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This tenth edition of the lOGIC HANDBOOK is your guide to the most exten­
sive line of products ofrenMI by Di(ptal fqpipe at Corporation for implement­
ing etectronic logic designs for iHSttu,iientalWn, computer iMerfacin& data 
gathering or control. This handbook is a basic reference for anyone involYecf 
in specifyi"... manufacturing or using solid·state logic. 

Our M Series TTL-integrated circuit modules are featured throughout this 
edition. The M Series line consists of more than 100 modules ranging from 
basic and fundamental logic modules to self-contained computer interfacing 
modules. The impact of advancing technology can be seen in M Series evolu­
tion. From the beginning, M Series was TIL integrated cirCUit-oriented; the 
current trend is toward MSI and LSI. The result is more complexity (and more 
built·in design solutions) per module. Many of the modules in this handbook 
amount to full-scale digital subsystems. 

The microprocessor or "computer-on·a-chip" is the latest result of the con­
tinuing technological advancements. As the leading supplier of logic modules, 
DIGITAL applied this microprocessor concept to a family of modules desig­
nated Microprocessor Series (MPS). The major CPU functions are executed 
by a single-chip, MOS/LSI microprocessor. All input and output lines are TIL 
levels, thus making the MPS compatible with other M Series modules. 

Further versatility has been added to the M Series line by the availability of 
six prewired Interfacing Kits, described herein. Five of the kits offer the user 
the capability of implementing more complex input/output interfacing be· 
tween a PDP-II computer and peripheral equipment at- low cost and mini­
mum design time. The sixth kit provides a convenient method of monitoring 
analog voltages at a remote location. 

An alternative logic design concept has been made available to the designer 
of digital systems with the availability of RT Modules described in this hand­
book. These modules, using the Register Transfer concept, minimize design 
time, reduce documentation, and demand only a fundamental knowledge 
from the system designer. 

This edition of the handbook also covers the K Series of industrial control 
modules, the A Series of analog modules, the W Series of wire wrappable 
modules, collage and blank boards in the FLIP CHIP form factor, and a com­
plete line of power supplies, hardware, and cables. All these support support 
functions provide a total capability for designing, implementing, and assem­
bling a modular system, small or large, at the lowest cost per function in 
the industry. 

The data entry terminals section has been expanded to include the latest in 
remote data acquisition systems: The PDM70 Programmable Data Mover. 
Also described are the RTOl Numeric Data Entry Terminal, the RT02-A Al­
phanumeric Data Entry Terminal, RT02-B Full Keyboard Terminal, RT02-C 
Badge Reader Terminal, and the recently announced LA36 DECwriter and 
VT50 DECscope .. 
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Extensive noncatalog products and services are also available from DIGITAl. 
If you require unique functions that are not listed in this handbook, contact 
your local DIGITAL office. The product you need may be available as a non­
catalog item. In addition, DIGITAL maintains a Special Module Products 
Group with complete capability of module design, layout, manufacturing and 
test. Custom product capability is not limited to modules alone but extends 
to the support hardware and accessories, including cabling, wire wrapping, 
and cabinets. 

A worldwide staff of DIGITAL sales engineers is prepared to respond to your 
technical and commercial needs. From a backlog of logic system design ex­
perience, DIGITAL may have a detailed solution to your application or inter­
face requirement. 

Please address any comments on this handbook, or inquiries concerning 
special services, to: 

x 

Digital Equipment Corporation 
Components Group 
One Iron Way 
Marlborough, Massachusetts 01752 

Attn: Logic Products 
Sales Support Manager 
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ORGANIZATION OF HANDBOOK 
This edition of the LOGIC HANDBOOK is organized into eight functional sec­
tions for maximum ease of reference. Within each section, module descrip­
tions are arranged by categories acco·rding to functions. To locate a specific 
item, consult the Product List at the end of the handbook. 

General Purpose Logic and Control: This section includes all of the M Series, 
A Series, and K Series basic logic modules and those complex functional 
modules that are not specifically computer-interface oriented. In addition, 
brief descriptions are provided of earlier modules that are still valid for 
spares and replacements. 

Computer Interfacing: This group includes the M Series complex functional 
modules that simplify interfacing to the PDP-l1 UNIBUS, PDP-8/A, 8/E, 8/F, 
8/M OMNIBUS, PDP-12, and PDP-15. Also in this group are the modules for 
interfacing the external I/O bus of earlier PDP-8 family computers plus level 
converters and other interface·oriented support modules. Introductory in­
formation defines the control and data signals of the OMNIBUS, UNIBUS, and 
external. I/O bus. 

DECkits: These kits offer greater interfacing capability to the PDP-ll UNIBUS 
at the lowest cost possible. Complex logic module building block concepts 
are now expanded to greater limits of versatility in kit form. Capable of per­
forming a highly complex computer interface, the kit is a collection of logic 
modules inserted by the user to a prewired system unit. 

Microprocessors: Employing state-of-the·art semiconductor technology, DlGI· 
TAL's Microprocessor Series consists of a processor module, a read/write 
memory module, a programmable read-only memory module, and an external 
event detection module. Other support features, such as an operator's con­
trol panel and software routines, are also described in this section. 

Register Transfer Modules: Register Transfer (RT) defines the next higher 
level of computing machine design above sequential and combinatorial logic 
operations. Digital system design is removed from the realm of the pure 
logic designer and is made easily achievable by persons such as students, 
laboratory technicians, researchers, etcs. 

RT modules can be operated in 8-bit or 16-bit register configurations; regis­
ters may be linked to form words of 24, 32, or higher numbers of bits. 

The modules are especially useful at the university teaching level, in experi­
mental, medical, and research laboratories, industrial control, materials 
handling, and manufacturing. 

Data Entry Terminals: This section describes the RTOI and RT02 Data Entry 
Terminals which provide easy, low·cost access to total information in a com­
puter. They offer ideal communication links in numerous situations that re­
quire interactive communication between both local and remote operaters 
and the central data processor. Featured also is the PDM70 Programmable 
Data Mover, a complete remote data concentrator and the LA36 DECwriter 
and VT50 DECscope. 
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The terminals feature Teletype and EIA serial line compatibility. Interface to 
a computer is accomplished via a standard full-duplex 4-wire data communi­
cations Teletype interface. Standard interfaces are available for the PDP-S, 
-10, -II, -12, -15, and -16 computers. Modem interface signals corresponding 
to EIA RS-232C specifications are also provided. 

Cables, Power Supplies, Hardware: This section describes a wide selection of 
prefabricated cables for interconnection of free-standing logic systems as 
well as computer-based installations. Bulk cables and cable cards are avail­
able so that the user can design and "Construct his own custom intercon­
nections with a minimum of custom design and planning. 

A wide selection of dc power supplies for small and large,systems is provided 
here. 

DIGITAL makes a complete line of hardware accessories to support its mod­
ule series. Module connectors are available for as few as one module to as 
many as 64 in a single 19" mounting panel. A complete line of cabinets is 
available to house the modules and their connector blocks, as well as provide 
a convenient means for ·system expansion. Wiring accessories and a com­
plete selection of support hardware simplify all phases of physical construc­
tion. This edition's hardware selection is expanded to include the latest 
cabinet and hardware features. 

Lab Series: This group consists of the COMPUTER LAB digital logic trainer 
and the DEClab-RT for experimentation and system design of Register Trans­
fer Modules. 

xii 



SPECIAL SYMBOLS AND ABBREVIATIONS 
Logic symbols used in this handbook conform, in general" to widely accepted 
MIL standards. All basic M Series logic symbols (AND, OR, NAND, NOR, 
Inverter, Flip-Flop) are described in the introduction to the M Series logic and 
control modules. 

Input Loading and Output Drive 
On the logic diagrams of this handbook, input and output loading, expressed 
in TTL unit loads, appear in boxes terminating each input or output signal 
line. In the 2-input NAND gate example of Figure I, both inputs (pins Al 
and B1) present one TTL unit load. The output (pin CI) is capable of driving 
10 TTL unit Idads. The arrows eliminate any possible confusion as to the 
direction of signal flow. 

INPUT LOAOING PIN NUMBER 
(I TTL UNIT LOAOY(PIN A, SlOE II 

1 AI 

ARROWS SHOW DIRECTION 
OF SIGNAL FLOW 

Figure 1. Logic Diagram Input Loading and Output Drive Symbols 

Bus Drivers and Receivers 
Drivers and receivers that transfer data along the bidirectional transmission 
lines of the PDP-S/e, S/m OMNIBUS or the PDP-ll UNIBUS differ somewhat 
from similar TTL NAND gates or inverters. Typical examples are shown in 
Figure 2. The "B" in the loading box indicates that the driver or receiver 
circuit is to be connected to an OMNIBUS or UNIBUS signal or control line. 
In this application, unit loading need not be considered. "R" identifies a line 
receiver and "0" identifies a line driver. Inputs to line receivers or drivers 
may also be standard TTL levels, in which case, TTL unit loads are shown 
as usual in the loading box. 
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DATA 
TO 

BUS 

B U2 

DRIVE 
TO BUS 

~B1 • 

___ --.,~eus DRIVER 

READ 
FROM BUS 

DATA FROM 
BUS 

TYPICAL BUS TRANSCEIVER ARRANGEMENT 

Figure 2. Bus Driver and Receiver Symbols 

Electrical characteristics of these circuits are described in the introduction 
to M Series Computer Interfacing Modules. 

level Converters 
Whenever logic levels are translated from one set of voltages to another, the 
conversion is shown taking place in a square level-converter symbol. Inside 
the box, the corresponding logic levels are related in a simple truth table. 
The example of Figure 3 shows a level converter stage that accepts TTL 
levels (LOW and HIGH) and delivers DEC negative voltage levels (-3 V and 
ground). 

Input loading is two TTL unit loads. Whenever loadtng is peculi.ar, it is de­
fined in a note on the drawing as in the output of Figure 3. 

~_JH4 __ ._ D1Q 

~ 
*=SINKS 20mA AT GROUND 

Figure 3. Typical Level Converter 
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Special Analog Symbols 
Symbols used on analog circuit drawings to represent multiplex switches and 

, operational amplifiers are shown in Figure 4. Loading boxes for analog inputs 
and outputs contain the letter "A"; do not connect such sign,als to logic 
levels. 

MJlTIPLEX SWITCH (MOS FETl CONSTANT IMPEDANCE MULTIPLEX SWITCH 

~
A 

LOGIC 
CONTROL· 

INPUT 

LOGIC 
CONTROL-----' 

INPUT 

_1t>~1 
OPERATIONAL AMPLIFIER 

Figure 4. Special Analog Symbols 
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Signal and Function- Names 
Inputs and outputs of M Series IOSic modules may be assigned a signal 
name, a function name, or both. (See Figure 5.) Signal names appear out­
side blocks or logic symbols to identify typical input or output signals. 

__ -----SIGNAL NAMES--_____ _ r I I 1 

~H::: : ! G> L[)~!: :::: 
r=::..-..-----'-I--I I • ANt ~8INIT H 

I I 
I X>--.l...-I ---==t1 

I (PM"T OF Mt510) I 

t=-------c::::J~f L 
~ __ ~(]UPL 

DNH 

1="-___ -~ENABl.E H 

~ ___ ---IcaJNT IN H 

j 

(PART OF M2M1 

Figure 5. Signal and Function Names 

Digital Equipment Corporation uses standard terminology to name signal 
lines to aid the reader in determining their active state. Either an H or L 
follows the Signal name mnemonic, separated by a space. This letter indi­
cates the asserted. (true) state of the signal. An H means the signal is as­
serted when HIGH (+3 V) and an L means the signal is asserted when LOW 
(0 V). For example, a UNIBUS data line is called BUS 000 L and a grant 
line is called BUS BG4 H. 

On the logic diagrams of many computer interfacing modules in this hand­
book, signal names peculiar to one computer, such as the PDP-II, appear 
as an example of typical usage. Signal names may be changed to those of 
another computer or interfacing device if logically appropriate. 

Function names appear inside the blocks of functional modules. They iden­
tity the function of input or output Signals. The user may add his own signal 
names. . 

Abbreviations 
Abbreviations used in signal and function names in this handboo~. are de­
fined in Table 1. 
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ABBREVIATIONS 

AlTN 

AMPl 

ANlG 

BPS 

CAP 

ClR 

CMPR 

COM 

CONT 

CVRSN 

DAC 

EXT 

GND 

H 

INIT 

INT,INTR 

INTL 

l 

OUT 

. P.I. 

POT 

PRGM 

REF 

RTN 

SER 

S.H .. 

TRIG 

Table I-Abbreviations 

DEFINITION 
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Alternate 

Amplifier 

Analog 

Bits Per Second 

Capacitor 

Clear 

Compare 

Common 

Control 

Conversion 

Digital to Analog Converter 

External 

Ground 

High (TTL +3 V logic level) 

Initialize 

Interrupt 

Internal 

low (TTL 0 V logic level) 

Output 

Program Interrupt· 

Potentiometer 

Program 

Reference 

Return 

Serial 

Sample and Hold 

Trigger 



MODULE CONTACT FINGER AND MODULE CONNECTOR BLOCI( 
CONTACT IDENTIFICATION 
DIGITAL plug-in (FLIP CHIP) modules have contact fingers either on one 
side (single-sided modules) or on both sides (double-sided modules). Mod· 
ules with contact fingers on only one side always have them on side 2 (the 
solder side) (Figures 6, 7, and 8). DIGITAL module connector blocks have 
module slots with contacts either on one or on both sides. Modules with 
contact fingers on only one side can be plugged into connector blocks with 
contacts on both sides of the module slots; then electrical contact between 
the module and the connector block is only via module slot side 2 contacts. 
The module contact fingers and connector block contacts are identified by 
alphanumeric codes. These alphanumeric codes are used throughout this 
handbook, the HARDWARE ACCESSORIES CATALOG, the PERIPHERALS 
HANDBOOK, individual module data sheets, engineering drawings, and other 
DIGITAL publications. This coded numbering scheme must be understood to 
ensure proper system interconnections (Figures 6, 7, and 8). Letters G, I, 
0, and Q are not used in this numbering scheme. 

DIGITAL modules are SINGLE·HEIGHT, DOUBLE-HEIGHT, or QUAD·HEIGHT; 
STANDARD LENGTH or EXTENDED LENGTH; and SINGLE·WIDTH or DOUBLE· 
WIDTH (Figures 6, 7, and 8). Each DIGITAL module is a specific, fixed size; 
the size of each module is stated in the module description in the previously 
mentioned DIGITAL publications. DIGITAL SINGLE·HEIGHT and DOUBLE· 
HEIGHT modules are STANDARD LENGTH or EXTENDED LENGTH. DIGITAL 
QUAD·HEIGHT modules are always EXTENDED LENGTH. Any DIGITAL module 
can be SINGLE·WIDTH or DOUBLE-WIDTH; most, however, are SINGLE· 
WIDTH. 

The height and length requirement is determined by the quantity and size of 
discrete components and integrated circuits located on side 1 of the module, 
and, to some extent, by the amount of etched printed circuitry on sides 1 
and 2. The width requirement is determined by the distance the largest 
component extends from its mounting surface on the module. 

All DIGITAL module connector blocks accommodate any height (standard or 
double) module. The length of the modules to be used in a logic system 
must, however, be considered when connector block mounting drawers, 
system unit mounting drawers, or cabinets are being selected; enough space 
must be provided to accommodate the longest module. DIGITAL's STAN· 
DARD-LENGTH modules are 5.40/5.60 in. (13.72/14.22 cm) long and EX· 
TENDED·LENGTH modules are 8.84/9.04 ,in. (22.58/22.96 cm) long from 
the bottom of the contact fingers to the top of the attached handle(s). 

All DIGITAL module connector blocks accommodate any width (single or 
double) module. The width of the module must be considered, however, 
when any connector block module slot is occupied by a DOUBLE·WIDTH 
module; this is because no module can be inserted into the module slot on • 
the immediate right on the same connector block unless that connector 
block provides sufficient space between module slots for the mounted com­
ponents, i.e., an H808 Module Connector Block. DIGITAL's SINGLE-WIDTH 
modules require 0.338/0.348 in. (0.859/0.884 cm) for conductive compo­
nents and 0.370/0.380 in. (0.940/0.965 cm) for nonconductive components. 
DOUBLE·WIDTH modules require 0.820/0.839 in. (2.106/2.131 cm) for con­
ductive components and 0.870/0.880 in. (2.210/2.235 cm) for nonconduc· 
tive components. These component space requirements are the distance from 
the module's side 1 surface to the side 2 surface of the module mounted 
on the immediate right. Normal module spacing is on half·inch centers. 
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Some DIGITAL module connector blocks accommodate only SINGLE-HEIGHT 
modules and others accept either SINGLE-HEIGHT or DOUBLE-HEIGHT mod­
ules_ No single connector block can accommodate QUAD-HEIGHT modules; 
QUAD-HEIGHT modules must be mounted in mounting frames, system units, 
or module drawers comprising module connector blocks with slotted ends so 
that four module slots are arranged end to end (Le., at least two H863 or 
H8030 Module Connector Blocks mounted end to end). SINGLE-HEIGHT 
modules are 2.417/2.452 in. (6.139/6.228 cm) high, DOUBL.:E-HEIGHT 
modules are 5.167/5.202 in. (13.124/13.213 em) high, and QUAD-HEIGHT 
modules are 10.437/10.472 in. (26.510/26.599 cm) high (Figure 9). 

SINGLE-HEIGHT modules (standard length and extended length) may be 
plugged into the upper (row A, C, or E) or lower (row B. 0, or F) module 
slot of a connector block (Figure 9). Contact fingers Al through VI are on 
side 1 (component side) of the module, and contact fingers A2 through 
V2 are on side (solder side) of the module (Figure 6). 

DOUBLE-HEIGHT modules (standard length and extended length) have two 
plug-in sections of contact fingers and occupy two module slots (rows A and 
B, C and 0, or E and F) of a connector block (Figure 9). The two plug-in 
sections are identified by the designations A and B. Contact fingers Al 
through VI and A2 through V2 of the A section are designated AAI through 
AVI and AA2 through AV2, respectively; contact fingers Al through VI and 
A2 through V2 of the B section are designated BAI through BVl and BA2 
through BV2, respectively (Figure 7). Note that the positioning notch in the 
module base must mate with the protrusion on the connector block for 
correct positioning. 

QUAD-HEIGHT modules (always extended length) have four plug-in sections 
of contact fingers and occupy four module slots (rows A through 0 or C 
through F) of two connector blocks (Figure 9). The four plug-in sections are 
identified by the designations A, B, C, and D. The four sections of contact 
fingers are deSignated AAl through AVl and AA2 through AV2; BAl through 
BV1 and BA2 through BV2; CAl through CVl and CA2 through CV2; and 
DA1 through DV1 and DA2 through DV2 (Figure 8). 

SIDE I 
COMPONENT SIDE 

AI 

PIN VI 
PIN V2 

Figure 6. Single-Height Module 
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ROW A 

ROW B 

'I 
PIN BV1 

PIN 8V2 

. ht Module 7 Double-Helg Figure . 

ROWB 

ROW C 

ROW 0 

0112 
0111 V 

'--.J 

. ht Module Quad-Helg Figure 8. 
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ROW A 

SINGLE - HEIGHT 
STANDARD-LENGTH 
MODULE 

DOUBLE - HEIGHT 
EXTENDED-LENGTH 
MODULE 

ROW BROW CROW 0 

QUAD-HEIGHT 
EXTENDED-LENTH 
MODULE 

ROW E ROW F 

~igure 9. Connector Block Slot Identification 
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RELATED LITERATURE 
Listed below ..Ire DIGITAL doc·uments that supplement the material provided 
in this handbook. These documents are available from the nearest DEC Sales 
Office. 

• HARDWARE/ACCESSORIES CATALOG 

• PDP-ll PERIPHERALS HANDBOOK 

• PDP-8/E, 8/F, 8/M SMALL COMPUTER HANDBOOK 

MODULE CLEANING 

Occasionally, modules which have been in service for a long period of time 
may develop resistive coatings on their gold-plated fingers. This coating, if 
allowed to build up, can cause malfunctions by decreasing the noise margin 
of a circuit. 

There are two types of foreign material coatings which can develop on the 
gold-plated fingers ofa module. The first type is INORGANIC. This type of 
contamination results when copper "bleeds" through the gold plating and 
oxidizes. This oxidized layer builds up and can create contact resistances of 
significant consequence. Inorganic contamination is strictly a matter of time; 
however, extremely dirty environments will speed up the process. For this 
reason, care should be taken to locate modules and systems in an area as 
free from smoke, pollution, and other air·bound particles as possible. 

The second form of contamination involves ORGANIC substances, which 
usually are a result of careless handling, and are mainly made up of finger­
prints, salts, and oils deposited when the modules are handled by the gold­
plated fingers. Contamination by organic substances can be greatly reduced 
by careful handling of the modules. 

Although the backplane connectors are 'of the self-cleaning type, it may be­
come necessary to clean the module fingers to ensure reliable connection. 
When it has been determined that the module fingers are in need of cleaning, 
the following procedure is recommended. 

Inorganic Contaminants 
Immerse the fingers of the module in an ultrasonic bath of deionized water 
and a detergent, such as Liguinyx, for at least 30 seconds. Repeat with pure 
deionized water only. 

It is now necessary to remove the water from the module fingers. This should 
be done immediately following the ultrasonic rinse since water wUl damage 
the module fingers if allowed to remain. The water can be removed by im~ 
mersing the module fingers in an ethand or methanol bath to the same 
depth used during the ultrasonic cleaning. Never wipe or use an abrasive 
cleaner on the module fingers. If wiping is necessary, the use of K-Dry is 
recommended. 

Organic Contaminants 
After inorganic contaminants and water have been removed, organic materi­
als may be removed by immersion of the module fingers in trichloroethane 
for at least 30 \Seconds. The fingers can then be allowed to dry or may be 
wiped clean with a very fine, non-abrasive material such as K-'Ory towels. 
In no case should an eraser ever be used on module fingers. The use of 
abrasive cleaners or erasers on modules will be considered physical abuse 
to the module and may void the module warranty. 
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DEC Module assembly lines combine automated manufacturing 
steps with visual Inspection and computer controlled testing. 
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GENERAL PURPOSE 
LOGIC AND 

CONTROL MODULES 

This section describes the computer industry's most extensive line of general 
purpose logic modules-modules used in DIGITAL's products and modules 
used by thousands of customers for computer interfacing, instrumentation, 
data gathering, and control. The module descriptions are organized into three 
main subsections: M Series, A Series, and K Series. In addition, a fourth 
subsection briefly describes earlier versions of selected M, W, R, and 8 Series 
modules. 

M Series high-speed monolithic integrated circuit logic modules employ TIL 
(transistor·transistor logic) circuits which provide high speed, high fanout, 
large capacitance drive capability, and excellent noise margins. 

The M Series includes a full digital system complement of basic modules 
which are designed with sufficient margin for reliable system operation at 
frequencies up to 6 mHz. Specific modules may be operated at frequencies 
up to 10 mHz. The integrated circuits are dual in-line packages. 

In addition to the reduced cost of integrated circuits, DIGITAL's advanced 
manufacturing methods and computer-controlled module testing have re­
sulted in considerable production cost savings, reflected in the low price of all 
M Series modules. 

M Series modules are compatible with DIGITAL's K Series and, through the 
use of level converters, are compatible with all of DIGITAL's standard nega­
tive-voltage FLIP CHIP modules. 

A Series analog modules support the M Series by providing a two-way trans­
lation between continually varying real-world voltage measurements and the 
digital realm of control and computation. The A Series emphasizes 10- and 
12-bit performance in a family of mutually compatible functions-multiplex­
ers, operational amplifiers, sample-and-hold circuits, D/A and A/D converters, 
reference voltage sources, and an expanded group of multiplying D/A con­
verters. 

K Series modules have been specially designed for the industrial environment 
to replace mechanical relay logic. They are extreme.ly noise-immune and reli­
able, allowing optimum combinations of solid-state logic to be applied to 
industrial control applications. 

The upper frequency range of the K Series modules is 100 kHz, with provi­
sion for reduction to 5 kHz for maximum noise immunity. These modules 
incorporate all-silicon diodes, tranSistors, and integrated circuits, deliberately 
slowed through the use of discrete components. 

Either English (noninverting) logic or NAND/NOR logic is compatible with 
K Series. The hardware for this series is specifically designed for standard 
NEMA enclosures. FLIP CHIP mounting hardware can likewise be used for 
rack-mounting, since K Series modules fit standard FLIP CHIP module con­
nectors. 

The associated hardware for these general purpose modules, such as module 
connector blocks, mounting panels, cabinets, and power supplies, is sum­
marized elsewhere in this handbook and described in detail in the Hardware/ 
Accessories Catalog, also published by DIGITAL. 
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M SERIES 
GENERAL CHARACTERISTICS 

M Series high-speed, monolithic integrated circuit logic modules employ TIL 
(transistor-transistor logic) integrated circuits which provide high speed, 
high fan out, large capacitance drive capability and excellent noise margins. 
The M Series includes a full digital system complement of basic modules 
which are designed with sufficient margin for reliable system operation at 
frequencies up to 6 MHz:. Specific modules may be operated at frequencies 
up to 10 MHz. The integrated circuits are dual in-line packages. 

The M Series printed circuit boards are identical in size to the standard 
FLIP CHIPTM modules. The printed circuit board material is double-sided pro­
viding 36-pins in a single height module. Mounting panels (H910 and H911) 
and 36-pin sockets (HS03 and HSOS) are available for use with M Series 
modules. Additional information concernin"g applicable hardware may be 
found in the Power Supply & Hardware and Accessories section of this 
handbook. 

M Series modules are compatible with Digital's K Series and, through the 
use of level converters, are compatible with all of Digital's other standard 
negative voltage logic FLIP CHIP(i) modules. 

TTL NAND GATE 

The basic gate of the M Series is a TIL NAND GATE. Figure 1 is the basic two 
input NAND gate schematic diagram. The circuit is divided into 3 major 
sections, the multiple emitter input, the phase splitter and the totem pole 
output circuit. The two diode model of a transistor shown in Figure 2 will be 
used in the analysis of the circuit. A forward biased silicon junction (i.e. diode) 
gives a voltage drop of about 0.75 volts and a saturated silicon transistor has 
a collector emitter voltage of 0.4 volts average. These two figures will be used 
throughout the following discussion. 

With either input at the LO logic level (O.OV-O.SV) the multiple emitter input 
transistor will be ON with its base residing at about 0.75 + 0.4 = 1.15 volts. 
The three diode string consisting of QI'S base collector diode, Q2'S base emit­
ter diode, and Q/s base emitter diode will have only 1.15 volts across it and 
will therefore be conducting only leakage currents (0.75 + 0.75 + 0.75 = 
2.25 volts required for forward bias). With no current flowing into the base 
emitter junction of Q2, the transistor will be OFF and its collector emitter 
voltage is alowed to rise. Similarly with no current flowing in the base emitter 
diode of Q. the transistor is OFF and its collector emitter voltage is allowed 
to "rise. When both Q2 and Q4 are OFF, QJ is freed to pull the output voltage to 
a HI level. The voltage levels present in the circuit with one or more LO in-
puts is shown in Figure 4. I 

If both inputs are HI (2.4-3.6 volts) the head of the three diode string will re­
side at about 2.25 volts and there will be a current path from the 4K base 
resistor on the input transistor through the diode string to ground as shown 
in Figure 5. With current flowing in the base emitter junctions of both Q2 and 
Q4, both transistors will be turned ON. QJ is held OFF whenever Q2 is ON. The 
output is driven LO (0.OV-O.4V) by transistor Q4. The voltage levels present in 
the circuit with both inputs HI and are shown in Figure 6. 
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Figure 1 TTL NAND Gate Schematic Diagram 
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Figure 3 Diode Equivalent NAND Gate Circuit. One Input LO 
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Figure 4 TIL NAND Gate Schematic Diagram, One Input LO 
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Figure 5 Diode Equivalent NAND Gate Circuit, Both Inputs HI 
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Figure 6 TIL NAND Gate Schematic Diagram, B'oth Inputs HI 
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OPERATING CHARACTERISTICS 

Power Supply Voltage: 5 Volts ± 5% 

Operating Temperature Range: 0° to 70 0 e 
Speed: M Series integrated circuit modules are rated for operation in a sys­
tem environment at frequencies up to 6 MHz. Specific modules may be oper­
ated at higher frequencies as indicated by the individual module specifica­
tions. 

LOGIC LEVELS AND NOISE MARGIN 
A gate input will recognize 0.0 volts to 0.8 volts as logical LO and 2.0 volts 
to 3.6 volts will be recognized as a logical HI. An output is between 0.0 volts 
and 0.4 volts in the logical LO condition. The logical HI output condition is 
between 2.4 volts and 3.6 volts. Figure 7 shows diagrammatically the accept· 
able transistor-transistor logic levels. The worst case noise margin is 400 
millivolts that is, an output would have to make at least a 400 millivolt excur­
sion to cause an input which is connected to it to go into the indetermined 
voltage region. For instance if an output were at 0.4 volts (worst case logical 
LO) there would have to be a + 400 mv swing in voltage to cause inputs 
connected to it to go into their indetermined region. 

Input and Output Loading: The input loading and output drive capability of 
M Series modules are specified in terms of a specific number of unit loads. 
Typically the input loading is one unit, however certain modules may contain 
inputs which will present greater than one unit load. The typical M Series 
module output will supply 10 unit loads of input loading. However, certain 
module outputs will deviate from a 10 unit load capability and provide more 
or less drive. Always refer to the individual module specifications to ascer­
tain actual loading figures. 

Unit Load: In the logic 0 state, one unit load requires that the driver be able 
to sink 1.6 milliamps (maximum) from the load's input circuit while main· 
taining an output voltage of equal to or less than +0.4 volts. In the logic 1 
state, one unit load requires that the driver supply a leakage current 40 
microamps (maximum) while maintaining an output voltage of equal to or 
greater than +2.4 volts. 

Timing: M Series pulse sources provide sufficient pulse duration to trigger 
any M Series flip·flop operating within maximum propagation delay specifi­
cations. Detailed timing information appears later in this section and in the 
module specifications. 
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NAND Logic Symbol: logic symbology used to describe M Series modules is 
based on widely accepted standards. logic symbols and a truth table for the 
NAND gate are shown in Figure 8. 

A~OUTPUT 
B~A-B 

A B OUTPUT 

L L H 

L H H 

H L H 

H H L 

_A=D-
OJTPUT 

B A+B 

Figure 8 NAND Gate logic Symbol and Truth Table 

The first symbol is visually more effective in applications where two high in­
puts are ANDed to produce a low output. The second symbol better repre­
sents an application where low inputs are ORed to produce a high- output. 

TTL AND/NOR GATE 
With a few modifications; the basic TTL NAND gate can perform an ANDI 
NOR function useful in exclusive OR, coincidence, line selection and NOR 
gating operations. The modified circuit is shown in simplified form in Figure 9. 
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r-----~~--~----------~~-------o +vcc 

A 

I 

c 
o 

~--....... ~ OUTPUT 

Figure 9 TTL AND/NOR Gate Simplified Schematic 

Circuit Operation: The basic elements of the TTL NAN D gate are used· with­
out modification. The phase-splitter (Q2) is paralleled with an identical 
transistor (Q6), also controlled by multiple-emitter input transistor which 
receives two additional inputs, C and D. When either of the input pairs are 
high, the phase inverter operates to switch the output voltage low. Circuit 
performance is essentially identical to the TTL NAND circuit. 

AND/NOR Logic Symbol: The logic symbols for the AND/NOR gate are shown 
and defined in Figure 10. 

:~O.UTPUT 
AB+CD 

C • 

o 

A B C 0 OUTPUT 

H I H ANY L 
ANY H H 

L H L H 

L H H L H 

H L H L 

H L L H A;D-8 
OUTPUT 

~. (A+B) (e +O) 

Figure 10 AND/NOR Gate Logic Symbols and Truth Table 

NOR Configuration: The AND/NOR gate can perform a straight NOR function 
if the AND gate inputs are tied together as shown in Fi&Jre 11. 
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:~OUTM :=[>-OUTPUT 
AND/NOR INPUTS TIED RESULTING NOR SYMBOL 

Figure 11 NOR Connection of AND/NOR Gate 

NAND GATE FLIP-FLOPS 
RS Flip-Flop: A basic Reset/Set flip-flop can be constructed by connecting 
two NAND gates as shown in Figure 12. 

SET----Ot 

PREVIOUS INPUT 
RESULT STATE CONDITION 

1 0 SET RESET 1 0 

L H L H H L 
H L H L L H 

L H H H N.O CHANGE 

H L H H NO CHANGE 

H L L H NO CHANGE 
o L H H L NO CHANGE 

RESET---<Y 
L H L L H* H* 

H L L L H* H* 

~Ambiguous state: In practice the input that stays lo~ longest will assume 
control. 

Figure 12 RESET/SET NAND Gate Flip-Flop 

CLOCKED NAND GATE FLlP·FLOPS 
The Reset-Set flip-flop can be clock-synchronized by the addition of a two­
input NAND gate to- both the set and the reset inputs. (See Figure 13.) One 
of the inputs of each NAND is tied to a common clock or trigger line. 

SET 

CLOCK 

o 

RESET 

FiguJ;e 13 Clocked NAND Gate Flip-Flop 

22 



A change of state is inhibited until a positive clock pulse is applied. The 
ambiguous case will result if both the set and reset inputs are high when the 
clock pulse occurs. 

M SERIES GENERAL-PURPOSE FLIP-FLOPS 
Two types of general·purpose flip-flops are available in the M Series, both of 
which have built-in protection again'st the ambiguous state characteristic of 
NAND gate flip·flops. 

FLIP-FLOP CLOCK INPUT SYMBOLS 
The D type flip·flop is a true leading (positive going voltage) edge triggered 
flip-flop and the D input is locked out until the clock input returns to low. The 
symbol to i-ndicate this function will be as follows; 

o TYPE F:LIP FLOP CLOCK 

The operation of the J-K type flip-flop is to transfer the information present 
at the J and K inputs just prior to and during the clock pulse to the master 
flip-flop when the threshold is passed on the leading (positive going voltage) 
edge of the clock pulse. The information stored in the master flip-flop is 
transfered to the slave flip-flop, and consequentially to the outputs, when 
the threshold is passed on the trailing (negative going voltage) edge of the 
clock pulse. The symbol to indicate this function will be as follows; 

J K TYPE FL I P FLOP CLOCK 

o Type Flip-Flop: The first of these is the 0 type flip-flop shown in Figure 14 
In this element, a Single-ended data input (D) is connected directly to the 
set gate input. An inverter is provided between the input line (D) and the 
reset input. This ensures that the set and reset levels cannot be high at the 
same time. 

o S 

LOGIC SYMBOL 

23 



r------
D---....... ----------i 

(SET) 

C----+------~ 
(CLOCK) I 

I 
I 
I 
L 

NAND GATE EQUIVALENT 

S (DC SET) 

>--'-'---0 

I 
----~ 

R (DC RESET) 

SIMPLIFIED NAND GATE EQUIVALENT 

Figure 14. D Type General Purpose Flip-Flop 

The flip-flop proper employs three-input NAND gates to provide for dc set 
and reset inputs. 

D type flip-flops are especially suited to buffer register, shift register and 
binary ripple counter applications. Note that D type devices trigger on the 
leading (or positive going) edge of the clock pulse. Once the clock has passed 
threshold, changes on the D input will not affect the state of the flip-flop due 
to a lockout circuit (not shown). . 

A characteristic of the D type flip-flop which is not illustrated in the 
NAND gate equivalent circuit is the fact that the D input is locked out after 
the clock input threshold voltage on the leading (positive going voltage) 
edge of the clock has been passed. The 0 input is not unlocked until the 
clock input threshold voltage of the trailing (negative going voltage) edge 
has been passed. 
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UMASTER·SLAVE J·K FLlp·FLOP" 
The two unique features of a J-K flip-flop are: A) a clock pulse will not cause 
any transition in the flip-flop if neither the J nor the K inputs are enabled 
during the clock pulse, and B) if both the J and the K inputs are enabled 
during the clock pulse, the flip-flop will complement (change states). There 
is no indeterminate condition in the operation of a J-K flip-flop. 

A word of caution is in order concerning the clock input. The J and K inputs 
must not be allowed to change states when the clock line is high, the output 
will complement on the negative going voltage transition of the clock. It is 
for this reason that the clock line must be kept low until it is desired to 
transfer information into the flip-flop and no change in the states of the J . 
and K inputs should be allowed when the clock line is high. 

The J-K flip-flops used are master-slave devices which transfer information 
to the outputs on the trailing (negative going. voltage) edge of the clock 
pulse_ The J-K flip-flop consists of two flip-flop circuits, a master flip-flop 
and a slave flip-flop. The information which is present at the J and K inputs 
when the leading edge threshold is passed and during the clock high will be 
passed to the master flip-flop (The J and K inputs must not change after the 
leading edge threshold has been passed). At the end of the clock pulse when 
the threshold of the clock is passed during the trailing (negative going 
voltage) edge, the information present in the master flip-flop is passed to 
the slave flip-flop. If the J input is enabled and the K input is disabled prior 
to and during the clock pulse, the flip-flop will go to the "I" condition when 
the trailing edge of the clock occurs. If the K input is enabled and the J input 
is disabled prior to and during the clock pulse, the flip-flop will go to the 
"0" condition when the trailing edge of the clock pulse occurs. If both the 
J and K inputs are enabled prior to and during the clock pulse, the flip-flop 
will complement when the trailing edge of the clock pulse occurs. If both the 
J and K inputs are disabled prior to and during the clock pulse, the flip-flop 
will remain in whatever condition existed prior to the clock pulse when the 
trailing edge of the clock pulse occurs. ~ 

J INPUT --+--f 

I OUTPUT 

CLOCK 

o OUTPUT 

K INPUT --+---f 

Figure 15. Master-Slave J-K Flip-Flop 
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Figure 16 shows a functional block diagram of a master slave J-K flip-flop 
using NAND gates_ Gates C and 0 are the master flip-flop. Gates G and Hare 
the slave flip-flop. Gates A and B are the steering network of the master 
flip-flop and the steering network for the slave flip-flop is comprised of gates 
E, F, and 1. The 1 output of the master flip-flop is point X. The operation of the 
flip-flop will be studied by examining the "1" to "0" transition of the flip· 
flops, with both the J and the K inputs enabled with a HI level before the 
clock pulse. When the leading edge of a HI clock pulse occurs, gate B will be 
enabled with three HI inputs. This will provide a RESET signal for the master 
flip-flop which will then go to the :'0" condition. The slave flip-flop remains 
in the "1" condition while the clock pulse is HI because gate I is providing 
a LO signal to both gates E and F, thereby blocking inputs to the slave flip-flop. 
When the trailing edge of the clock pulse occurs, gate F will be enabled with 
a HI level at both its inputs and a RESET signal will be provided to the slave 
flip·flop, which will then go to the "0" condition. The next clock pulse, with 
both the J and K enabled, would cause the master flip-flop to go to the "1" 
condition on the leading edge of the clock pulse and cause the slave flip·flop 
to go to the "1" condition on the trailing edge of the pulse. Figure 16 is a 
truth table for the J·K flip-flop showing all eight possible initial conditions. 

INITIAL CONDITIONS FINAL CONDITIONS 
OUTPUTS INPUTS OUTPUTS 

1 0 J K" 1 0 

L H L L L H 
l H l H L H 
L H H L H L 
L H H H H L 
H L L L H L 
H L L H L H 
H L H L H L 
H L H H L H 

Figure 16. Master·Slave J-K Flip-Flop Truth Table 
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UNUSED INPUTS (GATES AND FLlP·FLOPS) 
Since the input of a TTL device is an emitter of a multiple·emitter transistor, 
care must be exercised when an input is not to be used for logic signals. 
These emitters provide excellent coupling into the driving portions of the 
circuit when left unconnected. To insure maximum noise immunity, it is 
necessary to connect these inputs to a source of Logic 1 (High). Two methods 
are recommended to accomplish this: 

1. Connect these inputs to a well filtered and regulated source of +3 volts. 
Pins U1 and VI are provided on the M1l3, M1l7, M1l9, Ml2l, M617, and 
M627 for this purpose. 

2. Connect these inputs to one of the active inputs on the same gate. This 
results in a higher leakage current due to the parallel emitters and 
should be considered as an additional unit load when calculating the 
loading of the driving gate. 

Connection of unused inputs to the supply voltage, Vee, is not advisable, 
since power supplies are subject to transients and voltage excursions which 
could damage the input transistor. 

TIMING CONSIDERATIONS 
Standard Timing Pulse: In digital system design, a reference for system 
timing is usually required. The M Series modules M401 or M405 produces a 
standard pulse which provides such a reference. The standard pulse derived 
from each of these two modules is shown in Figure 17. 

+3.0 :t06Y - -

Tf-T,.'5nsec, NOM. 

Tp .50nsec, NOM. (M401,M6021 

'" 11 Onsec, NOM. (M602 OPTION) 

I 
.. _______ ~ __ --__ ~ 1 

- -;- - , - -
I I +1.5Y NOMINAL 

+0.4 I 1 _'0"1. _ __ I _ 1 THpRJi~~OLD 
00 -O.OY - - - - - -1- - - .1. -----~ I-L. 

~Tf...J I.-Tr--.J 

Figure 17. Standard Pulse 
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NAND Gate and Power Amplifier Propagation Delays: The standard pulse 
(Figure 17) is distributed throughout a system in negative form to maintain 
the leading edge ~ntegritY. (Since the TTL gate drives current in the logic 
o state, the falling edge is more predictable for timing purposes.) However, 
the standard pulse is of the wrong polarity for use as a clocking input to 
the type D and J-K flip-flops, requiring the use of a local inverter. Ordinarily, 
a NAND inverter is adequate. Where high fan-out is necessary, a M617 
Power NAND is preferred. 

For applications requiring both high fan-out and critical timing the M627 
Power Amplifier is available. This module contains extremely high-speed 
gates which exhibit turn-on times differing by only a few nanoseconds. 

Simultaneity is desirable in clock or shift pulses distributed to extended 
shift registers or synchronous counters. 

Delays introduced by inverting gates and power amplifiers are illustrated 
in Figure 18. (Delays are measured between threshold points.) 

STANDARD I 
PULSE 

NAND OR POWER 
NAND GATE 

I I 
I I 
j.-ton--.j j..-toff-l 

I I_~-.... I 

I 
I 

j..toff-i 
I , ,----I r-ton 

POWER II / 
AMPLIFIER 

M621 ----I I 

DELAY (NANOSECONDS) 

ton toff 

TYP. MAX. TYP. MAX. 

18 29 8 15 

7 - 5 -

Figure 18. NAND Gate and Power Amplifier Dela~s 
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Flip-Flop Propagation Delays: 0 type flip-flops trigger on the leading or rising 
edge of a positive clock pulse; the propagation delay is measured from the 
threshold point of this edge. The set-up time of the 0 flop is also measured 
from this threshold point. Data on the 0 input must be settled at least 20 
nanoseconds prior to the clock transition. The advantage of the D-flip-flop, 
however, is that the leading edge triggering allows the flip-flop AND gates to 
propagate while the clock pulse is still high. Figure 19 illustrates this situa­
tion. 

CLOCK 

o TYPE 
FLIP FLOP 

OUTPUT 

"'20 •• ofoIIl"~--N5S0EC~ 
I NSEC I 

I ~~T I ' 
I I I 

+ 

~30~ 
NSEC I 

-----, 

Figure 19. 0 Type Flip·Flop Timing 

JK type flip-flops are, in effect, trailing edge triggering devices as explained 
previously. The only restriction on the J and K in-puts is that they must be 
settled by the time that the rising edge occurs. Timing is shown in Figure 20. 

!.--J AND K INPUTS MUST BE 
I STABLE BY THIS TIME 
I 

TRIGGER 
PULSE 

__ 1 \ ----

FLlP- FLOP OUTPUT 

I 

---.' I l.-
I 

/ 
------------~ 

Figure 20. J·K Flip-Flop Timing 
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When using the dc Set or Reset inputs of either flip-flop type, propagation 
delays are referenced to the falling edge of the pulse_ This is due to the 
inverted sense of these inputs_ When resetting ripple type counters (where 
the output of one flip-flop is used as the trigger input to the next stage) the 
reset pulse must be longer ttian the maximum propagation delay of a single 
stage_ This will ensure that a slow flip-flop does not introduce a false transi­
tion, which could ripple through and result in an erroneous count_ 

One-Shot Delay: Calibrated time delays of adjustable duration are generated 
by the M302 Delay Multivibrator. When triggered by a level change from a 
logical one to a logical zero, this module produces a positive output pulse 
that is adjustable in duration from 50 to 750 nsec with no added capacitance. 
Delays up to 7.5 milliseconds are possible without external capacitance. 
(See M302 specification.) Basic timing and the logic symbol are shown in 
Figure 21. The 100 picofarad internal capacitance produces a recovery time 
of 30 nsec. Recovery time with additional capacitance can be calculated 
using the formula; 

OUTPUT 
, (TYPICAL) 

tr Nanoseconds = 30 C Total (Picofarads) 
100 

.~D 0.5. , 
~OUTPUT 

L-ir.J 
LOGIC SYMBOL 

I I 

'---tr--+: 
,---........................................ ~ ......................... ~ : 

I 
-+1 14---- 50 nsec TYPICAL 

: r-- 50 TO 750 ".H< ~ 
I I ~ ............................................. -- J 

~: - .~,:------~-
I I TIMING 

figure 21. One-Shot Delay Timing and Logic Symbol 

SYSTEM OPERATING FREQUENCY 
Although individual propagation delays are significant in the design of digital 
logic, even more important is the maximum operating frequency of a system 
which is composed of these individual modules. Specifically designed sys- -
tems may be operated at 10 MHz, but a more conservative design may result 
in a somewhat lower operating speed. M Series modules can be designed 
into a system with a 6 MHz clock rate with relative ease. This system fre­
quency is derived by summing the delays in a simple logic chain: 
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", 

1. A standard clock pulse width of 50 nsec is assumed. -This period is 
measured from the threshold point of the leading edge to the threshold 
point of the trailing edge. 

2. One flip-flop propagation delay of 35 nsec from the trailing edge of the 
clock pulse to the threshold point of the final state of the flip-flop is 
allowed. 

3. Two gate-pair delays of 30 nsec each are assumed. (A gate-pair consists 
of two inverting gates in series.) Two gate-pair delays are usually re­
quired to perform a significant logic function with a minimum of parallel 
operations. The two gate-pair delays total 60 nsec. 

The time necessary to perform these operations before the next occurrence of 
the clock pulse is the sum of the delays; 50"+ 35 + 60, or 145 nsec. Allow­
ing 20 nsec for variations within the system, the resulting period is 165 
nsec, corresponding to a 6 MHz clock rate. This timing is demonstrated in 
Figure 22. 

GATE GATE 
CLOCK F/F PAIR PAIR 
WIDTH DELAY DELAY DELAY IDLE 

t--- 50 -..- 35 ......... 30 ~ 30 ...,.. 20 4j 
nsec nsec nsec nsec nsec, 

I I I I I I 

I 

CLOCK 

o 

_ _ f: JK FLIP - FLOP 

o I 

_ __ I: GATE PAIR' 

o j 

o_~_f: GATE PAIR 2 _ 

Figure 22. Delays Determining System Operating Frequency 

Substitution of a D type flip-flop results in a similar timing situation. In a 
system using both D and J-K flip-flops, note that the 0 flip-flop triggers on 
the leading edge of the clock pulse and the J-K flip-flop triggers on the trailing 
edge. When calculating system timing using D flip-flops, remember that the 
flip-flop inputs must be settled at least 20 nsec prior to the occurrence of the 
clock pulse. 

Preparation of a timing diagram that considers delays introduced by all logic 
elements will aid the designer in achieving predictable syst-em performance. 
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M SERIES LOGIC AND CONTROL MODULES 

Modules in this section are organized into six functional categories: 

M1l3 
M1l5 
M1l7 
M1l9 
M133 
M135 
M137 
M139 
M1l31 
M141 
Ml103 
M1307 
M121 
M1l6 
M1l2 
M1125 
MIll 
M611 
M165 

M205 
M206 
M207 
M246 
M202 
M203 
M2001 
M204 
M245 
M248 
M239 
M2500 

M3020 
M306 
M501 
M310 
M401 
'M403 
M404 
M405 
M602 
M671 
M521 

GATES 

NAND GAtes 
NAND Gates 
NAND Gates 
NAND Gates 
Two-Input NAND Gates 
Eight 3-lnput NAND Gates 
NAND Gates 
Three 8-lnput NAND Gates 
Open-Call ector NAN D Gates 
NAND/OR Gates 
Two-Input AND Gates 
Four-Input AND Gates 
AND/NOR Gates 
Six 4-lnput NOR Gates 
NOR Gates 
Exclusive-OR Gates 
Inverter 
Inverter 
Eight Buffers 

FLIP-FLOPS AND REGISTERS 

General Purpose Flip-Flops 
General Purpose Flip-Flops 
General Purpose Flip-Flops 
Five OoType Flip-Flops 
Triple J-K Flip-Flop 
'Eight R/S Flip-Flops 
Tri-State Flip-Flop 
General Purpose Buffer and Counter 
Dual4-Bit Shift Register 
Dual 4-Bit Multipurpose Shift Regi$ter 
Four-Bit Counter/Register 
MOS Memory 

TIME RELATED 

Integrating One Shot 
Integrating One Shot 
Schmitt Trigger 
Delay Line 
Variable Clock 
RC Multivibrator Clock 
Crystal Clock 
Crystal Clock 
Pulse Amplifier 
M-To-K Converter 
K-To-M Converter 
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MI6I 
MI63 
M230 
M236 
M237 
M238 
MI59 
MI91 
MI55 
MI70I 
MI7I3 
MI68 
M162. 

M040 
M050 
M060 
M617 
M627 
M660 

M002 
M594 
M598 

M706 
M707 
M906 
M7389 
M7390 
M9970 

INMERIC 

Binary to Octal/Decimal Decoder 
Binary to Decimal Decoder 
Binary to BCD and BCD to Binary Converter 
12-Bit Binary Up/Down Counter 
3-Digit BCD Up/Down Counter 
Dual 4-Bit Binary Synchronous Up/Down Counter 
Arithmetic/logic Unit 
AlU look-Ahead logic 
4-line to I6-line Decoder 
Data Selector 
I6-line to I-line Data Selector 
12-Bit Magnitude Comparator 
Parity Circuit 

LOGIC AMPLIFIERS 

Solenoid Driver 
Indicator Driver 
Solenoid Driver 
4-lnput Power NAND Gates 
NAN 0 Power Amplifier 
Positive level Cable Driver 

MISCELLANEOUS 

logic HIGH Source 
EIA/CCITT level Converter 
One-Channel Transmit/Receive Optic-Coupled Cur· 
rent Isolator 
Teletype Receiver 
Teletype Transmitter 
Cable Terminator 
Serial line Transmitter/Receiver 
Asynchronous Transceiver 
H854 to Backplane Adapter 
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M113, MIlS, M117, Ml19 
NAND GATES 

GATES 

Length: Standard 
Height: Single 
Width: Single 

~
Al 

Cl,O 
1 B1 

~
Dl 

Fl 10 
t Et 

~
D2 

F2
'0 

1 E2 

~
Hl 

Kt 10 
1 Jt 

~
H2 

K2
tO 

1 J2 

Mt13 2-INPUT NAND GATES 

Volts 
+5 
+5 
+5 
+5 
GND 

Power 
mA (max.) 
71 M1l3 
41 M1l5 
41 M1l7 
19 M1l9 
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M SERIES 

~
PI 

51 10 
I Rt 

~ 
~ 

~
T2 

V2,0 
t U2 

B ::: 
Pins 
A2 
A2 
A2 
A2 
e2, T1 



s ' 81 

, C! S 1 E2 

I F2 

S
Et 

lFl ~ 
Io'-H;.;.1 __ -r __ - S 1 KZ 

1 L2 

E3 III 

I Ml 

E1 t Rt 

t S1 

M115 3-INPUT NAND GATES 

Mtt7 4-INPUT NAND GATES 
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M1t9 a-INPUT NAND GATES 

These modules provide general-purpose gating for the M Series, and are most 
commonly used for decoding, comparison, and control. Each module per­
forms the NAND function (. B· c ·--N), depending upon the number of 
inputs. 

APPLICATIONS 
• Logic gating 

FUNCTIONS 
MIl3-Ten two-input NAND gates that also may be used as inverters. 
Mll5-Eight, three-input NAND gates. 
MIl7-Six, four-input NAND gates. 
MIl9--Three, eight-input NAND gates. 

Unused inputs on any gate must be either connected to a used input or re­
turned to a source of logic HIGH, for maximum noise immunity. In theMIl3, 
MIl7, MIl9, M121, M6l7 and M627 modules, two pins are provided (UI 
and VI) as source of +3 volts for this purpose. Each pin can supply up to 40 
unit loads. MI03, MIll and M002 provide additional sources of logic HIGH 
level. 

SPECIFICATIONS 
Typical propagation delay of M Series gates is 15 ns. 
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M133 
TWO-INPUT NAND GATES 

GATES 

Length: Standard 
Height: Single 
Width: Single 

C, ~
AI 

1 81 . 12 

~
OI 

FI 12 
1 EI 

F2 ~
DZ 

1 E2 . 12 

~
HI 

KI 12 
1 JI 

~
HZ 

K2'2 
1 J2 

Power 

M SERIES 

~
L1 

'. Nf 12 

1 M 

~ __ N?~ 

~
PI 

Sf 12 
1 Rt 

~
P2 

S2
'2 

1 R2 

~
T 

V2 ,2 
1 U 

Volts 
+5 
GND 

mA (max.) 
160 

Pins 
A2 
e2, Tl 

This module provides general-purpose high-speed NAND gating. 

APPLICATioNS 
The high-speed characteristic of these gates frequently will solve tight timin J 
proble~s in complex systems. 

SPECIFICATIONS 
Maximum output propagation delay to a logic HIGH or LOW is 10 ns., 

Unused inputs on any gate must be returned to a source of logic HIGH folr 
maximum speed and noise immunity. 
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MI3S 
GATES 

8 3-INPUT NAND GATES 
M ,SERIES 

Length: Standard 
Height: Single 
Width: Single 

1
,3 EI 4 

1.3_ FI : 

1.3 HI ._ 

) ,01 @) 

) J1 @) 

) ,N'@) 

) ,"' @) 

Volts 
+5 
GND 

Power 
rnA (max.) 
100 

) 

~J2 
~f-~2-2 -: --r---) 

Pins 
A2 
C2. T1 

[) 

) 

H2 @] .12 

,M2@] 

.52 @] 

VI @) .12 

The M135 module consists of eight high-speed, 3-input, positive logic NAND 
gates. It is pin-compatible with the Mll5 module. 

APPLICATIONS 
• Logic gating 

SPECIFICATIONS 
Maximum propagation delay to a logic HIGH or LOW is 10 ns. 

NOTE: All unused inputs must be returned to a source of logic HIGH for 
maximum noise immunity. 
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MI37 
SIX 4 INPUT NAND GATES 

Length: Standard 
Width: Single 
Height: Single 

Volts 
+5V 
GND 

Power 
mA (max.) 
100 mA 

Pins 
A2 
C2. Tl 

GATES 

M SERIES 

\ 

The M137 Module consists of six high-speed, 4-input positive logic NAND' 
gates that can be used in many logic gating applications. 

Maximum propagation delay to.a logic High or Low is 10 p,s. 

NOTE: All unused inputs must be either tied to a used input or to a source 
of logic High for maximum noise immunity. 
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M139 
3 8-INPUTNAND GATES 

Length: Standard 
Height: Single 
Width: Single 

Volts 
+5 
GND 

Power 
mA (max.) 
50 

Pins 
A2 
C2,Tl 

GATES 

M SERIES 

The M139 module consists of three high-speed, 8-input, positive logic NAND 
gates. Pins Ul and VI provide two separate logic HIGH sources (+3 V,) each 
capable of holding up to 50 unused M Series inputs HIGH. 

APPLICATIONS 
• Logic gating 

SPECIFICATIONS 
Maximum propagation delay to a logic HIGH or LOW is 10 ns. 

NOTE: All unused inputs must be returned to a source of logic HIGH for 
maximum noise immunity. 
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Ml131 GATES 
2-INPUT OPEN COLLECTOR 

NAND GATE M SERIES 

Length: Standard 
Height: Single 
Width: Single 

~
A1 

ClIO 
1 81 

~
Dl 

Fl 10 
1 El 

~
D2 

F2 10 
1 E2 

~
Hl 

KIlO 
1 Jl 

~
H2 

K2 10 
1 J2 

Power 

~
1 

1 Nl 10 
1 Ml 

~
l2 

N2 10 
1 M2 

~
P1 

51 10 
1 RI 

~
P2 

52 10 
1 R2 

~
T2 

V210 
1 U2 

G :~:: 
Volts mA {max.} Pins 
+5 71 A2 
GND C2. T1 

The M1131 module consists of ten high-speed, 2-input NAND gate circuits 
and a +3 Vdc source. Each of the NAND gates has an open collector output 
and the outputs can be paralleled for a wired AND function. Each gate input 
is a 1 unit load and each unparalleled output will drive up to 10 unit loads. 

APPLICA TrONS 
Logic gating. Wired-OR multiplexing 

SPECIFICATIONS 
Typical gate propagaticn delay time is 10 ns. 
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M141 
NAND/OR GATES 

Length: Standard 
Height: Single 
Width: Single 

Volts 
+5 
GND 

Power 
mA (max.) 
117 

Pins 
A2 
C2, T1 

GATES 

M SERIES 

This module provides NAND/OR gates arranged in four groups consisting of 
4, 4, 3, and 1 two-input NAND gates respectively. The outputs in each group 
are connected together to provide a wired OR for low levels. The function of 
these gates can be shown as: • 
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+5V 

~----4Ur-~--;Cr-~-- AB+CD+EF 

By using one of the two inverters provided, a true AND/OR function can be 
realized. A maximum of four groups of gates can be connected together. 
Connection is made by merely connecting output pins together. 

APPLICATIONS 
• Logic Gati ng 

FUNCTIONS 
The M141 NAND/OR gate performs two levels of logic. The first is the NAND 
function which is identical to the M113 NAND gate. The second level is that 
of a wired OR for low logic levels. The two-input NAND gate which is used 
in the M141 does not have the standard TTL output circuit, but only the 
lower half of the totem pole output. This allows the outputs of these gates 
to be connected together and to share a common pull-up resistor. 

SPECIFICATIONS 
Propagation Delay: 70 ns max. 

Loading: The load resistor of each output presents 2 unit loads when con­
nected to another output. For example, when four groups are connected 
together, 3 groups present two unit loads each to the fourth group, totalling 
6 unit loads. This leaves 1 unit load capability. 
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MII03 
TWO-INPUT AND GATES 

GATES 

Length: Standard 
Height: Single 
Width: Single 

~
Al 

Cl 

1 81 10 

~
Dl 

FI
'0 

1 E1 

~
.'D2 

F2
'0 

1 E 

~
H1 

. KI,O 
1 J1 

~ 
~ 

Power 
Volts 
+5 
GND 

mA (max.) 
80. 

M SERIES 

~
L1 

Nl to 
1 M 

~
L 

N to 
1 M 

~
P1 

51 10 
1 Rl 

~
p 

. 52
'0 

1 R2 

~
T2 -

U2 10 
t 

Pins 
A2 
C2, T1 

:rhe Ml103 contains ten 2-input AND gates. Unused inputs on any gate must 
be returned to a source of logic HIGH for maximum noise immunity. Two 
pins are provided (UI and VI) as a source of +3 volts for this purpose. 

APPLICATIONS 
• Positive AND or negative OR gating 
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Ml307 
FOUR-INPUT AND GATES 

Length: Standard 
Height: Single 
Width:' Single 

A1 

81 

C1 

01 

F1 

H1 

J1 

K1 

M1 

Nt 

P1 

Rt 

Volts 
+5 
GND 

R2 

52 

T2 

U2 

+3V I : ~:: 
Power 
mA (max.) Pins 
100 A2 

C2. Tl 

GATES 

M SERIES 

The MI307 contains six high speed 4-input AND gates. Unused inputs on any 
gate must be returned to a source of logic HIGH for maximum noise im­
munity. Two pins are provided (U I and VI) as a source of +3 volts for this 
purpos~ ~ 

APPLICATIONS 
• Positive AND or negative OR gating 
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M121 
AND/NOR GATE 

Length: Standard 
Height: Singre 
Width: Single 

Volts 
+5 
GND 

Power 
mA (max.) 
50 

Pins 
A2 
e2, T1 

GATES 

M SERIES 

The M121 module contains six AND! NOR gates which p~rform the function 
(A· B+C· D). By proper connection of signals to the AND inputs, the ex­
clusive OR, coincidence, and NOR functions can be performed. 

