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PREFACE

This instruction manual is intended to aid personnel in the operation and maintenance of the
PDP-8/S computer. The manual also discusses the operation of the Teletype ASR-33 and describes its
control unit, which is of DEC manufacture, but a separate manual is furnished for the device itself.

Chapters 1 through 4 and Appendix A apply to the basic PDP-8/S and Teletype ASR-33.
Chapter 1 lists the operating specifications of the system and describes its physical and electrical char-
acteristics. Chapter 2 describes the logical organization of the computer, discusses the number system
and instruction formats used by it, explains the use of all controls and indicators on the operator panel,
and explains the operation of the ASR-33. Chapter 3 presents a complete detailed description of the
system logic, including a discussion of the symbols and notation used in the logic drawings and flow
charts. Chapter 4 contains information useful in maintaining the system, including a discussion of main-
tenance programs, memory alignment and troubleshooting procedures, and in-out bus specifications.

Chapter 5 contains equivalent information on the Data Break (DB8S) and Memory Expansion
(MC8S, MESS, MM8S) options and the additional logic common to both (OMDS8S).

Appendix A contains engineering drawings, logic drawings, flow charts, and circuit sche-
matics for the basic PDP-8S and ASR-33 control.

Appendix B contains engineering drawings, logic drawings, flow charts, circuit schematics,

and a glossary for the Data Break and Memory Expansion Options.
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CHAPTER 1
INTRODUCTION

The PDP-8/S is a small-scale, general-purpose digital computer designed for use as an inde-

T RN S . RN § £ . H
pendent information-nandiing element in -

~
oL

plex processing system. The basic computer consists of a central processor and a memory, and has a

logical and system control functions. Memory operation is based on a read-write cycle, one cycle being
executed each time access is requested by the processor.

Interface circuits for the in-out bus allows connection to a variety of peripheral equipment.
Every device must detect its own selection code and provide any necessary input gating. In the standard
computer all transfers over the in-out bus are under program control, but peripheral equipment can
interrupt the program. Optional equipment aiiows direct data access to the memory for high speed
devices such as disc memory .

In the processor all operations on words are serial; the computer uses parallel transfers only
for communication between the processor and the memory, the console, or the in-out equipment over the

in-out bus. Information handied by processor and memory has the foliowing characteristics.

Word Length
Processor: 12 bits
Memory: 13 bits including parity bit

Instruction Format

Memory Reference: Instruction code, 3 bits
Indirect, 1 bit
Memory address, 8 bits

Operate Group: Instruction code, 12 bits

Input-Output: Instruction code, 12 bits including
6 bit device code

Internal Number System  Binary

Negative Representation  Two's complement

Number Format Sign, 1 bit; magnitude, 11 bits

All timing is synchronous, but processor and memory operate on separate clocks, which can-
not run simultaneously. Thus every time that the processor requests memory access its clock stops; when
the memory cycle is complete, the processor restarts. Each processor cycle of 10.5 s is one word time,

the time required to process one word serially. The PDP-8/S uses two types of random access magnetic

1-1



core memory having cycle times of 6.3 and 6.5 us. Instruction execution times differ depending upon
the number of processor and memory cycle required, and upon whether a given instruction uses indirect
addressing and autoindexing.

The processor must set up all transfers of data to and from the peripheral equipment; but since
a device can signal the processor by means of a program interrupt when it requires services, no processor
time need be lost in waiting, and processor and peripheral equipment can operate in parallel. The only
I/O device supplied with the standard computer is the Teletype Model 33 ASR but it includes keyboard,

printer, tape reader and punch. It handles data at the rate of ten 8-bit characters per second.

1.1 PHYSICAL CHARACTERISTICS

The table model is housed in a cabinet but the computer is also available for mounting in a
standard 19-in. rack. The computer contains six logic mounting panels, lettered A to F from right to
left when viewing it from the front. Each mounting panel can hold forty DEC Flip=Chip plug-in modules
numbered from front o back.

The rack-mountable model requires 10-1/2 in. of vertical space in a 19-in. rack. It pro-
trudes 3-3/4 in. at the front of the rack, and siides cut 25 in. Physical dimensions of both models are
snown in rigures i-1 through 1-5. The tabie modei weighs 84 ib, and ithe rack modei weighs 200 ib
including power equipment. The Teletype ASR 33 has the following dimensions.

Height: 45 in.

Width: 22 in.

Depth: 19 in.

Weight: 100 ib

Intake fans at the back of the table model cool the logic modules by blowing air between
them. A PDP-8/S shipped mounted in a DEC rack has three muffin fans on the left side, but the user
must supply adequate ventilation for a computer shipped unmounted.

It is recommended that the ambient temperature at the installation be maintained between
70° and 850?‘, but it can vary between 32° and 130°F without adverse effect. Although a'l exposed
surfaces are treated to prevent corrosion, exposure to extreme humidity for long pericds of time should

be avoided.

The computer uses standard line power at 115 £ 17 Vac, 60 cycle (+2%), single phase. The
rack model uses a standard 728 power supply and a control through which the power switch on the front
panel switches ac fo o pair of recaptacles on the computer heckplate. These receptacles are for the

power suppiv anc the fans. To swifch oc fo ofher suppiss or cevices from the computer front pene!



requires the use of a repeater relay slaved to this switched ac. The power cable uses a Hubbell Twist-
Lok connector; both cable and connector are rated at 20 or 30 amp depending upon total system require-
menfs.

The table model has an equivalent power supply mounted on the inside rear of the cabinet,
and both it and the fans receive ac through the front panel power switch and a pair of circuit breakers.
The power cable uses a standard ac piug with ground and is rafed af 15 amp. The teletype must be

powered separately.

Current consumption Is as foliows
Processor Teletype
Line current 3 amp 2.6 amp
Turn on surge, 7 amp

Dissipation 100W 140W
Logic voltages

+10V 0.6 amp 1.2 amp

-15V 5.5 amp 0.5 amp

The dc voltages required by the logic are +10V and -15V. All logic is solid state; tran-
sistors and diodes operate on static logic levels of 0 and -3Vdc (tolerances are 0V to =0.3V and -3.2V
to -3.9V). Most logic modules include an internal supply to derive the negative logic level from the
-15V input. PDP-8/S logic uses pulse timing almost exclusively. Pulse amplitude from a pulse gen-
erating source is +3V from -3V with the same tolerances as levels. Pulses at inverter outputs may be
from ground to -3V or vice versa. Pulse widths may be 100 ns or 400 ns depending upon application.
Occasionally, an input may be triggered by a positive level transion of 60 ns or less instead of a pulse.
Driving voltages for the core memory are nominally =10V to ground and =15V to ground. The statistics
given here apply to all modules used in the equipment described in this manual except the transmitter
and receiver modules for the teletype; the special voltage requirements for these modules are discussed

with the teletype logic.
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CHAPTER 2
SYSTEM OPERATION

Figure 2-1 shows the registers and data flow in the PDP-8/S. The processor is the control
unit for the entire system: it governs all peripheral in-out equipment, sequences the program, and per-
forms all arithmetic and logical operations.

:ZZE MEMOR: L] MA pe
6 13 - Bi
WORDS l 12 I 12
MB IR
a4
- 2f
1 s ZERO
ADDER DETECTOR

-

AND
| 1 GENERATOR

AC

-
n

T

10 BUS SR

Figure 2-1  PDP-8/S Data Flow

The processor handles words of 12 bits, which are stored in a memory with a capacity of 4096
words. Storage in memory is actually in the form of 13-bit words, the extra bit being an even parity bit
for the word. The bits of a word are numbered 0 through 11, left to right, as are the flip-flops in the
registers that handle the words. Words are used either as computer instruction in the program, as
addresses, or as operands, that is, data for the program.

The processor performs a program by executing instructions retrieved from consecutive memory
locations, as counted by the program counter (PC), although the program may alter its own sequence by
changing the address in PC, either by indexing (incrementing it by one) an extra time in a test skip
instruction or by replacing its contents with the value specified by a jump instruction. To gain access
to memory for retrieval or storage, the processor requests a memory cycle and supplies an address from
the memory address register (MA). All transfers of data between processor and memory are made through
the memory buffer (MB). When a word is retrieved at MB, as an instruction, its left four bits pass to the
instruction register (IR), which is decoded to govern the actual execution of the instruction. In a memory
reference instruction, the rest of the word in MB supplies address information to MA; otherwise the rest of

the word is decoded directly from MB to assist in instruction execution.
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The heart of the processor is the memory buffer MB, the accumulator (AC), and a 1-bit
serial adder. All transfers between processor and peripheral equipment are made via AC, which is con-
nected to the in-out bus. The accumulator is also connected to the switch register (SR) through which
the operator can send data and addresses into the computer from the console. The only parallel transfers
that occur in the system are those between MB and memory, between AC and the 1/O bus, and from SR
to AC. All other operations in the processor are serial: all registers are shift registers, and information
is transferred from one register to another by shifting both registers to the right, so that information
leaves one register at the right (LSB) and enters the other from the left (MSB). Although not shown in
Figuré 2-1, the processor can recirculate any of the four main registers whenever its contents must be
saved while being transferred.

To produce the logical AND function, the contents of MB and AC are shifted through a
simple AND gate, with the result appearing in AC. All other operations on words are performed through
the serial adder. The contents of MB and AC are added one bit at a time as the sum is shifted into AC.
The adder is also used to increment AC, MB, orPC, to complement AC, and even to detect zero con-
tents in MB or AC for a skip test.

Associated with AC is a 1-bit register, the link (L). The link serves as an overflow flag in
addition and when AC is incremented. AC and L can be rotated together, to the left or right, as a
single 13-bit register (left rotation is produced by a shortened right shift). The program can also use L
to generate products and quotients one bit at a time.

Besides the registers that enter info the regular execution of the program and its instructions,
the processor also contains a program interrupt system that allows peripheral devices, a memory parity
error or a power failure to interrupt normal program flow. When such an interruption occurs and the
interrupt is on (ION), the processor stores the current contents of PC (the address of the next instruction
in the program) in location 0000, and executes the instruction in location 0001.

Timing for all operations in processor and memory is supplied by two clocks. Each serial
processing of a word is performed in one word time under control of the processor clock. When memory
access is required, the processor stops its own clock and triggers a memory cycle, which is executed
under control of the memory clock. At the completion of the memory cycle the memory clock stops,

and the processor clock restarts to execute another word time.

2.1 PROGRAMMING

The program is a set of instructions used to perform some task and is stored in memory. Each
word in memory is identified by an address, 0000-7777 octal. To execute a program, the computer
normally retrieves instructions from sequentially increasing locations, but the instructions, themselves,
can alter program flow and cause the computer to continue sequential operation from some other location.

Table 2-1 is an instruction index.
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Mnemonic

Table 2-1.
Instruction Index

Meaning

Logical AND

Twos Add

Increment and Skip if Zero
Deposit and Ciear Accumuliator
Jump to Subroutine

Jump

In-out Transfer

Operate

Operate Group

No Operation

Increment Accumulator
Rotate Accumulator Left
Rotate Two Left

Rotate Accumulator Right
Rotate Two Right
Complement Link
Complement Accumutator
Complement and Increment Accumulator
Clear Link

Set Link

Clear Accumulator

Set Accumulator

Halt

OR Switch Register

Skip

Skip on Nonzero Link

Skip on Zero Link

Skip on Zero Accumulator
Skip on Nonzero Accumulator
Skip on Minus Accumulator

Skip on Positive Accumulator

2-3

Octal Code

Oxxx
Txxx

2xxx

7000
7001
7004
7006
7010
7012
7020
7040
7041
7100
7120
7200
7240
7402
7404
7410
7420
7430
7440
7450
7500
7510



Table 2-1. (continued)
Instruction Index

Mnemonic Meaning Octal Code
CLA Clear Accumulator 7600
LAS Load AC Switches 7604

IOT Group
ION Interrupt On 6001
IOF Interrupt Off 6002
SMP Skip on No Memory Parity Error 6101
CMP Clear Memory Parity Error Flag 6104
KSF Keyboard, Skip on Flag 6031
KCC Keyboard, Clear Flag 6032
KRS Keyboard, Read Buffer Static 6034
KRB Keyboard, Read Buffer 6036
TSF Teleprinter, Skip on Flag 6041
TCF Teleprinter, Clear Flag 6042
TPC Teleprinter, Print Character 6044
TLS Teleprinter, Load Sequence 6046

2.1.1 Number System

The PDP-8/S uses two's complement, fixed-point conventions to do binary arithmetic. Ina
word used as a number, bit O (the left-most bit) represents the sign denoted by 0 for positive, 1 for
negative. In a positive number, the remaining eleven bits are the magnitude in ordinary binary notation.
The negative of a number is obtained by taking the two's complement. If x is an n-digit binary number,
its two's complement is 2" -x, and its one's complement is (2" -1) -x, or equivalently (2" -x) -1. Sub-
tracting a number from 2" =1 (from all 1s) is equivalent to performing the logical complement, changing
all zeros to ones and all ones to zeros. Therefore, to form the two's complement, take the logical com-
plement (usually referred to merely as the complement) of the entire word including the sign, and add 1
to the result. In a negative number, the sign bit is 1 and the remaining bits are the two's complement

of the magnitude.
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Zero is represented by a word containing all Os; complementing this number produces all 1s,
and adding 1 fo thai produces aii Os again. There is only one zero representation and its sign is positive.
Since the numbers are symmetrical in magnitude about a single zero representation, all even numbers
both positive and negative end in 0, all odd numbers in 1 (@ number all 1s represents =1). Since there
are the same number of positive and negative numbers, however, there is one more negative number
than there are nonzero positive numbers. This is the most negative number and it cannot be produced
by negating any positive number. (The magnitude of the most negative number is one greater than the
largest positive number.)

If one's complements were used for negatives, a negative number could be read by attaching
significance to the Os instead of the 1s. In two's complement notation, each number is one greater than
the complement of the positive number of the same magnitude, so one can read a negative number by
attaching significance to the rightmost 1 and attaching significance to the Os at the left of it. (The
negative number of largest magnitude has a 1 in only the sign position.) In a negative integer, 1s may
be discarded at the left, just as leading Os may be dropped in a positive integer. In a negative fraction,
Os may be discarded at the right as long as only Os are discarded, the number remains in two's comple-
ment form because it still has a 1 that possesses significance. If a portion including the rightmost 1 is
discarded, the remaining part of the fraction is now a one's complement. The computer does not keep
track of a binary point, so the programmer must adopt a point convention and shift the magnitude of the

result to conform to the convention used.

2.1.2 Instruction Format

A computer instruction performs some basic function, such as storing a word in memory or per-
forming an arithmetic or logical operation. If an instruction requires a memory address, the three high-
order bits (0 through 2) specify the operation, bit 3 specifies the type of addressing, and the remaining
eight bits (4 through 11) specify the effective address or the location to be used in determining the
effective address. The effective address is the actual address used to fetch the operand or alter program
flow.

ADDRESS TYPE

!
| !
OP CODE [ !

[} 2 3 a 1

ADDRESS

The operate and in-out instructions do not require memory addresses. In an operate instruc-
tion bits O through 2 contain 7, and the remaining bits specify individual operations, so an instruction

can be microprogrammed to perform a combination of the various operations. In an in-out instruction,
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bits 0 through 2 contain 6, bits 3 through 8 specify the in-out device, and bits 9 through 11 select the
timing pulses sent out over the 1/O bus. Pulses at the three event times, in order, are selected respec-

tively by 1s in bits 11, 10, and 9.

[ 6 I DEVICE CODE PULSES

0 23 89 "

2.1.3 Addressing
Locations in memory are addressed by the 12-bit octal numbers 0000 to 7777 (0 to 4095

decimal). The instruction format allows only eight bits for an address, so for programming purposes the
memory is divided into thirty-two pages, each containing 128 (2008) locations. The eight address bits
in the instruction can select one location out of 256, or a single location from two pages. If bit 4 is 0,
bits 5 through 11 are taken as an address in page 0, i.e., the address part of the instruction is taken to

represent an address between 0000 and 0177. If bit 4 is 1, bits 5 through 11 are taken as an address in

the same page from which the instruction was retrieved. The 12-bit address that is used is the combina-
tion of bits 5 through 11 of the instruction word and bits O through 4 of the address previously supplied

by PC to MA for instruction retrieval.

Bit 3 of the instruction word specifies the type of address contained in bits 4 through 11. If
bit 3 is 0, addressing is direct; the effective address is the 12-bit address determined by bits 4 through
11. If bit 3 is 1, addressing is indirect, and the address part of the instruction is taken to specify a

location whose contents are to be used as the (12-bit) effective address.

2.1.4 Aufoindexing

The program can make use of an automatic indexing feature by indirectly addressing any
memory location from 0010 to 0017. Whenever one of these locations is specified by an indirect address,
the processor retrieves the contents of the addressed location, indexes the word contained therein,

writes the altered word back into memory, and uses the indexed word as the effective address.

2.1.5 Operating Speed

The table 2-2 gives the approximate execution times in microseconds of the various PDP-8/S
instructions. Where they are applicable, the longer times that are required for indiract addressing ond
autoindexing arz also given. With each time, the pair of numbers separated by a comma indicates the

number of processor and memory cycles required for the instruction.



Table 2-2.
PDP-8/S Instruction Execution Times

Indirect Addressing Autoindexing
AND 32.2 2,2 48.3 3,3 64.4 4,4
TAD 32.2 2,2 48.3 3,3 64.4 4,4
ISZ 48.3 3,3 64.4 4,4 80.5 5,5
DCA 42.7 3,2 58.8 4,3 74.9 5,4
JMS 42.7 3,2 58.8 4,3 74.9 5,4
JMP 26.6 2,1 42.7 3,2 58.8 4,3
107 37.1 3,1
OPR 1 26.6 2,1
OPR 2 37.1 3,1

A processor cycle {(one word time) requires 10.5 s if there is no memory request, about
9.8 usotherwise. The above times are based on a memory cycle of 6.3 us. The nominal times for the
two memory types are 6.3 us and 6.5 us, but either type can differ by as much as 100 ns from its
nominal value. Moreover, if the optional data channel equipment or expanded memory is added to the
computer, the memory cycle time is fixed at 8 us regardiess of stack type. The programmer is advised
not to use internal computer timing in place of a real-time clock.

A program interrupt takes 32.2 us (2,2) in addition to instruction execution time. The first
IOT pulse occurs 10.5 pus after the IOT instruction is fetched, and the other two pulses occur at 1-ps

intervals thereafter.

2.2 Word Times

Each word time is made up of 14-bit times (numbered 00 through 13) during which the clock
generates a string of fourteen bit pulses 750 ns apart. The first 12 pulses perform whatever serial opera-
tions are required on one or more 12-bit words. The thirteenth pulse performs most of the individual
operations that are required for any instruction (such as an OPR), checks parity, and requests a memory
cycle if one is required. When a memory cycle is requested, the processor clock stops, and the memory
goes through its cycle controlled by its own clock. Upon completion of the cycle, the processor clock
restarts at the fourteenth pulse, which determines the transition to the next word-time. When the com-
puter is stopped by the program or the operator, it does so between the thirteenth and fourteenth bit
times, i.e., af time 13 but following completion of the memory cycle if one is requested.

The word-time in which a word is processed depends upon what type of information it repre=-
sents (an instruction, an address, an operand) and what functions must be performed on it. There are

six word-times: fetch, index, defer, execute, end, break. Although the execution of an instruction



begins in fetch time, the program must start in end time, which determines the location of the first
instruction and requests a memory cycle to retrieve it. In other words, fetch time does not fetch the
instruction. Fetch time processes the instruction just retrieved from memory. It transfers the instruction
code to IR for decoding, transfers the address part to MA, and indexes PC so that it will point to the
next location.

At the end of fetch time, the processor requests memory access if the instruction is indirectly
addressed or requires the retrieval of an operand. If an autoindexing location is indirectly addressed,
the processor then enters index time; for any other indirect addressing it enters defer time; in any other
situation it goes directly to execute time. In index time the address that has been retrieved is incre-
mented by one and written back in memory. The processor then enters defer time fo move the new
address to MA and request a memory cycle, if an operand must be retrieved. The actual logical, arith-
metic or program control operation specified by the instruction is then performed in execute time, which
requests access if an operand must be deposited in memory. In end time the processor determines the
location of the next instruction and fetches it. In some cases the execute and end times are simultaneous;
if they are not, the processor automatically goes from execute to end time.

After retrieving an instruction, the processor returns to fetch time unless a program interrupt
has been requested. In this case the processor enters break time in which it deposits the current con-
tents of PC in location 0000, and then returns to end time to retrieve the instruction in location 0001.
There are also three special word times for operations associated with the console: these are used for
loading a starting address into PC, depositing a word in memory, or examining the contents of a memory
location.

To control the special operations required for in-out, including parallel transfer over the
bus, the first bit pulse in execute time of an IOT triggers a string of three special pulses 1 ps apart. Of
these, the only pulses actually sent over the bus for use in IOT operations are those specified by the

programmer in bits 9 through 11 of the IOT instruction.

2.3 PROCESSOR OPERATION

In the table model of the PDP-8/S, the circuit breakers are mounted on the rear panel with
the power supply; the rack mounted model has a power control that includes circuit breakers and usually
a power light. All other controls and indicators for the processor and memory are located on the com-
puter front panel. The indicators are on the vertical upper part of the panel; below this is a row of
two-position keys and switches with a key-operated rotary switch at each end (switches are alternate
action, keys are momentary contact).

The six switches at the left end of the row and the corresponding lights at the top of the panel
are for the optional memory expansion. The next 12 switches make up a switch register through which

the operator can supply data and addresses to the processor (the up position of a switch represents a 1).
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The register can be used in conjunction with some of the operating keys, and its contents can be read
into AC by the program. The nexi six levers are the operating keys. They are off when in the up posi-
tion, except for DEP (third one from the left) which is off when in the down position. The last two
levers are the operating mode switches, which are off when in the down position. Power is applied to
the computer by turning clockwise the key-operated POWER switch at the right-hand end of the panel.
The simiiar PANEL LOCK switch at the ieft-hand end disabies the operating keys and switches when

turned clockwise (the last eight levers at the right-hand end become inoperative and the switch register

When any indicator is lit, the associated flip=flop is in the 1 state or the associated function
is true. A few indicators display useful information while the processor is running, but most change too
frequently and are therefore discussed in terms of the information they display when the processor has

stopped.

2.3.1 Indicators, Operating Keys, and Switches

In the center of the panel there are four rows of indicators that display (from top to bottom)
the contents of PC, MA, MB and AC. The extra light at the left-hand end of the bottom row displays
the contents of the link. When the computer stops, PC usually holds the address of the next instruction,

MA indicates the address of the last memory access, and MB holds the word rsad from or written into

memory .

Indicator Function

FETCH, INDEX, EXEC and END can be on together, but otherwise only one of these lights
DEFER, EXEC, can be on at a time. The on light indicates the word time the processor
END, BREAK has stopped in.

PAUSE A memory cycle is in progress. This light can stay on long enough to be
noticed only if optional data break equipment is occupying the memory
most or all of the time, and thus the processor is running little if at all.

RUN The processor is in normal operation with one instruction following another.
When the light goes off, the computer stops.

AND, TAD, ISZ, Only one of these can be on at a time. it indicates the instruction being
DCA, JMS, JMP, executed or just executed. If the processor stops with BREAK on, or the
10T, OPR operator has just loaded an address from the console, the AND light will

be on regardless of what instruction was last executed.

ION The program interrupt system is on, so a parity error or an interrupt request
over the in-out bus will cause a program break.

PARITY Displays the parity bit of the last word read from or written into memory.

PARITY ERROR Indicates that a word read from memory had incorrect parity.
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When the computer executes a HLT, it stops with RUN and PAUSE off, and END and OPR on.
The MB lights display the next instruction, the PC and MA lights indicate the address of the next instruc-

tion to be executed, i.e., the instruction just retrieved from memory in end time.

Oeercfing Key
START

LOAD ADD

DEP

EXAM

CONT

STOP

Operating Switch
SING INST

SING STEP

Function

Pressing this key clears AC, L, MB and the in-out equipment. It turns off
ION, PARITY, and PARITY ERROR. It sets the END state, and lights RUN,
causing the computer to begin normal operation by retrieving an instruc-
tion from the location currently addressed by PC.

If RUN is off, pressing this key clears AC. It turns off ION and loads the
contents of the switch register into PC, and lights FETCH and AND.

If RUN is off, lifting this key deposits the contents of the switch register
into the memory location currently addressed by PC, increments PC by one,
and lights FETCH. At the completion of the operation, the AC and MB
lights display the word deposited, PARITY indicates its parity, MA
addresses the location into which the word was deposited, and PC contains
the next consecutive address.

If RUN is off, pressing this key turns off PARITY ERROR, clears AC, dis-
plays the contents of the memory location addressed by PC in the MB and
PARITY lights. It increments PC by one, and lights FETCH. At the end

of the operation MB and PARITY display the word, MA addresses the
location that was examined, and PC addresses the next consecutive location.

Pressing this key lights RUN, causing the computer to begin normal opera-
tion in its current state. If RUN is already lit the key has no effect.

Pressing this key while RUN is lit causes the computer to stop with FETCH
lit. At this time the instruction lights indicate which instruction is about
to be executed, MB contains the instruction word or operand (or an address
if an indirect bit was used) depending on the type of instruction, and PC
points to the location one beyond that from which the instruction was
retrieved. The MA lights indicate the address from which the last memory
word was fetched. They represent either the address of the instruction or
the operand (or an address if an indirect bit was used) depending on the
type of instruction. The instruction indicators will display the type of
instruction.

Function

While this switch is in the up position, the processor stops in fetch time of
every instruction that it executes. Hence the operator can run a program
one instruction at a time, by turning on this switch, fetching the first
instruction by pressing START, and executing each succeeding instruction
by pressing CONT. Each time the computer stops, the lights display the
same information as when the STOP key is pressed.

While this switch is in the up position, the processor stops at the end of
every word-time that it executes. This switch is for mcintenance purposes
and allows the cperator to run ¢ diognostic routine or othar arogram, cone



SING STEP step at a time. Operations are begun by pressing START, and each suc-
(continued) ceeding word~time is initiated by pressing CONT. The reader can deter-
mine the information that should be displayed on the panel by consulting
the flow charts.

2.4 TELETYPE OPERATION
Tha talatvna nraovidac hwaewayv cammunication hatweaan anaratar And ~comnitar I+ te mmtuunlly,
1Ne Teietype proviges Twe=way communicalion belween operaror ang compuier, 7 Is aciual
four devices: keyboard, printer, reader and punch, which may be operated in various combinations.
Tha aniiinmant anarsbae ~t enande 11n ta tan ~chavnctare nar earand  with Q_hit ~harantare nlie cbmrd ~mA
1 wulrllllclll v:«clulca ASE 1 JFGCUD UIFJ IV ICH wiRdidwivia IIJOI QCUVIIU.’ ¥Y i1 W Wil WIRdIVWICIY IillUJ DI g

stop control signals transmitted serially.

Figure 2-2  Teletype Model ASR 33

Located at the right front right-hand side of the unit is a 3-position rotary switch LINE/OFF/
LOCAL. When this switch is set to LOCAL, the entire unit is independent of the computer and the key-
board and printer function together as a normal typewriter. Moreover, turning on the punch allows the
operator to punch a tape from the keyboard, and running the reader allows a tape to control the printer
(if the punch is also on, it duplicates the tape).

Turning the switch to LINE connects the unit to the computer and separates its input and out-
put functions. Any information transmitted to the computer from the keyboard affects the printer only
insofar as the computer sends it back. Turning on the reader places it under program control, and turning

on the punch causes it to punch whatever is sent to the printer by the computer.



The only control on the reader is a 3-position switch. When the switch is in the FREE posi-
tion, the tape can be moved by hand freely through the reader mechanism. The STOP position engages
the reader clutch so the tape is stationary but the reader is still off. Turning the switch to START causes
the reader o read the tape if the unit is in local, but places it under program control if on line.

The operator controls the punch by means of four pushbuttons. The two on the right turn the
punch on and off. Pressing the REL button releases the tape so that it can be moved by hand through
the punch mechanism. Pressing B. SP. moves the tape backward one frame so that the operafor can
delete a frame that is incorrect by using the RUB OUT key (rubout characters are ignored when the tape
is read).

The keyboard resembles that of a standard typewriter with four rows of keys and a space bar.
The line feed moves the carriage only vertically with a spacing of six lines per inch. The return moves
the carriage fo the left margin but does not feed a line. To start a new line, the operator must strike
both return and line feed. Codes for the characters on the lower parts of the key tops can be transmitted
merely by striking the keys. Codes for printable characters on the upper parts (punctuation, ampersand,
percent sign) are transmitted by holding down the shift key when striking the character key. Control
codes are transmitted by holding down the control key CTRL, while striking the appropriate character
key. Codes for all characiers listed on the keyboard and some thai are nof can be ir
computer, but codes for some of the control functions have no effect on the printer when sent back.
Table 2-3 lists all codes, their ASCII assignments, and the key combinations required to transmit them.
The 8-bit codes are listed below. An asterisk indicates a code that nas no effect on the Model 33.
The characters actually contain only seven information bits; the eighthbit may be used for parity, but
currently all machines are set up so that the eighthbit is a mark, and thus the codes generated from the

keyboard are 2008 greater than the corresponding ASCII codes.

Table 2-3.

Teletype Code
Octal ASCII Key
Code Character Combination Remarks
200 NULL SHIFT CTRL P Null
201%* SOM CTRL A Start of message
202* EOCA CTRL B End of address
203* EOM CTRL C End of message
204 EOT CTRL EOT End of transmission; shuts off TWX machines
205 WRU CTRL WRU "Who are you?" Triggers

"Here is...," at remote station

206% RU CTRLRU "Are you...7"

.
~



Table 2-3. (continued)
Teletype Code

Octal ASCHI Key

Code Character Combination Remarks
207 BELL CTRL BELL Rings the bell

210*% FE CTIRLH Format effector

211 HT CTRL TAB Horizontal tab

212 LF LiNE FEED Line feed

213 VTAB CTRL VT Vertical tab

214 FF CTRL FORM Form feed

215 CR RETURN Carriage return

216* SO CTRL N Shift out

217* S CTRL O Shift in

220* DCO CTRL P Device control reserved for data line escape
221 DC1 CTRL Q Turns reader on

222*% DC2 CTRL TAPE Turns punch on

223 DC3 CTRL XOFF Turns reader off

224* DC4 CTRL Turns punch off

225* ERR CIRL U Error

226*% SYNC CTRL V Synchronous idle

227% LEM CTRL W Logical end of media
230* S0 CTRL X Separator, information
231* Si CTRLY Separator, data delimiter
232* S2 CTRL Z Separator, words

233* S3 SHIFT CTRL K Separator, groups

234* S4 SHIFT CTRL L Separator, records

235* S5 SHIFT CTRL M Separator, files

236* S6 SHIFT CTRL N Separator, miscellaneous
237* 57 SHIFT CTRL O Separator, miscellaneous
240 Space Space bar

241 ! SHIFT !

242 " SHIFT "

243 # SHIFT #

244 $ SHIFT $

245 % SHIFT %
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Octal
Code

ASCII
Character

246
247
250
251
252
253
254
255
256
257
260
261
262
263
264
265
266
267
270
271
272
273
274
275
276
277
300
301
302
303
304

&

(

VW ® N O LR W N =W N e

/\ ~e

Vv

o 0O @ > ® W

Table 2-3. (continued)
Teletype Code

Key

Combinafion Remarks

SHIFT &
SHIFT '
SHIFT (
SHIFT )
SHIFT *
SHIFT +

'

o ~. -

Zero, prints with a slash

—

O 0 N O bW N

SHIFT <
SHIFT =
SHIFT >
SHIFT ?
SHIFT @
A

B
C
D

2-14



Table 2-3. (continued)
Teletype Code

Octal ASCIl Key

Code Character Combination Remarks

305 E E

306 F F

307 G G

310 H H

311 1 |

312 J J

313 K K

314 L L

315 M M

316 N N

317 o O

320 P P

321 Q Q

322 R R

323 S S

324 T T

325 U u

326 \% \

327 W i

330 X X

331 Y Y

332 VA VA

333 [ SHIFT K

334 AN SHIFT L

335 ] SHIFT M

336 g SHIFT *

337 < SHIFT <

340- Lower case letters; codes cannot be gen-

373* erated from keyboard and should not be
used in programs for reasons of compatibility

374 ACK Acknowledge; code cannot be generated

from keyboard and should not be used in
programs for reasons of compatibility



Table 2-3. (continued)
Teletype Code

Octal ASC 11 Key
Code Character Combination Remarks
375% @ ALT MODE May be used for any desired control purpose
376* ESC Escape; code cannot be generated from key-
board and should not be used in programs
for reasons of compatibility
377*% DEL RUB OUT Delete
REPT Causes any other key that is struck to repeat
continuously until REPT is released
HERE IS In local, punches 20 lines of tape feed
BRK RLS Not connected

At the right end of the second row from the bottom is the repeat button (REPT). Pressing this
button and striking any character key causes transmission of the corresponding code so long as REPT is
held down. Characters that require the shift key may also be repeated in this manner, but there is no
repetition of control characters. Pressing HERE IS (top row, right end) with the unit in local punches

20 lines of tape feed.

