Output

Interrupt On

Input/Output Pulse

Input/Output Reset

Input/Output Skip (instruction)
Instruction Register outputs 0 thru 7
Instruction Step (Console switch)
Increment and Skip if Zero (instruction)
Jump (instruction)

Jump to Subroutine (instruction)

Key Memory (access cycle)

Load Accumulator

Load Accumulator Buffer (Shifter)
Load Instruction Register

Load Memory Bus Outputs (CPU Interface
Register)

Load Program Counter

Memory Address Register outputs 1 thru 15
Load Memory Address Register

Memory Buffer Clear

Memory Buffer Computer outputs 8 thru 15
Load Memory Buffer Register

Memory Bus Outputs (CPU Interface Register)
0 thru 15

Multiply Divide Select 1
Memory Data 1 thru 15
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MEM CLK
MEM OK

MEMO thru MEM15
MSKO

MSTP

MTGO thru MTG3

MULTO thru MULT3
OVFLO

PC

PC ENAB
PC IN
PEND

Pl

PISET

PL

PTGS5 ENAB

PTGO thru PTG5

PULSE ENAB

PWR FAIL

READ IO

RINHO thru RINH15
RQENB

RST

SARD

S BUFFER

SELB

SELD
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ABBREVIATIONS. (Continued)

Memory Clock

Power Supply Output Memory Voltage at
correct level.

Memory Bus lines 0 thru 15 (to CPU)
Mask Out (instruction)
Memory Step (Console switch)

Memory Timing Generator (signals)
0 thru 3

Multiplexer Output (signals) O thru 3

Signal to Device that memory location being
incremented or added to (Via Data
Channels) has Overflowed

Program Counter
Program Counter Enable
Program Counter In
Pending, e.g., INT PEND
Program Interrupt
Program Interrupt Set
Program Load

Processor Timing Generator 5 (pulse)
Enable

Processor Timing Generator (signals)
0 thru 5

Pulse Enable (PTG and TS3 function)
Power Fail

Read IO (Device Controller)
(Collector) Resistor, Inhibit Driver
Request Enable

Restart (Console switch)

Selected Address

Source Buffer

Selected Busy (Bus signal)

Selected Done (Bus signal)
1-16



SET ION
SHIFT ACB
SHL

SHR

SKIP INC

SLO thru SL15
S MULT

SNSO thru SNS15

SO thru S2

STOP INH
STRB A
STRB B
STRB C
STRB D
STRT
SWP

TSO thru TS3
T

TTI

TTO

XRS
XWS
YRS
YWS

32 VNR
+ VINH
+ VLamp
+ VMEM
+ 5 OK
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ABBREVIATIONS. (Continued)

1-17

Set Interrupt On

Shift Accumulator Buffer

Shift Left

Shift Right

Skip Increment

Sense Lines (Memory Stack) O thru 15
Source Multiplexer

Sense Amplifier Outputs O thru 15

(Adder function) Select Control
Bits O thru 2

(Processor) STOP INHIBIT

Strobe A (Memory Stack)

Strobe B (Memory Stack)

Strobe C (Memory Stack)

Strobe D {Memory Stack)

Start (Console switch)

Swap (bytes)

Time State O thru 3

Teletype

Teletype In (Teletype Keyboard/Reader Buffer)

Teletype Out (Teletype Teleprinter /Punch
(Buffer)

X (plane) Read Source (Memory Stack)
X (plane) Write Source (Memory Stack)
Y (plane) Read Source (Memory Stack)
Y (plane) Write Source (Memory Stack)
+ 32 Volts, Not Regulated

+ (Memory) Inhibit Voltage

+ Lamp Voltage (Console indicators)

+ Voltage Memory

+ 5 Volt (power) operating properly
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SECTION II
INSTALLATION

2-1 GENERAL

This section provides detailed information and procedures for installing the basic
Nova 1200 Computer., The Computer and Teletype are shipped in separate containers, Prior
to performing any installation procedures inspect both shipping containers for any visible
intransit damage such as would result from dropping or being punctured or crushed. Con-
tact the carrier and Data General immediately if any damage is discovered, specifying
the nature and extent of damage. Phyéical installation data and descriptions are provided

in Appendix B of the "How to Use the Nova Computers" reference manual.

2-2 UNPACKING INSTRUCTIONS

The following two paragraphs describe the proper method of unpacking the Nova 1200
Computer and an ASR33 Teletype. The first paragraph describes the approved procedures
for unpacking the Computer, The second paragraph describes the procedures for unpacking
the Teletype. It is recommended that all shipping hardware, shims, packing and carton be

saved and stored after unpacking in the event either machine is ever reshipped.

2-2.1 Unpacking the Nova 1200

After opening the Nova 1200 shipping container perform the steps of the following

procedure:
a) Remove four corner pads.
b) Lift inner carton from box. (Requires two people. )
c) Cut top center seam.,
d) Remove attached hardware (keys, mounting hardware, etc. ).
e) Remove both U-shaped cardboard retaining frames.
f) Lift top layer of cardboard from box.
Note: Top of Computer should now be exposed.
g) Remove cardboard shims located on sides of Computer.
h) Remove both restraining shims on the front of the Console,
i) Lift the unit from the box. (Requires two people. )

Do not lift from the sides of the Computer. Hands should

be placed on the rear and underside of the Power Supply

and by the front of the Console.

Check unit for shipping damage. Remove keys from plastic bag,

insert the key, trrn completely counterclockwise to the " Off" position.
i) Remove all packing material and general purpose frames from

the system. Standard circuit boards should not be removed.

2-1



k)

2-2.2
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The computer is ready to apply power. It is suggested that the operator read
the procedures listed under the Nova 1200 Start-up and Checkout paragraph of
this Section before applying power to the machine.

Unpacking the ASR33 Teletype

The complete ASR33 is packaged in one carton. After opening the ASR33 shipping

container perform the steps of the following procedure:

a)
b)

c)

d)

e)

£)

g)

2-3

Remove Styrofoam pads (2). (See Figure 2-1.)

Remove corner braces (4) and Teletype Stand. (See Figure 2-2.,) Manuals will be
packed inside Teletype Stand.

Locate teletype bulletin 273B Vol. 1 in the manual set. Refer to page 1 of the section
574-100-201TC and read unpacking instructions.

Remove cardboard insets, accessory kit, and Typing Unit. (See Figure 2-3.)
Typing Unit is mounted on a past board shipping pallet by seven screws.

NOTE: DO NOT USE OR ATTEMPT TO
OPERATE TYPING UNIT BEFORE
REMOVING THE (3) HEX HEAD
BOLTS FROM THE BOTTOM OF THE
SHIPPING PALLET.

Remove three picces of adhesive nylon tape; two pieces are securing the paper supply
and lid, the other piece is securing the paper tape supply, punch and reader.

Remove the Typing Unit Cover to expose the carriage. The carriage is tied to the
chassis with a pipe cleaner. This securing wire must be removed before operating
the Teletype.

Some Teletypes are equipped with a yellow spacer spring holding the reader fingers
stationary, This must be removed prior to operating the Teletype.

NOVA 1200 START -UP AND CHECKOUT

The procedures listed below describe the proper methods for initial turn-on and

subsequent checkout of the Nova 1200 Computer. These procedures should be performed

immediately after the Nova 1200 has been unpacked. The procedures are listed below in the

exact order of performance, and must be performed in the order of appearance, during in-

itial turn-on,

2-2
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HOLES FOR STAND LEGS
ACCESSORY KIT

TYPING
UNIT —_

STYROFOAM
INSERT —__|

7@( POWER PACK,CHAD BOX, COPY HOLDER

PAPER SUPPLY

WINDOW

KEYBOARD

Figure 2-3. Location of Teletype Typing Unit in Carton
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2-3.1 Start-Up Procedure

The general purpose Exerciser (Program Listing and Tape #095-000012, Manual
#097-000004) is always the last program run in each Computer prior to shipping. The
Exerciser diagnostic program checks the entire instruction repertoire and all memory
locations associated with that particular processor system. This program should still be
intact within the memory and available for execution. To start this program, only Console
data switch 14 on the operator's console should be raised. Turn power "ON" by setting
the key to the vertical position. Raise the Reset/Stop switch momentarily to the Reset
position and then raise the Start switch momentarily to the Start position. Program should
now be in execution with both the Fetch and Run indicators on. With typical operation of
the program, an incrementing sequence from 1, 000g to approximately 3, 400g will be ob-
served in the Data Register display. The cycle takes approximately one to two minutes
for a 4K system and becomes significantly longer depending on a maximum core size of the
system. Any halt of the Computer and improper indications constitutes an error. Should
you encounter any difficulty with the start-up procedure, please contact the Data General
representative in your area, or our Field Service Department at the Southboro factory

(Area Code: 617-485-9100).

2-3.2 Check-Out Procedures

The Nova 1200 check-out sequence consists of static and dynamic tests., Static
tests are performed manually at the Operator's Console. Dynamic tests, on the other hand,
are a series of tests performed under program control, and either terminate successfully
or halt at some specific location to indicate detection of some failure by the diagnostic.
In the normal sequence of testing, the static tests are performed first to verify all of the
manual controls are working properly. Once the Console is verified as operational, the
dynamic testing may be performed. Successful completion of all the recommended diagnostic
tests should be considered verification of the first check-out step. Complete verification is
obtained when all of the diagnostic program tapes supplied with the documentation package

have been run successfully.
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BOOTSTRAP LOADER (Continued)

TTI:

X7766 000772 JMP GET¥1
X7767 001400 JMP 0,3
X7770 0601 * BSTRP: NIOS X
X7771 004766 JSR GET
X7772 044402 STA 1,.+2
X7773 004764 ISR GET

b) Set the Teletype reader switch to FREE and thread the Binary Loader
(Special Format #091-000004, Manual #093-000003) into the Teletype
reader (or the High Speed Paper Tape Reader).

¢) Verify Teletype is on-line and set the Teletype reader switch to START.

d) Set the Console data switches to X7777. ‘

e) Momentarily raise the Start/Continue switch to the Start position

f) Verify that the tape moves through the Teletype reader. When the tape
halts verify Console address register displays X7775.

g) Set Teletype reader switch to FREE, and remove the Binary Loader tape,

h) Thread the test program tape Checkerboard III (Binary tape #095-000031,
Manual #097-000014) into the Teletype reader, and set reader switch to
START.

i) Set the Console data switches to X7777.

j)  Momentarily raise the Start/Continue switch to the Start position.

k) Verify tape moves through the Teletype reader, When the tape halts
verify Console address register displays X7743.

2-3.2.2.4 Memory Test, After the memory test program, Checkerboard III has been

loaded as per paragraph 2-3. 2. 2.2, or paragraph 2-3. 2, 2, 3, perform the following steps

to run the test program:

a) Place 000002, in Console switches.

b) Momentarily raise the Start/Continue switch to the Start position.

¢) Verify program cycle.

d) Raise Console switch 0 = 1 to include worst case. Verify program cycle,
e) Allow program to cycle 15 minutes.

f)  Reset the computer.
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2-3.2.2.5 Logic Test. Load the test program (Binary #095-000036) as per
paragraph 2-3. 2. 2. 2,or paragraph 2-3. 2. 2. 3.

a) Set the Console switches to 000400,,.

b) Momentarily raise the Start/Continue switch to
the Start position.

¢) Verify computer halts at location 000403g. Press the Start/Continue switch to
the Continue position.

d) Program takes less than a second for one complete pass. Allow the program
to run for several minutes, then stop the computer.

e) Note the stop location of the computer, and perform a series of single instructions
by toggling the Instruction Step switch. Verify PC follows the program (as listed
in program documentation).

f) Toggle the Memory Step switch as in step e. Verify PC follows the program (as
listed in program documentation).

2-3.3.6 Teletype Test. Load the test program (Binary #095-000041) as per
paragraph 2-3. 2. 2. 2, or paragraph 2-3.2. 2. 3.

a) Turn on Punch of TTY,
b) With the TTY in local, depress "Here in" to generate leader.
c¢) Return on-line and place tape in TTY Reader,
d) Place reader in start position.
e) Place 000040g in Console switches. Raise the Start/Continue switch to the
Start position.
f) Program will cycle and type " PASS" on the end pass.
g) Allow program to cycle for 5 passes.
h) Reset the computer,
i) Place reader of TTY in " FREE" position.
j) Place 0000454 in Console switches. Raise the Start/Continue switch to the Start
position.
k) After teletype starts punching data, place leader of tape in TTY and push START
on TTY reader.
1) Program should cycle for minimum 1 minute,

2-3.2.2.7 Instruction Timer. Load the test program (Binary #095-000038) as per
paragraph 2-3. 2, 2.2, or paragraph 2-3.2.2.3.

a) Set Console switches to 0000038.

b) Momentarily raise the Start/Continue switch to the Start position.

c) Allow the program to run for several minutes, and verify no teletype type -outs
occur., Program has a built-in tolerance of +20 nanoseconds for the execution
time of each instruction tested and will print out the time for any instruction
exceeding this limit.

2-10



d)

f)
g)

h)
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Depress Console Reset/Stop switch to the Stop position.

Set 000002 into the Console switches.

Momentarily raise the Console Start/Continue switch to the Start position,

Starting at location 0000028 cause the program to type out the execution time
for each instruction in nanoseconds.

If excessive execution time was detected during step c, contact the
Data General representative in your area or our Field Service Department,

If step ¢ was completed successfully save the listing of instruction execution
times generated during step g. This listing should be filed as part of the
maintenance record for the Nova 1200. Typical instruction execution times
(within £20 ns) for the Nova 1200 are listed below.

INSTRUCTION EXECUTION TIMES

MOV 0, 0 1350
ADD 0,0 1350
" AND 0, 0 1350
LDA 0,0 2550
STA 0,0 2550
ISZ 0 3150
DSZ 0 3150
JMP . +1 1350
ISR .+1 1350
LDA 0, @0 3750
LDA 0, @21 4345
LDA 0, @31 4345
LDA 0, @@0) 4945
DIA 0,0 2550
DOA 0,0 3150
INTA 0 2550
SKPBN 0 2550

2-3.2.2.8 Arithmetic Test. Load the test program (Binary #095-000037) as per

paragraph 2-3.2. 2.2, or parwgraph 2-3. 2. 2. 3.

a)
b)
¢)
d)

e)

Set Console switches to 0000028.

Momentarily raise the Start/Continue switch to the Start position.

Upon starting program should issue a message stating " Last Location
in Memory is XXXXX".

Verify that the value printed corresponds to the actual System Memory size.
If they do not agree an error has occurred.

The program will cycle continuously, and type out the word " PASS" on each
program iteration,
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2-3.2.2.9 Power Shutdown Test (No Power Monitor). Load the test program (Binary
#095-000044) as per paragraph 2-3,2. 2.2, or paragraph 2-3. 2. 2. 3.

a) If Computer has Power Monitor Option perform paragraph 2-3. 2. 2. 10 instead
of these procedures.

b) Set Console switches to 00()0028.

¢) Momentarily raise the Start/Continue switch to the Start position.

d) The program will request the operator to turn the computer off, on
and to restart it,

e) Upon restart the program will ring the teletype bell three (3) times.
The Operator should repeatedly perform the power off-restart sequence.
After each restart allow 2-3 seconds for a possible error message.

2-3.2.2.10 Power Shutdown Test (with Power Monitor). Load the test program (Binary
#095-000044) as per paragraph 2-3. 2. 2.2, or paragraph 2-3. 2. 2. 3.

a) Set Console switches to 000002, .

b) Momentarily raise the Start/Continue switch to the Start position.

c) The program will request the operator to turn the computer off, on, and
to restart it,

d) After several restarts lock the Console and remove the AC line plug.

¢) When computer power is restored the program will be restarted without
operator intervention. The teletype bell will be rung three (3) times
each time power is restored.

f) The operator should repeatedly remove and restore power. At each
restoration of power allow 2-3 seconds for possible error messages.

2-3.2.2.11 Exerciser. Load test program (Binary #095-000012) as per paragraph 2-3.2.2.2,
or paragraph 2-3. 2, 2. 3.

a) Set Console switches to 000002 .

b) Momentarily raise the Console %tart/Continue switch to the Start position.

¢) Computer will cycle., Any Halt constitutes error. After one pass raise
Console switches 2 and 3.

d) Turn on TTY punch. Set reader switch to FREE.

e) After TTY starts punching data, place leader in TTY read station.

f) Push START on TTY.

g) Allow computer to cycle for five minutes.

h) Lower Console switches 2 and 3 to terminate teletype test,

This test completes the start-up checkout for the Nova 1200 Computer.

2-3.3 ReRacking

In order to properly repack the Nova 1200 or the Teletype, reverse the procedures
listed in paragraph 2-2. Only strict adherence to the particulars described in each step will

prevent serious damage to each machine during shipment, All retaining hardware and
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packing should be replaced into the original positions within the carton before the units are
shipped. The following special packing considerations must be observed for the Teletype:

a) Make sure (3) hex head screws are replaced in the original position under -
neath the Shipping Pallet.

b) The Console front switches and keyboard must be protected with some form
of resilient packing or extensive damage will occur during shipment.
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SECTION III
OPERATION

3-1 GENERAL

This section identifies and describes all of the manual controls and indicators used
to operate the Nova 1200 Computer. A description of the controls and indicators is also
provided in paragraph 2,7 of the " How to Use the Nova Computers" reference manual.
Figure 3-1 is a drawing of the Nova 1200 operator's Consolé showing the controls and in-

dicators referenced throughout this section.

3-2 CONSOLE CONTROLS
Used in conjunction with a teletypewriter and peripheral devices, the control
console contains all controls necessary to operate the Nova 1200 Computer system. Each

console control is described briefly in the following paragraphs.

3-2,1 Power Switch

The key -operated power switch controls the ac (primary power) input to the Nova 1200
Power Supply. In the OFF position, the ac input line is removed from the power supply.
In the ON position, there is ac power to the power supply and the Computer is operational.
In the LOCK position there is ac power to the power supply and the Computer is operational,
However, all Console Control switches are disabled except for the power switch itself. The
LOCK position allows a program to run without interference from occasional or accidental
" switch diddling" or any bther unscheduled attempts to operate the Computer., However, the
Console Data switches remain operational to allow the operator to supply information to the
program (when requested by the program). It should also be noted that all of the Console in-
dicators remain operational when the power switch is in the LOCK position. The Console key

can only be removed when the power switch is in the LOCK position.

3-2.2 ACO0, AC1, AC2 and AC3 Deposit/Examine Switches

These four switches are used both for depositing data into the corresponding Ac-
cumulator, and examing their contents, The DEPOSIT position of any switch operates in
conjunction with the relative positions of the (16) Console Data switches. Placing any one of
the four AC switches in the DEPOSIT position will load the configuration of the Console Data

3-1
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switches into the specified Accumulator, Placing any one of the four AC switches in the
EXAMINE position will display the contents of the specified Accumulator in the Console
DATA lights,
3-2.3 Reset/Stop Switch

Placing the RESET/STOP switch in the RESET position causes the Nova 1200 to

stop at the end of the current processor cycle. RESET also: clears flags in all I/O
devices, clears Interrupt On, places the processor in supervisor mode, and sets the

clock to line frequency. It should be noted that if the RESET/STOP switch is momentarily
raised immediately after an AC deposit the data will not be allowed to reach the selected

AC even though this data appears in the Console Data display. Pressing the RESET/STOP
switch to the STOP position causes the Nova 1200 to stop before fetching the next instruction.
The address indicators point to the next instruction. If the current instruction contains an
infinitely long indirect addressing chain or there are continuous data channel requests,
pressing STOP will not stop the Computer. Under these conditions it is necessary to
momentarily raise the switch to the RESET position rather than pressing it to the STOP

position,

3-2.4 Start/Continue Switch

Momentarily raising the START/CONTINUE switch to the START position causes
the Nova 1200 to load the address contained in the Console Data switches into PC, light
the FETCH and RUN indicators, and begin normal operation by executing the instruction
at the location specified by the PC. Pressing the START/CONTINUE switch to the CON-
TINUE position causes the Nova 1200 to turn on the RUN indicator and begin normal operation
in the state indicated by the (five) indicators on the right-hand side of the Console (i.e., RUN,
ION, FETCH, etc.) It should be noted that instruction stepping can be performed by
momentarily raising the START/CONTINUE switch to the position while pressing the RESET/
STOP switch to the STOP position.
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3-2.5 Deposit/Deposit Next

Momentarily raising the switch to the DEPOSIT position will deposit the
contents of the Console Data switches into the memory location specified by the address
lights. Upon completion of the deposit the Console Data lights will display the word deposited.
Pressing the switch to the DEPOSIT NEXT position will add 1 to the PC address displayed in
the address lights and deposit the contents of the Console Data switches into the memory
location specified by the incremented address. Upon completion of the deposit next the
Console Data lights will display the word deposited. This switch is generally used in con-
junction with thec EXAMINE /EXAMINE NEXT switch. See paragraph below for an example
switching sequence utilizing both switches.

3-2.6 Examinc/Examine Next Switch

Momentarily raising the switch to the EXAMINE position will load the address
contained in the Console Data switches into PC (which is displayed in the address lights)
and display the contents of the addressed location in the Console Data lights. Pressing the
switch to the EXAMINE NEXT position will add 1 to the PC address displayed in the address
lights and display the contents of the location specified by the incremented address in the
Console Data lights. The DEPOSIT/DEPOSIT NEXT, EXAMINE /EXAMINE NEXT switches
can be used for a sequence of operations on consecutive memory locations. The sequence
must begin with EXAMINE to supply the initial address unless PC already points to the
right location. Suppose the Console Data switches are set to octal 100 initially. Then the

following sequence of switch settings produces the effects listed.

EXAMINE Display location 100,
EXAMINE NEXT Display location 101.
EXAMINE NEXT Display location 102,
DEPOSIT Load Data switches into 102.
EXAMINE NEXT Display location 103.
DEPOSIT Load Data switches into 103.
DEPOSIT NEXT Load Data switches into 104.
EXAMINE NEXT Display location 105.

It should be noted that the EXAMINE position can be used to load the PC for beginning any
single step procedure.

3-2.7 Memory Step/Inst Step Switch

Momentarily raising the switch to the MEMORY STEP position will perform a single processo.
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cycle in the state indicated by the Operational indicators and then stop. Upon completion
the Operational indicators will point to the next Operational state to be executed., The ad-
dress lights will display the contents of the PC, the data lights will display the data fetched
from the last memory location accessed. Using the AC switches between memory steps with-
in an instruction usually destroys information (in the Accumulator) necessary for the execution
of the rest of the instruction. To use the various examine and deposit switches between in-
struction steps, simply remember what PC is and restore it before continuing.

Pressing the switch to the INST STEP position will begin operation in the state
indicated by the lights but then stop as though STOP had been pressed at the same time.
If the stop occurs at the end of an instruction, the data displayed by the data lights depends

on the instruction as follows.

LDA, STA Operand
ISz, DSz Operand
JMP Direct— Instruction
JSR Direct— Instruction
Indirect— Effective Address
Arithmetic and logical Instruction
. In /Out , Data

Note that the AC switches can be used between instruction steps without requiring any readjust-

ment,

3-2,8 Program Load Switch

The PROGRAM LOAD option for the Nova 1200 will deposit the contents of the
bootstrap read-only memory into locations 0-37, light the RUN indicator and begin normal

operation at location 0.

3-3 CONSOLE INDICATORS

The Console indicators are composed of two (register driven) indicator strings and
five individual (flip-flop driven) function indicators. The two indicator strings are displays
for the ADDRESS (or present contents of the PC), and the DATA content of a memory location
or an Accumulator. The five function indicators indicate the operation state of the Processor,

A brief description of each display is presented in the following paragraphs.

3-3.1 Address Display

This section of the Console displays the present contents of the PC. When
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performing an EXAMINE, this display should be identical to the Address configuration set

into the Console Data switches.

3-3.2 Data Display

This section of the Console can display either the contents of any one of the four
Accumulators, or display the vcontents of a memory location, For example, during an
EXAMINE, the selected (by the Console Data switches) address will be displayed by the
ADDRESS indicators, and the contents of the selected memory location will appear in the

DATA display.

3-3.3 Operational Indicators

When any indicator is lit the associated flip-flop is in the 1 state verifying that
the associated function is true. A few indicators display useful information while the proces-
sor is running, but most change too frequently and are therefore discussed in terms of the
information they display when the processor has stopped. Each functional indicator is
listed below with its indicative interpretation.
RUN The processor is in normal operation with one instruction
following another. When the light goes off, the Computer stops.

ION The program interrupt is enabled (this is the Interrupt On flag).

FETCH The next processor cycle will be used to fetch an instruction
from memory,

DEFER The next processor cycle will be used to fetch an address word
in an indirectly addressed memory reference instruction.

EXECUTE The next processor cycle will be used to reference memory for
an operand in a move data or modify memory instruction.
FETCH, DEFER, and EXECUTE are the state indicators: they specify the state (the type
of cycle) the processor will enter if operations are continued by pressing the CONTINUE or
MEMORY STEP switch. At the most, only one indicator is lit at any one time., Unless
otherwise indicated, use of any operating switch leaves the processor ready to enter the

fetch state,
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SECTION IV
THEORY OF OPERATION

4-1 INTRODUCTION

This section contains detailed information describing the functional relation -
ships of the major logic sections comprising the Nova 1200 Computer. This section is
essentially a continuation of the general function description Nova 1200 architecture
provided in paragraph 1-2 of this manual. It is pointed out here that this text is intended
to familiarize personnel with the functional operation of the major Processor logic sections,
hence, the descriptions presented in this section are designed to provide basic conceptual
information concerning the operation of the Nova 1200. In this regard it is suggested that
Figure 1-1 (Nova 1200 Detailed Functional Block Diagram) be referenced along with the
appropriate logic diagrams (bound in Section VII of this manual under separate cover) while
reviewing the descriptions of this section,

The Integrated Circuits of the Nova 1200 are operationally synchronized with
the CPU Clock (CLK) signal. The clock timing is arranged such that when the required en-
abling signals are present simultaneously with the negative -going edge of the CPU CLK signal,
the corresponding logical operation will occur. Detailed information concerning the pin
nomenclature and the signal requirements of the IC packages is provided in Appendix A

of this manual. Signal origins for the Nova 1200 are listed in Appendix B.

4-2 DETAILED FUNCTIONAL DESCRIPTION

The discussion presented herein will consider the operation of the major logic
sections of the Nova 1200 relative to the Console, CPU Operation, Basic Timing, Data Paths,
Instruction Overlap, Instruction Timing Examples, Memory, and Power Supply. The draw-
ing numbers of the logic diagrams of the major logic sections are listed below with their

titles as a convenient reference.

NOVA 800 & 1200 CONSOLE 001-000089
CPU NOVA 1200 001-000088
Clock, Key Logic, AC & Memory Timing

I/0 Logic (Sheet 1 of 4)
IR, MBC, and Major States, AC and Adder

Controls (Sheet 2 of 4)
Register Controls, Skip, Carry, EFA and

Stop Logic (Sheet 3 of 4)
AC's Adder, PC, ACB and MBO registers (Sheet 4 of 4)
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4K MEMORY 001-000103

MA & MB Register & Control (Sheet 1 of 4)
Sense & Inhibit (Sheet 2 of 4)
X Drivers (Sheet 3 of 4)
Y Drivers (Sheet 4 of 4)

4-2,1 Console
The Nova 1200 Console contains the four following functional sections; the Power
switch, the Console Display, the Console Data switches, and the Console Control switches,

The functional operation of each section is described in the following discussion,

4-2.1.1 Console Power Switch. Power is applied to the Nova 1200 by turning the Console

key to the ON position. As shown on the Console logic diagram, setting the key to the ON
position switches 115 VAC into the Nova 1200 power supply. After power has been turned on,
the power supply produces the + and - 5 volt logic power along with the + VMEM voltage for
the memory. The power supply contains precision differential circuitry which monitors the
+ 5 volt and + VMEM voltage outputs, These circuits will produce a + 5 (volt) O, K. logic
signal to indicate the + 5 output level is correct and a MEM O. K. logic signal to indicate the
+ VMEM voltage level is correct, The power supply also contains a Power Failure (mi_
monitor circuit which is used in conjunction with the Power Monitor and Auto-restart option.
The full -wave lamp voltage + Vlamp is also produced in the power supply. The + 5 O.K.
and MEM O. K. lines carry power status signals from the power supply to the CPU,

When power is first turned on, the + 5 O.K. line provides a positive transition
(to approximately + 5 volts) as the + 5 volt output rises to its proper level. This positive
transition is gated into a differentiating capacitor to produce a pulse which in turn drives the
RESET and PRESET gates. RESET and PRESET initializes the control logic of the Nova 1200
in preparation for operation, It will be noted (on the Console Logic diagram) that the RST

(Reset) line from the Console is OR gated with the + 5 O.K. line from the power supply. Since

RST becomes low when the Console Reset switch is actuated, the positive -going trailing edge

(caused by releasing the switch) of RST is differentiated to generate the RESET and PRESET

signals, Hence, the Console Reset switch may also be actuated to initialize the Nova 1200,

The enabled output from the RST/+ 5 O.K. OR gate also enables an inverter which in turn
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enables another OR gate, This second OR gate also monitors the MEM O. K. and HALT
lines. The enabled output from the second OR gate disables the RUN set gate controlling
the input to the RUN flip-flop stage (of the KEY, RUN, DCH, and KEYM 4 Bit Discretes
register).

It should be noted that the Nova 1200 CPU logic utilizes approximately 6 of these
4 Bit Discretes Registers to store discrete information defining the operational state of the
processor. In each case each flip-flop stage can be set or reset independent of the state of
any other flip-flop stage in the register. Further, conditions for either setting or resetting
any stage is set up by decision gates at the stage input prior to the coincident arrival of a
"load strobe' pulse together with the register clock pulse. At this time the output logic
levels presented by the gates driving the input to each stage are latched into the register,
with relatching occurring on each load and clock pulse combination. It is noted further that
some of the 4 Bit Discrete Registers are also connected to perform right shift functions.
Under these conditions a logical bit loaded into the DS input of the register will be shifted
right on each clock with the Shift input enabled.

Therefore, on the next coincident occurrence of the PTG5 and MEM CLK pulses
a zero will be loaded into the RUN stage of the register. Essentially this gating path will
reset the RUN stage of the 4 Bit Discretes register if either a low RST, + 5 O.K, MEM O.K.,

or HALT signal occurs, If all of these signals are in the high state, this gating path for set-
ting the RUN flip-flop is satisfied. However, another gating path driven by selected Console
logic functions is ANDed with the path described above to determine when the RUN flip -flop

is to be set.

However, to return to the discussion concerning the PRESET and RESET functions,
RESET also drives the Master Reset (MR) input of the previously described Discretes 4 Bit
Register and unconditionally clears all of the outputs including RUN to the zero state. Hence,
the main reason Reset (—PTS—’_I‘—) is a bi-functional (i.e., clears RUN and then generates RESET
and PRESET on the zero-to-one transition) is to allow the processor to stop synchronously
with the completion of the last instruction, thereby allowing the program to be continued from
the last instruction when the processor is started again. It should be noted that since there
is contact bounce in the switch - the PRESET action will occur before the switch is released

but after the attempted synchronous stop.
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4-2,1.2 Console Display. The Console displays two sets of data, address and memory

data, along with data concerning the state of the machine. The address lights are driven
from the MBO register in the CPU, and display the next address to be referenced when the
machine is stopped. When the machine is running the address display is essentially mean-
ingless and should be ignored. This is due to the fact that the MBO is continually shifting
during machine operation. The data lights display the contents of the MB register of the
memory that happens to be selected at the time. The lights are driven directly off the Mem -
ory bus. The states of the Carry, Run, Ion, Fetch, Defer, and Execute flip-flops are also
displayed., All signals displayed on the Console are asserted negative. A non-inverting cur-
rent driver is used to drive the lamps. In order to increase lamp brilliance, the usual cur-
rent limiting resistor was not used in series with the lamps, but rather a parallel resistance
was used., This provides a continuous flow of about ten milliamperes through the lamp which

keeps the filament hot and eliminates large surge currents when the lamp is turned on.

