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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 ond indicators on the operator panel,
and explains the operation of the ASR-33. Chupter 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 confains 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 Expansicn
(MC8S, MESS, MMBS) options and the additional logic common to both (OMD8S).

Appendix A confains 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.



CHAPTER 1
INTRODUCTION

The PDP-8/S is a small-scale, general-purpese digital computer designed for use as an inde-
pendent information-handling facility in a larger computer system, or as the control element in a com-
plex processing system. The basic computer consists of o central processor and a memory, and has ¢
Teletype Model 33 Automatic Send/Receive set for input-output. The processor performs all arithmetic,
logical and system control functions, Memory opemtibn 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 defect 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 allows 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 handled by processor and memory has the following characteristics.

Word Lengt‘h

Processor:
Memory:

Instruction Format

Memory Reference:

Operate Group:
Input=Output:

Internal Number System

Negotive Representation

Number Format

12 bits
13 bits including parity bit

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

instruction code, 12 bits

Instruction code, 12 bits including
4 bit device code

Binary
Twa's complement

Sign, 1 bit; magnitude, 11 bits

All timing is synchronous, but processor and memory operate on separate clocks, which con-

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 us is one word time,

the time required to process one word serially. The PDP-8/S uses two types of random access magnetic
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core memory having cycle times of 6.3 and 6.5ps. 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 paraliel. The only
1/O device supplied with the standard computer is the Teletype Model 33 ASR but it includes keyboard,

prinfer, 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 o cabinet but the computer is also available for mounting in o

stondard 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 to back.

The rack=-mountable model requires 10-1/2 in. of vertical space in a 19-in. rack. ! pro-
trudes 3-3/4 in, at the front of the rack, and slides out 25 in. Physical dimensions of both models are
shown in Figures 1-1 through 1-5. The table model weighs 84 [b, and the rack model weighs 200 |b
including power equipment. The Teletype ASR 33 has the following dimensions.

Height: = 45 in.
Width: 22 in.
Depth: i? in.
Weight: 100 |b

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 o computer shipped unmounted.

[t is recommended thot the ambient temperature ot the installation be maintained between
70” and 85°F, but it can vary between 32° and 130°F without adverse effect. Afthough all exposed
surfaces are treated to prevent corrosion, exposure to extreme humidity for long periods of time should

be avoided.

1.2 ELECTRICAL CHARACTERISTICS
The computer uses standord line power at 115 £ 17 Vac, 60 cycle (32%}), single phase. The

rack model uvses a standord 728 power supply and a confrol through which the power switch on the front
panel switches ac to o pair of receptacles on the computer backplate. These receptacles are for the

power supply and the fans. To switch ac to other supplies or devices from the computer front panel



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

The table model has an equivalent power supply mounted on the inside rear of the cobinet,
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 rated at 15 amp, The teletype must be
powered separafely.

Current consumption is as follows.

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 =3 Vdc (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 af inverter outputs may be
from ground to -3V or vice versa, Pulse widths may be 100 ns or 400 ns depending upen 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-cut equipment, sequences the program, and per-
forms all arithmetic and logical operations.

iz:z MBEMOR: B ’ MA pe
13 - Bl 1
WORDS ‘ 12 2
WB - IR
—
12 4
i 5 ZERD

ADDER *  DETECTGR

B

ANC
‘ { GENERATOR

. AC

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 @ 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), aithough 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 o 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, os 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 restof

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 accumulafor {AC), and a 1-bit
serial adder. All transfers between processor and peripheral equipment are made via AC, which is con-
nected fo 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 parailel 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
Figure 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 hit at a time as the sum is shified into AC,
The adder is also used to increment AC, MB, or PC, to complement AC, and even to defect 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 o
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 bif at a time,

Besides the registers that enter into the regular execution of the program and its instructions,
the processor also contains a program interrupt system that allows peripheral devices, a memory pority
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 twe 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 contfrol 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 o program, the computer
normally retrieves instructions from sequentially increasing locations, but the instructions, themselves,
can alter program flow and cause the computer fo continue sequential operation from some other location.

Table 2-1 is an instruction index.
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Mnemonic

AND
TAD
15Z
DCA
JMS
JMP
107
OPFR

NOP
IAC
RAL
RTL
RAR
RTR
CML
CMA
CIA
CLL
STL
CLA
STA
HLT
O3R
SKP
SML
SZL
SZA
SNA
SMA
SPA

Table 2-1.
Instruction Index

Meaning
Logical AND
Twos Add
tncrement and Skip if Zero
Deposit and Clear Accumulator
Jump to Subroutine
Jump
In-out Transfer

Operate

QOperate Group

No Operation

Increment Accumulotor
Rotate Accumulator Left
Rotate Twa Left

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

Set Link

Clear Accumulator

Set Accumulator

Halk

OR Switch Register

Skip

Skip on Nenzero Link

Skip on Zero Link

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

Skip on Positive Accumulator

QOctal Code

Oxxx
1 xxx
2xxx
Ixxx
Axxx
Bxxx
Sxxx

7 XXx

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. (continuved)

instruction Index

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

IOT Group
IOMN 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 5034
KRB Keyboard, Read Buffer 60346
TSF Teleprinter, Skip on Fiag 6041
TCF Teleprinter, Clear Flag 6042
TPC Teleprinter, Print Character 6044
TLS Teleprinter, Load Sequence 6046

2.1.1 Number System

The PDP-8/5 uses two's complement, fixed-point conventions to do binary arithmetic. Ina
word used as a number, bit 0 (the left-most bif} represents the sign denoted by 0 for positive, 1 for
negotive. 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" %) -1. Sub-
tracting a number from 2" -1 (from all 1s) is equivalent fo performing the logical complement, changing
all zeros to ones and alil 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.

+231 { 000010011 001 |

0 11

+153]0

| 111101 100 111 ]
0 N
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Zero is represented by a word containing all Os; complementing this number produces al! 1s,
and adding 1 fo that produces all 0s 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 (a 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, o 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 sume magnitude, so one can read a negative number by
attaching significance to the rightmost 1 and attaching significance to the 0s 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,
0s 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 o 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 logicat 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
e.ight 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.

AGORESS TYPE

0P CODE | I | ADDRESS J

o 2 3 a4 1

The operate and in-out instructions do not require memory addresses. In an operate instruc-
tion bits 0 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 af the three event times, in order, are selected respec-

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

L} DEYICE CODE | PULSES —|

a 213 a9 "

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. [f bit 4 is 0,
bits 5 through 11 are taken as an addrsss in page 0, i:.e. , the address port of the instruction is token to
represent an address between 0000 and 0177. [f bit 4 is 1, bits 5 through 11 are taken as an address in
the same puge 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 rype 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 hits 4 through
11. If bit 3is 1, addressing is indirect, and the oddr;ess part of the instruction is taken to specify o

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

2.1.4 Auroindexing

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 opproximate execution times in microseconds of the various PDP~8/5
instructions. Where they are applicable, the longer times that are required for indirsct addressing and
auteindexing are 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-8/5 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
OPRR 1 26.6 2,1
OPR 2 37.1 3,1

A processor cycle {one word time) requires 10.5 us if there is no memory request, about
9.8 usotherwise. The above times are bused on o memory cycle of 6.3 us. The nominal times for the
two memory types are 6.3 ps and 6.5 ps. but either type con differ by as much as 100 ns from its
nominal valve. Moreover, if the optional data channel equipment or expanded memory is added to the
computer, the memory cycle fime is fixed at 8 ps regardless 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 ps (2,2} in addition to instruction execution time. The first
'OT pulse oceurs 10.5 s aofter 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
generafes a string of fourteen bit pulses 750 ns apart. The first 12 pulses perform whatever serial operc-
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., at 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 tin';e, which determines the location of the first
instruction and requests a memory cycle fo refrieve it, In other words, fetch time does not feteh 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 to 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 refrieving 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 | us 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 o 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 o 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 ond 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 con be read
into AC by the program. The next 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 ponel.
The similar PANEL LOCK switch ot the left-hand end disables the aperating keys and switches when
turned clockwise (the last eight levers at the right-hand end become inoperative and the switch register
is not affected).

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 ferms 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 thot display (from top to bottom)
the contents of PC, MA, MB and AC, The extra light af the lefi~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 raad 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, I$Z, 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
IOT, OPR operator has just loaded an address from the console, the AND fight will

be on regardless of what instruction was last executed.

ICN The program interrupt system is on, so a parity error or an interrupt request
over the in-out bus wili couse a program break.

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

PARITY ERROR Indicates thot a word read from memory had incorrect parity.



When the computer executes g HLT, it stops with RUN and PAUSE off, and END and OPR on.
The MB lights display the next instruction, the PC and MA lighis indicate the address of the next instruc-

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

Operating 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. [t sets the END state, and lights RUN,
causing the computer fo begin normal operation by retrieving an instruc-
tion from the location currently addressed by PC,

¥ 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,

¥ 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 insfruction. 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 dlsplqy the
same information as when the STOP key is pressed.

While this switch is in the up poesition, the processor stops at the end of

every word-time that it executes. This switch is for maintenance purposes
and allows the operator to run a diognostic routine or other program, one
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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

The teletype provides two-way communication between operator and computer. It is actually

four devices: keyboard, printer, reader and punch, which may be operated in various combinations.
The equipment operates at speeds up to ten chdracters per second, with 8-bit characters plus start and

stop control signals fransmitted serially.

Figure 2-2  Teletype Model ASR 33

Located at the right front right-hand side of the unit is @ 3-position rotary switch LINE/OFF /
LOCAL. When this swiich is sef to LOCAL, the entire unit is independent of the computer and the key-
board and printer function together as a normal typewriter. Moreover, tuening 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 fhé reader places it under program control, and turning

on the punch causes it to punch whatever is sent to the printer by the computer.
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The only control on the reader is g 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 to read the tape if the unit is in locol, 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 tupe backward one frame so that the operator ecan
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 o stondard 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 to 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 controi key CIRL, while striking the appropriate character
key. Codes for all characters listed on the keyboard ond some that are not can be transmitted to the
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

keybeard are 200, greater than the corresponding ASCI] codes.

8
Table 2-3.
Teletype Code
Octal AsSCH Key
Code Character Combination Remarks
200 NULL SHIFT CTRL P NuH
201* SOM CTRL A Start of message
202* EOA CTRL B End of address
203* EOM CTRL C End of message
204 EQT CTRL EOT End of transmission; shuts off TWX machines
205 WRU CTRL WRU "Who are you?" Triggers
"Here is...," at remote stafion
206* RU CTRL RU "Are you,,,?"



Table 2-3. (contim:;ed)
Teletype Code

Octal ASCII  Key :

Code Character Combination Remarks
207 BELL CTRL BELL Rings the bell

210% FE CTRL H 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* 5l CTRL O Shift in

220% DCo CTRL P Device control reserved for data line escape
221 DCI CTRL Q Turns reader on

222* DC2 CTRL TAPE Turns punch on

223 DC3 CTRL XOFF Tumns reader off

224* DC4 CTRL Turns punch off

225* ERR CTRL U Error

226* SYNC CTRL V Synchronous idle

227% LEM CTRL W Logical end of media
230% 0 CTRL X Separator, information
231% S1 CTRL Y Separatar, data delimiter
232* 52 CTRL Z Separator, words

233* 53 SHIFT CTRL K Separator, groups

234*% 54 SHIFT CTRL L Separator, records

235* 55 SHIFT CTRL M Separator, files

236* 54 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 %



Table 2-3. {continved)
Teletype Code

Octal ASCH Key
Code Character Combingtion Remarks
246 & SHIFT &
047 - SHIFT *
250 { SHIFT (
251 } SHIFT )
252 * SHIFT *
253 + SHIFT +
254 ’ .

255 - -

256 . .

257 / /

260 & 0 Zero, prints with a slash
261 1 1

262 2 2

263 3 3

264 4 4

265 5 ]

266 6 6

267 7 7

270 8 8

271 2 9

272

273 ; H

274 < SHIFT <
275 = SHIFT =
276 > SHIFT >
277 ? SHIFT ?
300 @ SHIFT @
301 A A

302 B B

303 C C

304 D D
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Table 2=3. (continued)
Teletype Code

Qctal ASCH Key
Code Character Combination Remarks

305
306
307
310
311
312
313
314
315
314
317
320
321
322
323
324
325
326
327
330
331
332
333
334
335
336
337

340- Lower case leiters; codes cannot be gen-
373* erated from keyboard and should not be
used in programs for reasons of compatibility

IQ"!‘II’I‘I
Io'nrrl

N < X £ < Cc A v @ 0 w9 07 - X -

SHIFT K
SHIFT L
SHIFT M
SHIFT #
SHIFT

— T N < X £ < C ™ ® U0 ZzIT - -

-~

t

374 ACK Acknowledge; code cannof be generated
from keyboard and should not be used in
programs for reasons of compatibility



Table 2-3. {continued)
Teletype Code

Octal ASC I Key
Code Character Combination Remarks
375* ) ALT MODE May be used for any desired control purpose
376* E5C Escape; code cannot be generated from key-
board and should not be used in programs
for reasons of compatibility
377% DEL RUB QUT Delete
REPT Causes any other key that is struck to repeat
continuously until REPT is released
HERE 15 In local, punches 20 fines of tape feed
BRK RLS Mot 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 load 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 tape in the punch, raise the cover, feed the tape manualiy from the top of the roll
into the guide at the back, move the tape through the punch by turning 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 Paper
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 rofl supply is held in a tray ot 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,
NCTE

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 type block, and remove the reels
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 ¢lips 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 guide 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 fo make sure
that the reversing eyelet has been wound onto the spool. Make sure the ribbon is seated properly and

feeds corrzctly 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 slotied 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
paw | 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 cafch the pawl. The slots in the disc of the vertical tab mechanism al low

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



CHAPTER.3
SYSTEM LOGIC

In addition to presenting a detailed description of the fogic 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 accompeny each PDP-8/5S. Every drawing is lobeled with a DEC
drawing number in five parts, such as D-BS-85-0-14, The first part is a letter indicating the size of
the drawing; the second is @ mnemonic code indicating the type of drawing; the third is the type code
of the equipment (85 for the computer, PTO8 for the teletype); the fourth is the drawing serial number
(see next paragraph); and the last is o 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 o 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 af the machine
should use the prints that accompany the equipment rather than the figures in the manval. Drowings
printed in the manual are serial 0, correspending 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 personnel should use the separate prints for work on the equipment because they show any

variations peculiar fo the installation,



At the back of this manual the cireuit schematics are in order by circuit type aumber, 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 drowing (D-BS-85-0-14) mentioned above is variously referred fo in the text

os print 14 or drawing 14,

J.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 af any medule 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 1 B29 represents module connector 29 in
mounting panel B (all location codes begin 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. [n the lettering on the drawings, the numeral 0 has a
slash through it (@) to distinguish it from letter "O",

By convention, o 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
fo 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 fo 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 diomonds 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-Fflops which can easily be recognized by the form of
their representation and are named according to their use or the meaning of the information they contain.
Logic gates are labeled from the point of view that negative is true. Inputs are at the left of a block,
and outputs are at the right or top. Signal names are written slightly above horizontal lines or their

extensions.
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Each NAND gate actually has two parts, o diode AND gate and an inverter. The nodes
shown below the blocks 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 o negative level represents the state of a -binury 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 enabliing input D is also at ground.

The diode-capacitor-diode input gate used with flip-flops, one-shot delays, and pulse
amplifiers requires a ground-enabling level, and the triggering input to the DCD gate, as well 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 5. PA and clock outputs are positive-
geing 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 aiso 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
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 cireuit schematic, these being the ones shown as negative beside the
1 and 0 in the illustration. In the logic drawings, however, the output nomes are reversed whenever
the logical configuration is simplified by daing 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 iflustrated 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 block 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 @ 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 hame which is also the name of its 1 output; the same
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name preceded by a minus sign specifies its O output terminal. A minus sign applies only to the term it
precedes unless parentheses are used to group.ferms.