2.4.1 Tape

The tape moves in the reader from back to front with the feed holes closer to the left-hand
edge. To ioad tape, set the switch to FREE, release the cover guard by opening the latch at the right,
place the tape so that the sprocket wheel teeth engage the feed holes, close the cover guard, and set
the switch to STOP,

To load fape in the punch, raise the cover, feed the tape manually from the top of the roll
into the guide at the back, move the tape through the punch by tuming the friction wheel, then close
the cover. Turn on the punch with the unit in local and punch about two feet of leader. Code 200 or
377 can be used for leader or trailer. Press the CTRL, SHIFT and P keys to generate 200 (null); press
RUB OUT for 377.

2.4.2 cher

The printer may be either a sprocket feed or friction feed and uses 8-1/2 in. x 11 in. fanfold
form paper or 8-1/2 in. roll paper. The roll supply is held in a tray at the back of the unit and printed
forms can be torn off against the edge of the glass window in front of the platen. To replace the paper,
first remove the upper cover by pressing the cover release button on the right-hand side. To free the
remaining old paper for removal, lift the paper guides by pushing the handle marked PUSH at the right

of the platen. To insert new paper from the tray, bring it up below the platen at the rear, line up the
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holes at the edges of the paper with the sprockets, and press line feed (in local) to draw the paper
under the platen.

NOTE

Paper guides and sprockets do not exist on friction feed version.

2.4.3 Ribbon
Replace the ribbon whenever it becomes worn or frayed or the printing becomes too light.
Disengage the old ribbon from the ribbon guides on either side of the tyvpe block, and remove the resls
O~ <9 Al I

by lifting the spring clips on the reel spindles and pulling the reels off. Remove the old ribbon from
one of the reels and replace the empty reel on one side of the machine; install a new reel on the other
side. Push down both reel-spindle spring clips to secure the reels. Unwind the fresh ribbon from the
inside of the supply reel, over the guide roller, through the two guides on either side of the type block,
out around the other g‘uide roller, and back onto the inside of the takeup reel. Engage the hook on the
end of the ribbon over the point of the arrow in the hub. Wind a few turns of the ribbon to make sure
that the reversing eyelet has been wound onto the spool. Make sure the ribbon is seated properly and

feeds corrzactly in operation.

2.4.4 Tabs

Each tab mechanism, horizontal and vertical, is a slotted wheel surrounded by a spring on

which are mounted a number of tab stops. The slotted wheel for the horizontal tab is mounted on the
spacing drum, and the tab can be set by inserting a tab stop in a groove where it catches the tabulator
pawl when the type block carriage is in the desired position. With needle nosed pliers, lift the tab
stop out of the slot in the wheel against the spring tension. Slide the stop along the spring in the
desired direction and reinsert it into the slot at the new location. A stop may be removed from use by
turning it so that it does not catch the pawl. The slots in the disc of the vertical tab mechanism allow

tabs at any desired lines, but adjacent tabs must be af least an inch apart.






CHAPTER 3
SYSTEM LOGIC

in addition to presenting a detaiied description of the logic of the PDP-8/5 and the Teletype
ASR 33, this chapter explains the organization of the drawings and the conventions used in them that

represent that logic.

3.1 DRAWINGS

There is a complete set of electrical drawings, consisting primarily of D-size flow charts and
logic drawings (block schematics) that accompany each PDP-8/S. Every drawing is labeled with a DEC
drawing number in five parts, such as D-B5-85-0-14. The first part is a letter indicating the size of
the drawing; the second is a mnemonic code indicating the type of drawing; the third is the type code
of the equipment (8S for the computer, PT08 for the teletype); the fourth is the drawing serial number
(see next paragraph); and the last is a number specifying the individual drawing. If a drawing includes
several sheets, both the sheet number and the number of sheets are written at the lower left of the
drawing number. If a drawing is revised after being signed by the project engineer, a revision letter
is written at the right.

Some typical drawing type codes are BS (block schematic), BD (block diagram), FD (Flow
diagram), TD (timing diagram), MU (module utilization), ML (master drawing list), PL (parts list),

CL (cable list), WL (wiring list). The last four codes are usually A size.

Numbers on drawings of individual circuits are of essentially the same form based on the
circuit type number. These are usually B or C size and are drawing type replacement schematic (RS).
At the right of the drawing number there may be a letter or number that indicates a revision of the
drawing. At the left or below the drawing number, there may be a letter or number that indicates a
revision of the printed circuit.

Almost all of the drawings included in this manual are flow diagrams, logic drawings, and
circuit schematics. (Appendix 1 describes the other types of engineering drawings and their use.)
Drawings in the manual are intended for instruction purposes only, so persons working at the machine
should use the prints that accompany the equipment rather than the figures in the manual. Drawings
printed in the manual are serial 0, corresponding to the standard production machine. Although every
computer is assigned a different serial number, most of the prints accompanying the equipment have
drawing serial 0. But if a particular computer differs in some way from the standard machine, those
drawings that reflect the difference have the same serial number as the lowest numbered machine that
is so modified. Therefore, although the manual drawings are complete for the standard computer,
maintenance personne! should use the separate prints for work on the equipment because they show any

variations peculiar to the installation.



At the back of this manual the circuit schematics are in order by circuit type number, and
the remaining drawings are in order by individual drawing number, i.e., they are ordered by the last
part of the drawing number, and it is these individual numbers that are used for reference throughout
this chapter. Hence the drawing (D-BS-85-0-14) mentioned above is variously referred to in the fext

as print 14 or drawing 14.

3.1.1 Logic Drawings

The logic drawings are block diagrams that show the function of every logic element used
in the computer. They also indicate the signal present at any module connector pin that carries a logic
signal or some special voltage. The standard power and ground pins (A to C on every module) are not
shown. In addition to giving the function of every logic element, the drawings identify every circuit
by type number as given in the DEC Logic Handbook followed by the letter for the output pin of the
particular part of the circuit used. Below the type number is a location code made up of one digit,
one letter and two digits. For example, the location code 1B29 represents module connector 29 in
mounting panel B (all location codes begi.n with a redundant 1 =- the entire computer is contained in a
single group of mounting panels). Pin designations are formed merely by adding the pin letter to the
location code. Note 1B29D. Some modules are double height and have two connectors. On the cir-
cuit schematic, A and B preceding the pin letters indicate the upper and lower connectors respectively,
but on the logic drawings the prefixes are the appropriate mounting panel letters. Taps (if any) located
on the handle end of the module are numbered. In the lettering on the drawings, the numeral 0 has a
slash through it (@) to distinguish it from letter "O",

By convention, a logic level is regarded as true when negative (-3 Vdc) and false when
ground. If a line carries a logic level that represents some logic function X, then the line is labeled
X if it is negative when X is true, but is labeled -X (not X) if it is ground when X is true. It is easier
to regard pulses as timing functions rather than logic functions, but for consistency a positive-going
pulse is regarded as false and the line carrying it is so labeled. These conventions apply to all but the
teletype drawings, whose conventions are explained with the description of the teletype in the last
section of the chapter.

Figure 3-1 shows the symbols used to represent the logic circuits on the block schematics.
Information about these circuits is given in the DEC Logic Handbook, but the system of diamonds and
triangles used there to show signal type and polarity is not used here. All blocks are labeled to show
logical and/or electrical function, except flip-flops which can easily be recognized by the form of
their representation and are nomed according fo their use or the meaning of the information they contoin.
Logic gates are Igbeled from the peint of view thet neaative is true. Inputs are ot the left of ¢ biock,
and outputs are ot the right or fop. Signe! nemes ore written siightly above horizonte! 17225 or thaiy
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Figure 3-1  Logic Symbols
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Each NAND gate actually has two parts, a diode AND gate and an inverter. The nodes
shown below the biocks for the R111 gates are points at which other AND gates can be connected in
conjunction with the AND part of the R111. The 0 and 1 inputs to the R151 decoder receive signals,
wherein a negative level represents the state of a binary source, i.e., if the signal X is applied to
pin L, =X must be applied to K. The single output selected by a given input configuration is at ground
provided that the enabling input D is also at ground.

The diode-capacitor-diode input gate used with flip=flops, one-shot delays, and pulse
ampiifiers requires a ground-enabling ievei, and the triggering input to the DCD gate, as weli as
direct triggering inputs to the circuits, require positive-going pulses or level changes. The R401 clock
produces a pulse train, and a negative enabling level is present at S. PA and clock outputs are positive-
going 100-ns pulses, but one of the PAs on R602 produces 400-ns pulses if D and M are jumpered.

If a pulse is applied to both input gates of a flip-flop while both are enabled, the flip~flop
complements. A flip-flop can also be set or cleared by grounding its 0 or 1 output, respectively. Note
that on the symbol representing a flip-flop (and also the one shot), the output terminals are drawn twice
using signs to show the polarities associated with either state of the circuit. They are drawn in such a
way to eliminate excessive line crossing in showing the shift connections from one bit of a register to
another, and also for ease in recognizing the required state of the flip-flop in cases where connecting
lines are drawn directly from its outputs to other circuits on the same print. Nominally, the 1 and 0
outputs are those so labeled on the circuit schematic, these being the ones shown as negative beside the
1 and 0 in the illustration. In the logic drawings, however, the output names are reversed whenever
the logical configuration is simplified by doing so.

The W501 is a Schmitt trigger circuit that produces a standardized logic level change from a
switch closure. The W506 is a monitor that generates clear levels at power turnon or failure. The
remaining circuits illustrated do not take part in the actual logical flow of events. The A702 is a =10V
reference supply in the memory, the W005 contains clamped loads, and the W050 contains emitter
followers to drive indicators. An emitter follower output is always labeled only by the pin to which it
is connected. It never has a logical name.

Occasionally, in the text and flow charts, the location of a circuit on a biock schematic is
called out by rectangular map coordinates. Each drawing has eight columns numbered from right to left

and four rows lettered from bottom to top.

3.1.1.1  Signal Notation. - Signal names are usually mnemonics that indicate the function or meaning

of the signal. Composite signals sometimes have short names indicating function, but usually a composite
is named by the entire logical function it represents, with a plus sign indicating logical OR and an

asterisk indicating AND. Every flip~flop has a name which is also the name of its 1 output; the same
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name preceded by a minus sign specifies its 0 output terminal. A minus sign applies only to the term it
precedes unless parentheses are used to group terms.

Associated with every register is a shift pulse that shifts the contents of the register to the
right and whose name is the name of the register followed by the letters SH. The name of the shift input
to the left end of the register is the name of the register preceded by the letters Rl "(readin)". Numerals
that represent register bits are merely appended to the register name. For example, bit 11 in PC is
PC11. Outputs of the flip-flops in some registers are buffered, and the buffer outputs are named by
the register name preceded or followed by a B. In the case of MB and the word-time flip-flops, the
direct outputs are used only locally (e.g., as the bit-to-bit shift levels in MB), so the flip-flop names
are assigned to the buffer outputs rather than the actual outputs of the flip-flop circuit. Therefore, the
logic signal WTD is actually the output of an inverter driven from the 0 output of the WTD flip-flop.

With only a few exceptions, the source of any signal, i.e., the drawing that shows its
generation, is obvious from its name. Any signal that contains the name of a register is generated on
the drawing that shows the register, and any signal that begins with BT originates on the drawing that
shows the bit timing. Table 3-1 lists the various mnemonic codes, their meanings and the drawings

associated with them.

Table 3-1.
Mnemonic Index
Code Print Meaning
A 11 Basic time pulses generated by bit timing
AC 20,10 Accumulator
BT 11 Bit timing
iIC 5 Information collector
10 17 In-out
IR 16 Instruction register
L 20,10 Link
MA 12 Memory address
MB 9 Memory buffer
MEM 22,23 Memory (8K)
4,18 Memory (4K)
PC 19 Program counter
S 14 Sum output of adder
WT 13 Word timing
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AC and L are shown together on drawing 20, and some of the control signals for both are on
print 10. Any composite signal that begins with an instruction mnemonic originafes on the insiruciion
register drawing; the parity logic is shown with MB; the skip control flip-flop (SKP) is on print 10; and

the various functions originating from console keys and switches are on print 15.

3.1.2 Flow Charts

Drawings 29 and 30 are flow charts of all operations that can be executed by the PDP-8/S
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in a manner that is equivalent to the actual gating and timing in the hardware. The terminology is
from the logic drawings unless italicized.

Except for connections from one line to another or a return loop, flow in time is always
down. A pair of horizontal lines breaking a vertical line indicates a delay; between the lines is listed
the delay time, or the condition that must be satisfied to continue the flow. Pulses always appear in
ellipses and events or level assertions in rectangles. For more complete correlation with the logic
drawings, an empty ellipse indicates a pulse amplifier whose output has no name. A condition written
on a line must be satisfied for flow to continue along the line. When szveral vertical lines branch
from a horizontal line, the conditions are written above the vertical lines. To follow the chart, the
reader must realize that at any branch point the flow continues on all lines whose gating conditions
are satisfied.

In several cases the same event occurs in a number of flow lines, and such an event is often
controlled by a composite function which may or may not have a simple mnemonic name. These com-
posite functions seldom appear on a flow line because they are satisfied by the lesser conditions asso~
ciated with the individual line. In other instances, instruction mnemonics appear as gating conditions,
whereas the gating levels in the logic may be the combination of several terms that taken together
represent the instruction. In any event, every composite function that appears in the logic drawings
with a distinct name (that is not written merely as a combination of all its terms) is written on the chart,
usually near that part of the flow in which it plays a role. Note that the logic functions SKIP and
OP SKIP are used on the flow charts for convenience only. They do not appear on the logic drawings.

Drawing 30 shows the main flow including all word times and all operations executed from
the console. The loop in the upper left-hand corner represents the processor clock, which is always in
operation unless the word time has been stopped for a memory cycle. The clock output does not operate
the processor, however, unless RUN has been set in cne of the lines of flow that originate from console
keys, as shown in the upper right. The remainder of the chart shows the many operations that occur at
the different word-time pulses in all of the instruction word-times, the break word-time, and the word-

times executed for the console functions Load Address, Deposit, and Examine.
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The main line is the vertical one at the left, originating in the clock loop. The first hori-
zontal line to the right is merely for a clear function af power tumon or power failure. While RUN is
set, the clock output produces the basic A pulses that generate the bit time functions by shifting the
timer T. The remaining lines to the right represent the generation of the bit time pulses. The first line
represents only the first pulse in each set of fourteen and it is used only for special functions including
entry into the in-out sequence, which is shown in a separate flow chart in the lower left on print 29.
The special sequence shows the events associated with IOTs for the processor, and the right two~thirds
of the drawing contains detailed flow charts of input and output teletype operations.

The pulses triggered in the third line to the right occur only at the first two bit-times and are
used only for right rotation. The next line stems from the first twelve bit-times, and it is this set of
twelve pulses that controls the processing of full words for all information transfers, addition, logic
functions, incrementing, and testing conditions for skips. The next line represents the thirteenth bit
time, and its pulse A12 triggers individual events that are required for certain operate instructions,
checks parity, checks for overflow in addition, triggers a memory cycle whenever one is required, and
stops the computer on a programmed or operator halt. Calling a memory cycle stops the clock, and
flow continues to the memory chart in the upper left on print 29. The bottom line represents the final
bit time, which controls the selection of the next word time.

Note that in the flow chart all gating conditions are written as logic functions without regard
to truth values associated with voltage levels. In other words, an event that occurs in the fetch word-
time is gated by WTF, whereas the actual gating level shown in the logic drawings may be a negative
level labeled WTF or a ground level labeled ~-WTF. Similarly, the reader can easily determine whether
a level in the logic labeled -X causes an event to occur when X is true or when X is false by consulting

the equivalent representation of the logic in the flow chart.

3.2 TIMING

The timing for processor operations is in two parts, the generation of the bit-time pulses to
control the sequence of events in each word fime, and the selection of the different word-times to con-
trol the overall execution of computer instructions, breaks, and console functions.

As can be seen at the top center of the main flow chart (drawing 30) every pulse from the
clock complements a flip-flop that is shown at C4 in logic drawing 15. Every time the flip-flop clears,
it triggers a series of clear pulses for the logic if the processor power clear level is true. The turnon of
this level also clears other control flip-flops, places the computer in fetch time, and resets the timer to
its initial state. The PPC level comes from the power monitor, shown at bottom center on drawing 17.
This circuit monitors the 110V and =15V logic supplies and the ~10V memory reference. It produces
power-clear signals for both memory and processor whenever any voltage is not within its proper range.

At power turnon, both clear outputs remain ot ground until about 50 ms ofter the last voltage threshold
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has been met to allow any motors, solenoids, relays, and the like, to reach operating conditions. Then
MPC goes off (-MPC drops to =13V), and about 5 ms later PPC turns off. Whenever any voltage fails to
maintain its proper value, the oufputs remain negative for 9 to 16 ms, ot which time PPC turns on,
clearing the processor and 3 to 10 ms later MPC clears memory control.

The power monitor module also contains a low power condition flag (LPC), which can be
used to restart the computer automatically, following a power failure. In 3 to 6 ms after any voitage
failure LPC sets, and this state change requests a program interrupt if the interrupt is enabled. In this
way, before the power-clear levels turn on, the program has at least several milliseconds in which to
store the various processor registers in memory and place an appropriate jump in location 0. After the
power-clear signals go off (power is restored), LPC clears, restarting the computer at location 0, if the
optional auto restart circuit (W501 in 1E5) is in the machine. The auto restart is disabled by removing

this module.

3.2.1 Bit Timing

Print 11 shows the clock, the timer or time ring counter T, and logic that decodes the counter
to generate the bit time functions and pulses. The clock at the upper left generates a pulse train except
when WTS is set to stop the word time for a memory cycle. So long as RUN remains set, the pulse train
triggers the A pulses which rotate T to the right. The input gating levels to TO are reversed from those
for the other bits, so each shift places the complement of T6 in T0.

The initial pulse in Load Address, Deposit or Examine resets the timer to its initial state.
The RT pulse is applied to the common set input (M) of the last two bits at the right, but the 0 and 1
sides of T5 are reversed, so only T6 is set. All remaining bits are cleared. The same configuration is
produced by power clear.

From its initial state with a 1 in T4, the A pulses fill T with 1s from the left until it is all 1s,
then Os come in from the left until it is clear. The generation of bit-time levels from the T-states is
shown in the upper left of the flow chart, and the generation of bit time pulses is listed on the logic
drawing. A given bit=time level conditions the logic to produce a time pulse having the same number,
but the pulse also steps the counter to the next bit time. For example, when T is clear, BT00 is true
and the next A-pulse generates AQ0, but this same pulse sets TO, thus generating BTO1. Note that the
initial state of the fimer actually corresponds to the final bit=time in a processor cycle, so the first
pulse is actually A13, which selects the proper word-time to enter. Every A12 should automatically
produce this state, but A12 triggers the reset pulse to force the state and prevent any malfunction from
disrupting more than one cycle. Note also that the initial pulse in the console operation start clears
Té so that the computer starts at the beginning of a word time. It is assumed that the operator will

press the start key only when the timer is in its initial state and hence all other bits are clear.



The logic on the left=hand side of drawing 11 decodes the register for the bit-time levels
that serve as gates for the PAs to generate the time pulses. The top PA generates a pulse only at the
beginning of each word time, the second PA produces a pair of pulses for the first two bit times. Indi-
vidual pulses produced during the last two bit times, 12 and 13, and a string of 12 pulses for the basic
word processing is produced while BT (00-11) is true. The main string and A12 are combined to produce
a string of 13 A(00-12) pulses to control the carry flip-flop during addition. The remaining gates gen-
erate two BT levels, each of which is true during part of the basic processing time, to control the transfer

of an address to MA after each instruction is fetched (the instruction word specifies only a 7-bit address).

3.2.2 Word Timing

The column of flip-flops at the center of drawing 13 controls the execution of the various
word times except for console functions. The third flip=flop from the bottom, Al, specifies whether an
instruction addresses an autoindexing location. Af the end of each word time, the nets at the left of
the flip-flops determine which word time must be entered next, and A13 triggers the transition by
clearing any WT flip=flop that is set and setting the appropriate one for the next word time. The direct
outputs of the WT flip-flops drive only inverters whose outputs in turn are used for all logic connections;
the fiip-fiop names are applied to these buffered outputs. (The names do not refiect the fact that the
signals are buffered.)

The logic net at the left of Al grounds the enabling level for the Al set gate if the left half
of MA is clear. Bits 5 through 7 of MB are clear and MBO8 is 1. The appearance of this configuration
in the fetch time of an instruction that calls for indirect addressing indicates that one of the autoin-
dexing locations, 10-17, is being addressed. Of course Al is set at A12 in any word time in which this
particular configuration exists, but its being 1 is used to control the selection of index time only when
such selection is possible.

The final pulse in every word time, A13, always clears Al, but it is applied to both set and
clear gates of all other flip=flops. The level inputs to the clear gates are grounded and therefore
always enabled, but the gating levels for the set inputs come from logic nets that determine which word
time the computer must enter next. Since no word time ever follows itself, the set inputs are enabled
at only one, or at most, two flip-flops and these must presently be clear. Pulse A13 clears any flip-
flop that is presently set, and sets only the ones appropriate to the next word time. State changes in
the flip-flops are shown in detqil at the bottom of the main flow chart (print 30).

During any word time in which the processor must deposit a word in memory, the net in D3 of
prirt 13 pulls the ~-WTWR level false. A similar net in B6-7 grounds “-WTRD in any word time that must
retrieve ¢ word from memory. If either type of memory cycle is necessary, A12 triggers the memory
requast sulse MP throuch the PA in the lower left-hand corner of the drawing. This pulse triggers one

or the zfher of the bwo PAs Tust to the right to start a read-write o~ = clear-write memory cycle depending
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upon whether reading or writing is required. MR also sets WTS (B3) to stop the word time by stopping
the clock. At the end of the memory cycle, the MEMGO level goes false, clearing WTS and allowing
the clock to proceed to A13.

various console operations and power clear. The direct set and clear inputs to all of the flip-flops are
also used for this purpose. The remaining logic nets at the right-hand and the upper left-hand sides of
the drawing generate various composite control levels whose names in all but two cases are written out.
WTINCPC ot the upper left (D) gates PC into the adder whenever it must be incremented; WTINCR

inputs a 1 to the adder whenever any register is being incremented.

3.3 REGISTERS

The registers in the computer are used in different ways, and their names reflect their use.
But regardless of their use they all function in essentially the same way. All are shift registers in which
one bit is connected fo the next for right shifting. In a few cases, the direct set and clear inputs to the
register flip-flops are used either to clear a register or to effect a parallel transfer (as from the switch
register fo AC), but there is no complicated input gating for producing logical or arithmetic functions
or parallel transfers from various sources. Whenever the contents of any register change or are trans-
ferred to another register, information is shifted to the right in all registers affected. Information from
a register is made available only one bit at a time at the right end (LSB), and information is shifted info
a register only one bit ot a time at the left end (MSB). A register clears if it has no input while it is
shifting, but often the input to a register is its own output, so the contents of the register are recircu-

lated while it is supplying information to some other register. All registers except IR have 12 bits, but

AC and the link often function together as a 13-bit register. IR has only four bits.

3.3.1 Instruction Rggisrer

The register that holds the instruction code and indirect bit during the execution of each
instruction is shown in the upper left-hand side of drawing 16. IR is cleared only in special circum=~
stances, such as at the beginning of a console operation or a program break. After each instruction is
fetched from memory, the contents of MB are shifted into IR by the standard 12-bit shift, which there-
fore leaves the left four bits of the word in IR and drops out the address part ot the right.

The R151 at the right decodes the left three IR bits to determine the instruction; one of the
decoder outputs is always at ground to specify some instruction except when an Examine or Deposit is
being executed. IR03 is combined with the two states of Al to select indirect addressing with or without
autoindexing. At the lower left (A7) the OPR level is combined with the two states of IR03 to determine
the operate group. The OP1 level is then further combined with bits from MB to determine the specific

operate instruction. The remaining nets generate composite functions to control events common to more
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than one instruction or to determine specific conditions within one or more instructions, for example,
to determine whether the count is zero in an ISZ (ISZ+ ZI) or to determine the circumstances in which
PC must be incremented an extra time.

The meanings of the functions generated are obvious except for the rotate levels at the right.
ROTR is true during right rotation (OP1 * MB08) when either MB10 is true or the processor is not in the
first bit time (BTOO is false). This level gates the A(00-01) pulses for the right shift so there can be at
most two shifts. If a 1 is programmed in instruction bit 10, both shifts occur, but if bit 10 is O there is
only one shift ot BTO1,

There are no gates for left shifting, so a left rotation is produced by a shortened right shift.
AC and L are rotated together, so a complete rotation would require 13 shifts. Since the right shifting
for a left rotation occurs on A(00-11), there are at most 12 right shifts (the result is at least one left
shift). The shifting is controlled by RQTL which is true during left rotation (OP1 + MB09) when either
MBI10 is false or BTOO is false. If a 1 is programmed in bit 10 of the instruction, ROTL is true except
during BT00, which eliminates one of the 12 right shifts.

3.3.2 Memory Buffer

Because MB is the buf

uffer between processor and memory {print 9), the entire register is
cleared at the M pins by a request for a read-write cycle, and the parallel transfer of a word read from
memory is effected by memory output pulses that set individual MB bits. Pressing the start key also
clears the register. Direct outputs of the MB flip-flops are used only for shift gating within the register;
all remote connections use the inverted outputs whose names do not reflect their being buffered from the
register bits. An extra set of buffered outputs for the in-out bus supplies both sides of the center six bits
for device selection and the 0 sides of all bits for output in a data break (optional equipment).

The two logic nets in the upper left generate the MB shift pulses and the shift inputs to MB0O.
MB can receive information from PC or AC for deposit in memory, from the adder during an indexing
operation, and from itself while it is being made available to IR and MA in fetch time (-WTS holds off
the MB level during memory access). Note that the bottom two gates in the enabling net for the shift
pulses are satisfied simultaneously in AND, TAD, and JMP, in which the execute and end times are
performed together. In these two word times, input is supplied to MB in only three cases (DCA, 1SZ,

JMS). Otherwise the gates clear MB except when its contents are needed for the instruction (device

selection in an IOT, selecting operations in an OPR).

3.3.3 Program Counter

This register (print 19) receives an address from MA during a jump instruction. It receives
the output of the adder when it is indexed in fetch time (Examine and Deposit) when it receives address

0001 in break time, and when it receives an address from the switch register via AC and the adder in
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Load Address. During end time, it receives the sum from the adder whenever any extra indexing is
required {a skip or a JMS), but recirculates itself in all other instructions except JMP in which it

receives MA because WTX and WTE are simultaneous.

3.3.4 Memory Address

a memory cycle. At the lower right-hand side of drawing is the page zero flip-flop, which is set by the
first pulse in fetch time if bit 4 of the instruction is 0. The shift input nets at the left supply the 7-bit
address from MB for the first seven fetch pulses, but recirculate the original contents of MAQ0-04 in the
rest of the word time unless PGZ has been set, in which case the input is inhibited and MA will address
page 0. MA receives a 12-bit address from MB in defer time, receives PC for a memory access in
Examine or Deposit, and recirculates itself while its contents are being transferred to PC in a jump. In
end time, except in JMP, it receives an address for the next instruction retrieval from PC, either directly
or incremented by one through the adder. The direct inputs are not used, and the register is cleared

only when shifted without input in break time.

3.3.5 Accumulator and Link

AC and L, both shown on print 20, have separate control pulses, but the two function together
as a 13-bit register when used for addition or rotation. All 12 AC bits are cleared at once by two of the
operate instructions, by an IOT, by power clear, and by any conscle operation except Continve. To
load information from the switch register into AC during Load Address (Deposit or OSR) the logic at the
top of print 10 generates the SAC pulse which sets individual AC bits through any switches that are on.
AND gates tied to the 0 AC outputs allow pulses from the information collector to effect a parallel
transfer into AC from the in-out bus. Buffered AC outputs drive the bus for transmission of information
to peripheral equipment.

The shift inputs to AC are produced by the net on the upper left-hand side of print 20, and
the shift pulses are generated by the logic in the lower left-hand side. Most shifting is produced by the
standard set of A(00-11) pulses (although ROTL may eliminate one of these), but there is an additional
shift at A12 in the TAD execute time to complete the 13-bit addition, and one or two shifts may be gen-
erated at A(00-01) for right rotation.

During a rotate instruction, the link (at the center left of the drawing) receives information
from AC, and AC in turn receives it from L. In TAD, L receives the sum and AC receives L. In IAC
or CMA, both AC and L receive the adder output but at different times: in IAC, L complements ot A12
if the AC incrementing has produced a final carry (has overflowed); AC is complemented through the
adder in CMA, but the CMA input to L is redundant and L merely shifts into itself. The word shifted
into AC in AND is the bit-by=-bit AND function of the contents of MB and AC. AC recirculates itself



while being shifted to MB in Deposit (the Examine shift is redundant), and it receives its original con-
tents through the adder during OP2 while being tested for zero contents.

Print 10 shows the generation of the control pulses for the link. LSH is generated at the same
time as ACSH in those instructions that operate on AC and L together, except in IAC and CMA when
LSH is at A12 only. In the upper part of the drawing (print 10) is the net that generates set and clear
pulses for L in fetch time of those operate instructions that control it. L is cleared by an instruction
that calls only for clearing or calls only for complementing and it is now set. It is set if the instruction

calls for both clearing and complementing or calls only for complementing and L is now clear.

3.4 CONTROL CRRCUITS

Besides registers and timing logic, the processor contains a serial adder, parity and skip logic,

and circuits associated with the console.

3.4.1 Adder

The serial adder (print 14) produces the sum of a pair of numbers one bit at a time. For each
step, the circuit uses three inputs: two are bits from summands SX and SY (two numbers to be added),
the third is the carry=in from the previous step (the carry into the first step is of course 0). At each step
the address produces two outputs, a bit of the sum S, and the carry out C which is stored in CA for the
next step. The outputs are generated in exactly the same way as one would when performing pencil and
paper addition of binary numbers. S is true (that is, 1) if the sum is odd, if one and only one input is
true or all three are true. The carry is true if the sum is 2 or greater, i.e., if any two inputs are true.

The upper net on the left-hand side of print 14 generates the input SX. Thisinput comes from
AC in TAD; but in any other case in which addition is actually performed, SX is true only during BTOO
and hence has the effect of adding one to the number received as the SY input. BTOO is gated-in during
Examine and Deposit to increment PC, and by WTINCR during any other operation that requires incre-
menting and also in break time fo supply address 0001 to PC (there being no SY input at this time).
When there is no SX input, the number shifted out at S is identical to that shifted in at SY. This pro-
cedure is used to complement AC, to test it for zero, and to transfer it to PC.