4-2,1,3 Console Data Switches. The Data switches are tied directly to the Memory bus.

The non-inverting buffers have open-collector (OC) type outputs and are normally in the

off state., During Console operations the READS (DIA-, CPU) instruction causes the CON DAT..
line to be switched low, thereby causing all buffer outputs to go low. Those switches which

are closed, designating a ' one', will put low levels on the bus, At this time all memories are

disconnected from the bus by INH TRANS.

4-2,1.4 Console Control Switches, All pull-up resistors on the Control switches, with the

exceptions of STOP and RESTART, are connected to a common node, This node is connected
to the base of Q1. (See the Nova 800 & 1200 Console Drawing #001-000089.) The circuit
formed by Q1 and related Components performs two functions: 1)} it senses current flowing
through any of the pull-up resistors, and 2) it provides a delay of about 25 milliseconds

from the time the switch is first actuated to the time mis asserted low. This delay
guarantees that all switch bounce has subsided before the CPU attempts to perform the function
requested, m must switch cleanly for proper operation. For example, bouncing on the
leading edge of this signal may cause several EXAMINE NEXT operations to be done during

a single actuation of the EXAMINE NEXT switch. The CPU, upon receiving the CON RQ
signal drops the CON INST line. This allows the control switches to be connected to the

Memory bus through OC-gates Ul and U2. Several switches may be ORed into one gate.
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Also, for manual functions, the Memory bus is asserted positive, For example, if

switch ACDP2 is actuated MEMO, MEM1, MEM4, MEMS5 would go high. All other bits

driven by Ul and U2 would go low. Bits 8 through 15 would also be high, but they are
not used to encode the Console functions. Reset, Stop, Memory Step, Instruction Step,
and Program Load are not encoded into the Memory bits, but rather unique lines are

generated which define these functions.

4-2,2 CPU Operation

The CPU is organized around eight hardware registers, a shift buffer, (ACB),
a program counter (PC), a CPU interface register (MBO), an instruction register (IR
and MBC), and four accumulators, These eight registers are all 16 bits in length except
for the PC which is 15 bits. All internal data paths are four bits wide. Consequently,
it takes four separate operations to perform an add, or a register -to-register transfer,
The overall speed of the machine is increased by allowing the CPU to perform several
operations concurrently. This concurrency may be classified as either Nibble Overlap,
in which several different four bit bytes (nibbles) are being operated on simultaneously, or
as Instruction Overlap, in which the fetching of an instruction from memory is being per -
formed simultaneously with the exception of the previous instruction.

It is important at this point to describe the function of each hardware register

relative to the operation of the CPU,

4-2,2.1 Program Counter (PC), The 15 bit address of the next instruction to be fetched is

held in the PC, During the fetch of an instruction, the PC is incremented by one causing
it to point to the next sequential instruction, Certain instructions can change the contents

of the PC. The PC consists of one chip, which is a 16 bit latch.

4-2.2.2 Instruction Register (IR and MBC). The Instruction Register stores the instruction

currently being executed. The CPU decodes the data held in the Instruction Register in
order to perform the instruction. The register is organized into two parts, the IR and
the MBC. The IR consists of the eight high order bits, and the MBC of the eight low order
bits. During an effective address calculation, the MBC contains the displacement and

shifts through the source multiplexer into the Adder. The IR bits are not shifted at this time.
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4-2,2,3 CPU Interface Register (MBO). The MBO is used in virtually every operation the

CPU performs, It acts as a parallel-to-serial converter for data flowing into the machine
from the MEM bus. The 16 bit data is loaded from the MEM bus into the MBO in parallel,
after which the MBO shifts the data out, four bits at a time, into some other part of the
machine. Conversely, data is shifted into the MBO from the Adder four bits at a time to

be loaded into a Memory from the MBO bus, During effective address calculations, the

MBO holds the present address used in relative addressing, During memory modify opera-
tions (such as 1SZ) data is loaded into the MBO from Memory. The MBO then recirculates
the data through the Adder back into the MBO, in the process modifying it. The modified data
is then loaded from the MBO back into memory.

4-2,2.4 Shift Buffer (ACB). All data to be loaded into the Accumulators are passed through

the ACB. The primary reason for this is that it is necessary to completely assemble the
results from an ALC instruction before those results can be loaded back into the Destination
Accumulator, This is due to the shifting and byte-swap operations incorporated in these in-
structions.

4-2,2,5 Accumulators. The accumulators and the PC are the only program accessible

registers in the CPU. The accumulators may be logically and arithmetically manipulated
under program control. All four accumulators are contained in a single 64 bit IC chip.

During certain ALC operations it is desirable to be able to access two accumulators
simultaneously. This is done by using two sets of accumulators, both sets containing identical
data, For example, during an ADD, the source accumulator is fetched from one IC chip, and
the destination accumulator from the other IC chip. Both accumulator chips are loaded at the
same time from the same data.

4-2,3 Basic Timing

Basic CPU Timing may be grouped into three distinct levels, Major State cycles,
TS cycles, and PTG cycles. Basically Major State cycles define what type of memory function
is under way. The designated Major State of the machine is set at the beginning of each mem -
ory cycle, and remains set throughout that memory cycle, There are eight Major States,
Fetch, Defer, Execute, PI, DCH Key, Keym, and a "dummy' state in which none of the
other states are set, The Flow Charts (DGC Drawing #001-000106) detail the function of

each Major State. In brief these functions are defined as follows:
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a) Fetch set when the next word to be read from memory is to be treated
as an instruction.

b) Defer set when the next word from memory is to be treated as the address
of an operand or instruction, i.e., during indirect addressing.

c) Execute set when the next word from memory is to be treated as an operand.
Programmed I/O operations also set Execute, but the memory is not allowed
to run.

d) PI set during a program interrupt during which the program counter is stored
at memory location 0. PI forces three conditions to occur; the next address
to be 1, the next Major State to be Defer, and a "JMP" instruction to be
loaded into the instruction register. Location 1 contains the address of the
interrupt service routine. Location O contains the particular address at
which the program was interrupted.

e) DCH set when the next memory cycle is to be a direct transfer between an
I/0 device and Memory.

f) Key set when a manual function is being requested from the Console. During
Key, either all or part of the manual function is performed. The memory is
not allowed to run during the Key cycle,

g) Keym set when the manual function requires a memory cycle, such as
Examine or Program Load.

h) "Dummy" State set only when a machine stop is pending and the current
instruction requires the skip conditions to be interrogated. During this
state the machine increments the PC if the skip is successful in order that
the address lights reflect the true next address.

The CPU uses two 150 ns. clocks, CPU clock and MEM clock. These two

clocks are of the same phase, the only difference being that the CPU clock is gated, whereas

MEM clock runs all the time, Three signals gate CPU clock, RUN, STUTTER, and WHOA.

RUN simply stops the machine, STUTTER inhibits the clock for one clock cycle, allowing

time for instruction decoding, and also allowing the ACTG signals to be clocked by the MEM
clock, WHOA is used by certain options which temporarily slow the processor down. It should
be noted that the memory timing generator continues to completion of either a Read or an Inhibit
operation without CPU clock, as it is driven off MEM clock. All control flip-flops and registers
in the machine are driven from one of the two clocks. All changes of state occur on the negative -
going edge of the clock. The timing signals discussed above do not change the state of a flip-flop
or register, but act to enable the device to change on the next negative -going edge of the CPU

or MEM clock.
4-7
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The TS levels are four clock cycles in length, and may be thought of as the time required

to transfer a 16 bit word, at the rate of four bits per clock cycle, between two CPU registers.
Each Major State consists of at least two TS levels, TS0 and TS3. TS0 occurs during the
first half of the Major State, and TS3 during the second half. In fact, TSO and TS3 are
complementary, if the machine is not in TSO it must be in TS3, and vice-versa. Certain
operations require more time to be available in a Major State cycle than is provided by the
two TS cycles. In this instance, a flip-flop, called Loop is set and forces the present TS
cycle to repeat thereby providing the Major State with three TS time intervals. During TS0
the data is fetched from the memory and loaded into the MBO. At this point Loop is set and
TSO is repeated. The data in the MBO is shifted through the Adder undergoing some type

of modification at this time, Finally, TS3 is set and the data is transferred from the MBO
to the Memory and re-written. Individual clock cycles are designated by the Processor
Timing Generator (PTG) levels. The levels are asserted for one clock period (150 ns. ) only.
PTG levels define the first and last clock periods during TS cycles. PTG2 is the last clock
interval during TSO, and PTGS is the last during TS3. PTG=0-TS0 is the first clock interval
in TSO, and PTG=0-TS3 the first is TS3. Two typical uses for these signals are as follows
the least significant four bit nibble of the word is passed through the Adder at PTG=0 TS0
time, hence a 1 is also added to the Adder at PTG=0-TSO0 time to increment the word being
transferred. PTG5, as another example, is used to enable the Major State flip -flops.
Consequently, the Major States can change state only on the clock associated with PTGS5.
Four other timing signals are also important. These are PTGO, PTG1, ACTGO and ACTGI.
PTGO and PTG1 are generated by a two bit ring counter which makes a cycle once every time
state, i.e., every four clocks. It is from these two signals that the other PTG signals are
decoded, PTG2, PTG5, etc. PTGO is set during the two middle clock cycles of a time state,
and PTG1 is set during the last two clock cycles of the time state. The two ACTG signals
are used only to drive the two accumulator chips, They differ from the PTG signals only in
that they can be set to be exactly one clock cycle ahead of the PTG signals. This is necessary
because of the level of buffering (provided by the D Buffer and S Buffer) which accumulator

data must pass.
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4-2,4 Data Paths

As mentioned earlier, all memory and I1/O data flowing to and from the CPU passes
through the MBO Register. Instructions may be loaded directly from the MEM bus into the
Instruction Register. All data transfers in the CPU take place in (4) four bit "nibbles." The
destination AC and the source AC each drive a four bit buffer register. These buffers allow
a nibble to be processed through the Adder concurrently with the fetch of the next nibble to be
processed from the ACD and ACS chips. This saves time. Both the ACD (destination éc-
cumulator) and ACS (Source Accumulator) IC chips, as described earlier, each contain 64
flip-flops which are organized into four 16 bit accumulator registers. Both the ACD and ACS
chips are loaded with the same data to facilitate "nibble" transfers through the Adder. For
example, assume ACS and ACD are loaded and an add AC2 to AC1 (where ACI is the destination
accumulator) would cause a four bit nibble from ACI1 to be passed through the Adder (and its
associated buffer and multiplexer logic) with a four bit nibble from AC2. The four bit sum
output from the Adder is then shifted into the ACB register. This path from ACS and ACD
chips through the (buffers and multiplexer and the) Adder into the ACB register is traversed
by the next three 4 bit nibbles from each accumulator, Data shifting in the ACB continues and
the four serial outputs from the ACB are loaded through the (ACD, ACS) accumulator input
multiplexer back into both the ACD and ACS chips at the beginning of the next fetch, The
ALC ADD is described in greater detail in paragraph 4-2.4.2. The typical time needed to
access an accumulator from one of the AC chips is 100 ns. The typical time needed to move
a nibble through the multiplexer, the Adder, and load a register is 100 ns. The buffers allow
these two operations to overlap so that they occur simultaneously. Instead of 200 ns being
required to process a nibble, only 100 ns is with several different things happening during
that 100 ns, Of course, the Adder is idle while the first nibble is being loaded into the buffer,
which occurs during STUTTER as discussed in the previous TIMING section. Probably the
easiest way to explain data flow is to go through a couple of representative instructions. Refer
to the Block Diagram on Figure 1-1. The discussion will describe the. flow mechanisms for the

JMP and an ALC ADD instructions.
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4-2.4.1 JMP Data Flow. The instruction starts at FETCH* TSO. During the first clock

interval the MBO and the PC contain the present address. During TSO the PC is incremented
by shifting the MBO through the destination multiplexer, the Adder, and into the PC. The ACB
is also being loaded with the same data. The MBO, rather than receiving Adder data, shifts
back into itself through its input multiplexer, It is necessary for the MBO to contain the
present address throughout the FETCH cycle in case an instruction calls for relative address -
ing. At the end of TSO the instruction is loaded from Memory into the Instruction Register,
An effective address calculation is now called for. This requires adding a signed displace -
ment, contained in the MBC portion of the Instruction regiéter, to a base address. The
displacement is gated through the source multiplexer into the Adder. The base address may
be zero, for page zero addressing, in which case the destination multiplexer is disabled, pro-
ducing zeroes at the Adder. It may be the present address which requires the MBO to be gated
through the destination multiplexer into the Adder, or it may be AC2 or AC3, causing the
destination multiplexer to look at its other input. As the calculation proceeds, the sum is
loaded into the MBO through its input multiplexer. Since the instruction is a JMP the PC

is also loaded with these results. Consequently, at the end of FETCH +TS3 the MBO is ready

to transfer the next instruction address to Memory,

4-2.4.2 ALC ADD Data Flow. The ALC ADD instruction data flow was described briefly above,

however, the FETCH-TSO0 portion of this instruction, as with all instructions, is identical to

the JMP instruction just described. Immediately after loading the Instruction Register at the

end of TS0, the CPU clock is inhibited for one clock cycle. At this time the low-order

nibble of each referenced accumulator is loaded into its respective buffer. The CPU clock

starts again, and those first nibbles are gated through the multiplexers, into the Adder, and

finally into the ACB. During the addition of this first nibble, the second nibbles are being

fetched from the AC chips and are loaded into the buffers at the end of the clock interval.

This continues until four nibbles have been added and loaded into the ACB. In the meantime,

it is necessary to get the next address, contained in the PC, into the MBO. This is done by en-

abling the outputs of the PC (open-collector) onto the output lines from the MBO multiplexer

(which are feeding the four MBO shift inputs). Since the instruction is not a JMP or JSR, the

PC is not modified. At the end of FETCH*TS3 the ACB contains the results of the addition, and

the MBO contains the next address. The machine now starts another FETCH cycle. During the

TSO portion of this cycle the ACB is shifted, through the multiplexer /shifter, into both AC chips.
4-10
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If the No-Load bit was set, the ACB would still shift through the multiplexer /shifter, but
the AC chips would not be loaded. It is at the output of the multiplexer /shifter that the
result is checked for a skip condition. At this time the MBO is being shifted through the
Adder in order to increment the PC as previously discussed.

4-2.4,3 Mechanisms of Nibble Flow

As mentioned several times previously, the CPU handles data in four bit " Nibbles. "
When transferring data from one register to another, the lower order bits are always
transferred first. The first clock interval would transfer bits 12-15, the second 8-11,
the third 4-7, and the fourth 0-3. If an operation is to be performed upon a word, two
things must be specified, the bit position inside the Nibble, and which Nibble is to be
acted upon. For example, if it is desired to increment a word, such as during FETCH TS0
time when the MBO is incremented, a carry is inserted into the low order bit of the Adder
during the first clock interval, PTG=0-TS0, causing one to be added to that first Nibble.
If a carry resulted from that first addition, it is stored in a flip-flop for the next clock
interval where it is inserted into the Adder as a carry into the low order bit, This
continues until all four Nibbles have passed through the Adder. The JSR is another example.
During JSR it is necessary to force bit 0 to be zero as it is stored into AC3. A gate in the
high order position of the Nibble forces the output of the multiplexer /shifter gate high
(to load zero) during JSR and the fourth clock interval during the time state in which the
PC is being loaded into AC3.

4-2,5 Instruction Overlap

Several instructions lend themselves to what may be called, Instruction Overlapping,
or the execution of one instruction concurrently with the fetch of the next instruction. In
the Nova 1200 the entire instruction execution is not overlapped with the next fetch, but
rather only a portion of that execution. For example, during an ALC instruction the CPU
operates upon the accumulator(s) and loads the result into the ACB register while the memory
is rewriting the instruction into memory. Only the transfer from the ACB into the ac-
cumulators is overlapped with the next FETCH. The next major state need not necessarily
be FETCH, but could be PI, DCH, or even KEY if the machine was stopped after the ALC
and then restarted. Other instructions which overlap the loading of an accumulator with the
next Major State are LDA, JSR, IO input, and the manual function ACDP. In fact, any operation

which loads an accumulator is overlapped with the next major state. Another operation that is
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overlapped with the next Major State is the interrogation of skip conditions for ALC and
ISZ/DS7Z instructions. The results of these instructions are loaded into the ACB, which
during TSO of the next Major State shifts through the multiplexer/shifter after which the

data may or may not be loaded into the accumulators. The output of the multiplexer/shifter

is checked for all zeroes which may or may not fulfill the skip conditions. If the skip conditions
are met, the SKIP flip-flop is set atthe end of TSO.If the next Major State was FETCH, the
execution of that instruction is inhibited, effectively skipping it, even though it was fetched
from memory and loaded into the instruction register. If the next Major State is PI, the PC

~ that is loaded into address zero is incremented to reflect the skip before it is stored., If the
next state is DCH and the SKIP flip-flop is left in the set 'state, appropriate action will be taken
on the next FETCH or PI cycle. If the machine is about to be stopped from the Console by
STOP, ISTP, or MSTP, a "Dummy State" is entered in which the skip conditions are in-
terrogated, and the PC incremented is required. This is done to permit the address display

of the Console to show the correct next address while the machine is in the stop state. The
disadvantage of overlapping skip interrogation with the next instruction fetch is that the

skip, if performed, requires the time to complete a memory cycle.

4-2,6 Instruction Timing Examples

This paragraph includes 13 timing diagrams which are provided as examples of
machine instruction timing. The sample instruction functions diagrammed are as follows:
Deposit Manual Function, Examine Manual Function, ADD 0, 1, SKP, MOV 0, 0, DSZ, LDA,
STA, JMP @ 100, JSR @ 20, I/O Input, I/O Output, PI, DCH In and DCH Out. It is emphasized
here that these instruction functions were selected as typical sample instructions only to
facilitate the discussions of this Section. The selection of these examples should not be
construed as being representative of the instruction complement of the Nova 1200, or
restrictive in the use of such instructions of programming methods thereof. Several factors
are in common to each timing diagram. The MEM CLOCK signal is 150 nanoseconds in
duration and forms the basic timing source for all instructions. The CPU CLOCK signal is
also 150 nanoseconds in duration and is generated simultaneously with MEM CLOCK except
when the STUTTER or WHOA signals are present. STUTTER or WHOA inhibit the CPU
CLOCK whenever either signal is present, but have no effect on the MEM CLOCK. A brief
discussion of each timing diagram is presented in the following paragraphs.

4-12
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4-2,6,1 Deposit Manual Function. Figure 4-1 is a timing diagram of the Deposit Manual

Function. CON RQ or RESTART going low sets KEY SEEN provided RUN is not set.

KEY SEEN generates PRESET for all manual functions except CONT, ISTP, or MSTP.

KEY SEEN also directly clears the ACTG generator in order that its sequence be syn-
chronized with the PTG generator when the machine starts. KEY SEEN enables the shift
input to U23 causing a one to shift into KEY the first clock transition after it comes up.
Depending upon the state of KEY ENAB another one is shifted into RUN, setting it.

RUN causes KEY SEEN to be cleared and CPU CLOCK to be enabled. Two other signals,
INH TRANS and CON INST come up with KEY. INH TRANS is transmitted to the memory to
allow Memory Buffer data to be gated out onto the MEM bus. CON INST is a function of KEY
being set and LOOP not being set. The CON INST signal (from the zero active level) gates
the Console code for the actuated switch to Instruction Register via MEM lines 0 thru 7.

The CPU CLOCK is inhibited by the STUTTER pulse which allows the contents of the In-
struction Register to be decoded. The LOOP flip-flop is also set at PTG2 time in the KEY
mode. The resetting of the KEY flip-flop occurs simultaneously with the setting of the KEYM
(Key memory cycle) flip-flop on the PTGS pulse (and MEM CLK). CON DATA also becomes true
at this time and from its zero level enables the buffer driven Console switch configuration to
appear on the MEM bus., A basic prerequisite for doing a Deposit is that it must be im-
mediately preceded by an Examine (Core) Key operation. Under these circumstances the
contents of the PC will also reside in the MBO at the end of the Examine KEYM cycle.
Therefore, the contents of the MBO (PC address) is transferred into the MA at the beginning
of the Deposit KEYM cycle. The LOAD MBO signal occurs on PTG2 (with LOOP not set) and
loads the Console switch data into the MBO. A MB LOAD signal transfers the data on MBO
lines O thru 15 into the buffer register of the selected memory.

4-2,6.2 Examine ACI Manual Function. Figure 4-2 is a timing diagram of the Examine

AC1 Manual Function. All of the CON REQ, KEY SEEN, KEY ENAB, KEY, CON INST, and

RUN signals function as in the Examine (Core) or Deposit (Core) Key modes. STUTTER is
reasserted to facilitate decoding the IR after the Console Instruction key code has been loaded
into the IR. When the CPU CLOCK resumes the contents of the selected AC are " Nibbled"

into the buffer register of the selected memory. The .
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outputs of this register places the data back on the MEM O through 15 lines. The signals
on these lines in turn enable the Console lamp buffer -drivers, presenting the data in the
Console data lights. As a note relating to the ACTG generator which controls the passage
of each Nibble through the adder; the ACTG generator is driven by MEM CLOCK and hence
is always counting, regaraless of the state of RUN. During the STUTTER cycle, the PTG
generator is stopped, while the ACTG generator continues to count, This causes the ACTG
generator to be one clock interval ahead of the remainder of the machine. At the end of the
time state, END CYCLE will clear both bits to zero putting both generators in phase again,

4-2,6,3 ADD 0, 1, SKP Instruction. Figure 4-3 is a timing diagram of the ADDO, 1 SKP

instruction. As shown in the diagram MEM CLOCK and CPU CLOCK are already running with
TS0 active at the start of the Fetch. PTG2 and LOAD IR occur on the trailing edge of the
third CPU CLOCK, followed by STUTTER on the trailing edge of the fourth CPU CLOCK,
It will also be noted that a LOAD PC (CPU CLOCK modulated) signal performs a four Nibble
load of the contents of the MBO + 1 into the PC and ACB. As mentioned previously, the MBO
stores the value of the PC as the last MBO operation during the previous instruction. This
allows the PC to point at the next instruction. Another reason for loading the updated PC
into the MBO is to allow the updated address information to be transferred into the MA at
the start of the next instruction Fetch. The contents of the MBO are passed through the
adder and an ADD ONE signal adds one to the LS Nibble to increment the total value. (The
loading of the ACB with the updated PC is simply an offshoot of the automatic mechanism
for routing adder output data and is of no consequence at this time.) A MA LOAD is also
generated at the start of the Fetch cycle. This signal transfers the MBO data (updated PC)
into the MA (as described above).

The instruction (which in this case is ADDO, 1, SKP) appears on MEM lines 0 through
15 and is loaded into the IR by the trailing edge of LOAD IR. As mentioned above LOAD IR
is followed by STUTTER, however the ALC signal comes up on TS3, indicating an Arithmetic/
Logic class instruction is to be decoded. The AC Nibble timing signals, ACTGO and ACTGl
are derived from the MEM CLOCK signal, and hence are not effected by STUTTER's inhibit
of the CPU CLOCK signal. However, the ACTGO and ACTGI generator logic (4 Bit Discretes
register) enable is strobed by TS3. Hence, the trailing edge of the next MEM CLOCK
after TS3 becomes true will produce ACTGO.

The ACTGO and ACTGI signals are phased together to produce the four Nibble enable
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signals, specifically the point where ACTGO and ACTG1 are simultaneously low, loads or

outputs the first Nibble of the Accumulator (selected by the two bit code on the ACS1 SEL and

ACS2 SEL lines in the case of source AC, or ACD3 SEL and ACD4 SEL in the case of destina-
tion AC). The point where ACTGO switches high with ACTG1 still in the low state provides in-
put-output access to the second Nibble of the selected Accumulator. The point further along in
time where ACTGI1 switches high with ACTGO now in the low state provides input-output access
to the third Nibble of the selected Accumulator. The last or fourth Nibble of the selected
Accumulator is accessed at the point where ACTGO and ACTG1 both are in the high state,

The appropriate accumulators are selected by the IR decode and ACS is added with ACD,

the sum of which loads into the ACB. Also at this time the updated contents of the PC are
loaded into the MBO. - A PACK signal is produced on the trailing edge of END CYCLE

allowing the AC's to be"restored from the ACB at the start of the next cycle. (Actually

END CYCLE and the CARRY inhibit signal LOAD CRY are used to set the PACK ﬁip ~flop. )
Concurrent with PACK is the LOAD AC signal which together Nibble loads the contents of the
ACB (sum of the add operation) into the ACD during the next Fetch. It should be noted that
TEST SKIP set on the end of the FETCH cycle is instrumental in setting SKIP on the next Fetch
cycle. The next cycle, in this case a Fetch (assuming no PI or DCH is present) will again
transfer the MBO to the MA and load the ACB into ACD. The MBO will be passed through

the Adder and incremented for loading into the PC as described earlier, However, since
TEST SKIP was set on the end of the previous cycle SKIP will become set at this time.

The updated PC is transferred back into the MBO and a new cycle will be started.

4-2.6.4 MOVO, 0 Instruction. Figure 4-4 is a timing diagram of the MOVO, 0 instruction.
The MBO is parallel transferred to the MA at the beginning of the Fetch cycle and MBO + 1
Nibble transferred to the PC as described above. The IR is loaded and the ALC signal is
produced as described previously. Up to this point the timing for this Fetch and the
timing for the previous Fetch have been the same. The coincidence of bit 5 of the IR

set with the ALC signal generates a positive DISABLE D MULT signal which from this level
inhibits the D Multiplexer section of the Adder input. This causes the four source ACO
Nibbles to be added to zero on the next sequence of ACTGO and ACTGI timing signals to
occur. The sum of the add operation is Nibble loaded into the ACB. The PC is also
Nibble loaded into the MBO as commanded by the PC IN signal. Both operations are
performed concurrently., PACK is set at the conclusion of the Fetch cycle. Assuming

the next cycle is a Fetch at the start of the cycle the MA is paraliel loaded with contents of
4-18
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the MBO (updated PC). Since PACK is set the CPU CLOCK is gated through to modulate the
LOAD AC line to accomplish the four bit Nibble load. PC updating and IR loading continues
the Fetch cycle as described previously.

4-2.6.5 187 and DSZ Instructions. Figure 4-5 is a timing diagram for both the ISZ and the

DS7Z instructions. ISZ and DSZ instructions each require a Fetch cycle and an Execute cycle.
The MA LOAD, LOAD PC, LOAD IR, and STUTTER signals function during the first half of
the Fetch cycle as described previously. EFA becomes active on the trailing edge of END
CYCLE if the instruction code for an I/O instruction (R_/IE_I\Z’ MEM?2 set) or the instruction
code for an ALC (ME-K/I_()), is not present. Hence EFA will automatically become set on
each Fetch at the end of TSO if neither instruction (I/O or ALC) code is present. The EFA
signal Nibble transfers the effective memory address of the instruction from the MBC
section of the IR (MBC8 through MBC15), through the S Multiplexer and the adder into the
MBO register. The D Multiplexer is disable during the addition of the MBC Nibbles by the
DISABLE D MULT signal (disable during TS3 time). This allows the MBC Nibbles to be
added to zero. Hence the total operation is simply a data transfer from the MBC to the
MBO register.

The Execute cycle starts on the active edge of TSO. The MBO data is transferred into
the MA as one of the first Execute operations. The contents of the selected memory location
(just read and stored in the buffer register of the selected memory) are parallel loaded into
the MBO on the next Execute operation. The next operation is to pass the contents of the
MBO through the adder and either ADD ONE (for ISZ) or subtract one (SO for DSZ). Loop is
set concurrent with the start of this operation so that TS0 is extended for four additional
CPU Clocks. It should be noted that EFA is cleared at the start of the Execute cycle so
that the D Multiplexer will no longer be disabled. Therefore, at TSO of the Execute cycle,
if the instruction is a DSZ, SO will become active and add both the D and S Multiplexer out-
puts. Since EFA is not active the outputs from the S Multiplexer will be high (S Multiplexer
inputs will look at the S Buffer outputs at this time, and the S Buffer outputs are shifting 1's).
The effect of this addition is to add a minus one to the MBO data being Nibbled through the D
Multiplexer. If the instruction is an ISZ at TSO (and PTG = 0) of the Execute cycle ADD ONE
will become active. Adder control line SO will not be active at this time, and as a con-
sequence the adder will look at the D Multiplexer outputs only. ADD ONE becomes active
(at PTG = 0 of the TSO) on the fourth Nibble and adds one to the least significant Nibble,

thercby incrementing the value of the MBO data.
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At TS3 time the MBO data is parallel loaded into the buffer register of the selected
memory via the MBO bus lines MBOO through 15. Two other Nibble transfer operations oc-
cur simultaneously with the MBO parallel transfer to the memory buffer register. One
Nibble operation passes the MBO Nibbles through the (D Multiplexer and the) adder, the
sum of which is Nibble loaded into the ACB, It should be noted that since the SO control
line is disabled at this time, the MBO data appears at the adder outputs. The other simul-
taneous Nibble operation transfers the contents of the PC into the MBO. This transfer function
is enabled by the PC IN signal which becomes active at TS3 time with D + E (Defer or
Execute states) SET. The ISZ or DSZ Execute cycle also sets the Test Skip flip-flop stage
of a four bit discrete register. TEST SKIP enables the gating path to the Skip flip-flop for
decision logic defining whether to Skip or not during the next Fetch (PI or DCH) cycle.

Upon the start of the next Fetch (PI or DCH) cycle the ACB is shifted out to the AC's.
(However since PACK is not set this data will not be stored in any accumulator.) The
Shifter Nibble outputs are monitored (by the input gates of a storage flip-flop) for a logic
1 on any input. If a 1 occurs in any Nibble passed through the Shifter, the flip-flop will
become set and remain set for the rest of the ACB data transfer. The set state of the
flip-flop inhibits the gates feeding the J input of the Skip flip-flop so that the Skip flip-
flop remains in the reset state, Conversely, if a logic 1 fails to appear in any Shifter
Nibble, the storage flip-flop will remain reset and thereby enable the Skip flip-flop to
become set. This is the basic mechanism used to determine if the ISZ or DSZ results

are zero. At TS3 time the contents of the PC are loaded into the MBO by another PC IN

signal. (PC IN active in the zero state is generated at TS3 of the Fetch cycle by the fact

that the D + E SET and PC ENAB signals are not present.) The reset side of the Skip flip-
flop provides a low active SKIP signal which inhibits the Defer section of the Major states
4 bit discrete register, SKIP also prevents effective decoding of the IR register during
the present Fetch cycle. No further operations are performed and a new Fetch cycle

will be started on the next TSO.

4-2,6.6 LDA Instruction. Figure 4-6 is a timing diagram for the LDA instruction.

It should be noted that this timing diagram is for a basic LDA instruction only, and

does not include timing for a LDA instruction with indexing provisions. All of the Fetch
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timing signals previously described that appear on this diagram function in the same man-
ner. EFA becomes set at TS3 of the Fetch. The EFA ‘PTGl signal becomes active at PTGl
time and enables the select input of the S Multiplexer to look at MBC input lines 12 through 15.
Since it is TS3 time and if the combination of EFA, IR6, IR7 is present (IR6 and IR7 address
Page O from the high level), a high level DISABLE D MULT signal will be produced which will
disable the D Multiplexer. This causes 0 displacement (from D Multiplexer to be added to

the address data on MBC 12 through 15 (through the S Multiplexer). If Page 0 is not being ad-
dressed the DISABLE D MULT signal will be at the low level to enable the data on the MBO
lines 12 through 15 to be added (through D Multiplexer) to the data on MBC linés 12 through

15 (through the S Multiplexer).