APPLICATIONS 
• Logic Gating 

SPECIFICATIONS 
Propagation Delay: TypicaHy 15 ns 
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Ml16 
6 4·INPUT -NOR GATES 

Length: Standard 
Height: Single 
Width: Single 

Volts 
+5 
GND 

Power 
mA (max.) 
30 

Pins 
A2 
C2, T1 

GATES 

M SERIES 

The M116 module consists of six high-speed, 4-input, positive logic NOR 
gates_ Pins UI and VI provide two separate logic HIGH sources (+3V), each 
capable of holding up to 50 unused M Series inputs HIGH_ 

APPLICATIONS 
• Logic gati ng 

SPECIFICATIONS 
Maximum propagation delay to a logic HIGH or LOW is 10 ns. 
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Ml12 
NOR GATE 

length: Standard 
Height: Single 
Width: Single 

~
At 

Ct,o 
, B' 

~
Dt 

F' 10 
, E1 

~
D2 

F2,0 
1 E2 

~
Hl 

K1
'0 

1 J, 

Power 

GATES 

M SERIES 

~ ~~ 

~
L2 

N2 to 
, M 

S1 ~
P1 

1 R1 ' to 

~
P2 52 

R2 1 
1 

~
T2 

V2 10 
t U2 

+3V I :::: 
Volts 
+5 
GND 

mA (max.) 
50 

Pins 
A2 
C2. Tl 

The M112 contains ten positive NOR gates, each performing the function 
A+B. Pins Ul and Vl provide two separate logic HIGH sources (+3V) each 
capable of holding up to 40 unused M Series inputs HIGH. 

APPLICATIONS 
• logic gating 
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GATES Ml125 
EXCLUSIVE OR GATES 

M SERIES 

Length: Standard 
Height: Single 
Width: Single 

~_Clrw 
~ 
~ 
~ 
~_f2r.:::1 
~ 
~_Kl~ 
~ 
~ 
~ 

~
1 

1 N110 
1 Ml 

~_SllV\l 
~ 
~_S2r.i\l 
~ 
~ ~.~~\ 

~ 
~ 

Volts 
+5V 
GND 

Power 
mA (max.) 
100 

Pins 
A2 
Cl, T1 

The M1l25 Module consists of ten 2·input exclusive OR gates and two 
+3 Vdc voltage divider sources. Each module circuit performs the X-OR 
function (A·a + 'A. B) according to the following truth table. 

TRUTH TABLE 

INPUTS OUTPUTS 

l l l 

L H H 

H l H 

H H l 
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APPLICATION 
Logic gating and also used as an inverter by 'connecting one input to a High 
level. 

FUNCTION . 
Comparitor or decoder-output is High when input levels are not the same. 

SPECIFICATIONS 
Typical propagation delay time of the M1125 is 12 IJs. 
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Length~ Standard 
Height: Single 
Width: Single 

MIll 
INVERTER 

GATES 

M SERIES 

~ 

Volts 
+5 
GND 

Power 
mA (max.) 
87 

Pins 
A2 
C2, T1 

Sixteen Inverters with input! output connections as shown. 

APPLICATIONS 
• Output Expansion 
• logical Inversion 
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M611 GATES 

HIGH'SPEED POWER INVERTER 

length: Standard 
Height: Single 
Width: Single 

~ 
~ 
~ 

~ 

~ 
~ 

~ 
Power 

M SERIES 

~ 
~ 

~ 

~ 

~ 

~ 

~ 
Volts 
+5 
GND 

mA (max.) 
87 

Pins 
A2 
C2. T1 

Fourteen high speed Inverters with input/output connections as shown. 

APPLICATIONS 
• Output Expansion 
• Logical Inversion 
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Length:- Standard 
Height: Single 
Width: Single 

+5V 

MI65 
8 BUFFERS 

Volts 
+5 
GND 

Power 
mA (max.) 
130 

Pins 
A2 
C2. F2. J2. K2. 
M2. N2, TI, T2 

GATES 

M SERIES 

The M165 module is designed for use with circuits having open-collector 
output stages. The module provides a pull-up resistor for the open-collector 
stage and buffers the output through an inverting gate and a noninverting 
gate. . 

There are eight similar circuits on the MI65 module. The value of the pull-up 
resistor on each input allows open-collector outputs which can sink at least 
10 mA, and have a total leakage not exceeding 1.3 mA, to drive the M165 
module, plus one other high·speed TTL load. 

SPECIFICATIONS 
Propagation Delay 

From: 
Input 
Input 

To: 
Inverting Output, HIGH or LOW = 10 ns (max) 
Noninverting Output, HIGH or LOW = 15 ns (max) 
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M205 
GENERAL-PURPOSE FLIP-FLOPS 

Length: Standard 
Height: Single 
Width: Single 

Volts 
+5 
GND 

Power 
mA (max.) 
90 

Pins 
A2 
C2, T1 

FLlP·FlOPS 

M SERIES 

+3V : VI [:] Ul~ 

The M205 contains five separate OoType flip-flops. Each flip-flop has inde­
pendent gated data, clock, dC'set, and dc reset inputs. 

APPLICATIONS 
• Storage Registers 
• Counters and Shift Registers 
• Flags and Control Storage 

FUNCTIONS 
For each flip-flop, information present on the 0 input is transferred to the 
output when the threshold is reached on the leading (positive going voltage) 
edge of the clock pulse. 

SPECIFICATIONS 
Information must be present on the 0 input 20 ns (max) prior to a standard 
clock pulse and should remain at the input at least 5 ns (max) after the 
clock pulse leading edge has passed the threshold voltage. Data transferred 
into the flip-flop will be stable at the output within 50 ns, maximum. Typical 
width requirement for the clock, dc reset and dc set pulses is 30 nsec each. 
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M206 
GENERAL-PURPOSE FLI P-FLOPS 

Length: Standard 
Height: Single 
Width: Single 

FFI 

* . 3 UNIT LOADS PER FLIP-FLOP 

Volts 
+5 
GNO 

Power 
mA (max.) 
87 

Pins 
A2 _ 
C2. Tl 

FLlP·FLOPS 

M S~RIES 

The M206 contains six separate D-Type flip-flops. Each flip-flop has indepen­
dent gated data, clock, and dc set inputs. 

APPLICATIONS 
• Registers 
• Counters and Shift Registers 
• Flags and Control Storage 

FUNCTIONS 
For each flip-flop, information present on the D input is transferred to the 
output when the threshold is reached on the leading (positive going voltage) 
edge of the clock pulse. 
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Provision is made on the printed circuit board for changing the configuration 
of the two CLEAR lines to the flip-flops. All M206 modules are supplied with 
the 3-3 configuration, but the grouping can be changed as follows. 

CONFIGURATION CLEAR I (AI) CLEAR 2 (K2) DELETE JUMPER ADD JUMPER 

3-3 FFO, 1, & 2 FF3, 4, & 5 

4-2 

5·1 

FFO & I 

FFO 

FF2, 3, 4, & 5 Al to FFI 

FFl, 2, 3, 4, & 5 Al to FF2 
Al to FFI 

K2 to FFI 

K2 to FF2 
K2 to FFI 

A common CLEAR for all six flip-flops can be obtained by wiring pins Al 
and K2 together externally. 

PRECAUTION 
Any unused SET or RESET input should be connected to a logiC HIGH source. 

Note that the· loading of each CLEAR line is calculated on the basis of 3 
unit loads per flip-flop. For example, the 4-2 configuration results in 12 unit 
loads at input K2 and 6 unit loads at input AI. . 

SPECIFICATIONS 
, Information must be present on the D input 20 ns (min) prior to a standard 
clock pulse and should remain at the input at least 5 ns (min) after the 
clock pulse leading edge has passed the threshold voltage. Data transferred 
into the flip-flop will be stable at the output within 50 ns, maximum. Minimum 
width requirement for the clock, dc reset and dc set pulses is 30 nsec each. 
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, M207 
GENERAL·PURPOSE FLlp·FLOPS 

Length: Standard 
Height: Single 
Width: Single 

FF0 FFI 

FlIp·FLOPS 

M SERIES 

FF2 

FACTORY 
I w..--II--""'-- CONNECTIONS 

FF3 

*-2 UNIT LOADS PER FLIP-FLOP 

Volts 
+5 
GND 

FF4 

Power 
mA (max.) 
96 

K2 

Pins 
A2 
C2, Tl 

, The M207 contains six general-purpose J-K type flip-flops. 

APPLICATIONS 
• Buffers 
• Control Flip-Flops 
• Shift Registers 
• Counters 

FF!5 

FUNCTIONS ~ 
A truth table for clock set and reset conditions' appears below. Note ttrat 
when the J and K inputs are both HIGH, the flip-flop complements on each 
clock pulse. 
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RESULT AT END OF 
STARTING CONDITION STANDARD CLOCK PULSE 

(OUTPUT) INPUT CONDIT.ION (OUTPUT) 

1 0 J K 1 0 

L H L L No change 
L H No change 
H L H L 
H H H L 

H L L L No change 
L H L H 
H L No change 
H H L H 

Two CLEAR inputs are provided, with jumper terminals for optional clearing 
in groups of 3 and 3 (standard), 4 and 2, 5 and 1, or 6 and O. Provision is 
made on the printed circuit board for changing the configuration of the two 
CLEAR lines to the flop-flop. All M207 modules are supplied with the 3-3 
configuration, but the grouping can be changed as follows: 

CON· CLEAR I (AI) CLEAR.2 (K2) DELETE JUMPER ADD JUMPER 
FIGURATION 

3-3 FFO, 1, & 2 FF3, 4, & 5 

4-2 FfO'& 1 FF2, 3, 4, & 5 Al to FFI K2 to FFI 

5-1 FFO FFl, 2, 3,4, & 5 Al to FF2 K2 to FF2 
Al to FFI K2 to FFl 

SPECIFICATIONS 
J and K· inputs must be stable during the leading-edge threshold of a 
standard CLOCK input and must remain stable during the positive state of 
the CLOCK. Data transferred into the flip-flop will be stable at the output 
within 30 ns (typical) of the CLOCK pulse trailing edge threshold (negative 
gQing voltage). 

Application of a LOW level to an R input for at least 25 ns resets the flip-flop 
unconditionally. 

PRECAUTION 
Any unused SET or RESET input should be connected to a logic HIGH source. 
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M246 
5 D·TYPE FLlp·FLOPS 

Length: Standard 
Height: Single 
Width: Single 

1.31-=-8.;,...1 ----10 

5,r'C..:....1 -----1C 

I. PI 

R1 

o 

o 

~ 

EI 12 

01 12 

P2 12 

R2 12 

1.3 T2 

.5 V2 

Volts 
+5 
GND 

0 

C 0 

Power 
mA (max.) 
160 
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FLIP-FLOPS 

M SERIES 

1.3 KI L2 

Ll 
~.'!II-""--___ ---IC R 0 K2 12 

..II 

1.3 ..12 E2 12 

.'),t-H_2_----IC o 02 12 

UI 
12 

SI 
12 

Pins 
A2 
C2, Ml, T1 



The M246 module contains five high-speed, general-purpose, D-type flip­
flops. Each flip-flop has its SET(S), RESET(R), CLOCK(C), DATA(D), and out­
puts brought out to separate pins. 

The information at the D or DATA input is transferred to the 1 output on 
the positive-going edge of the CLOCK pulse. The CLOCK-triggering occurs 
at a voltage level of the CLOCK pulse and is not directly related to the transi­
tion time of the positive-going pulse. 

SPECIFICATIONS 
Clock Freq 
CLOCK Pulse 
SET Pulse 
RESET Pulse 
DATA Set·up Time 

= 35 MHz (max) = 15 ns (min) 
= 25 ns (min) 
= 25ns (min) 
= 15 ns (min) 

Propagation Delay Time 
From: To: 
SET or RESET LOW or HIGH Output = 20 ns (max) 
CLOCK LOW or HIGH Output = 20 ns (max) 

TRUTH TABLE (Each Flip-Flop) 

tn til + 1 

INPUT OUTPUT OUTPUT 
D 1 0 

L L H 

H H L 

where: tn = bit time before CLOCK pulse 

. where: tll+1 = bit time after CLOCK pulse 

NOTE: The M246 module also contains a +3V logic High source at pin VI 
which can be used to tie up to 50 M Series inputs High. 
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M202 
TRIPLE J-K FLIP-FLOP 

Length: Standard 
Height: Single 
Width: Single 

Volts 
+5 
GND 

Power 
mA (max.) 
57 

Pins 
A2 
C2. T1 

FLlP·FLOPS 

M SERIES 

The M202 contains three J-K flip-flops augmented by multiple-input AND 
gates. 

APPLICATIONS 
• For general use as gated control flip-flops or buffers. 

FUNCTIONS 
See M207 for detailed description of logical operation. The J-K flip-flops 
used in this module are identical to flip-flops used in the M207 except on 
the M202 clock inputs, J-K inputs, direct clear, direct set and both output 
lines for each flip-flop are independent_ 

PRECAUTION 
Set and clear lines should be tied to "1" level when not usep. 

61 



M203 
8 R/S FLIP-FLOPS' 

Length: Standard 
Height: Single 
Width: Single 

1~N""t2_-0R 

L ________ ...J 

1 ~J~1 ---;[15 H29 , L2 

1 U2 

, V2 

1 MI 

t Nl 

1 1-"'8-'-1' _-"'(JR o I--___ --=-O '--1 9 1 
51 

Volts 
+5 
GND 

Power 
mA (max.) 
55 

Pins 
A2 
C2, T1 

5 

R 

5 

R 

5 

R 

FLlp·FLOPS 

M SERIES 

O~ ___ ~52:..j9 

P2 
9 

0 M2 9 

VI 9 

0 Rl 9 

PI 9 

0 Ul 9 

The M203 is made up of 8 R/ S-type flip-flops. Each flip-flop is made up of 
two 2-input NAND gates with cross-coupled outputs. 

APPLICATIONS 
• R/ S flip-flops provide an inexpensive method of storage. 

PRECAUTIONS 
Care must be taken not to place the SET and RESET inputs LOW at the 
same time. The last of the inputs to go HIGH will determine the final state 
of the flip-flop. 

SPECIFICATIONS 
The propagation delay of the M203 is approximately 30 ns. 
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M2001 
DUAL 4-81T TRI-STATE REGISTERS 

Length: Standard 
Height: Single 
Widt,,: Single 

E2 

(SAME AS Ell 

CLEAR 

s=::1 

+JV 
Ul 

63 

FLlP·FLOPS 

M SERIES 

OUTPUTS 



The M2001 is a dual, 4-bit register module consisting of D-type flip-flops 
and input and output gating. Each of the module outputs contains a tri­
state circuit capable of driving low-impedance, high-capacitance loads with­
out the use of pull-up or interface components. The third state of the output 
is a high-impedance state and is selectable by logic levels to the input of 
the module. This state effectively disconnects the register outputs from the 
bus when no information transfer is required. 

Data is entered into each D-type flip-flop from an associated DATA IN line 
and is controlled by the DATA ENABLE gate. When both DATA ENABLE inputs 
are Low, the information on the data lihes will be entered into the respective 
flip-flop on the next positive transition of the clock (CK) input. 

The Q output from each flip-flop is inverted and controlled by the tri-state 
driver amplifier. Where either or both input to the output control gate is a 
High logic level, the outputs of the module are disabled to the high-im­
pedance state; however, the sequential operation of the flip·flops are not 
affected. 

When the CLEAR input to the logic element is High, each associated flip-flop 
is held in the reset condition, and the module outputs will remain in the 

_Low state. 

DATA IN 

L 
H 
X 
X 
X 
X 

FUNCTION TABLE 

DATA ENABLE 

CLOCK CLEAR 

L to H L 
L to H L 

X H 
L L 

L to H L 
L to H L 

L = Low level (steady) 
H = High level (steady) 

1 

L 
L 
X 
X 
H 
X 

L to H = Low to high level transition 

2 

L 
L 
X 
X 
X 
H 

X = Irrelevant of any input including transition 
Qo = Level of module output before steady state 

inp!.lt conditions were established. 

APPLICATIONS 

OUTPUT 

L 
H 
L 

Qo 
Qo 
Qo 

Provides a total of eight bits of data storage and outputs to interface directly 
to system bus. All input and output signals are through edge board connector. 

FUNCTION 
Refer to Function Table for input and output signal and level requirements. 

SPECIFICATIONS 
Input Voltage - 4.5 Vdc (min.), 5.2 Vdc (max.) 
Input Current - 72.0 mA (max.) 
High Level Output Current - 5.2 mA (max.) 
Low Level Output Current - 16 mA (max.) 
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M204 
'GENERAL-PURPOSE BUFFER 

AND COUNTER 

Length: Standard 
Height: Single 
Width: Single 

Volts 
+5 
GND 

Power 
mA (max.) 
74 

1 Kl 

Pins 
A2 
C2. Tl 

FLlp·FLOPS 

M SERIES 

The M204 contains four J-K type flip-flops. augmented by multiple-input 
AND gates: The gating scheme permits the formation 'of counters of most 
moduli up to 16, by simple connector wiring. Clock, present. and input lines 
for each flip-flop are independent. A common CLEAR input is provided_ 

APPLICATIONS 
• For general use as gated control flip-flops or buffers 
• Counters 
• Shift Registers 

FUNCTIONS 
Input information is transferred to the, outputs when the threshold point is 
reached on the trailing (negative going voltage) edge of the clock pulse_ 

logical operation of the J-K flip-flops used in this module is identical to the 
M207 (described in detail) except for the addition of preset inputs to the 
M204. 
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M245 
DUAL 4·81T 

SHIFT REGISTER 

Length: Standard 
Height: Single 
Width: Single 

K2 

L2 

LI 

Jl 

HI 

H2 

Fl 

E2 

~ 

V2 

VI 

SI 

Rl 

R2 

PI 

N2 

SERIAL IN 

AIN 

aiN 

CIN 

DIN 

CLOCK 

SHIFT 

LOAD 

SERIAL IN 

AIN 

BIN 

CIN 

DIN 

CLOCK 

SHIFT 

LOAD 
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FLlp·FLOPS 

M SERIES 

AOUT 
J2 

F2 
B'OUT 

D2 
COUT 

DOUT 
01 

DOUT 
El 

A OUT 
52 

BOUT 
P2 

COUT 
M2 

DOUT 
Ml 

Nl 
DOUT 



'The M245 module consists of two 4-bit shift registers with both'serial and 
parallel data entry capability. They are shift-right only registers; that is, the 
output data is shifted from A toward D. 

Three control modes are possible: serial shift right, parallel enter mode, 
and no change or hold mode. These control modes are chosen by inputs 
at the SHIFT and LOAD lines as shown in the Truth Table. 

In the serial mode of operation, data present at the SERIAL INput, when 
the SHIFT input is High, is loaded on the Low-going edge of the CLOCK 
pulse. 

In the parallel entry mode, data present at the data inputs A IN through D 
-IN, when the LOAD line is High, is loaded on the Low-going edge of the 
CLOCK pulse. 

The hold mode is created by holding both the LOAD and SHIFT lines Low. 
By doing this, the CLOCK pulse will have no effect on the output, regardless 
of data present at the SERIAL INputs or DATA INputs. 

A RESET line has been provided for the registers which will clear the internal 
flip-flop circuitry. 

SPECIFICATIONS 

Transfer Rate' 
SHIFT Set·up Time 
LOAD SET-up Time 
DATA IN Set-up Time 

Propagation Delay 

From: To: 

= 10 MHz (max) 
= 50 ns (min) 
= 50 (min) = 25 ns (min) 

CLOCK Output (H IGH or LOW) = 50 ns (max) 

CONTROL STATE 

Hold 
Parallel Entry 
Serial Shift Right 

TRUTH TABLE 
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LOAD 

L 
H 
L 

SHIFT 

L 
L 
H 



M248 
DUAL 4-81T 

MULTIPURPOSE SHIFT REGISTER 

Length: Standard 
Height: Single 
Width: Single 

Jt 

Kt 

K2 

J2 

H2 

U2 

S2 

P2 

Volts 
+5 
GND 

SERtAL IN 

A A 

B B 

C C 

0 0 

MOOE CONTROL 

a.OCK t 

CLOCK 2 

SERIAL IN 

A A 

B B 

C C 

0 0 

MODE CONTROL 

CLOCKt 

CLOCK 2 

Power 
mA(max.) Pins 
130 A2 

C2, T1 

FLIP-FLOPS 

M SERIES 

Ht 

FI 

Et 

01 

SI 

Rt 

Pt 

Nt 

The M248 module consists of two 4·bit Shift registers-multipurpose in the 
fact that they are capable of either serial or para tiel entry, shifting right, or 
with simple external connections, shifting left. 

o 

When a logic LOW is applied to the MODE, CONTROL input, a shift right op­
eration is performed by clocking at the CLOCK 1 input. In this mode, serial 
data is entered at the SERIAL INput. CLOCK 2 and parallel inputs A through 
o are inhibited. 
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When a logic HIGH is applied to the MODE CONTROL input, it allows entry 
of parallel data through inputs A through D and CLOCK 2. This mode per­
mits parallel loading of the register or, with external interconnection, shift 
left operation. In this mode, shift left can be accomplished by connecting 
the output of each flip-flop to the parallel input of the previous flip-flop; that 
is, D output to C input, etc., and serial data is entered at input D. 

Two clock inputs are available which permit separate clock sources to 
be used for the .shift right and shift left modes. If both modes can be 
clocked from the same source, the clock input may be applied to both CLOCK 
1 and CLOCK 2. The transfer of information to the output pins occurs when 
the clock input goes from a logic High ,to a logic low. 

SPECIFICATIONS 
Shift Freq= 10 MHz (max) 

Propagation Delay 
From: 
CLOCKS 

Set-up Ttn'!e: 

To: 
High or low Output = 40 ns (max) 

SERIAL Input A, B, C, D = 20 ns (min) 
MODE CONTROL with respect to CLOCKS = 25 ns (min) 
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M239 
THREE 4-81T COUNTER/REGISTER 

Length: Standard 
Height: Single 
Width: Single 

C~ 

CLEAR 

CLOCI( 1 

M~C~lJR~1~ __ ~ __ -F3~) ______ +-~-,~ __ ~ __ -. 

(CLOCK 21 

Volts 

t~D 

E3 

{SAME AS E51 

U 
(SAME AS E5) 

Power 
mA 
70.0 

70 

Pins 
A2 
C2.T1 

FLIP-FLOPS 

M SERIES 

~.>.:..:!.j_ ......... L2_110{QO 



The M239 Module consists of three high-speed, 4-flip-flop stage elements 
suitable for use as a storage register or a counter. Each of the 12 flip-flops 
has a data line input, and data information is entered by a COUNT/LOAD 
signal associated with each 4-bit stage. The output of the flip-flops assumes 
the logic state of the data inputs when the COUNT/LOAD input signal is High. 
When the COUNT/LOAD signal is Low, the data inputs are disabled, pro­
vided the clock inputs are inactive. 

The QA output of each latch within a 4-stage element is connected to the 
toggle (T) input of the following latch. This allows the module to be used 
as a high-speed counter or serial-to-BCD converter. 
The counters will accept frequencies of 0-50 MHz at the CLOCK 1 input, and 
the transfer of information to the outputs occurs at the positive-going edge 
of this clock pulse. 
One CLEAR input is common to the eight latches in elements 1 and 2, and 
one CLEAR input is common to the four latches in the third element. When 
the CLEAR signal becomes a High logic level, all associated latch outputs 
will become Low regardl~ss of the CLOCK 1 input level. 
APPLICATIONS 
Provides 12-bit data storage or a serial counter with 12-BCD outputs. All 
inputs and outputs are TTL or DTL compatible. 
FUNCTION 
When operated as a serial counter, the Qo output of a 4-latch element must 
be connected to the CLOCK 1 input of the following 4-latch element. The 
separate Cl'EAR inputs may also be externally connected to reset all latch 
outputs using ooe CLEAR input signal (High transition). Output QA maintains 
10 unit load capability in addition to driving the CLOCK 2 input. Refer to the 
Function Tables for the output levels of each count. . 

SPECIFICATIONS 
Input Voltage (max.): 5.0 Volts ± 5% 
Clock Frequency: 0-50 MHz 

FUNCTION TABLE 

CLOCK 
OUTPUTS. 

PULSE Qo Qc Q. 

0 L L L 
1 L L L 
2 L L H 
3 L L H 
4 L H L 
5 L H L 
6 L H H 
7 L H H 
8 H L L 
9 H L L 

10 H l H 
11 H l H 
12 H H L 
13 H H l 
14 H H H 
15 H H H 

QA 

L 
H 
L 
H 
L 
H 
l 
H 
l 
H 
l 
H 
L 
H 
l 
H 

NOTE: Output count continues in sequence when Qo output is connected to 
the clock 1 input of next 4-latch element. 
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M2500 
DUAL 64 WORD X 4 BIT FIRST-IN 

FIRST-OUT SERIAL MEMORY 

Length: Standard 
Height: Single 
Width: Single 

INPUT 
READY 
SHifT 

IN 
MASTER 

RESET 

DO 

01 1 

INPUT 1 
READY 

SHIfT IN 1 

MttWr 1 

V1 

V2 

M2 

E2 

(SAME AS Ell 

Power 
Volts mA (max.) Pins 
+5 100 A2 
-12 23 Jl 
GND C2. Tl 

U2 

S2 

R2 

P2 

Sl 

R1 

FLIP-FLOPS 

M SERIES 

1 SHIFT 
OUT 

Jl 1 ~E~~~T 

SHIfT 
OUT 
OUTPUT 
READY 

The M2500 Module provides storage for 64 4-bit words in each of two mem­
ory elements. The words are stored and read asynchronously on a first­
word-in, first-ward-out basis. By series coupling the two memory elements, 
the total storage capacity can be increased to 128 4-bit words. The two 
memory elements can also be paralleled, using external logic, to form storage 
for 64 8-bit words. 
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FUNCTION 
The first 4·bit word is entered into the memory register by initiating a High 
SHIFT IN pulse when the INPUT READY signal from the memory is High. 
With no data word previously stored in the first location of memory, the 
INPUT READY signal will be High. As the word enters the first memory loca· 
tion, the INPUT READY signal becomes Low and remains Low until the SHIFT 
IN pulse is brought Low. The Low transition of the SHIFT IN pulse transfers 
the first 4·bit word into the second memory location, and the INPUT READY 
signal again becomes High. The internal control logic then sequences the 
word to the first-out or 64th memory location which causes the OUTPUT 
READY signal to become High. This indicates that the first word entered is 
available to be read at the output. The second 4-bit word can then be entered 
into memory and is automatically stacked at th&output. To read a word from 
memory and shift the next word to the output, a High SHIFT OUT pulse is 
required and causes the previously High OUTPUT READY signal to become 
Low. The data is shifted out by the trailing edge of the SHIFT OUT pulse 
when the OUTPUT READY signal is Low. The next 4·bit word is then automati· 
cally shifted to the 64th location causing the OUTPUT READY signal to again 
become High. When all locations are empty, OUTPUT READY will remain Low. 
When all the memory locations are full, the INPUT READY signal is held Low 
until a word is read, resulting in a vacant location. 

APPLICATIONS 
The M2500 can be used as a synchronous or asynchronous serial storage 
device or as a buffer unit for data communication between devices operating 
at different data rates. The M2500 can be serial connected to increase the 
total number of 4·bit memory locations or connected in parallel to extend 
the word lengths. Both data and control inputs and outputs are direct TTL 
and DTL compatible. 

FUNCTION 
The following input/output diagrams indicate the timing relationships and 
logic levels required to write into or read data from memory. 

INPUT TI'MING 

INPUT I.SV 
READY ov 

SHIFT l.SV 
IN ov 

DATA IN 
lDo-DJ) 
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OUTPUT 1.5V~ 
READY OV 

tlR+ (Input Ready HIGH Time) 

tlR- (Input Ready LOW Tirt:1e) 

OUTPUT TIMING 

tov+ (Control Overlap HIGH Time) 

tlSI (Data Input Stable Time) 

too (Data Input Delay Time) 

tOR+ (Output Ready HIGH Time) 

tOR- (Output Ready LOW Time) 

tDH- (Data Hold Time) 

NOTES: 

300 ns (typ.) 

300 ns (typ.) 

100 ns (min.) 

400 ns (min.) 

25 ns (min.) 

300 ns (typ.) 

450 ns (typ.) 

75 ns (min.) 

tlR+ is referenced to the positive going edge of IR or SI, whichever occurs 
later. 
tlR- is referenced to the negative going edge of IR or SI, whichever otcurs 
later. 
tlD is referenced to the positive going edge of IR or SI, whichever occurs 
later. 
tOY+ is referenced to the positive going edge of IR or SI, whichever occurs 
later. Control signals include Input Ready, Shift In, Output Ready, and 
Shift Out. 
Data must be stable for tSDI or tlll+, whichever is shorter. 

Input data must remain stable duri'ng timing window tSDI. Both SI and IR 
must be HIGH for tOY+. 

tOR+ is referenced to the positive going edge of OR or SO, whichever 
occurs later. 

toR- is referenced to the negative going edge of OR or SO, whichever 
occurs later. 
tOH is referenced to the negative going edge of OR or SO, whichever 
occurs later. 
toV+ is referenced to the positive going edge of IR or Sf, whichever 
occurs later. 

Both SO and OR must be HIGH for t OY+. 
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Inputs 

SHIFT IN 

DO-D3 

SHIFT OUT 

MASTER RESET 

Outputs 
INPUT READY 

OUTPUT READY 

QO-Q3 

A High on this input causes INPUT READY to go Low 
and data to the shifted into the memory. Data will be­
gin to shift to the last empty location when this input 
is brought Low again. Minimum pulse width is 100 ns. 
Data must be valid within 25 ns after SHIFT IN goes 
High. SH 1FT IN must only be brought High when IN­
PUT READY is High. Minimum Low time for SHIFT IN 
is 100 ns. 

Data inputs. Data must be valid within" 25 ns after 
SHIFT IN goes High and should remain valid for at 
least 400 ns. 

A High on this input initiates the output shifting pro­
cess. Data will remain valid until 70 ns after both 
SHIFT OUT and OUTPUT READY have gone Low. Mini­
mum pulse width is 100 ns. SHIFT OUT must remain 
Low for at least 100 ns. " 

Clears all memory locations. 

Indicates when data may be loaded into the memory. 
Goes Low 300 ns (typ) after the leading edge of 
SHIFT IN and goes High again when the next data 
word may be loaded. INPUT READY remains Low when 
the memory is full. 

Indicates when data is valid at the output of the 
memory. OUTPUT READY goes Low 300 ns (typ) after 
the leading edge of SHIFT OUT and goes High again 
when the next word has "been shifted to the output. 
OUTPUT READY remains Low when the memory is 
empty. 

Data outputs. Data is valid at the outputs whenever 
OUTPUT READY is High, even if SHIFT OUT is Low. 
Data will change 75 ns after OUTPUT READY goes 
Low. Typical propagation time from input to output of 
an empty memory is 10 p.S. 
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M3020 
DUAL DELAY MULTIVIBRATORS 

• L2 

0~D~1--------~I!~27~0~pf~~ 

~~H~l -------;1 t=~:,;.;jg~O~Pf=----"" 
r;1 Jl I....,;C~8 ~ __ --. 
L.:..J .03~F 
f";1!L..J !-:;C:.;.6~ ___ ~_ ... 
L.:.,J-----. .330...,F 

C14 

• .,:.,f..:.,.l ________ ..... 22PF 

El 

0.;..;N...;..1 ------il C13 

0 51 I Cl1 pF 

~M~~9,"","_ .... 
r;L1~1~. ""'C:'=7-:-__ ----. 
~.33...,f 

(15 

• t-'-R~l ------. 22PF 

E3 

(SAME AS El) 

Q 

TIME 
RELAT-ED 

M SERIES 

F2 10 

12 10 

• USED TO SELECT OUTPUT 
PULSE WIDTH (SEE TABLE) 

~ ... -t5V 

~ 
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Volts 
+5V 
GND 

Power 
rnA (max.) 
144 

Pins 
A2 
C2, T1 



The M3020 Module contains two monostable multivibrators. each of which is 
activated by the output of a Schmitt Trigger circuit. A low input transition 
on anyone of the three inputs to the Schmitt Trigger circuit produces a 
positive output pulse and triggers the multivibrator. The Schmitt Trigger 
circuit provides a hysteresis current which prevents the multivibrator from 
being triggered erroneously by noise ·signals at the input. 

When activated, the multivibrator produces a positive pulse at the output. 
The width- of the pulse is variable from 50 ns to 40 sec and is selected by 
the external connections to capacitors mounted on the M3020 and by the 
variable Vcc available. 

The M3020 contains two delays (one·shot multivibrators) which are triggered 
by a level change from HIGH to LOW or a pulse to LOW whose duration is 
equal to or greater than 50 ns. When the input is triggered, the output 
changes from LOW to HIGH for a predetermined length of time and then 
returns to LOW. 

The delay time is adjustable from 50 ns to 7.5 ms using the internal capaci­
tors and can be extended by adding an external capacitor. 

APPLICATIONS 
• Ti me delays 
• Variable width pulses 

FUNCTIONS 
Delay Range: The basic DELAY RANGE is determined by an internal capaci­
tor. The delay range may be increased by selection of additional capacitance 
which is available by connecting various module pins or by the addition of 
external capacitance. An internal potentiometer can be connected for fine 
delay adjustments within each range or an external resistance may be used. 
If 'an external resistance is used, the combined resistance of the internal 
potentiometer and the external resistance should be limited to 10,000 ohms. 

Capacitor 
Interconnections 

Value 
Required 

Delay Range (Internal) Delay El Delay E3 
50 ns-750 ns 22 pF None None 

500 ns -7.5 ,."s 270 pF D1-- L2 Nl-5e 
5 ,."s-75 ,."s 3300 pF H1-L2 51-52 

50 ,."s-750 fJlS .033,."F J1-L2 Ui-52 
500 ,."s-7.5 ms .33,."F E1- L2' PI-52 

Adjustable Delays: Connect pins D2 to E2 for delay 1 and V2 to R2 for delay 
2 in order to add the internal potentiometers. NOTE: If there is no external 
pot. these pins must be jumpered. 

Without a potentiometer, the delay will not recover. An external potentiometer 
of less than 10 K ohms can be used by connecting it between E2 or R2 
and ground pin C2. Use of an external adjustment resistor wHi cause some 
increase in jitter. It is recommended that leads to an external potentiometer 
be twisted pairs and as short as possible. 
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PRECAUTIONS 
Care should be exercised in the selection· of external capacitors to assure 
low leakage as leakage will affect the time delay. 

SPECIFICATIONS 
Trigger Input Fall Time: Must be less than 400 ns 

Recovery Time: Defined as the time all inputs must remain HIGH before any 
input goes LOW to trigger the delay 

1. Without external capacitance: 30 ns min. 
2. With external capacitance: 300 C ns min. where C is in nanofarads 
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M306 
INTEGRATING ONE SHOT 

. TIME 
RELATED 

M SERIES 

Length: Standard 
Height: Single 
Width: Single 

JTRIG 

E2 02 

EXT. TIMING 
RESISTOR 

Power 
Volts mA (max.) 
+5 120 
GND 

INTEGRATING 
ONE-SHOT 

L2 

EXT. TIMING 
CAPACITOR 

Pins 
A2 
C2, T1 

T2 11 

M2 

The M306 is a zero-recovery-time integrating monostable multivibrator with 
complementary outputs. The M306 has the ability to respond to an input 
even while in the active state, so that successive inputs above a preset 
frequency ca,n postpone the return to the inactive state indefinitely. 

FUNCTIONS 
The operation of the M306 is illustrated in the timing diagram shown below: 

Td~rWH~P6h15~ ~ .J.1.5V 
1--:-'----1 

I ! TpDl I 
--.I .-- I 

! ~I ~--~rl:.--------------~~ OUTPUT AT I I +1.5V +1.5V 
PIN T2 I... a>I 

I I 

The integration period is measured from the trailing edge of the input pulse 
to the trailing edge of the output pulse. The approximate integration time 
may be calculated by the following: 

t -- .68 (R + 8000) ( C + 75 x 10-12F) + 70 x 10-9 Sec. 
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where R is in ohms and C is in farads. The width of the input pulse is in­
dependent of the integration time. 

Timing Capacitors: Coarse adjustment of the integration period is accom­
plished by customer·supplied capacitors which may be attached to module 
pins l2 and M2. When using polarized capacitors, the positive terminal 
should be connected to pin l2. Two split lugs are provided on the module 
for those customers who would like to permanently install the capacitor on 
the module itself. The minimum equivalent parallel resistance of capacitor 
leakage should always exceed 250K ohms. 

Timing Resistance: Fine adjustment of the timing period may be accom­
plished by a multiturn potentiometer provided on the module. Provision is 
also made to allow the customer to connect an external timing resistor or 
potentiometer between pins 02 and E2. When an external potentiometer 
is used, care should be taken to prevent the coupling of externally generated 
electrical noise into the module. The maximum resistance of the timing re­
sistance, including the internally provided potentiometer, should not exceed 
25,000 ohms. If an external timing resistor is not used, pins 02 and E2 must 
be connected together. 

SPECIFICATIONS 
Trigger Duration: An input pulse of 30 ns will trigger the M306. TPOI = 
40 ns max. 

Output Duration: The minimum pulse width is 225 ns and· maximum pulse 
width is limited only by capacitor leakage (40 sec is a typical maximum). 

Stability: The inherent temperature stability of the M306 is normally -.06% 
per degree C, exclusive. of the temperature coefficient of the timing ca­
pacitor. 
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I 
M501 

SCHMITT TRIGGER 

Length: Standard 
Height: Single 
Width: Single 

SWITCH INPUT 
TIME CONSTANTS 

0 AN 
EXPA NO 

INPU T 

+5V 

P2 SCHMITT 
TRIGGER 

TIME 
RELATED 

M SERIES 

'" F2 

OUTPUT 

8 

..... ....... , ..... .... E2,O 
R2 :rr--

OR N2 RI R2 R3 
EXPAND 680 120 230 r 

L2 M2 
~ +5V o -ANALOG INPUTS UPPER LOWER 

THRESHOlD * 
Power 

Volts mA (max.) Pins 
+5 31 A2 
GND C2 

The M501 is a Schmitt Trigger with variable threshOlds and complementary 
positive logic outputs. 

APPLICATIONS 
• Switch Filter 
• Pulse Shaper 
• Threshold Detector 

FUNCTIONS 
The input on pin R2 is compared with the thresholds set on pins L2 and 
M2 UPPER and LOWER respectively. 

Pin F2 goes to LOW when the input on R2 rises above the UPPER THRESH· 
OLD, having been below the LOWER THRESHOLD. 

Pin F2 rises to +3 volts when the input on R2 falls below the LOWER 
THRESHOLD, having been above the UPPER THRESHOLD. 

Pin E2 is the complement of F2. 

-Miscellaneous Input Functions: AND and OR expansion may be performed 
on P2 and N2. Modules R001 and R012 provide the diodes required. An 
integrator is provided on- the input, allowing switches to be connected to 
the Schmitt Trigger with contact bounce effects eliminated. Two switch time 
constants are provided. Inputs to pin S2 result in a 7 ms time constant to 
pin U2 3.5 ms. 
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AND,OR EXPANSION +5V 

R2 

+5V 

2.7K 

R012{ ____ .......... 

Oscillator Connectlon:'Connecting a resistor from output pin F to input pin R 
with pin T tied to pin R forms an oscillator. 

+5V 

SPECIFICATIONS 

300n 
MAX. 

Input Signal Swing: The voltage on pin R2 is limited to plus or minus 20 
volts. 

Thresholds: The UPPER and LOWER THRESHOLDS are preset at 1.7 and 1.1 
volts. They may be modified by the addition of a resistor in parallel with the 
internal network; however, the UPPER THRESHOLD must not exceed 2.0 
volts or the LOWER THRESHOLD fall below 0.8 volts. 

R IN 
R 
R 

PARALLEL WITH 
PARALLEL 
PARALLEL 

R2 - THRESHOLD CLOSER· 
~1- UPPER RISES 

. R3 -LOWER FALLS 

Input Pin R2 Loading: 2.7K ,ohms to +5 volts or 1.8 mA at ground. 

Pin P2 AND EXPAND input 
Pin N2 OR EXPAND input 
Pin S2 RC SWITCH input filter 7 ms 
Pin U2 RC SWITCH input filter 3.5 ms 
Pins L2, M2 are available for threshold modification 
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Length: Standard 
Height: Single 
Width: Single 

[!]E1. 

M310 
DELAY LINE 

,J STAM:IARO F1 /ii;I ~~ STAN)ARO 

1 .... '_~_k_~_;-.. ·~t=:1~' p~~ 

Volts 
+5 
GND 

Power 
mA (max.) 
89 

Pins 
A2 
C2. T1 

TIME 
RELATED 

M SERIES 

• J1~ 

The M310 consists of a tapped delay line with associated circuitry and two 
pulse amplifiers. The total delay is 500 nanoseconds with taps available at 
50 n.anosecond intervals. 

APPLICATIONS 
• Timing pulse trains 
• Pulse spacing 

FUNCTIONS 
The time delay is increased when the amplifier is connected to the delay 
line taps in ascending order as follows: J2, K2, L2, M2, N2, P2, R2, 82, 
T2, U2, and V2. The tap J2 yields the minimum delay and the tap V2 yields 
the maximum delay. 

Loads J2-V2 designed to be loaded only by El or HI. They will not drive 
standard TTL loads. 

The pulse amplifiers are intended to be used to standardize the outputs of . 
the delay line. The output of the pulse amplifier is a positive pulse whose 
duration is typically 50 to 200 nanoseconds. These amplifiers are not in­
tended to be driven by TTL Ie logic. 
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M401 
VARIABLE CLOCK 

Length: Standard 
Height: Single 
Width: Single 

Volts 
+5 
GND 

VARIABLE CLOCK 

----------v~--------~ 

Power 
mA (max.) 
80· 

SEE TABLES 

Pins 
A2 
C2. T1 

• using printed circuit board revision E or later 

TIME 
RELATED 

M SERIES 

E2 9-

02 to 

The M401 Variable Clock is a stable RC-coupled multivibrator which pro­
duces standard timing pulses at adjustable repetition rates. 

Repetition rate is adjustable from 175 Hz to 10 MHz in five ranges. Internal 
capacitors, selected· by jumper pin connections, provide coarse frequency 
control. An internal potentiometer provides continuously variable adjustment 
within each range. 

A 0 to 10 volt control voltage will vary the frequency over about 30% of 
each frequency range. 

APPLICATIONS 
This module is intended for use as the primary source of timing signals in a 
digital system. 

FUNCTIONS 
Start Control: A two-input OR gating input is provided for start-stop control 
of the. pulse train. A level change from HIGH to LOW with fall time less 
than 400 ns is required. to en~ble the clock. 

Frequency Range: 

Frequency Range 

1.5 MHz to 10 MHz 
175 KHz to 1.75 MHz 

17.5 KHz to 175 KHz-
1.75 KHz to 17.5 KHz -
175 Hz to 1.75 KHz 

Interconnections Required 

(100 pf) 
(1000' pf) 
(.01 p.fd) 
(0.1 ,....fd) 
(1.0 ",fd) 
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Fine Frequency Adjustment: Controlled by an internal potentiometer. No pro­
vision is made for any external connections. An external capacitor may be 
added by connection between pins N2 and C2. 

Voltage Control of Frequency: The M401 may also be voltage controlled 
by applying a control voltage to pin M. This feature is available only in 
M401 modules using printed circuit board revision E or later. The voltage 
applied to pin M should be limited to the range of 0 volts to +10.0 volts. 
This voltage swing will allow the frequency to be shifted by approximately 
30 percent in the frequency range using the internal capacitors of 1.0, 0.1, 
0.01 and 0.001 I'F. If the voltage applied to pin M is dc or low frequency 
(below 1 kHz), pin M will appear approximately as a +1.0 volt source with 
a Thevenin resistance of 800 ohms. Modulating the M401 with a 10 volt 
p.p signal about a center frequency, as derived by the application of a mean 
voltage of +5 volts to pin M, will yield a typical frequency excursion in ex­
cess of plus or minus 15% about th~ center frequency. Typical frequency 
excursions which may be obtained are shown below: 

Voltage CAPACITOR 
applied to 

Pin M 1.0 ufd. 0.1 ufd. 0.01 ufd. .001 ufd. 

0 1.000 10.00 100.0 1000 

+1 1.054 10.49 104.6 1036 

+2 1.101 10.94 109.2 1071 

+3 1.147 11.39 113.6 1108 

+4 1.193 11.83 118.0 1142 

+5 1.238 12.26 122.2 1181 

+6 1.282 12.69 126.4 1271 

+7 1.325 13.10 130.4 1295 

+8 1.368 13 .. 50 134.2 1312 

+9 1.408 13.87 137.7 1322 

+10 1.443 14.20 140.9 1323 

Output frequency 
in KHz 

SPECIFICATIONS 
Maximum delay from enabling inputs to output E2 is 50 nanoseco1'f(fs. The 
output pulse width is 50 nanoseconds. 
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M403 
RC MULTIVIBRATOR CLOCK 

Length: Standard 
Height: Single 
Width: Single 

1 H2 

E2 02 

EXT CAP 
(PULSE WIDTH) CLOCK 

OUT 
ENABLE FREQ . .... r

EXT CAP INTL CAP \ 
CAP COM A B C 

SPLIT 
LUGS 

K2 52 L2 N2 

Power 
Volts mA (max.) Pins 
+5 70 A2 
GNO e2, T1 

F2 9 

J2 10 

TIME 
RELATED 

M SERIES 

The M403 is an RC Multivibrator Clock which produces standard 10-micro­
second timing pulses at repetition rates adjustable from I kHz to 50 kHz 
in three ranges. Internal capacitors, selected by jumper pin connections, pro­
vide coarse frequency control, while an internal potentiometer provides con· 
tinuously variable adjustment within each range. 

APPLICATIONS 
This module can be used as a source of digital timing signals. 

FUNCTIONS 
ENABt."E Input: The clock circuit is enabled by a HIGH level on pin H2. If a 
lOW level is applied to pin H2, the clock output at F2 will time out and 
return to ground and the output at pin J2 will time out and go HIGH. To 
prevent an erroneous count, pin H2 should not be retriggered for one com· 
plete period. This will allow the circuit to settle. 

Selecting Frequency Range: The frequency range is selected by jumpers at 
backplane pins: 

FREQUENCY RANGE 

1 kHz to 5 kHz 
5 kHz to 20 kHz 

20 kHz to 50 kHz 

INTERCONNECTION REQUIRED 

N2-S2 
M2-S2 
l2-S2 
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Lowering Frequency: If frequencies below the capabilities of this circuit are 
necessary, external capacitance can be added. Time 2 (see illustration) can 
be changd by installing capacitors to the split lugs provided or between pins 
K2 and S2. New timing values can be calculated using the following 
equation: 

-1 tO"s I--
___________ T_t~~ T2-=r--l~ ____________ _ 

CLOCK H OUTPUT 

T2c:O.32RC (t+O.7/R) 

T2 is in seconds, R is in ohms, and C is in farads. The internal potentiom-
eter varies between 5.1K and 50K ohms. ' 

Increasing Pulse Width: Larger pulse widths can also be obtained by adding 
capacitance to the other set of split lugs provided or between pins E2 and 
02. The same equation as above may be used for Tl with the following 
exception: 

c =: 4.7 picofarads + capacitance added 

SPECIFICATIONS 
Rise Time: 25 ns (max.) 
Fall Time: 25 ns (max.) 
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M404 
CRYSTAL CLOCK 

Length: Standard 
Height: Single 
Width: Single 

2MHz 
CLOCK 

Power 

DIVIDER 
CIRCUIT 

Volts 
+5 
GND 

mA (max.) 
535 

Pins 
A2 
C2. T1 

I 
TIME 

RELATED 

M SERIES 

U2 10 2MHz 

52 10 lMHz 

T2 10 500KHz 

R2 10 250KHz 

P2 
10 125KHz 

M2 10 100KHz 

1050KHz 

l2 
1025KHz 

K2 10 12.5KHz 

10 10KHz 

82 105KHz 

The M404 clock contains a 2 MHz crystal oscillator and frequency dividers. 

A HIGH on the CLEAR input clears the frequency divider and all outputs go 
LOW except the 2 MHz output, which is not affected. 

SPECIFICATIONS 
Accuracy: Maximum error from specified output frequency is 0.01 % between 
o degrees C and +55 degrees C. 
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M405 
CRYSTAL CLOCK 

Length: Standard 
Height: Single 
Width: Single 

Volts 
+5 
GND 

Power 
mA (max.) 
50 

Pins 
A2 
e2, T1 

TIME 
RELATED 

M SERIES 

The M405 employs a crystal oscillator to provide a highly stable, precisely 
known frequency between 5 kHz and 10 MHz. The frequency within this 
range may be specified by the user. 

APPLICATIONS 
• Stable clock frequencies 

FUNCTIONS / 
Outputs: Outputs at pins 02 and E2 are respectively positive. and negative 
going 50 ns pulses. Pulses at pins 02 and E2 are time shifted by one gate 
delay with the negative pulse at pin E2 leading the positive pulse at 02 by 
a maximum of 20 ns. The output pulse width can be modified by the ad­
dition of an external capaCitor between pins K2 and H2. This capacitor will 
increase the output pulse width by approximately 1 ns per 2.5 pF of addi­
tional capacitance. 

SPECIFICATIONS 
Frequency Stability: 0.01 % of specified value between 0 degrees C and +55 
degrees C. 

Ordering Information: When ordering the M405, always specify frequency. 
Allow six weeks for delivery. 
Standard Stock Frequencies: 1.333 MHz, 2.000 MHz, 5.000 MHz. 
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M602 
PULSE AMPLIFIER 

Length: Standard 
Height: Single 
Width: Single 

PA2 

R2 S2 

INTERNAL CAPACITORS* 
*·JUMPER E2-D2 OR R2-S2 FOR ,.On8 

PULSE WIDTH. STANDARD PULSE 
WIDTH IS 50 ns. 

Volts 
+5 
GND 

Power 
mA (max.) 
213 

Pins 
A2 
C2, T1 

TIME 
RELATED 

M SERIES 

The M602 contains two pulse amplifiers which provide power amplification, 
standardize pulses in amplitude and width, and transform level changes into 
a standard pulse. 

FUNCTIONS 
A negative pulse output is produced when the input is triggered by a'transi­
tion from HIGH to LOW. An internal capacitor is brought out to pin con­
nections to permit the standard 50 ns output pulse to be increased to 
110 ns (nominal). 

SPECIFICATIONS 
Propagation Time: 30 ns max. between input and output thresholds. 

Recovery Time: Equal to that of the output pulse width. The input must have 
a fa/l time (10% to 90% points) of less than 400 ns and must remain 
below 0.8 volts for at least 30 ns. Maximum PRF is 10 MHz. 
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M671 
M TO,K CONVERTER 

Length: Standard­
Height: Single 
Width: Single 

Power 
Volts mA (max.) Pins 
+5 112 A2 
GND C2 

TIME 
RELATED 

M SERIES 

The M671 M Series to K Series Converter contains four pulse stretching cir­
cuits which can convert an M Series input pulse of duration exceeding 50 ns 
to complementary K Series output pulses of 10 to 15 p.S. 

FUNCTIONS 
Triggering: When the ENABLE input is HIGH, the delay is triggered by the 
negative-going edge of the trigger input pulse: 
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~tNPUT 

s--L" 
-Ls0UTPU~ 

This circuit is insensitive to input transitions during its timeout period a~ 
shown in the examp1e above. 

Increasing Output Pulse Width: Non-electrolytic capacitors can be connected 
to the split lugs provided in each circuit if K Series output pulse widths 
longer than 15 P.s are desired. Pulses of up to 40 seconds are possible using 
this technique. When capacitance is added, the output pulse width is in­
creased by 6400 C seconds where C is the capacitance added in farads. 

Precautions: Unused inputs should be connected to logic levels that will hold 
them in their unasserted states. Unused inputs that would be asserted High 
should be grounded. Unused inputs that would be asserted Low should be 
connected to a source of logic High. Also refer to "Unused Inputs" in the 
alphabetical index. 

SPECIFICATIONS 
Output drive: Each output is capable of driving a 15 mA load. 
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M521 
K TO M CONVERTER 

Length: Single 
Height: Single 
Width: Single 

mE2 ~ 

mK2 
• 

~t2 • 

fTI"2 ~ 

Volts 
+5 
GND 

I" M~ 

I" ut 

I" u~ 

I" M~ 
Power 
mA (max.) 
56 

: 
: 
: 
: 

Pins 
A2 
C2 

F2: 
02'0 

L2: 
J210 

:: 
:: 

TIME 
RELATED 

M SERIES 

The M521 K Series to M Series Converter contains four circuits which ,an 
convert any K Series input to complementing M Series outputs. 

APPLICATIONS 
• Rise Time Conversion - K to M Series 

FUNCTIONS 
Typically, a K Series input would have a 7 p'S rise time and a 1.5 p'S fall time. 
The M521 speeds both these rise and fall -times to approximately 15 ns. 
The input circuit has built·in hysteresis and is slowed to a maximum fre-. 
quency of 100 KHz. 

SPECIFICATIONS 
Each input represents three K Series unit' loads. 
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MI61 
BINARY TO OCTAL/DECIMAL DECODER 

Length: Standard 
Height: Single 
Width: Single 

~~---.--
2 51 

U1 

V2 

U2 

V1 

.. 

Volts 
+5 
GND 

BCD TO 
DECIMAL 
DECODER 

DECODED 
OUTPUT 

2*] 22 CODE 
1 INPUTS 

2 

20 

Power 
mA (max.) Pins 
120 A2 

C2, T1 

NUMERIC 

M SERIES 

The M161 is a functional decoding module which can be used as a binary-to­
octal or binary-coded decimal (8421 or 2421 codes) to decimal decoder_ In 
the binary-to-octal configuration, up to eight M 161's can be linked together to 
provide decoding of up to six bits. Three ENABLE inputs are provided for 
selective enabling of modules in decoders of more than one digit. In the octal 
mode, the bit 2* input is connected to ground, which automatically inhibits 
the 8 and 9 outputs. Connections for a 5-bit binary/ octal decoder (4 mod­
ules) are shown below. The figure assumes that the inputs to the decoder 
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are the outputs of flip-flops such as FF2° (I), 1 output side; and FF2° (0), 0 
output side_ 
The 2* input may be of decimal value 2, 4, 6, 8 as long as illegal combinations 
are inhibited before connections to the inputs, and the 4-2-1 part of the code 
is in binary_ 
The propagation delay through the decoder is typically 55 nsec in the binary­
to-octal mode, and 75 nsec in the BCD-to-decimal mode. The maximum delay 
in the BCD-to-decimal mode is 120 nsec, frequency-limiting this module to 
8HMz when used in this fashion. The enable inputs can be used to strobe 
output data providing inputs 2 0 

- 2* have settled at least 50 nsec prior to 
the input pulse. 
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M163 
DUAL BINARY-TO-DECIMAL 

DECODER 

Length: Standard 
Width: Single 
Height: Single 

20 1 Bl 

21 1 Cl 

22 1 
01 

23 1 
El 

20 1 02 

21 1 E2 

22 1 
F2 

23 1 H2 

Ao 

A2 

A3 

Ao 

At 

2 

3 

BINARY 
TO 

DECIMAL 
DECODER 

BINARY 
TO 

DeCIMAl 
DECODER 

Power 

o--_~R"'--Il 10 8 

o----...-"-'SI'-ilO 9 

J2 

p-_--......;;.;U2"'""110 9 

Volts mA (max.) Pins 
+5V 44 A2 
GND C2. T1 
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The M163 Module consists of two binary-to-decimal decoder circuits, each 
of which accepts four inputs and provides 10 mutually exclusive outputs. 
The most significant 23 input can be used as an inhibit function to allow 
the circuits to be used as a binary-to-octal decoder. 

APPLICATIONS 
1-of-10 decoder or 1-of-8 decoder with selected output Low. 

FUNCTION 
Each of the decoder circuits on the M163 Module accepts four active High 
BCD inputs and provides 10 mutually exclusive active Low outputs. All out­
puts are High when binary codes greater than 9 are applied to the inputs. 
Refer to the truth table for input/output level sequences. 

TRUTH TABLE (EACH SECTION) 

Ao AI Az A3 '0 1 2 3 4 5 6 7 8 9 

L L L L L H H H H H H H H H 
H L L L H L H H H H H H H H 
L H L L H H L H H H H H H H 
H H L L H H H L H H H H H H 
L L H L H H H L L H H H H H 
H L H L H H H H H L H H H H 
L H H L H H H H H H L H H H 
H H H L H H H H H H H L H H 
L L L H H H H H H H H H L H 
H L L H H H H H H H H H H L 
L H L H H H H H H H H H H H 
H H L H H H H H H H H H H H 
L L H H H H H H H H H H H H 
H L H H H H H H H H H H H H 
L H H H H H H H H H H H H H 
H.H H H H H H H H H H H H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

97 



M230 
BINARY TO BCD AND BCD TO 

BINARY CONVERTER 

Length: Standard 
Height: Double 
Width: Single 

I I. I. 
ACI ABI AU1 

L.OADI ~ CIN CIN 
CONVERT CONTRa.. (BIN) (BCD) 

DIGIT 

4 * 4 
~ 00 NOT PLUG INTO A 
88tl OR AN'( OTHER BACl<PLANE 
WHICH APPLIES POWER TO 
82 PINS 

~}3~ 
INPUT 

~}-

~}u. 
!=,"""-"--IMSB 

BINARY 
INPUT 

* 
Power 
mA (max.) 
860 

BINARY 
OUTPUT 

Pins 
A2 

3 

Volts 
+5 
GND C2, Tl 
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·CAUTION 
Pins AB2 and BB2 bc»th 
carry lo.le signals, not 
power; therefore do not 
plug the M230 Into a BBll 
system unit since the cor· 
respondln. BBll pins both 
earry-15V. 



The M230 converts a binary number to its binary coded decimal equivalent 
or a binary coded decimal number to its binary equivalent. 

The maximum number that can be converted from either binary to BCD or 
BCD to binary is 4095 which is 7777 8 • This converter utilizes a counting tech­
nique where the count frequency is typically 5 MHz. Therefore, the con­
version time for the maximum number 7777, is typically 0.82 millisec. 

The M230 is fully cascad~ble. When using more than one M230 the COUT 
BIN. must be connected to the CIN BIN. and the COUT BCD must be connected 
to the CIN BCD of the next higher significant unit. CIN BIN. and CIN BCD of 
the least significant unit must be made a logic "I". COUT BIN. and COUT BCD 
of the most significant unit may be left open. 

CONVERSION CONTROL on pin AC1 will cause a Binary to BCD conversion 
when connected to ground and a BCD to Binary conversion when connected 
to a logic "1" source. When cascading M230's, connect all CONVERSION 
CONTROL inputs in parallel. 

LOAD/CONVERT on pin AA1 reads the input data when connected to a logic 
"I" level and starts the conversion when this input is returned to a logic 
"0" level. When cascading M230's, connect all LOAD/CONVERT inputs in 
parallel. 

CONVERSION COMPLETE on pin BT2 goes High when the conversion process 
is finished_ ' 

There is no conversion complete signal when all low inputs are entered. 
This is because the Circuit is designed to return the counters to a low state 
when load/convert signal goes high which initiates a low at all BCD and 
Binary inputs and the counters on the input side are always counting down 
to Zero. If it is likely that a circuit is required to convert Zero, use the follow­
ing external configuration which utilizes the M113 Module(described else­
where in this Handbook). 

EXTERNAl FIX M 113 MODUlE r----------- ---------, 
I AV2 EXT. OUT : 

I IBn 
I 
I 
I 
I 

I 
I 
I 

I I 
I I L ____________________ J 

EXT. IN on pin AV1 and EXT. OUT on pin AV2 convey conversion finished 
information between cascaded M230's. This information travels from the 
most significant M230 to the least significant M230. Therefore, the EXT. IN 
of the most significant M230 must be connected to a logic "1" source_ 
Each EXT. OUT is connected to the EXT. IN of the next less significant M230. 
The EXT. OUT of the least significant M230 is left unconnected. 

CLOCK CONTROL on pin AT2 of the least significant M230 should be enabled 
by connecting it to a logic "I" source. All others should be connected to 
ground. 
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The following is an ordered summary for operating a single M230: 

1. Make the conversion control (pin AC1) a logic "0" for converting Binary 
to BCD or a logic "I" for converting BCD to Binary. 

2. When converting Binary to BCD, connect the Binary number to the 
BINARY INPUTS and ground the BCD INPUTS. Conversely, when con· 
verting BCD to Binary, connect the BCD number to the BCD INPUTS and 
ground the BINARY INPUTS. 