The number shifted into SY is from PC during Examine or Deposit, from MB in addition or
indexing, and from AC during Load Address or the operate skip group. WTINCPC gates in PC for normal
program counting in fetch time and for a skip or JMS in end time. The remaining gates control SY during
the operate instructions CMA and IAC, The gates at the bottom bring information from AC (the left gate
receives the complement of AC for CMA) except at BT12 when the top gate substitutes L. The CMA link
shift is redundant, but in IAC, A12 complements L when there is a carry (overflow). Note that the gate
for IAC, which is enabled by MB11, includes the condition =MB06; so when the program calls for both
complementing and incrementing (CIA), the adder adds one to the complement (that is, forms the two's

complement) .
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On the lower right-hand side of print 14 is the zero indicator flip~flop ZI, which is set by
the final puise in fetch fime. It is then cieared if the sum is ever frue in execuie time of an iSZ or the

operate skip group.

3.4.2 Parifz Logic

On the upper left~hand side of th

main flow chart is g small isolated flow diagram beginning
with MBSH. It indicates that PG is complemented whenever a 1 is shifted into MB, and PT is comple-
mented whenever the bit shifted cut of MB is 1, These events cccur whenever MB
line. On print 9, PT is shown at the top and PG at the left-hand side. Both flip-flops start clear so
that whenever MB is shifted, PT tests the parity of the word shifted out and PG generates an even parity
bit for the word shifted in.

When a write request is made, A12 shifts PG into PB, which is written in memory with MB.
For reading, the CMB pulse that clears MB also clears PB, which is then set if a 1 is read from the
parity plane. Following the shifting of any word that has been read from memory (at the end of any
word time that follows a read memory cycle), PE SET sets the parity error flip-flop PE if PB and PT differ
(if the test bit generated from the word differs from the parity bit read from memory). PE can be cleared
by an IOT but is cleared otherwise only by power clear, the start pulse, or the examination of a memory
location from the console. Note that detection of a parity error does not change the contents of mem-
ory: the word read from memory, whether correct or not, is written back into memory before the test is

made.

3.4.3 Skip Logic

The SKP flip~flop that is shown near the center of drawing 10 controls incrementing of PC in
execute time for skipping. A skip pulse from in-out control sets the flip-flop directly. The large net
at the left of the flip~flop generates the skip condition for operate instructions.

A 1 in bit 5 of the instruction tests for negative AC (ACO00 set), a 1 in bit 6 tests for zero AC
(Zl set), and a 1 in bit 7 tests for L set. The selection is made by three NAND gates associated with
the selection bits in the instruction. The output of any gate corresponding to a 0 selection bit must be
negative; a gate output can be ground only if the selection bit is 1 and the selected condition is true.

The complete skip condition appears at the ORed outputs of the two NAND gates in B4,
Instruction bit 8 specifies whether the skip is to occur when the selected condition is true or false;
hence the upper NAND gate receives MB08 and the output of the selection gates, whereas the lower
NAND gate receives =MB08 and the inverted output from the selection gates. If a 0 is programmed in
bit 8 and any condition selected by bits 5 through 7 is true (making the output of the selection net
ground and its inversion negative), then both inputs to the 1FO7U gate are negative and the gating level

to the set input of SKP is ground. Similarly, if no selected condition is true, the output of the selection
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net is negative; in this case if bit 8 is 1, the 1C07U gate receives negative signals at both inputs.
Hence if any condition is satisfied and a 0 is programmed in bit 8, or all specified conditions fail of
satisfaction and a 1 is programmed in bit 8, then A12 in OP2 execute time sets SKP, The 1 state of

this flip-flop causes an extra indexing of PC during end time of an OPR or IOT.

3.4.4 Console

Print 15 shows the inputs to the system from the console, and the RUN flip-flop through which
the console keys and switches start and stop the computer. In the upper left is a register of switches that
allow information to be loaded into AC by passing the SAC pulse to individual AC bits. Below the
register are the operating keys and switches, each of which can place a ground on a control line pro-
vided that the console key lock is closed; if the lock is open, the keys and switches are inoperative.

Closure of any key except stop generates a trigger pulse through the Schmitt trigger circuit
at the lower right; the inputs from the deposit, however, examine, and load address keys are gated by
RUN, so they have no effect while the computer is in operation. For Continue, TP sets RUN. For
Start, TP produces a start pulse SP through the PA at the left of RUN provided that the processor is not
stopped for a memory cycle. SP clears most of the computer logic through the PAs in the upper right,
and ifs frailing edge seis RUIN through a INAND gare 400 ns iater.

For Load Address, TP triggers a pair of load pulses (LP and LPA) 1 us apart (C3). A similar
pulse pair is used for Deposit and Examine, but in this case, TP triggers a common first pulse (DP+EP)
and the output of the one=shot triggers separate delayed pulses for the two functions. The delayed pulse
in any of these three operations sets one of the flip-flops at the left to control its execution (these are
the word time flip-flops for console operations). At the end of the single word time, A12 clears the flip-
flops and clears RUN through the PA in B5 fo stop the computer.

The net at the far left allows A12 to clear RUN in end time of a HLT. The gates at bottom
center cause A12 to clear RUN in fetch time if the stop key or single instruction switch is on, but in
any word time if the single step switch is on.

The Schmitt trigger and PA on the upper right-hand side of the drawing are for the optional
restart feature ofter power failure. The clearing of the LPC flip-flop in the power monitor triggers the
AST pulse, which starts the computer in the same way the trigger pulse does when the start key is
pressed (A4).

3.5 MAIN FLOW

Now that the reader has an understanding of the way the registers and the timing and control
circuits function, he should have no difficulty in following any instruction or console function in the
main flow chart (drawing 30). A discussion of the flow of events in memory access, the special 10T
sequence, and teletype input and output (drawing 29) is included with the descriptions of the corre~

sponding logic in the three sections following this one.
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3.5.1 Console Operations

Entry into the fiow is always made by means of the consoie keys, as shown on the upper right-
hand side of print 30. For Continue the frigger pulse merely sets RUN to start the computer in its present
state.

For Load Address, Deposit and Examine, TP triggers pairs of pulses that place the processor
in operation for one word time. The first pulse for all three clears AC, WTF and WTE, and resets the
timer. LP additionally clears all word time flip-flops, IR and other control flip-flops. Each of the
second pulses sets RUN and a fiip-fiop that controis the word time for the function. EPA also clears PE,
whereas DPA and LPA transfer the contents of the switch register to AC,

Below the initiation of the three functions are the word times used by them. In Load Address,
the 12 A(00-11) pulses shift the switch register address from AC through the adder to PC, clearing AC in
the process. For the other two operations, the pulses shiff PC to MA and index PC. For Deposit they
also move the switch register word from AC to MB. After the shifting is complete, A12 clears whichever
word-time flip~flop has been conirolling the operation, clears RUN, and places the processor in fetch
time. For the two functions that require memory access, A12 generates MR, which stops the clock by
setting WTS and requests the appropriate type of memory cycle: clear-write to deposit information,
read-wrife to retrieve it. In the latter case, the pulse that triggers the memory cycle also clears MB
and PB to prepare them for receiving a word from memory.

Pressing the start key causes the computer to begin normal operation by retrieving the instruc-
tion in the location addressed by PC. The trigger pulse from the key generates the start pulse provided
that a memory cycle is not now in progress. SP places the computer in end time, clears T6 so the clock
will start ot the beginning of the word time, and together with two more pulses shown in the same flow
line, clears the in-out equipment, MB, AC, IR and most of the control flip-flops in the processor.
Finally the trailing edge of SP sets RUN to start the clock. Pressing the start key while the computer
is running merely restarts it at the location presently addressed by PC, except that it will not interrupt
a memory cycle to do so.

After the reestablishment of the proper voltage levels following a power failure, the power
monitor level, LPC goes negative, producing AST, which duplicates the action of the trigger pulse pro-

duced by pressing the start key.

3.5.2 Instruction Flow

The loop in the upper left-hand comer represents the clock which is always going except
during memory access. If action at the console sets RUN, the pulse train from the clock produces the
A pulses that sequence the timer to produce the various bit time functions. The flow follows one or
more of the lines to the right, depending upon which BT function is true. Insofar as it is practical, the

series of events that make up a single word time appear below one another in the drawing.
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Events common to all word times are closest to the main vertical line at the left. The first
13 pulses each save the current carry in CA whether an addition is going on or not. A12 sets Al if an
autoindexing configuration exists in the appropriate MA and MB bits, clears RUN if the single step
switch is on, resets the timer, and sets the program interrupt request flip-flop if the interrupt system is
on and there is either a parity error, a power failure, or an interrupt request over the in-out bus. A13
clears a number of control flip-flops in preparation for the next word time.

The special word times for Load Address, Deposit, and Examine have already been discussed
above. Following Start, the processor executes an end time in which it moves PC to MA and requests

a read-write cycle to retrieve the first instruction.

3.5.2.1 Fetch. - After an instruction has been brought from memory, A00 sets PGZ in bit 4 of the
instruction word is 0. It also turns on the interrupt system if the preceding instruction was an ION,
The full set of word processing pulses A(00-11) moves the instruction code and indirect bit to IR and
indexes PC, The first seven of these pulses move the address from MB to MA, and the next five then
either reestablish the current page number in MA or clear MA00-04, depending on whether PGZ is
clear or set. If R now contains the code for a group 1 OPR, A12 sets or clears L and/or clears AC if
these events are specified. Al2 also stops the computer if the stop key or single instructi
on, friggers PE SET to check the parity of the instruction word, and requests a read-write cycle to get
a new address if the instruction is indirectly addressed or to get either a new address or the operand for
AND, TAD or ISZ. The condition on the line leading to MR is the general one for any reading or
writing, but on this line it is satisfied specifically by the three conditions for fetch, index, and defer
time that are written just ot the right.

If RUN is still on when the clock restarts, A13 clears WTF, sets ZI for possible use in the
instruction, and puts the processor into the next word time. If the instruction indirectly addresses an
autoindexing location, A13 sets WTI; for indirect addressing with Al clear, defer time follows. If the
instruction is an OPR or an IOT, or uses a direct address, A13 sets WTX; and it also sets WTE if the
instruction is an OP1 or a directly addressed AND, TAD or JMP,

3.5.2.2 Index. - This word time merely indexes the address contained in MB, checks its parity, and
calls a clear-write cycle to put the incremented address back in memory. The processor then enters

defer time.

3.5.2.3 Defer. - This word time moves the absolute address from MB to MA, checks its parity, and
reads the operand if the instruction is AND, TAD or ISZ. The processor then enters execute time and

enters end time simuitaneousiy for an AND, TAD, OPI or JMP,



3.5.2.4 Execute. - For an IOT, AQO triggers the special in-out sequence. For right rotation,
A(00-01) shift AC and L together once or twice as required.

The main set of A(00~11) pulses produces whatever transfers are necessary for the six memory
reference instructions. For example, TAD shifts MB to the Y adder input, shifts AC to the X input, and
shifts the sum through L back into AC. In ISZ, the SX input is true only at BT0O, so the number shifted
back to MB from the adder is one greater than that shifted from MB to SY. If the adder output is ever
true, ZI is cleared. Note that the events shown for JMP are not complete on the WTX line: the return
of MA to itself while being moved to PC appears in the WTE line because it is controiied by end time,
which is simultaneous with execute time in this instruction.

Any full word operation required for an OPR also appears in the WTX line for the main set of
twelve shift pulses. IAC adds one to AC, CMA complements AC through the adder; if both occur
together, the adder receives ~AC but IAC still makes SX true aof BT0O. For left rotation, AC and L are
shifted right either 11 or 12 times. For the test-skip group, AC is rotated through the adder, ZI being
cleared if the sum is ever true.

Following the 12-bit processing, A12 performs whatever additional operations are required
to complete the execution of the instruction. In TAD there is an exira addition step through the adder
to put the 12-bit result in AC and complement L from its original state on overflow (the adder input at
this time is L, which has been shifted through AC). AND, TAD, and ISZ check the parity of the oper-
and retrieved from memory: 1SZ, DCA, and JMS write the operand in memory. IAC also complements
L on overflow (CMA appears in the gating condition but has no effect). For the skip group A12 clears
AC if bit 4 of the instruction is 1, and sets SKP if the specified skip condition has been satisfied.

Finally A13 sets WTE if the processor is not already in end time.

3.5.2.5 End. - For an OSR (a 1in bit 9), AOO transfers the switch register to AC. A(00-11) deter-
mine the address for the next instruction retrieval. For a JMS or an ISZ or OPR skip, PC is indexed
and the result goes to MA, If there is no skip and the instruction is not a JMP, PC goes to MA, For a
JMP the simultaneous execute time is moving the new address from MA to PC, and the MA shift con-
trolled by end time merely reestablishes MA.

A12 clears SKP, clears RUN on an HLT (a 1 in bit 10), and requests a read-write cycle fo
retrieve the next instruction. When the clock starts again, the processor enters fetch time if there is no

interrupt request, but enters break time if PIR is set.

3.5.2.6 Break. - A0O clears IR and turns off the program interrupt by clearing INS and ION (hence
the break now in progress cannot be interrupted). A(00-11) clear MA, shift the present program loca-
tion from PC to MB, and place address 0001 in PC. Then A12 checks the parity of the instruction just
retrieved but not executed, and requests a clear-write cycle to save PC in location 0000. The processor

then returns to end time automatically to execute the instruction in location 0001.
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3.6 MEMORY

The computer may have either of two memories that differ slightly in physical configuration.
The so-called 4K memory is shown in prints 18 and 4; prints 22 and 23 are the equivalent drawings for
the so-called 8K memory, which is really a 4K memory mounted on 8K planes (6-1/2 planes of 64 x 128
bit mats). Which memory is in a particular machine can be determined merely by checking the location

of the stack (the 8K stack is long and thin, and is used in all machines serial 200 and up).

3.6.1 Memory Control

Prints 18 and 22 show the timing and control logic for the two memories, and a flow chart of
this logic is on the upper left-hand side of print 29, The logic is the same for both memories, the two
prints being identical except for module locations. The basic timing is supplied by the clock and ring
counter shown at the bottom. At power turnon, the MPC level from the power monitor clears this
counter, and in every memory cycle it shifts through its 12 states (as shown in the flow chart) returning
to zero. The clock setting is approximately 2 mc for the 6.3-us memory, slightly slower for the 6.5-us
memory .

At left center of the print a request pulse for either type of memory cycle temporarily turns
on the MEMGO levei, enabiing the ciock. The first shifi from the ciock sefs A, which holds MEMGO
on so that the cycle can continue. Before A clears, F is already set so MEMGO continues until the
counter is back to zero. At this time it returns to ground, clearing the WTS flip-flop in the word timing
logic, and thus restarting the bit timing clock.

The timing signals to the core logic are derived from the counter and the flip=flop made up
of the two NAND gates with feedback in the center of the print. This strobe enable flip-flop is set by
a request for a read-write cycle, but is cleared by a request for a clear-write cycle. The read level to
the core logic is true during the 2 us while BM is 1 and FM is 0. During the read period, the single
counter state in which DM is 1 and EM is 0 generates the strobe pulse provided that the strobe enable
flip-flop has been set. This pulse strobes the memory read outputs into MB; thus when the strobe is not
enabled, the read portion of a memory cycle serves merely to clear the addressed location. During the
write portion of the cycle, the timing logic generates inhibit and write levels, each of 1.5 ps duration,
with the latter beginning and ending 0.5 ps after the former. The inhibit is on while AM is 0 and DM
is 1, the write is on while BM is 0 and EM is 1.

3.6.2 Core Logic

Block schematics 4 and 23 show the modules associated with the stack. The 4-wire stack has
13 planes with one sense winding and one inhibit winding per plane. Selection of a single location in
the 64 x 64 matrix is accomplished by selecting one each from among 64 X-windings and 64 Y-windings.

The two prints are identical except for module locations, and each G607 and G608 in the 4K memory
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is replaced by a single Gé09 in the 8K memory. References in the following paragraphs are to the 8K
print with the 4K references given parenthetically wherever necessary.

A single Y-winding is selected by decoding MAQO-05 in the W108's, shown above and below
the stack. The equivalent circuits that decode MAQ6-11 to select an X-winding are on either side of
the stack. The sense circuits are at the exireme left-hand side in the print, and the inhibit logic is at
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the right.

The ground read and write levels from memory control are applied to the lower inhibit W108 at the right;

used to generate the negative read and write signals applied to the X and Y W108's,

To understand the decoding of MA to select a pair of X- and Y-windings that intersect at a
single location, consider the selection of a single Y-winding by the circuits shown above and below the
stack. The top W108 decodes MAOO-02 to select a single driver whose two outputs are tied together
and connected to one end of a set of eight consecutive Y-windings through selection diodes on part of
a G609 (G607). The bottom W108 similarly decodes MA03-05 to select a single driver, but here the
driver outputs are applied separately to the selection diodes in part of a G609 (G607). There are two
diodes per line and each output of each driver is connected through one set of diodes to eight Y-
windings, one from each of the eight sets of eight selected by the top W108's. When MAQ0-05 is 00,
the 0 winding is selected by decoding MA00-02 to select windings O through 7 and decoding MA03-05
to select the first winding from each set of eight windings, 0, 8, 16,....

MA remains stable throughout a memory cycle so the same pair of drivers remains selected,
but current flows only while the read or write signal is true. The read and write signals are connected
to opposite pins on the two driver modules, so one acts as a sink whenever the other acts as a source.
Consider what happens when WRITE is true, still assuming selection of winding 0. Pin EE is brought to
ground and pin EF floats, but the two are connected together, so windings O through 7 are connected to
ground at one end. In the bottom W108, pin EF is brought to =10V but EE floats. Both outputs are con-
nected to windings 0, 8, 16, ..., but through different sets of diodes, so the floating output has no
effect, and the selected windings are brought to -10V at this end. Thus a current of approximately 200
ma flows from the driver in the top W108 through Y-winding O to the driver in the bottom W108. Since
only one of 15 windings is connected at both ends, there are 14 that are connected at one end but
floating at the other and are hence partially selected. Of these, seven are at ground because grounded
at the one end, the other seven are at =10V, The 49 remaining Y-windings float.

During read, currant flows in the opposite direction because EF in the top W108 is now at
-10V, and EE at the bottom is ground while EF floats. The circuits on either side of the stack select a
single X-winding in the same manner, with current flowing from right to left during read, from left to

right during write.
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The combined effect of the read current flowing through the 13 cores at the intersection of
the selected X-winding and the selected Y-winding is sufficient to change to 0 any core that is in the
1 state. (It has no effect on those already 0.) Such a state change produces a pulse on the sense wind-
ing in the plane that contains the core. The sense windings are connected via the G609 (G408) at the
left to the W532 sense amplifiers, contained two per module. These are ac-coupled difference ampli-
fiers with a difference gain of 90 and common mode rejection of 3 to 1. The outputs of each sense
amplifier are in turn applied fo a G803 ac-coupled rectifying slicer, also contained two per module.

If enabled, the strobe produces an output pulse at each slicer that receives a sense signal representing
a change from 1 to 0. These output pulses set individual MB bits. [f there is no strobe, the net effect
of the read is merely to clear the addressed core location.

While write curmrent is flowing, the combined effect on the 13 cores at the intersection of the
selected X~ and Y-windings is sufficient to change all the cores from 0 to 1 except those in planes that
receive inhibit current that acts to oppose the write current. In the upper W108 at the right, the two
inhibit levels are applied to both the 0 and 1 inputs of two sets of the decoding diodes, so the drivers
are selected entirely by the other eight inputs. Selection is on a negative input, so a given driver
supplies inhibit current to prevent the writing of a 1 in any plane that corresponds to an MB bit that is
receive signals from MB or the parity bit PB. The drive select terminals of the W108 are left floating,
so the driver outputs switch between ground and =15V. The inhibit windings are connected to the neg-
ative driver output terminals and are grounded at the other end so that current flows through the winding
into the driver.

The inputs to the lower W108 that receive the read and write levels from memory control are
completely isolated from the other inputs, and their drivers act separately as buffers for the signals.

The positive outputs are used, but memory control supplies the input levels at ground, so the output is

at =15V when the corresponding function is true (when READ is true the read driver is not selected and
its positive output is therefore negative). At turn-on the read and write levels must supply 120 ma to
the X and Y W108s, 35 ma to each driver at the ground end of a winding, 25 ma to each at the negative

end.

3.7 IN-OUT

The 1O logic is shown in block schematic 17. 10T instructions use a special sequence that is
shown in the flow chart on the lower left-hand side of drawing 29, but 10T events that occur in the main
flow are shown in drawing 30. Print 5 shows the signals on the 1O bus, with positive and negative pulses
shown by open and closed triangles, and levels of the two polarities are shown similarly by diamonds.
The signal naming convention has been changed at this point to provide ease of interpretation when

dealing with standard PDP-8 options which are used on the PDP-8/S. The inputs from the information
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collector listed at the left go directly to AC. The levels from AC and MB listed in the second and third
columns are for data output and device selection. The remaining signals are received or generated by
the logic shown in print 17.

In the center of that block schematic are a pair of one-shot delays that generate a separate

IO pulse train that is parallel to the bit time pulses. In execute time of an IOT, A0O triggers a PA to

—
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at the lower left a 1 in instruction bit 11 allows the PA output to trigger IOP1. Just above it a 1 in bit
10 produces IOP2 from the output of the first delay. At the top of the drawing the third pulse IOP4 is
generated from the second delay if bit 9 is 1.

The gate below the INS flip-flop decodes the device selection portion of an IOT for the
code 00, which selects the program interrupt. When Pl is selected, IOP1 sets INS; IOP2 clears both
it and ION to turn off the interrupt. Setting INS turns on the interrupt by setting ION at the first pulse
in the next fetch time. When the interrupt is on, an interrupt signal over the bus or the occurrence of
a parity error (upper left) requests a program interrupt by causing A12 to set PIR, An interrupt is also
requested by LPC setting as power is failing (C3). Every A13 clears PR, but the interrupt signal is a
level, so every A12 sets it again until the level goes away. When the break is granted, A0O clears
both INS and ION to prevent further interruptions.

The other "devices" contained in the processor are the parity and power failure logic. Both
are selected by the code 10 which is decoded by the net at the lower right. When this selection is
made, IOP1 causes a skip if there is no parity error. 1OP2 skips if there is a power failure (i.e., LPC
is 1). The output of the parity and power checking nets are ORed with the skip signal from the bus to
produce IOSKP, which is gated by IOT at the far left to produce IOSKS, which in turn sets the skip
flip-flop (SKP). If IOP4 is programmed, the IOT also clears PE.

The clear pulse shown at the lower right clears all 1O equipment only when the start key is
pressed and on power clear. A clear AC signal from the bus (upper left comer) produces CAC, the

clear pulse for that register.

3.8 TELETYPE

The circuits and bus connections for the teletype control are shown in drawing PT08-A-1.
The teletype is actually two separate devices, one for input, the other for output; and all logic for
transmission of information between computer and teletype is contained in two modules, a receiver and
a transmitter. Since these are separate devices, there are two device selectors: device code 03 selects
the receiver, 04 selects the transmitter. The transmitter and receiver also require separate clocks

(upper left-hand side of drawing), both set at about 220 Hz (both have periods between 4.5 and 4.6 ms,

3-23



but the transmitter clock runs slightly faster than the receiver clock). The transmitter clock is always
on, the receiver clock functions only when enabled from the receiver module.

Data transmission between computer and teletype control is in 8-bit characters sent to or
taken from AC04-11. ACI11 corresponds to the first character bit and the eighth bit (AC04) is always 1.
Between the control and the ASR 33, data transmission is in the form of 11-unit characters that are pre-
sented serially at 110 bits per second, so one complete character requires 100 ms. Character transmission
always begins with a start impulse (space), followed by the eight data bits in order (with 1s represented
by marks), and transmission is terminated by a stop impulse (two marks). An idle line marks continuously.

The logic that is intemal to the W706 receiver and W707 transmitter modules is shown only in
the circuit schematics, and the conventions used are different from those used in the computer block
schematics. Here the voltage levels are high and low, where high is defined as any voltage in the
range 0.85 to 3.6V, and low is the range of 0 to 0.4V. Voltage dividers at all module inputs and out-
puts translate the high and low levels to (and from) the computer ground and negative levels. A D-
shaped symbol represents an AND gate in which two low inputs produce a high output; the arrow-shaped
gate is an OR in which the output is low if either input is high. A circle at any input or output indi-
cates a transition from high to low whenever the circuit function is satisfied, or flip~flop goes to the
given state, etc. A fiip-fiop is defined as being in the 1 state when its 1 output is iow. A transition
from high to low at the T-input sets the flip-flop if only S is low, clears it if only C is low, but com=-
plements it if both are low. The input at the side of a flip-flop has no circle and sets or clears it

(whichever the case may be) on a low to high edge.

3.8.1 lnEUf

For the teletype input logic, refer to the circuit schematic of the W706 receiver. The clock
input (on the lower left-hand side of the drawing) is the input shown as RCLO on the block schematic.
Proceeding clockwise around the circuit schematic, the input at BV is I/O CLEAR, the clear flag input
is 10T032, the reader run output is RRE, the flag output is the interrupt signal, the strobed flag output
is the skip signal, and the strobe for reading the flag is IOT031. The bit outputs are IC11-04, with bit
8 at the bottom corresponding to IC04. The read strobe for the input shift register is IOT034, and the
clock enable output is RCLE.

The serial input from the teletype is at bottom center of the schematic (this is labeled TSO
on the block). Whenever a key is struck or a line is read on paper tape, the distributor begins trans-
mission with a space which changes the input from high to low. This enables the receiver clock and the
first RCLO sets ACTIVE, whose 0 side transition from high to low sets all bits in the shift register, clears
FLAG DLY, and clears READER RUN so that if input is from the reader only a single frame will be read.
The 1 state of ACTIVE holds the enabling level to the clock so it will continue throughout the input

cycle.
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The first clock also sets the frequency divider flip-flop, so that the second pulse, which is
centered in the input unit, clears it (see the flow chart in the center of print 29). The low-to-high
transition at its 1 output shifts the contents of the register upward and reads the present input info bit
8. Since each input cycle always begins with a space, bit 8 clears. Then each subsequent pair of
clocks sets and clears the frequency divider to read another unit of the character into bit 8 and shift up
the data that was previously read. At the time the eighth character bit is being read, the 0 resulting
from the initial space is in bit 1, so the shift also sets FLAG to request an interrupt, and sets FLAG DLY
Once the FLAG DLY fiip-fiop is set, the next ciock sets IN LAST UNIT, and the succeeding one ciears
ACTIVE and sets STOP 1. Although ACTIVE is now clear, in LAST UNIT holds on the clock enable so
the next clock sets STOP 2 and clears STOP 1. With both stop flip~flops set, the final clock clears
them both and clears IN LAST UNIT to disable the clock. The final three clocks are not necessary for
reception, but they prevent noise on the line from triggering a new input cycle at least for the first one
and a half units of the two-unit stop impulse.

The program can determine the source of the interrupt by using an IOT031 to skip on the flag.
An IOT that selects teletype input and has 1s in bits 9 and 10 clears AC at IOP2 and loads the character
into AC04-11 at IOP4, The inverter through which 10T032 generates the clear signal for AC is shown
at the top left-hand side of the schematic for the W707 transmitter module. The same IOT that clears
AC also clears FLAG, and sets READER RUN so that another frame will be read if the reader is on.

3.8.2 Output
For the teletype output logic refer to the circuit schematic for the W707 transmitter. The

clock input at the lower left is the TCLO input on the block schematic. Proceeding clockwise around
the circuit schematic, the power clear input is /O CLEAR, the clear flag input is IOT042, and the
input at BJ is IOT032 which produces the CLR AC pulse at AP. [OT041 strobes the flag and the strobed
output causes a skip; the flag output is the interrupt signal and the output line that drives the print
selector magnets is labeled PSM on the clock. The data inputs to the shift register are BAC levels 11-04
the last corresponding to bit 8. The pulse that loads the buffer at the bottom right is IOT044, and it
always sets ENABLE because pin BS is grounded.

As shown at the top of the output flow chart on the right-hand side of drawing 29, by selectir
device code 04 the program can skip on the flag to determine when the transmitter is free, and 10P2
clears the flag. Loading a character into the shift register sets ENABLE, allowing transmission to begin
on the next clock provided that the previous transmission is complete. If the program gives the 10T044
while the stop impulse for the previous character is still on the line, the clock continues to transmit that
signal and does not begin the new character until both stop flip-flops are set and FLAG DLY is clear.

When transmission does begin the first TCLO sets ACTIVE, which clears LINE to begin trans-

mission with a space. The next clock (which clears STOP 2) sets the frequency divider, so that the
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following clock (which clears STOP 1) clears the frequency divider to shift the first bit of the character
into LINE for transmission. The shift also clears ENABLE and moves the rest of the character up one bit.
Each pair of clocks then alternately sets and clears the frequency divider and moves another bit into
LINE for transmission. After the last character bit is transmitted, the next shift moves the 1 originally
in ENABLE into LINE to begin transmission of the stop impulse. All bits of the shift register are then
clear, so the next clock clears ACTIVE, sets FLAG DLY, and sets FLAG to request an interrupt.

Subsequent clocks then time out the two marks required for the stop, the next clock clearing
FLAG DLY and setting STOP 2, and the final one setting STOP 1. A new character can be loaded into
the shift register anytime after FLAG is set. After completion of the stop signal, a 1 in ENABLE causes
a new fransmission cycle to begin. So long as ENABLE is clear, LINE remains set to continue marking

the line.
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CHAPTER 4
MAINTENANCE

DEC Fieid Services supplies an up-to-date iist of recommended spare parts for the PDP-8/S.
The list includes not only module, semiconductor and miscellaneous spares for the computer, but also
spares and necessary tools for the teletype. In addition, it is recommended that the user have the fol-

lowing items to maintain the computer and teletype.

ltem Description
Multimeter Triplett Model 630~NA; Simpson Model 260
Dual=channel oscilloscope Tektronix 580 series, preferably with delayed sweep
trigger facilities
ASR 33 lubricants Teletype KS7470 oil, KS7471 grease
Lint-free cloths Cheese cloth or equivalent
Cotton swabs Q-~tips or equivalent
Cleaning fluids Dupont Freon TF; denatured alcohol
Test cables and probes Low-capacity probes for the oscilloscope,

alligator clips, etc.

Super Filter Kote (aerosol) Research Products Corp., Madison, Wisconsin

DEC supplies the following manufacturers manuals for lubrication and adjustment procedures

and corrective maintenance for the teletype:

Teletype Bulletin 273B: Model 33 Automatic Send-Receive Teletypewriter
Set (ASR), Vols 1 and 2
Teletype Bulletin 1184B Parts, Model 33 Automatic Send-Receive Tele-

typewriter Set (ASR)

4.1 MAINTENANCE PROGRAMS

MAINDEC programs permit self-testing of the PDP-8/S for checkout, preventive maintenance,
or diagnosing equipment malfunctions. Each MAINDEC package consists of program tapes and a refer-
ence document. All documents have the same format, and an outline of this format, as well as the docu-
ments and tapes themselves, are available from the DEC PDP-8/S Program Library. In particular, §1
of the document is an abstract of the program; § 3, 4 and 5 give complete details for loading, starting,
and running the program, §6 & 10 and 11 contain flow charts and the program listing.

The MAINDECs listed below are applicable to the PDP-8/S processor, memory and teletype.
In a number of a tape, PB following the slash indicates a paper tape in binary format, PM indicates a

paper tape in readin mode format.
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4.2

current adjustment is the pot on the A702 reference supply. The strobe adjustment is through the R401
located in 1E22 (8K) or 1F36 (4K). Adjusting the clock affects both the width and position of the strobe

simultaneously. Note that it also affects total memory cycle time as well as the read, write and inhibit

times.

supply pots are jarred severely in fransit, they should be aligned properly when received. The reference
supply voltage is easily measured at the tabs on the handle end of a W108 or G609 (G608 in 4K). This

voltage varies with temperature and best tuning is achieved at 130°F, because at this upper spec tem-

perature the shmoo characteristic has a much smaller area. With the machine stabilized at normal room

Basic Instruction Test
Instruction Test 1
Instruction Test 2
Instruction Test Part 2B
Basic JMP-JMS Test
Random JMP Test
Random JMP-JMS Test
Random DCA Test
Random ISZ Test

Memory Checkerboard
(two tapes - low and high)

4K Memory Address Test

Low
High

4K Sense Amplifier Test
Extended Memory Control
Extended Memory Checkerboard
Memory Power On/Off Test
Teletype Reader Test

Teletype Reader Exerciser
Teletype Punch Test

Teleprinter Test

MEMORY ALIGNMENT

The memory is a very simple coincident current system with only two adjustments. The master

The memory is aligned during the heat test in checkout. Unless the clock and reference

Document No.