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 lefi 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 acfually 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 mnemenic 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
ic 5 Information collector
10 17 In-out
IR 16 instruction register
L 20,10 Link
MA 12 Memory address
MB 4 Memory buffer
MEM 22,23 Memory (8K)
4,18 Memory (4K)
PC i9 Program counter
S 4 Surﬁ output of adder
WT 13 Word timing
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AC and L are shown together on drawing 20, and some of the conirol signals for both are on
print 10. Any composite signal that begins with an instruction mnemonic originates on the instruction
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-8/5
and the teletype. These figures show every event, and insofar as possible, show the flow of operations
In a manner that is equivalent to the actual gating and timing in the hardware. The terminology is
fram the logic drawings unless italicized.

Except for connections from one line to another or a retum 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, aon empty ellipse indicates a pulse amplifier whose output has no name. A condition written
on a line must be satisfied for flow to continuve along the line. When saveral 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 charf,
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 one 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 verticol one at the left, originating in the clock loop, The first hori-
zontal line to the right is merely for a clear function at power turnon 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 10Ts 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 rofation. 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 festing conditions for skips. The next line represents the thirteenth bit
time, and its pulse Al2 triggers individual events that are required for certain operafe 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 o 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 time, and the selection of the different word-times fo 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 ot C4 in logic drawing 15. Every time the flip-flop clears,
it triggers o 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 monifor, shown at bottom center on drawing 17.
This circuit monitors the +10V and =15V logic supplies and the =10V memory reference. It produces
power-clear signals for both memory and processor whenever any voltage is nof within its proper range.

At power turnon, both clear outputs remain at ground until about 50 ms after 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 tumns off. Whenever any voltage fails to
maintain its proper value, the outputs remain negative for 9 to 16 ms, at 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 é ms after any voltage
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 generafe the bit time functions and pulses. The clock ot 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 frain
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 TO.

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 af the right, but the 0 and 1
sides of T5 are reversed, so only T6 is set. All remaining hits are cleared. The same configuration is
produced by power clear.

From its initial state with a 1 in T6, the A pulses fill T with 1s from the left until it is all 1s,
then 0s come in from the left until it is clear. The generation of bit-time levels from fhe 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 hit-time level conditions the logic to produce a time pulse having the same number,
but the pulse also steps the counter to the next bif time. For example, when T is clear, BTQO is true
and the next A-pulse generates AQO, but this same pulse sets TO, thus generating BTO1. Note thot the
initial state of the timer actually corresponds to fthe final bit=time in a processor cycle, so the first
pulse is actually A13, which selects the proper word-time fo 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
T4 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.
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The logic on the left-hand side of drowing 11 decedes 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 af 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 fo 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 affer 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. At the end of each word time, the nets af the left of
the flip-flops determine which word time must be entered next, and Al3 triggers the transition by
clearing any WT flip-flop that is set and setting the appropriate one for the next word fime, The direct
outputs of the WT flip-flops drive only inverters whose outputs in turn are used for all logic connections;
the flip-flop names are applied to these buffered outputs, (The names do not reflect the fact that the
signals are buffered.)

The logic net at the left of Al grounds the enabling leve! 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, OFf 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 inpufs to the clear gates are grounded and therefore
always enabled, but the gating levels for the set inputs come from legic nets that determine which word
time the computer must enter next, Since no word time ever follows itself, the set inputs are enabled
of only one, or at most, two flip-flops and these must presently be clear. Pulse Al3 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 detail at the bottom of the main flow chart {print 30}.

During any word time in which the processor must deposit @ word in memory, the net in D3 of
print 13 pulls the -WTWR level false. A similar net in B6-7 grounds -WTRD in any word time that must
retrieve a word from memory. |If either type of memory cycle is necessary, A12 triggers the memory
request pulse MR through the PA in the lower left-hand corner of the drawing. This puise triggers one

or the other of the two PAs just to the right to start a reod-write or a 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 fo A13.

The AND gates hung on the outputs of WTS, WTE, and WTF set or clear these flip-flops for
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 lefi-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 (D6) 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. Al are shift registers in which
one bit is connected to the next for right shifting. In g few cases, the direct set and clear inputs to the
register flip-flops are used either to clear a register or to effect a parailel transfer {as from the switch
register to 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 offected. information from
a register is made available only one bit at a time at the right end (LSB}, and information is shifted into
a register only one bit at a time af 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 Regisfer

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 at 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. IRO3 is combined with the two states of Al to select indirect addressing with or without
aqutoindexing. At the lower lefi (A7) the OPR lavel 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 af 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, 1If a 1 is programmed in instruction bit 10, both shifts cccur, but if bit 10 is O there is
only one shift at BTO1,

There are no gates for left shifting, so o left rotation is produced by o shorfened right shift.
AC and L are rotated together, so a complete rotation would require 13 shifts, Since the right shifting
for a leff rotation occurs on A(00-11), there are at most 12 right shifts (the result is af least one left
shift). The shifting is controlled by ROTL 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 buffer between processor and memory (print 9), the entire register is
cleared ot 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 exira 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 (eptional equipment).

The two logic nets in the upper left generate the MB shifi pulses and the shift inputs to MBOO.
MB can receive information from PC or AC for deposit in memory, from the adder during an indexing
operation, and from ifself while it is being made available to IR and MA in fetch time (-WTS hold.s off
the M8 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, 15Z,
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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Lood 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

Drawing 12 shows the register whose 12 bits select one of the 4096 locations in memory during

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 o 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-bif register when used for addition or rotation. All 12 AC bits are cleared of once by two of the
operate instructions, by an IOT, by power clear, and by any console operation except Continve., To
load information from the switch register into AC during Load Address {Deposit or OSR) the logic ot 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 atlow pulses from the information collector to effect a paraliel
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 leff-hand side. Most shifting is produced by the
standard set of A(00-11) pulses (although ROTL may eliminate ons of these}, but there is an additional
shift ot 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 at 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 fo 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 confents.

Print 10 shows the generation of the control pulses for the link. LSH is generated af the same
time as ACSH in those instructions that operafe 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 CRCUITS

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

and cireuits 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 5X 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 BT0O
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 to supply address 0001 to PC (there being no SY input at this time) .
When there is no $X input, the number shifted out of S is identical to that shifted in at SY. This pro=
cedure is used to complement AC, to test it for zero, and fo 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 caunting in fetch time and for a skip or JMS in end time. The remaining gates control 5Y during
the operate instructions CMA and IAC, The gates ot 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 [AC, A12 complements L when there is a carry (overflow). Note that the gate
for 1AC, which is enabled by MB11, includes the condition -MB04; 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 Z1, which is set by
the final pulse in fetch time. It is then cleared if the sum is ever true in execute time of an ISZ or the

operate skip group.

3.4.2 Purifz Logic

On the upper left-hand side of the main flow chart is a 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 out of MB is 1. These events occur whenever MB is shifted in any flow
line. On print 9, PT is shown at the top and PG at the left-hand side. Both flip-fiops 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 o write request is made, A12 shifts PG into PB, which is writfen in memory with MB,
For reading, the CMB puise that clears MB also clears PB, which is then set if @ 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 10T 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 writfen back info 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 (ACQ0 set}, a 1 in bit 6 tests for zero AC
(ZI 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 bif must be
negative; a gate output can be ground only if the selection bit is 1 and the selected condition is frue.

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 MBO8 and the output of the selection gates, whereas the lower
NAND gate receives -MBO8 and the inverted output from the sefection gates. If a O 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 ifs inversion negative}, then both inputs to the 1F07U gate are negative and the goting 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 O 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 10T.

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. [n 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 its trailing edge sets RUN through a NAND gate 400 ns later.

For Load Address, TP triggers a pair of load pulses (LP and LPA} 1 ps 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 fime 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 to stop the computer,

The net at the far left allows A12 to clear RUN in end time of g HLT. The gates ot bottom
center cause Al2 to clear RUN in fetch time if the siop 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 after power failure. The clearing of the LPC flip-flop in the power monifor triggers the
AST pulse, which starts the computer in the same way the trigger pulse does when the start key is
pressed (Ad).

3.5 MAIN FLOW

Now that the reader has an understanding of the way the registers and the timing and control
circuits funetion, he should have no difficulty in following any instruction or console function in the
main flow charf (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 flow is always made by means of the console keys, as shown on the upper right-
hand side of print 30, For Continue the trigger 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 flip-flop that controls the word time for the function. EPA also clears PE,
whereas DPA ond 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 operafions, the pulses shift 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 controlling the operation, clears RUN, and places the processor in fetch
time. For the two functions that require memory access, Al2 generates MR, which stops the clock by
setting WTS and requests the appropriate type of memory cycle: clear-write to deposit information,
read-write to refrieve 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 frigger pulse from the key generates the start pulse provided
that a memory cycle is not now in progress. SP places the computer in end fime, clears Té 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 confrol 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 ot 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 corner represents the clock which is always going except
during memory access. I action ot 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. [nsofar 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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Evenfs common to all word times are closest to the main vertical line af the left. The first
13 pulses each save the current carry in CA whether an addition is going on or not, Al2 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 prbgrqm interrupt request flip-flop if the interrupt system is
on and there is either a parity error, o power failure, or an interrupt request over the in-out bus. A13
¢clears o number of control flip—flops in preparation for the next word time,

The special word times for Load Addresds, 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, AOD sets PGZ in bit 4 of the
instruction word is 0. It also turns on the inferrupt system if the preceding instruction was an ION,
The full set of word processing pulses A(00-11) moves the instruction code ond 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 MAQO-04, depending on whether PGZ 1s
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, A12 also stops the computer if the stop key or single insfruction switch is
on, triggers 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, sefs ZI| for possible use in the
instruction, and puts the processor into the next word time. If the instruction indirectly addresses an
auteindexing location, A13 sets WTI; for indirect addressing with Al clear, defer time follows. If the
instruction is an OPR or an 10T, 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 simultaneously for an AND, TAD, OP1 or JMP,
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3.5.2.4 Execute. - For an [OT, AOO friggers 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 inpuf, and
shifts the sum through L back into AC. In ISZ, the SX input is true only at BT00, so the number shifted
back to MB from the adder is one greater than that shifted from MB to SY. If the adder oufput is ever
true, ZI is cleared. Note that the events shown for JMP are not complete on the WTX line: the return
of MA fto itself while being moved to PC appears in the WTE line because it is controlled 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 oceur
together, the adder receives ~AC but IAC still makes SX true at 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 extra addition step through the adder
te 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: |SZ, 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 1 in bit 9), ADO transfers the switch register to AC. A(00-11) deter-
mine the address for the next instruction retrieval. For o 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 S5KP, clears RUN on an HLT {a 1 in bit 10), and requests a read-write cycle to
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 inferrupted). 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 insfruction just
retrieved but nof executed, and requests a clear-write eycle 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 prinfs 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. Af 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) refurning
to zero. The clock sefting is approximately 2 mc for the 6.3-us memory, slightly slower for the 6.5-us
memory .

At left center of the print o request pulse for either type of memory cycle temporarily turns
on the MEMGO level, enabling the clock. The first shift from the clock sets 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 if returns to ground, clearing the WT5 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 vp
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 O generates the strobe pulse provided thot 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 asseciated 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 G&09? 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 MAQD-05 in the W108's, shown above and below
the stack. The equivalent circults that decode MAOS-11 to select an X-winding are on either side of
the stack, The sense circuits are at the extreme left-hand side in the print, and the inhibit logic is at
the right. The =10V reference is supplied to tap terminals 1 and 2 on all WI108's via the G609's (G608's).
The ground read and write levels from memory control are applied to the lower inhibit W108 at the right;
this section of the module is actually independent of the inhibit logic, and the associated drivers are
used to generate the negative read and write signuis applied fo the X and Y W108's.

To understand the decoding of MA to select a pair of X- and Y-windings that intersect af a
single location, consider the selection of a single Y-winding by the circuits shown obove and below the
stack. The top W108 decodes MADQ-02 to select a single driver whose two outputs are tied fogether
and connected to one end of a set of eight consecutive Y-windings through selection diodes on part of
a G409 (G607, The bottom W108 similarly decodes MAO3-05 fo select a single driver, but here the
driver outputs are applied separately fo 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 MAGO-05 is 00,
the 0 winding is selected by decoding MADO-02 to select windings O through 7 and decoding MAD3-05
to select the first winding from each set of eight windings, 0, 8, 16,....

MA remains stable throughout a memory cycle so the same poir 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 @ 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 fo
ground and pin EF floats, but the two are connected together, so windings 0 through 7 are connected to
ground ot one end. In the bottom W108, pin EF is brought to =10V but EE floats. Both outputs are con-
nected fo 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 0 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 af ground because grounded
at the one end, the other seven are of =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 g
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 selacted X-winding and the selected Y-winding is sufficient to change to 0 any core that is in the
1 skate. (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 (G608) af the
left to the W532 sense amplifiers, contained two per module. These are ac-coupied 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 to a G803 ac-coupled rectifying slicer, also contained two per module.

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

While write current 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, [n 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
0. In the lower W108, the inhibit level is applied only to DP and DS and enables those inputs that
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

af =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 of 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. 1OT 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 puises
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 inferpretafion 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 ot 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-shor delays that gererate a separate
IO pulse train that is parallel to the bit fime pulses. [In execute time of an 10T, AQQ triggers a PA to
set the first one~shot, and 1 ps later its transition back to 0 triggers the second one-shot, which also
has a period of 1 ps. The IO pulses are derived from the PA output and the 1 outputs of the delays, but
they are microprogrammed. Therefore only those called for by the 10T are actually generated, Thus
at the lower left a 1 in instruciion bit 11 allows the PA output to trigger IOP1, Just above it a 1 in bif
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 2 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, [OP1 sets INS; IOP2 clears both
it and ION to turn off the interrupt. Setfing 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 PIR, but the interrupt signal is a
level, so every A12 sets it again until the level goes away. When the break is granted, AGO 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. OP2 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 10T at the far left fo produce 1OSKS, which in turn sets the skip
Flip-flop (SKP), If IOP4 is programmed, the IOT also clears PE.

The clear puise 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 cireuits and bus connections for the teletype control are shown in drawing PTO8-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 ot about 220 Hz (both have periods between 4.5 and 4.6 ms,
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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 ACO4-11. ACIT1 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 af 110 bits per second, so one complete character requires 100 ms. Character fransmission
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 fransmitter modules is shown only in
the circuif 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 ot all module inputs and out-
puts translate the high and low levels fo {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 af any input or output indi-
cates a fransition from high to low whenever the circuit function is satisfied, or.' flip-flop goes to the
given state, etc. A flip-flop is defined as being in the 1 state when its 1 output is low. 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 fnput

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 |/O CLEAR, the cleor 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 1OT031. The bit outputs are IC11-04, with bit
8 at the bottom correspending to 1C04. The read strobe for the input shift register is IOT034, and the
clock enable output is RCLE,

The serial input from the feletype 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 frans-
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 into 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 glso sets FLAG to request an interrupt, and sets FLAG DLY
Once the FLAG DLY flip-flop is set, the next clock sets IN LAST UNIT, and the succeeding one clears
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 @ new input cycle ot 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 I0T031 to skip on the flag.
An [OT that selects teletype input and has 1s in bits 9 and 10 clears AC at ¥OP2 and loads the character
into AC04-11 of IOP4, The inverter through which IOT032 generates the clear signal for AC is shown
at the top left-hand side of the schematic for the W707 transmitter module. The same 1OT 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 Qutput

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 I0T042, and the
input at BJ is [OT032 which produces the CLR AC pulse ot AP. 10T041 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 lobeled 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 |OT044, and it
always sets ENABLE because pin BS is grounded.

