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PREFACE

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

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

Chapter 5 coniains equivalent information on the Data Break {DB8S) and Memory Expansion
(MC8S, MESS, MMBS) options and the additional logic common to both (OMDBES).

Appendix A contains engineering drawings, logic drawings, flow charts, ond circuit sche-
matics for the basic PDP-85 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-purpose digital computer designed for use as an inde-
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plex processing system. The basic computer consists of a central processor and a memory, and has a
A

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

Interface circuits for the in—out bus allows connection to a variety of peripheral equipment.
Every device must detect its own selection code and provide any necessary input gating. In the standard
computer all transfers over the in-out bus are under program control, but peripheral equipment can
interrupt the program, Opticnal 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 befween the processor and the memory, the console, or the in-out equipment over the

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

Ward Le ngfh

Processor: 12 bits
Memory: 13 bits including parity bit

Instruction Format

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

Operate Group: Instruction code, 12 bits

input=Outpui: Instruction code, 12 bits including
6 bit device code

Internal Number System  Binary

Negative Representation  Two's complement

Number Format Sign, 1 bit; magnitude, 11 bits

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

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

1-]



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

The processor must set up ail 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 weiting, and processor ond peripheral equipment can operate in parallel. The only
|/O device supplied with the standard computer is the Teletype Model 33 ASR but it includes keyboard,

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

1.1 PHYSICAL CHARACTERISTICS

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

The rack-mountable model requires 10-1,2 in. of vertical space in o 19-in, rack. [t pro-
trudes 3-3/4 in. at the front of the rack, and siides cut 25 in. Physical dimensions of both models ars
snown in Figures | =1 througn 1=3. The table modei weighs 84 ib, and the rack modet weighs 200 i

including power equipment, The Teletype ASR 33 has the following dimensions.

Height: 45 in.
Width: 22 in.
Depth: 19 in.
Weight: 100 ib

Intake fans at the back of the table model cool the logic moduies by blowing air between
them. A PDP-8/3 shinped mounted in a DEC rack has fhree muffin fans on the left side, but the user
must suppiv adequate ventilation for a computer shipped unmounted.,

It is recommended thot the ambient tempercture at the installation be maintained between
70° and 85"%, but it con wary between 32° anc 130°F without adverse effect. Although a'l axposed
surfaces are treated to prevent carrosion, exposure to extreme humidity for long pericds of time snould

be avoidad,

The computer uses standard line power at 115 = 17 Vae, 63 cycle {(12%), single phase. The
rack model uses a stancard 728 power supply ond a contrel through which the power switen on the frort
pore! switenes ac fo 2 no'r of recaptecles on the computer hockelatz, These receptacles are for the

2ower sUopiv oad (e fors, Do switeh ot fo oraer suppias or ceviges from trhe computer front pene!



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

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

powered separately.

Current consumption is os follows
Processor Teletype
Line current Jomp 2.4 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 ore OV 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-8/5 logic uses pulse timing almost exclusively. Pulse amplitude from a puise gen-
erating source is +3V from -3V with the same tolerances as levels. Pulses at inverter outputs may be
from ground to -3V or vice versa. Pulse widths may be 100 ns or 400 ns depending upen application.
Qccasionatly, an input may be triggered by a positive level transion of 60 ns or less instead of a pulse.
Driving voitages for the core memory are nominally =10V to ground and =15V to ground. The statistics
given here apply fo all modules used in the equipment described in this manual except the transmitter
and receiver modules for the teietype; the special voltage requirements for these modules are discussed

with the teletype logic.
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Figure 1=1  Dimensions, Table Mode! (Front View)
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Figure 1-3
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CHAPTER 2
SYSTEM CPERATION

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-ouf equipment, sequences the program, and per-
forms all arithmetic and logical operations.

f
= }
CORE WEMORY| | | WA pC
4096 13 - BT 2 12
WORDS l ‘
L —
[L]:] e IR
— 2y hd
! $ ZERO
- ADDER DETECTOR
AND |
'
jY 1 GENERATOR
L o L, AC
L 12
r. 1 F
10 BUS SR
12

Figure 2-1  PDP-8/S Data Flow

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

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

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

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

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 fogether, to the left or right, as a
single 13-bit register (left rotation is produced by a shortened right shiff). The program con also use L
to generate products and quotients one bit 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 parity
error or a power failure to interrupt normal program flow. When such an interruption oceurs and the
intercupt is on (JON), the processor siores the current contenfs of PC {the address of the next instruction
in the program} in location 0000, and executes the instruction in location 0001.

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

and the processor clock resiarts to execute another word time.

2.1 PROGRAMMING

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

Tehie 2-1 is an instruction index.



Mnemonic

AND

Table 2-1,

Instruction Index

Meuning

Logical AND

Twos Add

Increment and Skip if Zero
Deposit and Clear Accumuiator
Jump to Subroutine

Jump

In-out Transfer

Operate

Operate Group

No Operation

Increment Accumulator
Rotate Accumulator Left
Rotate Two Left

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

Set Link

Clear Accumulator

Set Accumulator

Halt

OR Switch Register

Skip

Skip on Nonzero Link

Skip on Zero Link

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

Skip on Pasitive Aceumulator

2-3

Qctal Code

Oxxex
1 xxx
2xxx
JRKK
Axxx
Bxxx
bxxx

7xxXX%

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



Table 2-1. (continued)
nstruction fndex

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

10T _Group
ION Interrupt On 4001
IOF Interrupt OFf 6002
SMP Skip on No Memory Parity Error 4101
CMP Clear Memory Parity Ermor Flag 6104
KSF Keyboard, Skip on Flag 4031
KCC Keyboard, Clear Flag 6032
KRS Keyboard, Read Buffer Static 6034
KRB Keyboard, Read Buffer 6036
TSF Teleprinter, Skip on Flag 6041
TCF Teleprinter, Clear Flag 6042
TPC Teleprinter, Print Character 6044
TLS Teleprinter, Load Sequence 6046

2.1.1 Number stfem

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

of the magnitude.

+153,, = +231, = [ 000010011001 |
0 1
-183,, = -231, = | 11701100110 |
0 11
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Zero is represented by a word containing all Os; complementing this number praduces all s,
and adding 1 fo thaf produces aii Us again. There is oniy one zero represeniation and its sign is posifive,
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, a negotive number could be read by attaching
significance to the Os instead of the 1s. [n iwo's complement notation, each number is one greater than
the complement of the positive number of the same magnitude, so one can read a negative number by
aftaching significance to the rightmost ! and attaching significance to the Os at the left of it. (The
negative number of largest magnitude has a 1 in only the sign position.} In a negative integer, 1s may
be discarded at the left, just as leading Os may be dropped in a positive integer. In o negative fraction,
0s may be discarded at the right as long os only Os are discarded, the number remains in two's comple-
meni form because it still has o 1 that possesses significance. [f a poriion including the rightmost 1 is
discarded, the remaining part of the fraction is now a one's complement. The computer does not keep
track of a binary point, so the programmer must adopt a point convention and shift the magnitude of the

result to conform to the convention used.

2.1.2 Instruction Format

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

ADDRESS TYPE

]
I
[ OP CODE l ! I AGDRESS

o 2 3 a 1"

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

can be microprogrammed to perform a combination of the vorious operations. ln an in-out instruction,
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bits 0 through 2 contain &, bits 3 through 8 specify the in-out device, and bits 9 through 11 select the
timing pulses sent out over the |/C bus. Pulses at the three event times, in crder, are selected respec-

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

) DEVICE CODE PULSES

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. I bit 4 is 0,

bits 5 through 11 are taken as an addrass in page 0, i.e., the address part of the instruction is taken fo

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

the same page from which the instruction was retrieved. The 12-bit oddress that is used is the combina-
b b

o o

=]
[ PR E | —"
I Wiy o II.IUVH 1

-

ion n word and bits 0 through 4 of the address previously supplied
by PC to MA for instruction refrieval.

Bit 3 of the instruction word specifies the type of address contained in bits 4 through 11. I
bit 3 is 0, addressing is direct; the effective address is the 12-bit address determined by bits 4 through
11. 1f bit 3 is 1, addressing is indirect, and the address 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 Autoindexing
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 oitered word back info memory, and uses the indexed word as the effective address.

2.1.5 Operating Speed

The table 2-2 gives the approximate execution times in microseconds of the various PDP-8/5
instructions. Where they are cpplicable, the longer times that are required for indiract addressing ond
autoindexing ara also given. With each time, the pair of numbers separated by @ comma indicates the

number of processor and memory cycles required for the instruction.
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Table 2-2.
PDP-8/S Instruction Execution Times

Indirect Addressing Autoindexing
AND 32.2 2,2 48.3 3,3 64.4 4,4
TAD 32.2 2,2 48.3 3,3 64 .4 4,4
ISZ 48.3 3,3 64.4 4,4 80.5 5,5
DCA 42.7 3,2 58.8 4,3 74.9 5,4
JM3s 42,7 3,2 38.8 4,3 74.9 5,4
JMP 26.6 2,1 42.7 3,2 58.8 4,3
107 37.1 3,1
QPR 1 26.6 2,1
OPR 2 37.1 3,1

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

A program interrupt takes 32.2 ps (2,2) in oddition to instruction execution time. The first
10T pulse occurs 10.5 ps ofter the [OT instruction is fetched, and the other two pulses occur af 1-ps

intervals thereafter.

2.2 Word Times

Each word time is made up of 14=bit times (numbered 00 through 13) during which the clock
generates & string of fourteen bit pulses 750 ns apart. The first 12 pulses pecform whatever serial opera-
tions are required on one or more 12-bit words. The thirteenth puise performs most of the individual
operations thot 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 af 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 thirieenth 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. Althcugh the execution of an instruction



begins in fetch time, the program must start in end time, which determines the location of the first
instruction and requests a memory cycle to refrieve it. In other words, fetch time does not fetch the
instruction. Fetch fime processes the instruction just refrieved from memory. I transfers the instruction
code to IR for decoding, transfers the address part fo MA, and indexes PC so that 1t 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 pracessor then enters index time; for any other indirect addressing it enters defer time; in any other
sifuation 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
focation of the next instruction and fefches it. In some cases the execute and end times are simultaneous;
if they are not, the processor avtomatically goes from execute to end time.

After retrieving an instruction, the processor returns to fetch time unless a program interrupt
has been requested. In this case the processor enters breck time in which it deposits the current con-
tents of PC in location 000C, and then returns to end time to retrieve the instruction in focation 0001,
There are also three special word times for operations associoted with the console: these are used for
loading a starting address inte PC, depositing a word in memory, or examining the contents of a memory
location.

To control the specicl operations required for in-out, including parallel transfer over the
bus, the first bit pulse in execute time of an 10T triggers o string of three special pulses 1 ps aport. Of
these, the only pulses actually sent over the bus for use in 10T operations are those specified by the

programmer in bits 9 through 11 of the 10T instruction.

2,3 PROCESSOR OPERATION

In the table model of the PDP-8/S, the circuit breakers are mounted on the rear panel with

the power supply; the rack mounted model has a power control thot includes circuit breakers and usvally
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 o raw of
two-position keys and switches with a key-operated rotary switch at each end (switches are alternate
action, keys are moementary contact).

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

the operator can supply data and addresses to the processor (the up position of a switch represents a 1).
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The register can be used in conjunction with some of the operating keys, and its contents can be read
into AC by the progrom, 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—hond end of the panel.
The similar PANEL LOCK switch at the jeft=hand end disables the operating 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 ) state or the associated function
is true. A few indicators disploy useful information while the processor is running, but most change too
frequently and are therefore discussed in terms of the information they display when the processor has

stopped.

2.3.1 Indicators, Operating Keys, and Switches

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

MA indicates the address of the last memory occess, and MB holds the word r2ad 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 ancther.
When the light goes off, the computer stops.

AND, TAD, I5Z, Only one of these can be on at a time. [t indicates the instruction being
DCA, JMS, JMP, executed or just executed. [f the processor stops with BREAK on, or the
10T, OPR operator has just loaded an address from the conscle, the AND light will

be on regardless of what instruction was last executed,

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

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

PARITY ERROR Indicates that @ word read from memory had incorrect parity.



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

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

OEeroﬂng Key
START

LOAD ADD

DEP

EXAM

CONT

STOP

Operating Switch

SING INST

SING STEP

Function

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

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

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

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

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

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

Pressing this key while RUN is lif 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 instructien, and PC
points to the location one beyond that from which the instruction was
retrieved, The MA lights indicate the address from which the last memory
word was fetched, They represent either the address of the instruction or
the operand {or an address if an indirect bit was used} depending on the
type of instruction. The instruction indicators will display the type of
instruction,

Function

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

While this switch is in the up nosition, the processor stops ot the end of
every word=time thot it execuies, This switch is for meintenonce purposes
and cllows the operator to run © dicgnestis routine or ofer arogram, cne

i-)
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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
Tha talatuma mravidas bhunaway communisatinn habwaan anarmtnr and coamputar It fe metumlly
e TeHeT
RS PTOVIGES TWOSWOY CoOmMmMUnIcQliion DOohween Qparatel Qna compurer. TS QoTua

four devices: keyboard, printer, reader and punch, which may be operated in various combinations.

stop control signals transmitted serially.

Figure 2-2  Teletype Model ASR 33

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

Turning the switch to LINE connects the unit to the caomputer and separates ifs input and out-
put functions. Any information transmitted to the computer from the keyboard offects the printer only
insofar as the computer sends it back. Turning on the reeder 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 en the readér is @ 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. Tuming the switch to START causes
the reader to read the tape if the unit is in local, but places it under program control if on line.

The operator controls the punch by means of four pushbuttons. The two on the right fumn 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 tope backward one frame so that the operator can
delete a frame that is incorrect by using the RUB OUT key (rubout characters are ignored when the tape
is read).

The keyboard resembles that of a standard typewriter with four rows of keys and a space bar,
The line feed moves the carriage only vertically with a spacing of six lines per inch. The return moves
the carriage to the leff 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 fops can be transmitted
merely by striking the keys. Codes for printable characters on the upper parts (punctuation, ampersand,
percent sign} are transmitted by holding down the shift key when striking the character key. Control
codes are transmitted by holding down the control key CTRL, while striking the appropriate character
key. Codes for all characters listed on the keyboard and some that are not can
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 o code that nas no effect on the Model 33.
The characters actually contain anly seven information bits; the eighthbit may be used for perity, but
currently all machines are set up so that the eighthbit is o mark, and thus the codes generated from the

keyboard are 2008 greater than the corresponding ASCII codes.

Table 2-3.

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

"Here is...," of remote station

2067 RU CTRL RU “Are you...”

i~
H
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Table 2-3. (continued)
Teletype Code

Octel ASCH Key

Code Character Combination Remarks
207 BELL CTRL BELL Rings the beli

210% FE CTIRLH Format effector

211 HT CTRL TAB Horizontal tab

212 LF LINE FEED Line feed

213 VTAB CTRL VT Vertical tab

214 FF CTRL FORM Form feed

215 CR RETURN Carriage return

216* SO CTRL N Shift out

217*% S CIRL O Shift in

220* DCo CTRL P Device contrel reserved for dota line escope
221 DCi CTRL Q Turns reader on

222 DC2 CTRL TAPE Turns punch on

223 DC3 CTRL XOFF Turns reoder off

224% DC4 CTRL Turns punch off

225*% ERR CTRL U Error

226 SYNC CIRL V Synchronous idle

227* LEM CTRL W Logical end of media
230% S0 CTRL X Separator, information
231* S CTRLY Separator, data delimiter
232* §2 CTRL Z Separator, words

233* 53 SHIFT CTRL K Separgtor, groups

234* 54 SHIFT CTRL L Separgior, records

235% 55 SHIFT CTRL M Separator, files

236* 56 SHIFT CTRL N Separator, miscellaneocus
237* S7 SHIFT CTRL O Separctor, miscellaneous
240 Space Space bar

241 ! SHIFT !

242 ! SHIFT *

243 # SHIFT #

244 S SHIFT $

245 % SHIFT %



Table 2~3, (continued)
Teletype Code

Octal ASCIl Key
Code Charcster Combination Remarks
244 & SHIFT &
247 ' SHIFT '
250 ( SHIFT (
251 ) SHIFT )
252 * SHIFT *
253 + SHIFT +
254 ; :

255 - -

256 . .

257 / /

260 g 0 Zero, prints with a slash
261 1 ]

262 2 Z

263 3 3

264 4 4

265 5 5

266 6 &

267 7 7

270 8 8

271 ? 9

272

273 ; H

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

302 B B

303 C C

304 b D
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Takle 2-3. (continued)
Teletype Code

Octal ASCI Key
Code Character Cotmbinafion Remarks

305
306
307
310
an
312
313
314
315
314
317
320
321
322
323
324
325
326
327
330
3
332
333
334
335
336
337

3
F
G
H

T o mm

N < X £ < 4 wvw & 0 9 0 zZzZ2 - "

SHIFT K
SHIFT L
SHIFT M
SHIFT ¢
SHIFT <

— S T N < X 2 < C w00 ZFZE DRSS

B ]

t

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

374 ACK Acknowledge; code cannet 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 Combingtion Remarks
375*% ® ALT MODE May be used for any desired control purpose
376* ESC Escape; code cannot be generated from key~
board and should not be used in programs
for reasons of compatibility
377 DEL RUB OUT Delete
REPT Couses any other key that is struck to repeat
continuously until REPT is released
HERE 1S In local, punches 20 lines of tape feed
BRK RLS Not connected

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

20 lines of tape feed.

2.4.1 TUEE

The tape moves in the reader from back to front with the feed holes closer to the left-hand
edge. To lood 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 STCF,

To load tape in the punch, raise the cover, feed the tape manually from the top of the roll
info 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 Poger

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

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

NOTE

Paper guides and sprockets do not exist on friction feed version,
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Replace the ribbon whenever it becomes worn or frayed or the printing becomes too iight.

1 from the ribbon guides on sither side of th

tvine bl
Y i

h
[h]

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

feeds corractly in aperation.

2.4.4 Tabs

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

which are mounted a number of tab stops. The slotted wheel for the horizontal tab is mounted on the
spacing drum, and the tab con be set by inserting a tab siop in a groove where it catches the tabulator
pawl| when the type block carriage is in the desired position. With needle nosed pliers, [ift 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 ot the new location. A stop may be removed from use by
turning it so that it does not catch the pawl. The slots in the disc of the vertical tab mechanism allow

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






CHAPTER 3
SYSTEM LOGIC

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

represent that logic.

3.1 DRAWINGS

There is a complete set of electrical drawings, consisting primarily of D-size flow charts and
logic drawings (block schematics) that accompany each PDP-8/S, Every drawing is labeled with a DEC
drawing numnber 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 o mnemonic code indicating the type of drawing; the third is the type code
of the equipment (8S for the computer, PT08 for the teletype}; the fourth is the drawing serial number
(see next paragraph); and the last is a number specifying the individual drawing. If a drawing includes
several sheets, both the sheet number and the number of sheets are written at the lower left of the
drawing number. If o 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 « 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 o
revision of the printed circuit.

Almost all of the drawings included in this manual are flow diegrams, legic drawings, and
circuit schematics. (Appendix 1 describes the other types of engineering drawings and their use.)
Drawings in the manual are intended for instruction purposes only, so persons working at the machine
should use the prints that accompany the equipment rather than the figures in the manual, Drawings
printed in the manual are serial 0, comrespanding to the standard production machine. Although every
computer is assigned o 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 standord machine, those
drawings that reflect the difference have the same serial number as the lowest numbered machine that
is so modified. Therefore, although the manval drawings are complete for the standard computer,
maintenance personnel should use the separate prints for work on the equipment because they show any

varigtions peculiar to the instellation.



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

as print 14 or drewing 14.

3.1.1 L%ic Drawings

The logic drawings are block diagrams that show the function of every logic element used
in the computer. They also indicate the signal present at any module connector pin that carries a logic
signal or some special voltage. The standard power and ground pins (A to C on every module) are nof
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 o location code made up of one digit,
one letter and two digits. For example, the location code 1B29 represents module connector 29 in
mounting panel B (all location codes 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 ond B preceding the pin letters indicate the upper and lower connectors respectively,
but on the logic drawings the prefixes are the appropriate mounting panel letters, Taps (if any) located
on the handle end of the module are numbered. In the lettering on the drawings, the numeral 0 has o
slash through it () to distinguish it from letter "Q",

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

Figure 3-1 shows the symbols used to represent the logic circuits on the block schematics.
Information about these circuits is given in the DEC Logic Handbook, but the system of diamonds and
triangles used there to show signal type and polarity is not used here. All blocks are Igbeled to show
logical and /or electrical function, except flip-flops which can easily be recognized by the form of
their representeticn and are named according fo their use or the meaning of the 'rformation they sortoi=,
Logic gotes are igbeled from the point of view that necative Is true. Inputs are of the 2% of » bigzk.
and outputs are af the righ or top. Slgne! mures o writter slightly above horizontz! 'oes or thelr

mufarsions,
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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 af which other AND gates can be connected in
conjunction with the AND part of the R111, The 0 and 1 inputs to the R15]1 decoder receive signals,
wherein a negative level represents the state of a binary source, i.e., if the signal X is applied to
pin L, =X must be applied to K, The single output selected by a given input configuration is ot ground
provided that the enabling input D is also af ground.

The diode=-capacitor-diode input gate used with flip-flops, one-shot delays, and pulse
amplifiers requires a ground-enabliing 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 frain, and a negative engbling level is present at S. PA and clock outputs are positive-
going 100-ns pulses, but one of the PAs on R602 produces 400-ns pulses if D and M are jumpered.

If o 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 O or 1 output, respectively. Note
that on the symbol representing a flip-flop (and also the one shot), the output terminals are drawn twice
using signs fo show the polarities associated with either stote of the circuit. They are drawn in such g
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 fo other circuits on the same print. Nominally, the T and 0
outputs are those so labeled on the circuit schematic, these being the ones shown as negative beside the
1 end 0 in the illustration. [n the logic drawings, however, the output names are reversed whenever
the logical configuration is simplified by doing so.

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

Cceasionally, in the text and flow charts, the focation 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. - Signa! names are usually mnemonics that indicate the function or meoning

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 name which is also the name of its 1 output; the same
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name preceded by a minus sign specifies its 0 output terminal. A minus sign applies only to the term it
precedes unless parentheses are used to group terms,

Associated with every register is a shift pulse that shifts the contents of the register to the
right and whose name is the name of the register followed by the letters SH. The name of the shift input
to the left end of the register is the name of the register preceded by the letters Rl "{readin}". Numerals
that represent register bits are merely appended fo 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 autputs of the flip-flop circuit. Therefore, the
logic signal WTD is actually the output of an inverter driven from the 0 output of the WTD flip-flop.

With only a few exceptions, the source of any signal, i.e., the drawing that shows its
generation, is obvious from its name. Any signal that contains the name of a register is generated on
the drawing that shows the register, and any signal that begins with 8T 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 Meagning
A 11 Basic time pulses generated by bit timing
AC 20,10 Accumulator
BT 11 Bit timing
iIC 5 Information collector
1C 17 In-out
IR 16 Instruction register
L 20,10 Link
MA 12 Memory address
MB 9 Memory buffer
MEM 22,23 Memory (8K)
4,18 Memory {4K)
PC 19 Program counter
S 14 Sum output of adder
WT 13 Word $iming



AC and L are shown togefher on drawing 20, and some of the control signals for both are on
print 10. Any composite signal that begins with an insfruction 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/S

and the teletype, These figures show every event, ond insofar as possible, show the flow of operations
in a manner that is equivalent to the actual gating and timing in the hardware. The terminclogy is
from 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 o vertical line indicates a delay; between the lines is listed
the delay time, or the condition thot must be satisfied to continue the flow. Pulses always appear in
ellipses and events or level assertions in rectangles. For more complete correlation with the logic
drawings, an empty ellipse indicates a pulse amplifier whose output has no name. A condition wriften
on o line must be satisfied for flow to continue along the line. When saveral vertical lines branch
frem a horizontal line, the conditions ore written above the vertical lines. To follow the chart, the
reader must realize that at any branch point the fiow confinues on all lines whose gating conditions
are satisfied,

In several cases the some event cccurs in @ number of flow lines, and such an event is often
controlled by a compasite function which may or may not have a simple mnemonic nome. 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 g distinct name (that is not written merely as a combination of all its terms) is written on the chart,
usually near that parf 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 drowings.

Drawing 30 shows the main flow including all word times and all operations executed from
the console. The loop in the upper lefi-hand cormer represents the processor clock, which is always in
operation unless the word time has been stopped for a memory cycle, The clock output does not operate
the processor, however, unless RUN has been set in cne of the lines of flow that originate from conscle
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.



The main line is the vertical one at the left, originating in the clock loop. The first hori-
zontal line fo the right is merely for a clear function at power tumon or power failure, While RUN is
set, the clock output produces the basic A pulses that generate the bit time functions by shifting the
timer T. The remaining lines o 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 functiens including
entry into the in-out sequence, which is shown in g separate flow chart in the lower left on print 29.
The special sequence shows the events associoted 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 rotation. The next line stems from the first twelve bit-times, and it is this set of
twelve pulses that controls the processing of full words for all information transfers, additien, logic
functions, incrementing, and testing conditions for skips. The next line represents the thirteenth bit
time, and its pulse Al2 friggers individual events that are required for certain operate instructions,
checks parity, checks for overflow in addition, triggers a memory cycle whenever one is required, and
stops the computer on a programmed or operator halt. Calling a memory cycle stops the clock, and
flow continues to the memory chart in the upper left on print 22. 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 associcted with voltage levels. In other words, an event that accurs in the fetch word-
time is gated by WTF, whereas the actual gating level shown in the logic drawings may be a negative
level labeled WTF or a ground level labeled -WTF. Similarly, the reader can easily determine whether
a level in the logic labeled -X causes an event to occur when X is true or when X is false by consulting

the equivalent representation of the logic in the flow chart.

3.2 TIMING

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

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

At power turnon, both clear outouts remain aof ground until about 50 ms after the iast voitage threshold
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has been met to allow any motars, solenoids, relays, and the like, to reach operating conditiens. Then
MPC goes off («MPC drops to ~13V), ond about 5 ms later PPC turns off. Whenever any voltage fails to
maintain its proper value, the outputs remain negative for ¢ to 16 ms, of which time PPC tumns on,
clearing the processor and 3 fo 10 ms lafer MPC clears memory control.

The power monitor module also contfains a low power condition flag (LPC), which can be
used to restart the computer automatically, foliowing a power failure. In 3 to 6 ms aofter any voitage
failure LPC sets, and this state change requests a program interrupt if the interrupt is enabled. In this
way, before the power-clear levels tum on, the program has ot 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 T1ES) is in the machine. The auto restart is disabled by removing

this medule.

3.2.1 Bit Timing

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

The initial puise 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 fwo bits at the right, but the 0 and 1
sides of T3 are reversed, so only Té is set. All remaining bits are cleared. The same configuration is
produced by power clear,

From its inifial state with a 1 in T4, the A pulses fill T with 1s from the left until it is all 1s,
then Os come in from the left until it is clear. The generation of bit-time levels from the T-states is
shown in the upper left of the flow chart, and the generation of bit time pulses is fisted on the logic
drawing. A given bit-time level conditions the logic to produce a fime pulse having the some number,
but the pulse also steps the counter to the next bit time. For example, when T is clear, BT00 is true
and the next A=pulse generates AQQ, but this same pulse sets T0, thus generating BTO1. Note that the
inftial state of the timer actually corresponds fo the final bit-time in a processor cycle, so the first
pulse is actually A13, which selects the proper word-time to enter. Every A12 should automatically
produce this state, bui A12 triggers the reset pulse to force the state and prevent any malfunction from
disrupting more than one cycle, Note also that the initial pulse in the console operation start clears
Té so that the computer starts at the beginning of o word time. It is assumed that the operator will

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



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

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

3.2.2 Word Timing

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

The logic net of the left of Al grounds the enabling level for the Al set gate if the left half
of MA is clear. Bits 5 through 7 of MB are clear and MB08 is 1. The appearance of this configuration
in the fetch time of an instruction that calls for indirect addressing indicates that one of the qutoin-
dexing locations, 10-17, is being addressed. Of course Al is set at A12 in any word time in which this
particular configuration exists, but its being 1 is used to control the selection of index time only when
such selection is possible,

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

During any word time in which the processor must deposit a word in memory, the net in D3 of
print 12 pulls the -WTWR level false. A similar net in Bé-7 grounds -WTRD in any word time that must
retrieve o word from menory, I either type of memory cycle is necessary, Al2 triggers the memory
requast 2ufze MP throush the PA in the fower left-hand corner of the srawing, This pulse triggers one

or e uTrer of the v PAs “ust to the right to stort a read-write ro - olagr-write mermory 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 ARND fobme b
P TS L gaves

- v b Ak ke
Ilulls LT RN B~

utputs o
various console operations and power clear. The direct set and clear inputs to all of the flip-flops are

also used for this purpose. The remaining logic nets at the right-hand and the upper left-hand sides of

the drawing generate various composite control levels whose names in all but two coses are written out,
WTINCPC at 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 nomes reflect their use,
But regardless of their use they all function in essentially the same way. All are shift registers in which
one bit is connected to the next for right shifting. In a few cases, the direct set and clear inputs to the
register flip-flops are used either fo clear a register or to effect a parallei 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 fo the right in all registers affected. Information from
a register is made available only one bit at a time at the right end (LSB), and information is shifted into
a register only one bit of a time at the left end (MSB). A register clears if it has no input while it is
shifting, but often the input to a register is ifs 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=kit register. IR has only four bits,

3.3.1 Instruction Register

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 ot 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 gt the right decodes the left three IR bits to determine the instruction; one of the
decoder outputs is always ot ground to specify some instruction except when an Examine or Depesit is
being executed. IR0O3 is combined with the two states of Al to select indirect addressing with or without
autoindexing. At the lower left (A7) the OPR level is combined with the two states of IRQ3 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 defermine specific conditions within one or more instructions, for example,
to determine whether the count is zero in an 1SZ (ISZ- ZI) or to determine the circumstances in which
PC must be incremented an extra time.