801-1/D
85-DO1A/D
85-D02A,/D
801-28B/D
85-DO3A/D
85-D04A /D
85-DO5A,/D
85-D06A /D
85-D07A/D
802/D

85-D11A/D

85-D15A/D
820-1/D
820-2/D
829/D
810/D
810A/D
812/D
814/D

Tape No.
801-1/PM
85-D0O1A/PB
85-D02A /PB
801-2B/PB
85-D03A/PB
85-D04A /PB
85-D05A/PB
85-D06A /PB
85-D07A /PB
802/PM

8S-D11A/PB
85-D11A/PM

85-D11J/PB
8S-D11J/PM

85-D15A/PB
820-1/PB(?)
820-2/PB(?)
829,/PB
810/PM
810A/PM
812/PM
814/PM

temperatfure (68°F), the stack operating temperature will be on the order of 73°F.
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The temperature compensation thermistor is located on the rear memory stack module. The
thermistor on the front module is a spare. Compensation is not linear and causes the tab voltage to

move toward zero when the temperature is increased. Nominal voltages are as follows.

Ambient 0°C 25°C 54.5C
32°F 77°F 130°F

Stack
Ferroxcube -13.3V -11.9V -9.4v

The best place to measure memory timing is the MEMGO signal of 1D36N. The negative
level found here represents the memory cycle time, which is nominally 6.3 s for a Ferroxcube stack,
6.5 ps for an EMI stack*. The value may vary from stack to stack by about 100 ns as it is set by averaging
the upper and lower failure points while the machine is in heat. At room temperature, the setting may
not necessarily be the average of the room temperature upper and lower failure points, but this is proper
as the shmoo of either stack expands in area as the temperature drops.

In any case, the 1 output for any bit measured at the output of a W532 sense amp should be
2V peak (4V peak-to-peak).

4.3 MEMORY TROUBLESHOOTING

4.3.1 X-Y Selection

Failure to select a particular block of locations or even single locations in some fixed pattern
of blocks in core generally indicates a bad W108 selection driver. By using a current probe, it is very
simple to check all selection drivers with a small program loop. First, rearrange the tab wiring on the
handle end of the W108s so that the current regulator on the front stack module is driving the front and

rear W108 pairs in parallel.

SMALL / CURRENT PROBE HERE MEASURES HALF -
Loop / SELECT CURRENT FOR MAOO -0S

@—— REAR FEED LINE (FRONT OF COMPUTER)
7

/ 7/ //._ STACK (aK or 810

SMALL *—— FRONT FEED LINE

LoOP \

S

CURRENT PROBE HERE MEASURES HALF-
SELECT CURRENT FOR MAO6-11

*Room temperature, R401 period coefficient is -0.15% 1°C.
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Without using loeations 0-7, 10, 20, 30, 40, 50, 60, 70, 100, 200, 300, 400, 500, 400,
700, 1000, 2000, 3000, 4000, 5000, 6000, 7000, put this loop in some area of core that works.
LAS
DCA .+3
TAD | .+2
JMP -3
0
Start the program and place the current probe on the front feed line. Sync scope negative
on WTX -TAD (1A18D) and look at =WTX =TAD (1A18E) with the other scope trace. -WTX *TAD is a
positive waveform. Just prior to its rising edge is a current waveform that represents the address selected
by any combination of MA06-11. Run the loop through the 16 combinations, 0-7, 10, 20, 30, 40, 50,
60, 70, on the SR switches. If a driver is failing, a missing current pulse will be observed as shown

below.

-WTX-TAD I |

PROPER CURRENT
WAVEFORM

READ REGENERATE

BAD w108 DRIVER I I

BAD W108 DRIVER I I

The W108 can be localized by moving the current probe to the small loop between adjacent waveforms
once the bad address combination is found.

Move the current probe to the rear feed line, and repeat the above procedure using addresses
on the SR switches of: 100, 200, 300, 400, 500, 600, 700, 1000, 2000, 3000, 4000, 5000, 4000,

7000. This simple procedure checks all drivers in the selection system.

4.3.2 Inhibit Drivers
Place this loop (if runable) in core.
LAS

DCA .+2
JMP -2

Set the switch register to all 1s and place a current probe on the feed line from the rear stack module

to the first W108 inhibit driver. Sync on WTX *DCA (1BO8R) and observe ~WTX *DCA)1B08S). Turn off



one switch (put a 0 in one bit in the SR word). The current waveform appearing just prior to the nega-

)
tive-going edge of ~“WTX -DCA is the inhibit current for the bit selected by the switch.

4.3.3 Sense Amplifiers and Slicers

Probiems in these circuits generally are accompanied by a parity error indication on the front
panel. The first thing to check for is an error that seems fo be intermittent and/or is very sensitive to

temperature changes.

The following simple loop, which writes the SR switches everywhere in core except where

the program resides and allows parity errors to interrupt, is very helpful in tracking a dropout or pickup

problem.
Instruction
Location Octal Mnemonic Definition
] 6104 CMP /Clear PE on parity error
/only

2 7200 CLA

3 5010 JMP 10

10 6001 ION /Enable interrupt

11 1022 TAD 22 /Set location counter
12 3023 DCA 23

13 7604 LAS /Read pattemn from SR
14 3423 DCA 123 /Store

15 1423 TAD 123 /Retrieve

16 2023 ISZ 23 /Index counter

17 5013 JMP 13 /Repeat
20 7200 CLA /Finished, start again
21 5011 JMP 11
22 0024
23 0

The program writes SR in locations 24 through 7777, and reads each location immediately
after writing it. A parity error is most likely to occur as a test location is read, i.e., ot the TAD in
location 15.

Sync scope negative on PE (1E06T). Observe -PE (1E06S). Positive pulses appearing on this
train are parity errors. An error occurs on the memory cycle just before the positive-going edge of -PE.
Look at “-WTX *TAD. The error is occurring here if -PE goes positive approximately 6 us before the
positive-going edge of ~-WTX *TAD,



A parity error can occur only in data that is read from memory by the processor. By varying
the pattern in SR, one may find combinations that increase the frequency of errors. Once the bit has
been localized, watch the sense amplifier and slicer behavior just prior to an error. Note that a para-
sitic oscillation is extremely difficult to observe. Any added capacitance (such as a scope probe) can
cure the problem and should be a hint that it is a parasitic.

There are two test points on the G803 that are not shown on the logic drawing. These are pin
L for inputs J and K and pin S for inputs P and R. The pulse observed here is the slicer action and it
shows where slicing begins and ends. Observing the read strobe simultaneously at pin V of any slicer
(G803) will aid in adjusting the strobe (memory timing). The strobe should be approximately centered

in the slicer test point signal.

4.4 IN-OUT BUS SPECIFICATIONS
The maximum length of the bus including the teletype lines is 50 ft of 92 Ohm coaxial cable.

The cables have nine conductors and are fitted with WO11 connectors that can be plugged into standard
Flip Chip module receptacles. Terminations are required only on the IOP lines, which originate in the
computer at B39 pins K, M, and P. A cable terminator (G701) with Dé6é4 diodes to ground must be
plugged info the spare bus siof in the last device on the bus. The diodes iimif overshoof to +0.75Y max-
imum and -0.75V minimum. A G701 terminator is installed in the teletype logic as shipped from DEC.
If the teletype is always the last device on the bus, the terminator can be left where it is.

Signals on the bus are as follows.
BMB00-08 Output levels that specify the device address in an

IOT. Six pairs of lines represent both 0 and 1 at
both OV and =3V.

Recommended peripheral decoder W103 with appropriate diodes clipped out
Alternate peripheral decoder R111 diode gate
Drive available 18 ma maximum at OV

-4.,25 ma maximum at =3V

Timing BMB lines should be used only for strobing by an IOP,
They have settled down by BT11 of WTF in the IOT,
and they remain static until BTO of WTE in the IOT.

There should thus be no need to worry about slow fall
—~{ IV 1.5S TYP. AT 50' times
BB (Tve) |\ / Typical overshoot on positive-going BMB lines is
| +2.5V for 200 ns. Overshoots do not affect recom-
10P1 U mended DEC module types.
Lé'f«?v{ T
|
"’1;158 SHN a
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BACO00-11

Recommended inputs
Alternate inputs

Drive available

10P1

BAC (TYR) | / N

1275
10P4 Hs [
| MIN.
8.51S
MIN

1C00-11
Recommended sources

Loading

Timing

1op1 U

AC AVAILABLE |
FOR CHANGE 10.4 LIS MAX. _-]-—

1275
41 2T I.,
MIN.

ay —_—
[\
-3y ——_—J_‘ f_——
100
NS MIN.

Output levels that supply the contents of AC as data

ov =1
-3v=0

Level inputs of DCD gates such as in the R203
R series gates such as R107

18 ma maximum af OV
-8 ma maximum at -3V

BAC lines can be set up any time prior to an 10T,
The shortest time from set up to the earliest IOP is at

BT11 of WTE in a TAD. The earliest possible time
that BAC lines can change aofter the latest IOP is ot
BT12 of WTF in an OPR. Poor fall times on BAC lines
need never concern the designer since there is such a
large amount of time available prior to the earliest

IOP.

Typical overshoot on positive=going BAC lines is
+2.5V for 200 ns. Overshoots do not affect recom-
mended DEC module types

Positive input pulses (-3V to ground) that set indivi-
dual AC bits

Pulsed outputs, clamped or unclamped, such as R603,
R123

11 ma at OV in the 8/S
0 ma at =3V in the 8/S

Caution should be exercised when connecting loaded
gates fo the IC lines as they increase the total drive
requirement at OV.

Pulses presented to IC lines should originate from an
IOP. The maximum time that AC is available for
external setting is until the earliest time that AC can
be used in the instruction following the IOT. This is
BTO of WTF in an OPR,

The minimum acceptable pulse at the input to the 8/S
is as shown here. It is recommended that nominal
400-ns pulses be used at the driving end.
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Recommendes sources

Loading

Timing

SKIP
Recommended sources
Loading
Timing
I
I0P{ _‘\_/
1
10P4 l
i
MSKQZ —l 8.4 IS MAX. F
PULSED )
"— 10.4 S MAX. —.!
CLEAR AC

Positive input pulse (-3V to ground) that sets the skip

control flip-flop from a peripheral device during an
10T,

Pulsed outputs, clamped or unclamped, such as R603,
R123

11 ma at OV in the 8/S
0 ma at -3V in the 8/S

Caution should be exercised when connecting loaded
gates to the skip bus. The total external loading on
the bus must not exceed 9 ma.

Pulses presented to the skip bus should originate from
an IOP. The maximum time during which the bus can
be pulsed is shown here. The minimum acceptable

pulse at the input to the 8/S is the same as shown for
IC.

Positive input pulse (-3V to ground) that clears AC
prior fo pulsing the IC lines.

Pulsed outputs, clamped or unclamped, such as R603,
R123

20 ma ot OV in the 8/S
0 ma at -3V in the 8/S

External loaded gates cannot be connected to the bus.

Pulses presented to the clear AC bus should originate
from an IOP. The maximum time during which the
bus can be pulsed is the same as shown for the skip
bus. The minimum acceptable pulse at the input to
the 8/S is the same as shown for IC.



1/O CLEAR

Recommended ioads

Drive available

Negative output pulses (ground to -3V) that occur
when the start key is pressed and when power is
turning off or on. The latter two cases generate a
burst of pulses.

R107 inverters. if true puised iines are required, the
PA (R603) pulse input should be driven from an
inverter as the rise time of the clear bus pulses canno
be guaranteed less than 40 ns.

s
1

18 ma maximum at OV
-1.25 ma maximum at -3V

|
400 NS (NOM.) —41 }’- “') }-— 100 NS AT 12" TYP.

Timing
15y :N’L-r
ir— 1558
IOP1, 2,4

CURRENT
SUPPLIED
BY SOURCE
AT -3 VOLTS
N MA

Recommended loads

Drive available

R

/
—

5 \\
0 T Y T —yr—
o] 6 12 20 40 50 60
92 OHM COAX DRIVEN IN FEET
Timing
400 NS
I NOMINAL

| S

100 NS TYP
AT 12°

-1.5v

200 NS AT 50'

J 200 NS AT 50" TYR

Negative output pulses (ground to ~3V) that are the
primary source of input-output timing for activating
and transferring data to and from peripheral devices.

WI103 pulsed inverter inputs R111, R107, etc.

72 ma maximum at OV
-1.25 ma maximum at -3V

The current the IOP lines can supply
back into the source at -3V is a function
of cable length and a fall time limited to
a maximum of 300 ns as shown here.

T~
_J

- |

I‘— 100 NS MIN ACCEPTABLE
| WIDTH AT 170 DEVICE

SELECTOR TYPICALLY
200 NS AT SO



INTERRUPT

Recommended inputs

Loading

Timing

Level input that causes the computer to interrupt the
current program if interrupt synchronization is inter~
nally enabled. Bringing the line to ground requests
the interrupt; the line is quiescent at -3V.

R111, R123, R107, loaded or unloaded

13 ma at OV
0 ma af =3V

External loads added must not exceed a total of 7 ma.

The interrupt line is examined at BT12 of WTE in
every instruction. The longest possible time the
device must wait for an interrupt request to be recog-
nized is 90 ps.

P
t
(o]



5.1 INTRODUCTION

CHAPTER 5

MEMORY EXPANSION AND DATA BREAK OPTIONS

This chapter contains information required for operation and maintenance of optional equip-

ment for expansion of the PDP-8/S memory and for the data break facility. The options that are covered

in this chapter are as follows.

OMDSS

MC8S
DB8S
ME8S

" Mounting assembly and control logic for DB8S and MC8S

options; interconnections for ME8S options.
Memory extension control and additional 4096 word memory
Data break facility

8192-word memory mounting hardware (accommodates one
or two MM8S 4096-word memory modules).

The arrangement of assemblies and interconnecting cables is shown in Figure 5-1.

PDP -8/S

6 1/0 BUS CABLES

61/0 BUS CABLES
[ TO ADDITIONAL I/O DEVICES

7 DATA BREAK CABLES 1o pATA BREAK DEVICE

7 MEMORY AND
CONTROL CABLES

INTERFACE

Figure 5-1

€ MEMORY EXTENSION CABLES

T
! mmas
MESS |— — —

: MM8S

1
6 MEMORY EXTENSION CABLES

ju—

, MMBS

MES8S :- —_—
I MM8S
t

1

6 MEMCRY EXTENSION CABLES

MM8S
MESS

MM8S

Assembly and Cabling Configurations for Memory Expansion

and Data Break Options

5-1



The OMDS8S assembly includes timing control logic and memory bus distribution for the data
break option or for memory expansion, or both. In either application, the standard PDP-8S 4096-word
memory module (field 0) is removed from its location in the PDP-8/S and installed in the OMDS8S assem-
bly. Logic for the MC8S and DB8S options mounts within the OMD8S assembly.

The MC8S provides the first additional 4,096 words of expanded memory (field 1), and
includes control and field selection logic that permits expansion of memory up to 32,768 words with
MES8S options.

The DB8S Data Break option provides control logic and buffer registers to implement single-
cycle or three-cycle data breaks and memory increment data breaks.

MESS provides rack mounting hardware and interconnections for one or two type MM8S
4096-word memory modules, for memory expansion beyond 8192 words in 4096-word increments. Maxi-
mum expansion to 32,768 words requires an OMD8S assembly containing an MC8S and three ME8S

assemblies each containing two MM8S memory modules.

5.1.1 Physical Characteristics

This group of options is intended for rack mounting. The OMDB8S is a single assembly that
occupies 21 vertical inches of a 19-inch rack; it accommodates one DB8S and one MC8S. Mounting

dimensions are shown in Figure 5-2. The weights of the OMD8S and its subassemblies are as follows:
OMDSS weighs 35 |b; DB8S weighs 2 tb; MC8S weighs 5 lb.

nl

n

20-15/16

!\\l\__l\\ n

n
\e

Figure 5-2 OMDS8S Assembly Mounting Dimensions



The MESS option is physically separate from the OMD8S assembly. Dimensions are shown in Figure 5-3.

Weight of the ME8S alone is 20 pounds (add 5 pounds for each MM8S memory moduie).

L.
f—l

\n‘Dl_/ e el
§-3/4 ) 1;':// 19

e i

Figure 5-3 MEB8S Assembly Mounting Dimensions

Recommended locations for the OMD8S and MES8S assemblies in a rack=-mounted installation
are shown in Figure 1-5.

Ambient temperature and humidity requirements are the same as the standard PDP-8/S
(Chapter 1). Additional forced-air ventilation is not usually required in a typical rack-mounted instal-

lation.

5.1.2 Electrical Characteristics

These options obtain dc power from additional DEC Type 728 power supplies. One 728 sup~
plies OMD8S, MC8S, and DB8S. An additional 728 power supply is required for each pair of ME8S

units. All dc voltages, logic levels, and pulse characteristics are the same as the standard PDP-8/S.

5.2 SYSTEM OPERATION

5.2.1 Data Flow

Figure 5-4 shows the dafa fiow between the PDP-8/S and the major logic elements of this

group of options.

5.2.2 OMD8S Option

The OMDSS option includes modifications to internal PDP-8/S logic for a revised memory
timing sequence. Inverters and amplifiers are added for distribution of memory timing, the memory

address register output (BMA), and selected processor timing or control signals.



Logic within the OMD8S assembly provides for bussed memory data and address lines (GMA,
GMB, SMB) for memory field O (removed from the PDP-8/5) and any other memory modules added by
MCS8S and MES8S options. Data and address bits to and from memory through the DB8S option (when
used) are applied to these same bus lines.

The OMDSS assembly provides through-connection of the PDP-8/S I/O bus. (Some of the
I/O bus signals are used by the MC8S option.) Connections are also provided for the memory address,
data, and control bus lines for plug=in addition of ME8S expansion options. The MC8S and DB8S

options, when used, mount directly in the OMDS8S assembly and connect to the bus lines by direct

internal wiring.

5.2.3 MC8S Option

The MC8S option adds a 4096-word memory module (field 1) and provides the field selection
controls required to address memory beyond 4096 words. Three addifional memory address bits beyond
the 12 bits of the MA register are raquired to address memory up to 32,768 words.

Field selection bits for instruction words are stored by a 3-bit IF register; field selection bits
for deferred operands are stored by a 3-bit DF register. The field selection bits are applied from the
appropriate register (according to whether instructions or operands are being fetched) to a decoder
which distributes a field selection signal to one of the 4096-word memory modules in the system. Each
4096-word module is considered a field. Field 0 is the original PDP-8/S module removed to the OMDSS,
field 1 is the module provided with the MC8S option, fields 2 through 7 are added by MES8S options.
The basic memory timing signals (read, write, strobe enable, and inhibit) are applied to all memory
modules, but only the module specified by the field selection bits is enabled to operate.

Instruction and data fields must be set up initially by the PDP-8/S console DATA FIELD and
INSTR FIELD switches (which are put into operation when the MC8S option is installed) and then kept
current by IOT, JMP, or JMS instructions. Two additional registers, SF (save field) and IB (instruction
buffer) provide temporary field storage to permit field changes during interrupts or program jumps.
Contents of the IF, DF, and SF registers may be read into the accumulator or updated from MB by
assigned IOT instructions.

In systems including a DB8S option, the three additional data field bits are provided directly

to the field selection decoders by the external equipment during data breaks.

5.2.4 DB8S Option

The DB8S Data Break Facility adds two buffer registers (DBMB and DBMA), a parity gener-
ator, and control logic required to stop the normal sequence of instruction fetching and execution and

utilize the memory for input or output data transfers. Break cycles can occur singly, interleaved with
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program steps, or consecutively, for block transfers of large quantities of data. The program counter,
instruction register, and MA register are not modified during break cycles; at the conclusion of data
break transfers, the normal program resumes.

When a break state is requested, the OMDS8S gating disconnects the PDP-8/S MA and MB
registers from the memory input, output, and address busses. Addresses and data are obtained instead
from the DBMA and DBMB registers of the DB8S option. Two basic types of data break, singie-cycie

and three-cycle, can be performed by this logic, depending on the facilities of the external equipment.

(three memory cycles). An additional 0.5 us is required for the first and last transfers of a series, and
a waiting period of up to 8.0 us may elapse before the data break suspends normal program operation

and starts the first break.

5.2.4.1 Single Cycle Breaks. - In single-cycle data breaks, the external equipment must supply a

12-bit address to the DBMA register and (if memory is expanded) three extended address bits to the
MCSS field selection logic. A memory cycle is initiated to transfer data to or from the specified
address. For input transfers, the data is entered info buffer register DBMB for transfer to the GMB
memory input bus. A parity bit is also generated. For input transfers, memory data from the MBI bus

is transferred into DBMB, where it is stored until it can be sampled by the external equipment. Control
is then returned to the main program.

Because it requires only one memory cycle per data transfer, the single-cycle break can
transfer data as fast as the PDP-8/S memory can operate, for a 125 KHz word rate. The single-cycle
break, however, requires the external equipment to supply an updated address for each data transfer
from a counting register.

The single-cycle break can also operate in a "memory increment" mode. On request, the
DB8S accesses a memory location (specified by an externally supplied address) and adds one to the con-

tent of the location.

5.2.4.2 Three-Cycle Breaks. - The three-cycle data break facility eliminates the need for an

address register in the device control. The current address and word count are stored instead in core
memory locations and are updated automatically after each word transfer. These locations must be in
memory field 0. (The data transfer may take place in any memory field, however.) When several
devices are connected to this facility, each specifies g different set of core locations for word count
and current address, allowing interlaced operation of all devices as long as the combined data rate
does not exceed 42 KHz. The three-cycle data break facility performs the following sequence of oper-

ations.
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a. The device enters a word count address in DBMA.  Since this address is always the same
for a given device, it can be wired in and does not require a flip-flop register. The word count loca-
tion must be an even number (DBMA11=0).

b. The content of the word count address is read from memory into DBMB, which included
provisions for adding 1 to its least significant stage and propagating the resulting carries. The word
count is incremented by DBMB, then restored to the same location. If the word count becomes 0 as a
result of the addition, a WC OVERFLOW pulse is transmitted to the device. (To fransfer a block of N
words, this register is loaded with =N during programmed initialization of the device.) After the block
has been fully transferred the WC OVERFLOW pulse signifies completion of the operation.

c. The odd memory location following the word count address (DBMAT1 = 1) contains the
current address for the ensuing data transfer. This location is read and its contents transferred to both

DBMB and DBMA. The incrementing feature of DBMB normally adds one to the current address before

it is restored. However, an "increment CA inhibit" signal from the device can prevent this, for oper-
ations such as a magnetic tape search cycle. At the end of this second memory cycle the current
address is present in DBMA.

In initializing for a block transfer beginning at location A, the current address location is
sef up by the program fo coniain A-i.

d. A third memory cycle is initiated, to transfer data to or from the location specified by
the content of DBMA. For input transfers, data and a parity bit is entered into DBMB for transfer to
the GMB memory input bus. For output transfers, memory data from the MBI bus is transferred to DBMB
where it is stored until it can be sampled by the device.

e. In the "memory increment" mode, the content of the current address location is incre-

mented and replaced in memory. No external data fransfer takes place.

5.2.5 MES8S Oefion

The ME8S option provides mounting facilities for one or two 4096~word MM8S memory mod-
ules, plus control and timing logic and interconnections. The memory modules are connected to the
memory timing, memory address and data bus lines from the OMDS8S, and the field selection signals
from MCB8S. Additional inverters are provided fo distribute both polarities of the GMA lines from
OMDSS.

Each MMO08 memory moduie consists of a core array, address seiection circuits, inhibit
selection circuits, sense amplifiers, and memory drivers which are identical with these in the standard
PDP-8/S. Only one module at a time is enabled by the MC8S field selection signals.

No distinction is made between memory cycles initiated by the central processor or by the
date break option; cddress lines, data lines, and timing signals operate in the same way regardless of

the controliing ecuioment,

n
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Through plug-in connections are provided on each ME8S assembly for addition of other ME8S
units. Up to three MESS assembiies can be added to a basic PDP-8/S for memory expansion up to

32,768 words.

5.3 OPERATION AND PROGRAMMING

This group of options imposes three changes, as follows, in basic PDP-8/S programming.

o]
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in instruction execution time.

b. If memory beyond 4096 words is used, the MC8S field selection logic must be kept
current by special assigned IOT instructions.

c. [If 3=cycle data breaks are to be permitted, memory locations for word count and current

address must be initialized.

5.3.1 Memory Field Selection

Operating and programming information for a PDP-8/S with expanded memory appears in the
PDP-8/S Users Handbook which is reproduced in Small Computer Handbook, Doc. No. C-800(1967),

published by Digital Equipment Corporation of Maynard, Mass.

w
N

()]

Initializing 3-Cycle Data Breaks

To prepare for 3-cycle data breaks, memory locations dedicated to word count and current
address must be initialized to desired values. The word count location, WC, is specified by a wired
address from the data break device interface. The address must be an even number in field 0. The
current address location is WC + 1,

For a transfer of N words, location WC must be present to contain -(N-1). The initial value
of current address is at the programmer's convenience. During data break transfers, the current address
in location WC + 1 is incremented by the hardware ofter every word cycle. The memory field to which
the 12-bit current address refers is specified by three extended address bits obtained from the device
interface.

Normally the current address is incremented during every cycle, but a control line from the

device can prevent this.

5.3.3 Indicators, Operating Keys, and Switches

The following indicators and switches are installed on the panel of the standard PDP-8/S,
but they are activated only when an MC8S option is installed.
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Control or Indicator Function

DATA FIELD indicators Indicators display the content of the data field (DF)

and switches register. Switches load manual input into DF when
LOAD ADDRESS key is pressed. The DF register
determines the core memory field for retrieval and
storage of data.

INSTR FIELD indicators Indicators display the content of the instruction

and switches field (IF) register. Switches load manual input
into DF when LOAD ADDRESS key is pressed. The
IF register determines the core memory field from
which instructions are to be read.

The DB8S option, installed in the OMDS8S assembly, includes a display panel which includes

the following indicators:

Indicator Function

DATA BREAK MB Display the content of the data break memory buffer
(DBMB) register.

PARITY Indicates the even parity bit generated from the
content of the DBMB register.

BRK RQ Indicates the presence of an external break request.

Permits the operator to observe and dismiss a waiting
break request before starting the program.

5.4 SYSTEM LOGIC

The following paragraphs contain a detailed description of logic and an analysis of sequential
operation for each of the options.

An interconnecting cable diagram and a complete set of logic drawings, flow charts, module
utilization charts, and module schematics appears in Appendix C. Drawing numbers, logic symbols and
notation, and conventions regarding signal names and logic levels are similar to the standard PDP-8/S
drawings in Appendix A.

Flow diagrams are included for the revised memory timing introduced by OMDSS, for the
changes in operating sequence and special IOT instructions added by the MC8S, and for the 1- and 3-
cycle data breaks. Notation on these flow charts corresponds to that of the main PDP-8/S flow diagram

in Appendix A.

A glossary of signal nomes generated by this group of options appears at the end of Appendix
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5.5 OMD8S LOGIC

5.5.1 Logic Elements

5.5.1.1 Interconnections and Control Signals. - Control signals from the PDP-8/S processor are sup-

plied to the OMD8S assembly through connector modules. Shown on print D-IC-OMD8S-0-3 are the
1/O bus signals, used by the MC8S option and also applied to through connectors for other options.
Memory timing signals READ, WRITE, INHIBIT, and STROBE ENABLE are aiso applied fo through con-
nectors for use in ME8S memory expansion assemblies.

Circuits added within the PDP-8/S by module addition or substitution are shown in Print
D-BS-OMD8S-0-4. For the most part these circuits provide general purpose timing and control signals
used in the MC8S and DB8S options. The control signals are discussed in relation to the functions per-

formed, under the appropriate option description.

Also shown on this print are the drivers which isolate the MAO—H signals from the BMAO_”
bus. Logically, MA and BMA are identical.

5.5.1.2 Memory Address Gating (Print D-BS-OMD85-0-6) . - A primary function of the OMD8S

logic is to provide bussing systems for memory address, input data, and output data. The bus system
includes gating so that either the processor or the data break option can use the memory. it also per-
mits memory expansion by addition of core modules. Memory capacity is expanded easily by connecting
all data and control lines to the same busses.

The BMA memory address lines from the processor are gated to the GMA (0) lines as long as
the data break facility is not using memory (the DB level is af -3V). The GMA (0) signals, and the
GMA (1) signals developed by inverters on the same print, are distributed to memory field 0 in the
OMDSS assembly (and also to memory field 1, if a MC8S option is installed). The GMA (0) signals
are distributed through connector 1H1 when an ME8S memory expansion option is in the system.

During data breaks, the DB level goes to ground, blocking the BMA gates. The memory

address is obtained instead from the DB8S option DBMA lines which are gated to the GMA (0) fines by
the DB level on Print D-BS-DB85-0-5.

5.5.1.3 Memory Read Data Gating (Print D-BS-OMDB8S-0-6). - Data from memory, during a read

cycle, appears on the MBI bus common to all memory modules and the DB8S option. When a data
break is not in effect, DCD gates preceding pulse amplifiers are enabled so that MBI is transmitted to
the processor on the SMBOO-H lines. During data break memory cycles, the gates are inhibited and

the data is instead entered into the data break's DBMB register (Print D-BS-DB8S-0-2).



5.5.1.4 Memory Write Data Gating (Print D-BS-OMD8S5-0-7). - Data to all memory modules during

write cycles is applied on the GMB bus lines. During processor memory cycles, when the DBB level is
at =3V, the processor memory bus output (BMBO_] ]) is gated to the GMB lines which are distributed
internally to memory fields 0 (and 1, if used) and externally through connectors IH5 and IH6 to any
MEB8S memory extension units. The processor's parity bit, BPAR (1), is gated to the GPAR (1 line,
also distributed to all memory modules.

During data breaks, the processor BMB lines are blocked from the GMB bus by the DB level
and the DB8S option DBMB lines are gated to the GMB lines. The parity bit, DB PAR (1), is gated to
GPAR (1). (See Print D-BS-DB8S-0-5.)

During data breaks, the DBB level is at ground, blocking processor BMB data from the GMB
lines. Data from the external device, communicating through the DB8S option, is applied to the GMB
(also called DBMB) lines, instead. Connectors 1J7 and 1J8 are used by the external device for this

purpose.

5.5.1.5 Memory Control. - Print D-BS-OMD85-0-4 shows the modified memory control logic that

replaces the standard 8K memory control logic shown in Print D-BS-85-0-22. Basic memory cycle
timing is established by a 2 me clock driving an 8-stage switch-tail ring counter. At power turnon,
the MPC level from the power monitor module clears all stages of the counter. A RD RQ or WR RQ
pulse enables the clock, which supplies shift pulses to the counter. The MCA(0) and MCH(0) levels
keep the clock operating until the counter has shifted through all 16 states and returned to the all-
zero condition. During the 8 ps counter cycle, the basic memory timing pulses are generated, as
shown in Figure 5-5 and the timing chart of the lower left of Print D-BS-OMD8S~0-4, Sheet 1.

The RD RQ and WR RQ signals may be initiated either through processor memory requests or
data break memory requests. The related control logic appears on Print D-BS-OMD8S-0-7.

Processor requests are honored by the P PRQ (permit processor request) pulse, which occurs
during A12 provided no break cycles are active. A processor write request (WRS) enables the WR RQ
pulse; a read request (RDS) enables a RD RQ pulse.

The RDS or WRS levels also enable the P REQ flip-flop to be set during A12. If a data
break is in effect, the P REQ flip-flop stays set, as an indication that the processor requires a memory
cycle as soon as the data break releases control. The flip-flop is reset by the WRITE pulse of the first
memory cycle data break.

Data break memory cycles are requested by the TWRRQ, 2WRRQ, TRDRQ, or 2RDRQ signals.
The conditions under which these are generated are discussed in the description of DB8S.

