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(_ Preface

In this report I have tried to show that a Minuteman

guidance and control computer, the D37C, can be converted for

general purpose applications through the addition of a few

simple circuits and systems. I .oe my efforts will assist

the Air Force in reutilizing these machines in laboratories

or at least, I expect my work to be the foundation for fur-

ther study in reutilizing these machines by civilian institu-

tions. S~/

* This investigation considers only hardware system6 added

to the machine and does not include software develay nt tor

machine modifications. In short, any graduate or advaz.c-d

(• Cundergraduate student in Electrical Engineering may use my

work and a bare D37C 4.omputer to produce a versatile, general

purpose minicomputer. The essential elements for this con-

versinn are inclt,4;d in theý circuit descriptions and schema-

tics of •dF!es B and C.

I wiz to acknowledge my i...nbtedness to several indivi-

duals .; the prepe.ation c< -•,.a report. I thank Messrs.

Welli, Fisher, and KuciLenbeczer for their technical assistance

through telephone interview. Thanks also goes to Prof. Lamont,

$ my thesis advisor, for his motivational force and patience with

broken deadlines. Messrs. Wolfe, Short, and Bayard were of

great assistance in constructing some portions of the console,

I an deeply indepted to lab partners Lt.9s Lundy and Kennedy

whose casual conversations helped solve. many problems. Final-
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lys I wish to express sincere thanks to my wife who helped in

proof reading and persisted through weekends and evenings of

neglect.

Dennis C. Reguli
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Abstract

Since the Air Force surplused Minuteman guidance compu-

ters there has been an interest in reutilization by civilian

institutions. This report addresses the problem of reutiliz-

ing later Minuteman computers, D37C's, which will become sur-

plus in the near future. Revitilization is assumed optimum

by first converting into a general purpose minicomputer. This

is done for the D37C by supplying external support systems,

control and monitor Circuits, and expanded I/0 capability.

The external systems include power supplies and cooling system

and were provided at AFIT by laboratory generators and a fan

and pump assembly, respectively. The generators produce the

28vdc at 15 amnp and the 22vems, 400 Hz, 3% current required by

the computer and the cooling system provides less than con-

tinuous duty cycle cooling. The Control and Monitor circuits

are required to control the mode transitions of the machine

and to mofnitor the results. The simple circuits required were

expanded to include a program load scheme usLg the character

inputs, and a register display output using a multiplexed out-

put, Mpx. The final Control and Monitor system will provide

sufficient I/0 capabilities for many applications, however, an

expanded I/0 system was developed for more versatility. The

expanded I/O system provides for program controlled I/O, a

parallel data bus for an I/0 port, and a speed increase of 50

words per second to 100 plus. The converted D37C final system

will provide many inutitutions with a highly reliablo and ver-

satile minicomputer.

x
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1. Introduction

This Is a report on developing a process to convert the

Minuteman guidance and control computer, the D37C, into a

general purpose minicomputer, The introduction will discuss

previous work in the general area, state explicitly the prob-

lems uf eevelopient, describe the basic machine structure, and

provide some insight into the scope and organization of the

remaining report. This report assumes the reader has some

Electrical Engineering background and comprehends basic digi-

tal logic circuits and Boolean Algebra. It would also be

helpful, though not necessary, for the reader to be familiar

with basic computer input/output (I/O) operations.
Z

Background

This familiarization section begins with the history of

surplus Minuteman computers, the formation of the Minuteman

Computers Users Group and an overview of work in this area at

the Air Force Institute of Technology° A short section on

references follows to explain the sources for this report.

History. In the early 1960's the United State. Air For-ae

surplused over 400 Minuteman guidance and control computers,

the D17B, through a modernization program. These ICBM compu-

ters were released to government activities# industrial con-

tractors, universities and other organizations for the purpose

of research, education, and other applications (Ref 6). These

( emachines, costing originally about $234,000 each, are supply-

ing these organizations with low cost computing power. A

X1
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measured mean-time-between-failures of 5,5 years and environ-c
mental design criieria miake the D17B a highly reliable and

rugged device (Ref 6).

The new owners of thece machines, desiring to use the

D17B to its fullest capacity, formed an organization for effec-

tive information transfer. This group is called the Minuteman

Computer Users Group (MCUG) and is headed by Dr. Charles H.

Beck of Tulane University, New Orleans, Louisiana. To date,

the grcup has made significant advances in hardware modifica-

tions, software routines, and special applications development

for the Dl7B. They have developed a hardware divide for the

machine, programs for simulating the Dl7B, an assembler, hy-

brid and analysis systems, and more (Ref 6). One machine has

been shown cost effective for blood serum analysis at the Wal-

ter Reed Army Institute of Research, Walter Reed Army Medical

"Center (Ref 6).

The Air Force Institute of Technology (AFIT), which has

two D17B's, is art active member of MCUG, and is deeply involved

in revitalizing these machines. Using the machines primarily

as educational tools, AFIT's students are investigating con-

version of the D17B for general purpose use. In a general pur-

pose configuration the machines could easily suit a wide range

"of applications, therby aiding their use by MCUG and AFIT. If

the conversion is sufficiently sound the Air Force could recov-

er some of their cost by reutilizing them in their own labora-

tories. Toward this end, AFIT students have written seven

Masters Thesis on making the D17B more versatile and suitable

2 ""III "ILI
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for general use. This work has included console development

(Ref 8). peripheral device interfacing (Ref 14), and expansion

of Input/Output capabilities (Ref 15).

In the spring of 1972 AFIT received a new addition to

their Minuteman computer laboratory, the D37C, on loan from

the Air Force Logistic Command. This newer model of the D17B

is expected to be surplused in the same manner. Because of

technological advances the D37C is physically smaller, has

more instructions, and almost twice the memory of the older

machine. APIT received an operational D37C early because,

for some defect, it is non-flight worthy. This machine is to

be investigated for the same prospect of general purpose con-

version. This is the first thesis concerned with converting

( the D37C computer for general purpose applications.

References. The needed information for this report was

found in Air Force documents on the D37C prepared by Autonetics,

thesis' of AFIT students written on AFIT's Minuteman system,

and direct conversation with engineers involved with the ma-

chine, The documents include Repair and Recycle Specifica-

tions, Programming Manual, System Depot Overhaul, Logical

Description, and Logic Breakdown manuals for the D3?C compu-

ter. Because of the similarities in the D17B and D37C, APIT

students' thesis on the D17B have proven very helpful in de-

signing the displays and I/0 expansion. For specific ifor-

nation not available in the aforementioned documents, direct

conversations with Messrs. Wells, Fisher, and Kuchenbecker

( were invaluable. Mr. Wells is an engineer at the Kinuteman

3
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Test and Repair Center, Newark Air Force Station, Newark,

Ohio. Messrs. Fisher and Kuchenbecker are engineers at the

Autonetic's plant where the computer was built in Anaheim,

California. All of the Air Force documents, AFIT thesis, and

other references used for this report are listed in the bibli-

ography.

The documents at AFIT available for the D37C are not as

complete as those for the D17B. There are only a few general

schematics, but every signal available at the interface plugs

in well defined. This lack of documentation is not a handi-

cap for this report or others not involving hardware modifi-

cations of the machine. However, for work in this area one

might contact the aforementioned gentlemen for information

concerning complete schematics.

Problem Statement

This section will state the D37C conversion problems con-

sidered in this report. It will then mention the constraints

involved and the method of attack chosen.

Problems. In general, converting the D37C computer for

general purpose use involves supplying external support sys-

tems, building monitor and control circuits, and expanding its

I/0 capabilities. These problems are listed and expanded

belows

1) External Support Systems - The support systems

include two power supplies required for computer operation

that are not in the conputer housing. It also Includes a

cooling system sufficient to maintain the environment required
"1i i in
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by the circuitry.

2) Control and Monitor Circuits - The control and

monitor circuits shall provide an easy method of controlling

the computer's modes and provide for a simple memory loading

scheme. It shall also provide a means for monitoring the

the computer's major modes and checking the contents of select-

ed registers.

3) I/O Expansion - The input/output capabilities

of the machine should be expanded to include a programmed con-

trolled I/O scheme enabling the computer to communicate with

standard minicomputer peripherals such as tape punch, tape

reade-r, teletype, and others, It should also be compatible

with existing Minuteman systems at AFIT.

Constraints. When searching for solutions to these prob-

lems certain constraints must be considered. The main con-

straint is the basic capabilities of the computer. Since it

was designed for a special application it has a special instruc-

tion set, special I/O signals, and is inherently slow (cloik

rate is approximately 350KUz). Because of these restrictions

it cannot be converted to perform in the category of HP-2100's

or PDP-120s which were designed as general purpose minicompu-

ters. The process of converting the D37C into a general pur-

pose computer should be simple and inexpensive while still I
producing a machine that Is easy to use and useful in general

applications. A simple conversion process would be easy to

construct, troubleshoot, maintain, and provide an uncoaplica- J
ed foundation for further study. An inexpensive process would
Si~iiI

iii i



aid the revitalization of these machines by civilian organi-

kC. zations. Equipment required for conversion is restricted by

availability. Because of the time required to receive new or

special equipment, the parts used in this report are those

that were either on hand or easily obtainable. It is also

desired that all systems be versatile, non-restrictive to fu-

ture work, and compatible with present AFIT Minuteman systems.

Method of Attack. The method of attack is a step by step,

feedback process to choose the best solutions to the stated

problems. Since there is little overlapping of the problems,

each one is considered separately while keeping in mind the

complete and final system. After the criteria for solving a

problem is set, all reasonable solutions are considered. After

selecting a solution based on the above mentioned constraints,

it is designed and implemented. Once built, it is tested

against the original criteria. A selected solution must cover

the requirements specified in the problem statement and fall

within the boundrieb of the constraints to be accepted, If

it fails this test or a better method is discovered, it is

discarded and an alternate solution is designed, built, and

tested.

Basic D37C Computer Description 4

This section describes the basic characteristics of the

D37C computer, first by comparing it to the D17B then by dis-

cussing the memory, processor, and I/0 units in more detail.

C This is intended only as mi Introduction to the machine. For

a more detailed description see Appendix A.] i
6
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D17B Comparison. Both the DI7B and the D37C computers

were designed and built by Autonetics, a division of North

American Rockwell, for the real time purpose of guiding and

controlling an ICBM from launch to detonation. Because of

this, there are many basic similarities between the two. They

are both synchronous, serial machines with fixed head disks

for primary memory. They have 'two-address instructions, half

and whole word precision, and many similar instruction oper-

ator codes. The differences in the two computers are based

mainly upon their differing technologies. The D17B was built

in 1962 using transistors and other discrete components to

realize its logic circuits (Ref 6). On the other hand, the

D37C was built in 1964 using small scale integrated circuits

and discrete components only in the internal power supplies.

Table I Summarizes the comparison of the two Minutemen compu-

ters.

D37C Characteristics. The D370 computer consists of

four main sectionsi the memory, the central processing unit

(CPU), and the input and output units. These sections are

enclosed in one case shown Ln Fig. 1.

The memory is a two-sided, fixed head disk which rotates

at 6000rpm. It contains 7222 words of 27 bits. Each word

contains 24 data bits and three spacer bits not available to

the programmer (Ref 4). The memory is arranged in 56 chan-

nels of 128 words each plus ten rapid access channels of one

to sixteen words. The memory also Includes the accumulators

'2• and instruction register (Ref 3).

7 Ii
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Table I.

Comparison of DI7B and D37C

Model D17B D37C
Year 1962 1964
Type Serial, Synchronous Same
Number System Binary, fixed point,

2's complement
Data Word Length 11 or 24 bit (double-

precision)
Instruction Word Length 24 bit
Number of Instructions 39 57
Execution Timess

Add 78 1/8 us Same
Multiply 1 ms
Divide (software) 2 ms

Clock Channel 345.6 KHz Same
Addressing Direct of entire Direct w/in

memory Bank ( of
MemoryL memory)

Word Lengths 24 bits plus 3 timing Same
Type, Ferrous oxide-coated

NDRO disc
Cycle Times 78 1/8 us minimal
Capacity: 5,454 or 2,727 words 14,44 or

I (double precision) 7,222 words
Input/Outputa

Input Liness 48 digital 65 digital
32 analog

Output Lines: 28 digital 45 digital
12 analog 16 analog

Pr3 pulse 8 pulse
S-Prorms 800 5-bit charac- Same

ters/sec
Physical Characteristics:

Dimensions: 200 high, 290 diame- 20.9 x 6.9 x
ter 9.5 inches

Power: 28vdc+lv at 19A 28vdc+l *7v at
15A

Circults: Discrete DRL and IC DRL and DTL
DTL

Softwares Minimal delay coding Same
machine language modu-
lar special-purpose sub-
writing

( Reliability, 5.5 years MTBP (classified)

8
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/

Figure 1. Photograph of a D37C Computer.

9
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The central processor (CPU) is a serial device realized

from small scale integrated circuits using diode-transistor

logic. It contains 57 instructions including hardware multi-

ply and divide. They also include provisions (flags) for al-

tering or repeating instructions. The CPU operateq on data

in the full word (24 bit) or half word (11 bit) mode. Data

is represented as binary fractions in sign plus two's comple-

ment representation (Ref 3).

Both Minuteman computers contain elaborate input/output

units. These units are designed for real time operations of

gyro sensing and torquing, accelerometer reading, gimbaling

rocket engines and arming nuclear warheads. Because of the

specialized nature of these I/0 units they are not directly

( compatible with usual minicomputer peripherals. Overcoming

this difficulty and adapting the I/0 units to a more conven-

tional I/0 scheme is the topic of a thesis by Lt. Joseph

Theriault entitled Design Expansion of the D17B Computer In-

put/Output Facility for General-Purpose Applications. Adapt-

ing the D37C's I/0 units is the topic of Chapter IV. The in-

put/output signals, as well as the memory and CPU, are defined

further in Appendix A.

Scope and 0z1anization

This section defines the scope of this report, explains

some of the conventions used, and describes the structure of

the remaining text*

( Scope. This paper provides the foundation for future

work on converting the D37C computer for general use. It does

10
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so by providing solutions to the problems involved in initial

set-up and operation of the D37C. This report also presents

alternate (some untried) solutions in case the ones chosen

here are impractical in other situations. There is enough

information in the body and appendix to allow an average

Electrical Engineering graduate student to perform equivalent

work on a bare D3?C computer.

Conventions. In order to maintain some consistency with

Minuteman documents and previous thesis, and to minimize con-

fusion, certain conventions will be maintained throughout

this report. Complemented literals in logic expressions are

represented with an appostrophe rather than an overline, i.e.

A' = A. Positive logic will be used throughout except where

indicated. Signals are renamed after they are interfaced

(.level shifted). The new names are acronyms which better re-

presents the signals' purpose or they have one or two letters

missing from the original label. Naming intermediate signals

in a circuit has been kept to a minimum to avoid confusion.

Wiring labels for circuits are given in three alphanu-

meric numbers as shown and explained below -

11-32-3

1) 2) 3)

1) Ii - indicates the boazd, This term will always

start with a letter and may be omitted if the entire schematic

is on the same circuit board and diagram.