The meanings of the functions generated are obvious except for the rotate levels at the right.
ROTR is true during right rotation (OP1 « MB08) when either MBI0 is true or the processor is nof in the
first bit time (BTOO is false), This level gates the A(00-01) pulses for the right shift so there can be at
most two shifts. If a 1 is programmed in instruction bit 10, both shifts occur, but if bit 10 is 0 there is
only one shift ot BT01,

There are no gates for left shifting, so a left rotation is produced by a shortened right shift.,
AC and L are rotated together, so a complete rotation would require 13 shifts. Since the right shifting
for o left rotation occurs on A(00-11), there are ot most 12 right shifts (the result is ot least one left
shift}. The shifting is controlled by ROTL which is true during [eft rotation (OP1 + MB0O9) when either
MB10 is false or BTOO is false. If a1 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 piocessor and memory {print 9}, the entire register is
cleared at the M pins by a request for o 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 refiect 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 {optional equipment).

The two logic nets in the upper left generate the MB shift pulses and the shift inputs o MBOO.
MB can receive information from PC or AC for deposit in memory, from the adder during an indexing
operation, and from itself while it is being made available to IR and MA in fetch time (~WTS holds off
the MB level during memory access). Note that the bottom two gates in the enabling net for the shift
pulses are satisfied simultoneously 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, ISZ,
JMS). Otherwise the gotes clear MB except when its contents are needed for the instruction (device

selection in an 10T, selecting operations in an OPR).

3.3.3 Program Counter

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

Q001 in break time, and when it receives an address from the switch register via AC and the adder in
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Load Address. During end time, it receives the sum from the adder whenever any extra indexing is
required {a skip or a JMS}, but recirculates itself In all other insteuctions except JMP in which i

receives MA because WTX ond WTE are simultaneous.

3.3.4 Memory Address

a memory cycle. At the lower right-hand side of drawing is the page zero flip-flop, which is set by the
first pulse in fetch time if bit 4 of the instruction is 0. The shift input nets af the left supply the 7-bif
address from MB for the first seven fetch pulses, but recirculgte the original contents of MAOG-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 g 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 shiffed withouf input in break time.

3.3.5 Accumulator and Link

AC and L, both shown on print 20, have separate control pulses, but the two function together
as a 13-bit register when used for addition or rotation. All 12 AC bits are cleared at once by two of the
operate instructions, by an IOT, by power clear, and by any conscle operation except Continue. 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 allow pulses from the information collector to effect a parallel
transfer into AC from the in-out bus. Buffered AC outputs drive the bus for transmission of information
to peripheral equipment.

The shift inputs to AC are produced by the net on the upper left~hand side of print 20, and
the shift pulses are generated by the logic in the lower left-hand side. Most shifting is produced by the
standard set of A{00-11) puises {although ROTL may eliminate one of these}, but there is an additional
shift at Ai2 in the TAD execute time fo complefe the 13-bit addition, and one or two shifts may be gen-
erated ot A(Q0-01) 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 ot different times: in IAC, L complements ot A12
if the AC incrementing has produced a final carry (has overflowed); AC is complemented through the
adder in CMA, but the CMA input to L is redundant and L merely shifts into itself. The word shifted
inte AC in AND is the bit=by=bit AND function of the contents of MB and AC. AC recirculates itself



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

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

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

and circuits associgted with the console.

3.4.1 Adder

The serial adder {(print 14) produces the sum of a pair of numbers one bit at a time. For each
step, the circuit uses three inputs: two are bits from summands SX and SY (two numbers to be added),
the third is the carry-in from the previous step (the carry into the first step is of course C). 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 some 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 cormry 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 generctes 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 fo the number received as the SY input. BTO00 is gated-in during
Examine and Deposit to increment PC, and by WTINCR during any other operation that requires incre-
menting and olso in break fime to supply oddress 0001 to PC (there being no SY input af this time).
When there is no SX input, the number shifted out at $ is identical to thot shifted in ot SY. This pro-
cedure is used to complement AC, to test it for zero, and to transfer it to PC.

The number shifted into SY is from PC during Examine or Deposit, from MB in addition or
indexing, and from AC during Load Address or the operate skip group. WTINCPC gates in PC for normal
program counting in fetch time and for a skip or JMS in end time. The remaining gates control SY during
the operate instructions CMA and IAC. The gates 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 IAC, A12 complements L when there is a carry (overflow). Note that the gate
for IAC, which is enabled by MB11, includes the condition ~MB0&; so when the program calls for both
complementing and incrementing {CIA), the adder adds one to the complement (that is, forms the two's

complement) .
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On the lower right-hand side of print 14 is the zero indicator flip=flop Zi, which is set by
the final pulse in feich fime. If is then cleared if the sum is ever frue in execute fime of an i5Z or the

operate skip group.

3.4,2 Puri1_-z chic

On the upper leftehand side of the main flow chart is o small isolated flow diag:

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 af the left-hand side. Both flip-flops start clear so
that whenever MB is shifted, PT tests the parity of the word shifted out and PG generates an even parity
bit for the word shifted in.

When a write request is made, Al2 shifts PG into PB, which is written in memory with M8,
For reading, the CMB pulse that clears MB also ¢lears PB, which is then set if a 1 is read from the
parity plane. Following the shifting of ony 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 emor flip-flop PE if PB and PT differ
(if the test bit generated from the word differs from the parity bit read from memory). PE can be cleared
by an IOT but is cleared otherwise only by power clear, the start pulse, or the examination of a memory
location from the console. Note that detection of a parity error does not change the contents of mem-

ory: the word read from memory, whether correct or not, is written back into memory before the test is

made.,

3.4.3 Skip Logic

The SKP flip-flop that is shown near the center of drawing 10 controls incrementing of PC in
execute time for skipping. A skip pulse from in~out conirol sets the flip-flop directly. The large net
ot 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 (ACO0 set), a 1 in bit 6 tests for zero AC
(Z1set), and a 1 in bit 7 tests for L set, The selection is made by three NAND gates associated with
the selection bits in the instruction. The output of any gate corresponding to a 0 selection bit must be
negative; a gate output can be ground only if the selection bit is 1 and the selected condition is true.

The complete skip condition appears at the ORed outputs of the two NAND gates in B4.
Instruction bit 8 specifies whether the skip is to occur when the selected condition is true or false;
hence the upper NAND gate receives MBO8 and the output of the selection gates, whereas the lower
NAND gate receives -=MBOB and the inverted output from the selection gates. If a 0 is programmed in
bit 8 and any condition selected by bits 5 through 7 is true (making the output of the selection net
ground and its inversion negative), then both inputs to the 1FO7U gate are negative and the gating levet

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 negafive signals at both inputs,
Hence if any condition is satisfied ond a 0 is programmed in bit 8, or oll specified conditions fail of
satisfaction and a 1 is programmed in bit 8, then A2 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, ond the RUN flip-flop through which
the console keys and switches start and stop the compufer. [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, ond 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 o memory cycle. SP clears most of the computer logic through the PAs in the upper right,
and ifs fraiiing edge seis RUN through a NAND gate 4G0 ns iafer.

For Load Address, TP triggers a pair of foad pulses (LP and LPA) 1 us gpart (C3). A similor
pulse pair is used for Deposit and Examine, but in this case, TP triggers a common Ffirst pulse (DP+EP)
and the output of the one~shot triggers separate delayed pulses for the two functions. The delayed pulse
in any of these three operations sets one of the flip-flops at the left to control its execution (these are
the word time flip-flops for console operations). At the end of fhe 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 a HLT. The gates at bottom
center cause Al12 to clear RUN in fetch time if the stop key or single instruction switch is on, but in
any word time if the single step switch is on.

The Schmitt frigger 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 monitor 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
cireuits function, he should have no difficulty in following any instruction or console function in the
main flow chart (drawing 30). A discussion of the flow of events in memory access, the special 10T
sequence, and teletype input and output (drawing 29) is included with the descriptions of the corre-

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

Entry into the 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
stafe.,

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 reseis the
timer, LP additionally clears all word fime flip=flops, IR and other control flip-flops. Each of the
second pulses sets RUN and q flip-fiop that controis the word time for the function. EPA also ciears PE,
whereas DPA and LPA transfer the contents of the switch register fo AC,

Below the initiation of the three functions are the word times used by them. In Load Address,
the 12 A(00-11) pulses shift the switch register address from AC through the adder to PC, clearing AC in
the process. For the other two operations, the pulses 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, Al2 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, A12 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 retrieve it. [n the lafter case, the puise 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 fo begin normal operation by retrieving the instruc-
tion in the location addressed by PC, The trigger pulse from the key generates the storf pulse provided
that a memory cycle is not now in progress. SP places the computer in end time, clears Té so the clock
will start af the beginning of the word time, and together with two more pulses shown in the same flow
fine, clears the in-out equipment, MB, AC, IR and most of the control flip~flops in the processor,
Finally the trailing edge of SP sets RUN fo 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 fo do so.

After the reestablishment of the proper voltage fevels 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 starf key,

3.5.2 Instruction Flow

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

series of events that make up a single word time oppear below one another in the drawing.

3-17



Events common to all word times are closest to the main vertical line at the left, The First
13 pulses each save the current carry in CA whether an addition is going on or not. 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 program interrupt request flip-flop if the interrupt system is
on and there Is either a parity error, a power failure, or an interrupt request over the in-out bus, A13
clears a number of control flip~flops in preparation for the next word time.

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

a read-write cycle to retrieve the first instruction.

3.5.2.1 Fetch. - After an instruction has been brought from memory, AQO sets PGZ in bit 4 of the
instruction word is 0. It also tumns on the interrupt system if the preceding instruction was an ION,
The full set of word processing pulses A(00-11) moves the instruction code and indirect bit to IR and
indexes PC. The first seven of these pulses move the address from MB to MA, and the next five then
either reestablish the current page number in MA or clear MADO-04, depending on whether PGZ is
clear or set. If IR now contains the code for a group 1 OPR, A12 sets or clears L and/or clears AC if
these events are specified. A2 glso stops the compu @y of single instruciion swiich is
on, friggers PE SET 1o 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, ond defer
time that are written just ot the right.

I RUN is still on when the clock restarts, A13 clears WTF, sets Z!I for possible use in the
instruction, and puts the processor into the next word time. If the instruction indirectly addresses an
autoindexing location, Al3 sets WTI; for indirect addressing with Al clear, defer time follows, If the
instruction is an OPR or an IOT, or uses a direct address, A13 sets WTX; and it also sets WTE if the

instruction is an OP1 or o 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 simuitaneously for an AND, TAD, OP] or JMP,
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3.5.2.4 Execute. - For an IOT, AQO triggers the special in-out sequence. For right rotation,
A(00-01) shift AC and L together once or twice as required.

The main set of A(00-11) pulses produces whatever transfers are necessary for the six memory
reference instructions. For example, TAD shifts MB to the Y adder input, shifts AC fo the X input, and
shifts the sum through L back into AC, In ISZ, the SX input is true only at BTOO, so the number shifted
back to MB from the adder is one greater than that shifted from MB to SY, If the adder output is ever
true, Z1 is cleared. Note that the events shown for JMP are not compiete on the WTX line: the return
which is simultaneous with execute time in this instruction.

Any full word operation required for an OPR also appears in the WTX line for the main set of
twelve shift pulses. IAC adds one to AC, CMA complements AC through the adder; if both occur
together, the adder receives ~AC but IAC still makes SX true at BT00. For left rotation, AC and L are
shifted right either 11 or 12 times. For the test=skip group, AC is rotated through the adder, ZI being
cleared if the sum is ever true,

Following the 12-bit processing, A12 performs whatever additional operations are required
to complete the execution of the instruction. In TAD there is an exira addifion step through the adder
to put the 12-bit result in AC and complement L from its original state on overflow {the adder input at
this time is L, which has been shifted through AC). AND, TAD, and ISZ check the parity of the oper-
and retrieved from memory: 1SZ, DCA, and JMS write the operand in memory. IAC also complements
L on overflow (CMA appears in the gafing condifion 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 safisfied.

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), AOO transfers the switch register to AC, A{00-11) deter-
mine the address for the next instruction refrieval. For a JMS or an ISZ or OPR skip, PC is indexed
and the result goes to MA, I there is no skip and fthe instruction is not o JMP, PC goes to MA, Fora
JMP the simultaneous execute time is moving the new address from MA to PC, and the MA shift con-
trolled by end time merely reestablishes MA,

A12 clears SKP, clears RUN on an HLT (a 1 in bit 10}, and requests a read-write cycle 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 PR is set.

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

then returns o end time qutematically fo execute the instruction In location 0001,
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3.6 MEMORY

The computer may have either of two memories that differ slightly in physical configuration.
The so-called 4K memory is shown in prints 18 and 4; prints 22 and 23 are the equivalent drawings for
the so-called 8K memory, which is really o 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 fwo memories, and o flow charf of
this logic is on the upper left~hand side of print 22. 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 aof the bottom, At power fumon, 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) retuming
to zero, The clock setting is approximately 2 me for the 6.3-ps memory, slightly slower for the 6.3-us
memory.

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

The timing signals to the core logic are derived from the counter and the flip-flop made up
of the two NAND gates with feedback in the center of the print. This strobe enable flip~flop is set by
a request for a read=write cycle, but is cleared by a request for a clear-write cycle. The reed level to
the core logic is true during the 2 ps while BM is 1 and FM is 0, During the read period, the single
counter state in which DM is 1 and EM is 0 generates the strobe pulse provided that the strobe enable
flip=flop has been set. This pulse strobes the memory read outputs inte MB; thus when the strobe is not
enabled, the read porfion 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 us duration,
with the latfer beginning and ending 0.5 ps ofter 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 I,

3.6.2 Core Logic

Block schematics 4 and 23 show the modules associated with the stack., The 4-wire stock has
13 planes with one sense winding and one inhibit winding per plane. Selecticn 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 fwo prints are identical except for module locations, and each G607 and G608 in the 4K memory
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is replaced by o single G409 in the 8K memory. References in the following parographs are to the 8K
print with the 4K references given porenthetically wherever necessary,

A single Y-winding is selecied by decoding MAQC-03 in the W108's, shown above and below
the stack. The equivalent circuits that decode MAQ6-11 to select an X~winding are on either side of
the stack. The sense circuits are at the extreme left-hand side in the print, and the inhibit logic is af

1A r A L ormaaml femranl
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The =10V reference is suppiied fo top ferminails | and 2 on ait W108's via the G&0%'s (G&608's;).

the right.
The ground read and write levels from memory control are applied fo the lower inhibit W108 of the right;

the inhibit logic, and the gssocigted drivers gre
used to generate the negative read and write signals applied fo the X and Y W108's.

To understand the decoding of MA to select a pair of X- and Y-windings thot intersect ot o
single location, consider the selection of a single Y-winding by the circuits shown above and below the
stack. The top W108 decodes MA0Q-02 to select a single driver whose two outputs are tied together
and connected to one end of a set of eight consecutive Y-windings through selection diodes on part of
a G609 (Gé07). The bottom W108 similarly decodes MAD3-05 o select a single driver, but here the
driver outputs are applied separately to the selection diodes in part of a G609 (G407}, There are two
dicdes 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 MACO-05 is 00,
the 0 winding is selected by decoding MAQO-02 to select windings O through 7 and decoding MA03-05
to select the first winding from each set of eight windings, 0, 8, 16,....

MA remains stable throughout a memory cycle so the same pair of drivers remains selected,
but current flows only while the read or write signal is true. The read and write signals are connected
to opposite pins on the two driver modules, so one acts as a sink whenever the other acts as a source.
Consider what happens when WRITE is true, still assuming selection of winding 0. Pin EE is brought to
ground and pin EF floats, but the two are connected together, so windings O through 7 are connected to
ground at one end. [n the bottom W108, pin EF is brought t> -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 Wi108 through Y-winding O to the driver in the bottom W108, Since
only one of 15 windings is connected at both ends, there are 14 that are connected at one end but
floating of the other and are hence partiolly selected, Of these, seven are at ground because grounded
at the one end, the other seven are af =10V, The 49 remaining Y-windings float.

During read, current flows in the opposite direction because EF in the fop WI08 is now at
-10V, and EE ot the bottom is ground while EF floats. The circuits on either side of the stack select o

single X-winding in the same manner, with current flowing from right to left during read, from left to

right during write.
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The combined effect of the read current flowing through the 13 cores at the intersection of
the selected X-winding and the selected Y-winding is sufficient to change to 0 any core that is in the
1 state. (It has no effect on those already 0.} Such a state change produces a pulse on the sense wind=
ing in the plane that contains the core. The sense windings are connected via the G409 (G608} at the
left to the W532 sense amplifiers, contained two per module. These are ac-coupled difference ampli-
fiers with o difference gain of 90 and common mode refection of 3 to 1. The outputs of each sense
amplifier are in turn applied to a G803 ac-coupled ractifying slicer, also contained two per module.

If enabled, the strobe produces an output pulse ab 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, In the upper W108 at the right, the two
inhibit levels are applied to both the 0 and T inputs of two sets of the decoding diodes, so the drivers
are selected entirely by the other eight inpuis. Selection is on a negative input, so a given driver
supplies inhibit current to prevent the writing of a 1 in any plane that corresponds to an MB bit that is
receive signals from MB or the pority 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 ferminals and are grounded at the other end so that current flows through the winding
into the driver,

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

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

at =15V when the corresponding function is true (when READ is true the read driver is not selected and
its positive output is therefore negative). At furn-on the read and write levels must supply 120 ma to
the X and Y Wi08s, 35 ma to each driver at the ground end of g winding, 25 ma to each af the negative

end.

3.7 IN-QUT

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

dealing with standard PDP-8 options which are used on the PDP-8/5. 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

the logic shown in print 17.
In the center of that block schematic are a pair of one-shot delays that generate a separafe
IC pulse train that is parallel to the bit time pulses. In execute time of an IOT, AQQ triggers a PA to
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at the lower left a 1 in instruction bit 11 allows the PA output to trigger IOPT, Just above it o T in bit
10 produces 1OP2 from the output of the first delay. At the top of the drawing the third pulse 10OP4 is
generated from the second delay i bit 9 is 1.

The gate below the INS flip~flop decodes the device selection portien of an IOT for the
code 00, which selects the program interrupt. When Pl is selected, |OPI sets INS; IOP2 clears both
it and ION to tum off the interrupt. Setting INS turns on the interrupt by setiing ION at the first puise
in the next fetch time. When the interrupt is on, an interrupt signal over the bus or the eccurrence of
a parity error {upper left) requests a program interrupt by causing A12 to set PR, An inferrupt is also
requested by LPC setfing as power is failing (C3). Every A13 clears PR, but the interrupt signal is a
level, so every Al2 sefs it again until the level goes away., When the break is granted, AOC clears
both INS and ION 1o prevent further interruptions,

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

The clear pulse shown ot 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 puise for that register,

3.8 TELETYPE

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

{upper left-hand side of drawing), both set af about 220 Hz (both have periods befween 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
token from AC04-11. AC1] corresponds to the first character bit and the eighth bit {AC04) is always 1.
Between the control and the ASR 33, data fransmission is in the form of 11-unit characters that are pre-
sented serially at 110 bits per second, so one complete character requires 100 ms, Character transmission
always begins with a start impulse (space), followed by the eight dafa 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 Ts internal fo the W706 receiver and W707 transmitter modules is shown only in
the circuit schematics, and the conventions used are different from those used in the computer block
schematics, Here the voltage levels are high and low, where high is defined as any voltage in the
range (.85 to 3.6V, and low is the range of O fo 0,4V, Voliage dividers at all module inputs and out-
puts translate the high and low levels to {and from) the computer ground and negative levels. A D-
shaped symbol represents an AND gate in which two low inputs produce a high output; the arrow-shaped
gate is an OR in which the output is low if either input is high. A circle ot any input or output indi-
cates g transition from high fo low whenever the circuit function is satisfied, or flip-flop goes to the
given state, etc. A fiip-fiop is defined as being in the 1 state when its | ocutput 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 o low to high edge.

3.8.1 lnguf

For the feletype input logic, refer to the circvit 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 1/O CLEAR, the clear flag input
is IOT032, the recder run output is RRE, the flag output is the interrupt signal, the strobed flag output
is the skip signal, and the strobe for reading the flag is IOT031. The bit outputs are IC11-04, with bit
8 at the bottom corresponding to IC04. The read strobe for the input shifi register is 10T034, and the
clock enable output is RCLE,

The serial input from the teletype is at bottom center of the schematic (this is labeled TSO
on the block), Whenever a key is siruck or a line is read on poper tape, the distributor begins trans-
mission with a space which changes the input from high to low. This enables the receiver clock ond the
first RCLO sets ACTIVE, whose O 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 inpuf

cycle.

3-24



The first clock also sets the frequency divider flip-flop, so that the second pulse, which is
centered in the input unit, ciears 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 O resulting
from the Initial space is in bit 1, so the shift also sets FLAG to request an interrupt, and sets FLAG DLY
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 fingl three clocks are not necessary for
reception, but they prevent noise on the line from triggering a new input cycle at least for the first one
and a half units of the two-unit stop impulse,

The program can determine the source of the interrupt by using an 10T03] to skip on the flag.
An IOT that selects teletype input and has 1s in bits ? and 10 clears AC at IOP2 and ioads the character
into AC04-11 ot IOP4. The inverter through which 10T032 generates the clear signal for AC is shown
at the top left-hand side of the schematic for the W707 transmitter module. The same IOT thot clears
AC also clears FLAG, and sets READER RUN so that another frame will be read if the reader is on,

3.8.2 Cutput
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 circult schematic, the power clear input is /O CLEAR, the clear flag input is IOT042, and the
input at BJ is 10T032 which produces the CLR AC pulse at 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 lubeled PSM on the clock. The data inputs to the shift register are BAC [evels 11-04
the last corresponding to bit 8. The pulse that loads the buffer at the bottom right is 107044, and it
always sets ENABLE because pin BS is grounded.

As shown at the top of the output flow chart on the right-hand side of drawing 29, by selectir
device code 04 the program can skip on the flag to determine when the transmitter is free, and 10P2
clears the flag. Loading o 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 |OT044
while the stop impulse for the previous character is still on the line, the clock continues to transmit that
signal ond does not begin the new character until both stop flip-flops are set and FLAG DLY is clear.

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

mission with a space. The next clock {which clears STOP 2) sets the frequency divider, so that the
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following clock {which clears STOP 1} clears the frequency divider to shift the first bit of the character
into LINE for fransmission. 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 choracter bit is fransmiffed, 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, ond 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 inte
the shift register anytime ofter FLAG is sef. After completion of the siop signal, a T in ENABLE causes
a new fransmission cycle to begin. So long as ENABLE is clear, LINE remains set to continue marking

the line.
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CHAPTER 4
MAINTENANCE

DEC Fieid Services suppiies an up-to-date iist of recommended spare parts for the PDP-8/5.
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 mainfain the computer and teletype.

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

alligator clips, etc.

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

DEC supplies the foliowing manufacturers manuals for lubrication and adjustment procedures

and comective maintenance for the teletype:

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

typewriter Set (ASR)

4,1 MAINTENANCE PROGRAMS

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

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

paper tape in readin mode format.
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4.2

MEMORY ALIGNMENT

Document No. Tape No.
Basic Instruction Test 801-1/D 801-1,/PM
Instruction Test 1 85-D01A/D 85-D0TA/PB
Instruction Test 2 85-D02A /D 85-D02A /PB
Instruction Test Part 28 801-28,/D 801-2B/PB
Basic JMP-JMS Test 85-D03A/D 85-D03A/PB
Random JMP Test 85-D04A,/D 85-DO4A /PB
Random JMP-=JMS Test 85-D05A/D 85-D05A /PB
Random DCA Test 85-D0SA/D 85-D06A /PR
Random ISZ Test 85-D0O7A/D 85-D07A /PR
. Memory Checkerboard 802/D 802/PM
(two tapes ~ low and high)
4K Memory Address Test 85-DHA/D
Low 85-D11A/PB
85-D114,/PM
High 85-D11J/PB
85-D11J/PM
4K Sense Amplifier Tast 85-DiSA/D 85-D15A /PB
Extended Memory Control 820-1/D 820-1/PB(?)
Extended Memory Checkerboard 820-2/D 820-2/PB(?)
Memory Power On/Off Test 82%9/D 829/PB
Teletype Reader Test 810/D 810/PM
Teletype Reader Exerciser 810A/D 810A/PM
Teletype Punch Test 812/D 812/PM
Teleprinter Test 814/D 814 /PM

The memory is a very simple coincident current system with only two adjustments. The master
current adjustment is the pot on the A7Q2 reference supply. The strobe adjustment is through the R40]
located in 1E22 (8K) or 1F36 (4K). Adjusting the clock offects both the width and position of the strobe

simultaneously. Note that it also affects total memory cycle time as well as the read, write and inhibit
times.
The memory is aligned during the heat test in checkout. Unless the clock and reference

supply pots are jarred severely in transit, 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 G409 (G608 in 4K), This
voltage varies with femperature and best tuning is achieved of 130°F, because ot this upper spec tem-

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

temperature (680F), the sfack 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
¢ is a spare. Compensation is not linear and causes the tob voltgge 1o

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

Ambient 0°C 25°C 54.5C
T 32°F 77°F 130°F
Stack
Ferroxcube -13,3v -11.9V =2.4V
EMI -13.1V -it.8v -5.0v

The best place to measure memory timing is the MEMGO signal at 1D36N. The negative
level found here represents the memory cycle time, which is nominally 6.3 ps 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 sef by averaging
the upper and lower failure points while the machine is in heat, At room temperafure, 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 cose, the 1 output for any bit measured af 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 pattemn
of blocks in core generally indicates a bad W108 selection driver. By using o current probe, it is very
simple fo check all selection drivers with a small program loop, First, rearrange the tab wiring on the
handle end of the W108s so that the current regulator on the front stack module is driving the front and

rear W108 pairs in parallel.

SHALL / CURRENT PROBE HERE MEASURES HALF -
LOGP SELECT CURRENT FOR MAGD-05

~— REAR FEED LINE IFRONT OF COMPUTER]

7 L —
[ 5

+—— FRONT FEED LINE

CURRENT FROBE HERE MEASURES HALF -
SELECT CURRENT FOR MAQG -1

*Room temperature, R401 period coefficient is -0.15% 1°C.
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Without using loceations 0-7, 10, 20, 30, 40, 50, 40, 70, 100, 200, 300, 400, 500, 400,
700, 1000, 2000, 3000, 4000, 5000, 6000, 7000, put this loop in some area of core that works.
LAS
DCA .+3
TAD | 12

JMP ,~3
0

Start the program and place the current probe on the front feed line. Sync scope negative
on WTX -TAD (1A18D) ond 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 oddress selected
by any combination of MAO&-11, Run the loop through the 16 combinations, 0-7, 10, 20, 30, 40, 50,

60, 70, on the SR switches. If a driver is failing, a missing current pulse will be observed as shown
below.