The M DOMNE pulse occurs every time the clock counter returns to all zeros. Provided that
the data break is not active, the P DONE pulse is also generated. P DONE is returned to the processor
to restort the moin timing chain by resetting the WS flip-flon, (This is the same function performed

i : TRAMY [BETRrS; i e Y- TR oL SR
ay the MEMGD signa! 'n the stondord PDP-28 )
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Figure 5-5 OMDB8S Memory Timing Diagram

If data break is still in effect, the P DONE pulse is inhibited. The M DONE pulse instead
initiates another RD RQ or WR RQ pulse.

5.5.1.6 Field 0 Memory Module. - Field 0 memory logic is shown in Print D-BS-OMD8S-0-5. Op-

eration is essentially identical to the standard PDP-8/S memory module, except for the 8-usmemory
cycle introduced by the modified clock system. In addition, the logic shown in the lower left section
of the print gates the basic memory timing signals against the FSO (field select 0) level. If the system
contains only the one 4K memory module, FSO is true at all times. In expanded systems, FSO is pro-

vided by the MCB8S option; it is true only when field O operation is desired.

5.5.2 OMDS8S Sequential Operation

The OMDSS logic has no independent function; it operates with MC8S/ME8S memory expan-
sion, with the DB8S Data Break facility, or both. Sequential functions involving OMDSS logic are dis-
cussed under MC8S, DB8S, or MES8S, as applicable.



5.6 MC8S LOGIC

5.6.1 Logic Elements

The MC8S option adds the first additional field of expanded memory (field 1) and includes
the registers and control circuits required fo assign and update the three additional address bits that
address expanded memory systems. Logic is shown in Prints D-BS-MC8S5-0-2. Functional elements of

the logic are described in the following paragraphs.

5.6.1.1 Field Registers (IF, DF, SF, IB). - This group of registers handles instruction and data field

assignments during normal operation, program interrupts, and program jumps. Logic for these registers
appears on Print D-BS-MC85-0-1, Sheet 1. Each of the registers can be loaded from several sources.
Figure 5-6 shows the signal sources, the gating levels that select inputs, reset pulses, and the strobe
pulses that set selected data into the registers. Timing of the gating, strobe, and reset pulses is dis-

cussed in Paragraph 5.6.2.
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5.6.1.2 Device Selector. - The IOT instructions which operate the MC8S extension control logic are

decoded by a type R111 NAND gate on Print D-BS-MC8S5-0-1, Sheet 3. This gate and the R002 diode

gate connected to it, decode BMB bits 3 through 5 for the octal combination X2XX and the IOT instruc-

on level to produce a control level called S CDF. This contro!l level, equivalent to 42XX on the BMB
bus, is used as the conditioning level for all extended memory control instructions. It is further com-
bined with BMB11 to produce CDF and LCDF signais, with BMB 10 to produce LCIF signals, and with

BMB 6-8 to produce RDF, RIB and RIF signals as shown on Sheet 2 of Print D-BS-MC8S-0-1.

5.6.1.3 Field Decoders and Field Select Signals. - The field decoders consist of three type R151

Binary-to-Octal Decoder modules that accept complementary pairs of input levels from the IF, DF, and
data break address extension signals, respectively. The enable inputs of the three decoders are driven
by networks which determine whether a deferred operand is being fetched or a non-deferred operand is
being fetched. In the case of deferred operands, the DF register is enabled; in the case of non-deferred
operands, the IF register decoder is enabled. During the break state, the DB8S address extension
decoder is enabled. Note that field 0 decoding is forced if the data break is active and the DBS8S is
not in the BRK (data transfer) state. During the 3-cycle break WC and CA memory cycles, field 0 is
required.

Since the MC8S houses both fields 0 and 1 of the memory, field select signals for fields 2
through 7 are generated via R107 buffers connected to the ocutputs of the field register decoders and dis-

tributed through connector slot 1H4. These levels are used only in the ME8S memory extension modules.

5.6.1.4 |Interrupt Inhibit. - Interrupts must be prevented between the time a change of instruction

field is issued and the time a jump to the new field of memory occurs is accomplished. Logic to accom-
plish this is added to the 8S processor, as shown in Print D-B-OMD8S-0-4. The inhibit flip-flop,
called FR, is initially cleared by a start pulse or power clear pulse (SP + PCP) and is set whenever a
change instruction field (CIF) IOT is issued. The resulting positive leve! at the "0" terminal of the FR
flip-flop (=FR) is used to inhibit the NAND gate which sets the PIR flip-flop in the 8S on /O Print
D-BS-85-0-17. The FR flip-flop is reset as soon as the first JMP or JMS instruction is issued; an infter-

rupt request which arrived during the inhibit time is then recognized.



5.6.1.5 Accumulator Transfer Gating. - The reading of the contents of the SF, IF, and DF registers

into the processor via the |/O channel is done by the R123 NAND gates located on Sheet 2 of Print
D-BS-MC8S-0-1. During IOP 4 of the appropriate IOT instruction, the contents of one of the three

registers is gated onto the input bus to the 85 accumulator.

5.6.1.6 Memory Field 1. - Memory field 1 and its associated electronics are shown on Print D-BS-

MC8S-0-2, and it is considered part of the basic MC8S option. The standard memory control signals
(READ, WRITE, etc.) are gated against the field select 1 signal (SF1), as shown at the lower left of
Print D-BS-MC8S5-0-2.

5.6.2 MC8S Sequential Operation

Differences in standard processor operation introduced by the MC8S option are in the DCA,
ISZ JMP, and JMS instructions, and in the six IOT instructions assigned to the IF, DF, and SF registers.
In addition, word time B is modified in order to set IF and DF into the SF register during interrupts.

Manual operations for these options involve the setting of the content of the DATA FIELD and
INSTR FIELD switches into the IF, 1B, and DF registers during a load address cycle, and clearing of IF,
DF, and IB during a power-on cycle or START switch operation.

The MC8S flow diagram (Print D-FD-MC8S5-0-4) shows the logical conditions under which

the various strobe and gating pulses are generated.

5.6.2.1 Power On. - The -PPC level generated by the processor power monitor module enables a gate
on D-BS-OMD8S-0-4, Sheet 2, to produce the -CLR pulse. The -CLR pulse forces the RI, RD, and RB
pulses (Print D-BS-MC8S-0-1, Sheet 1) which reset the IF, DF, and IB registers, respectively. The
-CLR pulse also resets the DEF flip-flop on Print D-BS-MC8S-0-1, Sheet 3.

The (SP + PCP) level (initiated by -PPC) resets the FR flip-flop on Print D-BS-OMD85-0-4,
Sheet 1, and also triggers the ~RSF pulse (D-BS-OMD8S-0-4, Sheet 2) which resets the SF register.

5.6.2.2 Start Key. - The start key also initiates the (SP + PCP) signal which resets the SF register and
the FR flip-flop as described above.

5.6.2.3 Load Address. - When the LOAD ADD key is pressed, the processor LP pulse forces a =CLR
pulse, which causes the IF, DF, and IB registers and the DEF flip-flop to be reset as described in Para-
graph 5.6.2.1.

After a fixed delay, the processor ~LPA pulse sets the LD and RUN flip-flops. The processor

then enters LD word time to load the new address from the manual switches into the PC. The LD level



enables a series of input gates on Print D-BS-MC8S-0-1, Sheet 1, that select the DATA FIELD and
INSTR FIELD switches as the input sources for the DF, IF, and IB registers.

For the IF register, the LD level gates ones from the INSTR FIELD switches (SIFO through
SIF2) to the level inputs of DCD gates. The DSIF pulse, which occurs during A0Q of LD word time, sets
ones present at the DCD gates into the register.

Similar gating is used at the input fo the DF register. The DATA FIELD switches {SDFO
through 2) are gated to the DCD level inputs by LD; DSDF strobes ones into the register.

For the IB register, LD gates INSTR FIELD switch levels SIFO through 2 to the input gates;
DSIB strobes ones into the register.

The DSIF, DSDF, and DSIB pulses are all forced at the same time by the LID pulse, which
occurs during AQO of LD word time (Print MC8S-0-1, Sheet 3).

5.6.2.4 JMP, JMS Instructions. - WTF word time is normal through A13, when the IF register is
reset by Rl (Print D-BS-CS85-0-1, Sheet 1).

During AQO of WTX, for both instructions, the content of the IB register (previously loaded
by a CIF or RMF instruction) is transferred to the IF register. The WTX (JMP + JMS) level applies ones
from the IB register to the level inputs of the DCD gates at the input of the IF register. The DSIF pulse,
timed by A0O, transfers the ones into the IF register.

At the same time, the FR flip-flop is reset (Print D-BS-OMD8S-0-4, Sheet 1) to permit pro-
gram interrupts.

The remainder of the execution of these instructions is the same as the normal 8/S instruction

flow.

5.6.2.5 Field Register |OT Instructions. - The six special IOT instructions assigned to updating or

reading the content of the various field registers are implemented like normal 10T instructions except

for certain special functions during WTF and WTX.

a. RIB
WTF for the RIB instruction is like any IOT.

During WTX, the content of the DF register is applied to IM, _ for transfer to the proc-

essor AC. This occurs during the RDF pulse, generated during IOP4 when ’rlfe 8IOT 623X instruction is
detected by the logic on Print D-BS-MC85-0-1, Sheet 2. Actually, the logic detects only code XX1X
on the BMB bus. The SCDF level (Sheet 3 of Print D-BS-MC8S5-0-1) represents IOT X2XX, by defini-
tion 62XX. The logical result at gate 1J13 (Sheet 1 of Print D-BS-MC85-0-1) is IOT 621X. Since an
IOP4 pulse will not occur unless bits 10 through 12 of IR contain 4

decoded.

8" the last octal digit need not be



The remainder of WTX and WTE is the same as any 10T instruction.

b. RIF

WTF for the RIF instruction is like any IOT.

During WTX, the content of the IF register is applied to IM6 through IM8 for transfer to
the processor AC. This occurs during the RIF pulse, generated during IOP4 when the 10T 6224 instruc-
tion is detected by the logic on Print D-BS-MC8S-0-1. The decoding technique is similar to that of
RIB, described above in detail.

c. CIF

WTF for the CIF instruction is normal through A12; the IB register is then reset by RB
(Print D-BS-MCB8S-0-1, Sheet 1). The RB pulse is enabled during WTF by the LCIF level, shown in
Print D-BS-MCB85-0-1, Sheet 3. LCIF indicates that a CIF instruction (10T 62X2) is pfesenl'.

During WTX, bits 6 through 8 of the CIF instruction, present on BMB6 through BMBS,
are transferred to the IB register. (Since the register was reset during WTF, only ones are transferred.)
The LCIF level gates BMB6 through BMB8 to the level inputs of the IB register DCD gates; the DSIB
pulse sets ones into the register. DSIB is enabled by the LCIF level and triggered by the IOP2 pulse.

Aiso during iOPZ of the CiF execution cycie, the FR fiip-fiop on Prini D-B5-OMD8A-
0-4, Sheet 1 is set. (See paragraph 5.6.1.4.)

d. CDF

WTF for the CDF instruction is normal through A12. The DF register is then reset by RD
(Print D-BS-MC8S-0-1, Sheet 1). The RD pulse is enabled during WTF by the LCDF level, shown in
Print D-BS-MC8S-0-1, Sheet 3. LCDF indicates that a CDF instruction (IOT 62XI) is present. [t ena-
bles the WTF (LCDF + LRMF) level that enables generation of RD during A12 of WTF.

During WTX, bits 6 through 8 of the CDF instruction, present on BMBé through BMBS,
are transferred to the DF register. (Since the register is reset during WTF, only ones are transferred.)
The LCDF level gates BMB6 through BMB8 to the level inputs of the DF register DCD gates; the DSDF
pulse sets ones into the register. DSDF is triggered by the CDF pulse generated on Sheet 3 of Print
D-BS-MC8-0-1, by gating LCDF and the IOP pulse.

e. RMF

WTF for the RMF instruction is normal through A12, when the DF register is reset by RD

(Print D-BS-OMD8S-0-1, Sheet 1). The RD pulse is enabled by the WTF (LCD + LRMF) level just as in
the CDF instruction.

During WTX, SF3_5
register. When IOT 6244 is detected by the decoder on Print D-BS-MC8S5-0-1, Sheet 2, the LRMF
level is produced. LRMF gates SF
DF register DCD gates SF

are transferred to the DF register, and SFO-2 are transferred to the IB

to the IB register DCD gate inputs, and also gates SF_ _ to the

0-2 3-5

3-5 to the DF register DCD gate inputs.
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The DSDF pulse, transfers ones into the DF register, and the DSIB pulse transfers ones into
IB register. DSDF is triggered by RMF, which is in turn triggered by the IOP4 pulse when an 10T 624X
instruction is present (Print D-BS-MC8S-0-1, Sheet 2). DSIB is triggered by IOP4 when the LRMF level

is present.

The DEF flip~flop is normally reset at the end (A13) of the WTD cycle. However, it is left
set after the WTD cycle of a DCA or ISZ instruction so that the DF register can specify the memory
field during the WTX cycle, when the modified AC or MB contents are being restored in memory.

The DEF flip~flop is reset at the end of a DCA or ISZ instruction's WTE cycle. The DEF
flip-flop is also reset by the CLR pulse which occurs during a load-address cycle, a power-on sequence,

or during AOO of WTB (at the start of a program interrupt sequence).

5.6.2.7 Program Interrupts and FR Flip-Flop. - When an interrupt is recognized at the end of WTE,

the 8/S processor stores the current program count in location 0000 of field 0, and proceeds to an inter-
rupt subroutine at the address specified in location 0001 of field 0. With extended memory, it may
also be necessary to store the current instruction and data fields in addition to the program count.

During A13 of every WTE cycle, if the PR flip-flop is set, WTB is initiated. The SF register
is cleared at the same time by -RSF (Print D-BS-OMD8S-0-4, Sheet 2).

During AOO of WTB, the IF and DF registers are transferred to the SF register (Print D-BS-
MC8S-0-1, Sheet 1). IF and DF are then reset, as is the IB register. This assures that, during the
following memory cycle, the PC content will be written into location 0000 of memory field 0. Reset
signals RI, RD, and RB are all triggered by the -CLR pulse generated during AOO of WTB (Print D-BS-
OMD8S-0-4, Sheet 2).

Ordinarily, location 0001 of field O contains a JMP to the interrupt subroutine entry point,
which must also be in field 0. If the instruction subroutine itself is not in field 0, it is necessary to
initialize 1B by a CIF instruction. A subsequent JMP or JMS instruction automatically transfers the new
field from IB to IF.

During an inferrupt, the instruction and data fields of the interrupted routine are held in the
SF register. They can be restored at the end of the interrupting subroutine by an RMF instruction. if
multilevel interrupts are permitted, there must be software provisions for storing the SF register content

at each interrupt level.



It is important to prevent interrupts during a change of instruction field. Typically, the new
field is set up by a CIF instruction, followed by a JMP (or JMS) that transfers the new field from IB to
IF. Sometimes, a few instructions may be inserted between the CIF and the JMP. If an interrupt occurs
after the CIF but before the JMP, the program will return to field O instead of the field that was active
when the interrupt occurred. (IB is reset during WTB, wiping out the field set up by the CIF instruction
that preceded the interrupt. When the JMP of the interrupted program is reached, IF is set to field 0.)

For this reason, the FR flip-flop is set during a CIF instruction. (See Print D-BS-OMD8S-
0-4, Sheet 1.) It remains set, preventing interrupts, until WTX of the JMP or JMS instruction that sets

up a new field and then it is reset.

5.7 DB8S LOGIC

The DB8S data break facility allows one /O device to transfer information directly into or out
of the PDP-8/S core memory. The data break is particularly well-suited for devices which transfer large
amounts of information in block form.

Peripheral 1/O equipment operating at high speeds can transfer information with the computer
through the data break facility more efficiently than through programmed means. The combined maxi-
mum transfer rate of the data break facility is over 1.5 million bits per second.

Data breaks are of two basic types: 1-cycle and 3-cycle. Ina I-cycle data break, registers
in the device (or device interface) specify the core memory address of each transfer and count the number
of transfers to determine the end of data blocks. In the 3-cycle data break, two computer core memory

locations perform these functions, simplifying the device inferface by omitting two hardware registers.

5.7.1 Logic Elements

Control logic to start the required memory cycles and arrange for data transfers is shown on

Print D-BS-DB85-0-1 (2 sheets). The DBMA and DBMB registers appear on Print D-BS-DB8S-0-2.

5.7.1.1 Memory Request Logic. - Data break control over memory cycle requests is performed by the

logic on the left half of Print D-BS-DB8S-0-1, Sheet 1. The IRDRQ or IWRRQ signals initiate the first

memory request of a data break and also initiate a processor request waiting at the end of a data break
period. Both signals occur at the end of a 0.5 ps delay. The 2RDRQ and 2WRRQ signals are generated

without delays to enable consecutive memory requests during 3-cycle breaks or 1-cycle block transfers.

5.7.1.2 Parity Generator. - On the right half of Print D-BS~DB8S-0-1, Sheet 1, a group of type

B130 3-bit parity circuits monitors the content of the DBMB register at all times and generates an even
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parity bit, DB PAR (1). The parity bit is ORed to the memory bus MB PAR (1) line and is written info

memory along with each data break data word.

5.7.1.3 Data Break Major State Register. - Four flip-flops on Print D-BS-DB8S-0-1, Sheet 2, control

the operating sequence for 1- and 3-cycle breaks. The BRK SYC flip-flop is set and reset at the begin-
ning of every break cycle, inciuding consecutive breaks. For 1-cycie breaks, the BRK flip-flop is set

during the first available data break memory cycle, during which the data transfer takes place. For
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RK fiip-fiops are sef in sequence during three memory cycies. The
first cycle, WC, fetches and increments the word count. The second cycle, CA, fetches and (optionally)
increments the current dafa address. Then a BRK cycle performs the data transfer in the appropriate
direction. Output levels from these flip-flops condition the contro! logic to enable the appropriate

timing pulses.

5.7.1.4 DBMA Register. - The DBMA register on Print D-BS-DB8S-0-2 is a 12-stage flip-flop register

with two sets of inputs. The external address on lines DAO-H is set info the register at the beginning of
every break cycle. (The register is first reset by 0 —~ DBMA; then ones on the DA lines are gated in by
DATA ADDRESS — DBMA.) A binary 1 is represented by ground on the DA line.

DBMA also holds the current address during the BRK portion of a 3-cycle break. The current
address is jam transferred in at the end of the CA cycle by DBMB —J— DBMA.

5.7.1.5 DBMB Register. - DBMB on Print D-BS-DB85-0-2 is also a 12-stage register with two sets of
parallel inputs. During input transfers, it stores external data to be written into memory. The data on
the DBO’-H lines is jam-transferred in by the DATA ——J— DBMB pulse. The register also stores mem-
ory output data until it can be sampled by the device, and holds the current address until it is trans-
ferred to DBMA during 3-cycle breaks. In both cases, the register is reset by 0 — DBMB, then ones on
the MBI memory bus are transferred in during memory strobe time. (Binary ones on the MBI bus occur as
positive=going pulses.)

DBMB includes ripple carry-propagation logic that operates when the word count and current
address are being incremented, or during a single-cycle memory increment break. When any stage
changes from 1 to 0, it complements the next higher stage. The +1 — DBMB pulse is injected into
DBMBI11 to start the process.

The most significant stage, DBMBO, is monitored by logic on Print D-BS-DB8S-0-1, Sheet 1.
When stage 0 changes from 1 to 0 during the 3-cycle break's WC period, indicating that the word count
has changed from -1 to 0, the WORD COUNT OVERFLOW pulse is generated.



5.7.1.6 Control and Timing Logic. - Control and timing signals appear on Print D-BS-DB85-0-1,

Sheets 1 and 2. Conditions under which the signals are generated are discussed in the following para-

graphs.

5.7.2 Standby Condition

The DBS8S logic is initialized by the MPC pulse generated by the processor power monitor
module. MPC resets the P REQ flip~-flop, the data break major state register (BRK SYC, WC, CA, BRK),
the WCOF flip-flop, and the DBMA register.

The processor operates in the normal manner as long as no break request is received from the
external equipment. When a break request is received, the OMD8S memory gating logic is conditioned
so that the processor controls the address, data, and timing bus lines to all memory modules. The DB8S
logic then assumes control of memory timing and conditions the memory gating logic in OMD8S to block
the processor from the GMA, GMB, and MBI memory bus lines. The DB8S register handles memory
addresses and data for the duration of the break cycle. Events during 1- and 3-cycle breaks are dis-

cussed in following paragraphs.

5.7.3 Sequential Operation, 1-Cycle Breaks

For 1-cycle breaks, the CYCLE SELECT input line must be held at -3V. Internal timing for
this mode of operation is shown in Print D-TD-DB8S-0-3. The left-hand portion of the flow diagram on
Print D-FD-DB85-0-6 shows the logical conditions under which the various strobe and gating pulses are

generated.

5.7.3.1 Synchronizing. - The BREAK REQUEST signal from external equipment primes a DCD gate at
the input of BRK SYC flip~flop, provided the WC and CA flip-flops are both zero. The break facility
can interrupt the processor at either of two times: at the beginning of A11 (before the processor has a
chance to demand a memory cycle) or during the WRITE pulse (just before the end of a processor-
controlled memory cycle). When either condition is present, the BRK SYC flip-flop is set and the BTI

pulse is generated.

5.7.3.2 BRK State. - The BRK SYC (1) level enables a DCD gate at the input of the BRK flip-flop,
provided the 1 CYCLE SELECT line from the external equipment is negative. The BRK flip-flop is set
when the DCD gate is pulsed by either the M DONE pulse or A12 (depending on whether BRK SYC was
set by the WRITE pulse or A11)., The BRK (1) level produces the DB level (Print D-BS-OMD8S~0~1,
Sheet 2) which conditions the OMDSS gating for data break utilization of memory modules by blocking
the GMA, GMB, and SMB bus lines from the processor.
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At the same time (M DONE or A12) a 0.5 ps delay is triggered, after which either the
IRDRQ pulse or the 1WRRQ puise is generated, according to whether the transfer direction is in or out.
One of these pulses triggers logic on Print D-BS-OMDB8S-0-7 to produce either the WRRQ or RDRQ
pulse. These in turn start the memory clock sequence (Print D-BS-OMD8S-0-4, Sheet 1) described in
Paragraph 5.5.1.5.

During the break, the processor clock runs and instruction execution proceeds normaiiy up to
the time the processor requires a memory cycle. At A12 time, the processor clock stops and the WTS

WA T

flip-fiop is sef. The waiting RDS or WRS signai aiso enables AiZ to set the PREQ flip-fi

the PREQ
OMD8S-0-7). (As soon as the data break facility is finished with the memory, a memory cycle will be
initiated to take care of the waiting request.)

The standard memory signals (READ, WRITE, MEM DONE) are used as timing signals for the
transfer of data and addresses between the data break facility and the external equipment. At the start
of the memory cycle (BT2A time) the DATA ADDR — DBMA pulse is produced to strobe the DAO-H
address lines from the external equipment into the DBMA register. (DBMA will have been cleared by
"0 - DBMA" during either an MPC pulse or a preceding memory WRITE pulse.) The DATA ADDR --
DBMA pulse also triggers the ADDRESS ACCEPTED pulse to the external equipment. The DBMA register,
gated to the GMA memory address lines on Print D-BS-DB8S-0-5, is made available to all fields of
memory. If memory is expanded, the external equipment must supply the ADDR EXT 0, 1, and 2 lines
to the break-state field selection decoder on Print D-BS-MC8S-0-1, Sheet 2. The BRK (1) level ena-
bles this decoder (IF15) and the DB level disables the decoders supplied by the data field and instruction
field registers.

The leading edge of the READ pulse triggers 0 — DBMB, which clears the DBMB register.

If the transfer direction is in, the trailing edge of the READ pulse triggers the DATA —3—
DBMB pulse, which sets external data ones into the DBMB register.

‘lf the transfer direction is out, data from the READ portion of the memory cycle, appearing
on the MBI memory bus, at strobe time, enters the DBMB register. Ones on the MBI bus set corresponding
stages of the register. Memory timing is such that the data is available in the DBMB register about
2.5 us after the BT2A pulse. If the INCREMENT MB line is at ground during the end of the READ pulse,
the +1 - DBMB pulse increments the content of the DBMB register.

During the WRITE portion of the memory cycle, the content of DBMB is restored to memory.
The parity generator develops the MB PAR (1) parity bit from the contents of the DBMB register. The

parity bit is written into memory along with the data word.

5.7.3.3 End of Break. - At the end of the memory cycle, the M DONE pulse resets the BRK flip-flop.

The BRK signal to the external equipment returns to ground.
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If the BREAK REQUEST line is still at ground and the processor has not yet stopped for a

memory cycle (setting PREQ), the normal instruction execution sequence proceeds.

5.7.3.4 Consecutive Breaks. - If the BREAK REQUEST line stays high for consecutive break cycles,

the BRK SYC flip-flop is set again at the end of the BRK time read pulse. Another memory cycle is
enabled by the 2RDRQ level (output) or the 2WRWQ level (input). (The corresponding RDRQ or WRRQ
pulse is triggered on Print D-BS-OMD8S-0-7 by the BRK cycle's M DONE pulse.) The full BRK cycle
is repeated. Consecutive breaks occur in this manner so long as the BREAK REQUEST line is at ground
at the end of WRITE time. The external device must supply an updated address at the beginning of each
BRK cycle.

5.7.3.5 Delayed Processor Requests. = When -3V on the BREAK REQUEST line indicates that no more

breaks are required, control is released to the processor. However, if the PREQ flip-flop is set, the
BRK cycle M DONE pulse triggers another IRDRQ or IWRRQ pulse, depending on the transfer direction.
(the processor RDS enables IRDRQ, while WRS enables TWRRQ at this time.) The ensuing memory cycle
is used by the processor to complete a memory cycle that was postponed during the data break period.
Processor access to the GMA, GMB, and MBI lines is permitted by a false DB level.

The M DONE pulse of this memory cycle triggers a P DONE pulse (Print D-BS-OMD8S-0-7) .

This resets the processor's WTS flip-flop and starts the clock to resume normal operation.

5.7.3.6 Memory Increment. - During the BRK cycle of either 1- or 3-cycle breaks, with output direc-
tion specified and the MEMORY INCREMENT line at ground, the +1 - DBMB pulse increments the con-

tent of the DBMB before it is restored to memory. This feature permits a memory location to serve as a
counting register without program intervention. A hard-wired address must be provided on the DAO-H

lines. For 3-cycle breaks, the current address can be assigned by the program.

5.7.4 Sequential Operation, 3-Cycle Breaks

Internal timing for the 3-cycle break is shown in Print D-TD-DB85-0-3. For this mode of
operation, the CYCLE SELECT line must be at ground. The right-hand portion of the flow diagram

(Print D-F D-DB85-0-6) shows logical conditions for the various strobe and gating signals.

5.7.4.1 Synchronizing. - The start of a 3-cycle break is similar to the 1-cycle break. The BRK SYC

flip-flop is set by either A1l time or the trailing edge of a processor memory cycle WRITE pulse. At the
following A12 (or M DONE) time, BRK SYC is reset and the WC flip-flop is set, starting the word-count
cycle. The processor continues normal operation until a memory cycle is required; then, at A12 time,

the PREQ flip-flop is sat (Print D-BS-OMD8S-0-7), and the WTS flip-flop is set, stopping the clock.
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5.7.4.2 Word Count Cycle. - At the same time that the WC flip-flop is set (A12 or M DONE time),
IRDRQ is generated fo start the memory cycie that will fetch the word count for the active device. The

device must supply the address of the word count location on the DA lines. (For a single channel,

the address may be hard-wired.) The DATA ADDRESS — DBMA _pul(ie]s]ei's ones of the address into the
DBMA register. (DBMA has been reset by a power clear (MPC) or by 0 — DBMA at the end of the
preceding break cycle.) Decoder 1F13 (Print D-BS-MCB8S-0-1, Sheet 2) forces the FSO (field select 0)
level, as the word count is assumed to be in memory field 0. Also, the DB level blocks the processor
from the OMD8S GMA, GMB, and MBI memory bus iines and connecis the DBMA and DBMB registers
instead. |

The DBMB register is cleared by 0 — DBMB, which occurs at the leading edge of the mem-
or)>' READ pulse. Ones from the addressed word count location enter the register during the memory
strobe time.

The current address, in DBMB, is incremented by +1 — DBMB, triggered by the memory
READ pulse trailing edge. If a carry is propagated out of DBMBO (1 changes to 0), the WORD COUNT
OVERFLOW pulse is delivered to the device intarface, signifying the completion of a block transfer.
The WCOF flip-flop is set and reset at this time, bracketing the carry propagation. WORD COUNT
OVERFLOW can be generated only while WCOF is set. (It is not generated during an "increment MB"
break.)

During the write half of the WC memory cycle, the DBMB register content is restored to

memory .

5.7.4.3 Current Address Cycle. - Throughout WC, the 2RDRQ level is held at ground. When the
M DONE pulse terminates WC, it also triggers a RDRQ pulse (Print D-BS-OMD8S-0-7), initiating

another memory read cycle. M DONE also triggers a +1 — DBMA pulse, which sets bit 11 of the
DBMA register. The WC address, always an even number, is still in the DBMA register. Setting DBMA,
bit 11 produces WC +1 as the location from which the current address will be obtained. The purpose of
the CA cycle is to read this location to obtain the current address for the data transfer. During this
memory cycle DBMA (gated to the GMA lines of the OMDSS logic) provides the address. Again, mem-
ory field 0 is forced by gate 1F13 (Print D-BS-OMD8S-0-1, Sheet 2).

As in the WC cycle, 0 — DBMB clears the DBMB register and memory data ones are set into
DBMB during strobe time. Ordinarily, the current address is incremented by +1 — DBMB, af the end
of read time. However, the external equipment may inhibit this by holding the INCREMENT CA line
at ground.

During the write portion end of the CA cycle the current address, held in the DBMB register,
is restored to memory. At the end of memory WRITE time, the DBMB —J— DBMA pulse transfers the
current address to the DBMA register. (The jam transfer does not require that the DBMA register be reset.)

5-25



Since the following BRK cycle will involve a data transfer to or from the external equipment,
either a memory read or write cycle will be required. The external equipment must specify the direction
out." Either 2RDRQ or
2WRRQ comes on during CA time, according to the state of the TRANS DIR signal. During the CA time
M DONE pulse, either RD RQ or WR RQ (Print D-BS-OMD8S-0-7) initiates the next memory cycle.

of transfer by controlling the TRANS DIR line, negative for "in," ground for

5.7.4.4 BRK Cycle. - The memory cycle initiated at the end of CA time addresses the location speci-
fied by the content of the DBMA register. In systems with expanded memory, the three ADDR EXT bits
must be provided by the external equipment fo select the data field. Decoder 1F15 (Print D-BS-MC85-
0-1) is enabled during data breaks so that the ADDR EXT bits are decoded to provide the field selection
level.

The data transfer takes place as in a single-cycle break BRK cycle. The DBMB register is
cleared. Then for output transfers, the content of the addressed memory location is loaded into DBMB,
from which it can be sampled by the external equipment. For input transfers, external data on the
DBO-H lines is loaded into DBMB by DATA —J— DBMB. In either case, the content of DBMB is
written into memory at the end of the cycle. The parity generator develops the MB PAR (1) bit to be

written info memory along with the data word.

5.7.4.5 End of 3-Cycle Break. - At the end of the BRK time memory cycle, the M DONE pulse
resets the BRK flip-flop, provided the BREAK REQUEST line has returned to -3V. The B BRK signal to

the external equipment returns to ground. Full control of memory is returned to the processor.

5.7.4.6 Consecutive 3-Cycle Breaks. - If the BREAK REQUEST line stays high, for consecutive break
cycles, the BRK SYC flip-flop is set again at the end of the BRK time read pulse. The 2RDRQ level is

also produced to enable another word count read cycle. The M DONE pulse then sets the WC flip-flop
and triggers RDRQ to start the word count memory cycle. The WC, CA and BRK cycles are repeated.
Consecutive breaks occur in this manner as long as the BREAK REQUEST line is at ground at the end of

WRITE time.