As shown at the top of the outpuf flow chart on the right-hand side of drawing 29, by selectir
device code 04 the program con skip on the flag to determine when the transmitter is free, and IOP2
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 o 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 T in ENABLE causes
a new transmission cycle to begin. So long as ENABLE is clear, LINE remains set to continve marking

the line.
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CHAPTER 4
MANNTENANCE

DEC Field Services supplies an up-to-date list 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.

[tem 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, K57471 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 elips, etc,

Super Filter Kote (aerosal) 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 Aufomatic 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 progrom tapes and a refer-
ence documeni, 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-8/5 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 confain flow charts and the program listing.

The MAINDECs listed below are applicable to the PDP-8/5 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 fape in readin mode format,



4.2

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

simultaneously, Note that it also affects fotal 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 ot 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 JIMP-JMS Test
Random JMP Test
Random JMP-JMS Test
Randem DCA Test
Random 1SZ Test

Memory Checkerboard
(two tapes - low and high)

4K Memory Address Test
Low

High

4K Sense Amplifier Test
Extended Memary 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
801-28/D
85-D03A/D
85-D04A /D
85-D05A/D
85-D0sA /D

185-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-DO1A /PB
85-D02A,/PB
801~28/PB
85-D03A /PB
85-DO4A /PB
8S-D05A /PB
85-D06A /PB
85-D07A /PB
802,/PM

85-D11A/PB
85-D11A/PM

85-D11J/PB
85-D11J/PM

85-D15A/PB
820~1/PB(?)
820-2/PB(?)
829,/PB
810,/PM
8104 /PM
812/PM
814,/PM

temperature (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. Cempensation 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
EMI =131V -11.6V =9.0v

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 pottern
of blocks in core generally indicates o 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 paraliel,

SMALL /ﬁ—\x CURRENT PROBE HERE MEASURES HALF -

LOGP SELECT CURRENT FOR MADG-05

m— REAR FEED LWE {FROMT OF COMPUTER]

P
/ / | STACK [4K or &K}

[

EMALL “—— FRONT FEED LINE

LOOP \EI_;K’
- CURRENT PROBE HERE MEASURES HALF-

SELECT CURRENT FOR MADG-11

*Room temperature, R40T period coefficient is -0.15% 1°C.
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Without using locations 0-7, 10, 20, 30, 40, 50, 60, 70, 100, 200, 300, 400, 500, 600,
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 WTIX <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 MAQGS6-11. 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, o missing current pulse will be observed as shown

below.

—wTXx-TAD I |

PROPER CURRENT
WAVEFORM

READ REGENERATE

BAL WiD8 DRIVER ] I
BAD w108 DRIVER I |

The W108 can be localized by moving the current probe to the small loop between adjacent wavefarms
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 swifches of: 100, 200, 300, 400, 500, 600, 700, 1000, 2000, 3000, 4000, 5000, 6000,

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 medule
to the first W108 inhibit driver. Sync on WTX *DCA(1BO8R) and observe -WTX *DCA}IBO08S). 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

Problems 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
Lo cation QOctal Mnemonic Definition
1 4104 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 pattern from SR
14 3423 DCA | 23 /Store

15 1423 TAD | 23 /Retrieve

16 2023 ISZ 23 /Index counter
17 5013 JMP 13 /Repeat
20 7200 CLA /Finished, start again
21 501 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., at the TAD in
location 15.

Sync scope negative on PE (1EQ6T). Observe —PE (1E06S). Positive pulses appearing on this
train are pority 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 s before the
positive-going edge of ~WTX *TAD.



A parify 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 fo 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 o 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 $ 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-QUT 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 W011 connectors that can be plugged info standard
Flip Chip module receptacles. Terminations are required only on the IOP lines, which originate in the
computer at B3? pins K, M, and P. A cable terminator (G701) with Dé64 diodes to ground must be
plugged info the spare bus slof in the last device on the bus. The diodes limit overshoot to +0.75Y max-
imum and -0.75Y minimum, A G701 terminator is installed in the teletype logic as shipped from DEC,
If the teletype is always the lost device on the bus, the terminator con be leff where it is.

Signals on the bus are as follows,
BMB0O-08 Output levels that specify the device address in an

IOT. Six pairs of lines represent both 0 and 1 ot
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 1OT,
and they remain static until BTO of WTE in the IOT,

There should thus be no need to worry about slow fall
—-| ’—- L3S TYP AT 50 ti
imes.
BME [TYP) L\ o/ Typical overshoot on positive-going BMB lines is

[ +2.5VY for 200 ns. Owvershoots do not aoffect recom—
: mended DEC module types.




BAC00-11

Recommended inputs
Alternate inputs
Drive available

Timing

BAC [TYR) |/ ™\

1
16P1
[
12,75
10P4 s
Mk,

BSUS |y
MIN

1IC00~11
Recommended sources

Loading

Timing

1089

AC AvalLABLE
FOR CHANGE I -— 1.4 US MAKX _.-|

12.7%
HE }‘—
MIN

Output levels that supply the contents of AC as data

oV =1
=3Vv=0

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

18 ma maximum at 0V
=8 ma maximum gt =3V

BAC lines can be set up any time prior to an [OT.
The shortest time from set up to the earliest IOP is ot
BT11 of WTE in a TAD. The earliest possible time
that BAC lines can change ofter the latest IOP is at
BT12 of WTF in gn OPR, Poor fall times on BAC lines
need never concern the designer since there is such g
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 net 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 R403,
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 IC lines as they increase the total drive
requirement at 0V.

Pulses presented to IC lines should originate from an
ICP, 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 ot the input to the 8/S
is as shown here. It is recommended that nominal
400-ns pulses be used at the driving end.



SKIP
Recommended sources
Loading
Timing
i
10P1 —\_/
10P4 i
I
SKIP 8.4 |8 MAX.
£% ] , F
|-— 0.4 1S MAX —————-‘
CLEAR AC

Recommendes sources

Loading

Timing

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

control flip—flop from o peripheral device during an
10T,

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

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

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 moximum time during which the bus can
be pulsed is shown here. The minimum acceptable
pulse ot the input to the 8/5 is the same as shown for
IC.

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

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

20 mag at OV in the 8/5
0 ma ot -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 fime 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,
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/O CLEAR

Recommended loads

Drive available

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

R107 inverters. If true pulsed lines are required, the
PA (R403) pulse input should be driven from an
inverter as the rise time of the clear bus pulses cannot
be guaranteed less than 60 ns.

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

= 100 NS AT 12' TYP

Timing
400 N5 {NOM } —-JI E--—- —-|
—1 5y
1515
IOP 1, 2,4

Recommended logds

Drive available

-8B .

\'\.
T“\.\
CURRENT .
SUFFRLIED -5 . . e
BY 50URCC Co
AT -3 vOLTE : : S
N MA . . T
\"“\.\
.
v
.
0 - T . . =
D E 12 20 a4 20 &0
B2 OHM COAX ORIVEN IN FEET
Timing

A0G NE
NOMHNAL

-1 oy

100 NS TYP
_"'i AT 2

J 200 NS AT 50' TYR

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

W103 pulsed inverier 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 ot =3V is a function
of cable length and a fall time limited to
a maximum of 300 ns as shown hare.

M~

i WO NS M ACCEPTABLE
WIDTH aT /0 DEVICE
. SELECTOR TYRICALLY
2OC N5 AT 5O 200 RS AT S0



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 ot =3V.

R111, R123, R107, loaded or unloaded

13 ma at OV
0 ma at =3V

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

The interrupt line is examined ot 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.



CHAPTER 5
MEMORY EXPANSION AND DATA BREAK OPTIONS

5.1 INTRODUCTION

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.

OMD8Ss Mounting assembly and conirol logic for DB8S and MC8S
optiens; interconnections for MESS options.

MC8S Memory extension control and additional 4094 word memory

DB&S Data break facility

MEBS 8192-word memory mounting hardware {accommodates one

or two MMBS 4096-word memory modules) .

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

6170 BUS CARLES
—————————# T ADDIT.ONAL IS0 DEVICES

|
€ 1/0 BUS CABLES | | FOATA BRE&K CABLES ;
__ o BREAR LAY TO JATA BREAW DEWICE
| DBBS e - INTERFACE
|
- OMOBS - —
POP -8/8 f MEMORY aKRD r
COMTROL CABLES i
o > | wWees
]
i
G MEMOHRY EXTENSION CABLES
I
| MmBs
MEBS |- — —-
:MMSS
L
6 MEMORY EXTENSION CABLES
I
: MM& S
MEBS :-———

1 MMAS
1
1

L
B MEMORY EXTENSION CABLES

T

1

| MMBS
MEBS :

| Muas
1

Figure 5-1  Assembly and Cabling Configurations for Memory Expansion
and Data Break Options
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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-85 4096-word
memory module (field 0} is removed from its location in the PDP-8/5 and installed in the OMDB8S assem-
bly. Logic for the MC8S and DB8S options mounts within the OMDB8S 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
ME8S 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.

MEB8S 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 on OMD8S5 assembly containing an MC8S and three MESS

vssemblies each containing two MM8S memory modules.

5.1 Physical Characteristics

This group of options is intended for rack mounting. The OMDS8S is a single assembly that
oceupies 21 verfical inches of a 19-inch rack; it accommadates one DB8S and one MC85. Mounting

dimensions are shown in Figure 5-2. The weights of the OMDB8S and its subassemblies are as follows:
OMDS8S weighs 35 1b; DB8S weighs 2 |b; MC8S weighs 5 b,

2015118

Figure 5-2 OMD8S Assembly Mounting Dimensions
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The MEB8S option is physically separate from the OMD8S assembly. Dimensions are shown in Figure 5-3.
Weight of the MESS alone is 20 pounds {add 5 pounds for.each MM8S memory module) .

6-374 ,‘| !...——-—-f""“_'_"

Figure 5-3 MEBS Assembly Mounting Dimensions

Recommended locations for the OMDS8S and MESBS assemblies in a rack-mounted installation
are shown in Figure 1-5.

Ambient temperature and humidity requirements are the same as the standard PDP-8/5
(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 udditional 728 power supply is required for each pair of MEBS

units. All de voltages, logic levels, and pulse characteristics are the same as the standard PDP-8/5.

5.2 SYSTEM OPERATION

5,2.1 Data Flow

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

group of options.

5.2.2 QOMDBS Option

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

address register output (BMA), and selected processor timing or control signals.
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Logic within the OMDB8S assembly provides for bussed memory data and address lines (GMA,
GMB, SMB) for memory field 0 (removed from the PDP-8/S) and any other memory modules added by
MC8S and MEBS options. Data and address bits to and from memory through the DB8S option {when
used) are applied fo these same bus lines.

The OMDB8S assembly provides through-connection of the PDP-8/S 1/O bus. (Some of the
1/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 asse;;'lbly and connect to the bus lines by direct

internal wiring.

5.2.3 MCBS Option
The MC8S option adds a 4094-word memory medule (field 1) and provides the field selection

controls required to address memory beyond 4096 words. Three additional memory address bits beyond
the 12 bits of the MA register are required 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 disiributes a field selection signal to one of the 4096-word memory modules in the system. Each
4096~-word module is considered a field. Field O 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 MEBS 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-8/5 console DATA FIELD and
INSTR FIELD switches (which are put into operation when the MCB8S 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 1OT 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. Breuk cycles con 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 bregk state is requested, the OMD8S 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, single-cycle
and three-cycle, can be performed by this logic, depending on the facilities of the external equipment.
Single-cycle word transfers take 8.0 ps (one memory cycle) and 3=cycle word transfers fake 24.0 ps
(three memory cycles). An additional 0.5 ps is required for the first and last transfers of o 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
MC8S field selection logic. A memory cycle is initiated to transfer data to or from the specified
address. For input transfers, the data is entered into 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 cyclé per data transfer, the single-cycle break can
transfer data as .quf 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 clse operate in a "memory increment” mode. On request, the
DB8S accesses a memory location (specified by an externally supplied address) and adds one fo the con-

tent of the location.

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

address register in the device confrol. The current address and word count are stored instead in core
memory Iocations 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 o different set of core locations for word count
and current address, allowing interlaced operation of all devices as long as the combined data rote

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, o WC OVERFLOW pulse is transmitted to the device. (To tronsfer a block of N
words, this register is loaded with =N during programmed initializotion of the device.) After the block
has been fully transferred the WC OVERFLOW pulse signifies completion of the operation.

¢. The odd memory location following the word count address (DBMAT11 = 1) contains the
current address for the ensuing dofa 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 o magnetic fape 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
set up by the program to contain A=1,

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

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

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

5.2.5 MEBS Oerion

The MESS option provides mounting facilities for one or two 4094-word MMBS 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 OMD8S, and the field selection signals
from MC8S. Additional inverters are provided to distribute both polarities of the GMA lines from
OoMDS8S.

Each MMO8 memory module consists of a core array, address selection circuits, inhibit
selection circuits, sense amplifiers, and memory drivers which are identical with these in the standard
PDP-8/5. 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
data break option; address lines, data lines, and timing signals operate in the same way regardiess of

the controlling equipment.
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Through plug-in connections are provided on each MESS assembly for addition of other ME8S
units. Up to three MEBS assemblies can be added to a basic PDP-8/S for memory expansion up to
32,768 words.

5.3 OFPERATION AND PROGRAMMING

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

a. Memory cycle time increases from approximately 6.3 ps to 8.0 us, for @ small increase
in instruction execution time,

b. It memory beyond 4095 words is used, the MCB8S field selection logic must be kept
current by special assigned 10T 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

Cperating end 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 Maynord, Mass.

5.3.2 initializing 3-Cycle Data Breaks

To prepare for 3-cycle dato 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 interfoce. 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 initicl 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 eycle, 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-8/5,

but they are activated only when an MCB8S option is instolled.
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Contrel or Indicator Function

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

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

INSTR FIELD indicators Indi cators 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 OMDB8S 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 foilowing paragrophs 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 OMD8S, 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-8/5 flow diagram
in Appendix A,

A glossary of signal names generafed by this group of options oppears at the end of Appendix



5.5 OMDBS 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-OMDB85-0-3 are the

I/O bus signals, used by the MC8S option and also oppli.ed to through connectors for other options.
Memory timing signals READ, WRITE, INHIBIT, and STROBE ENABLE gre also applied to through con-
nectars for use in MEBS memory expansion assemblies.

Circuits added within the PDP~8/S by module addition or substitution are shown in Print
D-B5S-OMDBS-0-4. For the most part these circuits provide general purpose timing and contrel signals
used in the MC8S5 and DB8S options. The conirol signals are discussed in relation to the functions per-

formed, under the appropriate option description.

Also shown en this print are the drivers which isolate the MA signals from the BMA

bus. logically, MA and BMA are identical.

0-11 0-11

5.5.1.2 Memory Address Gating (Print D-BS-OMD8S=0-6). ~ A primary function of the OMDS8S

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 cddress {ines 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 at =3V). The GMA (0) signais, and the
GMA (1) signals developed by inverters on the same print, are distributed to memory field O in the
OMDB8S assembly (and also to memory field 1, if a MCB8S option is instailed). 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) lines by
the DB level on Print D-BS-DB85-0-5.

5.5.1.3 Memory Read Data Gating (Print D=BS-OMD85-0-4}. - 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-B5-DB85-0-2).
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3.3.1.4  Memory Write Data Gating (Print D-BS-OMD8S-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
af ~3V, the processor memory bus output (BMBO_] 1) is gated to the GMB lines which are distributed
internally to memory fields O (and 1, if used) and externolly through connectors IH5 and [H4 to any
MEBS memory extension units, The processor's parity bit, BPAR (1), is gated to the GPAR (1) line,
also distributed to oll 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 ot ground, blocking processor BMB data from the GMB
tines. Data from the external device, communicating through the DB8S option, is applied to the GMB
(olso called DBMB) lines, instead. Connectors 117 and 18 are used by the external device for this

purpose.