=WTX-TAD | |

FPROFER CURRENT
WAVEFORM

REAL REGENERATE

BAD wi0g CRIVER | |

BAD Wi10& DRIVER | |

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

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

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

4,3.2 Inhibit Drivers
Place this loop (if runable) in core.
LAS
DCA .+2
JMP -2
Set the switch register to all 1s and place a current probe on the feed line from the rear stack module

to the first W108 inhibit driver. Sync on WTX 'DCA(1B08R) and observe ~WTX DCA)1B0U8S). 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 generaliy are accompanied by a parity error indication on the front
panel. The first thing to check for is an error that seems to be infermittent 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 ollows parity errors to interrupt, is very helpful in tracking o dropout or pickup

problem,
Instruction
Location QOctal Mmnemonic Definition
1 6104 CMP /Clear PE on parity error
Jonly

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 I 23 /Retrieve

16 2023 ISZ 23 /Index counter

17 5013 JMP i3 /Repeat
20 7200 CLA /Finished, start agein
21 5011 JMP 11
22 0024
23 0

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

Sync scope negafive on PE (1E06T). Observe =PE (1E08S). Positive pulses appearing on this
train are parity errors, An error occurs on the memory cycle just before the positive-going edge of -PE,
Look at =WTX *TAD, The error is occurring here if -PE goes positive approximately 6 ps before the
positive-going edge of -WTX *TAD,
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A parify error can occur only in data thot is read from memory by the processor. By varying
the pattern in 3R, one moy find combinotions that increase the frequency of errors. Once the bit has
been localized, watch the sense amplifier and slticer behavior just prior to an error. Note that a pora-
sitic oscillotion is extremely difficult to observe, Any added capacitance (such as a scope probe) can
cure the problem and should be a hint that it is a parasitic.

There are two test points on the G803 that are not shown on the logic drawing. These are pin
L for inputs 1 and K and pin S for inputs P and R. The pulse observed here is the slicer action and it
shows where slicing begins ond 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-CUT 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 into standard
Flip Chip module receptacles. Terminations are required only on the [OP lines, which originate in the
computer at B39 pins K, M, and P, A cable terminator (G701) with Déé4 diodes to ground must be
piugged info ihe spare bus siof in the last device on the bus, The diodes limii overshoot fo +0.75V max=
imum and -0.75V minimum. A G701 terminator is installed in the teletype logic os shipped from DEC,
If the teletype is always the last device on the bus, the terminator can be left where it is.

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

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

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

-4.25 ma maximum at -3V

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

There should thus be no need to worry about slow fall
—-{ ’—— 1%5US TYP AT 50" ti
Imes.
sva e[\ 1/ Typical overshoot on positive-going BMB lines is

! +2,5V for 200 ns. Overshoots do not affect recom-
‘ mended DEC module types.
|
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BACO0-11

Recommended inputs
Alternate inputs

Drive available

oP

1074

1ICO0-11
Recommended sources

Loading

Timing

i
15F1 i\ ’

AL AVAILABLE
FOR CHANGE l L 10.4 1S MAX 4..1—_
12.7

[t

1S
MIN,

e

I! \[

Output levels that supply the contents of AC as data

ov =1
-3V =90

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

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

BAC lines can be set up any time prior to an :
The shortest time from set up to the earliest [OP is at
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 an OPR. Poor fall times on BAC lines
need never concern the designer since there is such a

large amount of time gvailable prior to the earliest

OP.

I™T
LA Y

Typical overshoot on positive-going BAC lines is
+2,5V for 200 ns. Overshoots do not affect recom-
mended DEC module types

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

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

11 ma at OV in the 8/
0 ma ot =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 OV,

Pulses presented fo IC lines should originate from an
[OP. The maximum time that AC is available for
external setting is until the eariiest 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 nemingl
400-ns pulses be used at the driving end.



Recommended sources

Loading

Timing

I0R4

SKIP
MAY BE
PLULSED

|
|

I
8.4 LIS MAX F——
1
F 10,4 15 MAX —--—-I
I

CLEAR AC
Recommendes sources

Loading

Timing

E

Positive input pulse {(=3V to ground) that sets the skip
control flip=flop from a peripheral device during an

OT.

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

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

Cavution 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 fo 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 at the input fo the 8/S is the same as shown for
IC.

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

Pulsed outputs, claumped or unclamped, such as R&03,
R123

20 ma at OV in the 8/S
0 ma af -3V in the 8/5

External loaded gates cannot be connected to the bus.

Pulses presented to the clear AC bus should originate
from an {OP. The maximum time during which the
bus can be pulsed is the same as shown for the skip
bus. The minimum acceptable pulse af the input fo
the 8/5 is the same as shown for IC.



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

Recommended Ioads R107 inverters, If true puised iines are required, the
PA (R603) pulse input should be driven from an
inverter as the rise time of the clear bus pulses cannod
be guaranteed less than 60 ns.

Drive availabie 18 ma maximum ot OV
=1.25 ma maximum at -3V

Timing
400 NS (NOM] -—-1 1-— ——-i |~— 100 NS AT 12/ TYF.
i
15w :U ‘1 f
|-— 16518 — i-—‘ 200 NS AT 5 TR
IOP 1, 2,4 Negative output pulses {ground to -3V} that are the
primary source of input-output timing for activoting
and transferring data to and from peripheral devices.
Recommended loads WI103 pulsed inverter inpuis Rill, R107, etc.

Drive available

a
RN
TURRENT .
Bveoumee 01 T T
a1 -3n.1s b e 72 mg maximum at 0V
: \“\\ -1.25 ma maximum at =3V
\ 3
S ™ The current the |OP fines can supply
Y . T back into the source at =3V is a function
o E 12 ] 42 50 BO

of cable length and a fall time limited to
a maximum of 300 ns as shown here.

92 MM COAX DRIVEN INFEET

Timing
| ,
100 NS
- !"_ NOMINAL
;
! A—— — e
. :'NL/ \ /
i 1 TR i H
ol —-I be— 100 NS MIN ACCERTABLE
. WIDTH AT 140 DEWICE
' SEECTOR TrPICa| LY
200N AT 52 L* o
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INTERRUPT

Recommended inputs

Loading

Timing

Y

Level input that causes the computer to interrupt the
currenf 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 af OV
0 ma at =3V

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

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



CHAPTER 5
MEMORY EXPANSION AND DATA BREAK OPTIONS

5.1 INTRODUCTION

This chapter contains information required for operation and maintenance of opticnal 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.

OMDBgS " Mounting assembly and control logic for DB8S and MC8S
options; interconnections for ME8S options.

MC8S Memory extension control and additionat 4096 word memory

DB8sS Data break facility

MESS 8192-word memory mounting hardware (accommodates one

or two MM8S 4096~word memory modules),

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

61/0 BUS CABLES
= TJ ADNTIDNAL /0 DEVICES

] TO DATA BREAK DEVICE
pEeS e - INTERFACE

I

6 1/0 BUS CABLES i | 7 GATA GREAK CABLES
|
!

F-B/S omo8s - ——
FD ! 7 MEMORT AND r
CONTROL CABLES

1
P Mces

f
1

& MEMORY EXTENSICN CABLES

T

| mmas
MESS |- ~ =

| Mmas

i

€ MEMCORY EXTENSICN CABLES

I

: MMES

MEBS :— -
b MMES
t

|

E MEMCRY EXTENSION CABLES

T
MMEBS

1
1
!
MEBS Y
1
1
i

MMAS

Figure 5-1  Assembly and Cabling Configurations for Memory Expansion
and Data Break Options
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The OMDB8S 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 Q) is removed from its location in the PDP-8/S and installed in the OMDSS 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), ond
includes control and field selection logic that permits exponsion of memory up to 32,768 words with
MEBS options.

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

MES8S provides rack mounting hardware and interconnections for one or two type MM85
4096-word memory modules, for memory expansion beyond 8192 words in 4096-word increments. Maxi-
mum expansion to 32,768 words requires an OMD8S assembly containing an MC8S and three MESS

assemblies each containing two MM8S memory modules.

5.1.1 Physical Characteristics

This group of options is infended for rack mounting. The OMDSS is a single assembly that
occupies 21 vertical inches of a 19-inch rack; it accommodates one DB8S and one MCBS, Mounting
dimensions are shown in Figure 5-2. The weights of the OMD8S and its subossemblies are as follows:

OMDS8S weighs 35 |b; DB8S weighs 2 tb; MC8S weighs 5 |b.

Figure 5-2 OMDS8S Assembly Mounting Dimensions
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The MEBS option is physically separate from the OMDS8S assembly. Dimensions are shown in Figure 5-3.

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

Pl gl L4 10-1/2
|
&-3/a \._rﬁllrf, 19 T
_ |'r"’f

Figure 5-3 ME8S Assembly Mounting Dimensions

Recommended locations for the OMDB8S and MESS assemblies in a rack-mounted installation
are shown in Figure 1-5,

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

lation.

5.1.2 Electrical Characteristics

These options obtain dc power from additional DEC Type 728 power supplies. One 728 sup-
plies OMD8S, MCB8S, and DB8S. An additional 728 power supply is required for each pair of ME8S

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

5.2 SYSTEM OPERATION

5.2.1 Data Flow

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

group of opticns,

5.2.2  OMDSS Option

The OMDSS option includes modifications to internal PDP-8/5 logic for a revised memory
timing sequence. Inverters and amplifiers are added for distribution of memory timing, the memory

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

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

internal wiring.

5.2.3  MC8S Option

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

Field selection bits for instruction words are stored by a 3-bit IF register; field selection bits
for deferred operands are stored by a 3-bit DF register. The field selection bits are applied from the
appropriate register (according to whether instructions or operands are being fetched) to o decoder
which distributes a field selection signal to one of the 4094-word memory modules in the system. Each
4096-word module is considered a field. Field 0 is the original PDP-8/S module removed to the OMDSS,
field 1 is the module provided with the MCBS 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 enabied 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 MC8S option is installed) and then kept
current by 10T, 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 accumulater or updated from MB by
ossigned [OT instructions.

In systems including a DBBS 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 DBBS Ogﬁcn

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

utilize the memory for input or cutput data transfers. Break cycles can occur singly, interleaved with
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program steps, or consecutively, for block transfers of lorge quantities of data. The program counter,
instruction register, and MA register are nof modified during break cycles; at the conclusion of daia
break transfers, the normal program resumes.

When a break state is requested, the OMD8S gating disconnects the PDP-8/5 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 aption. Two basic types of data break, singie-cycie
and three-cycle, can be performed by this logic, depending on the facilities of the external equipment.
Single-cycie word tronsfers take 8.0 s {one memory cycie) and 3-cycle word transfers take 24.0 s
(three memory cycles}. An additional 0.5 ps is required for the first and last transfers of a series, ond
a waiting period of up to 8.0 ps 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 intc DBMB, where it is stored until it can be sampled by the external equipment. Control
is then returned to the main program.

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

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

tent of the location.

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

address register in the device control. The current address and word count are stored instead in core
memory locations and are updated cutomatically 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 connacted to this facility, each specifies a different set of core locations for word count
and current address, allowing interlaced operation of all devices as long as the combined data rate
does not exceed 42 KHz. The three-cycle data break facility performs the following sequence of oper-

afions.

5-7



a. The device enters a word count address in DBMA,  Since this address is clways 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 (DBMAT1=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. [f the word count becomes 0 as a
result of the addition, a WC OVERFLOW pulse is transmitted to the device. (To fransfer a block of N
words, this register is loaded with =N during programmed initialization of the device.} After the block
hos been fully transferred the WC OVERFLOW pulse signifies completion of the operation.

c. The odd memory location following the word count address (DBMAI11 = 1) contains the
current address for the ensuing date transfer. This location is read and its contents transferred to both

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

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

In initializing for a block transfer beginning at location A, the current address location is
set up by the program fo coniain A-1i.

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

e. 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 MESS OEHon

The ME8S option provides mounting facitities for one or two 4096-word MM8S memory mod-
ules, plus control and timing logic and interconnections. The memory modules are connected to the
memory timing, memory address and data bus lines from the OMDBS8S, and the field selection signals
from MCB8S. Additional inverters are provided to distribute both polarities of the GMA lines from
OMDSS.

tach MM{J8 memory module consists of a core array, address seiection circuits, inhibit
seleckion 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
dato breck option; cddress lines, data lines, ond timing signals operate in the seme way regardless of

the confrotling equipment,
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Through plug-in connections are provided on each ME8S assembly for addition of other MESS
units. Up fo three MESS assemblies can be added to a basic PDP-8/3 for memory expansion up to
32,768 words.

5.3 OPERATION AND PROGRAMMING

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

o)
o

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

¢. If 3-cycle data breaks are to be permitted, memory locations for word count and current

address must be initialized.

5.3.1 Memory Field Selection

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

published by Digital Equipment Corparation of Maynard, Mass.

5.3.2 Initializing 3-Cycle Data Breaks

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

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

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

device can prevent this,

5.3.3 Indicators, Operating Keys, and Switches

The foilowing indicators and switches are installed on the panel of the standard PDP-8/5,

but they are activated only when on MC8S option is installed.
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Contrel or Indicator

DATA FIELD indicators
and switches

INSTR FIELD indicators
and switches

Function

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

Indicators display the content of the instruction
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, instatled in the OMDS8S assembly, includes a display panel which includes

the following indicators:

fndicator

DATA BREAK MB

PARITY

BRK RQ

5.4 SYSTEM LOGIC

Function

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

Indicafes the even parity bit generated from the
content of the DBMB register.

Indicates the presence of an external break request.
Permits the operator to observe and dismiss a waiting
break request before storting the program.

The following paragraphs contain o detailed description of logic and an analysis of sequential

operation for each of the options.

An interconnecting cable diagrom and o complete set of fogic 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-8/5

drawings in Appendix A.

Flow diagrams are included for the revised memory timing introduced by OMDS8S, for the

changes in operating sequence and special IOT instructions added by the MC8S, and for the 1- and 3-

eycle data breaks. Notation on these fiow charts corresponds to that of the main PDP-8/5S flow diagram

in Appendix A,

A glossery of signa! nemas genercted by this group of options appears at the end of Appendix

L
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5.5 OMDBS LOGIC

5.5.1 Logic Elements

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

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

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

formed, under the appropriate option description.

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

5.5.1,2 Memory Address Gating (Print D-BS-OMD8S-0-6). - A primary function of the OMD8S

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

The BMA memory address |ines from the processor are gated fo the GMA (0) lines as long as
the data break facility is not using memory (the DB level is of —3V). The GMA {0) signals, and the
GMA (1) signals developed by inverters on the same print, are distributed to memory field O in the
OMD8S assembly {(and also to memory field 1, if a MCBS opticn is installed). The GMA (0) signals
are distributed through connector 1H1 when an ME8S memory expansion option is in the system.

During data breaks, the DB level goes to ground, blocking the BMA gates. The memory
oddress 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-DB85-0-3.

5.5.1.3 Memory Read Data Gating (Print D-BS-OMDB85-0-6). = Data from memory, during o read

cycle, appears on the MBI bus common to all memory modules and the DBBS option. When a dafa

break is not in effect, DCD gates preceding pulse amplifiers are enabled so that MBI is transmitted to

the processor on the SMB,\0 * lines. During data break memory cycles, the gates are inhibited and
a0-

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



9.5.1.4  Memory Write Data Gating (Print D-BS-OMDS85-0-7). - Data to all memory modules during

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

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

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

purpose,

5.5.1.5 Memory Control. - Print D-B5-OMD8S5-0-4 shows the modified memory conirol logic thot

replaces the standard 8K memory control logic shown in Print D-BS-85-0-22. Basic memory cycle
timing is established by a 2 me clock driving an 8-stage switch-tail ring counter. At power turnon,
the MPC level from the power monitor module clears all stages of the counter. A RD RQ or WR RQ
pulse enables the clock, which supplies shift pulses to the counter. The MCA(0) and MCH(0) levels
keep the clock operating until the counter has shifted through all 16 states and returned to the oll-
zero condition. During the 8 ps counter eycle, 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 initiated either through processor memory requests or
data break memory requests. The related control Jogic appears on Print D-BS-OMD8S-0-7.

Processor requesis 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) enobles a RD RQ pulse.

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

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

The M DONE nulss oceurs every time the clock counter returns to all zeros, Provided thot
the data orea« is not cctive, the P DONE pulse is also generated. P DONE is returned to the processor
to restort the moin fiming cncin by rasetting she WIS flip-flon, (This is the same function performed
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Figure 5-5 OMDB8S Memory Timing Diagram

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

5.5.1.6 Field 0 Memory Module. - Field 0 memory logic is shown in Print D-BS-OMD8S5-0-5, Op-

eration is essentially identical to the standard PDP-8/5 memory module, except for the 8-ps memory
cycle infroduced by the modified clock system. [n addition, the logic shown in the lower feft section
of the print gotes the bosic memory timing signals against the FSO (field select 0) level. If the system
contains only the one 4K memory module, FSO is true ot all times. In expanded systems, FSO is pro-

vided by the MCB8S option; it is true only when field 0 operation is desired.

5.5.2 QOMDB8S Sequenticl Operation

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

R
1
(.



5.6 MCBS LOGIC

5.4.1 Logic Elements

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

the logic are described in the following paragraphs.

5.6.1.1 Field Registers {{F, DF, SF, IB). - This group of registers handies instruction and data field

assignments during normal operation, program interrupts, and progrom jumps. Logic for these registers
appears on Print D-BS-MC8S-0-1, Sheet 1. Each of the registers can be loaded from severai 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 Peragraph 5.6.2,
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Figure 5-4 MBS Fiaicd Register Dota Flow
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5.6.1.2 Device Selector. = The IOT instructions which operate the MC8S5 extension control logic are
decoded by o 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 IOT instruc-

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

BMB 6-8 to produce RDF, RIB and RIF signals as shown on Sheet 2 of Print D-BS-MC85-0-1.

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

Binary-to-Ovctal Decoder modules that accept complementary pairs of input levels from the IF, DF, and
data break address extension signals, respectively. The enable inputs of the three decoders are driven
by networks which determine whether a deferred operand is being fetched or a non-deferred operand is
being fetched. In the case of deferred operands, the DF register is enabled; in the cose 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 deceding 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 O 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 MESS 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-CMDB8S-0~4. The inhibit flip-flop,
called FR, is initially cleared by o start pulse or power clear pulse {SP + PCP) and is set whenever a
change instruction field (CIF) 10T is issued. The resulting pesitive feve! ot the "Q" terminal of the FR
flip—flop {~FR) is used to inhibit the NAND gate which sets the PIR flip-flop in the 85 on 1/O Print
D-B5-85-0-17. The FR flip-flop is reset as soon as the first JMP or JMS instruction is issued; an inter-

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



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

into the processor via the 1/O channel is done by the R123 NAND gates located on Sheet 2 of Print
D-BS-MC8S5-0-1. During IOP 4 of the appropriate IOCT instruction, the contents of one of the three

registers is gated onto the input bus to the 8BS accumulator.

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

MC85-0-2, and it is considered part of the basic MC8S option. The standard memory control signals
(READ, WRITE, etc.) are gated against the field select 1 signal (SF1), as shown at the lower left of
Print D-BS-MC85-0-2.

5.6.2 MC8S Sequential Operation

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

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

The MC8S flow diagram (Print D-FD-MC85-0-4) shows the logical conditions under whizh

the various strobe and gating pulses are generated.

5.6.2.1 Power On. = The -PPC level generated by the processor power monitor module enables a gate
on D-BS-OMD85-0-4, Sheet 2, to produce the =CIR 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 1B registers, respectively. The
-CLR pulse also resets the DEF flip-flop on Print D-B5-MCR85-0-1, Sheet 3.

The {SP + PCP) level (initiated by -PPC) resets the FR flip-flop on Print D-BS-CMD85-0-4,
Sheet 1, and also triggers the -RSF pulse (D-BS-OMD8S-0-4, Sheet 2} which resets the SF register.

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

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

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

then enters LD word fime 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 sources for the DF, IF, ond IB registers.

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

Simiiar 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 gotes;
DSIB strobes cnes into the register.

The DSIF, DSDF, and DSIB pulses are all forced at the same time by the LID pulse, which
occurs during AQO of LD word time (Print MCBS5-0~1, Sheet 3).

5.6.2.4 JMP, JMS Instructions. - WTF word time is narmal through A13, when the [F register is
reset by Rl (Print D-BS-C585-0-1, Sheet 1).

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

The remainder of the execution of these instructions is the some as the normal 8/5 instruction

flow.

5.6.2.5 Field Register IOT Instructions. - The six special 1OT instructions assigned to updating or

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

for certain special functions during WTF and WTX.

a. RIB
WTF for the RIB instruction is like ony 10T,

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

essor AC. This occurs during the RDF pulse, generated during IOP4 when t:eglOT 623X instruction is
detected by the logic on Print D-B5-MCB85-0-1, Sheet 2. Actually, the logic detects only code XX1X
on the BMB bus. The SCDF level (Sheet 3 of Print D-BS-MC85-0-1) represents IOT X2XX, by defini-
tion 62XX. The logical result at gate 1J13 (Sheet 1 of Print D-BS~-MC85-0-1) is 10T 621X. Since an
IOP4 pulse will not occur unless bits 10 through 12 of IR contain 48, the lost octal digit need not be

decoded.



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

b. RIF

WTF for the RIF instruction is like any 10T,

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 10T 6224 instruc-
tion is detected by the logic on Print D-BS-MC85-0-1. The decoding technique is similar to that of
RIB, described above in detail.

¢. CIF

WTF for the CIF instruction is normal through A12; the IB register is then reset by RB
(Print D-BS-MC85-0-1, Sheet 1}. The RB pulse is enabled during WTF by the LCIF level, shown in
Print D-B5-MCBS-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 BMB6 through BMBS,
are transferred to the IB register. (Since the register was reset during WTF, only ones are transferred.)
The LCIF level gates BMBS 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 IOFZ of the CiF execution cycie, the FR fiip-fiop on Prini D-B5-OMD8A-
0-4, Sheet 1 is set. {(See paragraph 5.6.1.4.)

d. CDF

WTF for the CDF instruction is normal through A12. The DF register is then reset by RD
{Print D-BS-MC85-0-1, Sheet 1). The RD pulse is enabled during WTF by the LCDF level, shown in
Print D-BS-MC85-0-1, Sheet 3. LCDF indicotes that a CDF instruction (10T 62XI) is present. It ena-
bles the WTF (LCDF + LRMF) level that enables generation of RD during A12 of WTF.

During WTX, bits 6 through 8 of the CDF instruction, present on BMB4 through BMBS,
are transferred to the DF register. (Since the register is reset during WTF, only ones are transferred.)
The LCDF level gates BMB6 through BMB8 to the level inputs of the DF register DCD gates; the DSDF
pulse sets ones into the register. DSDF is triggered by the CDF pulse generated on Sheet 3 of Print
D-BS-MCB8-0-1, 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-OMDB8S-0~1, Sheet 1). The RD pulse is enabled by the WTF {LCD + LRMF) level just as in
the CDF instruction.

During WTX, SF3—5

register. When 10T 6244 is detected by the decoder on Print D-BS-MC8S-0-1, Sheet 2, the LRMF

level is produced. LRMF gates S5F

ore transferred to the DF register, and SF0_2 are transferred to the IB

-7 f© the IB register DCD gate inputs, and also gates SF3_5 to the
DF register DCD gotes SF to the DF register DCD gate inputs,

3-5
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The DSDF pulse, transfers ones into the DF register, and the DSIB puise transfers ones into
IB register. DSDF is triggered by RMF, which is in turn triggered by the IOP4 pulse when an 10T 424X

instruction is present (Print D-BS-MC85-0-1, Sheet 2}, DSIB is triggered by IOP4 when the LRMF jevel

is present.

Sheet 3) keeps trock of deferred operand fetches. It is set during AOC of every WTD cycle to enable
ection decoder driven by the DF register contents
The DEF flip~flop is normally reset at the end (A13) of the WTD cycle. However, it is left
set after the WTD cycle of a DCA or ISZ instruction so that the DF register can specify the memory
field during the WTX cycle, when the modified AC or MB cantents are being restored in memory,
The DEF flip-flop is reset at the end of a DCA or ISZ instruction's WTE cycle. The DEF
flip-flop is also reset by the CLR pulse which oceurs during o load-address cycle, a power~on sequence,

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

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

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

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

During AQQ of WTB, the IF and DF registers are transferred to the SF register (Print D-BS-
MC85-0-1, Sheet 1). IF and DF are then reset, as is the 1B register. This assures that, during the
following memory cycle, the PC content will be written into location 0000 of memory field 0. Reset
signals RI, RD, and RB are all triggered by the -CLR pulse generated during A0O of WTB (Print D-BS-
OMDBS-0-4, Sheet 2),

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

During an interrupt, the instruction and date fields of the interrupted routine are held in the
SF register. They can be restored af the end of the inferrupting subroutine by an RMF instruciion. If
multilevel interrupts are permitted, there must be software provisions for storing the SF register content

at each interrupt level.



It is important to prevent interrupts during a change of instruction field. Typically, the new
field is set up by o CIF instruction, followed by a JMP (or JMS) that transfers the new field from IB to
IF. Sometimes, a few instructions may be inserted between the CIF and the JMP. If an interrupt occurs
after the CIF but before the JMP, the program will return to field 0 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 flipflop is set during @ CIF instruction. {See Print D-BS-OMDS8S-
0-4, Sheet 1.) [ 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 cne |/O device to transfer information directly into or out
of the PDP-8/S core memory. The data break is particularly well-suited for devices which transfer large
amounts of information in block form.

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

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

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

5.7.1 l.ogic Elements

Control logic to start the required memory cycles and arrange for data transfers is shown on
Print D-BS-DB8S~0-1 (2 sheets). The DBMA and DBMB registers appear on Print D-BS-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-BS-DB8S-0-1, Sheet 1. The IRDRQ or IWRRQ signals initiate the first

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

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

5.7.1.2 Parity Generator, - On the right half of Print ND=-8S-DB8S-N-1, Sheet 1, ¢ 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 aleng with each doia break dafa word,

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

the operating sequence for 1- and 3-cycle breaks. The BRK SYC flip-flop is set and reset ot the begin-
ning of every breok cycle, inciuding consecutive breaks. For 1-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-cycie breaks, the WC, CA and BRK flip-fiops are set in sequence during three memory cycies. The
first cycle, WC, fetches and increments the word count. The second cycle, CA, fetches and (optionally)
increments the current dafa address. Then a BRK cycle performs the data transfer in the appropriate
direction. Qutput levels from these flip—flops condition the contro! logic to enable the appropriate

timing pulses.

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

with two sets of inputs. The external address on lines DAO-H is set 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 aiso holds the current address during the BRK portion of a 3-cycle breck. The current
address is jum transferred in at the end of the CA cycle by DBMB —J3— 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 fo be written into memory. The data on
the DBU-H lines is jam-transferred in by the DATA —J— DBMSB pulse. The register also stores mem-
ory output data until it can be sampled by the device, and holds the current address until it is trans-
ferred to DBMA during 3-cycle breaks. In both cases, the register is reset by 0 — DBMB, then ones on
the MBI memory bus are transferred in during memory strobe time. (Binary ones on the MBI bus occur as
positive-going pulses.)

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

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



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

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

grophs.

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 DB83
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.

53.7.3 Segquential Operation, 1-Cycle Breaks

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

generated.

5.7.3.1 Synchronizing. - The BREAK REQUEST signal from external equipment primes a DCD gate at
the input of BRK SYC flip-flop, provided the WC and CA flip-flops are both zero. The break facility
can interrupt the processor at either of two times: at the beginning of A1l {before the processor has a
chance to demand a memory cycle) or during the WRITE pulse (just before the end of a processor-
controlled memory cycle). When either condition is present, the BRK SYC flip-flop is set and the BT1

pulse is generated,

5.7.3.2 BRK State. ~ The BRK SYC {1) level enables o DCD gate ot 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 5YC was
set by the WRITE pulse or A11}, The BRK {1) level produces the DB leve! (Print D-BS-OMD8S-0-1,
Sheet 2) which conditions the OMDS8S gating for data break utilization of memary modules by biocking
the GMA, GMB, and SMB bus lines frem the processor.
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At the same time (M DONE or A12) a 0.5 s delay is triggered, ofter which either the
IRORG puise or the IWRRG puise is generated, according 1o whether the fransfer direction is in or out,
One of these puises triggers logic on Print D-BS-OMD8S-0-7 to produce either the WRRQ or RDRQ
pulse. These in turn start the memory clock sequence (Print D=-B$-OMD85-0-4, Sheet 1} described in
Paragraph 5.5.1.5.

During the break, the processor ciock runs and instruction execution proceeds normally up to
the time the processor requires a memory cycle. At Al2 time, the processor clock stops and the WTS
fiip=fiop is sef. The waiting RD5 or WRS signal also enables Al2 io set the PREQ flip-fiop {Print D-85-
OMDB8S5-0-7). (As soon as the data break facility is finished with the memory, a memory cycle will be
initiated to take care of the waiting request.)

The standard memory signals (READ, WRITE, MEM DONE} are used as timing signals for the
transfer of data and addresses between the data break facility and the external equipment. At the start
of the memory eycle {BT2A time) the DATA ADDR — DBMA pulse is produced to strobe the DAO_”
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 externai 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. I memory is expanded, the external equipment must supply the ADDR EXT 0, 1, and 2 lines
to the brealk-state field selection decoder on Print D=BS-pMC85-0-1, Sheet 2. The BRK (1) level ena-
bles this decoder (IF15) and the DB level disables the decoders supplied by the dota 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 ——
DBMB pulse, which sets external data ones into the DBMB register.