3. CIN BIN., CIN BCD, EXT. IN, and CLOCK CONTROL inputs should be tied 
to a source of logic "I". The outputs COUT BIN., COUT BCD, and EXT. OUT 
should be left unconnected. 

4. Pulse the LOAD/CONVERT input with a positive pulse of 150 nsec. mini­
mum pulse width. There is no limit on the maximum width of this pulse. 
Conversion begins on the negative going edge of this pulse. 

5. When converting Binary to BCD read the BCD OUTPUT for the BCD 
equivalent. For converting BCD to Binary read the BINARY OUTPUT for 
the Binary equivalent. The CONVERSION COMPLETE OUTPUT becomes 
a logic "I" when the conversiol') is through. 
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M236 
12-BIT BINARY UP/DOWN COUNTER 

Length: Standard 
Height: Single 
Width: Single 

v 

INPUTS 

12-811 81NARY COONTER 

MS8 

NUMERIC 

M SERIES 

J 
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..--_____ O_UT-'fUT"-_S _____ ---..ge~~t-----1~1IUIr..f 
MSB' 

Volts 
+5 
GND 

Power 
mA (max.) 
330 

Pins 
A2 
C2. T1 

The M236 is a 12-bit synchronous binary up! down counter. It has a single 
control input that can switch the counting mode from up to down without 
disturbing the contents of the counter. The M236 is fully cascadable and 
programmable. Cascading simply involves paralleling the respective ENABLE, 
LOAD DATA, and UP/ DOWN signals while one CARRY-OUT signal drives the 
COUNT IN input of the next M236. 

APPLICATIONS 
The programmability of the M236 makes it ideal for use as a modulo-N 
divider. Modification of the count length is easily done by setting the DATA 
input lines to N and loading each time the count down reaches zero. When 
counting down the MAX-MIN output goes HIGH when all twelve bits equal 
zero. 

FUNCTIONS 
COUNT IN: Counting occurs on a positive transition of the COUNT IN line. 
This input must remain LOW for at least 50 ns before the count. Time be­
tween pulses can be no less than 50 ns. There is no maximum for pulse 
width or time between pulses. The maximum count frequency is 10 MHz. 

ENABLE: The ENABLE input permits counting while it is HIGH, and disables 
counting while it is LOW. Critical timing factors that must be observed when 
changing the enabled state are: 
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1. To enable counting, the ENABLE line must remain HIGH from 70 ns 
before to 30 ns after the positive transition of the COUNT IN signal. 

2. To disable counting, the ENABLE line must go LOW at least 40 ns before 
the COUNT IN signal goes LOW, and remain LOW until at least 40 ns 
after the positive transition of the COUNT IN signal. 

LOAD DATA: The outputs assume the same state as their associated data 
inputs, independent of the count, when LOAD DATA goes LOW for at least 
50 ns. Loading data overrides all other input signals and may be done at 
any time. The maximum propagation delay from the LOAD DATA input to 
any output is 50 ns. The DATA inputs will have no effect upon the outputs 
within 15 ns after the LOAD DATA line goes HIGH. 

UP/DOWN CONTROL: A logic LOW on this line yields an up count. A logic 
HIGH on this line yields a down count. This control signal may be changed 
when the COUNT IN signal is HIGH. It must not be changed while the 
COUNT IN is LOW or during the 40 ns period before the COUNT IN signal 
goes LOW. 

CARRY OUT: When the counter has reached either the maximum up count 
state (4095 binary) or the minimum down count state (0000), the CARRY 
OUT signal follows the COUNT IN Signal. The maximum delay time from the 
COUNT IN transition to the CARRY OUT transition is 60 ns. 

MAX-MIN: This provides a logic HIGH output when the counter has reached 
either the maximum up count state (4095 binary) or the minimum down 
count state (0000). The maximum delay time for this output measured from 
the positive going edge of the COUNT IN signal is 120 ns. This signal is also 
used to accomplish look-ahead for very high speed operations. 

Cascading: When cascading M236's, the CARRY OUT should be connected 
to the COUNT IN of the next more significant unit. Also, the respective 
LOAD DATA, UPI DOWN, and ENABLE signals must be paralleled. 
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M237 
3-DIGIT BCD UP/DOWN COUNTER 

Length: Standard 
Height: Single 
Width: Single 

~"'~O~~L L~_8 __ -J '" ____ -

DIGIT 3 
(LSD) 

DIGIT 2 

3-DIGIT BCD COUNTER 
~"'_-IENA8LE H DIGIT 3 DIGIT 2 

tAt COUNT ~ ~ 
~~--tIN H j LSB 

Volts 
+5 
GND 

Power 
mA (max.) 
330 

MS8 
"---.-----' 

DIGIT I 
(MSO) 

Pins 
A2 
C2. T1 

NUMERIC 

M SERIES 

Th'e M237 is a 3-digit synchronous BCD up/down counter. It has a single 
control input that can switch the counting mode from up to down without 
disturbing the contents of the counter. The M237 is fully cascadable and 
programmable. Cascading simply involves paralleling the respective ENABLE, 
LOAD DATA, and UP/DOWN signals while one MAX/MIN signal drives the 
ENABLE input of the next M237. 

APPLICATIONS 
The programmability of the M237 makes it ideal for use as a modulo-N 
divider. Modification of the count length is easily done by setting the DATA 
input lines to N and loading each time the count down reaches zero. When 
counting down the MAX/MIN output goes HIGH when all three digits equal 
zero. 

FUNCTIONS 
COUNT IN: Counting occurs on a positive transition of the COUNT IN line. 
This input must remain LOW for at least 50 ns before the count. Time be­
tween pulses can be no less than 50 ns. There is no maximum for pulse 
width or time between pulses. The maximum count frequency is 10 MHz. 

ENABLE: The ENABLE input permits counting while it is HIGH, and disables 
counting while it is LOW. Critical timing factors that must be observed when 
changing the enabled state are: . 
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1. To enable counting, the ENABLE line must remain HIGH from 70 ns 
before to 30 ns after the positive transition of the COUNT IN signal. 

2. To disable counting, the ENABLE line must go LOW at least 40 ns before 
the COUNT IN signal goes LOW, and remain LOW until at least 40 ns 
after the positive transition of the COUNT IN signal. 

LOAD DATA: The outputs assume the same state as their associated data 
inputs, independent of the count, when LOAD DATA goes LOW for at least 
50 ns. Loading data overrides all other input signals and may be done at 
any time. The maximum propagation delay from the LOAD DATA input to any 
output is 50 ns. The DATA inputs will have no effect upon the outputs within 
15 ns afterthe.LOAD DATA line goes HIGH. 

UP/DOWN CONTROL: A logic LOW on this line yields an up count. A logic 
HIGH on this line yields a down count. This control signal may be changed 
when the COUNT IN signal is HIGH. It must not be changed while the 
COUNT IN is LOW or during the 40 ns period before the COUNT IN si'gnal 
goes LOW. 

CARRY OUT: When the counter has reached either the maximum up count 
state (999) or the minimum down count state (000), the CARRY OUT signal 
follows the COUNT IN signal. The maximum delay time from the COUNT IN 
transition to the CARRY OUT transition is 60 ns. 

MAX-MIN: This provides a logic HIGH output when the counter has reached 
either the maximum up count state (999) or the minimum down count 
state (000). The maximum delay time for this output measured from the 
positive going edge of the COUNT IN signal is 120 ns. This signal is also 
used to accomplish look-ahead for very high speed operations. 

Cascading: When cascading M237's, the CARRY OUT should be connected 
to the COUNT IN of the next more significant unit. Also, the respective 
LOAD DATA, UP/DOWN, and ENABLE signals must be paralleled. 
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M238 
DUAL 4-811 81 NARY 

SYNCHRONOUS UP/DOWN COUNTER 

length: Standard 
Width: Single 
Width: Single 
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Jl 
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HI 
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UI 
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Ml 
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Volts 
+5 
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COl.NTER QC 
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~ 
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UP 

D
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8 COUNTER QC 
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Power 
mA (max.) 
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Pins 
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NUMERIC 

M SERIES 

F2 
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L2 

P2 
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VI 
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The M238 module consists of two identical 4-bit binary counters. Synchro­
nous operation is provided by having all flip-flops clocked simultaneously 
so that the outputs change coincidentally with each other. 

The outputs are triggered by a LOW to HIGH level transition of either COUNT 
input. The direction of the counting is determined by which COUNT input 
is pulsed while the other COUNT input is High. 

The counters are fully programmable; that is, the outputs may be preset to 
any state by entering the desired data at the DATA inputs while the LOAD 
input is LOW. The output will change to agree with the DATA inputs inde­
pendently of the COUNT pulses. This feature allows the counters to be used 
as modulo-N. dividers by simply modifying the count length with the preset 
inputs. 

A CLEAR input has been provided which forces all outputs to the LOW level 
when a HIGH level is applied. The CLEAR function is independent of the 
COUNT and LOAD inputs. 

These counters were designed to be cascaded without the need for any 
external circuitry., The counters can be cascaded by feeding the BORROW 
and C,ARRY outputs to the COUNT-DOWN and COUNT-UP iuputs respectively, 
of the succeeding counter. 

CARRY L = (QA H, QB H, QC H, QD H) • (COUNT UP L) 
BORROW L = (QA L, QB-L, QC L, QD L) • (COUNT DOWN L) 

SPECIFICATIONS 
Refer to Table 1. 

Parameter 

f max 
t set up 
tp 
tp 
tp 
tp 
tp 

TABLE 1 

From Input 

Count-up 
Count-down 
Either-Count 

Load 
Clear 

f max = Maximum Clock Freq. 

To Output 

Carry 
Borrow 

Q 
Q 
Q "-

Max. 

10 MHz 
25 ns 
50 ns 
50 ns 
50 ns 
50 ns 
50 ns 

tp = propagation delay time, for either a High-going or Low-going output 
change. 
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M159 
ARITHMETICI LOGIC UNIT 

Length: Standard 
Height: Single 
Width: Single 

ARITHMETIC/ LOGIC 
UNIT 

A0] 
AI IN~T 

~-~-----4 A2 

F:.....-.... ---IA~ 

B0] 
BI IN~T 

~-~-----4 B2 

1-=''--.... ---1 B3 

M159 

F1 
OUTPUT 

( 

F0 

F2 

F~ 

COMPARE 

CARRY 
OUT 

S1 ~~fc!pN 
S0] 

CARRY 
PROPA­

GATE 
~-""---I S2 CODE 

~-~---IS3 

5 T2 CARRY IN 

S2 MODE 
1 ~~""--<lL=ARITH 

H-LOGIC 

CARRY 
GENERATE 

NUMERIC 

M SERIES 

H2 * 

E2
'0 

*=OPEN COLLECTOR-
DRIVES 10 UNIT LDADS LDW 

Power 
V,.Its mA (max.) Pins 
+5 150 A2 
1.:.1,,0 C2. T1 

The M159 can perform 16 word·oriented arithmetic operations and 16 bit 
oriented logic functrons. Arithmetic operations are performed on two 4·bit 
input words and an input carry to produce one 4·bit output word and a carry 
out. In the logic mode the M159 looks like' four 2·input functional gates. 
Where N indicates one out of four, the output FN depends only on the inputs 
AN,BN, and the logic function code selected. 
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The M159 is fully cascadable. The CARRY OUT of the less significant M159 
should be connected directly to the CARRY IN of the next more significant 
M159. The CARRY PROPAGATE and CARRY GENERATE output should be used 
with a carry look-ahead module or left unconnected. 

The COMPARE output goes High whenever all the "F" outputs go High. This 
output is open-collector so that it can be wire-AND connected when M159 
modules are cascaded. An example of how this output can be used is shown 
in the table below. 

When the arithmetic operation A minus B minus 1 is selected,lP"the M159 can 
be used as a comparator. 

A and B COMPARE CARRY 
Data Inputs Output OUT 

A>B 0 0 

A=B 1 1 

A<B 0 1 

The maximum propagation delay from the "AN'" or "BN" bit input to the 
output bit "FN" in the logic mode is 48 nsec. which does not change as 
M159's are cascaded. In the arithmetic mode, the maximum delay from the 
"A" or "B" word input to the "F" word output, CARRY OUT, or CPMPARE 
is 50 nsec. which increases by 19 nsec. per additional cascaded M159 when 
carry look-ahead is not used. When carry look-ahead is used, the maximum 
additional delay is limited to 20 nsec. for up to three additional M159's. 

Table of Logic Mode Operations 

(MODE Input = 1) 

(CARRY IN has no affect on Logic Mode Operations) 

Function NOTE that FN is comple-
mented when the Function 
Selection Code is com pie-

SELECTION CODE mented 

S3 S2 SI SO Bit FN Equals Bit FN Equals 

0 0 0 0 AN AN 

0 0 0 1 AN AND BN AN OR BN 

0 0 J 0 AN AND BN AN OR BN 

0 0 1 1 0 1 

0 1 0 0 AN OR BN AN AND BN 

0 1 0 1 BN BN 

(AN AND BN) (AN AND BN) 
0 1 -I 0 OR OR 

(AN AND BN) (AN AND 'BN) 

0 1 1 1 AN ANDBN AN OR BN 
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Complemented 
Function 

SELECTION CODE 

S3 S2 SI SO 

1 1 1 1 

1 1 1 0 

1 1 0 1 

1 1 0 0 

1 0 1 1 

1 0 1 0 

1 0 0 1 

1 0 0 0 



S3 

0 

0 
0 

0 

0 

0 

0 

0 
1 

1 

1 

1 

1 

1 

1 

1 

Table of Arithmetic Mode Operations 

(MODE Input = 0) 

Function Word F Equals 

SELECTION CODE CARRY IN = 1 CARRY IN = 0 

S2- SI SO -
0 0 0 WORD A WORD A plus 1 

0 0 1 AOR B A OR B plus 1 
0 1 0 A OR 'B A OR 'S plus 1 

0 1 1 Minus 1 (2's ZERO 

I 
Comp.) 

I 1 0 0 A plus (A AND B) A plus (A AND B) 
plus 1 

1 0 1 (A OR B) plus (A 
AND B) 

(A OR B) plus (A 
AND'S) plus 1 

1 1 0 A Minus B Minus 1 A Minus B 

1 1 1 (A AND B) minus 1 AANDD 
0 0 0 A plus (A AND B) A plus (A AND B) 

plus 1 

0 0 1 A plus B A plus B plus 1 

0 1 0 (A OR 9) plus (A (A OR 9) plus (A 
AND B) AN" B) plus 1 

0 1 1 (A AND B) minus 1 AANDB 

1 0 0 A Times 2 A Times 2 plus 1 

1 0 1 (A OR B) plus A (A OR B) plus A 

1 1 0 (A OR lj) plus A 
plus 1 

(A. OR 'B) plus A 
plus 1 

1 1 1 A minus 1 A 
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M19l 
ALU LooK·AHEAD LOGIC 

Length: Standard 
Height: Single 
Width: Single 
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E2 
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M 191 ALU LOOK-AHEAD LOGIC 

Volts 
+5 
GND 

Power 
mA (max.) 
130 
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The M191 contains two high-speed look-ahead units to be used to reduce 
the propagation delay of cascaded M159 Arithmetic Logic Units for Arith­
metic Mode operations: The propagation delay is the maximum delay time 
from "A" to "8" word input to the "F" word output or COMPARE output. 
This time is 50 ns for one ALU and increases by 19 ns for each additional 
cascaded ALU without use of the MI9!. This increase is due to the 19-ns 
delay from 'A" or "B" word input to the first CARRY OUT and the added 
19-ns delays to each succeeding CARRY OUT. However, when a look-ahead 
CARRY OUTPUT is substituted for an ALU CARRY OUTPUT, this time in­
crease is only 7 ns per additional ALU. These advanced look·ahead CARRY 
OUTPUTS are determined by the states of the CARRY GENERATE, CARRY 
PROPAGATE and CARRY IN inputs. 

APPLICATIONS 
Figures 1 and 2 illustrate use of the module for up to 16-bit and 32-bit 
applications respectively. 

K2 F2 K2 F2 

01 HI Jl 02 J2 H2 

CN+Y G2 P2 CN+Z G3 P3 

Fl 112 M191 

G P 

He H 

Figure 1. 16-Bit Application of MI91 with M159. 

NOTES: 
1. Propagation Delay Time = 50 ns + 7 ns + 7 ns + 7 ns = 71 ns 
2. CN-t4 of most significant M159 (#4) becomes final CARRY OUT 
3. For 12-bit application, M159 #4 not used; for a·bit application, M159 #3 and #4 not 

-used. 
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.... .... 
I\) 

K2 IF2 

Ml Rl lSI 1M2 

CN+Y G2 P2 CN+Z 

112 M191 

G P 

N IliC 

Figure 2. 32·Bit Application of MI9I with M159. 

NOTES: 
1. Propagation Delay Time = 50 ns + 7 ns + 7 ns + 7 ns + 19 ns + 7 ns + 7 ns + 7 ns = 110 ns 
2. CN+4 of most significant M159 (#8) becomes final CARRY OUT 
3. For 28·bit application, M159 #8 not used; for 24·bit application, M159 #8 and #7 not used, etc. 

K2 IF2 

S2 IR2 

G3 P3 

G 

NC NC 



M155 
NUMERIC 

4-LINE TO 16-LINE DECODER 

Length: Standard 
Height: Single 
Width: -Single 
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HI 

Jl . 
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+5 
GND 
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21 

22 

24 

Power 
mA (max.) 
55 

M SERIES 
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L1 

51 
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PI 

Nl 
4 

5 
Ml 
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T2 
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7 

R2 
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P2 

10 
N2 

J2 
11 

12 
H2 

13 
f2 

14 
E2 

15 
K2 

Pins 
A2 
e2. T1 

The M155 module decodes four binary-coded inputs into one Of sixteen 
mutually exclusive outputs when both STROBE inputs, L2 and M2, are Low. 
The demultiplexing function is performed by using the four input lines to 
address the output line, passing data from one of the STROBE inputs with 
the other STROBE input LOW. When either STROBE input is HIGH, all outputs 
are HIGH. Refer to the Truth Table. 

SPECIFICATIONS 
Propagation Delay 

From: 
Data Inputs 
Either STROBE" Input 

To: 
HIGH or LOW Output = 36 ns (max) 
HIGH or LOW Output = 30 ns (max) 
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Length: 
Height: 
Width: 

M1701 
DATA SELECTOR 

Standard 
Single 
Single 
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114 

[" OUTPUTS . 
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NUMERIC 
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P2 
10 
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The M1701 Data Selector contains two independent dual 4-line to 2-line 
multiplexers on a single-height module. Each dual multiplexer has two groups 
of DATA INPUTS, two STROBES, two OUTPUTS and common SELECT inputs. 
An OUTPUT becomes active for a DATA INPUT when the DATA INPUT is 
addressed by the SELECT lines and the corresponding STROBE brought LOW. 

APPLICATIONS 
• Multiplexing for parallel-to-serial conversion 
• Timesharing 
• Sampling 

TRUTH TABLE 

FUNCTIONS 

SELECT DATA INPUTS 
SI SO C3 C2 Cl CO STROBE OUTPUT Y 

X X X X X X H L 
L L X X X L l L 
L L X X X H L H 
L H X X L X L L 
L H X X ·H X L H 
H L X L X X L L 
H L X H X X L H 
H H L X X X L L 
H H H X X X L H 

X = irrelevant 

PROPAGATION DELAY TIMES 

PARAMETER1f 
FROM TO 

MAX. UNIT (INPUn (OUTPUT) 

tPLH Data Y 25 ns 

t PHL Data Y 30 ns 

tPLH Address Y 40 ns 

tPHL Address Y 40 ns 

tPLH Strobe Y 35 ns 

tPHL Strobe Y 30 ns 

1ftPLH = propagation delay time, Low-to-High-Ievel output. 
tPHL = propagation delay time, High-to-Low-Ievel output. 
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MI7I3 
I6·LINE TO I·LINE 

DATA SELECTOR 

Length: Standard 
Height: Single 
Width: Single 
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The M1713 module is a 1-of-16 data selector/multiplexer. The binary code 
on inputs A-D defines which of the 16 data inputs will be connected to the 
output when STROBE is Low. Its operation is described by the following 
TRUTH TABLE: 

INPUTS OUTPUT 
o . C A STROBE O. 0, O. D. D. D. O. D, D. O. D .. D" D" 0 .. 0 .. D" W 

X x X 1 X X X X H 

0 0 0 x x x x X H 

0 0 x x x ~. x x x x x 
0 x x x X H 

0 X X X X X L 

0 X X X X X H 

0 X X X X L 

X X X X X H 

X X x' 
x X X H 

X X X X X X X L 

X X X X X X H 

1 X X X X X X X L 

0 X X X X X X X X X X X X H 

0 X X X X X X X X X X X X 

0 X X X X X X X X X H 
0 X X X X X X X X L 

0 0 0 x x x X H 

0 0 x x x x x x x x x x X L 

0 0 x x x x x x x x x x X H 

X X X X 

X X X X X H 

X X X X L 
0 X X X X X X X X X X X H 

0 X X X X X X X X X X X L 

X X X H 

X X X L 

X X X X H 

X X X X X l! ·X X L 
0 x 'x x x x 0 X H 

0 X X X X X X X X X X X X X L 

X X X X X X X X X X 0 H 

X X X X L 

When used to indicate an input condition, X = High or Low 

SPECIFICATIONS 

Propagation Delay 
FROM: TO: 
Input A, B, C, D Output W = 50 ns (max) 
STROBE Output W = 40 ns (max) 
DO through D15 Output W = 30 ns (max) 
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M168 
12-81T MAGNITUDE COMPARATOR 

Length: Standard 
Height: Single 
Width: Single 
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A=8 
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Volts 
+5 
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Power 
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NUMERIC 
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Ai , ) 
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FROM LESS 
3 SIGNIFICANT 

COMPARATOR 

A<8 t 

The MI68 12·Bit Magnitude Comparator performs magnitude comparison of 
two 12·bit words.- When the comparison inputs are not connected to the 
comparison outputs of another M168, the "A=B" input must be connected 
to a logical "I". The A>B and A<B inputs may individually be made a logic 
"I" or logic "0". However, connecting both these inputs to GND, a logic "0" 
is recommended. 

The M168 Comparator may be cascaded to compare longer words. The out· 
puts T2, U2, and V2 should be connected to the corresponding inputs of the 
next comparator which are AI, B1, and Cl respectively. The inputs of the 
first comparator must all be made a logical "I". 

The propagation delay time from Data (A and B) to outputs is 48 nsec typical 
and 72 nsec maximum for one unit. 

When cascading the total typical time is 48 nsec plus 36 nsec per additional 
unit. The total maximum time is 72 nsec plus 54 nsec per additional unit. 
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INPUTS OUTPUTS 

A>B A=B A<B Data A>B A=B A<B 

1 0 0 A>B 1 0 0 

1 0 0 A=B 1 0 0 

1 0 0 A<B 0 0 1 

1 or 0 1 1 or 0 A>B 1 0 0 

1 or 0 1 1 or 0 A=B O· 1 0 

1 or 0 1 1 or 0 A<B 0 0 1 
':~ 

0 0 1 A>B 1 0 0 

0 0 1 A=B 0 0 1 '. 

0 0 1 A<B 0 0 1 
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M162 
PARITY CIRCUIT 

Length: Standard 
Height: Single 
Width: Single 
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The M162 contains two parity detector circuits. Each circuit indicates 
whether the binary data presented to it contains an ODD or EVEN number 
of ONES. The data and its complement are required as shown. 

APPLICATIONS 
• Parity checking 

FUNCTIONS 
Indication of ODD PARITY is given by a HIGH level at pins Kl ahd U2 re­
spectively. Pins Ll and V2, when ~IGH, indicate EVEN PARITY or no input. 
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M040 
SOLENOID DRIVER 

Length: Standard 
Height: Single 
Width: Single 

Volts 
+5 
GND 
-15 

Power 
mA (max.) 
47 

9 

Pins 
A2 
C2, T1 
82 

LOGIC 
AMPLIFIERS 

M SERIES 

LOADS ---., 

---1-i 
----' 

The M040 contains two identical negative high-voltage driver circuits. Each 
consists of a 4-input positive NAND gate that controls a PNP transistor 
switch. The switch is capable of sinking up to 600 rnA of current to ground 
from an external power supply of up to -70 volts. One terminal of the load 
device (relay, etc.) must be connected to the external voltage, the other to 
the drive output. The positive terminal of the external supply connects to 
the module ground. 

APPLICATIONS 
The M040 can drive relays, solenoids, stepping motor windings and similar 
inductive loads. 

Restrictions: Not recommended for indicator drive. 

FUNCTIONS 
ON Condition: Each driver sinks current from the external circuit when all four. 
control inputs are HIGH. The amount of current is determined by the external 
voltage and load impedance. (The internal switch is a saturated PNP transis­
tor.) Typical output voltage when sinking 0.6 A is -2 volts. 

OFF Condition: When one or more control inputs is LOW, the internal switch 
is a high impedance and the output voltage approaches the external voltage 
source. The output circuit draws a small amount of leakage current (typicaHy 
100 /LA for a 70-volt external supply). 
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Anti-Kickback: Pin V2 of the driver module must be connected to the external 
supply so that the drivers will be protected from the back voltage generated 
by inductive loads. If the wire to the power supply is more than three feet 
long, it may have to be bypassed at the module with an electrolytic capacitor 
to reduce the pulse overshoot caused by the inductance of the wire. 

Improving Recovery Time: If pin V2 is connected to the supply through a re­
sistor, the recovery time of inductive loads can be decreased at a sacrifice in 
maximum drive voltage capability. Maximum rated supply voltage less actual 
supply voltage should be divided by load current to find the maximum safe 
resistance.-When both circuits on a module are used, the load current for the 
above calculation is the sum of the currents. 

PRECAUTIONS 
Grounding: High current loads should be grounded'directly at pin C2 of the 
M040, rather than at a frame or bus ground. 

Parallel Operation: No more than two circuits should be paralleled to drive 
loads beyond the current capabilities of single circuitS. 

SPECIFICATIONS 
Current sinking capability: 600 rnA per circuit, max. 

External supply voltage: 70 V dc max. 

Circuit Delay: Typical propagation delay for each circuit is 5 p'S (between 
10% and 90% voltage points) for an external supply voltage of 70 volts. 
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M050 
50 MA_'ND'CATOR DRIVER 

Length: Standard 
Height: Single 
Width: Single 

~
2 +3-V 01 

2 * o 0 

~
2 +3-V MI 

2 * o 0 

2 +3 -v HI 
2 * 

o 0 

~
R2 +3-V Rl 

2 * o 0 

~
2 +3-V L1 

2 * 
o 0 

~ 
~ - ~ - L.::.J 

~ 
~ ~ U - L!!.I 

~2. +3-V KI 
2 * o 0 

*. 50MA.-30V MAX. 