5.5.1.5 Memory Control. - Print D-B5-OMD85-0-4 shows the modified memory control logic that

reploces the standard 8K memory control fogic shown in Print D-B5-85-0-22. Basic memory cycle
timing is established by a 2 mc 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 stotes and returned to the all-~
zero condition. During the 8 us counter cycle, the basic memory timing pulses are generated, as
shown in Figure 5-5 and the timing chart at the lower left of Print D=BS-OMD85-0-4, Sheet 1.

The RD RQ and WR RQ signals may be initioted either through processor memory requests or
data break memory requests. The related control logic oppears on Print D-BS-OMD85-0-7.

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 o RD RQ pulse.

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

Data break memory cycles are requested by the TWRRQ, 2WRRQ, 1RDRQ, or 2RDRQ signals.
The conditions under which these are generated ore discussed in the description of DB8S.

The M DONE pulse occurs every time the clock counter returns to all zeros. Provided that
the dato break is not active, the P DONE pulse is alsc generated. P DONE is returned to the processor
to restart the main timing chain by resefting the WTS flip-flop. (This is the same function performed
by the MEMGOQ signal in the standard PDP-8/S.)

5-12



MEMORY CORE STATE |1|2|3|4|5]s|7-|s|9i|o||1‘||2||3||4|15i.|a'i|
: i

RD RQ QR WR RO _l-l . .”:
H T
CLOCK {maom___ || [l || H || ” Il Il ” | || || Il | H H
READ | J
INHBIT | . I
WRITE | I

o 1IIF fD RQ
STROBE ENABLE I,-'F WR RO
—_—— ™ e e e e =
= ADJUSTABLE —n]
—_— 1070 200
STROBE DELAY
(1 18v) . L D-BS-OMDBS-05)

rs
77

ryw— IF STROBE EN&BLE =0V
STROBE (FIELD Q) '

fi
L

MEM DONE i I.__

Figure 55 OMD8S 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 O memory lagic is shown in Print D-BS-OMD85-0-5. Op-

eration is essentially identical to the standard PDP-8/S memory module, except for the 8-ps memory
eycle 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, FS0 is true at all times. In expanded systems, FS0 is pro-

vided by the MC8S option; it is true only when field 0 operation is desired.

5.5.2 QMD8S Sequential Operation

The OMDS8S logic has no independent function; it operates with MC85/ME8S memory expan-
sion, with the DB8S Data Break facility, or both. Sequential functions involving OMDSS logic are dis-
cussed under MC8S, DB8S, or MESS, as applicable.
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5.6 MC8S5 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 to assign and update the three additional address bits that
address expanded memory systems. Logic is shown in Prints D-BS-MC85-0-2. 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. Llogic 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 Parograph 5.6.2.

DAaTh SELECTION STROBE
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85 «
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:

Figure 5-6 MC8S Field Register Data Flow



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-MC85-0-1, 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 10T instruc-

tion level to produce a control level called S CDF, This confrol level, equivalent fo 62XX on the BMB
bus, is used as the conditioning level for all extended memory control instructions. [t is further com-
bined with BMB11 to produce CDF and LCDF .signals, 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-B5-MC85-0-1,

5.6.1.3 Field Decoders and Field Select Signals. - The field decoders consist of three type R15]

Binary-to-Octal Decoder modules thot 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 o 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 DB8S is
not in the BRK (data transfer) state. During the 3-cycle break WC and CA memory cycles, field 0 is
required.

Since the MCB8S 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 outputs of the field register decoders and dis-

tributed through connector slot 1H4, These levels are used only in the MEBS 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-OMD85-0-4. The inhibit flip-flop,
called FR, is initially cleared by a start pulse or power clear pulse (SP + PCP) and is set whenever o
change instruction field (CIF) IOT is issued. The resulting positive level 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 85 on }/Q Print
D-B5-85-0-17. The FR flip-flop is reset as soon os the first JMP or JMS instruction is issued; an inter-

rupt request which arrived during the inhibit fime 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-B5-MC85-0-1. 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-B5-

MCBS-0-2, and it is considered part of the basic MC8S option. The standard memory control signals
(READ, WRITE, etc.) are goted against the field select 1 signal (S5F1), as shown at the lower left of
Print D-BS-MC85-0-2.

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 5F 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, (B, 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 menitor module enables a gate
on D=BS-OMD8S-0-4, Sheet 2, to produce the ~CLR pulse, The ~CLR pulse forces the Rl, RD, and RB
pulses (Print D-BS-MC85-0-1, Sheet 1) which reset the IF, DF, and IB registers, respectively. The
-CLR pulse also resets the DEF flip-flop on Print D=-B5-MC85-0-1, Sheet 3.

The (SP + PCP) level (initiated by -PPC} resets the FR flip-flop on Print D-BS-OMD8S5-0-4,
Sheet 1, and also triggers the —-RSF pulse (D~-BS-OMD8S5-0-4, 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 ond the DEF filip-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-MC85-0~1, Sheet 1, that select the DATA FIELD and
INSTR FIELD switches as the input so.urces for the DF, IF, and IB registers,

For the IF register, the LD level gates ones from the INSTR FIELD switches (SIFQ through
SIF2) to the level inputs of DCD gates. The DSIF pulse, which occurs during AQO of LD word time, sets
ones present af the DCD gates into the regis’re-r.

Similar gating is used at the input to 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 snes into the register.

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

5.6.2.4 JMP, JMS Instructions. = WTF word time is normal through Al13, when the IF register is
reset by Rl (Print D-BS-CS85-0-1, Sheet 1).

During A0O of WTX, for both instrut-;rions, 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 anes
from the IB register to the level inputs of the DCD gates at the input of the IF register. The DSIF pulse,
timed by AQO, transfers the ones into the IF register.

At the same time, the FR flip-flop is reset (Print D-BS-OMD85-0-4, Sheet 1) to permit pro-
gram intesrupts.

The remdinder of the execution of these instructions is the same as the normal §/5 instruction

flow.

5.6.2.5 Field Register 10T Instructions. - The six special [OT instructions assigned to updating or

reading the content of the various field registers are implemented lke 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 IM6—8 for transfer to the proc-
essor AC. This occurs during the RDF pulse, genersted during IOP4 when the 1OT 623X instruction is
detected by the logic on Print D-BS-MCB85-0-1, Sheet 2. Actually, the logic detects only code XX1X
on the BMB bus. The SCDF tevel (Sheet 3 of Print D-B5-MC85-0-1) represents {OT X2XX, by defini-
tion 62XX. The logical resuit at gate 1J13 (Sheet 1 of Print D-BS-MC85-0~1) is 1OT 621X. Since an
IOP4 pulse will not occur unless bits 10 through 12 of IR contain 48' the last octal digit need not be
decoded.



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

b. RIF
WTF for the RIF instruction is like any [OT.
During WTX, the content of the IF register is applied to IMé through IM8 for transfer to
the processor AC. This occurs during the RIF pulse, generated during IOP4 when the [OT 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 1B register is then reset by RB
{Print D-BS-MCB85~0-1, Sheet 1). The RB pulse is enabled during WTF by the LCIF level, shown in
Print D-BS-MC8S-0-1, Sheet 3. LCIF indicates that a CIF instruction (IOT 62X2) is present.

During WTX, bits 6 through 8 of the CIF instruction, present on BMBS through BMBS,
are transferred to the IB register. {Since the register was reset during WIF, 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.

Also during IOP2 of the CIF execution cycle, the FR flip-flop on Print D-BS-OMDB8A-
0-4, Sheet 1 is set. (See poragraph 5.6.1.4.)

d. CDF

WTF for the CDF instruction is normal through Ai2. 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-MCB85-0-1, Sheet 3. LCDF indicates that @ CDF instruction (IOT 62XD) is present. It eno-
bles the WTF (LCDF + LRMF) level that enables generation of RD during A12 of WTF,

During WTX, bits é through 8 of the CDF instruction, present on BMBS through BMBS,
are transferred to the DF register. (Since the register is reset during WTF, only ones are transferred.)
The LCDF level gates BMBS through BMBS 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-OMD85-0-1, Sheet 1). The RD pulse is enabled by the WTF (LCD + LRMF) level just as in
the CDF instruction.

During WTX, SF,

register. When [OT 6244 is detected by the decoder on Print D-BS-MC8S5-0-1, Sheet 2, the LRMF

level is produced. LRMF gates SF

are transferred fo the DF register, and SFO—Z are transferred to the (B

0-2 to the IB register DCD gate inputs, and also gates SF3_5 fo the

DF register DCD gates 5F3_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. DSOF is triggered by RMF, which is in tum triggered by the IOP4 pulse when an |OT 624X
instruction is present (Print D-BS-MCB85-0-1, Sheet 2). DSIB is triggered by ICP4 when the LRMF level

is present,

5.6.2,6 DCA, ISZ Instructions and DEF Flip~-Flop. - The DEF flip-flop (Print D-BS-MC85-0-1,
Sheet 3) keeps track of deferred operand fetches. It is set during AOO of every WTD cycle to enable

the field-selection decoder driven by the DF register contents.

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

or during AQQ of WTB (at the start of o program interrupt sequence).

5.6.2.7 Progrom Interrupts and FR Flip-Flop. = When an interrupt is recognized of 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 fo store the current instruction and data fields in addition to the program count.

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

During ADO of WTB, the IF and DF registers are transferred to the SF register (Print D-BS-
MCB5=0~1, Sheet 1). IF and DF are then reset, as is the 1B register. This assures that, during the
following memory cycle, the PC content wiil be written into location 0000 of memory field 0. Reset
signals RI, RD, and RB are all triggered by the ~CLR puise generated during AQQ of WTB (Print D-BS-
OMDES-0-4, Sheet 2},

Ordinarily, location 0001 of field 0 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 O, 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 interrupt, 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. I
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. [f 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-OMDS8S5-
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 dota break is part‘iculquy 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 1-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 interface 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-85-DB85-0-2.

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-B5-DB8S-0-1, Sheet 1. The IRDRG or IWRRQ signals initiate the first

memory request of a data break and also initiate o processor request waiting af 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 fransfers.

5.7.1.2 Parity Generator. - On the right half of Print D-BS-DB85-0-1, 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 into

memory along with each data break data word.

5.7.1.3 Dota Break Major State Register. ~ Four flip-flops on Print D-BS-DB85-0-1, Sheet 2, confrol

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, including consecutive breaks. For l-cycle breaks, the BRK flip-flop is set
during the first available data break memory cycle, during which the data transfer takes place. For
3-cycle breaks, the WC, CA and BRK flip-flops are set in sequence during three memory cycles. The
first cycle, WC, fetches and increments the word count. The second cycle, CA, fetches and {optionally)
increments the current data address. Then a BRK cycle performs the data transfer in the appropriate
direction. Output levels from these flip—flops condition the control logic to enable the appropriate

timing pulses.

5.7.1.4 DBMA Register. - The DBMA register on Print D-BS-DB85-0-2 is o 12-stage flip~flop register

with two sets of inputs. The external address on lines DAO_” is set into 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 —— 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 ——d— DBMB pulse. The register also stores mem-
ory output data until it can be sumpled by the device, and holds the current address until it is trans-
ferred fo 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 info
DBMB11 to start the process. _

The most significant stage, DBMBO, is monitored by logic on Print D-BS-DB85-0-1, Sheet 1.
When stage O 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.
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5.7.1.6 Control and Timing Logic. = Control and timing signals oppear on Print D-BS-DB8S-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 DB8S 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 OMDSS 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 heid at =3V. Internal timing for
this mode of operation is shown in Print D-TD-DB85-0-3. The left—hand portion of the flow diagram on
Print D-F D-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 « DCD gate at
the input of BRK SYC flip-flop, provided the WC and CA flip-flops are both zero. The break faciliil*y
con interrupt the processor at either of two times: af the beginning of Al11 (before the processor has a
chance to demand o 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 BT1

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 OMD8S 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 us delay is triggered, after which either the
IRDRQ pulse or the 1TWRRQ pulse is generated, according to whether the transter direction is in or out.
One of these pulses triggers logic on Print D-BS-OMD85-0-7 to produce either the WRRQ or RDRQ
pulse. These in turn start the memory clock sequénce-(Print- D-BS-OMD8S=-0-4, Sheet 1) described in
Paragraph 5.5.1.35. '

During the break, the processor clock-runs and instruction execution proceeds normally up to
the time the processor requires a memory cyc.le. At A12 time, the processor clock stops and the WTS
flip-flop is set. The waiting RDS or WRS signal also enables A12 to set the PREQ flip-flop (Print D-BS-
OMDB5-0-7). (As soon as the data break facility is finished with the memory, a memory cycle will be
initiated fo 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 DA

0-11
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-DB85-0-5, 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 decader on Print D-BS-MC85-0-1, 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 dafa ones into the DBMB register.

If 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 ps 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 exiernal equipment returns fo ground.
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¥ 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-OMDB85-0-7 by the BRK cycle's M DONE puise.} 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 ecycle.

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 1RDRQ or IWRRQ pulse, depending on the transfer direction.
(the processor RDS enables IRDRQ, while WRS enables 1WRRQ 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 o P DONE pulse (Print D-BS-OMD85-0-7}.

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 ot ground. The right-hand portion of the flow diagram
(Print D-FD-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 A11 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~-OMD85~0-7), and the WTS flip-flop is set, stopping the clock.
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5.7.4.2 Word Count Cycle. - At the sume time that the WC flip~flop is set (A12 or M DONE time),

1RDRQ is generated to start the memory cycle that will fetch the word count for the active device. The

device must supply the address of the word count location on the DAO_” lines. (For a single channel,
the address may be hard-wired.) The DATA ADDRESS — DBMA pulse sets ones of the address into the
DBMA register. (DBMA has been reset by o power clear (MPC) or by 0 — DBMA at the end of the
preceding break cycle.) Decoder 1F13 (Print D-BS-MC85-0-1, Sheet 2) forces the FS0 (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 lines and connects 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 DBMB) (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-OMDB8S-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 Jocation to obtain the current address for the data transfer. During this
memory cycle DBMA (gated to the GMA lines of the OMDBS logic) provides the address. Again, mem-
ory field O 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 info
DBMB during strobe time. Ordinarily, the current address is incremented by +1 ~ DBMB, ot the end
of read time. However, the external equipment may inhibit this by holding the INCREMENT CA line
ot ground.

During the write portion end of the CA cycle the current address, held in the DBMB register,
is restored to memory. Af the end of memory WRITE time, the DBMB —3-— DBMA pulse transfers the

current address to the DBMA register. (The jam transfer does not require that the DBMA register be reset.)
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Since the following BRK cycle will involve o 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
" ground for “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-OMDB8S5-0-7) initiates the next memory cycle.

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

5.7.4.4 BRK Cycle. - The memory cycle initiated at the end of CA time addresses the location speci-
fied by the confent of the DBMA register. In systems with expanded memory, the three ADDR EXT bits
must be provided by the external equipment to select the data field. Decoder 1F15 (Print D-BS-MCB8S-
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 o 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_” lines is loaded info DBMB by DATA —dJ-—~ 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 into memory along with the dafa word.