2) 32 - indicates art IC socket or socket location.

This number can range from 1 - 35 and may be omitted if the

intended socket is the card end connector.
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3) 3 - indicates a pin location. This can range

frov, 1 - 24.

Stru.tture. A structure was selected to present the ma,-

terial in the most logical and least confusing manner. Each

problem investigated is presented in a separate chapter because

the problems are relatively independent. As a result, each

chapter is relatively independent, containing all necessary

information for that section and leaving unnecessary details

for the appendix. Each chapter will contain the specifica-

tions, organization, design, and implementation for that sec-

tion of the system. This structure aids the report's utili-

zation as a handbook for building an equivalent system or as

a guide for troubleshooting and maintenance. Because of the

separateness of the chapters, they may be removed, updated,

or added to with relative ease.

-(
-- 12
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II* External Support Systems
C

This chapter describes and develops the external power

supplies and cooling system necessary for operating the D37C

computer, The power supplies and cooling system are presented

separately because the two are relatively independent systems

as shown by the functional block diagram.

Power Cooling
Supplies System

D37C
C omputer

C

Figure 2. External Support Systemsq Block Diagram.

Power Supplies

Specifications. There are two external power supplies

requ. red to operate the D37C computer. One is a 28v DC sup-

ply required for the electronics and the other is a 40OHz AC

supply for the memory motor (disk memory). Specifications for

the electronic's power supply require +28.0•1.70 volts at 15

amperes maximum. Ripple and noise is restricted to 60 milli-

volts peak to peak maximum and the supply's internal impedance

shall be as follows (Ref 5)s

13



GE/EZ/74-•I6

Frequency Impedance (ohms)

dc to 1 KHz < .05

1KHz to 1O.VHz < 0.7
100KHz to 500KHz < 6

The memory motor supply shall be 3-phase. 3-wire AC with a

frequency of 400*4Hz. Phase rotation shall be ABC with dis-

placement between adjacent phases of 120*2 degrees. Steady-

state peak voltage between phases shall be 27.25±0.82 volts.

Current required is 4.5 amperes per phase with peaks of 10

amperes for no more than 4 seconds (Ref 5). The AC wave form

specified is in Fig. 3.

T* >

l.7v ma& +27.25
±. 82vdc* I

2..4v max -A ero Volts

-27.25 -

*. 82vdc

•- *T =2.5 :t5% ms

Figure 3. Specified Memory Power Wave Form.

There are a few additional requirements concerning the

computer's external power supplies. For instance, prizary

14
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power (28vdc) muRt be disabled within 10 milliseconds if the

voltage exceeds +30.3vdc. Also, modules should not be installed

or removed from the computer chassis if any power is on except

memory power. Memory power may be on with primary power off

but the converse is not true. Also primary power should not

be on without a complete set of modules in the machine. At

initial turn on only, over-current sur•-es may exist for a max-

imum of 45 milliseconds. Finally, the memory power current

should stabilize at 3.3 ampere or less when the disk reaches

synchronous speed (or approximately six seconds after turn on)

(Ref 5).

Oranization. The specifications mentioned are those

required for a test situation in which the conditions on board

the rocket must be simulated. The primary power specifica-

tlo.s, therefore, are designed to simulate a battery or bat-

tery-generator source in the missile. It is also assumed the

memory power requiterehnts are designed to simulate the )utput

of a solid state AC generator package which is also on board

the missile. Because of the criteria behind the strict power

specifications, it may be necessary to relax the requirements

in order to utilize available equipment. For instance, con-

versations with Mr. Fisher and examination of surplus memory

test equipment indicate the memory waveform may be replaced

by a 22vrms sine wave. This is important because in many ap-

plications a 400Hz sine wave will be much easier to produce

than the specified waveform.

C MNany solutions to the external power problem become pos-

15-- , =i " | i I III
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sible if one keeps in mind that specifications may be relaxed

for a less harsh environment such as a classroom or labora-

tory. Both supplies may be built from scrath or bought if

commercially available. The primary power may be sourced from

batteries, a power supply to convert line AC to 28Vdc, or by

"a motor-generator device. The memory power may be supplied by

"a circuit built to produce the specified waveform or by a mo-

tor-alternator combination to prod-ace sine waves. There is

also the possibility of converting a memory motor supply from

& scrap D17B computer since the power requirements are very

similar.

D-esign. The easiest available method of supplying power

to the computer was chosen for AFIT's applications. This con-

(9C sists of taking advantage of an elaborate power generation

and distribution system located in AFIT's school of engineer-

ing. A centrally located generator room is capable of supply-

ing both the 28vdc at 15 amperes and the 400Hz 3 phase power

for the memory motor. Power from this room is routed through-

Z out the building and available at power panels in each labora-

tory. This system of power has proven sufficient and reliable

for running a D17B computer which also requires 28vdc.

The power supply section of the computer console at AFIT

includes step down transformers for the memory power and addi-

tional power supplies for console electronics. The normal op-

erating range for AFIT's 400Hz alternator is 125 to 250V and

is therefore unstable at 22vrms, To counteract this, trans-

formers are used in the console to step down the voltage, The

16



GE/tE/74..l6

computer power system is combined with power supplies for other

circuitry to provide a centralized power location in the con-

sole. These additional supplies include regulated +5, +12,

and -12vdc sources.

Realization. Implementing this type of power system in-

volves fabricating cables to run the power from panel to con-

sole, building a distribution system inside the console, wiring

step down transformers for memory power, and providing appro-

priate safeguards and power control. Fig. 4A shows a schema-

tic of the computer power system. The dc power is provided

with a 20 amp circuit breaker to control the power and to pro-

tect the computer from over currenta. There are also circuit

breakers on the power distribution panel for additional pro-

SC tection.

The memory power voltage is stepped down with two trans-

foruers. Each transformer is actually composed of two 6.3v

filament transformers with the primaries in parallel and se-

condaries in series. The transformers were designed for 60H%

but operate well at 40OHz since the cores have less time to

saturate. Each secondary can supply 6A continuously. The 22

vras, 40OHz power is supplied to the computer when 180vrms is

applied to the primaries. Switching memory power is done with

the circuit breaker switch on the power panel.

The schematic for the console power supplies is shown in

Fig. 4B. Power supplies salvaged from surplus equipment sup-

ply the regulated current required by the console electronics.

Each is fused for its maximum output and switched with a con-

17
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C

"Circuit Breaker

I-/1.. . +28 ±,.7vdc toWI I icomputer

Gnd to computer

4-05A

E 4-5AA 
to computer

B

4.5A5

4A Computer Power Control Circuit

p-,-,+ 6A

'6

2k1

an* Chassis
o iground

I +5 Signal

?i9~4 soeground

Indi-a- 'Power ~
tor IndicatorS4B Console and Cooling Pnwer Control Girut

Figure 4. PDU Circuits.
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son power switch.

There are two grounds or commons in the console which are

called chassis ground and signal ground. The chassis ground

is to prevent shock and other electrical hazards when working

with the console. The ground line from the 115v ac source,

the panel grounds and the ground wire from the 40OHz alterna-

tor are all tied to chassis ground. Neither side of the 115v

ac source is tied to either ground. The signal ground acts

as a power -return for all dc sources and as a common for all

sigrals. The negative side of the +28, +5 and +12vdc sources,

and the positive side of tre -12vdc supply are tied to signal

gr3und. The two grounds are not intended to be tied together

ir. the console though this may occur with no problem (for in-

s ance, another experiment using the power panel may tie the

-28vdc to ground).

Power distribution in the console originates at the Power

uistribution Unit (PDU). The PDU acts as a patch panel for

tiring the power systems and provides a central location for

)ower troubleshooting and pow..r routing. Each circuit board

.n the conrole has its own power and signal ground lines run-

ing to the PDU. This was done to eliminate some accumulated

i oise on the power lines and to insure that multiple connec-

lions did not reduce the voltages. The PDU is illustrated in

Fig. 5.

C:ooling SysteM

t Specifications. The cooling requirements for the D37C

¢caputer are given in the Test and Recycle Specs (Ref 5). The

19
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computer's electronics are completely enclosed in a metal cas-

ing and cooled by coolant circulating through the casing's

hollow walls. The liquid coolant is a water solution of ..1

to ,22 percent by weight of sodium chromate and distilled or

deionized water having a minimum specific resistance of 175,000

ohms. The temperature of the water shall be +40 (+10, -5)

degrees F at the inlet and +56 (+7, -4) at the outlet and at

no time should the outlet temperature exceed 70 degrees F

(Ref 5). The cooling system must remove 350 watts of heat

dissipated by the computer.

Organization. The mentioned specifications are, as before,

designed to simulate a rocket environment for testing purposes.

The requirements may have to be relaxed to utilize available

S C equipment. This is feasible as long as a suitable environment

for the circuits is maintained. The computer may, in fact,

be operated outside the speoieied- t•ae•_ratit* rage ea long

as moisture does not form on the inside walls (too cold) cZ

as long as the outlet temperature does not exceed 70OF (Ref 5).

Relaxing the cooling requirements results in a wide range of

possible solutions including air cooling.

The computer cooling system may consist of any combina-

tion of open loop or closed loop systems using either liquid

or air heat transport. A refrigeration unit may be used to

remove heat from the coolant or the computer itself may be used

as an evaporator in a refrigeration cycle. Tap water may keep

(: the computer cool in an open loop system. To keep hard water

deposits from clogging the cooling ducts, tap water may be used

21
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to remove heat from a coolant in a combined open and closed

loop system* Other cooling systems may include removing the

computer covers and forcing air in and around the circuits to

cool them directly.

Design. The system selected for cooling the D37C uses

forced air and circulating liquid. Since no refrigeration

unit or tap-and-drain were available, this system was chosen

as the most effective and easiest to implement. The D37C was

not designed for air cooling but air can be forced down between

the circuit boards and around the IC's. At the same time,

distilled water circulates through the walls to lower heat

gradients and to cool those parts not sufficiently cooled by

air. In this way, the IC's act as their own radiators and are

cooled more directly instead of the heat traveling first to

the computer walls. This justifies cooling with room tempera-

ture air (around 70°F) and allowing the coolant to raise above

70?.F Removing a cover for air cooling, however, increases

the poasibility of dust and foreign objects entering the casing.

-. Precautions should be taken to keep the insides clean because

of the closeness of IC leads and the possibility of foreign

object shorts.

Realization. This system was implemented with four "Muf-

fin* fans to circulate the air and a small pump to circulate

the liquid (see Fig. 6). The four fans are capable of circu-

lating two to four hundred cubic feet of air per minute. Be-

cause obstructions in the casing prohibit flow through air,

only one cover was removed. The side of the computer opposite

22
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Console Front
Fan

Pump ,0 Assembly

' 0 Computer
Underneath

/ //

Computer Shelf (Top View)

Air

Cooling II

Fans

- • - Liquid

2 Ducts

Cable
Connectors N Circuit

Board

Computer Cross Section (End View)

Figure 6. Computer Cooling System.
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the cable connectors was removed and the fans, bolted together,

were placed over the center of the circuit boards on the card

end protectors. This leaves approximately one inch on either

side of the fans for exhaust air. Some "horse-hair" packaging

material was placed over the fan intakes for crude filtering.

Flanges on the fan assembly prevents objects from dropping into

the computer housing and acts as a manifold to reduce recircu-

lated air. A pump with two to three gallons per minute capa-

city was placed on the shelf with the computer and connected

with plastic hoses. No special hose connectors are necessary

since the friction fit is water tight. The whole system is

controlled by a front panel switch as indicated in Fig. 4B.

This system is not sufficient for continuous duty but is

the most effective cooling scheme available. The circulating

liquid temperature gradually increases when the system is run-

ning. When the temperature reaches 1000F (about 20 minutes)

the primary power is removed while the system cools or while

the liquid is replaced.

Gac --

Summar. it has been shown thdt external systems for the

D3*C computer can be implemented easily. This has been done

by supplying the needs of the computer rather than trying to

meet the specifications designed to simulate a rocket environ-

sent, These mentioned systems are just one solution of many

that can be built. Simpler systems and more complex systems

are possible. For example, the power circuit may be expanded

to an automatic system that shuts off when temperature or vol-

24
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tages get out of tolerances,

There is, presently, an additional constraint for build-

ing systems at AFIT. The D37C computer AFIT possesses is

classified "secret' due to previous information on the memory

disk, It is necessary, therefore, to remove the computer from

the console and put it in a safe after each day's use. This

means that every system associated with the computer must be

easily connected and disconnected. This constraint will not

be present when the computers become surplus.

System Interconnection. The external support systems are

located in the cabiret as shown in Fig. 7 and electrically

interconnected as shown in dig. 4. The power shelf (bottom)

pulls out to provide easy access to the Power Distribution

Unit (PDU) and power supplies. The computer shelf also pulls

out to allow easy hook up of power, cooling and cables. All

Switches for power and cooling are located on the front panel!

Recommendations. The following recommendations are made

in the interest of improving the system or as experiments io

better understand the limits of the machine.

i. Because of the closeness of circuits in the com-

puter there is a chance of foreign object shorts with the pre-

sent ccoling system. It is recommended that the computer be

cooled only with a liquid system of continuous duty cycle if

the equipment becomes available. Until then, efforts for a

better filtering system would increase the present system's

reliability by keeping the close circuix leads clean.

2. The power system may be expanded to include con-

25
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Figure 7. Power and Clooling Systems Locations.
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sole switching and automatic monitoring devices. Such a sys-

tam would add complexity but it may also inerease protection

from power faults.

3. As an experiment, the speed of the computer could

be increased by increasing the frequency of the memory motor

power. Since the memory motor is a three phase synchronous

motor it can be made to run faster by increasing the power

frequency. In turn, since the clock and other timing pulses

come from tracks on the disk the whole computer would work

faster. Before this in- attompteda hvvever, there are many

considerations to make, There 48 some indication in Reference

3 of the electronics being capble of a one mer-a Hz clock which

is almost a three fold increase. The motor, however, is not

expected to operate that fast (almost 18000rpm). The reduced

motor torque caused by higher frequencies can be offset some

by Increasing the voltage. Flowever, the bearing wear and disk

stresses are unknown at higher speeds. The read and write

heads may also be unreliable at higher speeds, In all, the

total increase in computer speed cannot be expected to be much

2?
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III. Control and Monitor Systems

After supplying the computer with proper power and ccooling

systems, it is necessary to control and monitor i~ts functions

before it is suitable for any application. This is done by

properly controlling the computers modes anid developing a sim-

ple memory loading scheme. In order to monitor the computers

functions the major modes must be- indicated a~nd the contents

of selected registers must be dis~played~. in effect, the moni-

tor and control circuits provide simple 1/0 for the computer

which alone may be suffikiett for many applications. The mon-

itor and control systems fit into the total system as shown in

pigs 8.