5.7.4.7 Delayed Processor Requests. - If the PREQ flip-flop is set by the processor during a 3-cycle
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break, the data break iogic develops either IRDRQ or IWRRQ af the end of BRK time. DONE

pulse triggers RDRQ or WRRQ (Print D-BS-OMD8S-0-7), accordingly.
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5.8 MEMORY EXTENSION BEYOND 8K WORDS (ME8S and MM8S)

The MC8S memory control logic, housed in the OMDS8S option mounting panel, includes the
basic 4K of memory removed from the 8S processor (field 0) and an additiona!l 4K of memory which
constitutes field one. Fields 2 through 7 are added to the system in pairs through the use of the ME8S
memory extension panel. Each MEB8S houses an even field and an odd field of memory, interconnected
to the memory control and data bus lines as shown in Figure 5-7. Interconnection from a set of con-
nectors located in the OMDBSS are bussed to duplicate connectors in the ME8S panel, for through-
connection of other ME8S options. The control signal in these bus lines emanate from the OMDS8S master
memory timing logic. The basic timing signals (read, write, inhibit, and strobe) are sent to all fields
of memory whether they are housed in the OMDS8S or MEBS. Along with these signals are sent the field
select signals generated by the MCB8S option. The field select levels are gated locally in each MESS to
produce directed control signals for the field of memory which has been addressed. The GBMA bus car-
ries memory addresses from either the processor or the DB8S data break logic. Similarly, the GMB lines
carry data from either the processor MB or from the data break DB MB register. The slice amplifiers of
each memory bank drive the BMI and MB PAR(1) busses which return to the OMDS8S and are distributed

either to the processor or to the data break.

5.8.1 MES8S Logic

Besides providing mounting and interconnections for MM8S memory modules, the ME8S con-
tains inverters which distribute the address lines to the two memory modules. (See Print D-BS-ME8S-
0-1.) The GMA lines from the OMDSS are supplied in one polarity only (binary 1 is represented by
ground), and the memory address decoders require both polarities. The inverters provide the BGMA (0)
and BGMA (1) lines to the memory modules.

MESS also contains the delay circuits that provide directed strobe delay pulses to the two

modules.

5.8.2 MM8S Logic
e

Each MM8S option includes one 4096-word memory module plus gating to direct the bussed
memory timing pulses to the module. All memory modules are, in effect, tied to common address, input
data, and output data busses. However, the memory timing pulses are directed by the field selection
signals from MC8S so that only one module actually goes through a read-write cycle.

Logic of an even memory field module appears in Print D-BS-MM8S-A-1, and directed timing
gates are shown in Print D-BS-MM8S-A-2. The FS EVEN enabling level is hard=wired to the appropriate
field select level from MC8S/OMDSS.
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Figure 5-7 ME8S/MMB8S Memory Control and Data Distribution

Memory module wiring and timing gates for odd memory fields are shown in Prints D-BS-

MM8S-B-1 and D-BS-MM8S-B-2.

5.9 MAINTENANCE

(@]
~0

Spare Parts and Test Equipment

DEC Field Services provide an up-to-date list of spare parts for these options. No test

equipment or tools other than those listed in Chapter 4 are required.
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5.9.2 Maintenance Programs

The maintenance programs listed in Chapter 4 apply to a PDP-8/S with expanded memory as
well. Particularly applicable are the Extended Memory Control and Extended Memory Checkerboard
tests.

The factory diagnostic program for detailed checkout and debugging of a data break installa-
tion requires a logic test fixture that simulates an active data break device. The factory test fixture is
not available for use in the field. For field checkout, operate the computer and data break with the
associated device, in a simple (and if possible repetitive) operational program. Data flow through the

data break logic can be traced with the aid of the timing diagrams provided in this section.

5.9.3 Memory Alignment and Troubleshooting

Since the memory modules used in expanded memory systems are identical to the basic 8K
module, the alignment and troubleshooting hints of Chapter 4 apply, except that the memory clock

period is increased from 6.5 to 8.0 ps.

5.9.4 Interfacing External Equipment of DB8S Facility

Data and control signals exchanged between the data break facility and associated external
equipment are shown in Figure 5-8. External connections are made through W021 cable connector
ules. Cables are not supplied. Coaxial 92-ohm cables up to 50 ft long may be used. The following

text and timing diagrams define data break operations in terms of the interconnecting signals.

5.9.4.1 Single Cycle Data Breaks. - Single-cycie breaks are used for input dafa fransfers fo the com-

puter, output data transfers from the computer, and memory increment data breaks. None of the active
processor registers are affected by a data break transfer, and processing continues uninterrupted until a
processor memory cycle is required. In case of ties between break requests and processor requests, the
break request always wins. Memory increment is a special output data break in which the content of a

memory address is read, incremented by 1, and rewritten at the same address.

5.9.4.2 Single-Cycle Input Transfers. - Figure 5-9 illustrates timing of a single-cycle transfer. The

address to be affected in core is normally provided by the device interface from a 12-bit flip-flop
register (data break address register) which has been preset by programmed transfer from the computer.
Typical external registers and control flip-flops supplying information and control signals to the data
break facility are shown in Figure 5-10. The input buffer register (IB in Figure 5-10) holds the 12-bit
data word to be written into the computer core memory location specified by the address contained in

the address register (AR in Figure 5-10). Output terminals of these registers are connected to the DB8S
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logic connectors so that ground potential represents binary 1's. A parity bit is generated for all input

transfers by the DB8S. Since most devices that transfer data through the data break facility are designed

to use either 1-cycle or 3-cycle breaks, but not both, the CYCLE SELECT signal can usually be supplied

from a stable source (such as a ground connection or a -3V clamped load resistor) rather than from a

bistable device as shown in Figure 5-11. Other portions of the device interface, not shown in Figure

5-11, establish the data word in the input buffer register, set the address into the address register, set

the direction flip-flop to indicate an input data transfer, and control the break request flip-flop. These

operations can be performed simultaneously or sequentially, but all transients should occur before the

data break request is made. Note that the device interface need supply only static levels to the com-

puter, minimizing the synchronizing logic circuits necessary in the device interface.
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Figure 5-11  Interface Timing, Single-Cycle Breaks, Output

Data break requests are sampled by BTI. (The maximum delay before a break request is sam-
pled is 10.6 ps.) Within 3.0 ps after BT| an ADDR ACCPT (address accepted) pulse is generated to
acknowledge receipt of the request, and the break state is entered. The supplied address must be sus-
tained until the address accepted pulse. The address~accepted pulse can be used in the device inter-
face to clear the break request flip-flop, increment the contents of the address register, etc. A 0.5 ps
delay allows control of the memory to switch from processor to data break before a memory request is
generated. There is also a 0.5 ps delay at completion of the break state to allow control of the memory
to return from the data break to the processor. Due to these 0.5 us delays, the total time for an indivi-
dual break is 9.0ps. If the break request is present at every BTI time, successive breaks will occur
every 8 us (125 KHz). (The 0.5 ps delay only occurs at the beginning of the first break and at the end
of the last break.)

5.9.4.3 Single Cycle Output Data Transfers. - Timing of operations occurring in a 1-cycle output

data break is shown in Figure 5-11. Basic logic circuits for a typical device interface used in this type
of transfer are shown in Figure 5-12. Address and control signals are similar to those discussed previ-

ously for inpuf data fransfers, except that the TRANSFER DIRECTION signal must be at ground potential.
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Figure 5-12 Device Interface Logic for Single-Cycle Output Transfer

An output data register (OB in Figure 5-12) is usually required in the device interface to receive the
computer information. The device, not the DB8S, controls strobing of data into this register. The
device must supply strobe pulses for all data transfers out of the computer (programmed or data break)
since circuit configurations and timing characteristics differ in each device.

When the address and data break request are supplied, an ADDR ACCPT pulse is generated
as in input data break transfers. At BT2A time, the address supplied to the PDP-8/S is loaded into
DBMA, the break state is entered, and the MB is cleared. Not more than 2.5 ps after BT2A, the con-
tent of the device-specified core memory address is read and available in DBMB. (This word is auto-
matically rewritten at the same address during the last half of the break cycle and is available for pro-
grammed operations when the data break is finished.) Data bit signals (DBO_.l ]) are available as static
levels of ground potential for binary 1's and -3V for binary 0's. The DBMB is cleared at BT2A (+1.5 s)
of each break cycle, so the data word is available in the DBMB for approximately 5.5 ps to be strobed
by the device interface. The data for the last transfer is available in DBMB until the next break.

Generation of the strobe pulse by the device interface can be synchronized with computer
timing through the use of timing pulses BT1 or BT2A, which are available at the computer interface.

The strobe pulse should be gated by condition signals that occur only during the break cycle of an output
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transfer. Figure 5-13 shows typical logic circuits to effect an output data transfer. In this example,

the B break signal and an inverted TRANSFER DIRECTION signal are combined in a diode NAND gate to
condition a diode-capacitor-diode gate. A buffered BT2A pulse triggers the DCD gate to produce the
strobe pulse. The BT2A pulse determines the timing of the transfer in this example, since the input of
the output buffer register has DCD gates. Conventional DCD gates require a minimum setup time of

400 ns, which is adequately provided between the time when data is available in the DBMB and BT2A
time. If diode gates or other devices with a setup time of less than 400 ns are used at the input of the
output buffer register, the BT1 pulse and a delay, or some other pulse generated by the device interface
before BT2A time, can trigger strobe pulse generation. By careful design of the input and output gating,
one register can serve as both the input and output buffer register. Most DEC options using the data
break facility have only one data buffer register with appropriate gating to allow it to serve as an out-
put buffer when the TRANSFER DIRECTION signal is at ground potential or as an input buffer when the v
TRANSFER DIRECTION signal is =3V. ‘

Figure 5-13  Device Interface for Strobing Output Data

5.9.4.4  Memory Increment. - In this type of data break, the content of core memory at a device-

specified address is read into the DBMB, is incremented by 1, and is rewritten af the same address
within one 8.0 ps cycle. This feature is particularly useful in building a histogram of a series of
measurements, such as in pulse~height analysis applications. For example, in a computer-controlled
experiment that counts the number of times each value of a parameter is measured, a data break can be
requested for each measurement, and the measured value can be used as the core memory address to be
incremented (counted). The signal interface for a memory increment data break is similar to an output

transfer data break except that the device interface generates an INCREMENT MB signal and does not
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generate a strobe pulse (no data transfer occurs between the DB8S and the device). Timing of memory
increment operations appear in Figure 5-14, and an example of the logic circuits used by a device

interface appears in Figure 5-15.
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Figure 5-14  Interface Timing, Memory Increment Data Breaks

An interface for a device, using memory increment data breaks, must supply 12 data address
lines (DAO-I ]), a TRANSFER DIRECTION signal, a CYCLE SELECT signal, and a BREAK REQUEST signal
to the computer data break facility, as in an output transfer data break. In addition, a ground potential
INCREMENT MB signal must be provided no later than 2.0 ps after BT2A time of the break cycle. This
signal can be generated in the device interface by ANDing the B BRK DB8S output signal, the output
transfer condition of the TRANSFER DIRECTION signal, and the condition signal in the device that
indicates that incrementing should take place. When the DB8S receives this INCREMENT MB signal, it
adds one to the content of DBMB, at BT2A (+2.5 us) time, then restores DBMB to memory.

The device interface logic shown in Figure 5-16 samples the most significant bit of the data
word (GMBO) to determine whether it overflows when incremented. If GMBO changes from the 1 to the
0 state when the data word is incremented, this logic requests a program interrupt to allow the program

to take some appropriate action, such as incrementing a core memory counter for numbers above 4096,

stopping a test to compile the data gathered to the current point in the operation, reinitializing the
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addressing, etc. The logic in the figure uses the select code of a programmed data transfer to skip on
the overflow condition to determine the cause of a program interrupt, to clear the overflow flip-flop,
and to clear the device flag. Note that the devices that use data break transfers almost always use
programmed data transfers to start and stop operation of the device, to initialize registers, etc., and do

not rely on data break facilities alone to control their operations.
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Figure 5-15 Device Interface Logic for Memory Increment Data Break

5.9.4.5  Three Cycle Data Breaks. - Timing of input or output 3-cycle data breaks is shown in

Figure 5-16. The 3-cycle break provides an economical method of controlling the flow of data at high
speeds between PDP-8/S core memory and fast peripheral devices, e.g., drum, disc, magnetic tapes,
and line printers; allowing transfer rates in excess of 40K words per second. The 3-cycle data break
facility uses many of the gates and fransfer paths of the 1-cycle data break system, but this does not
preclude the use of 1-cycle data break devices. Any combination of 3-cycle and 1-cycle data break

devices can be used in one system, so long as a multiplexer channel is available for each.
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Figure 5-16 Interface Timing, 3-Cycle Breaks

The 3-cycle data break is entered similarly to the 1-cycle data break, except a ground-
level CYCLE SELECT signal allows entry to the WC (Word Count) state to increment the fixed core
memory location containing the word count. The device requesting the break supplies this address as
in the 1-cycle data break, except that this address is fixed and can be supplied by wired ground and
-3V signals, rather than from a register. The sole restriction on this address is that it must be an even
number (bit 11=0). Following the WC a CA (Current Address) state is entered, in which the core mem-
ory location following the WC address is read, incremented by one, restored to memory and used as the

transfer address. Then the normal BRK (Break) state is entered to effect the transfer.

Two additional control lines are provided with the 3-cycle data break as follows.

a. WC OVERFLOW. A standard 0.4 us negative computer output pulse is transmitted to
the device when the word count becomes equal to zero.

b. INCREMENT CA INHIBIT. When ground potential, this device~supplied signal inhibits

incrementation of the current address word.
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APPENDIX
ENGINEERING DRAWINGS

Reduced copies of the fiow charts, iogic drawings and circuit schematics are inciuded at the
back of this manual. Chapter 3 explains the drawing numbers and the type codes that identify engi-
neering drawings for the PDP-8/S and details the notation and conventions used in the block schematics
and flow charts, which are the basis for leaming and maintaining the equipment. There are many other
engineering drawings, however, used primarily for reference in maintenance.

The master drawing list, A-ML-85-0, lists the block schematics, flow charts, parts list,
module utilization drawings, some assembly drawings, and the drawing index list for the computer.

This last drawing, D-DI-85-0-27, lists all mechanical and electrical drawings for the PDP-8/S including
the teletype (sheet 2). Sheet 1 is a map showing the relationship among the various categories of
drawings.

Detailed information about the modules that make up the processor and memory is given in
the module utilization drawings, D-MU=-85-0~25 for the 8K and D-MU-85~0~26 for the 4K. Each has
two sheets showing the six mounting panels, each panel being divided info 40 sections representing the
plugin locations. Above the locations are the type numbers of the modules occupying them. Each loca-
tion is further partitioned according to the individual circuits (flip-flops, pulse amplifiers, inverters)
in the module. Circuits are identified by logical function, using the same signal names that appear on
the block schematics. For example, a pulse amplifier is labeled by naming the output pulse; an inverter
or diode gate is labeled by the output of the net in which it is used. Clamped loads are identified only
by the pins to which they are connected.

The rack mounted model uses a standard 728 power supply and 832 power control, which are
shown in the circuit schematics. The power supply, circuit breakers, and ac wiring for the table model

are shown in the rear panel assembly drawing, D-AD-7005193-0-0.
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| &N u GND U | GND u
-LCIF 131V |V R22 . B IO CLER AL V14~ RIDT/T2MA > L BMB 11(8) CBR .V R(B7/18MA -
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o K o
ey 1
111N 111N -
) 1F§ L SL
WTF T L .
1 1"
1R22 1F6
2 szé
RI1IPC, RI11
1823 =
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Bit Timing D-BS-85-0-11
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WTELCISZoZ1 )+ HS+(0P+10TISKP]  RINGHD.
1E13

B g T 7 T 6 5 1 4 | 3 | 2 | 1

Memory Address D-BS-85-0-12
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< (} [ M E. “7-!"""- ;) € TNV - s
INY HTX 187D
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It i i i H ! i l l i l !
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1E@1H 1E@1E 081U 1D81P 1081J 1D891E 1cay 1C@1S 1CBIN 1cerd 1CB1E 18@1U -LP V_r—l—(SNmP+LPJ
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DATA FIELD TINST. FIELD STRRT ADDR DEPOSIT EXAMINE CONTINUE STOP  !NPUT  STEP RE0
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'//////m,//////// )
I - - - - ry FS N 1 i i 1 i 1 i 1
= & s s s s s KEY : i i i i i i i $ —IPA -T—-AST
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TP TR s |1819 R AT STANDARD MACH INE. FOR AUTO
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H
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L 1707,
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| 1085 RDA1K
HIM é K tF16
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Control D-BS-85-0-15
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N
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Instruction Register D-BS-85-0-16

A-21




sMA d ;"JE
H u ...': n 4 -CAC
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s - F M n
INV
R1€7R
1A24
%__s B RUN (1)
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N L
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u
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N
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Memory Control (4K) D-BS-85-0-18
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HTF+WTB+EX+DC+LD
S
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HIXLIMP+IMS)

S
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B

o
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Program Counter D-BS-85-0-19



(FROM 10)
vav.tn.: ) = -(DP+EP) PR
-Ar2 ReaaF P REO3M
119 " 1819
swa 4 -BAC 90
, - SACPP —1ac 107F HOSPR
URIAC U, - 1085 1083
b s R l nwu.ﬁqmmc
NAND NARD #
ACIB 21110 P2 SlR111U T PL_
134 179 .,

sHA
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1885 AND
i RBA1E
S 4 . 5MA -BAC @I
14c+CHATINNG COOLER | neasrcy X "
1F14 -SACEI

8
N
C

V 1085 1083
F)E
| F )
ROTR r RINANG
ROTL+TAD 1F14
W WTXWOP2 Pt
e ey, N ,
" 1E08 v._l_'L M ™ K = L 1E02D
~-SAC@2 187L 5oL
oHA 1005 1083
i :
Y
HIF Rt
111U
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o1 = P He——14 1D82R
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202 187N 050,
3 1085 1003

(- w
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£ 10820
1783 |, 1083 _deee k A 5 T o
MK =y 108:

-SAC@5S %v
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—ICO5(1A83 mﬁszr ~BAC @6
B 1£08 Er— H

-SAC@G -

SMA S
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—ICo6(1AD3

SHMA
WOASH

-A(88-11) 2 @
g e Kp .
WTX ¢ | ﬁww
AND+TAD+ DCA+
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op2 W
$
EX+0C H w1 -
oy R111V
= s B
1E08 1882V
% M -SACIS
e HOB5.
Lo " | 1£08
INV
187J
_,muo SMA
— HEBEV <
1E08
SMA
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JEe8 |
L lacen ~SACH
12 H RED2K
-(WTXWTAD) — T2 [1A16 1B22R
-A(98-@1 ) mm .
= WTX®ROTI?)

Accumulator D-BS-85-0-20
A-29

DEC FORM NO.
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e liks
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|
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é R e s TROBE
1 T nM) L
20 4 . LOINEY o
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1038 |5 Y 20 B |
1833
N ‘ 1
-WT MEM W K v F
“AMLRiTin p
1036 % é K STROBE ENABLE R oS
n[M \V -HRITE H 1039

-WT MEMAL n -BMT - -WT MEM % b . “WT MEM % iﬁ
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o
n
e

|
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7 1 6 | 5 t 4 [ 3 I 2 1

Memory Control (8K) D-BS-85-0-22
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MAGE
—MABEB
ED EH EL EP ET FD FR Fi m—
i) (7Y TR— 'Ef,_.: WRITE — MBpY co cF| F cH
1E2! | Mg Fs wio8  £35 F35 —Megi It K J y
MAG2  ———FR FV————READ ~MB@2 cL ¢
ElU —MAg 2B FPey ° ' 2 3 4 5 e 7 EN[E— N L
THERM E EF EJ EX EM EN ER “ES EU EV FE“ FF FJ °FK FM 121 —MBg3 cp ¢ —
; ’ ~MBga icT ¢ N cP) B
CE b——i-jov REF WIOB .,
-MEM@P —M a0n K —MBP5S —— 1y cv R ¢s
c34
[21 -—
~MEMZ | T VpEE MBg6 M pzs OFf T cul
T —MBA? oL oKl
) VDEF 4 [4 " ; INHl ———op o +
~MEM@2 —m o K K ws2  Flg ™ ED EH EC €p ET 0 FH FL R N oF 1/ OH =
2 14 S MADE. - MADB -MAB? P [ INHZ T
-MEMP3 —T D2 2t N T e Y% wos e em nANS —MAY vegs | —] s
VoEeR X U cp wagr | | _vi2E -mauz| | } [ waig _
T i l | : c33
v | —
VOEF, | cr FTFS PR - TP FR FSFT " [#3) i om
~MEN@4 —m 6803 K wss2 [ s D 33— ) Ee 2 i &
023 P P 1 t, ? }___50 EF FZ I
-MEM @5 T R R y u £F| ; ! 71 &)
vnlz EF jyjmmg 609 £ ) i mage
i - e 2K
VDEF o) ! H B — ; (EH ‘ F
4 ) 2 o ——F ; I EK - e ~MB9 — by - oM
-MENM P& ——Jm 8803 x ws2 fr¥ e om exp—T E,; | —MBIf cL
sg oN ®
025 P P C25 P | (X 8
‘MEM¢7 u ;5 gﬁ n28 L M EL EN IS L i=MBIl  ——————eT w10 Vi ns
VDEF R R v ~ z ‘ f————%N I 1o —
TTT s ; 3_— ! ! ., -PeB oo oF] or |
1 e i EN | ! ! €35 bu
R K £ 1/ | ER k" ~READ ~——irp D35
ep o 2 L z
-MEMPE ——u 6803 wsz fr—t K 2 E p X 3 _
o <] wioe 3 6609 s s WRITE oL CR}I-> READ
’ 026 ) 26 E$\—»—1 €28 6609 wios INH2 OMI—>=  WRITE]
-MEM u R R Y —rr°
4 FPEF — g ET o F28 4096x13  MEMORY STACK £28 Yyer [T i
ET - F28 :
VS " £26 4EV }_ CDEF 29 -32 Ev o Fe7 e 10w REF
F26 —— COF—E23u
HEMIP —M  oos K a3 [ P IFE c . €21E YHERM
P| F S| FD FE 5
MEM 1 —r 02T A= i3 5 }—FD i F
VDEF v FF
Fd
F J FH
F
6803 ws32
-MEMPR — K K e Fx Fu
024 caa M
FL FM . 7 FL
7 }——‘ FN N
L F N
v FU Fv FU__Fv
-STROBE o B T —{IT B
34 6e0d  E33, F33 )
WRITE  READ EE_EF EJ EK EM EN_ER ES EU EV FE FF FJ FK FM FN | READ WRITE
€E _EF EJ EK EM,EN ER_ES EU gy FE_FF FJ PR I i
—MADS Fp 4 ! 3 4 5 I3 7| gyl READ
s —JFR wios E34 F34
- MAB4 S Fv| WRITE
MAZ 4 FT €D €H EL EP  ET FD FH 1z
-MAg3B
MAS3

2

Memory Block Diagram (8K) D-BS-85-0-23

A-33

1




TABLE MODEL
POP-8S

@ @ @ @ 0-UA-85-0-0 @ @ @ QP @

. i
i | N f—— — —F —F ——+ ;
TOP COVER SWITCH BOARD ASSY CONTROL PANEL ASSY WIRING CASTING ASSY CAPACITOR HOUSING REAR FANEL ASST
D-1A-7405408~0-0 D-1A-5403836-0-0 D-AD- 052 E-AD-7005130-0-0 80 EYRLE & 50 CYCLE ﬁ@;gg pLate e s R BAELE
o - -AD-7005191-0-0 [-AD-1005285-0-0 : -0 D-AD-7005193~0-0 C-1A-7405388-0-0 0-1A-7405394-0-0 E1A-7405395-0-0
ETCH BOARD_SWITCHES TROTCATOR LTGHT
(PDP-8/5) BOARD ASSY' CAP. HILD-DOWN BRKT REAR PANEL
e 14 Cin
0-iA-3003838-0-0 | 0-1A-5403833-0-0 | - C~1A-7405406-0-0 | | satAs1405388-0-0

NTG BAR ASSY
(10 CONN BLOCKS)

0-AD-7005088-0-0

ETCH BOARD LIGHTS
(PDP-8/S)

Q
)
LA
>
=z
=
—
o
]
-
=
=
m
=

D-1A-5003835-0-0

CONPONENT WYG
BRKT

D~1A~7405391~0-0

GLASS SUPPORT NTG BAR STD
D-1A-7405412-0-0 D-~AD-7005103-0-0 _

SPACER FAN

?

C-1A~7405426~0~0

¢ @ e ® ©

I ! |

NG BRKT POWER WERING TELETVPE CONTROL ASR 33 WITH
REAR PANEL HARNESS (PDP-85) T08-A R M N 4K MEWORY
C-1A~7405400~0-8 B-1A~740584845<8 BuA-pree-A- ) D-AD-7005043-0-0 NO # AVAILABLE
PTOB-A WIRED ASSY TELETYPE CONTROL 1261 CORE MEMORY
eo PTO8-A 8K _MENDRY
D-AD-7005304-0-0 D-UA~PT08-A-0 D-~SC-3005120~0-0
CONN, CABLE

QEZ}__ 8S-PTOB(12 FT L&)
C~1A-7405600~1-0

PONER CORD PTO8-A
T0 PDP-8S

C~AD-7005288-1-0

CABLE,
L1 4915 TO w070

D-AD-~7005288-1-0

L
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MECHAN| CAL DEP GE MECHANI CAL DEPT, YSAG - ELEGTRICAL
FIND
Flllg 2 PART PROD [CUST |E/C NO DESCRIPTION PART NO. PRODJ CusT| F/c NO DESCRIPTION PART NO. PROD | CUSY F/C
1 | TasLE wooE) eop_gs D-UA-85-0-8 15 | REAR PANEL ASSY 50 & 50 CYCLE D-AD-7005193-0~0 P | TABLE NODEL PDP-8S(aK) A-HL-85-0
TABLE MODEL PDP-8S (P.L.) A-PL-8S-0-0 REAR PANEL ASSY 50 & 60 CYCLE | A-PL-7085193-0-0 WIRING CASTING ASS'% D-AD-7005265-0-0
GUIBE, TOP COVER B~MD-7405405-0-0 SUPPORT GUSSET (L.H.) C-MD-7405395-1=0_._|_ __WIRING. CASTING. ASSIY. 1 A-PL-7005265-0-0-
- SHEELD;~FILTER -CIRCUIT 1 C=MD=7405588=0-0 |~ I ‘PIVOT BRKT ' B-MD-7405393-0-0 WIRE LIST PDP-8S_ K~WL-8S-0-8
SIDE BRKT, SHROUD 8-MD~7405402-0-0 TOP COVER STOP B-MD-7405392-0-0 MEMORY. BLOGK DI AGRAW 0-BS-85~0-4
SPACER, SHROUD B-MD-7405401-0-0 SUPPORT GUSSET (R.H.) C~MD~7405395-2-0 PDPSS BLOCK DiAGRAM D-BD~85~0-2
COVER, BOTTON D-MD~7405404-0-0 FAN_SCREEN G-MD-7405389-0-0 KEYS SWITCHES TIMING DIAGRAM D-T0-83-0-1
AIR EXHAUST 0-ND-7405397-0-0 WARG CHK SCOTCHCALS £-55-10801 TIMING 01 AGRAM Baesas
FOOT, REAR B-MD-7405403-0-0 PROTECTION COVER B-MD-7404508-0-0 D-B5-85-0a10
POSITIONING PLATE a—uu—74gs41u-o-g (TRAN?;gRg$nggKuh:$EL $5-100105-1 DB 85011
BEZEL CASTING REWORK D-MD-7405414-0-! ) 3BS850~
SIDE POS. PLACE A-MD-7406 190~0-0 INPUT PONER LABEL $5-100104~1 DR eeais
(83 CYCLES) D~BS-8S~0~14
TGP COVER D~ A-7405409-0-0 pS-as0-1s
D~BS-85-0~16
SWITCH BOARD ASSY D1 A-5403836~0-0 16 | REAR PANEL E~1 A-7405396-0-0 el
SPACER#2 SWITCH BOARD tﬁg-?iggggg:tg ER D-BS-8S-0-18
ROCKER TO SWITCH N-SC-7405220-9-0 O R CCUMULATOR 0~B5-85-0~20
ROCKER TO SWITCH D~5C~7405229-9-0 i7 1 FAN WTG PLATE C-1A-7405425-0-0 in CABLE SCHEDULES D-CL-85-0-5
SPACERs 1 SRITCH B0ARD CMB 55038 36-0-0 KEWORY BLOCK Hcak) R
SPACER#1 SNITCH 18 | COMPONENT TG PLATE D-1A-7405381-0-0
¥1TCHES D1 A-5003836-0-0 TABLE MODEL ‘PDP-85(8K) A-ML-85-0
ETE?n??“SEARS 1 1405020-0-0 13 | SPACER, FAN C~1A-7405426-0-0 WIRING CASTING ASSY D-AD-7005327~0-0
PRINTED GIRCUIT LAYOWT 50038380~ 2 "'“ER#'SIUEEPB?§E§§£<BK) K-gg-gs-n-z;
20 | QUICK RELEASE WNTE PLATE C-1A-7405388-0~0 KE%S Slock 9 L1 - E.TD&8§E§Z5
CORONTRL PANEL ASSY (P.L.) APL-7005151-00 TINING DI AGRAM D-10-85-0-3
D~1A-7405394-0-0 MB D--BS-85-0-9
SILK SCREEN-STEP#1(GRAY) C-55~7405621-0-0 21 | SIDE SHRouD Do 1A-7405394- 120 D-BS-8S-0-10
SHLK SCREEN-STEP#2(RUS, 0RN) C-$5-7405622-0-0 §IDE SHROUDCL-H-) DA 740539420 el D-BS-85-0-11
SILK SCREEN-STEP#3(BURNT ORN)  |C-$5-7405623-0-0 (R.H.) BTG D BS-85-0-12
SILK SCREEN-STEP#4(BLK) C~5S-7405283~0-0 :ﬁnn TINE GEN 0-85-85-0~13
GLASS PANEL D-MD-7005181-0-0 22 | AIR BAFFLE E-1 A-7405399-0~0 ADDER D-BS-8S-0~14
CONTROL D-BS-85~0~15
INDICATOR LIGHT BOARD ASSY D- [ A-540383 ; IR e oe
~1A-5403833-0-0 23 | NTG BRKT, REAR PANEL C-1A~7405400~0-0 *éao ) g—gg:gg-g-%;
RY -BS-85-0-
’ #.C. REGISTER 0-BS-85-0-19
EngugeAggA;EG“TS(PUP_SS) D—|A~?gggg?g:g-g 24 | PONER WIRING HARNESS 0-14-7403648-0-0 MEMORY B Dok MU(BK) DM 85-0-79
PRINTED CIRCUIT LAYOUT 5003835-0-2 MEMORY BLOCK WU(8K) A-PL-85-0-25
25 TELETYPE CONTROL PT08-A , D-UA-PTO8-4-0 éEBEéB%§T222§22L§§p o/s b1 6o85-0-37
i TELETYPE CONTROL PTO8-A (PL) ~PL-PT08A~0 -~ -1 C-~85-0-
GLASS SUPPORE D-1A-7405412-0-0 1943 MTG PANEL LABEL $5-100153~1 , . .
LEFT END PANEL C-MD- 19430~ -0-2 REAR PANEL ASS'Y (SH 3 OF 3) 3~AD-7005193-0~0
5 | WIRING CASTING ASS*Y (4K) iD—AD~7005265-0~0
WIRING CASTING ASS'Y (4K)(P.L.) A-PL-7005265~0~0 26 PTO8 WIRED ASSEMBLY D-AD-7005304-0~0 25| TELETYPE CONTROL PT08-A A-ML-PT08-A-0
WIRING CASTING REWORK -mg-ugsug-n— PT0O8 WIRED ASSEMBLY (PL) A-PL~7005304~0--0 (MTG IN TELETYPE)
WIRED ASSY CASTING (L.P.) 1943 FRAME CAST REWORK C~MD~7405531-0~0 TELETYPE CONTROL PT08 LOGIC 0-BS-PT08-A-1
WIRE LIST PDP-BS (8K) K-WL-85-0-21 MODULE LOCATION TYPE PTO8 D-MU~PT0B<A~2
10 | WIRING CASTING ASSY(8X) D-AD-7005327~0~0 MODULE LOCATION TYFE PT08 A~PL~PT08-A-2
WIRING CASTING ASS'Y(8K)(P.L.)  [A~PL-7005327-0-0 27 | CONN CABLE 8S-PT08 C-1A-7405600~ 40 HIRING LIST TYPE PTO8 A-WL-PTO8-A-3
R s T = T ittt T < S
WIRED ASSY CASTING (C.P.), ~C = - B
YIRE LIST PDP-8S (8K) f-WL-86-0-21 28 | POMER CORD PT08~A TO PDPS C-AD-~7005289~1-0
11 | MTG BAR ASSY (10 CONN. BLOCKS) D-AD~7005093-0~0 POWER CORD PTO8-A TO PDP-8S (PL) | A-PL-7005289-0-0
MTG BAR ASS'Y (10 CONN BLOCKS)  [A-PL-7005093-0~0 31| 4K MEMORY NO # AVAILABLE
 AD-7005105 29 SABLE 4315 T0 wmn7 ) n-Ao-;nuszaa-szu
12 | WTG BAR STD AD-7005103-0-0 BLE 4915 T0 %070 (PL A-PL-1005288-0-0 —
NTe BAR MO 7402035-0-0 31| H2B1 MEMORY (8K MEMORY) D-SC-~3005120-0-0
30 | ASR TTY WITH PTOB-A OPTION D-AD~7005043-0-0
13 | CAPACITOR HOUSING ASSY E-AD~7005190~0-0 ASR TTY WITH RT08-A OPTION (PL) | A-PL-7005043-0-0
CAPACITOR HOUSING ASS'Y (PL) A-PL-7005180-0-0 ASR 33 TELETYPE STAND (REWORK) | C-MD-7405529-0-0
JUMPER (BLK) D-1A-7405360~2-0 PROTECTION PLATE ASR 33 1405292-0-0
JUMPER (BLK) D-1A-7405360-8~0
JUMPER (RED) 0-1A-7405360-5-0
JUMPER (BLU) D-1A-7405360-1-0
CONN WiRE (BLU) 0-1A~7405359-2-0 31 | 4K MEMORY NO # AVAILABLE
CONN RIRE (BLK) D-1A~7485359-1-0 :
CONN hiRE (RED) D~ A~7405359-3~0
CAP_CONTAINER D-MD-7405407-0~0
JUMPER (BLU) 0-1A-7405360-3-0 ST | H2E1 MENORY (8K) 0-SC-3005120-0-0
CAP. HOLD-DOWN BRKT. C-1A-7405406-0-0
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MEMORY