Volts 
+5 
GND 
-15 

Power 
mA (max.) 
47 

16 

Pin 
A2 
C2 
82 

LOGIC 
AMPLIFIERS 

M SERIES 

~
2 +3-V El 

2 * o 0 

~ 
~~~ 

2 +3 -v Jl 
2 * o 0 

~2 +3-V 51 
2 * o 0 

The M050 contains twelve transistor invert~rs that can drive miniature in­
candescent bulbs such as those on an indicator panel. 

. APPLICATIONS 
The M050 is used to provide drive current for a remote indicator, such as 
Drake 11-504, Dialco 39-28-375, or Digital Indicator type 4908, or as a level 
converter to drive 4917 and 4918 indicator boards. 

Restrictions: Do not use to drive inductive loads (relays, solenoids). 
Note: For those applications requiring the sinking of current, refer to K Series. 

FUNCTIONS 
A LOW level on the input of the driver causes current to flow in the output. 

SPECIFICATIONS 
Each output is able to drive 50 rnA into an external load connected to any 
voltage between ground and -30 volts. 
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M060 
SOLENOID DRIVER 

Length: Standard 
Height: Single 
Width: Single 

-
LOGIC 

AMPLIFIERS 

M SERIES -. 

r ____ i)f-____ -2S!..1..n O SEE 

S2 NOTE 

• NOTE: PINS 51 & 52 CONNECT 
J~E AT;::T SOURCE 

Volts 
+5 
GND 
Text 

Power rcA (max.) 

See Text 

124 

--1 
--.- --- ... r~'D\.-----

--, 
- .. ----} 

--1 - .... ___ , ... , ...... ,-.. ---_. 
LOAD 

--1 
_~ _ __ '-., .. r' .... __ .. __ _ 

LOAD 

--, 
--"---:1. 

Pins 
A2,E1, E2 
C2, n, Fl: F2, 
Sl,S2 

OSEE 
NOTE 



The M060 module consists of four identical positive high-cu,rent driver cir­
cuits. tact:- circuit contains an inverting gate that controls an :NPN transistor 
switch. A low level, at any input, will turn on the switch whic~ is capable of 
driving loads up to 1.2 amps to ground with external power supply voltages of 
up to +75 V dc. I 

APPLICATIONS I 
The M060 module can be used to drive relays, solenoids, and any similar 
inductive loads requiring current of up to 1.2 amps. 

It is not recommended for lamp-driving tasks; for this application, the M050 
module should be utilized. 

EXTERNAL POWER SUPPLY 
An external power supply must be used to power the loads. This supply 
may be a maximum of 75 V dc. In connecting the power supply, the positive 
terminal should· be connected to pins Sl and S2, and the nEtgative terminal 
to ground. I 

One side of the load device must connect to the external rUPPIY and the 
other side to the driver output. . 

FUNCTIONS ~ 
ON Condition: Each switch activates the load device when he circuit is a 
logic Low, O. In this condition, the circuit supplies current whic is determined 
by the external power supply voltage and the load impedance must not 
exceed 1.2 amps. ' 

OFF Condition: When the input is high, the switch is open~nd a high im­
pedance exists. In this condition, there is a small amount of leakage current 
flow which is typically less than 100 p.A for an external supply voltage of 
75 V dc. 

CONNECTIONS. and PRECAUTIONS 
Note that the emitter and collector on each transistor switch, and the ex­
ternal power supply inputs, each have two pin connections. These dual 
connections are required because of the high current capability of the cir­
cuit. In each case, the pins should be tied together as shown by the dotted 
lines on the diagram. It should also' be mentioned that the emitter connec­
tions of each transistor switch must tie to ground, preferably at pin C2 of . 
the logic block. 

SPECIFICATIONS 
Current Capability: 1.2 amps per circuit (max) 
External Supply Voltage: 75 V dc (max) 
Circuit Delay: 10 p'S (typical)-15 p'S (max) 
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M617 
FOUR-INPUT POWER NAND GATE 

Length: Standard 
Height: Single 
Width: Single 

AI 

81 

Ct 

Ft 

HI 

Jt 

Kt 

MI 

NI 

PI 

RI I~~ 
+3V I : ~:: 

Power 
Volts mA (max.) Pins 
+5 97 A2 
GND c~n 

LOGIC 
AMPLIFIERS 

M SERIES 

The M617 contains 6 four-input NAND gates each capable of driving up to 
30 unit loads. 

FUNCTIONS 
Physical configuration and logical operation are identical to the M117. 

SPECIFICATIONS 
Typical gate propagation delay is 15 ns. 
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M627 
NAND POWER AMPLIFIER 

Length: Standard 
Height: Single 
Width: Single 

I~:~ P~EI~ 

!~!~ P .. L1~ 

IMI :::~ P~SI~ 
Power 

Volts mA (max.) Pins 
+5 136 A2 
GND C2. T1 

!;~ 
IK2 :::~ 
iR2 ::;~ 

+3V I :~:: 

I 
i 
lLOGIC 

AMPLIFIERS 

M. SERIES 

P • J2~ 

P . ~ . 
P • V2~ 

The M627 provides six 4-input NAND gates that combine power :amplification 
with high-speed gating. 

APPLICATIONS 
For high fan-out of clock or shift pulses to expanded counters and shift 
registers. 

PRECAUTIONS 
L In pulse amplifier applications, unused inputs should be connected 

to the +3 volt pins provided. 
2. To utilize the timing accuracy of this module, wire runs of minimum 

length are recommended. 

SPECIFICATIONS 
Propagation Time: Typically 6 ns between input and output transitions. 
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M660 
LOGIC 

AMPLIFIERS 
POSITIVE LEVEL CABLE DRIVER 

Length: Standard 
Height: Single 
Width: Single 

~H2 
,J2 : 

~:: 
~:: 

0 
0 
0 

Power 
Volts rnA (max.) 
+5 71 
GND 

M SERIES 

[> .. D2[E) 

[> .. K2[!] 

[> .. S2~ 

*=50mA DRIVE 

Pins 
A2 
C2 

The M660 Cable Driver consists of three NAND gate circuits each of which 
will drive a lOO-ohm terminated cable with M Series levels or pulses of 
duration greater than 100 ns. The output is not open-collector. 

SPECIFICATIONS 
Outputs: Can sink 50 rnA at a logic LOW, and can source 50 rnA at a logic 
HIGH. -
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M002 
LOGIC HIGH SOURCE 

Length: Standard 
Height: Single 
Width: Single 

+3V 
SOURCE 

Volts 
+5 
GND 

Power 
mA (max.) 
16 

Pins 
A2 
C2. T1 

'" SERIES 

To hold unused M Series TTL gate inputs HIGH, the M002 proy-ides 15 out­
puts at +3 volts (logic HIGH) on pins 02 through V2. Up to lO unused M 
Series gate inputs may be connected to anyone output. If an iM002 circuit 
is driven by a gate, it appears as two TTL unit loads ~r 3.2 mA at ground. 

The M002 can also be used as pull-ups for open-collector outputs in a wired­
OR situation. The following diagram shows one of the 15 identical circuits. 

+SV 

F-
.SK 

3.3K 

129 

MODULE 
PIN 



M594 
EIA/CCITT LEVEL CONVERTER 

Length: Standard 
Height: Single 
Width: Single 

EIAICCITT 
LEVELS 

8 LINE E1A OR CCITT TO TTL 

Volts 
+5V 
GND 
+15V 
-15V 

Power 
mA (max.) 
125 

25 
25 
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Pins 
A2 
C2. T1 

TTL 
LEVELS 

MISCELLA­
NEOUS 

M SERIES 

•• RESISTORS Rl-R8 
NOT SUPPLlEO 
WITH MODULE 

• SEE LOADING 
FACTORS 



7 LINE TTL TO EIA OR CClTT 

TTL 
LEVELS 

+8VDC G N2 TO + .. 
+18VDC 

-8VDC GB2 
TO - • 

-18VDC 

~+v 

~-v L-v 
~-

7 LINE TO 
EIAICCITT 

The M594 Module is used to convert the signal voltage levels between DIGI­
TAL data processing terminal equipment such as the DFll Modem and data 
communications equipment such as a Bell data set. The M594 provides 
circuits to convert a maximum of eight EIA or. CCITT signal levels to eight 
DTL or TIL signals that are compatible with DIGITAL logic, an,d circuits to 
convert a maximum of seven DIGITAL, TIL, or DTL logic signal outputs to 
seven signals compatible with EIA or CCITT signal devices. Refer to EIA 
Standard RS-232-C for description of the selected signals. 

FUNCTION 
The eight-line EIA or CCITI to TTL converter receives input signals which 
can vary between +30 Vdc and -30 Vdc. Each input operates on a hysteresis 
curve or double threshold to prevent noise triggering. The threshold level is 
determined by the external bias voltage applied to pin Al of the module and 
by the value of resistors RI through R8. A LOW (mark) EIA/CCITT input 
voltage produces a LOW (0) TTL compatible level output and a HIGH (space) 
input level results in a HIGH (1) TTL compatible level output. 

The seven-line TTL to EIA or CCITT circuits contain inverters and line drivers 
and can provide output signals which vary between a maximum of +10 Vdc 
and -10 Vdc from standard DTL or TIL logic inputs. Power to the line drivers 
is from two voltage regulator circuits contained on the M594. The positive 
external voltage supplied to the regulators can be any value between +8 Vdc 
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and +18 Vdc, and minus external voltage can be any valu~ between -8 Vdc 
and -18 Vdc. A LOW (0) TIL compatible level input produces a LOW (mark) 
EIA/CCITT -10 Vdc level output and a HIGH (1) TTL compatible level input 
produces a HIGH (space) EIA/CCITT +10 Vdc output. 

APPLICATIONS 
Convert EIA or CCITT levels from Bell or Western Union Modems to TTL or 
OTL levels for data communications equipment. • 

Convert TTL' or OTL compatible levels to Bell or Western Union modem 
signals. 

Refer to the following curve for determining the value of resistors RI through 
R8 which vary the input voltage threshold of the 8·line EIA/CCITT to OTL 
level converter. The input voltage threshold, without resistors 'RI through 
R8 recounted, is ± 1.0 V. With a Vee of -15 V on pin Al and a resistor 
value of 33K ohms in RI through R8, the input voltage threshold is approx. 
±2.5 V.-

6 Rc=5kll Rc=13kn R~=- Rc= llkil 
"t =5V "t=5V Vc=-5V 

V _" Yr+ VT- ,. VT+ Yr- VT+ VT-j~ VT+ 

1....-1- ..... '"- ...... I-~ '"--
o 
-3 -2 -1 012 

VI-INPUT VOLTAGE-V 

t-
3 

Ve applied to pin Al 

LOADING FACTORS 
EIA to TTL (Pins H2, JI, K2, L2, M2, J2, E2, FI) 

Input Voltage (VI) H"h Level Input Current (IIH) 
+25 V ........................ 8.3 rnA (max.) 
+3 V .......................... 0.43 rnA (min.) 

Low LevtlJ Input Current (IlL) 
-25 V ....... :................ -8.3 rnA (max.) 
-3 V .......................... -0.43 rnA (min.) 

TTL to EIA (Pins PI, NI, SI, VI, UI, T2, R2) 
(Low level input voltage VIL = O.8V, Load Resistor RL = 3Kn) 

Vee+ 
+9 V 
+13.2 V 

Vec- High level output voltage VOH 
-9 V ................ ' 6 V (min.) 
-13.2 V.:.......... 9 V (min.) 

(High level input voltage VHL = 1.9 V, Load Resistor 3KO 

Vcc=5V 
TA =2S·C 

4 

Vee+ 
+9V 
+13.2 V 

Vec-
-9 V .............. :. 

Low level output voltage VOL 

-6 V (max.) 
-13.2 V ........... . -9 V (max.) 
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M598 
I-CHANNEL TRANSMIT/RECEIVE 

OPTIC-COUPLED CURRENT ISOLATOR 

Length: Extended 
Height: Single 
Width: Single 

Volts 
+5V 
GND 
-15V 

Power 

• CURRENT RATING lOrnA 
VOL TAGE RATING 

mA (max.) 
100 

Pins 
A2 
C2. Tl 
82 

60 
40 

MISCELLA· 
NEOUS 

M SERIES 

The M598 module contains a single-channel transmit and a single-channel 
receive circuit capable of converting the data signals between a Teletype ® or 
similar current loop device and TTL or DTL compatible logic circuits. The 
data signals transferred through each of the module circuits are optically­
coupled to provide a maximum of 1500 V isolation between the current loop 
and the TTL logic. The transmitter receives serial TTL or DTL compatible 
levels and controls an output current loop with a maximum current of up 
to 80 mAo 

The receiver circuit responds to input currents of a maximum of 80 mA from 
a Teletype or similar current loop device and provides serial TTL or DTL 
compatible signals at the output. 

The M598 module is supplied with jumper leads installed to operate as a 
passive element providing no current to the current loop device. By rewiring 
the jumper leads on the transmitter and receiver circuits, the module can be 
an active element and supply current from a +5 Vdc or -15 Vdc source. 
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APPLICATIONS 
Provides up to 1500 V isolation in the data and control lines between TTL 
or DTL compatible logic and a current loop device such as a TTY. As an 
active element the M598 performs signal level conversion without isolation. 

FUNCTION 
A High level at input pin V2 of the transmitter opens the transistor in the 
output current loop. A Low level causes the transistor to conduct. No current 
flow at the input of the receive circuit results in a High level at output pin 
01 and current flow at the input results in a Low level at pin Dl. 

SP~CIFICATIONS 
Signals: The characteristics of the input and output levels and the current 

and voltage limits of the current loop are listed as follows. The 
maximum transfer rate of the transmitter or receiver is 4.8 K baud. 

PIN NAME CHARACTERISTICS 

01 Received Data, High output level = space = no current flowing in 
TTL levels current loop. 

V2 Transmitted Data High input level = space = no current flowing in 
TTL Levels current loop. 

Min 

L1 Transmitted Data Open circuit voltage 5.0 volts 
Most positive Transmitter voltage drop 

Ml Transmitted data, 
(marking) 0.5 volts 
Marking current 20 rnA 

Most negative Spacing current 0.5 rnA 

Nt Received Data, Min 
Most positive 

Receiver voltage drop 
PI Received Data Marking current 15 rnA 

Most negative Spacing current 

Connect the jumpers as indicated on the following table. 

Transmitter 
Receiver 

CONNECT JUMPERS 

Active** 

ATl, AT2, AT3 
AR 1, AR2, AR3 

Passive'" 

PTl, PT2 
PRl, PR2 

* Jumpers inserted during manufacturing 
u Requires -15 V in this configuration 
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Max --
80 V 

2.0 V 
80 rnA 
2.0 rnA 

Max 

2.5 volts 
80 rnA 
5.0 rnA 



M706 
TELETYPE RECEIVER 

Length: Standard 
Height: Double 
Width: Single 

ENABLE OS I ~AP~I ---+----a 

DEVICE 
SELECTOR 

CODE 
XV 

MISCELLA· 
NEOUS 

M SERIES 

READER ON I "'1I;.:.;W2:....,.._,I------+-----o 1--______ ~~~L~2~,0~ 

FlAG STROBE I fB02==-__ -+------i-+------i FLAG AF2 

Cl.EAR FLAG I I fB~J2!:......j...,I_----+-+---f CONTROL o-______ r-..:8E:::2=-i 

Cl.EMFlAG2 IF~~I~~r-----i--t---t ______ ~--------t-~AU~ 

8X ~ 31"AN=-1 ---+-------f 

ENABLE IF~~I~.._,I-----4 
BF2 

PIN CONNECTIONS: 
FOR ~ OR 8 81T COPE 
~ BIT - AM2 TO AJ2 

ARI TO GNO 
8 BIT-AM2 TO ARI 

AJ2 TO A/(I 

FOR STOP TIME 
lOUNlTS-BP2 TO BT2 

BR2 TO au2 
1.5UNITS-BP2 TO BSI 

BR2 TOBU2 
2.0 UNITS-BP2 TO BT2 

BR2 T08V2 BT2 

~~lTr~ BUI 

*'THIS OUTPUT CAN DRIVE A 
lOrnA LOAD TO.0.7 VOLTS 

Volts 
+5 
GND 

Power 
mA (max.) 
400 

SHIFT 
REGISTER D--------t-I~:.:!:..i 

Pins 
AA2, BA2 
AC2, ATl, BC2, BTl 
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The M706 Teletype Receiver is a serial·to·parallel teletype code converter self 
contained on a double height module. This module includes all of the serial­
to-parallel conversion, buffering, gating, and timing (excluding only an external 
clock necessary to transfer information in an asynchronous manner between 
a serial data line or teletype device and a parallel binary device). Either a 
5·bit serial character consisting of 7.0, 7.5, or S.O units or an S·bit serial 
character of 10.0, 10.5, or 11.0 units can be assembled into parallel form 
by the M706 through the use of different pin connections on the module. 
When conversion is complete, the start and stop bits accompanying the serial 
character are removed. The serial character is expected to be received with 
the start bit first, followed by bits 1 through S in that order, and completed 
by the stop bits. Coincident with reception of the center of bit eight, the 
Flag output goes low indicating that a new character is ready for transmission 
into the parallel device. The parallel data is available at the Bit 1 through 
Bit S outputs until the beginning of the start bit of a new serial character as 
received on the serial input. See the timing diagram of Figure 1 for additional 
information. 

In addition to the above listed features, the M706 includes the necessary 
logic to provide rejection of spurious start bits less than one·half unit long, 
and half·duplex system operation in conjunction with the M707. Device 
selector gating is also provided so that this module can be used on the 
positive 110 bus of either the POPSI I or the POPS! L. 

Inputs: All inputs present one TTL unit load except where noted. When input 
pulses are required, they must have a width of 50 nsec or greater. 

Clock: The clock frequency must be eight times the serial input bit rate 
(baud rate). This input can be either pulses or a square wave. Input loading 
on the clock line is three unit loads. 

Enable: This input when brought to ground will inhibit reception of new char­
acters. It can be grounded any time during character reception, but returned 
high only between the time the Flag output goes to ground and a new char­
acter start bit is received at the serial input. When not used this input should 
be tied to a source of +3 Volts. 

I/O Clear: A high level or positive pulse at this input clears the Flag and 
initializes the state of t~e control. When not used; or during reception, this 
input should be at ground. 

Code Select Inputs: When a positive AND condition occurs at these inputs 
the following signals can assume their normal control functions-Flag Strobe, 
Read Buffer, and Clear Flag 1. Frequently these inputs might be used to 
multiplex receiver modules when a signal like· Read Buffer is common to 
many modules. The inputs can also be used for device Selector inputs when 
the M706 is used on the positive I/O bus of the POPSI I or POPSI L. The code 
select inputs must be present at least 50 nsec prior to any of the three 
signals that they enable. If it is desired to bypass the code select inputs, 
they can be left open and the Enable O.S. line tied to ground. 

Clear Flag 1: A high level or positive pulse at this input while the code select 
inputs are all high, will clear the Flag. When not used, this line should be 
grounded. Propagation delay from input rise until the Flag is cleared is a 
maximum of 100 nsec. The Flag cannot be set if this input is held high. 
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Clear Flag 2: A high level or positive pulse at this input, independent of the 
state of the code select inputs, will clear the Flag. All other characteristics 
are identical to those of Clear Flag l. 

Flag Strobe: If the Flag is set, and the code select inputs are all high, a 
positive pulse at this input will generate a negative going pulse at the Strobed 
Flag output. Propagation delay from the strobe to output is a maximum of 
30 nsec. 

Read Buffer: A high level or positive pulse at this input while the code select 
inputs are all high will transfer the state of the shift register to outputs Bit 1 
through Bit 8. Final parallel character data can be read by this input as soon 
as the Flag output goes to ground. Output data will be available a maximum 
of 100 nsec after the rising edge of this input. See the timing diagram of 
Figure I for additional information. 

Reader On: A low level or ground at this input will turn the internal reader 
flip-flop on. This element is turned off at the beginning of a received character 
start bit. This input can also be pulsed by tying it to one of the signals derived 
at output pins AE2 or BE2. A low output will exist at pin BE2 if the M706 
is addressed and the clear Flag 1 (pin BJ2) is high. A low output will exist at 
pin AE2 if the M706 is addressed and the Clear Flag 1 (pin BJ2) is high or if 
Clear Flag 2 (pin BOI) is high. 

Serial Input: Serial data received on this input is expected to have a logical 
zero (space) equal to +3 Volts and a logical 1 (mark) of ground. The input 
receiver on the M706 is a schmitt trigger with hysterisis thresholds of nom· 
inally 1.0 and 1.7 Volts so that serial input data can be filtered up to 10% 
of bit width on each transition to remove noise. This input is diode protected 
from voltage overshoot above +5.9 Volts and undershoot below -0.9 Volts. 
Input loading is four unit loads. 

Outputs: All outputs can drive ten unit loads unless otherwise specified. 

Bits 1 through 8: A read Buffer input signal will transfer the present shift 
register contents to these outputs with a received logical I appearing as a 
ground output. If the Read Buffer input is not present; all outputs are at 
logical!. When the M706 is used for reception of 5·bit character codes, the 
ouput data will appear on output lines Bit I through 5 and bits 6, 7, 8 will 
have received logical zeros. 

Active (0): This output goes low at the beginning of the start bit of each 
received character and returns high at the completion of reception of bit 8 
for an 8·bit character or of bit 5 for a 5-bit character. Since this signal uses 
from ground to +3 Volts one-half bit time after the Flag owtput goes to 
ground, it can be used to clear the flag through Clear Flag 2 input while the 
Flag Output after being inverted can strobe parallel data out when connected 
to Read Buffer. 
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SERIAL 
INPUT 

CLOCK 

ACTIVE 
(0) 

.... CLEAR 
w FLAG 00 

READER 
(I) 

FLAG 

I· I, 
+3 

I I I I - BIT 5' BIT 6 ' BIT 71BIT BI-'-' , S~OP I 
o . I I I 1 I 2 I 

+3 I I I I I I I I I I I 

J 111111111111111111111: 11111111111: 111111:: I:::: 111111: 111111111111 

+31 I I I I . I 

o . I : I 

] I : 
+31 I I 
o . . 

+31 I : 
0

1
, 

BEGINNING 
OF 

CHARACTER 

I I I I 

Figure 1. 

TYPICAL TIMING DIAGRAM 
Serial Input·Parallel Output 8-Bit (01, 111, 111)-2 Unit Stop Time 



If an M706 and M707 are to be used in half duplex mode, this output should 
be tied to the Wait input of the M707 to inhibit M707 transmission during 
M706 reception. Output drive is eight unit loads. 

Flag: This output falls from +3 Volts to ground when the serial character 
data has been fully converted to parallel form. Relative to serial bit positions, 
this time occurs during the center of either bit 8 or bit 5 depending respec· 
tively on the character length. If the M706 is receiving at a maximum char­
acter rate, i.e. one character immediately follows another; the parallel output 
data is available for transfer from the time the Flag output falls to ground 
until the beginning of a new start bit. This is Stop bit time plus one-half bit 
time. 

Strobed Flag: This output is the NAND realization of the inverted Flag output 
and Flag Strobe. 

Reader (1): Whenever the internal reader flip-flop is set by the Reader ON 
input, this output rises to +3 Volts. It is cleared whenever a start bit of a 
new character received on the serial input. 

Reader Run: For use with Digital modified ASR33 and ASR35 teletypes which 
have relay controlled paper tape readers. This output can drive a 20 rna at 
+0.7 Volts load. The common end of the load can be returned to any 
negative voltage not exceeding -20 Volts. 

Pin AE2: This output is the logical realization of NOT (Clear Flag 1 or Clear 
Flag 2 or I/O Clear) and is a +3 Volts to ground output level or pulse de­
pending on the input. This signal can be used to pulse Reader On for control 
of Reader Run as used in DEC PDPS!I or PDP8! L computers. 

PinBE2: This output is brought from +3 Volts to ground by an enabled 
Clear Flag 1 input. It can be connected to Reader On for a different form of 
control of Reader Run. 
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M707 
TELETYPE TRANSMITTER 

Length: Standard 
Height: Double 
Width: Single' 

DEVICE 
SELECT 

MISCELLA· 
NEOUS 

M SERIES 

F'LAG STROBE I FB""H2=--t--lf-----+---; c-________ -+_.-~&2~OI~ED 
Q.EAR FLAG I I 1=802=-..... -+-____ -+_--1 

Q.~RAG2 If~~ ..... i_----_t-~L-__ ~>---------_r-~~~I ~AG 

ECHO B rAB1=-..... -+------+----+--~:1 
+5V 

f"W5Ci<--: 
:I2XBAUQ: 
"'- - - - - "'Q.DCK IOFBP2:....:...._+--., ,--,vvv--+_.-:fIi::.:V2~* SERIAL OUTPUT 

t----------t--....,AD2="-19 LlIE . 

t---+--t---------+----t-=A~D~I 7 ACTIVE(\) 

PIN CONNECTIONS: 
5 OR 8 BIT CODE 

5BIT-AKI 1'0 AJI 
8BIT-AKI TOAK2 

FOR STOP TIME 
l.oUNiTS-IIN2 TO BR2 
1.5 UNITS-BN2 TO BPI 

BIT I 

BIT 2 

BIT 3 

BIT 4 

BIT 5 

BIT 6 

BIT 7 

SHlF'T 2.0UNITS-aN2 TO BNI 
!-==-tI---Ir---------I REGISTER 

AHI 
MUST BE 

CONNECTED ALI 

..= I rAS:;:.I'---iI.......,t-----------' 

Volts 
+5 
GND 

Power 
mA (max.) 
375 
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A2 
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The M707 Teletype Transmitter is a parallel·to·serial teletype code converter 
self contained on a double height module. This module includes all of the 
paralieHo-serial conversion, buffering, gating, and timing (excluding only an 
external clock) necessary tot ransfer information in an asynchronous manner 
between a parallel binary device and a serial data line or teletype device. 
Either a ~it or an 8-bit parallel character can be assembled into a 1.0, 
7.5, or 8.0 unit serial character or a 10.0, 10.5, or 11.0 unit serial character 
by the M707 through the use of different pin connections on the module. 
When conversion is complete, the necessary start bit and selected stop bits 
(1.0, 1.5, or 2.0 units) have been added to the original parallel character 
and transmitted over the serial line. The serial character is transmitted with 
the start bit first, followed by bits 1 through 8 in that order, and completed 
by the stop bits. Coincident with the stop bit being put on the serial line, 
the Flag output goes low indicating that the previous character has been 
transmitted and a new parallel character can be loaded into the M707. Trans· 
mission of this new character will not occur until the stop bits from the 
previous character are completed. See the timing diagram of Figure 1 for 
additional information. 

In addition to the above listed features, the M707 includes the necessary 
gating so that it can be used in a half-duplex system with the M706. Oevice 
selector gating is also provided so that this module can be used on the 
positive bus of either the POP8!1 or the POP8! L. 

Inputs: All inputs present one TTL unit load with the exception of the Clock 
input which presents ten unit loads. Where the use of input pulses 
is required, they must have width of 50 nsec or greater. 

Clock: The clock frequency must be twice the serial output bit rate. This 
input can be either pulses or a square wave. 

Bits 1 through 8: A high level at these inputs is reflected as a logic 1 or mark 
in the serial output. When a 5-bit code is used, bit inputs 1 through 5 should 
contain the parallel data, bit 6 should be considered as an 'Enable, and bits 
7, 8 and Enable should be grounded. 

Enable: This input provides the control flexibility necessary for transmitter 
multiplexing. When grounded during a Load Buffer pulse, this input prevents 
transmission of a character. It can be driven from the output of an M161 
for scanning purposes or in the case of a single transmitter, simply tied to 
+3 Volts. 

Wait: If this input is grounded prior to the stop bits of a transmitted char· 
acter, it ~ill hold transmission of a succeeding character until it is brought 
to a high level. A ground on this line will not prevent a new character from 
being loaded into the shift register. This line is normally connected to Active 
(0) on a M706 in half duplex two wire systems. When not used, this line 
should be tied to +3 Volts. 

Code Select Inputs: When a positive ANO condition occurs at these inputs 
the following signals can assume their normal control functions-Flag Strobe, 
Load Buffer, and Clear Flag 1. Frequently these inputs might be used to 
multiplex transmitter modules when signals like Load Buffer are common 
to many modules. These inputs can also be used fQr device selector inputs 
when the. M707 is used on the positive bus of the POP8!1 or POP8/l. The 
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code select inputs must be present at least 50 nsec prior to any of the three 
signals that they enable. If it is desired to by·pass the code select inputs, 
they can be left open and the Enable DS line tied to ground. 

Clear Flag 1: A high level or positive pulse at this input while the_code select 
inputs ar~ all high, will clear the Flag. When not used, this line should be 
grounded. Propagation delay from input rise until the Flag is cleared at the 
Flag output is a maximum of 100 nsec: The Flag cannot be set if this input 
is held at logic 1. 

Clear Flag 2: A low level or negative pulse at this input will clear the Flag. 
When not used this input should be tied to +3 Volts. The Flag will remain 
cleared if this input is grounded. Propagation from input fall to Flag output 
rise is a maximum of 80 nsec. If it is desired to clear the flag on a load 
buffer pulse, Clear Flag 2 can be tied to pin ARI of the module. 

Flag Strobe: If the Flag- is set, and the code select inputs are all high, a 
positive pulse at this input will generate a negative going pulse at the Strobed 
Flag output. Propagation delay from the strobe to output is a maximum of 
30 nsec. 

I/O Clear: A high level or positive pulse at this input clears the Flag, clears 
the shift register and initializes the state of the control. This signal is not 
necessary if the first serial character transmitted after power turn-on need 
not be correct. When not used, or during transmission, this input should be 
at ground. 

Load Buffer: A high level or positive pulse at this input while the code select 
inputs are all high will load the shift register buffer with the character to be 
transmitted. If the Enable input is high when this input occurs, transmission 
will begin as soon as the stop bits from the previous character are counted 
out. If a level is used, it must be returned to ground within one bit time 
(twice the period of the clock). 

Outputs: All outputs present TIL logic levels except the serial output driv~r 
which is an open collector PNP transistor with emitter returned to +5 Volts. 

Serial Output: This open collector PNP transistor output can drive 20 rnA into 
any load returned to a voltage between +4 Volts and -15 Volts. A logical 
output or mark is +5 Volts and a logical 0 or space is all .open circuit. If 
inductive loads are driven by this output, diode protection must be provided 
by connecting the cathode of a high speed silicon diode to the output- and 
the diode anode to the coil supply voltage. 

Line: This output can drive ten TIL unit loads and presents the serial output 
signal with a logical 1 as +3 Volts and logical 0 as ground. 

Active: During the time period from the occurrence of the serial start bit and 
the beginning of the stop bits, this output is high. This signal is often used 
in half duplex systems to obtain special control signals. Output drive is eight 
TIL unit loads. . 
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Flag: This output falls from +3 Volts to ground at the beginning of the stop 
bits driving a character transmission. The M707 can now be reloaded and 
the Flag cleared (set to +3 Volts). This output can drive ten TTL unit loads. 

Strobed Flag: This output is the NAND realization of the inverted Flag output 
and Flag Strobe. Output drive is ten TTL unit loads. 
+3 Volts: Pin BJ1 can drive ten TTL unit loads at a +3 Volts level. 

Power: +5 Volts at 375 mA .. (max.) 

Size: Standard, double height, single width FLIP CH IP module. 
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M906 
CABLE TERMINATOR 

Length: Standard 
Height: Single 
Width: Single 

14 Bl 

14 Jl 

14 L1 

* 
* 
* 
* 
* 
* 
+3 

220 

14 Ml 

14 PI 

14 51 

14 H2 

* 

* 
* 
* 

* 
.* 

~----~~--~~------+5 

GND 

Volts 
+5 

*::EQUIVALENT CIRCUIT­
EACH INPUT 

Power 
mA (max.) 
440· 

Pins 
A2 

14 K2 

14 M2 

14 P2 

14 52 

14 T2 

14 V2 

GNO·· AI, CI, FI, KI,·NI, RI, T1 
C2, F2, J2, L2, N2, R2, U2 

• all signal lines grounded • 
•• a/l ground pins must be grounded 

MISCELLA· 
NEOUS 

M SERIES 

+5V 

* 

* 
* 
* 
* 
* 

The M906 cable tenninator module contains 18 load resistors which are 
clamped to prevent excursions beyond +3 volts and ground. It may be used 
in conjunction with M623 to provide cable driving ability similar to M661 
using fewer module slots. 

APPLICATIONS 
The M906 may be used to terminate inputs. In this configuration M906 and 
MIll are a good combination. 

This module is normally used with standard M Series levels of 0 and +3 
volts to partially terminate IOO·ohm cable. It presents a load of 22.5 rnA or 
14 TIL unit loads at ground and, therefore, must be driven from at least an 
Mll&type circuit or, preferably, a cable driver. 
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M7389 
ASYNCHRONOUS TRANSCEIVER 

Length: Extended 
Height: Double 
Width: Single 

MISCELLA· 
NEOUS 

M SERIES 

The M7389 Asynchronous Transceiver is a data communications interface 
module capable of operating in a full-duplex or half-duplex receive and 
transmit mode. During transmission, the M7389 accepts an 8-bit parallel 
data word, from a computer or terminal, appends control and error informa­
tion onto the word, and serially transmits the word at a predetermined rate 
-to an asynchronous serial receiver (Teletype or modem-type interface). In 
the receive mode, the module accepts serial binary data from a Teletype or 
modem interface at a predetermined rate, removes the appended control 
information, monitors the error status, and converts the word to a parallel 
data word for transmission to a computer or terminal. 

The baud rate, bits per character, parity mode, odd or -even parity select, and 
number of stop bits are externally selectable by control signals or by jumper­
lead connections on the module. The baud rate of the transmitted and re­
ceived data is determined by the selection of a clock frequency internally 
generated on the module. A separate clock is provided for both the transmit 
and receive circuit functions, and the clock frequency is selected by TTL 
levels applied to the three control lines associated with each clock and fre­
quency divider circuit. 

APPLICATIONS 
The M7389 Module provides asynchronous serial line compatibility for full-

_ or half-duplex data communications applications. The M7389 can be used 
to control the level converters associated with modems conforming to EIA 
Standard RS-232 and Teletypes or similar devices. The M594 module can 
be used to convert the serial information between the modem and the M7389 
and the M598 can be used as a signal interface between a 20 mA current 
loop device and the M7389. 

8B1T PARALLEL DATA 

8 BIT PARALLEL DATA 

M7389 MODULE 

TRANSMIT SERIAL DATA 
LOGIC 

RECEIVE 
LOGIC 

SERIAL DATA 
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FUNCTION 
Transmit Mode 
A character transmission is initiated when the parallel data on lines DBD-DB7 
is loaded into the transmit holding register by an externally generated Data 
Strobe (OS) pulse. Data bit oBO is the least significant bit, and the trans­
mitter accepts TTL-compatible inputs with a low voltage as a logic 1 and a 
high voltage as a logic O. The corresponding serial data bit at the output 
will be a HIGH TTL compatible level for a HIGH input. 

The OS pulse required is a positive·going pulse with a 250 ns (min.) pulse 
width and occurring 200 ns (min.) after the data is applied to the oBO·oB7 
lines. The data is loaded into the transmit holding register by the leading 
edge of the OS pulse and transferred from the holding register to the serial 
shift register by the trailing edge. The word is formatted according to the 
control information entered into the control bit· holding register, and the 
proper start, stop, and parity bits are appended to the specified number of 
bits per word. The asynchronous character is transmitted serially by bit, 
with the least significant bit first, at the clock rate determined by the fre­
quency selected from the transmit decoder. Three control inputs BA, BB, 
and Be) to the decoder are used to select one of seven frequencies from 
the internal crystal oscillator or one input externally generated (EXT 2). To 
enable the decoder, a low level (0) is applied to the (5) input. 

The transmitter buffer empty (TBMT) flag becomes high when the transmit 
holding register is ready to accept a new data word on oBO to oB7. 

When the character generated has been transmitted from the serial output 
logic, the end of character flag (EOC) becomes a high level to indicate 
that the transmission is complete. A new character can be loaded into the 
transmit holding register prior to the transmission of the previous character; 
however, the TBMT flag should be monitored to prevent loss of data. 

The M7389 provides a number of control and error signals that provide 
convenient integration into logic systems. They may be grouped as follows: 

• Receiver control 
• Format control 
• Error signals 
• Transmitter control 
• Miscellaneous functions 

Receive Mode 
In the receive mode, the M7389 receives asynchronous serial characters and 
assembles the characters for parallel transmission. The serial input is TTL· 
compatible and requires a low level 0 (Marking) between character trans­
missions. The receiver accepts a data word according to the format specified 
by the control information entered into the control bit holding register. The 
number of data bits, stop bits, and parity bits may be controlled. 

A character is assembled when a "start bit" is recognized. A "start bit" is 
defined as a "mark". (low) to "space" (high) transition with a duration 
equal to one full bit time (16 clock times). When a mark to space transition 
is detected at the serial input of the module, a sample mode is initiated. 
If the input line is still "spacing" eight clock periods after the transition, 
the bit is recognized as a legal "start bit" and character assembly begins. 
If, however, the line is "marking," at the 8th bit time the transition is in­
terpreted as a noise spike and is rejected. Once. the start bit is recognized, 
the proper number of data bits and stop bit is accepted. When a full charac­
ter is assembled, the data available (DA) flag is raised. 
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The receiver portion of the M7389 is also double buffered. When a serial 
character is assembled, it is transferred to a parallel output register. This 
allows the serial input shift register to accept another character while the 
previous character is available to external equipment. 

Additional control and error characters are available as outputs. 

Error Signals 
Three types of errors can be detected by the error circuits on the module: 
overrun, framing, and parity. 

Overrun: An overrun error flag is generated when the Data Available (DA) 
flag has not been reset by the Reset Data Available (RDA) before another 
DA flag is generated. 

Framing: A framing error occurs when a received character is missing a 
stop bit. 

Parity: A parity error occurs when the parity of the received character does 
not conform with programmed parity selection. 

Baud Rate Selection 
Table 1 lists the TTl·compatible control input levels required by the transmit 
and receive multiplexer to select the proper frequency associated with a 
specific Baud rate. In addition, an external frequency can be applied to the 
multiplexers and' selected by the input levels for baud rates not available 
from the existing clock frequencies. 

TABLE 1 

BAUD RATE SELECTION 

Control Inputs 

Receive Transmit Clock -
Frequency 

AC AB AA BC BB BA KHz Baud Rate 

0 0 0 0 0 0 1.76 110 
0 0 1 0 0 1 2.4 150 
0 1 0 0 1 0 4.8 300 
0 1 1 0 1 1 9.6- 600 
1 0 0 1 0 0 19.2 1200 
1 0 1 1 0 1 38.4 2400 
1 1 0 1 1 0 76.8 4800 
1 1 1 1 1 1 *(External Supplied Clock) 

* Maximum acceptable input frequency is 153.6 KHz (Baud 9600) 
0= low level 
1 = high level 

Word Formats 
The serial data accepted by the module consists of a start bit, from five to 
eight data bits, a parity bit (optional), and one or two stop bits. The selection 
of the data formats is controlled by TTL level inputs generated externally 
from the module or by the connection of jumper leads on the module. Table 
2 shows the TTL levels required at the inputs for the various data formats 
available. 
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The M7389 is supplied with jumpers connected for a data format of seven 
bit and for an even parity. Table 4 shows the data format for all combina· 
tions of SB, NBl, NB2, NP and POE. When a jumper is present, a logic 1 
is selected. 

Serial Line Control 
The line control levels permit the serial line inputs and outputs to be operated 
in full·duplex mode (receive and transmit asynchronously), half-duplex mode 
(receive or transmit at different intervals), local mode (serial output returned 
to serial input), and internal or external ECHO. The type of mode selected is 
determined by the TTL levels applied to serial control line inputs as listed on 
Table II. A high Ielleion each input is the enable level; however, only one 
high- level can be selected on inputs C2, C3, C4, and C5 during the same 
interval. 

Data Line Signals 

DBOl·DB7l 

ROOH·RD7H 

RDOl·RD7l 

SO 

SI 

Data Bit 0-7: Eight input lines that receive the parallel 
data from a computer or terminal. 

Receive Data Bit 0-7: Eight output lines that transmit 
the parallel data to computer or terminal. 

Receive Data Bit 0-7: Eight output lines that transmit 
the inverse levels of RDOH-RD7H. 

Serial Output: An output line that transmits the serial 
data, by bit, to the Teletype or" modem-type interface. 
A low level signal is present on the SO line during the 
idle state. 

Serial Input: An input line that receives the serial data, 
by bit, from the Teletype or modem·type interface. The 
81 line must be held low in the idle state. 
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C2 

1 

0 

0 

0 

0 

Input Signals 

TABLE II 

OPERATING MODE SELECTION 

C3 C5 C6 R Mode Description 

0 0 0 0 The serial output data from the transmitter 
logic is gated to the serial input of the re-
ceiver logic. The serial input from the Tele-
type or modem-type interface is gated to the 
serial output to Teletype or modem inter-
face. 

1 0 0 0 Specifies a transmit operation in the half-
duplex mode. 

1 0 0 1 Specifies a receive operation in half-duplex 
mode: 

0 1 0 0 Internal ECHO. Serial input to, module from 
Teletype or modem-type interface is OR 
gated with ~erial output of transmitter logic 
before transmission to receiver logic. 

0 0 1 0 External ECHO. Serial input from Teletype 
or modem-type interface is OR gated with 
serial output from transmitter logic before 
output to Teletype or modem-type interface. 

Transmitter Control/Status Signal 

TBMT 

EOC 

BEOC 

DS 

TCLK 

Transmitter Buffer Empty: A high level on this line indicates 
that the transmitter holding register is empty and ready to 
receive a new character. 

End of Character: A high level on this line indicates that a 
full serial character, including stop bit, has been transmitted 
from the module. 

Buffered End of Character: The EOC signal gated with the Y 
enable signal. 

Data Strobe: A positive pulse of 250 ns (min.) duration is re­
quired on this line to enter data bits DBO - DB7 into the 
transmitter holding register and to serially transfer the data 
from the transmitter holding register. . 

Transmit Clock: This line contains the transmitter clock fre­
quency selected by inputs BA, BB, and BC. Refer to Table 1. 

150 



Receiver Control and Status Signals 

• DA Data Available: A high level on this line indicates that an 
entire input character has been received and transferred to 
the receiver holding register. 

ROE 

RDA 

SWE 

OR 

FE 

PE 

RCLK 

Receive Data Enable: A high level on this line transfers the 
received data to output lines RDOH - RH7H and RDOL­
RD7L. 

Reset Data Available: A high level on this line resets the DA 
status line. . 

Status Word Enable: A low level on this line transfers the 
status word bits PE, OR, FE, DA, and TBMT onto the output 
lines. 

Overrun: A low level on this line indicates that the character 
in the receiving holding register has not been read (DA not 
reset) before the next character is transferred to the receiver 
holding register. 

Framing Error: A low level on this line indicates that the re­
ceived character from the TeletYJ:e or modem-type interface 
has no valid stop bit. 

Receive Parity Error: A low level on this line indicates that the 
received character parity does not conform to the parity 
selected by the POE input. 

Receive Clock: This line contains the receiver clock frequency 
selected by inputs AA, AB, and AC. Refer to Table 1. 

Miscellaneous Inputs 

EXT 1 

-EXT 2 

Sl 

52 

INIT 

External Clock 1: An input line used to enter an external clock 
frequency to control the baud rate of the receiver. Refer to 
Table I for the control input levels required. 

External Clock 2. An input line used to enter an external clock 
frequency to control the baud rate of the transmitter. Refer to 
Table I for the control input levels required. . 

Receiver Clock Enable: A low level on this line enables the re­
ceiver clock decorder. 

Transmitter Clock Enable: A low level on this line enables the 
transmitter clock decoder. 

Initialize: A high to low transition on this line resets all regis­
ters and flags. 
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M7390 
ASYNCHRONOUS TRANSCEIVER 

Length: Extended 
Height: Double 
Width: Single 

OUTH 

RESET ALL 
REGISTERS 

~ ... 
~ ffi 1!: 
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~ II! 
;J '" z 
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NOTES: _-TIED TO -ISV WHEN M7390 USED TO DRIVE CURRENT LOOP 
** -OPEN COLLECTOR OUTPUT 
I.MUST BE TIED TO GROUND IF ROA L NOT USED 

2.MAY BE LEFT OPEN IF ECHO NOT DESIRED 

Volts 
+5 
+10 
GND 
-12* 
-15* 

Power 
mA (max.) 
700 
3 

64 
80 

Pins 
BA2 
AV2 
BC2 
BR2 
BB2 

*Requires -1-2 V or -15 V only. not both. 
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ECHO L (NOTE 2) 

INH 

R03 L 

RD2 H 

RD2 L 

RDI H 

RDI L 

R00 H 

R00L 

OADLY H 

OADLYL 

AU10 RESET H (NOTE I) 

ROA L 

PE H 
OR H 

FE H 

SWE L 



DESCRIPTION 
The M7390 asynchronous transceiver is a modular sUbsystem which provides 
asynchronous serial line compatibility for data communications applications. 
The· M7390 combines input/ output level converters, parallel-to-serial and 
serial-to-parallel conversion, and a crystal controlled clock, into one module. 

APPLICATIONS 
The M7390 can be used for computer terminal applications, data entry de· 
vices or any system which requires asynchronous serial line compatibility. 
The M7390 may also be used to drive modems conforming to EIA RS·232C 
specifications or current-operated devices such as Teletypes. 

FUNCTIONS 
There are three groups of functions on the M7390-error detectiofl, data, 
and control. 

Error Detection: The error function of the module allows three types of 
errors to be detected. These are: 

1. Parity: If the received parity bit does not agree with the' expected 
parity bit, the parity error flag is set. 

2. Overrun: The receiver section of the M7390 is fully double buffered. 
Therefore, one full character time is allowed to remove the received data 
from the receiver buffer before a new character is assembled and trans­
ferred. If the character is not removed before a new one is loaded, the 
overrun flag is set. 

3. Framing: Since the M7390 is asynchronous, the absence of a stop bit 
can be detected. For example, an eight bit data character would have one 
start bit, eight data bits, and one or two stop bits. Therefore, a stop bit 
is expected as the 10th bit to be received. If the 10th bit is in the logic 
TRUE (marking) condition no error is detected. However, if the 10th bit 
is a log:c FALSE (spacing) condition, the framing error flag is set. The 
framing error flag is useful for detecting open lines or null characters. 

Data Functions: The M7390 performs serial-to-parallel and parallel-to·serial 
conversion. The parallel side of the module is TTL compatible. The serial 
inputs and outputs are available as threl! signal sources: EIA, current loop 
or TTL. The current loop and EIA input 'and output are available only on the 
eight-pin MATE-N-LOK connector on the·front of the module. 

The EIA input corresponds to RS-232C specifications. In addition to the EIA 
signals RECEIVED DATA and TRANSMITTED DATA, the DATA TERMINAL 
READY signal and SIGNAL GROUND are also provided. 

The current loop input/output is designed to operate on a 20 to 100 rnA 
current loop. The M7390 uses optical couplers to provide 1500 volts of 
isolation between the M7390 ground and power and the driving source. The 
serial input will respond to a 20 rnA current flow. Current flow is a marking 
condition (binary 1). The external source must not exceed 35 volts dc open 
circuit voltage or 100 rnA current. The serial output is a transistor switch 
th~t can turn a current loop on or off. The open circuit voltage of the current 
source must not exceed 35 volts dc. 

The TTL versions of the serial input and output signals are available on the 
module pins and may be used in place of the level converter signals. 
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Control: The M7390 provides full control of the receiver and transmitter sec­
tions. All control pulses must be greater than 250 ns in wid,th. Data to be 
loaded into the module must be present 250 ns before the DATA STROBE 
pulse. 

Receiver Control Signals: 

DA 
DA DLY 
AUTO RESET 
ROE 

RDA 

Data Available 
Delayed Data Available 
Allows- DA to be automatically reset. 
Receiver Data Enable. Places data and control 

signals on the pins of tlte module. 
Reset Data Available 

_,Transmitter Control Signals: 

TBMT 
ECO 

Transmitter Buffer Empty 
End of Character 

Error Control and other Signals: 

NP 
POE 
SWE 
CS 
NBl, NB2 
SB 
XR 
RESET 

RCLK 
TCLK 

PRECAUTIONS 

No Parity 
Parity Odd or Even 
Status Word Enable 
Control Strobe 
Number of Bits in data word 
Number of Stop Bits (lor 2) 
External Reset (clears all registers) 
Negative pulse used for clearing module during 

power-up. 
Receiver Clock Input 
Transmitter Clock Input 

1. EIA and current loop connections are available on an S-pin MATE-N·LOK 
connector located in the handle position on the B half of the board. 

2. Provision is made to power this module from either -15 or -12 volts 
dc. Do not use both simultaneously. 

3. Current loop input and output circuits must not have more than 35 volts 
peak applied or greater than 100 rnA current flow. 

4. The M7390 contains an MOS LSI chip. Care must be taken in proper 
handling and grounding of the module to prevent damage to the MaS 
chip. 

5. The +10 volt dc supply is required only if the EIA level converters are 
used, or if the module is going to be used as a current source. 

6. If the M7390 is used as a current source, 20 rnA additional current must 
be supplied by the -15 volt and the +10 volt power supplies. 
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SPECIFICATIONS 

Data Format: Asynchronous, serial by bit, least significant bit first. 
Input/Output Level (Serial):. 

1. EIA RS·232C: Binary 1 = -3 to -25 volts dc 
Binary 0 = +3 to +25 volts dc 

2. Current Loop: Mark (Binary 1) = 20 to 100 rnA current flow 
Space (Binary 0) = <3 rnA current flow 

3. TTL: Binary 1 = HIGH 
Binary 0 = LOW 

Data Rates: (TTY Mode) 110, 150, 300 Baud 
(EIA Mode) 110, 150, 300, 600, 1200, 2400, and 4800 Baud. 

Character Format: One start, 5, ·6, 7, 8 data, parity (if requested), one or 
two stop bits. 

Clock Frequencies (kHz): 1.76,2.4,4.8,9.6, 19.2,38.4,76.8 

Input/Output Levels (Parallel): All TTL compatible. 
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M9970 
H854-TO-BACKPLANE ADAPTER 

Length: Extended 
Height: Double 
Width: Single 

TO INTERFACE 
OR 
DEVICE lOGIC 

~~------~--------~ 

M9970 FRONT VIEW 
MODULE 0 

:l! 
:l 

A 

0 
Z Jl PIN ASSIGNMENTS 

MISCELLA· 
NEOUS 

M SERIES 

~ 

The M9970 is a double-height, extended-length module with an H854 Male 
Connector permanently mounted to the board. Each of the 40 pins of the 
H854 connect to the edge board contacts of the module through printed 
circuit wiring. The H854 will accept any standard or special- flat cable with 
an H856 Plug mounted on the cable. end. The module can be' used as an 
adapter to transfer signals and levels to or from a device or interface logic 
and the backplane wiring of a system unit or connector block. To facilitate 
installation with DIGITAL systems, none of the signal lines of the M9970 
Module connect to the standard power or ground pins normally assigned to 
the FLIP CHIP modules. 
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A SERIES 

NOTES ON OPERATIONAL AMPLIFIERS 
I. INTRODUCTION 
This article describes some of the basic characteristics and uses of opera­
tional amplifiers. It is written especially for people with a digital background, 
but with a limited exposure to analog technology. The equations presented 
are not exact, but are good engineering approximations, which are accurate 
enough for most applications. It is hoped that this simplified discussion will 
provide more insight into the uses and limitations of operational amplifiers 
than a more rigorous approach. 

The operational amplifier is a basic building block in analog work, much the' 
same way as a NAND gate can be a basic building block in a digital com­
puter. An operational amplifier (op amp) together with other components 
such as resistors and capacitors, can be used to perform addition, subtrac­
tion, integration, and many other functions. Op amps can be used to make 
oscillators, active filters, and even digital circuits such as Schmitt triggers, 
gates, and flip-flops. When used with AI D and DI A converters in data proc­
essing work, op amps perform such functions as scale changing, offsetting, 
and isolation between source and load. 

II. GENERAL CHARACTERISTICS 
An operational amplifier can be considered a 3 terminal device, plus a com­
mon or ground return, see Fig. 1. Chopper·stabilized op amps, which will 
not be considered here, have the Plus Input permanently tied to ground. The 
op amp is really a difference amplifier, in that it amplifies only the difference 
between the two inputs, and tries to reject any DC or AC signal that is com­
mon to both inputs. 

Op amps are characterized by high DC gain, high input impedance, low output 
impedance, and a gain that decreases with increasing frequency. Op amps 
used without feedback would be· operating open loop, a rare situation; but 
with feedback the operation would be closed loop. The use of properly applied 
negative feedback stabilizes the operation of the composite circuit against 
changes in the amplifier, and provides its versatility and usefullness. 

When an op amp is working in the linear region, two approximations can be 
made to help in the analysis of the circuit configuration. First, the voltages 
of the two inputs are the same; and second, no current flows into or out of 
the input terminals. Fig. 2 shows a simple inverting amplifier. Assume the 
Minus Input is 0 volts, the same as the Plus Input, and that no current flows 
into the Minus Input, called the summing junction. Then i, = iF, and some 
simple manipulations show that the gain is equal to -RF/RIo Similar reason­
ing applied to the non-inverting amplifier of Fig. 3 shows that the gain is 
equal to +.R, tR2. An easy way to remember this is to think of the two 

R, 
resistors as forming a tapped divider network. 

III. SPECIFICATIONS 
SpeCifications are usually given for open loop performance, so that the user 
has to interpret and calculate how this will affect his particular closed loop 
circuit. The following section will give some brief descriptions of what some 
of the specifications mean. 
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Settling time. This is the time it takes the output to get within and stay 
within a certain amount of is" final value, after the input has received a step 
input, see Fig. 4. This parameter is important when an ,amplifier is used in 
front of an AID converter, since the A/O should not begin its conversion until 
the amplifier has settled. 

Overload recovery. It takes an overload recovery time for the output to 
first assume its proper value after an overdriving input signal has been re­
moved. However, the output still has not settled, and this extra time must 
be waited before the output is valid. . 

Slew rate. This term is comparable to rise or fall time in a digital circuit. 
It is a measure of how fast the output can change. If an amplifier output 
could go from 0 volts to 10 volts in 2 JA.sec, it would have a slew rate of 5 
volts/lJA.sec. . .. 

Frequency for full output. This is the maximum frequency at which a full 
scale sine wave (such as +10 to -10 volts) can be assured at the output, 
without noticeable distortion. In many ways this is real frequency limitation 
of an op amp, since up to this frequency there are no other restrictions on 
the amplitude of the input signal. 

Frequency for unity gain. The open loop gain of an amplifier is equal to 
one at this frequency. But "the input signal must be restricted in amplitude 
such that the maximum rate of change of output (slew rate) is not exceeded. 
UsualJy only millivolt signals may be processed at this frequency, therefore 
the full amplifier bandwidth is not usable for normal data processing systems. 

Impedance. The input impedance is simply the resistance between the 
two inputs. The common mode impedance is the highest resistance attainable 
with feedback. 

Common mode rejection. This is a measure of how 'well an amplifier will 
not respond to a signal common to both inputs. If used as a voltage follower, 
an op amp with a common mode rejection ratio (CMRR) of 10,000 could 
have error of 1 mv if the input were 10 v. (10/10,000 volts). 

Voltage offset. The inabili~ to achieve perfect balance in the input circuit 
causes the output to respond to an apparent signal when the inputs are tied 
to ground. For an inverting amplifier, the output error due to the input voltage 
offset is equal to the offset times the closed loop gain plus one. With an 
input offset of 3 mv, and a gain of I, the output error would be 6 mv. 
Fortunately, initial voltage offset can be trimmed with a potentiometer at the 
right place in the circuit. 

Current offset. Current offset (or bias current) multiplied by the feedback 
resistor (Fig. 2) produces an output error. This eff~ct can be minimized by 
using the differential offset (the difference in offset currents for the two 
inputs) when the resistance seen from both inputs to ground are equal. For 
Fig. 2, the Plus Input should than be returned to ground through a resistor 
equal to the parallel combination of R, and RF. 

Output ratings. The output voltage and current ratings imply a minimum 
value for the load resistor. 10 volts and 5 ma would correspond to a load 
resistor of 2 K. In an inverting amplifier, the feedback re~istor is a load for 
the output, and the current through this resistor must be subtracted from 
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the amount of curre11t still available at the output. All really useful operational 
amplifiers can be shorted to ground without damage, but shorting to a volt-
age will usually destroy some of the circuitry. ' 

IV. APPLICATIONS 
. Some common configurations for operational amplifiers are shown in Figs. 
5 through 10. The pin letter assignments correspond to the op amps sold 
by Digital Equipment Corp. If these op amps are used, the jumper between 
Pin S'and the Minus input should be removed. 

The voltage follower, Fig. 5, features high input impedance, but will have an 
error depending on the CMRR. Large voltages cannot be handled, since com­
mon mode voltage ratings should not be exceeded. The inverter configuration, 
Fig. 7, ,is very versatile and does not have a common mode voltage prob­
lem, since both inputs are near ground. Large input voltages can be handled 
if t1'Ie input resistor is made appropriately large. One disadvantage of the 
inverting configuration is that the input impedance is relatively low, essen­
ti~lIy equal to the input resistor. When a gain trim potentiometer is used, 
the gain accuracy by itself becomes irrelevant. What is important is gain 
resolution (mostly determined by the potentiometer), and the gain stability 
(mostly qetermined by the temperature coefficients of the input and feedback 
reSistors). The ratio of the closed I,oop gain to the open loop gain gives the 
suitability of an amplifier as far as static accuracy is concerned. With a closed 
loop gain of 5, and an open loop gain of 10,000, an amplifier could be used 
in a system with an allowable error of 1 part in 2,000. 

The possibility of oscillation must always be considered when feedback ampli­
fiers are used. Usually the more feedback used, the greater is the tendency 
to oscillate. Oscillations can always be attributed to phase shift. Therefore, 
stabilization of operational amplifiers involves phase shifting to oppose oscil­
lation. In Fig. 7, the feedback capacitor allows high frequency signals to be 
fed back to the inverting input (degenerative feedback) with a phase lead. 
In the inverting configuration, the output will be 180 0 out of phase with the 
input at low frequencies, and the feedback Signal will oppose the input signal. 
At high frequencies, there are additional phase lags in the amplifier and 
feedback circuitry. If the feedback s~nal has a total phase shift (lag) of 360 0 

with a gain through the amplifier and feedback network of greater than I, 
the amplifier will oscillate, since the input and output are in phase. 

V. REFERENCES 

1. "An Operational Amplifier Application Manual" 
Analog Devices, Inc., Cambridge, Mass. 

2. "Handbook of Operational Amplifier Applications" 
Burr-Brown Research Corp., Tucson, Arizona 

3. "Linear Integrated Circuits Applications Handbook" 
Fairchild Semiconductor, Mountain View, California 

4. "Applications Manual for Operational Amplifiers" 
Philbrickl Nexus Research, Dedham, Mass. 
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MINUS INPUT 

(OR INVERTING 
INPUT) 
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1+ 
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"OUT • A (vp- "N)' WHERE A IS THE AMPLIFIER GAIN 

Fig. 1, Basic Operational Amplifier Symbol 

>-...... --oVOUT 
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"OUT RF 
V;;--R;-

Fig. 2, Inverting Amplifier 
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THEN 

Vs - "IN 

is - 0 
it - i2 

Vs VOUT- VS 

At - R2 

Fig. 3, Non-Inverting Amplifier 
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Fig. 4, Settling Time 
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Fig. 5, Voltage Follower 
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V 

Fig. 6, Inverter 
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YOUT 

v 
P 

YOUT 
YIN = - R, 

RIN = R, 

GAIN STABILITY 
DEPENDS ON THE 
INPUT AND FEEDBACK 
RESISTOR, AND GAIN 
TRIM POTENTIOMETER. 

Rp R, RF 
SELECT Rp = FOR 

R, + RF 

CURRENT DRIFT COMPENSATION. 

TYP VALUES 

Rt 1K TO 10K 

RF lK TO lOOK 

Rp 500n TO 5K 

THE USE OF CF REDUCES THE 
TENDENCY OF THE OP AMP 
TO OSCILLATE 

Fig. 7, Adjustable Gain and Current Compensation 

YOUT 

YOFF 

'---y----/ 
OFFSET '" 

Fig. 8, Offsetting 
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V2 

.. 

VOUT 

NON-INV 
GAIN 

~ 
R3 RF+ ~ RF · = v2 (---}(---) - v, (-) 

R2+R3 R, R, 
'--y-I '-y/ 

ATTENUATION INV GAIN 
FACTOR 

Fig. 9, Differential Gain 
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2D and Resolution 

# OF 
BITS RESOLUTION 

2n n (%) PPM 
1 0 100.0 1,000,000 
2 1 50.0 500,00 
4 2 25.0 250,000 
8 3 12.5 125,000 

16 4 6.25 62,500 
32 5 3.125 31,250 
64 6 1.563 15,625_ 

128 7 0.781 7,812 
256 8 0.391 3,906 
512 9 0.195 1,953 

1 024 10 0.0977 977 
2 048 11 0.0488 488 
4096 12 0.0244 244 
8 192 13 0.0122 122 

16 384 14 0.00610 61 
32 768 15 0.00305 31 
65 536 16 0.00153 15 

131 072 17 0.000763 8 
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DIGITAL CODES FOR AI D'S, 
01 A'S AND DATA ACQUISITION SYSTEMS 

OFFSET BINARY 
(BIPOLAR) 

+ FULL SCALE -1 LSB ........................ 11111.1111111 
+ 3/4 FULL SCALE ............................. 111000000000 
+ 1/2 FU II SCALE ......................... . . . . 110000000000 

ZERO ......................................... 100000000000 
- 1/2 FU Ll SCALE ............ ~ . . . . . . . . . . . . . . .. 010000000000 
- 3/4 FULL SCALE ............................. 001000000000 
- FUll SCALE +1 lSB ............. -............ 000000000001 
- FUll SCALE ................................. 000000000000 

STRAIGHT BINARY 
(UNIPOLAR) 

+ FULL SCALE -1 LSB ......................... 111111111111 
+ 3/4 FULL SCALE ............................. 110000000000 
+ 1/2 FULL SCALE ............................. 100000000000 

ZERO +1 LSB .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 000000000001 
ZERO ........................................ 000000000000 

TWO'S COMPLEMENT 
(BIPOLAR) 

+ FULL. SCALE -1 LSB ........................ 011111111111 
+ 3/4 FUll SCALE " . . . . . . . . . . . . . . . . . . . . . . . . . .. 011000000000 
+ 1/2 FULL SCALE ............................. 010000000000 

ZERO ........................................ 000000000000 
- 1/2 FULL SCALE ............................. 110000000000 
- 3/4 FUll SCALE ............................. 101000000000 
- FULL SCALE +1 lSB . . . . . . . . . . . . . . . . . . . . . . . . . 100000000001 
- FUll SCALE ................................. 100000000000 

BINARY CODED DECIMAL 
(UNIPOLAR) 

+ FUll SCALE -1 lSD ... . . . . . . . . . . . . . . . . . .. 1001 1001 1001 
+ 3/4 FULL SCALE ...................... .. ... 0111 0101 0000 
+ 1/2 FUll SCALE ........................... 0101 0000 0000 

ZERO + lSD .............................. 0000 0000 0001 
ZERO ...................................... 0000 0000 0000 
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A SERIES MODULES 
The following A Series Analog Module descriptions are contained in this 
subsection: 

A123 Four-Input Multiplexer 
A126 Eight-Input Multiplexer 
A207 Operational Amplifier 
A260 Dual Amplifier 
M60 Sample and Hold 
A619 Ten-Bit DIA Converter 
A704 Reference Supply 
A8U Ten-Bit AID Converter 
A866 Twelve-Bit AID Converter 
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A123 4 

FOUR-INPUT MULTIPLEXER 

Length: Standard 
Height: Single 
Width: Single 

H 

A R 

A S 

A T 

A U 

o -ANALOG SIGNALS 
(00 NOT CONNECT TO 
LOGIC LEVELSJ 

Volts 
+10 
+5 
GNO 
-20 

Power 
mA (max.) 
18 
45 

50 
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Pins 
02 
A2 
C2. T1 
E2 

MULTI· 
PLEXERS 

A SERIES 



The A123 Multiplexer provides 4 gated analog switches that are controlled 
by logic levels of OV and +3V. The module is equivalent to a single-pole, 
4-position switch, since one output terminal of each MOS FET switch is tied 
together. If all three digital inputs of a circuit are at +3V (or not connected) 
the two output terminals are connected together. If any digital input is at OV, 
the switch terminals are disconnected. Two switches should not be on at 
the same time. The analog switch can handle signals between +10Vand 
-10v, with currents up to 1 rnA. • 

The positive power supply must be between +5V and +15V, and at least 
equal to or greater than the most positive excursion of the analog signal. 
The negative power supply must be between -5 and ,-20v, and at least 10 
Volts more negative than the most negative excursion of the analog signal. 
The voltage difference between the two supplies must not be more than 30V. 

SPECIFICATIONS 

Digital Inputs 
Logic ONE: 
Logic ZERO: 
Input loading: 

Analog Signal 
Voltage range: 
Current (max.): 

Output Switch 
On resistance, max.: 
On offset: 
Off leakage, capacitance: 
Turn on delay, max.: 
Turn off delay, max.: 
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+2.4v to +5.0V 
O.Ov to +0.8V 
0.5 rnA. at O'Volts 

+10vto -10v 
1 rnA 

1000 ohms 
o Volts 
10 nA,10 pF 
0.2 J,tsec 
0.5 J,tsec 



A126 
8 CHANNEL HIGH IMPEDENCE 

MULTIPLEXER 

Length: Standard 
Height: Double 
Width: Single 

c!H 0 EN 

CH1 EN 

8R2 

BN2 

812 

BJ2 

AT2 

CH 7 EN 

CH 0 IN A 8U2 

CH 1 IN A 852 

CH 2 IN A BP2 

CH 3 IN 

CH 4 IN 

CH 5 IN 

CH 6 IN 

CH 7 IN 

PRIORIT'f 
DECODER 

Volts 
+5V±5% 
+15V±5% 
-l5V±5% 
-GND 
*GND 

Power 
mA(max.) 
100 
17 
12 
LOGIC 
ANALOG 

-Analog GND must be connected to LOGIC GND 
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Pins 
AA2 
ADl, AD2 
AE1;AE2 
AC2. AT! 
AF1, AF2 

MULTI­
PLEXERS 

A SERIES .1-

8F1 
9 AO /' 

BF2 
9 A1 

AVI 
9 A2 

AU2 9 MUX 
EN 



The A126 is an eight-channel, high-impedance multiplexer module with each 
channel controlled by an associated enable input. The conduction or non· 
conduction of each channel is controlled by FETs and the channel outputs 
are connected together to a common terminal. Each channel is capable of 
switching bipolar (± 12 V) analog signals and is protected against random 
switching in the event of overvoltage and power down or loss of power con­
ditions. 

FUNCTIONS 
The enable inputs, associated with each channel, are priority encoded to 
ensure that only one channel is connected to the output at a time. Therefore, 
more than one Channel enable input can be asserted at one time. Channel 
o is the highest priority and channel 7, the lowest priority. The enable signals 
required are TTL or OTL compatible levels. Three TTL outputs are provided for 
identifying the selected channel, and one TTL multiplexer enable output indi­
cates that one of the eight channels has been selected. The selected channel 
number is specified by an octal code on lines AO-A2. 

APPLICATIONS 
The A126 can be used to multiplex up to eight signals from the analog in­
puts into buffer amplifiers or circuits with a minimum input impedance of 10 
megohms. 

SPECIFICATIONS 

Analog Inputs: 
CHO (IN) - CH7 (IN) 

Voltage Range 

Impedance (ON) 

Analog switch turn-on 

Analog switch turn-off 

Analog switch current 

Jumper WI 

TTL Input Signals 

CHO (EN) - CH7 (EN) 

Input Voltage 

TTL Output Signals 
AO - A2, MUX EN 

8 single-ended channel inputs 

± 15 V (max.) 

1040 ohms ± 10% 

1.0 JLsec (max.) 

0.5 JLsec (max.) 

2.0 rnA (max.) 

(Not for customer use) 

8 enable inputs associated with each channel 

Low (enable) - 0.8 V (max.) 
High (disable) - 2.0 V (max.) 

Low - 0.4 V (max.) 
High - 2.4 V (min.) . 
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.... 
'" J\) 

CHO ,CHI 

H H 

H H 

H H 

H H 

H H 

H H 

H H 

H l 

L X 

H = High level 

TRUTH TABLE 

TTL ENABLE INPUTS 

CH2 CH3 CH4 CH5 CH6 CH7 

H H H H H H 

H H H H H L 

H H H H l X 

H H H L X X 

H H l X X X 

H L X X X X 

L X X X X X 

X X X X X X 

X X X X X X 

l = low level x = Either High or Low 

OUTPUTS 

MUX Analog 
EN A2 Al AO Channel 

H H H H NONE 

l H H H 7 

L H H L 6 

l H l H 5 

L H l L 4 

L L H H 3 

L L H l 2 

L L L H 1 

L l L L 0 



A207 
OPERATIONAL AMPLIFIER 

Length: Standard 
Height: Single 
Width: Single 

AUX. 
INPUTS 

Zt 
r-----A

-----, 

NOTE I 
~ -','lit"., ,. _ .... 
K 

R .... " "\ 
rs. :'''''',-0- -\,\,\~ ~ - - :- .',',', 
T :: 
<> -----"",,.- - -- t -- : 
U : I , r--, 
0----._"",,.- ---t -- l __ "",,.~ -'~"""" 

I : • GAIN 
H I I 

GUARD 0-------... I BALIK 

-INPUT S 
<>--o==~~~~I~ 

(INVERTING) NOTE 2 : 

AMPLIFIERS 

A SERIES 

V , 
" , 
~-" 

:>-...... -0 OUTPUT 
+INPUT P 

(NON-INV.) O--~-----I 

E 
-15V 

F 
ANALOG GND 

Volts 
+15 
GND 
--15 

Power 
mA (max.) 
6 
ANALOG 
10 

Pins 
02 
F2 
E2 

NOTE 1. Mounting holes are provided on the module so that input and feedback 
components can be added. Components shown with dashed lines are not 
included with the module. 

NOTE 2. This jumper comes with the module. It may be removed to suit circuit re­
quirements. 

NOTE 3. Pins L & M can be connected together to improve settling time. but param-
eters such ,as drift and open loop gain are degraded. 

The A207 is an economical Operational Amplifier featuring fast settling time 
(5 !J.s to within 10 mv), making it especially suited for use with Analog-to­
Digital Converters. The A207 can be used for buffering, scale-changing, off­
setting, and other data-conditioning functions required with AID Converters. 
All other normal operational amplifier configurations can be achieved with 
the A207. 
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The A207 is supplied with a zero balance potentiometer. Provisions are made 
on the board for the mounting of input and feed,back components, including 
a gain trim potentiometer. The A207 is pin-compatible with the A200 Oper­
ational Amplifier. 

SPECIFICATIONS-At 25°C, unless noted otherwise. 

Settling Time-
Within 10 mV, 10Vstep input, typ: 
Within 10 mY, 10V step input, max: 
Within ImV, 10V step input, max: 

Fnequency Response 
Dc open loop gain, 670 ohm load, min: 
Unity gain, small signal, min: 
Full output voltage, min: 
Slewing rate, min: 
Overload recovery, max: 

Output 
Voltage, max: 
Current, max: 

Input Voltage 
Input voltage range, max: 
Differential voltage, max: 
Common mode rejection, min: 

Input Impedance 
Between inputs, min: 
Common mode, min: 

Input Offset 
Avg. voltage drift vs. temp, max: 
Initial current offset, max: 
Avg. current drift vs. temp, max: 

Temperature Range 

eGain of 1, inverting or non·inverting configuration. 
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Pins L & M Differences with Pins 
Connected L & M Not Connected 

3 ~Lsec 6 J-Lsec 
5 J-Lsec 8 J,tsec 
7 J,tsec 10 J-Lsec 

15,000 100,000 
3 MHz 
50 kHz 
3.5v/J,tsec 
8 J.tsec 

±IOV 
±15mA 

±10V 
±IOV 
10,000 

100 k. ohms 
5 M ohms 

'60 p.V/oC 30 p.V/oC 
0.5 J,tA 
5 nA/oC 

DoC to +60°C 



A260 
DUAL AMPLIFIER CARD 

Length: Standard 
Height: Double 
Width: Double 

R12 3 

Rl1 

~ = ANALOG SIGNALS 
(DO NOT CONNECT TO 
LOGIC LEVELS) 

Volts 
+15 
GND 
-15 

Power 
mA (max.) 
20 
ANALOG 
20 

Pins 
AD2 
AF2 
AE2 

AMPLIFIERS 

A SERIES 

The A2GO is a universal dual amplifier card which contains two independent 
operational amplifiers. Provisions have been made for mounting input and 
feedback components· so that the A2GO may be used in a variety of modes. 

Some of the configurations in which the A2GO may be used are: 

1. Voltage follower with a gain of. plus one. 

2. Voltage follower with positive gain of greater than one. 

3. Attenuated follower with positive gain of less than one. 

4. Differential amplifier with difterential input and single ended output. 

5. Inverter with negative gain of one or greater. 

The A2GO may also be used as the output buffer for the AlGa and Al64 
multiplexer series, as well as the input buffer for the A400 series sample 
and hold modules. Individual offset adjustments are provided for on each 
amplifier. . 
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Description: 

Offset: 

Configurations 

A. Follower 

Transfer Accuracy: 

Settling Time (0 to 10v): 

Output drive: 

Input/ output range: 

Input impedance: 

Temp. Coefficient: 

B. Follower with Gain-

Transfer accuracy: 

Gain: . 

Settling Time: 

Output Drive: 

Input/Output range: 

Input Impedance: 

Temp. Coefficient: 

C. Attenuated follower-

Gain: 

Transfer Accuracy: 

Settling Time: 

Input Range: 

Output Range: 

SPECIFICATIONS 

Two differential amplifiers mounted 
on one board with provision for 
mounting resistors in a variety of 
modes. 

Adjustments provided to adjust off­
set to zero. 

High input impedance; gain of plus 
one. 

±0.01% of FS 

1.5 J,ts to .01 % 

20 rnA., short circuit proof to 
ground. 

± 10 Volts 

1000 megohms 

30,.,.VI CC. 

High input impedance, positive gain 
greater than one. 

Function of resistors provided. 

R14+ R15 
Determined by R15 

(Gain) x (1.5 ~s) to .01 % 

20 rnA. short circuit proof to· 
ground. 

± 10 Volts 

~100 megohms 

30 p.V/ o C. (referred to input) 

Jnput attenuator. positive gain less 
than one. 

176 

R13 
R12 + R13 (see schematic) 

Function of resistors provided. 

1.5~s to .01 % if not limited by at­
tenuator. 

o to ± 100 Volts. max. 

± 10 Volts 



Output Drive: 

Input Impedance: 

Temp. Coefficient: 

D. Differential Amplifier: 

Gain: 

Transfer Accuracy: 

Settling Time: 

Input Voltage (Signal plus com­
mon mode): 

Output Range: 

Output Drive: 

Temp. Coefficient: 

Common Mode Rejection: 

E. Inverter 

20 rnA., short circuit proof to 
ground. 

R12 + R13 

30 p.V/ o C. plus input attenuation. 

Differential input, single ended out­
put. 

R14 
RI5 

Function of resistors provided. 

(Gain) x (1.5p.s) 

(1 + _1._ ) X (lOV) max. 
Gam 

±10 Volts 

20 rnA., short circuit proof to 
ground. 

(30 p.V! 0 C) x (1 + Gain) 

Function of resistor matching in 
each input> 86dB for .01 % resis­
tor watch in addition to transfer 
accuracy of .01 % 

Negative gain of one or greater 

Spec.s same as differential amplifier, except input referenced to ground. 
, 
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1. FOLLOWER 
R12 R13 R14 R15 
R22 R23 R24 R25 

o 
o on IX) 0 IX) 

2. PLUS GAIN 
5K 5K 

on IX) G= +2 

R4 EO R4+R5 9K 1K 
EIN::~ G· +10 

R5 

":" 

3. POSITIVE GAIN LESS THEN ONE 

o !:3I[C> 
r 

0 

Eo R3 
EIN:: R3+R2 ~ 

50K 50K 0 IX) 

Gil +112 

4.0IFF. INPUT 

R4 20K 20K 20K 20K 
G" 1 

C2·5pF 
R5 

EIN EO EO R4 
EIN'"R'5 

R2 R3 

5. INVERTER 
IX) 10K 20K 20K 

R4 G" -1 

C2:5pF 
R5 

Eo R3 
EIN=R4 
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Length: 
Height: 
Width: 

1 AM2 

A460 
SAMPLE AND HOLD 

Standard 
Double 
Double NORMALLY 

JUMPERED 
r-----l 
I I 

CONTROL INPUT 

o =ANALOG SIGNALS 
(DO NOT CONNECT TO 
LOGIC LEVELS) 

Power 
Volts mA (max.) Pins 
+15 12. 20· AD2 
GND ANALOG AF2 
-15 12. 20· AE2 

·with buffer 

SAMPLE &' 
HOLD 

A SERIES 

The A460 is a one-channel sample and hold module used to sample the value 
of a changing analog signal at a particular point in time and store this in­
formation as a stable analog voltage level. The A460 is without input buffer­
ing. 

Provided on the A460 is a select line which can be used to control the sample 
or hold operation of the module. 

The A460 is DTL and TTL compatible and may be used with standard "M" 
or UK" Series modules in control and system configurations. 

The output circuitry consists of a buffer amplifier with output drive capability 
of 20 mAo The A460 is compatible with DEC "A" Series high impedance and 
constant impedance multiplexers and may be used. with either to perform 
various levels of multiplexi~g. 
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SPECIFICATIONS 

Transfer Accuracy at 23° C.: 

Input/Output Voltage Range: 

Transfer Characteristic: 

Acquisition Time (to 0.01 %): 

Aperture Time 

Input Impedance (During Sample 
Time)-

(With No Buffer): 

(With Buffer): 

Output Drive: 

Pedestal in Sample mode: 

Hold Decay: 

Offset: 

Temp. Coefficient of Offset: 

Control Input (1 TTL Loa(S)­
Sample: 

Hold: 

180 

±0.01% FS in Hold mode 

± 10V Full Scale 

+1 (non-inverted) 

5 microseconds for -IOV to +10V 
excursion 

less than 50 nanoseconds 

100 ohms in series with 0.002 mi­
crofarad capacitor 

1000 megohms in parallel with 10 
pF. 

20 mAo 

10 mV max. 

15,...V per millisecond 

Adjustable to zero 

50,...V per degree C. 

Logic Zero 

Logic One 



A619 
10-BIT D/ A CONVERTER 

SINGLE BUFFERED 

Length: Standard 
Height: Double 
Width: Double 

BINARY WEIGHTED NETWORK 

Volts 
+15 
+5 
GND 
GND 
-10.06-
-15 
-15 

0 BP 
.. 

EXT 
+v REF 

Power 
mA-<max.} 
25" 
135 
LOGIC 
ANALOG 
60 
35" 
50 

- ref. r 
•• plus output loading 

DIGITAL TO 
ANALOG 

A SERIES 

NOTE: 
LOGIC AND ANALOG 
GROUNDS MUST BE 
TIED TOGETHER AT 
SOME POINT IN THE 
SYSTEM. 

r--INTL- ----'1 
I +v REF 

I c __ I 
I ~ 1 
L!'~~L _____ ...J 

Pins 
BV2 
AA2 
AC2 
BT2 
BR2 
BU2 
AB2 

The A619 Digital to Analog Converter (DAC) is double width in the lower 
(B section) half. The converter is complete with a 10-bit buffer registers, 
level converters, a precision divider network, and a current summing ampli­
fier capable of drivjng external loads up to 10 mAo The reference voltage 
is externally supplied for greatest efficiency and optimum scale factor match­
ing in multi-channel applications. 

The A619 DAe output voltage is bi-polar. Binary numbers are represented 
as shown (right justified) in Table 1: 
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Binary Input 

00008 
04008 
10008 
14008 
17778 

TABLE 1 

Analog Output (Standard) 

A619 

-5V 
-2.5V 

o Volts 
+2.5V 

+5V 

SPECIFICATIONS 

OUTPUT: 
Voltage: A619 
Current: 
Impedance: 
Settling Time: 

(Full scale step, resistive load) 
(Full scale step, 1000 pf) 

Resolution: 
linearity: 
Zero Offset: 
Temperature Coefficient: 
Temperature Range: 

INPUT 
Level: 1 TTL Unit Load 
Pulse: (positive) 

Input loading: 20 TTL Unit load 
Rise and Fall Time: 
Width: 
Rate: 

Timing: 

±5 volts 
10 mAo (max) 
<0.1 ohm 

<5.0 ~s 
<10.0 ~s 
1 part in 1024 
±0.05% of full scale 
±5 mY. (max) 
<0.2 mV/oC 
o to 50°C 

20 to 100 nsec 
>50 ns 
106 Hz max. 

Data lines must be settled 40 ns before the "LOAD DAC" pulse (transi­
tion) occurs. 
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A704 
REFERENCE SUPPLY 

Length: Standard 
Height: Double 
Width: Single 

REGULATOR 

-15V AB2 UNREG. 
INPUT 

Volts 
-15* 
GND 

GND 

I 
Power 
mA (max.) 
250 
ANALOG 

-SENSE 

-1~ R G 
OUTPUT 

+SENSE 

Pins 
AB2 
AC2 

* plus or minus 2 volts 

AV2 
T 
I 

AE21 -
AT2_ 

T 
I 
I 

AC21 

REFERENCE 
SOURCES. 

A SERIES 

The A704 Reference Supply con\7erts an ordinary -15 volt logic supply 
voltage into a precisely adjustable regulated -10 volt reference source for' 
AI D and DI A converters of up to 13 binary bits. 

FUNCTIONS 
Remote Sensing: The input to the regulating circuits of the A704 is con­
nected at sense terminals AT (+) and AV (-). Connection from these points 
to the load voltage at the most critical location provides maximum regulation 
at a selected point in a distributed or remote load. 

When the sense terminals are connected to the load at a relatively distant 
location, a capacitor of approximately 100 ~F should be connected across the 
load at the sensing point. 

Preloading: The supply may be preloaded to ground or -15 volts to change 
the amount of current available in either direction. For driving DEC Digitall 
Analog Converter modules, -125 rnA maximum can be obtained by connect­
ing a 270-ohm plus or minus 5%, one-watt resistor from the reference out­
put (pin AE2) to ground (pin AC2). 
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Input Power 

Use: 

Output: 

Current: 

Regulation: 

Temperature 
Coefficient: 

Pea k-to-Pea k 
Ripple: 

Adjustment 
Resolution: 

Output 
Impedance: 

SPECIFICATIONS 

-15V 

See text for sensing" and preloading 

-lOY 

-90 to +40 mA 

0.1 mY, no load to full load 

1 mV/S hrs 
1 mV/15 to 35 degrees C 
4 mV /0 to 50 degrees C 

0.1 mV 

0.01 mV 

0.0025 ohms 
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AS11 
10-BIT AID CONVERTER 

Length: Standard 
Height: Double 
Width: Double (A Section only) 

+10 EXT REF 

A AF 

ANALOG GND 
A BN 

ANALOG 
INPUT 

A BV 

START 
10 AH 

NOTE: 

11< 

LOGIC AND ANALOG 
GROUNDS MUST BE 
TIED TOGETHER AT 
SOME POINT IN THE 
SYSTEM. 

Volts 
+15* 
+5 
GND 
GND 
-15* 

Power 
mA (max.) 
20 
300 
LOGIC 
ANALOG 
160 

Pins 
BU2 
AA2 
AC2 
BN2 
AV2 

MSBt--...... ---t 

AID 
REGISTER 

AND 
DAC 

*Supply voltages must be regulated to within 1 %. 

ANALOG TO 
DIGITAL 

A SERIES 

The A·811 is a complete, 10·bit successive approximation, analog to digital 
converter with a built in reference supply. Conversion is initiated by raising 
the Convert input to logic I (+4 volts). The digital result is available at the 
output within 10 microseconds. An AI D Done Pulse is generated ,when the 
result is valid. The A·8ll uses monolithic integrated circuits for control logic, 
output register, and comparator. 
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BIT 10 

CONVERT 
PULSE 

AD Done 
PULSE 

<]------10 J.I. S 

100 
NANOSECO.NDS 

----------------------------------~ 

BIT I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 I 10 I 

Options: 
The input impedance of the AI D converter can be raised to greater than 100 
megohms by adding an input amplifier module. A sample and hold amplifier 
module may also be included. The impedance of the converter with sample 
and hold is 10,000 ohms. Both options may be included simultaneously if 
high impedance and narrow aperture are both required. 

Convert Pulse Input: 
Input loading 
Pulse Width 
Pulse Rise Time 
AI D Done Pulse Output: 
Pulse Width 
Digital Output: 
Logical "a" 
Logical "1" 
Output Current "0" 
Output Current "1" 
Input: 
Input Voltage 
Input Impedance 
Resolution: 
Accuracy: 
Temperature: 

Coefficient: 
Operating Temperature: 

Conversion Rate: 
Output Format: 

SPECIFICATIONS 

Max. Min. 

10 TIL unit load 
500 nsec 100 nsec 
250 nsec 

300 nsec 

+0.4V 
+3.6V 
16mA 
-0.4 rnA 

a to +10V 
1000 ohms 
10 bits 

100 nsec 

OV 
+2.4\1 

0.1 % of full scale 

0.5 mV/oC 

O°C to 50°C 
100 kHz (max) 
Parallel Binary Uni-polar 
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A866 
HIGH-SPEED 12-BIT 

BIPOLAR AID CONVERTER 

length: Standard 
Height: Double 
Width: Single 

Power 
mA 
(nominal) 
300 
75 

Pins 

AAl, AA2, BAl, BA2 
ADl, AD2 

ANALOG TO 
DIGITAL 

A SERIES 

Volts 

+5V±lO% 
+l5V±3% 
-l5V;:t3% 
LOGIC GND 

40 AEl, AE2 
ACl,AC2,ATl,BCl,BC2,BTl 

The A866 is a 12-bit general purpose analog-to-digital converter module 
which uses the successive approximation technique., The A866 is designed 
to accept unipolar or bipolar single-ended analog voltage as input and con­
vert it to a 12-bit TTL-compatible, coded digital output. The coded digital 
output is parallel data and is available for application to a computer, ter­
minal, display, or other logic device. 
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The selection of unipolar or bipolar and voltage range of the analog input 
is determined by jumper leads mounted on the module circuit board. The 
module has factory-installed jumpers that permit its use with bipolar, 10-volt 
full-scale extended-range inputs. By changing the jumper configuration, the 
user can select bipolar or unipolar, 5-volt or 10-volt full scale extended or 
nonextended input ranges. 

The extended range is particularly useful when the output data is used in 
computations because the LSB is easily expressed as an integer submultiple 
of the full scale; i.e., full scale/2000. o rather than full scale/2048.o for a 
bipolar configured module and full scale/4000.o rather than full scale/4096. o 
for a unipolar configured model. Therefore, less rounding-off error occurs 
during the computations. In addition, extended range provides some over­
scale input capability; i.e., +0.2350 Volt and -0.2400 Volt (+10.2350 Volts 
and -10.2400 Volts full overscale inputs) for a bipolar configured module 
and +0.2375 Volt (+10.2375 Volts full overscale inputs) for a unipolar con­
figured module. The coded output is l2-bit binary and two's complement 
using the MSB output and the MSB output respectively. 

The A866 can be used wherever fast, accurate analog-to-Digital conversions 
are required. 

The high input impedance (100 megohms) at the analog inputs mini"mizes 
the signal source loading, and the fas~ conversion time permits an encoding 
rate at the output of 16,000 conversions per second. 

The digital output data, the output control and status signals, and the input 
control signals are all TTL-compatible. 

APPLICATIONS 
The A866 Analog-to-Digital Module is suitable for use in scientific and in­
dustrial research applications. It provides fast, accurate analog·to-digital con­
version from transducers, bridges, or similar instrumentation. 

The A866 Module has factory-installed jumpers that permit its use with 
bipolar, 10-volt full scale extended range inputs where a change of 5.0 
millivolts at the input corresponds to a change of 1 LSB at the output. The 
A866 Module may be reconfigured with jumpers by the user so that it will 
accept analog inputs of any of the following: 

bipolar ± 10-Volt full scale extended range 
bipolar ± 10-Volt full scale nonextended range 
bipolar ± 5-Volt full scale extended range 
bipolar ± 5-Volt full scale nonextended range 
unipolar + 10-Volt full scale extended range 
unipolar + 10-Volt full scale nonextended range 
unipolar + 5-Volt full scale extended range 
unipolar + 5-Volt full scale nonextended range 
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Analog 
Voltage 
Input 

+10.2350 V 
+10.2300 V 
+10.0000 V 
+ 7.5000V 
+ 5.0000V 
+ 2.5000 V 
+ 0.0050 V 

0.0000 V 
- 0.0050 V 
- 2.5000 V 
- 5.0000V 
- 7.5000 V 
-10.0000 V 
-10.2350 V 
-10.2400 V 

Table I 

Bipolar ± 10 Volt Full Scale, Extended Range 
Analog Input Output Code Conversion Chart 

Two's Complement 
Output Code· 

.Base 10 Base 8 Scale 

2047 3777 +Full Oversea Ie 
2046 3776 +Full Overscale - 1 
2000 3720 +Full Scale 
1500 2734 +3,4 F.S. 
1000 1750 +lh F.S. 
500 0764 +1;4 F.S. 

1 0001 +llSB 
0 0000 Zero 

- 1 7777 -llSB 
- 500 7014 -1;4F.S. 
-1000 6030 -% F.S. 
-1500 5044 _3,4 F.S. 
-2000 4060 -Full Scale 
-2047 4001 -Full Overscale - 1 
-2048 4000 -Full Overscale 

lSB 

lSB 

Note: When an A866 module is jumpered to accept ± 5 Volt full scale in­
puts, the inputs are exactly Ih of the input value shown in the above 
table. 

• Using MSB output. 
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Table II 

Bipolar ± 10 Volt Full Scale, Non-extended Range 
Analog Input to Output Code Conversion Chart 

Analog 
Two's Complement 

Voltage 
Output Code * * 

Input Base 10 Base 8 Scale 

Not Not 
+10.0000 V Valid Valid +Full Scale 
+ 9.9951*V 2047 3777 +F.S. - 1 
+ 7.5000 V 1536 3000 +3,4 F.S. 
+ 5.0000 V 1024 2000 +% 
+ 2.5000 V 512 1000 +% 
+ O.OO48*V 1 0001 +1 LSB 

0.0000 V 0 0000 ~ero 
- O.OO48*V - 1. 7777 -1 LSB 
- 2.5000 V - 512 7000 -%F.S. 
- 5.0000 V ..;..1024 6000 -% F.S. 
- 7.5000 V -1536 5000 _3,4 F.S. 
- 9.9951*V -2047 4001 -F.S. -I 
-10.0000 V -2048 4000 -Full Scale 

LSB 

LSB 

Note: When an A866 module is jumpered to accept ± 5 Volt full scale in­
puts, the inputs are exactly % of the input values shown in the above 
table. 

• Rounded off value . 
•• usins MSB output. 
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SPECIFICATIONS 

Analog Input 
Type of Input 

Impedance 
Input Bias Current 

Overvoltage Limit 

Perturbations 

Encoding Process 
Technique 

Quantizing Resolution 

Encoding Word Time 

Encoding Word Rate 
Code 

Single-ended 

>100 megohms 
6 nanoamperes, (max.) 

± 18 volts, (max.) 

The encoding process does not cause 
noise at the input 

Successive approximation 

1 part in 4095 of full range 
15 microseconds, max. (includes 
Op-Amp settling time) 
64,000 conversions/second, min. 

Binary and 2's complement (using 
MSB and complement of MSB) 

Measurement Accuracy Uncertainty at 23°C 

Warm-up Time 

Absolute (Ref. to NBS STOS) 

Stability 
Overall Tempco 

Tempco of Clock Period 

Long Term 

3 minutes 

" . 

± 1 LSB at full scale, max. 

± 1/20 LSBrC, max. 
±0.1 percentrC, max. 

± 1/2 LSB/6 mos., max. 

. Sensitivity to Power Supply Voltage Changes 

For the ± 15 Volt Supply 0.002% % V, max., from dc to 1 MHz 
For the ±5 Volt Supply 0.0003% % V, max., from dc to 1 

MHz 

FUNCTIONS 
Analog Inputs 
The single-ended dc analog input will accept unipolar or bipolar voltage with 

. a maximum amplitude of 10 V. 

Control Inputs 
A high to low level change on either of the two ST CONV inputs when the 
CONV EN input is high or a low to high transition on either of the two CONV· 
EN inputs when the ST CONV input is low will start the conversion process. 

Data Outputs 
The data outputs are 12 parallel bits plus the complement of Bl (MSB). 
Bit B12 is the LSB. The output code is available in a binary format when 
the Bl output is used and in two's complement when Bl output is used. The 
outputs are TTL-compatible levels. 
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Status Outputs 
Three outputs are provided to indicate the status of the conversion process. 
The BUSY output becomes high and remains high while the conversion 
process is active. The BUSY output becomes low 50 ns after the data is 
available at the output and remains low until the next command to start 
the conversion. 

The DONE output is the complement of the BUSY level. 

The EOC PULSE output becomes a high level for 450 ±50 ns after the DONE 
output level goes high. 

The CLOCK output is a series of 50 ns pulses (min.) generated when the 
Aa66 Module is performing an analog-to-digital conversion. 

Detailed information on the module is available on the A866 AID Converter 
Module (I2-Bit, IS-Microsecond) data sheet available from the Logic Products 
Group of DIGITAL. 
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K SERIES 
CONTROL MODULES 

Computer-oriented logic, by its very nature, is high speed (1 MHz and above), 
and provides noise immunity far below that required in a process control 
environment. The upper frequency range of the K Series modules is 100 KHz, 
with provision for reduction to 5 KHz for maximum noise immunity. These 
modules incorporate all silicon diodes, transistors, and integrated circuits, 
deliberately slowed through the use of descrete components. 

Either English (non-inverting) logic or NAND/NOR logic is compatible with 
K Series. The hardware for this series is specifically designed for standard 
NEMA enclosures. FLIP CHIP mounting hardware can likewise be used for 
rack-mounting, inasmuch as K Series modules fit standard DEC sockets. 

Proven FLIP CHIP ~onnectors. used for years in applications from steel 
mills to lathe controls, provide modularity. Even the connection between 
terminal strips and electronics can be plugged for installing the logic after 
field wiring is complete, and removing it quickly for modifications or addi­
tions. 

Checkout and trouble shooting is easy with K Series logiC. Wherever possible, 
every system input and output has an indicator light at its screw terminal. 
A special test probe provides its own local illumination and built-in indication 
of transients, as well as steady states. Every point in the system is a test 
point, and consistent pin assignments reduce the need to consult prints. 

Construction materials and methods are the same as for other high­
production FLIP CHIP modules, including a computer-controlled operating 
test of each complete module. K Series modules further offer the size 
reduction, reliability, flexibility, and low cost of solid state logic, with an 
added bonus of easy interconnection. FLIP CHIP industrial modules are 
ideal for interfacing. high speed M Series or computer-systems to machinery 
and processes. Sensing and output circuits can operate at 120 vac for full 
electromechanical capability. Inputs from contact devices see a moderate 
reactive load to assure normal contact life. Solid state ac switches are fully 
protected against false triggering. Voltages from the external environment are 
excluded from the wire-wrap connections within the logic. 

K SERIES SPECIFICATIONS 
SUMMARY 
Frequency range: DC to 100 KHz. Control pOints on the modules allow reduc­
tion to 5 KHz for maximum noise immunity for critical functions. 

Signal levels: Ov and +5v, regardless of fanout used. 

Fan-out: 15 ma available from all outputs; typical inputs 1-4 mao 

Waveforms: Trapezoidal. No fast transients to cause cross talk. External 
capacitive loading affects speed only; no risetime dependence. 

Temperature range: _20°C to +Q5°C, using all-silicon diodes, transistors, 
and monolithic integrated circuits (0° to 150°F). (Limited to O°C on the 
module types: K201, K202, K210, K211, K220, K230). 
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Noise immunity: False "1":30 ma at 1.6v for 1.5 ,usec typical. False "0":3 
ma at 3v for 1.5 ,usec typical. Time thresholds can be increased by a factor 
of 20 for critical points by wiring the slowdown control 'pins. 

Simple power requirements: Single voltage supply, +5v -:: 10%. Dissipation 
typically 200 mw per counting or shifting flip·f/op, 30 mw per control f/ip·f/op, 
10 mw per two·stage diode gate. 

Control system voltage: 120 VAC, 50 or 60 hertz. 

Mounting provisions: Standard NEMA industrial enclosures. May also be used 
in 19" electronics cabinets. 

Logic Signals 
There are no ultra·fast transients at any K Series output. Logic signal "I" 
and "0" levels are essentially independent of fanout. Rise and fall transitions 
have controlled slopes which are not strongly influenced by normal changes 
in fanout, lead len~h, temperature, or repetition rate. The fastest K Series 
trapezoidal logic signal can be fully analyzed with a 500KC' oscilloscope. 
Logic "I" or "true" is +5 volts and logic "0" or "false" is zero volts except 
where redefined by logic designer. Counters and shift registers advance at 
the "I" to "0" transition and are cleared by a "0" leve~. Any unused input 
may be left open. 

Loading 
Input Loading (Fanin)-Each K Series input requires a certain amount of 
drive to operate, thus imposing a load on the output driving it. The amount 
of load imposed by arr input is defined in terms of the amount of current 
required to pull that input to ground. Logic gate inputs consume 1 milli· 
ampere per input. Other loadings range from 1 to 4 milliamperes as indicated 
by the loading numbers enclosed in squares on each specification diagram. 

FANIN AND FANOUT 

DRIVING CAMBILITY 

EACH OUTPUT DRIVEN 
IN A ·WIRED AND· IS 
A 3MAlOAD 

eutput Loading (Fanout)-Each K Series output is capable of sinking a 
certain maximum amount of current to ground in the low state. The standard / 
K Series output can sink 15 milliamperes to ground and can therefore handle 
a maximum of 15 inputs, each requiring 1 milliampere of drive. 

If K Series outputs are paralleled to obtain the wired AND logic function, 
each gate output is effectively driving the other and therefore, each output 
must be considered as a load on the others. To pull a typical output to 
ground requires 3 milliamperes of drive. When two or more K Series outputs 
are tied together, they produce a 3 milliampere load on each other. If, for 
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- example, the outputs of three K123 gates are connected, the combined 
fanout is reduced by 6 milliamperes, leaving 9 milliamperes of drive capa­
bility. A maximum limit of five outputs can be tied together reducing the 
fanout capability to three milliamperes. 

M Series Compatibility 
Interfacing M Series with K Series modules requires adherence to all timing 
constraints' of both the input and output devices. As a minimum, ~ Series 
signals driving K Series circuits must last long enough (at least 4 p's even 
if no propagation within the K Series is required) so that the K Series module 
will not reject it as noise. K Series signals driving M Series circuits must be 
received by M Series inputs that will not be affected by ultra-slow rise times. 

To convert from K Series to M Series, the trapezoidal K Series waveform 
must be reshaped to provide fast rise times. There are two ways to accom­
plish this task. The first method is simple, but there are some constraints. 
When these constraints cannot be .complied with, the second method is re­
quired. 

Method one converts K to M levels simply by connecting the K Series level 
through two M Series gates. This method is simple and effective; however, 
the total lead length from the K Series output to the M Series input must 
be kept less than 6 inches to prevent oscillation of the M Series output as 
the waveform traverses the unstable areas in the input gate response curve. 
When the input waveform is in this area, the gate is extremely susceptible 
to. noise. "Slowed" K Series waveforros must not be used. If noise persists 
in this configuration, an 0.001 microfarad capacitor may be connected from 
the M Series input to ground. 

The second method of converting K Series to M Series levels involves the 
use of one-shots. The ~ne-shot is triggered by the K Series level transition 
and provides a pulse of predetermined length to the M Series circuitry. Refer 
to the M521 K-to-M Converter module description contained elsewhere in 
this section. 

Converting M Series levels to K Series levels is not as complicated. The 
M671 module contains four M-to-K level converters designed especially for 
this purpose~ (The M671 module is described elsewhere in this section.) The 
use of the M671 is recommended; however, some K Series inputs can be 
driven directly, although the capacitive loading will slow the transitions. 

K Series modules which cannot be driven directly from M Series gates in­
clude K303, K220, K230, K135, K161, as well as the clear inputs to K202, 
K210, K220, and K230. When driving other K Series gates with M Series 
signals, care should be taken to ensure that the M Series signal occurs long 
enough so that the K Series signal will not ignore it as noise. 

GATING 

K Series gating modules combined with K Series gate expanders provide an 
extremely versatile method of implementing logic functions. Functions of 
high complexity can be implemented inexpensively using these gates and 
expanders. 

The basic K Series gates are the Kl13 Inverting gate and the K123 Non­
inverting gate. 
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KH3· 

A 

INPUTS 

8 

The K113 performs the NAND function 
, F = (A • 8) 

The K123 performs the AND function 
. F = (A • 8) 

Kt23 

Notice that each basic K Series gate shows two inputs with dotted lines. 
These are the expansion inputs, which allow functions other than NAND or 
AND to be implemented. 

AI'«> 
I EXPANSION 
I INPUT 

The "AND" expansion input is used with the K003 AND Expander, to provide 
the AND or NAND function for more than 2 inputs. For example, with one 
KOO3 AND Expander connected to a K123 Non-inverting gate we create a 
five input AND gate. 

A 
B 
C 

o 

E 

Up to 100 inputs may be connected to the AND Expansion input. 

The "OR" expansion input is used with the. K026 "AND/OR" expansion 
gate, or the K028 "AND/OR" expansion gate. Used with the K012, the K123 
(or K113) becomes a 4 input "OR" (or Nor) gate. 
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F"A+8+C+0 

Up to 9 "OR" inputs can be connected to the OR expansion input. 

When the OR expansion input is used, and the AND inputs are also used, 
the output of the AND gate is "ORed" with the OR expansion input. 

A 

B G-(Ae8)+ C +O+E +F 

The following K Series modules are described In this subsection. Additional 
information can be obtained by contacting the Logic Products Sales Support 
Group of DIGITAL, Marlboro, Mass. 

K003 Gate Expanders 
KOI2 Gate Expanders 
K026 Gate Expanders 
K028 Gate Expanders 
K1l3 Logic Gates 
KI23 Logic Gates 
KI24 Logic Gates 
KI34 Inverters 
KI35 Inverters 
KI38 Inverters 
KI6I Binary to Octal Decoder 
KI74 Digital Comparator 
K20I Flip-Flop 
K202 Flip-Flop 
K206 Flip-Flop 
K207 Flip-Flop 
K2I0 Counter 
K211 Programmable Divider 
K220 Up/ Down Counter 
K230 Shift Register 

. K265 Reed Relay Drivers 
K28I Fixed Memory 
K282 Diode Memory 
K302 Dual Timers 
K303 Timer 
K323 One-Shots 
K50I Schmitt Triggers 
K564 DC Input Converters 
K579 Isolated AC Input Converters 
K580 Dry Contact Filters. 
K581 Dry Contact Filters 
K6I6 Isolated AC Switches 
K657 DC Drivers 
K658 DC Driver 
K675 5-Digit Display 
K68I Lamp Drivers 
K683 Lamp Drivers 
K7I6 Interface Block 
K724 Interface Shell 
K990 Timer Component Board 
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GATE EXPANDERS ~ 
t-____ K_OO_3_,_K_Ol_2_, _KO_2_6_, K_O_2_8 ___ ----" ~ 

NEMA 

~
IF E 

I " 

I J 

. , 

~
M L 

I N 

I P 

~
T 5 

I U 

I V 
KOO3 

MIL 

§D'. FE 
1 H 

, J 

~
'ML 

1 N 

1 'p 

~
' r5 
1 U 

, V 

KOO3 AND expander: May be connected to the AND expansion node of any 
K Series module. 

MIL 

~
FD E __ _ 

" J , ~
\ DE 

1 F 
J __ 

I H 

~
MK L __ _ 

N P 
I :=D

L 
1 M 

p--
, N 

~
s 

I T __ _ 

I U V 

K003 

~.
5 

1 T 
V __ 

1 U 

KOO3 AND/OR expander: May be connected to the OR expansion node of any 
K Series module. 
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NEMA 

, 

;s
' 1 • 

V 
1 5 

1 T 

1 U 

MIL 

K012 

K012 OR expander: May be connected to the OR expansion node of any K 
Series module. 

NEMA MIL 

K026 

K026 AND/OR expander: May be co;thected to the OR expansion node of any 
K Series module. 
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NEMA Mil 

K028 

K028 AND/OR expander: May be connected to the OR expansion node of any 
K Series Gate. 

These inexpensive gate expanders offer great 'Iogic flexibil-fty and versatility 
without a proliferation of module types. Logic functions performed by expand­
ers are illustrated in combination with the K113 and K123 gates in several 
pages that follow the data sheet for the gates themselves. 

It must be clearly understood that the gate expander$ above are merely ex­
pansions for other K Series gates and can never be used as separate AND or 
OR functions. 

Each KOO3 expander module has a .01 uf capacitor available at pin B which 
may be used to implement logic delays or to further reduce the speed of a K 
Series output. 

Caution: Pin C on K028 expanders shtftlld not be bussed to ground unless 
function S-C is not used. 
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NEMA 

NEMA 

lOGIC GATES 
K113, K123, K124 

K1l3 
INVERTING GATE 

K123 
NON-lNVERTING GATE 
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NEMA 

K124 
AND/OR GATE 

MIL 

Together with the K003, K012. K026 or K028 expanders, these gates perform 
any desired logic function, including AND, OR, AND/OR, NAND, NOR, ex· 
clusive OR, and wired AND. 

Logic gate type K123 is an AND/OR non-invetting gate subject to expansion 
at' either the AN D or the OR node. 

The AND input can be expanded up to 100 AND inputs total using pins E,l, 
and S. Up to 9 OR expansion inputs can be connected to the OR expansion 
pin (J,P,V). More OR expansion inputs can be added if faster fall times are 
acceptable. -Both AND and OR functions can be expanded at the same time. 

Expansion of· the Kl13 inverting gate is identical. The equivalent circuit is 
the same except for inversion in the output amplifier. 

The K124 provides a convenient way to implement non-inverting gate control 
flip-flops, exclusive ORs, and two term OR logic equations without the need 
for expanders. The module is electrically the same as a K123 gate with a 
K003 expander. 

Of the· three circuits on each module only one has a slowdown capacitor 
that can be connected to the output to increase noise rejection when the 
gates are interconnected to make control flip-flops. Use of this capacitor in­
creases rise and fall time by approximatel)( a factor of 20. The maximum 
speed of each unslowed gate is 100KHz and the maximum speed of a slowed 
gate is 5KHz_ 
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INVERTERS I~ 
'"--_____ K_13_4 _____ ---I ~ 

NEMA MIL 

o 
N 

F 

J 

K134 INVERTERS 

Four flip-flop functional modules such as K210, K220, K230 can conveniently 
be augmented by a K134 to get "0" as well as "I" outputs. The Kl34 is 
also provided with expansion and inhibit inputs for use as the readout ele­
ment of ready-only memories using K281 diode memories. A common input 
at pin K can force all four outputs high, a helpful feature for building large 
K281 memories or very large K161 decoders. 

K134 inverters may also be AND expanded by K003 gate expanders, provid­
ing an effiCient way to obtain 4-input NAND or inverted NOR gates. 

203 



INVERTERS I ~ 
'--_____ Kl_lS _____ --J ~ 

NEMA Mil 

6 K 

K135 INVERTERS 

The K135 module was designed primarily for use in applications that require 
inverters with "OR" expandability. A common input at pin K can force all 
four outputs high regardless of the "OR" gate inputs. This feature is useful 
if a K161 decoder is used for multiplexing K135 modules, since a\l outputs 
for the same bit can be wire "AND"ed together. 

The loading on pin K is initially 6 with no "OR" expansions and increases by 
"I" unit load for each "OR" input that is added to the module. For example, 
if a K012 expander was added to each of the four inverters, the total pin K 
load would be 22 unit loads. 

K003 expanders can be used for AND/OR expandability. The number of AND 
inputs on a given OR input does not affect the loading of pin K. 
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INVERTERS IQ;] K138 

NEMA MIL 

~ ~ 
~ ~ 
~ ~ 
~ 2 . 15 ~ 

~ 

2 15 ~ 2 15 ~ 
~ 2. 15 2 . 15 ~ 
~ ~ 
~ ~ 

The K138 has eight inverter circuits on each module. These circuits can be 
used to invert other K Series outputs to obtain both a high (+5V) level as 
well as a low (Ov) level. The K138 is pin compatible with the K134 and 
K135 and may be substituted for them if a higher density of inverters is 
desired. 
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BINARY TO OCTAL DECODER I SE:'ES I K161 

CONNECT TO SLOW 

B 
I /' DOWN ZERO OUTPUT 

I 

0 I 
0 

F 
15 

2 
J 

15 

3 
L 

15 
2 

N 
4 15 

4 
5 

R· 
15 

T 
6 15 

{? 

V 
INH 7 15 

K161 DECODER 

Three·bit binary numbers at the input to the K161 will be decoded into eight 
one-at-a-time outputs. Both inputs and outputs are high for assertion. The 
inhibit input allows BCD to ten line decoders to be built, or permits several 
decoders to be interconnected for sixteen, twenty-four, thirty-two outputs, etc. 
The inhibit may be left open if unused, even though high is the inhibit state. 
When the K161 is being used with M series, all input signals must be buffered 
with K series gates. This is necessary due to the 3 volt thresholds in the K161. 

Standard K Series slowdown circuits on each output minimize and for most 
purposes nullify the splinter pulses that all decoders emit during input tran­
sitions. Additional slowdown available on the zero output can usually suppress 
the larger splinter that may occur there. But since splinter size is ultimately 
determined by input timing tolerances, it is cleanest to avoid logic designs in 
which a decoder output is used as a ~ource of pulses. 

The diagrams below show how to connect decoders for 8, 10, 16 and 32 out­
puts. Much larger decoders are possible, and in fact up to 256 outputs or 
even more can be obtained by inhibiting all but one of several decoders. 
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8 STATE DECODER 

76!543210 

9 8 

BINARY·CODED·DECIMAL (BCD) DECODER 

15. 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

16 STATE DECODER 
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DIGITAL COMPARATOR 
K174 SERIES 

~----------------------------------------~ 
Q;J " 

OUTPUT TO 
COMPARATORS 
OF GREATER 
SIGN IFICANCE 
OR TO K113 OR 
K123"OR" 
EXPANSION NODE 

OUTPUTS TO 
COMPARATORS 
OF GREATER 
SIGNIFICANCE 
OR TO K'13 OR 
K123 "OR" 
EXPANSION NODE 

NEMA 

Mil 

K174 DIGITAL COMPARATOR 

J 

INPUT FROM 
COMPARATORS 
OF LESSER 
SIGNIFICANCE 
OR FROM K003 

J 

INPUT FROM 
COMPARATORS 
OF LESSER 
SIGNIFICANCE 
OR FROM K003 

Numerical comparisons such as those required in digital positioning controls 
are facilitated by the K174. Performing the same function as the comparator 
in closed-loop analog systems, the K174 tells which of two quantities is 
larger. 

Fundamentally, the K174 performs a subtraction to determine whether a 
"borrow" would be needed to obtain a positive result. The magnitude of the 
difference is not available; only the sign. " 

Note in the example below that the output on pin K will be low only if the 
magnitude of the number in the K210's is less than the thumbwheels. 

If more than four bits are to be compared, several comparators may be 
cascaded as shown l1elow. Note use of K003 as if expanding an "OR" to 
control the state of the output for the case of equal input numbers. 

The output at Pin K would normally be low for equality without the K003 
connected to Pin J, but with it connected, Pin K is high for equality as shown 
below. 
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TWO DIGIT COMPARISON Of THUMBWHEElS AGAINST K210, ETC. 

D WITHOUT ".-.J. __ ....... ---' __ ....L;..; _____ ...r.;;~=_ ........ _~ K003,OUTPUT 

THUMBWHEEL 
SWITCH 

WOULD BE 
LOW FOR 

THUMBWHEEL EQUALITY 
SWITCH 

If the numbers being compared are not multiples of 4 bits then one of the 
inputs on each unused comparitor position must be connected to +5 and 
the other one to the ground. 

The K174 can also be used to obtain three independent outputs for full 
greater·than, equal-to, less-than capability. The application below takes ad­
vantage of the fact that if A is equa' to e, K will go high if J goes high and 
K will go low if J goes low. 

A<8--------------------~ 

A>8------------------~ 

In certain applications, it is possible to make a single K174 oscillate if A=B. 
This is done by inverting the output at pin K and feeding it back to pin J. 
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FLIP-FLOP IIKl 
"---_____ K_20_1 _____ --' ~ 

NEMA MIL 

'5 

15 

This superslow memory simpli"fies sequencing of machine motions, and finds 
other applications where the ultimate in noise isolation is,"eeded and speed 
is no problem. Its 1 KHz maximum repetition rate makes this flip-flop notice­
ably more resist{lnt to extremely noisy surroundings than faster types like 
K202, K210, etc. So noise immune, in fact, that several yards of wire may be 
connected to K201 outputs even in severely noisy areas without errors. 

The K201 flip-flop input gating is designed to respond to the time sequence of 
two inputs rather than to their simple AND function. Level inputs E, H, M, and 
P must be high at least 400 ~s before the pulse inputs 0, F, L, and N make 
a high to low transition. The flip-flop will compliment if the Sand R inputs are 
pulsed at the same time. The input minimum noise rejecting time thresholds 
are 100 !-,s. Successive input transitions must not be closer than 400 ~s. 
Grounding pin J causes pins T and V to go high and pins Sand U to go low, 
regardless of the state of any other input except clear inputs. 

Each flip-flop circuit on this module has a separate clear input (pin K and 
R). If either of these inputs is grounded the ZERO output of that specific 
flip-flop will go high and the ONE output will go low unless the set input is 
grounded. " 

There is also a common clear, Pin S, which when grounded, forces pins S 
and U high and pins T and V low, except when pin J is grounded. 
If any clear input and the SET input pin J are grounded at the same time, 
the outputs will be undefined. 
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Fllp·FlOP I j,Kl 
'---_____ K_2_02~-----J ~ 

NEMA Mil 

CLOCK 

CLOCK 

CLEAR 

K202 flip-flops do shifting, complementing, counting, and other functions 
beyond the capabilities of simple set·reset flip·flops built up from logic gates. 
They also may be used to extend K210 counters or K230 shift registers. 

When the output of the clock gate falls from high to low, the information at 
the OR input (pins D-J, loP) is transferred into the flip·flop. Pin J (o'r P) is 
ORed with the pin 0 (or l) input. like pins J and P of a logic gate, these pins 
can be driven only from a KOO3, K012, K028, or K026 expander. 

Time is required for flip-flops and delayed inputs to adjust to new signals. 
The clock gate output must not fall to zero sooner than 4 I-tsec after its own 
rise, the end of a clear signal, or a change on associated data input pins. 

A K202 flip-flop is cleared by grounding the clear input pin. The flip·flop is 
held in the zero state as long as the clear input is zero volts, regardless of 
other inputs. 

When using a K202 flip·flop to extend the- length_ of a K230 shift register, 
pins B on both modules must be left open (unslowed). Pin B slows the clock 
inputs of the K202 for complementing correctly at slow speeds in very noisy 
surroundings; but the data inputs are not affected by pin B. 
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Complementing: Below is. shown a complementing application. Here the in­
formation stored at the data input is the opposite of the flip-flop's present 
state. Each time the clock gate output changes from .. ~ .. to "0", the op-
posite of the current state is read in. . 

COMPLEMENTING PULSES 

I 
I 
I 
f 
I 

~J 
OUTPUT ----1 

K202 COMPLEMENTING 

L 

Shift Register: The diagram below shows two flip-flops connected as a 'two­
stage shift register, At each step the incoming signal, whether high or low, is 
set into the first stage of the register, and the original content of the first 
stage is set into the second stage. The input to each flip-flop must be stable 
for at least 4 microseconds before another shift pulse occurs, for reliable 
shifting. 

SHIFT PULSES 

K202 2-STAGE SHIFT REGISTER 

I 
I 
I' 
I 

, 
I 

L 
Note: In older systems of logic, most flip-flop functions had to be performed 
by general-purpose flip-flops like the K202. The K Series, however, includes 
functional types K210, K211; K220, and K230 which are both less expensive 
and easier to Use than the K202 for most applications_ Think of the K202 pri­
marily as a complementing control flip-flop and register extender. 
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FLlP·FLOP REGISTER IKI 
~ ______ K_20_6 _______ ~ 

NEMA 

K206 FLIP-FLOP REGISTER 

Mil 

K206 FLIP-FLOP REGISTER 

o 

e READ IN 
ENABLE 

READ IN 
ENABLE 

The four set-reset flip-flops in the K206 are arranged for convenient address­
ing from the outputs of a KI6I Binary to Octal Decoder. The flip·flop out· 
puts can then be wired to control and maintain the state of corresponding 
output drivers, providing addressable output conditioning from teletypes, 
computers, or fixed-memory sequence controllers. 

In addition, the same decoder may be used to address a particular K578 
input sampler by grounding the K206 enable input when flip-flop changes 
are not desired. Pin E enable fanin on the K206 is reduced to 2 milliamperes 
when K161 addressing is used. 

Since most control systems have about half as many digital outputs as inputs, 
it is convenient to use the least significant bit of the KI6I address to deter­
mine which flip-flop state is wanted. Odd addresses allow for setting; even 
addresses, resetting. All flip-flops may be reset together by grounding the 
clear input, pin K. This clear input takes precedence over all other inputs. 

When pin E is high, a logic "I" at an S input will set the output to a logic "I" 
and a logic "I" at an R input will reset the output to a logic "0." Sand R 
inputs should not be allowed to go high at the same time while the flip·flop is 
enabled. Anyone or all flip-flops may be changed when pin E is high. 
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FLIP-FLOPS 1101 
'---_____ K2_07 _____ --' ~ 

MIL 

The K207 is a 4·bit, set/reset, flip·flop buffer which can be used to manipu­
late or store data. The module has common set and reset lines with an 
enable input for each stage. Each stage may be set or reset independently 
with the use of the enable line. 

To set a flip·flop, its enable input (pins D, F, J, L) must be at +5 V and 
the common set input must be brought to +5 V for at least 5 p.s. To reset 
a flip·flop, the enable pin must be at +5 V and the common reset line 
brought to +5 V for 5 p.S. The K207 has a common clear line which, when 
brought to 0 V, will clear all the flip·flops in the buffer. 

The K207 contains an output expander network which allows the state of 
each stage to be examined. The selected flip·flop will cause an output at 
pin V if it is set. Pin V must be connected to the OR expander node of any 
K·series module. To read a stage, the enable for that stage must be at 
+5 V. If the stage is set, a logic 1 will be presented to pin V. 
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COUNTER I~ 
'----_____ K2_10 _____ --' ~ 

NEMA 

MIL 

B 
SLOW--~~~~tT.~~~ 

CLEAR 

COUNT 

COUNT 

The K210 is a binary or BCD counter that can be wired to return to zero 
after any number of input cycles from 2 to 6. Count·up occurs when the 
COUNT gate output steps to zero. Decimal Gounting logic is built in; when 
pin 0 is unused, the counter resets to zero on the next count after nine. 
When pin 0 is grounded, the counter overflows to zero, after a count of 15. 
(Pin 0 is not intended for dynamic switching between binary and BCD 
counting.) 

The counter is reset by grounding the clear input for 4 microseconds or 
more. A positive level at the J input from a K003 expander also resets the 
counter on'the next high to low transition of the COUNT gate output. Counts 
of 10 or 16 DO NOT require the use of a K003 expander since they can be 
obtained with pin D. 

Wire the K003 as a decoder to detect one count less than the desired 
modulus. (Detect 5 for a count·of·6 counter, etc.). Use the K424 Thumb· 
wheel Decoder if manual reset control is desired. 
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J 

DETECTS 
COUNT OF 5 

-:-6 4--------' 

K210 CONNECTED FOR COUNT OF 6 

COUNT 

To count above 10, ground pin D. Combine two K003 expanders as shown 
below, where three counter outputs must be sensed (to divide by 8, 12, 14 
or 15). 

--715 
OUTPUT 

J 

K210 CONNECTED FOR COUNT OF 15 

iNPUT 

Time is required for flip-flops and pin J reset logic to adjust to new inputs. 
The c~unt gate output must not step to zero sooner than 4.0 JLsec after its 
own rise, a change at pin J, or the end of a clearing signal at pin K. When pin 
B is grounded fOr slowdown, allow 50 JLsec. 

Larger counters are obtained by cascading K210's or adding K202 flip-flops_ 
To cascade K210 modules, wire the most significant Ciutput of one counter 
to the input gate of the next. Inputs to the least significant stage can be 
either pulses or logic transition to ground; risetime is not important. 
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Any transducer""Such as a switch, photocell, pulse tachometer, or thermistor 
probe, can generate the signal which is to be counted. The lack of input 
risetime restrictions may allow transducer outputs to drive K210 counters 
directly if damaging transients can be avoided, as when the transducer 
shares the logic system environment. 

INPUT 

K210 AUGMENTED WITH K202 FOR COUNT OF 32 
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PROGRAMABLE DIVIDER IKI 
'-______ K2_1_1 _____ ---' ~ 

NEMA 

SLOW 
B ,..-----_ __, 

COUNT 

MIL 

The K211 is a binary counter that can be wired to produce a high to low 
output transition on pin V after any number of input cycles from 2 to 16. 
Count-up occurs on the high to low transition of the count gate output. 

The counter is programmed by connecting pin L to pins M,P,S, and U to 
select the binary number that is one count less than the desired modulus. 
(Detect 2 for a count-of-3 counter, etc). 

Modulo 3 counter 

Pin L is connected to pin P only. 
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The counter is reset by grounding pin K for 4 microseconds or more. 

Time is required for flip-flops to adjust to new inputs. The count gate output 
must not step to zero sooner than 4.0 ~sec after its own rise or at the end 
of a clearing signal at pin K. When pin B is grounded for slowdown, allow 
50 ILsec. 

Larger dividers can be obtained by cascading K210's, K211's or adding K202 
flip-flops. To cascade K211 modules, wire pin V to the input gate of the next 
module. Inputs to the least significant stage can be either pulses or logic 
transitions to ground; risetime is not important. Any transducer such as a 
switch, photocell, pulse tachometer, or thermistor probe, can generate the 
Signal which is to be counted. The lack of input risetime restrictions may 
allow transducer outputs to drive K211 modules directly if damaging tran­
sientscan be avoided, as when the transducer shares the logic system 
environment. 

K211 modules can be used to build real time clocks and frequency dividers 
when only the most significant output is required. 

REAL TIME CLOCK 
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UP/DOWN COUNTER IIKl 
~ _____ K_2_20 _____ ..-I ~ 

NEMA 

MIL 

READ 
ONES 

3 

COUNT 

(DOUBLE HEIGHT ~ BOARD) 

The K220 Counter module provides all the circuitry necessary for binary 
and binary coded decimal up counting, down counting, presetting and clear­
ing. This module is useful in many digital position readout and feedback 
applications. 
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The K220 is a double height module with all but two pin connections made 
on the upper connector (pins 0 and E on the lower connector must be 
grounded for binary UP! DOWN counting). 

The direction of counting is established by the signal at pin L, high for up 
counting and low for down counting. Pio L count direction changes should 
finish no later than 4.0 J..tsec. before the next count input. Up counts occur 
when the count (AND) gate output makes a transition from' high to low 
(+5v to Ov). Down counts take place on the count gates output transition 
ff'om low to high (Ov to 5v). 

To preset the outputs of a K220, four read·in flip·flops with a common 
enable have been provided in the circuit. High logic levels (+5v) present 
at the read-in gate pins (U,S,P, or M) are read into their respective flip-flops 
when the common enable pin 0, makes a low to high transition (Ov to 5v). 
These preset flip·flops will not read low levels (Ov) into the K220. All unused 
read·in gate inputs should be grounded to prevent the read-in of undesired 
ONE's. 

The K220 outputs can be cleared to zero by grounding pin J or K. During 
this clearing process, no count or preset input can be read into the module; 
clearing inputs take precedence over all others. 

With the exception of the clear inputs, time is required for flip·flops, counting 
logic, and read·in gates to adjust to new inputs. To prevent counting errors, 
neither the count gate output nor any other counter input should change 
within 4.0 microseconds of a transition at any other input. 

For slowdown operation, pin B of the K220 must be grounded. If slowdown 
is used, 50 microseconds must be allowed between one counter input transi· 
tion and an input transition at any other inpl,lt. 

When K2~0 counters are cascaded, a single connection from pin V of one 
K220 to the count input gate of the next, establishes both carry and borrow 
propagation. 

TO 
NEXT STAGE 

TO NEXT 
STAGE 

UP=+5V 

0/11- OV 

Shown below is a means of acception up and down pulse-trains from two 
separate sources. For this application, input pulse spacing should be at least 
20 microseconds and input pulse widths should be at least 10 microseconds. 
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UP~ 

OOWN~ 

CONTROL 
FLIP-FLOP 

UP/DOWN COUNTER 
FOR SEPARATE PULSE SOURCES TO 50Kc 

The "clear" and "read ones" inputs on "the K220 module may be combined 
to transfer completely new data into the module in a single operation. Timing 
requirements in the K220 demand that a low to high transition on the 
"read ones" (PIN B) input wait until at least 4 microseconds after the clear 
input rises. A simple method of accomplishing this delay follows. 

This circuit gives approximately 10 microseconds of rise delay. The delay 
may be reduced to about 5 microseconds if desired, by connection another 
one milliampere pull-up (pin 0 to pin E on the K003). 
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Several "read ones" inputs may be driven from a single K003 section, pro­
vided the capacitance is multiplied by the number of inputs driven. Heavy 
capactive loading may cause slow falltimes on the transfer input line. Pin 
o inputs on the K220 may be regarded as 1 milliampere loads in this 
application. 
The transfer input rise time must be from an unslowed K Series output. 
Slow signals from K580, K581 or K578 modules must be accelerated by a 
K501, Schmitt Trigger. 

K220 UPI DOWN COUNTER 
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SHIFT REGISTER 11K! 
'----_____ K_2_30 _____ --' ~ 

NEMA 

CONNECT FOR 
SLOWDOWN 

Mil 

CLEAR SHIFT 

(DOUBLE HEIGHT BOARD) 

Information presented at pin L of this four stage flip-flop register is shifted 
toward pin V with each high to low transition (5v to Ov) at the shift input gate. 

To preset the outputs of a K230, four read-in flip-flops with a common enable 
have been provided in the circuit. High logic levels (+5v) present at the 
read-in gate pins (U,S,P, or M) are read into their respective flip-flops when 
the common enable pin 0, makes a low to high transition (Ov to 5v). These 
preset flip-flops will not read low logic levels (Ov) into the K230. All unused 
read·in gate inputs should be grounded to prevent the read-in of undesired 
ONE's. 
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The K230 outputs can be cleared to zero by grounding pin J or K. During 
this clearing process, no count or preset input can be read into the module; 
clearing inputs take precedence over all others. 

Shift registers of any length can be formed by tying pin V of one K230 to pin 
l of the next, and operating all shift gates together. Supply all shift pulses 
from the same device to maintain synchronism. The propagation delay of even 
one gate is too large a difference between two shift inputs on the same 
register. For every 20 bits that are required, duplicate the last stage of the 
shift-generating logic and tie the outputs in parallel to all K230 shift gate 
inputs. 

Time is required for flip-flops, shifting logic, or read-in gates to adjust to new 
inputs. Except clear inputs; neithe'r the shift gate output nor any other regis­
ter input may ~ changed within 4 IJ.sec. after a transition at any other input. 
When pin B is grounded for slowdown, allow 50 ~tsec. 
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K265 

REED RELAY DRIVERS 

NEMA MIL 

K 

s 

REAL TIME CLOCK 

The K265 Reed Relay Driver has drive circuits for customer mounted relays. 
Up to five relays with Form A contacts can be mounted on the single height 
card. A logic 1 at each input energizes the relay to provide isolated contact 
outputs for special interfacing applications. 

There are two mounting configurations: split lugs for axial lead relays, and 
mounting holes for certain printed circuit mounting relays. Typical reed relay 
closure speed is 1 ms to 2.5 ms. 
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FIXED MEMORY 11K! 
"--_____ K_2_S1 _____ --' ~ 

K281 FIXED MEMORY 

The K281 is designed to be used with the K161 (Binary to Octal Decoder), 
the K681 (8-30 rna drivers) and the Kl34 (4 inverters), to' build a read-only 
memory. Each K281 initially contains eight four-bit words consisting of only 
"l's". The user selects the codes he desires by cutting out diodes in the bit 
positions that are to be "O's". Additional K281 and K134 modules may be 
added to the system to generate more words and longer words. 
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CODING THE K281 DIODE MEMORY 
When the K281 is used to build a K Series Read Only Memory, the codes are 
stored by cutting out diodes where zeros are desired. The diode map below 
shows the physical location of the diodes on the K281 and how they are con­
nected to the module pins . 

• • 
EHKM MKHE 

Nlill WiD 
EHKM MKHE 

vlill WiL 
EHKM MKHE 

Alill Wi. 
EHKM MKHE 

Tlill WiJ 
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E,H,K,M are the four 
output pins. 

O,F,J,L,N,R.T.V, are 
the eight drive lines. 

Component side 



DIODE MEMORY IIKl 
'---_____ K2_82 _______ --' ~ 

DIODE 
MATRIX 

K282 

BL 

BF 

BE 

AS 

The K282 is a diode matrix module which initially contains eight. I6-bit 
words. This matrix was designed to be used with Kl34 modules to obtain 
read-only memories. The user selects the codes he desires by cutting out 
diodes in the bit positions. More bits may be added by using additional 
K281 or K282 modules. 
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DUAL TIMERS I ~ 
~ _____ K_3_02 _____ -, ~ 

o 15 

K 

The K302 module contains two independent timer circuits. Each circuit pro­
vides three delay ranges: 

Range one:0.01 to 0.3 seconds 
Range two: 0.1 to 3.0 seconds 
Range three: 1.0 to 30 seconds 

A range of up to three minutes can be obtained with a modification to the 
K302. A single wire jumper on each timer circuit can be removed and a 
resistor substituted. 

The potentiometer on the module is adjusted clockwise for maximum and 
counterclockwise for minimum delay for each range. 

The time delay begins when either AND gate output goes to a logic 1 (pins 
F and H high, or pins M and N high); i.e., enable gates are provided to gate 
the individual delays to the expander output. The expander output, pin V, has 
no drive capability and must be connected to the OR expander input of a 
Kl13 or K123 module. 

When the AN D gate output steps to a logic 1 the delay is triggered. The non­
inverted output rises after the time delay, while the inverted output falls. 
These outputs will remain in this state until the input steps to zero. At this 
time the outputs will revert to their initial state. 
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TIMER IIKl 
'---_____ K_lO_l _____ ---' ~ 

NEMA Mil 

+, ,-
+1'_ 

I r;\-, ~ ----: '~ --... ·1 

~ - ~ ~ -:. 
L ..J~~r ..J ~~ 

I 

K303 timers provide time delays from 10 microseconds to 30 seconds and 
can be interconnected to form clocks with periods covering the same inter­
vals. Fixed or adjustable delays and frequencies are obtainable. Calibrated 
controls are available (K371 through K378) for mounting directly on the 
K303. Remote controls can be added, if desired. A simplified schematic of 
the K303 is shown below. Note that the comparator has hysteresis, increasing 
the rejection of false "1" noise peaks at the input. 

~~nF 
\( -= 

CONNECTIONS 
FOR K374. ETC. 

E 

"-~----D 

K303 

K303 TIMER SIMPLIFIED SCHEMATIC 
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When a K303 input gate steps to zero, the uninverted output falls after a 
controlled interval, while the inverted output rises. The interval can be as little 
as 10 J.tsec or as long as 30 seconds depending on the size of the Rand C 
connected to pin J, P, or V. Recovery begins when the input gate output rises 
to a logic "I". In order to guarantee 95% repeat accuracy in the delay time, 
a recovery time of at least 300 C should be used, (C is in Farads, Time is in 
seconds). Be sure to include the 2.2 nf capacitor as part of the value for C. 
The delay interval in seconds is equal to .7RC (R in ohms, C in farads). 

Any value of C may be used as long as R remains between 1 K and 250 K 
ohms. 

RECOVERY TIME ~ /4-

I rL 
I 
iO.7RC~ 

I 
I 

: U-
I I 
j4- DELAY TIME ...., 

NOTE: 
K374,K376, K378 PROVIDE 
TIMING COMPONENTS FOR 
THIS CIRCUIT 

1/3 K303 AS OFF DELAY 

A positive step at the input gate output resets the K303 timer outputs. If the 
step occurs before a timeout is complete, the timeout is terminated and no 
change appears at the outputs. This property is sometimes convenient for 
establishing a pulse repetition rate threshold (Frequency Setpoint) . 

A built-in 2.2 nanofarad timing capacitor assures adequate noise rejection 
when external capacitors are mounted several inches from the timer. Time 
threshold for resetting is always several percent of rated recovery time, so 
that noise rejection time increases in proportion to the size of the timing 
capacitor. Remote rheostats and timing capacitors may be used, but noise 
rejection will be degraded. If several timing capacitors will be switch selected, 
wire in the smallest near the module and switch the others in parallel with it. 

Variable or fixed timing resistors used with K303 timers may be any carbon 
composition, film, or wirewound rheostat or potentiometer. Delay time is 

.linearly proportioned to resistance from 2S0Kn down to a few thousand 
ohms, faIJilig to zero (reset inhibited) below a few hundred ohms. Momentary 
shorting to ground of control pins will not cause damage, but a padding re­
sistor of at least 300n in series with variable controls is advisable both to 
prevent continuous grounding and to avoid confusion which may ar!se if re­
setting in inhibited. 

Timing capacitors may be any ordinary mica, paper, ceramic, or low leakage 
electrolytic type. For delays above a few seconds, wet slug tantalum electro­
lytic capaCitors are advisable to avoid leakage-induced drift at high tempera­
tures. Temperature coefficient of delay has been optimized for the carbon 
composition potentiometers and tantalum electrolytic capacitors used in the 
controls described below, and is typically less than ± 1 % in SoC (9°F) using 
K731 and K732 regulators for power. 
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ONE SHOTS 11.1 
______________ K_3_23 ____________ ~~ 

NEMA Mil 

os 

o 15 

os 

p 

os os 

I' 
V I .. I ,_ 

... --~t-, 
I t--, 
I I I 
L ...,.,.." .. _ _ ..J '* 

v I + 1'_ 
.. -- -4t--, 
I 1\ t--, 
L-. . .-_j ... 

K323 one-shots provide output pulse widths from 10 JLS to 30 seconds with 
either fixed, or adjustable delays. Calibrated 'controls K374, K376, and K378 
are available for mounting directly on the K323. Remote controls can be 
mounted on a K990 Timer Component Board. 

When either input to the K323 gate steps to 0, the uninverted output rises 
and stays positive for a time equal to 0.7 RC. The pulse width is controlled 
by the value of Rand C connected to pin J, P, or V. The one·shot recovery 
begins when both signals at the input gate rise to logic 1. 
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[
SCHMITT TRIGGERS 11K! 

...... _____ K_50_1 _____ ~ 

NEMA Mil 

{IC
0

l 

2 E 

o F 1 

1 J 1 

2 K 

o L 15 

2 P 

o R 15 

1 T 1 

2 U 

o V 15 

The K501 can be used with the K580, K581, or K578 to provide simultaneous 
true and complementary signals with full K series drive. Built in hysteresis 
and slowed outputs insure reliable operation in noisy signal environments. 

Schmitt Triggers can also be used to speed up signals with very slow rise or 
fall times for input into pulse formers or logic circuits where timing con­
siderations are critical. 

The K501 is not designed to be connected directly to unfiltered contacts or 
other noisy signal sources. The Schmitt Triggers have standard K·Series out· 
puts and their rise time is on the order of 7f,.1.s. Minimum hysteresis between 
upper and lower Thresholds is 1 volt. 

A logic "I" level at pins E, K, P and U forces pins 0, J, N, and T high and 
pins F, L, R, and V low. A logic "0" level at pins E, K, P, and U forces pins _ 
0, J, N, and T low and pins F, L, R, and V high. 
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DC INPUT CONVERTERS 
K564 

SCREW 
TERMINALS 

r----~ 
L___ 10 -= CONTROL 

(Sff TEXT) 

MIL 

TRIPLE THICKNESS MODULE 
DOUBLE HEIGHT 

NOTE: 
Pin in ( ) ore used if module is 
reversed in socket 
(GND= BT) 
(+5V = BV) 

Pins in parentheses are used when module is reversed in socket. 

The K564 provides conversion of eight dc signals in the 10 to 55 Vdc range 
to K-series logic levels. A light-emitting diode (LED) indicator is provided for 
each input circuit and will light with a 10-55 V input. Clamp type input termi­
nals will-accept two wires up to # 14 AWG. 

Control terminals 9 and 10 are provided to control the input current for all 
circuits on the module. Terminal 9 is to be connected to the negative refer­
ence of the external supply which should be tied to both chassis and logic 
ground. 
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Each circuit of the K564 contains an RC input noise filter to provide switch 
bounce rejection. 

Gating circuits equivalent to four K026 sections are included for contact 
scanning applications using the KI6I or to facilitate forming the logical OR 
of many inputs. Direct outputs are from active circtJits and may not be wired 
together. The OR expander output (if used) must be connected to the OR 
expansion node of a K·series gate. 
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K579 

ISOLATED AC INPUT 
CONVERTERS 

GND~ 

MIL 

PINS IN ( ) ARE USED 
IF MODuLE IS REVERSED 
IN SOCKET. 
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The K579 is an isolated ac input converter module containing eight 120 Vac 
input circuits. The input circuits are transformer isolated and have LED in­
dicators which indicate voltage present on the input screw terminals. Schmitt 
triggers are provided on each input for bounce rejection. A 120 Vac input will 
cause the corresponding output to be at +5 V. A gatable expander output 
is provided which may be connected to the OR expansion input of a K-series 
gate. 

Either the K724 Interface Shell or K943 Mounting Rack will provide suitable 
mounting of the K579. 

A 10-terminal, nylon strip is provided for connection to 120 Vac field wiring. 
The strip has 3/8 terminal spaCing, captive screws with wire clamps, and is 
color coded red for ac. The terminal strip meets NEMA and JIC specifications 
regarding barrier height and voltage breakdown. Each terminal is marked 
according to its function: Input (~), Neutral (NEUT), and Chassis Ground 
(GND). 
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SOLDER 
LUGS 

DRY CONTACT FILTERS 
K580, K581 

K580 

SOLDER 
LUGS 

.... riA A A- ~~NTACT 
----1WW V V V LOUNCE 

220 

220 

240 

220 

K581 

OUTPUT 

~ 



These filters convert signals from dry or wlpmg coritacts to logic levels. 
Primarily they are used with gold contacts such as the new encapsulated reed 
limit switches, thumbwheel switches, and the like. Those push-buttons or 
slide switches that provide good wiping action will also operate reliably with 
these filters, but silver contacts designed for long life on heavy duty loads 
are likely to give trouble. For them, use interfaces designed for such applica­
tion like K508-K716 or K578, or at least switch a high voltage. (see K580 
voltage table.) 

Schmitt Triggers should be used on the outputs of both the K580 and K581 
when they are used for one shot or timer inputs. 

Access to K580 and K581 inputs is by solder lugs only. Strain relief holes 
are provided in the board (near handle) for a 9-wire cable. The avoidance of 
contact connectors on the logic wiring panel combined with heavy filtering 
guarantees noise isolation and protects modules by preventing accidental 
short circuits. Below is a summary of other characteristics. 

Contact Contact Output for Time Delay Time Delay 
Current Voltage Contact Closed on Closure .on Opening 

K580 22ma See Table high 10msec 30msec 

K581 22ma 5V low 20msec 20msec 

(Time delay figures above are nominal, and assume connection to the input 
of a standard gate such as Kl13 or K123.) 

The contact current for the K581 comes from the logic supply, making it very 
important to assure freedom from accidental high voltages on K581 inputs 
which could damage many logic modules by getting through to the system 
power supply. This hazard is not present with the K580, which uses an ex­
ternal source of + 10 volts or more. The table below shows how external 
dropping resistors may be added to provide higher voltage operation. 

TABLE OF K580 VOLTAGE DROPPING RESISTANCES 

CONTACT 
SUPPLY 10 12 15 24 28 48 90 100 120 
VOLTAGE 

Dropping 
Resistance 0 82Q 220n 620n 820n 1.8Kn 3.6K{] 3.9Kr. 4.70 

Dissipation - O.05W O.llW O.3W O.4W O.85W J.8W ~.OW 2.5W 

When using dropping resistors and higher voltage supplies, total tolerance of 
resistors and supply should be ± 10% to insure high levels between +4 V 
and +6 V at the logic. Also observe that a handful of dropping resistors in 
90 V or 120 V systems may dissipate more power than the entire logic sys­
tem, and must be located so as not to cause excessive temperature rise in 
the K series environment. 
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Note that these circuits may not be paralleled to· obtain the wired OR or 
wired AND function, and that fanout is limited to 2 milliampers in order to 
maintain the low (zero) output voltage within normal K-Series specifications. 
Fanout to ordinary logic gates and diode expanders may be· raised to 4 
miJliampers if some noise and contact bounce rejection can be traded off; but 
hysteresis inputs such as those at counter inputs, rate multiplier, etc., may 
not switch properly if the logic zero is allowed to rise much above +0.5 V. 

looking at the component side of both the K580 and K851, the solder lug 
connections are numbered 1 to 9 from pin end to handle end. 

K580 

K581 
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ISOLATED AC SWITCHES 
K616 L-_______________ _ 

Mil 

I SE:IES r 

L ______ ,~ SUPPLY 

2 
LOAD 

// 

SUPPLY 

LOAD 

// 
5 

SUPPLY 

LOAD 

// 
7 

SUPPLY 

8 
LOAD 

// 9 
SUPPLY 
RETURN 

~NOT 
USED 
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The K616 isolated ac switch module contains four isolated 120 Vac TRIAC 
. output circuits. Each output is fused and has a light-emitting diode to -indi­

cate when the output is ON. The fuses can be changed from the terminal 
strip side of the module without removing field wiring or removing the module 
from the system. Either the K724 Interface Shell or K943 Mounting Rack will 
provide suitable mounting for the K616. 

The K616 is a new version of the K614 featuring improved operation under 
light output loads, lower input loading, and a new 10-terminai nylon strip 
with 3/8 spacing between terminals. The terminal strip meets NEMA and 
JIC specifications regarding barrier height and voltage breakdown. It has 
captive screws with wire clamps to accept 2-14 AWG wires and is color coded 
red for ac. Each terminal is marked according to its function: Supply (LINE), 
Switched Output (-+) AC Return (NEUT), and Chassis Ground (GND). 
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DC DRIVERS I ~ 
a.--_____ 

K
_
65

_
1 
_____ -.r. ~ 

3 

5 

7 

OUTPUT 
TERMINALS 

POSITIVE 
'--------(''M CJ S IDE OF" 

LOAO SUPPLY 

The K657 DC Dr~ver module contains four 250 Vdc drivers. 'Each circuit of 
this driver can switch to ground up to 1.0A at up to 250V: The outputs 
will switch to ground whenever both AND gate inputs are high (logic 1). 
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DC DRIVER I~ 
'-_____ K_6_58 _____ -.I ~ 

(DOUBLE SIDED BOARD) 

(TRIPLE THICKNESS MODULE) 

TERMINALS 2,4,6 a 8 
ARE THE LOAD SUPPLY 
GROUNDS 

NEMA 

OUTPUT 
TERMINAL 

POSITIVE 
L.--------u:I'J SIDE Of 

LOAD SUPPLY 

DOUBLE HEIGHT 
TRIPLE THICKNESS 

K658 4 AMP DRIVER 

Each circuit of this versatile driver can deliver up to 4 amperes at up to 125 
volts. This module has Integral clamp-type terminals and neon indicator 
lamps. (Lamps are effective only at 90 volts and above.) This driver module 
is designed to be used with K724 interface shells. Positive side of load sup­
ply must be connected to protect output transistors from damage during 
turnoff transient. 
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Mil 

5 

7 

~8 

OUTPUT 
TERMINAL 

POSITIVE 
9 SIDE OF 

- LOAD SUPPLY 

DOUBLE HEIGHT 
TRIPLE THICKNESS 

Terminals 2, 4, 6 and 8 must be connected directly to the negative terminal 
of the load power supply or damage to the module will result from high 
currents. 
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5·DIGIT DISPLAY 11.1 
"-_____ K-67-5 _____ ----' ~ 

25 PIN CABLE CONNECTOR 

BCD TO 7 SEGMENT 
DECODER DRIVERS 

.The K675 is a 5-digit display module designed to be panel mounted. Five 
digits of 7-segment LED readouts are housed in a plastic bezel with a lucite 
window which can be mounted through a panel cutout. The display is con­
nected to the logic backplane wiring by a 10 foot, 25·conductor cable 
(BC14F) and a double height cable connector module, K783. Five digits of 
BCD-coded data, presented to the K783, will be displayed by the K675. 

A blanking feature to suppress zeroes to the left of the last non-zero digit 
is controlled by a wire jumper on the display module. The display is pre­
enabled for blanking but can be disabled by removing a wire jumper. If dis­
abled, the K675 will display all BCD digits, including zeroes. 

A decimal point is located to the left of each digit and can be controlled by 
jumpers W2 through W6. Removing a jumper will extinguish the correspond­
ing decimal point. 

Digit 1 can be used for a minus sign when displaying 4-digit negative num­
bers. When the minus sign is used, digit 1 is not available for displaying 
other numbers. The minus sign is illuminated by groundng pin 20 directl}" 
or with a K-series NAND gate or inverter. 
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.100 DIA THRU 

, ~;;;~::~ 
Till -l+----~ 

.980 .900 

i 1-:$ ~ 
1---1.460- ---J 

DECIMAL 

VALUE 
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7 

8 

9 
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13 

14 

15 
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....... ------2.920 

~------- 3.090 ---------4! 
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Panel Cutout Dimensions 

DIS PLAY SEGMENTS 
a 

BCD INPUTS 

84 21 

o 0 o 0 

o 0 o 1 

o 0 1 0 

o 0 11 

o 1 o 0 

0 1 0 1 

o 1 1 0 

o 1 11 

1 0 o 0 

1 0 o 1 

1 0 1 0 

1 0 11 

11 o 0 

11 o 1 

11 1 0 

1 I I I 

f'-;'b e,-,c 
d 

5012-7130n131 

SEGMENT OUTPUTS 

• b c d • f • 

11 11 1 1 0 

o 1 1 0 o 0 0 

11 o 1 1 0 1 

111 1 0 o 1 

o 1 1 0 0 11 

1 0 1 1 0 11 

o 0 11 111 

11 1 0 o 0 0 

11 111 11 

111 o 0 1 1 

o 0 o 1 1 0 1 

o 0 1 I 0 o 1 

o 0 1 11 o 0 

1 0 0 1 0 1 I 

J o 0 0 11 11 

o 0 o 0 o 0 0 

FONT 

,-, 
,....} 

I 
I 

::i 
!o-

:-' ....J 

LI 
I 

~ 

b 
-I 

I 

E: 
'-I -. 
C 

=1 

U 

'--
1-

'-

NOTE: 1 = Segment ON 
0= Segment OFF 
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LAMP DRIVERS II SE:'ES I K681 

NEMA MIL 

~l Ot ~ 1 01 

~l 02 ~l 02 

~~l 03 ~J 03 

K ~-

~ ~l 04 1 04 DRIVER 
LOAD 

~~l ~5 
SOLDER gc SOLDER 

- S\JIPl..y LUGS LUGS 
-GROU -GNO 

06 6 

p--~ -

~·l 07 07 

~~l 08 08 

U ~- I 

~ ~l 09J 09 ~IVER 

K681 LAMP DRIVER 

These eight-circuit modules drive external loads through g-conductor cable 
soldered to split lugs at the handle end by the user. Strain relief holes are 
prepunched in the board. logic "0" turns the driver off, logic "I" turns it on. 

Pin connections via diodes to outputs facilitate production automatic module 
testing while isolating system wiring from high voltages. Circuits are not 
slowed, and these connections are not recommended as output tiepoints 
unless exceptional care is taken to prevent noise and damaging voltages from 
degrading system reliability. 
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MODULE OUTPUT RATINGS 

TYPE "RESISTIVE INDUCTIVE INCANDESCENT LAMPS 

K68l l8V, 30ma l8V, 30ma with Lamps rated l8V, 40ma 
added suppression operated at 12V to reduce 
diodes (K784) current to 30 milliamperes. 

Note greatly reduced ratings on tungsten loads. Lamp filaments draw typ­
ically ten times more current at turnoff than when hot, resulting in very high 
transistor dissipation if supply voltage is' high. Series current limiting resis· 
tors or shunt preheat resistors could be used to limit surge in certain cases, 
but ratings above assume this would be awkward or impractical. 

K681 

Solder lugs on the K68l shown above are numbered 1 to 9 from left to right. 
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LAMP DRIVERS 11K! 
________ K6_8_3 _____ -' ~ 

NEMA 

~~:---+l--Ot 
~~:~1~---o2 / 
H~ 

ITP0----4-1-o3 