Interfacine

Interfacing the conputer's signa-le, matches voltags lev-
els, imp'sdances, arnd current requiremenui tr. ths externa.l QiTTL)

logic circuits.* This 18 neceasary because the external loAgic

is realized from TTL *zxiil and m~edium P_*le int~egrated cir-

cuits. Thiý-a circuits were uUsd instead of building Compati-

ble dXiveeete logic because ltiey were wala~lable & easy to des-ign

witsh, came in logic '"blcoeks` of several gates per chip, arn4

have relatively. highs r-isa immunity., Most compute.- signals
va-ry from -1.5 t~+12.yoltps &-,& are t re:*fae incompatibals with

týe 0 to +5 veltage levels of 11IL logl. Nea~rly all of the

*isgnalap. 1%oth input arid output, may bo interftced by using
( li-ne drivers arA line raeiovers in ie fors. Some re-quire op..

araxtio-nA! amplifier vircuits and others need inverters Ito con-

28



GE/EE/714-16

SControl I'•nterfaceI

- I

Monitor

Figure 8. System Block Diagram.

vert from negative to positive logic.

The following investigation will indicate if a signal has

to be interfaced or if it is compatible with the circuit. For

a complete listing of interfaced signals and schematics see

Appendix B.

Mode Control and Monitor

Controlling and monitoring the computers modes of oper-

ation requires some very simple circuits. It is necessary,

however, to have some understanding of the modes and how the

computer functions (Ref 5,11, and 3).
Major Modes. The computer can .operate in several modes

and submodes which are of particular interest to the operator/

( progammer. These modes, with descriptions, are listed below&

(9 1) Compute Mode - While in this mode the computer exe-

29
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cutes an internally stored program.

la) Single Cycle Submode - In this submode,

the computer executes one stored instruction.

2) Noncompute Modes Load - In this mode the compu-

ter is capable of receiving information on the character input

lines (Ref 5). This mode and the character lines are used for

program loading and are discussed later.

2a) Fill Submode - This is a submode of the

above noncompute, Load Mode and is the mode which information

may be entered into the computer memory.

2b) Verify Submode - In this mode the contents

of computer memory may be verified (or compared) against in-

formation on the character input lines.

3) Noncompute Modes Nonload - The noncompute-non-

load mode is defined by the following major submodes.

3a) Sync Submode - In this mode the computer's

electronic section is brought into synchronization with the

rotating disk memory. This is done by synchronizing the bit

counter with the sector track (see Appendix A).

3b) Manual Halt Submode - In this mode the

computer is in a wait state.

3c) Program Halt Submode - This mode is en-

tered from the compute mode by an executed instruction. In

this mode the computer is in another wait state.

3d) Conditional Fill Submode - This mode pro-

vides a security precaution to prohibit unauthorized personnel

( from loading the computer memory. It prohibits entry into the

30-30
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c fill submode unless the first four words entered agree with

the first four words of channel 12, bank 0.

4) Interruption and Recovery Mode - During this

mode the computer, upon detection of a simulated transient

disturbance, will interrupt normal operations, enter a dormant

state, and then recover to the same program location.

Specifications and Organization. It is desired to have

some control over the computer's transitions between modes and

to have some indication of the current operating mode.

Two of the modes serve little use in general purpose ap-

plications and are therefore eliminated or disabled. These

modes are the conditional fill submode and the interruption

and recovery mode. For most applications the security facet

of the conditional fill mode is nct needed and only serves to

hinder the entrance into fill mode. The conditional fill mode

may be bypassed by enabling the PFc line and applying a true

signal. The line is enabled by making an electrical connec-

tion on Logic No. 10, connector J216, between test points B36

and B32 (Ref 5). Once this is done the fill mode may be en-

tered directly by applying a true (-4 to -24 vdc) to Pao. The

interrupt and recover mode forces the computer into a dormant

state (all internal power supplies disabled) which would have

little use in most applications. The interrupt mode may be

avoided by not programming a simulated random dump (SRD) in-

struction and applying a false signal to the Idt input term.

A false for the Idt term is +12+8 vdc input or an open cir-

cuit (Ref 5). Controlling the remaining modes is necessary
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for effective computer control.

The sync mode must be entered each time the machine is

turned on in order to synchronize the computer. The sync mode

is entered by applying a true signal on the master reset line

(Mrc) for a minimum of 55 psec after the memory has reached

synchronous speed. A true for Mrc is -15 (+11,-12) vdc and a

false is +12+8 vdc or an open circuit. The computer automa-

tically exits the sync mode to the manual halt mode (Ref 5).

The compute mode is entered only from the manual halt

mode in one of two ways. Normal execution is started by chang-

ing the halt prime (Khc') input signal from false to true for

at least 200 microseconds. Halt prime may then return to

false. The single cycle prime (Ksk') input signal remains

true throughout the sequence, The compute mode may also be

entered for the execution of one instruction and then returned

to manual halt by the initiation of the single cycle sequence.

This sequence calls for Ksk' to change from true to false then

Khc' is changed to true for at least 200 microseconds. Then

Khc' returns to false and Kok' returns to true (Ref 5). Timing

diagrams for both of these sequences and voltage levels for

the signals are given in Fig. 9.

As mentioned earlier, a true signal on the Fac line will

put the computer into noncompute-load mode from either the

manual halt or program halt modes. Once in this mode, char-

acter inputs to the computer may be made as described in the

Program Load section of this chapter. The character inputs

C--can change the computer modes as well as load the memory.

32
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Commands can be given to change from the fill submode to the

verify submode or from verify to fill. A compute command re-

moves the computer from noncompute-load and enters it into

manual halt. A halt command charges it to program halt (Ref 5).

The manual halt submode may be entered several ways. It

may be entered from compute by the single cycle sequence already

mentioned or by the following sequence of inputs. Initially

the halt prime (Khc') signal changes to a quiescent false

state* Tnen run prime (Krk') changes from false to true, The

single cycle prime (Ksk') signal will remain true throughout

the sequence. see Fig. 9 (Ref 5). This same signal sequence

will enter the computer into manual halt from program halt.

Manual halt may also be entered from load mode by a compute

C command, as mentioned in the preceeding paragraph, or by a

parity or varify error (see program load section). Exit from

the manual halt mode may be to compute or noncompute-load. by
methods already described.

The program halt setmode may be entered in one of two

ways. One is by a halt instruction executed while in compute.

The other way is by a halt command entered while in noncompute-

load mode. The computer will return to the load mode given

a true fsc term. It may also leave program halt and enter

manual halt by the sequence of instructions already described

in the paragraph on the manual halt mode,

The state diagram in Fig. 10 illustrates the possible

state changes and how they are madee It should be noted that

entry into the noncompute-load mode does not insure entry intoI3!
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1 - Initiated by sequence in Fig. 9a

2 - Initiated by sequence in Fig. 9c

3 - Initiated oy sequence in Fig. 9b

4.- Automatic or computer controlled transistion

5 - Initiated from execution of store instruction

6 - Initiated when Fsc = F and a character is presented
on the character input lines

7 -- Initiated when Fsc = T

8 - Character input commands
a - Compute
b - Fill
c - Verify

d - Halt

C( 9 - Initiated by error condition
a - Parity
b - Verify

!I

Figure 10. State Transition Diagram for Major Modes.
(page 2 of 2)
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the fill submode, although, this is usually the case.

There are severai output signals from the computer avail-

able to indicate its current operating mode. The modes and

and corresponding signal states are listed in Table II (Ref 5).

The terms circled are those that will be used to indicate the

computer's mode4 One exception to this is the sync mode. The

Syt' term is false when the computer is synchronized and true

when it is not, so this term will be monitored as a warning

against non-synchronization and not as an indicator of the

sync mode. This will better serve the operatcr/programmer

since non-synchronization prohibitu pro pe operation.

Design and Realization. There are at least two alter-

natives in supplying appropriate switch and circuit combina-

tions which allow an operator to control and monitor the com-

puter•'s modes. One is to supply a button for each mode and

submode, thereby allowing selection of any mode by pressing a

single button, This method would require complicated sequen-

tial circuits that would initiate proper signal changes and

mode transitions. For example, to enter the computer into

program halt from compute by pressing a buttonb the computer

would first have to go to manual hait, then load mode, and

finally program halt. A simpler method of providing mode con-

"trol assumes the operator has some knowledge of allowable mode

transitions and provides input signal control with minimal

logic. This method is similar i*Pn desi.gn to that used on the

D17B conwole at AFIT. Uting this method, thereforu. provides

simple control circuits and switches with functions that are

37
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already familiar to the personnel in AFIT~s minuteman labo~ra-.

tory.

The simplest of the mode control circuits provide levels

for the Mvrc and Fsc lines which contr-ols entrance into sync

submode and noncompute-load mode, respectively. Momentary

"contact pushbuttons are used to supply a -l2*1 vdc, or T.re

level, on the line when pressedand an open circuit, or False

level, when released. These switches will be labelled MASTER

RESET for the Mrc term and INITIATE LOAD for the Fnc term.

The schematic is shown in Fig. 110

a ha-2vdc ±lv

Master Reset

r-ir
> Fsc

Initiate Load

Figure 11. Master Reset and Initiate Load.

Entrance into the single cycle, compute, and manual halt

modes is controlled by two switches labelled RUN/HALT and

SINGLE CYCLE. These switches are debounced and combined with

a monostable multivibrator to generate the proper sequencing

(see Fig. 9) for the KsK', Khc', and KrKO terms. Debouncing

is required to prohibit multiple triggering and the monostable

provides the proper pulse width for Khc'. The KsK', Khc', and

KrK% terms are interfaced and at TTL levels they are called

SS', Hlt', and Rn', respectively. The schematics for these

circuits are shown in Fig. 12. Note that the SS term is inver-
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ted at the interfacing circuits.

Halt n

Run

Monostable >Hlt'
S~200 jus

SINGLE m
CYC4 - -'>S

Figure 12. Mode Control Circuit.

Of the remaining modes, program halt, fill, and verify

will be controlled by an internally stored program or by the

chiicter inputs, which will be discussed in the section on

"Program Loading.

The mode indicators are driven by the signals referred

to by the circled atates on Table II. Except for interfacing

and inverting, the only modes that require logic circuits are

fill and verify. The following boolean formulas can be taken

directly from the table.

Fill = lMc • 03K' Verify = LKc - 03K

The schematios for these and all other modes and error indi-

, €•c•tors are shown in Fig. 13. Note that open collector gates
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Modes

SParity Verify

Error

Lu• - indicates interfacing

Figure 32. Mode and Error Indicators.
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are used to driv-e the lamp&.

Pro rjmaz Loading

Once a method is devised to control the particular oper-

ating m.oies of the machine it is necessary7 to have som~e way of

pro~gramming 4.t. T40heroe are several ways to input information

into the compute.- memory while it is in tht compute mode, bijt;

these are not useful for initial start up if there is- hot some

kind of' software loadler already present. Therefore, this sec-

tion will devalup the circuits necessary -to input information

on the character input. lines which ara activated ir. the non-

ciompute-load mode.

S~cfflaton ndOrga~ ztion.The chiracter inputs

were designedz -1o load U.Pe memory frozi t paiper tape reader or

sim*ilar device. The compater can. accept five 'Ut chiaxacters

up to 800) psr seond, The tharaoters conalie of four infor-

mation bits plus one odd parilty bit, '"he ch9.rzcter ccdes re-

present the octal digilt-3 and eoomandis listed in Table III*

When the oct-al codes ars entered, the contents of the Lower

Accumulator sxre shifted to the left three bits and tChe octal

digit is entered in the rightmost "three bits, The control

covimands have the following functions. The "Halt" command

enters the computer into -the program halt mode. * Location.*

command enters the contents of the Lower Accumulator into the

Instruction register. "Fill* and *Verify" enters the compu-

ter into those respective submc-.es. "Compute" enters the corn-

( puter Into manual halt mode. "Enter" enters (or comparea, if

in verify submode) the contents of the Lower Accumulator into

4d2
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Table III.

Chara'cter Input Codes

Octal Numbers 15 14 13 12 Il

0 1 0 0 0 0

1 0 0 0 0 1
2 0 0 0 1 0

3 1 0 0 1 1
4 0 0 1 0 0

5 1 0 1 0 1
6 1 0 1 1 0

7 0 0 1 1 1

C ntiol Commands

Halt 1 i 0 0 0
Location 1 0 0 1
SFill 1 1 1 0
Verify 0 1 0 1 1

Compute 1 1 1 0 0

Enter 0 1 1 0 1
Clear 1 1 1 0
Delete 1 1 1 1 1
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(with) the memory location specified by the contents of the

Instruction register. The Instruction register is then incre-

nented. "Clear" clears the Lower Accumulator. Finally "Delete"

erases or deletes the last code entered. The codes are entered

on five lines labelled Ilc through 15c and are clocked in by

the terms Tc and To'. Input signal Tc is used to clock in

signals with switch bounce and Tc' is used for a bounceless

source (Ref 5, 27). In either case the character lines must

be stable prior to or within 10 microseconds after the clock

changes. Then all must remain stationary for a minimum of

150 microseconds. The transition time of all signals is im-

material.

An additional signal is necessary to load the cold cha.-

nels of memory. The write enable signal, Ewe, must be true

(+22 - +39 vdc) to write in the cold channels, if this sig-

nal is false (open circuit) at shut down, the information in

cold storage will be saved for the next start.

Design and Realization. It is possible to input the

characters with five switches for the code and a button to

enter it. This method, however, makes programming a long and

tedious process, It is also very susceptible to human error

since five separate switches must t- set for each character.

Because of this handicap it ic better to sacirifice some cir-

cult simplicity to aid th# prcramer. By uvi a keyboard

and some logic, a ahe.raE-ar can be ontersd by pee*-Ing one

butt."i thlereby .xfdgi uc o 7i•mt1*,al k7 aing it more re-

liable. Recuvv& the 1-vto qa;rnd# all- the si6ials must be
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interfaced.

Besides loading from the console keyboard it may be de-

sired to add other peripherals to the character inputs. For

this reason, the character and clock lines are bus structured

using negative logic and wired ANDing.

The schematic for the character input circuit including

the WRITE ENABLE switch is shown in Fig. 14. The TTL level

signals 11 - 15 represent the Ile - 15c computer terms. The

D1 - D5 terms are five data bus lines. The character enter

signal, Che, represent the bus for To. The five NAND gates

act as negative logic OR gates to generate the proper bit pat-

tern. The five lines are then ORed together to sense when to

generate an enter, or clock signal. The first monoatable de-

C lay3 the clock approximately three milliseconds to avoid any

switch bounce, The second monostable then generates a 200

(150 minimum) microsecond clock pulse. The following gate

insures that no clock pulses are generated from bounces when

the switch is released. The delayed clock pulse slows the

rate at which characters may be entered from the keyboard, but

it is still much faster than one can type (160 characters per

second).

Register Display.

Loading a program into the computer is useful only if

results can be seen. It would also be helpful for programming

and debugging if ceirtain registers can be displayed. This

( section develops circuits for displaying selected memory regi- I
sters or locations.
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SIi > D1

12 D2

13 --- D3

14 - - l D4

15 -- D5

tC

C heM onostable MonostabTle Z

+28 ±lvdc

-A Ewc
Write

Enable

Figure 14. Program Load Circuit. (page 2 of 2)
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Specification and Organization. There are several com-

puter signals available for displaying register contents.