5.7.4.5 Endof 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. - [f the PREQ flip-flop is set by the processor during a 3-cycle
break, the data breok logic develops either IRDRQ or ITWRRQ at the end of BRK time. The M DONE
pulse triggers RDRQ or WRRQ (Print D-BS-OMD8S-0-7), accordingly.
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5.8 MEMORY EXTENSION BEYOND 8K WORDS (MEBS and MM8S}

The MC8S memory control logic, housed in the OMD8S option mounting panel, includes the
basic 4K of memory removed from the 85 processor (field 0) and an additional 4K of memory which
constitutes field one. Fields 2 through 7 are added to the system in pairs through the use of the MEBS
memory extension panel, Each ME8S 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 OMDBS are bussed to duplicate connectors in the ME8S panel, for through-
connection of other MESS options. The conirol signal in these bus lines emanate from the OMD8S 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 OMDS85 or ME8S. Along with these signals are sent the field
select signals generated by the MCB8S aption. 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 dafa 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 duta break.

5.8.1 MEBS Logic

Besides providing mounting and interconnections for MM8S memory modules, the MEBS 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 OMDB8S 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 MMES Logic

Each MMBS optioﬁ includes one 4096-word memery 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 aciually goes through a read~write cycle.

Logic of an even memory field module appears in Print D-BS-MMBS-A-1, and directed timing
gates are shown in Prini D=-BS-MM8S-A-2. The FS EVEN enabling level is hard-wired to the appropriate
field select level from MCB8S/OMDSS. .
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Figure 5-7 ME8S/MM8S Memory Control and Data Distribution

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

MMBS5-B-1 and D-BS-MMB5-B-2.

5.9 MAINTENANCE

5.92.1 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. Parficularly applicable are the Extended Memory Centrol 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 usa 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 memary 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
modules. 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-cycle breaks are used for input data transfers to the com=-

puter, output data transfers from the computer, and memory increment data breaks. None of the active
processor registers are uffected by o data break transfer, and processing continues uninferrupted 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 fo 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 writken into the computer core memory location specified by the oddress contained in

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

iransfers 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 o 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 interfuce need supply only static levels to the com-

puter, minimizing the synchronizing logic circuits necessory in the device interface.
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Data break requests are sampled by BTl. (The maximum delay before a break request is sam-
pled is 10.6us.}) Within 3.0 us 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 puise 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 s
delay allows control of the memory to switch from processor to data break before a memory request is
generated. There is aiso 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 BTl time, successive breaks will occur
every 8 ps (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 circvits 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 input data transfers, 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 ofter 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 bif signals (DBO-I ‘} are available as static
levels of ground potential for binary 1's and -3V for binary 0's. The DBMB is cleored at BT2A (+1.5 us)
of each break cycle, so the data word is available in the DBMB for approximately 5.5 ys 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 availoble 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 dota 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 pravided 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 dota
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
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 ot 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 onalysis applications. For example, in o 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 os 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 (DAU—l ]), 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. [n 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
fransfer 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 ps) 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. [f 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 obove 40%6,

stopping o test 1o 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 progrom interrupt, to clear the overflow flip-flop,
and fo clear the device flag. Note that the devices that use data break transfers almost always use
progrommed data transfers to start and stop operation of the device, to initiolize 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 transfer 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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Interface Timing, 3-Cycle Breaks

The 3-cycle data break is entered similarly to the 1~cycle data break, except a ground-

fevel 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 supplicd by wired ground and

-3V signals, rather than from a register.

number (bit 11--0).

The sole restriction on this address is that it nust be an even

Following the WC a CA {Current Address) state is entered, in which the core mem-

ory lacation following the WC address is read, incremented by one, restored fo memory and used os 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 ps ncgative computer oufput pulse is transmitted to
the device when the word count becomes equal to zero.

b. TNCREMENT CA TNHIBIT. When ground potential,

incrementation of the current address word.

this device-supplied signal inhibits



- APPENDIX
ENGINEERING DRAWINGS

Reduced copies of the flow charts, logic drawings and circuit schematics are included af the
back of this manval. Chapter 3 explains the drawing numbers and the type codes that identify engi-
neering drawings for the PDP=8/5 and details the notation and conventions used in the block schematics
and flow charts, which are the basis for learing Ic_nd 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-D1-85-0-27, 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 into 40 sections representing the
plugin locations, Above the locations are the type numbers of the modules aceupying 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 fable model

are shown in the rear panel assembly drawing, D-AD-7005193-0-0.
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BAC 51} osT P | RiOV/5RM2 -
GND R
BAC 8¢1) LsE s | Rio7/18ma -
| BAC 201} cs) 1 R107, 18ma -
GND L
BAC B(1} " osL ¥ RI02,/18ma —_
NANE FRON FIN| HODULE TYPE/LOAD |ASS.
L]
B
GHD c
BAC 9i1) LSN 0 Ri01./18ma -
BAC 10(1] csk E R1D7/19ma -
&N ¢
BAC: 11(1) csh H | g107/18ma -
ENO 1
10P] as0T | K |4-mion/72MA -~
GND L
10p2 sl M 4-RI0T/T2MA it
END N
IoP4 1IB37¢ | P {4-RI0I/72MA il
GND R ]
5
T
| G [
B YQ oleaR | miL V|4 R103 —-

NAME FROW Bip ! oo ¥ A5S
e P a
B
GND
BYECA(H) L0 1 p RLBZ/ HEMA -
BB () L36F E RISZ/ 15UA —
GND F
BNEA? (A) el iy RGBT/ LBMA —
GND )
BMBZa(1) Bark |y | Rigrsiama -
GHD L
BHBZ3( 0 B3N | W | RiDis18ma —
GHD N
ENBg4( 1) BIIL | P | gigriema -
GND R
BHBZA4 (0) R CRE RIA2/ L8ma —
BMES 4 ) B3R | T R107/18ma —
gD v
BNBgE (0) gart ¥ R107/18F0 —
¥
NAKE FROW 1N | NODULE TYPE/LDAD |ASS.
A
B .
HD c
BUBTG (1) [AR] 0 R107.18ma —
Bumt_ll-;_ A17E E R107,/16ma —-
o F
BHBGTC 1) AR B R107./18ma -
BND J
BB (0) CosT X RI07/10ma —»
BND L
BuBER( 1) MTT [} R10%/ | §ma —
BND N
BMBQA( 1) (AE P R107/18ma —
&ND R
ELEnIED C36L $ R107,/ 10WA —>
BWE 18(F) c3eM T RIAL/ 1804 1.
[ ci v
BB 17¢} CI6R ¥ RIT, 18HA —

1O Cable Schedules D-CL-85-0-5
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3ze4d
FAES

&0 ane- t..l%

Namsz,L

BLIY

ﬂw&zur_n

]2
ISP
HWE

qlhaZuZ -

. el
HSPEM
HHS

q]o___a_x_mv._l

=, Stal
)
HWS

£

J T1353d-
L

{d3HdS )~

LAl

9g4d1
NEHY 251 AYLecNy

AN L
%

21!
TLPN
ANI g M- QLML ALt
b3
.
i

HE LIN
ONGN| 0
aua
)
2801
|
ts
7
HIOQuXLH
AMM O d guLin
NCH s
EIL ]
- +1BN
<
0]
MLl

QNG| ZS1wxIn

1101 +40)-
ALK

aLN

ALM+OLM+{ LM+ JLN

[

Memory Buffer D-85-85-0-9
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:

-LPn )

2n
RITIvey P 3@0
1823

kYL -DPA K
) +IF|

—(SP+PCP) u-CcL

l—
Yoor
3t T L —L5H B
al
— MTXLTRQ+1aCsE] o [1ee7
~AIAR-A1) H
2 Z(WTX=ROTR) -
TAD* IAC+ EMA —
Wit -t
~ALPe-11)
1835
-ROTR
P A
1R22

I 5 f 4 I 3 | 2 | 1

Link and Skip Control D-BS-85-0-10
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6 | 5 ! 4 2 l
-Te
i | TE
D
H, H
N
T-h
3T
=] u
1831 D E F H I K N R T
~PFC AND AND AND AND AND ARD AND
REQIE Rppit REpIX REgIM REpP R2215 REDILL
1433 1A33 1433 1A33 JA3E 1A33 1A33 —
é P H-6 20
3 0BT
AT . EW—- L 1829
] 187D
A4
C
\} J F -Atee-81)
[ SP_ 4 @p@d¢RE a3
A | pRERRd  AGd
A 1108328
AL 2OEE
AlL11GED
¥ 1-812 ¥ I -Ape-12) A LLLLLPE
Arpriinlg .
és—lsr 12 % |um' p iyl & 1111141 A@R-H) [
T4 A A gl et .
— 1t s A gZ i1
1136 A PRELIN
Wi %umz A FOEE1 1
! A pREEBII
1NV .
1mm A pAGgRR)
i —ALpe-11
} ‘Sm.ﬁtm_ 183t
F 3
1 ’?veu éJ‘_. AaT(ET-1)
G 1A24 T iy
113F |— I
1A27 Jl £ -M2 To U{EAND R
_ B icr4 B
15 |
1128
1A26
(L‘J.,p'r(n—nsy
Brsw 1
1870
fA24
A
DEC: FORM Mo
5 6 5 t 4 1

Bit Timing D-BS-85-0-11
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|=
o

1ER2R K, L 1ER2L E,

1CP6 1CR6 106 1Ca3

o

X
k]
]

H:I:
&

[

—Alea-11)
= CHTD+MTE HHTF +EX +DC+ { BT Xw M5 )+HTE] DS

HA1E
WIFET{ @7 -1 1 T"PE2 |

WTX( P+ HS) | D

113
1E13 oo
Paz
o
$ i i
PCI - PCI1 | H - o '
WTEw-ILISZ5Z1 )+ MSHLOP+1OTISKPP]  ERVRD EX+0C | JRPO ES
1E14 1E13
H!—‘
al-£R11 11
115
s P - ¥
WTE[C1SZWZ) 1+ JMS+(0P+ 10T 10KP]  EINRD
T

B g T 3 T 5 5 T 4 I 3 1 2 1 1

Memory Address D-B5-85-0-12
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oo

7 | 6 | 4 3 L 2 | 1
o é_.;_— THTF+HTXT JMP M5 ) S WTEtHTE+EX0C+LD]
RI1Y [
1813 INV
187
~HTF 1
2.3 zr, zr.e el =
A8 ug.u'rrm'ru»ﬂ%ﬂ.n T ”’Lu'rnunmws Tciz g WTING PC RT1)
—HIF_ F K
® p——1 )
111H WIWR -(Emché D —HTE N
1
d IRG3-A| 1814 1814
WTFr—(OP+10T)
Ew
i

%)HEEI 1STeZ | )+ IS+ (OP+ | DT JSKP)

CISZRZ( 1+ MG+ 0P+ 0T JSKP T RiarR n — EMTX WP+ M5 1)
WTE 1At8
1138 L L P
wis - IKTE] 152921 1+.MG+(0P+10T)5KP)| - 1978
ge ’ i =
11 . -~
uam“ﬂ-"“’T"“'“Fl é 112K
0 1818
- JRe3 113K
111H -(GP+10T) e 1183 ~ ¢ WTOHTEHTFHEX D0 (MTX M MG }+WTB] naﬁ'ué
114" | SE, i é 10} M 1+ (HTXNTAD )+ (MTtw 1 S2)
K N ¥ Ba LW Mem v é RHTANTER
~iTef 1570 1+.ms+mp+|onsg% H —(WT¥m16C) s REg2 T i
~[HTXM] h o (F39 110H
1R13 1R13 1c18 a
¥ =——u-mp_ | ¥ T A %u,u‘rx- 2 S ~CHTXROPZ )
—AlL_s REG2U] S Red21 N T R
&= e IF38 187N
—eae] T [1F37 s év R1g7 o é
== é é L WTX0P2
-wTwR R w—OP+IDT) T WT1 H R wDCA ¥ 1
— [ IRB3 Al ol : ™
1817 2| ez AL
—(OP+10T) 137R 113v
R1135 é 1808 1838
17
% i “WTRD WTYE
H ' 2
FNDATRO+ 157 b Re3 mnvé
113K 119F —(HTX®IAG)
1R88 M0 BeaN 189 12 H
1Ae8 WIF-BT(#6-
a6
} PIR RI11
é & |z111\|ré\|,_&,,‘I - 118
£ u;wm' ) GTIK
—HTE )
-€x 20 | paie e w0
1B15 R1AL
u ¥ 5 T "
~MAIE T . 06 T - e P -wezB
" ~MERS v -Ha0E R welb B
1R3S 1A33 1739 [G=5] 1!:11"
| ({157 » Z[} +JMS +{OP +T0T) ?
%g o S SKP+JMP] v e WTE  ~[(I57 =ZTHIMS +(OP + IOTISKP+JMPF]
L 1Ny
AOATADIOPT+ 0P 1 WTB ! WTX WTF Ridiee A
. [ [ iR#8
1NV | NY - il
113 87T 1871 1IR3 | o | v
817 1R89 iF18
v
1AP2Z M
" é"’“...%;r i
T
- [H2{BH0CHD1] 197R ine
»PC 1089
é A2
0 —HTF ¥
E - | 4P I
NV -
o (DP+EP)
ico9 1614
8 | 7 1 6 | 4 I 3 I 2 _ | 1

Word Timing D-BS-85-0-13
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_BTee
WTINCR R 1138
1825
2 . B 1
] 187N
3 51 ] 1R17
BTe@ M ! RCUIB L ttm
EX+DC 119K HTE=TRD 1134 124
1825 1825 é
>
|
-5Y : SHA )
é MR SR 5HA é ) 164Q [} 1843 HS
am > L 1840 |E 1840 1840 -
1823 P 1 ST
1071 187
L 1R24 5% 1917
G 111H e
1523
F F
WX -CA
Bt 12
1821
ME11 }
HT |+ UHTXWTRAD )+ (HT X% | 52) 0. 5%
127 57
j&_ CR
PC1) w L 3
EX+DC A ncnaﬁﬁ
1825 1827 .
u -8x
-AC1 AC1IE K 5Y
WTX 113U WX LN HTX
1R25 thes —(SP+PTP] F =1
" F a2
. 26 L e N
. —~ He811 K H
M
ree 1826 = — =
1826 s
- oP
AT 12
s _| 1826
8T 12 cn
18 %
1822
PCI11 H -
WTINCPC el
1A27
OEC FORM .
oo 7 | 6 i ] 1

Adder D-BS-85-0-14
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o

10d1L
-5 Sw TCH REGISTER
sml(m1|(sm|(m((mq[(m5(smlrm?|(sm}'/m9| 9!1Bl SR1I|(
0 ~SACRA -SACB] —SACAZ —SPOCBJ -—SACOH -SACHS —SACES —SACY? —SACBD —SACYS —SACid —3AC11
1€@tH 1EQ1E Daty 1DA1F oald 1DAIE 1cand 1CAIs LN 1CHdd 1CE 181U P ¥ T —( SF+PCP+LF)
LOAD SINGLE SINGLE A
DAT-\ FIELD INST. FIELD smm nwa naposw :xmm: ccmm.z STCP mpm erP
AR R
( ( SN ! ( ( ( ( ( ( ( ' :
— = KE‘f b — e — 4,
SOFG SDFI SDF2 SIFG SIFI LOCK -5T0S  -§lKk  ~83K e 03T =T
IFOW IFQIE tFOIH IFOIL IEQIL IECIR IEOI laarR man. mmu mmc mmu 1RB1R  1ABIF  1POIL = ?1 101 @
_ uRlsT*| '
LPC WoEIF]
IE@S5
ML 1K
T -DPA * NOTED THIS MODULE NOT IN
- STANDARD MACHIRE. FOR AUTD
a1z RESTART FEATURE ONLY.
DISABLE AUTO RESTART
It -EPA BY REMOVING MODULE.
-£x5 T 1
-DEPS  UMKRO,
1824
(LRS+DEPS+ERS )
% X+ U — (A1 2(EX+DC+LD 7]
D ] -LAS
1137
1636
N
L
H [o]
PR
2e 614
1n31NP e [rean :
HO1G
F 1p82D
HTE LEVYIN R——5/-RUN e [
A3+ Y s
. é
o2 F . 1834 ks 5
TH -STCS 1 - 113K s o Y Ho gpa g -0PA P
1A35 1NV 1636 L [
187F < 15
1R43 1M RIS 1621
NAND 135
Ri135
1E11
¥ T -CP
TP R _porResar
B s R
. WTF
SIK iy RiLw asTE
R1@7L
1833 s -s‘rs
L)