~~~--...-1---'o4 
... , ~5 

~_"'_~l..--b_-~_~SIlFPt: ..... .x,oi 

~-.. 1--o7 
S ~ 

EJ--I0----4-1------<o8 

~r-~--l..----o9 

SOLDER 
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MIL 

1 
~ :~~ 1 

~r-e-~Of 

:~l ~~----i02 

1 :~~1-~o3 ~ 

~r-el-~04 
- LOAD 
~5 
~~ 

....... ~-o6 

~-~01 

~1-o8 

~1-o9 
DOUBLE HEIGHT 

K683 LAMP DRIVER 

SOLDER 
LUGS 

These eight-circuit modules drive external loads through 9-conductor cable 
soldered to split lugs at the handle end by the user. Strain relief holes are 
prepunched in the board. Logic "0" turns the driver off, logic "1" turns it on. 

Pin conneCtions via diodes to outputs facilitate production automatic module 
testing while isolating system wiring from high voltages. Circuits are not 
slowed, and these connections are not recommended as output tiepoints 
unless exceptional care is taken to prevent noise and damaging voltages from 
degrading system reliability_ 

252 



MODULE OUTPUT RATINGS 

TYPE RESISTIVE INDUCTIVE INCAN DESCENT LAMPS 

K683 55V.250ma 55V.250ma Lamps rated 40ma, to 48V; 
with added Lamps rated 60ma, to 28V; 
suppression Lamps rated 80ma, to l8V; 
diodes (K784) Lamps rated lOOma, to l2V 

Note greatly reduced ratings on tungsten loads. Lamp filaments draw typ­
ically ten times more current at turnon than when hot, resulting in very high 
transistor dissipation if supply voltage is high. Series current limiting resis­
tors or shunt preheat resistors could be used to limit urge in certain cases, 
but ratings above assume this would be awkward or impractical. 

K683 

Solder lugs on the K683 shown above are numbered 1 to 9 from left to right. 
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INTERFACE BLOCK II.Kl 
'-_____ K_7_16 _____ ....... ~ 
An important hardware feature of the K Series system is the K716 Interface 
by electricians. The logic modules interconnect to the K716 by plug·in ribbon 
cables. 
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TYPICAL CONTROL APPLICATIONS FOR K ,SERIES MODULES 
INTERFACED BY K716 

Contacts: Ordinary silver contacts of the kind found in limit switches, pressure 
switches, and push buttons work best when operated with healthy levels of 
both line voltage and load current. The sparking that results prevents buildup 
of contact surface contamination. To assure reliable switching, isolation 
transformers in the K716 provide a reactive load for switchad 120 vac pilot 
voltages. The K508 AC Input Converter ignores contact bounce. Hash filters 
in the module, and attenuation in the isolation transformer built into the 
K716, reduce electrical noise. Built-in indicators permit quick maintenance 
checks. 

The K716 Interface Block serves as an interconnection interface for those 
K Series modules that communicate with external equipment. External field 
wiring terminates at a 24-terminal screw connection block that accepts plain 
stripped wire up to 14 guage. No separate crimped or soldered .terminals are 
required. 
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Ribbon cables from the K Series interface modules connect to printed circuit 
board sockets on the K716. This allows the K716 terminal block to mount on 
the rear panel of a NEMA enclosure for the convenience of electricians, while 
the digital system itself mounts on the door for easy access to both modules 
and logic wiring. The ribbon cable makes neat, simple wiring layouts and 
easy flexing at the hinge. 

The three sockets in the K716 terminal block contain the same module­
connector system used for the modules themselves, permitting quick discon­
nect of the entire logic system without affecting reliability. This arrangement, 
together with the K940-K941 bolt-on mounting hardware, allows initial check­
out of control systems away from the site, as well as minimizing downtime in 
case of failure. The cable sockets have the same reliable gold contacts as K 
Series module sockets. . 

Socket B, for use with the K508 AC input converter, is fed by eight isolation, 
stepdown and contact loading transformers contained within the aluminum 
shell of the K716. The transformer primaries receive 120·volt pilot signals 
from external contact closures. Each input is monitored by a neon indicator_ 

Sockets A and C are for use with K524, K604, and K644. Neon indicators are 
provided to monitor the outputs of the K604 Isolated AC Switch module. 
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The drawing above shows approximate dimensions of the K716. Mounting 
slots clear no. 10 screws and allow compensation for mounting screw loca· 
tion tolerances. 
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All neon indicators are located within the K716 shell, visible attheNar of 
associated screw terminals. 

Socket 0, normally terminated by a shoting plug, runs all return tines~rom 
connector C to a common point. If the shorting plug ;s removed, indepen· 
dent wiring of connector C return leads for K524 or K604 modules is possi· 
ble. A W033-06F-W033 cable connector ($15) must be installed between 
socket D and socket A. An extra 2-inch clearance is required by this connector 
board. tndependent wiring provides connections for four two-wire circuits 
instead of 8 circuits with bussed returns. 

Below is a recommended mounting pattern for combining many interface 
blocks. This pattern can be extended provided the 30" reach of ribbon is 
not exceeded. 

WIRING TROUGH 

EH ~~~~~~ ---+---+-____ 11 

LOGIC I 

I 

DOOR ~ PANEL. 