They are the channel display, Mpx, word rate, Tx, sector track,

Sk. clock monitor, Ck, channel display select, CuO-Cu4, and

ClO-ClI, and the memory bank indicators, BOl, B02, BPI, BP2

(Ref 3). These signals are listed and described belowi

1) The channel display, Mpx, outputs the entire

contents of a selected channel in serial fawhion and delayed

one bit time. The channel displayed is selected by the chan-

nel display select lines.

2) Word rate signal, Tx, is true during the Tx bit

time and false at all other times. It is used for timing pur-

poses.

3) The sector track output, Sk, is the serial out-

put of the sect-r sinnIl, This channel has a sector address

in each sector corresponding to the following sector location

(see Appendix A).

"4) The clock monitor, Ck, is an output of the com-

puter's master clock.

5) The channel display select lines select the

channel to be displayed on Mpx. The ten lines are grouped

into five upper and five lower signals. Only one from each

group may be true at a time. The signal states and selected

channel are shown in Fig. 15.

6) The memory bank indicators show which of four

banks is used for instruction search and which is used for

operand search. The following table illustrates the signals

eL 48I
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INPUT CIO Cli 012 C13 C14

CuO S I L A N

Cul Kx My Npl Np2 R

Cu2 F E SF3 G V

Cu3 C S?2 H SFI, W

Cu4 U Y Ipl Ip2

Definitions

S Sector Track SF3 One Word Inverted Loop

I Instruction Register G Four word rapid access

L Lower Accumulator V U

A Accumulator C

-N Number Register SF2 One Word Inverted Loop

Mx Hot Channel H Sixteen Word

My SF1 One Word Inverted Loop

Npl Operand Channel 1 W a a rapid access

Np2 a 2 U a U a

"R Four word rapid access Y Four = a a

7 a a a a Ipl Instruction Channel 1

B Eight 3  Ip2 a a 2

Figure 15. Channel Display Select.
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(. significance.

Table IV.
Bank Monitor Signal Statea

Program Operand
BP1 BP2 Bank BO1 B02 Bank

F F 0 F F 0

F T 1 F T 1
T F 2 T F 2

T T 3 T T 3

The aforementioned computer signals are sufficient for

displaying any sector of the available channels and memory

banks utilized.

C Design. The operator must have a method of controlling

the display. Therefore, control will be through the use of

five octal thumbwheel switches on the front console. The first

(leftmost) switch will be for the upper channel select and the

second will be for the lower. The remaining switches will be

used to aelect a single sector of a channel to be displayed.

The switches output binary code which is appropriate for the

sector select but must be decoded for the channel select.

For the Mpx signal to be useful for display, it must be

enabled and latched at the proper instant when the desired

sector information is available. The Mpx signal is easily

enabled by electrically connecting pins 1 and 2 on interface

connector J9 (Ref 5). The latching of Mpx is more difficult.

There are several steps involved in deciding when to shift
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the Mpx output into a 24 bit register and when to stop the

shift. A flowchart of the logic process is shown in Fig. 16.

The first step is to latch bits T2 through T8 of the sector

track, which indicates the address of the following sector.

These bits must then be compared to the sector select switches

for coincidence. If it does not occur, the first step is re-

peated. If coincidence occurs Mpx is shifted into the regi-

ster, starting at the next Tx time. The following Tx time

stops the shift with the desired memory word in the shift re-

gister. Fig. 17 is a timing diagram indicating when each step

should occur.

In order to eliminate the possibility of "races" in the

circuits the computer clock is modi-ied to produce the system

clock, Ct. These races are possible because some signals used,

such as Tx and Sk, change state at the same time of the clock,

and also, additional delays may be introduced in the inter-

facing circuitry. The modification involves fabricating a

clock pulse which lies inside the computer's clock envelope.

A leading edge delay of .5 microseconds (approximptely 25 gate

times) insures proper information at flip-flop inputs before

clocking. An advanced negative transition of .4 microseconds

(approximately 20 gate times) insures input information does

not change on master-slave flip-flops before clocking. See

timing diagram in Fig. 18 for graphic explanation.

Realization. All the circuits for this section are re-

alized with transistor-transistor logic, therefore all of the

signals must be interfaced to computer voltage levels.

The channel select circuits are simple decoders as shown
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Shift in T2 - T8
of Sector Track

and Hold

SetorBt No

Yes

Start Shifting in Mpx
and Disable Display Latch

I ,

it imeNo

Yes

Stop the Mpx Shift

and Enable Display Latch

Figure 16. Logical Flow Chart for Register Display.
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(f

*9±-35 ps I 5 ps
bT
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T~f
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• C
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Figure 18. System Clock Timing.
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in Fig. 19. Two of these circuits are needed, one for upper

channel select signals, and one for the lower. The negative

logic outputs are converted to positive levels in the inter-

face circuitry.

The Mpy shift and latch timing circuit is illustrated in

Fig. 20. The four-bit counter controls the shifting of sector

track information. Nine bits from Tx are shif-ed in and com-

pared with the sector select switches through two 4 bit mag-

nitude comparitors. If coincidence occurs the flip-flop is

set at the leading edge of the next Tx pulse and is reset on

the following Tx. The flip-flop gates the system clock to

generate the SHIFT signal for the Mpx shift register.

The Mpx ahift register and display are shown in Fig. 21.

The register is a 24 bit shift register controlled by the pre-

ceding timing circuit. The display consists of eight, seven-

segment, LED displays with decoding and memory. Twenty-four

individual lights may be used but the LED lights were availa-

ble, and are easier to read since each displays an octal di-

git. The latching signal (Q$ from the timing flip-flop) may

be eliminated since the resulting "flickers would occur less

than one percent of the time for durations of about 80 micro-

seconds. The flicker would be totally undetectable with the

eye.

The bank indicators illustrated in Fig. 22 use the same

LED displays. Since the displays contain decoding circuits

the interfaced signals may be wired directly.

L •The clock schematic is Fig. 23. The first monostable
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mxlt1-tibrator provides the .5 microseconds delay and the se-

cond provides the on& microsecond clock duration. The open

collector drivers enable the clock to drive 180 inputs. The

buffering was necessary to allow any future additional systems

to use the same system clock without additional gate delays.

Conclus ions

By interfacing computer signals and using simple TTL lo-

gic the computer's operating mode can be controlled and moni-

tored, programs can be entered, and register contents displayed.

The circuits developed in this chapter are a solution to the

control and monitor problem which meets the requirements of

AFIT's application. Others, either more or less complex, may

be devised according to the need. Because of similarities in

the D37C and D17B the circuits described in this chapter are

directly compatible to both, assuming all signals are properly

interfaced.

At this point in the process of converting the D37C for

general use, these systems, alone, may provide enough control

and versatility for many applications. For those which require

more, the following chapter presents a method for expansion

of D37C I/O capabilities.

i

I
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IV. Input/Output Expansion

This chapter develops a design to expand the D37C's In-

put/Output (I/0) capabilities, thereby making it more versa-

tile and compatible with common computer peripherals. Most

general purpose applications require computer communications

with devices such as teletype writers, taFrc readers, tape

punches, and more. Hence, it is desirable to have such com-

municatiorn capabilities for the D37C so it may be used for

general applications. The expanded I/0 system is combined

with the previously mentioned systems to produce the total

converted D37C system shown in the block diagram of Fig. 24.

CI

D37C l /Signal D
Compute Dist. C

Con Interface
•" ~ ~Control •Circuitslnefc lo.Ip

Display Data Bus

r MonitDor

Figure 24. Total D37C System.
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Specifications

There are three main design criteria chosen to make the

D37C's I/0 system more versatile and compatible. They are:

developing a program controlled I/O scheme, designing a para-

llel data-bus structure, and increasing the I/O speed. The

feasibility of including Programmed Interrupt, PI, and Direct

Memory Access, DMA, facilities is discussed later. The new

I/O system should be compatible with the Minuteman systems at

AFIT to allow computer-computer communication for possible

multi-processor configuration.

Programmed I/0. As the Minuteman operating and software

systems develop, it becomes necessary to remove the human op-

erator from the I/O operations. Most general purpose compu-

ter applications require many I/O operationa and if manual

intervention is required the entire operation will be slow and

prone to errors. To overcome this, it is necessary to develop

computer, or program controlled peripherals and I/O operations.

A programmed I/O system should control inputting and outputting

information based on the devices' readiness. It should also

provide necessary levels and pulses for controlling all peri-

pherals.

Parallel Data Bus. The data path utilized for the pro-

grammed I/0 scheme may be serial or parallel. A serial method

would require ver~y 1.it+-e hardware aince F_ one line bus is all

"that is needed. However, because at least one instruction

(one word time) is needed to input a single bit, serial oper-

ation would be very slow (assuming one bit transferred per
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disk revolution, about four words per second). A parallel I/O

bus requires more hardware but enables many bits of the word

(up to 24) to be transferred in a single operation. This is

not only faster but better suited for parallel bit peripherals

such as tape reader and punch. I/O operations may be made

faster by combining a controller with the peripherals to pack

information into a full 24 bit word which is transferred in a

single operation. Developing the I/O data path as a bus ena-

bles peripherals to be added with little or no modifications

of I/O expansion circuitry. Paralleling all 24 bit lines will

allow the addition of a controller and special equipment such

as a graphics display (Ref 12). A full word bus will also aid

communications between computers for multi-processing.

Speed Increase. The speed increase of serial operation

over parallel, and computer controlled I/O over manual, have

already been discussed. There is, however, a further increase

in the I/O rate by using a programmed and parallel scheme over

the character input program loading mentioned in Chapter III.

The computer can receive up to 800 character commands per se-

cond. Because it takes nine commands to enter a word into

memory, this rate just misses being capable of loading one

word per disk revolution, or 100 words per second (11.25 msec

to enter 9 commands vs. 10.1 msec for the disk to rotate 129

sector locations). Hence, the Character inputs are only capa-

ble of 50 words per second for loading consecutive memory lo-

cations. A programmed loading scheme can easily transfer one

or more words per disk revolution (100 words per second or

63
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more) which makes it much faster than the Character Inputs for

loading memory, As software for the Minuteman systems develop,

a faster I/0 rate will become more important for loading pro-

gram sections and data blocks.

Organization

Organizing an I/O scheme requires the development of two

interdependent subjects, hardware resources and software con-

ventions.

Hardware Resources. The organization of hardware will

follow the parallel I/0 proposal conceived by Capt. Douglas

Allen (Ref 1) and implemented by Lt. Joseph Theriault (Ref 15)

for the Dl7B. The proposal suggests using the only available

parallel input port to the machine, the Discrete Inputs. The

Discrete Inputs (and Discrete Outputs) are utilized in the

missile environment to check and perform a variety of functions

(see Appendix A and Ref 3). There are three sets of Discrete

Inputs for the D37C, labelled A, B, and C. Set B is the only

one capable of loading a parallel 24 bit word and will be used

"as the programmed I/0 input port* Part of the A set will be

used to input flags, There are also output signals called

Discrete Outputs but cannot be used to output a parallel word

since only one from each group may be true at any one time.

However, these outputs may be used for other functions such

as device select and control lines. An output scheme adapted

from work by Joseph Theriault (Ref 15) will utilize a serial

i port called Telemetry Monitor. This port requires a serial to

parallel convertor to produce a parallel word for the data bus.
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There is one additional output line that will be utilized to

supply a program controlled output pulse. This line is the

platform power enable signal and will henceforth be designated

the I/0 Pulse (IOP). The I0P will be combined with the dis-

crete output lines to generate pulsed control signals.

Software Conventions. Before designing the necessary

hardware for an I/0 expansion system, one must first have some

idea how I/0 operations are to be programmed. In an effort

to produce the fastest I/C transfers possible the program model

should be as short as possible (in word times). There are two

basic alternatives for outputting a word as shown in Fig. 25A

and B. One is to put the word on the bus and then check the

device ready status (flag) before resetting the system and

( proceeding. Another is to do the flag checking first, then

the output operation. Input operations logically follow the

model in Fig. 250, since the flag is the only indication that

proper information is on the data bus. Sample code for these

three operations is listed in Table V.

A few of the snstructions in the model programs need ex-

planation. The store telemeti-y instruction, IXX/T, may be

combined with other instructions and executed in the aame word

time, In A, it can be combined with instruction number one

and thus eliminates one word time of the routine. in B, how-

ever, it oannot be combined with number five because output

would ocert' before the date ic in the accumulator; and it can-

not be combined with seven beCause ths 10P would te genrated

befor* the inFor-a'pion is on the bus (the IOP sina2s the de-
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SFigure 25.~ Model I/0 Flowcharts.
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Table V.
Model I/O Program Blocks

Model Instruction Description

Output A (Data is in Accumulator)

1. DOAn Select device to receive data

2. XXX/T Output Ac to data bus

3. GBP Generate mask to input flag

4. DIA 1 Input flag

5. TSZ 3 Transfer on zero to 3
6. EPP/DPP Generate lOP
7. DOA 0 Deselect the device

Output B I. DOA n Select device to receive data
2. GBP Generate mask to input flag
3. DIA 1 Input flag
4. TSZ 2 Transfer on zero to 2
5. CLA D Clear and add data to Ac
6. XXX/T Output Ac to data bus

7. EPP/bPP Generate IOP
8. DOA 0 Deselect device

Input C 1. DOA m Select device to produce data
2. GBP Generate mask to input flag
3. DIA 1 Input flag
4. TSZ 2 Transfer on zero to 2
5. CLA 6 Clear and add mask to Ac for

inputting data
6. 77777777 Mask (all binary ones)
7. DIB Input data word
8. EPP/bPP Generate IOP

9. DOA 0 Deselect the device (data is
then stored into memory)
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vice to retrieve data from the bus) 3  The Generate Bit Pattern

instruction, GBP, and the need to load a mask before data input,

results because the Discrete Inputs are ANDed to the Accumula-

tor. Finally, the 10P instruction is a combined instruction

of Enable Ylatform Power and Disable Platform Power.

The rate of I/0 transfers is a function of the model pro-

gram length and how the routines are utilized. If a block of

data is to be transferred to/from a single devie, the device

select and deselect portions are needed only fcr the first and

last transfer. Doing this leaves a four-word-time-routine for

Output A, six word times for Output B, and seven word times

for Input C. Note, however, that if the flag is not ready

when first checked that it will take one disk revolution (10

msec) to check it agsin. This delay can be minimized by load-

ing the routines in rapid access loops (see Appendix A and

Ref 2 and 3). Still, since each word must be retrieved (Out-

put) or stored (Input) into memory after it is transferred,

the maximum practical I/0 rate is one (or at most two) word

per revolution, or 100 words per second.

Design

The design can be divided into three main categories.

They are input, output, and control signals.

InUut The input signals required for the I/O expansion

system include a 24 bit data word and five general flag sig-

nalao The data word is incorporated in a data bus used for

SC both Input and output and is also common to all peripherals.

This bus structure simplifies the addition of peripherals and
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total system design. The data bus terminates as the B Discrete

Inputs of the computer. The only hardware logic needed to

input "he data bus information is the interfacing required to

make the two logic types compatible (see Chapter III).