WT
MEM R/W

o

@ —> STROBE
ENABLE

Apg

WTX-i0T

MEMGO 1 — STROBE
ENABLE

TSHI 10088089
TSH| 119029
TSH|1118g8¢
TSHITi1188
TSH[111119
TSH|111111
TSH|@11111
TSHIg@ 1111
TSH|g@@g111
TSHi@@ BB 11
TSH| @@ PBB1
TSHIgggpdg

Y

IN-OUT

PISEL = [BMB@3 98 = g@]
PESEL- [BMB@3-¢8 - 18]

] SKP FROM l ‘ CLEAR AC FROM ]|
1170 CHANNEL 170 CHANNEL
PISEL PESEL ~PE
1 = INS
# — AC
PISEL PESEL * LPC .
O SK
@ —INS
@ — ION 10T
PESEL

¢ —>PE |—s SKP

TTI

TTISEL = [BMB@3 -@8 =@3]

When a key is struck ora tape Iine read, the distributor begins transmission @
with a 9.49 ms start signal (space)

@ — FLAG

1 - READER RUN
@ ~» FREQ DIVIDE
@ > ACTIVE

@ IN LAST UNIT
@-> STOP 1

@ > STOP 2

|
11— ACT_LEI

CLOCK
ENABLE

377 > BITS1-8
@ — FLAG DLY
@ -> READER RUN

# —> FREQ DIVIDE

SPACE

$—>BITS8

4545 MS
RCLO
1-> FREQ DIVIDE
4.545 MS

@ ->FREQ DIVIDE

—-BIT1

1
[+ FrEQ DIVIDE]

4545 M
545 space| MARK I _
L [ T 1 [1=Fias] [t = FLae o1Y]
L) Tg>iTe| [BIT, »BIT,y| 1> BiTE]
J j o1 ] NT
—FLAG DLY

@->ACTIVE
1->STOP{

»
o
H
o
k3
[Z]

1
|¢—>ST0P1 @ >IN LASTUNIT
[8—>sToP2

—CLOCK ENABLE
TTISEL TTISEL
10T@31 107@32

FLAG
@ @ — FLAG
1 — READER RUN

BITS 8-1->ACPa-11

TTISEL

10T@#34

10TZ 41

FLAG

TTOSEL

TTO

TTOSEL = [BMB®3-08 = #4]

@

/‘I:SEL TTOSEL
T i0T@44

0742

BAC@4-11 = BITS8-1
1—> ENABLE

@ > FLAG

P —>FLAG

@ > ACTIVE
@ - FLAG DLY
@ > BITS1-8

/f necessary wail until stop count is complete

then wait for 224 Hz clock.

4.545 M

»

Transmission| ( TCLO
period 1 unit

ENABLE . —FLAG DiY-

STOP 1-STOP2

_1 — ACTIVE

% —> LINE

Transmit start
signal(space)

(space)

[

|
1->FREQ DIV | [g—>sTOP2]

»
w
»
w

IE
[Z]

/;«,\v |

@

4.545MS
Transmission
period 1 unit TCLO
—(BITS1-8 =)

I:%.S‘ﬁ MS {1 FREQ DIV

' BITS1-8=¢

I 1
[#—>rFreqDIV] [g—sTOP1]
[
]

I ]
ENABLE>BIT8| [BIT1->LINE| [g—>ENABLE] ‘
81T, = BIT,.; :
Transmit bit
(space or mark)

Note: when ENABLE
and BITS1-8 af/
clear, LINE=15s0

mark is transmitted.

| | _ 1
[#—=acTive] [[=ras] [1=FLre oLy ]

—ENABLE

Y
Continue marking line
(LINE = 1)

§—FLAG DLY
1->STOP2

| [
[ —une | [nT]

Tran‘smfss/a/l period
2units (2 marks)
New \0TB44 may
occur after FLAG

s ser.

t—=STOP1

Memory and In-out Flow D-FD-8S-0-29
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g>WTS @ - LD, EX, DC
—~WTS @ - RUN
1ce ¢ —> WTE,WTS
@~ PIR
1> WTF
%ﬂ 7 e 22200 DEPS ¥EXS
L T A srpg [t —=cFr] [g—cFF] ssc4
TTi=Toer dﬁ\-"“ pRC et {
—T6 > T8 SN WTF WTX: 10T WTE WTB
—MBg4 IS OP2-MBg9 , I RCD,
N N L g /"\ 1 ¢—>WTE A _oan a4 c
st~ g\ (==Fez] |1 = ©ON] o sac w cMB g NS 1us [6e89881 > 1) BAG S
i e ] (7= ]
1118008 SR — AC g_,lzs @->MB,PB | |1—>RUN @ @ @
1111¢¢9 >l .
1111860 . ... | anedon g—>10N . U ] 1>EX
(EER T 7T s TR > ft=Lp ! f1=0C | 1—=RUN
111111 185 SP+poP 1505 @ 1 - RUN 1-»RUN SAC ¢ —>PE
g111111 Algg - 1)
%;311:” OP1:0PR- - IR@3 T SR —>AC SR—>AC
OP2 = OPR- 1IR3 .
BoGE 11 OPR- 1>z | (o) (eao)
99pge11 BTI2 Cas o1 - Mgl e
¢EIPPE1 BT13 @ CML= OP1-MB@7 g_‘leavrIO, g:::g
BTP@ = TP --T6 ROTR = OP1- MB@8 (MB1g +-BT@®) quipmen -
BT(@g-#1) = —T1-~T6 MBt RiMB ROTL = OP1- MB@9 (~MB1g+ -BT@E)
BT ¢g—¢s .16 IAC = OP1- MB11 SP+PCP+LP
BTtm_m): TacTe BT(gF-11) SKIP = 1SZ-Z1 + JMS + (OP + 10T) SKP
BT(Bg-11) = Ta+—T6 1185 WTINCPC = WTF +WTE - SKIP
g-nl= R WTINCR = WTF+WTi+WTX (ISZ+1AC)+ WTE- SKIP +WT8 @ WTI, WTD, WTX
BT13- 15 76 s - R
WTF WTI WTD wWTX WTE WTB o DC+EX
[ AND TAD Iz A NS JMP oP1 op2
] 14
) /__I:-\ ;l\ o rES fac—=sY] | Tpcama] [PC>SY
BT(06-g6) MB—>SY MB > MA MBSH MBSH MBSH MASH PCSH ACSH ACSH ] N ST
S8 > SX-BTP8
SX-BTgF MBSH g —> MB MB —>SY MB - SY [g=ac] [ma>ma] | [Ma—>PC] [-AC>sY -MBgs g >21 “orR
@ g ->MB S -—>MB S->AC AC oY SX=BT@g oc EX
NG > MB BT(#7-11) g —=Mm8 /AEEH\ SX= BTEg o S s —>AC MBSH MBSH PCSH ]
PCSH pez | -pez S \y Sx= 8700 PC > MB s < pC
= MA—>PC g —>Mb RoTL MASH PCSH ‘ACSH ACSH
PC —> SY ET AR TET S ~ROTR @
' —>PC S >L | AC—>sX | [# =21 AC — MB " Z(sKIP+JMP) T WTX- JMP
gT1z  SX- BT8R L—>AC @ l lSKiP S »PC [ac>ac] [ac>m8] [g=ac]
1 jies SAl: —MAGEB - - MAZIB: — MA2B —MAR3B. —MAZ4- PC—>M8 [ac=1] [t=ac] [FC=wa] [ =ua| [va=wa] SX=BTgp
Criz2) ~MB@S5 - ~MBB6-—MBJ7- MBES
WTF WTF+WTI+WTD WTX WTE WTB LD +DC+EX
Al CLL-—CML+ WTRD+WTWR | TAD AND+TAD+ISZ  ISZ+DCA+JMS opt o2
ZCLL- CML L
1> Al IAC + CMA s @
SSK o
WTF [HOP+OT)IR@3+ WTD(AND + COECD @ (MR oP2-MB1g o
\% AND+TAD+ISZ]  WTI TAD +iSZ) T G 1ace PBRTY
e RN B T B Le-Fe sy s>t O
oML+ it
ION* ZCLL CML--L 1 >WTS w @ @ SY=L OPSKIP--MB 2 8 1>PE
(PE + LPCHNT] Check parity of ZOPSKIP- MB@S —>RUN Check parity of
o G t>PE instruction
WTF — /nstruction l ‘ Check porit MD
1> PIR WT\ - Address Check parity
[1 = Pir] 1= L WTD— Address B @ ) . of operand j-'
lemory . - OPSKIP =ACGH-MBES + 1w
OP1-MBZ4 3 —>M8, PB | > MB, PB Z1-MB@6 + A AL P
L-MB@7 WT lemory
Cerd M MEM R/W
gegBgd —T1 WTRD = WTF [~(OP +10T) - IR@3 +AND +TAD + 1SZ] + WTD (AND +TAD +ISZ ) + WTE +EX emory
g >Ac WTWR = WT1 + WTX(I1SZ+DCA+JMS) + WTB +DC
STOS +SIK cMB
g ron wemory
BT13 \)
11A5 Memory
A13
WTF wTI WTD WTX WTE wTB
| _ _
2l IRE3-Al-  IRG3-—Al-  —IRg3+ —IRB3(AND+ AND +TAD + WrE FIR RIR
g-—>CA —(OP+IOT} —(OP+OT) OPHOT  TAD+OP1+JMP) OP1+JMP T .
8 ->pT, PG T I 1 g [ =WTE {8 >wiE] [T > wTF] [T > wTB] P
@-> PGZ [=wii] [f=win] [>wix] [1=wTE] 1=>wTD F>WTX I 1>WTE
g->PIR

%> WTF
121

#—>WTD
1>WTX

Main Flow D-FD-85-0-30
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. W@l Wit weze wol W@t _\wgas wgi - wgll wges
. v N E38 FROM 8/S
ratg ABS  Ap? 5E2FECH, ea/s Bss ep9 535S ;ggﬁaés Al3 ala EZSERM S
7! (D) D [ (D) (D) D (D) (D) ©
e W[JF 15! [ [4 [ BMB“'): £ B [+ E E £
NPT eIk 4Ry rero + . - cde = . :
! | s |Ragll || u W M
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i_ i ! tex || REPLB/?BB (1)y® . 7(de . o . . A 5
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[JPS | s s e =S < = - E] s 3
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£ ”g!%: l 50re . B ) 3 : ¢¢7 : SN
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[ag] P AF p10T XY [ad] Pa AE b yoT X Z 1 PwR Cfs_'; AF %———o 1 BAC 4(1) o * INT * -
AD, I
Top 10 AN AL BE o7 5(1 P P P CLR AC 4 4 4
AN ALy =5 TOT X == > | @6 s(1)o .
[ap| PA A&_{EO_TJ o [ae] P 0T FiEsl PE— 1.g5 (i 3 4 $ $ 3 $
Topa ity fo=we sl e } A (o—=3— 31T I N+
A AU A . =Y eRCLE ; -
IOT XY 4 ) o O IQT K24
) P P e P8 e sty Gt
At2 | —_——— -l
Top 4 2By e = 2 AR woll Wil wd2s wé74
oS DS, Bge  B7 NEHIHLAE B¥3 W@7¢ FROM TTy
W3 Wig3 o) (D) D (D) (D)
BE ABAA BE AR 9 (1)< . 3 . TSO * .
BM B3 (\)=—e | AD . . E
] I/0 SKP (1)<
BM B3(0) Pl o ToT x22—HW707 [An oW | N o " " "
BM B4() 2 ¥ TOT XZI—2MMABS (AL (5 BAC (1) 4 A 5 PSM . .
N—— =
BM B4(0) - B TCLo TTY 2P sawac K K K
BM B85 (2) 2ol A ek o —— IoTxy 2 _Ij' M M M M ™
BM B () DM BN Mwede i +3.6 TR 2 < - - RRE > :
BM BG(«!);O 5;‘ | BRZ % | PWR CLEAR—B' P e P
Bwm B7(1) e = | % T BAC 4 (216 TOP 4 ¢ g 14
BM B7(¢)ERe Bs s ! BAC 5(1 Bp s E S
BMBs(1) B o | m | BAC &1} . : :
BV B8 () Eley f ¥ N BAC 7(1 BH - -
| , ! L BAC 8(T——==C ! —— 1% Y |
}__j l__ﬂ | % %p BAC 9(1)r___.<>§: | PWR cll;g‘? o <, } U 9,
| R wnmx——,\—To IAIg | —
RECVR(XY) xy\/\-r;?(xz)I BAC”(’JJ_EQ | | NOTELALL CABLE PINS FJ,L,NRU
:_ _______ ] - | \ ARE GROUNDED
¥ ¥ NOTE 3 Lo 1
DEVICE SELECTOR CODE CAN ‘BE ¥ NOTE.2
SELECTED BY THE PURCHASER FROM THIS MODULE TAN HAVE EITHER LOCATION
THE FOLLOWING POSSIBILITIES DEPENDING ONWHICH OF THESE TWO &LOTS
THE 140 CABLE HAS BEEN INSERTED.
RECVR | XMTR ON PDP-8 OR 8/5 FOMPUTERS WITH OPTIONS
Xy X Z LINE STHER THAN THE PTOB, THE G701 MUST BE
. Y ; INSERTED IN THE 1/0 DEVICE AT THEENDOF
o 43 2 THE 170 CABLES INTHE TABLE SLOT THAT PROVIDES
PDP-8 e 45 3 7O BUS EXTENSION FOR [OP's.1,2,4
PDP-8/s 2c 47 p
1/ r2 5
PpP8/s D3 o4 ]
ONLY
e 8 [ 7 1 6 5 ] 4 ] 3 I 2 ! :

Teletype Control D-BS-PT08-A-1

A-43



R6

RESISTORS ARE 1/4W;10%

3.9 RESISTORS ARE IRC BWH OR EQUIV.
1% RESISTORS ARE METAL FILM, IOOPPM/°C

TRANSISTORS ARE DEC22I9
RIO IS A #275P

UNLESS OTHERWISE INDICATED!
DIODES ARE D664

T zawaro>

Reference Supply A702-0-1-B

K O—

M O—

PO

04

USE THE ETCH BOARD OF THE ROOI

I

|

Cable Terminator G701

A-45

A
MAdren O +1oV
10,000
+1 S {0,000
39
ZT"MFD
RS oV c
TO—9—AA— y GND
39 Iw
D2
Q3 IN40Oi
oI R9
IN823 a o2 mlzlf
RIO Q4
RPN RI3 2nasea 4 83
560 3.9 W LT RFD
ca 20V
+] 6.8
T vro
= 35v
Rt R4 R7 Ril Ri2 s R!? i
511 23,900 3.3 S 2,200 3,900 82 82
1% 3% W > 5% % 2w 2w l €
—O-10v ouUT
RI8 RI4 RI6
3,900 100 100
2 5% S2w  Sow .
‘ — -1
< -5V
UNLESS OTHERWISE INDICATED:



9y-v

UNLESS OTHERWISE INDICATED!
RESISTORS ARE 4,700;1/4W, 5%
DIODES ARE D67I
CAPACITORS ARE SOMFD 50V GMV
© INDICATES SPLIT LUGS

% VALUES SHOWN ARE FOR FERROXCUBE

RiL 1S 1000, AND RIO IS 2700Nn
FOR EMI

AMP 250 SER

IES

FASTON TYPE 60145-2

THERMISTOR

F

ENWAL

KA31JI

RIl %

390 1/4W 5%

\ a1
DEC
1587
R9
220
W
10%
(] o
AE AB BB AC 8c AD PARITY
MB, me M8 MB MB [} MBg MB MB, MB MB MB,
o | 2 4 [ ¢ 7 8 9 { {1
209, e 9729, 9739, ¢S I— A A Q7o Qeo, @0 € 14- a - T+
Q [¢]
AF AH AJ AK AL AM AN AP AR AS AT AU BD BE BF BH BJ BK BL BM BN BP BR BS BT BU
cc,bc
» » —9——36ND
RI R2 R3 I R4 | RS | R6 I R7 R8 l
Dt D2 9 D3 D4 ¢ D5 - { D6 D7 08
56 D9 47 bl g5 LTI pi2 & b3 o DI4 g3 Di5 o3 DI6
b ] —N—1 —q—
oI7 DI DI D20 D2l D22 D23 D24
a8 D25 | 4O o026 [ o27 [ & 028 | 3 D29 50‘*3 p3o [ & 031 | £ D32
P+ —Pe P —PH Pt P i
] —jg—e
033 D34 D35 D36 D37 o D38 D39 D40
D4y D42 D43 D44 D45 D46 D47 D48
40 4) 42 43 44 45 46 47
Pt —pt-e Pt Pt-1 —pH P-4 —PH¢
] —j 3
D49 D50 D8I D52 D53 D54 D55 D56
32 D57 | 33 D38 | 34 D59 | 38 D60 | 36 o6l 37 D62 38 D63 | 39 D64
— b1 i 1 b b bt L pi
4
D65 D66 D67 ! D68 D69 D70 D7I D72
24 D73 | 25 D74 | ¢ 075 | 27 D76 | 28 o077 | 29 078 | 30 D79 | 3 D80
4 P P » i ' e
» e
D8I D82 (1) Dee o—¢ D85 D86 D87 pes
6 D89 | |7 D90 | g osl | |5 pe2 | 25 D93 | 2 D94 | 2% D9S | 33 D96
) » - i~ b —H —H —H
b b —id—e b —
D97 D98 D99 D100 oiol plo2 2 0103 DI04
8 DIOS| g | pioe| 1o olo7 | D108 °|z 1 pios | 3 oilo | 13 DIl ,05 1 D2
— bt —H » b b 2
] b —j— b 3 —j—
on3 D4 DIIS DIt6 o onr oHe DIl9 DI20
0 b2t | DI22 | 3 pi23| 3 oi2a| 9 pi2s| § pi26| § oiz7| 91 DI28
2 rE a 'w ’E Q 'E a ’.“_‘ J)a = o (L‘.‘_‘ a ‘,";'
cs&g cﬁég cuoy ckOg ] ﬁcn E CROT CSOg cuog cvog DE! Q osbg piOg kO nMéﬁ, DN(SE
co CH = LR & * cp = 2T = * oo DH = oL z =
RETURN, RETURN RETURN RETURN RETURN RETURN RETURN RETURN
0-7 8-18 16-23 4-31 32-39 40-4 8-55 56-6;

Memory Mounting Board G609

D N S e -

|

l



D-664
U]

Diode ROO1-1

Dio
ple,
Des4
-0 -
D5
EO—
D664
DS
HO—
D664 o
D4 K
JO-
D664
213
LO—
Dé64
03 ON
MO
DE64
n7
P O—
D664
—Os
b2
RO-
D664
D6
TO—
D664
. Qv
UO— !
D664

Diode R002-0-1-A

A-47



T EXAMPLE hi

R8 R9 RIO Di4 Rit 015 RI2 Dé RiI3
7500 j[nssz 7500 Woee2 57500 Wopee2 27,500 D662 27.500 rossz 7,500

DI8 Ri6 DI9 R17 D20 RIS D21 RIS D22 R20
pee2 15000 ¥ peez 15,000 fossz 15,000 ¥Dssz 15,000 D662 < 15,000

| EXAMPLE |
| D6L2 |
n ; —O A(HOV)
Ri R2 R3 R4 RS R6 1 }m |
100,000 100, 000 100,000 100,000 100,000 100,000 1 100,000 |
1 e ———
r r
T o ~O C(GND)
\ L2
1 1
p Q2 4 Q3 4 a4 ¢ Qs 4 as ! |
[}
' I
1 !
1 |
1
Fo—4 JO LO—4 NO—4 RO—4 ! !
][ ot 02 Ao o4 03 o6 | !
!
! i
i 1
Dl2 o13 ! ]
1 I
i
; i
] :
: +
1
' i
1 L
]
1
1]

023 o26 D27 D28 D29 xDlO

UNLESS OTHERWISE INDICATED;
RESISTORS ARE I/4W; 5%
DIODES ARE D-664
TRANSISTORS ARE DEC 3639
PRINTED CIRCUIT ‘REV. FOR
DGL BOARD IS SiA

“evowez o wodza

Inverter R107-0-1-E

O B-IsV
SR8 RI4 SRI6
$15,000 15,000 > 7,500
D4 ¥ 26 N
D664 DI DI8 D664 | 027 D28
[ H L
(Y 5
DEC3E3D D13 DEC3639 D25 DEC3639
J
O A+iOV
. o ]
ém 2“7 RI3
15,000 15,000 1,500
S v b
D2 DI2
D 664 D 664 DIS oI7 ba4
P T
A - 023 | ¢
1 e
ot R3 on == .ot
D664 100000 | DEC363%  peeq DEC3833 D22 | MFD
R U
p2i
O ¢ GND

UNLESS OTHERWISE INDICATED:
RESISTORS ARE I/4W,5%
MODFS  ARF DARA?P

l-,ve..x-. PP

Diode Gate R113

A-48



—O A+ LOV(A)
- 1
s e " 4 i ;Z T OC GND
> !
100,000 100,000 ! o |
1
Q2 Q3 | ¥ o-sez }
DEC 3639 DEC 3639 ! )
! i o8 :
s oié | T P-se2y
D-662 J, D-662 é 1 |
N u I
4o ! D17
o8 DI3 = )
o662 _ D-662 21 ¥ o-sez,
or > pig oY [ i
C-664 D-664 i |
KO——Ppt—o R 3 | g6 |
p it ] D-662 i
D-664 pIO D-864 I8 ' |
L pb—ou D-864 s b—oOT 0-664 | !
i Py i ig :
g T 1
PR RS SR? ' om0 !
18000 7,500 16,000 7,500 | QLsoo !
% H 5% :
] 1
* & * T —OB- 1BV
i -3V !
'sTRATE !
UNLESS OTHERWISE INDICATED:
RESISTORS ARE |/4W; 5%
PRINTED CIRCUIT REV. FOR
DGL BOARD iS5 SIA
Diode Gate R111-0-1-E
4E,2°° —O A+ 10V(A)
UO—AAA, OB- 15V
>R3 >R4
7500 7,500
5% 5%
PO———J-
DI
o Ql
R Digs4 2N3605
D2
D-664 D3 a
D-664 D-664
330
SO— NV W—9—OT L
cl
=]l_68
T 38V
MFD
QO C,V GND

UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W; 10%

Schmitt Trigger W501-5
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D43 D44 D45 Lmsims D47 D48 }050
3 L 3 v
* 1
R4 RS OA+IOV
b4 100,000 $100000W 016
Q2
Ql - C GND
DEC|3639¢ DEC[3639¢C °
oI (] 06 oIS c2 DI
D42
D ¢ ,|—4—-|1~$ D-662
100 0I0 Dl4 100
03 D-662 o8
09 D13 D4l
F D-662 D-662 | N D-662
05 g 08 y % | on a7 T' °s D4C
D2 15000] v H S 15,000 DI7 D-662
RI R2 Y RS Re 1 R9 RIO } RIS 039
15000 $15,000 [MDT <4700 Sa,700 (MO Si5000 SI15,000 0263 4,700 0-662
—0B-I5V
@ - » R2|
. Lt
D5l l D52 1,500
M
UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W; 5%
CAPACITORS ARE MMFD
DIODES ARE D-664
Dual Flip-flop R202-4
° Py P OAHOV(A)
RI R2 R3 R4 RS R6 RT roaoooo
100,000 100,000 100,000 100,000 100,000 100,000 100,000 d oD
9 » ’ » O C GND
al 02 Q3 a4 as Q6 l Q7 o8
D41
D-662
00 1 2 [ o3 [ o4 5 L o6 o7
1 N P R H T 0 v D4z
D-662
4 ci
=2
WD
Des 026 (-4 D28 D29 30| o3 p32 ¥ pa3
D-662
R RI8 RZ) R22 R23 R24
7500, 7,500 7,§'3o 75%’0% 1.500% 7,500, 7.500% 7,500% D44
D-662
R25
D45 46 D47 D48 D49 D50 51 52 1,500
D-662] D662 D-662 D-662 D-663 D-662 D-662)
. 4 0B -15v
R9 RIQ Rt RI2 RI3 R4 RIS Ri6
15,000 wls,ooo o waoo msmooo t,asls,mm 037'5'000 pag! 3000, D3915.000 D40
D-662 D-662 D-662 D-662 D-662 D-662 D-662 D662
Di foz (o3 o4 (o5 o6 (o7 *ns 05 Do (oW %mz oi3 |Di4 DS DI |Di7 D8 |8 [D2C D& [D2g a23J324
z° FI% 10
K00
+HE1O
2T S UNLESS OTHERWISE INDICATED:
RESISTORS ARE /4 W; 5%
2RO
JoO

DIODES ARE D-664
TRANSISTORS ARE DEC 3639-0

Binary to Octal Decoder R151-3

A-50



A
© +lov
—¢ + » 532 O CGND
| 2N3605 T .%sl, MFD DGGZ_LCIO
2N360S P
Re Y04 R20 Y020 o3t =33,
E_wloo Q} 100 { E e oeszT‘
| M0 v T D30
’ ) -ch w —E-c1 foso D662 ]
osT 20 LT 80 l oM g oze, |
R23 R24 o @—]
i R H 100 1,500 | pog D28 I
4 AI | T D662
t
! Srs | éss Smie | é’azz D2s T F¥ i
15,000 1,000 15,000 1,000 ¢
oooL,, $i6o0 ooo L $isoo | Lig
RI R2 R4 RI8 R26 R28
1,500 gI,SOO 15,000 ¢+ 15,000 o—|¢—¢->Pte §7.500 1,500
1 1 1 D33 jO8 08 1 ©34 j022 0o 1 1 08 sy
R3 R7 RI7 R21 R27
15,000 316,000 %M.OOO 15,000 1,000
y CI L ce
100 M 100 E
—Ee | o TO—N v el o KO—JA, L
! ! Rii T R25
,000 20,000
1/72W 172w
p2 DS D7 BOURNS OR Di8 D21 D23 BOURNS OR
DAYSTROM DAYSTROM
UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W; 5%
CAPACITORS ARE MMFD
DIODES ARE D664
TRANSISTORS ARE DEC3639
[TT:T:::TTT::TTT?:TI
Delay (one shot) R302-9
OB -I15V
b2 Jre D4 QR4 D6 RE >R8 o Jrio 12 QRI2 D4 QRI4  Ipis 2R3
3,000 3,000 3000 ,000 3,000 3,000 3000
E
E F ] J K []
OC 6ND
N P R s T v v
y 7 7 7 7
| D3 R3 o3 4 /7 bs MRs Dt 1 DI3 13
3,000 00 3,000 3,000 3,000 3,000
< <

UNLESS OTHERWISE INDICATED:
RESISTORS ARE I/4W, 5%
DIODES ARE D-664

Clamped Loads W005-0-1-B
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——QOA+IOV(A)
[ — |

C GND
RIS
100,000
Q9
DEC
[ 2894-28
pai
D-662 330 oo
20
~662
D22 | |D23 [o2s
e D27
82y(
o 1600 T 1€
R cs *
1,200
ccw RI FO—) Ho)}—e
$3oee B a
o, No-MER )4
c3
RS v 0.15
1,000 T uojlﬂio
RIO c
1,000 2.2
y LoMED Y}
SRI4 RIS R20 8
315000 %3,000 3,000 %7.500
—OB-I5V
UNLESS OTHERWISE INDICATED:
'ORS ARE I/4W; 5%
DIODES Ageng_ss&uﬁo
TRANSISTORS ARE DEC 3639-0
RIl IS A #275P
Clock R401-8
. ——OA+IOV
3 %n RI7
R4 2R8 13
100,000 2l 100000 10,000
0, 1>I8£°° &n . r-—-- - 1
— TR SR %: C,N GND
o3 07 Q. Dis  pz3 2 IS Mz*xﬁFIO ig-ssssz‘
D-662 D662 36396 a2 3639¢ o i )
R2i D35
0o S e 28 i g 528041 L {1¥ 062 1
057 D6 ) Fi% ) 350| 51 T l'wose |
Lo—p— oK Ou wro | |' ¥ p-ee2 :
R2 R R7 Ri4 20 S I ! |
200 pe SNS00| D39 018 1,500 7,500 4R D31 go3s
" 1-o8-15v
+-96 1
RIS 1
Ri R3 |
15,000 515,000 315,000 :%n,soo :
E * ' ‘3v {
i
oi o Wos | LSTRATE
100
D4
b2
F
¥943 ¥044 050

UNLESS OTHERWISE INDICATED:
RESISTORS ARE I/4W; 5%
CAPACITORS ARE MMFD
DIODES ARE D-664

Pulse Amplifier R602-0-1-L
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Dl
pes62

ld
J§¢—oc eno

A = = S
AT s AT AT

e

R6 1 RIO RIZ¢
L 1,800 $ !, I soo L .soo 1,8008 L 1,800 S b
J L N T v
K s ¢
o—e o——e Oo0—e o—9
. > > >
Ri R3 SRS R7 R9 <1 SRI3
15,000 15,000 [ 15,000 15,000 15,000 $15,000 $15,000
—OB -5V

UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W, 10%
TRANSISTORS ARE DECE534D (DECES348
MAY BE SUBSTITUTED)

Indicator Driver W050-3

9 93N COAXIAL CABLES WITHIN
172" 0.D. SLEEVE

(GND)C O -’\
DO ]

EQ

Fo l’@_

HO

JO

Lo
H@_ > CO-AX CABLE
o

Signal Cable Terminator WO11
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—04
ca | R3
Nel 750
MFD 172W; 5%
B O- VWV —O0 6
c2 R2
ol
T 750
MFD IW; 5%
¢ 0— [ L——0 RELAY-
1]
oI 1 MFD, 150V
Ages “yit
7t
DO VWV————————0 3
Ri
] 1,000
=01 174W; 5%
H O NFD o7
c3
==.01
MFOD
™M O- + ORELAY +