IIF the transfer direction is out, data from the READ portion of the memory cycle, appearing
on the MBI memory bus, of strobe tHime, enters the DBMB register. Ones on the MBI bus set carresponding
stages of the register. Memory fiming is such that the data is available in the DBMB register about
2.5 us offer 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 porfion 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 info 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 fo the external equipment returns fo ground.
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If the BREAK REQUEST line is still af ground and the processer 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 friggered on Print D-BS-OMD8S-0-7 by the BRK cycle's M DONE pulse.) The full BRK cycle
is repeated. Consecutive breaks occur in this manner so long as the BREAK REQUEST line is at ground
at the end of WRITE time. The exiernal device must supply an updated address at the beginning of each
BRK cycle.

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

breaks are required, control is released to the processor. However, if the PREQ flip-flop is set, the
BRK cycle M DONE pulse triggers another IRDRQ or 1WRRQ pulse, depending on the transfer direction.
{the processor RDS enables TRDRQ, 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 a P DONE pulse {Print D-BS-OMD8S-0-7}.

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

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 feafure permits a memory jocation to serve as a
counting register without program intervention. A hard-wired address must be provided on the DAO_”

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

5.7.4 Sequential Operation, 3-Cycle Breaks

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

(Print D-FD-DB8S-0-6) shows logical conditions for the various strobe and gofing signals.

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

flip-flop is set by either A1l time or the trailing edge of a processor memory cycle WRITE pulse. At the
following A12 {or M DONE) time, BRK SYC is resei 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 same time that the WC flip-flop is set (A12 or M DONE time},
T

he

iRDRQ is generated fo start the memory cycle that will fefch the word count for the active device.

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

the address may be hard-wired.) The DATA ADDRESS — DBMA pul?»e]s]efs ones of the address into the
DBMA register. {DBMA has been reset by a power clear (MPC) or by 0 — DBMA at the end of the
preceding breck cycle.) Decoder 1F13 (Print D-B5-MCB85-0-1, 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 OMDBS GMA, GMB, and MBI memory bus iines and connects the DBMA and DBMB registers
instead, |

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

The current address, in DBMB, is incremented by +1 —~ DBMB, triggered by the memory
READ pulse trailing edge. If a carry is propagated out of DBMBO {1 changes to 0}, the WORD COUNT
OVERFLOW pulse is deiivered to the device intarface, signifying the completion of a block transfer.
The WCOF flip-fiop 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 memoery cycle, the DBMB register content is restored fo

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-OMD85-0-7), 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 fo read this location to obtain the current address for the data transfer. During this
memory cycle DBMA (gated to the GMA lines of the OMDSS {ogic) provides the address. Again, mem-
ory field 0 is forced by gate 1F13 (Print D-B5S-OMDB85-0-1, Sheet 2),

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

During the write portion end of the CA cycle the current address, held in the DBMB register,
is restored to memory. At the end of memory WRITE time, the DBMB —d3— 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 a data transfer to or from the external equipment,
either o memory read or write cycle will be required. The external equipment must specify the direction
"out." Either 2RDRQ or
2WRRQ comes on during CA time, according to the state of the TRANS DIR signal. During the CA time

M DONE pulse, either RD RQ or WR RQ (Print D-BS-OMD8BS-0-7) initiates the next memory cycle.

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

5.7.4.4 BRK Cycle. - The memory cycle initiated ot the end of CA time addresses the location speci-
fied by the content of the DBMA register. In systems with expanded memory, the three ADDR EXT bits
must be provided by the external equipment to select the data field. Decoder 1F15 (Print D-BS-MC8S-
0-1) is encbled during data breaks so that the ADDR EXT bits are decoded to provide the field selection
level.

The dafa transfer takes place as in a single-cycle breck 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 extemal equipment. For input transfers, external data on the
DBO_H lines is loaded into DBMB by DATA —3— 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 data word.

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

the external equipment refurns 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 cycie. 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 Jong as the BREAK REQUEST line is ot ground at the end of
WRITE time.

5.7.4.7 Delayed Processor Requests. = If the PREQ flip-flop is set by the processor during a 3-cycle

T et Nl
I NE ivy LA ENLE

break, the data breck iogic deveiops either iIRDRQ or TWRRQ at the end of BRK time.

pulse triggers RDRQ or WRRQ (Print D-BS-OMDB8S-0-7), accordingly.



5.8 MEMORY EXTENSION BEYOND 8K WORDS (ME8S and MMB8S)

The MC8S memory control logic, housed in the OMDS8S option mounting panel, includes the
basic 4K of memory removed from the 83 processor (field 0) and an additional 4K of memary which
constitutes fieid one. Fieids 2 through 7 are added to the system in pairs through the use of the MESS
memory extensicn 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 OMDSS are bussed to duplicate connectors in the MESS panel, for through-
connection of other ME8S options. The control 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 ail fields
of memory whether they are housed in the OMDB8S or MEBS. Along with these signals are sent the field
select signals generated by the MC85 option. The field select levels are gated locally in each ME8S to
produce directed control signals for the field of memory which has been addressed. The GBMA bus car-
ries memory addresses from either the processor or the DB8S data break logic. Similarly, the GMB lines
carry data from either the processor MB or from the date break DB MB register. The slice amplifiers of
each memory bank drive the BMI and MB PAR(1) busses which return to the OMDSS and are distributed

either to the processor or to the data break.

5.8.1 MESZS Logic

Besides providing mounting ond interconnections for MM8S memary 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 OMDS8S are supplied in one pelarity only (binary 1 is represented by
ground), and the memary cddress decoders require both polarities. The inverters provide the BGMA (0)
and BGMA (1) lines to the memory modules.

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

modules,

5.8.2 MMBS Logic

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

Logic of an even memory field module appears in Print D-BS-MMB85-A-1, and directed timing
gates are shown in Print D-BS-MM85-A~2. The FS EVEN enabling level is hard-wired to the appropriate
field select leve! from MC8S/OMDB8S,
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Figure 5-7 ME8S/MMBS Memory Conirol and Dota Distribution

Memory module wiring and timing gates for odd memory fields are shown in Prints D-85-

MM8S5-B-1 and D-B5S~-MM8S-B-2.

3.9 MATINTENANCE

5.9.1 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 Chapfer 4 are required.
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5.9.2 Maintenance Programs

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

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

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

5.9.3 Memory Alignment and Troubleshooting

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

period is increased from 6.5 to 8.0 ps.

5.9.4 Interfacing External Equipment of DB8S Focility

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 cabie connector
modules, Cobles are not supplied. Coaxial 92-chm 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 Date Breaks. - Single-cycie breaks are used for input dota transfers to the com-

puter, output data transfers from the computer, and memery increment data breaks. None of the active
processor registers are affected by o data break transfer, and processing continues uninterrupted until o
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 oufput dota 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 o 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 contral signals to the data
break facility are shown in Figure 5-10. The input buffer register {IB in Figure 5-10) ho!ds the 12-bit
data word to be wriiten into the computer core memory location specified by the address contained in

the address register (AR in Figure 5-10). Output terminals of these registers are connected to the DB8s
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logic conneciors so that ground potential represents binary 1's. A parity bit is generated for all input
transfers by the DB8S. Since most devices that transfer data through the date break facility are designed
to use either 1-cycle or 3-cycle breaks, but not both, the CYCLE SELECT signal can usually be supplied
from a stable source (such as a ground connection or o -3V clamped load resistor) rather than from o
bistcble 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 flia-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 breok request is made. Nate thot the device interface need supply only static levels to the com-

puter, minimizing the synchronizing logic cireuits necessary in the device interface.
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Data breck requests are sampled by BTl. (The maximum delay before a break request is sam-
pled is 10.4ps.) Within 3.0 ps after BT! an ADDR ACCPT (address occepted) 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 puise. The address—accepted pulse can be used in the device inter~
face to clear the break request flip-flop, increment the contents of the address register, etc. A 0.5 s
delay allows control of the memory fo switch from processor fo data break before a memory request is
generated. There is also a 0.5 ps delay at completion of the break state to allow control of the memory
to return from the data breck to the processor. Due to these 0.5 us delays, the total time for an indivi-
dual break is #.0ps. If the break request is present at every BTI time, successive breaks will occur
every 8 ps {125 KHz). (The 0.5 us 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 oceurring in o 1-cycle output

data break is shown in Figure 5-11. Basic logic circuits for o 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 inpui 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 infarmation. 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 us after BT2A, the con-
tent of the device=specified core memory address is read and available in DBMB. (This word is auto-
matically rewritten at the same address during the last half of the break cycle and is available for pro-
grammed operations when the data break is finished.) Data bit signals (DBO-l 1) are available s static
levels of ground potential for binary 1's and -3V for binary 0's. The DBMB is cleared at BT2A (+1.5 us)
of each break cycle, so the duta word is available in the DBMB for approximately 5.5 ps to be strobed
by the device interface. The data for the last transfer is available in DBMB until the next break.

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

The strobe pulse should be gated by condition signals that occur only during the break cycle of an output
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transfer. Figure 5-13 shows typical logic circuits to effect an output data transfer. |n this example,
the B break signal and an inverted TRANSFER DIRECTION signal are combined in a diode NAND gate to
condition o diode-capacitor-diede gate. A buffered BT2A pulse triggers the DCD gate to produce the
strobe pulse. The BT2A pulse determines the timing of the transfer in this example, since the input of
the output buffer register has DCD gates. Conventional DCD gates require a minimum setup time of

400 ns, which is adequately provided between the time when dota is available in the DBMB and BTZA
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 BTZA time, can trigger strobe pulse generation. By careful design of the input and output gating,
one register can serve as both the input and output buffer register. Most DEC options using the data
break facility have only one data buffer register with appropriate gating to allow it to serve as an out-
put buffer when the TRANSFER DIRECTION signal is af ground potential or as an input buffer when the |
TRANSFER DIRECTION signal is ~3V. ‘

Figure 5-i3  Device Interface for Strobing Output Data

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

specified address is read into the DBMB, is incremented by 1, and is rewritten at the same address
within one B.0 ps cycle. This feature is particularly useful in building a histogram of a series of
measurements, such as in pulse~height analysis applications. For example, in o computer~controfled
experiment that counts the number of times each value of o parameter is measured, o date break can be
requested for each measurement, and the measured value can be used as the core memory address to be
incremented {counted). The signal interface for @ memory increment date breck is similar to an output

transfer data break except that the device interfuce generates an INCREMENT MB signal and does not



generate a strobe pulse (no data transfer oceurs between the DB8S and the device}. Timing of memory
increment operations appecr in Figure 5-14, and an example of the logic circuits used by o device

interface appears in Figure 5-135.
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Figure 5-14  Interface Timing, Memory Increment Data Breaks

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

The device interface logic shown in Figure 5-16 samples the most significont bit of the data
word (GMBO) to determine whether it overflows when incremented. If GMBO changes from the 1 to the
0 state when the data word is incremented, this logic requests a program interrupt to allow the program
to take some appropriate action, such as incrementing a core memory counter for numbers above 4096,

stopping o test to compile the data gathered to the current point in the operation, reinitializing the
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addressing, etc. The logic in the figure uses the select code of o programmed data transfer to skip on
the overflow condition to determine the cause of a program 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
programmed data fransfers to start and stop operation of the device, to initialize registers, etc., and do

not rely on data breck facilities alone to control their operations.
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Figure 5-15 Device [nterface 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 on 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, mognetic tapes,
and fine printers; allowing transfer rates in excess of 40K words per second. The 3-cycle dota break
facility uses many of the gates and transfer paths of the 1~cycle data break system, but this does not
preciude the use of 1-cycle data breck devices. Any combination of 3-cycle and 1-cycle data break

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

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

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

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

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

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

incrementation of the current address word.






APPENDIX
ENGINEERING DRAWINGS

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

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

This last drawing, D=Di-85-0-27, lists all mechanical and electrical drawings for the PDP-8/5 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 sheefs 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 occupying them. Each loca-
tion is further partitioned according to the individual circvits (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, o pulse amplifier is labeled by naming the output pulse; an inverter
or diode gafe is labeled by the output of the net in which it is used. Clamped loads are identified only
by the pins to which they are connected.

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

are shown in the rear panel assembly drawing, D-AD-7005193-0-0,
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- B o T T - Ad [ M LY L W,
BMBG (N 8—4-, ” P owWEgE 1 +3.6 0] 2 e bh . RRE, * o
BM Bo(@="" _E—‘Ep | BRE % { PWR CLEAR—_ M
P P P
BMBT() e | | R | % T BAL 4 mf-?hb TOP 4 . . .
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5 - ! BAC &\ )——
T : 8T, ) £ :
B BE(e) Ele | } $N BAC -g{.n B L
: . BAC & f— ol i .o X .
1 L_' | ¥ $P ' BAC 31— PWR ¢ U U ;
— ; | R I BAC Igb(rh—oi: ’l
RECVR (LY} XMTRIZ ] BACHI(1— < NOTELALL CABLE PINS FJ,L,N,R U :
N ] — ARE GROUNDED ;
¥ # NOTE 3 ) f
DEVICE SELECTOR CODE CAN 'BE -*- MNOTE 3 H
BELECTED BY THE PURCHASER FROM THIS MODULE TAM HAVE EITHER LCCATIEDN i
ThE FOLLOWING PC5SIBILITIES DEPENDING O WwWHICH ©F THESE TWO DL.aOTe )
THE 1/c GABLE HAS BEEN INSERTED. g
RECYR XMTRE CR PoP8 OF §/5 ECMPUTERS WITH OPTIONS ;
Al Xy x2 | LINE STHER THAN TrRE PTEOS, THE G701 MUST BE 1
20 R — INSERTED IN THE 1/0 DEVICE AT TREEKNE OF |
iz a3 ’ : THE 170 CABLES INTHE TABLE BLOT THAT PROVIDES
PODFP-8 e iF i 3 Il BUuS EXTENSION FOR IQP'5.1,1,4
PDPsls | 4 a7 ! 2
11 2 b5 _
P D 8/s oF o4 ! !
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o 8 7 1 6 [ 5 1 4 3 | 2 | 1

Teletype Control D-BS-PTO8-A-1
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A
b Wi O+ 0V
+Lc| éna 10,000
4 10,000
T wFo
a3 0% c
TO—e—Arv " SN0
3.3 W
D2
1 ¢35 [LTY:0
] LE)
IHE23
RIO
Rz i"% < 26,000
560 3
cq 1
+l s.a
= MF [
-l 3w
s R
28l
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%m ris

-

UNLESS OTHERWISE INDICATED:
RESISTORS ARE 174W; 1G%
3.5 RESISTORS ARE |RC BWH OR EGQUIY.

I% RESISTORS ARE MWETAL FILM, LGOFPM/TC I
TRANSISTORS ARE DECZZI9
RIC 13 A #Z73F

2
SEIL

Reference Supply A702-0-1-B

1]

(3= | G

¥R

M

o

=

h 4

LUNMLESY OTHERWISE INDICATED:
DIOQES ARE CGG4

USE THE ETCH BORRD OF TME ROO

Cable Terminator G701
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UNLESS OTHERWISE INJICATED!
RESISTORS ARE 4,700 /4%, 5%
DIODES ARE DET)

CAPACITORS ARE SOMFD 80V GMV
@ INDICATES SPLIT LUGS

# VALUES SHOWN ARE FOR FERROXCUAE

Rt 19 1000 AND RIO IS 27000
FOR Emi

AWP 250 SERIES
FASTON TYPE 6QI45-2

tl

] THERMISTOR
FENWAL  R( %
= KASIJI 390 /AW 5%
TT13
L RiO_ %
)m $1,500
DEG 5w 5
15867
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220
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Q Q o Q
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. . . . ——n
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ey o4 | 4 o4z | 5 p4r| & oes | 4% D48 | 45 DA | 4% a7 | 45 038
y e y o4 ——¢
g ] 3 3 3
D49 30 o6l (7 D53 DS54 035 058
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2 o073 | 4 074 | 2% wrs| 27 076 | zg or7| 23 ore | 3o o7e | 3 080
»y ¢ >y . s ' i ¢
—g— b g ] 3 —— b —j—
oel paz Y1 o34 DBS cee 087 ves
2 oes| 12 nso | & osi | 2 os2 | 55 oea| 21 pes | & pes | 23 Do
>4 e o~ 3 S R b4 '
] —j— ] ] ]
087 o8 bes Do DioI DbI02 I3 0104
- vros| 3 nios| % ooy | moa | % owos | )5 oo | B om | 2 oz
vl s - it el K2 B .
3 —— y b ] ] ——
o3 oHa L cile BiIT olie oils oizo
0 oz | © orez | 37 pizs| 2 preal 2 orzn | E nizg przr T Dizé
— Pt IE —H—ca a ; 4»]-4 " —’1—40 ; ——.{-«o = —H—4n (_["" »d
L B = =]
e crbg 0% ckOE cH Ecuj}ﬁ.—‘, cROZ ¢3OF cudE evok PEQg 0rOg DO DK E oMOE tHOE
co cH < ¥ o = * e oy = * oo DH = oL =
RETUR RETURN RETUR RETURM RETURN RETURN RETURN RETURN
e-7 -8 1623 =31 12-39 40-4 8-55 55-€:

Memory Mounting Board G409
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Diode ROQI-1

Do
Desd
O
i
EC o
DE64
0%
Bl
HO Ll
DBE4
D%
o4
Hle
DEED
DB
LO—
D664
— N
o3
il
M O— |
DEEA
or
P Oo— Ll
DES4
— 3
D2
RO
DE64
=13
T
=330
o O
SU— P
Ceta

Diode RO02-0-1-A
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M exameLe
}oeLz |
- : —0 AlHOV}
Rl % R2 L] R4 } RS R ] AT I
100,000 100, 00D 100,000 100,080 00,000 100,300 1 2 100,000 |
P - P
+ ¥ + 1 +—y 0 {GND)
o L '
1 : 1 [T
i a3 o4 4 0% 4 as & ar i besz |
| ! I
| R AT
1 3 oesz |
1 k
F 20 10— NO—4 LIes ' 1 pia !
-] F] o4 03 ne Il { 0“2:
& r W "wrooi
1 | X oeez 1
: e
DI2 RS o3 RO e "t D13 RIZ e R 1 I 2RiS
Foes: Sigoo Woeesz S7s00 Woese Sisco Woesz %300 pesz 5 HE00 1 ! 1 $hEon |
A H 'I H |
1 I
| 1
: H U !
1 + = —L—0 ai-1sv
I -3v
o 7 inzn L] p21  2RM p2z @ R2D pas oAz | Lopea omzz i '
F oswe 2000 Xosez Sis,000 ¥ pesz 2is.000 ¥ vese ?m,ooo ¥ e 15000 | W oess 2 15,000, LSTRATE_
L1
: | s
[T - I
Koz o7 Dze vey Koo Kosi
9 W g 3 é
UNLESS OTHERWISE INDICATED
REZISTONS ANE 1/4W; 5%
DIGOEY ARE D-864
TRANSISTORS ARE DEC 3633
PRINTED CIRCUIT REV. FOR
DAL BOARLD 15 SIA
!
Inverter R107-0-1-E
. —O a5V
SRI4
Ssoo0
D4 o x 026
LI OEg4 D664 o2F Da2e
o " L
5
03 DEC3E3 O3 pECEG3® D25 DECIENS
DGE4S BE& [+]-1
£ J
O A OV
R7 pis SR <RI
15,600 D 6643 7,500 L8500
5 ov
oz [ }3
0 BEs peee | 015 D7 D24
" T I I be23
cl
ol o3 —
n! B2 ou > Rt . .0
DES4 0ooua| DECIESS  peeq Liopon | DECIESS p22 MFD
R v b
nal
— £ ¢ GND

UNLESS OTHERWISE

RESISTORS ARE 4w, 5%
RIGRES AOF NRRD

INCICATED:

Diode Gate R113
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Ty A 4 1WA
;“h_““‘!l - O GHD
1] | RS '
! 3loo,ouol 3!90.000 |
' | az |
] 6! DEC363% DEC 2539 '
1
i | :
' e !
[ I o3 i
: o-862 :L ¥l ‘L 1
| 1 H N I
' [+ ca ]
| Yooee: . ¥oesz i
I = L}
! | Slaee ;
. Kot l
I oe '
. 05 864 DIo i
| | D=-544 L b—om D-&54 :
| i ___’1 j
: ni 4 . Dxﬂm IRE :
| Simo0e Brsca 7,500
| ", | F1 Y 1
| 2! 1
! . : 3 =0 8- BY
| EXAMPLE DGL Z 1 ]
L - —————— o !
J
UNLESS OTHERWISE INDICATED:
RESISTORS ARE |/4W,; 5%
FRINTED CIRCUIT REY. FOR
DGL BOGARD IS Si4
Diode Gate R111-0-1-E
Rz O3 A & IOWTRD
4,700
u s @ - 15v
1 k] aR4 L RS s
7400 7,500 S 4700 7500
% £, 3 =
og
C-664 D-5E4
PO—————4
)
o o
R o ‘56‘ ENIE05
g o2
oress 4 g“ﬁﬁ‘i
D-G84 -
Rt f f
330
[ T [4 [
£
=L ea
T 2sv
WFD
G.¥ GNC

UNLESS OTHERWISE INDICATED:
RESISTORS ARE /4w, 10%

Schmitt Trigger W501-5
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pa3 LE¥ 645 in‘m%n‘ts D47 Da8 £5Q
E L P W
+ . OA+10V
Ri% Ri&
oes 100,000 1060009 033
fa3 a8 - —OF GND
DEC|3635C.| DEC|®39C i
! o & c3 [ o34 ca ez
° 100 oo - 4 Fo(—"o D642
DY o33 Ly
3 p22 D-esz!!D“ Yo EC I ET P
+—h— P, whes oz, v | Yo
"] il (9]
O L] 6. o, L)
5232“&2? ¢ é ose b o S
D-6E
o2 021 200 HES es |
il . o bl o wose
RI R2 s as ns o /il a1z 5 L] w1y F20
8R00 gls.noo &o? 23300 ga,mo oz %spoo 15,000 %s.ooo g.moo 3&:2&%.:;00 2700 | Mom [ S 15000 & 5000 ¥iolese
* - » + + Oa-15v
" - R2(
i o
051 l nsz 1500
[
UNLESS OTHERWISE INDIGATED:
RESISTORS ARE 1/ W 5%
CAPAGITORS ARE MMED
DIODES ARE 0-664
.
Dual Flip-flop R202-4
4 + 4 QaHOVA)
RA
Al RS RS "7 Jac.000
100,000 100,000 100,000 100,600 b on
o p———0 € GND
o o6 a7
1 -
. s 3
5 ¥ 8
| o
]
WD
e 2] 30 o3
Ri7 Rzi faze ReZ REa
‘?.woé 700 500, ?,500% 700
043 Bay oso D 1,500
D562 0053 FD-e2 -
4 08 -15v
RY i Ri4 [if -] Fig
15,000 onl 3P0 ¥ oaA8000 gl 300, pag ! HE00
D662 ; D66z D662 b-662
o oz o3 E P ok o | *:us 7 %.:s ws joes jom
oL
o 104
K 0 O
HE
z .o UNLESS OTHERWISE INDICATED]
| RESISTORS ARE Lo w: &%
2h o GIODES ARE D-664
Toor TRENSISTORS ARE DEC 3639-0

Binary to Octal Decoder R151-3
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Hov
: ’ ’ < CGND
T TI6 [ T D3z
~ 3, urn 0662 |+cx ! ar XL D662 (4610
N3OS Wpe 4 ZH3508 ozo & oa1 A oh
: R20
{199 BNASAN . (Y bssz |- MFD
VY <4 030
\ Lz 88 N\l Ler Le RN DEEZ
ke [ . b o H
T gan y T 220 ™ oy |
03 T pEB2 |
Bl [ | Ll
T'I ! l T'[ °r pze ;gégz |
2a 2re . Da ¥o! 1 a8 2nze f -'322:,
g 8,000 | 1,000 i
Ta Y LR
Ll

?iﬁonoim 21,000
fihnt

Ll
T ™
L35

RS RIG
LS00 ;I'SOO
&

-
-

[
=
om
a
=
==
a=
a
b ANA—AA N

F
15,000 »—jof ﬁI»

OB -18v
[T} LT Als RIT > R21 >R27
%15.000 15,000 1000 15,000 15,000 1,000

y 21 L CE ’
10 106 c
—| u i Qi KO—nn, L
1 - [ i 1
i 20,000 . 208,
o ety 2w \r2w
oz DS BOURNS OR Dia pal D23 BOURNS OR
DATSTROM DATSTROM
UNLESS OTHERWISE |NDICATED:
AESISTORS ARE /4 W; 5%
CAPACITORS ARE MMFD
DIOCES ARE DEE4
TRANSISTORS ARE DEC3S3S
[------------------'
Delay {one shot) R302-9
08 -15v
2 SRz |4 Ore RS ‘re  jme  gro 2 Jmz  Ioie SR s
2,000 3,000 3000 3,000 2000 3,000
£ 4 x
Oc aNp
s v
4 3
Booh
MFp
1 Joz  Lpa D3 o3 Lais
3000 o0 3000 & 3000
i < 4

UNLESS OTHERWISE INDICATED:
ESISTORS ARE LFd4W, 5%
DIODES ARE D-68&4

Clamped Loads W005-0-1-8
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DA+ AL

L C GND
RS H RI2 s
1,000 ENABLE O 1,000 00000
[ThA 4 or w
PEC DEG
285420} 2894 .20
me | ©19 B2l
- o
/I3
] 2
GRS Bése i 4
| 022 | |o2s T[oes
ce 734
—'% cR "]
f_' 1,000 ™
OR cs
1,200
oEN o Pc?’o]:—- Ho—}|—
2200 I
PBIURNS
A NOJIEIL}}..
o3
ou oI5
T §O 31'@ !
A 2,
1,000
LOEQ—”—
? RE4 RIS 2 Rz0 :
215000 %a.ono 23000 %Im
813V
= INDICATED:
3w 5%
mPQ
E DEC 3639-0
il 1S A M2TSP
Clock R401-8
) Ak 1OV
é = b}
A =GN BN
1
? Iy 0ss
— in-ssz !
D682 D662 e oas 1
8o 1T D-gee |
14 D6 : ote |
l-o—ﬂ——:—-—ﬂ ' T o-ee2 ;
$io0 Iy 0-33
piapoe 1T o-e62 |
) t —oB-15Y
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BRI E
Ri RS | 1800 | |
215,000 H |
| |
¢ ot -1 1
o oS (STRATE
100
D4

UNLESS OTHEAWISE INDICATED:
RESISTORE ARE 174wy 5%
CAFPACITORS ARE MMFD
WODES ARE -804
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Pulse Amplifier R602-0-1-L
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Indicator Driver W050-3

A /pL /PK /PK /PR e
[ ]] -] us 13 I—W 11 SE 27
1] R4 2 nes RE mog Alz Rid o i
1,800 1,800 ? 1,800 1,800 13005 J) 1,300 (!, 1,800 $ I
F J L N n T v
[3 H x W 5 5 $
0—e O o e e
Ri /3 <Ry /Y >3 an 2R13
15,000 15,000 1. 15,000 18,000 18,000 1%,000 £15,000
. 4 —OB -5
UNLESS OTHERWIAE INDICATED:
REEISTCRI ARE I/4W,; (0%
TRANSISTORS ARE DECSSS4D (DECS5343
WAY BE SUBSTITUTED)
E::::TT'TTT;::TT:T

3 33 00AKIAL CABLES WITHN

122" 0 0 GLEEVE

A,
A

e

ED

F O

H

40

i}

K

LG

JF -

HO

JUNCNC

N

PO

L

RO

4

50

TO

U

> Co-hX CABLE

o da

¥

S

Signal Cable Terminator WO11
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F o L 4
cs 1 .
. — 730
L 172w 5%
B O Wy -3 8
c2
L Rz
r-...oplo LN
N 1w; 5%
L O RELAY -
o [
I MFD, 130V
f X1 =
3
Lo —— A o3
]
1,000
~-_8'| |M'w; %
Ho Twro -
cs
]l
Turn
LK {IRELAY +

[

P R

Teletype Connector W070-2

+iow
TAB c
O BND
R4
él0,000
!kms
020 " as
108,000 190,800
L
L
be o bl DI2 oI g LT DHg
p——O K —OL 0 M
Ay
20,000
RIG ] L1
15, 000 16,000 14, G
UMLESS QTHERWISE INDICATED: -