The five flag signals are also developed in a bus struc-

ture similar to the data bus. Although only one flag %as util-

;zed in the model software it is reasonable to assume that

others may be needed to check peripheral status. Four addi-

tional flag I.-Uses are, therefore, implemented. The flags are

terminated as the computer's A Discrete Inputs. As with the

data bus, these signals only reed interfacing.

Output. The output design requires switching the tele-

metry output, in parallel fashion, onto the data bus n..d then

removing it at the proper time, The telemetry output, Axt,

displays the contents of the Accumulator when a properly

flagged instruction is executed, A timing signal, Ptt, indi-

cates when the information is available at Axt. The timing

diagram in Fig. 26 illustrates their graphical relationship.

It is necessary to use these two signals t first, to shift Axt

into a register for serial to paral3e! conversion; then, to

switch this information onto the bus. The IOP is an Indica-

tion to the peripheral that information is on the data bus and

should be latched or stored. After the peripheral receives the

data, its flag should be reset until it is ready for more* To

give the peripherals time to latch the bus information, the

bus will not be cleared until approximately 150 microseconds

( (about two word times) after the IOP is issued.
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U• Control. The remainder of the output signals are for

control purposes. They consist of Discrete Output signals

and the IOP signal. There are two groups of Discrete Output

signals and both are used for control. The first eet, group

A, oonsists of 32 signals and will be designated as Device Se-

lect lines, 0 through 31 (DS.; n=0,1,...31). These lines are

enabled individually by an instriction and only one may be

true at a time. Each of the DSn lines may be assigid a peri-

pheral to indicate when a transfer with that device should

occur, The DSO signal 3.s not assigned to a peripheral because

becomes true to desvelct all the other lines (see Table V).

The other group of DAiscrete Outputs, group B, consists of 15

signals and art. dcsignated a& Control lines, 2. through 15 (Cm;

"m1i,2,...15)0 The control lines are enabled like group A, but

they are used for extra control of peripheral functions. Both

the Dea-ice Select and Control lines may be used for other pur-

poses if the need arises.

The IC7 is generated by an instruction and appears on the

ot•tt~ut i&belled EOO. The combined instruction of Enable Plat-

form Power (EPP) and Disable Platform Power (DPP) when executed,

cau&4s the EOO line to become false for bit times T3 - T5 (Ref

11). Hence, to convert it to the IOP the line needs only to

be 4nverted and interfaced. It is also buffered to drive many

loads since it is expected that future uLars will gate the I0P

with Control lines to produce a variety of control pulses.

C Realization

To maintain some consistency, the realization will also
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be divided into three main areas of input, output, and conitrol

signals.

Input. As nentioned, the 24 bit data word port and five

flags are implemented in a bus structure. This is done by

using gates with open collector outputs to wire AlD the fune-

tions onto the bus. Negative logic Is used on the bus so the

AND function becomes a wired OR. In this way, the data bus

may be uged for both input and output operations, and allows

w-ripherals to be added on the bus without affectir.g others.

Fig. 27 shows a typical circuit used for both data and

flag inputs. The 1K resistor is the common collector, or pull

up resistor required by the open collector outputs on the bus.

The invertor converts the bus to positive logic before being

interfaced by the inverting line driver. The line driver con-

verts the TTL logic signal to a signal compatible with compu-

ter input requirements (Ref 5). If non-inverting line drivers

+5 *.5v

lKnL

D to computer

Inverter Line Driver

"Figure 27. Example of Data Bus and Flag Bus Input.
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or nome other type of non-inverting interfacing is used, the

inverters may be eliminated.

The first five lines of the lata bus, D1 - D5, are com-

bined with the character inputs, Il - 15, mentioned in Chap-

ter III. Doing this allows the same bus to be used for mem-

ory loading in both compute and non-compute states.

Output. The computer output infoimation must first be

converted from serial to parallel, then gated onto the data

bus. This is done by shifting Axt into a 24 bit shift regi-

ster as shown in Fig. 28. The Axt irformation is delayed one

bit time which allowa Ptt to be used directly to gate the shift

pulses (see Fig. 26). The information in the register is

switched onto the data bus by 24 open collector output NAND

Sgates. The switch signal is controlled by Ptt' and the lOP.

The PtV signal clears the flip-flop and switches the register

onto the bus. For one word time, the data will be changing

as the word is shifted into the register and should not be

latched by the peripheral. The OP signals when to latch the

data and must occur after the ehlft. The switch signal remains

true until approximately 150 microseconds after the IOP. The

negative going edge of the IOP tr:iggers the monoseable which

in turn clocks the flip-flop. The negantive edge of Vhe mono-

stable pulse clocks the output to a fal; hich removes the

data from the bus. The two open collector inverters are need-

ed to drive the 24 gate inputs.

Control. The remaining circuits include 1Dev'ce SclIoct, I

Control and 1OP signals. All of these sigmls are interfaced
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with line receivers and terminated at the Signal Distribution

Unit (SDU). The SDO is located on top of the console and al-

lows easy access to all control signals. The location of SDU

signals is shown in Fig. 29. The I0P will be used i.n many

circuits and is therefore buffered to accomodate up to 60 gate

inputs. The schematics for the IOP and other control signals

may be found in Appendices B and C.

Peripheral Interface Rpecifications

To interface peripherals to the D37C's expanded I/0 sys-

tem, certain conventions and requirements must be met, Thesc

may be categorized as hardware or software retuirersents.

Hardware. Any peripneral conn-ited to the I/0 aystem

must be interfaced in a way shich won't inIterfere with oher

peripherals or 1/0 operations. Connections tc the data bus

aust be ?Ade with open collector TTL gates. Negative logic

shall be ueed to obtain the proper sense when information is

transferred. At least one Device Select l.ine shall be dedi-

cated to each peripheral ard used to gate informatia•n on-to the

data and flag buses, In addition, output informatiorn should

not be latched be-fore the IOP or later than 150 microseconds

after the IOP. If these hardware r-estrlcticns are met. peri-

pherals shall be capable of conmunicating with the computer,

providing certain software conventions are also met,

Software. I/O software for this system must follow one

of the three models mentioned previously plus meet a few addi-

C tional requirements. At initial start up the switch flip-

flop (see Fig. 28) in the output circuit will be in a random
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state which may switch erroneous data onto the bus. Therefore,

t the output switch flip-flop must be reset after initial start

up by issuing an IOP at least two word times before the first

I/O transaction. Peripherals and flags for peripherals must

be preset according to their specification before the initial

transfer. This is also done with an IOP that is gated with

Control Signals. The programmer must insure a mask is present

in the accumulator before data or flags are transferred (this

is different from the D17B system which needs no masks (Ref 15)).

The IOP shall not be generated within one word time after a

telemetry store instruction. This is to allow the information

to be shifted into the output register. Finally, because of

the IOP delay in the cutput circuit, consecutive output oper-

ations should be spaced at least three word times. This last

restriction should present no problem since flag checking pro-

vides ample spacing.

Conclusion

This chapter illustrates that a few simple circuits can

"convert the specialized I/O system of the D37C computer into

one more versatile and compatible with most minicomputer peri-

pherals. The system developed provides progranred controlled

1/0 capabilities, a parallel port for both input and output,

and increased speed for memory loading. It also produces a

very versatile and nonrestrictive system. The data bus may

be shorter (say 8 bits), at first, and then expanded to a full

parallel word when a controller or some other device makes it

necessary. The Device Select and Control lines have not been
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dedicated io anty spec.,Aj. purpose and may have many functions.

SeveraI undedicated f~lags alre also available for checking per-

ipherals atattus. The final IL/O systlem shall make the De370

more useful in applications requiring m,)re verzatile communi-

cations between cc-aputer and external devices,

Addit-ional I/b features, such as Direct Memory Access

'DY ~, and Prognrm in interrupt I PI) were inveist Igated for in-

el.usion into tne D37C 1/0 ayst41em. These features, howevert

requ~ired hardwa-re modifcations of -the conrouter which fell

o~utside the sc-pe of this report. Lt. Joseph Tberiaultu de-

sig-ned a DDIA ou~tput facility for the D17Bl by using the .41px

ootput (Ref 15) and Capt. Dua~ne Reynol~ds designed a DI7B, DMA

inp~ut fac'eilit6y through hardware modifications (Ref 13). H4ow-

ever, because -',he "D37C's YMpx output cannot randomly display

the memory, a siwm-la.- DMA could not be designed (Ref 5 A

similar PTA fa-C-4-ity to that designied by U Theriault (Ref 13)

could not be designed because of no external indication of

the program charulel. However, flag polling -:ou-ld be programmed

for the D37C systela as ai subst';itute, Lf such a feature is de-

aired. The absea1ce of bothi the DMA and PI facilities should

not be a severe handicap for the D370C system since these fea-

tures arm not importanz in many applications.
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V. Summary

This chapter consists of a final system description, a

summary of conclusions, and a few suggestions for future re-

search topics.

Final System Description

To convert the D37C for general purpose applications and

to fulfill the objectives of this investigation, the three

systems developed in this report are combined to produce the

final system. The D37C conversion system is an interconnec-

tion of the Power and Cooling, Control ind Monitor, and I/0

Expansion subsystems.

Interconnections. The subsystems are connected by vari-

ous plugs and cables which run throughout the console. Power

for all circuits and the computer is routed through the Power

Distribution Unit (PDU) which supplies fusing for all power

and provides a central location for power troubleshooting. It

will also provide +5vdc current (up to 3.5 amps) for future

systems placed in the console.

Other signals to and from the computer housing are routed

through two circuit boards, one for outputs (i1) and one for

inputs (12). A few signals, such as voltage monitor and ana-

log signals, are routed from the computer directly to the Sig-

nal Distribution Unit (SDU). The computer signal cables are

fabricated from stranded wire to avoid breaking due to bending.

S( A few computer outputs, such as the clock and sector signals,

are designed to drive a shielded cable and are therefore con-
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nected to the interface boards with 759 coax. Shielded ca-

ble is not used elsewhere because of possible signal degra-

dation from mismatched lines and twisted pair was not used

due to the absence of complement signal sources. Signal rout-

ing between the console circuit boards is done with 16 and 14

lead stranded flat cable. This cable was selected because it

is easily coi~nected to boards by using iC sockets, and the ca-

bles are easily fabricated. A complete listing of all console

and computer signals and associated cabling is given in Appen-

dices B and C.

Physical Locations. The major components of the computer

console may be located in Fig. 30. The bottom shelf contains

the PDU and power supplies (+5, +12, -12vdc) for the circuits.

The second shelf supports the computer, circulating pump, and

cooling fans. Both shelves slide out for easy access, The

SDU is located on top of the console under a hinged access

door. The SDU supplies easy access to analog input and output,

voltage monitor, Device Select, Control, and Flag signals.

The console front panel is illustrated in Fig. 31. The

cooling, console, and computer power switches are located in

the lower left hand corner. The middle of the panel contains

the mode control switches and mode indicators. On the right

side, the program load keyboard is near the bottom, the dis-

play select thumbwheels are in the middle, and the register

display is on top. If a simple I/O device is needed, there is

room remaining along the top of the front panel for a 24 bit

switch and display register similar to the one on the Dl7B I/0

81

A '--b.

~i



GE/EE/7J- 2.6

CC

Signal
Dist.
Unit

II

Interface

Shelf Pm

' Cooling__
Fans

Dl37G
Comnuter"",I

Power

f ID

Figure 30. System's Pkysical Locattions.

*~82



GE/EE/74-l6

Error I
Indicators

LED Register Displayai

0 0

Mode 0 0- - - -
Indicators 0 0-

0 0

00000 -m
000 Mode Control

_• . Power

Switches

n v

Program Load
Keyboards

Display Select Thumbwheels

gI

Figure 31. Console Front Panel.

S_ _-83



GEAE/74-16

console at AFIT (Ref 7).

All of the circuits for the console are located on four

circuit boards. The interface boards, .1 for outputs and 12

for inputs, are located on the side of the console in close

proximity to both computer and other circuits. The panel cir-

cuit board, PB, is mounted on the back of the front panel and

contains the Register Display, Bank Indicator, Program Load,

and Mode Control circuits. The final board, A, anc future

peripheral interface cards are located in the card chassis.

Board A contains the I/O Output, Mode Display, System Clock,

Channel Select, and IOP Driver circuits. Additional future

systems should be located in the card chassis filling in loca-

tions from right (A is rightmost) to left.
I

Conclusions

Chapters II, III, and IV of this investigation developed

systems to convert the D37C Minuteman computer for general

applications. The systems include Power and Cooling, Control

and Monitor, and I/O Expansion.

Power and Cooling. Strict specifications were given fcr

power and cooling systems development. Noting that these re-

strictions were intended to simulate a missile environment they

were relaxed in order to utilize available equipment. The

reuulting cooling and power systems are simple and easily fa-

bricated.

Control and Monitor. The systems necessary to control

and monitor computer modes and transitionsresulted in some

very simple circuits, The systems were expanded slightly to
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SiC- include a simple I/O scheme called program load and register

displaya The scheme shall prove invaluable in debugging pro-

grams and may be sufficient I/O for many applications,

I/O Expansion. For applications requiring more versatile

and compatible I/0 the expanded system was developed. The

Expanded 1/0 system provides program controls a parallel 1/0

port, and increased speed. By utilizing many of the available

signals from the computer, the system circuits are relatively

simple. The program models and peripheral interface conven-

tions provide a basis for a highly versatile I/0 system.

Recommendations

"The following recommendations are suggested to expand the

( D37C's usefulness as a general purpose computer and educational

machine.

le Peripherals Interfaced - Peripheral devices may be

added to the system to provide auxilary storage and expanded

man-machine communications. Devices such as a teletypewriter,

paper tape reader, and tape punch may be interfaced with air-

ple logic circuits (Ref 10).

2. Software Development - Many programs and subroutines

are required before the D)7C can be considered a true general

purpose machine. Loaders, assembler, and operating system are

needed to raise the system above the machine language program-

ming level. The programs may be written for the D37C in a

stand alone system or assembled on a larger computer if one is

"*va"lable.

3. Hardware Modifications - Certain modifications to the
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machine may be investigated to expand its capabilities. A

Direct Memory Access Facility could be developed if modifi-

cation of the read/write circuitry is feasible (Ref 13). A

Program Interrupt capability would be possible if the select-

ed program channel could be monitored internally (Ref 15).

Finally, the speed of execution may be increased by raising

the memory power frequency (see Chapter II).

4a, Console Improvements - There are several possible

improvements to the console that would make it more reliable

and a better educational tool. Simple power and cooling mon-

itoring circuits could be fabricated to sense external power

sources and the computers temperature. If they became out of

tolerance the power to the computer could be automatically

C" disconnected, thereby preventing possible damage, Another

improvement would I.nclude a switch register and bus display

for a simple educational peripheral (Ref 15). Finally, a re-

volution counter may be added as an input device on the bus.

It would serve as a real time clock and prove invaluable for

timing program segments and developing optimum software (Ref

""1).