Contral D-BS-85-0-15
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%_maa-m
-1R@2
1RB2
~(3PercPrLE) _ B
- IRBH
et a3 é
-wTa& L hady |REE-- A IRa D
. . -Ire0
IR
—Hiag-111
—WTF 1B22
25w, R
¥_AND+ TAD+OP 1+ P
"‘-‘SU 1528"‘ J 1RaZN
-0 K——
T T S
ot - LIOT e F 1RV
w1 T - 1AC+CHA) M . - INY Pa7
B o i
IF18 1821 ) v c
Ri11¥
5 T 17" JLaROTRs ROTLATAO
- R
15 -ROTR
1F16 SROTL . SRiTiU
P P ApeTROHISZ (17|
é F — D1 1SZVZ1 )+ M5+ L DP+( DT JSKE+JMP) T
H 1
s -
L L——+ Rig7F
L LSZ#Z] 1+MG+(0P+ 10T I6kP - Meiin| [F2 é[)mm
L Al 28
AL 117, R Efwv 1 *
i
R T ALY B o !
111H
! sV 29 17
E'T;?R bhiiad RITLP<P (1SZwE4 1+.M5+( P+ 10T 15KP I
F20 :
D——
~(OP+10T1 SKP 1F1é£ % im
5”1“ . A P_-ROTL - T
e a7 Tt iz
113¥
113
M
%l_mz«ncmm
N h
(N
é %-':“"2 ISZIOPZ L t Rig7T B
FOP2 Pr—o H 1F18
l] |é;gﬂ v
o7N
hns %_CLL
: _—
é el vees P P2
J 0P 11 4] 4 [ 1135 1Fi19
e I 1€13
N 113 TRD+ IAC +CHA
-1RB3 19aF tFig N_IAC+CMA é T P [
1 . T_-(IACHCMAL RO
kK-cm R
£19M ! 1E18
H 1F14 il
21 s 1877
RITLVC, 113% S 1Fis 2 sna2s
v 1828 |, 113 OIS p— N \DCR__ P R A
Pz T -5 B—1 MSeT -oca Pl IR
-182 —oca 1My 1006 1871
11y BN 1Fea
1821 1628 1F28
\

B g T 7 1 6 T 5 f ] 3 : 1

Instruction Register D-BS-85-0-14
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In-out D-BS-85-0-17

8 7 & 5 i 4 3 2
> o4
e ' f—=-CAC
Fzg v NAN
CLR AC ! R
fa ] RIL3V IFIS
1/0 CHANMEL. Yliods F
RLT1 %s{_
111P<p 5_10P4
él:a v} A8 y v v 1840
K - 10F4 E——4 K——— T ] T
| MY [ 1]
é 1R7D R111N 113 113%
2 1837 138 1R27 1B36
— n -
E 1
TNV
R187R
124
S g AuN i)
-PPC £ SELPIR —ErNanD
B |JPIR R113S
-a1 Pir B } i
3 M X - RUN—F36
il \ 1723 I N o HINAND
a1z +H o HiNA
Rnwé Lm L N RE13K
e L B - P
- 1F40 -LPC=E]TNY
C } N e 1F36
1 T [P-Y-¥]
! 111N
1F4Q ]
AL R ey
SiA11 10
_;ND grm to3e6 |
o I:?S 1R11 N.E. - SKS .
K AND
1er 111N Raa)
_» — 18 sKp TNV A Icn SMA 5M4
R187. " . WRBEN 3 WEUSE
ML) 1847 -1 SKP
" i 16P1 |
3 Im"EF N 1Fg2y %’1‘?1 PE STl L 1HN -5KP FROM
HesaN 1 - T | 177 1/o CHANMEL
H H 1R7N Sk
T -H503 %1,,, 124 -PE R
o4 R11IH e
1FPE
B ’ |
é_g.n:rz K, F
- M— HBRS -m80r D
k- 10P2 INY 214 -HOBG 3 -HoB8
P11 H 187L R111J J—C1SEL F
819 1738 1R4@ TP tA3S R3S
M -¥B83 D
-t Bl
s 3 3 3
| 3 E K R _ D140 CLEAR
- -(SP+PCP) M H - - : -
-MB07 ] K‘g +PCP T Jl— SW_ EW_
Hoos clgy TJHGBEKR[F 1e7L 113K 1P7R 187D
1039 1039 Iy g [RFC tA17 1£18 N3t Nt}
L
5
10¢1
s B
L Ui STy |
113K 1077 1978
1736 140 1R4@
A L
BS-D-PDPSS-| /0-08

A=-23




D
S IMHIBIT
—AM 3
DMEER 1135
1E€36
) 29
mn%._m
1036
mm i
TDag P MEMEO WY ‘DM —
EMEBTTIH
N 83 | 1
-wTMEM F K F
—AM Lo tin 1
1035 é é K 57 E
N _!_"mITE % F TR H——1 1039
= MEM | —WT M w
—WTMEM %y -BMT ] T D 113K
—~FM EMUNTD, STROBE EMRBLE ~ENVD. 1€36
1039 1E365 1E36
¢
éﬂ_—m
BM ]
-FMME N
1E3%5
‘_—-
B
A
7 [ ; 5 f 3 3 [ 2 l 1

Memory Control (4K) D-BS-85-0-18
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-PPC

¥ FB2E E F 1Fgep

t

+

:

o

&

WTF+WT B'I'EIi-D:-'-Lg

MA11E D 1
WTXLMP+IHS ) 1aF
1C14

& H
WTE [ ¥ SZTRZ | )+ IS+ 0P+ 1 0T 1SKP]

PLYY
MTE®R-({ 15221 1+ MS+ 0P+ 10T )SKP+JMP] M N
4

%ﬂnw&

-Atoe-1t]
= CWEFHHTX( P+ S S+ RTE+HTE+EX+DC+L D] 1818

;

p—
i
i

[
Program Counter D-BS=85-0-19
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o k o
-cAC
FROM 10)
o
i
- 9
(%]
e - AC e -BAC #8 om.,_
:onmc_no% u F—— Py : | v
-SACEPL PSR R_u
1 ]
[
o]
4 s
— °
]
€
= |
sHR s
HaaST <
oL
h [ ]
L [
ROTR - mmﬂ_mm
OTL+ TAD AND
RoTL 1714 HTXWOPZ E .,v
- 103 |omn L, -BAC @2
V haess £ —H K L 1E020
-SACEZ L]d A o7 HosoL
1005 1D@3
792 [ —
_n&a,fﬂ_
5HA -BAC @3
HOOSR R— m.lllm_._z.__ He=—14 10028
-SACE3 + | BFN MaseJ
n._%. K] 1005 1003 N4
RED2T
_ni_ﬁ.m.‘
SMA WV Wm.-m%?
ﬁmvj e TNV L E 0o e
SACH p% Lh 187R ESRF
24 1085 1020
-+
S p Hedsw
TADY IAC +CMA a,m_m_m m_.__.uunﬂ ¥ 1D02F
1824 ~SACES
Haene
e8| 7 1D@2E
-SACPG
1Y > ]
L~ -]
W. -Atea-11)
ANDCTAD+ DCA. NG, L
LAC « CHA+ RETL
o2 1824 |
<
£ My
RIQ7F
1833 —~
o
Lo K 1
R187J
1833
—(WTXNTRD)
-AL88-09 )
—IWTARROTR 1
[+ ]
£
8
= ;

A-29



-AM 187R
pm B0 1818
1E36
é ; k1A ~sTRoBE
MP% T e INHI | H
fgg; P MEMGD TTER| i o
ey i ~EM &R
N . : 1036
-wT MEM T X F
“AMLotiin P
1036 é é K STROBE R
N ¥ ~WRITE . H 1039
“WT MEM% | | -BMT | T MEM Sy o [ -WT MEM 3/, Mk 4
-FM EMLNNG STROBE o 1E96
1039 1E38 VE3S
N -READ
aM -
“PM i
1E36
F——H
s o #[TEM
" T DM
A alcn R282T 1625 |y-em
. ahen ) 1824 |5 o OJE i
= 1E24" |, _om = :
€23 |o_am = R
A N
R

MEMES

7 i 6 T 5 f : I 3 2 I 1
Memory Control (8K} D-BS-85-0-22
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FH

nagp
- MAREE
ED ] EL EF & FD FH _—u
[5) AR —FT WRITE —HBpg ————0b TF| F oH
TEZIE TMABIE .-5 wies  E3% F35 —wesl eH o 4 o
MAgE E— FV REMD —HBgz —¢L
Efu —gze — izl o o
Wapze Ed EF. £M EN e w ;v re¥ re ks Tre pm FRJEE -MBpy ——————{CF 1
THERPM o . L
—— ] -maps ~———cT o
J ! % E F 3 10w REF WIoE . "
CH Y] Y T g— ] v [
~MEMPF ——M sy K K wWase "
P oczl —uBge - bt p3a O T cu
~MENFL 1 b R ﬁj—cx
VREF " —-MBp? ' oK oE| . I
TEF S EF:; IHHI ——f» ) &
-MENPZ —n e K ows F o a— g oF 1, OH
secs Y s e Wiz ————for
ygs —r oz P P ocez 3 ben -hase AT e 14 geos 3 P PANE —Mag AR MM 609
“ME g i . -MAIB Madg ;
YBEF g ¥ P MABT MAEE |
L1l — 4
YDEFy ) E g FTFS FRFE & e FT L] Lgl [EE
-MEMG4 — cecs o \BLLES s o EE o '
N B 19 5 m .
p2s o I kT 12 F H o) G
) . M " i . EF] e
MEMPS — vosr .= s ! | y —uege ] e . o
voEF, 5 o " :EJ j.i K ey —-MBy  ————y o . o |.‘._.
“MEMPe —n 808 i RN Y N MBI ————— L "o CPJ oF
s P k. B =e 5 _ Ly a EL — Bl ——T v 05
-MENG? _"'L_\hﬁ_ﬁ_;_".‘— i " 3_ 3 __i—gl N -PBE ———— 00 ... D \4 Dy
EH
WVDEF | . Eh by A ER Enj ks =READ ——frp [B5
~MEMPE —w 3B g wz px E} F 7 73 2 X Es ~HRITE—————f CR |—3» READ|
9| wion 3 GaoS 609 wion
D26 p p 26 T ESt— €8 INHZ. ~——g—pP G wROTE]
meng? T vogr® i gl ET s Fza 409613 MEMORY STACK cs Pr———v Y 2 4
L ) ET COEF 23 =32 LELIN Fe? —s —IDv REF
VOEF ; 26 4 ¥ | Ll eol—Ez0
! 3 oy Fee EY - ! EZE THER
“REW g —M K K w52 pe € o
G803 P 3 ko FEf— e v 5
-wEM 1} —fr BT g R 4 ps 8 j—' ‘
VDEF ¥ FF £l
] ] . ¢ J{D FH
!
é £ ) FK s
-MEMPE — s " K ca plamg W " " B
FL FH fu - 7
T }— H

oy

Fu_F¥ Fu__ P
-5THOBE n B [i] 2 o
1£ Geom g3, F3
wWRITE  READ £E EF Es Ew EM EW ER ES EU EV_FE _FF Fl FK FM_FH READ WR!TE
EE¢EF El Ex EH,ZEN ER_ES l-:u4 EV FESFF T FE FRF \
1 3 & 71 READ
—MADS 4 Fu
s R win® E34 F34 A
= A4 5 Fyl—————WR|TE
Mg a ED EH (28 EP ET FO FH Fl
-MAG3R
wap3

8 ) 7 6 [ 5 1 4 [ 3 [ 2 | 1

Memory Block Diagram (8K) D-B5-85-0-23
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®

®

®

TABLE NODEL
POP-§5

DUA-25-0-0

@

G

@

@

@

1 TOP GOVER
0-1A-1405409-0-0

SNITCH BORRD ASSY
0~ A-5403836-0-0

CONTROL PANEL ASSY
D-AD-7005191-0-0

[ETCH BOARD SHITCHES
(POF-8/8)

0-1h-5003430-0-0

G D1 4-T4054 1 2-0-0

INZICATOR LIGHT
BORRD A3SY

D-1A-5403833-0-0

ETCH BOARD LIGHTS
(PDP-8/5)

D-iA-5003835-0-0

BLASS SUPFORT

@

BIRIHG CASTINE ASSY|
(4K}
O-AD-1005265-0-8

“(8E)
0-AD-7005327-0-0

WTG BAR ASSY
(10 CONN BLOCKS)

[-AD-7 00503 3-0-1

K16 BAR STD

D-A0-7005103-0-0

8

I

CAPACITDR_HOUSING
ASSY
E~AD-7005190-0-D

REAR PANEL A3SY
#0 CYELE & 50 CYCLE

D-AD-10051%§3-0-0

ik RELEASE

WTE PLATE
G 1 A-740538B-0-0

SIDE SHROUO

0- 4=74053394-0-0

ALR BAFFLE

E-1A-1405385-0-0

CAR. HILD-DOWK BRKT|

Cw| 4-7405408-0-0

®

@

Q

®

REAR PANEL

PPl 4056396-0-0

®

FAN WTG PLATE
C-| k-74054 25-0-0

TCNEONENT W16
BRKT

D=1 A=7495381-0-0

SPACER FAN

G- | A=7405426-(~D

©

©
I

NTG §RKT
REAR PANEL

C—-1A-7405400-0~0
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UMLEES OTHERWISE INDICATED!
ClODES ARE OGS4

USE THE ET&H BOARD OF THE RO

| T:T::T:T::TTT::TTTI

Cable Terminator G701
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D-664
FO— H
o8
G-664
W—Pp———0x
oe
oD-844
Lo—————om
o
p-664
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2
G-ve4
RO— —038
o
D-g64
To————ou

FEFE R

Dicde ROGT -1

al]]
o —
e84 .
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EQ-
D664
sL]
HO Il
DESA
—OK
o4
Rl
DE64
oe
L
DG54
ON
[:x]
L =4
C&GA
oT
PO >
DEc4
—0 5
[=F3
RO ot
DEES
08
T Il
=112
O
]
vo »
ooe4
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Diode ROQ2-0-1-A
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F e |

| oelz |
L ' O ALHDVE
é R E R2, g R3 A4 % RS gns I &R? '
100,000 10D, 000 100,000 100,000 < 106,600 100,000 | 100,000 |
B Fem==—
+ + T — +- -0 G {GHD)
i e !
1 1 ce |
az 4 a3 | a4 4 a3 4 as | 1 1 Dasz2 |
' |
1
. 1 I o8
1 ] DGRZ |
1 ] 1
F L S04 (Ko . N Re3 ! 1 oo
1] h 02 o3 r 4yt 2] L) : j 9%
1 ] r & 1 1 [ IR
o L Deaz
W . 18 !
RE o2 R D3 R nla an ois RI2 o f VL DT 45 mia 1 ZRIS
1500 YWoesz ‘r.goo Yooz 57800 Woesr Snso0  Wopesz §7.uuo Wocsz r.!ﬁ)o 1 Yoes2 ?,seor | 21,500 !
1
. ; | : ;
I
. ! z, g { Qai-Isv
Dl oAl pa AT o2o 2RI o2t 2 RIB o2z A0 paz Z2AM | oozt 2maz | ! e 1
vesz 25000 Y nese cis,000 W pes: %na.ooo F caez 2ie,000 peaz2 c15,000 ¥ osez 2 15000 | ¥ naez 18,000 LITRRTE
| ]
- ! b
L3 -
ozs 219 [ 134 DEb _ D2R D30 os)
UNLESS OTHERWIBE INDICATED
RESIATORS ARE 114w, 5%
DIODEY ARE D-8564
TRANSISTORB ARE DEC 3635
PRINTED CIRCUIT ‘REV, FOR . -
DOL BOARD IS Sta
r
Inverter R107-0~1-E
# ———C) B-I5¥
SR CRE SR8
215,000 BEE4G T5G0 ;uu,ooo
Dnﬁ.,:' LT ) o‘m Dié D18 "
64 684
oo—»«—u—ﬁ-{) no—pi—4
o2 . ; 5
D3 <R4 GEC3839 oI 2Rio DEC 3639 CEC 5639
>
. DEE4 S100,004 J o884 . S100,000]
O B 10V
- .
. 1 . T
Em SR
15,0040 S 15000
o2 5 oo | ¥
D Ega o5 D 664 o3 bar
P
1] Q3
s decasas B4, % poq | OECDE5S
vo—p—
O C GND