Two additional controls are active in the effective address calculations. Both
functions determine the state of the SO Adder control line, but at different times during
the four Nibble sequence of address calculations. The combination of EFA and PTGI1 are
present in their active states for the first two Nibble additions, This places the SO line
in the high state, adding the MBC displacement data (MBC8-15) to the MBO (PC) data
(MBO8-15). If there is a negative displacement, and Page O is not being addressed, SO
will be held high for the last two addition Nibbles. This function is controlled by the state
of the MBCS8 line, which from the high level indicates a negative displacement and causes
1's to be added (via the MBC inputs to the D Multiplexer) during the last two Nibbles. This
procedure effectively provides Sign Extension (over the eight MSB's) for negative displace-
ment numbers, If the MBCS8 line is low signifying a positive displacement, the SO line will
be allowed to switch low for the last two Nibbles, thereby causing the Adder to simply trans-
fer the eight MSB's of the MBO back into their respective positions within the MBO register,
(If Adder control lines SO-S2 are all low, the Adder will copy the A input to its outputs. The A
inputs in this case is the MBO data which is output by the D Multiplexer.) A truth table for
the Adder S control inputs is provided under the description of the 74181 Integrated Circuit
package located in Appendix A of this manual,

After the effective address has been calculated and stored in the MBO, TS0 initiates
the start of the Execute cycle, The first CPU CLOCK of this cycle parallel loads the ef-
fective address contained in the MBO into the MA, The resultant accessed memory data
loaded into the buffer register of the selected memory is parallel loaded into the MBO via

the MEM bus. The contents of the MBO are then parallel loaded back into the buffer register
4-24
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of the selected memory by the MB LOAD signal. This allows the data just accessed from

memory to be restored to the same location. PACK is set by END CYCLE by virtue of the

fact LDA*E is true signifying the Execute cycle of an LDA instruction, and as mentioned
previously PACK enables the LOAD AC to be modulated by MEM CLK. PACK is active for
eight clock cycles during the first four clocks of which the contents of the MBO are Nibble
loaded into the ACB. The second four clocks allow the contents of the ACB to be Nibble

loaded into the selected AC. This second group of clocks occur at beginning of the next

Fetch, PI or DCH cycle. It should be recalled that the ACTGO and ACTGI are running
continuously as described previously and are present to clock each Nibble into the selected AC,
even though ACTGO and ACTG1 are not shown on the LDA timing diagram.

4-2.6,7 STA Instruction. Figure 4-7 is a timing diagram for the STA instruction. Many of

the timing signals shown on this diagram have been discussed previously. The contents of
the MBO are loaded into the MA at the beginning of the Fetch., The contents of the MBO are
also incrementally updated through the Adder and Nibble loaded into the PC. Since the
instruction Fetched is not an I/O or ALC the EFA flip-flop will be set on END CYCLE.

The effective address is calculated as previously described. The MBO is loaded into the
MA of the selected memory at the start of the Execute cycle, The contents of the selected
AC in the ACD chip are Nibble transferred through the MBO input multiplexer into the MBO.

The accumulator is selected by decode gating of IR bits 3 and 4 which selectively enable the

ACD3 SEL and ACD4 SEL destination accumulator address lines. The MBO input multi-
plexer selects the destination accumulator output lines ACDO through ACD3 for Nibble
loading into MBO. After loading the contents of the MBO are parallel loaded into the buf-
fer register of the selected memory by the MB LOAD signal. The data in this register

is subsequently deposited in the memory location addressed by the MA which was loaded
with the effective address at the start of the Execute cycle., The PC IN signal is active
during TS3 as a parallel operation during the Execute cycle, and allows the contents of PC
to be Nibbled into the MBO (by timing pulses PTGO and PTG1),

4-2,6,8 JMP @ 100 Instruction. Figure 4-8 is a timing diagram for the J]MP @ 100 in-

struction. The JMP @ 100 instruction contains a Fetch cycle followed by a Defer cycle.

The instruction is a program Jump indirect through the contents of memory location 100.
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The instruction first accesses memory at the start of the Fetch in the usual manner.
After the ]MP indirect is decoded, the effective address between the current PC (held

in the MBO) and location 100 is calculated with the new effective address sum being
Nibble loaded into the PC and MBO. At the start of the Defer cycle the MBO is loaded
into the MA (in this case the address data for location 100). The resulting memory data
is loaded into the MBO and the new contents of the MBO are parallel loaded back into the
buffer register of the selected memory while also being Nibble loaded into the PC. The
contents of present MBO will be parallel loaded into the MA at the start of the next Fetch
cycle.

4-2.6.9 JSR @ 20 Instruction. Figure 4-9 is a timing diagram for the JSR @ 20 instruction.

The JSR @ 20 instruction contains a Fetch cycle followed by a Defer cycle. The instruction
is a program jump to a subroutine indirect through the contents of memory location 20 which
is defined as an autoincrement location. The instruction first accesses memory at the
start of the Fetch in the usual manner. After the JSR indirect 20 is decoded, the effective
address between the current PC (held in the MBO) and location 20 is calculated with the
new effective address sum being Nibble loaded into the PC and MBO. At the start of the
Defer cycle the MBO is loaded into the MA (in this case the address data for location 20).
Also at this time the value of the updated PC, calculated during the Fetch cycle and loaded
into the ACB, is Nibble transferred from the ACB into AC3 via the AC input Multiplexer and
Shifter. END CYCLE sets the PACK and WAS JSR flip-flops on the end of the Fetch cycle,
and PACK enables the ACB to be Nibble loaded into AC3. The Memory output data is loaded
into the MBO via the MEM bus.

LOOP is set if the MBO address is one of the autoindexed locations. LOOP is set
as a function of the ADDER TEST control line during the Defer Cycle. ADDER TEST is
controlled by a group of gates (which are synchronously timed with the shifting of the various
MBO Nibbles to mask off certain bits to detect addresses 0020 through 0037), to set LOOP
(via ADDER TEST) thereby commanding an additional 600 nanoseconds for autoincrement-
ing or autodecrementing the index location. The first gate blocks out the first or least
significant Nibble (LSN) at PTGO- TSO time. The second gate is active for all four Nibbles.
This gate requires that Bit 11 of the word must be a logic 1 during the 2nd Nibble (PTG=1*TS0).
For the other three Nibbles (Nibbles 1, 3 & 4) Bit 11 must be a 0. The third gate active at
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PTG2 time blocks out the MSB of the Most Significant Nibble, A flip-flop is also provided to
remember if the 2nd or 3rd Nibble did not meet the gating requirements. Hence at TSO

of the Defer Cycle, if an autoindex address is present the ADDER TEST line will be switched
high and set the LOOP flip-flop.

The contents of the index location (presently held in the MBO are incremented
through the adder and the sum is Nibble loaded into the MBO and the ACB registers. The
MBO is then parallel loaded back into the buffer register of the selected memory while also
being Nibble loaded into the PC. The Memory will write this incremented data back into
the autoindex location. The contents of the present MBO will be parallel loaded into the MA
at the start of the next Fetch cycle.

It is pointed out here that MBO12 SAVE defines autoincrementing, or autodecrement-
ing in any selected indexing operation. MBO8 is loaded into a flip-flop stage of a 4 bit

discretes register at PTG5 time. The output of this stage is identified as MBO12 SAVE.

At load time MBOS8 holds MBO12 effectively loading MBO12 into MBO12 SAVE. If MBOS8 is a

1, MBO12 SAVE will also be a 1, and thereby enable the autoincrement by enabling the ADD
ONE input to the adder, Conversely if MBO8 is a 0, MBO12 SAVE will also be in the 0
state, and thereby enable the autodecrement by switching the SO adder control line to the

high state.
4-2,6.10 1/0 Input Instructions. Figure 4-10 is a timing diagram for the I/0 input

instructions.  All of the timing signals relating to the first half of the Fetch cycle have
been described previously. The 1/0 input timing is differentiated from other timing cycles
by the INPUT, READ [/O, and DATIA, B, C, or I/O SKIP pulses. Each of the three pulses
occur on the trailing edge of the first CPU CLOCK after the STUTTER decode.

The MB LOAD, READ IO, and INH TRANS signals are concerned with moving data
into the MB register in the memory. The leading edge of MB LOAD loads the data on the IO
bus into the MB register. MB LOAD is generated during 1O input instructions at EXECUTE"*
TSO time in order to load the buffer register in the selected memory (MB) with the data on
the 10 bus. | Asserting READ IO causes the multiplexer input to the MB in the memory to
look at the 10 bus, rather than the MBO bus., INH TRANS is used to turn off the MEM bus

drivers in all memories. The INH TRANS function is active when it is desired to place other

data on the MEM bus, as is done during certain Console manual functions or Program Load,
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or when it is necessary to place all zeroes on the bus., Zeroes are loaded into the MBO
in this manner during the last clock interval of a Program Load sequence, and during the
last clock interval of the major state preceding a PI cycle,

The INPUT flip-flop is another important control element which becomes active at
PTG = 0° TS3 time if the combination of IO (F + D) and IR 7 are present. Setting INPUT
enables IR bits IR 5 and IR6 to be decoded to select either the DATIA, DATIB, DATIC or
IO SKIP lines. During the Execute cycle the buffer register in memory is loaded with the
data present on 1/0 Data lines DATAO through DATAI15. This data is in turn transferred
via the MEM bus into the MBO. The contents of the MBO are passed through the adder
the sum of which is loaded into the ACB. Concurrent with this operation the PC is Nibble
loaded into the MBO. On the next Fetch, PI or DCH cycle the contents of the ACB will be
loaded into the selected AC. The ION, STRT, CLR, and IOPLS functions are decoded from
MBC bits 8 and 9' at PTG = 1'TS3 time.
4-2.6.11 1/0 Output Instruction. Figure 4-11 is a timing diagram for the I/O output in-

structions. All of the timing signals relating to the first half of the Fetch cycle have been
described previously. The 1/0 output timing is differentiated from other timing cycles

by the DRIVE 10 DATOA, DATOB, DATOC, STRT, CLR, IOPLS signals. The MB LOAD,
DRIVE 10, and MSignals are concerned with moving data out of the MB register
in the memory. The leading edge of MB LOAD loads the data on the MBO bus into the MB
register. During IO output, it is generated at the first clock interval of EXECUTE in order
to load the MBO into the MB, Switching DRIVE IO low causes the selected memory to place
the contents of its MB onto the IO bus.

After the STUTTER decode the contents of the selected AC is passed through the
adder, the sum of which is loaded into the MBO. As mentioned previously the EFA flip-flop
is not set during an 1/O Fetch, therefore the S Multiplexer is disabled by the EFA* PTGl
signal. The D Multiplexer is enabled by the low level DISABLE D MULT and ACD OUT
signals. The effect of this condition adds the selected AC to zero and stored the sum in
the MBO. The MBO is loaded into the buffer register of the selected memory (MB) at the
start of the Execute cycle and since the DRIVE 10 signal is active, the data is gated directly
from the MB onto the I/0O bus lines DATAO through DATA15. LOOP is also set to allow one
of the 1/0 output strobes (DATOA, DATOB, or DATOC) to be decoded from IR bits 5 and 6
and set up on the appropriate line. The ION, STRT, CLR and IOPLS functions are also
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decoded from MBC bits 8 and 9 at PTG = 1* TS3 time., PC IN provides one of the final
operations of the I/O output Execute cycle by transferring the updated PC into the MBO.

4-2.6,12 Program Interrupt (PI) Cycle. Figure 4-12 is a timing diagram for the PI cycle.

As mentioned previously the MBO is zerc at the start of a PI cycle., The contents of the
MBO are loaded into the MA and the PC is Nibble loaded into the MBO. LOOP is set by

END CYCLE. If the ION flip-flop has been set and an INTR signal is received, the PI stage
of the major states register will become set, starting the PI cycle, The PI output at the low
level clears the ION flip-flop, If TEST SKIP was set during the previous cycle the SKIP
flip-flop will be set and the MBO will be incremented as it passes through the adder.
Conversely if TEST SKIP was not set, the MBO will not be incremented as it passes through
the adder. The contents of the MBO are transferred to the MB and zeroes are shifted into
the IR. The effectively loads a JUMP to location O instruction into the IR. The MBO is set to a
1" at the end of the PI cycle.The MBO is transferred to the MA to access the instruction
in location 1 and the MBO is loaded with the subsequent memory output. The contents of
the MBO are then passed through the adder and Nibble loaded into the PC. The next cycle
will be a Fetch cycle to perform the JUMP operation.

4-2,6.13 DCH IN, DCH OUT Cycles. Figure 4-13 is a timing diagram for the DCHIN,

DCHOUT cycles. The DCHA stage of a four bit discretes register is set by a low level
DCHR signal with either Defer or Execute set. The output from the DCHA stage in turn

sets the DCH stage in another four bit discretes register. Setting DCH initiates the DCH
cycle. The MTG, READ 1, READ 2, and STROBE signals occur on each memory reference
instruction even though they were not shown on previous timing diagrams. RQENB is
coterminous with timing signal MTGI1., At the start of the DCH cycle, the IO address data

is gated into the MA by the READ IO (from the low level). If the DCH operation is an Input
operation, I/0 data will appear on the bus as signalled by READ IO (from the low level), and
written into the MB by the MB LOAD signal on the trailing edge of the fifth MEM CLOCK of
the DCH CYCLE. The contents of the MB is then written into the accessed location by the
INHIBIT signal (from the high level). If the DCH operation is an Output operation, READ IO
will be at the high level causing the MB multiplexer to look at the MBO input lines rather than
the DATA [/0 bus lines. The data originally read out into the MB from the accessed memory
location is placed on the I/0O bus lines DATAO through DATAI15 by a low level DRIVE IO
signal. This output data is strobed by the DCHO signal which is enabled by MTG3* MTG1
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timing signals. It is pointed out that the MBO is loaded from the MB at PTG2 time, hence
with READ IO high (DRIVE IO enabled) the MB load pulse wili be loading the data present
in the MBO into the MB, and since this data is identical to the present contents of the MB,
the contents of the MB will not be changed. Therefore, the INHIBIT signal will rewrite
the original data back into the memory location accessed by the DCH OUT cycle.
4-2.7 Memory

As mentioned previously each 1K, 2K, or 4K block of memory contains a MA
(memory address) register, a MB (memory buffer) register, a set of MEM bus drivers,
a set of 10 bus drivers, and an input multiplexer which allows the MA and the MB registers
to be loaded from either the MBO bus or the 1O bus. MA Bits 1-3 (4K) or 1-4 {2K) determine
which memory is to be selected. (Reference Drawing 001 000103 (sheets 1-4) bound in
Section VII of this manual under separate cover.) Timing signals for memory are generated
in the CPU and are derived from the MTG (Memory Timing Generator) clock signals. MTGO
through MTG3 are gated together in various combinations fo produce the actual memory
control signals. MA bits 4 through 9 control the Y Driver current logic, while MA bits 10
through 15 control the X Driver current logic. The stack sense lines are differentiated to
drive the input gates to the direct set inputs of the MB register. Therefore, with the READ 1
and READ 2 signals present, STROBE A, B, C, and D enable the sense output gates to place
the memory data onto the sense lines SNSO through SNS15. The configuration on these lines
will be unconditionally jam transferred into the MB register. The outputs of the MB drive
both the mthrougll DATAI5 and Wthrough MEMI5 bus gates. The MB is also loaded

(at other times) from its input multiplexer which selects either the /0O Bus DATAO through

DATAL15 lines as an input, or W()Othrough MBO15 as an input. Either source is gated into
the MB by the MB LOAD signal from the CPU. The MA is loaded from the 15 least significant
outputs of the same multiplexer identified as MD1 through MD15. The MA load control
signal, MA LOAD is also produced in the CPU.

As mentioned previously, the memory must be SELECTED in order to operate. Mem-
ory writing requires an INHIBIT signal from the CPU together with a SELECT decode signal.
These signals are gated together to enable the INH GATE A, INH GATE B, and WRITE MEM
signals to be produced. WRITE MEM turns on the memory current logic, while the INH GATE
A and B signals strobe the reset outputs (INHO through INH15) from the MB register into the
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inhibit drivers. The presence of inhibit current in any core winding reduces the coercive
effect of the normal memory current such that the associated core will not become set.
Thus, the data configuration held in the MB will be effectively written into memory via the
inhibit drivers.

4-2.8 Power Supply

Reference Drawing 001-000091 bound into Section VII of this manual (under separate
cover) when reviewing the descriptions presented in this paragraph. Source power for the
power supply may be either standard 117 VAC lines or 220 VAC lines regulated to +20%,

and capable of supplying 325W. Power supply output voltage and currents are as follows:

Voltage MAX. Current Primary Use Remarks
+15v(+vmem) 9A. XY & Inhibit drivers  short-circuit &

in core memory. over-voltage protected.
+1 1V(+Vlamp) 2A. Console lamps full -wave rectified,

non-filtered, non-regulated.

+5v 12A. 1C logic short-circuit &
over -voltage protected.

-5v 1A, Sense Amplifiers Will tolerate ground
in core memory shorts up to 10 sec.
-15v 2A. Not used in basic non-regulated.

machine. Provided
for options and
customer convenience,
The power supply generates four signals which are used by the processor, POWER
FAIL is used by the Power Monitor and Auto-restart options to set a Power Low flag in
the processor causing an interrupt to be generated when the line voltage falls to eighty
percent its nominal value., MEM OK goes low when +Vmem drops to a point the memory
will no longer function reliably, +5 OK goes high when the +5volt output is approx. 4.4 volts.
This edge generates a reset pulse in the processor initializing it at power turn on. 60 Cycle is
a sine wave used by the real-time clock. It may be either 50 or 60 Hertz in frequency,
depending on the’line frequency.
The power supply is composed of five separate, functional parts, +30 VNR

generation, +5 volt regulator, +15 volt regulator, -5 volt regulator and associated
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circuitry, and control signal generation.

4-2.8.1 +30 VNR Generation. +30 VNR is a filtered, non-regulated voltage which is

used by the +15 volt and +5 volt regulators. At nominal line voltages, +30 VNR will be
between 32 volt and 35. 5 volts depending upon the load. The two transformer primaries

are wired in parallel for 117 VAC operation, and in series for 220 VAC operation. The

fan is always wired in parallel with the BLK-BRN primary, causing it to be effectively

wired into an auto-transformer during 220 VAC operation. A maximum of six amperes

may be drawn from the convenience receptacle. The convenience receptacle is switched,
and is protected by the two 10 ampere fuses. Consequently, improper operation of any
device connected to the convenience receptacle may cause power to be lost by the CPU itself.

4-2.8.2 +5 Volt Regulator. A self-oscillating, switching regulator is used to generate

the +5 volt output. (A simplified diagram of the regulator appears in Figure 4-14 below. )
The operation of this type of regulator is described briefly in the following discussions.

A reference voltage is compared with the output voltage. If the output voltage is less

than the reference voltage, a series pass transistor is turned on. The transistor drives

an LC filter. When the pass transistor turns on, the output voltage of the filter rises
linearly until the output voltage equals the reference voltage. At this point the pass
transistor is turned off. The field across the inductor now reverses, allowing the inductor
to recover through the commutating diode. The output current is now drawn from the energy
stored in the LC filter. When the output voltage falls below the reference voltage, the

cycle repeats, The output voltage will be sawtooth waveform, centered around the nom-

inal output voltage.

Reference .
Voltage o— |

Output Voltage

Figure 4-14. +5 Volt Regulator Functional Diagram
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The +5 volt regulator consists of chip U2 and its associated circuitry. U2 contains
circuits which generate a reference voltage, a voltage comparator, and disable circuits
used by the short-circuit protection circuits. The reference voltage at pin 6, nominally
7. 15 volts, is divided down to 5 volts and applied to one input of the comparator at pin 5.
The output voltage is brought directly to the other side at pin 4, When the output voltage
is less than 5. 2 volts approximately, pin 11 will drop to + 6 volts, turning both the pre-
driver, GE D43CS5, and the pass transistor, 2N4399, on. When the output voltage reaches
5.4 volts, the voltage at pin 11 switches to approximately + 30 VNR, turning both transistors
off. The difference in switching points is due to the hysteresis added by returning the col-
lector of the 2N4399 through a 220K resistor to pin 5. The frequency of oscillation will vary
with load. As the load increases, the frequency increases, reaching a maximum of about
25 KHz at full load.

Short-circuit protection is provided by the circuit to the right of the LC filter,

The current flowing through the pass transistor generates a voltage drop across the 0.2 ohm
resistor., The voltage is monitored by the 2N4403 transistor, and when the current rises
above the level defined to be short-circuit current the 2N4403 turns on, applying a positive
level to pin 2 of U2. This forces pin 11 to go high, turning the pass transistor off. This
state is maintained by the 2N4400 transistor which turns on once the 2N4403 turns on, and
holds the base of the 2N4403 negative with respect to its emitter, even after current has
stopped flowing through the pass transistor. The result is that the output voltage drops to
zero and stays there, even after the short is removed. To restore power, AC power should
be turned off, allowing the 2N4400 and 2N4403 to unlatch, and then turned back on again.

Over -voltage protection is provided by an SCR 2N4441. When 4 5 volts rises above ap-
proximately 7.5 volts the SCR turns on, blowing the 15 ampere fuse which removes + 30 VNR
from the regulator.

4-2.8.3 +15 Volt Regulator, The +15 volt regulator differs from the +5 volt regulator in only

two respects. The output voltage, rather than the reference voltage is divided down, before
being applied to the voltage comparator. Secondly, the output voltage is reduced with rising
ambient temperature. This causes the memory currents to be reduced with temperature, which
is necessary to maintain good margins. At 53 degrees centigrade, the output voltage will drop

to +14. 4 volts = 0.1 volts. The short-circuit protection and the over-voltage protection are
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identical to the + 5 volt circuits. Notice though, that rather than using two separate over -
voltage circuits, the two voltages are "OR'ed" into the SCR circuit,

4-2.8.4 -5 Volt Regulator. The -5 volt output is generated using a simple linear regulator.

Since the regulator is essentially an emitter follower with no feedback involved, load
regulation is marginal, Short-circuit protection is provided by a 4 ohm, 5 watt resistor.
Because of the high power dissipation in the resistor during short-circuit conditions, it is
only possible to guarantee shorts of ten seconds or less duration. The -15 volt output is
taken directly from the rectifiers. It will of course change with the line voltage. With

-15 volts and -5 volts under full load, a maximum ripple of . 75 volts can be expected on the
~-15 volt output.

+Vlam
ling lamp current into logic ground, a separate ground is provided between the supply and

is non-filtered and is used only by the console lamps. In order to avoid coup-

the Console along with +V1amp line.

4-2.8.5 Control Signal Generation, Chip Ul monitors power supply voltages to verify that

all voltages are within specified limits, Power for this chip is provided from the +5 volt line.

POWER FAIL will go to ground when + 30 VNR is equal to approximately 23 volts. MEM OK
drops when + 30 VNR is at 21.5 volts. The time between POWER FAIL dropping and MEM OK
dropping is important as this is the time in which the power fail service routine must store
the state of the machine before all power is lost. The machine is forced to halt once MEM
OK has gone low. The guaranteed worst time between the two signals dropping is 3 mil-

liseconds.
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SECTION V
MAINTENANCE

5-1 PERIODIC INSPECTION

The Nova 1200 has few mechanically operational components, hence it re-
quires a negligible amount of mechanical inspection. Any lubrication schedules are
confined to any mechanically operational peripherals used with the Nova 1200, e.g.,
card punch, line printer, tape punch or reader, etc. The Nova 1200 Console switches
should be checked periodically for proper operation and switch spring tension, The
Console indicators of the various displays should also be observed to detect any burned
out indicators. The Static Tests described in paragraph 2-3. 2. 1 of this manual may be
performed to check out the Console controls and indicators.

5-2 PREVENTIVE MAINTENANCE

It should be pointed out that it is impossible to compile a schedule of Preventive
Maintenance routines which will satisfy the requirements of all customer applications.
The routines outlined in this paragraph may be scheduled against two critical factors:
the minimum down-time that can be tolerated by the installation, and the periods of least
activity when these procedures may be performed. Obviously these two factors will vary
from installation to installation, however, the smaller the minimum down-time becomes,
the more frequent preventative maintenance is required, and this must be distributed over
the periods of least activity.

10 devices, because of their general mechanical nature, benefit the most from a
scheduled preventative maintenance program. In addition a certain percentage of malfunctions
can be detected while in the process of occurring., Diagnostic routines should play a major
role in preventive maintenance programs. Suggested items that should be included are as
follows:

a) Diagnostics - Run exerciser daily for a reliability check of the entire system.,
All other diagnostics should be run at least once weekly.
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b) IO devices - Clean daily, removing the dust that normally accumulates as the
device is used, Check for excessive vibration, overheating of bearings, and
signs of excessive mechanical play or wear. Check punch and teletype
for wear and fraying, Empty the punch chad box and remove chad from with-
in the device itself, Clear the type face of the teletype. Look for and remove
excess oil and grease from within the devices.

c) General - Check all power and IO cables for fraying or wear. Check all plugs
and connectors; tighten if necessary. Check the cooling fan in the computer
power supply for proper operation,

d) Lubrication - Following the lubrication schedules as set forth in the 10 device
pamphlets. This requirement is perhaps the most important phase of a pre-
ventive maintenance program,.

5-3 SPECIAL TOOLS AND TEST EQUIPMENT
The following is a list of special tools and test equipment recommended for ef-
ficient maintenance of the Nova 1200.
MULTIMETER SIMPSON MODEL 260
OR EQUIVALENT

OSCILLOSCOPE TEKTRONIX 453
OR EQUIVALENT

LONG LEAD PROBES TEKTRONIX P6010-10X
OR EQUIVALENT

CURRENT PROBE TEKTRONIX P6022
OR EQUIVALENT

EXTENDER BOARD DGC 107-000007 -02
WIRE WRAP TOOL GARDNER DENVER
(24 GAUGE) Model 14AX2

OR EQUIVALENT

IC TEST CLIP MANUFACTURED BY A P INC.
P ainesville, Ohio
(part no, 923700)

SOLDERING IRON WELLER ISOLATED

MODEL W -TCP
OR EQUIVALENT

Rev. 02
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5-4 DIAGNOSTIC PROGRAMS

The Nova 1200 Diagnostics are individual programs which together test all
logical operations of the computer system. Individually the programs test various
logic areas of the computer and I0. The majority of the diagnostic routines are
capable of diagnosing malfunctions down to the logic level. The diagnostics provide
a means of measuring the performance of the system on a repeatable basis. Copies
of the diagnostic tapes as well as individual program documentation are part of the
software package delivered with the Nova 1200. Individual program documentation
provides information as to operating procedures, error interpretation, console switch
settings and logical areas tested. Certain diagnostics are normally part of the daily

and weekly preventive maintenance routines.

NOVA 1200 DIAGNOSTIC PROGRAMS

PROGRAM DESCRIPTION

Address Test Routine to test the memory address
section logic.

Checkerboard 111 Worst case memory noise test, Program
verifies proper operation of sense amps,
inhibit drivers, and memory currents,

Nova 1200 Logic Test Gate by gate test of CPU
Logic (less IO).

Nova 1200 Instruction Timer Routine to test CPU clock logic, prints
instruction times of basic Nova 1200
instruction set.

Exerciser Reliability test - tests CPU logic, TTY
Reader, punch, high speed paper tape
reader, paper tape punch and real time
clock. Halts on error.

Arithmetic Test Exercises the arithmetic and logical
instructions of the Nova computers.

Nova 1200 Teletype Test Gate by gate test of TTY logic, PI system
and IO Bus logic. '
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NOVA 1200 DIAGNOSTIC PROGRAMS (Continued)
PROGRAM DESCRIPTION

Reader /Punch Test Routine to test high speed paper tape
reader and punch.

Real Time Clock Test Routine to test Real Time Clock logic.

Nova 800/1200 Power Shut Down Test Test retention of memory data on power
loss. Tests power monitor auto restart
option,

5-5 TROUBLESHOOTING PHILOSOPHY
Effective trouble shooting is accomplished in a minimum of time by following a
series of logical steps. The ultimate aim is to effectively pinpoint the actual problem using
all information available. Locating the malfunction is then the next logical step. The follow -
ing is a suggested plan for effective casualty analysis:
a) Investigation - record the state of the machine on error occurrence. Look

for obvious symtoms including operator error, loose plugs or connectors,
blown fuses or tripped circuit breaker.

b) Isolation - through the use of diagnostic programs or console trouble shooting
techniques attempt to isolate the malfunction to a particular board.

c¢) Component Isolation - Isolate the faulty component using an oscilloscope and
short diagnostic loops either toggled in at the console or as part of a diagnos -
tic. Selecting the correct external synch is of importance at this point,

d) Replace the faulty component and retest by running the diagnostic that
originally failed,

e) Record for future reference, the symptoms, cause, unique trouble shooting
method/s used to isolate the malfunction.

5-5.1 Memory

Address decoding and data word transfer failures are the types of memory malfunctions
most frequently encountered. The inability to store or fetch a word from or into a selected
core location is usually an indication of the former while storing or fetching a word which is
modified by one or two bits is an indication of the latter. Address test and checkerboard

are memory diagnostics designed to verify memory reliability. The two programs will
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detect and, in most cases, identify the cause of a malfunction. Address test is primarily
intended to test address selection logic and verifies the ability to uniquely address all core
locations. Checkerboard is a worst case noise test designed to detect the picking up or
dropping of bits in a data word transfer. In the case of intermittent failures it may be
desirable to revert to console troubleshooting, utilizing short closed loop routines which
are toggled in. Programs such as the one illustrated below are valuable in resolving
failures.

SAMPLE DIAGNOSTIC LOOP PROCEDURE

1. Deposit data word in AC2
2. Deposit program in core
3. Start - Program halts - Load address in console switches and continue

LoC

0000 063077 DOC 0, CPU :Halt Inst,

0001 060477 DIA 1, CPU :Reads Switches
0002 044011 STA 1, 11 :Store Addr
0003 052011 STA 2, @ 11 :Data to Addr
0004 000001 JMP. -3 :Loop

Note: The address can be varied by changing the contents of the console switches.
The above routine will store the contents of AC2 (Data word) into the address in AC1, It is
uscful in monitoring Read/Write currents and the Inhibit current. Current loops are provided
on the memory assembly to facilitate the use of a suitable current probe (Tektronix P6022
or equivalent) for current measurements. However, only one current loop is provided
for measuring the Inhibit current. The physical locations of the Read/Write and Inhibit
Current loops on the memory assembly may be referenced in Section VI of this manual,
the Ilustrated Parts [ ist for the Nova 1200 (under separate cover.) The Nova 1200
power supply is considered a factory repairable unit only, and if the memory currents
measured differ extensively from the values listed in Table 1-2 notify Data General
Field Service.