5. Special I/0 Devices - Special I/0 devices may be de-

veloped for the D37C to aid its practical and educational use-

fulness, Because the D37C has built-in Analog-to-Digital, and

Digital-to-Analog converters, it would be a nimple matter to

build a peripheral to cheek IC's. The converters would also

be suitable for controlling experiments with analog sensors or

controls. Special devices developed in the logic lab at AFIT,

such as the Character Display by Capt. Trimble (Ref 18) and
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the Graphics Display by Lt. Kennedy (Ref 12) may also be inter-

- faced with the D37C to expand the system's capabilities.

C uncluding Statement

The purpose of this study is to investigate the feasibili-

ty of converting a Minuteman guidance computer, the D37C, for

general purpose application. It has been shown the computer

can be set up and operated by fabricating a few simple circuits

and systems. If more than minimal I/O capabilities are re-

i uired, the expanded I/O system may be added to make the ma-

chine compatible with a wide range of peripherals. In summary,

the machine can be converted to general use for a relatively

small investment of time and money. The conversion process

may provide Air Force laboratories and/or civilian institu-

tions with highly reliable. low cost computing power when the

machines become surplus.

/
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Appendix A

D37C Computer Description

This appendix contains supplemental information about the

D3?C computer. The computer's functional units are described

and programming is discussed.

Functional Computer Unit Descriptions (Ref 3)

Control Unit. The control unit interprets and processes

all machine functions and is comprised of a location counter,

the instruction register and the phase register.

1. Location Counter - The location counter deter-

mines the channel from which the next instruction is to be ob-

tained.

2. Instruction Register - The instruction register

holds the instruction to be executed by the computer. This

instruction defines the type of operation to be performed such

as add, subtract, etc.; specifies the location address of the

operand when necessary and indicates the sector address of the
/

next instruction.

-. Phase Register - The phase register consists of

three flip-flops which may be set to one of eight possible

states to indicate the phase of flight. It also serves as a

selector switch to determine which group of voltage inputs are

to be sampled and as an index register for a modify-flagged

instruction. The state of the phase register is available as

C the stage reference outputs*

Arithmetic Unit. The arithmetic wnit is comprised of
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three registersi the accumulator (A), lower accumulator (L)

and the number register (N). Only the A and L registers are

addressable.

1. Accumulator (A-register) - The accumulator serves

as the main register of the computer and holds the results of

all arithmetic operations. This register serves as an output

register for telemetry and character outputs.

2. Lower Accumulator (L-register) - This register

is used for certain arithmetic, input, logical operations or

for rapid access storage.

3. Number Register (N-register) - This register is

used by the logic of the computer during multiplication and

division and is not addressable.

SInut Unit.

1. The discrete input lines generally serve as com-

munication lines from external equipment. There are three

sets of "on - off" type signalss

a. One set samples 24 input signals.

b. One set samples 19 external input signals

and 5 flip-flops from within the computer.

co One set samples 21 input signals, two flip-

flops and the logical *or" of 7 discrete

output signals.

2, Program Load - The main input for loading numer-

ical data and instructions into the computer memory is a

punched tape (paper or mylar). Information can be entered into

C the computer at a maximum rate of 800 five-bit codes per second
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from a photo-electric tape reader. Data can be entered manu-C
ally from a keyboard if a computer manual control panel (CMPC)

is available.

3. Detector - The detector input is an "on - off"

type signal received from an external source and indicates the

working status of a specified piece of external equipment.

The detector input monitor can be "reset" by means of a spe-

cial instruction.

4. Incremental - The incremental inputs are basi-

cally independent of program control and consist of seven re-

solver type, two variable incremental type and one pulse type.

These inputs are accumulated in the two four-word input buffer

loops (V&R).

5. Voltage - The computer is capable of converting

one of 32 dc voltage inputs into an 8-bit binary number under

program control. Analog voltages are grouped into four sets

of eight inputs each. The range is + 10 volts with an accur-

acy of 200 mV.

6. Cable - Cable inputs are serial messages of up

to 96 bits in length entered into one of -. four words of the

C-loop. Maximum data rate in 1600 bits per second. Cable

input operation is begun by executing the Enable Cable Input

instruction and 1 -1ceeds basically independent of program con-

trol.

7, Radio - Radio inputs are serial messages of un-

limited length entered into one word of the C-loop. After 24

bits are accumulated, the information is transferred to chan-
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nel MX Sector 054 and the loop is prepared to accept another
C 24 bits. Maximum input data rate is 100 bits per second. The

operation is begun by an instruction and proceeds basically

independent of progrzmr control.

8. External Reset - Master Reset (Mr), Enable Write

(Ewc), Initiate Load (Fs.) for checkout only, Halt Prime (Kfi),

Run Prime (K' ), Single Cycle Prime (K;c).

Output Unit.

1. Discrete - The discrete outputs provide two in-

dependent sets of output lines (32 and 15) for a total of 47

"on - off" type signals. The outputs are modified under pro-

gram control and are sent to equipment external to the compu-

ter,

2. Voltage - There are four dc voltage output lines

available with each proportional to an 8-bit number including

the sign. These lines are updated at the rate of 9.27 volts

per 32 word times. The range is + 10 volts with an accuracy

of + 200 my.

3. Single Character - The single character output

provides four-bit characters suitable for typewriter, tape

punch or other similar output equipment. A parity check bit

and two timing bits are issued automatically with each char-

acte-r.

4. Cable - The cable output is a serial message of

up to 96 bits in length transmitted from the four word C-loop.

The maximum data rate is 1600 bits per second* The operation

C is begun by execution of the Enable Cable Output (ECO) instruc-

914
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tion and proceeds basically independent of program control*

5. Binary - There are four pairs of outputs which

can be used to control external equipment such as gyro, etc.

The output states are automatically updated under program con-

trol every 10 MS. The output is in the form of +1 or -1.

6. Telemetry - A timing signal is issued under pro-

gram control which signifies that the accumulator contains in-

formation %hi.ch is to be read by the external equipment receiv-

ing the timing signal.

7. Miscellaneous - These signals include Parity/

Verify error signal, mode indication and stage reference.

Memory Unit. The D37C computer memory consists of a ro

tating magnetic disk driven by a synchronous motor at 6000 rpm.

Aujazent to the disk are two fixed head plates which house the

read and write heads. The disk has a thin magnetic oxide coat-

Ing on both vides for storing information. This disk is sup-

ported by air bearings generated by the rotating disk. The

disk is divided into tracks or channels of 128 words each for

main memory. A total capacity of 7222 words may be contained

in 4he 56 channels of 128 Sectors, six 4-word loops, one 8-word

ioop, one 16-word loop and six 1-word loops.

Programming

The computer uses a full 24 bit instruction word and data

word. Data is represented in one of two fashions, as a 23 bit

binary fraction (full word) or as a 10 bit fraction (split

word)* The two formats are shown in Fig. 32. Instructions

also have two formats, either fI.agged or unflagged as indicated
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'C:

TX x
TO x x

Ti
T2

,T3 t 00

T54-
.e4 0

T6
T7
T8 I
T9 "-frs r

T13 N o t
T14 Used

4)4TI8 *
T15 +2 9

-r4 "4 so
T16 -P $ a 0

T 0

T18 W

T19 4--v
P 0

T20 M 4Flag Flag_

T23 0

"q "49

T22& 4ign Sign

00

14 0("

96



GE/EE/74--6

in Fig. 32. Table VI lists all of the available instructions
with numeric and mnemonic codes. For more information on

programming see Ref 11,

C

97

]ii -,I



GE/41Table VI.

D37C Computer Instructions

MNEMONIC NUMERIC CHANNEL (C)

CODE DESCRIPTION CODE SECTOR (S)

ADD Add 64 Ct S

ALC Accumulator Left Cycle 00 26, s

ALS Accumulator Left Shift 00 22, S

ANA *AND" to Accumulator 40 42, S

ARC Accumulator Right Cycle 00 36, S

ARS Accumulator Right Shift 00 32, S

AWC Add Without Carry 40 50, S

CLA Clear And Add 44 Ct S

COA Character Output A 00 (40-76), S

CoM Complement 40 46, s

DIA Discrete Input A 40 02, S

DIB Discrete Input B 40 00, S

DIC Discrete Input C 40 20. S

DIV Divide 34 C, S

DOA Discrete Output A 40 54, XX2

DOB Discrete Output B 40 54, XXI

DPP Disable Platform Power 40 62, X20

EGO Enable Cable Output 40 62,, X02I

ECI Enable Cable Input 40 62, XO3

EiC Enable Fine Countdown 40 26, S

EPP Enable Platform Power 40 62, X40

PjL Full Compare and Limit 14 c, S

GBP Generate Bit Pattern 40 64, S

GPT Generate Parity Bit 40 60, s

HFC Halt Fine Countdown 40 24, S

HPR Halt and Proceed 40 22, S

LPR Load Phase Regiater 40 (7C-76), S

XAL Modify A and L 40 2, S

KIM Minus Magnitude J0 44, s

MPy Multiply 24 C, S

"ORA *OR" to Accumulator 4O 4o, s
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-NEMONIC NUMERIC CHANNEL (C)

CODE DESCRIPTION CODE SECTOR (S).

PI Plus Magnitude 4o 56, S

RIC Radio Intercommunication 00 24, 001

-"SD Reset Detector 40 62t X10

SAD Split Add 60 C, S

SAL Split Accumulator Left
Shift 00 20, S

SAR Split Accumulator Right
Shift 00 309 S

SCL Split Compare and Limit 04 C, S

SMP Split Multiply 20 C, S

IsP Split Plus Magnitude 40 66, S

SRD Simulate Transient 00 16, S

SSU Split Subtract 70 CO S

STO Store Accumulator 51. C, S

SUB Subtract 74 C S

I TWI Transfer on Minus 30 C, S

TRA Transfer 50 CO S

TSM Transfer Sector on Minus 40 06, s

TSZ Transfer Sector on Zero 40 04, S

- TZE Transfer on Zero 10 C, S

VIA Voltage Input A 40 lot S

VIB Voltage Input B 40 12g S

VIC Voltage Input C 40 14. S

VID Voltage Input D 40 16. s

VIE Voltage Input E 40 30, S

VIP Voltage Input F 40 329 S

VIG Voltage Input G 40 34, S

VIl Voltage Input H 40 36, S

(I 99
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Appendix B

Available Computer Signals and Interface Schematics

This appendix contains table listings of computer signals

available at the connection plugs and schematics of circuits

used to interface these signals (Ref 1).

signals

Table VII. lists all of the signals available at compu-

ter interface plugs and gives a description of each. Table

VIII. explains the circuit requirements for interfacing each

signal as indicated in Table VII. Signals are routed from the

computer by the cables as listed in Table IX.

Schematics

The interfacing schematics are divided into output and

input circuits. Each group is located on separate circuit

boards which simplifies construction and troubleshooting.

Parts locations are also given for each board. Most signals

are renamed when interfaced and new names are indicated in the

wiring lists.

Outputs. All output interfacing circuits are located on

circuit board I1. Most signals are converted to MT- levels

with IC line receivers, SN75154's. The cable driven outputs

are converted using op amps and both the true and complemented

£ isignals. Fig. 33 shows the parts locations for I1. Table X

1 ists all of the wiring for the sample receiver circuit illu-

strated in the table figure. Table XI lists all of the wiring

for the sample cable receiver circuit shown in the Table XI

101
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figure.

Inputs. All input interfacing circuits are located on

circuit board 12. Most signals are converted to computer le-

vels with IC line drivers, SN75150's. Parts locations are

illustrated in Fig. 36. The data and flag buses are termina-

ted with a pull up resistor, inverter and line driver as shown

in Table XIII. The Channel Select lines are interfaced with

open collector buffers as shown and listed in Table XIVo A

few control signals are interfaced with line drivers only as

shown in Table XV. Fig. 40 illustrates the miscellaneous cir-

cuits and connections to complete the input board.

/ 1
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Table VII.

C D37C, Interface Signals

Connector Ji

Pin Term

1 Memory Motor Power 400 cps A

2 Memory Motor Power 400 cps B

3 Memory Motor Power 400 cps C %

4 GRD (Computer Common)

Connector J2

Pin Term I/0 Type Description

2. ! X6c I1 Discrete Inputs A

S2 Xc

3 XBc
4 X9c
"5 Xl2c

6 X130
7 Xl4c

iii •8 x17c

9 JCI9c
10 Zl5c Discrete Input C

11 T1c Discrete Inputs B

12 Y2c
13 Y30
14 Y4c
15 Y5c
16 Y6o
17 y7c

19 Y90

20 Yloc

21 Y110
22 Y12c

103
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Table VII.

D37C Interface Signals

Connector J2 (Continued)

Pin Term I/0 Type Description

23 YI3c
24 Y14c

25 Y15c

26 Yl6c
27 Yl7c

28 Y18c

29 Ylc
30 Y200

31 Y21c

32 Y22c

33 Y23c
34 Y24c

I " 35 Z14c Discrete Inputs C

36 Z3c

37 Z~4c
38 Z5c

39 Z8c
40 Z9c
41 Z10c
42 Z13c
43 Igc Incremental Data

44 1Oc

"4•6 Vll 1 3Analog Inputs
47 V12
48 V13
49 V14

50 V38
51 V37

(A53 V21
514 V22
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Table VII.

D37C Interface Signals

Connector J2 (Continued)

Pin Term I/0 Type Description

55 V23
56 V24
57 V25
58 V31
59 V32
60 V33

61 V34

Connector J3

Pin Term 1/O Type Description

1 DO7a 01 Discrete Outputs A

2 Dila 022
3 DlPa
-4. D13a 0,

5 D14a 022
6 DISa
7 D16a 01
8 D17a 02i 22

9 Dl8a
10 D19a

F 11 D20a

12 D21a
13 D22a
314 D23a

S15 D24a

16 D25a
17 D26a
18 1127a

I 105



I'.

* GE/EE/74-16

Tgble VII.
( D37C Interface Signals

Connector J3 (Continued)

Pin Term I/O Type Description

19 D28a
20 D29a 01
21 D30a
22 D31a

23 D05b Discrete Outputs B
25 D08b
26 D!0b 022

27 Dllb
28 Dl2b 01
29 Dl3b 021
30 Dl4b
32 Z21c 11 Discrete Input C
33 SCT! 01 Character Output

Timing
34 ElO 022 Stage Reference

022Output
35 E20
36 E30
37 Z22c II Discrete Input C
38 V04a 02 Analog Outputs

39 Vo3a
40 VO2a

41 VOla
42 GRD VOl Ground

43 SYo 08 12v LEED Sense
44 XlOc I1 Discrete Input A
45 Z6c Discrete Input C

46 ,,DUO1 Channel Display16 Select

47 CDU1

"48 ODU2
49 ODU33
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Table VII.

D37C Interface Signals

Connector J3 (Continued)

Pin Term I/O Type Description

50 CDU4

51 CDLO

52 CDL1
53 CDL2
54 CDL3
55 CDL4

56 GRD VOl Ground
57 V41 13 Analog Inputs
58 v42

59 V43

(C Connector J

Pin Term I/0 Type Description

1 Ct 03 Clock'
2 Ct Clock
4 Ot 05 Origin Timing

5 Ota
7 Ptt Telemetry Output

Timing
8 Ptt'

10 Axt Accumulator Monitor
11 AXt'

13 Et 01 "Enter" Mode
Signal

14K Compute Mode'
15 Syto Synchronization'
16 Mrt 0? Master Reset

Monitor
17 DlSb 01 Discrete Output B

18 Irk 16 Instruction Read

107



GEAE/74-16

Table VII.