RESISTORS ARE 174W; 10%
TRANSISTORS ARE DEZ 22194
DIODES ARE DE&4
CAPACITORY ARE 6.8 MFQ
35V TANTALUM

TAHS ARE AMP 250 SERIES
FASTON TYPE 60145-2
HI1T A ¥ZTIC

Power Monitor W506-0-1-A
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OAk+ 10V (A}

oes-v

DAB - 1BV
RI3 § IR28  qR2N R33 5 R34 SRI?
S 30005 1 g 10,000 :%amufg $3,000
0%
ca W 082 [
-
p 3o o83
Day w naz
uk 0482 o7 a3
=Lt K%
21 Ll
pan osa
D-82
¢ *‘ 1@)
QO
AN AP AN
O BD
-] 3 »
A2 SrIg R28 ¢ R27 oH 31
18,0 S3,000516,0 100005 3000 >3,000
. =,
o4
A23¥
D36 +7
4 lo% 09
D-062 1 D: ==.
p2e Qs MFD
AD ) all
AF
—-— OAC,BC GND

UMLESS OTHEAWISE (NDICATED:
TRANSISTONS ARE DEC 3629
REBIITORS ARE (/& W, B™:
CAPACITORS ARE MMFD
DIODER ARE D-584

Device Selector W103-3



ap BH BL
D46 ; 1.1 D64
ap O
F*bﬂ
BRO
}043 '_*nse
L
[:1:1e
F*MH
BTO-
AC,BC
CGND

BUC

9C-v

3l

81 g

B%

7,300 7,500
3% 5%

qle

£15 \

* -O-15%

-
=0V

(2111

UNLESS OTHERWISE [NCIGATED:
RESISTORS ARE I/4W,IC%

RESISTORS ARE 150

Ww RESISTORS ARE Z.0W) 1% QR 3.0W, %
CAPAGITORS ARE 330 MMFD 3%

DIODES ARE DGE#

TRANSISTORS ARE DEC €534C (DECSA3Z4R

MAY BE SUBBTITUTED}

3 =I5V
&B

I:T::TTIT:TTTTT:TTT

Decoding Driver W108-0-1-A



A
< +lov
LR“ RIS
qii\’:"‘CFG i.i‘;‘s
c7 ca N y
58 MMFD 5E MMFD F/
% %
G
* HGND
Lma Ems
108 159
L4
L. L
o8 Qe
DEC DES
u EVT TR T T
RIS ol
K WAL F—e PO—e bR
NF
Rt Ri4 RIT R20 > R23
1,000 2,000 3,000 1,000 1,000
MF MF MF
B
D-15%
UNLESS OTHERWISE INDIGATED!
RESISTORS ARE I/4W; 5%
MF RESISTORS ARE L/BW, 1% METAL FILM T
CAPACITORS ARE 3.9 MFD 10% 10Y
TRANSISTOAS ARE DECES34C [DECES34B MAY BE SUBSTITUTEDN
' aps
Difference Amplifier W532-0-1-A
—0 A +IQY
R2 RE
5 -3
E1 L.} ]
i
DEG3715
MOUKTED (M
WAKEFIELD HEAT SINK
732 o8O0 Ta
I
1r+‘n_ €l OV +3.8v
NON ]

UNLESS OTHERWISE INDICATED:
RE: B RS ANE WARD LEGNARD SXME

A=57

< C GND

+ 3.6V Power Supply W705-0-1



RS b =
fs 23000 &3 D5 D6 Ra4 aL
FLAG STROBE 2,700 37 96 12| @ EiE §59,000 READER
AH A L READER RUN 7 5
+3.6Y ' ! K & 4 g E9 15y Ru
% ] i —
SELECT ) | +3,6vj)3 Ye il oiz
AL ‘o é é = F
¥ 03 &
SELECT
AW g K WTTive oF '
Dz EIg TRENS (OFF) L STROBED
= FLAG
POWER CLEAR 1 e 3 t!)ﬂ i ol TRUT
BY ] '
) \
+3.6V 19 5 'B E15 b 10| Ceninie’ [
O ! {NTERRUPT | =
K J ] =
READ RS A U5 06 OF
STROBE 2,700 12 3 = (f?
BT
RZ
CLEAR n? 3,000 R38 R
FLnG 3,000 39
7 5 i3 2,700 AE
AD —= s | EIS b - —
12 +3.6v EMABLE R 1.
!M Q10
sf o] ? ERT ©
10 Lf;'uﬁn i
N J T K
J ¢ X 3002 )1 CLEAR
+3. \,j FLAG
5 06 7 36 ijnenmr
= IN PLACE
LY |*"I* MEMSFDD H
*Y Y
l.z'nf 11.5, 2 12 bc EI0>2 PRESET 3_53
14 _T_ 3 €
] RIT
= 5 2,700
El® A 13.6¥
./
12 T3 2 M 3 h'2
] ES EIS -
&ia 3 e 3
o Ezo 1],
ACTIVE
K € J
[&T] a Ll T 1
+g G Q3
6V L /—:I ] OSPIKE' o
7 a )
s E)g KDE‘I'ECTDJR
El9 \
(5 7 6 J5
2 =
¥ = +3.6V
d ele ¥ b
13 SHIFT
2 LINE
13
TWICE | TEIGHT
BALD § ganun
as 2
g Ea'f "e
+3, []
3.6v K & 4
| | AN T
RS 3,000
ENASLE 2.700 ¢ = — Ll »]:] L R24 BITS
BN —> VAT a €7 f 0 15,000 BE
BITS =
K o€ 4 -5y
7 e s
s . Q3
p—1—o~ -8 = |,
5%8 578, (]
3
QB JQ_ = R22
o EB | | 15,000 BY
BIT? y
K € 4 —15v
76 U5
568! 568,
514 13
C E& 1 |,
TELETYFE 1,500 8ITE ¢
SER|AL K C -
IDLE=3) \/DLE=GND L Ta 3

UNLESS QTHERWISE IKDICATED: T 5

RESISTORS ARE 1/4W, 5% — .
QIOLES ARE DEGA = UV
TRANSISTORS ARE DECE534D 14
PIN 4 ON EAGH IC =GND

FIN [ ON EACH IC = +5v

£S5, E6, E7, E8, EN2, EI3,EI6,E20 & _1sv
E2I ARE MCT9OP

E), E2,EI1,E14,Ef7 B €19 ARE MCTESP

€3, E4, ES, EI5 B EI9 ARE WCT24P

EIQ IS MCT99P ]----.._----_-____-]

Aaum o o # wx o 4T e woo =2

R18
15,000 AL BY

A-58

Teletype Receiver W706-0-1-C



12
RIL P
FLAG STRUBE 2,200 1000 2 3 13 2
Av > ANA— 3k
- b + 3.6V riG \ | FOSITIVE
NEG. FLAG) FLAG STROBE
R9 3,000 TROSE 1
CLEAR FLAG 2,700 STROSI —
1 ! o 8 Y v
wu +3.BY M 12
RB ——(]
pz o3 R 3,000
% SELECT LS00 ] 7 '3
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WUNLESS DTHERWISE INDICATELD
RESISTORS ARE 1/4W, 5%
TRANSISTORS ARE DECEBZ4E
2I0DES ARE De64

IC'S ARE MOTOROLA 700 SERIES PLASTIC 0F TO 70¢C

El 15 MCTI8P DUAL POWER BUFFER

E3, E4, E5, E6, ET, EB, £E9 B EI? ARE MCTSOP DUAL J-K FLIF-FLOP
E2, ENQ, £, E{2 B E14 ARE MCT24F GQUAD INPUT GATE

Ei5, E16, EI7, Ef8 & E19 ARE MCTESP MEX INVERTER
THERE 1S NO CONMECTION TO +3.6 SUPPLY VOLTAGE ON EZ

PIN 4 ON ZACH G = GND
PIN {1 ON EACH IC = + 3.6V
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|
DI 4 | y oz
205PA8Y | B-s64
i
READER SWITCH (L2 B 8OL) O ! A £ - 1EY
| | R
120
1AW
0%

NOTE

K1 - WHEELOCK RELAY 3002 - (BI-12VDC
WITH NO QUTEA SHIELD

Teletype Reader Control 4915

T

DEC
T-41813 RED

CINCH JONES
NQ. 141 . ' a2
INA I
TERMINAL STR = 180,000 MFD
-‘I FavDC

YEL

Al
12,0
23w

IEY AC

LT}

Gk
= 160,000 MFD
20VDE

[ IR1}

NOTE:
tH ORDER TG KEEP OUTPUT VOLTAGE WITHIN
THE FOLLOWING LIMITS:
+10v: 3.5 TO Y
15V =148 TO =l ¥
THE LOADING SHOULD BE WITHIN THE FOLLOWITHS LIMITS!

BOTH MBES | +19v & TQ 2.0 ANMPS
LOADED ~15¥ 1O TO B0 AMPS
ONE SIDE 0y O T 7.0 AMPE
LOADED =15V 10 T0 0.5 ANPS

SUM CF THE QUTPUT CURRENTS ARE LINITED BY
THE EQUATION: ¥ {llls £53

¥ HEYMAN MFG. CO. TAD TERMINALS

Power Supply 728
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3,000 1500 !
* Sou ;
—OB-I5Y

UNLESS QTHERWISE INDICATED:
RESISTORS ARE 1/9W, 10%
CAPACITORE ARE MMFD
DIODES ARE D-6£4
TRENSISTORS ARE DEC 383590

Pulse Amplifier S603
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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-

H H PR R T e o P el L el . - [ a . N
‘v'idi.iﬁ! Sigi‘iﬁ! names, and fua cuuh GIives its i aining q id the nymper or rne druwmg on wnicn It originafes,

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

R g i H 1 H ! 'y Vons mnam oo iom 5
F IS g general gnorey nOAmes gre INCIYAed Degguse These are G{v‘vﬁ'}!a maas up
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of standard terms; and no generating conditions are given for logical functions as these are listed in the

flow charts. An asterisk indicates that the signal is o pulse,

*A 11 Bit time pulses AOO-A13
AC 20 Accumulator
*ACSH 20 AC shift
Al 13 Autoindex flip-flop
AND 16 Logical AND
*AST 15 Auto restart
B Buffered
BAC 20 Buffered AC
BMB 9 Buffered MB
BT 11 Bit time
C 14 Carry output of adder
CA 14 Carry flip-flop
*CAC 20,17 Clear AC
CFF 15 Clock flip-flop
*CL 10 Clear link
*CLR AC 5,17 Clear AC from I/0 channel
*CLK H Clock {processor)
CLL 16 Clear link
CLR Clear
CMA 16 Complement AC
*CMB 9 Cleor MB
CML 16 Complement link
CONS 15 Confinue key
*CP 15 Continuve pulse
DC 15 Deposit (word time)
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DCA 16 Deposit and clear

DEPS 15 Deposit key
*DP 15 Deposit pulse
*DPA 15 Deposit pulse delayed
*EP 15 Examine pulse
*EPA 5 Examine pulse delayed
EX 15 Examine {word time}
EXS 15 Examine key
FR 17 Inhibit interrupt during memory field change**
IAC 16 Increment AC
IC 5 Input collector (from bus)
INCPC 13 Increment PC
INCR 13 Increment
INH 18,22 Inhibit level, memory control to core logic
INS 17 Interrupt synchronizer
INT 5,17 Interrupt from 1/C channel
O 17 In-out
1/0 17 In-out
*| /O CLEAR 17 Clear in-out equipment (to bus)
IOF 17 Interrupt off
ION 17 Inferrupt on
*|OP 17 In-out pulse (to bus)
*1OSKP 17 In~out skip (from bus)
*|OSKS 17 in-out SKP set
10T 18 In-out transfer
R 16 Instruction register
*IR CLR 16 R clear
ISZ 16 Increment and skip on zero
JMP 16 Jump
JMS 16 Jump to subroutine
L 20 Link
LAS 15 Load address key
LD 15 Load {word time}

*¥Used only with OMD8S



*LP 5 Load pulse
*LPA i5 Load puise deiayed
LPC 17 Low power condition
*LSH 10 Link shift
MA 12 Memory address
MAB 12 MA buffered
*MASH 12 MA shift
MB g Memory
*MBSH 9 MB shift
*MEM 4,23 Memory output pulses to MB and PB
MEMGO 18,22 Level that turns on memory clock
*MPC 17 Memory power clear
*MR 13 Memory request
OP 16 Operate
OP1 16 Operate group |
QP2 16 Operate group 2
PIR 16 Operate
PB 9 Parity bit
PC 19 Program counter
*PCP 15 Power clear pulse
*PCSH 19 PC shift
PE 9 Parity error
PESEL 17 PE select {IOT)
*PE SET 9 Pulse that sets PE if PT and PB differ
PG 9 Parity generator
PGZ 12 Page zero
PR 17 Program interrupt request flip-flop
PISEL 17 Program interrupt setect (IOT)
*PPC 17 Processor power clear
PSM Teletype print selector magnet
PT 9 Parity test
RCLE Teletype receiver clock engbie
*RCLO Teletype receiver clock
RD Read
READ 18,22 Read fevel, memory control to core logic



RIAC 20 Readin AC

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



WTE
WTE
WTI
WTINCPC
WTINCR
“WT MEM C/W
*WT MEM R/W
WTRD
WTS
WTWR
WTX
zl

Word fime end

Word time fetch

Word time index

Increment PC

fncrement

Start clear-write cycie (to memory)
Start read-write cycle (to memory)
Word fime needs 1o 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 OMD8S, MC8S, DB8S, ME8S, AND MM8S OPTIONS

C.1 DRAWINGS

This appendix contains reduced copies of logic diagrams, flow charts, and module utiliza-
jons. The drawings tha
apply 1o the standard production PDP-8/5. During actual maintenance, use the current prints supplied
with the equipment.

Other engineering drawings (ussembly 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
OMmDBS A=-ML-OMDBS-0
MBS A-ML-MC8S-0
DB8S A-ML-DB8S-0
ME8S A-ML-ME8S-0

Schematics and Flow Diagrams

Drawing No. Title Rev. Page

Interconnecting Gabling C-5

OMDBS Option

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

D-1C-OMD8S-0-3 DB8S, MC8S 1/ 0O Connectors A c-11
D-BS-OMD8S-0-4 OMDBS Conn and Logic in 85 {2 sheets) C C-13
D-BS-OMDBS-0-5 Memory Field c-17
D-BS-OMD85-0-6 OMDES MA Gating A C-1¢
D-BS-OMD85-0-7 OMDES MB Gating A C-21
D-BS-OMD8S-0-8 Instaliation Procedure B C=-23

MC8S Option

D-BS-M(C85-0-1 Extended Memory Control (MC8S) (3 sheets) B C-25
D-BS-MC85-0-2 Memory Field T (MC8S) C-31
D-B5-MCB5-0-4 Flow Diagram (MC85S) C-33
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D88S Option

D-BS-DB8S-0-1 Control (DB8S}) (2 sheets) B C-35
D-BS-DB8S-0-2 MA and MB  Register (DB8S) C-39
D-TD-DB8S-0-3 DB8S Timing Diagram C-41
D-BS5-DBBS-0-5 GMA and GMB Gating C-43
D-FD-DB85-0-6 Flow Diagram DB8S C-45
ME8S Option
D-B5-MESS-0-1 Control Logic (MESS} C-47
D-1C-MEBS-0-2 Interface Cables (ME8S) C-49
D-MU-ME85-0-3 Module Utilization C-5i
MM8S Option
D-BS-MMB5-A-I1 Memory Field Even (MMBS) C-53
D-BS-MM8S-B-1 Memory Field Odd (MMB8S) C-35
D-BS-MMB85-A-2 Control Logic (MM8S) Cc-57
D-BS-MMBS-B-2 Control Logic {MMBS) C-59
Circuit Schematics
B-C5-B130 C-61
B-CS~-R123-0-1 Diode Gate RI23 8 C-61
B-CS-R203 Triple Flip-Flop R203 C C-62
B-CS-R205 Dual Flip-Flop R205 E C-62
B-C5-R&603 C-63
B-CS-W002-0-1 Clamp Loads W002 B C-63
B-CS-wW018-0-1 Indicater Connector A C-64
B~CS-W021 Signal Ceble Connector A C-64
B-CS-W533-0-1 Rectifying Slicer B C-65
B-CS-Wa40 C=65

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

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

C.2 MODULE UTILIZATION

When an OMDSS Assembly is interconnected with the PDP-8/5, certain modules are
removed from the PDP-8/5 and either relocated within the PDP-8/5 or installed in the OMD8S assembly.
This medule rearrangement is shown in Drawing No. C-5P-OMD-~0-8. In addition, the standard 4K

C-2



memory module (memory field 0) is removed from the PDP-8/S and installed in the OMDBSS assembly.

Retocation of the memory module is required whenever an OMD8S assembly is used, whether or not the
memory is to be expanded. The resulting module utilization within the OMD8S assembly for any com-
bination of options is shown in Drawing No. D-MU~-OMD85-0-1. Circuit schematics of module types

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

C.3 GLOSSARY

A glossary of signal names for this group of options appears at the end of this appendix.

C-3






STRGBE , ENABLE

1
|
| WoRt W21 WOzt | W2 | WOt P wo2e
= = = " - - - ] - I T T T T —
| 1239 woz1 | tat L HJ jl
i S R 142 lus | 196 193 E _— 149 1 wozt
: J - | i DMC -8 _
| 16833 J | ‘ | Rﬁ"ngr—lllu-r =a —
[ N BT oL I0Pi.2,6 wo21 1 1a2 i 1.3 CYCLE SEL,| 1410 | woz!
| BTi,BT2A. 6 PWR CLR | [ | WORD COUNT VERFLOW
! |
. ] ! i SEME -1 1a17 | wong
! 1738 | . W02t {145 i | | GREAK REQ'B. BB FARITY . oam sReax
| MO-B ‘ DEVICE
| ) 4‘ - | oass 1A7 | woes INTERTACE
o b ! , Us 0. !
! 1Esm | IM S-11,5KiP, 1T, #021 11485 | | gn 3:1 ] —
i E a |
: 10 €L/, BRUN, SPAR, GPAR, LCIF 3 B, AEQ TRANS OIR IN, - om s,
; ACCERTED, INCREMENT Mg
| ] [ | -
1240 | wozt | 1a3 '
ADDR EXT @,1,2 "AT T wozt
: ] BMB 5.5 E__I_] [ [ ] DATA FIELD_G,T.ﬁe [_"}
: i | ! [
I ! i
' i7ao | woz L 1aa _ ' ! ! ‘ |
| BMB §-11 ( : | 4 ’ |
: 1 ' ’ I
| — T U B I
PGR-8/% ! i —[ r————————
| 3 | VTXIUMP +UMS?, SOF 0-2 wozt | iz
|' [ ) SIF0-2.0C4{B), BTO0 ] MCss '[
i —
| 1e3 ) 14154 L R,T, W, WTX, woz 1| 186 S worr | aos 6es | oo won [a0s s
| [:—\[ WTB-A00, CLR, LD, WTS G ] V[ T T iemens M 1
1F31 WAS. RDS, RSF [O7, A1 1 wozt | 185 i e Lwozs  wars | 206 005 | ozt won | 06 Doe |
|| AlZ WTD,WTF, JMP + iMS [ {:l L. oMe st - I'e
| OM38S | i
| 1728 1_\ wozt | 1 i L] fwozr  won | 01 st wozt wont Laot vo |
BM4 O-8 a . '
I [ _ JGMAO-8 | _
)
| T
1F30 WOzt ' 182 [ ol | PR ' f A0 OhAL
| BMAS-11 . B Oos GMA 814 2 Twozt worrtaoz ooz lwont wore laoe o e ONAL
i [} . {__ MBI G-5 |I } [ ] ] l | UNITS
_ |
| 3z | SMB §.11 waat a3 :‘%}' - D s fwoat worrlaos  poa lwozt  wots laoz ooz |
| MPS,IFZ, A13 , 1A15F [ :I _ VB PARG PAR (1) | ]
|
; sz | MPC. MEMORY, DONE., wazt | 15a ' | | | | [
| RD RQ, WR RO, F DONE [
| I —— 1ha | wozr WOl |AO4 D04 |w021 wonn | wa  ooal
FS2-5
. ) Iy
J READ ,WRITE , INHIBIT, |
|
L

——

L _wess |

L Mees |

Memory Expansion and Data Breck
Interconnecting Cables

C-5



|
8 | 7 ] 6 | 5 | 4 3 | 2 | ]
' 5 13,14 i & 17 18,19 ,20,21 22,25 ,24,25,26,27,28,29 (30,3 ,32,33,34 35 36 37,38 3% 40 .4i 42,43 44
[T 1 [RIT2 [Rii3 | Wes Z | R173 | Woo7 ;w532 | we3z | w537 | ws3z | ¥537 |wsaz | Geds GEAY | YIER — .
- FBE EBEIEIEIEIEE - - -
P " IF | we1 | mcor GMB | GMB
| T ] - [} By | BEDD
! 1
i i + 2w | : : + . D
LA ' 2 Iﬁ Iy L : seuss : hugyail eI 1HY !
Cwry | JP BEG K 4 DEF | iR IMD g ! ¥ o Pan
o |i.2,4 3(p) . 6L8) —u wBl | B0 | wer | wBl | wBI o owei ¥ - ! : .
!-L\\: | BT 0 ) ! é o | - M a1 T a2 T oaa Tey Tee Tian 8 INH | REM : =
: ! [ L4 T TR TR T T g 21 | 1 i :
5(8) | 8@ . :
3T 24 e @B L WITE ! i I
3 PR OCh | WRITE ‘ - 1 i i ;
GiR 8 IND i ] : i i :
R INH '
i ﬂiln =ll Bl . : 5 Rlz':l ! :
| i LLE WEMDRY ITE i ! : !
¥OZ1 | WRZL wgz) | WHA1 | #PT1 | | weo% | mols | wePs | Remb W33 | WheT | Woas | €533 | w5a3 | Woas | ¥had "7 STACE 1 ; J ; H
: : ¥* | ® | * @ * - & * | * | * =+ | e W1 ] : : : . !
READ | WRS : : . : . :
BiiA (WRITE | RDS | WIB : | : : SEWSE WHHIBIT : i i | ; ; . ;
e TR AT men, :' i aaii : O e T T T : WE : i i : ; ‘ !
_ e ! : ; . : g ! !
e ¢ s STROBE| iz | BB Vg By e AR o Bt G+ A - 4 | B | B {18 | eeri B 8 ! \ _ ; i , \
P nin : : . i . : . . | i :
H EWABLE| RSF Lo H ; i | . | ! | : i | . .
! ; ADDR & g1 | | ! ! ! ! ! ! ! ! ! !
; Cwe | awe & bl J ; : ; ;
IB: WE : WS | IND ACLRT| [ ! [ . { | I i i | ' 13
. : MENW . ! ! : H
C i i I ogne | owre ntz i i I i I ! ! na' e : i i i i i C
n A oewA  oewx | TMEY g | et MBI We. | MBI i B PAR : i : !
LIS - Jo s v ™| psia Do {osun | osuA | oayA DBk, OB ! : g 8 g ub B PAR ! ; : :
ir2 e oeokel 1ot bR i i . : !
] IND i ! ! : i ! !
413 i | : ; i | |
| Fg LWD . : ; . . ! R
| 2,3, 4, e, 7 2] 10 1l 2 ('3, 14 15 1§ I7 18,19 ,20.21 22,23 24|25 26,27 268 ,29{30|31 32 ,33.34,35,36,37,38,39 (40 41,42 43,44
"RE@s | wead | @87 | WepZ T PLEY ! Wegy | ey [weps | RiZ3 | RiZ3 | Wizs | RfZ3 | RI9T |WIBY ' RT3 | W3 [ Ri73 | ®123 [RiT1 | REP2 RIN( { ATAZ ' ¥igp | WigH i ; W198 | wim i H :
* T x * * el & | & & % | % % ]|® & & - . i I i
! i RBS | BRE(1) BRK(Y) T GNA | Gua ] i i
Be| B B - 1 1 L i _OEZ T FRY | N _ a HRCIRERRILEY 5"'51 B{i” i | | I
SHE SME SME GML GHA ik | GMA [ BMA | GHA T ¢ 18 L [ i . : |
A wwh |+ 1| 88y B8 | 6 8w | win ]l Tin_ PUENPS IS N TR T PR 5 3 | 20 | | 1
- - 4 4 i 4 L T L il L i | | . , i ;
T * . ! -+ -t' —l | T TRins Mrt | ! ! | | | 1 | ! | ! 1
. ;o e ! N I S 'R0 W BT g | I ! o [ew 0o | P
' ; [ . ) iy ' : : u . ! . ! !
IC [ ] F——t—~——"——— Rp R0 OBM8 Rl T o Il R OF 8 1B -2 AT Ry LY : SRR . . . . IC
. o N - T O o R A -
N SR SN g ' . N N SN ST oo, L e —_— Calgr . S0 : : REICPREIL T i \ ; : ; :
Py g5 . o8 I : S8F B(BY | 11(6)] 11(8) = B(1)- It 2 oF o | WS ! ! ; : : R : ! : ' ; :
+ RO RG RO AL MR RO: . i ! EN ' g2 . NR RO ¢ M NRTTE ' WRITE * i . i . «:?u Rr..]\u | i H
! . - . [ - = — . '
B ! ! : I e Rl aTml  — & L4 44 - - 4 BAK(A) _uy L ; F | o ! | i ; i | |
[ : : : : . ! ! Gma lie1 | | : - REF | READ | READ | - g |WRITE pWTE ! I i i I
: : ; : | | BtC (1) LI : i ; . H ;
————————————t i — .
“Hizg . mia@ i3 | BRI, BV30. BIGH, F6gI  Ref3 | A1 ABAZ | RAAt . Wi | Rypl | m AZ7 | RZ§3 . MZP3  R3P3. 2@ REpR | STALK . [ : ’ [ [
I I : * | X * | * ¥ [ %] e o o o (FTALTY L VATRIX ! l : i 1 1 i .
: ! . : RD RO P fu By . : . : ! ’ ! !
! | ¢IE : ; ! i ' ! :
DSWE  OBMB  DBWE  DBNS : FARITY PARITY gyg  gpg : = seeer 13 : i ' ! : i
‘ Bnitd) 3-50M) B-BLRYE-11(3) . | VRI R i O L = ; . _ | | i | B
! ' =1 = - i i BRE : - - [ — - - ' ! ' ! J !
j 3 [ ; I
i ; : . | i:;ua_.!_ - | | i ; l i : . . ; i ‘ .
L. . - L+l s 1B . SFOF ! : . ' i 0
I D-. ' , Lo 06 g2  gi B2 5 92 ! i | =
i i . pr=——— - i i | i ! i
I T S S St S I T R R AR i S N L L Lo
| C . . ' . . . . . . 1 i 1 - '
35vd  NBWB  GRWE | JBWS Ao RO : | !
B2i17 3517 B-BL1J9-11{1) S 1 R RO g ' REAp | OSOF MG BRK : ! : ' : . I
) , ! ; , ; . +|_..i =08 o ’_‘ . ; i i i i ; i , \ . i | i , ,
: i H ! ' ' | | i | | i H | i | | i
: ; nBMB oaws ° X ; . , ' L || i ;
NOTE:
> UsES ONLY
# CESS OHLY A
ND SYMBUL INDICATES MODULE
BEING USED ON BOTH,
4 USED ONLY WHEN MCES AND
CEAY ARE USED TOGETHEFR
8 7 & 5 1 4 3 } 2 | 1

D-MU-QOMDBS-0-1 Module Utilization
(OMDB8S) (Sheet 1)