HINGE 
WIRING TROUGH 

K716'S IN INDIVIDUAL ENCLOSURE 
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INTERFACE SHELL I ~ 
'--_I _____ K_'_24 ______ --' ~ 
Unlike the K716 Interface Block, the K724 Interface Shell does not contain 
any electronic components. Instead, it provides the connectors and the 
mechanIcal support for self·contained interface modules K578, K614. 
K615, K650, K652, K656 and K658. Up to four K578, K614 or K615 
modules or two K650, K652, K656 or K658 modules may be installed, with 
eight module sockets remaining for decoding or gating modules. The limit of 
two DC Driver modules is due to the fact that they cannot be reversed in 
their connector sockets. . 

Convenient wiring channels are obtained between units if they are mounted 
on 12" centers vertically and 6" centers horizontally. This way a-total of up 
to 32 input converters and 16 output converters fit in one square foot of 
panel space, along with up to 16 logic modules. 

The K724 provides only logic power and ground connections between all but 
two sockets. It is primarily intended for very simple logic systems or for large 
systems where all input and output logic levels are connected to a separate 
logic unit by connector cables. 
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The K990 is a predrilled etched module for mounting up to six RC networks 
for K301, K303, or K323 timer controls. Any capacitor size up to a "0" case 
tantalum can be mounted in the space provided. A trimpot and series resistor 
can be mounted in the remaining space, Trimpot adjustments are accessible 
from the edge of the module. If the module is not mounted in the top row of 
modules in the system, a W980 extender module will be required to make 
trimpot adjustments. Etch layout is for trimpots with a staggered center pin. 
Connections to the module can be.made either through the pins or through a 
cable soldered to split lugs. 

Dimensions for trimpot mounting are: 
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MODULES NOT RECOMMENDED FOR NEW DESIGN 

The M, W, R, and B Series modules described in this subsection are modules 
from earlier logic Handbooks that are outmoded and are not recommended 
for new design. However, these modules are perfectly functional for use as 
spares or replacements in systems that previously utilized these circuits. 
Detailed descriptions of these modules are contained in earlier versions of 
the logic Handbook. For ordering information, contact the Sales Support 
Manager at the address Hsted in the front of this Handbook. 

M SERIES 

M152 Duall-of-8 Decoder 
The M152 consists of two identical binary-to-octaI decoders, each reqUlrmg 
complementary inputs. This module may be used for applications such as 
memory address decoding. 

MI60 AND/NOR Gate 
The MI60 contains three general purpose AND/NOR gates which perform 
functions similar to those of the M121. 

M169 Gating Module 
The M169 contains groups of 4-input AND/NOR gates prewired as four stages 
of a 4-input, I-output multiplexer or similar gating function. 

M208 8-Blt Buffer/Shift Register • 
The M20a is an internally-connected a-bit buffer/shift register. Provisions 
are made for gated single-ended parallel load, bipolar parallel output, and 
serial input. 

M253 16-Word x 12-Bit RAM 
The M253 is a 192-bit read/write random access bipolar semiconductor 
memory organized in a I6-word by I2-bit array. This module may be used 
as a scratchpad memory of 16 words by 12 bits with other modules of the 
same type. or may be used to construct larger memory arrays where fast 
reading and writing are required. 

M260 4-Word x 12-Bit Associative Memory 
The M260 is a high-speed 48-bit associative random access memory that 
may be used for comparing and locating data. It is a 4-word by 12-bit array 
in which the equality search is performed on atl bits in parallel. All inputs 
and outputs are TIL-compatible. 

M261 Four-State Motor Translator 
The M261 develops the sequence of patterns necessary to step a Sigma or 
Superior Electric type stepping motor (4 winding). 
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M262 Ten-State Motor Translator 
The M262 generates the sequence of patterns required to step a Fujitso type 
stepping motor (5 winding). 

M302 Dual Delay Multivibrator 
The M302 contains two delays (one·shot multivibrators) which are triggered 
by a level change from High to Low or a Low-going pulse whose duration is 
~50 ns. When the input is triggered, the output changes from low to High 
for a predetermined length of time and then returns Low. This delay tim~ is 
adjustable from 50 ns to 7.5 ms using the internal capacitors and can be 
extended by adding an external capacitor. This module is replaced by the 
M3020 described elsewhere in this Handbook. 

M410 Reed Cloclt 
The M410 is a free-running contactless resonant-reed-tuned clock which pro­
vides stable timing signals for a system using the M706 and M707 teletype­
writer converter modules. 

M452 Variable Clock 
The M452 is a "free-running clock which generates the necessary timing sig-
nals for the PDP-8/1 teletypewriter control. -

M606 Pulse Generator 
The M606 contains six pulse generators which may be used for setting or 
clearing of flip-flops by applying the output of the M606 to the direct Clear 
or Set inputs of up to 14 flip-flops. 

M610 Open Collector Two-Input NAND Gate 
The M610 contains six 2-input NAND gates with open collector outputs. Also 
contained on the module is a pulse amplifier which does not have an open 
collector output. 

M661 Positive Level Driver 
The M661 contains three 3-input AND circuits whicl1 may be used to drive 
low-impedance, unterminated cables with M Series logic levels or pulses of 
duration greater than 100 ns. 

B SERIES 

B Series FLIP CHIP modules operate at frequencies from dc to 10 MHz. They 
are electrically and mechanically compatible with all other Rand W Series 
modules. -

BI04,BI05,B123,B124Invene~ ~ 
Each inverter is analogous to a switch. If the inverter base is at -3 v and 
the inverter emitter is at ground, the transistor is saturated and a conduct­
ing path is established between the emitter and the collector of the inverter. 
If the base is at ground, or if both base and emitter are at -3 v, the emit· 
ter-collector path is open circuited (Le., will not allow current to flow). 

Delay through the inverter is approximately 12 nsec for lightly loaded in­
verters driven by a pulse. 

The B104 contains three standard lO-mA clamped' loads and four transistor 
inverters, each with its base, emitter, and collector brought to connector 
pins. 
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The 8105 has five standard 10-mA clamped loads and five transistor in­
verters, with each emitter grounded, and with each base and collector brought 
out. 

The 8123 has three standard 10-mA clamped loads and eight transistor in­
verters. The inverters are tied together in series groups of two. 

The 8124 has three standard 10-mA clamped loads and nine transistor in­
verters, each with emitter grounded, and with each base and collector 
brought to terminals. The collectors are tied together in groups of three. 

B113, B115, Bl17, B171 NAND/NOR Gates 
The 8113, 8115, 8117, and 8171 are positive NOR diode gates; they form 
NOR gates for ground inputs and NAND gates for -3 v inputs. The outputs 
of the diode gates drive inverters similar to the B105, for power amplification. 
The typical total transition time is 40 nsec for output fall and 60 nsec for 
output rise. 

The B113 provides three standard 10-mA clamped loads and four diode gates, 
each with two diode inputs and the collector brought out. 

TheB115 has three standard 10-mA clamped loads and three diode gates, 
each with two diode inputs and the collector brought out. 

The Bl17 has two diode gates, each with six diode inputs and the collector 
brought out. In addition, the emitter of one of the inverters is available. 

The 8171 is a single gate with twelve diode inputs. In addition to the positive 
NOR output, another inverter has been added at the output; using the in­
verted output makes the 8171 an OR gate for ground inputs and an AND 
gate for -3 v inputs. 

B130 Three-Bit Parity Circuit 
This special logic module has two levels of high-speed logic and complemen­
tary outputs. It is designed to compute the parity (odd or even) of the con­
tents of a flip-flop register with a minimum of time delay, but it can be used 
wherever there is a need for four 3-input negative diode AND gates feeding 
a 4-input OR gate. 

B155 Half Binary-ta-Octal Decoder 
The 8155. module is used alone as a 2-bit decoder with two enable inputs, 
or it is used with another 8155 to form a full 3·bit (binary-to-octal) decoder, 
using one combined enable line. Either way, each binary input combination 
results in one selected output held at ground if. the decoder is enabled. No 
output will be selected if an enable input is held at ground. The decoder 
consists of four 4-input diode gates with appropriate input interconnections. 

B201 Flip-Flop 
The B201 has nine built-in inverters for accomplishing such operations as 
set, clear, jam-transfer, shift, and complement without the need for addi­
tional gating. The 8201 can also be used in counters. 

8204 Quadruple Flip-Flop 
Module B204 contains four bits of unbuffered flip-flop memory. Each flip­
flop comprises two B105-type inverters, two 10-mA clamped loads, a com­
mon clear input, and an indicator driver resistor. 
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8301 Delay _ 
The 8301 is a one-shot delay that contains three capacitors for delay range 
selection, and a screwdriver-adjustable rheostat for fine control. Typical level 
output duration ranges are 60 to 700 nsec, 0.5 to 10 /Lsec, and 7 to 150 /Lsec. 
8y connecting an external capacitor, the range can be further increased. 

B360 Delay with Pulse Amplifier 
The 8360 contains a delay line which may be varied from 25 nsec to 250 
nsec, and a standardizing pulse amplifier similar to one half of a 8602. The 
length of the delay is adjusted by means of a slotted screw accessible from 
the handle-end of the module. The high resolution of the delay line (approxi­
mately % nsec) makes it ideal for high-speed timing chains. 

B401, B405 Clocks 
The 8401 Variable Clock produces standard pulses from a stable, RC-coupled 
oscillator with a wide range of frequencies. The variable clock is often used 
as a primary source of timing for large systems. The frequency is variable 
from 10 KHz to 10 MHz. 

The 8405 contains a series resonant crystal oscillator circuit and a pulse­
shaping buffer amplifier which produces standard 40-nsec pulses. The fre­
quency, specified by the customer, can be between 2 and 10 mc. The 
frequency is stamped on the crystal. 

B602 Pulse Amplifier 
The 8602 contains two pulse amplifiers which are used for power amplifica­
tion, for standardizing pulses in amplitude and width, and for transforming 
a level change to a pulse. 

B681 Power Inverter 
The 8681 Power Inverter contains four high current inverters, each with 
separate emitter connections. A 20-mA clamped load is permanently con­
nected to each collector. Four additional 10-mA clamped loads are supplied. 

8684 Bus Driver 
The 8684 contains two dual-purpose, non-inverting bus drivers and a --3 v 
supply. 'Each bus driver provides standard levels either to a large number 
of inverter base and diode loads, or to a terminated go-ohm cable. All logic 
terminals are available at the connector. Delay through a bus driver is ap­
proximately 30 nsec. 

R SERIES 

R Series FLIP CHIP modules operate at frequencies from de to 2 MHz. 
These modules utilize the diode gate as the basic element of digital logic. 

R001, ROO2 Diode Netwotks 
Diode networks can expand the logic capability of any R-Series, W-Series, or 
A-Series module which has one or more node inputs, such as the RIll diode 
gate. They can also make it possible to OR into an R-Series flip-flop output 
terminal for setting or clearing from several sources. 

RI07 Inverter 
The R107 Inverter contains seven inverter circuits with single-input diode 
gates. Six of the circuits are used for single-input inversion; the seventh 
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circuit can be used for gating by tying additional diode input networks to its 
node terminal. Clamped load resistors of 2 rnA are a permanent part of each 
inverter. 

RIll Expandable NAND/NOR Gate 
The RIll contains three diode gates, each connected to a transistor inverter. 
The gate operates as a NAND for negative inputs, and as a NOR for ground 
inputs. Each gate has three input terminals: two are connected to diodes, a 
third is connected directly to the node point of the diode gate. The third 
terminal allows the number of input diodes to be increased by adding ex­
ternal diode networks such as the R001 or R002. 

Rll3, Rl21 NAND/NOR Gate 
The R113 contains five diode gates, each connected to a transistor inverter. 
The gate operates as a NAND for negative inputs, and as a NOR for ground 
levels. 

The R121 contains four RIll-type circuits with 2-mA loads internally con­
nected to each output. This module increases density at the expense of flexi­
bility, since gate expanders ROOI and R002 cannot be used. 

R122 NOR/NAND Gate 
Provides the logical complement to the Rl21 NAND Gate at some sacrifice 
of speed and economy. 

R123 Input Bus Gate 
This module contains six RIll-type diode gates arrayed for convenient 
driving of the PDP-S computer input bus, and for other matrix-like applica­
tions. Clamped loads are not provided on this module, and must be obtained 
from some module in the associated logic. 

RI31 Exclusive-OR Gate 
This module provides a convenient way to compare two binary numbers or 
patterns. The output of each circuit is negative if its inputs are the same, 
and ground if they are different. If the outputs of several circuits are tied 
together, the common output line will be negative if every input pair matches, 
ground if any pair doesn't match. 

R141 AND/NOR Gate 
The Rl41 AND/NOR Gate performs two le~els of gating. The module con­
tains a multiple-input diode gate with a transistor inverter for signal amplifi· 
cation. For negative input signals the Rl41 is seven 2-input AND gates which 
are NORed together. For ground inputs, it is seven 2-input OR gates NAN Oed 
together. This module is frequently used to mix multiple inputs to a pulse 
amplifier, or to compare the contents of the two flip-flop registers. 

R151 Binary-to-Octal Decoder 
The R151 decodes binary information from three flip-flops into octal form. 
When the enable input is at ground, the selected -output line is at ground and 
the other seven outputs are at -3 v. When the enable input is at -3 v, all 
'outputs are at -3 v. The internal gates are similar to those in the Rll1. The 
enable input is the common emitter connection of the output inverters. 

RI81 DC Carry Chain 
The Rl81 DC Carry module is designed for building counters with no carry 
propagation delay. A 2-mc counter of any size, with all flip-flops switching 
simultaneously, can be constructed using dc carry modules. 
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R200 Flip-Flop 
The R200 is a basic flip-flop for use in set-reset applications. It can be set 
and cleared at any frequency up to 2 mc. A set input makes the 1 output 
go to-3 v and the 0 output to ground; a clear input makes the 0 output 
go to -3 v and the 1 output to ground. 

R201 Flip-Flop 
The R201 Flip-Flop has direct set and clear inputs and five diode-capacitor­
diode (OCD) gates. 

R202 Dual Flip-Flop 
The R202 Dual Flip-Flop contains two identical flip-flops. Each has a direct 
clear input, a common set input, and two OCO gates. The R202 can perform 
in anyone of the following applications without additional gating: up counter, 
down counter, shift register, ring counter, jam transfer buffer, and switch 
tail ring counter. 

R203 Triple Flip-Flop 
The R203 Triple Flip-Flop contains three identical flip-flops. Each flip-flop 
has a direct clear input and a- OCD gate for conditional read-in. 

R204 Quadruple Flip-Flop 
The R204 Quadruple Flip-Flop contain~ four flip-flops. Each has direct set 
and direct clear inputs. Two of the fiip-flops share a common direct clear 
input. The R204 is used in general control applications. 

R205 Dual Flip-Flop 
The R205 contains two identical flip-flops with a common direct clear input. 
Each has three OCD gates, and can be collector-triggered at either output by 
a diode-transistor gate or a diode network. The R205 can be used in any 
of the following applications without additional gating: up counter, down 
counter, shift register, ring counter, or jam transfer register. 

R302 Delay 
The R302 contains two delays (one-shot multivibrators) which are triggered 
by OCD gates. Each delay -is independent and can be externally or internally 
controlled. When the input is triggered, tr.e output changes from its normal 
ground level to -3v for a predetermined, adjustable period of time and 
then returns to ground. 

R303 Integrating One-Shot 
The R303 contains a zero recovery time multivibrator and complementary 
output buffers. Its unusual characteristics include the ability to respond to 
inputs even while in the ONE state, so that successive inputs above a preset 
frequency can postpone the return to ZERO indefinitely. This characteristic 
can be used, for example, to detect gaps in an otherwise continuous pulse, 
train, or to determine whether an input pulse rate is above or below a preset 
frequency threshold. If the delay setting of this module exceeds the time it 
takes +10 and-I5 to reach 90% of their final values on power turn-on, 
this module will initially go to the ONE state. The above conditions allow the 
R303 to be used for system initialization on power turn-on. 

R401 Variable Clock 
The R401 Variable Clock is a gateback clock that produces standard 100-or 
400-nsec pulses from a stable Re-coupled oscillator. The variable clock is 
often used as a primary source of timing for large systems. 

The frequency of the R401 Clock is variable from 30 cps to 2.0 mc. Five 
capacitors provide coarse frequency control, and a built-in 20,000 ohm po-
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tentiometer permits fine adjustment. Terminals for an external potentiometer 
or capacitor. are available. The maximum size of the external potentiometer 
to be used is 20,000 ohms. 

R405 Crystal Clock 
The Type R405 employs a series resonant crystal oscillator, squaring circuit, 
and output pulse amplifier. The crystal clock's output frequency remains 
within 0.01 % of specified value between O°C and +55°C. The clock fre­
quency is specified anywhere in the ,5 kc to 2 mc range by the customer and 
is stamped on the crystal can. 

R601 Pulse Amplifier 
The R601 is a pulse amplifier that staAdardizes pulses in amplitude and 
width. Outputs may be either standard 100- or 400-nsec pulses (-3v to 
ground), It has six DCD gates so that inputs from as many as six sources 
may be mixed. Input pulses can occur at any frequency up to 2 mc for 
100·nsec pulse ,outputs and up to 1 mc for 400-nsec outputs. Delay through 
the pulse amplifier is approximately 50 nsec. 

R602, R603 Pulse Amplifiers 
The R602 and R603 contain pulse amplifiers for power amplification and for 
standardizing pulses in amplitude a"d width. Each amplifier produces stan­
dard 100·nsec pulses and one section of the R602 can <jlsoproduce 400 
nsec pulses. oeD gates and a single diode input permit inputs from many 
sources to be mixed. Input pulses can occur at any frequency up to 2 mc 
for 100 nsec pulses, and up to 1 mc for 400 nsec pulses. Delay through the 
pulse amplifier is approximately 50 nsec. 

R650 Bus Driver 
The R650 contains two inverting bus drivers for driving heavy current loads 
to either ground or negative voltages. The four input terminals make the 
R650 a versatile logic eiement as well. The diode inputs 0 and E (N and P) 
are the principal inputs. They form a NAND gate for negative inputs ,or a 
NOR gate for ground inputs. 

W SERIES 

The W Series provides input/output compatibility between FLIP CHIP modules 
and other digital devices. 

W002, ,WOOS Clamp l,.oads 
The W002 contains 15, 2·mA clamped loads. These can be used for clamping 
voltages at the output of inverter collectors in R·Series modules, or for con­
verting 8-Series modules to work with R-Series. 

The W005 contains 15, 5-mA clamped loads. These can be used for clamping 
voltages at the output of inverter collectors in 8-Series modules, or for con­
verting R-Series modules to work with 8-Series. Two of these clamped loads 
in parallel are equivalent to one 8-Series clamped load. 

W040, W043 Solenoid Drivers 
These high current drivers can drive relays, solenoids, stepping motor wind­
ings, or other similar loads. The output levels are-2 volts and a more nega­
tive voltage determined by an external power supply. One terminal of the load 
device should be connected to the external power source, the other to the 
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driver output. There are two drivers per module and both modules use the 
same pin connections. 

W042 10 Amp Driver 
This module has four germanium transistor drivers each capable of pro­
viding up to ten amperes of DC drive at ambients up to 40°C for heavy 
loads such as paper tape punches, card punches, hydraulic servo valves, or 
high-torque stepping motors like Responsyn (T.M. United Shoe) or Sio-Syn 
(T.M. Superior Electric). In 55°C ambients up to 8 amps total current may 
be obtained. AMP "Faston" tabs at the handle end of the module provide 
high current connections for ground, ES, and the four outputs and external 
ground. 

W050 30 rnA Indicator Driver 
The W050 contains seven transistor amplifiers that can drive miniature in­
candescent bulbs, such as those on an indicator panel. It is used to provide 
remote indicators for R- or B- Series flip-flops. If the input is at-3v, the 
output is at ,-Iv. 

W051 100 rnA Indicator and Relay Driver 
The W051 contains seven inverter amplifiers suitable for driving indicators, 
relays and other medium power devices. The amplifiers can supply up to 
100 rnA at ground, and each output is diode clamped to 15 v to prevent 
overvoltage when the current is interrupted in an inductive load. If the input 
is at -3v, the output is at ground. Typical delay for circuit alone: I micro· 
second. 

W061 Relay Driver 
The W061 Relay Driver has four all-silicon 250 mA drivers with gateable 
inputs; it can drive relays and solenoids with positive voltage supplies up 
to 55v. Typical delay for circuit alone: I microsecond. 

W500 High Impedance Follower 
High impedance .signal sources such as photocells and low current instrumen­
tation amplifiers can drive Schmitt Trigger W501 or logic gates through a 
W500 circuit. The module contains 7 fault-protected circuits, each com­
prising two cascaded emitter-follower amplifiers. Input voltage excursions up 
to ± 30v or short·circuits from output to ground are harmless. Outputs can 
go as negative as -15v with very light loading, but will not exceed -IOv 
when driving a W501 input. 

W501 Negative Input Converter and Schmitt Trigger 
The W501 contains a Schmitt trigger circuit which produces sta~dard levels 
as a result of some outside activity such as the closure of a switch or relay. 
A ground level input produces a -3v level output, and a negative level input 
produces a ground level output. 

W510 Positive Input Converter 
The type W510 Positive level Converter contains three circuits that convert 
positive levels to DEC standard levels of ground and -3v. Each circuit con­
sists of a grounded-emitter inverter with a diode string between its input and 
the base of the inverter. 

W511 Negative Input Converter 
The type W511 Negative Level Converter contains two circuits that convert 
negative levels to DEC standard levels of ground and '-3v. Each circuit con­
sists of a grounded emitter inverter with a string of bias diodes between its 
base and the input pins. 
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W512 Positive Level Converter 
Positive logic systems, such as those being monolithic integrated circuits, can 
use the W512 to make available standard accessory modules in the Wand A 
Series. 

W520 Comparator 
This module is useful as an inexpensive compa,rator for AID work, or as a 
general·purpose input level converter. The W520 contains three four-transis­
tor difference amplifiers which give DEC standard levels at the output. The 
state of the output is determined by the relative polarity of the input voltages. 

W532 Dual AC-Coupled Difference Amplifiers 
The W532 contains two AC-coupled differential amplifiers for use with many 
magnetic sense systems, including the H20! core memory. These amplifiers 
provide the high differential gain and common mode noise rejection neces­
sary to amplify information signals· in a system using a single sense line 
per plane for a memory or per channel for a tape system. 

W533 Dual Rectifying Slicer 
This module is used to detect amplified magnetic system sense signals from 
a W532 and convert them to positive DEC pulses. Detection of signals as 
narrow as 100 nsec is possible over a wide range of detection thresholds. 
There are two slicer circuits on each W533. Two input terminals per circuit 
permit rectification so that bipolar difference signals can be sliced and stan­
dardized. 

W600 Negative Output Converter 
The W600 contains three inverting amplifiers that convert standard levels to 
outputs of ground and an externally supplied negative Voltage. The external 
clamp voltage is applied to terminal F (M, T) and must be between -1 and 
-15v. Additional inputs may be added by tying diode networks, such as 
those contained on the ROO! or R002, to the node terminal. 

W601 Positive Output Converter 
The W601 contains three amplifiers for converting DEC standard levels to 
outputs of ground and an externally supplied clamp voltage level, Ec. This 
external clamp voltage is applied to terminal F (M) and must be between +1 
and +20v. Additional inputs can be added by tying diode networks, such as 
the ROOl or the R002, to the node terminal. 

W602 Bipolar Output Converter 
For driving EIA standard communication lines and other applications de­
manding levels both positive and negative with respect to ground the W602 
provides up to 15 mA at up to 6 v. There are three inverting amplifiers on 
the module. . 

W603 Positive Level Amplifier 
Positive logic systems such as those using RTL, DTL, or TIL monolithic in­
tegrated circuits can be driven from FLIP CHIP systems through the W603. 
Clamped. load resistors at the output of each circuit permit output levels 
to be· adjusted to the type of circuit being driven. 

W607, W640 Pulse Output Converters 
These pulse converters were designed primarily to facilitate the use of FLIP 
CHIP modules in conjunction with Digital Laboratory and System Modules. 
In addition, the W607 can be useful in setting or clearing 8 Series unbuf­
fered flip-flops via inverters such as 8104 or gates sueh as 8113. 
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W690 DEC to IBM N Line Converter 
Each of the four inverting drivers on this module provides outputs com­
patible with· the three types of IBM N lines, depending upon what output 
currents are programmed by grounds or open circuits at pins T and U. Node 
points are provided at each input. Maximum delay: 100 nanoseconds driving 
N transmission lines. 

W700 Switch Filter 
The W700 contains six switch filters for reducing contact closures to stan­
dard levels. The output drive of the switch filter is determined by the voltage 
to which the switch contact is returned. 

W705 +3.6V Power Supply 
This inexpensive power supply is of primary use in conjunction with the 
W706 and W707 teletype modules. The output can supply up to 1.5 amps at 
a nominal voltage of 3.6 volts. Voltage regulation for variable loading is 
provided and o~tput ripple is less than 40 mv. 

W706 Teletype Receiver 
The W706 Teletype Receiver is an integrated-circuit, serial -to-parallel Tele­
type code converter, self contained on a double-height module. This unit 
includes all of the serial to parallel conversion, buffering, gating and syn­
chronizing necessary to transfer information between an incoming asynchro­
nous serial teletype line and a parallel binary device. Either a 5 bit serial 
character consisting of 7.0, 7.5 or 8.0 units or an 8 bit serial character of 
10.0, 10.5 or 11.0 units can be assembled into parallel form by the W706 
through the use of selective jumpers on the module . ." 

W707 Teletype Transmitter 
The W707 Teletype Transmitter is an integrated circuit parallel to serial 
teletype code converter, self contained on a double-height module. This unit 
includes all of the parallel to serial conversion, buffering, gating, and timing 
necessary to transfer information in an asynchronous manner between a 
parallel binary device and a serial teletype line. Either a 5 bit or 8 bit parallel 
character can be assembled into a 7.0, 7.5 or 8.0 unit serial character or a 
10.0, 10.5 or 11.0 unit serial character, respectively, by the W707 through 
the use of selective jumpers on the module. 

W708 Teletype Interface 
The W708 provides special gating controls and clock synchronization for 
teletype and data communications systems when used with the W706 and 
W707 teletype modules. Such system features as half duplex operation, half 
unit start bit spike rejection anti single clock operation are possible when 
W706, W707 and W708 modules are used in a system. 

W800 Relay 
The W800 Relay consists of two separate Form A reed relays, each with an 
optional protecting circuit. The type W800 is used to drive heavy loads on 
computer or logic command. The frequency limit is 100 cps. Maximum relay 
operating time is 2 msec. 

W802 Relay Multiplexer 
The W802 Relay Multiplexer contains eight double-pole, normally open reed 
relays. One of its uses is to address memory lines in memory testers. It 
can also be used as a low-speed multiplex switch where the grounded, low­
noise performance of the Alll multiplexer is not required. Maximum closing 
time: 1.5 msec; typical opening time: 500 IJ.sec. 
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INTRODUCTION 

M SERIES MODULES FOR 
COMPUTER INTERFACING 

Design and support of interfaces for PDP computers is a major function of 
M Series modules. This edition of the Logic Handbook emphasizes a collec· 
tion of modules for interfacing to the following processors: 

-POP·8 Family 
• PDP·8/A, 8/E, 8/F, 8/M (OMNIBUS) and External Bus 
• POP·8, 8/1, 8/L, 8/S (Non·OMNIBUS) 

-PDp·ll Family 
-PDP·12 
-PDp·15 

This section consists of a separate subsection for each processor. Within 
each subsection there is a brief overview of interfacing theory, followed by 
individual descriptions of related modules. 

PDp·8 FAMILY COMPUTER INTERFACING 
The PDp·a family of computers remains the undisputed leader in the mini· 
computer industry with over 20,000 installations to date. Since its inception 
in 1964, the PDp·8 has been continually improved. Each model has become 
more powerful, more efficient, and faster. At the same time, system cost al}d 
size have been reduced to less than 25 percent of original figures. More im· 
portantly, these improvements have been made without sacrificing software 
and hardware compatibility. Programs written for the earliest PDp·a can be 
run on the newest POp·B; peripheral devices that operated with earlier PDp·8s 
can be made to operate with the latest PDP·B. 

This section contains hardware interfacing information and related I/O mod· 
ule descriptions for all PDp·8 models. For ease in reading. this section is 
organized into two main subgroups: 

-OMNIBUS-POP·B/A, 8/E, 8/F, 8/M, and External Bus 
-Non·OMNIBUS-POP·8, 8/1, 8/L, 8/S 

For historical references, the non·OMNIBUS·related processors preceded the 
OMNIBUS·structured processors. 

PDP-8/A, 8/E, 8/F, 81M (OMNIBUS) Interfacing 
This subsection consists of general interfacing information for the POP·8/ A, 
B/E, 8/F, and 8/M processors, followed by detailed descriptions of related 
modules. In addition, a description is provided for the External Bus option 
which allows non·OMNIBUS·related devices to operate with the OMNIBUS. 

General OMNIBUS Interfacing Principles 
The PDP·8/ A, 8/E, 8/F, and 8/M are the newest 12·bit word length proces· 
sors offered by DIGITAL. These processors utilize the OMNIBUS concept for 
transferring commands and signals among modules within a system. 

Physically, the OMNIBUS is an etched board with rows of module connectors 
soldered to the board. The pin assignment is the same on all connectors. The 
OMNIBUS consists of 96 signals which feed to 96 pins on the connectors. 
The user is generally only concerned with those Signals that control data 
transfers, address memory, or contain the data to be transferred. However, 
the additional signals, such as timing, are readily available on the OMNIBUS 
to accommodate any tailor·made requirement in the event that the user 
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should design and build his own interface module. A single OMNIBUS assem­
bly accommodates 20 PDP-8/A, 8/E, 8/F, or 8/M modules. 

The OMNIBUS bus structure employs bidirectional data and control lines plus 
a few undirectional control signals. Each bus line is a matched and termin­
ated transmission line that must be received and driven with devices designed 
for that specific application. All M Series modules designed for interconnec­
tions to the OMNIBUS employ special high·impedance bus driver and bus 
receiver circuits appropriate for such bus lines. All drivers (identified by a 
"0" in the logic symbol) are open-collector gates that control the bus through 
a wired-OR connectipn. All receivers (identified by the "R" in the logic sym­
bol) are high-impedance gates that present a minimum of loading to the bus 
line. 

A module may have unused bus driver or bus receiver circuits that can be 
used with TIL devices, provided the following loading rules are observed: 

Receiver Loading: The bus receiver input presents two TTL unit loads (in the 
High state) to a TIL output and has a normal fan-out of 10. 

Driver Sink Capability: The 'open-collector bus drivers are capable of sinking 
at least 50 mA, with a collector voltage of 0.8 volts or less. The collector 
voltage, when not sinking current, must be less than +6 volts. Leakage cur­
rent (in the High state) is less than 25 ",A. The input of a bus driver presents 
a single TIL unit load to a TIL output. 

There are three types of data transfer: programmed data transfers, program 
interrupt transfers, and direct memory access transfers. Programmed data 

-transfer is the easrest and most direct method of handling data I/O. Program 
interrupt transfers provide an extension of programmed I/O capabilities by 
allowing the peripheral device to initiate a data transfer. The data break sys­
tem uses direct memory access for applications involving the fastest data 
transfer rates. 

Table 1 lists and describes the signals on the OMNIBUS-related processors 
that are used for programmed and interrupt I/O control. More complete de­
scriptions i for these and data break transfer Signals are contained in the 
SMALL COMPUTER HANDBOOK. 

Table 1. OMNIBUS 1/0 Signal Summary 

SIGNAL DEFINITION 

MOO-II 

I/O PAUSE L 

TP3H 

INTERNAL 
I/O L 

Contains the device select code for an I/O instruction. Bits 
3-8 contain the device select code; bits 9-11 specify the 
operation select code within that device. 

Asserted by the processor when the instruction is an I/O in­
struction (6XXXs). 

TP3H is normally used to clock data into the output buffer 
of an output interface. 

INTERNAL I/O is asserted by the interface to indicate to the 
processor that the selected device is not on the External 
I/O Bus. 
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Table 1. OMNIBUS 1/0 Signal Summary (Continued) 

SIGNAL DEFINITION 

DATAO-ll 

Clines 
CO, C1, C2 

INT RQST L 

SKIP L 

BUS 
STROBE L 

NOT LAST 
XFER L 

RUN L 

TS1 L 
TS2 L 
TS3 L 
T54 L 

TPI H 
TP2 H 
TP3 H 
TP4 H 

IN ITIALIZE H 

The 12 DATA lines called DATA BUS serve as a bidirectional 
bus for both input and output data between the AC register 
in the processor and the interface buffer register. 

Signals CO, CI, C2 are asserted-by the interface during I/O 
instructions to notify the processor whether data is to be 
placed onto the DATA BUS or received from the DATA BUS 
by the processor. 

INT RQST is the method by which the device signals the 
processor that it must be serviced. The processor will then 
branch to a subroutine which issues a skip lOT to each 
device to identify the one that is interrupting. 

Asserted by the interface as the result of a skip lOT if an 
interrupt is being requested. Used to identify the interrupt­
ing device by causing the processor to skip the next in­
struction. 

BUS STROBE is used to load the AC and PC registers. Un­
less special I/O operations are being performed, the de­
signer of an interface need not concern himself with BUS 
STROBE. 

A ground level on this line indicates to the processor that 
the next BUS STROBE does not terminate the I/O trans­
action. Typical I/O tranfers will not use this signal. 

When low, RUN indicates that the machine is executing in­
structions. Can be used to notify an interface that the 
processor has stopped. 

These are the internal machine cycle time states and time 
pulses. Each time state precedes its corresponding time 
pulse. Time states are always 200 ns or more in duration, 
and change 50 ns after the leading edge of the time pulse. 
Time pulses are 100-ns positive-going pulses. The exact 
spacing of the timing pulses is a function of fast or slow 
cycle. Only TP3H is used in the typical interface. 

INITIALIZE is a positive-going 600-ns pulse used to clear 
AC, LINK, and flags in peripherals. It is generated when 
power is first applied to the processor, by the Clear key on . 
the console and by lOT 6007. 

The following is a brief summary of the basic sequence of I/O transactions 
for programmed data transfers and interrupt data transfers. This information 
is provided here as a general reference aid; detailed descriptions are con­
tained in the SMALL COMPUTER HANDBOOK. 
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For programmed data transfers, the computer program issues an input/ 
output instruction to, first, select the desired peripheral and, second, direct 
the peripheral to generate certain operating control signals called lOTs. The 
input/output instructions are transmitted to the peripheral -via the MD 
(Memory Data) lines 00 through 11. Each peripheral contains circuitry that 
monitors the MD lines. MD03 through MOOS carry a device selection code 
which is unique for each peripheral. Lines MD09 through MOll carry com­
mand operate signals that the selected peripheral must translate into one of 
eight lOT functions for that device. Signal I/O PAUSE is also generated by 
the processor at this time. I/O PAUSE notifies all peripherals that the MD 
lines contain an I/O instruction. Note that the interface does not have to 
monitor MD lines 0-2 to detect a 6_. I/O PAUSE occurs after the MD lines 
have settled and is used to actually gate the device select and the operation 
codes into the interface. 

The lOT functions vary depending upon the type of peripheral but generally, 
they consist of sampling and clearing status flags and reading, loading, and 
clearing data buffers. For data inputs into the processor, the interface bus 
drivers are enabled by the appropriate lOT. For data outputs from the pro­
cessor, the lOT is gated with TP3 H and the resulting signal is used to load 
the desired output register. The Control lines (CO, C1, C2) must be con· 
figured by the device interface during an I/O instruction to notify the pro­
cessor of the type of transfer that will occur between the device and the 
processor. These lines control the data path within the processor and de­
termine if data is to be placed onto the data lines (output) or received from 
the data lines (input). The INTERNAL I/O signal must also be generated to 
notify the processor that an extended cycle is not needed. 

The interrupt facility is a more effident method of I/O transfer. This methbd 
includes all of the above elements of programmed data transfers except the 
time of transfer. Instead of waiting for the processor to check the periph­
eral, the peripheral signals the processor that it has data to be serviced by 
asserting the INT RQST line. The processor interrupt system detects the INT 
RQST signal and enters a subroutine to determine the identity of the request­
ing device by sending an I/O instruction to each peripheral which causes the 
SKIP line to be asserted if the peripheral is asserting the interrupt signal. 
When this identity has been established, a serviCing subroutine causes the 
peripheral to enter a normal programmed data transfer sequence. 

External Bus 
The External Bus provides an extension of the OMNIBUS system which" allows 
interfacing non-OMNIBUS PDP-S family positive·bus equipment with the' 
PDP-8/ A, 8/E, 8/F, or 81M. The external bus' was specially designed to 
make the OMNIBUS operate like the positive-bus PDP-8/1 and PDP-8/l com­
puters. Many modules and peripheral controllers developed for this positive­
bus structure are in demand and are fully supported by DIGITAL. 

The external bus consists of a number of signal lines (8S excluding grounds) 
that enable data transfers between the CP and peripherals. These lines carry 
data and control signals between the peripheral and two interface boards­
the Positive I/O Bus interface (KAS-A) and the Data Break interface (KD8-E) 
-that plug into the OMNIBUS. These two boards convert the internal OMNI­
BUS signals into PDP-8/1 and PDP-8/l type bus Signals. For instance, PDP-
8/1 peripherals need lOP pulses to perform instructions. The PDP-8/E does 
not generate internal lOP pulses, but it does provide signals (MD bits 09, 10, 
and 11) that can be converted into lOP pulses by the Positive I/O Bus inter­
face. Other signals normally required by these peripherals are, in essence, 
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available on the OMNIBUS. For example, BAC (buffered accumulator) bits 
must be supplied for the PDP-811 peripherals. The PDP-8/E Data lines carry 
the necessary accumulator information. The Positive I/O Bus interface merely 
buffers the DATA bits and, thus, provides the external bus BAC signals. 

Although the external bus consists of signal lines from both the positive I/O 
Bus interface and the Data Break interface, it is not always necessary to use 
both boards. When only programmed I/O transfer peripherals are used, the 
Positive I/O Bus interface provides all the necessary Signals. However, if 
data break peripherals are to be connected, both interfaces must be used. 
Because each data break peripheral requires its own data break interface 
board, the number of signal lines comprising the bus may vary. There may 
be as many as 12 of these data break peripherals connected in the system, 
each contributing 36 signal lines to the external bus. Figure 1 illustrates the 
details of an external bus interface. The signals of the external bus are de­
fined in Table 2. Descriptions of general purpose interfacing modules that 
can be used with the external bus are provided in the non-OMNIBUS'related 
modules section (positive bus). 

PRoGRAMMED OATA TRANSfER 
EXTERNAl BUS INTERFACE 

OATA MEAK TRANSFeR 

Figure 1. External Bus Interfacing 
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Table 2. External 1/0 Bus Signal Slmmary. 

SIGNAL DEFINITION 

B Initialize This line is asserted when the processor is initially 
powered up or when the start key is depressed. 
Usually performs housekeeping on all peripheral 
devices-for example, resets all. flip-flops on 
power up. 

ACOO-l1 These lines carry information from the peripheral 
device to the accumulator. (Input) 

BAC 00-11 These lines carry information from the accumula· 
tor to the peripheral devices. (Output) 

BMB 00-11 These lines carry the device identifier code, a 
unique address to which only one device will re­
spond. 

6 

INTERRUPT REQUEST This line is activated by the device flag and, when 
asserted, causes the processor to JMS to location 
o of memory field 0 and disables the interrupt 
system. (Input) 

BIOP 1 This line, when active, is ordinarily used to test 
device flags. (Output) 

SKIP This line, when active during an lOP, will cause 
the processor to skip the next instruction. 

BIOP 2 This line, when active, is ordinarily used to clear 
the device flag and/<>r cause the device to oper­
ate. (Output) 

CLEAR AC . This control line, when asserted, changes the 
mode of I/O input transfer to a jam transfer. 
(Input) 

BIOP 4 When active, is ordinarily used to effect data 
transfers to or from the peripheral devices. (Out­
put) 

B Run When active, signals peripheral devices that the· 
processor is executing instructions. (Output) 

BTSl and BTS3 These lines are used to sync peripheral devices 
to the processor. (Output) 

OMNIBUS-Related Interface Modules 
Detailed descriptions for the following modules are contained here: 

M1703 Input Interface Module 
. Ml705 Output Interlace Module 
Ml709 Interface Foundation Module 
W966 Wire Wrappable Module 
W967 Wire Wrappable Module (w/IC sockets) 
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M1703 
PDP-8/E, 8/M 

OMNIBUS 
OMNIBUS INPUT INTERFACE 

M SERIES 

Length: Extended 
Height: Quad 
Width: Single 

BUS 
RECEIVER 

AND 
DEVICE 

SELECTION 
DECODER 

BUS RECEIVER 

B DU M09 OPE~~~ION 
B DM1 101)10 DECODER 

B OPI Mon !:1 
i ~ ~~ ~ ~ 

• ~ 11:"" CLIlI 3 
~ is dit lli~ i 

CRt 

DEVICE 
SEl 

Power 

CABLE 
CONNECTOR 

flO IX»IE l 

co 

C1 

.. 1703 
12-81T WORD 81£ 
BUS INTERFACE 

Volts 
'+5 
GNO 

mA (max.) 
555 

Pins 
AA2, BA2, CA2 
AC2, BCI, BC2,CCI,CC2, OCI, OC2 
ANI,AN2, BNI, BN2, CNI, CN2, ONI, ON2 
ATI,AT2, BTl, BT2,CTI,CT2, OTI, OT2 
AFl, AF2, BFI, BF2, CFI, CF2, OFl, OF2 
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DESCRIPTION 
The M1703 provides, on a single quad-height module, a complete, self­
contained interface that will input 12 bits of parallel TIL-level data to the 
PDP-8/A, 8/F, 8/E or 8/M OMNIBUS, under interrupt or programmed I/O 
control. The M1703 plugs directly into the OMNIBUS connector assembly, 
and the external device plugs into a 40-pin flat cable connector on the 
module itself. The module includes a device selector, an operation decoder, 
flags, and all control logic needed to request interrupt and respond to pro­
grammed I/O commands on the OMNIBUS. Command codes assigned to this 
module include: 

ENABLE AND DISABLE INTERRUPT 
CLEAR FLAGS 
SKIP IF DEVICE FLAG SET 
READ DATA 

A device selection code of 14 (octal) is assigned to this module but the 
code can be changed by moving wire jumpers. 

FUNCTIONS 
Device Selection Decoder: The device is addressed through this decoder 
when I/O PAUSE is asserted and the octal device code for the decoder is 
received through <MD03:08>. The decoder output asserts the INT. I/O line 
and enables the operation decoder. 

Operation Decoder: The select bits (MOOg, 10 and 11) determine the type of 
operation to be performed when the operation decoder is enabled by the 
device selection decoder. 

DATA <00:11>: Data from the external device is applied to the bus drivers 
on these lines. A READ DATA command enables the bus drivers and as­
serts CO and Cl, thereby entering the data into ACO-ll via corresponding 
OMNIBUS data lines. 

READ RQST: When the external device is ready to input stable data;. it ap­
plies a logic LOW for at least 50 ns on this control line, to set the DEVICE 
FLAG. READ DONE goes HIGH within 60 ns after READ RSQT goes LOW. 

DEVICE FLAG: After being set by a LOW on the RD~QST I'ine, this flag 
initiates an interrupt request (if INTERRUPT is enabled). This flag is sensed 
by the SKIP control line. 

INTERRUPT RQST: When this line is asserted by the DEVICE FLAG, an in­
terrupt request is sent to the computer which responds by executing a JMSO 
instruction. 

INTERRUPT ENABLE: This flip-flop is set to enable and cleared to disable the 
interrupt request function. 

SKIP Control Line: If the device flag is set, the instruction SKIP ON DEVICE 
FLAG asserts the SKIP line, incrementing the contents of the computer's 
program counter. 

READ DONE: This line stays HIGH as long as the DEVICE FLAG is set, and 
signals the end of a data transfer by going LOW after the end of a RD DATA 
pulse. 

Changing the Device Code: The device selection decoder is preset for a 
device code of 14 octal. However, split lugs on this module permit the code 
to be changed by the user to any octal number from 00 to 77. To obtain the 

279 



desired octal number, jumper the split lug pairs that select the binary equiv­
alent of the device code, as shown below: 

10 9 a 7 12 11 1 2 3 4 5 6 

I 
s s 

I I 
s s 

I 
s 

I I 
$ 

$ $ s s s $ 

A. PHYSICAL LAYOUT OF SPLIT LUGS 
(SHOWING JUMPERS FOR DEVICE CODE 14 OCTAL) 

DEVICE CODE 
ADD 

a
' 

aO JUMPER 
AT: 

22 2' 20 22 2' 20 

BIT= t I 3 5 7 9 11 

BIT=O 2 4 6 8 10 12 

EXAMPLE 

o 0 1 1 0 0 BINARY EQUIV. OF 14 OCTAL CODE 
2 4 5 7 10 12 REQUIRED JUMPERS 

B. DETERMINING JUMPERS FOR NEW CODE ASSIGNMENTS 

lOT INSTRUCTION ASSIGNMENTS 

Octal 
Code Instruction 

6140 Disable Interrupt 

6141 Enable Interrupt 

6142 Clear Flags 

6143 Skip if Device 
Flag Set 

6144 Read Data 

SPECIFICATIONS 
Propagation Time: 

FROM 

LOW on 
RD RQST input 

Purpose 

Clears the INTERRUPT ENABLE flag to dis­
able the INT RQST line 

Sets the INTERRUPT ENABLE flag to enable 
the INT RQST line 

Clears the DEVICE FLAG, asserts READ DONE 
and clears INTERRUPT ENABLE flag 

Asserts the'SKIP line if the DEVICE FLAG is 
set. The computer responds by incrementing 
the program counter so that the next instruc­
tion is skipped. 

Transfers input data bits <00:11 > to 
<ACOO:11> through the OMNIBUS data 
lines. Also clears the DEVICE FLAG, allowing 
the RD DONE output to go LOW when the 
data transfer is complete. 

TO 

RD DONE 
going HIGH 
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M1705 OMNIBUS 

OMNIBUS OUTPUT INTERFACE 
M SERIES 

length: Extended 
Height: Quad 
Width: Single 

Volts 
+5 

GND 

Power 
mA (max.) 

1.15A 

x%.:t% XXX:I.%J:J::r. 
Q- ........ ..."OO ..... ·Q>O-

XJ::r:r::r:l:l:J::J:Xl:l: 
O~""""'."''''",.O-O-ggggggggggc;o 
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DESCRIPTION 
The M1705 is an output interface module that allows the PDP-8 computer 
to transfer data to, and control the operation of, remotely programmable in­
struments or similar digital devices. The function is to perform parallel trans­
fers, under program or interrupt control, of 12-bit data words from the com­
puter to peripheral devices. 

The M1705 consists of duplicate logic sections. Each section includes device 
selection logic to address an external device, an operations decoder to deter­
mine the type of interface operation, a 12-bit storage register to buffer the 
output data, interrupt control logic, and bus drivers/receivers to allow 
operation on the OMNIBUS. Connection to the device(s) is made via stan­
dard cables that plug into a pair of connectors on the M1705 module board. 

FEATURES. 

• Complete single-card OMNIBUS output interface 
• Data storage registers 
• Pro~ram interrupt capability 
• Cable drivers on all output signals, diode-protected 

• Compatible with M1703 OMNIBUS Input Interface 

• TTL-compatible signals 
• Diode-protection/pulse-shaping on all input signals 
• Peripheral I/O cables plug directly onto M1705 card 

• Variable pulse width control signals 

• User-assigned device codes-jumper selected 

• Many user-selected control functions-assertion levels, both TTL and con­
tact closures. 

APPLICATIONS 
The M1705 OMNIBUS Output Interface is suitable for a variety of scientific 
and industrial applications which require parallel TTL-compatible data to be 
output from a PDP-8/E family computer. Its dual word (24-bit) digital output 
and data storage capability make it a natural for the remote programming of 
instruments such as digital voltmeters (DVMs), digital multimeters (DMMs), 
RLC bridges, programmable power supplies and many more. 

The M1705 finds application in the scientific and industrial laboratory as a 
general-purpo~e digital (TTL) output interface. The control of experimental 
equipment and the driving of strip chart recorders are only two of the many 
possi ble laboratory uses. 

Its cable-driving capabilities make the MI705 a fine choice for interprocessor 
communication. When used with the M1703 OMNIBUS Input Interface, the 
M1705 provides the capability of communicating at high speed with one or 
more PDP-8/E family computers. Additionally, the MI703 Input and MI705 
Output Interfaces may be combined at one computer to form a general­
purpose digital input/output interface system. The result is a very flexible, 
low-cost system that may be readily expanded. This type of system is often 
required for the control of, and collection of data from, programmable in­
struments, production line machinery, lab experiments, and custom periph­
eral devices (X-Y recorders, card readers, mag tape drivers, etc.). 
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FUNCTIONS 
Device Selection Decoder (A, 8) 
External devices are addressed through one of two identical Device Selection 
Decoders. This allows external devices to be handled separately if desired. 
Each decoder is activated when I/O PAUSE is asserted by the processor and 
the octal device code for that decoder is received through bits MD03·MD08. 
Decoders A and Bare factory·assigned octal device codes 15 and 16 re­
spectively. However, any octal code from 01 to 77 is selectable by the user 
via split lug jumpers. The decoder output asserts the INTERNAL I/O line 
and enables an operation decoder. 

Operation Decoder (A, 8) 
The Operation Decoder decodes the three operation bits MD09-MDll from 
the OMNIBUS to determine the type of operation to be performed. The ap­
propriate operation decoder (A or B) is enabled by its respective Device 
Selection Decoder (A or B). 

Output Register (A, 8) 
The data from the processor accumulator (AC) is transferred to one of the 
two output registers (A or B) via OMNIBUS lines DATA·OO·DATA-ll. A binary 
1 in the accumulator corresponds to a binary 1 in the output register and to 
a logic HIGH at the register's output. The register output (DOO·Dll) may be 
transferred, in parallel, to the device by a Data Strobe pulse. All bits of both 
output registers are reset to a logic LOW by assertion of the OMNIBUS 
signal IN ITIAl/ZE. 

Device Flag (A, B) 
This is a flip-flop which is set by the external device signal DEV RDY or DEV 
RDY CONTACT and reset by the INITIALIZE sigl;lal from the processor or by 
the appropriate lOT 3 (WRITE REGISTER) command). The status of the De­
vice Flag can be interrogated by the lOT 2 (SKP ON DEV FLG) command. 
Setting this flip-flop initiates the interrupt request if the Interrupt Enable 
Flag flip-flop is set. 

Interrupt Enable Flag (A, B) 
This is a flip-flop which is set under program control to enable or disable the 
interrupt request function on the M1705 module. 

Control Flag (A, B) 
This is a spare flip·flop which may be used to perform any additional control 
function at the external device. 

I/O Bus Drivers and Receivers 
The OMNIBUS receivers and drivers contain special high·impedance circuitry 
to min:mize bus loading. 

PROGRAMMING 
The following is a list of instructions that are availab'ie for use by the pro· 
grammer. 

284 



Octal 
Code* Name 

6150 Disable Interrupt A 

6151 Enable Interrupt A 

6152 Skip on Device 
Flag A 

6153 Write Register A 

6154 Trigger Data 
Strobe A 

6155 Read Register A 

6156 Set Control Flag A 

6157 Reset Control 
Flag A 

6160 Disable Interrupt B 

6161 Enable Interrupt B 

6162 Skip on Device 
Flag B 

6163 Write Register B 

6164 Trigger Data 
Strobe B 

6165 Read Register B 

6166 Set Control Flag B 

6167 Reset Control 
Flag B 

Function 

Resets INTR ENB FLG A to disable the In­
terrupt Request function for Section A. 

Sets the INTR EN B FLG A to enable the 
Interrupt Request function for Section A. 

Asserts the SKIP line if DEV FLG A is set. 

Clocks the contents of ACOO-ACll into Out­
put Register A. Also, OUTPUT A DONE H 
becomes a logic HIGH and OUTPUT A 
DONE L becomes a logic LOW following 
completion of this instruction. 

The trailing edge of the pulse generated by 
this lOT initiates DATA STROBE A Hand 
DATA STROBE A L pulses. 

Transfers the contents of Output Register A 
to ACOO-ACl!. 

Sets the CTL FLG A flip-flop. 

Resets the CTL FLG A flip-flop. 

Resets INTR ENB FLG B to disable the In­
terrupt Request function for Section B. 

Sets the INTR ENB FLG B to enable the 
Interrupt Request function for Section B. 

Asserts the SKIP line if DEV FLG B is set. 

Clocks the contents of ACOO-ACll into Out­
put Register B. 

Also, OUTPUT B DONE H becomes a logic 
HIGH and OUTPUT B DONE L becomes a 
LOW following completion of this instruc­
tion. 

The trailing edge of the pulse generated by 
this lOT initiates DATA STROBE B Hand 
DATA STROBE B L pulses. 

Transfers the content of Output Register B 
to ACOO-ACl!. 

Sets the CTL FLG B flip·flop. 

Resets ,the CTL FLG B flip-Flop. 

'"Device codes 158 and 168 are factory-selected. Other codes may be chosen by changing 
jumpers on the M1705 module. 
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M1709 
OMNIBUS INTERFACE 
FOUNDATION MODULE 

Length: Extended 
Height: Quad 
Width: Single 

Printed Ckt. Rev.: B 
Ckt. Scham. Rev.: A 
Printed: August 1972 

Board Size: 
L-Extended 
H-Quad 
W-Single 

No. Slots: 4 

Power 
Pins 

."~ 
I 

.,,.,. 
c..lauSINTEftUCE 

FQ.frIOA'Jlo.. 

mA (max.) 
830 AA2, BA2, CA2 

OMNIBUS 

M SERIES 

------';< 
--"=<: 
~ 

~ 
~ 
~ 
~ 

-~ ~ 
~ 
--"-' 
-----4 
...-.---~ 
-~ •• ,,-<: 

.---!l-!c 

Volts 
+5 
GND All pins C, N, F, and T 
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DESCRIPTION 
The M1709 OMNIBUS Interface Foundation module is a generalized OMNI­
BUS interface card that is constructed to allow the user to build a custom 
design using integrated circuits (ICs). All required OMNIBUS interface logic, 
i.e., bus drivers/receivers, device selectors, and interrupt/skip circuitry is 
provided. IC mounting pads with wire wrappable pins are made available for 
custom circuitry. Pads accommodate all common types of Dual-In-Line Pack 
(t:?IP) ICs with up to forty pins. 

Connection to user-equipment is made via standard cables (SCOaR or BC04Z) 
that plug directly into the M1709 module board. The module cable connector 
allows several M1709 modules or W966/W967 wire wrappable modules to 
be strapped together to accommodate more extensive designs. 

APPLICATIONS 
Since both analog and digital circuitry are available in DIP form, quite com­
plex systems may be built. Some of the typical applications for the M1709 
module are: 

• Multiword input and/ or output 
• Instrument interfaces 
• Interprocessor communication 
• Oscilloscope controller (0/ A) 
• Peripheral control (data terminals, etc.) 
• Interfacing of: 

FUNCTIONS 

A/D converters 
Multipl~xers 
Counters 
Shift registers 
Read-Only Memories (ROMs) 
Arithmetic Logic Units (ALU) 

The preassembled circuitry of the M 1709 module can be classified into four 
categories: Device and Function Selection, Data Bus Interface, Interrupt and 
Skip Interface, and Control Line Interface. 

Device and Function Selection: Device address decoding is perfornied with a 
pair of binary-to-octal decoders (3 to a line). OMNIBUS lines MD03 through 
MOOS are decoded and one output of each decoder is ANDed (by wire wrap­
ping) to sense a "device selected" condition. Any code from 018 to 778 is 
selectable via wire wrap jumper selection. 

The "device selected" condition is, in turn, ANDed with the I/O PAUSE 
Signal to drive the OMNIBUS signal INTERNAL I/O. This signal is also made 
available at a wire wrap pin as SELECT H. 

Function decoding is performed by a binary-to-octal decoder (3 to S line). 
OMNIBUS signals MD09 through MOll are decoded to form the eight lOT 0 
through lOT 7 signals. These TIL signals are made available at numbered 
wire wrap pins for ease of connection to user-installed IC logic. 

Data Bus Interface: The 12 OMNIBUS Data Lines, DATA 00 through DATA 11, 
are received with special high-impedance circuitry and TIL signals are made 
available at wire wrap pins. In addition, each data line has a speCial BUS 
driver circuit assigned to it. Input to these drivers is available at wire wrap 
pins and is TIL-compatible for direct connection to user-installed IC logic. 

Enabling inputs are provided for both data line receivers and drivers. 
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Interrupt and Skip Interface: BUS driver circuits are available for driving the 
OMNIBUS INT RQST and SKIP lines. The INT RQST driver has an enabling 
input which can be used to inhibit the interrupt request while maintaining 
the ability to test the interrupt condition via the SKIP facility. Input to these 
drivers is TTL-compatible and made via wire wrap pins. 

CO,ntrof line Interface: BUS driver circuits are connected for asserting the 
three OMNIBUS data transfer mode signal lines-Co, C" C2. Input to these 
drivers is TTL-compatible and made via wire wrap pins. 

Miscellaneous Interface Signals: OMNIBUS signals TP3 and INITIALIZE are 
received with high impedance circuits. These signals are made available in 
TTL-compatible form at wire wrap pins as BTP3 and BIN IT, respectively. A 
source of +3 volts is made available at a wire wrap pin. 

OMNIBUS Signals made Available to the User* 
In addition to those OMNIBUS signals mentioned previously, the following 
40 OMNIBUS signals are made available to the user at wire wrap pins. The 
complete set of signals available is sufficient to allow the user to accomplish 
all program transfer and data break interface operations. 

OMNIBUS Signal Name 

MAO 
MAl 
MA2 
MA3 
MDO 
MDI 
MD 
MD DIR 
MA4 _ 
MA5 
MA6 
MA7 
MD6 
MD7 
INT STROBE 
BRK IN PROG 
MA, MS LOAD CO NT 
OVERFLOW 
BREAK DATA CONT 
BREAK CYCLE 
BUS STROBE 

Pin 

ADI 
AEI 
AHI 
AJI 
AKI 
All 

AMI 
AK2 
BOl 
BEl 
BHl 
BJI ' 

BMI 
BPI 
B02 
BE2 
BH2 
BJ2 
BK2 
BL2 
CKI 

* These OMNIBUS signals (except ± 15 V), require high impedance/low leakage current 
driving and receiving circuitry. (Use DEC 8640 and 8881 ICs). 
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OMNIBUS Signal Name Pin 

NOT LAST XFER CMI 
CPMA DISABLE CUI 
MS, IR DISABLE CVI 
TPI C02 
TP2 CE2 
TP3 CH2 
T~ ~2 
TSI CK2 
TS2 CL2 
TS3 CM2 
T54 CP2 
LINK DATA CR2 
LI N K LOAD C52 
MA8 001 
MA9 DEI 
MAIO DHI 
MAll DJI 
+15 V DA2 
-15 V DB2 

SPECIFICATIONS 
Signals to and. from the OMNIBUS are received or driven with special high 
impedance circuitry to minimize bus loading. 

CAUTION 
All requirements for timing should be in accor­
dance with the PDP-8/ e and -8/ m Small Com­
puter Handbook. 
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W966 
WIRE WRAPPABLE MODULE 

Length: Extended 
Height: Quad 
Width: Single 

OMNIBUS 

W SERIES 

A~ 

Er u 
H L EJ~~r 

EJEJEJBBBBGB 
BBEJBBBBBGB 
BBBEJBBBBGG 

EJBEJEJBBBGtJ 

110 

00 
of 
oJ 
oL 
oN 
oR 
oT 
oV 
oX 
oZ 
o BB 
oDD 
oFF 
o JJ 
o LL 

c B 

WIRE WRAP PINS 

POWER AND GROUND IS 
ETCHED TO ALL OF THESE 

W966 Wire Wrappable Module 
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DESCRIPTION 
The W966 Wire Wrappable Module is a PDP·8/E, 8/F, 8/M general·purpose 
module that provides for the construction of custom interface designs using 
integrated circuits (ICs) and wire wrapped interconnections. Up to 42 of 14-
and/or 16-pin ICs can be easily mounted (with or without 16-pin sockets) 
onto the etched IC pads. (Sockets are not supplied.) Each wire wrap pin can 
accommodate two separate leads of 30-gauge wire. Discrete components 
may also be directly soldered onto the IC pads. Position E39 features a pad 
that can be used for mounting a potentiometer. 

The W966 has 72 etched contact fingers at the handle end, with a wire wrap 
pin connected to each finger. When a W966 is located adjacent to another 
W966, signals can be bused from one module to the other via these contact 
fingers by using an H851 edge connector. One H851 can bus 36 signals; 
therefore, two H851s are required to bus all 72 signals. In addition, the 
standard 144 contact fingers at the connector end of the module are also 
connected to wire wrap pins. 