D37C Interface Signals

Connector JA (Continued)

Pin Term I/O Type Description

19 VO4d 02 Analog Outputs

20 YO3d

21 VO2d

22 VO~d

23 Det 01 Detector

24 +24 vt 0Telemetry Voltage
t019 Monitor

25 +18 vt 017
26 +12 vt 0115

27 +9 vt 013
28 +6 vt 011

"29 +3 vt 09

30 -3 vt 010

31 -6 vt 012
32 -9 vt 01.4

33 -12 vt 016
34 -18 vt 018

35 -24 vt 020

36 Idt 17 initiate Detector

Pk 0 Parity Error

38 Pvk Verify Error

39 03k FUi!/Verify Mode

40 Mpxk 06 Multiplex Channel
Display

41 11pxk
4-1 Ok 04 Clock
4•. Ok'

46 Sk 06 Sector Track

47 Sk'
49 Tik Tx Timing

50 Txk$
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Table VII.

D37C Interface Signals

Connector J4 (Continued)

Pin Term I/0 Type Description

51 '15t 13 Not Used
52 Nmhk 01 Manual Halt Mode
53 Phk 022 Program Halt Mode
54 V16t 13 Not Used

55 Ksk' 12 Single Cycle'
56 Krk' 17 Run'
57 Vlt 13 Not Used
58 Tc 12 Load Clock

59 Fsc I1 Xnitiate Load

60 Bxk 0Disturbance
06 Monitor

61 Bxk'
Ii

Connector J5

Pin Term I/0 Type Description

1 Xlc I1 Discrete Inputs A
2 X2c

3, X30c
4 O~c

5 X5c
6 Z17c Discrete Inputs C

7 Z18c
8 Z2c

10 18c Incremental Input

12 le Character Inputs

13 I2c

C 15 14c
S16 I5o
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Table VII.

D37C Interface SignAls

Connector J5 (Continued)

Pin Term I/0 Type Description

17 Tc' I4 Load Clock

18 ZD 01 Zero Discrete

19 Mrc 17 Master Reset

20 Khc' Halt'
21 Ewc 15 Write Enable

22 RAc II Radio Control

23 RTc

25 RSc
26 CAc Cable Control

27 CTc I7
28 ROc 01 Radio Status
29 COc Cable Status

" 30 CRc Radio/Cable Status

32 DO9a 0 Discrete Output A
33 DO9b Discrete Output B

35 SC1o 01 Character Output

36 SC20

- 37 SC30
38 SC4o
39 S050
S40 SCTO
.41 Zl9c I1 Discrete Input C

4-2 Kc 01 Compute Mode

J43 Lkc Load Mode
44 Pvec Verify/Parity Error

.46 Z2e I1 Discrete Input C

4&7 D00a ql Discrete Output A

48 D0la

49 D02a

50 DO3a
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D37C Interface Signals

Connector J5 (Continued)

Term I/O Type Description

52 DOra

53 flO6a

55 DIlOa

16 10Olb Diacrete Outputs B

P7 DO2b

58 DO3b59 DOL~b

DO6b
61 Oh7b

i

Connector J6

?o Term I/O Type Description

LXllc 1 Discrete Inputs A

X16C

X20c (Ib)
Z16c Discrete Inputs C
Z7c

S9e Zilelot Z12o

Il ac Incremental Inputs

1 be1

S12ac
I2 be

* 13 &a
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Table VII.

(--•o D3?C Interface Signals

Connector J6 (Continued)

Pin Term I/0 Type Description

18 I4 ac
19 I4 bc

20 15 ac
21 I5 bc
22 I6 ac

23 I6 bc
24 I? ac

25 I7 bc
27 V15 Analog Inputs

28 v16
29 Vi?
30 V18
31 V45 Analog Inputs

32 V26

33 V2?
34 V28
35 V35
36 V36

3? V44
38 V46

39 V4?
40 V48

41 zOo 01 Platform Power
Enable

43 GlOc Gyro Torque Control

44 0llc
45 020C
46 G21c
4? G3Oc
48 G31C
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Table VII.

3l7C Interface Signals

Connector J6 (Continued)

pin Term 1/0 Type Description

4&9 G4nc

50 G41c

53 V04b 02 Analog Outputs

54d VOZIc

55 V03b

56 V03c
57 YO2b
58 V02c

59 VOib

60 voic
mA

Connector 17

Pin Term

1 +28 Volts DC Primary Power

2 +28 Volts DC Primary Power

3 GRD (+28V Return)

-4. GRD (+28V Return)

Connector J8

Pin Term I/0 Circuit Type

1 +9 MT +9V Marginal Test

. GND Signal Ground
3 +6 MT +6V Marginal Test

4 PXA pxa Enable and Disable Monitor
S5 +3 XT +3V Marginal Test

6 +18 MT +18V Marginal Test
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Table VII.

CD37C Interface Signals

Connector J8 (Continued)

Pin Term I/0 Circuit Type

7 +24 MT +24Y Marginal Test

8 -24 CSN -24Y Current Sense Negative

9 +24 FTO +24V Functional Test Turn-Off

10 +12 CSN +12V Current sense Negative

11 +9 FTO +9V Functional Test Turn-Off

* 12 +3 CSP ÷3V Current Sense Positive

13 -9 K -9V Monitor
14 +6 CSN +6V Current Sense Negative

15 +18 FTP +18V Functional Test Turn-Off

16 +24 CSN +24V Current Sense Negative

17 -24 MT -24Y Marginal Test

18 -18 MT -18V Marginal Test

19 -24 FTO -24V Functional Test Turn-Off

20 -12 FTO -12Y Functional Test Turn-Off

21 +12 XT +12V Marginal Test

22 -18 CSP -18V Current Sense Positive

23 +12 FTO +12V Functional Test Turn-Off

24 +18 CSP +18V Current Sense Positive

25 +18 CSN +18V Current Sense Negative

26 -3 CSN -3V Current Sense Positive

2? +3 FTO +3V Functional Test Turn-Off

28 +6 CSP +6V Current Sense Positive

29 -3 N -3V Monitor

30 -6 CSP -6V Current Sense Positive

31 -6 05ff -6V Current Sense Negative

32 -6 MT -6V Marginal Test
33 -12 UT -12V Marginal Test

34 -9 XT -9V Marginal Test

35 +24 CSP +24V Current Sense Positive

36 -18 FTO -18V Functional Test Turn-Off
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Table VII.
D37C Interface Signals

Connector J8 (Continued)

Pin Term I/O Circuit Type

37 -12 CSN --12V Current Sense Negative
38 +9 CSP +9V Current Sense Positive

39 -24 CSP -24V Current Sense Positive
4o -18 CSN -18V Current Sense Negative
41 C6K Operand Memory Bank 022

42 C7K Operand Memory Bank 022
4g3 -3 MT -3V Marginal Test

44 CP6K Program Memory Bank 022
45 CP7K Program Memory Bank 022

416 +12 CSP +12Y Current Sense Positive

417 +3 CSN +3V Current Sense Negative

418 -3 CSN -3V Current Sense Negative
49 -6 PTO -6V Functional Test Turn-Off

50 -12 M -12V Monitor
51 -24 M -24V Monitor

52 -6 M -6V Monitor
53 +6 PTO +6V Functional Test Turn-Off

54, -9 CSP -9V Current Sense Positive
55 -12 CSP -12V Current Sense Positive
56 -3 ITO -3V Functional Test Turn-Off

57 INYITO Inverter Functional Test Turn-Off
58 -28 RI -286V RPI Negative

59 -9 FTO -9V Functional Test Turn-Off
60 -9 CSN -9V Current Sense Negative

61 +9 (;SN +9V Current Sense Negative

Connector J9

. . Pin Term Description

'1 px ipx Enable and Disable
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Table VIIo

C D3 7CInterface Signals

Connector J9 (Continued)

Pin Term Description

2 Mpxa See Chapter III,

3 GND

4 ~ GNlD

bI

4._
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Table VIII.
Signal Requirements for I/O Types

Inputs

Type Requirements

Type I. True Level -15 (+11,-12) vdc input shall be pro-
vided to a current source having a
positive output current equal to or
less than 1.5 ma and a parallel re-
sistance greater than 100 K ohms.

False Level +12 +8 vdc input or an open circuit
shall be provided to a resiatance
greater than 100 K ohms.

Type 12 True Level Same as II False

False Level Same as I1 True
iS

Ty 13 4115 to -11.5 vdc input shall be
provided through a source resistance
between 0 and 5.5 K ohmss current
drain on input shall be equal to or
less than 11.5 pa.#

Type 14 True Level -14 (+49 -13) vdc input or an open I

circuit shall be provided to a resis-
tance greater than 1 megohm.

False Level +14 (+10. -11) vdc input shall be
provided to a current source having
a positive input current equal to or
less than 2.0 ma and a parallel
greater than 100 K ohms.

Type 15 True Level +31 (+80 -9) vdc input shall be pro-
vided to a 14 to 20 K ohm resistance
in series with a +5.0 to +7.3 vdc
source.

False Level Open circuit shall be provided to a
1J9 to 20 K ohm resistance in series
with a +4.5 to +6.0 vdc source.

Type 16 True Level +6.0 + 0.5 vdc input shall be pro-
vided-to a resistance greater than
100 K ohms.

C
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Table VIII.
Signal Requirements for I/O Types (Continued)

False Level +0.4 (+0.3, -0.4) vdc input shall be
provided to a current source having
a positive output current equal to or
less than 7.5 ma and 1.04 K ohm::
parallel resistance.

Type 17 True Level -15 (+Ii, -12) vdc shall be provided
to a current source having a positive
2.8 ma and a parallel resistance
greater than 20 K ohms.

False Level +12 +8 vdc input or an open circuit
shall be provided to a +6 +0.5 vdc
source through a series resistance
of 27.4 K ohms +5%.

Outputs

Voltage Level Output Resistance Max Current

Type VDC Ohms ma

1 True -12_+0.8 375± 225 <8 in

False +6+ 0.5 375± 225 <8 out
2 +10.0--+020 to Output Resis- <6 *

-10.0±+0.20 tance = 2K +
1% to ground

True +5 (+.5, -1.0) 1010± 50 :9.5 out

+o.4+ o.4 <50 <15 in
08** -10 (+1, -2) 1.o0+0.1 K <8 in

021 True -12+ 0.8 <20 <110 inFalse +6+ 0.5 4.?K

09 +3±0 .15 1000+1 <7.9 out
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Table VIII.
S C Signal Requirements for I/O Types (Continued)

Voltage Level Output Resistance Max Current
Type VDC Ohms ma

010 -310.15 1500+1 <6.4 in

011 +6+0.3 U100 + 1 <7.5 out

012 -6+0.3 2200+1 <5.3 in

0 13 +9± 0.9 2000+1 <5.5 out

014 -9± 0.9 3000+1 <4.5 in

0 15 +12 +0.6 2900 +1 <4.6 out

016 -12+0.6 3800+1 <4.0 in

0 17 +18+1.8 4?00+ 2 <3.6 out

C1 8  -18±+ 1.8 5400+ 2 <3.4 in

19 +24_+2.4 6500+ 2 <3.1 out

020 -24+2.4 7200+3 <_2.9 in

022 True -8.2 to -12.8 The outputs of this <6.5 in

False +2.5 to +6.5 circuit must be <1.7 out
terminated in an o
impedance of 1.05
megohm or less

023** True -8.0 to -12.0 1.2K +0.3K <5 in
+3.5 to +6,5 1.159_± o.85K -<1.7 out

**The outputs of this circuit are protected against shorts to
a maximum of +29.7 volts dc.

*The circuit shall supply or accept this current depending* c upon polarity.
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Table VIII.

C Signal Requirements for ILO Types (Continued)

Cable Drivers

All cable drivers are designed to drive a cable with 75

ohm characteristic impedance connected to a load of 37.5 ohms

_5% and + 6 + 0.75 volts.

Type Description

03 True 27±5 ma sink

False > 10K resistance

04 True 13 (-2. +3) ma sink

False > 10K resistance

05 True 29+ 6 ma sink

False > 10K resistance

06 True 14.5± 3.0 ma sink

False > 10K resistance

1
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Table IX.
Computer Cable Wiring List

Pin Func Pin Pin Func Pin

JI-1 AO PDU J2-48 13 SDU
2 Bo 49 14
3 co - 50 38
4 Gnd 51 37

53 21
J2-11 Ylc 12-34-8 54 P.2

12 2 9 55 23
13 3 7 56 24
14 4 10 57 V?5
15 5 6 58 31
16 6 11 59 32 '

17 7 5 60 33
18 8 12 61 34
19 9 4
20 10 13 J3-1 D07a Ii-4-8
21 11 3 2 11 9
2? 12 14 3 12 7
23 13 2 4 13 10
24 14 15 5 14 6
25 15 1 6 15 11
26 16 16 7 16 5
27 17 12-35-1 8 17 12
28 18 2 9 18 4
29 19 3 10 19
30 20 4 11 20 3

' 31 21 5 12 21 14
32 22 6 13 22 2
33 23 7 14 23 15
34 24c 8 15 24 1

C 46 Vil SDU 16 25 16
47 12 17 26 Il-3-8
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Table IX.
Computer Cable Wiring List (Continued)

Pin Func Pin Pin Func Pin

J3-18 D27a 11-3-9 J3-56 GRD VOl SDU
19 28 7 57 V41
20 29 10 58 42

21 30 6 59 v43
22 31a 11
23 D05b 5 J4-1 Ct' 11-3
24 No Conn 12 2 Ct 4
25 DO8b 4 4 0t 5

26 10 13 5 Ote 6
27 11 3 ? Ptt 8
28 12 14 8 Ptte 9
29 13 2 10 Axt 10

30 14 15 11 Axt' 11

34 Elo 1 13 Et' 11-2-2

35 E20 16 14 Kt' 3
36 E30 I1-2-1 15 Syt' 4

VO4a SDU 16 Mrt 5
39 03 17 D15b 6

40 02 18 Irk 12-3
41 01 19 V04d SDU
42 GRD V01 20 03

46 CDU 0 I2-35-9 21 02

47 1 10 22 01
48 2 11 24 +24vta

49 3 12 25 +18vta

50 4 13 26 +12vt a

51 CDL 0 14 27 + 9vt
52 1 15 28 + 6vt a

432 16 29 + 3" a
C 54 3 12-1 30 - vt a

45 2 31 - 6vt
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Table IX.