Maintenance other than lubrication, minor adjustments and part changes should be

performed by DGC personnel or respective manufacturer representatives. Lubrication
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should be performed in accordance with the appropriate manual listed below:

Applicable Manuals

Teletype - Technical Manual
33 Teletype writer sets
Bulletin 310B Volume I

Technical Manual
33 Teletype writer sets
Bulletin 310B Volume II

33 Page Printer set
ASR, KSR and RO
Parts

Bulletin 1184B

High Speed Punch - Technical Manual
High Speed Tape Punch set
(BRPE)
Bulletin 215B

High Speed Tape Punch set
(BRPE)

Parts

Bulletin 1154B

High Speed Reader - (Digitronics Model) (2540EP)
Perforated Tape Reader
Operation and Maintenance
Manual

Lubricating Materials

Teletype -Keyboard KS7470 (oil)
KS7471 (grease)

Typing unit KS7470 (oil)
KS7471(grease)
Reader KS7470 (oil)

KS7471 (grease)
Lupriplate 105
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Applicable Manuals (Continued)

High Speed Punch (BRPE11)

KS7470 (oil)
145867 (grease)
High Speed Reader - SAELO (oil)

Recommended spares one each

Lamp incandescent
Digitronics TLNBF009
GE (08805) (P/N 1638)

High Speed Reader

High Speed Punch Drivebelt #135097

5-6 COMPONENT REPLACEMENT

The replacement of a component requires care to prevent damage to circuit board
etch. Clipping a component from the circuit board rather than unsoldering is the preferred
method. Excessive heat from a soldering iron may result in damage to the component being
replaced. The use of a soldering iron with an isolation transformer, a small copper al-
ligator clip as a heat sink and a delay between the soldering of individual pins of a chip are
recommended. When the extender board is used, the weight of the board under test should be
supported by a non-conductive material. Replacing a Console switch or Indicator requires
the removal of the Console subassembly. The following is the procedure to be followed when
replacing a Console (Data) switch:

1. Remove the four 6 /32 nuts attaching the Console subassembly to the enclosure
frame,

2. Remove the eight 2/56 screws holding the circuit board assembly to the
Console casting.
3. Replace the defective switch and reassemble in reverse order.
To replace a Console Indicator follow steps 1 & 2 above and in addition remove the three
Phillips panhead screws holding the Benelex to the circuit board. Replace and reassemble

in reverse order,
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IC IDENTIFICATION |

5-7

Table 5-1 is included in this section to facilitate any troubleshooting procedures
that require identification between any Nova 1200 IC reference number (Ul-Un) and the
original manufacturer's part number. This list may be referenced as a bridge between
the logic configurations shown on the various CPU and Memory logic diagrams and the

IC (package) pin definitions summarized in Appendix A of this manual.

Table 5-1. IC Identification List
CHIP CPU MEMORY
Ul 9601 MC3026
> 8828 /7474 7438
U3 7705 8889 /9002 8840,/9005
U4 8885 7438
Us 8H90 8840,/9005
U6 7900 8889/9002 7438
U7 8H90 8840/9005
U8 8H90 7438
U9 MC3026 8840/9005

S U10 79Y0 9009 7438
U11 7438 8840,/9005
U12 74°°8889,/9002 7438
Ul13 8885 8840/9005
Ul4 MC3026 7438
U15 MC3026 8840/9005
U16 8H90 7438
U17 i 8271 8840/9005
U18 MC3026 8H90
U19 7Y°° 8889 /9002 MC3026
U200  8828/7474 75451
U21 7¢2° 8889,/9002 8828/7474
U22 8H90 7475
U23 8271 8828/7474
U2474£08840/9005 8828 /7474
U2s 9321 7475
U26 8H90 MC3026
U27 8H90 8828/7474
U28 8271 8828 /7474
U29 8271 7475
U30 7488 9009
U31 7488 8828/7474
U32 8271 8828 /7474
U33 8271 7475

*Power Monitor Option
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Table 5-1. IC Identification List (Continued)

5-9

CHIP CPU MEMORY
U34 8885 8828/7474
Uss  77/° 9003 9009
U36 7Y0°8889 /9002 MC3026
u37 8271 8889/9002
U38 8271 7524
U39 8271 8889,/9002
U40 8271 7524
U1 8885 MC3026
U42 8271 75451
U43 7453 9008 75451
U44  8840/9005 8H90
U45  8840/9005 8889/9002
U46 9008 7524
U47 9008 75324
U48 8885 8889/9002
U49 7438 7524
Us0  74/0 9003 75324
U51 7951399321 75451
Us2 9321 75324
Us3 8885 75451
US54 8271 75324
U55  8840/9005 8889,/9002
Us6 3026 7524
U57 770° 8889,/9002 75324
Us8 8885 8889/9002
US9  8840/9005 7524
U0 7975 9009 75324
U61 9008 75451
u62 7912 9003 75324
U63 9321 75451
U641y 008889/9002 8889,/9002
u65 8885 7524
U66 MC3061 75324
U67 8H90 8H90
U68 9321 8889/9002
U69 8271 7524
u70 8885 75451
U71 79y 9009 8H90
u72 MC3026 75324
u73 8H90 75324
U74 7910 9003 75324
U75 1900 8889,/9002 75324

U76)  8828/7474 75324
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Table 5-1. IC Identification List (Continued)

CHIP CPU MEMORY
u77 8840/9005 75324
U78 MC3061 75324
u79 8885 75324
uso 7486 8H90
Us1 9008
U82 702 8889/9002
Us83 8H90
U84 7442 9009
U85 8885

U86 7700 8889 /9002
U87 17208889,/9002
U838 9008
U89 7129009
U90 8840/9005

U91 8885
U92 74/08889/9002
U93 9003
U94 8H90
U9s 8271
U96 8885
u97 7Yy > 9009
U98 9008
U99 MC3026
U100 8885
U101 8H90
U102 8271
U103 8271
U104 9008
U105 8271
U106 8271
U107 8271
U108 8271
U109 17908889 /9002
U110 77> 9009
U111l 9003
U112 8840/9005
U113 MC3061
Ul14 9005
U115 8271
U116 9322
U117 74181
U118 7702 9002

U119 74170
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Table 5-1. 1C Identification List (Continued)

CHIP CPU MEMORY
U120 8264
Ul21 9322
Ul22 8271

U123 5501C/3101
U124 5501C/3101
U125 8264

5-8 POWER SUPPLY SPECIFICATION
The Nova 1200 power supply provides all of the power required to operate the
Nova 1200 Processor logic and memory circuits, The electrical specification for the
power supply voltages arc listed in Table 1-2 and are not repeated here. [Zach side
of the ac power line is fused by a 10 amp, 250 volt glass tube fuse (bus typc). Each
fuse is mounted in individual panel mounted fuscholders, with the two fuseholders
mounted just above the convenience outlet in the rear of the power supply. The
fuses should be checked first following any interruption of output power. Maintenance
or repair beyond this point should be performed at the factory.
5-9 NOVA 1200 INTERNAL INTERCONNECTIONS
As shown in Figure 1-3, the MNova 1200 major assembly components are inter -
conncctors which electricali; join the PCR assemblies in each component together
in the final assembly.
AC power is connected into the power supply fuses via the power cord. The
load side of the fuses are connected to J1 (Reference Drawing #001-000091 ). Pl
connects into J1 and electrirally incorporates the Power switch (at the Console) in series
with the convenience outlet :nd the power transformer primary.
The PCB assembly of '« ifower :=upply terminates in a 52 pin edge type connector
P2, which connects into J2 on the Resisto: ‘oard subassembly. (Reference Drawing
#001-000087 ). This subassembly also terminates in 52 pin edge type connector P3,
. which connects into J3 of the Back Panel (of the Multiple Prirted Circuit Board Connector).
The RINH signals, power monitor signals, and voltages connected into the Back Panel
are routed to the various 15 inch PCB Assemblies e.g., CPU, Memory, /0 boards by the
Back Panel ctch (Reference Dr:zwing #001-000090 for the Back Panel signal distribution. )
Power and Console signals are interconnccted between the Back Panel and the Console

by etched cdge connectors P4 (of the Back Panel) and receptacle connector J4 mounted

5-11



Data General Corporation (DGC) has prepared this mantal for use by DGC personnel and
castomers ds 4 guide tothe proper installation, operation, and maintenance of DGCequip -
ment and software, Thedrawings andspecifications contained herein are the properr of
DG and shall neither be 1eproduced in whole or in part without DGC prior written ap-
proval nor be nnplied to grant any license to make, use, or sell equipment manufactured
in uccordance herewith,

on the Console PCB Assembly. Table 5-2 lists the various signals routed through
P4 & J4 and their respective Back Panel terminations. The electrical terminations

from connector J4 are shown on the Nova 800 and 1200 Console drawing #001-000089.

Table 5-2 Console/Back Panel Connections

Connector Connector
J4/P4 Back Panel J4 /P4 Back Panel
PIN SIGNAL PIN PIN SIGNAL PIN
1 GND — B1 27 +5 B4
2 MEM15~ B18 28 MBO15 " A41
3 MEM14.” B76 29 MEM13.” A35
4 MBO13 A37 30 MBO12 — A39
5 MEM12~~ A36 31 MEM11" AS51
6 MBOI11— B5 32 MEM10+” A45
7 MEMO9~" A53 33 LIGHTS N/A (Bus to Pwr
Supply)
8 MBO9 v~ B9 34 MEMS8 — A55
9 MBO7 " B14 35 MBO6—" B16
10 MEM6~" B22 36 MEMS5 .~ B26
11 MBO5 v~ B32 37 MEM4— B28
112 MBO14.” A43 38 MBO3 .~ B43
13 MEM2v" B47 39 MEMO” B71
14 MBO1- B77 40 LIGHT—" GND
15 MBO2v" B44 4] MEM1le— B70
16 MBO4—" B42 42 MEM7— B24
17 GNDv”~ B2 43 MEM3— B68
18 MBO8v" B12 44 MBO10+~~ B8
19 Restart Enable < A32 8,70, T su . 45 STOP . A31
20 RST .~ A30 46 CONT DATA~ A28
21 CON RQu~ A27 47 Cont+lstp+Mstp —A25
22 CON INSTv”  A22 48 MSTP —Taem sl A20
23 PLV frop Load Al9 49 CARRY«— Al5
24 ISTP—"1r “Troction A17STeP 50 FETCH-" Al3
25 ION ~~ Al6 51 EXEC —" All
26 RUNv" Al4 52 DEFER v~ Al2
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SECTION VI
ILLUSTRATED PARTS LIST

6-1 INTRODUCTION

This chapter contains a complete list of replaceable parts for the Nova 1200 Com -
puter. To facilitate the procurement of parts not manufactured by Data General, the
descriptions for such parts include an associated manufacturer's reference code number.
Each number indexes the corresponding manufacturer's name and address as listed in
Table 6-1 of this chapter. Manufacturer index numbers assignments are for reference
purposes only and do not correspond to codes assigned by the Federal Supply Code. Person-
nel involved in provisioning from this document may consult the Federal Supply Code for
Manufacturers, Cataloging Handbook H4-1, for the proper Federal reference codes for
manufacturers listed in this chapter. The original manufacturer's part number is listed
for all items including commercially available hardware to facilitate exact replacement of

substitute parts.

6-1.1 Relationships of Main Group Assemblies to End Configurations

The Nova 1200 Central Processor by definition consists of the Console/Enclosure
Unit, Power Supply Unit, and Central Processor -1 (CPU-1) Printed Circuit Board Assembly.
The Console/Enclosure Unit is so designed that seven 15 X 15 inch Printed Circuit Board
Assemblies may be plug mounted into a special printed circuit board connector in the En-
closure Chassis. The board assemblies are inserted horizontally into the Enclosure Chassis.
A pair of guiding rollers are built into the chassis frame (on each board level) to insure
proper insertion of the board contacts into the corresponding socket of the multiple printed
circuit board connector. The seven connector slots are numbered from the bottom of the
chassis up to the top with slot 1 reserved for the CPU-1 Assembly, The six remaining
slots may be used for memory assemblies, I/0O assemblies, or special control board as -
semblies.

These assemblies represent a variety of optional equipment which is individually
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selected by each customer to provide a specific configuration in accordance with the re-
quired application. Under these conditions there is no top level assembly number available
to define any one system configuration. The modular building block concept, while provid-
ing the greatest flexibility in the task of designing a system for a specific application does
not lend itself to the top-down breakdown assembly designations normally applied to special
purpose system hardware, e.g., military or aerospace computing systems. Nova 1200
Memories, 1/O and Peripheral Control Assemblies all have assembly level numbers of
equal weight,

The illustrated parts list provided in this Section describes the Nova 1200 Central
Processor Unit. This Section of the manual also contains the parts list for the Nova 1200
4K Core Memory assembly, and the Basic I/O Control assembly. Additional illustrated
parts listing material may also be added to this section of the manual in the event other
memories are added to the configuration sometime after installation., In the same manner
this section may be expanded to include documentation for any peripheral control assembly
e.g., parts listing for the Magnetic Tape Control or Disk Control board assemblies purchased
with or added to the configuration. Parts lists for the other optional memory assemblies and
peripheral control assembly boards are part of the documentation package for each optional
assembly, and is shipped along with the hardware. It is suggested that the accompanying
illustrated parts listing be incorporated into the section immediately upon receipt of any
optional assemblies,

Hence, the complete illustrated parts listing for any selected Computer system will
eventually be compiled in this section, The figure numbers for the basic Nova 1200 system
are organized in this section to run concurrently up to Figure 6-12. However, optional
figures are numbered sequentially within eaéh option parts list, and as such will not neces-
sarily preserve any numbering continuity for parts lists subsequently added to this section,
Figure numbers missing out of any sequence due to exclude options should be noted as " Not
Applicable" on any provisioning lists,

The parts list for each major assembly lists the circuit reference designator for each

part, along with the manufacturer's part number and description. The quantities per assembly
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are also listed, The manufacturer's name and address may be found by noting the Manu-
facturer Reference Code for the selected component. This code number locates the name
and address of the manufacturer in Table 6-1, List of Manufacturers. For example, to
locate the manufacturer of Capacitor Cl on the Console PCB assembly first look up the
circuit reference designator Cl in the Console PCB Assembly parts list, and locate the
Manufacturer's Reference Code opposite as 0047. Look up 0047 in Table 6-1 and locate

Dickson Electronics Corporation, Scottsdale, Arizona as the manufacturers.
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Table 6 -1, List of Manufacturers
Code Number Manufacturer's Name and Address

0010 Data General Corp.
Southboro, Massachusetts

0011 Allen Bradley
Milwaukee, Wisconsin

0012 C & K Switching Co.
Watertown, Massachusetts

0013 Fairchild Semiconductors
Mountainview, California

0014 Signetics, Inc.
Sunnyvale, California

0015 Sprague Products Co.
North Adams, Massachusetts

0016 Hudson Lamp
Kearny, New Jersey
0017 Microswitch Division
Honeywell

Freeport, Illinois

0019 Erie Technological Products
State College, Pennsylvania

0021 Belden Wire
Chicago, Illinois

0022 Cannon Electric
Los Angeles, California

0023 Leviton Manufacturing Co.
Brooklyn, New York
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List of Manufacturers (Continued)
Code Number Manufacturer's Name and Address

0025 » Littlefuse, Inc.
Des Plaines, Illinois

0026 Motorola
Phoenix, Arizona

0027 Ohmite Manufacturing Co.
Skokie, Illinois

0028 Fenwal Electronics
Framingham, Massachusetts

0031 Bourns, Inc.
Riverside, California

0034 Continental Device Corp.
Hawthorne, California

0036 Cornell -Dublier
Newark, New Jersey

0037 Valpey -Fisher Corp.
Holliston, Massachusetts

0038 Texas Instruments, Inc,
Dallas, Texas

0039 RCA Corporation
Mountain Top, Pennsylvania

0040 RBM Controls/Essex Int'l.
Logansport, Indiana

0041 Corning Glassworks
Bradford, Pennsylvania

0043 AMP Inc.
Harrisburg, Pennsylvania
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List of Manufacturers (Continued)
Code Number Manufacturer's Name and Address

0044 Heyman Mfg, Co.
Kenilworth, New Jersey

0047 Dickson Electronics Corp.
Scottsdale, Arizona

0048 South Co., Inc.
Lester, Pennsylvania

0049 Advance Micro Devices
Sunnyvale, California

0051 Chicago Lock Company
Chicago, Illinois

0052 Elmenco
Willimantic, Connecticut

0056 Sangamo Electrical
Braintree, Massachusetts

0059 Mallory Capacitor
Div. of P. R. Mallory & Co.
Indianapolis, Indiana

0060 Bussmann Mfg, Div. of
McGraw-Edison Co.
St. Louis, Missouri

0061 Tel Lab, Inc.
Manchester, New Hampshire

0062 Molex, Inc.
Downers Grove, Illinois

0063 Rotron, Inc.
Woodstock, New York
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List of Manufacturers (Continued)
Code Number Manufacturer's Name and Address
0064 General Electric Co.
Semiconductor Products Div.

Syracuse, New York

0065 CTS Berne Inc.,
Berne, Indiana

0066 Nytronics, Inc.
Darlington, South Carolina

0067 Intersil
Cupertino, California

6-7



THIS DRAWING AND SPECIFICATIONS, HEREIN, ARE THE
PROPERTY OF DATA GENERAL CORPORATION AND SHALL
NOT BE REPRODUCED OR COPIED OR USED IN WHOLE OR
IN PART AS THE BASIS FOR MANUFACTURE OR SALE OF

ITEMS WITHOUT WRITTEN PERMISSION.

6-1.2 Reference Designations and Parts Numbering System

All reference designators appearing in the Group Assemblies Parts List have been
assigned in accordance with USA Standard USAS Y32.16-1968. The general procedure for
assigning reference designators to printed circuit board assemblies having high component
density is to number components in discrete rows from left to right across the assembly,
with the number sequence of the rows increasing from the bottom toward the top of the as-
sembly. Under these conditions the components with the lowest reference numbers will be
found at the bottom left-hand side of the assembly, with the highest reference numbered
components located on the top right-hand side of the assembly. (The bottom of any printed
circuit board assembly is defined as the Printed Circuit Connector end of the board, The top
of the printed circuit board assembly is defined by the handle.) This numbering convention is
maintained wherever possible. Components with different part numbers are also called out
as required by the figure indexing., Component row boundaries are defined as follows: From
the printed connector up to the edge of the first Integrated Circuit Package (IC) row is defined
as the connector row. From the edge of the first IC row to the edge of the second IC row is
defined as COMPONENTS ROW 1. From the edge of the second IC row to the edge of the third
IC row is defined as COMPONENTS ROW 2, ... etc. Figure 6-1 is an example of the PCB
Component Reference Numbering System showing the Components Row layout.

Alternate vendor items are listed in the Group Assembly Parts List immediately
after the item for which it is an alternate, Alternate parts so listed are not assigned an in-
dex number, and are designated by a ¢ symbol immediately preceding the Manufacturer's

part number, -

6-1.3 Identification of Parts from Reference Numbers

The reference designator assigned to each part appears both on the logic diagram
showing the electrical position of the corresponding component, and in the Group Assembly
Parts list, To locate a part simply note its reference number appearing on the logic diagram,
then reference the corresponding assembly or subassembly figure list in the Group Assembly
Parts list for the corresponding reference designator. Note the figure index number listed

opposite the reference designator, and find the corresponding indexed callout on the figure.
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Index numbers are called out parenthetically and point to a part which is the same as the one
referenced to and provides visual identification. To find the exact (electrical) component
referenced in the logic diagram look for the reference number called out on the figure.

The reverse of the procedure described above is performed to correlate the physical
component with its electrical position as shown on the logic diagram. Logic diagrams

for the Nova 1200 and their corresponding Group Assembly parts list figures are listed

in Table 6 -2,

6-1.4 Inter -Assembly and Output Wiring Information

As previously described in paragraph 1-3 the wiring terminations for each major
assembly component of the Nova 1200 are brought out (via the PCB etch) to a 52 pin printed
circuit edge type connector., Since this connector is also soldered into the PCB etch of
another major assembly, the connector itself functions as the inter -assembly connection
facility, Inter-Assembly Wiring and cabling information does not strictly apply to this
unique system of assembly interconnection. Therefore, each PCB assembly or subassembly
figure presented in this listing also includes signal information for the etched finger terminals
on that particular printed circuit board, Table 6-3 lists the wire list drawings (in Section VII)
which define the Multiple Printed Circuit Board Connector and the actual output connector to
optional external devices, i.e., each Reader, Punch and I/O. Plug connectors P4 through P8
are each formed by a group of 20 individual pins permanently staked and soldered to the Multiple
PCB etch, Each Plug comnector is designed to mate with a 20 pin AMP connector receptacle.
The three 1/0 connectors terminate in a 50 pin connector mounted on the Connector Bay at the
rear of the unit, The Reader and Punch connectors each terminate in a 2DE 19S connector also
mounted on the Connector Bay (if these options have been selected). The Teletype connections
do not require an inter -assembly connector, but are wired directly from the PCB etch to the

9 pin teletype output connector.

6-1.5 Attaching Hardware

All attaching hardware (nut, washers, and screws) for the various assemblies of the

Nova 1200 are considered expendable, as - required items, Table 6-4 lists the sizes of the
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various nuts, washers, and screws used in the Nova 1200. All hardware listed is stainless

steel stock and as a group are commercially available.
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Table 6-2,

1.OGIC DIAGRAM
TITLE

CONSOLL

CPU-1

[0 BUS RECLEIVERS
& COMMON SELECT

TELETYPE CONTROL*

PAPER TAPE READER*

PAPER TAPE PUNCH*

REAL TIME CLOCK

POWER MONITOR

4K MEMORY
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Drawing No.

001-000089

001-000088 (4 Sheets)

001-000070
001-000071
001-000072
001-000073
001-000074
001-000110

001-000103 (4 Sheets)

NOVA 1200 POWER SUPPLY 001-000091

RESISTOR BOARD

001-000087

* See Table 6-3 and Figure 6-6 (Note 1)

Logic Diagram to IPL Cross Reference Listing

IPL
FIGURIL No.

6"4) 6"5

6-9

6-11
6-11
6-11
6-11
6-9

6-10

for (Device/Computer) Connector Information applicable to each option.
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Table 6-3. Wire Information Reference Drawing Numbers

TITLE DRAWING No.
TELETYPE CONTROL 001-000071
I/O0 EXTERNAL CABLE 008 -000044

NOVA 800/1200
INTERNAL I/O CABLE
WIRE LIST 008 -000053

NOVA 800/1200 HI SPEED
READER INTERNAL CABLE
WIRE LIST 008 -000054

NOVA 800/1200 PUNCH

INTERNAL CABLE
WIRE LIST 008 -000055
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Thread

4-40

4-40

8-32

6-32

4-40

2-56

10-32

Thread

4-40

6-32

8-32

10-32

Thread

8-32

100°

100°
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Table 6-4. List of Attaching Hardware
MACHINE SCREWS (Stainless Steel)

‘Head

Countersink Phillips Flat
Phillips Pan

Phillips Pan

Countersink Phillips Flat
Slotted B. H. (Teflon Coated)
Slotted B. H.

Allen Socket

MACHINE SCREWS (Stainless Steel)

Leng}h
3/16, 1/4, 3/8, 1/2

(S.E.M.S. - with capfive internal tooth lockwasher)

Head

Phillips Pan
Phillips Pan
Phillips Pan
Phillips Pan
MACHINE SCREWS (Stainless Steel)
(S.E.M.S)

Head

Slotted Hex

6-14

5/8, 7/8
3/16, 5/16
1/4
5/16
5/16
3/8
Length
3/16, 1/4, 7/16, 1/2
3/8, 5/8
3/4, 11/4

3/8, 5/8, 3/4

Lengzh
5/16, 3/8
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MACHINE SCREWS (Nylon)

Thread Head Length
4-40 Slotted B. H. 1/4, 3/ 8

MACHINE NUTS (Stainless Steel)

Thread Type
2-56 Hex
4-32 Hex
6-32 Hex
8-32 Hex

10-32 Hex

WASHERS (Stainless Steel)

Type Size
Internal Tooth #2, 4, 6, 8, 10
Flat #4) 6, 8
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NOVA 1200 GROUP ASSEMBLIES PARTS LIST
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Fig. & Qty. Qty.
Index Reference Per Per
No. Designator MFR Part No. g1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. Unit
6-2 8101 . NOVA 1200 CENTRAL PROCESSOR
-1 1 005-000467 . CONSOLE /ENCLOSURE UNIT(See
Figure 6 -3 for detailed breakdown). . . . 1
-2 2 005-000302 . POWER SUPPLY UNIT(See Figure 6-7
for detailed breakdown). . . . . . . 1
-3 3 005-000077 . . CENTRAL PROCESSOR PCB AS-
SEMBLY (See Figure 6-9 for de-
tailed breakdown). . . . . . .J . . 1
~4 4 005-000420 . . NOVA 1200 4K MEMORY PCB AS-
SEMBLY, Model 8103(See Figure
6-10 for detailed breakdown). . . . 1
-5 5) 005-000138 . « BASIC I/O PCB ASSEMBLY, Model

4007(Interface for Teletype,
Real Time Clock, Paper Tape
Reader and Paper Tape Punch)
(See Figure 6-11 for detailed
breakdown). . . . . « . « o} . . 1
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Fig. & Qy. Qty.
Index Reference Per Per
No. Designator MFR Part No. §1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. L'nit
6-3 1 005-000467 . CONSOLE /ENCLOSURE UNIT(See

Figure 6-2-1 for NHA). . . . . .}. . .] REF

-1 1A1 005-000291 . . CONSOLE ASSEMBLY(See Figure
6 -4 for detailed breakdown). . .. . . 1

-2 1A2 005-000289 . . CONSOLE PCB ASSEMBLY(See
Figure 6 -5 for detailed breakdown} . . 1

-3 1A3 005-000292 . « ENCLOSURE MAIN FRAME AS-

SEMBLY (See Figure 6-6 for

detailed breakdown). . . . . .f. . . 1
-4 1A4 LOCKSWITCH SUBASSEMBLY...Shown here for reference

purposes only. See Figure 6-6-17 for detailed breakdown
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Fig. & Qry. Qty.
Index Reference Per Pcr
No. Designator MFR Part No. §1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. Unit
6-4 1A1 005-000291 . CONSOLE ASSEMBLY(See Figure
6-3-1 for NHA), . . . . . REF
-1 MP1 002-000225 . . FRAME RAIL, VERTICAL LEFT]
(0010). . . . s e e e 1
-2 MP2 002-000226 . FRAME RAIL, VERTICAL
RIGHT(0010). . . . 1
-3 H1 002 -000235 . . PANEIL,DEAD FRONT(0010). . 1
-4 H2 002 -000236 . « SWITCH DECAL(0010). . . . 1
-5 MP3 002 -000242 . . RAIL,HORIZONTAL BOTTOM
(0010). L] * L] L] L] . [ L] 1
-6 MP4 002 -000243 . RAIL, HORIZONTAL TOP(0010) 1
-7 H3 123-000010 . . . FASTENER,PAWL, RIGHT
(0010). ] . . . . . . . [ ] 1
-8 H4 123-000011 FASTENER, PAWL, LEFT
(0010). e e e 6 e e . e 1
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Fig. & Qtv. | Qty.
[ndex Reference Per Pr
No. Designator] MFR Part No, g1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. § Urnit
6-5 1A2 005-000289 . CONSOLE PCB ASSEMBLY (See
Figure 6-3-2 for NHA). . . . . e REF
-1 C1 thru
C5 D6R8B35K . « « CAPACITOR,6. 8ufd, 35VDC
(0047)e © v o o+« . . 5
-2 C6 150D476 X900B2 CAPACITOR, 47ufd, 6VDC(0015) 1
OCSR1347K6 . CAPACITOR, 47ufd, 6 VDC(0047)
-3 CR1 thru
CR6 CD81148 . . DIODE(0034). . . . . 6
-4 DS1 thru
DS37 2176D . BULB, Console(0016). . . . . 37
-5 J4 5193-141-1 . CONNECTOR, Receptacle,
Printed Circuit Edge(0043). . 1
-6 MP1 002-000241 . « . LAMPGUIDE, Benelex(0010). . 1
-7 MP2 107 -000077 . PRINTED CIRCUIT BOARD
NOVA 1200 Console(0010). 1
-8 Q1 2N4403 . . TRANSISTOR(0026). . . . 1
-9 R1 thru R
R10,R11 §EBI1525 . . RESISTOR, 1.5K, 1/2W, 5%(0011)} 10
-10 R9 EB7515 . RESISTOR, 7509, 1/2W, 5%(0011) 1
11 fri2 EB3915 . . . RESISTOR, 3909, 1/2W, 5%(0011) | 1
-12 R13 EB4715 RESISTOR, 4709, 1/2W, 5%(0011) 1
-13 R14 thru
R50 EB1025 . . RESISTOR, 1. 0K, 1/2W, 5%(0011)§ 37
-14 R51 EB4725 RESISTOR, 4. 7K, 1/2W, 5%(0011) 1
-15 R52 EB1015 . RESISTOR, 1008, 1/2W, 5%(0011) 1
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Fig. & Qty. Qty.
Index Reference Per Pcy
NO. Designator MFR Part No. 1 2 3 4 56 7 8 9 DESCRIPTION Assy. Unit
6-5 . Continued}. . . e e e e e e e e e
-16 S1 thru S3,
S7 thru S9 § 7205CSPX . . SWITCH, Toggle, DPDT, Spring
Loaded(0012). 6
-17 S4 thru S6,
S10 7105CSPX . . SWITCH, Toggle, SPDT, Spring
Loaded(0012), . 4
-18 S11 thru
S26 7101CSPX . SWITCH, Toggle, SPST(0012). 16
-19 Ui, u2 7438 INTEGRATED CIRCUIT PACK -
AGE, Quad 2-Input NAND
(Open Collector)Gates(0015). . 2
-20 U3, U4, U6
thru U12 | 7407 INTEGRATED CIRCUIT PACK -
AGE, Hex Buffers/Drivers
with Open Collector High Volt-
age Outputs(0038). . . . . . 9
-21 Us 8H90 . INTEGRATED CIRCUIT PACK -
AGE, Hex Inverters(0014). 1

e
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Fig. & Qty. Qty.
Index JReference Per Per
No. Designator MFR Part No. J1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. | Unit
6-6 1A3 005-000292 . . ENCLOSURE MAIN FRAME AS-
SEMBLY (See Figure 6-3-3 for
NHA)., . . . . .+« . .. &4 . . }REF
-1 MP1 002-000219 - CHASSIS BASE(0010). . . . 1
-2 MP2 002-000216 . GUIDE PLATE, Rear(0010). 1
-3 MP3 002-000217 . GUIDE PLATE, Front(0010). . 1
-4 MP4 002-000361 .. BAY SUPPORT, Power Supply and
**Connector Panel(0010). 1
-5 MP5, MP6 | 002-000245 . e PCB INJECTOR Latching Bracket
(0010)s . + & &« & & & . . 2
-6 MP7 002 -000244 BRACKET, Mounting Console
(0010). & & « & & & o . . 1
-7 MPS8 002-000235 . . BRACKET, Mounting Resistor
Board(0010). . . . . . . . 1
-8 MP9 002 -000263 . . . CHASSIS COVER(0010). . 1
-9 XA3 005-000289 . « . MULTIPLE PCB CONNECTOR
Panel(W/P4-P8*)(0010). . . . 1
-10 1A3A1 005-000304 . « « RESISTOR BOARD SUBAS-
SEMBLY(0010). . . . . . 1
-11 Cl1 thru
C8 103-000007 . . « « CAPACITOR, 50ufd, 50VDC
(0047)e . v & « o o W 8
-12 C9 thru
C18 DO6R8B3SK . . . CAPACITOR, 6. 8ufd, 35VDC
(0047). . L] L . L] L] . L] 10

*See Table 6-3 for Wire Information for P4-P8
**Gee Note 1 below for Connector Information
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Fig. & Qty. Qty.
[ndex Reference Per Per
No. Designator MFR Part No. J1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. { Unit
6 —6 . Continlled . . . . . . . . . . .
-13 Deleted
-14 N 5193-141-1 . . CONNECTOR, Receptacle
Printed Circuit Edge(0043). 1
-15 MP1 107-000081 . . PRINTED CIRCUIT BOARD,
Resistor Board(0010). . . 1
-16 R1 thru
R16 EL2N . . RESISTOR, 89, 3%(0061). . 16
-17 1A3A2 005-000293 . LOCK SWITCH SUBASSEMBLY
(0010)0 . . . . . . 1
-18 Console
Key 122 -000002 . . . CONSOLE KEY(0051). . . 2
-19 Console
Lock 122 -000001 . CONSOLE LOCK(0051). . . 1
-20 H1 002 -000234 . . WASHER, Lockswitch(0010). 1
-21 MP1 002 -000231 . BRACKET, Lockswitch(0010). 1
-22 MP2 002 -000233 . + . CAM, Lockswitch(0010), . 1
-23 MP3 Jv-91 . ACTUATOR Kit, Microswitch
(0017). . . . . 1
-24 S1, 52 J323D8 SWITCH, Micro(0017). . 2
-25 S3 ISMI . . SWITCH, Micro(0017). . 1
-26 W1P1 005-000294 INTER-ASSEMBLY CABLE,