An H854 40·pin 1/0 connector (male) is contained on the module to provide 
access to the "outside world"; it can accept any cable equipped with an 
H856 connector. Eighteen of these connector pins are connected to wire 
wrap pins. 

+5V 
AA2,BA2, CA2 C43 C44 C45 

6.8UF 6.8UF 6BUF 
35V ~V 35V 

+ 10%+ 10%+ 10% 
";, :::: :::: :::: :::: ; r: THRU ;~ 

CI • • C42 . 0IUF 
IOCN 
20"-

GND 

ACI, AC2, AFI, AF2, ANI, AN2, ATI, AT2, 

BCI,BC2,BFI,BF2,BNI,BN2,BTI, BT2, 

CCI,CC2,CFI, CF2, CNI, CN2,CTI,CT2, 

DCI, OC2, OFI, OF2, ONI, DN2, OTl, DT2 

CONNECTOR I 

A B C E H K M P S U W Y AA CC EE HH KK MM PP SS UU VV 

W966 Circuit Schematic 
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W967 
WIRE WRAPPABLE MODULE 

Length: Extended 
Height: Quad 
Width: Single 

OMNIBUS 

W SERIES 

A W--.., 
o U 0 0 B H EJ G 

EJBBBBBBGG 
BEJEJBEJEJBBGG 
EJBEJBBBBBGG 
E~ EJBrJEJBBBGD 

110 

00 
of 
oJ 
o L 
ON 
oR 
o T 
o V 
oX 
o Z 
o BB 
000 
oFF 
o JJ 
o LL 

c B 

WIRE WRAP PINS 

POWER AND GROUND IS 
ETCHED TO ALL OF THESE 

W967 Wir~ Wrappable Module 
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DESCRIPTION 
The W967 Wire Wrappable Module is a PDP~8/E, 8/F, 8/M general-purpose 
module that provides for the construction of custom interface designs using 
intergrated circuits (lCs). Featured on the board are 42 low-profile Ie sockets 
which easily accommodate 14- and/or 16-pin ICs. Each wire wrap pin can 
accommodate two separate leads of 30-gauge wire. Discrete components 
may also be directly inserted into the sockets. Position E39 features a pad 
that can be used for mounting a potentiometer by removing the socket. 

The W967 has 72 etched contact fingers at the handle end, with a wire wrap 
pin connected to each finger. When a W967 is located adjacent to another 
W967, signals can be bused from one module to the other via these contact 
fingers by using an H851 edge connector. One H851 can bus 36 signals; 
therefore, two H851s are required to bus all 72 signals. In addition, the 
standard 144 contact fingers at the connector end of the module are also 
connected to wire wrap pins. 

An H854 40-pin I/O connector (male) is contained on the module to provide 
access to the "outside world"; it can accept any cable equipped with an 
H856 connector. Eighteen of these connector pins are connected to wire 
wrap pins. 

+5V 
AA2,BA2, CA2 C43 C44 C45 

6.8UF 6.811F 6BUF 
35V 35V '!I5V 

!J.0% ; 10%+ 10% 

--" :::: :::: r:. ;~ THRU :::~ 
CI •. 0IUF • C42 

• IOOV 
20% 

GNo 

ACI, AC2, AFI, AF2, ANI, AN2, ATI, AT2 , 

BCI,BC2,BFI,BF2,BNI,BN2,BTI, BT2, 

CCI,CC2,CFI, CF2, CNI, CN2,CTI,CT2, 

oCI, OC2, oFI,oF2, oNI , ON2, oTI, oT2 

CONNECTOR I 

A B C E H K M P 5 U W Y AA CC EE HH KK MM PP 55 UU VV 
~ ~ ~ 

W967 Circuit Schematic 
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PDP-S, S/I, S/L, -SIS (Non-OMNIBUS) Interfacing 
This subsection is organized into two groups: 

(1) Positive Bus-PDP-81/ and PDP-8/l 
(2) Negative Bus-PDP-8 and PDP-8/S 

The I/O signals for the positive and negative buses are identical; refer to 
Table 2 for descriptions. 

Positive Bus-is utilized on most PDP-8/1 and all PDP-8/l processors. This 
means all logic signals passing between these processors and I/O equipment 
are positive voltage levels or positive signals which allow direct TTL logic 
interface with appropriate diode clamp protection. The positive levels and 
pulses change from ground potential (0 V to 0.4 V) to (+2.4 V to +3.6 V) 
and vice-versa. 

The M Series functional modules for use with the positive bus PDP-8 pro­
cessors are listed below and described on the following pages. 

MIOI Bus Receivers (data output) 

MI03 
MI07 

MI08 

M623 
M624 

M730 

M73I 

M732 

M733 

M734 

M735 

M736 

M737 

M738 

M970 

Device Selectors 

Flags 

Bus Drivers (data input) 

Bus Output Interface (positive logic output) 

Bus Output Interface (negative logic output) 

Bus Input Interface (positive logic input) 

Bus Input Interface (nega.tive logic input) 

3-Word Input Multiplexer 

Input/Output Interface 

Priority Interrupt Control 

Bus Receiver Interface 

Counter-Buffer Interface 

Diode Clamping for Bus Lines 
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MIOI 
BUS DATA INTERFACE 

Length: Standard 
Height: Single 
Width: Single 

15 C1 

Volts 
+5 
GND 

Power 
~A (max.) 
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Pins 
A2 
C2. Tl 

- r 8.FAMILY 1 
POS.I/OBUS 

"'-

~ MSERIES 



The MIOI contains fifteen, two-input TIL NAND gates with input ground 
clamps arranged for convenient data strobing from the POPS/I or POP8/L 
positive bus. 

APPLICATIONS 
• POP8/ I, P~P-Sf L Positive Bus Output Expansion 
• Can also be used as inverters or a data multiplexer 

FUNCTIONS 
Inputs are NAND gated to the output by the common ENABLE input (el). 

SPECIFICATIONS 
Inputs and outputs have standard M Series levels and propagation time. 'All 
data inputs are protected from a negative voltage of more than -0.8 volts. 
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MI03 
DEVICE SELECTOR 

Length: Standard 
Height: Single 
Width: Single 

1. U2 
ALTN 

OPTION SELECT 

Volts 
+5 
GND 

Power 
mA (max.) 
110 

8·FAMILY 
POS.I/OBUS 

M SERIES 

~
H1 

K1
'0 1 J1 

~
LI 

Nt to 
1 Mt 

Pins 
A2 
C2, T1 

The MI03 is \Jsed to decode the six device bits transmitted in complement 
pairs on the positive -bus of the POP8/ I and POPS/ L. Selection codes are 
obtained by selective wiring of the bus signals to the code select inputs 02, 
E2, F2, H2, J2, and K2. This module also includes pulse buffering gates for 
the lOP signals found on the positive bus of the above computers. Two two­
input NAND gates are also provided for any additional buffering that is re­
quired. 
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APPLICATIONS 
• Special-purpose M Series Interfaces for positive bus PDP-S/I, PDP-S/L 

FUNCTIONS 
OPTION SELECT: The OPTION SELECT output is HIGH when all code inputs 
(D2-N2) are HIGH. The OPTION SELECT ENABLE input is able to override 
the code input. • 

lOP ENABLE: When the OPTION SELECT output is enabled, lOP pulses from 
the computer are gated to output pins Al·Fl. Buffered and unbuffered out· 
puts are provided (of opposite polarity). 

Unused Inputs: Unused code inputs should be connected to a source of logic 
HIGH. Inputs U2, L2. and N2 need not be tied to logic HIGH. 

SPECIFICATIONS 
Input Protection: All inputs which receive positive bus signals are protected 
from negative voltage undershoot of more than O.SV . 

• 
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MI07 
DEVICE SELECTOR 

Length: Standard 
Height: ·Double 
Width: Single 

I 8-FAMILY-' 
POS.I/OBUS 

--t 

M SERIES J 

1 BV2 CLA, * ~
BF2 BPI 

BUS 

10P2 1 ,AN_2~ __ 

IOP4 1 rA_P2___.---- 1 

1lMB9 1 ,A_At ___ " 

8M t rAB_l_----LJ 

1 AT2 

INIT 1 rA.--------~ 
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Volts 
+5 
GND 

Power 
ll~ (max.) Pins 

A2 
C2, T1 



The MI07 is a device selector which, by the use of extended decoding of the 
BMB lines 9 through 11, will provide seven discrete lOT pulses. Five additional 
lOT pulse outputs are provided to allow the user to reduce software require· 
ments by the combining of lOT codes. The lOT instruction and the lOP times 
at which the various lOT pulses occur at the module pins are outlined in the 
following chart: 

Module lOT AT lOP TIME 
Pin 1 2 4 

BH2 1-1 X 

BM2 2-2 X 

BJ2 3-1 X 

BN2 3-2 X 

BS2 4-4 X 
BK2 5-1 X 

BT2 5-4 X 
BP2 6-2 X 

BU2 6-4 X 

BL2 7-1 X 

BR2 7-2 X 

BV2 7-4 X 

Example: If an IOP-7 is issued, lOT pulses will exist only at output pins BL2 
(7-1), BR2 (7-2) and B\'2 (7-4). lOT pulses will not exist at any other 
output pin. 

The MI07 also contains two flag fHp-f/ops which may be directly cleared or set. 
The outputs of the flag flip-flops are connected to the skip and program inter­
rupt lines. Interrogation of the flags is accomplished by lOT 1 - 1 for flag 
1 and lOT 2 - 2 for flag 2. 

-The MI07 also provides two inputs to accomplish the "clear the accumulator" 
function. 

Outputs: Option Select Pin ADI can drive 13 TTL loads. Bus driver outputs 
pins BPI, BSl, and BRI are open et>lIector NPN transistors and can sink 
30 rna. at ground. The maximum voltage applied to these outputs must not 
exceed +20 Volts and each output is diode protected against negative under­
shoot in excess of -0.9Volts. 

300 



Length: Standard 
Height: Single 
Width: Single 

MI08 
FLAG MODULE 

ENABLE H .3t-=0.:.2_-------~----____, 
8K 

+3V ----4-----10 

8·FAMILY 
POs. 1/0 BUS 

M SERIES 

FLAG L2 9 FLAG L 

~TH2~ 0 

RE~ L I j.:J.=..2_-----c:l 

TEST L 1 j.:.:H:::,2_---+-------------J 

E~~H .~E2~----~------~---------~ 

FLAG .---____ ~___4I___.....:.;R2==19 FLAG L 

~TH2~~~------_+-----~C~ 0 

RE~T L I I!!N~2_---4-_a 

TEST L 1 f!:M:.!:,2_----+----------~ 

~~Hh .. :~~~----~---~--------~ 

+3V-.......... >-----I 

SET H 2 r=U""2_---+--------t 

RE~T L 1 t-=-T.::.;2_---4--(1 

*-OPEN COLLECTORS: 100MA,+20V MAX. 

Volts 
+5 
GND 

Power 
mA (max.) 
137 

301 

Pins 
A2 
C2, T1 



The MlOS contains three general-purpose clocked flip-flops for use in flag 
applications in 1/0 interfaces, etc. Gating is provided sothat the flags can be 
individually set or gated to the program interrupt ·inputs of a positive-bus 
PDP-S computer. 

APPLICATIONS 
• Device Ready logic in custom device interfaces for positive-bus PDP-S com-

puters 

FUNCTIONS 
CLEAR Inputs: Each flag flip-flop may be independently cleared or all flip-flops 
may be cleared simultaneously. 

Flag Outputs: The output of each flag flip-flop is gateable and is open col­
lector ORed to the Program Interrupt bus. 

The output of each flag flip-flop is passed through a gate and open collector 
to the skip bus. This facility allows the user to test for a flag. 

The 0 side of each flip-flop has been extended to module pins for peripheral 
control. 

SET Inputs: Each flip-flop may be independently set by the application of the 
leading (positive going voltage) edge of a pulse or level to the clock. inputs. 

Disabling PI Feature: If use of the Program Interrupt feature is notdesireJ;f, 
the ENABLE inputs (02, E2, F2) must be connected to ground. If Program 
Interrupt is desired,. no connections to the ENABLE inputs are required. 

SPECIFICATIONS 
~in Rl, (PI Function) and Sl (Skip Function) are open collector NPN Tran­
sistors and will sink 100mA to ground. The voltage applied to these outputs 
must not exceed +20 volts. 
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I 
8-FAMILY 

..... 

______ M_6_23 _______ ·. ,,-P_O_S_ol_/O_B_U_S-1 BUS DRIVER .-
M SERIES 

Length: Standard 
Height: Single 
Width: Single 

*=$INKS 100MA TO GROUND, +20V MAX. 

Volts 

t~D 

Power 
mA (max.) 
7P 

Pins 
A2 
C2, T1 
U1, V1 

• does not include output current 

The M623 contains 12 two-input AND gate bus drivers for convenient driving 
of the positive input1>us of either the PDP-S!I or PDP-Sf L. The output con· 
sists of an open collector NPN transistor. 

APPLICATIONS 
• Driving PDP-S!I or PDP·S! L positive input bus 

fUNCTIONS 
A driver output will be at ground when both inputs are at ground. 

SPECifiCATIONS 
Output Drive: Each driver can sink 100 mA at ground and can withstand a 
maximum output voltage of +20 volts. 

Output Rise and fall Times: Typically 30 ns when a 100 rnA resistive load 
is connected to a driver output. 
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I 
8-FAMILY 

___________ B_U_SM __ g_~4_IV_E_R ________ ~.~PO-:-.:-:O-R;-E~-S~ 
length: Standard 
Height: Single 
Width: Single 

12 CI 

*",SINKS 100 mA TO GND~ +20V MAX. 

Volts 
+5 
GND 

Power 
mA (max.) 
89· 

Pins 
A2 
e2. Tl 

• driver outputs not connected 

The M624 contains 15 bus drivers intended for convenient driving of the 
positive input bus of either the PDP-Sf I or PDP-Sf l. Twelve of the drivers 
have a common gate line for selecting data. There are three additional 
drivers, two sharing a common gate line and the third without a gate line. 
These three additional drivers were intended to accommodate the functions 
of PROGRAM INTERRUPT, 10 SKIP and CLEAR AC. 

Each output consists of an open collector NPN transistor. 
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APPLICATIONS 
• PDP·S/I or PDP·81 L positive input ~us 

driving 

SPECIFICATIONS 
All outputs can sink 100 rnA to ground. Voltage applied to the output should 
be equal to or less than +20 volts. Output rise and fall times are typically 
30 ns when a 100 rnA resistive load to +5 volts is connected to a driver 
output. 
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1-

M730 & M731 
BUS INTERFACES 

8-FAMILY -1 
POS.I/OBUS 

1
M SERIES 

.J 
Length: Standard 
Height: Double 
Width: Single 

LEVEL 
CONVERTERS 

8MB AND lOP SIGNALS 
FROM COMPUTER 

DEVICE 
SELECTOR 

Volts Power 
+5 ~o~ (max.) 

FLAG 
CONTROL 

FLAG CONTROL.: 
SIGNALS 
TO COMPUTER 

TIMING TIMING 
GENERATOR SIGNALS 
(INCLUDING TO 

LEVEL INTERFACE 
CONVERTERS) DEVICE 

Pins 
AA2. BA2 

. 12 DATA LEVELS 
TO INTERFACE 
DEVICE 

GND AC2. ATl BC2 BTl 
AB2. BB2 • -15 90· 

• M731 only 
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· The M730 and M731 interface modules provide extremely flexible interface 
control logic to connect devices, systems, and instruments to the output half 
of the programmed I/O transfer bus of either a PDP8/1 or a PDP8/L positive 
bus computer. Peripheral equipment which operates either asynchronously 
or synchronously to a computer and expects to receive data from that com­
puter, can to a large degree be interfaced by either the M730 or M731. Basic 
restrictions on the device or system to be interfaced are simply that it receive 
data in parallel, provide one or more control lines, and operate at a data 
transfer rate of less than 20 KHz. Complete interfaces to such peripheral 
gear as card punches and other repetitive devices is possible using the M730 
and M731; however part of the controlling functions, such as counting etc. 
must be performed by computer software. 

The M730 provides an output interface for positive voltage level devices and 
the M731 provides an output interface for systems using negative voltages. 
A detailed description of the M730follows; the M731 is essentially the same 
except for the negative outputs. 
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DONE 1- [I]6BL--

DONE 1+ IIJ!8--

DONE 2- [IJ!!L-

DONE 2+ ~ 

.f"i1&2 1NITULIZE 

.~ ENMU 
JOf'I 

IOPZ 

lOP 4 

~-mAN2 

~ 
[5AAt 

1,;AlI\ 
-III 

..011 

_1111 

.. 113 _4 _5 _. 
_7 
_i 

Me. 

Me, 

Me2 

Mel 

Me4 

Me!! 

lACe 

Me7 

EllICe 

lAC. 

MeIO 

Io\IICII 

,;..;, ,---
,~ 
rr~ 

~ .!... 
~ 

@"AFl 

[Pl.AHI 
';' A.I, 

~AK' 
pAL, 

pAM' 

pAN' 

pAl'l 

[Pl.'"'' 

'ii"'AS' 
p AU' 

pAVt 

.~ 
BU' 7 FLAG' 

-~ 
BS' • SK'P 

LF1 FLAG 

~'o "---

VH ~ 
o L .~S''-.+_ - V 

1IR1* 

Uf'1 ~G >---

~~ 
o L BV! 7 F\.AGZ 

- AOI-EJswx: 

DEV'CE 
SELECfOII 

~ -
~ 

~PU..SE 

BEZ. 1+ 

~ 
~n IIF~LSE 

""" ~ 
AV~ 2+ 

~ ~ 
--Jr- - ~~. • DATAl. 

• DATAZ 

~o.uA3 
~~DATA4 "0" TYPE OUTPUT 

STORAGE DRlVEIIS ~DATA IlEGISTEII 
~OATA. 
~DATA7 

·BS2@o.uA8 

·8T'2i!jDATA9 

IkJ ~r:::-t DoIITA 

...BW@DATAII ---- ---- 10 

NOTE: 
*"aw SIMI 3OftoA AT GIIQJNO 

BUS INTERFACE - M730 (POSITIVE OUTPUT) 
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[!]!!!!--

DONE 1+ mas--

DONE Z- OJ!IL--

" DONE!+ UJ!!!!--

NTIALlZE 

ENABLE 

lOP I 

JOI'2 

1Of'4 

II1II9(1) 

1IM81OlII 

..... 1111 

_3 _4 
_5 -­_7 
8MB I 

BACe 

BACI 

BAC2 

BAC3 

BAC4 

BAt 5 

SACS 

BAC7 

&ACI 

BAC9 

BACIO 

BACH 

I:QALI 
fl1.ul 
ill-IT}-
gr' 
mAAI 
~ 

I 

I I 

I 2_ 

~ 
~ 
~ 
~ 
lI)!!Sl--

p'AFI 

fPl!'HI 

~" : AlII 

~ALI 
p AMI 

mAN1 

fPl..API 

F,i.ARI 

mASI 

"i'AlJI 

p AVI 

.r~ 
IUI-{i)U18 I 

-~ 
asl:::!: If> 

~ F~G 

~'O ""-

VH ~ -"". O. L .D S Ir-- - D =" 

~~ ---
o l 1M ., FLAGZ 

- ...MIt, 

DfV1CE 
SELECTOR 

~ I----

~ r • 

V"' 
11121:"1. -.. ""-'" 

V-
"- • --*Pil..lIf:IO 

~ V-
"- _WZ * 2-

'----
AYZ-I!)uI.H Z+ 

..--Jr- ..-- - OII'Ae 
..11.12 Do\llll 

BICZ * DA1ll2 
BI.2 * Do\lllS 

.B112 
~ ;rA4 

~ , OUTFUT 8M2 DRIVERS =DATA& IlEGISTlR 
IIP2. * DATAl 

_I!!Z • DATA? 
BS2 * OII'Ae _m 

*}DA1ll9 
.1U2 * DAllltO 
l1li2 

Do\TA" '---- -
NOTE: 

*-CAN SIN/( 30 .... AT GROUNO 

BUS INTERFACE - M731 (NEGATIVE OUTPUT) 
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GENERAL 
The M730 provides a complete positive (TTL compatible) output interface for 
the positive bus PDP·8/ I or PDp·8/ L. It accepts from the positive bus com· 
puter 12 bits of data from the BAC bus, the device selection code from the 
MB bus, and lOP pulses from the lOP bus. It will send information from 2 
flags to the computer via the skip bus, and will send 12 bits of data plus two 
pulses (pulse 1 and pulse 2) to the external device. The pulses are variable 
from 5 to 25 microseconds by the use of potentiometers. The module will 
also accept Done signals from the external device to control the flags. 

FLAG CONTROL 
Setting Flag 1 or Flag 2 causes an interrupt which comes from an open col· 
lector NPN transistor to the positive bus computer in the form of a ground 
Signal. lOT 6XY1 will cause a skip if Flag 1 is set. lOT 6XY3 will cause a skip 
if Flag 2 is set. The skip output is also an open collector NPN transistor 
which, when asserted, sends a ground Signal to the positive bus computer. 
Both skip and interrupt outputs are open collector NPN transistors that can 
be tied directly to the skip and interrupt bus of the positive bus computer. 
Flag 1 and Flag 2 outputs are available as M Series TTL outputs and are 
ground when true. Flag 1 is set by Done 1- and Done 1+ from the external 
device. In order to set Flag 1, Done 1- must go to ground and Done 1+ 
must go to at least +2.5 V. If desired, one can tie Done 1+ to +3VDC and 
set Flag 1 by issuing a negative pulse or level at Done 1-. To set Flag 2 use 
Done 2- and Done 2+, the same as Flag 1- and Flag 1+. Flag 1 and 
Flag 2 can be cleared by Initialize or by lOT 6XY2. 

DEVICE SELECTOR CONTROL 
The code selector accepts signals from bus lines BMB 3·8. When the AND 
gate conditions are met (depending on the code wired in) the Device Selector 
will become active. The code selected by BMB 3·8 can be bypassed by put· 
ting a ground on the enable line. The Select output can be used as an enable 
to allow external gating of pulses lOP 1, 2, and 4 and levels BMB 9 (1), BMB 
10 (1), and BMB 11 (1) to issue the. lOTs listed below depending on which 
gates are met. 

Mnemonic ON lOP OPERATION 

6XY1 1 Ski p on Flag 1 

6XY2 2 Clear Flags 1 and 2 

6XY3 1 Ski p on Flag 2 

6XY4 4 Issue Pulse 1 

6XY5 4 Clear Pulse 1- and Pulse 1+ when 
jumper A & C are in 

6XY6 4 Load the BAC into the 12 Bit Stor· 
age Register 

6XY7 4 Issue Pulse 2 

TIMING GENERATOR CONTROL 
Upon issuing lOT 6XY4, Pulse 1- and Pulse 1+ outputs will issue a pulse. 
Note that Pulse 1- and Pulse 1+ are the inverse of each other. Pulse dura· 
tion can be from 5 p'S to 25 p'S depending on the setting of the potentiometer 
mounted on the board. The amplitude of the pulse out can be from 0 V. to 
+20 V., depending on the voltage applied to the open collector NPN tran· 
sistor output on the Data Lines. 
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SPECIFICATIONS 
Inputs: Done 1-. Done 1+. Done 2-. and Done 2+ present one TTL unit 
load at ground and are protected for input voltage between -20 to +20 
volts and have an input threshold at +1.5 volts. 

Code Select. Initialize, and BMB 9-11 are TTL compatible inputs and each 
represents 1 unit load (1.6 mal. All other inputs are M Series inputs and 
draw 2 unit loads each. 

Outputs: All open collector outputs including computer inputs drive 30 ma 
non·inductive at ground with a maximum positive output voltage of +20 
volts. The outputs are driven by an open collector NPN transistor. Pulse 1 
and Pulse 2 outputs are adjustable from 5 p'S to 25 p'S with a recovery time 

'of 40 p'S to 250. p.s. Note that data lines and pulse output lines have to be 
diode protected if driving an inductive load. 

POWER CURRENT 

+5v Pin AA2, BA2 500 ma (max.) 

Gnd Pin AC2, ATI 

BC2, BTl 

Some care must be taken when using the M730 to avoid overloading the 
bus. Normally, the bus can drive 64 devices or ports. An unbuffered M730 
presents to the bus a load which is equivalent to ten normal ports. 

A large port capability, using the M730, can be realized by buffering it with 
the MI0l, using the Select Line as the enable for the MIO!. In this configura­
tion each M730 and MIOl combination looks to the bus like 2.6 ports. Use of 
this method allows 25 M730s on the bus, rather than six. A configuration 
for this method is shown in the following figure. 

Use of M730 Using MlOl & Mlll 

INTURUPT DONE 1-
SKIP DONE 1+ 
INITIALIZE DONE 2-

lOP'S r.2 & 4 

DONE 2+ 

t 
PDP-8/L 

OM. '1" 3-" 
POSITIVE OR M730 PULSE 1- LOGIC POP-811 

POSItIVE PULSE 1+ 

BUS PULSE 2-
OPTION SELECT PULSE 2+ 

~ 
TO POSITIVE 
CLAMPED VOLTAGE 

"''''''t" 0-" 
-:C LINES 0-11 

~ 
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JUMPER NOTES 

A & C in - Outputs B02, BE2 at asserted levels from IOTXY4 until IOTXY5. 

A & B in - Outputs BD2, BE2 at asserted levels from IOTXY4 until Flag 1 is 
set by AND of data on inputs AR2, AS2. 

0& F - Outputs BF2, AV2 at asserted levels from IOTXY7 until Flag 2 is 
set by AND of data on inputs AT2, AU2. 

0& E - Outputs BF2, AV2 at asserted levels as using 0 & F until Flag 1 
is set. 

Pulse widths presently 5 p'S - 25 p'S recovery time 40 p'S - 250 p.S. 

All units when used on I/O bus require M907 or equivalent diode undershoot 
protection. 
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M732 & M733 
BUS INTERFACES 

8-FAMllY 
POS.I/OBUS 

Length: Standard 
Height: Double 
Width: Single 

. CONTROL: 
SIGNALS 
FROM 
INTERFACE 
DEVICE 

LEVEL 
CONVERTERS 

M SERIES 

Power 
Volts mA (max.) Pins 

AA2, BA2 +5 400 
GND 
-15 125· 
• M733 onlv 

FLAG 
CONTROL 

AC2, ATl, BC2, BTl 
AB2, BB2 

FLAG CONTROL 
SIGNALS 
TO COMPUTER 

BMB AND rop SIGNALS 
FROM COMPUTER 

DEVICE 
SELECTOR 

TIMING 
GENERATOR 
(INCLUDING 

LEVEL 
CONVERTERS) 

TIMING 
SIGNALS 
TO 
INTERFACE 
DEVICE· 

DATA 
SIGNALS 
FROM 
INTERFACE 

·DEVICE 

LEVEL 
CONVERTERS 

12-BIT 
STORAGE 
REGISTER 

12 BUFFERED 

The M732 and M733 interface modules provide extremely flexible interface 
control logic to connect devices, systems, and instruments to the input half 
of the programmed I/O transfer bus of either a positive bus POPS/' or 
POPS/ L computer. Peripheral equipment which operates either asynchro­
nously or synchronously to a computer and expects to transmit data to that 
computer, can to a large degree be interfaced by either the M732· or M733, 
Basic restrictions on the device or system to be interfaced are Simply that it 
transmit data in parallel, provide one or more control lines, and operate at 
a data transfer rate of less than 20KHZ. Complete interfaces to such periph­
eral gear as card readers and other repetitive devices is possible using the 
M732 and M733; however, part of the controlling functions such as counting, 
etc., must be performed by computer software. 

The M732 provides an input interface for positive voltage level devices and 
the M733 provides an input interface for systems using negative voltages. A 
detailed description of the M732 follows; the M733 is essentially the same 
except for the negative inputs. 
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-VH ~ 

o l rio S 'r-t-
'---

~ &:p~r- ~ 

o l 
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... 
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~ 
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~~OI 

"-

'----- ~ 
- .--'--

INFVT "0" TYPE 
lEVEL 

~~~ CONVERTER 

'--- '----

NOTE: 
.-CAN SIN!( 30tnA AT GROUNO 

BUS INTERFACE - M732 (POSITIVE INPUT) 
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~ 
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BUS INTERFACE - M733 (NEGATIVE INPUT) 
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GENERAL 
The M732 provides a complete positive (TIL compatible) input interface for 
the positive bus PDP·8/1 or PDP·8/L. It receives 12 parallel bits of data from 
the external device and transmits 12 bits of data from the storage register 
to the computer via the BAC bus under computer control. It accepts from the 
positive bus computer the device selection code from the MB bus, and lOP 
pulses from the lOP bus. Two separate flags can be generated and sent to 
the computer via the skip bus. Also, two timing pulses (pulse 1 and pulse 2) 
can be sent to the external device. The timing pulses are variable from S to 
25 microseconds by the use of potentiometers mounted on the module. Done 
signals are accepted from the external device to control the flags. The basic 
restriction on the device or system to be interfaced is that it must have a 
data transfer rate of less than 20 KHz. 
FLAG CONTROL 
Setting Flag 1 or Flag 2 causes an interrupt which comes from an open col· 
lector NPN transistor to the positive bus computer in the form of a ground 
signal. lOT 6XY1 will cause a skip if Flag 1 is set. lOT 6XY3 will cause a skip 
if Flag 2 is set. The skip output is also an open collector NPN transistor 
which, when asserted, sends a ground signal to the positive bus computer. 
Both skip and interrupt outputs are open collector NPN transistors that can 
be tied directly to the skip and interrupt bus of the positive bus computer. 
Flag 1 and Flag 2 outputs are available as M Series TTL outputs and are 
ground when true. F.lag 1 is set by Done 1- and Done 1+ from the external 
device. In order to set Flag 1, Done 1- must go to ground and Done 1+ 
must go to at least +2.SV. If desired, one can tie Done 1+ to +3V. and set 
Flag 1 by issuing a negative pulse or level at Done 1-. To set Flag 2, use 
Done 2- and Done 2+, the same as Flag 1- and Flag 1+. Flag 1 and Flag 2 
can be cleared by Initialize or by lOT 6XY2. 

DEVICE SELECTOR CONTROL 
The code selector accepts signals from bus lines BMB bits 3·8. When the 
AND gate conditions are met (depending on the code wired in) the Device 
Selector will becon1e active. The code selected by BMB 3·8 can be bypassed 
by inserting a ground on the enable line. The Select output can be used as an 
enable to allow external gating of lOP pulses 1, 2, & 4 with BMB 9 (1), BMB 
10 (1), and BMB 11 (1) to issue the lOTs listed below depending on which 
gates are conditioned. 

Mnemonic On lOP 

6XYI 1 

6XY2 2 

6XY3 1 

6XY4 4 

6XYS 4 

6XY6 2 

6XY6 4 

6XY7 4 
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Operation 

Skip on Flag 1 

Clear Flags 1 and 2 

Skip on Flag 2 

Issue Pulse 1 

Clear Pulse 1- and 
Pulse 1+ when jumpers 
A & C are inserted 

Clear AC 

Read ACO·ACll from 
the M624 into the 
accumulator of the 
computer. 

Issues pulse· 2 



TI·MING GENERATOR CoNTROL 
• Upon issuing lOT 6XY4 Pulse 1- and Pulse 1+ outputs will issue a pulse. 

Note that Pulse 1- and Pulse 1+ are the inverse of each other. Pulse dura­
tion can be from 5 p's to 25 p'S, depending on the setting of the potentiometer 
mounted on the board. The amplitude of the pulse out can be from 0 V. to 
+20 V. depending on the voltage applied to the open collector NPN transistor 
output. Issuing lOT 6XY7 will cause Pulse 2- and Pulse 2+ to receive a 
pulse. The same characteristics hold true here as for Pulse 1- and Pulse 1+. 

12·BIT STORAGE REGISTER CONTROL 
Upon setting the Flag 2 by the Done 2 signal, Data 0 through Data 11 is read 
into the storage register. The positive logic signals being interfaced on the 
data lines can be from 0 V. to +20 V. levels. A ground or 0 V. level on the 
data line read into the storage register input yields a +3V. level on the out­
put (AC). A +3V. signal or larger up to +20 V. read into the storage register 
input from the data lines will yield a ground level out of the storage register 
on the AC lines. For assertion of a one into the computer, the appropriate 
data lines has to be at least +2.5 or greater, up to +20 V. The storage regis­
ter output ACO through ACll can be read into the accumulator using an 
M624 Bus Driver module and the data out strobe lOT 6XY6. 

SPECIFICATIONS 
Inputs: All inputs appear as TIL loads. Inputs present 2 unit loads except for 
the following inputs, which present only one unit load: Code Select, Initialize, 
BMB 9-11, and Data 0-11. Data inputs expect a logical 0 of 0, +1, -3 and a 
logical 1 of 3, +17, -1 volts. 

Outputs: All outputs drive 30 mao at ground through NPN transistors except 
ACO-ACll, Select (1), Flag (0), and Flag 2 (0). ACO-ACll must be con­
nected to the M624 module and then will be capabie of driving 100 rna. at 
ground. Select (1), Flag 1 (0), and Flag 2 (0) outputs are normal TIL levels 
with output drive capability in unit loads of respectively I, 7, and 7. 

POWER 

+5 V. ±5% 

GND 

PIN CURRENT 

AA2, BA2 500 rna. (max.) 

AC2, BC2 
ATI, BTl 

JUMPER NOTES 

A & C in-Outputs BD2, BE2 at asserted levels from IOTXY4 until IOTXY5. 

A & Bin-Outputs BD2, BE2 at asserted levels from IOTXY4 until Flag 1 is 
set by AND of data on inputs AR2, AS2. 

o & F -Outputs BF2, AV2 at asserted levels from IOTXY7 until Flag 2 is 
set by AND of data on inputs AT2, AU2. 

o & E -Outputs BF2, AV at asserted levels as using 0 & F until Flag 1 
is set. 

Pulse width:; presently 5 p.s-25 p's recovery time 40 p.s-25 p.s. 

All units when used on I/O bus require M907 or equivalent diode undershoot 
protection. 
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INTERFACE EXAMPLE 

INTERRUPT DONE 1-
SKIP DONE 1+ 
INITIALIZE DONE 2-
CLEAR AC / DONE 2+ 

PULSE 1-

lOP'S ~ 2 &4 
PULSE 1+ 
PULSE 2-

" 
PULSE 2+ 

PDP-B/l 1MB ulES 3-11 
OR 

! POP-8/1 M732 POSITIVE 
POSITIVE lOGIC 
BUS DEVICE 
COMPUTER DATA OUT STR~ 

<3= -'-- j.... 

... 'Alr"·-II 
ACO-ACII 

~ ~ 
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M734 
8-FAMILY 

POS.I/OBU5 
I/O BUS INPUT MULTIPLEXER 

Length: Standard 
Height: Double 
Width: Single 

~ 
~ ~r--t-l~./ 
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, 
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~BU 
~ 
~ 
~i!!fo1 
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The M734 is a three-word multiplexer used for strobing 12-bit words on a 
positive voltage input bus, usually the input of the PDP-Sf I or the PDP-Sf L. 
Device selector gating' is provided. The data outputs of the M734 Multiplexer 
consist of open collector NPN transistors which allow these outputs to be 
directly connected to the bus. 

FUNCTIONS 
Code Select Inputs: When a positive AND condition occurs at these inputs, 
the pulse inputs IOPI, JOP2, and IOP4 are enabled for use in strobing input 
data. The code select inputs must be present at least 50 ns prior to any of 
the three signals that they enable. If all select inputs are not required, un­
used inputs must be tied to a source of +3 volts (pin AL2). These inputs are 
all clamped so that no input can go more negative than -0.9 volts. 

IOPI, 2, 4: These 50 ns (or longer) positive pulse inputs strobe 12-bit words 
A, B, and C to the bus driver. All three lines are clamped so that no pulse 
input can go more negative than -0.9 volts. 

Data Inputs: Bits 0-11 on words A, B, and C are strobed 12 bits at a time. 
Bus driver output lines (0-11) correspond to the selected word input lines 
(0-11). A HIGH data input forces a bus driver output to ground during a data 
strobe. Data signals must be present at least 30 ns prior to issuance of lOP 
1,2, or 4. 

Bus Driver: These open collector NPN transistor .bus driver outputs can sink 
100 mA at ground. Each driver output is protected from negative undershoot 
by a diode clamp. When this module is used with the PDP·S/ I or PDP-Sf L, 
these outputs would be connected to the accumulator input lines of the I/O 
bus. Typical rise and fall times at these outputs with a 100 mA resistive load 
are 100 ns. 

Data Strobes: Pins AAl, AB1, and ACI appear coincident with IOPI, IOP2, 
and IOP4 respectively only if the code seleCt inputs are all HIGH. 

+3 Volts--Pin Al2: Can hold 19 inputs at a logic HIGH level. 

PRECAUTIONS 
Bus driver maximum output voltage must not exceed +20 volts. 
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M735 
I/O BUS TRANSFER REGISTER 

Length: Standard 
Height: Double 
Width: Single 
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The M735 provides one 12-bit input bus driver and one 12-bit output buffer 
register for input and output data transfers on the positive 110 bus of either 
a POPS/I or a POPSI L. Device selector gating plus additional signal lines pro­
vide the flexibility necessary for a complete interface with the exception of 
flag sense signals. Use of the M735 is not restricted to a computer, as it can 
be used in many systems to provide reception and transmission of data over 
cables. 

Inputs: 
All inputs present one TIL unit load with few exceptions as noted in the 
functional descriptions below: 

Code Select Inputs: When a positive AND condition occurs at these inputs, 
the pulse input gates for IOPI, IOP2, and IOP4 are enabled for use as de­
tailed below. The code select inputs must be present at least 50 nsec prior 
to any of the three signals that they enable. If all select inputs are not re­
quired, unused inputs must be tied to a source of +3 Volts. These inputs are 
all clamped so that no input can go more negative than -0.9 Volts. When this 
module is used with the POPS/lor POPS/ L these inputs would be connected 
to BMB outputs 3-8 to generate a device code. Where required in discussions 
below, this 6-bit device code will be referred to as code XY. 

10PI, 2, 4, BMB9(1) and BMBIO(I): These three lOP's 50 nsec or longer 
positive pulse inputs, in conjunction with control level inputs BMB9(1) (Pin 
AA) and BMBIO(I) (Pin AB1) provide all of the necessary signals for opera­
tion of this module. Table 1 below indicates the recommended use of these 
pulses and levels. AliI" or "0" in this table indicates the presence or 
absence respectively of a pulse (an lOP) or the logic level at pins Ml or ABl. 

lOP lOP lOP BMB BMB POP/8 Module 
4 2 1 9(1) 10(1) Mnemonic Operation 

0 0 1 0 0 IOTXYI +3V -+ OV output pulse on pin BRI 
used for skip function: 

0 I 0 0 I IOTXY2 +3V -+ OV output pulse on pin 
BSl, bus driver output on BPI 
pulsed to ground and is used for the 
AC clear function. 

0 I 1 0 1 IOTXY3 Load output register from accumu-
lator outputs on IOPI execute 
IOT)(Y2. 

1 0 0 1 0 IOTXY4 Data inputs strobed onto accumu-
lator inputs. 

1 0 1 1 0 IOTXY5 Load output register on IOPl, Exe-
cute IOTXY 4. 

1 1 0 1 1 IOTXY6 Execute IOTXY2, and IOTXY4. 

1 1 1 1 1 IOTXY7 Execute IOTXY3, and IOTXY4_ 
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The M735 module operation' as associated with the various mnemonic lOT 
codes is quite explicit with the exception of IOTXY5. This code (IOTXY5) 
would be used to load zeros into the M735 with 10TXYI and then to load 
into the AC the data present at the data inputs of the bus driver when 
IOTXY4 occurs. In this particular operation the AC has been effectively 
cleared as the content of the AC was zero during 10TXYI thereby allowing 
the transfer of data into the AC without the use of the AC clear command 
usually generated' by IOT2. 

Although it is not implicit from Table 1, BMB9(I) and BMBIO(1) inputs are 
gated in a positive OR circuit, so that when the M735 is not used on a 
PDP8/1 or PDPSI L 110 bus one of these in puts can be grounded and the 
other used for control. They must appear at least 50 nsec prior to an lOP 
pulse. If the M735 is used with one of the above computers, these inputs 
must be tied to the corresponding 110 bus lines. The input load on 10PI is 
two TTL unit loads. All five inputs are clamped so that no input can go more 
negative than -0.9Volts. 

Data Inputs: Each data input when at ground, enables the corresponding bus 
driver output to be pulsed to ground during IOTXY4. A high input will inhibit 
the bus driver from being strobed. Since each input· is ANDed with IOTXY4, 
any change of data after this strobe begins will change the bus driver output. 

Accumulator Inputs: The input level presented to these inputs will be the 
same as that assumed by the buffer outputs after executing inputs strobes 
IOTXY, 5, or 7. Input data must be present at least 50 nsec prior to an lOP. 
Each input is protected from negative undershoot by a diode clamp. 

Reset Register Pin AL2: A positive pulse of 50 nsec or longer at this input 
sets all buffer outputs to ground. When high, this input overrides any data 
loading from the accumulator inputs. The output register will be cleared 
within 70 nsec from the rising edge of this input. Diode input clamping is 
provided to limit negative undershoot to -0.9 Volts. 

Outputs: 
Pin BRI: This output can drive ten TTL unit loads and has a propogation de­
lay of less than 20 nsec. See Table 1: 

Bus Driver: These open collector npn transistor bus driver outputs, including 
pin BPI, can sink 100 mao at ground. The maximum output voltage cannot 
exceed +20 Volts and each driver output is protected from negative under­
shoot by a diode clamp. When this module is used with the PDPS/I or 
PDPS/L, output pins BAI-BNI would be connected to the accumulator input 
lines and pin BPI to the clear accumulator line of the I/O bus. Typical rise 
and fall TTT of these outputs with a 100 mAo resistive load are 100 nsec. 

Buffer Outputs: Each output can drive ten TTL unit loads. 
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M736 
PRIORITY INTERRUPT MODULE 

Length: Standard 
Height: Double 
Width: Single 
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The M736 is used in conjunction with the POPS/lor 8/ L to provide the 
capability of assigning priorities to various I/O devices connected to the I/O 
bus of the computer. The M736 can be used to assign priorities for one thru 
four external devices. Priority assignment may be provided for more than four 
devices by using additional M736 modules for each additional group of 
four devices. All M736's in a particular priority system would utilize the same 
device code. 

THEORY OF OPERATION 

Basically the M736 module consists of the following: 

1. The MI03 device selector function. 

2. A Bit Time State·3 (BTS-3) input. 

3. Four priority input lines. 

4. Priority enable line, input and output. 

5. Five groups of six gates, each of which is capable of being hard wired to 
provide address information to locate subroutines to service the various 
devices associated with the priority interrupt system. The output of each 
of these gates is strobed onto the accumUlator input bus on lines AC(6) 
thru AC(ll). 

SEQUENCE OF OPERATION 

The external device activates its skip and/ or interrupt FLAG flip-flop. The 
activation of the FLAG causes two things to happen; (a) The computer's in­
terrupt request line is pulled to ground. This tells the computer that an ex­
ternal devices requires service and requests the computer to jump to an 1/0 
priority interrupt service subroutine as soon as the computer completes its 
present cycle. (b) The external device FLAG pulls to ground the appropriate 
hard wired priority line connected to a "0" flip-flop in the M736. 

A Bit Time State-3 (BTS-3) pulse from the computer is applied to the clock 
input of the "0" flip-flop to which the activating device flag is connected, as 
mentioned in section Ib above, and causes this flip-flop in the M736 to set. 
If more than one priority devices called to be serviced at the same time, all of 
the associated priority "0" flip-flops in the M736 would be set at this time. 
The outputs of the priority flip-flops in the M736 are connected to a priority 
gate structure which is arranged in such a manner that only one output line 
will be activated and that line will be associated with the external device with 
the highest priority. 

This activated output of the priority gate structure is applied to one group of 
six two-input gates which make up the address gate. The other input of each 
of the six two-input gates of the address gate is hard wired to provide a dis­
crete address which will correspond to the starting location of the particular 
subroutine associated with that priority request. Eac;:h of the six output lines 
of the activated address gates is applied to .one input of a two-input gate of 
the AC input strobe gate. 
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The computer now has had time to jump to the priority interrupt service 
routine and now issues a device selection code corresponding to the hard 
wired device selection code assigned to the M736 priority interrupt modules. 
This device selection code will pre-enable the lOP gates of the M736 of 
M736's. 

The computer now issues an IOP-2 pulse to the IOp·2 gate of the M736 
module. The output of the IOP-2 gate now produces an IOT-2 pulse which 
causes the "Clear the AC" line of the I/O bus to be pulled to ground, and 
thereby clears the AC. 

The computer issues an 10P-l pulse to the 10P"l gate of the M736 module. 
The output of the 10P-l gate produces an 10T-l pulse which is applied to the 
strobe inputs of the AC input bus gate. As the other inputs of the AC input 
bus gate are connected to the outputs of the address gate, appropriate lines 
of the AC input bus (AC 6 thru AC 11) will be pulled to ground thereby load­
ing into the AC the starting address of the subroutine associated with the 
particular priority I/O device to be serviced. 

The compute( now refuses to accept any further interrupt requests and jumps 
to the subroutine with the particular starting address which was loaded into 
the AC. The service routine of the particular priority device contains an in­
struction to clear the interrupt flag flip-flop of the particular I/O device and 
at the end of the subroutine issues the M736 device selector code with an 
IOP-4 which clears the priority flag flip-flops of the M736. The computer now 
turns on the priority interrupt system capability which allows the computer to 
service any future interrupt requests. 

USING THE M736 PRIORITY INTERRUPT MODULES 

1. Assign a device selection code to the M736 priority system and connect 
the device selection inputs of the M736 to the proper device selection 
lines to assure decoding for that code. If more than one M736 is used 
connect the device selection lines for each M736 in exactly the same 
manner. Each M736 will use the same device selection code. 
These inputs are: BT2, BSl, BRl, BPI, BNl and BS2. 

2. Connect the enable input, BN2, of each M736 to +3V. 

3. Connect the 10P-l input, BJl, to the 10P-l bus line. 

4. Connect the IOP-2 input, 8M2, to the lop·2 bus line. 

5. Connect the IOP-4-input, BH2, to the IOP-4 bus line. 

6. Connect the BTS-3 input, BLl, to.the BTS·3 bus line. 

7. Connect the outputs of the external I/O device flag flip~flops to the priority 

NOTE: In normal operation. 10P-4. is not required as the flag flip·flop in the external pri­
ority I/O device is cleared by the subroutine servicing that device. When the flag in the 
I/O device is cleared. the next BTS03 pulse will load the disabled flag outpu tinto its 
respective priority flag flip-flop in the M736 effectively clearing the priority flag flip-flop. 
flip-flop. 
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inputs in such a manner as to pull the corresponding· priority input line 
of the M736 to GRD when the device flag is activated. These inputs are 
as follows: 

lst priority BJ2 1st M736 Module 
2nd priority BHl 
3rd priority BF2 
4th priority BKI 
5th priority BJ2 2nd 
6th priority BHI 

Carry on for additional priority interrupt devices. 

8. Assign starting address to the subroutines which will service each priority 
interrupt devic~ attached to the priority interrupt system. Also assign a 
starting address for the subroutine to service non-priority devices. Hard­
wire the various starting address of the service routines as follows: 

AC(6) AC(7) AC(S) AC(9) AC(10) AC(11) 
Priority 1 BDI BBI API ARI AH1 AF2 
Priority 2 AU2 ASI ANI AKI AFl ' AAI 
Priority 3 AT2 AR2 AM2 Al2 Afl ABl 
Priority 4 BAI AS2 AL2 AMI ADI ACt 
NON-Priority BC1 BEl BF1 AP2 AJl AH2 

NOTE: If more than four external I/O devices require priority assignments, 
the NON-priority address inputs BCI, BEl, BFl, AP2, AJI and AH2 of the 
M736 module used for the first four highest priorities, must be con­
nected to GRD. If more than two M736 modules are required all of the 
NON-priority address lines of each module except the last M736 contain­
ing the lowest priorities, must be connected to GRO. The NON-Priority 
address is hardwired to the NON-Priority address inputs of only the lowest 
priority M736 module. All un-used priority address inputs must be 
grounded. Logic I level for address may be obtained from module pin 
BV2 of each M736 module. lower priority addresses would be hardwired 
on succeeding M736 modules in the same order hard wired to the second 
M736 module as follows: 

Priority 5 
Priority 6 

AC(6) AC(7) AC(8) AC(9) AC(lO) AC(ll) 
BDI BBI API ARI AH 1 AF2 
AU2 AH2 AK2 A02 AJ2 AE2 

9. Connect the AC input bus gate outputs to the AC bus as f.ollows: 

AC(6) AC(7) AC(8) AC(9) AC(lO) AC(11) 
Module Pins AV2 AH2 AK2' AD2 AJ2 AE2 

10. Connect the Priority Enable input line BE2, of the M736 with the highest 
priorities, or the only priorities, to ground. 

11. If lower priorities of 5 or 'more are assigned, connect the Priority output 
of the module/with the higher priorities, Pin B02, to the next M736 
module (with the next following four lesserpriorities) Priority enable in­
put pin BE2. 

12. Connect the INlTlALIZE input, BL2 to the Initialize line of the computer 
1/0 bus. 
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The M737 I2·Bit Bus Receiver Interface is completely contained ona double 
height, single width module. 

The M737 was designed primarily to receive and store in a buffer register 
twelve parallel data bits from the positive bus of the POp·8/1 or POP·81 L. 
The M737 is pin compatible with the B738 Counter· Buffer Interface, the 
MI07 Device Selector and the MI08 Flag Module. The I2·Bit Bus Receiver 
Interlace, M737, consists of three basic sections: device selector. flag, and 
buffer register section. 
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Device Selector Section 
The device selector section contains six address inputs which are to be con­
nected to the proper BMB bits for address selection. lOP 1 input is used to 
generate an lOT 1 which is used internally to test the flag. The output of flag 
test gate is connected directly to the skip bus with an NPN transistor. The 
output of the address selection gate is connected to the bus gate of the buffer 
reg·ister section and functions as an option select level. lOP 2 is used for two 
purposes. It is internally connected in such a manner as to clear the flag and 
to load the buffer register with the contents of the BAC lines. 

The Flag Section 
The flag section is used to generate a programmed interrupt. The flag flip-flop 
may be set by a level shift from low to high (a positive going voltage) applied 
to the set input at pin AS2. The output of the flag is connected to the P. I. 
line by way of a P. I. enable gate and an open collector NPN transistor. The 
output of the flag is also connected to pin BUI. The flag is reset by IOP2 
applied to pin AN2 or by initialize pulses applied to Pin AL2. 

Buffer Register Section 
Data from the bus is applied to the inputs of the bus gate. The bus gate 
prevents the buffer register from loading the bus when M737 is not addressed. 
The bus gate is enabled by the option select level derived internally from the 
output of the device selector section. The buffer register is loaded by jam 
transfer upon the command of an IOT2 instruction. The output of the buffer 
register is buffered by the use of TTL circuitry. 

Inputs: All inputs which receive positive bus signals are protected against 
negative voltage undershoot. AEl, BV1 represent 1.25 TTL unit loads. These 
two inputs need not be tied to a logic 1 source when not used. 

AM2. AN2 represent 2.5 TTL unit loads. 

AS2 represents 2 TTL unit loads. 

All other inputs represent 1 TTL unit load. 

Outputs: B51. BRI will sink 25 MA to gro~nd. Voltage applied to these outputs 
must not be altowed to exceed +20 Volts. These outputs are protected 
against negative voltage undershoot and consist of open collector NPN 
transistors. 

All other outputs will drive 10 TTL unit loads. 

329 
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The M738 provides a 12-bit binary up-counter that can be read to the posi­
tive external I/O bus of a PDP-811 or PDP·81 L. The counter can be cleared 
or preset to a starting value by a jam transfer from an external device. When 
a count enable flag is set, the counter operates as an up·counter in response 
to external clock pulses. The content of the counter can be ~trobed to the 
I/O bus through data gates under program control. 

APPLICATIONS 
• Interfacing a counting register to 110 bus 
• Parallel buffered data transfer to I/O bus 
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FUNCTIONS 
Loading Counterl Buffer: The 12-bit counter! buffer consists of three MSI, 4-bit 
presetable counters connected in tandem. Twelve parallel bits of data may be, 
applied to the data inputs and then transferred into the counter by the appli­
cation of a LOW level (250 ns or longer) to the STROBE DATA IN pin AS2. 
This input could be an lOT pulse from an MI02 or MI0? 

Clearing Counter/ Buffer: The counter may be cleared by a logic LOW at least 
3 ,.,.s in duration applied to the CLEAR COUNTER! BUFFER input pin BD2. 
The requirement of a 3 ,.,.s pulse precludes the direct use of an lOT pulse for 
clearing the counter. If it is required to clear the counter by an lOT pulse, an 
M302 dual delay multivibrator could be used to stretch the lOT pulse length. 

Bus Driver: The 12-bit bus driver strobes the contents of the buffer counter 
onto the bus when a logic LOW is applied to the STROBE DATA OUT pin AU2. 
The input to the STROBE DATA OUT pin AU2 would normally be an lOT 
pulse derived from an MI03 or MI0? 

All bus driver outputs consist of open collector NPN transistors which are 
capable of sinking 25 mA to ground. Voltage applied to these outputs must 
not exceed +20 volts. The outputs are diode-protected against negative 
voltage undershoot in excess of -0.9 volts. 

CLOCK ENABLE Flip-Flop: The clock enable flip-flop gates clock pulses to the 
counter/ buffer. This flip-flop may be cleared by a logic HIGH pulse to pin AL2 
or by a logic LOW to the STOP input AT2. When the flip-flop is cleared, clock 
pulses applied to the clock input, pin AV2, are not counted. 

Counting: Clock pulses may be counted by setting the COUNT ENABLE flip­
flop with the application of a logic LOW pulse to the START CLOCK input 
AR2. The four inputs-CLOCK, START CLOCK, STOP and INITIALIZE-re­
quire a minimum pulse width of 50 ns and, therefore, could use lOT pulses 
derived from the device selectors MI03 or MI07. 

Tandem Operation: At times, it may be desirable to connect two or more 
M738 module counters in tandem. This may be accomplished by connecting 
the "overflow" output pin BE2 of the first M738 to the START CLOCK input 
pin AR2 of the next M?38. Also, the signal on pin AR2 must be connected to 
CLOCK pin AV2. The clear pulse time duration should be an additional 3 ,..,5 
for each M?38 added in tandem: i.e., 24 bits would require a 6,.,.s clear pulse. 
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M907 
DIODE CLAMP CONNECTOR 

Length: Standard 
Height: Single 
Width: Single 

8·FAMILY 
POS.I/OBUS 

M SERIES 

A1 81 C1 01 E 1 F 1 H1 J1 K1 L1 M1 N1 P1 R1 51 T1 

I f Iff Iff Iff I f I f 1+ 

~~ 
U1 V1 

C2 02 E2 F2 H2 J2 K2 L2 M2 N2 P2 R2 52 T2 U2 V2 

1 if I f If If If I ffI ~ 
Volts 
+5 
GND 

Power 
mA (max.) 
10 

Pins 
A2. 
AI, CI, FI, KI, NI, RI, Tl 
C2, F2, J2, L2, N2, R2, U2 

The MOO7 is used to provide proper undershoot ground clamps for devices 
receiving PDP-8/1 and PDP-8/l positive 1/0 bus s'ignals that are not so 
protected .• 

The MOO7 also provides +3 volts for clamping 25 unused inputs. Diode 
clamps appear on signal leads used in double-sided alternate-ground I/O 
cables. . 
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Negative Bus: The POP-8 and POP-8/S (and some models of the PDP-S/Oem­
ploy an I/O bus structure that is logically identical to the positive-logic I/O 
bus except for the logic levels which are ground and -3 volts. The following 
M Series functional modules simplify adapting negative-bus computer I/O 
signals to controllers using positive TTL logic: 

MIOO 

MI02 

M632 

M633 

;6J 

Data Output from Negative Bus (pin compatible 
with MI0l which does the same function for the 
positive bus) 

Device Selector (pin compatible with the MI03 
positive-bus device selector) 

Drives negative bus input lines 

Drives negative bus input lines (pin compatible 
with the M623 positive bus driver) 

In addition, there is a wide assortment of level converters for two-way com­
patibility between the negative bus and M Series modules: 

• 
M051 
M650 
M652 

M500 
M502 
M506 
M507 

Positive in, negative out 

Negative in, positive out 

For detailed electrical characteristics and timing on the negative I/O bus, 
refer to a 1970 (or earlier) edition of the SMAll COMPUTER Handbook. 
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M051 
POSITIVE TO NEGATIVE 

LOGIC LEVEL CONVERTER 

Length: Standard 
Height: Single 
Width: Single 

2 * o 0 

, 

2 * o 0 

2 * o 0 

2 * o 0 

*- 50 MA. -6V MAX. 

2 * o 0 

2 * o 0 

2 * o 0 

2 * 

Volts 
+5 
GND 
-15 

o 0 

Power 
mA (max.) 
47 

16 

Pin 
A2 
C2 
82 

LEVEL 
CONVERTERS 

M SERIES 

2 * o 0 

2 * 
0 

2 * o 0 

2 * o 0 

The M051 contains twelve level converters that can be used to shift M and 
K Series logic levels to negative logic levels of ground and -3 volts. 

APPLICATIONS 
• Interfacing to negative bus PDP computers 
• Interfacing to R/ B/W Series logic Systems 

Restrictions: Do not use for indicator drive or current sinking. 

FUNCTIONS 
A grounded input on the driver causes the output to be grounded. 

SPECIFICATIONS 
The output circuit consists of an open collector PNP transistor that can drive 
20 rnA to ground. -6 volts maximum may be applied ·to the output. 
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MIOO 
8-FAMILY 

NEG. 1/0 BUS 
BUS DATA INTERFACE 

Length: Standard 
Height: Single 
Width: Single 

Volts 
+5 
GND 
-15 

Power 
mA (max.) 
60 

10 

M SERIES 

*: 3MA AT -3VIWlTH CI HIGH) 

Pin 
A2 
C2 
82 

Price: 

$50 

The MIOO Bus Data Interface contains fifteen circuits for convenient recep· 
tion of data from the PDp·8, PDP·8/ I ·negative voltage bus. It is pin compati· 
ble with the MIOI Positive Bus Data Interface. 
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APPLICATIONS 
• Output data transfer expansion for PDP-S, PDP-S/I 

FUNCTIONS 
Each input line is connected to M Series levels and gated to the output by 
the ENABLE signal. Each circuit has the following function: 

INPUT 
OV 
OV 

-V 
"-V 

ENABLE 
L 
H 
L 
H 

OUTPUT 
H 
L 
H 
H 

(L and H refer to standard M Series Levels of 0 and +3V. -V refers to nega­
tive input. (See Threshold Switching Level.) 

PRECAUTIONS 
The enable line of the MIOO cannot be used as a strobe line. The output 
signals are indeterminate for a period of 200 ns after the enabling line has 
become true. The enable is intended to be controlled by the option select 
output ofthe MI02. 

SPECIFICATIONS 
Input Loading: The loading presented to the negative voltage bus differs from 
the loading using the standard bus modules (Le., RI07, RIll) in that the 
data lines are loaded only if the device is selected. 
Threshold Switching Level: -1.5 volts typo 
Propagation Delay: 40 ns typo 
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MI02 
DEVICE SELECTOR 

Length: Standard 
Height: Single 
Width: Single 

lOP 1 N r-P-=!2_--i 

lOP 2 N r-R~2_--i 

lOP 4 N FS2=.-_-i 

N HI 

g 
a.J 
...J 

Volts 
+5 
GND 
-15 

Power 
mA (max.) 
130 

40 

Pins 
A2 
C2. T1 
82 

8·FAMILY 
NEG. I/O BUS 

M SERIES 

V26 

t to 

Nt to 

The MI02 is used to decode the six device address bits transmitted in com­
plementary pairs on the negative BMB bus of the PDP-S, PDP-S/I. The out­
puts of the MI02 are compatible with M Series TTL logic. The MI02 is pin 
compatible with the MI03 Positive bus device selector with the exception of 
the address inputs. 
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APPLICATIONS 
• Design of custom M Series interfaces for negative bus PDP·8, PDp·8/1. 

FUNCTIONS 
OPTION SELECT: The OPTION SELECT output is HIGH when all negative·bus 
code inputs (PI·T2) are at ground. (Note: PDP·8, PDP·8/1 BMB outputs are 
asserted at ground.) The OPTION SELECT ENABLE input is an M Series level 
that can override the code input. 

lOP ENABLE: When the OPTION SELECT output~s enabled, lOP pulses from 
the computer are gated to output pins AI·Fl. Both LOW to HIGH and HIGH 
to LOW pulse output polarities are provided. 

Gated Inverters: Two single·input inverters are provided which function as 
follows: 

Neg. Input 
(HI, ll) 

OV 
OV 
-V 
-v 

SPECIFICATIONS 

Gating 
Input 

L 
H 
L 
H 

Output 

H 
H 
H 
L 

Negative Input levels: Negative inputs (-V) are nominally -3V and ground. 
Threshold Switching Level is-1.5V typo 

Negative Input Loading: 8MB input loading is 1 mj\, shared among the in· 
puts that are at ground. 

lOP Input Loading: P2, R2, S2, HI and II 

0.2 mA, when V in = 0 volts 
0.0 mA, when V in = -3 volts 

Propagation Delay: 40 ns typo 
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M632 
8·FAMILY POSITIVE INPUT NEGATIVE OUTPUT NEG. I/O BUS 

Length: 
Height: 
Width: 

BUS DRIVER 

Standard 
Single 
Single 

~Bl 
2 Ct: o-a 
~rn 
2 Et: o---a 
~A 2 H1: D---O 
~Jl 
2 K1 : D--D 
~Ll 
2 Mt: D----b]' L -v 

~Nl 
2 ~ : D--D 
::: : D--D 
~Ul 
2: V1 : o--a 

*=SINKS 100mA AT GNO 

Power 
Volts mA (max.) 
+5 175 

Pins 
A2 

• 0200 

• E2(!] 

• H2[!] 

• K2[!] 

.~ 

•

P2

00 

• S2[!] 

• V200 

GNO 

-15 40· 

C2. n. F2. J2. 
L2. N2, R2, U2, 
82 

• excluding output current 
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The M632 contains eight two-input AND gate bus drivers for c_onvenient 
driving of the negative bus of the PDP-Sf I or PDP-Sf L 

FUNCTIONS 
Each stage operates according to the following truth table: 

SPECIFICATIONS 

INPUTS 
LL 
LH 
HL 
HH 

OUTPUT 
OV 
-V 
-v 
-V 

Output Drive: The output is internally clamped to keep it between -3 volts 
and ground. The output current must not exceed 100 mAo 

Propagation Delay: 50 ns max. 
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· M633 
NEGATIVE BUS DRIVER 

Length: Standard 
Height: Single 
Width: Single 

*. DRIVES pop-a, pop-all 
NEGATIVE BUS 

Volts 
+5 
GND 
-15 

Power 
mA (max.) 
100 

40 

Pins 
A2 
C2. T1 
B2 

8·FAMILY 
NEG. 1/0 ~US 

The M633 contains 12 bus drivers intended for convenient driving of the 
negative bus of the PDP-S, PDP-S/1. Each driver consists of an open collector 
PNP transistor. It is pin-compatible with the M623 positive voltage bus 
driver. 
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FUNCTIONS 
Each stage operates according to the following truth table: 

SPECIFICATIONS: 

INPUTS 
LL 
LH 
HL 
HH 

OUTPUT 
o 

-v 
-V 
-V 

Output Drive: Each output is an open collector PNP transistor capable of 
supplying 20 rnA from ground. Voltage applied to the output should not, 
exceed -6 volts. 

Propagation Delay: Typically 40 ns. 
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M502 
HIGH SPEED 

NEGATIVE INPUT CONVERTER 

Length: Standard 
Height: Single 
Width: Single 

Volts 
+5 
GND 
-:-15 

Power 
mA·(max.) 
49· 

92 

Pins 
A2 
C2. T1 
82 

-M= EQUIV. OF 3 MA CLAMPED LOAD 

NOTE 
CONNECT TO OUTPUT WHEN 
NOT DRIVING 92n COAX. 

• Add 44 mA for each 100 ohm resistor connected to outputs. 

tOO 

LEVEL 
CONVERTERS 

M SERIES 

~f \ ___ _ 

--I t-20"1 TYPICAL BETWEEN THRESHOLD 

I 1: <f \ 

----i-'l ~ tr = ens NOMINAL ~--

The M502 contains two non-inverting high-speed signal converters which in­
terlace standard negative (-3 volts and ground) logic levels or pulses with 
M and K Series positive logic modules. These converters provide sufficient 
current drive at a low output impedance for system interconnections by 
means of terminated 92-ohm coaxial cable. 

FUNCTIONS 
Outputs: Each output can drive a terminated 92-ohm coaxial cable and 
supply an additional 30 rnA at +3 volts or sink an additional 30 rnA at 
ground. 

SPECIFICATIONS 
The converters operate at frequencies up to 10 MHz with typical output rise 
and fall times of 8 ns. Propagation times for output rise and fall are typically 
20 ns. 

Input loading is equivalent to a 3 rnA clamped load. 

Output rise and fall times depend on the length of coaxial cable driven. 
When coaxial cable is not driven, switching speeds are increased by con­
necting the IOO-ohm resistor to the output. 
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M506 
MEDIUM SPEED 

NEGATIVE INPUT CONVERTER 

Length: Standard 
Height: Single 
Width: Single 

*·,0mA AT GNO,DlODE CLAMPED 

Power 
Volts mA (max.) Pins 
+5 81 A2 
GND C2. Tl 
-15 115 82 

344 
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The M506 contains six noninverting signal converters which can be used to 
interface the negative logic levels or pulses of duration greater than 100 ns 
to M and K Series positive logic levels of +3 volts and ground. 

In addition to the negative level inputs, each converter circuit has three ad· 
ditional NOR inputs for positive logic levels of +3 v01ts and ground. A 
source of logic HIGH for unused inputs is provided at each gate. 

FUNCTIONS 
(Pins A-I, etc.) IN 

-3V 
OV 

OUT 
OV 

+3V 

SPECIFICATIONS 
These converters operate at frequencies up to 2 MHz with typical rise and 
fall propagation times of 70 ns and 40 ns respectively. 

All negative level inputs (AI, 02, ... R2) present a 10 rnA load at ground. 

Caution: These inputs are diode-clamped to -3 
volts; input voltages greater than -3 volts may 
draw excessive current. 
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M507 LEVEL 
MEDIUM SPEED CONVERTERS 

NEGATIVE BUS CONVERTER M SERIES 

Length: Standard 
Height: Single 
Width: Single 

IE]E2 .. D .. D2~ 
+3 

IE]H2 II 0 II F2~ 

~K2 .. D .. J2 [!!] 

IE]M2 .. D .. L2~ 
+3 

[EJP2 .. Q .. N2~ 

[E]S2 .. D ... R2[ij 

V +3 

*. tOmA CLAMPED WAD 
_. SINKS 100mA TO GND;+20V MAX. 

Power 
Volts mA (max.) Pins 
+5 42 A2 
GND C2. T1 
-15 115 82 

The M507 contains six inverting level shifters which will accept -3V and 
GND as inputs. The input to each level shifter consists of a 10 mA clamped 
load and is diode protected against positive voltage excursions. 

The output consists of an open collector NPN transistor. The output of each 
level shifter will sink 100 mA to GND., 

The output transistor is protected against negative voltage excursions by a 
diode connected between the collector and GND. The output rise is delayed 
by 100 ns for pulse spreading. 
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APPLICATIONS 
The M507 is used to convert negative voltage logic levels or pulses of dura­
tion greater than 100 ns to M Series levels (or pulses). 

FUNCTIONS 

SPECIFICATIONS 

INPUT 
GND 
-3V 

OUTPUT 
GND 
+3V 

Input loading is equivalent to a 3 rnA clamped load. 

Each output can sink 100 rnA to GND. Maximum voltage applied to any 
output is +20 volts. 
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M650 
NEGATIVE OUTPUT CONVERTER 

Length: Standard 
Height: Single 
Width: Single 

~J2 I : ::: )~n 
T. 

SEE 
TEXT 

*"20 MA AT GND OR -3V 

Volts 
+5 
GND 
-15 

Power 
mA (max.) 
37 

29 

Pins 
A2 
C2. T1 
82 

LEVEL 
CONVERTERS 

M SERIES 

• D2lEJ 

• K2~ 

• 
52 00 

The M650 contains three noninverting ,signal converters which can be used 
to interface the positive logic levels or pulses (of duration greater than 
100 ns) of K and M Series to digital negative logic levels of -3 volts and 
ground. These converters provide current drive at a low output impedance 
so that unterminated cables or wires can be driven with a minimum of 
.ringing and reflections. 

FUNCTIONS 
A positive AND condition at the input gate produces a ground output. If any 
input is at ground. tl1e converter output is at -3 volts. 

SPECIFICATIONS 
The converters operate at frequencies up to 2 MHz with maximum rise and 
fall total transition of respectively 75 ns and 115 ns. By grounding pin E2 
'(L2 or R2) the rise and fall total transition times can be increased to avoid 
ringing on exceptionally long lines. The converter then operates at frequen· 
cies up to 500 kHz with typical rise and fall total transition times of 500 ns. 

Each output is capable of driving 20 mA at ground and at -3 volts. 
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M652 
LEVEL 

CONVERTERS 
NEGATIVE OUTPUT CONVERTER 

Length: Standard 
Height: Single 
Width: Single 

M SERIES 

NOTE I 

*=DRIVES 92n COAX-SEE TEXT 
NOTE 2 

NOTES: 
1. CONNECT TO OUTPUT WHEN NOT 

DRIVING 92n COAX. 
2. CONNECT TO GROUND PIN FOR 

500 na RISE TIME 

+3V~: 
INPUT . 

f)V I I 
--l I- 20na TYPICAL BETWEEN THRESHOLDS 

OUlPl/T ev 1: {: \ 
-3V I t, • Bna NOMINAL ~--

----1 t-- 500na WITH PIN H2(N2) GROUNDED 

Volts 
+5 
GND 
-15 

Power 
mA (max.) 
122 

202 

Pins 
A2 
C2. M2 
82 

The M652 contains two noninverting high-speed signal converters which can 
be used to interface the positive logic levels or pulses of the K and M Series 
to digital negative logic levels· of -3 volts and ground. These converters 
provide current drive at a low output impedance so that system intercon­
nections can be made using terminated 92-ohm coaxial cable. 

FUNCTIONS 
Each section: 

INPUT 
L 
H 
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SPECIFICATIONS 
Timing: The converters operate at frequencies up to 10 MHz with typical 
output rise and fall times of 8 ns. Propagation times for output rise and fall 
are typically 20 ns. The slope of the output transition can be decreased by 
grounding an internal RC network, to avoid ringing on exceptionally long 
lines. The converter then operates at frequencies up to I MHz. 

Inputs: Positive logic levels of 0 and +3 volts (nominal). Input signals more 
positive than +6 volts will damage the circuit. 

Outputs: Each output can drive terminated 92·ohm coaxial cable and supply 
an additional 20 mA at ground or sink an additional 20 mA at -3 volts. 
Output rise and fall times are dependent on the length of coaxial cable 
driven; When coaxial cable is not driven, switching speeds will be increased 
by connecting the 100·ohm resistor to the output. 
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PDP-II INTERFACING 
The PDp-ll family of computers are the most popular medium·sized systems 
in the industry. PDp-11s can be found in hundreds of applications, from real· 
time data acquisition and control to management information systems. All 
models of the PDP·l1 family share one common feature: all signals between 
the processor, memory, and peripherals are transferred via the UNIBUS. This 
section is presented in two parts: (1) Basic UNIBUS Interfacing and (2) 
PDp-ll I/O Modules. ' 

Basic UNIBUS Interfacing 
The UNIBUS is a single, common path that connects the processor, memory, 
and peripherals. (See Figure 1.) Each register (data source or data desti­
nation) in each peripheral device is assigned an address to distinguish among 
the individual peripherals connected to the UNIBUS. This address is analog· 
ous to a memory location and permits instructions to act upon device regis· 
ters as memory locations. There may be only one controlling device on the 
UNIBUS at any given time because of the system architectural configuration. 
This device is termed the Master and devices controlled by the Master are 
terme~ the Slaves. Devices may request Mastership by asserting either a 
Bus Request or a Non·processor Request to the Priority Arbitration Logic of 
the Processor. The request is honored if it is of a higher priority than any 
other request. The new Master assumes control of the bus when the current 
Master relinguishes Bus Mastership. The new Master may then request either 
to have the processor service the peripheral (BR only) or may initiate a data 
transfer without processor intervention (NPR or BR). 
Interface Types 
PDP-ll interfaces can be categorized into three distinct types: 

1. Slave-This interface has no provision in its control logic to become 
Master. It will only transfer data onto and off the UNIBUS by command of 
a Master device. 

2. Interrupt-This interface has the ability to gain Mastership of the bus 
(BR level) in order to give the Central Processor the address of a sub· 
routine which the processor will use to service the peripheral. 

3. DMA-This interface has,the ability to gain Mastership of the Bus (NPR 
level) in order to transfer data between itself and some other peripheral. 

A single interface may employ all three of the above types. 

Signals on the UNIBUS that are used for programmed and interrupt I/O 
control are defined in Table 1. For complete information on UNIBUS in­
terfacing, refer to the PDp-ll Peripheral Handbook. 

SIGNAL 

A <17:00>* 

Table 1. UNIBUS 1/0 Signal Summary 

DEFINITION 

Address Lines. The 18 address lines are used by the master 
device to select the slave (a unique memory or device regis­
ter address) with which it will communicate. 

Lines A <17:01> specify a unique 17-bit word and AOO 
specifies the byte being referenced. 

Peripheral devices are normally assigned an address from 
within the bus address allocations from 760000-777777 
(program addresses, 160000-177777). 

• Angle brackets enclose groups of lines; A <.17:00> ::-: Al7 through AOO inclusive. 
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SIGNAL 

D <15:00> 

C <1:0> 

MSYN 

SSYN 

PA, PB 

BR <7:4> 

BG <7:4> 

NPR 

NPG 

SACK 

INTR 

BBSY 

DEFINITION 

Data Lines. The 16 data lines are used to transfer informa­
tion between bus master and slave. 

Control lines. These two bus signals are coded by the mas­
ter device to control the slave in one of four possible data 
transfer operations. 

Cl CO Operation 

0 0 DATI-Data in 
0 1 DATIP-Data In, Pause 
1 0 DATO-Data Out 
1 1 DATOB-Data Out, Byte 

Master Synchronization. A control signal used by the master 
to indicate to the slave that address and control information 
is present. 

Slave Synchronization. The slave's response to the master 
(response to MSYN). 

Parity Bit Low (PA) and Parity Bit High (PB). These signals 
are for devices on the UNIBUS that use parity checks. PB 
is the parity line for the high·order byte (on 0 <15:08» 
and PA is the parity line for the low·order byte (0 <07:00». 

Bus Request lines. These four bus signals are used by per­
ipheral devices to request control of the bus. 

Bus Grant lines. These signals are the processor's response 
to a bus request. They are asserted only at the end of in­
struction execution, and in accordance with the priority de­
termination. 

Non-Processor Request. This signal is a bus request from a 
peripheral device to the processor, usually for a DMA trans­
fer. 

Non-Processor Grant. This signal is the processor's response 
to an NPR. It occurs at the end of a bus cycle. 

Selection Acknowledge. SAck is asserted by a bus·requesting 
device that has received a bus grant. Bus control passes to 
this device when the current bus master completes its oper­
ation. 

Interrupt. This signal is asserted by a peripheral device once 
it has become the bus master to start a program interrupt 
rn the processor. 

Bus Busy. This signal is asserted by the master. device to 
indicate bus is being used. 
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SIGNAL 

INIT 

AC La 

DC La 

DEFINITION 

Initialization. This signal is asserted by the processor when 
power is first applied, when the ST'ART key on the console is 
depressed, when a RESET instruction is executed, or when 
the power fail sequence occurs. INIT may also be used to 
clear and initialize peripheral devices by means of the RESET 
instruction. 

AC Line Low. This signal starts the power fail trap sequence, 
and may also be used in peripheral devices to terminate 
operations in preparation for power loss. 

DC Line Low. This signal remains cleared as long as all dc 
voltages are within specified limits. If an out-of-voltage con­
dition occurs, DC La is asserted by the power supply. 

Figure l. UNIBUS Connections 
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PDp·II Input/Output Modules 
Detailed description for the following modules are contained here. 

MI05 
M1500 
MI501 
M1502 
M1621 
M1623 
MI710 
M180I 
ARl1 
M728I 
M783 
M784 
M785 
M786 
M795 
M796 
M798 

Address Selector Module 
Bidirectional Bus Interfacing Gates Module 
Bus Input Interface 
Bus Output Interface 
DVM Data Input Interface 
Instrument Remote Control Interface 
Interface Foundation Module 
I6-Bit Relay Output Interface 
Analog Real-Time MOdI:Jle 
Interrupt Control 
UNIBUS Drivers 
UNIBUS Receivers 
UNIBUS Transceiver 
Device Interface 
Word Count and Bus Address Module 
UNIBUS Master Control Module 
UNIBUS Drivers 

NOTE 
The.DECkitll series of PDP-ll input/output 
kits offer an added dimension to PDP-l1 inter­
facing. These kits consist. of a group of modules 
(including some of the above) that are installed 
by the user into a prewired system unit. Addi­
tional information on DECkits is contained else­
where in this Handbook. 
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MI05 
ADDRESS SELECTOR 

Length: Extended 
Height: Single 
Width: Single 

12 
11 

10 
9 
8 
7 
S 
5 
4 
;, 

I&J 
0 

8 
I&J 
0 
(J) 
(J) 
w 
0::: 
0 
0 
ct 

PDP-II 
UNIBUS 

M SERIES 

BUS SSYN L J1 8 

TEST POINT L25 

SELECT 0 H 52 10 

SELECT 2 H T2 to 

SELECT 4 H R2 tO 

SELECTS H S1 to 

00 = CONNECTS TO UNIBUS 

Volts 
+5 
GND 

Power 
mA (max.) 
338 

Pins 
A2 
e2, T1 

The MI05 is used in PDP·ll device interfaces to decode the UNIBUS Address 
and Control lines. It provides gating signals for up to four device registers 
that indicate a register is being referenced and three control signals that 
indicate the direction for data flow. 

The selector decodes the 18·bit adress A <17:00> as follows: A <17:13> 
defines the section of the address map that is assigned to peripheral devices 
and must all be asserted. A <12.03> are determined by jumpers on the 
card. 
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When the jumper is "in" the selector will look for a zero in the binary equiv­
alent of the register address on that address line. A02 and A01 are decoded 
to provide one of the four SELECT outputs. AOO is for byte control. 

Signals for gating control are determined by decoding AOO, C1, and CO. The 
signals obtained are: IN, OUT LOW, and OUT HIGH. 

Instruction * 

DATI or DATIP 
DATa 
DATOB with AOO = 0 
DATOB with AOO = 1 

Corresponding M105 Output 

IN 
OUT HIGH and OUT LOW 
OUT LOW 
OUT HIGH 

*DATI, DATO, DATOB, DATIP are not PDP-l1 instructions. They are names given to the 
various C-line combinations which are automatically configured by the processor for 
each instruction. 

IN is used to gate data from a device register onto the bus. OUT LOW is 
used to gate D <07:00> from the bus into the low byte of a device register. 
OUT HIGH is used to gate 0 <15:08> into the high byte of a device register. 

With respect to the bus master, the M105 is actually the "slave" in the re­
lationship when a data transfer occurs on the UNIBUS. 

SSYN is asserted whenever it sees its address being referenced and MSYN 
is asserted. SSYN is negated when MSYN is negated. There is an approximate 
100 nsec delay between receiving MSYN and the assertion of SSYN to allow 
for decoding. Additional capacitance can be added to the delay circuit to in­
crease this time, if desired. A practical maximum is a 1000 pf capacitor 
which will produce approximately 400 nsec of delay. If a longer delay is 
needed, the SSYN INHIBIT line can be grounded, which will prevent SSYN 
from being issued at all from the M105. The SSYN Signal would then be 
generated from another source after the desired delay. SSYN INHIBIT can 
be left open when not used. 

EXT GND is used for testing purposes and should be tied to ground in 
normal operation. 
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M1500 
BIDIRECTIONAL BUS 
INTERFACING GATES 

length: Extended 
Height: Single 
Width: Single Volts 

+5 
GND 

Power 
mA (max.) 
300 
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This module provides gating arrangements useful for interfacing to the 
PDP-ll computer. It is designed specifically to provide additional gating and 
output drive when using the M1501-M1502 Input/Output modules. An ex­
ample is shown in the following figure. 

rlO5~L)-- -I;-~"M-;;:)- - - - -F5;.rrw.~ - --- - FPAiiTIALT-
1 

l I 1!rA L R S , I T I 
I I I 

......... ~~t---""-l I 
ADDRESS 
SELECTOft SELECT 8 H 

OUT HIGH H 

OUT LOW H 

III H 

I 
I 

I *. JIM'ERS IN OR OUT I L ______ ~ _______ L ________ ~ __ 

Using M1500 AND Gates with M1501 in PDP-ll Interfacing. 

APPLICATIONS 
PDP-II Interfacing: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1. ANDing SELECT signals with direction signals (OUT HIGH, OUT 
LOW) to load registers 

2. ANDing SELECT signals with direction signals (OUT HIGH, . OUT 
LOW) to form set or reset pulses' 

3. Receiving the INIT (initialize) signal from the UNIBUS and distribut­
ing it via high-power drivers 

General-PurpQse Use: 

1. Providing general·purpose high fan-out drivers' 

2. Providing a stage of inversion with high fan-out capability 

FUNCTIONS 
Inputs marked B present one bus receiver load to the UNIBUS. All other 
inputs are standard TTL; unit loads are shown on the logic diagram. 

Output drivers marked D provide open collector outputs with jumpered-in 
pull-up resistors to enable their use in general logic applications. These out­
puts may be used to drive UNIBUS fines if the associated jumpers are cut 
by the user. 

All other outputs provide standard TTL drive as shown on the logic diagram. 
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M1501 
BUS INPUT INTERFACE 

Length: Extended 
Height: Single 
Width: Single 

~----------~---+W 