X800 weT s x o %zTewnrs>

Teletype Connector W070-2

+Iov
c
—OGND
+—1: -
¥
[+]- ey R8 >
. $i0,000 <
oI3
D7 !
D8 0-" H
100,000 | 100,000 100,000
D9 DIO DU DI2 DIS DI6 DI7 DI8
o)
J
p——OK ——OL —OM
R
20,000
RIO RI3 SRI6
10,000 10,000 210,000
o
UNLESS OTHERWISE INDICATED: .
RESISTORS ARE 1/4W;10%

TRANSISTORS ARE DEC 2219A
DIODES ARE D664
CAPACITORS ARE 6.8 MFD
35V TANTALUM

TABS ARE AMP 250 SERIES
FASTON TYPE 60145-2

R1 13 A w275P

Power Monitor W506-0-1-A
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ee-v

OAA <« 10V (A)

-4 I OAB ~ 1BY
> > » > > > > > L éR > >
Rl S R2 SR3 6 SR8 RII S RI3 S 3ri? Sr24 SR26  SR28 30 R33 S R34S Sn3?
18000 $100000 $3,000 100,000$1,500 16,000 S 30003 Sanoo 83,000 ;;na.ooo 100,000,500 10,000 S 3,000 $3,000
10% A
Yos 023 # Boze Yo E DS % D52 1 Yoss ¥oso
ce o cs T Jas o
"AVAV d
T "m0 3 047 T r3z . ,
DI9 47 a4 D45 [D-662 a7 a2 3
Rl | 'O* " - pe-e! Aoy | % ,
o~ T~
22 |*%° p2s D4e g0 |°%° 084 ¢ ~
" ) D-662 e ~
D2 we y
B Bse | N B s b4
AR O-Ppi-4 ' ae o
O [¢] 0O 0 [o]
o 062 AU AV AS AT AN AP AL AM
08D
SR7 SR8 RI2 S R4S SRI6 <RI SRI9 SRzl R25 S R278
$100,000 33,000 18,000 $100,0009 33,000 iila.ooo 100,009,800 m%o.?é 30003
D24 o33 Dal Aoaz
L
1] D44
a7 3?{) VY ﬂ, >
b ( E D36 R23
035 |p-662 47 Qs
2 % 09
D-662 Q3 033 s bas
D-662 -
30
o2e |B6s2 a5
AD
032 e}
0-¢62 AH A
OAC,BC GND

UNLESS OTHERWISE
TRANSISTORS ARE DEC 3639
RESISTORS ARE /4 W, 5%

INDICATED:

CAPACITORS ARE MMFD
DIODES ARE D-664

Device Selector W103-3



AH

AL

AP AT BD BH BL
;m imo DI9 ioza D37 D46 ioss D64
BPO »
}Da }021 }DE&S 3057
BRO: *
}mz }DSO }Ma }DSG
BSO- .
}02 }on >}msa ’}047
BTO ° L
AC,BC
-OGND
BUO
r
O
o
1.9
]
[~ MFD
RI R6 R2l R26
7,500 7,500 7,500 7,500
5% 5% 5% 5% B8
- e * -1
T
-0V

UNLESS OTHERWISE INDICATED:

RESISTORS ARE !/4W;1C%
RESISTORS ARE 150

WW RESISTORS ARE 2.0W, 1% OR 3.0W; i%

CAPACITORS ARE 330 MMFD
DIODES ARE D664

O -isv
AB

TRANSISTORS ARE DEC 6534C (DEC6534B

MAY BE SUBSTITUTED)

Decoding Driver W108-0-1-A



A
o o - —0 +10V
LRQ R6 RS RI2 RIS RI8 R2! L 24
Siooo gigoo 1,500 1,000 hoo oo 1,00 $ 1000
2 Ro 63,
) ak 196 de Q4
MF
——— ﬁ—l i
cr > </ ce
56 MMFD 56 MMFD
5% 5%
[
» )
gR' £R7 £m3 £m9
100 100 100 100
'd (4 ['d <
(LD <LH <Lv <Ls
a a2 as Qs
OEC DEC DEC DEC
£ 3568 3588 £ u 3568 3568 T
cl ca
R3 RIS
—yi+ e
K —AA—) PO—4 R
*‘“.'g‘é"_”_‘ JO— —O YA P —0
MF MF
R2 RS R8 Ril Ri4 RI7 R20 R23
3,000 3,000 1000 1,000 3,000 3,000 1,000 1,000
MF MF MF MF
8
O -5V
UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W, 5%
MF RESISTORS ARE |/8W, 1% METAL FILM TO
CAPACITORS ARE 3.9 MFD 10% 10V
TRANSISTORS ARE DECE534C (DEC65348 MAY BE SUBSTITUTED)
Difference Amplifier W532-0-1-A
— 0 A +iov
R3 RS
5 5
™ 5w
al
DEC37I5
MOUNTED ON
WAKEFIELD HEAT SINK
680-.75K
-[ —OJ +3.6v
c2 100 l c3
O Sizow 0
uFp o2 T MFD
UNLESS OTHERWISE INDICATED: ——0 ¢ GND
R3 & R5 ARE WARD LEONARD 5XMS

+ 3.6V Power Supply W705-0-1
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&

an FLAG STROBE 120 E8 1
READER RUN 7
< K ¢ 4 g E°
SELECT 136V 3 ?2 _gl —
AL > B =
10
v D3 —3d E9
SELECT aK ]
AM —SS S ACTIVE OF H |5 a2
P TRANS (OFF) L o s g STROBED
= by FLAG
POWER CLEAR 1 Yo ° 4 ouUTPUT
BV = 8 LILB 1
[3 1
+3.6V i0 T P [1o] Cenaie! | 3
RI0 ! INTERRUPT | = | L34 go
K _C 4 12
READ 2 05 U6 O7 —
STROBE 12 3 =
BT —
2
7 N 13
g 12
14
A8 ¥ o7 E2l 0
ol T E2l 0 FLAG
| N LAST UNIT J C_K
J C K 302 O CLEAR
5 Os ?7 +3_svj Q T FLAG
ON READ IF
CI IN PLACE
o MMFD 1
»* 7 1%
1,2V / 115, 2 2 bo E10> PRESET fol: 9L
L 3 6 0 E5 1 |7
RI7 it PO
= 5 2,700 K ¢
A i
Lo 2 12
13 —d 3 14 D 14 i3
14 3 d £ S N 0 E5 1
\® S BIT2 |—¢
0 E20 I |, K © 4
ACTIVE 03
K C J It i' ? (f
o0z (3 1, &
8 9
136V 4 Ve oﬁl o E20. 1 l)o 0 E6 1
L 8 k9 P2 DETECTOR ED ST 1P
5
El9 (s \. K_C _J K C J
0708 U5 706 Us
2 + ! L ?
» = +3.6V
1d s P 14 Q13
2 |i 13 SHIFT o E6 1 ).
2 LINE BIT4 |—
K € J
El4 1 O2 fs
O3 13 ]
TWICE TEIGHT 14 613
BAUD 4 BAUD °E7 1],
WAIT 9 BITS g
AS ’ 0 El2 | |, K_C o
2 o
+3.6V 6 2 Qr 9293 .
K C J Q
5% 5% 25
Py j)_7 sis one | ede —I11e
ENABLE RS 3,000 Y = = -;(_ \ 1 8y 10,
2,700 Q8 9 L R24
BN —— VWA s 0 E7T 1 |0 15,000 BE
BIT 6 b
° Ez'nz ' K _C J -15v
7 06 U5
K C J J i 03
il zis b of . e 1
= | = 5781 578 G
9 ge E8 | 3 15, SS% BF
10 "
13.6v ] 0 EIB I | BIT?7 |—4
Ad 20 K ¢ J -5V
K ¢ J 5
4 97 6 = 7
R3 3,000 ¢
cLock 2,700 14 1 =
BS — DA~ El4 .
he !
R2
TELETYPE
SERIAL 8 7 K ¢ J -15V
IDLE=3] | IDLE=GND 1 Oz O3
UNLESS OTHERWISE INDICATED: i ! 6 Lio 5
RESISTORS ARE 1/4W, 5% — S,
DIODES ARE D664 =
TRANSISTORS ARE DEC6534B 12 3
PIN 4 ON EACH IC =GND Eil
PIN [l ON EACH IC = +5V
ES, E6, E7, E8, EI2, EI3,E16,E20 A -15v

E21 ARE MC790P
El,E2,Ell,El4,EI7 & EI8 ARE MCT89P
E3, E4, 9, EIS & EI9 ARE MC724P I

EIO IS MC799P . .-

e uo e T o w o § T war D>
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Teletype Receiver W706-0-1-C



il §l500
FLAG STROBE 2,700 ' 2 3 13 2
AV > APA— = €13 g
RIO 1 | POSITIVE AP
NEG. FLAG, FLAG STROBE
RO 3,000 STROBE 1
CLEAR FLAG 2,700 — Ri8
1 > .
AU T3.6v VvV 12 i4
RE
, oz 3 87, g300 .
X SELECT \ 8
AN EI9
(Y SELECT +3.6V
Lre 2
g \ 3
LOAD BUFFER 1| El4
> q
R3
POWER CLEAR 2,750
BU =N~
R4
3,000 l
+3.6V 14 0B
o €5 i,
INITIALIZE
==- K C 4
READ-IN
FLAG CLR 3] o 07 s Us
A1a A3
0 E3 I
BTz 2 = Eu
K_C 4
! 2 (I)z 3
ACTIVE (0) 3 12 3 k2
BT—e— — Ei7 . 5
Sleis A8 foX:)
+3.6V . 0 E3 1]
BIT3 E12
“CK INPUT 2 ? ez P—e xk ¢ 4| 3
TWICE  RI oL = Q9 —q 7 ?6 Ps
BAUD! § 200 o ! 0
8D > ACTIVE 13
L K _C_ 4 14/ O
7 ?e ?.; 7 . e2 |2 Sia Az
3Nz [ [ Paire 12 {en
waAIT K ¢ o 1
(LOW FOR WAIT)
5 O ?z 3
6 10 o
AM der?
9 3| EI2 u
FuLL ! =] 14
pupLexi [ oL 4
1 o E7 1)
= BIT 5 Ell
K G 4 8
07 O6
2
2 STOP TIME ? +3.6V
- 14 UNIT REMOVE
1 FOR 5 BT R28
' =
:l 14 13 0 4 13 8\ 3,000 8p
! o E13 1], . o E6 1], Ty
A sToP 2 1_ b rop 4 e2 o BIT 6 S\ £
A K _C 4 A D— K _C 4 3
T T 0z 03 =, ‘ o 07
sy
"
<1 1,15
] 4
w1 = l
LR 8 9
1 Q8 9
‘1 Osvséill'o o E6 1],
s 1
. K ¢ 4 _| . /0 KB,II?.‘ . Et0
1 7 ?6 5 = ‘6 A
v ? ’/,; Q7 ?ej;
— —o<
l -
I \\ B‘C‘r
A 5
N
5
UNLESS OTHERWISE INDICATED: E2 |7 14 13
RESISTORS ARE 1/4W, 5% o 0 E5 1],
TRANSISTORS ARE DECE5348 BITS EI0
DIODES ARE D664 K € 4 8
IC'S ARE MOTOROLA 700 SERIES PLASTIC 0° TO T0°C
El IS MC799P DUAL POWER BUFFER ! ?2 3
E3, E4, ES5, E6, E7, EB, E9 8 EI3 ARE MCT90P DUAL J-K FLIP-FLOP
E2, EIO, Ell, EI2 & EI4 ARE MC724P QUAD INPUT GATE
EIS, EI6, EI7, EI8 & EI9 ARE MC789P HEX INVERTER
THERE IS NO CONNECTION TO +3.6 SUPPLY VOLTAGE ON E2 s .
PIN 4 ON EACH IC = GND
PIN 11 ON EACH IC = +3.6V OFMisﬁLE' o -
ENAR = £
K € J k
7 Qe ?5
A-59 13.6v

Teletype Transmitter W707-0-1



Kl

SOLENOID (L1} O > ’ —O CP(F)
DI = D2
205P484 D-664

READER SWITCH (L2 & SOL.) O- ¢ - 15V
| I— RI
120
1AW
10%

NOTE

KI - WHEELOCK RELAY 3002 -1DI-12VDC
WITH NO OUTER SHIELD

Teletype Reader Control 4915

*
Ti F———— - RED
DEC |p4
T-41513 & | . RED 0 +lOV
3 177 | -
CINCH JONES | |
NO.141 i '
TERMINAL STRIP 03 +]| c2 RI
LR ] R 160,000MFD  $i8,5% YEL®
et i -| 20vDC 25w
5 : I ov
| ! YEL
115V AC [ | ©
! |
1 | +] ¢t
i | == 180,000 NFD
-1 20voc
| 1
2 : l E: pLue ®
! BLY -18v

NOTE:
iN ORDER TO KEEP OUTPUT VOLTAGE WITHIN
THE FOLLOWING LIMITS:
+10V: $9.5 TO +l1¥
~I5V: ~14.8 TO -6V
THE LOADING SHOULD BE WITHIN THE FOLLOWING LIMITS:

BOTH SIDES | +I0V O TO 7.0 AMPS
LOADED -I1SV 1.0 TO 8.0 AMPS
ONE SIOE +OV O TO 7.5 AMPS
LOADED -5V 1.0 TO B.5 AMPS
SUM OF THE OUTPUT CURRENTS ARE LIMITED BY

THE EQUATION: 51,4 461,y =53

% HEYMAN MFG. CO. TAB TERMINALS

Power Supply 728
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Y
RI7 R20
éIOO‘I)OI Koss éno.ooo
- |

D31

D45

&o22
000
5% 5%
1—
T T 800 SB80T
25% és i 25‘/. és‘/.
L c3 K s cs R
DI3 | 82 Lozo p2s| s2 iosz
I I
1AY d LiY v
p4s | Dis 47 D4g | D28 pas

UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W,; 10%
CAPACITORS ARE MMFD
DIODES ARE D-664
TRANSISTORS ARE DEC 3639-0

Pulse Amplifier S603
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o USED WITH OMD 8S OPTION ONLY.
SEE INSTALLATION INSTRUCTIONS A
7 6 5 1 4 3 2 | 1

Module Utilization (A-D) (8K) D-MU-8S-0-25
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% TO BE USED FOR EXPANSION
a USED WITH OMD 85 OPTION ONLY,
SEE INSTALLATION INSTRUCTIONS. A
] 7 5 5 1 4 3 2 1 1
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APPENDIX B
GLOSSARY

It is not intended that use of this glossary be substituted for reading Chapter 3 or for using

the flow charts when following any sequence of events in the logic drawings. The list includes all indi-

PSP P I S | R em ] Lme o | I R ¥ VAR JUNSUPUREE Y SR MUY o M I . Le e o . N
ViQuai signar names, and 101 €acii gives i1s meaning ana me numoer or the arawing on wnicn If originafes,

Where no drawing is listed, the item is either a teletype signal (all of which originate on D-BS-PT08-A-1)

SRR I N SR I NE %
generq: qoorevighion, No gomposite st
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. _
is g

~
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of standard terms; and no generating conditions are given for logical functions as these are listed in the

flow charts. An asterisk indicates that the signal is a pulse.

*A 11 Bit time pulses AOO~A13
AC 20 Accumulator
*ACSH 20 AC shift
Al 13 Autoindex flip-flop
AND 16 Logical AND
*AST 15 Auto restart
B Buffered
BAC 20 Buffered AC
BMB 9 Buffered MB
BT 11 Bit time
C 14 Carry output of adder
CA 14 Carry flip=flop
*CAC 20,17 Clear AC
CFF 15 Clock flip~flop
*CL 10 Clear link
*CLR AC 5,17 Clear AC from 1/O channel
*CLK 11 Clock (processor)
CLL 16 Clear link
CLR Clear
CMA 16 Complement AC
*CMB 9 Clear MB
CML 16 Complement link
CONS 15 Continue key
*CP 15 Continue pulse
DC 15 Deposit (word time)
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DCA
DEPS
*DP
*DPA
*EP
*EPA
EX
EXS
FR
IAC
IC
INCPC
INCR
INH
INS
INT
10
1/O
*] /O CLEAR
IOF
ION
*|OP
*|OSKP
*|OSKS
IOT
R
*R CLR
ISZ
JMP
IMS
L
LAS
LD

*%*Used only with OMD8S

16
15
15
15
15
15
15
15
17
16

13
13
18,22
17
5,17

Deposit and clear
Deposit key

Deposit pulse

Deposit pulse delayed
Examine pulse
Examine pulse delayed
Examine (word time)
Examine key

Inhibit interrupt during memory field change™*
Increment AC

Input collector (from bus)

Increment PC

Increment

Inhibit level, memory control to core logic
Interrupt synchronizer

Interrupt from 1/O channel

In-out

In-out

Clear in-out equipment (fo bus)

Interrupt off

Interrupt on

In-out pulse (to bus)

In-out skip (from bus)

In-out SKP set

In-out transfer

Instruction register

R clear

Increment and skip on zero

Jump

Jump to subroutine

Link

Load address key

Load (word time)



*LP 15 Load pulse

*LPA i5 Load puise deiayed
LPC 17 Low power condition
*LSH 10 Link shift
MA 12 Memory address
MAB 12 MA buffered
*MASH 12 MA shift
MB g Memory
*MBSH 9 MB shift
*MEM 4,23 Memory output pulses to MB and PB
MEMGO 18,22 Level that turns on memory clock
*MPC 17 Memory power clear
*MR 13 Memory request
O°P 16 Operate
OP1 16 Operate group 1
OP2 16 Operate group 2
PIR 16 Operate
PB 9 Parity bit
PC 19 Program counter
*PCP 15 Power clear pulse
*PCSH 19 PC shift
PE 9 Parity error
PESEL 17 E select (IOT)
*PE SET 9 Pulse that sets PE if PT and PB differ
PG 9 Parity generator
PGZ 12 Page zero
PR 17 Program interrupt request flip-flop
PISEL 17 Program interrupt select (IOT)
*PPC 17 Processor power clear
PSM Teletype print selector magnet
PT 9 Parity test
RCLE Teletype receiver clock enable
*RCLO Teletype receiver clock
RD Read
READ 18,22 Read level, memory control to core logic



RIAC 20 Readin AC

RIMA 12 Readin MA
RIMB 9 Readin MB
RIPC 19 Readin PC
ROTL 16 Rotate left
ROTR 16 Rotate right
RRE Teletype reader run
*RT 11 Reset timer
RUN 15 RUN flip~flop
*SAC 10,15 Set AC (from SR)
SAI 13 Sense autoindex
SIK 15 Single instruction switch
SKP 10 Skip flip~flop; skip from 1/O channel
*SL 10 Set link
*SP 15 Start pulse
*SP 17 Special pulse (for IOP)
SSK 15 Single step switch
STOS 15 Stop key
*STROBE 18,22 Strobe, memory control to core logic
STS 15 Start key
S 14 Sum output of adder
SR 15 Switch register
SX 14 X-input fo adder
SY 14 v Y -input to adder
T 11 Timer (time ring counter)
TAD 16 (Two's) add
*TCLO Teletype transmitter clock
*TP 15 Trigger pulse
*TSH 18,22 Time shift (memory clock output)
TSO Teletype serial output
WR Write
WRITE 18,22 Write level, memory control to core logic
WT 13 Word time
WTB 13 Word time break
WTD 13 Word time defer



WTE
WTF
WTI
WTINCPC
WTINCR

*WT MEM C/W

*WT MEM R/W

Word time end

Word time fetch

Word fime index

Increment PC

Increment

Start ciear-write cycie (to memory)

Start read-write cycle (to memory)
s to read (&

Word time stop (for memory cycle)

Word fime needs to write (in memory)

Word time execute

Zero indicator






APPENDIX C
ENGINEERING DRAWINGS AND GLOSSARY
FOR OMDS8S, MC8S, DB8S, ME8S, AND MM8S OPTIONS

C.1 DRAWINGS

This appendix contains reduced copies of logic diagrams, flow charts, and module utiliza-

apply to the standard production PDP-8/S. During actual maintenance, use the current prints supplied
with the equipment.
Other engineering drawings (assembly drawings, parts lists, etc.) used primarily for refer-

ence in maintenance are listed on the master drawing list for each option.

Option Master Drawing List
OMDS8S A-ML-OMD8S-0
MC8S A-ML-MC8S-0
DB8S A-ML-DB8S-0
ME8S A-ML-ME8S-0

Schematics and Flow Diagrams

Drawing No. Title Rev. Page

Interconnecting Gabling Cc-5

OMD8S Option

D-MU-OMD8S-0-1 Module Utilization (OMD8S) (2 sheets) C Cc-7

D-IC-OMD8S-0-3 DB8S,MC8S 1/O Connectors A Cc-11
D-BS-OMD8S-0-4 OMD8S Conn and Logic in 8S (2 sheets) C C-13
D-BS-OMD8S-0-5 Memory Field c-17
D-BS-OMD8S-0-6 OMDB8S MA Gating A Cc-19
D-BS-OMD8S-0-7 OMD8S MB Gating A C-21
D-BS-OMD8S5-0-8 Installation Procedure B C-23

MC8S Option

D-BS-MC85-0-1 Extended Memory Control (MC8S) (3 sheets) B C-25
D-BS-MC85-0-2 Memory Field 1 (MC8S) C-31
D-BS-MC85-0-4 Flow Diagram (MC8S) C-33
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DB8S Option

D-BS-DB8S-0-1 Control (DB8S) (2 sheets) B Cc-35
D-BS-DB8S-0-2 MA and MB  Register (DB8S) Cc-39
D-TD-DB8S-0-3 DB8S Timing Diagram C-41
D-BS-DB8S-0-5 GMA and GMB Gating C-43
D-FD-DB8S-0-6 Flow Diagram DB8S C-45
ME8S Option
D-BS-ME8S-0-1 Control Logic (ME8S) C-47
D-~IC-ME8S-0-2 Interface Cables {MES8S) C-49
D-MU-ME8S-0-3 Module Utilization C-51
MM8S Option
D-BS-MM8S-A-1 Memory Field Even (MM8S) C-53
D-BS-MM8S-B-1 Memory Field Odd (MM8S) C-55
D-BS-MM8S-A-2 Control Logic (MM8S) C-57
D-BS-MMES-B-2 Contro! Logic (MMES) C-59
Circuit Schematics
B-CS-B130 C-61
B-CS-R123-0-1 Diode Gate RI23 B C-61
B-CS-R203 Triple Flip-Flop R203 C C-62
B-CS-R205 Dual Flip-Flop R205 E C-62
B-CS-R603 C-63
B-CS-W002-0-1 Clamp Loads W002 B C-63
B- CS-W018-0-1 Indicator Connector A C-64
B-CS-w021 Signal Cable Connector A C-64
B-CS-W533-0-1 Rectifying Slicer B C-65
B-CS-W640 C-65

Drawings for this group of options use the same format and graphic conventions as the PDP-8/S

drawings. (See Chapter 3 and the introduction to Appendix A.)

C.2 MODULE UTILIZATION

When an OMDS8S Assembly is interconnected with the PDP-8/S, certain modules are
removed from the PDP-8/S and either relocated within the PDP-8/S or installed in the OMDS8S assembly.
This module rearrangement is shown in Drawing No. C-SP-OMD-0-8. In addition, the standard 4K
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memory module (memory field 0) is removed from the PDP-8/S and installed in the OMDS8S assembly.

Relocation of the memory module is required whenever an OMDS8S assembly is used, whether or not the
memory is to be expanded. The resulting module utilization within the OMD8S assembly for any com-
bination of options is shown in Drawing No. D-MU-OMD8S5-0-1. Circuit schematics of module types

used in these options (but not the standard PDP-8/5) appear after the logic diagrams.

C.3 GLOSSARY

A glossary of signal names for this group of options appears at the end of this appendix.
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GLOSSARY
MEMORY EXPANSION AND DATA BREAK OPTIONS

Option-Page-Sheet

npoc_1 .1
wROoOTI=I

A00 MC8S-1-3
Al1,A12 OMD8S-4-2
-A13 (B) OMD8S-4-2
B BRK DB8S-1-2
BMAO(1) through BMAT1(1) OMD8S-4-2
BREAK REQUEST (B) DB8S-1-2
-BT0O(B) OMD8S-4-2
BTI DB8S-1-2
BT2A DB8S-1-2
B(WTX) OMD8S-4-2
CDF MC8S-1-3
-CIR OMD8S-4-2
CYCLE SELECT 3 DB8S-1-1
DAO through DAT11 DB8S-2
DATA ADDR — DBMA DB8S-1-2
DATA —3— DBMB DB8S-1-2
DATA FIELD 0-2 MC8S-1-3
DB OMD8S-6
DB OMDS8S-7
DBB OMD8S-7
DBMAT1 through DBMAT1 DB8S-2
DBMAT1 (1) DB8S-1-1
DBMB — DBMA DB8S-1-1
DBMBO through DBMB11 DB8S-2

DB PAR (1) DB8S-1-1
DB PARITY

DCA (B) OMD8S-4-2
DCA MC8S-1-3

Definition
Notifies data break device that the supplied
address has been stored in DBMA
Processor bit time 0 pulse
Processor bit time 11, 12 pulses
Processor bit time 13 pulse
Break state data transfer cycle in process
Processor MA output bus (isolated)
External break request, inverted
Bit time O level
Data break timing pulse
Data break timing pulse
Processor WTX level
IOP1 pulse during CDF instruction

Reset IF, 1B, DF during WTB, power failure,
or load address

3-cycle select, inverted

Externally applied address lines

Sets DA lines into DBMA register

Jam transfers DB lines into DBMB register
DF register output to external equipment

Data break in process

Data break address register

Increment DBM?

Data break data register

See 1H17 F (DB8S-2)

Processor DCA instruction



Terms Option-Page-Sheet Definition

DEF MC8S5-1-3 Referred operand fetch in process; use DF
register to select memory field
DFO through DF2 MC8S-1-1 Data field register
DSDF MC8S-1-1 Enable inputs to DF register
DSIB MC85-1-1 Enable inputs to IB register
DSIF MC8S-1-1 Enable inputs to IF register
-FR OMD8S5-4-1 Interrupt inhibit after CIF instruction
FSO through FS7 MC8A-1-2 Memory field select levels
GMAO through GMAT1 OMDB8S-6 OMD8S memory address bus; gated from proc-
essor MA or data break DBMA
GMBO through GMB11 OMD8S~7 OMDS8S memory input (write) data bus; gated
from processor MB or data break DBMB
I1BO through 1B2 MC8S-1-1 Instruction buffer register
IFO through IF2 MC85-1-1 Instruction field register
IM6 through IM11 MC8S5-1-2 Input to AC from DF, SF, IF registers
INHIBIT OMD8S-4-1 OMDS8S memory inhibit level
INHIBIT 1 ODD MM85-B-2 Odd memory field inhibit level
INHIBIT 2 ODD MM8S-B-2 Odd memory field inhibit level
INHIBIT 1 EVEN MM8S-A-2 Even memory field inhibit level
INHIBIT 2 EVEN MM8S-A-2 Even memory field inhibit level
INHIBIT 2-0, 1-0 OMD8S-5 Field 0 memory inhibit levels
INHIBIT 2-1, 1-1 MC8S-2 Field 1 memory inhibit levels
IOP1, 2, 4 MC85-1-2 Processor IOP pulses
(JMP + JMY) OMD8S-4-2 JMP or JMS instruction in effect
LCDF MC85-1-3 CDF instruction (level)
LCIF MC8S-1-3 CIF instruction (level)
LD (B) OMD8S-4-2 Load address word time
LD MC85-1-3
LID MC85-1-3 A00.LD
LRMF MC85-1-2 RMF instruction (level)
MBIO through MBIl OMD8S-5 ORed output data bus from aii memory moduies
MC8s-2
MMB8SA-1
MM8SB-1
MB PAR | OMD8S-5 ORed parity output bit from all memory
MC85-2 modules
MMB8SA-1
MMBSB-1
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Terms

MCA through MCH
M DONE

RDF

RD RQ

RDS

READ

READ

READ DELAY
READ EVEN
READ ODD
READ 1

Ri

RIB

RIF

RMF

-RSF

SCDF

SDFOQ through SDF2
SFO through SF5

SIFO through SIF2
SIFO through SIF2

SMBOO through SMB11

STROBE ENABLE
STROBE EVEN
STROBE ODD
STROBE 0
STROBE 1

Option-Page-Sheet

OMD8S-4-1
OMDS8S-7
OMD8S-4-1
OMD8S-6
OMD8S-7
OMD8S-7
OMD8S-7
MC8A-1-1
MC8S-1-1
MC8S-1-2
OMD8S-7
OMD8S-7
OMD8S5-4-1
OMDS8S-5
OMD8A-5
MM8SA-2
MM8SB-2
MC8S-2

- MC8S-1-1

MC85-1-2
MC8S-1-2
MC8S-1-2
MD85-4-2
MC8S5-1-3
85-15

MC85-1-1

85-15
MC85-1-1

MD8S-6

OMD8S-4-1
MMB8SA-2
MM8SB-2

- OMD8S-5

MC8S-2

C=-69

Definition

OMDB8S memory timing ring counter

Auxiliary MBM DONE
'''''''''''''

OMDSS parity bit to processor MB

End of processor memory cycle (resets WTS)

Initiate processor memory cycle

Processor waiting for memory cycle

Reset IB register (pulse)

Reset DF register (pulse)

IOP4 pulse during RDF instruction

Start memory read cycle

Processor read cycle request

Memory read time

End-of-read pulse

Memory field 0 strobe trigger (sets WCOF)

Read pulse for even memory fields

Read pulse for odd memory fields

Field 1 read level

Reset IF register (pulse)

IOP4 pulse during RIB instruction

IOP4 pulse during RIF instruction

IOP4 pulse during RMF instruction

Reset SF register (pulse)

IOT 62XX instruction in effect

DATA FIELD switch outputs

SF (save field) register

INSTR FIELD switch outputs

MBI bus gated to processor MB register (non-
break cycles)

Memory strobe enable

Strobe pulse trigger for even memory field
Strobe pulse trigger for odd memory field
Strobe pulse to memory field 0

Strobe pulse to memory field 1



Terms

WCOF

WORD COUNT OVERFLOW

WRITE

WRITE EVEN
WRITE ODD
WRITE 0

WRITE 1

WR RQ

WRS

WTB-A00 (B)
WTD

WTF

WTF (LCIF)

WTF (JMP + JMS)
WTF (LCDF + LRMF)
WTX (JMP + JMS) (B)
0 — DBMA

0 — DBMB
1RDRQ

IWRRQ

2RDRQ

2WRRQ

+1 —» DBMA

+1 — DBMB

Option-Page-Sheet

DB8S-1-2
DB8S-1-1

OMDB8S-4-1
MMBSA-2
MM8SB-2
OMDB8S-5
MC8S5-2
OMD8Ss-7
OMD8S-7
OMD8S5-4-2
OMD8S5-4-2
OMD8S5-4-2
MC85-1-3
MC8S5-1-3
MC85-1-3
OMD8S-4-2
DB8S-1-1
DB8S-1-1
DB8S-1-1
DB8S-1-1
DB8S-1-1
DB8S-1-1
DB8S-1-1

DB85-1-2

C-70

Definition

Time bracket for word count overflow detection

End of block transfer signal to device during
3-cycle breaks

Write command to all memory modules
Write pulse for even memory fields
Write pulse for odd memory fields
Field 0 write level

Field 1 write level

Start memory write cycle
Processor write cycle request
Word time B, bit time 0 (pulse)
Word time D

Word time F

See WIR, LCIF

See WTF  (JMP + JMS)

See WTF, LCDF, LRMF

Word time X; see (JMP + JMYS)
Reset DBMA register (pulse)

Reset DBMB register (pulse)

Data break memory read request
Data break memory write request
Data break memory read request
Data break memory write request

Set DBMA11 (adds 1 to word count location
to form current address location)

Increment DBMB (carries are propagated)
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