AC Power(0010). . . . .
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Fig. & Qty. Qty.
Index JReference Per Por
No. Designator MFR Part No. {1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. | Unt
NOTE 1: [ Additional Connectors supplied with various other Device/
Computer Options are mounted on the Connector Panel in
any available vertical slot, The connectors for the (High
Speed) Paper Tape Reader, Paper Tape Punch, and Teletype
are each mounted in one of the horizontal slots near the bot-
tom of the Connector Panel, if the corresponding option has
been selected by the customer. The Teletype Connector is
generally mounted in the slot designated as P2. The BASIC
I/0 Control Options are listed below with their respective
Device /Computer Connectors.
2DE19S « + . Connector is installed as part of
Optional Subassembly PAPER
TAPE READER CONTROL,
Model No. 4011. CON-
NECTOR, SOCKET, 19Pin
(0022). . . 1
2DE19S . . . Connector is installed as part of
Optional Subassembly PAPER
TAPE PUNCH CONTROL,
Model No. 4012, CON-
NECTOR, SOCKET, 19Pin
(0022). . . . . 1
DEC-9S . . . Connector is installed as part of
Optional Subassembly TELE -
TYPE INTERFACE, Model No.
4010, CONNECTOR, SOCKET,
9 Pin(0022). . . . . . . . 1
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Fig. & Qty. Qty.
[ndex Reference Per Per
No. Designator MFR Part No. 2 3 456 7 8 9 DESCRIPTION Assy. | Unit
6-7 2 005-000302 POWER SUPPLY UNIT(See Figure
6 -2 "2 fOI NHA). . . . . . . . . . REF
-1 2A1 005-000301 CHASSIS ASSEMBLY (Detailed
breakdown provided in Figure
6 _7)- . . . . . . . . . . . 1
-2 2A2 005-000297 . TRANSFORMER ASSEMBLY (De -
tailed breakdown provided in
Figure 6-7). . . . . . . . . . 1
-3 2A3 005-000296 . CHOKE ASSEMBLY (Detailed break -
down provided in Figure 6-7). . . 1
-4 2A4 005-000298 DIODE ASSEMBLY (Detailed break -
down provided in Figure 6-7). . 1
-5 2A5 005-000299 PRINTED CIRCUIT BOARD AS-
SEMBLY (See Figure 6-8 for
detailed breakdown), . . . . . 1
2A1 005-000301 CHASSIS ASSEMBLY (See Figure
6-7-1 for NHA)., . . . q. . REF
-6 Bl M747 . . FAN, Axial(0063). . . . . 1
-7 C1,C3 DCM383U0
20CB2B . . CAPACITOR, 38, 000ufd, 20VDC
(0056). . . . e e . 2
-8 C2 103-000051-00 . . CAPACITOR, 20, 000ufd, 10VDC
(0059). . . . . o o .. 1
-9 C4, C5 DCM2430040
CB2B . . CAPACITOR, 40, 000ufd, 40VDC
(0056). . . .. 2
-10 F1, F2 ABC10 . . FUSE,IOzhnperes,250V0h1006OT 2
-11 J11 1369 . . CONVENIENCE OUTLET,
115VAC(0023). . . . . . 1
-12 MP1 002-000267 CHASSIS(0010). . . 1
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Fig. & Quy. Qty.
Index [Reference Per Per
No. Designator| MFR Part No. §1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. | Unit
6 "7 . Contmued . . . . . . L) . . . . . . . . . . . . . .
-13 MP2 CMC-40 . . . BRACKET, Capacitor Mounting
(2 1/2 inch diameter)(0015). 1
-14 MP3 SR-6P3-4 . . STRAIN RELIEF(0044). . . . 1
-15 W1P10 17405 ELECTRICAL POWER CABLE
W/male PLUG Connector
oo2n. . ... L. L. 1
-16 XF1, XF2 } HKP . . FUSE HOLDER(0060). . . 2
2A2 005-000297 . TRANSFORMER ASSEMBLY (See
Figure 6-7-2 for NHA). . . o REF
-17 Ce6, C7 48P9 . CAPACITOR, 0, 1ufd, 250VAC
(0015). . o . 2
-18 J1 1490R . . « CONNECTOR, Receptacle(0062) 1
-19 MP4 002 -000328 . . BRACKET, Transformer(0010). 1
-20 MP5 002 -000268 . BRACKET, Filter Capacitor
Mounting(0010). . . . 1
-21 MP6 002-000302 . « TERMINAL BOARD(0010). 1
-22 T1 104-000017 . . TRANSFORMER, Power(0010). 1
2A3 005-000296 CHOKE ASSEMBLY(See Figure
6-7-3 for NHA). . . . . . . . REF
-23 11 005-000474 . e CHOKE SUBASSEMBLY, +5
Volts(0010). . . . . 1
-24 L2 005-000475 . . . CHOKE SUBASSEMBLY, H5
Volts(0010). . . . . . . 1
-25 MP7 002 -000269 BRACKET, Choke Mounting
(0010). . . . . . 1
-26 H1, H3 106 -000029 . Y LON MACHINE THREAD
NUTS, 10-24(0010). 2
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Fig. & Quy. Qty.
[ndex Reference Per Per
No. Designator MFR Part No. §1 2 3 4 5 6 7 8§ 9 DESCRIPTION Assy. Unit
6-7 .Continued}p . . . . . . e e e e e e e e e e e
-27 H2 002 -000381 . NYLON THREADED ROD
10-24, 2 7/8 inches Long
(0010). . . . ¢ .+ . . . 1
-28 H4, HS 106 -000030 NYLON FLAT WASHER(0010). 2
2A4 005-000298 DIODE ASSEMBLY(See Figure
6-7-4 for NHA)., . . . . REF
-29 CR1,CR2 | 1N3899R . DIODE(0026). . . . . 2
-30 MP8 002 -000272 . BRACKET, Diode Mounting
(OOlO)c . . . . . . . . 1
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Fig. & Qty. Qty.
Index JReference Per Per
No. Designator MFR Part No. §1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. } Unit
6-8 2A5 005-000299 PRINTED CIRCUIT BOARD AS-
SEMBLY (See Figure 6-7-5 for
NHA)., . . . . . . . . . REF
-1 C8, C10,
C11,C13,
C16, C19,
C21 YS5FO503M CAPACITOR, . 05ufd, 12VDC
(0019). . . . . . . 7
-2 C9 D6R8A6M7Z CAPACITOR, 6. 8ufd, 6VDC
(0047). .« . . . .+ . . .. 1
-3 C12,C17,
C18,C23 ]}Y5U0103Z CAPACITOR, . 01ufd, S0VDC
0019). . . . . . . . .. 4
-4 Cl14 D6R8B35K . CAPACITOR, 6. 8ufd, 35VDC
0047). . . . . . . 1
-5 C20, C22* JCDI5ED680] . CAPACITOR, 68pf, 500VDC(0036) 2%
-6 C24 D47C20K 1 . CAPACITOR, 47ufd, 20VDC(0047) 1
-7 CR3, CR4,
CR5,CR6 JCD81148 . DIODE(0034). . . . . . . . 4
-8 CR7 MDA962A -1 DIODE, Bridge(0026). . . . 1
-9 CRS8 MDA970-1 DIODE, Bridge(0026). . . . . 1
-10 F2 AGAI1S FUSE, 15 Amperes(0060). . 1
-11 H6, H7 123-000038 . HEAT SINK(0010). . . . 2
-11a §MP1 107-000079-08 PRINTED CIRCUIT BOARD
POWER SUPPLY PCB(0010). . 1
-12 Q1 thru
Q5 2N4400 . TRANSISTOR(0026). . . 5

“*Components Used n Dual + 5V
Power Supply Only

**Decrease Qty by one for Standard

Power Supply

6-39
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“Components Used in Dual +5V
Power Supply Only

**Decrease Qty by One For Standard

Power Supply

Fig. & Qty. Qty.
[ndex Reference Per Per
No. Designator MFR Part No. J1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. | Unit
6-8 .Continuedf, . . . . e e e e e e e e e e e e e e
-13 Q6 2N4441 . . RECTIFIER, SEMICONDUCTOR
CONTROLLED(0026). . 1
14 Q7, Q10,
Q12 D43C5 . . TRANSISTOR(0064). . . . . 3
15 | Q8,Q9 2N4399 . . . TRANSISTOR(0026). . . . . 2
-16 Qi1 TIP34A TRANSISTOR(0038. . . . . 1
'17 Rl, R13’
R25, R43*
R49 CB2725 RESISTOR, 2, 7K, 1/4W, 5%(0011) S
-18 R2, R4,
R28, R40,
R48 CB2715 . RESISTOR, 2709, 1/4W, 5%(0011) 5
-19 R3 CB4705 . . RESISTOR, 479, 1/4W, 5%(0011) 1
-20 R5 thru
R8,R11,
R12,R47 CB5615 . RESISTOR, 5609, 1/4W, 5%(0011) 7
-21 R9, R21,
R24, R39,
R50 CB1025 . . . RESISTOR, 1K, 1/4W, 5%(0011) 5
-22 R10, R15,
R16, R34 CB1015 . . RESISTOR, 1009, 1/4W, 5%(0011) 4
-23 R14, R29
R32 EB1005 RESISTOR, 109, 1/2W, 5%(0011) 3
24 | Rr17,R33 | CB3915 . RESISTOR, 3900 1/4W,5%(0011)] 2
-25 R18 GB2715 . RFSISTOR, 2709, 1W, 5%(0011) 1

Rev.

01
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Fig. & Qry. Qty.
Index JReference Per Pcr
No. Desiggator MFR Part No. §1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. § Unit
6-8 .Continued}p . . . . . .
"26 R19’ RZO’
R26 EL2-1.59 RESISTOR, 1. 59, 3W, 5%(0061). 3
-27 |R22,R38 |CB1035 RESISTOR, 10K, 1/4W, 5%(0011) 2
-28 R23,R42 | CB2245 RESISTOR, 220K, 1/4W, 5%(0011) 2
-29 R27 EL21-600Q . RESISTOR, 6009, 3W, 5%(0061) 1
-30 R30,R31 JELI10A-.2Q . RESISTOR, 0. 20, 10W, 5%(0061) 2
-31 R35,R44 | CB3315 . . RESISTOR, 3309, 1/4W, 5%(0011) 2
-32 R36 CB7515 . . RESISTOR, 7509, 1/4W, 5%(0011) 1
-33 R37 GB1815 . . RESISTOR, 1809, 1W, 5%(0011) 1
-34 R41 CB1225 RESISTOR, 1. 2K, 1/4W, 5%(0011) 1
-35 R45 360T101A . POTENTIOMETER, 100, 10%
(0065). « « « + « . . . 1
-36 R46 EL5-4Q . . RESISTOR, 49, 5W, 5%(0061). 1
-37 RT1 KA35L1 . . THERMISTOR, 5K(0028). . 1
-38 Ul 7438 . . . INTEGRATED CIRCUIT PACK-
AGE, Quad 2-Input NAND
Gates(0015). . . . . . . 1
-39 U2, U3 nA723 . INTEGRATED CIRCUIT PACK -
AGE, Precision Voltage Regu-
lator(0013). . . . . . . . 2
-40 VR1, VR2 | IN5251 DIODE, BREAKDOWN(0026). 2
-41 VR3, VR5 | 1N5234B . DIODE, BREAKDOWN(0026). . 2
-42 VR4 1N5248B . DIODE, BREAKDOWN(0026). 1
-43 XF2 101002 . CLIP, FUSE HOLDER(0025). 1
6-41 Rev. 01
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Figure 6-9. Nova 1200 CPU PCB Assembly
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Fig. & Qty. Qty.
Index Reference Per Per
No. DesigI_lator MFR Part No, §1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. Unit
6-9 3 005-000077 . « CENTRAL PROCESSOR PCB AS-
SEMBLY(See Figure 6-2-3 for
NHA). . . . . . . « . . . . REF
‘1 C2’C3,
C17,C18,
C28,C29,
C40, C41,
C49, C50,
C64 thru
C66,C73 | D6R8B35K CAPACITOR, 6. 8ufd, 35VDC
(0047)e v o v o o . . . 14
-2 C4 thru
C13,C14,
C19 thru
C27,C30
thrll C39»
C42 thru
C48,C51
thru C63,
C67 thru
C72 Y5F0O503M . . . CAPACITOR,.05ufd, 12VDC
0019)., . . . . « . . . 56
-3 C15,Cl16 DM-15-101] . . CAPACITOR, 100pf, 500VDC
(0052)s & ¢« v v v 4 . W 2
-4 L1 07-4100-3000 . . COIL,RADIO FREQUENCY,
100u Henries(0066). e 1
-5 MP1 107-000083 . « « PRINTED CIRCUIT BOARD
NOVA 1200 CPU(0010). . . . 1
-6 MP2 002-000126 HANDLE, PCB(0010). . . . . 1 J
-7 MP3, MP4,
MP5 002 -000051 . « SPACER, PCB(0010). . . 3
-8 MP6, MP9 { 90-0-6503-11 INJECTOR(0048)., . . . . 2
-9 MP7, MP8 } 90-0-5858-24 . . . RIVET(0048). . . . . . . 2

6-45
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Fig. &
Index
No.

Reference
Designator

MFR Part No.

1 23456 7 8 9 DESCRIPTION

Qry.

Pef

Assy.

Qty.
Per
Unit

6-9
-10

-11

-12

-13

. Continued }

Q1

R2 thru
R4, R9
thru R12,
R17,R20,
R57 thru
R59, R61,
R63, R64,
R66 thru
R69,R73
thru R82,
R84, R86
thru R97

R5, R13,
R15,R18,
R21,R23,
R25,R27,
R29,R31,
R33, R37,
R39, R41,
R43, R45,
R47,R49,
R55,R62,
R65, R70,
R72

R6, R7,R14
R16,R19,
R22,R24,
R26,R28,
R30, R32,
R34, R36,
R38, R40,
R42, R44,
R46,R48,
R50 thru
R54, R56,
R83

MPS 3640

CB4715

CB3915

CB3315

. . . . . . . . . . .

. . TRANSISTOR(0026), . . . .

RESISTOR, 4709, 1/4W, 5%(0011)

RESISTOR, 3909, 1/4W, 5%(0011)

. . RESISTOR, 3309, 1/4W, 5%(0011)

42

24

26
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Fig. & Qty. Qty.
Index Reference Per Per
No. Designator MFR Part No. 1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. Unit
6-9 . Continuedg .
-14 R8, R60,
R71,R85 |JCB2215 . . RESISTOR, 2209, 1/4W, 5%(0011) 4
-15 U2, U20,
u76 7474 . . INTEGRATED CIRCUIT PACK -
AGE,D-Flop(0038). . . . 3
8828 . . INTEGRATED CIRCUIT PACK -
AGE, D-Flop(0014)
-16 U3, ue,
Uui12,uU19,
U21, U36,
Us7, Ub4,
u7s5, U82,
us6, Us7,
U92, U109,
U118 9002 . INTEGRATED CIRCUIT PACK -
AGE, Quad 2-Input Gates(0013) | 15
8889 . INTEGRATED CIRCUIT PACK -
AGE, Quad 2 -Input Gates(0014)
-17 U4,U13,
U34, U41,
U48, Us3,
Us8, U635,
U85, u9l,
U9, U100 ]8885 . e INTEGRATED CIRCUIT PACK -
AGE, Quad 2-Input NAND Inter -
face Gates(0014). . . . . . 12
OMC3002 . « INTEGRATED CIRCUIT PACK -
AGE, Quad 2-Input NAND Inter -
face Gates(0026)
-18 uUs, U7,
Us, u1e6,
U22, U26,
u27,U67,
uU73, U83,
U94, U101 §8H90 . . INTEGRATED CIRCUIT PACK-
AGE, Hex Inverter(0014). 12
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Fig. & Quy. Qty.
Index Reference Per Per
No. Designator MFR Part No. J1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. | Unit
6-9 . Continued} . . . e e e e e e e e e e e
-19 U9, ui4,
Ui15,uUls,
us6, U72,
U99 MC3026 INTEGRATED CIRCUIT PACK -
AGE, Dual 4 -Input AND Power
Gates(0026). . . . . . . . 7
-20 U10, U24,
U44, U45,
Us5, U59,
u77,uU90,
U112, U114 9005 . INTEGRATED CIRCUIT PACK -
AGE, Dual 2-Wide AND-OR -
Invert Gates(0013). . . . . 10
8840 . INTEGRATED CIRCUIT PACK -
AGE, Dual 2-Wide AND-OR -
Invert Gates(0014)
-21 Ul1,U49 JUSN7438 « « « INTEGRATED CIRCUIT PACK -
AGE, Quad 2-Input NAND Gates
Q015). « v « v 4 . . . 2
-22 uU17,U023,
U28, U029,
U32,U33,
U37 thru
U40, U42,
U54, U69,
U95, U102,
U103, U103
thru U108,
U115,U122} 8271 . . INTEGRATED CIRCUIT PACK -
AGE, 4-BIT Shift Register(0014)} 22
-23 uz25, Us1,
usz2, U63,
U68 9321 . INTEGRATED CIRCUIT PACK -
AGL, Dual One-of-Four De -
coder(0013). . . . . 5
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Fig. & Quy. Qty.
Index Reference Per Per
No. Designator MFR Part No. J1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. | Unit
6-9 .Continued¢ . . . . . . .[. .
-24 U35, Us0,
U62,U74
U93, U111 §9003 INTEGRATED CIRCUIT PACK -
AGE, Three 3-Input NAND
Gates(0013). . . . . . . . 6
8879 INTEGRATED CIRCUIT PACK -
AGE, Three 3-Input NAND
Gates(0014)
-25 U43, U46,
U47,U61,
U81, Uss,
U98, U104 {9008 INTEGRATED CIRCUIT PACK -~
AGE, Single 4-Wide AND-OR -
Invert Gates(0013). . . . . 8
8848 INTEGRATED CIRCUIT PACK -
AGE, Single 4-Wide AND-OR -~
Invert Gates(0014)
-26 U60, U71,
U84, U89,
U97,U110 § 9009 INTEGRATED CIRCUIT PACK -
AGE, Buffer(0013). . . . . 6
8859 INTEGRATED CIRCUIT PACK-
AGE, Buffer(0014)
-27 U66, U78,
Ul13 MC3061 INTEGRATED CIRCUIT PACK -
AGE, Dual J-K Flip-Flop(0026) 3
-28 Us0 7486 INTEGRATED CIRCUIT PACK -
AGE, Quad 2-Input Exclusive-
OR Gates(0038). . . . . 1
-29 Ul1e,
Ui21 9322 INTEGRATED CIRCUIT PACK -
AGE, Quad 2 -Input Multiplexer
(0013). v ¢« &« v o .. 2
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Fig. & Qry. Qtuy.
[ndex Reference Per Per
No, Designator MFR Part No. 1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. f Unit
6 -9 . Contjnued o . L] . . L] L[] L . L . . . . . . . . L] . . .
-30 U117 74181 . o INTEGRATED CIRCUIT PACK -
AGE, Arithmetic Logic Unit/
Function Generator(0038). 1
-31 U119 74170 INTEGRATED CIRCUIT PACK -
AGE, 4-by -4 Register Files
(0038). « . . .+ + o . . 1
-32 U120, U125] 8264 . . INTEGRATED CIRCUIT PACK -
AGE, 3-Input, 4 Bit Digital
Multiplexer(0014). . . . . 1
-33 U123,U124§ 3101 . . INTEGRATED CIRCUIT PACK -
AGE, Bipolar Random Access
Memory(0067). . . . . 2
OIM5501 . INTEGRATED CIRCUIT PACK-
AGE, Bipolar Random Access
Memory(0067)
-34 Y1 No Number CRYSTAL, 13. 333MHz(0037). 1
3A1 005-000334 . POWER MONITOR OPTIONAL
SUBASSEMBLY, Model8106
(0010). « .+ « + o . ... 1
-35 C1 D6RBA6MZ . CAPACITOR,6. 8pf, 6VDC
0047). « « « o o o 1
-36 R1 CB3335 . . . RESISTOR, 33K, 1/4W 5%
(0011). . . . 1
-37 Ul 9601 « « « « INTEGRATED CIRCUIT PACKj
AGE, One Shot(0013). . . 1
3A2 005-000335 PROGRAM LOAD OPTIONAL
SUBASSEMBLY, Model 8108
(0010). . . . . 1
-38 U30,U31 | 7488 INTEGRATED CIRCUIT PAC¥ -
AGE, 256 Bit Read-Only
Memory(0038). . . . . . . 2
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Fig. &
[ndex
No.

Reference
Desiggator

MFR Part No.

1 23456 7 8 9 DESCRIPTION

Qty.

Per
Assy.

Qty.
Pcr
Unit

6-10

4

C1 thru
C3, C45,
Cc67, C75
thru C84,
91, C95,
C97,C104,
C106,
C108,C111
c113,cn74
C121

C4, Co,
C10,Cl11,
C15,Cl19,
C25 thru
C36, C49,
C50, C54,
C55, C59,
C60, C64,
C65, C89,
C96, C105,
C110,C119,
C122 thru
Cl24

C7 thru
C9,Cl12
thru C14,
C16 thru
C18,C20
thru C22,
C23

005-000420

D6R8B35K

Y5FO503M

DM-15-101]

. NOVA 1200 4K MEMORY PCB AS-
SEMBLY, Model 8103. (See
Figure 6-2-4 for NHA). .

CAPACITOR, 6. 8ufd, 35VDC
(0047). « v v v« . .

. .

. . CAPACITOR,.05ufd, 12VDC

(0019). . . . ¢ o . . ..

. . . CAPACITOR, 100pf, 500VDC
(0052). o « v o v . . .

25

31

13

REF
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Fig. & Quy. Qry.
[ndex Reference Per Pcr
No. Designator MFR Part No. 1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. |} Unit
6-10 . Continued} . e e o e e e
-4 C24, C85
thru C88,
C92, C98
thru C103,
C112,C114
C115,C116,
Cl118 Y5U0103Z CAPACITOR, . 01ufd, 50VDC
0019). . . . . . . . . 17
) C37 thru
C44 TAG00-6.8/6. 3~
50/20 . CAPACITOR, 6. 8ufd, 6. 3VDC
(0068). . & & o ¢« o W 8
-6 C46, C47,
C51, C52,
C56, C57,
C61, C62,
C66, C68
thru C74 |8121-100-W5RO~
682K CAPACITOR, 6800pf, 100VDC
(0019). . . . . « . . . . 16
-7 C48, C53,
C58,C63 JCD15ED330] CAPACITOR, 33pf, 500VDC
(0036). & & &« & & o 4 . 4
-8 C90 CD15FC560] CAPACITOR, 560pf, 300VDC
(0036). . . 1
-9 C94, C107,
C109,
C120 CDI5FC821] CAPACITOR, 820pf, 300VDC
(0036). . . « ¢« & « . . 4
-10 C125 CD15FD221] . CAPACITOR, 220pf, 500VDC
(0036). . « . . . . 1
-11 CR1 thru
CR87 CD81148 DIODE(0034). . . . . . . 87
-12 MP1 107-000123-00 PRINTED CIRCUIT BOARD
NOVA 800 4K MEMORY(0010) 1
-13 MP2 002-000126 HANDLE, PCB(0010). 1
-14 MP3, MP+ [002-000051 SPACER, PCB(0010). . . 2

Rev. 01
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Fig. &
[ndex
No.

Reference

Desigr_lator

MFR Part No,

1 2 3456 7 8 9 DESCRIPTION

Qry.

Per
Assy.

Qty.
Per
Unit

6-10
-15

-16

-17

-18

-19

-22

-23

. Continued

MP5, MP8
MP6, MP7

Q1 thru
Qlé6

R2 thru
R4, R7,
R 186,
R187

RS, R6’
R148,
R152 thru
R163,
R167,
R171 thru
R182,
R190

R8, R143,
R147,
R189

R9, R11,
R13,R15

R10,R12,
R14,R16,
R58, R65,
R72,R79,
R142

R17 thru
R19

R20 thru
R51

90-0-6503-11
90-0-5858-24

2N5022

CB1035

CB7515

CB2215

NA55(RN55D)

CB3325
CB1225

NAS5(RN55D)

. INJECTOR(0048).

o

RIVET(0048).

. . .

TRANSISTOR(0013). . .

RESISTOR, 10K, 1/4W, 5%(0011)

RESISTOR, 7509, 1/4W, 5%(0011)

RESISTOR, 2209, 1/4W, 5%(0011)

RESISTOR, 6. 8K, 1/8W, 1%(0041)

RESISTOR, 3. 3K, 1/4W, 5%(0011)
RESISTOR, 1. 2K, 1/4W, 5%(0011)

RESISTOR, 1509, 1/8W, 1%(0041)

16

29

32
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Fig. & Quy. Qty.
Index Reference Per Per
No. Designator MFR Part No. §1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. f Unit

6-10 .Continuedl . . .« v o ol 0 v e e e e e e e e e e e e
-25 R52 thru
R55, R149,
R166,
R168,
R185 CB1005 . . . RESISTOR, 109, 1/4W, 5%(0011). 8

-26 R56, R57,
R59, R60,
R62, R64,
R66, R67,
R69, R71,
R73, R74,
R76,R78,
R80, R81 JCB8205 . . . RESISTOR, 829, 1/4W, 5%(0011) 16

-27 |R61, R63,
R68, R70,
R75,R77,
R82,R100,
R104,
R106,
R114,
R116,
R124,
R126,
R134,
R136 CB4705 . . . RESISTOR,4.79, 1/4W, 5%(0011) | 16
-28 R83
thru R98,
R140,
R141 CB4715 . . . RESISTOR, 4709, 1/4W,5%(0011) | 18
-29 R99,R103,
R105,R1094
R110,R113
R115,R119,
R120,R123,
R125,R129
R130,R133/
R135,R139} C4 . . . RESISTOR,91Q, 1/4W, 5%(0041) 16

Rev. 01 6-56



THIS DRAWING AND SPECIFICATIONS, HEREIN, ARE THE
PROPERTY OF DATA GENERAL CORPORATION AND SHALL
NOT BE REPRODUCED OR COPIED OR USED IN WHOLE OR
IN PART AS THE BASIS FOR MANUFACTURE OR SALE OF
ITEMS WITHOUT WRITTEN PERMISSION.

Fig. & Qty. Qty.
Index Reference Per Per
No. Designator MFR Part No. §1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. § Unit
6-10 . Continued .
-30 R101,R102,
R107,R108,
R111,R112,
R117,R118,
R121,R122,
R127, R128,
R131,R132,
R137,R138 JC4 RESISTOR, 309, 1/4W, 5%(0041). 16
-31 R145,R146,
R188 EL2F RESISTOR, 1809, 3W, 5%(0061). 3
-32 R150,R165,
R169,R184 |EL2N RESISTOR, 309, 3W, 1%(0061). . 4
-33 R151,R164,
R170,R183 JVALUE OF RESISTANCE IS FACTORY SELECTED 4
-34 U1, U019,
U26, U36,
U41 MC3026 . INTEGRATED CIRCUIT PACK -
AGE, Dual 4-~Input AND
Power Gates(0026). . . . 5
-35 U2, U4, U6,
us, ul1o0,
Ul12,U14,
Ul16 USN7438 . INTEGRATED CIRCUIT PACK -
AGE, Quad 2-Input NAND
Gates(0015). . . . . . 8
-36 U3, us, U7,
U9, Ull,
U13, U15,
U17 9005 INTEGRATED CIRCUIT PACK -
AGE, Dual 2-Wide AND-OR - |
Invert Gates(0013). . . 8
8840 INTEGRATED CIRCUIT PACK -

AGE, Dual 2-Wide AND-OR -
Invert Gates(0014)
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PACKAGE, Single 8-Input
Gate(0013).

Fig. & Qry. Qty.
Index JReference Per Per
No. Designator MFR Part No. |1 3456 78 9 DESCRIPTION Assy. | Unit
6-10 . Continued }. . e e e e e e e e
-37 U18, U44,
ué67, U71,
Uso 8H90 . INTEGRATED CIRCUIT PACK -
AGE, Hex Inverter(0014). S
-38 U20, U42,
U43, U51,
U53, U6b1,
U63,U70 ]75451 . INTEGRATED CIRCUIT PACK -
AGE, Interface Drivers(0038). 8
-39 U21, U23,
U24, 027,
U28, U3l,
U32,U34 (|7474 . INTEGRATED CIRCUIT PACK -
AGE,D-Flop(0038). . . . 8
8828 . INTEGRATED CIRCUIT PACK-
AGE, D-Flop(0014)
-40 U22, U25,
U29,U33 }7475 INTEGRATED CIRCUIT PACK -
AGE, 4-Bit Bistable Latches
(0038). . . . 4
-41 U30 7437 INTEGRATED CIRCUIT PACK -
AGE, Four 2-Input NAND
Gates(0038). . . . . . . . 1
O7437 . INTEGRATED CIRCUIT PACK -
AGE, Four 2-Input NAND
Gates(0015). . . . . . .
-42 U35 9007 . INTEGRATED CIRCUIT

Rev, 01
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Fig. & Qrv. Qty.
Index JReference Per Por
No. Designator, MFR Part No. §1 2 3 4 5 6 7 8 9 DESCRIPTION Assy, | Unit
6-10 . Continued . e e e e e e e e e e e
-43 u37, U39,
U45, U48,
U5s5, US8,
U64, U68 9002 . INTEGRATED CIRCUIT PACK -
AGE, Quad 2-Input Gates(0013) 8
8889 INTEGRATED CIRCUIT PACK -
AGE, Quad 2 -Input Gates(0014)
~44 u3s, u40,
U46, U49,
use6, Us9,
U65, U069 7524 INTEGRATED CIRCUIT PACK -
AGE, Dual Sense Amplifiers
(0038)s &+ & & & ¢ o e e 8
-45 u47, Us0,
Us52, U4,
uUs7, U60,
U62, U606,
U72 thru
u79 75324 INTEGRATED CIRCUIT PACK
AGE, Memory Driver with
Decode Inputs(0038). . . . 16
~46 VR1, VR2 J1IN5235B . DIODE, BREAKDOWN(0026). . 2
-47 4U1 005-000272 CORE MEMORY STACK SUB-
ASSEMBLY(0010). . . 1
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NOTE.f WHEN 4023 OPTION IS INSTALLED, RSO IS DELETED,
AND €39 1S CHANGED TO A Of MFD
SEE PARTS LISTING FOR OPTIONAL MODEL 4023 (o ' REV SED COMHONENT
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Figure 6-11. Basic I/0 Control PCB Assembly
6-61/6-62







THIS DRAWING AND SPECIFICATIONS, HEREIN, ARE THE
PROPERTY OF DATA GENERAL CORPORATION AND SHALL
NOT BE REPRODUCED OR COP!ED OR USED IN WHOLE OR
IN PART AS THE BASIS FOR MANUFACTURE OR SALE OF
ITEMS WITHOUT WRITTEN PERMISSION.