SComputer Cable Wiring List (Continued)

Pin VInc Pin Pin Func Pin

JA-32 - 9vt SDU J5-18 ZD

33 -12vt 19 Mmr CP

34 -18vt = 20 Khc' 12-18

35 -24vt U 21 Ew¢ CP
37 Pk 11-2-? 32 D09a 11-2-12
38 lhrk 8 33 D09b 13
39 03k 9 42 Kc 14

40 Mpxk Il-13 43 Lkc 15
41 Mpxk' 14 44 Pvec 11-1-8

46 Sk 15 47 D00a 9

47 Sk' 16 48 01 7

49 Txk !8 49 02 10

50 Txk' 19 50 03 6
52 Nmhk I1-2-i0 51 04 11

53 Phk 11 52 05 5
55 Ksk' 12-4 53 06 12
56 Krk' 12-5 54 08 4

58 To 6 55 10 13

59 Fso CP 56 D01b 3
57 02 14

J5-1 Xle 12-? 58 03 2

2 2 8 59 04 15
3 3 9 60 06 1

4 4 10 61 07 16

5 5 11
12 IIC 12 J6-27 V13 SDU

13 2 13 28 16

14 3 14 29 17
15 4 15 30 18

16 5 16 31 45 =

17 To' 17 32 26
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Table IX.

Computer Cable Wiring List (Contivued)

Pin Func Pin Pin Func Pin

J6-33 V27 SDU J9-2 Mpxa -l
34 28 U 3 No Conn
35 35 " 4 No Conn

36 36
37 44 "

38 46 "

39 47 U

40 48 "

41 EOO 11-2-16
53 V04b SDU

54 04c
55 03b "
56 030
57 02b "

58 02c
59 Olb,
60 Olc -

J7-1 +28 PDU

2 +28 3

3 6 "

4 6 "

J8-2 G

4 Mpxa SDU

41 c6k Il-5-1
42 C7k 2
44 CP6k 3
45 CP7k 4

'19-1 mpx J9-2

-X2L1.
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31 2

C R R R R R C

C R R R R R C

L, ----j L--j L- --

I 'I
C n fai

C rf

A A

C C

1 L]

Figure 33 IlPrsLoain
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Table X.

Signal Receiver Circuits

SN75154
+5v

x 4 
0

- -- Gnd

"Figure 34. Sample Receiver Circuit.

"Term I X i 0 Term

Do6b Ili-1i C 3 12 11-32-6 C6

DO3b 2 4 11 3 3
DOb 3 5 10 1 1

DO8a 4 6 9 34-9 DS8

D05a 5 11 3 12 6 5
DO3a 6 4 11 4 3
DOla 7 .5 10 2 1
Pree 8 6 9
D00a 9 16 3 12 34-1 DSO

DO2a 10 4 11 3 2

DO4a " 5 10 5 4

Do6a 12 6 9 7 6

D10a 13 21 3 12 11 10

D02b 14 4 U1 32-2 C2

Do4b 15 5 10 4. 4

DOb 16 6 9 7 7
Dl9a 4-13 26 3 12 33-4 D319

i D21a 14 4 11 6 21
D23a 15 5 10 8 23
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Table X.

Signal Receiver Circuits (Continued)

Term I X 1 j 0 Term

Syto 11-2-4 6 9 11-31-4 MSK'

Mrt 5 7 3 12 14 Mrtt

Dl5b 6 7 4 11 15 C15

Pk 7 5 10 31-2 Ep

Pvk 8 6 9 3 Ev

03k 9 12 3 12 10 Mv

Nuhk 10 4 11 5 Mmh

Phk 11 5 10 6 Mph

DO9a 12 6 9 34-10 DS9

D09b 13 17 3 12 32-9 C9

Kc 14 4 11 31-7 Mc

Lkc 15 5 10 8 Kl

g00 16 6 9 9 lOP

22 3 12

D13b 3-2 4 11 32-13 C13

Dlub 3 5 10 11 1

DO8b 4 6 9 8 8

D05b 5 27 3 12 5 5

D30a 6 4 11 33-15 DS30

D28a 7 5 10 13 28

D26a 8 6 9 11 26
D27a 9 8 3 12 12 27

D29a 10 4 U 14 29

D31a 11 5 10 16 31
.B25a 4-16 6 9 10 25

DlOb- 3-13 13 3 12 32-10 ClO

- Dl2b 14 4 11 12 12

D14b 15 5 10 14 14

6 9

D2I4& 4-1 18 3 12 33-9 DS24

D22a 2 4 1. 7 22
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Table X.

C Signal Receiver Circuits (Continued)

Term I X i j 0 Term

D20a I1-4-3 5 10 11-33-5 DS20
Dl8a 4 6 9 3 18

D16a 5 23 3 12 1 16

D1l4a 6 4 11 34-15 14

Dl2a 7 5 10 13 12
DO7a 8 6 9 8 7
Dllaa 9 28 3 12 12 11
D13a 10 4 11 14 13

"Dl5a 11 5 10 16 15

Dl7a 12 6 9 33-2 17

•Iii

fn }
m12

mei
--- KJ'
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Table XI.

(ICable Interface Circuits

sN72553 S..4.4o

+5.5v

2+12V +v

?5

-12v Gnd
ms, +5.5v

Figure 35. Sample Cable Receiver.

I1 12 X i J k I m Z n o 0 Term

11-3 Ii-J" 25 2 3 16 4 1 29 1 2 11-31-I Ck

5 6 13 14 15 3 4 31-11 Ot

8 9 7 6 12 8 5 5 6 12 Ptt

10 11 9 10 11 9 8 13 Axt

13 14 20 3 2 16 4 1 11 10 35-1 MPX

15 16 13 14 15 13 12 3 Sk

18 19 7 6 12 8 5 30 1 2 2 Txk

Miscellaneous Ii Connections

Term pin to pin

Rio 310-3-1 11-19-1
320 16 2
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Table XI.

C• Cable Interface Circuits

Miscellaneous Il Connections (Continued)

Term Pin to Pin

330 2-1 3

Mc 31-7 U1-21

Ck 31-1 32-16

+5•5v 11-2

• B

GND Il-22

z

ii

S~+12V Ii--Ix

i-1iV II-Y

/130
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Table XII.

Cable List from Il

Pin ?une Pin Pin Func Pin

Il-31-1 Ck A-5-1 Il-32-15 C15 SDU

2 Ep 2 16 Ck

3 Ev 3
4 us' 4 11-33-i DS16 SDU

5 Nah 5 2 17

6 Mph 6 3 18

7 Me 7 4 19

8 Ml 8 5 20
9 lOP 9 6 21

10 My 10 7 22

11 Ot U 8 23

12 Pt 12 9 24

13 Ac 13 10 25
14 mrt 14 11 26

15 spare 15 12 27
16 Spare 16 13 28

14 29

I1-32-1 Cl SDU 15 30

2 2 16 31
3 3 "
4 4 "I-34-1 DSO SDU

25 5 1 a

6 6 3 2

7 7 " 4 3 "
8' 8 " 5 4

-9 9 "6 5"

"10 10 " 7 6

11 11 8 7

12 12 9 8
13 13 10 9

-' 14 14 n 10
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Table XI..
f Cable List from Ii (Continued)

Pin Puna Pin

11-34-12 DS11 SDU

13 :k2
14 13
15 14

16 15

11-35-1 Mpx P-
2 Tx
3 Sk
4 BP1

5 BP2

6 B01 A

7 B02

8 Spare

9 "
10

11
12
13

- 1 4
15

16

11-21 Mc I2-M

1
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W4 k Ho1 r4

toooo II C

' i D D i L D D D

DD D D InDi ICI. I -- Ell w
z z

•" 1 D [ i D I : ,D D D D ,,

AC

D D

C C- Flat Cable Connector D S- N75150
W--

Figure 36. 12 Parts Location.
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Table XIII.
(7 Bus and Flag Interfacing

SN74o4 SN75150

+5v

ImI

+5Gnd -12v

i Figure 37. Sample Bus Interfaces.

•i 'Term I X i Y j k Z 1 ' 0 Term

S!Dl I2-5-1 9 1 8 1 2 13 2 15 I2-34-8 Y1C

!2 2 2 34• 3 14 9 2
S •3 3 3 5 6 6 11 7 3.

4 4 4 9 8 71 10 l 4
15 5 5 11115215 6 5

S6 6 6 13 12 3 14 11 6
7-- 7 7 141 2 6 11 5 7
8 8 8 364 10 12 8

i9 9 9 5 618 215 4 9
10 10 9 98 314 13 10

11 11 11 1110 611 3 1

12 12 12 13 12 7 10 14 12

13 13 13 19 1 2 20 2 15 2 13

14 14 14 3423215 10 14

15 15 10 1 5 6 3 14 .1 15
16 16 2 98 611 16 16

0 17 12-4i 3 13 10 7 10 235I 1

18 2 4 13 12 28 2 15 2 18
31 13 2
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Table XIII.
Bus and Flag Interfacing (Continued)

Term I X i Y j k Z 1 m 0 Term

D19 12-4-3 5 24 1 2 3 14 12-35-3 Y19C

20 4 6 3 4 6 11 4 20

21 5 7 5 6 7 10 5 21

22 6 8 9 8 30 2 15 6 22
23 7 9 11 10 3 14 7 23
24 8 10 13 12 6 11 8 24

Fl 12-E 11 29 1 2 7 10 12-7 Xic

2 F 12 3 4 33 2 15 8 2
3 H 13 5 6 3 14 9 3
4 J 14 9 8 611 10 4

5 K 15 U 10 7 10 11 5

13,
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Table XIV.
"- 'hannel Select Circuits

0N74•l7

I50

-, 
Gnd

Figure 38, Sample Channel Driver.

Term I X i j Y R 0 Term

CuO' 12-4-11 7 1 2 12 1 12-35-9 CduO
1' 12 .3 4 2 10 1
2' 13 5 6 3 11 2

3- 14 9 8 412 3
4' 15 111 0 5 13 4

clot 16 13 12 6 14 CdIO
1' 12-N 17 1 2 7 15 1

20 P 3 4 8 16 2
SR 5 6 9 12-1 3

SS 9 8 10 2 4
kIK 1 11 10 11 3 IRK

136
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Table Xv,

Control Signal Interface

16, 12 - +12v

|t719, 13 - -12v
,SN7515v

498-Gnd

i 
0

Figure 39. Sample Control Interface.

I x I 0 Input Output

12-T 20 3 11 12-4 SS Ksk'

.U- 6 11 3 Rn' Irk'

V 7 10 18 HA Khc 1
1

If .I

|,--
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Table XVI.
Cable List to 12

Pin Func -Pin i Pin P'unc Pin
12-3-1 D1 P 12-5-1 Dl A-.

2 2 2 2 2

3 3 3 3 3
4 4 4 4 4

5 5 5 5 5
6 Che 6 6 6
7 Rn' 7 7 7
8 Ss 8 8 8
9 Hlt 9 9 9

1C Spare 10 10 10
11 11 U 1
12 12 12 12
13 13 13 13
14 14 14 14
15 15 15 15

16 16 16 16

12-"1 D17 A-1? 12-A No Conn
2 18 18 B + 5.5 PDU
3 19 19 C +12v
4 20 20 D -12V
5 21 21 1 Fl SDU
6 22 22 F 2

7 23 A-C H 3
8 24 D J 4
9 Choe K 5

10 Fl F L None
11 CuO J x Me' 11-21

12 1 K x Cli A-5
13 2 L P 2 T

14 3 m R 3 u
15 4 P s 4 V
16 ClO R Z Gnd FDU

138
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+5

+5 +12: 
".3-6- 1oSN75150

4_•9- Che, 6 2 " 16

22-14

22-i

AK 22 500

22-1vz

6.2v,

+12V 12-17 12-5-1 12-3-1 12-34-8 12-12

12-B +5v 2 9 13
C +12V 3 3 7 14

D -12v 4 4 10 15
Z Gnd 5 5 6 16

4.9 3-1
10 12-E

iigure 40. Miscellaneous Input Circuits and Cormections.
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Appendix C
iC ~§st Schematics

This appendix contains the remaining schematics needed

to construct and troubleshoot the converted D37C system. The

PDU and SDU drawings are repeated in this section as a con-

veinence to the reader. The rest consists of figures defining

the vane! ti_-it b,-ard, PB, an4 c-rcult board A Ln the card

chassis.

li(
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Circuit Breaker

.+28 ±--.7vdc to
computer

Gnd to computer

.11:: A to computer

5 
B

4.5A

Computer Power Control Circuit

-- 2

an Chassis
- ground

5 Iaigna

.- ndica- Power
tor Indicator

Console and Cogling Power Cxontraj Circiilt

Figure 41. PDU Circuits.
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C0

Signal
11A n Grd Sa

switch 4

LUCommon 0

Switch -2v i.-1vou

Switc +g yin +12Vout U;

q4

eIn +5vinl +5ou

BAi ~ u. Spare
43

28v
Return 43

+2 v •i s28V out
-l

M0

iii .4 -

1",3 •

X



G G G VO4b VO0Jd
V18 V28 V138 V48 O-b Vd

-V V27 V V4 02b VO2d •
4)3

v'%6 v26 V36 V46 i VOid

V1i 25 V5 V4 o G G
V14 V124 V34 '144 o 4a Vo4c -

Vi V2 VI! V4 V0a V032
V12 V122 V V '42 V02a V02c

P-7 il I I' I- i17 Ct

1:- 1 I Ck,£

165

ii151 4 o

1 15

-6 13: 2 14
"12 U .$0 121

4-'

0-91 31 12

-1 29 0 10

_+12 4, 8 28 .. 5

i~r iA =. -..--- +....

0-
> 27~ 8 0

+86 ca 26 pv

-24 2 C25 60
45

23 4
>

-121 2 22 m 3
+12 1 ý21 2

+0 20 1

F iguft 43. Signal Distribution Unit,
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31 26 a1 16 u 61EI~i]Liliul 1.D
LED

L-L- IED LED

LED LED
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C
+5

SN 1I1 16

Single Cycle

+28vdc -12vdc -12vdc

Write Enable InitTal Lad Master ResetMode Control

BPl BP2 V BOl B02 {
1 8 1 8 Vx

12 5 5 1Z
Program ( 1.11 Operand

S| pin 7 +5

Bank Monitor

Figure li5. Mode Control and Bank Indicators.
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_-0

_I__

1~i

-- T 2

6

F--Till I

-- D

T3 30 T

S~~112 1314•151!61131 112

Figure 46, Program Load Schematic (Page I of 2)0
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II Dl

12 D2

13 D3

14l D45

-5 D5

29

29

'C 29

29

+5 +5
3 usec 200 usoc

Figure 46. Program Load Schematic (Page 2 of 2).
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C

0
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31 26 21 16 6

-- -- " L
G'l W/ (a l n,"W 0

- oc ,, , +.o w N

* ! 4 4.--,- .- 4 4 C

-I Ut U%-

0%0%0% 0% a*.0

-i][i¼El

m ~Figuare 48. Par~ti Locations for A.,

C- 
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+ +

ComputeProgramI
- ~ CoputeHalt

Mc oc

+5 +5

SManual sync.
r~oc, Halt

Xmh s' 8 00

+5

Verify

+5 +5 '

Parity Verify

+5

1k

Figure 49. Mode Displays and IOPDrv.
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(17

from 17 Cuo

thumb- Cul
wheel Cu2

Cu3
z. Cu"-

!N

V2

i 22
frm Clo

Cll: ~thumb- •

wheel C12
rd& - C13

'4. -

CI-

r-

Figure 50. Channel Select,
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