C-7



' ] ] i
; | . | ; ;
3 : 7 i & i 5 ,l, 4 | 3 J 2 f 1
- .5, & T8 .8 MO0 12 43 &S 106 1T I8, 19,20, 21 (22,23 (24,25 26,27 |26 29 (30,3 | 32 35,34 ,30,3c 37 38,39 ,40 41 42 43,44,
5 HZ9T | RS | Psgd | oMY WGA  weP3 | FGE) | HG@Y | RG@3 . A1E2 | A3@Z | AIPT | RIBT Wedz | Weaz | #5927 [Wedw {9537 | Gops L pee e | wiis |
#* 0 W - - - ¥ * | % - : e -» 1 . A
: . R o L LS wieur gm, |
! i ! H ! '
. i ! i , i ! | e us ; i |4
UBMB i DBMA | DBWs © DBMA | OBMG . 0BUE | I | | DMk | DBNE Bagl ! : nT1y 1Ti1s i D
P Bi i B4 Rt i 4 i ; SRV SENSE ) ; R A H i i : i
—'——'———. d i ! L . ! i !
| | : i T— R MBI ual NEI ') : NE i :ﬂ i G[:‘;H' H E i
i : . H : | 1 i ! H !
- ) ; : | Dene | DRNE ' DBMR C DEME | oo o | WP g | pe | g8 | 8 ag | 1 : i | i P
= ! iH | #558 en : : i ! . INH  REED . . ; ! : P
! ! ; GBuL : OYREL @ | o loes ! s | ! g5 28 , 8 i ! . i I | |
_ . - [ R S I : . I : : : !
DBME |, DBME | CBWE i 03UE o ) ] | : | : : WRITE i : ; ;
o 15 al ; : i ! : ! i : P | { ' i : .
| ! ' LoNE | L | ! i i i - | ! ' i i !
| | i ‘M DONE 1 |- - =T | i ! : [ I ! : i I | i
i i i . | POBRA  opgy . i : i . i ; H : [ : ' : : R .
— | | | ! | | i i . | : ' ; : | ! i | WEWORY : ; ! : | , : N
UPRRE | 95Q7  ®eB: | RoR [ PP(Y  Wegy  PLed  RIE) TRfEr  RLET VRIEL | RIS [ RINF (o (RIED RIS1 : @151 _ w533 #5633 - T wsag T £33 ! 533 1 stack o : i ; b ] ' 1 J
- * | » * o # i RN - N - - -» : ; . WFE : . : ; ; :
i . bRy svp P PRO KD QiR T SIF L DEF WIF ; Lesp o EFR : ; i i : : : |
H Rl DSIF prp U . e : M8 R : ' : i |
! * +1- 'E*[”' ©OSCOF Tione | owrx ' : : ' SENSE NHIBIT- i : ! : ! !
; . S - - — L - + il : : : :
; . GUB . ! : : . . :
; : Soma BENE gy LCOF ' LRWF} | 1¥5) S B RS PART e ! : " . ! ! [ |
: : E— s o ! R s g VBl W3 el MBI Wl Al ; : ) |
' |': ] CaF e | R [i:] BVE T I — ME g ' = — - - - - § o pof | =
vl . R . i . . )
S _ M _ ; B 1 s LB 23 e §T e 411 by i ' ! ! It
i i . . i L 1 : ’ ) i . i i : : ;
? : ; ; Lo ST sy tRWoR o — WP T ' : o ;w8 . i : i C
. . [T . - .- {1ue g P oREC . PAR P e ! !
I i B3 gy 8 ! : .
6 aBg | oant e ) i ! . : ; d . : ; : . i I
SEE JLOPARJYE X owE BRE:T) LDGF - FSE : ! : . i i
; s i : ! ! |
- — - . e . !
o 2 3 4.5 & 7.8.9.10 i 12, :3.,14..5. 6 |7.18 .19 20 21 2z 23 2425726 27 28.29:30 3 .32 .33 34.35 65,3738 32,40 4| .42,43.44, r
Y I T 7R 7 R TR R F SN £ | CE [ F177 0 @33 WeEL iz weR- ' oTpz  ppge | B3 4gi o (I S Ve vife ' e ! : '
! . * | o | : ; i : ' * | ' 1 ! i ! ' i - ! i T ] i | ! .
' . . RERS ML - ' 2 i
—_— : Eh | ! ! AT DB CREAD D @ | Gun - GHA ] ! ! | ! e W | | ! | I | i :
W - — - — - G PRA d ' Bolr 11CH) L ! I BAY 1 1 I
. : S IR T MR e puEy i : :
G¥A GVA ME  INEIZIT, GWE aMA EM? e e, e . KRITE “<ar \ ,.* ! : *' AR | I :
20 081 6§ TS T T PR ST e e O _ E a | . LIS ; :
; . igrosel . N T ) i i i ! i » 5 | i s | s | f ' ; ' ; i : !
: i : : . | I | pp— ! LELIN T ! A i : | i
T " S TEITIR : I ! : TyCLE ' PRTE : B : : - doane : : : ! -
o 1= D IR A o L2 e Ty T CRELED: ¥ o | : . . Voo . : . . : : . i
: g g : [ TR YT N R ' L B 11 R ) i - i ! L1 TR EE T ! | ' : ' | ! ST
: . for - . ETEERE S PR PR A PR = p ~ '. . i . .
wew | - - T - - i B : i : WRITEWRITE : : : AEAT | qEAD : : : : | : i
: ; : —_ — : DB P REC : R R T : i g g . i : , i : !
i i . fie [ I — ; \ i . L i ) ; :
i Deer orse | : I A i TLRMF —WARITY | : i | OREAD | READ | i | | write| arite | i ; i
| ; ; . : | | DB s | :':2 . a:g ) ) T | ; . ] | | .
L . . . | . ! % U ouEmgRY . ¥ ; !
— — —
WAZ| | W0Z:  WAel | WEZ1 | WBZ!  BZ1 A2l - Wzl | Wig:  Rizd  PIZi . WGAR | Riil.L A@Z ' MU\ | RIl3 ; RERD ] 1 STHCK i i ,
I E— > -> - | * - — * | - T WATRIZ i WFa ! WATR (X j
aar - RuiB I | | I ! i '
! s B %1 " ] 1 CORGF, ____ (REAC 1 ! | ) ! | i
i e Y : L. _ _ _i ROF L #0F .. _ SCOF | : | ! 1 ;
i T I gl 111) : . . . — ———5Th08E ' | | ' | B
! . . H H H i .
Taas or Coous | ewe W skp I D | iwRITE ] I ! i ]
B0 1024 By BB ws s - — | — | ————— : 1 : ! : i ' : '
S i LU TRt _ ; . ; ; - ;
1 B * i | B B o . | LMRF . i l ; I H : ! . i
nE A CLE ] ——— 0 R.F |eRIF = I : . ! ' ' :
I R 1 AL a:sa] oo : LI \ : i : ; ! ; i ! : P
| . : : ) ; it . : : . : : . . | L
L B N 1 PR L A T ll — | l i . i [ i | i i ; | | | I | i | | i | I "
iy LLA Saed oo P | o EREY IR N VI . i A ' . . . . | | - ' ' ' ' ' ' . ' 1 |
i | PP AEn ' - : ' - ‘ i [ [ ; | . | | |
' ! LA i - —————— R B B i i . ; : : ; . | ; ! ! ! : ! ! : i
JUNSE P T - P ! P i | | | I S R N P
! | ! RiF i ! ! ! | : : ! | I : | ! ! |
" L N —_ N i L i ! L L " I | i i
NOTE
& NCES DHLY A
W DBSS OWLY
0 SYMBOL INCICATES MODULE
BEINE USED DN BOTH.
& JSED ONOY WrEN MCES AND
OBES ARE WSED TOSETRER
T | T T r
: I
8 !. 7 | 6 5 1‘ 4 , 3 ! 2 1

D-MU-OMD85-0-1 Module Utilization
(OMD8S) (Sheet 2)

C-9



> D
B WESh WRE, WEET Wpal SRR
AT 1AZ 1J2 1A% 1% lae 176 B4 Lk 25
ey Y ) () "
oD oD DD oD n|o o
<3 Fne #0 B 3 ; - v B — & I + - FELT G owWHT
=le E|E E|E E|E EZ E
e —— mRo i - - BAC ) —oa——b M L Ihalgh - & WenTE »—>EDs
Sid g My . - ik " “
el SRC 2 + <3 BAC VLY & IM 2 * =L TM I L Bl = INFRIT e
K| w | ¥ LK L (¥ b
e < B&a LR -+ IoF roIM3 e — SKE @ STROBT ENADLE o Az
v s
| hh | b [w . [t "
BRE A b TOP 2 .l —— Ikt INT RG  ———FMPC
C
= ele » M
A < BAL B0} * JOF 4 AL I Mo Io CLR Rl smMEMORY TOME
=5 =% =% g% 5
BAL (1) —+ BT i e - Iv & e B RuN{) i RD R@
N
TiT - TiT T, 7 . T
—_— <m0 el & BvEA oI T -—Lo—i——«:) B PRR L) [y EE—— 1)
WO . wiw WY Pl ¥
olal—o BATEQ ot~ B PWR aR 4 ) m— o=l CIF e P oowne
WAL A AL \/
1
NOTE:
G TS 2T 5L MRS Y oM RLL CRBLES.
B
A
8 l 7 ‘ 6 | 5 1 4 3 2 ]

D-1C-OMD8S-0-3 DB8S, MC8S1/0O Connectors

C-11



|
8 : 7 6 3 l 3 2 ! 1
-ER
i f ! f ]
1 : 1
g,-rc_,, H&_ ul o3 51-0?. i - 3 1-1'3_ |-r! —4:qu1—:
Rzam\ 2 P;A_ER P‘éqaaa : |'6?T i RE
D ) .P‘.f- a0t wag | ! Prag V| 1 cra l : 1® sz ! D
Mcn: i i | wec : R _mca | i (5= F.C,,\_E_D[LIJ
i i T i
b [ " | %2}__,;@__._\1 S =) LY -ARE =
¢ @ ) [ [ L ) X
: = 1= [ L A i b — gt T i
P I i (@) senty TV EIMERSVE T sy
_ STROBE EMABLE INHIBT WRITE REED | amiw ere ? >
K -H UE_ e \qts:'gz | J_: Foric
[] v ¥ LGROUND PING CFI,L R AEL Ok I N
B WW@EL Combd. L)
! o -
RyGT
\:vr_e:»_saau T ID‘g‘H Lt NJ
5 H L N |R\§§7 !
D RG |.|—pmv WMCBI " RN EEE! s y F
wWR RQ -.—u?é‘a'q MCS(1) RS, = i
F i [ It H &) [harat]
C Y poome : e J GRS C
L o T ¥ T [1=)¥-3 G
PAC A 1 — P MCJ‘-\{I)—qr‘u.—’\
e ity = g iy = :
() — g ® lrnS MOE @_.'R. [ERD
waRﬁ—jiDaa It ; | ;
:A‘E‘; CID|E|F|GH!
| 1 ;@i@ ciplo|2|e|e
| . tilzte 2lelalels | I
— leielglelele | —
! 2 ) : ;
ool gle e g g Rero I
| 4
1 Proafoalels gle l ‘
: S : ' .
: } 1 } ; g g a . :
i [ L i —i !
trr e i g
X 5 | ! i | [ I I | - HEAT
N EE R A
g — T WRITE |
- T T I T S U N T I I ]
Vg —— [
e g 1 1 1 1 3 1 ‘ [
i Pog @ b i ’ B
[ LR MM N SO S N S
2 | d FlL LI I !
— 13 ‘ SR !
g @@ G.F 000 i —
14 . > — |
__ioi¢lvieiolein.] |
1 I = |
Pop|®-Rag. @ @ |
1) . e !
A A
e 8 7 | & 5 T 3 ! 2 i 1

D-BS-OMD85-0-4 OMD8S Conn and Logic in 85
{Sheet 1)

C-13



WiE2]
(E32 .
o W@E L WER w2 w3zt
o \fiﬁéali IEBZ iF2s T2 b
ey p— ) () M) ’
§ q H b g WR S — 3] o
Bl —fs o BIWTY e SMBEES o & [BMABUY - * [Branmin !
: = - ! . Tz )
= e : S——roawBeeT MA B —e o M s, — e .
5"/- a - ! El@"’ R‘ m?
P M : H \F2d4 IF2%
EEp——ofe i o DaMB ga mmam Y o
: E JET Y et Floses
gL —o‘lr : § DOMB 2D -»V\—IF—. o BMALLD S =l # |-=5F
£ " _ : !
$ WTB-APE(E) hA . MAY G — e Ty E 2 L
Lk < 5 . SR L@ & 'Ff:"-"z - o [ mranogld ._“3_;,% L i
P la kA m o el M‘.. -.. .-
sl pemery MARE T - W E _
. iS 5 H BMA 2{0) VFES i
(IS2+ DCAMB)—01 * L e A ¥ 1Y KO-'W—T:—Q . g2 = N
. i Radu|E :
; Vo R | L
H.__ Al TR FO2F; IF&a |
o er £l IRS,SIE-F_M.D\.’ —AR(E) Hiaman(d A ____DJ‘)%] H
X! : —
; K 8 — ' W e
g I]—5T¢¢(B) —CLK _ U MT s [BMARE W () ——a m':\s;? ‘. > SR B
= ‘ v - i M F
BTag—w i : MA D) — R::;’r 18 N & SMag! .- mI
Rigd ; Lo \FEa . E i 1 C
IFES i ; el bamage 73 w3 om0
! : M 5 '5 P
— ,z of WINPT P' i e RILAS AR L e ] :_'__‘_"_"_:i;
— i : e I ) ST I
WT (TR Tas) ST A ) MAL(E] "o S sovads Sz EE L [y
e eea : LICE LB D e
=29 ; y BB BZE ;
i — !
= I% [araasin I_ ‘
ol =
5 | H
MAE(@--.‘R:;T’ o P fir‘-m\: —
2 : | K l ivams}
S EWTE e N -
5 “T [ [T : !
-y BrAR el R &2 s
" Do
MA&(@-E. o . 5!
R 0—4}»—1—0 4 NTD
\F2a N B .
T T e
.__ RIgT
A s BRI f=t=tH
L= . —_— ) :
AT () 1 i i
: RABT
IFES !
.H H i.E.MAB(D
F |
H }
NOTE - A ABE i
[r=—is R\IQ_? B
GROUNE PIWS O ST, MR Fas
COh AL WRE CORMN,
A
8 7 6 ! 5 1 4 3 [ 2 1

D~BS-OMD8S-0-4 OMD8S Conn and Logic in 85
(Sheet 2)

C-15



GHAG Iy
&M i ML -
A l l l
Y e | L HE HT 10 N oy werre &
GMA| [ ——Y W 168
GMAZ( 1)~ 7 [L NI T-4 J p——— READ @
——— el
GMAz(L) M Wi Wy WK dM RN WE RS HU HY JE JF 4J JK M JN [2]
T, lr 11 | | I I 1 I { Jl I I T
N = EF EE——-10v REF §
MBI J— M- K| v wsiz  n—T EH
w54E ¥ = -
Fa FoEa i Ef(
matl g—r o, L F i —r
-l T T e 1 I i L 1 I I
— M o El—a EL i | | i i i i i
Mid g K Wik Flg EM "D e vy 5::9 T T - m
whr3 L F P B %—j £ SMABID Gratn GManh GMaBLIY GMAN GMAIBI]  GMaSiBIGMAN
£ a il -
v A 5 v EP GMn?[Il l l lﬁmstm |HJ38 cMAL A .
1 :
°EF ! el ER ITE T (XY% i
R e e L K wazz Y 3] HD WE HE HE Wl !
. Fzo e b IEza .‘s'._l €7 NF}IHD i - |
WA 54— v El g I“_ c50
I lllé L §ouEF 2y - " " " .
C uE| Bgm—]w WIFD wodi P FE -
WF 2l o o VEZ! ;z HH Hw
-7 i Uj—-;—: HL HM| L
MBI T & L ¥ ] }—HL HH HH :
TTEr s Y [l N Geg LY. ;
5 £ i HIz IHJ23 WA HR
wpl s — NEI3 g wiz P Fx B HF WA .
' ; "F HS| e
IFze €22 St L wing }— s .
MEB{3I—T : Jj Fr 11923 F3 XS :
l T . i 4086213 MEMORY STACK HU Hu 1n78 |
] - i
K ' ] — : j_” WEFEE  EF2T VEFZER WEFER Y "
MBI FG—m Wiz l:r r:': i Y Wl 2B - 27 THJPR [HJZ% " " . .
=t w532 ® [ ) . -
3 ; oo JE o
rEE3 ey T e } it +
WAT|———T "~ H L0 JF aF H .
W W=t Fs " | !
! e 1 1
1 H 4 | . » !
P vemne—u L : | _
i ! M : ; L '
I I I __+_|JL ' AN 1N |
! : EL] 1 ; : ! :
Ju d¥ T
|} 2] lé‘
B -
TH] 3
RERD QLAY < WRITE @ READ & HE FF il hE WM Hh hit kS #lL Hé  JE JF o0 K JM K AEACQ WRITE @
13
TTAGEE EMRBLE
FLAD v 7
: L T
Raga |
S HE HF =0 WK FM HN HR F53 HUY Hy JE JF JJ JK g4 o8]
i ——a ——rgap 2
2 M ST INRIRLT, INHIBLT, GMA S i) 2 -V EAP
i P - g MBSl —ed R wips
— L z = L ] GMea e S IEFLL » wRiTE &
L . . G ad ST 4D HH HL P WT .0 m —1z
: ; 7
s ok - |
i REMATE O NRITE S T“ b N VIV GMAY igh
| Ry LY
I E-ﬁ.ba—#j 4 .fJHuTE--qH e INH'-B'-T-\:-‘ (Y} TS VHLE GMAXEIY
- N ENEY Tl MRS -
T3P T e e i

GMAD (] ———=% £ B3 —'—|.<-
Mg | ———CHEH | = i
F—s - B 4
BMB2{———E L
GMBMI—<MEP =h = Tr— ¢
- T L =
GMBA | y—ET e o PF——y
I L L ER s &
VEF 31
G M BE]| W 3 ET Eu
GMBTI ) ——— | Frl o
iniEIT - irc
L Fr R cr i |
=5
1
THH 181 T3 i
B £3% : N
i i
[ 'eFee i
— |
; |
BMBBI ——— ¢ ——r [ a—
GM BRI IeL - |
MBI wips (| —J FPE.
T amang 13 Ev CFR " |
I£F 32 j—
GFaRL) lFD FF -FT a7y —
RE&D @ [ !
WRITE ————<0n FL ER—-—-’P.EB&D'
- ek P — e WRITE i
) d
i WHIBIT Fy ! .
. & ' | EE Ll
— I__‘
i
arga | |
i
— @4 RIF@ E 1EF 14 £ H

D-85-OMDB5-0-5 Memory Field

c-17




Tr
Redi2
Vi

E 7 6 ! l 3 1 2 1
$ amar
é_a_. AT Y & SMA TR - =MA B @MA 3 %—0 CM.&a!I) GMA =i GM&G[IE GMA ‘m} GMA am ara s — GMA LT LY kel T A
- =] " |F K i R u T = o N v
- —— o — o —d 2l 2 rJ —-o | - ro
RI®T Ri&7 ' RIgT Rty iRI@7 R\E!? Rm?l me? ! RIGT | 227
1G1R €13 ! iz [T} A AT 1(‘.14 Wi | Cig ! Rl B
I | | |
| | !
| !
| ; ’
& T - , T
“I’:%I C D = bl ) " 1e TR %5 ty eV v O [ ITEETEED) 'l"’:’;‘
FomMa e ¥ omaA (g — IMAZIB — f GMASW 4 Fomacidl = ¥ AR @Y GMAS ) v _£ Foma .
-] = E i = - _ _ _ = o
- - - - - - - 1T - - T - - " -V - - - - - - - - - T === = == — - - = - - — — - - - = | =
| wﬂ@a : . . 0l =
[ BT i
L E F : H L i o o T -
- o
: i
| ' |
i ; i
’_J i !
| g ! . - . : - —
5 h e K " N v ‘e - Iy 5 ¥ v [ £ M K N v P
B A —E oA VP BRI P = oA EF ,—QN;"\ —— T A o7 = o~
'F Ri123 e " z3] " RIZ3 RIZ3] T o RIED - RIZ3 F ol R123 ! mies M GIRIZA LT
! g . Jisg g VLR {47 Lice | 12 _ 155 VLR ! 108
| ! |
: : | . | I
T ‘E ' [ [ " K oL ¥ N LS *R s *T [} +y 3 ( eD
B . C—
X e Bxa# BMAS BMAZ ! B1A 3 BMA 4 BMAS ‘ BMAG N EMA 8 BMAT
o Lii [ . i+ m i | 3] [ i} 1]
= = — = = =
SME P SME G SMB B2 SMBED SHE P4 SHEgs LB B E THME BT TNE PR
: WE, vy
, 5-¥-

kY
Ro2a |-
DT

D-BS-OMDB5-0-6 OMD8S MA Gating

C-19




L)

. L) &
{m L 9F %J ) L ; N R
c S RO FOMBAl] e GMBS() SWE Gl e ME (1) L ot AN 14}
= ) P ey B L) o ML e ] e !
e RIB? RIE7 BIDT RI&7 PRIGP wnz
-3 | irg ] 1F& IF3 -] T n
T 'E ¥F L vl * L Ay Nes R da W L 1 T) L eE 40 WF §K & H Q_T_P N T LTHES [ 3 LER R :. aF -
" bF I ¥ o L KNGS ¥R be by gu AT ((eE - dpdridk ﬁ dH WL4P ¥N MR 5 v - uew o T
O S O S i AL L Yewee L9 = =7 = 7 =0
;eme 2 @M = EMB2M = [5he2 = EMBA  GMBE S i T EMBT(I GME (i} GHB 2N TEME i S rEmMB
___§_..__,_...___ _!__ | = — — ] - = = — — % | |- —— & - - P e
z | F J K TL ™ N $|s ' - .I
R S S [ it (R e R () DU A . 1
| | _. |
: I ; |
! : ! 4 |
iBE ! : i .
o -
o S N P : u iy H b K e,
i 3 | L
SRS T LAY oY S . oA Cojo~ E Ay ,-iom I Fiom,«\
« Tz | RIZS [M driz3! Ri23 TRz RIE3 BN f’_ RIZ3 T @l RIS
t e i i V19 e LS Lo P i THIp i | ‘ TR | I
iy | | c
™ I
S I . : [
!. RS, ; i ; ) i ! ! I ! )
sp Lme, T . ! f LL‘\. sream BMEBION %—o—o ———eBrMBLN Y T 1
E L J : Mo P ,E_c,’—'u—*l Ru7
N g7 | | I i Rip7 RIB7 mef?l 177 |
v LR iF7 | i i ! 157 ] [Lard | wwr |
whal i . i ! B FRRIN
LE BMRSY ) BMBIN BMBEW BMB 3|1 BMB4M BMBE (W iBMB & |BMB T BMEBIN[ BMB () BMB win [ BMB I oz
— ¢ N [ 5 H M) W PL #M gN R R #T 4T y vy eo  ¢F F o 40 #K L qungrdS 98 4T ’y (X5 Y o13a .
_*0 v E [13 " [ WO ¥M N R R 85 et U v ) {(en dE 4% ey 4o 4w 4L sndPds g ‘T iy oy D NE 2
waa L] ] [ ' I . o
W3 - = = = F— + = = i = S = =
BME 3@ B 4{f) Bk () BME &(2) BB TRY BME B(#)
B
M DOME Re®a|™ oo mPe =
RS 3 RGPIoF DoNE
WRITE
i
- -5,
EXN
RG3 B
TEiL 1
- MEMORY DONE
In 5
= = = (=
- RDS roz—& o A
= |t BLE B
RDS—Q-RA& wcu}-BO"ﬁ-'mV LFYR
g7
IHI3 BRKE) Ch o F
W (B T wWhe-Lel T A
U3 L
[ ] 1.7
BRK—= |
o JF g
CAH—— A HEE
aRr 2re () —eRIeE
[kl
A
8 7 6 5 t 4 } 3 2 1

D-BS-OMDBS-0-7 OMDBS MB Gating

C-21



£€Z-2

2@

oMba3

INSTALLAT

ON PROCEDURE

WADTI T REMOVE FROM | RELOCATE Ih WODULE | REWOVE FROM Rl DCEYE TN
TYPE  _ |85 PROCESD0R; OMDBS LOGIE TYFE ST FROCEDIOR |85 PROCESSOR
prg2 {EF 2] "EFia RS 1E3&
cepa [COEFER | 1EFRIES | rzeT BEs
TieDEF3R IEFHT 33
C2l i EiS
T icaa” T TE.
| cesz _ ==
tza \EZI
| 1eas | Teee
1= vezs |
N 1 oreEr IE&4
| woss(oRGEED) |  IDEI IFie
WS3doRcEe | 1pEa TO CABLE SLOT IN _OMDBS LOGI(
| wS3loRaB@B)| 1023 1Ba
| WSRMORGEPY| 1DE4 | LAEZL |Bg2
wsasoReeg®] 102 | LFa2 1B26
WEROR GBEY 1DEe | 1FZ3 1825
| wS3B{OR GEYW [R= -2 S R -2 S 1B P
wigs _|..\EEES 4 a3 IDES
[ wige EFET iasza T JAIZ
WARE 1EF3a ] mam b EEe
Wiga 1EF3S THT3E SJUMFER D3 LTO 1
wigs eosa T T ERs T | sy I TN ]
| wigs lenas | aEF3e S1¢7 BT e
| Rigy LA \FOT S1g7y
Aigr . _ | 1832 - LEOR ST
Rigl e Ly 13 . s\

D~B5~OMD85-0-8 Installation Procedure




T E F £ F L
w;ﬁa

Bs o ‘ #inze | |¢

i v o9re | T i K wFa
o o "

e
SIFE T Ay

T
kRl

23

sTre-tol A

RIET
TFu

RiZ3

BOFL S

g7
LFWE

1Zit

A

P

=]
ST (THP + IS ———a]
—i

[

RI3
WIE

SEL O A

B

L

T

L3
SR A i SFZUl—ans A
A
— e RIZ3 L e— o g RIE® L4
i I8 +‘ 131 17
5 1* .o 1 AtA CH
LD——{r A Y)Y p o A
- T Rl - J g RIS M RIS !
SIFP—M L 4 BT Mg SIFE—# .o

poae
LCZFLQWJJW

- : |
LI a3 !
B el ——8 U2 |

W
- a(rs A P K:
W g RI'3 R =0
amaT () —re o2 N IR
bl

]
C1LR Fh
LIy R L,
VI

N

Wy iy O A
v gl FNE - 3 LY E glRU3
BMES( — . L2 _ BMETH— - 52 SMEEM L2
i
i
L 5 R Y s v
SEI— W SFan) R sFai—e{n, A
-TIED R LTS =123
s 2% 141
) I v
CLR = Fh = FA o
T??’S —t rL ﬁ?:ff’-" —& RD F— DeIF
In 5
- L B
e %
W LI MBI WS} WTF{LCOF « LIMF) WTEIWE +TME)
L=

Pl U
Fede|d 5 -~
BT =Rl

WNOTE:
GND PINS

WEEL
BS
wWaz!
e
¥ SOFE
c
F SOF |
[
. SDFP
rl
L - ot
ha,
L e S A
1
Fl:
\j—o:ﬂ.:;

CFILLNT EU OGN AL WREL

COMN'S,

D-BS-MC8S5-0-1 Extended Memory Control

{MCB8S) (Sheet 1)

C-25




. | :
8 } 7 i 6 5 l 4 3 [ 2 | 1
E52 F53 Eaa F35 FsB 57
L ¢+ ] ¢ L 4 ’
wWgE o | i j ! o
Tos | i At wips
“-H‘( [ = T o\._":; =% ICLI
. ' ’ , . ] ’ L
. — : 3 i : 3 : : :
- : P, g ! . P
BRK () — T R R 5 LT . W s L= .= v
Om L RIS Y] I " e] 4 Y] 2% Eo G g T o
[Py T RIZT m1p7 M e @7 RIPT | T g
G HELE JES | A Y-YT i iEle Ny | e, A
| | I S— ! — I} ! 1 ! S — —
T M ' | |[ : i
WEZ w1 " COR In !
A R Ris1 - e i ; :
’“\__l_ﬂd_t IF S » . | i :
ADDR EXTR = .~';"' i . £ L ! ; ; ; ;
. =T - |
) IE)T e LN ER ——+ | l
B ® Ll ! T | i J
ATDR BT (e [a¥] %o U :
b R.27 . - - :
L i v ; |
ol i ; :
SR0R =raC/j : : : i
| !
i | H l 5] - — N
o : - »RIB Bh RIF
[ i R NE4g
. . W 132 |
! i I = ‘ =
z L ! ) T TE |- ) C
: . Reg3|= Regs [T 7
! ! ! e | 1] P [P
. 6D—DICP| . P toRe . o\}_—a;op4 DEA I ol DonR In | i : . Th . Tu .
Py o pEs My TP a e Ay srecs el R Ce i rom 4 —= = = .
frigz R.a%T Sty - R . i s s 3
THI% THIE [1EY oF I .’_‘F 5 i : | rommn AW
DF L — A LA R 3 v v P & N
y T el o o e
DIFE (- S : C H u u = i
9] : =9 5 Lt _;..,_J_ " 1 RIGT
DFA( S S + l BIME & (#)— e A . > I BMBG() T A Y
: ? = ; 7 ’
-— l—oﬁ : 4 TIMEBTE T BT Ty - T3y e 7 e Pl B S
| |
3 el ; i i ¥ T b T b
IH -t : . )
o ! i ‘ i i ® E
- . T M | | ! [ = LT O R T
il - d - i " 'K RGP
TR nE=()— Egfitl 1 e OCOF D BMR a0 el A Lo A L . W AN M
(M M - B gl RS = . = E ol RODE| t g REGZ J gl iR : Ui R2PE T
RD7 3 el [ S L ' SCOr-—. LFa R iEla -
(- g | " ' ! il b
e IFIW 04‘5 ol
' » “of A R o
L - wege e i e M7 YY)
B ca—d‘_r%_,_‘ﬂ i I IF2(2} " W 2 & &
il N
RS IFee — Yo 4|%—‘ Ea COR
. (e DRI A 'orz{h—‘--.!rnva?g
RzZ3 23 | . WY
| . ROF— 57 EAlm *
% . v ! AL
W
5; [AY] IHIZ IFE—— .-ua TR () S A [ IE R B
R R i e | W Riz3
DEF @ =T RIF—M 51 _:__’ \JI@ g | e I Il
- . 3
X . W N N T Ty
- ! - Era(i—Cere A F (e sra{nalJM o Al SFag e A ses- S AT —
i o AT A4 M JRIEE T WE3 jR122
o RIB \ue [———Mirs : —'||.:r9 —" e T
agez | S —_— . [S—
[
A A
8 7 6 5 1 4 3 2 | 1