Fig. & Quy. Oty.
[ndex Reference Per Pcr
No. Designator] MFR Part No. f1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. Unit
6-11 5 007 -000011-05 . BASIC I/O CONTROL PCB ASSEM -
BLY, Model 4007(See Figure
6-2-5 for NHA)., . . . . . REF
-1 C1,C2,C4
thru C7 CDI15FD101] o e CAPACITOR, 100pf, 500VDC
(0036). « . . . . . . 6
-2 C13,C26,
C41, C50,
C51,C63 D6R8B35SK . e CAPACITOR, 6. 8ufd, 35VDC
(0047). . . . « & . . . 6
-3 C14,C15,
Cc27,C29,
C30 Y5FO-503M .« . CAPACITOR, . 05ufd, 50VDC
(0019). « ¢ . v o . . .. 5
-4 MP1 107 -000063 -05 . . PRINTED CIRCUIT BOARD,
BASIC I/0 CONTROL(0010). . 1
-5 MP2, MP3,
MP4 002 -000051 . SPACER, Top PCB(0010). 3
-6 MP5 002 ~-000126 HANDLE, PCB(0010). . . . 1
-7 MP6, MP8 §90-0-6503-11 INJECTOR(0048)., . . . . . 2
-8 MF7, MP9 190-0-5858-24 RIVET(0048). . . . . . . . 2
"9 R18) ngi
R20,R21,
R22,R23 CB1025 . RESISTOR, 1K, 1/4W, 5%(0011) 6
-10 R24, R27 CB3315 RESISTOR, 3309, 1/4W, 5%(0011) 2
-11 R25, R26 CB3915 . RESISTOR, 3909, 1/4W, 5%(0011) 2
-12 R46 CB1815 RESISTOR, 1809, 1/4W, 5%(0011) 1
-13 R47 CB4715 . RESISTOR, 4709, 1/4W, 5%(0011) 1
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Fig. & Qty. Qty.
Index Reference Per Per
No. Designator MFR Part No. J1 2 3 4 56 7 8 9 DESCRIPTION Assy, | Unit
6-11 . Continued§. . . e e e e e e e e e e e
-14 U1, 02,
uUll, U3l 9002 . INTEGRATED CIRCUIT PACK -
AGE, Quad 2 -Input Gates(0013) 4
8889 . INTEGRATED CIRCUIT PACK -
AGE, Quad 2-Input Gates(0014)
-15 U10,U12,
U13,U14,
U32 9016 . INTEGRATED CIRCUIT PACK -
AGE, Hex Inverter(0013). . . 3
O8H90 INTEGRATED CIRCUIT PACK -
AGE, Hex Inverter(0014)
-16 U30 9003 . INTEGRATED CIRCUIT PACK -
AGE, Three 3-Input NAND
Gates(0013). . . . . .+ . . 1
8879 INTEGRATED CIRCUIT PACK -
AGE, Three 3~Input NAND
Gates(0014)
-17 U33 USN7439 INTEGRATED CIRCUIT PACK -
AGE, Quad 2 -Input NAND(OC)
Gates(0015). . . « . . . . 1
5A1 007-000014 *OPTIONAL SUBASSEMBLY
TELETYPE INTERFACE,
Model No. 4010(0010). . 1
-18 C8,C17
thru C19,
C21 thru
C24,C32,
C34 thru
C36,C38 | 5635-000-Y5FO-
503M . . CAPACITOR, . 05ufd, 12VDC
(0019). . . . 13

“See Table 6-3 and Figure 6-6 (NOTE 1) for (Device/Computer) Connector

Information.
control.

See Figure 6-12 Optional Assembly Model 4009 Teletype on-line
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Fig. & Qry. Q.
Index §}Reference Per for
No. Designator MFR Part No. 1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. ¥ Unit
6-11 .Continuedf. . . . . . e e e e e e e e e e
-19 C9 CDI15FD101J . CAPACITOR, 100pf, 500VDC
(0036). . . . . . . 1
-20 C10 CD15FC561] . CAPACITOR, 560pf, 500VDC
(0036)(See Note 1 Below). 1
NOTE 1: The value of this
capacitor depends on the
operating frequency of
crystal Y2, C10 is 560pf
when the basic 14. 08KHz
crystal is installed. See
NOTE 2 for additional in-
formation concerning tele-
type crystal options.
-21 C20, C25,
C40 D6R8B35K . CAPACITOR, 6. 8ufd, 35VDC
0047). . . . . . 3
-22 C31 CK103 CAPACITOR, . 01ufd, 50VDC
(0032). . . . . . .. 1
-23 C39 DIR0OA35K1 CAPACITOR, 1ufd, 35VDC
(0047). . . 1
¢OCK103 CAPACITOR, . 01ufd, 50VDC
(0032)(Alternate Capacitor
is installed under the 4023
option)
-24 CR5 CD81148 . DIODE(0034). . . . . . . 1
-25 Q7 2N4125 . TRANSISTOR(0026). . . . 1
-26 Q10 2N4123 . TRANSISTOR(0026). . . . 1
-27 RS, R33 CB1025 RESISTOR, 1K, 1/4W, 5%(0011 2 ;
-28 R30 thru ;
R32, R48 } CB3025 RESISTOR, 3K, 1/4W, 37(0011)] 4 !
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Fip, & Qrv. Qty.
Index Reference Per Per
No. Designator MFR Part No. f1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. } Unit
6-11 . Continued} . . . . e e e e e e e e e e e
-29 R34 CB5625 . . RESISTOR,5.6K, 1/4W, 539,
001y, . . . . 1
-30 R35 CB2215 . RESISTOR, 2209, 1/4W, 5%
(001HH. . . . L. 1
-31 R36 CB1815 RESISTOR, 1809, 1/4W, 5%
(0011). 1
~32 R37 CB2725 RESISTOR, 2. 7K, 1/4W, 59
(0011). 1
-33 R38 thru
R40 CB3325 RESISTOR, 3. 3K, 1/4W, 59
(001, . . . . . . 3
-34 R49 CB4725 RESISTOR, 4. 7K, 1/4W, 5%
(0011). 1
-35 R50 4410 RESISTOR, 4709, 3W, 5%(0027) 1
NOTE: R50 is deleted when
option 4023 is installed.
-36 U3 NE510A INTEGRATED CIRCUIT PACK
AGE, Dual Amplifier(0014) 1
-37 U4 8281 INTEGRATED CIRCUIT PACKH
AGE, 4 Stage Binary Counter
(001, . . . . 1
-38 u1s, U1e,
U21, U35,
U41 9300 . INTEGRATED CIRCUIT PACK
AGE, 4 Bit Shift Register
0013). . . . . 5
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Fig., & Qn. Qry.
Index Reference Per Per
No. Desiﬂnh ator MFR Part No. 2 4 56 7 8 9 DliSCRIF’TION Assy. L'nit
6-11 Continued} . .
-39 ['Ul7, U40 9004 . . INTEGRATED CIRCUIT PACKH
AGEL, Dual 4-Input Gates
(0013), . . . . . . .. 2
8819 . INTEGRATED CIRCUIT PACK-
AGE, Dual 4-Input Gates
(0014)
-40 U18,uUl19
20,022 JUSN7439 . INTEGRATED CIRCUIT PACK 1
AGE, Quad 2-Input NAND
(OC) Gates(0015). 4
-41 U23 thru
U29, U42
thru U44 }7474 . INTEGRATED CIRCUIT PACK 1
AGE, D-Flop(0038). 10
08828 . INTEGRATED CIRCUIT PACK-
AGE, D-Flop(0014)
-42 U34, U39,
U6 9016 INTEGRATED CIRCUIT PACK A
AGE, Hex Inverter(0013) 3
$8HO0 . INTEGRATED CIRCUIT PACK-
AGFE, Hex Inverter(0014)
=43 U36 8T80 INTEGRATED CIRCUIT PACK A
AGE, Quad 2-Input NAND
Interface Gates(0014). . 1
-44 U37 9007 . INTEGRATED CIRCUIT PACK-
AGE, Single 8-Input Gate
(0013). . . . . . . .. 1
-45 U38, U453,
U48 thru
Us0 9002 INTEGRATED CIRCUIT PACK -
AGE, Quad 2 -Input Gates 5
(0013)s v « .« . . ...
»8889 P ’ INTEGRATED CIRCUIT PACK-

AGE, Quad 2 -Input Gates
(0014)
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Fig, & Quy. Qty.
[ndex Reference Per Pcr
No. Designator MFR Part No. J1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. | Unit
6-11 . Continued} . .
-46 U47 9003 . INTEGRATED CIRCUIT PACK 1
AGE, Three 3-Input NAND
Gates(0013). . . . . . . 1
8879 . . . . INTEGRATED CIRCUIT PACK-
AGE, Three 3-Input NAND
Gates(0014)
~47 Y2 No Number CRYSTAL, 14. 08KHz(0037). . 1
NOTE 2: The size and frequency of the crystal installed with this optional subassembly
depends on the operational Baud rate selected. The 14.08KHz crystal is installed in
units operating at 110 Baud. The 19.2KHz crystal is installed in units operating at
150 Baud (under option 4023 standard low speed for Bell type 103 Data set or equiva -
lent). The 153.6KHz crystal is used in units operating at 1200 Baud (Option 4029
standard high speed for Bell type 202 Data set or equivalent). Non-standard rates
are also available on customer request, for example a unit selected to operate at
1800 Baud would require a 230, 4KHz crystal.
5A2 007-000012 . . OPTIONAL SUBASSEMBLY REAL
TIME CLOCK, Model No, 4008
(0010). . . . . . . . .. 1
-48 C33,C43,
C44, C46,
C47, C56,
C58, C59,
C70 5635-000-Y5FO-
: 503M . . . CAPACITOR,. 05ufd,12VDC
(0019). . . . . 9
-49 C45,C57 | D6R8B35SK CAPACITOR, 6. 8ufd, 35VDC
0047, . . . . 2
-50 C55 CD7FA821] CAPACITOR, 820pf, 500VDC
(0036). 1
-31 CR6 CD81:-8 DIODE(0034). . 1
-52 Q9 2N4127 TRANSISTOR(0026). 1
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Fig, & Qty. Qty.
Index JReference Per Pc -
No. Designator MFR Part No. §1 2 3 4 5 6 7 8 9 DESCRIPTION Assy., | Unii
6 '11 . Conti.l'lued 3 . . . . . . . . . . . . . . . . . . .
-53 Q11,Q12 |J2N4125 . TRANSISTOR(0026). . . . 2
-54 R51 CB2225 . . . . RESISTOR, 2, 2K, 1/4W, 5%
(ooin. . . ... ... 1
-55 R52 CB1525 . . . . RESISTOR, 1. 5K, 1/4W, 5%
(0011). . . . . ... 1
-56 R53,R73 §CB3025 . . . . RESISTOR, 3K, 1/4W, 5%(0011) 2
-57 R62 CB2715 . . . . RESISTOR, 2709, 1/4W, 5%
ooy, . . ... .. 1
-58 R63 CB2215 . . . . RESISTOR, 2209, 1/4W, 5%
oo1n). . . . . . ... 1
-58a }R93 CB4715 . +. .+ « RESISTOR, 4709, 1/4W, 5%
0oy, . . . . .. L. 1
-59 R72,R74
thru R76 ] CB3325 . . . . RESISTOR,3. 3K, 1/4W, 5%
oon. . ... ... 4
-60 Us7 9004 . + . . INTEGRATED CIRCUIT PACKH
AGE, Dual 4 -Input Gates
(0013). . . . . . . .. 1
8819 « - + . INTEGRATED CIRCUIT PACK A
AGE, Dual 4-Input Gates
(0014)
-61 U58,U76 9002 . . . . INTEGRATED CIRCUIT PACK A
AGE, Quad 2-Input Gates
013). . . . . . .. .| 2 }
8889 . . . « INTEGRATEDCIRCUIT PACK -
AGE, Quad 2 -Input Gates
(0014)
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Fig. & Qty. Qty.
Index Reference Per Pcr
No. Designator MFR Part No. 1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. ] Unit
6-11 .Continuedf. . . . .
-62 Us59, U75 § 9016 . . INTEGRATED CIRCUIT PACK]
AGE, Hex Inverter(0013). 2
O8HO0 . INTEGRATED CIRCUIT PACK 1
AGE, Hex Inverter(0014)
-63 U60, U73,
u77 7474 INTEGRATED CIRCUIT PACK
AGE, D-Flop(0038). . . . 3
8828 . INTEGRATED CIRCUIT PACK
AGE, D-Flop(0014)
-64 /)] 9008 INTEGRATED CIRCUIT PACK |
AGE, Single 4-Wide AND-OR
-INVERT Gates(0013). 1
8848 . . INTEGRATED CIRCUIT PACK
AGE, Single 4-Wide AND-OR
-INVERT Gates(0014)
-65 u72 USN7439 . . INTEGRATED CIRCUIT PACK -
AGE, Quad 2-Input NAND
(OC) Gates(0015)., . . . 1
-66 U74 8281 INTEGRATED CIRCUIT PACK
AGE, 4 Stage Binary Counter
(0014). . . . . . . . . 1
-67 U90 NES510A . « INTEGRATED CIRCUIT PACK-
AGE, Dual Amplifier(0014) 1
-68 U91,U92 18280 INTEGRATED CIRCUIT PACK}
AGE, Decode Counter(0014) 2
-69 Y1 No Number CRYSTAL, 16KHz(0037). 1
5A3 007 -000018 . *OPTIONAL SUBASSEMBLY
PAPER TAPE READER CON-
TROL, Model No. 4011(0010) 1

“See Table 6-3 and Figure 6-6 (Note 1) for (Device/Computer)
Connector [nformation
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Fig. & Qry. Qty.
fndex Reference Per Per
No. Designator MFR Part No. J1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. | Unit
6-11 . Continued} o e e . e e e e e e e e
-70 C28, C42,
C52, C53,
C64, Co67,
C69 5635-000-Y5FO-
503M CAPACITOR, . 05ufd, 12VDC
(0019). . . . . . . 7
-71 C54 CK103 CAPACITOR,. 01ufd, 50VDC
(0032). . . . . . . . 1
-72 C66 CD15FD471] CAPACITOR, 470pf, 500VDC
(0036). . . . . . . . 1
-73 C68 DR22A20KI CAPACITOR, . 22u1d, 20VDC
0047). . . . . . .. 1
-74 CR7 CD81148 DIODE(0034). . . . . . . 1
=75 RS54 thru
R61, R69,
R71 CB3025 RESISTOR, 3K, 1/4W, 5%(0011)§ 10
-76 R67 CB4715 RESISTOR, 4709, 1/4W, 5%
oomm. . . .. .. .. 1
-77 R68 CB2215 RESISTOR, 2209, 1/4W, 5%
(0Oo1n). . . . . . . .. 1
-78 R70 CB7525 RESISTOR, 7. 5K, 1/4W, 5%
(0011). . . . . . « 1
-79 U51,U88 9016 INTEGRATED CIRCUIT PACK A
AGE, Hex Inverter(0013). . 2
S8H90 INTEGRATED CIRCUIT PACK A
AGE, Hex Inverter(0014)
-80 uUs2, Us5,
Us6 USN7439 INTEGRATED CIRCUIT PACK -
AGE, Quad 2 -Input NAND
(OC) Gates(0015). 3
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Fig. & Qry. Qty.
Index Reference Per Per
No. Designator MFR Part No. 1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. f Unit
6-11 . Continued} . N . ¢ o+ s s 4 s & @
-81 U53, U4,
Us6 7474 . . . INTEGRATED CIRCUIT PACK -
AGE,D-Flop(0038). . . 3
8828 INTEGRATED CIRCUIT PACK -
AGE, D-Flop(0014)
-82 U68, U85,
U89 9002 . . INTEGRATED CIRCUIT PACK A
AGE, Quad 2 -Input Gates
(0013). . . . .+ . . . . 3
{8889 INTEGRATED CIRCUIT PACK A
AGE, Quad 2-Input Gates
(0014)
-83 U69 9004 INTEGRATED CIRCUIT PACK -
AGE, Dual 4-Input Gates
(0013). .+ . . .+ . . .. 1
8819 . INTEGRATED CIRCUIT PACK A
AGE, Dual 4 -Input Gates
(0014)
-84 Uu70,U71 19300 . . INTEGRATED CIRCUIT PACK -
AGE, 4-Bit Shift Register
0013). « .+ « . . .. 2
9300 . INTEGRATED CIRCUIT PACK A
AGE, 4-Bit Shift Register
(0049)
-85 us7 9601 INTEGRATED CIRCUIT PACK -

AGE,DC Triggerable One
Shot(0013). . . . .
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Fig. & Qtv. Qty
Index Reference Per Lo
No. Designator MFR Part No, §1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. } Ut
6 —11 .Continued 3 . . . . . . . . . . . . . . . . . . . . - . .
S5A4 007 -000021 . . . ¥OPTIONAL SUBASSEMBLY
PAPER TAPE PUNCH CON-
TROL, Model No. 4012(0010). 1
-86 C37, C48,
C49,C61,
c62,C71,
C75,C76 5635-000-Y5FO-
503M . . + « CAPACITOR,.05ufd, 12VDC
(0019). . . . . . . . 8
-87 C60, C72 CK103 . « » CAPACITOR,.Olufd, S0VDC
(0032), &« ¢ v « & . . . 2
-88 C73,C74 D1R0OA35K1 . « « . CAPACITOR, 1ufd, 35VDC
0047). « & v o « o . 2
-89 Q13 2N4125 . . . TRANSISTOR(0026)., . . 1
-90 R64, R77 CB1015 . u RESISTOR, 1009, 1/4W, 5%
(oo11). . . . . . . . 2
91 R78 CB7515 . RESISTOR, 7509, 1/4W, 5%
(oo11). . . . . . .. 1
-92 R79 CB2725 . RESISTOR, 2. 7K, 1/4W, 5%
(0011)0 . . . . . . . . l
-93 R80 CB1515 . . RESISTOR, 1509, 1/4W, 5%
o011, . . . . . . . . 1
-94 R81, R82 CB1815 . RESISTOR, 1809, 1/4W, 5%
(001 1). . . . . . . . . 2
-95 R83 CB1535 . RESISTOR, 15K, 1/4W, 5%
(oo11). . . . . . . . . 1
-96 R84 CB1525 RESISTOR, 1. 5K, 1/4W, 5%

*See Table 6 -3 and Figure 6-6 (Note 1) for
(Device/Computer) Connector Information

(0011, . . .. . . ..
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Fig. &
Index
No.

Reference

Desiggator

MFR Part No.

1 234567 8 9 DESCRIPTION

Qtv.

Per

Assy.

Qty.
Pcr
Unit

6-11
-97

-99

-100

-101

-102

-103

-104

. Continued].

R85, R86

R92

U62, U63

U64; U789

U81, U83

U635, U9

u66, U79

u67

U80, Us2

CB3315
CB3025

7474

8828

USN7439

9016
O8H90

9002

8889

9004

{8819

9300

©9300

.

RESISTOR, 3309, 1/4W, 5%

(0011). . . . . .

RESISTOR, 3K, 1/4W, 5%
(0011).

INTEGRATED CIRCUIT PACKH
AGE, D-Flop(0038).

INTEGRATED CIRCUIT PACK -
AGE, D-Flop(0014)

INTEGRATED CIRCUIT PACK 1
AGE, Quad 2 -Input NAND
(OC) Gates(0015). .

INTEGRATED CIRCUIT PACK
AGE, Hex Inverter(0013).

INTEGRATED CIRCUIT PACK A
AGE, Hex Inverter(0014)

INTEGRATED CIRCUIT PACKH
AGE, Quad 2 -Input Gates
(0013). .

INTEGRATED CIRCUIT PACK
AGE, Quad 2 -Input Gates
(0014)

INTEGRATED CIRCUIT PACK A
AGE, Dual 4-Input Gates
(0013). . . .

INTEGRATED CIRCUIT PACK .
AGE, Dual 4-Input Gates
(0014)

INTEGRATED CIRCUIT PACK
AGE, 4 -Bit Shift Register
(0013). . . . .

INTEGRATED CIRCUIT PACK .
AGE, 4 -Bit Shift Register
(0049)
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6-11 . Continuedg . . . o e e e e e e e e e e e e e
-105 JU93 9006 « « . INTEGRATEDCIRCUIT PACK A
AGE, Dual 4 -Input AND-OR -
INVERT Gates(0013). . . 1
-106 JU9%4 9601 . . « INTEGRATED CIRCUIT PACK A
AGE, DC Triggerable One
Shot(0013). . . . . . . 1
-107 JU9S NES510A . INTEGRATED CIRCUIT PACK -
AGE, Dual Amplifier(0014). 1
5A5 007-000023 . . *OPTIONAL SUBASSEMBLY
PAPER TAPE PUNCH REMOTE
OPERATION, Model No. 4013
(0010). . . . . . 1
-108 ] C77,C78 | D47C20K1 CAPACITOR, 47ufd, 20VDC
0047). . . « . o . . 2
-109 1Q14,Q15 ] 2N4123 . . TRANSISTOR(0026). . . . 2
-110 |} R87 CB2245 . . RESISTOR, 220K, 1/4W, 5%
oo, . . . ... 1
-111 | R88,R90 J CB3335 . . . RESISTOR, 33K, 1/4W, 5%
ooy, . ... 2
-112 |} R89 CB6835 . . RESISTOR, 68K, 1/4W, 5%
001y, . . ... L 1
-113 jU97,098 | 9601 INTEGRATED CIRCUIT PACK 1
AGE, DC Triggerable One
Shot(0013). 1

“See Table 6-3 and Figure 6-6 (Note 1) for (Device /Computer

Connector [Information
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Fig. & Qry. Qty.
Index Reference Per Per
No. Designator MFR Part No. 1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. [ Unit
6-11 .Continuedg . . . . . .
5A6 007 -000097 . *OPTIONAL SUBASSEMBLY
37ASR TELETYPE INTER -
FACE Model No. 4023/0010). 1
-114 C16 5635-000-Y5FO-
503M CAPACITOR, . 05ufd, 12VDC
(0019). . . . . . . . 1
-115 }Q8 2N4125 TRANSISTOR(0026). 1
-116 R28 CB1025 RESISTOR, 1K, 1/4W, 5%(0011) 1
-117 [R29 CB1115 RESISTOR, 1109, 1/4W, 5%
(0011). . . . 1
-118 R44 CB7515 RESISTOR, 7509, 1/4W, 5%
(0o11). . . . . . . .. 1
-119 R45 CB1525 RESISTOR, 1. 5K, 1/4W, 5%
(0011). 1
5A7 007 -000098 OPTIONAL SUBASSEMBLY HIGHA
SPEED DATA SET INTERFACE
Model No. 4029(0010). 1
-120 JC3 CDI15FC821] CAPACITOR, 820pf, 300VDC
0036), . . . . . . . . 1
-121 C11,C12 CDI15FD101] CAPACITOR, 100pf, 500VD
(0036). . . . . . . 2
-122 CR1 thru
CR4 CD81148 DIODE(0034). . . . . . . 4
-123 1Q1,Q2 2N4125 TRANSISTOR(0026). 2

‘See Table 6-3 and Figure 6 -6 (Note 1) for Device/Computer
Connector Information
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6-11 . Continuedj . o e 4 e e e e e e e
-124 §Q3 thru
Q6 2N4123 . TRANSISTOR(0026). . . . 4
-125 {R1,R3,
R41,R43 JCB1025 RESISTOR, 1K, 1/4W, 5%(0011) 4
-126 | R2, R4 CB1015 . RESISTOR, 1009, 1/4W, 5%
ooy, ..o ... 2
-127 |R6,R8 CB7515 RESISTOR, 7509, 1/4W, 5%
oony. . ... ... 2
-128 JR7,R9 CB1525 RESISTOR, 1. 5K, 1/4W, 5%
(o1, . .o ... 2
-129 | R10, R14,
R15,R17,
R42 CB3025 RESISTOR, 3K, 1/4W, 5%(0011) 5)
-130 ] R11,R12,
R13,R16 | CB4725 . RESISTOR, 4. 7K, 1/4W, 5%
oo, . ... ... 4
-131 jU5 USN7439 . INTEGRATEDCIRCUITPACK{
AGE, 2 -Input NAND(OC)
Gates(0015). 1
-132 JU6 7474 INTEGRATED CIRCUIT PACK A
AGE, D-Flop(0038). 1
8828 INTEGRATED CIRCUIT PACK-
AGE, D-Flop(0014)
-133 JU7 9002 INTEGRATED CIRCUIT PACKH
AGE, Quad 2 -Input Gates
(0013). . . . .+ . . . 1
8889 . INTEGRATED CIRCUIT PACK-

AGE, Quad 2 -Input Gates
(0014)
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Fig, & Qty. Qty.
Index Reference Per Per
No. Designator MFR Part No. J1 2 3 4 5 6 7 8 9 DESCRIPTION Assy. | Unit
6-11 . Continued} . . .
-134 JUS8 9016 . . . INTEGRATEDCIRCUIT PACK -
AGE, Hex Inverter(0013). . 1
O8HI0 . INTEGRATED CIRCUIT PACKH
AGE, Hex Inverter(0014)
-135 JU9 9003 . INTEGRATED CIRCUIT PACK A
AGE, Three 3-Input NAND
Gates(0013). . . . . .. 1
8879 . INTEGRATED CIRCUIT PACK A
AGE, Three 3-Input NAND
Gates(0014)
5A8 007 -000096 . . OPTIONAL SUBASSEMBLY LOW
SPEED READER CONTROL,
Model No. 4011A(0010). . 1
-136 J C65 D1R0A35K1 . CAPACITOR, 1ufd, 35VDC
(0047). . . . . . . 1
-137 | R65 CB3025 . RESISTOR,BK,1/4W,5%(0011)r 1
-138 | R66 CB4725 . RESISTOR, 4. 7K, 1/4W, 5%
(0011). .« . . . . . .. 1
-139 J R91 3005P-1-203 POTENTIOMETER, 20K (0031) 1
"-140 U84 9601 INTEGRATED CIRCUIT PACK-

AGE, DC Triggerable One
Shot(0013).
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Figure 6-12. Teletype Modification Kit, Optional Model 4009
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6-12 None 118-000021 . TELETYPE MODIFICATION KIT,
Optional Model 4009. See Tele-
type Manual under separate
cover for NHA. This kit is in-
stalled within the teletype to al-
low the Teletype Reader to be
remotely controlled during on-
line operation. Model 4009 is
used with Optional Assembly
Model 4010. . . . . . . . . . . 1
-1 C1 CD7FA471] . . CAPACITOR, 470pf, 500VDC
(0036). . . . . . . . .. 1
-2 CR1 CD81148 . . DIODE(0034). . . . . . . . 1
-3 K1 BRSR1-901 . . RELAY(0040). . . . . . . . 1
- Q1 40526 . . TRIODE THYRISTOR(0039). . 1
-5 R1 CB1005 . RESISTOR, 109, 1/4W, 5%(0011) 1
-6 R2 CB1015 . RESISTOR, 1009, 1/4W, 5%(0011) 1
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SECTION VII

REFERENCE DRAWINGS

7-1 INTRODUCTION

All of the Data General electrical reference drawings for the Nova 1200 Central
Processor, Nova 1200 4K Memory, and the Basic I/O Control are contained in this section.
The actual drawing complement is bound under separate cover, however all of the drawings

and wire lists comprising this section are listed in Table 7-1 for reference purposes.

Table 7-1. Reference Drawings

Title Drawing No.

Nova 1200 Block Diagram &

Waveforms 001-000107
Nova 1200 Flow Chart 1 001-000106 (Sheet 1)
Nova 1200 Flow Chart 2 001-000106 (Sheet 2)
Nova 800 & 1200 Console 001-000089
CPU Nova 1200 001-000088 (Sheets 1 thru 4)
4K Memory-MA & MB

Register & Control 001-000103 (Sheet 1)
4K Memory-Sense & Inhibit 001-000103 (Sheet 2)
4K Memory -X Drivers 001-000103 (Sheet 3)
4K Memory-Y Drivers 001-000103 (Sheet 4)
Nova 800, 1200 Power Supply 001-000091
Back Panel Nova 1200 001-000090
Nova 800 or 1200 Rack Installation 010-000006
Power Monitor* 001-000110

*Option drawings are supplied only with equipment which includes that particular option.
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Table 7-1. Reference Drawings (Continued)

Title Drawing No.
Program Load Nova 1200* 001-000109
Resistor Board 001-000087
I/0 Bus Receivers & 001-000070

Common Select

Teletype Control* 001-000071
Paper Tape Reader Control 4011* | 001-000072
Paper Tape Punch Control 4012* 001-000073
Real Time Clock* 001 -000074
I/0 External Cable 008 -000044

Nova 800/1200
Internal I/0 Cable
Wire List 008 -000053 '

Nova 800/1200 Hi Speed
Reader* Internal Cable
Wire List 008 -000054

Nova 800/1200 Punch*

Internal Cable Wire
List ’ 008 -000055

*Option drawings are supplied only with equipment which includes that particular option.
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INTRODUCTION

This Appendix is a compilation of the Logic Diagrams and Truth Tables for
the Integrated Circuit (IC) Packages used in the Nova 1200 logic. Information presented
in this section is intended to supplement the electrical (assembly logic diagrams) drawings
and the Integrated Circuits listed in Section V of this manual. The data presented herein
is cataloged first alphabetically then by number, where the alphabetical prefixes of the
number are germane to the manufacturer's identification of the part rather than defining
operational parameters (e.g., temperature, case construction, etc.). Table A-1 is an
index listing the types of IC's cataloged in this section with the corresponding page number
location. All of the logical elements listed use positive logic, i.e., the highest voltage

equals a logic 1.

Table A-1. IC INDEX

Ic Manufacturer Page No.
BC728 Texas Instruments A-4
IM5501 Intersil A-5, A-6
MC3302 Motorola A-7
MC3062 Motorola A-8
MC3061 Motorola A-9
510A Signetics A-10
uA723 Fairchild A-11
7407 Texas Instruments A-12
7438 Sprague A-13
7439/8881 Sprague /Signetics A-14
7474 Texas Instruments A-15
7475 Texas Instruments A-16
7486 Texas Instruments A-17
7488 Texas Instruments A-18, A-19
74170 Texas Instruments A-20, A-21
74181 Texas Instruments . A-22
7524 Texas Instruments : A-23

A-2
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Table A-1. IC INDEX (Continued)

1C Manufacturer Page No,
75324 Texas Instruments A-24
75451 Texas Instruments A-25
8H90 Signetics A-26
8T80 Signetics A-27
8264 Signetics A-28
8271 Signetics A-29
8280 Signetics A-30
8281 Signetics A-31
8885 Signetics A-32
9002 Fairchild A-33
9003 Fairchild A-33
9004 Fairchild A-34
9005 Fairchild A-34
9006 Fairchild A-35
9007 Fairchild A-35
9008 Fairchild A-36
9009 Fairchild A-34
9016 Fairchild A-36
9300 Fairchild A-37
9321 Fairchild A-38
9322 Fairchild A-39, A-40
9601 Fairchild A-41
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BC728

16 Diode Array
LOGIC DIAGRAM

S

TRUTH TABLE N/A For BC728
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IM5501

Bipolar Random Access Memory

LOGIC DIAGRAM/PIN DESIGNATIONS

PIN CONFIGURATION

ADDRESS SUPPLY VOLTAGE
CHIP SELECT ADDRESS

WRITE ENABLE ADDRESS
DATAIN ADDRESS

DATA OUT DATA IN

DATA IN DATA OUT

DATA OUT DATA IN
GROUND DATA OUT

PIN 1 DESIGNATED EITHER BY DOT OR NOTCH

The IM5501 is a High Speed Fully decoded Bipolar 64 Bit Random Access
Memory organized as 16 x 4 Bit words. The READ and WRITE Controls
for the IM5501 are as follows:

READ: The memory is addressed through Ag-A3 which select one of the 16 words.
The chip is enabled by placing chip select, (Cg) to logic "0". If the write enable (WE)
is at a logic "1" the four stored bits are read out of Dg1-Dq4 in parallel.