UNLESS OTHERWISE INDICATED:
RESASTORS ARE wvaw, 5%
DIOCES ARE [&&z

Diode Gate RI113
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O b+ IOVIA)
. H
. '2 —0OC  GND
» RE ! 1
100,000 ! |
| DI
Qz 3 | 0-862
DEC 3639 DEC 3539 I X
! DI8 :
o : o-662
D-1562 . ) :
Locr ! D7
2 T.o | ¥ pogez |
o7 bre ¥ o-s62 ov iro! !
D-864 DeBed ' y
R p—3 | ¥0%ez!
o) Dl H i
D-654 G D- 684 o h 1
LO—P—s—Om O-de4 sO———9—0T D-Aga . !
&5
1
i 1
|
R4 4] 4l J.:] ! [Je]
18,000 7,500 15,000 37,500 | 2Lsoo !
N | 2% }
1
+ ? 3 - : —0B- By
|1 :
| STRATE
[ RRp 4
UNLESS OTHERWISE INDICATED:
RESISTORS ARE LW, 5%
PRINTED CIRCUIT REV. FOR
DGL BOARD |8 Sl4
'
Diode Gate R1T1-0-1-E
'%o O av 10¥LA]
vo—AAA > OB - 19v
RE R4 RS !I!';cl'o
7,500 7,500 4,700 LEC
8% 5%
PO— ¢
]| ol
. D-664 IN3608 oIl
Crme——elf—4 D-882
i N
b pig
o-ged L oo 0a D-882
D-ta4 D-664 og
D-882
[
L
D8
C-662
0,V GND

UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1AW, I0%

Schmitt Trigger W501-5
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Cca3 ba4 D45
E L
R4 -Ra O A+10Y
Yosu 100,000 100000 b g
a1 g2 .
DEC|3633¢ OEG (38300 —OC BND
ol < o s cz ois c3 paz
Ll
o —{t— | ] K £ 0-682
|I303° oin !!8!4 - +17] = 100
046 86 s p0 | p2z
] p¥ D13 Ial Ml e D41
L g C-862 o Wosez o N Oo— | o b-862
> 4 _
o3 g b8 y %B el éR‘f 040
oz is000f ¥ H 15 300 o7 og! b-g62
L | ™
RI Rz RS As RY AiQ Al Rri2 RLS RIS RIZ *rop  MFD o239
%moo %lﬁ.ow BT <3700 %4.?00 F 1 gl!.OOO Em.ooo %w.oco 2 18,000 ZFDzsga,mo ?a.mo Ao %m.ooo i;:s,ooo ¥ o eee
L . 4 1 > -+ L D15y
Rz
i - — he |
LY pae 1500
- M
UNLESS OTHERWISE INDICATED:
AESISTORS ARE | /4 W, 6%
CAPACITORS 4RE MMEQ
CIOGES ARE D-GEA
.
Dual Flip-flop R202-4
g + + g g QALIOVIAY
"3 4 R a6 R7 :“
160,000 100,000 100,000 100,000 100,600 00,000 oo
4 - O C GND
1] ot 28
T4
D-662
s 6 ?
T 1] v o4z
veez | .,
Twro
30 oM o3z J 043
o-e52
RIS R2IP RZ3 RE&
500 %500, TEG 7,500 ves
O-8BE
a7 048 . D45 oy ] EE%D
o862 o662 o863 06534 Degz
+ —=8 —I5Y
Al2 [IE] A4 RIS RIG
DaglS000, pae 13000 pariBOe0 el SO0, g 2000
b-882 ek D-652 [+ O-E82
ol CE (0] D4 [=L] o? De os [+,1] ol [+ =]} (1] oS {oe T %IE D9 D20 Dl
oL I <+
tloo
zl #J Or
E o0 UNLESS OTHERWISE INDICATED)
zn:l o RESISTORS ARE LM w: 3%
2°F DIODES  ARE D-6h4
400 TRANSISTORS ARE DEC 3639 -0

Binary to Octal Decoder R151-3
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) © heov
. - . " o2 + canp
: 0862 |-|c|o
2N360S _&020 38
R20 D31
100 I bes2 |-MFD
o a2 aE @y 039
Dé82
- . %% p2e
o3 Dig ¥ ndoz
J _T» b—on y 020
o oe J 0662
per
R Aa b bEaz RIg eRz2 !D!G
15,000 2T 000 |_|‘ 18,000 ] 21,000 z
al 2 An P Avr F
R4 Ri2 R4 RIE RIB T TRZA
1,800 %,509 18,000 ¢ y 7,500 1,500 ‘:n.soo 18,000 3—la—af-opiq ’|.§oo
D33 06 D8 D22 D24 i
. —O B -3V
R3 ?RY L1 Rzl RZT
8.000 318,000 1,000 215,000 1,000
9 ICI .
._ioo o E
T T —Ou 3 L
Al R25
I 20,000 - 20,000
™ ™ 2w - Ll ™ 172
oz D8 D7 BOURNS OR Die Dzl D23 BOURNS OR
DAYSTROM DAYSTROM
UNLESS OTHERWISE iNDIGATED;
REAISTORS ARE 174 W) 5%
CAPAGITORS ARE MMFD
DIODES ARE DES4
TRANS!STORS ARE DEC3630
mmmmesammmEEt .-
e eE-czoTCITIITICY
Delay (one shot) R302-9
OB -1V
bz 2Rz o4 SR e 2re  Joo 2re Joo oo 12 Rz D4 SRI4{Bis 2Fis
3000 3,000 1,000 !! 23,000 D00 3,000 ![ 3000 LTele o]
Lce
.0
[ € F J K [ uro
Ot OND
N [ L3 ] ¥
ol [ c3
.0l ]
uFo WFD
1 1] R3 (1L] RE o7 AT 0% [+ {1}
000 5,000 5000 3000

UNLESS QTHERWESE INDICATED:
RESISTORI ARE LFaw, 5%
MGOES ARE C-994

[szrss=srz=esrszoss]

Clamped Loads W005-0-1-B
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— 09 10
¥o-es2 mry s
a o7 Q8 Sa7 a9
¥h%e: EC 0% DEC
o7 209428 [ | —— }2894-28
Wo-ss2 . 24 o7
o b 4 i op
s O F|
¥R F r
B 22 Des
|
o4 [+ oav
DEC300% B2y &8 14
A 1,000 ™
OR cs
1,200
W SRII P H c}—) ,
cowd S8hoon 34(! 1
2 BOURNS 5
"W, uQ_HED_"_
] ou l;:C)als
1,000 T MO?IH.EL.
RIO [
1,000 2
oMy

S T g
%A%?%g agfs MMPO
PEISToRS ARE DEC.3639-0
RIS A #27BP

Clock R401-8

Rl
2,000 7,500
iOB—Iu\f

L) ATV
%nq o gne
&
A0 < 10! r====== hl
T [t T2 f-OCH oHb
a1 .0 La |
b: o2 OEC 02 * o i?:!-‘:oz !
" 38390 oz ; !
D-B8Z L[58 =] Das
D O lop o e5a-20 fo8a-2000 c? L)Y o-ees
7 D6 4 o T 'wrpas |
L MFO 'I D88z |
A2 1
18,000 t g%t
+ S LELTY
I &
> *RIB : Rl2 :
ni “R3 b
P 5003 000y 313,000 t %l.soo |
E 9 1 I
D32 [ 1
o L. wos LSTRATE _
b6
o4
oz
£
Lk ] L4 4 D50

UNLESS OTHERWISE (NHCATED:
RESIBTORS ANE i/4W,; 3%
IC;MITOHS ARE MMFD

IODES ARE D-8a4

Pulse Amplifier R602-0-1-L
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us o4 Ge
RE Ra o RIO
1,800 1L,800S 1L800¢
L N R
K u P
O——b O—= o—e
R3 4.1 <R? [413 RIS
13,060 $18,000 <i8,000 418,000 15,600
UMLESS OYHERWISE INDICATED:
REBISTORA ARE 1/4W, 10%
TRANSISTORS AME DECES34D (DECS3348
MAY BE SUBSTITUTED)
Indicator Driver W050-3
9 93A COAKIAL CABLES WITHIN
12" 0.0, SLEEVE
(GNDYE O N
s )
592
EC
F O ’
o o
o )
K
L4—
e H > GD-AX GABLE
N Q- -~
o &)
RO e
‘o i[ )
TO
[Pl e“
v vy

Signal Cable Terminator WOT11
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A O

-0 4
Co‘: R3
.01 5 730
wFD| 172W; 5%
B O v -0 6
c2
R2
.01
780
MFOD 1w 5%
cCD—y— ¥ -I———'g\g,v O RELAY -
oL I MED,180Y
f 1™ -yt
7F
b o1 - —yy 03
Rl
Le e %
J \
MFD
M o- T o7
ca
-0l
MFD
MO— —=0 RELAY +

.T;TTT:T:T—[

Teletype Connector W070-2

iy
TAR
[
O GND
Alg
10,000
ol9
D2p )05
4
RIS
198,600
i
L Tl |
DI DN DIZ o DIE DIT DI
p—C K p——0L 0 it
|
20,000
RID RIS R1&
g 10,000 10,000 10,000
UNLESS OTHERWISE INDICATED:

TRANSISTORS ARE DEC 22194 —isv
DIODES ARE D664 TAB
CARACITORS ARE 6.8 MFD

35% TANTALUM I
TABY ARE AMP 250 SERIES

FASTON TYPE 60148-2
RI |9 A ¥270P

RESISTORS ARE | /4%, 0% ﬁ

Ss o T g o pos

Power Monitor W506=0-1-A
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[
+ + + + Q +lav
ne Ré ] Rlz ] R18 (3]
1,000 1,Q00 1,000 1,000
MF WF

RZ4
1,506 1,000 1,000 1,000
¢ NF WF
oz €3 -0 €&
52 mo 83, +E5 p2e GE
JiE &b log ) a4 ar ¢ o8 3 [-1:]
/I? MF MF
i S ¢ AN
cr ce
B8 MMFD S5 MMFD
3% 5%
o
+ L GND
Rl R7 i3 o]
100 100 130 100
) ¥ 5
]
E

0%
DEC DEC
1] E1.0:0 ) -2-1.1] -OT
RIG 4

MF
i (L) RI7 £ R2o R73
L0000 3,000 3,004 1,900 1,000
MF MF MF
]
O
UNLESS OTHERWISE INDICATED:
RESISTORS ARE /AW, 5%

—15¥
MF RESISTORS ARE I/BW, |% METAL FILM T¢
CAPAGCITORS ARE 2.9 MFD 1D% 1OV

TRANSISTORS ARE DECOS34C (DECESI4N WAY HE SUBSTITUTEDH

Difference Amplifier W532-0-1-A

O A +10V
R R2 R3 RE
100 00 a 5
1/2w I/2w W 5w
0% 10%

qail

DEG3ATIB

MOUNTED DN
WAKEFIFLD HEAT SINK
BBQ-.THK

-

—O 3 +3.6Y
c2 R4

c3
.01 9% ol
WFp o)Ed MFD
UNLE$S OTHERWISE (NDICATED:

O & GND
R3 B RS ARE WARD LEONARD B5XMS

+ 3.6V Power Supply W705-0-1
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FLAG STROBE

AL

AM
nz

POWER CLEAR 2,700

READ RS
STROBE
ar —>

READER RUN

O
srev T )¢ —3'

K ACTIVE OF '
TRANS (CFF)

4o

=]

E
DE NAIBSLE !
INTERRLUPT
K L

[--—4 0} -

[o]] TG ?7

G I E&l &
N LAST UNIT)

STROBED
_ FLAG
13¥  ouTRUT

&P

FLAG
. SUTPUT
R39
E] 2,700 AE
ENABLE Rt
(£I4
I E2Zl O
FLAG

J C K
3z 1 CLEAR
+3.6\(j (? T FLAG

ON READ LF

A
1,25 /! 1.5, 2

b

. J

o E5 1 |™
BIT] -Ig
K ¢

IN PLACE
L

ﬂ

)]

O

BITS |y

5?3. 573,

Cl Ea 1
BITT —e

T

14
Elg
1213
14
¢ E2n |
ACTIVE PHE
K €
W2 a
43,8V
T
Eto (‘.>
Ty
TWIGE 1
BalD 4
+3.6v
e
ENABLE 2';30 3,000
BN AN
3.6V
A4
4
RS 3,000
GLOCK 2,700 '
85 —> ' 3
+3.6V
al SRZ
TELETYPE 1,500
SERIAL 1,200

UHLESS OTHERWISE INDICATED;

RESISTORS ARE /4w, 5% —
QIQDES ARE DG664 -

TRANSISTORS ARE DECS234B

P 4 ON EACH IU = GND

PIN 1| ON EACH IC = 48Y

ES. EE,E7 ES,Ei2, EI3EIEEZ0 &
E2l ARE MC?QO

E3, E4, €9, EI5 A E19 ARE ML 724F
£10 13 ME799P

IDLE 3 I: IIDLE =GND

S

-

El,E2,ElI,EI4,EI7 & EIB ARE MCTaAZP

L Y S -

QUTPUT

=15V

=1y

-5

ENABLE

=I5

r W706~0-1-C

Lve

Teletype Rece



TR 3y
FLAS STROBE 2,700 ' 2 3 3 2 .
Ay - —AA—b _ E1g EiS aJ
ey | | POSITIVE AP
R A, NES. FLAG, |FLAG STROBE
CLEAR FLAG 2,700 ' STROBE
U —L= VA
5.6V
HE
p2 b3 A7 guoag .
an X _SELECT . af o
¥ JELECT
BK 2
&
b=
LCAD BUFFER [ |
8 —o Fig Ky
3
FOWER GLEAR 2700 8 7
£18
R4
3,000 —
(L i
+3.6¥ 14 02 PRIAT sEL "
LoER ), MAGNE Y
IHITIALIZE DRIVER
[
le Tz
+3.8v
AN
rd
\ 1
o e '4
o E3 V|, 13
FLAB Eia
K € 4 2
?? g Us
-
T
READ-IN
+2.8v FLAG ELR
folk) (!)I.‘i
0 8 1],
FREQ. DIVIDE
K J
bl Tz 0
ACTIVE [D) 3 2
BT <}—a— — £17
o g
Eld
+3.6Y 1
CLOCK INPUT z ez B
B Jok] 2
{TWICE R o] — r
BAUD) 1,200 o EB 1 o
e [ ; AGTIVE
L
£
T O@_a
walT
{LOW FOR WAIT)
12
AM 6 10, EI7
] 8
Eiz
FuLL !l 8 14
ouPLEXY [
L
= £12
c
07 U6
13 U2 .
STOP TIME ? T
— % UNIT
14~ &3 10 o1k lf3
a E13 1 D-J o EB |
12
sToP 2 g BITe |2 (A0
1 £z |a
K C 4 rsTor - W ¢ 4] °
= | TIME o)
Ve YT oiTs ! ZT
f Nt
1.5
B =]
ol rL9
® atoen ' O 0 €6 1
1’}
K e 4—1 . L0 Kar;r?d L o
T 3 . - s
? _? ?J o2 [*}] ?sjs
[__ il 4
| :“C“;c
e 1]
b 5 -,