D-B5-MC85-0-1 Extended Memory Control
(MC8S) (Sheet 2)

C-27



.
wi\aal W21
D ——x ISA4+bCA T
Py E
e arevE % P o r o e e e A R?QEM—D [sh el D
S EF SOaT S ALY I U A Tiowh # i (R =1
Gz
ST DEB( ) —— ¥ I .
IOF | = g
. “ ez imee L .
—— ISZ it IA L :: % t——o_K WTFCLCDF +URME)
T -3—'. LCOF A= I;-. Y
DB TEP —— DATA FI1ELD 1) LI ) O s v WT'E'_HRJE
4
ORI NN Lemr SRl | =
Halr = H -
L b |
< LELE J % ;
: @ WTU(IMP+Trs) T : ¥ WTFLCT™)
3 3i% A 3 3 LA 5 WTTIIWE + Sy
WT ACIMP IM3) | ~ ——> DATA FIELD 2(0 i
1 ENES u e AeLIDRE ‘—MﬁR"I__'lsz P oo
173 oF 2(1j—» $COF o LN e VR RPN T
MG 1 (1 JRLALE]
E ez
I " IFIZ
o (2]
C BEwe 3% —erv A c
aMBE 4 “E‘T:}:'is
F
P 5
WEEL Wizl BME B —a A
as =1 ROBZ
o 10T —ROPZ
o LT
—— (GmP+3M3) ‘ " ewTy
E
——r D *— 0 WTE AED
T - —
by T s—0 LR =t
| ——a10T E/—¢\_D WTD
L‘:—T.R Y TR
TES
B cHs | ISE + Dn_‘l_“_
ReE3 !
g T onse
v . [ " l
" ) BT = WTD— e ?!m
Y - TR
_ s ISR+ Doa ol B
MOT: H =
aNT PING O F, LN REU ON BLL wW@sl CONN'S,
1A
8 7 N
& 5 4 3 2 i 1

D-B5-MC85-0-1 Extended Memory Control
(MC8S) (Sheet 3)

C-29



2]

G @
GMa i .
l l lp L A
(] ] TL T Tt i Bl
GH2h——aoT Sy —— empg ! — i o — [ . ]
GMA . (By——aDS id8 EMBI {1 AR “i .
— ¥ - LA
Ga 2[00 I?: VoD 32 H_L‘—Etdal GMBE I A
GMAZI— MM CE of £ CR EM CN RS Su Cw %g OF pJ or pa pulEl - GMB o L"-"———-‘-~ e 1
= \ c [ I A Y [ Y S (R I [T — A5 £ PP——y
3 REf——-itw REF | )
MBI 2 —M Loy K WSEZ i | MBS apWIUE ay iR .
\BiE Piaig E'_’ Ay | e 2B .
I BF| .
MBI G—T WEFF—|9 T An i | - Ll &4
TIT. | GMBTIN- AL Bl n
B e ! [ AL i i : i i ! ! i DONHIBIT) = ELd
Ml G—u weag K K Wiz Fig au HD [ L cP cT oD DH GL L= ‘Ee%n - a
. B P oaig 5 o y 689 _ .
- . CRD 1 Jj an MAE GMAGIY  GMa TRy GMAE \eo3g GMAILD SMAID SuAHG) GHAT L lNHIBITa_—r_.' BT 6EY
v ¥ r. - A GYAT: LMABEY BM ) EMatm ! i TYEY)
11 l i
I BEFy e 2R FEl LT DFOA DD __[‘E
MBl & w531 K oyrze HY A5 D cE CE 3 . : ]
1Bi0 § Foteze 3 ar - B
waer s T F u au cF CF LE
¥ v— YO
I . o lamzs i ¢ : : cJ L GMBE T ar— a= '8 sk
O F | | Fl—k RO ' SicH JD—M ox « o . amas an ar IBL »
[ " W51 - BE ' H R
BIgd—M w33 K o i ; LK BME I ———— g . : [:
raar IR ! ar ! ! M oM wiPE .’;: ———3ah &R
. |- L A . &M oL M B e M T - Y 5
“a 4T N R ’ - H 5
! AN = _— : o " M Eranin 18838
T ] 2 ; ch BERS GEST : ————HEBD BE or o
hEF = . Icw 2%
E—& B o 25 ban . RE4D| — <o 4P
Cafr— 43
BB w3z wha Lt Lﬂ ——elcr ch cr— , i
B2 IngE i - h X WHE }CP s 5 . WRITE : m———n @ AL __.R_Euu
- - u H I i jcpes €3 | . wioa i . aw ,
L s—T [ " i a—_— X - BE AT
[| T ; e e an96x 15 MEMORY STACK : ¢ vicnea | . .'ﬁ
OEF T T ! i }-CT 1SH26  |aB2Y |4p?A 1ARZY | ¢ - i e T .84 ) - achm
MITE——M gy K w5z ;_; 55: | i o lcoZe |c@2? woZé coRs : , z-1 r— -at ]
we a 3 H
" e 1423 & i |  S— ) bE
873 : H -
AL T p = on [ : }—nn [
LA L | o i oF ! i
Yol : 1 . an N : ! —_——
M ) : J nu
TEF ] r—f .
! ! owsmz E a1 f }_‘5" ! regl  ATAR .
MERAR TG Loy k 1aza 4T ey | o X T EY RER © cper o
.82 H | i I DM = - | '
5 i i | I ) oL DM—— 0N o ) B -
L ! . o ; _s
L STROBE | u_ cv ] B
PETROBE | i 2 i 2
GERY
To 3
WRITE | READ | S5 0T %) €% EM CN ER S gw v OFE OF DJ Dk oM bW READ WRITE |
I
STROBE ENABLE
w
RGeS
i1 1Bis TF F CJ CK CM CN CR €S CU OV DE OF DJ DR GM PR ] B
GMNA S —aune It p————READ |
- B Tk T
azec ‘Dé [T] INHIB . mn@l'_rl BHAS 111 . WDE
1F GMA Kl —— DS lcoa OV e
= GME i —eD) ¢ ca cL [ oo oH oL 2]
: S i
g O READ % WEITE | T—d"' ;‘YIB\/ | o AR 31 i
- [ EALE]
P~ WRTE —a o T O THHIERT o T T3E GMALL
LI I L My Rii3
i (54 INe

OFG DRk
e -3

D-B5-MC85-0-2 Memory Field 1 (MC8S)

c-3



WTXOAME - 204 5) !

Ce St @ per ' i

;i B3DF DSE i~ R
: LD
L iLCDF LCtF |LRMF
1 | t
isoe | BMESS £ B B8 Srg-2°
== oF e

1]

.

' b cr]
. PR — - N |r
Tz ! C
1
|
{

BT I3

Le—
WD WK WTE vt F ! C':'r: =
T - LCiF i _IDeRMT LI SENT
7 I RLF P
PP i MS) ' ‘ RIF G2Ed
oca DCA | e s264q |
- s i Erm 2234
G =1 iG] £1 - 23
DFEF IDEF |
Cal®

LA, .-
Qcar: BMB 3@« BMES (1) BMBS(EAIOT o ~s5¢] @~1F
: SC0OF]

SvEL(E) ¢ EMETEIEMEBEE])  BMBL{IPEMBEVIEMBEI]  SMEBe(@HEME TIhBMBEE  BMEu(D- BME 13 +8ME §(2)
i I

| /L i BMEG 1 EME T B TEmMB T BME TG
BMES T e SME N N
& _iBMBstaSean t
i | I it LRMF] LC DF] @ LCIF B

' I

oD

C7 SECGOER [NABLE = W% 3, LEF ' TB

IF DECODER ENASLE=(IMP +IMEWDEF « OB

ADOR. EXT DECOLDER ENARSLE = BRK

FORCE FIELD & =BRK \LE = {(WCHA)

1A
3 7 T ] '
. 6 5 1 3 3 ! ? 1

D-BS5-MC85-0-4 Flow Diagram (MCB8S)

C-33



]
8 7 & 2 i
——
A P ADDRESS ALDERTED
neme I [ = -
LBMA Nisa'[s
L
™
[
PR b woRD COULNT
Doitesd AVERFLOW
=1t
d i
DEMeBHE —‘[—'
* cRORG i ) ”? -
Re@al_,p - '
% T e peosme |
T c
o1 ] E, di =
a2 AT - -
i E gl K13 | j RERD —= ?!
2 TReNe DR 102
ouUT !N B : i
BRK G — e A
w Evr At g R v
BRR SvCi—e T weort gl
PCYCQLE SELECT — L] W2 Rn"i;
TRANS DR QUT -2 « HAL
5 SCYCLE SRLECT Hopf
ROS Zefrs A 5 RODE .
_ e . » R IC‘DE% 2 = CYCLE SELECT 3
BRE SYC AT 3 oA C2P) ol x
t——— o3 SEEIT % C
1 EYCLE N RUET
SECECT a7 oA
e o RUD
BRK )] ““SNL?TD'E_'. IFS
= REQ) S
A ;
e L
aa (]~ QEMBE)
_J_""
- RV
- E— Ly ;
|R§;am s _LN = » EWR R e |
— A = = R
lc = BI3g
. M BONE S - e 1 n n
_ = ~ ® DBME ¢ (G- 7 DRME 3@ e DBME & DEME 3 .
= = TRAND TAR 1N ~ 1 M J v
M el RILD ' | l@)? 4(@}? ! ‘ 1¢(¢}—K-
F = 3 ' 'FS 2{)—"w Poosi—e | Povee
o ® u DD LoSm—eln e =
T RANS IR W - BRI — o TRAND DIR N SN 1 | FIAELIN i e
CyCiE SELECTS BRK wrC (e UL BRE (-7 L ot s e : g
am-uo: 303-CalA, ‘ By B
I
. . . N . a(t)w ‘ 1a(g—
ELTr R ey P REQ D A 10¥ELT SRUECT :01_7\_ 2 (B r2e_| L Re | |
2R« (el FERE Wi —e REDZ BRK SYC () RHPZ & (1) EIGRAE Ay (A |
e ced Tr.d-.] i 1 .
[icc®y ] 18— a)—te | Logn—e
v zm—ei * Sflj—d_u . T ot !
A
8 7 6 5 1 4 3 2 | i

D-B5=-DB8S-0-1 Control {DB8S)
{Sheet 1)

C-35



8 7 ‘. 6 5 4 1 3 ) 2] 1
DATA
AR
TEMA,
e arza
@
Ll
! | T 8]
v i = MPC - -
o DONE—] P ]_: -
[X-FI0
o8
R l_ Iu i
AEAO{% L '
P2 * *
o) =) <
$
o W To | e o
CAlR) WA cA()—- ~ AT CYCLE SELECT 3 -—ara /v ““—'3%3 ‘
- o 1 b Th H =i —
CYCLE SELECT 3T S MglRs BREAx svel)-Lans '3
! pa—"
o IS WRITE S
BRX SYC (- C#fro A] BRk Vel e A .
RIS BRI T
LYCLE SELECT M 3 i
= ® BREAR
. ) -._ "R\f -’: [ REQUESTIR)
\.:vgg Wiz BREAK REQUEST—¢ -~ v WLl — T .
g, g R8T
(e Ka_[ia CYOLE SELECT 115
L - BREAW REQUEST . ICYCLE SELECT Wose ! P e C
: LIYCRRE
M 1%L A
" INOREMENT Ch 7B !"2:
% a READ
o TRANT TIR *—— worD coumT
_ DVERFLGY -
=
"M & BRK
=
$M———sDDRISS AccerTED
. -
§ [ INCREMENT MB cAf ‘J i A
\ INCREMENT ca—aRi2 —
' i
wehé !
HIT 4 ‘
BREAK REQUEST (B} E L Ni"j\
12 [5 | g R
HRITE—Wrs A = | . i~ i ).
R | INCREMENT e —<F ru TRES —OATA-J eOBNE
RipT
[I=1EY L}
. i A READ —= j_—
READ TDELAT REGE =
TG 3
e E
TREND DR —e— o
. R1T
L] B
t hd
4\'0&; Iy
VALY e RS
ALY By RN
A
TR
: 8
i 6 5 4 1[ 3

D-BS~-DB8S-0-1 Control {DBSS)
(Sheet 2}

C-37



;
6 5 ! 4 3 2 | i
D P
£ 3 e 1 A I E J E J AP R P E I E J RP R P E I E_T R P R F E J £ 3 R P ® F E J E J R P R P
' ] I;Gﬁ'ﬁs{}‘ = § ORECSO§ [ RLEZENT ) RECETY RS0
M-I 2" e | ?imz $az ) CATNES B iz ! Phma | B s .@ BIE | 2 e ! 1w ! |
PP L LY bi_ﬁ:amm | F .| OBMbZ DBMA S F .| DERb S DEMAS F.l memvae | _ ] oemay F.l Damas i Y
- ' . — |' - ' - | ' ' ‘ i — .
DEME—S-»:-EWQ. - . [ b N - N B L) : D
| K u T L 3 I T L K u T w " u T ; L U iT
DBMB 4 cevBI(1)|  DIUBI ¥ DBMBY (1)) DEMB2( DBMBE{)| DBME 3 DRMBI(L) DBME 4 (I DBMBA) DEMRSH BBMB'SU)I DRREH CRMOG) DRME TH DRMBT DREMEBSM DEMBAY CRME ) DoMES
h, i 4y . I . . H )
—~ OaTa Aw:ﬂssa_-sam—d%'“ L \i:% ¥ .,‘?F A v Ma%f} V=1%,L M Y
|H k-] H =3 H 3 H = H % H =
! r i i ,
LJv] =E -t -k L3 L3 L= .T W oa m%al e =E He ) [‘A%a‘
ThE[} TALLLD DRE (1} TR ECY) DAS D TRE} TR CAB i} DAS (1] EXEIO) ) FEH
(»F "y . wr \"_‘,\JT&I"?
C ¥ C
DB CAR (1} | [
E 2 E E i3 E Foa I
$0TEes0 ¥ FTEESG REFSOF
TR eg | ‘Ee !
p&—’-DBMBi Cawk @ .l oBME 2 Dame oy |
[A Pt s .
(&t i N s . " :l
_ S{{n————é@h—'— — T EME
K L AT 1w 1r L aF
—r = = = = = = = \
&) W M \Jo%
e o [o~ s | . g
|5 = Arex ﬂ i 3 J ¥ J h Al
n Rag3 Regs M Rags [T rogally
wg7 e e 7 BB |
THIS ; I ! ™ . —1 - .
1 a2 t | M ! i _L‘J i
= 1 - = = !
= « " =
DAT b TewE ].
B £ | . = .
T w g
(e *E . e EDD R
DRE) ST oB2(l) EEELD] B4 SEEYT DR (1 D7 (1) TRE R LB SO} MB PRI
. Wiz | | i
C_-K . N g -T Ve 1}?3 (_ o .E " T3 . M Y )\f\?i‘
MET F BT WMETZ MBL3 MBI & MG LS MBT & BT 7 MEI & MBT = MET 1@ BT 8
1!
3
¥ ) [
D — o
Rig7
O3
1A
8 7 ‘ 6 5 1 4 3 2 | )

D-BS-D885-0-2 MA and MB
Register (DB8S)

C-39



. POYCLE
BRZAK

AETAY STAT

P OSTATE &
™

e
|

-~ t--t SN R R R . =S

B, STRTE

BR

BRERK |—m= o

g

E—-—H—BREN& STATE —pa—

BREAK §
CURBENT
DOR STAT

F

X

1.

._‘-_'..'_

WHERT SouUMT
STATE.

i S
i :
R .2 N I N WU CN RPN A N S . S
17 (] | Lw
s _ @ £ )
b4 » 9 2 £ & O
o 0 ]
T $e 3 _Brw@ozhyosgoc
X = M ox & 4 & 7 £t & &
Pcet el et el il
w
OF
11}
[* a7
ma
A e e -
_ -
7 ]
15 |

| I
Fa
LT
g
AN
)

— =+ =+ == -] IIIV.IIAI.L.Viili -—

]
3 i/
.* iy
By
S vl e— nﬂf\l g | — 4= — | — ] b e [t e — - — | - — S — | — — A=} —
e T )
. ; ® a F
- - L 4 4 a -5
o * bl z _umu Z M z 2 i g
& g% H B oE . 2 3 9 % 8 5 9 <y
T t
cob R tedEy BE1IFRLE
o E g€ 3 &1 & 4 vy £ 2 b v a3 v i3
o @ ® & ¢ » 2 3 Vv s 3 & L = 7 a 4 32 G
W ﬁ o

iagram

D

iming

C-41

D-TD-DB8S-0-3 DB8S T

EE

FCERS

[



| :
7 6 5 | 4 3 '. 2 i
D o
[ATEN ] GRAR LY LRARZIN] THART Y EEETAER SR SBWATI ShARE] SRR Grani GRASEI SR BT S A )
o O T T T rr |
‘H I N [ u W [} 3 ) N L] v
E S .
_——-0:' s A RV I—OK A ,—0\' Sy R A ,—Om/\ D‘m/\ ’—oE oA ﬁ oA r"“? oA |§—3 YR
L | TF N olfizz Mg RIZD RIZD RI23 RIED LT N 23 MRS | T e -z
- = ) 1S R ESS) s (Lo = izl ! ¢ 184 f it | it
R = I | |
Rc@«: TEMAE(} DEMA (1] TEMAEZY DEME 31 CREMA S} oannso(il DEMA 1) TRAAT TIMA R DEMAS!Y DERA BT SEMA LT
C
B EARD
EZMBE(D GRAR L) SHME T BhAB (L) B a (i) GMEB S GMB &0 GrAB TN GhME 811 GBI G B F( GMB L) ? ?
| I f f I i
] = J TN w s “ He 5 v H c 1= % B = & 5 | a F
DEMBENY (2 ’—0'\.’ s g A Y A, oM ~A ,—ON A J‘—.N I sV oA -y
RiE3 RIZS M gl RIZS RIZS T gmizs RIZTS Fa{RIZY RiZ3 MRz TeRI1ZS ; RIEZD [£ gmuin
THT ‘ YHT T IRT 1H T =T tHE . IHE ; LHE VHE i E IHIE
1 i 1 i !
I ' | ! f ! !
CERME 0} DBM%S 2> CEMB 30 DEMB &) CRMES) DBME & (1} DENEI(1) TEMB BT TRME (1} DEBME 12(1) DEMB 10} TR PAR()
B —r—
5 =
~ M
AR
g
i
1.F &2
T
8 7 b 3 3 2 1

D-85-DB8S-0-5 GMA and GMB Gating

C-43



D-FD-DBBS5-0-6 Flow Diogram DB8S

C-45

5 ! 4 , 3 !
MAETRORY TIMING NiTH OMEES T P_L
SoNE
Chie! e
! I oveLE D
; Bk [ B
c5e! MEMGOT | —STROBE! e
T ENABLE M e
i D= -
— : /.-ﬂ——-l—— DH:FL C
298 qrgo TRANSFER i | TRANSFER OQUT sTART RDRQ ALDRESS
jslolel —EA
' i l READ
cog i : — —
ey - -* | CRUCUEY
TGP DEMa |
- I — STROBE
i i INFHEIT O =
0 it =3 LA ER R D RGY 7
TEH 221008 J ! 1= 1] ~7 pEME T
TSH #2201 1 e -
TSk 0000/ | T | sweT START
TSR &G &2 . Pt RERD
TEH B0Q0RT ! i READ 3 EnD
TE5H Q@D QOO | » WRITE
rSH 6 oeoted T — | G-DBME 5 :
i BT/
: MEMOR? DONE . .
END END —
READ | i FCAS, /-5.5 MORY
- M3 N \DATA -~ D5MB e—
DATA |
\pEME | d~DBEME
' I
|
WRIT ! I
: — : DEMA ;
.L i g @7
I’fu,“i?vg iMErMoRy  [BEMETDEME
LAAATH LOONE TRANSIERA [N TRENSIER 0T
€™ —FT
- WRF RORG [CAeZ
TEMOR Y
CONE
o | END READ B
ERK 5YE
= BRK SV¥C Y
. DEME
’W‘ —
Sl EE =08 i ERE 5v¢C
S@Ed g MORE
, DEEAKS Rk = 3
ey TA PO LOW DE -+ CB' T S
A
EE l T :
8 7 b 5 4 i 3 : 2 1



8 7 6 5 l 4 3 |
: L] L ] -
<
[ < & 3
- e on o ’ — B M e bemaztp) s §—0 BeMAZ '
e : bl ; z ; 3
- ;,———h'dz '—0 BGIAA 141 i]—“—‘ M e garAED) i—”";l‘—l——f EINTRIN) o
L RET? W i RIET | i BT p
Hh w1 Ly Gha—a 7 T8 GMA, : IS k]
i 2T - 2l R J 3lg) —_ 4(2)
|

B

» »
; §_. BGMA 2(F) % §I - BanA F) ; %—N - A i ¢
1 - N L 2 T .
p—

L4
g %T__, SEMA G{§) gr—ommn 7(#) T BGMA B(H) ¥
— - . Koo -t
T - BGMAL{n ™~ Bama T(}) T L BG4 8(1) - - BEMAG(Y) d i BaMA 11 T
el R1BT % RE:N camtler Inbtgg_ ALK g immj ! " RIGT | At i
i LA i D9 5 MA € ] - | ! i : [vE= G WA g ane -
w(a| RIB? | b7 7{#) ot 3l ‘]mw i — ke LDee @09 4’” A g
3] fape BEE LA
l—
i
1
" G aTRAEE T 5 TROBE
! M DELAY w DELaY
. EVEN o
e ¥ - L opo
— R3gz R3g2 |
i ;.{6: : L AgA
E K K -1
READ  ————pf>] READ
EVEN i F DD TP
i
8 7 8 5 1 4 3 2 . 1

D-B5-MEB5-0-1 Control Logic {ME8S)

C-47



n D
will #R21 Wi wat wiit WPt LN wgiot Wil wd2l Wi WPl
— Al ] Ap2 D@2 Y _ __Ag3 D@3 A4 D4 LY Dgs 5 o2s |
o) ) ) ) Twees 1y — ey P gt kL
] 0 o] b aET L o 7] ] o] o] ¥} u]) [¥]
E E - GMA Od) - - GMAS (R ol +—1— MBI & ~ READ : GMB @ ? E —a TR S
wems ' |E E ' £, E. E E E
* - GUA 1 (B Pacos | - SA LS Y. i a3~ MBI 7 “4— WRITE <= GME () * » CIFR By
H H poeT H H | N HI M. H “H H H H H
- -5 2 () 1 G4 1 -t —eda—— MBI 8 [ 4t INHIETT <> GMB 2(1) . ~—— e GHE 7,
K K, o ol | K | FooK' fK K PR K K K K
- - GME 3 () - - MBI @ ' en—d e sg—MWBI g <> 5TROBE ENABLE - GME 2 (1) =2 GMB 7 1)
M M | L M WET | M M o= 10 M M M M M M
» - GMA 4 () e hee M e — MBI > - F3-3 . - —D GMB 34 » e GiE B (]
p 4 _ | e le 4 | 4 Pl i’ Pi P p P i P P N &
SOMA 5@ —r—t MBI 2 i G MAT H e F5~3 41— GME 4 (] * GME &{1]
[ s 3 i . Hif5 s | 51 P51 5 5, SEE 5 5 s is C
' e GMA e | =Tt e MBI 3 | _ L _] T T*R—MBI PR P NOTE | : * GME ay) H * < GMEB )
» - GMA 7 | et - MBI 4 b G PAR(D ;4—+'—¢ F5-5 et GMIB S . o5 N IO
W W L wi Lw! HEN L W Sy (1) Y
[ 1 :
- - - GMA 8 (] L - K_‘ * -fJ— MBI 5 e e FS-T{SEE LOTE ) e F5-6 " } <> B33 S} < GMB b1
—_—— = 1 B ' B i i :
— e —
B
LOTES:
1, DEFER TO DRAWINGS N D-RG-MMBS-A-7 AND D-RS -WWES-B-2 FOR FIFLD SELECT WHRING.
1 1
2. GROUND PINS CFJLNRU ON ALL W21 AND W@l CINNECTORS,
: !
i )
Al L,
: ! A
8 7 | 6 i 5 i 4 3 2 1

D-IC-ME85-0-2 Interface Cables {MEBS)

C-49



|
8 J 7 6 | 5 | 4 1 3 | 2 | z
3
| ? 3,2 5,86 7, B 12 | 13 L 4,15 16, t7,8,19,20 21 22,23,24,25,26,27,28,29|30,31 ,32,33,34 35,3637 38,392,490 4 .42 /43,44
Wil T l‘l"l'E'I'1_|—I'Eﬂ_;TE|1 RTTT [Fees T j m BEEY W’W'Tﬁz"“ﬁﬁ? WS37 _ Wi | M537 |W532 | %532 | GGAd GEGS_| wiBg | Wigs | — :
& * - a i‘ - x 3 Y Iy ™3 7 * s * & A & B & N A A & & Y A E & &
' Twp W2l R REAL | GWE'GME READ ’ .
Cagen | I gly; Be1y| EVEN ' GH3 )
N e s P N ! acty |ome | owes | oman D owei | owet | wel | el |
= o AR A AT P i e e e el R ; GkE ; ; : D
WA [GMA DWHI TTANHIBIT GMBGHA Evih EVEN ! : ; 0 PARY | 18 B B 4 H [} 813 : i i
Beds [ THA | ! sty gy B | P ; NEMER s T i '
0 (N3l @ | mBL FTRCEE i TN 1EIT] | . : ] ; ! :
g o Lnn p I L R ' ' jn 0 cug i . ;
JBHL ENBHLL, 1 EVEN i ATACN : | ] H i
DR |y | i ! | ! : - i srnmr.l "o 101 ; | i
- G PAR | F5-2 ! i : i [ an ! j o i : i
ay i : -STRCBE. i Y ] Yy 16 pos . i | i i
: DELRY | PGB 1 : th i | i i
: 1 . i : i ; | :
: :‘-Iw | B Lmra— o i
AT WEZ ' REF [
D ¥ ¥ ' REE : EVEN ; B il
oA ) z I 'l j READ o : i
' . I H : 1
! [ TR - TR T TR - TR : T : 5E ; | . i EVEH | {REAC H :
: 4 — P — ke - EVEN : InHIE] T : : . .
. - [ 1o 8 s Ts 2 8 i MR eirpl WD | WL [ ML ML ML #BI | 8l 2% . ) i
! : : : : ! : ! : : !
. BENA I i : i i VEVEN | pagi |o1g & i 4 - 00 LI : i i i
! bt i i : ! : : : 11900 : : !
! (| = | } | | [S———— ! | | i i i i
H RSN ! : H ! ! : : wRITE : :
i i . . . . 4 . .
C! ; ! : e : ! ! . ! ! :
L val | wel o ugl wsl w8l | owel ; ) I ; o : i : . c
. - = -+ — — 4 -+ A . i i i INHIEIT ! . ) ; !
i ; | 1 q - 7 5 3 | 1t INHIE 11 WEI i WEl . WBI [ E1] L] LT ; i 1 2 600 : :
! i ! | .2=EVEN I i i i | R i ‘ !
! . ; _ : : "no:o8 i 5 1 I i | 2 o i i
) | . H H L J i H 1 . . ) " ' ' ! M .
i e [ 1 1 i a i
: | ; 32,4,5,.6,7 3] 9 10 e | 12, 14F15: 16,17 181 13 (28,291 30,31, 32,33 ,34 . 35 36:37;38 39,40 4| 142 43 .44
i 533 | 4533 | Wp3d | W53T | AGaZ  Woud Wesd | Ri@r i RTAB % 1 VTP, FEBZ | CYNLIFE : : X -
N — x o w &% I e T T d i - " ' : ' '
—l ! ! | : | | ] - | .
vel | owsi | mar  owel WAt W | BINA {HGHA GHA | BONA i ! . | —
' 8613 {9ihs i A STRBE | . . BEMA | BGmd i ' | . X
: e . ) . . . : 341 | @1y ' . : : i
| i P e | 5 3 4 z g ™ : I .£0o ;  WRITE | | . ‘ i \ | ; | , i !
| I ! ! : ' Yt | o i ' I
! ' ; . %5"'”} ‘ﬁ'ﬂ, [ewore “BIMA BGMA ! L T MENRT | ' ! ! ' :
) : : ; i . sl L HI ' | .””,“2';': BouA ° BGUS i i . STHR | DEMA ; ' : :
Lo | X wove - BEHA STACK . ' — Tapg 0 ML GG X X : 510 | 2043 X ; : ;
. . i . . Y . R il . UgTace )
: i ' B(E 9 ' BGW . ! ' BEHE | BEWA : : :
H | ! Cowm CINKABIT et | ! ; [T ! i ; i !
. i Te b : T e S i i 308) | 8i : : : i !
: : : | . oo N i : ' : : i ' !
B | L] T TR T T | | : i | | ! ) | \ | | . ,
I i LI DR E:) JTe T iINHIB!T i i T | i 10 1 ! ! i . I
" 3 T8 3 1 ! ' _ : ' , i .
| ! . X -10¥ I -1 —1bv o ! gfg?: ?‘f'r‘s_l|-|nv ; -1V [ gut | a6k i ; ‘ '
Twpzy [9F71 - wR3T ; WEZT A@zl . APZl | %@G> H i REF BGHA | BOMA| AEF RTRT MY i REF '-”m—'_ ! - '|REF REF S(8) | 2i0) ; i |
' . & - N a i ! EEEN | guch (3L L ZUEY| peen (& & uil I [slik} oo | + .
GMA GuA  wal 6, READ  GWB  GMF MBI D, | ' : ) ! ! ! ! |
- TR 4 ) : WLl B [FRITE | READ . - - T T I e : . : :
: H : H REAI - READ ®RITE H
LT wRE T pLecT |SELECT Imn MRITE ' : ; {RRITE | ALaD : | ) | | i ;
- _ . CVEN | EYEN 'SELECT [SELZCT f— -+ - SELECT|SELECT ! | SELECT) SELECT i i . ! . B
LTS B : . - ; ' : '
" ; JEVEN | EvEN I— L ,top e | | oo | ooo ; i : : i i
CHA R . i EVEN ' ' i : ; i | : : : : ! |
pay ey o STROEE ok e PERD 1 MRATE ! . ! . : : : | ! . —
: : s(ly  1i0; i i YT ; w7 ; ;
| i 5 sap | ENABLE AL - SELECT SEVEGT P § RITE | READ ]mﬂ""; | . ! [READ | SRITE | we | | JURITE [RERD [ | | , ! | |
1 wEL B O Fae . s | 1 . ' ¢E EET SEVEST - h _ SELECTISEAELT, t . | ) SELEDT | BELECT, . . . . .
_ ” . ' : EVEN | EVEN ! _ BEHL _ oo looe TFIELD e : ! i
| ST ! P 0 R TR B | | | P | oo Co .
: a5 e ! - 1 i i : i H H :
L L ¥8] LFE-T . i | | 1 f 1 | 4 N 1 i i i | ) i i L A . \ L L i J
A HOTE-
EE ) A
4 = NMES-B
& THERS
g l 7 L
T
6 5 ) 4 3 2 ! 1
I