WRITE: The memory is addressed through Ag-A3 which select one of the 16 words,
The chip is enabled by placing Cg to logic "0". If the WE is at a logic"0", the data
on terminals D]1-D|4 is written into the addressed work in parallel and in
complementary form.

When WE returns to logic "1", the information that was written in is now read out.
However, each bit readout is the complement of what was written in.
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IM5501 (cont.)

Bipolar Random Access Memory

IM5501 Functional Logic Diagram

Cs 64 (16 x 4) MEMORY CELLS
20 vCC: 16
CELL 02 — H o3 04 w
r 0.1 [ r : : M 8 e GND: 8
| & o 1 [ ] 5
A w >
5 o—o & 8 w
A o o < L1 o eed 1.2 .—{T—13 -4 4 1.4 ¢ | &
w
Mo— 3 p 1 I 1 |
A3 ] ® 1
Bo—— & u ! ' [ I
€ )
a ~ | ) | 1
< 3
| | | |
| | I |
] 151 |94 152 |-¢ e 153 r — 154 |4
15 4 - i ]
3]0
4 O— DO:
{>———-4————o 5
DI,
6 O N DO
’o o 7
—>
DIz
10 o D) >,
Dlg DO
q
12 O— )h =>———o 1
W
3 oE——.———qD——

WRITE AND SENSE AMPLIFIERS
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MC3002

Quad 2 - Input NOR Gate

LOGIC DIAGRAM

(1
(1)
(1)
(1)
(1)
(1)
(1)
(1)

o S
=
i
i S

*Loading Max. Shown in Parenthesis

tod = 6.0 ns typ

Pp = 122 mW typ/pkg

TRUTH TABLE

i
+
N

]
O
+
o

—_ 00 O~ W
]
N
+
(8]

1
N
+
@

Ve = Pin 14, GND = Pin 7
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MC3062
Dual J-K Flip-Flop

(1.6) SET 4——1

J | K 1Qn|Qn+1 (0.6) J 3— Q}—5(10)
(1.6) €LOCK 1-—d

00| O o —

olol1 1 (0.6) K 2— Q}—61(10)

o|l1]|o0 o

o1 |1 0

1 {0|o 1

1 {0 |1 1 (0.8) J11— Qf}—9(10)

1 ) 1 (1.6) CLOCK 13—

L L L (0.6) K12— G 8 (10)

(1.6) SE_T10———?

f =50 MHz
Pp = 100 mW typ/pkg
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Dual J-K Flip=-Flop
LOGIC DIAGRAM/PIN DESIGNATIONS

(1.8) SET 4

J 33— ab—s5 (10)*
(0.6) K 2 oQF—s6 (10)
(3.2) CLOCK 13
(3.2) RESET | —
(0.6) J 11 Ql—os (10)
(0.6) K 12 ————] Q}—s (10)
(1.6) SET 10

*Loading Max. Shown in Parenthesis

t = 50 MHz
PD = 100 mW typ/pkg

TRUTH TABLE
K

9]
z

QN+1

VCC = Pin 14, GND = Pin 7

—_0 ~—~O —~0 =0
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NESIOA

Amplifier

BASIC CIRCUIT SCHEMATIC
2 | 14 V+ 12 13

3K
(TYPICAL)

3 4 5 I 10

8
6 9

7 GND

TRUTH TABLE N/A For NE 510A

NOTE: NES510 may be connected as either a high-gain, common-emitter,
common-base, cascode amplifier or a common -collector,
common-base, differential amplifier that is useful in critical
limiter applications. Automatic gain control may be applied
to either circuit,
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UAT23C

Precision Voltage Regulator

CONNECTIONS DIAGRAMS (TOP VIEWS)

CURRENT LIMIT
CURRENT FREQUENCY
SENSE ® () COMPENSATION
INVERTING
INPUT g Q V'
NON-INVERTING (™) 3 7 ()
INPUT 5 Ve
\
REF J Vout
\
NC |1 (J 8] NC
CURRENT LIMIT | 2 9] FREQUENCY COMPENSATION
CURRENT SENSE |3 10 vt
INVERTING INPUT |4 111 Ve
NON-INVERTING INPUT | 5 12§ Vour
VREf | 6 13 N
V7 14] NC
Note: On metal can, pin 5 is connected to case

EQUIVALENT CIRCUIT

TEMPERATURE jv+ E%SAE?I\\JISCATTION
COMPENSATED ?
ZENER INVERTING Ve
y INPUT
REF o SERIES PASS
o] TRANSlSTQR
NON-INVERTING VOuT
i INPUT
VOLTAGE
- oV
iif\E'EIEF'\IﬁE V' CURRENT O CURRENT z
LIMIT SENSE

TRUTH TABLE N/A For yA723C
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7407

HEX BUFFERS/DRIVERS .
WITH OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

JORN
DUAL-IN-LINE PACKAGE
(TOP VIEW)

Sf|6f1?

3A ¥ GND

positive logic: Y = A

These monolithic TTL hex buffers/drivers feature high-voltage open-collector outputs for interfacing with high-level
circuits (such as MOS}, or for driving high-current loads (such as lamps or relays), and are also characterized for use as
buffers for driving TTL inputs. For increased fan-out, several buffers in a single package may be paralleled. The SN5407
and SN7407 have minimum breakdown voltages of 30 volts and the SN5417 and SN7417 have minimum breakdown
voltages of 15 volts. The maximum sink current is 30 milliamperes for the SN5407 and SN5417, and 40 milliamperes
for the SN7407 and SN7417.

These circuits are completely compatible with most TTL and DTL families. Inputs are diode-clamped to minimize
transmission-line effects which simplifies design. Typical power dissipation is 145 milliwatts and average propagation
delay time is 14 nanoseconds.
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7438

Quadruple 2 - Input Positive NAND Gates
(With Open = Collector Outputs)

LOGIC DIAGRAM/PIN DESIGNATIONS

Vee 4B 4A 4Y 3B 3A 3Y

14 13 12 I 10 9 8

| Bl
—

1A 1B Y 2A 2B 2Y GND

TRUTH TABLE

(positive logic) Y = AB
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7439 / 8881
Quad 2 - Input NAND Gate

LOGIC DIAGRAM

14 13 12 11 10 9 8

1 2 3
*NO PULL-UP PROVIDED

TRUTH TABLE

VIN | VIN | VourT

TITrrrr
I I
I I
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Dual D-Type edge-triggered flip-flop
LOGIC DIAGRAM/PIN DESIGNATIONS

ccC

2 2 2
CLEAR 2D CLOCK PRESET 2Q

13 12 I 10 9

@

1 CLOCK
CLEAR
D Q

PRESET

PRESET

Q
CLEAR |
CLOCK Q _L ]

2 3 4 S 6

) I I Q Q

CLEAR CLOCK PRESET

GND

Propogation delay - 24 nsec
Power dissipation - 84 mW total for two

TRUTH TABLE

PRESET | CLEAR

th fh+1
flfp-flops (42 mW per D | Q 6
flip-flop) ol ol
1 1 0
1 0
0 1

A-15

Rev. 01




Data General Corporation (DGC) has prepared this manual for use by 1DGC personnel and
custon.ers ds a guide tothe proper installation, operation, and maintenance of DGC equip-
ment and software. The drawings and specifications contained herein are the property of
DGC and shall neither be reproduced in whaole or in part without DGC prior written ap-
proval nor be implied to grant any license to make, use, or sell equipment manufactured
in accordance herewith,

7475

4 - Bit Bistable Latch

LOGIC DIAGRAM/PIN DESIGNATIONS

1Q 2Q 20 -2 GND  3Q 3Q

16 15 14 13 12 I 10

_ Q Q Q Q Q Q Q
CLOCK D D CLOCK CLOCK D D

EBi

] [

»
~

| 2 3 4 5

iQ 1D 2D CLOCK Vge 3D 4D

TRUTH TABLE
(EACH LATCH)

™ th+1
D Q
1 1
0 0
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Quadruple 2-Input Exclusive-OR Gates
LOGIC DIAGRAM/PIN DESIGNATIONS

Vee 48 4A 4y 38 3A 3y

I 10 9 8

>

1 15

| 2 3 4 5 6 7

1A -] 1Y 2A 28 2Y GND

positive logic: Y=A®B

TRUTH TABLE

INPUTS OUTPUTS
A B Y
0 0 0
0 1 1
1 0 1
1 1 0

Each of these monolithic, quadruple 2-input exclusive-OR gates utilize TTL circuitry
to perform the function: Y = AB + AB. When the input states are complementary, the output
goes to a logical 1.

A full fan-out to 10 normalized series 54/74 loads is available from each of the
outputs in the logical O state. A fan-out of 20 is provided in the logical 1 state

to facilitate connection of unused inputs to used inputs. Propagation delay is 12
nanoseconds and power dissipation is 37.5 milliwatts typically for each exclusive-OR
function.
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256-Bit Read-Only Memory

LOGIC DIAGRAM/PIN DESIGNATIONS

BINARY SELECT
N

Vee EN?LEﬁE [>) c B A \OU::UT
Wijws il fnijwl]s
I T T T
G € ) c 8 A

# v v8

FV? Y3 Y4 YS Y6 Y7

| [ T T [ ]
IRIRZ IR IERIERIERIREIE

\ Y1 Y2 Y3 A Y5 Y6 Y7 ;s GND

Vv
OUTPUTS

positive logic: See description

The SN7488 circuit is a custom-programmed, 256-bit, read-only memory organized as
32 words of eight bits each. This monolithic, high-speed, transistor-transistor logic
(TTL), 32-word memory array is addressed in stright 5-bit binary with full on-chip
decoding. An overriding memory-enable input is provided which, when taken high,
will inhibit the 32 address gates and cause all eight outputs to remain high. Data,

as specified by the customer are permanently programmed into the monolithic
structure for the 256 bit locations. The address of an eight-bit word is accomplished
through the buffered, binary select inputs which are decoded by the 32 five-input
address gates. When the memory-enable input is.high, all 32 gate outputs are low,
turning off the eight output buffers.
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7488 (cont.)

256-Bit Read-Only Memory

SIMPLIFIED SCHEMATIC DIAGRAM

OTHER
ADDRESS
BUFFERS | ——
r A.5.C.orBl
VA
\/,
4k a4k !
|
A, B, |
¥ corD|
4 !
¥ |
1.5 k2 ] |
|
TYPICAL OF A, B, C, and D ADDRESS BUFFERS |
___________________ 1
| EGI
‘ v o
|
|
! |
! i
| EGI
! I
| r |
| 4 |
| r |
I |
I I
| '
L E ADDRESS AND G ENABLE GATES |
[ j
i
! $5 k2 V ! TO 31 OTHER
! : PROGRAMMABLE DECODING GATES
; ' LINKS / . \
256 POSSIBLE
1 haq 4 ! ! LY *
) - Z
; N : :
L : - -
! 10F 32 ADDRESS : o
. DECODING GATES i
__________ -
L e VY VY ity -+ 4 —F = —|— 4+ —
TO 31 OTHER ADDRESS ! 350 2
DECODING GATES |
| EIGHT
| OUTPUT  1k8
| BUFFERS
|

Y8 Y7 Y6 Y5 Y4 Y3 Y2 V1

Component values shown are nominal.

v — Ve bus

-

I
i
I
|
|
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4-By-4 Register Files

LOGIC DIAGRAM

WRITE SELECT ENABLES OQUTPUTS
DATA

Vee 10 “A B /WRITE READ V10 20"
(s juBju2yyngywis

I O

D W, Wg Gy Gg 10

» 20 2Q

Ra 4Q 3Q

[ |

——
Y
“’"L_Tm
-

T[j2]]3 S|I6f|7]]|8
2D 30 4D A 40 30, GND
Nt/
DATA READ SELECT OUTPUTS

positive logic:  See description

Four data inputs are available which are used to supply the 4-bit word to be stored.
Location of the word is determined by the write address inputs A and B in conjunction
with a write-enable signal. Data applied at the inputs should be in its true form. That
is, if a high-level signal is desired from the output, a high-level is applied at the data
input for that particular bit location. The latch inputs are arranged so that new data
will be accepted only if both internal address (T) gate inputs are high. When this con-
dition exists, data at the D input is transferred to the latch output. The individual ad-
dress lines permit direct acquisition of data stored in any four of the latches. Four
individual decoding gates are used to complete the address for teading a word, When the
read address is made in conjunction with the read-enable signal, the word appears at
the four outputs.
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74170 (cont.)

4-By-4 Register Files

FUNCTIONAL LOGIC DIAGRAM

DATA
INPUTS

a0

H )

Gw

|
WORD 1

a u|

e ‘
8|
o 1
8|

<
1
1
1

ne i i
) m|
] 1

zoo—{>& —

]

q
8|
1
1

ﬁb—‘

¢ 1
]
)|
m|
—
|

'8 [
9 {
|

wg Wa

WRITE INPUT

READ INPUT

QUTPUTS
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74181

Arithmetic Logic Units/Function Generator

PIN DESIGNATIONS

LOGIC DIAGRAM

weuTs ourputs DESIGNATION | PIN NOS. FUNCTION
Vee B B Az B2 A3 83 G Cas P Am F3 A3, A2 A1,A0 |19, 21,232 WORD A INPUTS
241 {23} {22{{ ;1}{ 20| {19 D1z et s Ul B3,B2,B1,B0 [18,20,22,1 WORD B INPUTS
T[] 53.52.51,50 | 5,466 | UNCHIONSELECT
A1 Bl Az 82 A3 8 G C,, P A®B INPUTS
Cn 7 CARRY INPUT
* —{@ 2 " . MODE CONTROL
INPUT
Bo s sz st s G m B B F2 F3,F2,F1,F0 [13,11,10,9 | FUNCTION OUTPUTS
l [ l l ] ] ] ‘ l A=B 14 COMPARATOR OUTPUT
80 A0 53 s2 St S0 Cp ~ Fo F1 F2 GND OUTPUT
weuTS hdiadad Cn+a 16 CARRY OUTPUT
logic: see function tables G 17 CARRY GENERATE
. OUTPUT
Vee 24 SUPPLY VOLTAGE
GND 12 GROUND
TRUTH TABLES
ARITHMETIC OPERATIONS LOGIC FUNCTIONS
FUNCTION OUTPUT FUNCTION FUNCTION OUTPUT FUNCTION
SELECT SELECT
S3 S$2 S1 SO| LOW LEVELS ACTIVE HIGH LEVELS ACTIVE $3 S2 S1 SO|NEGATIVE LOGIC | POSITIVE LOGIC
L L L L|F=Aminust F=A L L bt L F=A F=A
L L L H|F=ABminust F=A+B L L L H F = AB F=A+B
L L H L|{F=ABminus1 F=A+B L L HL F = A+B F=AB
L L H H|F=minus1(2scomplement}| F = minus 1({2’s complement) L L H H F = Logical 1 F = Logical 0
L H L L|F=Aplus[A+B] F = A plus AB L H L L F=A+B F = AB
L H L H|F=ABplus[A+B] F = [A+B] plus AB L H L H F=8B F=8
L H H L[F=AmnusB minus1 F = A minus B minus 1 L H H L F-A®B F-a@®8
L R H H|F=A+B F = AB minus 1 L H HH F=A+B F - AB
H L L L |F=Aplus[A+8] F = A plus AB H L L L F=AB F=A+B
H L L H{F=AplusB F=AplusB H L L H F=A@®B F=A®B
H L H L |F=ABplus|A+B] F = [A+B] plus AB H L H L F=8 F=8B
H L H H|F=A+B F = AB minus 1 H L HH F = A+B F = AB
H H L L |F=AplusAt F = Aplus At H H L L F = Logical O F = Logical 1
H H L H|[F=ABplusA F = [A+B] plus A H H L H F = AB F - A+B
H H H L |[F=ABplusA F = [A+B] plus A H H H L F=AB F = A+B
H H H H|F=A F = A minus 1 H H H H F=A F=A
With mode controi (M) and C, low With mode control (M) tugh  C,, irrelevant
TEach bit s shifted to the next more significant position. For posttive logic  ltogicat 1 - high voltage
togtcal O - low voltage
For negative logic  1ogical 1 low voltage
togicat O = high voitage
The 74181 performs 16 binary arithmetic operations on two 4-bit words as shown

in the function table.

These words as shown in the function

The 74181 performs 16 binary arithmetic operations on two 4-bit words as shown

in the function table. These operations are selected by the four function-select lines
(S0, S1, $2, $3) and include addition, subtraction, decrement, and straight transfer.

When performing arithmetic operations, the internal carries must be enabled by
applying a low level to the MODE Control (M) input.
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7524

Dual Sense Amplifiers
LOGIC DIAGRAM/PIN DESIGNATIONS

STROBE A GND, B STROBE GND, TRUTH TABLE

Veal A output OUTPUT B NC
Bl jufuuefin[julfs INA® STROBE A = OUT A

OUT A

IN* STROBE A

OuT B

% | T | INg * STROBE B

TN_B' STROBE B

ouT B

- \Y
Cext A1 Ay -V (+V ¢ B B2 Vec2
INPUTS INPUTS
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75324

Memory Driver with Decode Inputs (400 M A)

LOGIC DIAGRAM / PIN DESIGNATIONS

—
ouTPUT ouTeuT SOUR OUTPUT OUTPUT

z Vee ¥ URCE X W o GNp
(SINK) (SOURCE) COLLECTORS (SQURCE) (SINK)

1 2n 8

Al 09|
T
ER

S

1{12(13[147[]5 ']_7!"

positive logic
see truth table

|81
1

TRUTH TABLE

INPUTS OUTPUTS
ADDRESS |TIMING]SINK | SOURCES| SINK
A|B/C D EIFIG| W XYy z
0{0{1(1|1{1|1 { ON [OFF|OFF | OFF
0{1i0|1|1|1;1 |OFF | ON |OFF | OFF
1/1/0|0|1,1|1 |OFF |OFF|ON | OFF
110|1]0{1|1|1 |OFF |OFF/OFF | ON
XXX |X{0/X|X |OFF |OFFIOFF | OFF
XIX|X[X|X|0|X |[OFF |OFF|OFF | OFF
X|X|X|X|{X[x!0 |[OFF |OFFIQFF | OFF

NOTES: 1. X = Logical 1 or logical 0.
2. Not more than one output is to be allowed to be
ON at one time: When all timing inputs are at a
logical 1, two of the address inputs must be at a
logical O.

The SN75 324 is a monolithic memory driver with decode inputs designed for

use with magnetic memories. The device contains two 400-milliampere (source/sink)
switch pairs, with decoding capability from four address lines. Two address inputs

(B and C) are used for mode selection, i.e., source or sink. The other two address
inputs (A and D) are used for switch-pair selection, i.e., output switch-pair

Y/Z or W/X respectively.
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Interface Circuit

LOGIC DIAGRAM/PIN DESIGNATIONS

Vee L

TRUTH TABLE
3
5

1.2
67

SN75 451 interface circuit - typical characteristics

Gate input current and voltage

Gate output current and voltage

Transistor collector-emitter voltage (I = 0.1 mA)

Transistor collector substrate breakdown voltage (lcs =0.1 mA)

Transistor saturated collector-emitter forward voltage (I =0.1mA)
(le = 300 mA)

Overall turn-on delay

Overall turn-off delay

TTL
TTL
35V
50V
0.3V
0.5v
16ns
17ns
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8H90

Hex Inverter

LOGIC DIAGRAM/PIN DESIGNATIONS

GND

TRUTH TABLE

ANY INPUT LOW = HIGH OUT
ANY INPUT HIGH = LOW OUT
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8T80

Quad 2 - Input NAND Interface Gate

LOGIC DIAGRAM

14 13 12 11 10 9

TRUTH TABLE
VINIVIN| YouT

ITrr
I IxIr
FIITXI
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3 - Input, 4-Bit Digital Multiplier

LOGIC DIAGRAM

<«——————DATA INPUTS »
4 By Cg A, B, C, A, By Cy Ay By Cy
o9 Jd 9 0 ¢ o3 3

@@=

< 1750 cHaNNEL
—< SELECT

S
0T N:] '

< DATA OQUTPUTS ———»

= OUTPUT
N —+4 1 o 4 A § ENABLE
LB i T, 1
DATA 1ol gl 14T LId]
COMPLEMENT
fo f 2 3

TRUTH TABLE

DATA INPUT
Bn Cn

>

CHANNEL SELECT DATA OUTPUT ENABLE
So S COMPLEMENT (8264)

DATA
OUTPUTS

n
X X
An
I X B X
4 C
X X n
X X X
A X X
n
X Bn X
C
X X n
X X X
X X X

X QO =t md OO =

X O—= 0O =0 ~ 0O —
X =t g —m OO0 o

Q == et el ——t ) —t ot —

w
o 33>

pdl=Ne!

OL=L

=

x = Either State

g
3
3

ENABLE

O€;
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4 - Bit Shift Registers
LOGIC DIAGRAM/PIN DESIGNATIONS

Ao Op 8 O¢ Co Op
> (] ?
ﬂoc z
mf\
0g 0-

LOAD O—r—-———

P
2

——do
H-—Jn

e D—

©

TRUTH TABLE
CONTROL STATE | LOAD | SHIFT

Hold 0
Parallel Entry 1
0
1

Shift Right
Shift Right

B PACKAGE

8271B
16 15 14 13 12 1 10 9

SHIFT Dgyr Dour LOAD Cour

A-29




Data General Corporation (DGC) has prepared this manual for use by DGC personne!l and
customers as 4 guide tothe proper installation, operation, and maintenance of DGCequip-
ment and software, {iedrawings andspecifications contained herein are the property of
DGC and shat! neither be repirodoced in whole or in part without DGC prior written ap -
proval nor be implied to grant any license to make, use, or sell equipment manufactured

in uccordance herewith,

BCD Decade Counter/Storage Element

LOGIC DIAGRAM

A 8 C D
T 0 i
J Q ['J Q¢ v Q—‘L___}J QH
CLOCK |
C c ldc c
CLOCK 2 _ sl 5 ] .
K ol ||k
SpRoiRp SpRoiRp, SpRoi Rpz SpRpiRp
O
RESET
o »1H
STROBE
Oa Og Oc Dp

8280 has strobed parallel-entry for setting to any output state. A "1" or "o"
at a data input will be transferred to the associated output when the strobe in-
put is put at the "0" level. For additional flexibility, both units are provided
with a reset input which is common to all four bits. A "0" on the reset line
produces "0" at all four outputs. The counting operation is performed on the

falling (negative -going) edge of the input clock pulse.
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4-Bit Binary Countelr/,SY'roQ?e Element

LOGIC DIAGRAM

A B C D
J Q J Q J Q J Q
CLOCK |
c c c Cc
CLOCK 2 K K K K
Sp RpiRp2 Sp RoiRpz SpRpiRp2 So Roi Ro2
T 1 | A
Oo— -+
RESET
o>
STROBE
Da Dg Dc Op

8281 has strobed parallel -entry for setting to any output state. A "1" or "Q"
at a data input will be transferred to the associated output when the strobg in-
put is put at the "0" level. For additional flexibility, both units are prov'lded
with a reset input which is common to all four bits. A "0" on the reset line
produces "0" at all four outputs. The counting operation is performed on the
falling (negative -going) edge of the input clock pulse.

14 13 12 11 10 9 8
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8885

Quad 2 - Input NOR Gate

LOGIC DIAGRAM/PIN DESIGNATIONS

14 13 12 1l 10 9 8

TRUTH TABLE
Vinl Vin| Your

H
L
H
L

T -

~r II
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Quad 2 - Input NAND Gates

LOGIC DIAGRAM/PIN DESIGNATIONS
I

3
EED
4

—6
i —
Tt
10
o —
13 ‘

Ve = Pin 14
Gnd = Pin 7
TRUTH TABLE LISTED BELOW

9003

Triple 3 - Input NAND Gates
LOGIC DIAGRAM/PIN DESIGNATIONS

4
as—J

)—
T Dt
_}—_

12

U

||—J

Gnd =Pin7
9002 & 9003 TRUTH TABLE

ALL INPUTS HIGH = LOW OUT
ALL INPUT LOW = HIGH OUT

—8
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9004/9009*

Dual 4 - Input NAND Gates
LOGIC DIAGRAM/PIN DESIGNATIONS

L
-

)
o L

10 —
p— 8
=
Vee =Pin 14
Gnd = Pin 7

*9009 Has Higher Input-OQutput Loading Parameters Than 9004

TRUTH TABLE

All Inputs High = Low Out
Any Input Low = High Out

9005

Dual Extendable AND~OR-INVERT Gates
LOGIC DIAGRAM/PIN DESIGNATIONS

9

= | Do——
O

*Four Extenders (9006) may be
tied to these terminals

VCC: Pin ]4

Gnd = Pin7

TRUTH TABLE
(2:3)- (4-5) =6
(§+3)+(4+5)=6
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Dual Extender AND-OR-INVERT Gates
LOGIC DIAGRAM

13 L

T
L

6_——‘

N N

Extender for use with 2005 & 9008
Vcc = Pin 14
Gnd =Pin7
TRUTH TABLE

4:5:6-8=9
F+5+6+8=9

9007

8 - Input NAND Gate
LOGIC DIAGRAM

=T

Vee = Pin 14
Gnd =Pin7
TRUTH TABLE

ALL INPUTS HIGH = LOW OUT
ANY INPUT LOW = HIGH OUT
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9008

Single Extendable AND-OR-INVERT Gate
LOGIC DIAGRAM/PIN DESIGNATIONS

13
|
2
3

p— 8
9

11
10

—12
4
5
6

*Four Extenders (2006) may be
tied to these terminals

VCC = Pin ]4
Gnd = Pin 7

TRUTH TABLE

(1-13)+(2+3)+ (9+10)+ (4+5:6) =8
1+13)+2+3)+(9+10)+(4+5+6)=38

9016

Quad Hex Inverter
LOGIC DIAGRAM/PIN DESIGNATIONS

! ———Dc 2 Vee = Pin 14
Gnd =Pin7
3 Dc 4
TRUTH TABLE

6 ANY INPUT LOW = HIGH PUT
ANY INPUT HIGH = LOW OUT

[>o-
n——>o o
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4 - Bit Shift Register

LOGIC DIAGRAM

9 4 5 6 7
1 11|

PE Py P, P, Py

2 J
9300
10 Cp SHIFT
3 REGISTER .

MR Qo Q, @z Q3 °

TTTT]

I 15 14 13 12
Vcc = Pin 14
Gnd = Pin 8
PIN NOMENCLATURE
PE Parallel Enable (Active Low) Input

Por Pys Pos P3 Parallel Inputs
J First Stage J (Active High) Input

K First Stage K (Active Low) Input

Cp Clock Active High Going Edge Input
MR Master Reset (Active High) Input
Qo, Qq, Qg, Qg Parallel Outputs

Q3 Complementary Last Stage Output

Data entry is synchronous with the registers changing state after
each low to high transition of the clock. With the parallel enable
low the parallel inputs determine the next condition of the shift
register. When the parallel enable input is high the shift register
performs a one bit shift to the right, with data entering the first
stage flip-flop through JK inputs. By tying the two inputs together
D type entry is obtained.

The asynchronous active low master reset when activated over-
rides all other input conditions and clears the register.

TRUTH TABLE FOR SERIAL ENTRY

J K Qo att .

L L L

L H Q, at t,| (no change)
H L Qg at t, (toggles)

H H H

PE = HIGH, MR = HIGH (n + 1) indicates state after next clock
A-37



H = High Voltage Level
L = Low Voltage Level
X = Don't Care Condition
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932I

Dual One-Of-Four Decoder

LOGIC DIAGRAM

TN

—D>;

1

o

OTE: Only one decoder shown |

YT

VCC = Pin ]6

PIN DESIGNATIONS GND = Pin &
| 2 3 15 14 i3
E AO Al E AO AI
932! 1/4 932 1/4
DECODER | DECODER 2
o 1 2 3 o 1 2 3
4 5 6 7 2 11 10 9

TRUTH TABLE

E Ao | Ay | O T 2 3
H X X H H H H
L L L L H H H
L H L H L H H
L L H H H L H
L H H H H H L

PIN NOMENCLATURE
Decoder 1 and 2

E Enable (Active Low) Input
Ag, A1 Address Inputs

0, 1, 2, 3 (Active Low) Outputs

The 9321 consists of two independent one-of-four decoders,
each with an active low enable. Each decoder accepts two
inputs and provides one of four mutually active low outputs.
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9322

Quad 2-Input Multiplexer

LOGIC DIAGRAM/PIN DESIGNATIONS

15 2 3 5 6 14 13 ] B (o]
€ foa ha lob llb 'oc 'lc 'od 'nd
' S 9322 QUAD 2 INPUT MULTIPLEXER
Zq Zyp Z. Zg
VCC = Pin 16 4 -! |£ 9[
Gnd = Pin 8

TRUTH TABLE

100, lobs 10cs lod Mar Nbr Ner N4 Zar Zp, Zo, Z4g

e x| mf

T ITrrrX|wv

X XrxTX
— I XXX

rITrr IIr

H = High Voltage Level
L = Low Voltage Level
X = Don't Care Condition

PIN NOMENCLATURE
S Common Select Input
E Enable (Active Low) Input
Multiplexers A, B, C, D
lo, 11 Multiplexer Inputs
4 Multiplexer Qutputs
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9322 (cont.)

Quad 2-Input Multiplexer

LOGIC DIAGRAM

[-]

N
o

MIRIIRERIIp

N
[- %

Wy
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Monostable Multivibrator (One Shot)

LOGIC DIAGRAM

Cx
Rx
Vee

I 13
I Q 8
2
3
4

Q F—G
VCC =Pin 14
Gnd =Pin7

The inputs are dc coupled hence triggering is independent of
input transition times. If the input signal is applied to an active
high input, triggering will occur on the rising edge of the wave-
form. By applying the input signal to an active low input, trig-
gering will occur on the falling edge of the waveform. .

Each time the input conditions for triggering are met, the external
capacitor is discharged and a new cycle is started. Successive inputs
with a period shorter than the delay time (RxCy) retrigger the
monostable resulting in a continuous true output. Retriggering
may be inhibited by tying the negation (Q) output back to an
active level low input.

The formula for calculating the delay time constant is:

0.36 x R(in ohms) x C(in Farads) = T(in seconds)
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APPENDIX B
NOVA 1200 SIGNAL LIST
SIGNAL ORIGIN
CENTRAL PROCESSOR
AND

MEMORY

Blank entries in level column denote flip-flop outputs which may be in
either logic state.