UNLESS OTHERWISE INDICATED: Ez |7 14 12
RESISTORS ARE /AW, 5% > o EF I,
TRANSISTORS ARE DECH534B a@ta EW
DICDES ARE D64 N o
IC'S ARE MOTOROLA 700 SERIES PLASTIC 0° To TO*C

El 13 MGC792P DUAL FOWER BUFFER

E3, E4,E5 E6, EY, E8, E9 & EI3 ARE MCT790P DUAL J-K FLIP-FLOP
EZ, EID, Eil, £12 & EId ARE MG?24P QUAD INPUT GATE

EI15, El&, EI7, 1B & EID ARE MGYE9F HEX INVERTER

THERE 13 MO CONNECTICN TQ +3.6 SUFRPLY VOLTAGE ON EZ

PIN 4 ON EACH |C = GNG 08 =
FEN 11 DN EACH 15 = +3.86¥ - 0 ES ) |g
. ENABLE 3 E0
K 14 J
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Teletype Transmitter W707-0-1



SOLENOID L) O : ' O CRIF}
0 o o2
205P484 0. 664
|
READER SWITCH (L2 & S0L.} O I ! Wi Lo B A
—__ .1 Ri
120
14w
10%

NOTE

Kl - WHEELDCK RELAY 3002 - |0i-12VDE
WITH WO QUTER SHIELD

Teletype Reader Control 4915

" oul
BEC rm A |
T-41813 < } RED ; o
3 | !
CINCH JONES !
HO. 141 i
TEAMINAL STRIP . +] cz R
1 T 160,000 MFO 318, 5%
| =T 20w > ZBW
|
! YEL
nay At ]
|
I +| &
| == 180,000 MFD
t =T zo0voc
? l B
BLU
! o

NOTE:
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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=
vidual signal names, and for each gives its meaning and the number of the drawing on which it originates.
Where no drawing is listed, the item is either a teletype signal {all of which originate on D-BS-PT08-A-1)
or is a general abbreviation. No composite signal names are included because these are always made up
of standard terms; and no generating conditions are given for logical functions as these are listed in the

flow charts, An osterisk indicates that the signal is a pulse,

*A 11 Bit time pulses AQQ-AT3
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 1 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
/O
*] /O CLEAR
iOF
ION
*JOP
*1OSKP
*1QOSKS
(&)}
IR
*IR CLR
1SZ
JMP
IMS
L
LAS
LD

**Used only with OMD85

16
15
15
15
15
15
15
15
17
16

13
13
18,22

5,17
17
17

17
17
17
17
17
16
16
16
16
16
16
20
i5
15

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

fncrement

Inhibit level, memory control fo core logic
Interrupt synchronizer
Interrupt from 1/O channel
In-out

In-out

Clear in-out equipment {to 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)

B-2



#LP
*LPA
LPC
*[.SH
MA
MAB
*MASH
MB
*MBSH
*M EM
MEMGO
*MPC
*MR
OP
OP1
OP2
PIR
PB
PC
*PCP
*PCSH
PE
PESEL
*PE SET
PG
PGZ
PR
PISEL
*PPC
PSM
PT
RCLE
*RCLO
RD
READ

15
15
17
10
12
12
12

4,23
18,22
17

13
16

16

16

16

19
15
19

17

12

17

17
17

18,22

Load pulse

Load pulse delayed

Low power condition

Link shift

Memory address

MA buffered

MA shift

Memory

MB shift

Memory output pulses to MB and PB
Level that furns on memory clock
Memory power clear

Memory request

Operate

Operate group 1

Operate group 2

Operate

Parity bit

Program counter

Power clear pulse

PC shift

Parity error

PE select (IOT)

Pulse that sets PE if PT and PB differ
Parity generator

Page zero

Program interrupt request flip-flop
Program interrupt select (1OT)
Processor power cleor

Teletype print selector magnet
Parity test

Teletype receiver clock enable
Teletype receiver clock

Read

Read level, memory contral to core logic

B-3



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 frem 1/O channel
*SL 10 Set link
*SP 15 Start pulse
5P 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=inpuf to adder
sY 14 Y -input to adder
T 11 Timer (time ring counter)
TAD 146 (Two's) add
*TCLO Teletype transmitter clock
*TP 15 Trigger pulse
*TSH 18,22 Time shifi (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 Ward time defer



WTE

WTF

WT
WTINCPC
WTINCR
*WT MEM C/W
*WT MEM R/AW
WTRD

WTS

WTWR

WTX

y4

13
13
13
13
13
13
13
i3
13
13
13
14

Word time end

Word time fetch

Word time index

Increment PC

Increment

Start clear-write cycle (to memory)

Start read-write cycle (to memory)

* Word time needs to read (from memory)

Word time stop (for memory cycle)
Word time needs to write (in memory)
Word time execute

Zero indicator
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APPENDIX C
ENGINEERING DRAWINGS AND GLOSSARY
FOR OMD85, MC8S, DB8S, ME8S, AND MMBS OPTIONS

C.1 DRAWINGS

This appendix contains reduced copies of lagic diagrams, flow charts, and module utiliza-
tion charts for this group of options. The drawings that are reproduced here for instruction purposes
apply to the standard production PDP=8/S. During actual mainfenance, 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
oMD8S : A-ML-OMD8S-0
MC8S A=-ML-MC85-0
DB8S A-ML-DBBS-0
MES8S A-ML-MEBS-0

Schematics and Flow Diagrams

Drawing No. Title Rev. Page

Interconnecting Gabling C-5

OMDBS Option

D-MU-0OMD8S-0~1 Module Utilization {(OMDS8S) (2 sheets) C C-7

D-IC-OMDB5-0-3 DB8S, MC8S /O Connectors A Cc-11
D-BS-OMDBS-0-4 OMD8S Conn and Logic in 8S (2 sheets) C C-13
D-85-OMD8S-0-5 Memory Field C-17
D-BS-OMD8S5-0-6 OMD8S MA Gating A C-19
D-BS-OMD8S-0-7 OMDS8S MB Gating A C-=21
D-B$-OMDES-0-8 Installation Procedure B C-23

MC85 Opfion

D-85-MC8S-0~1 Extended Memory Control (MCBS) (3 sheets) B C-25
D-BS-MC8S-0-2 Memory Field 1 (MC8S) C-31
D-BS-MCBS5-0-4 Flow Diagram {(MC8S) C-33
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D-BS-DBBS-0-1

D-BS5S-DB85-0-2
D-TD-DBES~0-3
D-BS-DB8S-0-5
D~FD-DB8S-0-6

D-BS-MEBS-0-1
D-1C-MEBS-0-2
D-MU-ME8S-0-3

D-BS-MM8BS-A~1
D-BS-MMBS-B-1

D-BS-MMBS-A-2
D-BS-MMBS-B-2

B-CS5-B130
B-CS5-R123-0-1
B-CS-R203
B-CS-R205
B~C5-R603
B-CS-wW002-0-1
B-CS-W018-0-1
8-C5-wW021
B-C5-W533-0-1
B-CS-W640

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

DB8S Ogption

Control (DB8S) (2 sheets) 8
MA and MB  Register (DB8ES)

DB8S Timing Diogrom

GMA and GMB Gating

Flow Diagram DB8S

MEBS Option

Control Logic (ME8S)
Interface Cables (MESS)
Module Utilization

MMBS Option

Memory Field Even (MMBS)
Memory Field Odd (MM8S)
Control Logic (MM8S)
Control Logic (MMB8S)

Circuit Schematics

Diode Gate R123 B
Triple Flip~-Flop R203 C
Dual Flip=Flop R205 E

Clamp Loads W002
Indicgter Connector

Signal Cable Connector

@ > p @

Rectifying Slicer

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

C.2 MODULE UTILIZATION

When an OMDB8S Assembly is interconnecied with the PDP-8/S, certain modules are

C-35
C-39
C-41
C-43
C-45

C=47
C-49
C=51

C-53
C=55
C-57
C=59

C-61
C-41
C-62
C-62
C-63
C-63
C-64
C-64
C-65
C-65

removed from the PDP-8/5 and either relocated within the PDP-8/S or installed in the OMDSS assembly.
This medule rearrangement is shown in Drawing No. C-5P-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 OMDB8S assembly.
Relocation of the memory module is required whenever an OMD8S assembly is used, whether or not the
memory is to be expanded. The resulting mc;dule utilization within the OMDB8S assembly for any com-
bination of options is shown in Drawing No. D-MU-OMD85-0-1, Circuit schematics of module types
used in these options {but not the standard PDP-S/S) 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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Terms

ADDRESS ACCEPTED

A0O
A1, A12
-A13 (B)
B BRK

BMAQ(1) through BMAT1(1)

BREAK REQUEST (B)
-BTOO(B)

BT

BT2A

B(WTX)

COF

-CLR

CYCLE SELECT 3

DAQ through DA1]
DATA ADDR — DBMA
DATA ~3— DBMB
DATA FIELD 0-2

DB

DB

DBB

DBMAT through DBMATI
DBMATT (1)

DBMB — DBMA
DBMBO through DBMBI11
DB PAR (1)

DB PARITY

DCA (B)

DCA

GLOSSARY
MEMORY EXPANSION AND DATA BREAK OPTIONS

Option-Page-Sheet

DBgS=1-1

MC85-1-3
OMD85-4-2
OMD8S5=-4=-2
DB85-1-2
OMD85-4-2
DB8sS-1-2
OMD85-4-2
DB85-1-2
DBgS-1-2
OMDB5-4-2
MC85-1-3
OMD85-4-2

DBas-1-1
D8gs-2
DBgS~1-2
DB8sS-1-2
MCBS-1-3
OMD8S-6
OMDy5-7
OMD3BS-7
DB8S-2
DBgS-1-1
DBgSs-1-1
DB8S-2
DB8S-1-1

OMD8S~4-2
MC85-1-3

C-&67

Definition
Notifies data break device that the supplied
address has been stored in DBMA
Processor bit time O 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 0 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

DEF

DFO through DF2

DSDF

DSIB

DSIF

-FR

FS0 through FS7
GMAQ through GMAT 1

GMBO through GMBI11

IBO through [B2
IFO through IF2
IM& through IM11
INHIBIT

INHIBIT 1 ODD
INHIBIT 2 ODD
INHIBIT 1 EVEN
INHIBIT 2 EVEN
INHIBIT 2-0, 1-0
INHIBIT 2-1, 1-1
IOP1, 2, 4

(JMP + JMS)
LCDF

LCIF

LD (B)
LD

LID
LRMF
MBIO through MBI

MB PAR |

Option-Page-Sheet

MC85-1-3

MC85-1-1
MC85-1-1
MC85-1-1
MC8S5-1-1
OMD85~-4-1
MCBA-1-2
OMD8S5-6

OMD8S-7

MC8S-1-1
MC8S5-1-1
MC85-1-2
OMD85-4-1
MMBS5-B-2
MM8S-B-2
MMB5-A-2
MMBS-A-2
QMD8S-5
MC85-2
MC85-1-2
OMD85~4-2
MC85-1-3
MC85-1-3

OMDB85-4-2
MC85-1-3

MC85-1-3
MC835-1-2
OMDBS-5
MCBS5-2

MMBSA-1
MMBSB-1

OMD85-5
MC85-2
MMBSA-1
MMBSB-1

C-68

Definition
Referred operand fetch in process; use DF
register to select memory field
Data field register
Enable inputs to DF register
Enable inputs to |B register
Enable inputs to IF register
Interrupt inhibit after CIF instruction
Memory field select levels

OMDB8S memory address bus; gated from proc-
essor MA or data break DBMA

OMDS8S memory input {write} data bus; gated
from processor MB or data break DBMB

Instruction buffer register
Instruction field register

[nput to AC from DF, SF, IF registers
OMDB8S memory inhibit level
Odd memory field inhibit level
Odd memory field inhibit level
Even memory field inhibit level
Even memory field inhibit level
Field O memory inhibit levels
Field I memory inhibit levels
Processor IOP pulses

JMP or JMS instruction in effect
CDF instruction (level)

CIF instruction (level)

Load address word time

AQ0.LD
RMF instruction (lavel)

ORed cutput data bus from all memory modules

CRed parity output bit from alt memory
modules



Terms

MCA through MCH
M DONE

MEM DONE
MPS

P DONE

P PRQ

P REQ

RB

RD

RDF

RD RQ

RDS

READ

READ

READ DELAY
READ EVEN
READ ODD
READ 1

RI

RIB

RIF

RMF

-RSF

SCDF

SDFO through SDF2
SFO through SF5

SIFQ through SIF2
SIFO through SIF2

SMBOO through SMBIT1

STROBE ENABLE
STROBE EVEN
STROBE ODD
STROBE 0
STROBE 1

Option=Page=Sheet

OMDB5-4-1
OMD8S-7
OMD85-4-1
OMD85-6
OMD8s-7
OMDBS-7
OMD85s-7
MC8A-1-1
MC85-1-1
MC8S-1-2
OMD85-7
OMD8Ss-7
OMD85-4-1
OMD85s-5
OMD8A-5
MMB83SA-2
MMBSB-2
MC8S-2
MC85-1-1
MC85-1-2
MCB85-1-2
MCBS-1-2
MD8S-4-2
MC85-1-3
85-15
MCBS5-1-1

85-15
MC8S-1-1

MDBS-6

OMD85~4~1
MMBSA -2
MM85B-2
OMDBS5-5
MCBS5-2

C-469

Definition

OMDB8S memory timing ring counter
Auxiliary MBM DONE

Memory cycle complete

OMDBS 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)

[OP4 pulse during RDF instruction
Start memory read cycle

Processor read cycle request
Memory read time

End-of-read pulse

Memory field O strobe trigger (sets WCOF)
Read pulse for even memory fields
Read pulse for odd memory fields
Field 1 read level

Reset IF register (pulse)

[OP4 puise 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 O

Strobe pulse to memory field 1



Terms

WCOF

WORD COUNT OVERFLOW

WRITE

WRITE EVEN
WRITE CDD
WRITE 0

WRITE 1

WR RQ

WRS

WTB-AO0O (B}
WTD

WTF

WTF (LCiF)

WTF (JMP + JMS)
WTF (LCDF + LRMF)
WTX (JMP + JMS) (B)
0 — DBMA

0 — DBMB
T1RDRQ

TWRRQ

2RDRG

2WRRQ

+1 —= DBMA

. +1 — DBMB

Option-Page-Sheet

DB8s-1-2
DB8S-1-1

OMD85-4-1
MMBSA-2
MMBSB-2
OMD8S-5
MC8S-2
OMD8Ss-7
OMD8S-7
OMD85-4-2
OMD85-4-2
OMD85-4-2
MC85-1-3
MCB5-1-3
MC8S-1-3
OMD8S~4-2
DB85-1-1
DB85-1-1
DB85-1-1
DB85-1~-1
DB85-1-1
DBg85S-1-1
DB85-1-1

DBg5-1-2

C-70

_E)efinition

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 WTR, LCIF

See WTF (JMP + JMS)

See WTF, LCDF, LRMF

Word time X; see (JMP + JMS)
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 DBMAI11 {adds 1 to word count location
to form current address location)

Increment DBMB (carries are propagated)
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