C-51

D-MU-ME8S-0-3 Module Utilization



] i 5

2 1

] : E_L ar
MEL 5B ey K  weaz g_T [
A s Bas —1 al
4BT AT L P i Wr ¥
VBEF T AL
MHEEZ M k wsaz F 2
wanl P
cpe A P oBgs o an
ME] A g—T Yr—$———inF
vEEFR R ]
TTTT
wBEF ¥ e
3 " F 5
MB] 2 w53 w532 Hf=d as
[<- LI P 2@ 3
wer s yeec® b
1iTL
“OLF , o
MBIBG—{M  aniy K i Wsa2 :
LI e B} §
ME] Y g7 & H
1
&
M) O Gm—M gnay K wim [
cg2 | 2% g
" ]
MBELS——T ek R V|
[l
171
VOET ) ¥
MBL IB—— o ay wisz F
v poBOS S
LT et N [ ™ 5
L. isEEl :
Ht v !
B wa3s  Ef——8T
Fl—u
MERAR IS K— -k 39F H Bu
L1

AE

BGMAR:D
EGMa B I
BoMa e ©Y s o - #0 B DL[fD_U.,_.— RYTE SELECT Evinm Nag ,:.r],—.;- b}
BGML | (E——a DS w188 i GHAlT————=AsH &l '
- _1 Ly 3
Bemaziy n:. Ton 34— READ SELECT EVEW GEB AL ]
Bﬁﬂnam—'—"};s CF C, CK C CNCP o5 cu ty OF BF OJ Gk pw oW ] GMBMH I—wa P i An o S
T | I I A A I A e ot . i | =
[LOT LT, PN
[—n-ltne REF
MBE— g 1R ay Kl 3
£y ABE
BGMA T ! GMBEIM— R aF B L)
' H ShMA (R}
|H';‘MA e 1 [ i I I T i i MBI — THEL = ) ar
| ] ] | ,] . { BAMA 1 [ L INRIBIT e Br 1
BemMa 8 (1) i) Ch cL Gr.&;g 7] [ bL Btra 3 (2] e A ar au L
BGMAEI goma e (B) - Bf -
( ! BGMLE (8} 2318 BEMAS I g, :ﬁ;lr:)
CE
oF = |
! cJ J ;GMEBH—OAO—' ac 15 [
- ulﬁ ‘
" : . . H L3 T, AK IBL E
4
CK)'—1_ M
o™ o M3l AN——— 3N a» C
- . wipg '
L Chm oL .6"3"“?—-—{”-“3, Ayf————BF B
. . - [}
! _’—+_CI- cas N [ ; GPARL e B D aF BT au
H Ch GEPS SR . L -y
H coig F e - READ EVEN ——C 48 SFLICT
—-—-—dEP R - PP — _' EvEN
wipR }—C" < [ ; WRITE EVER——<¥ 81 a3
. coge ¥ Wiae : ar M e
— i, 409613 MEMGRY STACK v v szr‘—l ! ﬁ [
:}_U SYEN FIELD . y L ‘85 - zaw
: i i Syt : h AD
| ol ABCD I1-14 S —
. : 3 e [ ] N
—h CE: H ik | | [
oF 1 . i
DJ—1“J ‘
| L}'H.—i
pk———lpx ATRE .
. . i -0y REF CE L] il
' iy L] ' :
1 i . 2L g I
! N P B !
iy T |
I =
[ATE]
cais |
WRITE READ SE C° C) &% M CH CR OG5 CuU Cv O DF DJ CK a9 OH | GEAD WRTE
SLLECT SELECT | SELECT GELECT
EVEN EVEN | EYEM EVEMN
i
' TE CF ©J CK <M CW CR C§ CU T4 GE DF 54 K © ]
BCMLE e I [ouje——nesn sELECT even
9 GMAS I —MR Wing |
BG YA S5 —eagu S tole ‘O W-———WRITE SFIECT EVEN
. Gamaal)—0T oo cu 2L ce_ - th or T &
|
BEM A 3id) |
l BOMAZU J

D-BS-MMBS-A-1 Memory Field Even {MM8S}

C-53



SGMAE

BaM o S

-—

—

sl
L

p
. CH CL 3 [ qF T L . ] = ]
BGME (1] ——aupT D ——waTE seect on GMEBLL ———<aD BF—— ¥ fn——
BOMA L [0 3 i GREIN——AA e a ael
BEMAZ[——eR £ 32 CM——READ SELECT OCp MBI — M2l |
N —
semwr2i— o %E oF ) croem cnce oS eu ey 3E LF O ;\ln Dln u|:~4 |25 - | GME 3 ————ala P an am ml
_ e | 1T ] o N «
[[[="* ¢ [ A A bl | | | | EaBat— T
y g 3r at 100 REF | ! —— :laow-ﬂﬂ v R a
MB! & J—N wuay K kw32 gE L Bema (1) i I LEZ X
4] e R age [ uk 2eMe g {GMBE(Ma o srl LT AU
MBD T i 1
il © ) | BMBT I —— el AR e apn ar )
LHEF " = M jRoMAT i | i i ! i ! ! | BGMA i) i AT B F e T L
Mar 2 ge—iM . k wszz F - o Iz [ Ir 3 oT T ©Dh DT i BEMADZ} ! GG Eé" 7Y E— T S— —
W53 - g,_‘l . BoMAR GEAT . _J__‘a., |
vz P Pan 4 " AGMLE. ) i oy BEMAINY  HIBIT, jooeed
"B 3T ] - i B v alg) B3wa B (#) : uoa ! ! LBaT
VDE = W V— ; i i
[T-1 ‘ i
VOEF, 3 n PO -
MBLAg— M woaz K < wsse T e P CE !
LECI P oAz g AT cn CF cr .
MBI § ]l R ] ) o oF H :
Sran| =l sl | e £ jomeR i & s
voER, y 4 ag | © }—CH cK oK ™ BMBBIE 8L
MBTE 7 3 ¢ Wiz f—$—-—BE : C K GMEIBN R
M wszz T ; i oM o i g an ar C
Wzl [N P 4z, i e N - - GMB||J|1——an s &% —as BS
= B Ll Bk =" o *
MBI T 1 o EEE W e - ot EN——————C4 X Y pR—1 [T I P
T 1 - enl Geas 5649 | w8 au
¥OEF F—5 L ' . D s ca | OREAD D00 —<jaF sEEET
5 i - | 0 ol ;
wat e g i we1y K o wimo iR 2 £a . ! ! weiTE Jo0  —<al gl n:\-—'
S— Wi E L - - (43
aza M g;. . S ETE 200 VELD wIBE . ar G M g T
mal § d——i7 - ! - - - Laza . SE_ZoT
! ! i R e o ACOBXI3 MEMORY STACH v L P i
: - : :}—CT o o NHIBIT BS
f EE_..B-. P o LEIT 2E-E3 2- 0oL | s
MEL I@G—n Wik [ —ieF J. i : DE cE : .
a9 4 ‘s Py p———s2 13 o ! j—
e G—T uf J Be i }SD 3 oF !
v : |[ oF : | .
i | 1
! | ] oz 27 . ;..I - '—i
' = 81 : I o oK ce|  ATRT 0L,
} " W3R i au i ox _ sy omEr cozl
MEPARI —M |, pq, LAY | o B
213 i : i 3t -
v i | [ ' T [ —
i — | : |
. ay D
b ETRME C00 e
=
(5] - |
o3z
WHITE  REMT CE 7 £J CH TM IM CR C5 SV Sw 5§ SF 0J CK DM 0w REAL WRITE
SECECT  SELECT : SELEFT SELECT
ano oo 290 ooe
|
CE ¢ ¢J &K Cm €W CR CE Cu Cy DE Of OJ Ok CM Ly} B
BGMA 5D —az e DU [———RESD SELECT 0UD
BGYeS I —apllF wWinE "
BGMA Gl —auDS caz Ov ———WRITE SELEL™ 0DO
BEMA <) —dT oy cH oL EF cr oo o ot _J2]
BGH A 3D I
BHMal.

D-BS-MM8S-B-1 Memory Field Odd (MMB8S)

C-55



7 , 6 5 | 4 3 2
NOTE®
THE FOLLOWINE Z28NETI0RE Fon
FILLD SELRLTION 54 E
MADE TATLA To A-foal .
B
> INEIRLTY - -
i - WO oF | NOLOF mEA L
— N\\; e TITLE | FROM | YO WORES | RIS JIRET
E{"Iil']ﬂ FS 2 [AR7 | AFGM | B=inw i
F5s & AFTH | BB [ig-zana -
A | . _ o
RePET—P 3TROBE EVEN ¥ e |AQTM | Adav faa-az 3 ]
) . (T4
5TA0EE  DELAY
EVEN I3
STROBE
ENARLE C
INWIBIT
s S 2-TVEN
3 N
R1i3
ARET
P
] [
| S WRITE EVEN ..ﬁ' STADETWVEN
® -~
SheiztT —tamaA WRITE— ) A READ — O A
W T S-EVEN Mg R H1E | D g Rii3 £ gl RIIZ
. -2 MET AT
B
A
3 7 3 . 5 1 4 3 2 1
D-BS-MM8S-A-2 Control Logic (MM8S)

C-57



Ltar)

[ ]
é—a INHIBIT
. ol
VRN
gzt

-

B

£re]

[
Ry

po_ 1=
o U Y
iR.l‘:

cze

WRITE ——
J

&,
%SGZ-K—D 5TRGRL QDD
S Y R L
[
STROBE DELAY H
ohT B
STROBE
ENBELE
! ?
Tb NRITE SOL :F—--ﬂ REAL GTL
NI READ __D__. VS
1313 E EATK]
cag 22

NOTE L

FETLD T iiTion
To CABELHOWT

L)

TITLEFROWM | 7O

WG OOF | nd OF WEBS
SoR2sl REJITRED

T3 CEAM |Ad4P  B-ibk |

F3 5 22N [ ARET i A 2
T

F5 7 [c22m Jagav I._-4~3a 3

RS
S

D-BS-MMBS-B-2 Control Logic (MM8S)

C-59






’
D4 i-: 2 dpia w s |oe
.
i y
3 3 as
» InEcsov4 49 DEC 289418 loeczese 49
(4.1 ) LRmy RS
7800 S50 7,500
— A BDVIAL
Oc  and
o o
o 3 A% oo S0 | 15 S o nzz | ] Yoo
. L _
7 Tilfe 1 1 [~ ]’ 3o 2iox RO RO Dl
L urp | wro ¥ p-sez
reot]
li2d ot -8a2
<E:’3‘ fe * 358 ghis Bu gty Bue 22v ]
> >
e iR ' iblﬂl ol 9
” Q ? = D-tez
r - e,
2 by, Jas o-
. ECIO0MA DEG30O9A o
ouT b f [ ourrd 45V
0A-0
>
Sz f ™ LRC f‘ SRS ::Fa'so e S pas Snan
L > -4
2uaco %:;un ‘Em:?.coo c:ml iwm MP0G 51000
1 4
-+ SB-rY
UNLESS DTHERWISE INDICATED: B3
RESISTORY ARE I/4W, 3%
DISDES ANE DOg4
+ t O A 10V (A)
<R 2 2R & SR8 It QR 14 SRI7
00,000 $rapmo 2io0nm j0B,000 2100000 Siogooa
+ > §——0C GND
a1 02 L1 1]
1 1 1
020 024
ol C-652 b-662
1 v
o7 BI9 023
0-562 D562 D-662
oig D22
L—H—oa sO-i—e
[
T %]
R4 <R3 SRIC
15,000 S1,000 <i5,000
OB -5y
UNLESS OTHERWISE WOICATED.
TRANSISTORS ARE DEC 2639
RESIETORS ARE 14 W, 5%
DIODES ARE D-G64
NI s D10
B=C5=R125-0-1 Diode Gate ri 4o



nar [+EY:) Das a}-7n] oSl Ds2
H N I u
AHOV LA}
*A2 }ns PRI Emc SR8 SRE2 *
210000 sioooooYon  Woi E:m.noo 2iocpcoWoes Yoz  <i50,000 2 |maoo*uu D4z
- " y - y -0C GHD
8 [+]1+] £1 3 g D24 c2 25 D38 %] D46
4 Lail 1L [ 2l [ It -
L ™ k3 —d EAY 0-£62
R 0o ois 100 ulz 109
[T s ¥o-eez | 00, i 4 23 2 o662 BarXo-cer | g
o3 Wo-se2 pe Woesz 017 Wo-see p2:¥ocaz 031 Yo-ees 036 ¥ o6e2 oA
Ll Il ._* 4 i > H r
h o o Ly | o& Lo |8 Lot 1 ——
oS 4| o7 oz o o2i oze D33 L oss pao | caz
oz oe D30 [y D44
F E ML T s iOFID p-e2
] L1 R
S o
CUELE #iid ¢RI RF 1) R9 2RIl Rz ¢RiY R15 R PRIT  SRIN *RE0 2AZI H2% Az4 T~ B-BE2
%ls.ooo«:mm :iga.m%mw 5000 215000 iﬁnﬂu 1,700 %‘,m-;nwoo ?ISQOO §|s.ooo 2 4700 | 4,700 215000 %s.mo %:mo
b = 2
' ?os Ko o020 D28 Koz
_m25
vy
UNLESS OTHERWISE INDICATED!
HESI%T%SHQIE 174 ey 58
Dimls ARE 3'-‘56 ot
TRANSISTORS ARE DEC 2639C
B-CS-R203 Triple Flip-Flop R203
i X :
o bea D5S £057 0% iom
pO—y N
- > I A+ICAAY
K Z v
R4 R RIE SR20
D3 woe $I0G000 08,000 o2 Wpozé Y D27 YYDI0 $100000 S106,000 £as D40
] al * C3 C4 o] t =] OC 9D
oo | o8 DEC 26390 o7 | e 100 | o2 3639¢ pu | B0 dcs
LY 14 T =™ 4 [ o82 i?r‘u
Ty o4 e
@ 09 DEC 3539¢] oM p2o s mse DEC 36350 oze oes
i s oo -1 P p3z v37 -y *DSI
D-sa2 C-am2 Yo D662
D4 piz oea| o2 ,
2] L
or 7™ oa | P e Thio gpose
ofez
o oin 5 4 DI D43
bt | - »
’Re  CRT RO PRIZ M R CRIS CRIT *ain RIS dnzz Qmze ooae2
}-wo 18,000 pmgnpoo %uw%m?nw%a.m %«m%em ShbogIa00
£ £ P
B-15v
oF
2| SRaa R25
0 4,500
[ 0] pz € par %
UNLESS OTHERWISE INDHCATED g i
RESIETORS ARE LA4W; S %
LAPACITORS ARE MUWFD &8
DIODES ARE D-564 wa | K e
M M s J———ov
"L [FT0 bl

B-CS-R205 Dual Flip-Flop R205
C-62



O RHTVIAY

LIC,H N
D

D40

0-662

L-66E

D-BE2

b-862

08 -16v

1 .
R2Q
ho35  Siacoo
06
(PN I L L] 1
Y25 g) o
Sar
3 D43
(] 2
C L}
B D3
ETS
2 [ me o F A !
% E 5000 % 1,500 |
RI e bas
5,000 &00 3000
(73 £
=] c3
pi | o ] os w0 pan czs | oo 1 Dz
EQ—In X Lo—p-+—if s I( . R
Woaa | D4 pas Yoa Dis ca? Deg | 2 b ag
Lo l ™
UMLESS OTHERWISE INDWCATED:
RESISTORS ARE HMW: I0%
CAPACITORS ARE WMFD
DIDOES ARE D-664
TRANSISTORS ARE DEC 3539-0
[ —1
L
} N T
D
i 500 |
| 1
£ [
oz ome 04 PSR4 De ™ o oo om0 piz ome os Jms fos dms : 0z} :
] §W3[ %m:z gr.soogz ?uoo][ 500 ¥ Lrw0 Y 7o B %7.500 | Mo-aee,
I
! 22
[ Y
b ool J QI A
& o
[ £ [ [] ¥ [ ] nm: “M:
| neo |
| ¥oaez!
(3 K
[ —
i Lo i oc e
! !!n-uz:
" » T v v i o |
=} ¢ | ¥oee |
=a ! | =0
wrp | pir || wFp
! ¥p-ssal
oo g oo $Thoo £ oo £ o | goe |
it > s
X b4 3 < :: ! | Yosz
L Is ]
> |
| |
| QRIS
| g |
1
: ii )
Ioav, |
MLEES OTHEAWISE INDICATED: I sTratE |
RESISTORS ANE LA4W, 0% | |
DIODES ARE D- 664 L -



AD LILPWELLS aLk
. DI7 o DoG4 oen
c DIt g DEES RED
o Dl; DES4 RN
E 015 o BESA veL
F s GAN
" BIZ o DBEA -
J HE DER4 vie
X 00 o DE64 oy
: st "\ mason casLE
e LIV T S
no——Epjeses o oy
"o = 1o ren
a DS o, DEES o
5 D8 o hEES YL
r D2 o DEES nn
v 020 D584 oLy
v D1 gy DEG4 vio

B-CS5-W018-0-1 Indicator Connector

(GNOIC & QI =,
[l £ R
+—0C REO
ED O ORN
FO O TEL
Hr ) RN
J D- O BLY
K- T vIn
O O GRY
uo N
W O— L BLK
PO ~0 BRN
RO— RED
50n Q0 ORM
p—C YEL
T L oM
uo- O By
v - wld J
{0 aRY

B~CS-W021 Signal Cable Connector
C-64



A
— Y

AL ;nir ;R" b A23
’ v 196,000 100,000 2 330
4. RIl I h
>130 ¢330 e
¥ite: e
o MFD (-] Yo 4111
N T 32 ¥ D% P\ @ 2
3 : F-or
%ﬁ‘ 2R RIS W, 1,000
LEG 2 1,BOG o
'P >
E R4, ';
J 10,500 W o00
T
1 1' O aND
: ; ! . on
i 1 Lt
3 : KB —p—t ™ ! fRz2
s *naez 800 : . o8 i 1,300
Tot gz ) DEC DEG :
Wep L oger : o7 oz !
1] LO—e t ./}?\Iu!! 1 ) 3630 o —na
¥ oeee ST W A2t
X L 1500
S " H .
' — Lonw r
a2 L1
. DEC| ¥ PRy ERIE CHIS I ma "0
| socee a0 STROSE J1800 SL800 51800 $ 1,800 21,500 % [,800
%nz
1800
[ ]
o -1
UNLESS OTHENWIRE INDIZATED:
RESISTORY ARE /AN 5%
DHGDES AME D84
EAPACITONE ARE MMFD
TRARSISTORY ARE DECEIIA D
{RECESI48 MAY BE JUBSTITUTED !
p e .
B-CS5-W533-0-1 Rectifying Slicer
- |
¥ 7 $ws0 T"
ca R i3 >R30
al w2 a3 ar Y] Qe - g
PECESIAR r2 The%  os DECE524R Rr21 T, e | ¢ T
] N o ¥ T
W ™ 1% e 1t
cr ciz
ot el dcn
Rs = 1ac A25 =100 4 100 l
T Hiarp S neo wurp F Ll IIZIE(F}D H“FU::R?B e L]
l it
{ .
d T D2 D3 ez o3 |
) il Ll
g 2 OF oo o H—;—ou :: R12
1 X
3
> Ri7 Rzl ¢ 2
$ha Sp? 08 2109 gAzd %"7 R
E 0% $i0%
1 ! I‘ ! Co
o =] 3 017
DECES34R T ©s a6 €3 ™
Ry MmFp  ©9 . o s
UNLESS CTHERWISE INDICATED: cs c(|2 1 -
CAPACITORS ARE O) MFD cE
RESISTORS ARE 1AW, 5% 230 S AL = 100 1CD yos L
RESISTCAS &RE 3,000; 5% vHFD | Twmro&Ara  smrED ol s
DIODES ARE DES4 'II( + . !an
TRANSISTORE ARE DELYE3Y =3
TRANSFOAMERS ARE T208I - -+
O3 26 Y] |
H ﬁ -0 T ‘:ﬁ iF e
L]
Y Tz
-] >
gmz :ms b LEL inzs gnzs
.
8
-5
4
B-CS5-Wé4d0

C-65






AQ0

Al1,AT12

-A13{B)

B BRK

BMAO(1) through BMAT1{1}
BREAK REQUEST (B)
~BTQO(B)

BT!

BT2A

B(WTX)

CDF

-CLR

CYCLE SELECT 3

DAQ through DA
DATA ADDR — DBMA
DATA ~—3— DBMSB
DATA FIELD 0-2

DB

D8

DBB

DBMAT through DBMATI
DBMA11 (1)

DBMB ~— DBMA
DBMBO through DBMBI11
DB PAR (1)

DB PARITY

DCA (B)

DCA

GLOSSARY
MEMQRY EXPANSION AND DATA BREAK OPTIONS

Option-Page=-Sheet

mooc_1_1
LFJQIT 1=

MC85-1-3
OMD85-4-2
OMD8S-4-2
DB8S-1-2
OMD85-4-2
DB8S-1-2
OMD8S-4-2
DB8S-1-2
DB8S-1~2
OMD85-4-2
MC85-1-3
OMDB8S-4-2

DB8S-1-1
DBg5~2
DB8S-1-2
DB8S-1-2
MCBS5-1-3
OMD8S-6
OMD3gSs-7
OMD85-7
DBgS-2
DB8S-1-1
DB8S-1-1
DBBS-2
DB885-1-1

OMD85-4-2
MC8S-1-3

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

Reset fF, |B, DF during WTB, power failure,
or lond address

3~-cycle select, inverted

Externally applied oddress lines

Sefs DA [ines 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

DSI8

DSIF

-FR

FSO through FS7

GMAD through GMAT1

GMBO through GMBI1

1BO through B2
IFO through IF2
IM& through IM1]
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 MBIT1

MB PAR

QOption-Page-Sheet

MC8S-1-3

MCBS-i-1
MC85-1-1
MC8S-1-1
MC85-1-1
OMD85-4~1
MCB8A-1-2
OMDBS-6

OMD85-7

MC8S5-1-1
MC85-1-1
MC85~1-2
OMD85-4-1
MM85-B~2
MM85-B-2
MMBS-A-2
MMBS-A-2
OMDBS-5
MCBS-2
MCB5-1-2
OMD8S-4-2
MC85-1-3
MCB85~1-3

OMD8S5-4-2
MC85-1-3

MC8S-1-3
MC85-1-2
OMD8S5-5
MC85-2

MMB5SA-1
MMB5B-1

OMD8s-5
MC8S-2
MMBSA-1
MMBSB-1

C-68

Definitien

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

Inferrupt inhibit ofter CIF instruction

Memory field select levels

OMD8S memory addrass bus; gated from proc-

essor MA or data break DBMA

OMD8S memory input {write) data bus; gated
from processor MB or data break DBMB

Instruction buffer register

Instruction field register

Input to AC from DF, SF, IF registers

OMDS8S memory inhibit level
Odd memory field inhibit level
Odd memory field inhibit level
Even memory field inhibit level
Even memory field inhibit level
Field 0 memory inhibit levels
Field 1 memory inhibit levels
Processor |OP pulses

JMP or JMS instruction in effect
CDF instruction {level)

CIF instruction {level}

Load address word time

ADO.LD

RMF instruction (level)

ORed output data bus from ali memory moduies

ORed pority output bit from all memoary

modules



Terms

MCA through MCH
DON

=
m

RDF

RD RQ

RDS

READ

READ

READ DELAY
READ EVEN
READ CGDD
READ 1

RI

RIB

RIF

RMF

-R5F

SCDF

SDFQ through SDF2
SFO through SF5

SIFQ through SIF2
SIFQ through SIF2

SMBOO through SMB11

STROBE ENABLE
STROBE EVEN
STROBE ODD
STROBE 0
STROBE 1

Option-Page-Sheet

OMD8S-4-1

OMDBS-7
OMD8S-7
MCgA-1-1
MC85-1~1
MCBS-1-2
OMD8s-7
OMD8S~7
OMDg5-4-1
OMD85-5
OMDB8A-5
MMB8SA-2
MMB3B-2
MCB5-2
MC85-1-1
MC85-1-2
MC85-1-2
MC85-1-2
MD85-4-2
MCBS-1-3
85-15
MC85-1-1

85-15
MCB5-1-1

MD8S-6

OMDB5-4-1
MMBSA-2
MMB8SB-2
OMD8S5-5
MC85-2

C-6%

Definition

OMDS8S memory timing ring counter

Auxiliary MBM DONE
.............

OMDSS parity bit to processor MB

End of processor memory cycle (resets WTS)

Initiate processor memory cycle

Processor waiting for memory cycle

Reset IB register (pulse)

Reset DF register (pulse)

IOP4 pulse during RDF instruction

Start memory read cycle

Processor read cycle request

Memory read time

End~of-read pulse

Memory field 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)

IOP4 pulse during RIB instruction

(OP4 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 ODD

WRITE 0

WRITE 1

WR RQ

WRS

WTB-AQ0 (B)

WTD

WTF

WTF {LCIF)

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

0 — DBMB

IRDRQ

TWRRQ

2RDRQY

PWRRQ

+] —» DBMA

+] — DBMB

Option-Page-Sheet

DB8S-1-2
DB8S-1-1

OMDBS-4-1
MMBSA-2
MMBS3B-2
OMDB85-5
MCRB5-2
OMD8s-7
OMD8S-7
OMD85-4-2
OMD85-4-2
OMDgS-4-2
MC85-1-3
MCBS-1-3
MC85-1-3
OMDg5-4-2
DB85-1-1
DB8S-1-1
DB8S-1-1
DBgS-1-1
DB8S-1-1
DB8S-1-1
DB8S-1-1

DB8s-1-2

C-70

Definition

Time bracket for word count overflow detection

End of block transfer signal to device during
3-cycle breaks

Write command to ali 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

Sea WTF (JMP + IMS)

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 breck memory read request
Data break memory write request

Set DBMAT1 (adds | to word count location
to form current address location)

Increment DBMB (carries are propageted)
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