Accumulators, Adders, I/O DATA lines, memory INHIBIT lines MEMORY
ADDRESS (MA) flip-flops, MEMORY BUFFER (MB) flip-flops, PROGRAM
COUNTER (PC) flip-flops, and RINH flip-flops output levels are not defined
in the level column.
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NOVA 1200/1210/1220 SIGNAL LIST
CPU#001-000088-17, CONSOLE#001-000089-08 &MEMORY#001-000233-07

SOURCE DESTINATION
PAGE GRID PAGE GRID
(D+E SET)+(TS3)! 88-2 Db
(D+E)SET+(TS3)! 88-1 C5
(ISZ+DSZ)' E 88-2 B4
(ISZ+DSZ)' E 88-3 D6,D8
(ISZ+DSZ)E 88-3 C6
(JMP+JSR)(F+D) 88-2 B5
(JMP+JSR)(F+D) 88-2 C8
88-3 B4
T(PTG2)' +LOOP 88-2 AT
88-3 B5
(PTG2)(+LOOP) 88-1 D4
(TSZ+DSZ)E 88-3 D6
+50K 88-1 B8
+SL1 38-2 D7
+SL10 38-2 C4
+SL11 38-2 C4
+SL12 38-2 C4
+SL13 38-2 B4
+SL14 38-2 B4
+SL15 38-2 B4
+SL2 38-2 C1
+SL3 38-2 C1
+SL4 38-2 (o]
+SL5 38-2 BT
+SL6 38-2 B7
+SL17 38-2 AT
+SL8 38-2 D4
+SL9 38-2 D7
+SLO 38-2 DT
+V BIAS 38-1 D4 38-2 Ab
+ VINH 38-2 A8
+VINHP 38-1 D3
+VLAMP 89-1 C8
-SL1 38-2 (oy]
-SL10 38-2 C4
-SL11 58-2 C4
-SL12 38-2 B4
-SL13 38-2 B4
-SL14 38-2 B4
-SL15 38-2 A4
-SL2 38-2 C1
~-SL3 38-2 Cc17
-SL4 38-2 B7
-SL5 38-2 B7
-SL6 38-2 B7
-SL7 38-2 Al
-SL8 38-2 D4

' Indicates ""NOT"

Rev. 04
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NOVA 1200/1210/1220 SIGNAL LIST
CPU#001-000088-17, CONSOLE#001-000089-08 & MEMORY#001-000238-07

SOURCE DESTINATION

PAGE GRID PAGE GRID
-SL9 38-2 D4
-SLO 38-2 D7
753SET 88-1 A6
A10 38-2 A8
All 38-2 C7,D6
A12 88-2 D6
A13 88-2 D6
Al4 38-2 c7
Al15 38-1 B4

38-2 B17,CT7

88-3 C5
Al6 38-2 B7

88-2 fox |
A17 38-2 AT 88-1 B7
Al8 38-2 B7
A19 38-2 D4 88-1 Cé
A20 38-2 A7,BT 88-1 N
A21 38-2 c4
A22 38-2 D4

88-1 A2
A23 38-2 D4
A24 38-2 D4
A25 38-2 B4

88-1 B8
A26 38-2 C4
A27 38-2 A4

88-1 B8
A28 38-2 C4

88-1 A2
A29 38-2 B4
A30 38-2 B4,C4

88-1 B8
A31 38-2 A4,B4 88-3 D8
A35 38-1 B3
A36 38-1 B3
A37 38-1 A3
A38 88-1 A4
A39 38-1 A3
A40 88-1 A4
A4l 38-1 A2
A42 88-1 B4
A43 38-1 A2
A44 88-1 B4 .
A46 88-1 c4
A4T 88-3 D3
A48 88-1 B4
A49 88-2 D6

' Indicates "NOT"
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NOVA 1200/1210/1220 SIGNAL LIST
CPU#001-000088-17, CONSOLE#001-000089-08 & MEMORY#001-000238-07 *

»

SOURCE DESTINATION
PAGE GRID PAGE GRID
A5 38-2 D7
A50 88-1 A4
A51 38-1 B3
A52 88-1 A4
A53 38-1 B4
A54 88-1 B4
A55 38-1 B4
A56 88-1 B4
A58 88-1 B4
A60 88-1 c2
A62 88-1 c4
A64 88-1 C4
A66 88-1 c4
A68 88-1 c4
A7 38-2 D7
AT0 88-1 A4
AT2 88-1 c4
AT3 88-2 A6
A74 88-1 A4
AT7 88-3 D2
A8 38-2 D7
88-1 B8
A80 88-3 B17
A82 88-3 B
A85 88-2 A8
A89 88-1 c5
A9 38-2 ct
A91 88-3 c5
A92 88-3 C5
A9MEMOK 88-1 c1
AC CLR 88-1 A6 88-3 D3
AC CLR' 88-2 B8
ACB/SAVE 88-1 D4
ACBI11 88-3 Cé
ACB12 88-1 D4
ACB2 88-1 B7
88-2 A3
ACD OUT' 88-2 B2
ACD3 SEL' 88-2 D4
ACD4 SEL' 88-2 C4
ACSISEL' 88-2 c4
ACS2SEL' 88-2 B4
ACTGO 88-1 D8 88-1 cs
- 88-2 A8
ACTG1 88-1 D7 88-1 c8
88-2 A8

' Indicates '"NOT" Rev. 04
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NOVA 1200/1210/1220 SIGNAL LIST
CPU#001-000088-17, CONSOLE#001-000089-08 & MEMORY#001-000238-07

SOURCE DESTINATION
PAGE GRID PAGE GRID
ADD ONE' 88-2 D2
ADDER TEST 88-3 A4 88-3 D6
ADDERO 88-3 Cé
ALC 88-2 B17 88-2 B3,C3,CT
88-3 D8
ALC! 88-2 B17 88-2 B8, C3,D3
ALC.- (SKIP)' 88-3 C5,D7
AND 88-2 BT 88-2 C3
88-3 C6
AND ENAB 88-3 D5
AND ENAB' 88-2 B7 88-1 A5
B12 38-1 A5
B14 38-1 A5
B16 38-1 A5
B17 88-1 c3
B18 38-1 B2
B20 88-1 c2 38-1 D5
B21 88-1 B3
B22 38-1 B5
B24 38-1 B5
B25 88-3 B8
B26 38-1 B6
B28 38-1 B6
B29 88-2 c8
B30 88-1 c2
B32 38-1 A8
B33 88-1 B2
B35 88-1 Cé
B37 88-1 C2
B39 88-1 B2
B41 88-1 C2
B42 38-1 A6
B43 38-1 A6
B44 38-1 AT
B45 88-1 B2 38-1 Cs
B47 38-1 B17
B48 88-1 A6
B5 38-1 A4
B55 88-3 Cs8
B56 88-3 B8 38-1 A2,A5
B57 38-1 A8
88-3 cs
B58 88-3 BS
B59 38-1 A3
88-3 B8

' Indicates ""NOT"
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NOVA 1200/1210/1220 SIGNAL LIST

CPU#001-000088-17, CONSOLE#001-000089-08 & MEMORY#001-000258-07

SOURCE DESTINATION
PAGE GRID PAGE GRID
B6 88-1 AT
B60 38-1 Ad
88-3 c8
B61 38-1 A6
88-3 C8
B62 38-1 AT
88-3 C8
B63 88-3 B8
B64 88-3 BS 38-1 A3
B65 38-1 A4,A7
88-3 C8
B66 88-3 B8 38-1 A2
B68 38-1 B6
B69 88-3 B4
B7 38-1 cs
88-1 D2
B70 38-1 B7
BT1 38-1 B7
B173 38-1 A6
. 88-3 c8
B74 88-1 c2 38-1 B8
B75 38-1 A4
B76 38-1 B2
BT7 38-1 A7
B79 38-1 AT
B8 38-1 A4
B30 38-1 D7
B82 38-1 A7
88-3 c8
B83 88-1 B2
B85 38-1 A8,D8
B86 38-1 B8
B87 88-1 D2 38-1 D6
B8S 88-1 B2
B9 38-1 A4
BY0 88-1 D2
B95 38-1 A5
88-3 c8
CARRY 88-3 C5 88-3 c1
CARRY' 88-3 C5 88-3 c
89-1 C8
CLK FLOP 88-1 A6, AT 88-1 D3
88-3 D3
CLR 88-1 A4
CLR ION 88-2 cn
CLR ION' 88-1 B4

' Indicates "NOT"
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NOVA 1200/1210/1220 SIGNAL LIST

CPU#001-000088-17, CONSOLE#001-000089-08 & MEMORY#001-000238-07

DESTIi. ALION

SOURCE
PAGE GRID PAGE GRID
CLR SKIP' 88-3 B3 88-3 B5
CON DATA' 88-1 A2 89-1 Cs
CON RQ' 88-1 B8 89-1 cs
CON INST! 88-1 A2
CONT+ISTP+MSTP! 89-1 B3 88-1 B8
CPU 88-2 A4
CPU CLK 88-1 A6 88-1 A5,C2,C5,C8,D2,D4
D5
88-2 A5, A6
88-3 A5, B5,C5,D5,D8
CPU INST 88-2 B7 88-1 A3,A4,A5,B5
88-2 C8
88-3 B7,C6
CPU INST! 88-2 B7 88-1 A4
CRY ENAB 88-3 C6,D7
CRY ENAB SAVE 88-3 D7
CRY OUT! 88-1 D7
88-3 Cé
CRY SET SAVE' 88-1 ok 88-3 B7
CRY SET 88-1 ok
88-3 c5
D SET 88-2 cé 88-2 D7
D+E SET' 88-2 D7 88-1 B7
88-2 D5
D+E SET+(TS3)" 88-1 B7
DATAO' 38-1 ok 38-1 AT
88-3 Cs
DATAL' 38-1 ok 38-1 AT
88-3 Cs
DATA10" 38-1 c4 38-1 A4
88-3 B8
DATA11" 38-1 c4 38-1 A3
88-3 B8
DATA12' 38-1 C3 38-1 A3
88-3 B8
DATA13' 38-1 C3 38-1 A3
88-3 B8
DATA14' 38-1 C2 38-1 A2
88-3 B8
DATA15' 38-1 c2 38-1 A2
88-3 B8
DATA2! 38-1 fou 38-1 AT
88-3 c8
DATA3" 38-1 Cé
88-3 C8
DATA4! 38-1 cé 38-1 A6
88-3 cs

' Indicates '""NOT"
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NOVA 1200/1210/1220 SIGNAL LIST
CPU#001-000088-17, CONSOLE#001-000089-08 & MEMORY#001-000238-07

SOURCE DESTINATION
PAGE GRID PAGE GRID

DATAS! 38-1 Cé 38-1 A6
88-3 C8

DATAS®6' 38-1 C5 38-1 A5
88-3 C8

DATAT 38-1 C5 38-1 | A5
88-3 C8

DATAS' 38-1 C5 38-1 Ad
88-3 C8

DATAY’ 38-1 C4 38-1 Ad
88-3 B8

DATIA 88-1 B4 88-1 B3

DATIB 88-1 B4 88-1 Ad

DATIC 88-1 B4 88-1 A4

DATOA 88-1 B4

DATOB 88-1 B4

DATOB' 88-1 B4 88-1 A4

DATOC 88-1 B4

DCH 88-1 Cé 88-1 C2
88-2 D4

DCH LOOP ENAB 88-1 B2 88-1 D8
88-3 D6

DCH LOOP! 88-1 Cc3

DCHA 88-1 D4 88-1 B3,C2,C6

DCHA SET' 88-1 C4 88-2 D7

DCHA' 88-1 C2

DCHI 88-1 c2 88-1 B3

CHMO' 88-1 C3

DCHM1' 88-1 B3 88-1 C2
88-3 D6

IDCHO 88-1 C2

(DCHR PEND 88-1 Ch 88-3 D6

IDCHR' 88-1 Cé

DEFER 88-2 D6 88-2 C7,D4
88-3 D6

PE FER AGAIN 88-2 C1

DEFER' 88-2 D6 88-2 C4,C17
88-3 A6
89-1 C2

DISABLE D MULT 88-2 B2

DIV’ 88-3 B5

DRIVE IO’ 88-1 B2 38-1 C8

DSO! 88-1 C4

DS1' 88-1 C4

DS2' 88-1 C4

DS3! 88-1 C4

' Indicates ""NOT"
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NOVA 1200/1210/1220 SIGNAL LIST
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SOURCE DESTINATI®N |
PAGE GRID PAGE GRID
Ds4' 88-1 c4
DS5' 88-1 c4
DSZ-E- TSO 88-2 B4
DSZ- E- TS01 88-2 C3
E SET 88-2 cé 88-2 D7
EFA 88-3 D5 88-2 A4, A5, B3,C3,C8,D5
D7
EFA' 88-3 D4 88-2 A3,C5,D5
EFA-(PTG1)' 88-2 A2 88-2 Ad
END CYCLE 88-1 D5 88-1 c8
88-3 C5,D5,D8
END CYCLE 88-1 A6
EXEC 88-2 D6 88-2 B5
EXEC' 88-2 B5
89-1 C1
EXT SELECT' 38-1 D7
EXT- LOAD' 88-3 D3
FETCH 88-2 D6 88-2 A7, B8, C6,D5
88-3 B4
FETCH' 88-2 D5 88-2 B3, C7,D3
89-1 C2
FETCH+DEFER 88-2 c1 88-2 B6
FETCH- TS01 88-2 D4 88-3 c5
FETCH3 88-1 C3
FORCE LOAD IR’ 88-2 A8
GND LAMP 89-1 c8
HALT' 88-2 ol 88-1 B7,C2,D5
INH GATE A’ 38-1 D2 38-2 A8
INH GATE B' 38-1 D2 38-2 A5
INH TRANS' 88 -1 B2 38-1 C8
INHO 38-1 BT 38-2 D8
INH1 38-1 B7 38-2 D8
INH10 38-1 B4 38-2 c5
INH11 38-1 B3 38-2 c5
INH12 38-1 B3 38-2 C5
INH13 38-1 B3 38-2 B5
INH14 38-1 B2 38-2 B5
INH15 38-1 B2 38-2 B5
INH2 38-1 B7 38-2 c8
INH3 381 B6 38-2 c8
INH4 38-1 B6 38-2 B8
INH5 38-1 B6 38-2 B8
INH6 38-1 B5 38-2 B8

' Indicates '"NOT"
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SOURCE DESTINATION
PAGE GRID PAGE GRID

INH7 38-1 B5 38-2 A8

INHS 38-1 B4 38-2 D5

INH9 38-1 B4 38-2 D5

INHBO 38-2 D7

INHEB1 38-2 D1

INHE10 38-2 C4

INHB11 38-2 c4

INHB12 38-2 B4

INHB13 38-2 B4

INHB14 38-2 B4

INHB15 38-2 A4

INHB2 38-2 c

INHB3 38-2 c

INHB4 38-2 B7

INHB5 38-2 B17

INHB6 38-2 B7

INHB7 38-2 AT

INHBS 38-2 D4

INHR9 38-2 D4

INHIBIT 88-1 c2 38-1 D2,D3

INHIBIT SELECT' 38-1 D8

INPUT 88-1 C5

INPUT' 88-1 c4 88-1 B3,C3

INTA 88-1 A4

INTR! 88-2 C8

IO PLA 88-1 Ad

IO RST 88-1 cé

IO SKIP 88-1 B4 88-3 B6

IO SKIP' 88-1 B4 88-1 cs

IO(F+D) 88-2 B5 88-1 C5,C8

10. " 88-1 D2

I0.E 88-1 c8 88-1 A5, B5,
88-2 Cs
88-3 D5,D7

I0.E' 88-1 c

ION 88-2 ok 88-3 B7

ION' 88-2 ok 89-1 D2

IRO' 88-2 A6 88-1 B7
88-2 B3, B6
88-3 B4,C6

IR0+ SKIP 88-2 B6 88-2 B8

IR1' 88-2 B5,B6,C5

IR17 88-2 IN|

IR2' 88-2 AT 88-1 A3
88-2 B5,B6

' Indicates ""NOT"
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SOURCE DESTINATION
PAGE GRID PAGE GRID
IR3 88-2 AT 88-2 C5
IR3' 88-2 AT 88-2 A8
IR4 88-2 AT 88-2 C8
IR4' 88-2 A7,B5,C5
IR5 88-2 A5 88-2 ok}
88-3 D6
IR5' 88-2 A6 88-1 B4
88-2 B3, BS
88-3 B3
IR5-IR6 88-2 B8 88-2 Cs8
IR6 88-2 A5 88-2 C3
IR6' 88-2 A6 88-1 B4, B6
88-2 B3, B8
IR7 88-2 A5 88-1 C5
88-2 B8,D3, C5
IRT' 88-2 A6 88-2 B3,C5,C8,D3,D7
ISTP' 89-1 B3 88-1 B7
ISZ.E- TS0 88-2 D3
ISZ-E- TS0’ 88-2 B4
JSR-EFA 88-3 C3 88-3 D5
JSR-EFA' 88-2 C7 88-3 C3,C5
KEY 88-1 C6 88-1 A2, B6, B7
88-2 AT,B3
88-3 B4,D6
KEY ENAB' 88-1 B8 88-1 lok |
KEY SEEN 88-1 B8 88-1 B8,C6
KEY SEEN' 88-1 D8
88-3 D8
KEY' 88-1 C6 88-1 B2,D3
88-2 D3
88-3 B3,C6
KEY-LOOP 88-1 A2
KEY.LOOP 88-1 C6 88-2 B3
88-3 B3
KEYM 88-1 C6 88-1 A3,B7
88-2 D4
KEYM SET' 88-1 B6 88-2 . DT
KEYM. PL 88-1 C5 88-1 B6
88-3 A3,C4
KEYM. PL. TSO' 88-3 C3 88-1 B2
LDA"' 88-2 B4
LDAE' 88-3 C5
LOAD AC' 88-3 D2 -
LOAD ACB 88-3 C2
LOAD CRY' 88-3 C5 88-3 C5
LOAD IR 88-2 A6 88-1 D7
88-2 A8
LOAD MBO' 88-3 B2
' Indicates "NOT" Rev. 04
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SOURCE DESTINATION
PAGE GRID PAGE GRID
LOAD PC' 88-3 B3
LOOP 88-3 D5 88-1 B5, C3,D5
88-2 C3
LOOP 2 SET 88-3 D5
LOOP 8 SET! 88-3 D5
LOOP SET 88-1 C5,D5
LOOP SET' 88-1 c5
LOOP' 88-3 D4 88-1 A2,C6,D3
88-2 D5
MA LOAD' 88-1 D2 38-1 cs
88-1 ok
MA1 38-1 c 38-1 D8
MA10 38-1 c4 38-3 B7,D7
MA10' 38-3 B7,C17,C8,D7
MA10B 38-3 cs 38-3 lok
MA11 38-1 c4 38-3 B7,D7,D8
MA11" 38-3 B7
MA11B 38-3 D7
MA11B' 38-3 D7
MA12 38-1 C3 38-3 B7,B8,DT7
MA12' 38-3 B17
MA12B 38-3 B7 38-3 B8
MA13 38-1 c3 38-3 A8
MA13B 38-3 A8 38-3 A3, A4
MA13B' 38-3 A8 38-3 A5, A6
MA14 38-1 C2 38-3 A8
MA14B 38-3 AT 38-3 A3,A4,A5,A6
MA14B! 38-3 A8 38-3 A3,A4,A5,A6
MA15 38-1 c2 38-3 A8
MA15B 38-3 AT 38-3 A3,A5
MA15B! 38-3 A8 38-3 A4, A6
MA2 38-1 C1 38-1 D8
MA3 38-1 Cé 38-1 D8
38-4 AT
MA3B 38-4 A6 38-5 A4, A5, A8
MA3B' 38-4 A6 38-4 A3,A4,A5, A6
38-5 A6
MA4 38-1 cé 38-4 A8
MA4B 38-4 AT 38-4 A3,A4
38-5 A3, A4
MA4B' 38-4 A5, A8
38-5 A5, A6
MA5 38-1 Cé 38-4 A4,A8
MA5B 38-4 A8 38-4 A3,A5,A6
38-5 A3, A4, A5, A6

' Indicates '"NOT"
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SOURCE DESTINAT. ™M
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MA5B! 38-4 A8 38-4 A3,A4,A5,B6

38-5 A3,A4,A5,A6
MAS6 38-1 C5 38-4 A5, A8
MA6B 38-4 ATl 38-5 A3
MAG6B' 38-4 A8 38-4 A3,A4, A6

38-5 A4,A5, A6
MAT 38-1 C5 38-4 D8
MATB 38-4 D8 38-4 C1,D7
MATB' 38-4 D8 38-4 B7,C7
MAS 38-1 Cc4
MAS8! 38-4 C8
MASB 38-4 B7,C17,C8,D7
MAS8B' 38-4 C8 38-4 B17,C17,D7
MA9 38-1 Cc4
MA9B 38-4 B7 38-4 B8,C17,D7
MA9B! 38-4 B8 38-4 B17,C1
MAHB!' 38-4 B6
MB CLEAR' 88-1 D2 38-1 B8
MB LOAD 88-1 Cc2 38-1 B8
MBC 88-2 C3
MBC10 88-2 A4 88-1 C4

88-2 B8
MBC10' 88-2 A5 88-3 C1
MBC11 88-2 A3 88-1 C4

88-2 B8

88-3 Cc1
MBC11! 88-2 Ad
MBC12 88-2 A4 88-1 C4

88-2 B8

88-3 C5
MBC12! 88-2 Ab
MBC13 88-2 A3 88-1 C4

88-2 B8

88-3 B7
MBC13! 88-2 A4
MBC14 88-2 A4 88-1 C4

88-2 B8

88-3 B7
MBC15 88-2 A3 88-1 Cc4

88-2 B8
MBC15' 88-2 A3 88-3 B6
MBC8 88-2 Ad 88-3 B7
MBC8! 88-2 A5 88-1 A4,B4

88-2 B6

88-3 B17
MBC9 88-2 A3 88-3 B6
MBC9' 88-2 A4 88-1 A4, B4

88-2 B6

' Indicates '""NOT"

Rev. 04




‘I)d(; a-;’n;‘;lliz:n};w'rath in (DGC) has prepared this manual Ior use by DGC personnel and customers as a guide to the proper mstallation, operation, and maimntenance of DGC cqulpmcnti
and

mplied o prant any heense to make, use, or sell equipment marufactured in accordance herewith.,

CPU#001-000088-17, CONSOLE#001-000089-08 & MEMORY#001-000:38-07

ware. The drawings and specifications coflained herewn are the property of DGC and shall neither be reproduced in whole or in part w

NOVA 1200/1210/1220 SIGNAL LIST

athout DGC's privr written approval nor be!

SOURCE DESTINATION
PAGE GRID PAGE GRID
MBO 12 SAVE! 88-1 (o 88-2 C4,D4
MBOO! 38-1 AT
MBO1' 38-1 AT
MBO10' 38-1 A4
89-1 D4
MBO11! 38-1 A4
89-1 D4
MBO12 88-3 A6
MBO12! 38-1 A3
89-1 D4
MBO13! 38-1 A3
88-3 A6
89-1 D3
MBO14' 38-1 A2
88-3 A6
89-1 D3
MBO15 88-3 A6
MBO15’ 38-1 A2
89-1 D3
MBO2' 38-1 AT
89-1 D7
MBO3' 38-1 A6
89-1 D7
MBO4' 38-1 A6
89-1 D6
MBO5! 38-1 A6
89-1 D6
MBO6' 38-1 A6
89-1 D6
MBOT7! 38-1 AbS
89-1 D5
MBOS8! 38-1 A5
88-1 C8
89-1 D5
MBO9!* 38-1 A4
89-1 D5
MD SEL1' 88-2 C5
MD1 38-1 B7 38-1 c1
MD10 38-1 B4 38-1 C4
MD11 38-1 B4 38-1 C3
MD12 38-1 B3 38-1 C3
MD13 38-1 B3 38-1 C3
MD14 38-1 B2 38-1 C2
MD15 38-1 B2 38-1 C2
MD2 38-1 B7 38-1 oy
MD3 38-1 B6 .38-1 Cé6
MD4 38-1 B6 38-1 Cé6
MD5 38-1 B6 38-1 C5h
MD6 38-1 B5 38-1 C5
MD7 38-1 B5 38-1 C5
MDS8 38-1 B5 38-1 C4
MD9 38-1 B4 38-1 C4

' Indicates "NOT"
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SOURCE DESTINATION
PAGE GRID PAGE GRID
MDO1' 89-1 D7
MEM CLK 88-1 A6 88-1 C6,D6,D7,D8
88-2 A8,C8
88-3 D3
MEM!' 88-2 AT
MEMO' 89-1 A5 88-2 A6,CT
88-3 cé
89-1 c8
MEM1' 89-1 A5 88-2 AT
88-3 C6
89-1 (o4
MEM10' 88-2 A5
89-1 C4
MEM11' 88-2 A4
89-1 c4
MEM12! 88-2 A5
89-1 C4
MEM13! 88-2 A4
89-1 c4
MEM14' 88-2 A5
89-1 C3
MEM15' 88-2 A3
89-1 C3
MEM2' 89-1 A4 88-2 AT
88-3 Cé
89-1 ok
MEM3' 89-1 AT 89-1 c1
MEM4' 89-1 A6 88-2 AT
89-1 C6
MEMS5' 89-1 A3 88-2 A6
89-1 cé
MEMS6' 89-1 A3 88-2 A6
89-1 Cé
MEMT' 89-1 A4 88-2 A6
89-1 C5
MEMS' 88-2 A5
89-1 c5
MEMY9' 88-2 A4
89-1 c5
MSKO! 88-1 A4
MSTP! 89-1 B3 88-1 B7
MTGO 88-1 D6 88-1 C2,D2,D6
MTG( 88-1 D6 88-1 c7
MTG1 88-1 D6 88-1 C2,D2
MTG1! 88-1 D6 88-1 B2
MTG2 88-1 D6 88-1 C2
MTG2' 88-1 D6 88-1 C2,D2
88-2 BS
MTG3 88-1 D6 88-1 B2, C6
MTG3" 88-1 D6 88-1 C2,D2,D7

' Indicates "NOT"
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SOURCE DESTINATION
PAGE GRID PAGE GRID
OVFLO 88-1 B2
PACK 88-3 D5 88-2 C5
PACK' 88-3 D4 88-2 C5
88-3 D3
PC ENAB' 88-3 B3 88-2 C17,D5
PC IN' 88-2 D4
PI 88-2 D6 88-2 B3,D4,D5
88-3 A4
PI SET 88-2 cé 88-3 B3
PI' 88-2 D6 88-2 A8,C7,D3
88-3 D6
PL' 89-1 B2 88-1 B17,C6
88-2 B4
PRESET' 88-1 B17 88-1 A5, B5,C5,D5,D7
88-2 D7,
88-3 B5
PTG-1-TS3' 88-1 D3
PTGO 88-1 D4 88-1 C3,C4,D4
PTGO- TSO 88-1 A5
PTGO- TSO' 88-1 A5
PTG1 88-1 D4 88-1 C3,C4,D4,D5
88-2 A3
PTG1' 88-1 D4 88-2 c3
PTG2 88-1 D3 88-1 B5
PTG2' 88-1 D3 88-1 C5,D4,D5
88-3 A6
PTG2- (LOOP)' 88-1 D4 88-3 C3,D6
PTG5 88-1 D4 88-1 C5,C6,C8
88-2. D7
88-3 A3,A5
PTG5 ENAB' 88-1 D3 88-1 D5
88-3 B5,C6
PTG5' 88-1 B2
88-3 C3
PTG=0-TS0 88-1 D2
88-2 D3
PTG=0- TS0 88-2 D3
88-3 c4
PTG=0-TS3 88-1 D3 88-1 C5,D7
88-2 D3
PTG=0-TS3' 88-1 D3 88-1 D4
88-2 D3
PTG=0-TS9 88-3 A6
PTG=1-TS0' 88-1 D3 88-3 A6
PTG=1-TS3" 88-1 A5
PULSE ENAB 88-1 A5 88-1 B2
PWR FAIL 88-3 D8
PWR FAIL' 88-1 AT
PWR LOW 88-3 B17,D17
PWR LOW' 88-2 o7
88-3 C8,D7

t Indicates "NOT"
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SOURCE DESTINATION
PAGE GRID PAGE GRID

R2B 38-4 A8
38-5 AT

READ IO 88-1 B2 38-1 A8

READ1! 88-1 D2 38-1 D6
88-1 C1

READIB 38-1 D5 38-3 AT

READ2! 88-1 D2 38-1 D6

READ2B 38-1 D5 38-4 A1,BT

RELOAD DISABLE' 38-1 B8

RESET' 88-1 B7 88-1 A4,C17,C8,D5
88-2 C1
88-3 D5

RESTART 88-2 AT

RESTART ENABLE 89-1 B17

RESTART" 88-1 A8
88-2 B4

RESTART-KEY' 88-2 AT

RINH B 38-2 D4

RINHO 38-2 D7

RINH1 38-2 D7

RINH10 38-2 D4

RINH11 38-2 C4

RINH12 38-2 C4

RINH13 38-2 B4

RINH14 38-2 B4

RINH15 38-2 B4, B7

RINH2 38-2 C1

RINH3 38-2 c1

RINH4 38-2 c1

RINH6 38-2 B7

RINH"7 38-2 AT

RINH9 38-2 D4

RQENB! 88-1 Cc2

RST! 88-1 B8

RUN 88-1 C6 88-1 AT

RUN' 88-1 (o]} 88-1 A6,B8,D2

S0 88-2 Cc2

S1 88-2 Cc2

S2 88-2 C2

SARD 38-1 D8

SELB! 88-3 BT

SELD' 88-3 ‘BT

SELECT 38-1 D7 38-1 B6,B8,C8,D3,D4,D5,

D6

SERIAL CRY 88-1 D7 88-1 B2
88-2 D3

SET ION! 88-1 B4 88-2 C1

SHIFT ACB 88-3 Cc2

' Indicates '""NOT" Rev. 04
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SOURCE DESTINATION
PAGE GRID PAGE GRID
SHIFT10' 88-3 A6
SHIFT11' 88-3 A6
SHIFT12' 88-3 A6
SHIFT13' 88-3 A6
SHL' 88-2 B6 88-3 Cé
SHR' 88-2 B6 88-3 C6
SKIP 88-3 B5 88-2 D4
SKIP INC' 88-1 c7 88-1 D3
88-2 D5
88-3 B3,B4
SKIP' 88-3 B4 88-2 B6,C7,D3
88-3 D8
SNSO' 38-2 D6 38-1 B7
SNS1 38-2 D6
SNS1' 38-1 B17
SNS10* 38-2 AT 38-1 B4
SNS11' 38-2 c3
SNS12' 38-2 C3 38-1 B3
SNS13' 38-2 B3 38-1 B3
SNS14' 38-2 B3 38-1 B2
SNS15 38-2 A3 38-1 B3
SNS2! 38-2 C6 38-1 B7
SNS3' 38-2 Cé 38-1 B6
SNS4' 38-2 C6 38-1 B6
SNS5' 38-2 B6 38-1 B5
SNS6 38-2 B6
SNS6" 38-1 B5
SNST' 38-2 A6
SNS8' 38-2 D3 38-1 B4
SNS9' 38-2 D3 38-1 B4
STA-E! 88-2 B4 88-3 B3
STOP INH 88-2 D7
STOP INH' 88-1 B6 88-1 C5, C8
STOP SYNC 88-1 B17
88-3 D7
STOP' 88-3 D8
STRB A 38-1 D4
STRB B 38-1 D4 38-2 A8
STRB C 38-1 D4
STRB D 38-1 D4 38-2 A3
STROBE 88-1 D2 38-1 D5
STRT 88-1 A4
STUTTER' 88-1 D7 88-1 A7
SWP' 88-2 B6
TEST SKIP 88-3 B6,D7
TEST SKIP 3 SET 88-3 D7
TEST SKIP SET 88-1 B6
TEST' 88-3 c5

' Indicates "NOT'"
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SOURCE DESTINATION
PAGE GRID PAGE GRID
TS0 88-1 C5 88-1 D4
88-2 A8,B3,C3,D5
88-3 B4,C4
TS3 88-1 c5 88-1 B5,D4, D8
88-2 B3,B8,D5,D7
88-3 B4,D6
TS3SET 88-1 c5
WAS JSR 88-3 D5 88-2 c5
WAS JSR' 88-2 C5
WHOA' 88-1 AT
WRITE MEM 38-1 D2 38-3 IN
: 38-4 A7,BT
WRM 38-4 A3
38-5 N
XRS 38-3 B3 38-3 B7
XWS 38-3 B3 38-3 A3
Y00 38-4 B3 38-5 B7
Y01 38-4 B3 38-5 B7
Y02 38-4 C3 38-5 c
Y03 38-4 C3 38-5 cn
Y04 38-4 C3 38-5 C1
Y05 38-4 C3,D3 38-5 D7
Y06 38-4 D3 38-5 D7
Y07 38-4 D3 38-5 D7
YRS 38-4 B3 38-4 B7
YWS 38-4 B3 38-4 A3
38-5 BT
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