~~~======~--r---VI 

Volts 
+5 
GND 

MISOI 
IUS \IIIP\IT INfElIfiICE 

Power 
mA (max.) 
300 

359 

Pins 
A2 
e2, Tl 

UNIBUS 

M SERIES 



The M1501 contains 16 bus drivers for interfacing parallel input data to the 
PDP-ll UNIBUS. The module includes two control flags that can be used for 
interrupt request and enable. Data inputs from an external device enter a 
40-pin flat cable connector mounted on the module itself. All inputs are 
diode-clamped to ground and +5 volts. 

APPLICAnONS 
Up to four MI50I modules (64 bits) can be controlled by one MI05 Address 
Selector module, one M782I Interrupt Control module, and one M1500 Bus 
Gates module. 

FUNCTIONS 
Input from Cable: Data is gated from the input connector to the bus when 
both enabling -inputs (K2, J2) are HIGH. 

Send/Receive Control Signal: Two additional lines are provided from the 
cable connector (Pins X and Z) to the module to allow communications be­
tween the device and the computer. 

Flags: A request flag (RQ) and a request enable flag (RQE) are included on 
the MI501. Both flags can be cleared on start-up directly from the PDP-ll 
INITIALIZE bus line through pin Fl. Both flag clock inputs are transition sen­
sitive. The data input to each flag is buffered by a bus receiver; thus, status 
data can be entered directly from a bus line if desired. The request enable 
flag clock input responds to a HIGH going transition. The request flag has 
an input that is sensitive to a lOW going transition and an input that is sen­
sitive to a HIGH going transition. (Whichever input is not used should be 
connected to the proper logic level to unassert it.) The user is given the 
maximum degree of freedom to use the request enable flag as a D flop or as 
an RS flop because all inputs are accessible. 

The output of each flag is fully buffered (not shown in diagram) to protect 
the flag data as well as to provide high output drive. 

SPECIFICATIONS 
Propagation Time: 

FROM 

40-Pin Connector 
Inputs 

Flag Clock Inputs 

TO ns (max.) 

Bus Data Outputs 50 

Flag Outputs 75 
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M1502 
BUS OUTPUT INTERFACE 

Length: Extended 
Height: Double 
Width: Single 

Volts 
+5 
GND 

Powe. 
mA (max.) 
750 

Pins 
A2 
C2. T1 

UNIBUS 

M SERIES 

The M1502 is a versatile buffered output interface for up to 16 data bits, 
arranged in two 8-bit bytes. The module accepts data from the UNIBUS Data 
lines and stores it in a 16-bit register. Outputs are supplied both to a 4o-pin 
flat ribbon connector and to the backplane. Open-collector output drivers 
with pull-up resistors are included on the module. Three flip-flops with type 
o as well as type RS inputs are provided as flags or synchronizing devices. 

APPLICATIONS 
Although intended for parallel data,.output this module may be used to drive 
indicators or small relays provided the voltage and current limits are not 
exceeded. -

Up to four M1502 modules (64 bits) can be controlled by one MI05 Address 
Selector module, one M7821 Interrupt Control module, and one M1500 Bus 
Gates module. 

FUNCTIONS 
Input from Bus: Data is loaded from the bus to the storage register on a 
positive transition of the loading inputs (ABI and AAl), which loads the 
upper and lower bytes respectively providing the enabling input (AMI) is 
high. 

Flags: Three edge·triggered flip·flops are provided. Two of the flags may be 
, triggered by either negative or positive transitions; these supply buffered 

drive to 40·pin connector outputs. The third flag is triggered by positive-going 
transitions only. This flag provides an output to the blackplane only. 

All flags have separate reset inputs and may also be cleared by a common 
reset line. The set and reset functions occur on logic HIGH levels. Unused 
inputs should be connected to a logic level that will unassert them. Spare bus 
drivers are also provided. 

Spare Lines: Two additional lines are provided between the cable connector 
arid the module for additional communication between the module and the 
external device. These lines are diode protected against voltage over shoot 
below -0.75 volts or above +5.75 volts. 

SPECIFICATIONS 
Propagation Time: 

FROM 

BUS DATA Input 

FLAG CLOCK Input 

FLAG SET or CLEAR Input 

TO 

40-Pin Output 

40-Pin Output 

Backplane Output 
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ns (max.) 

100 

150 

100 



g 

J9-r--~------~ i 
i! 

I AU2 

Mt502 
BUS OUTPUT INTERFACE 

m~~~ 
CI. ~ r--t----==--....::...::....L..:~ 

~I--~'--/' 

BAI 

I BB 

I 
r------f-+---ALI 

AR2 

AU
B 

AVI 
B 

362 



Output Drive: Oututs to the 4O-pin coJector are supplied by open-collector 
high-voltage drivers. Resistors (IK ohm) included on the module provide 
pull-up or current sinking for up to 20 TtL unit loads. If the supplied resistors 
are removed, the output stages will sink up to 40 rnA at logic LOW and will 
withstand a HIGH level of up to +30 vplts. These outputs may therefore be 
used to drive many types of indicatorsl and even relays. However, if induc­
tive loads are driven, diodes should b~ wired across each load to bypass 
inductive kickback. 
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M1621 
DVM DATA INPUT INTERFACE 

Length: Extended 
Height: Quad 
Width: Single 

CABLE 
CONM(CTOR 

I 

i:.....: +~V '* 

UNIBUS 

M SERIES 

~ :ERNAl, TA~!!. _______________ _ 

~-----~~~~~------~ 

SEU" t IJt 

I 
I 
IN 

Volts 
+5 
GND 

Power 
mA (max.) 
777* 

Pins 
A2-
C2, Tl 

* plus current required by instrument 
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The M1621 is a PDP-ll interface module containing all the bus drivers and 
control logic needed to input TTL-level information from several types of 
digital voltmeters and multi meters. All inputs from the instruments enter a 
40-pin cable connector mounted on the module. 

Some of the digital voltmeters and multimeters that can be interfaced by 
the M162I are: 

Fluke 
Hewlett-Packard 
Data Precision 
Systron-Donner 
Dana 

Model 8200A, 8400A 
Model 3450A, 3480A 
Series 2000 
Model 7110 
Model 4800 

The user should first compare the interfacing requirements of his particular 
instrument with the capabilities of this module. Many instrument manufac­
turers have various control options which should be chosen carefully for 
compatibility with the M1621. 

APPLICATIONS 
For interfacing to the PDP-Il, the M162-l must be used with the MIOS 
Address Selector (or equivalent). The MI05 decodes the UNIBUS address 
lines and causes transfer of information through the M162I under program 
control. Interrupt circuitry is also built into the M1621 and can be used in 
conjunction with the M782I or equivalent. An example of a typical PDP-11 
interface using the MI621 is illustrated below. 

4~ INTERRUPT 
A ..... 

KINTERRUPT CONTROL 
'" v 

U 
N 
I '" B ADDRESS BUS 
U d 
S 

.A 

~ .," 

M7821 
INTERRUPT ENABLE 

..... 
SELECT LINES ./ 

Mt05 OUT HIGH 

OUT LOW 

IN 

DATA BUS 

Used in DECkit 11-M 
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FUNCTIONS 
Bus Drivers: The bus drivers on the MI62I are arranged in separately en­
abled groups of input words. A I2-bit word normally transfers the DVM's 
range and function data outputs. Another 16-bit word transfers the first four 
digits of data output. The third six-bit word might represent the fifth digit 
of data output plus the overrange and polarity outputs. Each word can be 
strobed to the computer bus by signals creafed by the MI05. Note that input 
lines from the DVM a(e protected by clamping diodes to prevent input signal 
swings above or below the normal TTL levels. 

Flags: The INTERRUPT flag can be set by the PRINT COMMAND or END OF 
CONVERSION signal from the instrument. Jumpers (WI 1, W12) are provided 
which allow the user to select whether the positive or negative transition will 
set the flag. Interrupt c"apability is enabled by a second flag INTERRUPT 
ENABLE, which can be set under program control. Both the INTERRUPT 
and INTERRUPT ENABLE flag outputs are applied to an M7821 (or equiva­
lent) for computer interrupt. The INTERRUPT flag can be cleared by signals 
from the MI05; both flags can be cleared by computer power up if pin BLl 
is connected to the INITIALIZE line. 

Jumper pair W5-W6 selects one of two Interrupt signals (INTR or INTR B). 
With W5 in place and W6 removed, INTR A is selected. With jumpers re­
versed, INTR B is selected. 

Jumper pair W7-W8 selects one of two Interrupt Enable signals (INTR ENB A 
or INTR ENB B). With W7 in place and W8 removed, INTR ENB A is selected. 
The reverse selects INTR EN B B. 

Status Gates: Status gates on the M1621 give the programmer the ability to 
check the states of the INTERRUPT and INTERRUPT ENABLE flags and the 
ov~rload status of the external instrument. These gates are software enabled 
through the address selector (MI05). 

Trigger Pulse Generator: For triggering or external equipment, the M1621 
contains a one-shot circuit that can be triggered from the device selector 
(MI05). The output pulse width is adjustable from 2 to 12 fJ-S by a trimpot 
on the module. Longer pulses can be obtained by adding a capacitor at the 
split lugs on the module. The following equation can be used to determine 
added capacitance: 

Tpw = 0.32(RC) 

where Tpw is in milliseconds, R is in ohms, and C is in microfarads. (The 
internal trimpot varies from 5.2K to 50 K ohms.) 
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'Ii 

M1623 
INSTRUMENT REMOTE 
CONTROL INTERFACE 

length: Extended 
Height: Quad 
Width: Single 

UNIBUS 

M SERIES 

The M1623 is a PDP-ll interface module containing the bus receivers and 
control logic needed to remotely program several types of digital voltmeters 
and programmable power supplies. All outputs to the instrument are through 
a 40-pin cable c?nnector mounted on the module. 

Some of the digital voltmeters and power supplies that can be interfaced by 
the M1623 are: 

, DIGITAL VOLTMETERS 

Fluke 
• Hewlett-Packard 

Data Precision 
Systron-Donner 
Dana 

Model 8200A, 8400A 
Models 3450A, 3480A 
Series 2000 
Model 7110 
Model 4800 

PROGRAMMABLE POWER SUPPLIES 
Fluke 

Hewlett-Packard 

Models 4210A, 4216A, 
4250A, 4265A 
Model 6130B, 6129B, 
61318 

The user should first compare the interfacing requirements of his particular 
instrument with the capabilities of this module. Many instrument manufac­
turers have various control options which should be chosen carefully for 
compatibility with the M1623. 
APPLICATIONS 
For interfacing to the PDP-ll, the M1623 must be used with the MI05 Ad­
dress Selector (or equivalent). The MI05 decodes the UNIBUS address lines 
and causes transfer of information through the M1623 under program con­
trol. Interrupt circuitry is also built into the MI623 and can be used in con­
junction with the M7821 or equivalent. An example of a typical PDP-ll inter­
face using the M 1623 is illustrated below. 

~ INTERRUPT 

A " 
",INTERRUPT CONTROL) M7821 

" v 
INTERRUPT ENABLE 

U 

" 
DATA AND 
CONTROL 10' 
NSTRUMENT . ~, N 

SELECT LINES M1623 I / 
B y 

U 
S :J ADDRESS BUS M105 OUT HIGH --

OUT LOW 

IN 14--STATUS 

DATA BUS ~ 
/ v 

;, 
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FUNCTIONS 
Registers: The M1623 contains two registers, one 8-bit and one 16-bit, both 
interfaced to the computer bus data lines by bus receivers. Data from the 
computer is clocked into the registers by strobing signals derived from an 
MI05. The user has the option of strobing whole words or 8-bit bytes. All 
register outputs go to the 40-pin connector and can also be read back by the 
processor. 

Flags: The INTERRUPT flag can be set by the CONVERSION COMPLETE or 
READY signal from the instrument. Jumpers (W19, W20) are provided which 
allow the user to select whether the positive or negative transition will set 
the flag. Interrupt capability is enabled by a second flag, INTERRUPT EN­
ABLE, which can be set under program control. Both the INTERRUPT and 
INTERRUPT ENAB,LE flags are applied to an M782 (or equivalent) for com­
puter interrupt. The INTERRUPT flag can be cleared by register-load signals 
from the MI05; both flags can be cleared by computer power-up if pinBL! 
is connected to the INITIALIZE line. 

Jumper pair W17-W18 selects one of two interrupt enable signals (lNTR 
ENB A or INTR ENB B). With jumper WI8 in place and WI7 removed, INTR 
ENB B is selected, and the reverse of the jumpers selects INTR ENB A. 

Jumper pair W15-W16 selects one of two interrupt signals (INTR A or INTR 
B). With jumper WI6 in place and W15 removed, INTR 8 is selected, and 
the reverse of the jumpers selects INTR A. 

Register Preset Jumpers: The M1623 also has the option of either setting or 
clearing the registers during computer power-up. Jumper Wll will cause all 
register bits to clear on power-up. If Wll is removed and W12 inserted, all 
register bits will set on power-up. 

Status Gates: Status gates on the MI623 give the programmer the ability to 
check the states of the INTERRUPT and INTERRUPT ENABLE flags and the 
status of the external-instrument (overflow, remote enable, and latch status, 
for example). These gates are software enabled through the address selector 
MI05). 

Trigger Pulse Generator: For triggering of external equipment, the M1623 
contains a one-shot circuit that can be triggered from the device selector 
(MI05). The output pulse width is adjustable from 2 to 12 p'S by a trimpot 
on the module. Longer pulses can be obtained by adding a capacitor at the 
split lugs on the module. The following equation can be used to determine 
added capacitance: 

Tpw=0.32(RC) 

where Tpw is in milliseconds, R is in ohms, and C is in microfarads. (The 
intemal trimpot varies from 5.2K to 50K ohms.) Jumpers (W13, W14) are 
provided which allow the user to select either a positiv~ or negative output 
pulse. 

SPECIFICATIONS 
Output Drive: Outputs to the 40'pin connector are supplied by open-collector 
high-voltage drivers. Resistors (1 K ohm) included on the module provide 
pull-up or current sinking for up to 20 TIL unit loads. If the supplied resistors 
are removed, the output stages will sink up to 40 mA at logic 'LOW and will 
withstand a HIGH level of up to +30 volts. These outputs may therefore be 
used to drive many type of indicators and even relays. However, if inductive 
loads are driven, diodes should be wider across each load to bypass inductive 
kickback. 
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DESCRIPTION 
The M17l0 UNIBI:JS@ Interface Foundation Module is a general-purpose board 
that provides for the construction of custom interface designs using inte­
grated circuits (lCs). The M1710 lets users build their own interfaces be­
tween a wide variety of peripheral equipment and any PDP-II processor. All 
essential UNIBUS logic, such as device address selection, interrupt circuitry, 
and bus receivers and drivers, is provided on the lower portion of the module. 
The remainder of the board contains IC mounting pads with wire-wrappable 
pins for custom logic designs. These pads accommodate combinations of all 
common type of DIP (dual-in-line-package) integrated circuits with up to 40 
pins. 

The Ml710 is a versatile module, ideal for any type of application. The end 
user, such as a universitllaboratory familiar with ICs, will appreciate both the 
capabilities and cost-effectiveness of the module; no additional mounting 
panel or power. supply is required. These features, coupled with the fact that 
the MI710 is capable of automatic wire wrapping, also should prove valuable 
to the Original Equipment Manufacturer (OEM) who requires many custom 
interfaces. And, in all cases, the module is easily adaptable to accommodate 
any changes in interface design. 

The Ml710 plugs into any Small Peripheral Controller (SPC) slot of a DEC­
kitll-M Instrument Interlace or DOll Peripheral Mounting Panel. Addition­
ally, it may be used in a system unit such as the BBll-A. Connection to user 
equipment is macJe via a cable connector mounted on the MI710 module. 

FEATURES 

• .. Do-it-yourself" i nterfaci ng. 

• Complete single-card interface. 
• Plugs directly into Small Peripheral Controller (SPC) slot. 

• Can be used with DECkitll-M Instrument Interface Kit. 

• Saves hardware and building costs. 
• Preassembled/pretested UNIBUS circuitry eliminates need to build the re­

quired bus Interlacing functions. 

• Wire-wrappable interconnections-compact, 30-gauge wiring used for all 
Ie lead interconnections. 

• I/O connection directly to module board-standard 40-conductor cables 
available. ' 

• All accessories and tools available. 

• Accepts all common Dual-in-Line Packages (DIPs); mounts up to 16 of the 
14- or l6-pin type plus a multi-use pad set that mounts two 40-pin types, 
three 24-pin types, four 14- or l6-pin types, or combinations of these_ 

• Additional bus driver and bus receiver ICs available-special high-imped­
ance devices: DEC 8881, DEC 8640. 

• Includes source of +3 V-convenient for tying unused TIL inputs high, etc. 
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APPLICATIONS 
Since more and more devices are becoming available in DIP form, quite com· 
plex systems can be built on the M17I0. Some typical applications include: 

., Multiword input and/or output. 

• Programmable instrument interfaces. 

• Interprocessor buffers. 
• Custom peripheral controllers. 

• Interfacing of: 
Microprocessors 
AID converters 
Multiplexers 
Counters 
Shift registers 
ROM and RAM memories 
Arithmetic logic units 
Programmable logic arrays (PLA) 

FUNCTIONS 
The M1710 can be divided into four functional sections: address selector 
logic, bus request logic, data bus interface, and miscellaneous logic. 

Address Selector Logic 
The address selector logic provides gating signals for up to 16 full 16·bit 
device registers. Addresses which can be chosen by the user range from 
7600008 to 7777778. The basic Ml710 address selection is similar in func· 
tion to the MI05 Address Selector Module. The input signals for the address 
selector logic consist of: 18 address lines BUS A<17:00>; two bus control 
lines, BUS C<I:0>; and a master synchronization lines, BUS MSYN. The ad· 
dress selector decodes the 18·bit address on lines BUS A<17:00>; receives 
MSYN and issues SSYN. 

Bus Request Logic 
The M1710 contains the circuitry required to make a bus request and gain 
control of the bus at either the NPR level or at one of the BR levels. Th, 
module also includes circuitry required for transferring a vector address duro 
ing an interrupt operation. 

Data Bus Interface 
The Ml7I0 contains standard UNIBUS receivers which provide a buffered bus 
signal output for each of the 16 data lines OUT 00 H through OUT 15 H. 
Output drive capability of these receivers is seven TTL unit loads. 

The module also includes 16 bus drivers which drive data lines IN 00 H -
through IN 15 H. Input loading to each driver is one standard TTL load. All 
16 drivers have ,two common gate line enables (DRIVER ENABLE 1 and 
DRIVER 'ENABLE 2) which require a logic Low for asserti0!l. Each enable rep· 
resents four TTL unit loads. 

Miscellaneous Logic 
The following additional circuitry is also provided on the M1710: 

• Inverted and noninverted buffered initialize outputs (pins 58 and 59) capa­
ble of driving 28 and 30 TTL unit loads respectively. 

• A general-purpose flip·flop with all input and output pins available for wire 
wrap (pins 51 through 57). 

• A +3-volt source (in 50) capable of driving 30 TTL unit loads. 
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M1S01 UNIBUS 
16-BIT RELAY 

OUTPUT INTERFACE M SERIES 

Length: Extended 
Height: Quad 
Width: Single 
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~ L------------I-----+---"'""'''---11]'919 INT E"'BA L[:>o----J INT ENIlBll -
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"The M180I is a PDP-II interface module containing tne bus receivers, relay . 
drivers, and control logic needed to program 16 isolated single-pole relay con­
tacts. The relay contact outputs are available at two 40-pin cable connectors 
mounted on the module. 

APPLICATIONS 
For interfacing to the PDP-ll, the MI80I must be used with the MI05 Ad­
dress Selector (or equivalent). The MI05 decodes the UNIBUS address lines 
and causes transfer of information through the MI80I under program con­
trol. Interrupt circuity is also built into the MI80I and can be used in con­
junction with the M782I or equivalent. An example of a typical PDP-II inter­
face is shown in the M1623 description. 

" FUNCTIONS 
Registers: The MI80"! contains two 8-bit read-write registers, both interfaced 
to the comput~r bus data lines by bus receivers. Data from the computer is 
clocked into the registers by strobing signals derived from an MI05. The 
registers have read-back capability for PDP-ll instructions that require a 
DATIP-DATO sequence. The user has the option of strobing a single 16-bit 
word or two 8-bit bytes. A logic HIGH (binary ONE) loaded into a register bit 
activates the corresponding relay output. Each relay, output has a jumper 
and split lugs which aI/ow the user to insert contact filter circuits. 

Data Strobe Outputs: "Either of the register-loading input pulses will trigger the 
two DATA STROBE output circuits. One of these outputs is a transistor driver 
circuit capable of sinking 100 rnA (clamped to +5 volts). If jumper W54 is 
removed, the user can switch up to 20 volts at this output. 

The second DATA STROBE circuit contains a one-shot which drives a relay 
to provide a momentary contact closure. The one-shot has an internal po­
tentiometer for pulse-width adjustment from 5 to 20 ms. External capacitance 
can be added to split lugs on the module to increase the contact closum 
time. Jumpers (W56 and W55) are provided which allow the user to choose 
whether the relay output will be energized on a HIGH or LOW logic leve/. 
Both DATA STROBE outputs are available at the 40-pin connector. 

READY Relay and level Inputs: When the interfaced device has received data, 
it can Signal the MI80I that it is ready for 'another transfer by either en­
ergizing the READY relay or by applying a" TTL low signal at pin TJ of the 
edge connector J1. The relay has a 5-volt coil rating and pulls in at 4.2 volts. 
A jumper (W52) and split lugs are provided for users who want to add a 
voltage divider circuit. 

The signal on pin TT must be in the form of a HIGH-to-LOW transition: must 
be HIGH .for min. of 4 ms then go LOW for min. of 8 ms. Contact filtering 
(6.8 ms min.) is provided for either READY input to prevent false triggering 
due to contact bounce. The switch filter output sets the INTERRUPT flag, the 
output of which can be used to request an interrupt. Therefore, continuous 
interrupts can be made at 12 ms intervals. This timing relationship is shown 
in the following figure. 

I I I 

I :---6.8MS ------l1.2MS l--
PIN I I I I 

TT 1 I i ,...---
J I I 

----t 4MS · ... ""-----8MS----..J.., 
I SETUP I INTERRUPT REQUEST I 
I TIME I TIME I 
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Flags: The INTERRUPT flag can be set by the READY signal from the external 
-- equipment. Interrupt capability is enabled by a second flag, INTERRUPT EN­

ABLE, which can be set under program control. Both the INTERRUPT and 
INTERRUPT ENABLE flags can be applied to an M782I (or equivalent) for 
computer interrupt_ The INTERRUPT flag is cleared by the register-loading 
signals from the MI05; both flags are always cleared by computer power-ups. 

Register Preset Jumpers: Each register bit on the M180I has a jumper which 
causes that particular bit to clear on power-on. If the user wishes to have a 
particular bit set on power-on, he must remove the jumper provided and 
install the particular jumper which sets that bit. Care should be taken to in­
sure that both the set and clear jumpers are not inserted simultaneously. 

DATA Jumper Jumper 
Bit to CLEAR to SET 

000 WI W2 
001 W3 W4 
002 W5 W6 
003 W7 W8 
004 W9 WIO 
005 W11 WI2 
006 W13 W14 
007 WI5 WI6 
008 WI7 WI8 
009 W19 W20 
010 W21 W22 
011 W23 W24 
012 W31 W32 
013 W29 W30 
014 W27 W28 
015 W25 W26 

Status Gates: Status gates on the MI801 give the programmer the ability to 
check the states of hte INTERRUPT and INTERRUPT ENABLE flags. These 
gates are software-enabled through the address selector (MI05). 

CAUTION 
When the high output voltage or current capabilities of the MI80I are used, 
the MI80I should 'be shielded from all computer circuitry. 

SPECIF1CATIONS 
Relay Contact Ratings: 

Voltage: 
Current: 
Power: 
Insulation resistance: 

Data Strobe Output: 

Current Sinking: 
Voltage: 

100 V max. 
0.5 A max. 
10 W max. resistive load 
1,000 megohms 

100 rnA max. 
20 V max_ 
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DESCRIPTION 
The ARll is a compact analogreat-time module for use with the PDP-ll fam­
ily of computers. Included on the module are a 10·bit analog/digital con· 
verted, two 10-bit digital/analog converters, a crystal controlled clock, scope 
control, a l6-channel multiplexer, and a sample and hold circuit. Operation 
and selection of functions is under software control. 

AI D Converter System 
The 10-bit A/D Converter samples analog data at specified rates and allows 
the program to store the equivalent digital value for subsequent processing. 
Sample and hold circuitry ensures accurate conversions, even on rapidly 
changing signals, by holding the input voltage constant until the process is 
completed. The maximum throughput rate for a single channel is approxi­
mately 35 kHz. A l6-channel single-ended multiplexer is included. The input 
voltage range is program selectable for unipolar (OV to +5V), or bipolar 
(-2.5 to +2.5V) operation. 

Display Control 
The display control displays data in the form of a 1024 by 1024 dot array. 
Under program control, a bright dot may be produced at any poi~ in this 
array. A series of these dots may be programmed to produce graphical out· 
put. The display control is primarily used with DIGITAL's V.R14 display. How­
ever, it has the capabilities to operate with the Tektronix 602 and 604 display 
scopes and the 603, 611, and 613 storage scopes. It can also drive an X-Y 
analog recorder. The display control offers four program·controlled modes in 
which the scope can intenSify a point. There are two 10-bit 0/ A converters 
with either a ±5V or a ±0.5V full scale output and all the necessary circuitry 
for scope control. 

Programmable Clock 
The programmable clock offers several methods for accurately measuring and 
counting time intervals or events. It can be used to synchronize the central 
processor to external events, count external events, measure intervals of time 
between events, or provide interrupts at programmable intervals. It can be 
used to start the A/D converter at predetermined intervals or from an exter­
nal logic input. 

The clock operates in one of two program modes: single intervar or repeated 
interval. There are seven programmable frequencies: 1 MHz to 100 Hz, an 
external input, and an auxiliary input (on the backplane wiring). 

An S-bit counter can be preset for a number of time pulses or events to occur 
before an interrupt (or A/D counter start) is initiated. This counter can be 
read from the processor at any time to determine timing status. 

PACKAGING 
The complete ARl! subsystem electronics are contained on one single hex 
module that can mount in either of the two center slots of a DDll-B system 
unit, or within the CPU mainframe assembly. All external conneCtions are 
made via a Berg connector (supplied with mating plug) which is mounted on 
an outside corner of the module. 

No external analog supply voltages are required. A unique DC to DC converter 
without transformer uses the +5V logic power to generate the high-quality 
positive and negative voltages needed by the ARll. 
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PROGRAMMING 
There are 8 registers used for control and data. The address of the first reg­
ister is selectable in increments of 20, between 770 000 and 777 760. With a 
starting address of 770 400, the arrangement is: 

Register 

AID Status 
AID Buffer 
Clock Status 
Clock Buffer 
Display. Status 
X Buffer 
Y Buffer 
Clock Counter 

Address 

770400 
770402 
770404 
770406 
770410 
770412 
770414 
770416 

There are three interrupt vectors, with the address of the first address vector 
selectable in increments of 20. If the first vector is at 300, the arrangement 
is: 

Vector 
AID 
Clock 
Scope Control 

SPECIFICATIONS 
AID Converter System 

Input voltage range: 

Resolution: 

Accuracy at 25°C: 

Linearity: 
Conversion time: 

Number of input channels: 
Input impedance: 
Settling time; (MUX plus 
S& H): 

Scope Control 

DI A Output voltage range: 

Resolution: 
Accuracy at 25°C: 

Scopes controlled: 

Address 
300 
304 
310 

Priority level 
BR6 
BR6 
BR4 

o to +5V, or -2.5V to +2.5V, program 
selectable 
10 bits (1 part in 1024) 

±0.1 % of full scale 

Ih lSB 

22 to 24 ~sec 
16 

10M ohms, min. 
8 ~sec, max. (5-volt step) 

-5V to +5V, or -5V to +0.5V, jumper 
selectable (2 DI A's) -

10 bits 
±0.1% of 10V full scale, or ±2% of IV 
full scale 
VR14, Tektronix scopes including storage 
scopes 
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Programmable Clock 
Clock rates: 

Operating Modes: 

Counter size: 
Preset register size: 

Accuracy: 

External input: 

Aux. freq. input: 

t!lechanical 
Mounting: 

User Interface: 

Power 

Environment 
Operating temperature: 

Relative humidity: 

SOFTWARE 

IMHz } , 
100 kHz 
10· kHz crystal controlled 
1 kHz 
100 Hz 

external logic input 
auxiliary frequency input 

single interval 
repeated interval 

8 bits 

8 bits 

±0.005% 
TTL logic 

TTL logic, accessible on backplane 

1 hex module slot 

Berg connector on the modul!! 

4A at +5V 

15°C to 52°C, system ambient 

10% to 90% 

RTll/BASIC 
FORTRAN IV 
RSXll-M,·D 
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M7821 
PDP-II 
UNIBUS 

INTERRUPT CONTROL MODULE 
M SERIES 

Length: Extended 
Height: Single 
Width: Single 

A CLEAR H 1 rR.;...l __ -------, 

A REQUEST' H 

A REQUEST 2 H 

A 8G IN H 

A BG OUT H 

A MASTER 
CONTROL 

D-__ -..;;...U2-t 8 BUS A 8R L 

n-_____ -~N"'-fl 10 A MASTER L 

A SACK EN81 L ,J-=. ....... ---CJ _______ _ -n ___ --"'-01"'-18 BUS 88SY L 

BUS SSYN L _________ T2 8 BUS SACK L 

8 REQUEST 1 H 

-B REGlUEST 2 H 

B BG IN H 

8 8G OUT H 

8 MASTER 
CONTROL 

o--_-...:....P"'-fl B BUS B BR L 

0--__ -=52,,10 B MASTER L 

'..v9 
BUS NPR l 8rJ-' __ ----a---OO 

B CLEAR H 1 1-'-5_1 __ -----..... 

VECTOR 81T 2 H 1 ""'0_2 __ ----1 -----~---6W20--

A START INTR L 

8 ·START INTR L 

0w30--
JUMPER 0w40--FOR "I" 

NO 0wS0--JUMPER 
FOR"O" 0wi0--

0Wi0--
0wi0-.. 

VECTOR 

Volts 
+5 
GND 

CONTROL 

Power 
mA (max.) 
550 
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A2 
C2. T1 

BUS 002 L 

BUS 003 l 

BUS 004 L 

Fl BUS OOS L 

F2 
BUS 006 L 

Hl 

Kl 

Ml 
BUS 'NTR L 

AINTR DONE 

B INTR DONE 



The M7821 Interrupt Control Module is used with the interface logic of a 
device in the PDP-ll systems. The M7821 allows one or two devices that 
request an interrupt to gain access to the UNIBUS and become bus master 
for one or more data transfers. It also provides a vector control circuit to 
enable the selection of an address in memory at which the device subroutine 
is stored. 

The module consists of an A Master Control, B Master Control, and Vector 
Control logic. Either of the two master control circuits can be used to gen­
erate a Non-Processor Request (NPR) for direct data transfers to memory 
(OMA) or a Bus Request (BR) which interrupts the current processor pro­
gram. The A Master Control, however, is normally used for generating the 
NPR and the B Master Control for the BR. When used as a DMA control, the 
A Master Control has the ability to perform a burst mode block transfer 
which allows more than one data cycle to be performed each time the device 
becomes bus master. 

The B Master Control contains'logic which can be implemented to allow 
the monitoring of the bus NPR line. This capability permits an NPR initiated 
by a device to be honored under certain conditions and the device to gain 
access to the bus even though a BR from another device has occurred prior 
to the NPR. A jumper lead can be removed from the module to disable this 
feature if the B half is used for NPR transfers. 

The sequence of interrupt control Signals between the M7821 and processor 
is similar for both the NPR and BR; however, an interrupt Signal and vector 
address is generated after the device becomes master during a BR. The 
interrupt signal halts the operating program in the processor and the vector 
address specifies a location in memory where the starting address of the 
interrupt status routine and a status word is stored. 

FUNCTION 
The interrupt request generated by a device is received as a High level on 
either A REQUEST 1 or B REQUEST 1 input. The associated A REQUEST 2 
and B REQUEST 2 inputs must be enabled with a High level to generate a 
bus request. A non-processor request is initiated by the A Master Control 
and the BUS A BR output is wired to the NPR bus line. The BUS A BR output 
becomes Low during the request interval. The processor responds to the 
NPR by issuing a high level to the A BG IN input. The A Master control 
issues a Low BUS SACK signal to the processor to acknowledge the A BG IN 
signal and the BUS BBSY signal is asserted Low as soon as the current bus 
master releases control of the bus to indicate the requesting device is bus· 
master. 

Normally, the BUS SACK signal is returned to a High level after BBSY be­
comes Low. If I.~ore than one data transfer (bus cycle) is required during 
the period that the device is I;>us master, the A SACK ENBL input can be 
connected to a level which remains High until just before the last bus cycle 
of the burst transfer is started. This level will prevent the processor from 
issuing a bus grant requesting device until the data transfers have been 
completed. This insures that the bus will be given to the highest priority 
requesting device at the end of the burst. 

A bus request (BR) is issued by the B Master Control in a similar manner 
as the NPR. The BUS B BR output of the B Master Control connects to the 
assigned bus request priority line, BR4 through BR7. After the A Master 
Control issues a Low to the BUS BBSY line, the vector logic issues a Low 
BUS INTR signal to the bus interrupt line and transmits the vector address, 
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as preset by the jumper leads W2 through W7, to the data bus lines BUS 
003 through 008. The data from the device which initiated the interrupt 
request is transferred to memory after the BUS BBSY has been issued by 
the processor. 

APPLICATION 
The following diagram shows a typical wiring configuration of the M7821 
module. An interrupt request can be initiated from Device A to the A Master • 
Control or by Device B to the B Master Control. The outputs of both master 
controls can be wired together as shown and connected to the BUS BR4 
line; therefore, an interrupt request from either Device A or B will initiate a 
bus request at the same priority level. The A SACK ENBL input is connected 
to ground in_dicating that only one data transfer will be performed each time 
the device becomes bus master. The bus grant (A BG OUT) connects to the 
bus grant (B BG IN) where both master controls are connected to the same 
priority level of bus requests (BUS BR4). 

A REGlUEST 1 
DEVICE A 

A REQUEST2 

A 8G IN 

GUS SSYN 

B REQUEST 1 
DEVIce B 

a REQUeST 2 

BUS NPR 

M7821 IA ClEAR 

J sus au 
MASTER 

CONTROL 
A A 

~ 

~ ------- ABG OUT 
sus 8BSV 
sus SACJ( f--------

IlJS B 8R I~ROL j MASTER VECTOR81T 2 -----~---CONTROL 
B BGIN B ---- B8GOUT ~--

W9 p---..I- -8 MASTER 
W4 

--cr-b cr'b--- -
W5 

8ClEA cr-b---
W6 

A cr-b---
START1~ ~--"") 

8 START !NTR -

TYPICAL M7821 APPLICATION 

IANTRDONE 

81NTRDONE 

sus INTR 

BUS 002 

BUS D03 

BUS DO .. 

BUS DOS 

BUS D06 

aus D01 

All jumpers W2 through W7 are connected on the vector Control section of 
the module. The A MASTER output connects to the VECTOR 2 input of the 
Vector Control circuit. When the A Master Control section of the module 
becomes bus master, the A MASTER output will be low and the resulting 
vector address on lines BUS 002 through BUS 008 will contain an octal 100. 
If the B Master Control is selected, the A MASTER output will be high, pro­
ducing a vector address of an octal 104. The A MASTER output and the 
B MASTER output connect to the START INTR inputs of the Vector Control 
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or gate to initiate the interrupt request on the BUS INTR line. When the 
data transfer is complete, the INT DONE output of the Vector Control will 
clear the appropriate master control section previously selected. 

WIRING CONFIGURATION 
During a BR, the vector address is specified by the information on lines 
BUS 002 through BUS '008. The address format is indicated below: 

DATA BUS LINES 

008 007 006 DOS 004 003 D02 001 000 

~ 
W2 
W3 
W4 
WS 
W6 
W7 
wa 

ADDRESS BITS 
002-
003 
004 
DOS 
006 
007 
OOa 

- CONTROlLED BY VECTOR 
BIT 2 INPUT 

When a jumper is present between the designated lugs W3 through W8 on 
the module, a logic ONE will result and when the jumper is removed, a logic 
ZERO will be present on the corresponding vector address bit. With jumper 
W2 installed, the state of address bit D02 is determined by the logic level 
present on the VECTOR BIT 2 input. 

Jumper W9 is instal/ed during manufacturing and must be removed when 
-used with early PDP-1I/15 and PDP-ll/20 without the KHlI option. 

M7821 SIGNALS 

Inputs 

X REQUEST 1 H, 
X REQUEST 2 H 

X BG IN H 

X SACK ENBL L 

(X = A or B Master Controls) 

Both signals must be asserted High to initiate a 
BR or NPR and remain High until the requesting 
device is through being bus master. Lowering either 
of these lines will cause BBSY to be removed. Prior 
to a new bus request, one signal must become Low 
before being reasserted. 

Asserted High by the processor in response to a 
request when the requesting device has the highest 
priority. 

Connect to ground (Low) when only one data 
transfer by a device will be performed each time 
the device becomes bus master. When a burst 
mode block transfer is done, this line should be 
held High until just before the last transfer of the 
block. 

384 



BUS NPR L 

X CLEAR H 

VECTOR BIT 2 H 

X START INT t 

Outputs 

BUS X BR L 

X BG OUT H 

BUS SACK L 

BUS BBSY L 

X MASTER L 

X INT DONE H 

BUS D02-D08L 

BUS INTR L 

With jumper W9 connected, a Low on the BUS NPR 
line from the processor will prevent the B Master 
Control from transferring a bus grant to another 
requesting device. Remove this jumper if this sec­
tion is used for an NPR device. 

A High transition causes the associated master 
control to remove the BUS BBSY signal and ter­
minate bus mastership. 

A High input specifies an octal 4 in the least sig­
nificant digit of the vector address. A Low specifies 
an octal O. 

A Low transition initiates an interrupt by loading 
the vector address onto the UNIBUS and producing 
a (Low) BUS INTR signal. 

Asserted Low when X REQUEST 1 and X REQUEST 
2 are asserted to indicate that a device has initi­
ated a BR or NPR. Connect to desired UNIBUS BR 
or NPR line. 

Asserted High to transmit the bus grant to the 
next device on the same priority level. 

Asserted Low to acknowledge to the processor that 
the requesting device has received the grant signal 
and is prepared to become the bus master when 
the current master releases the BUS BBSY signal. 

Asserted Low to indicate that the requesting de­
vice is bus master. 

Asserted Low when the associated master control 
has become bus master. . 

Asserted High at the completion of the interrupt 
(when BUS SSYN is received). 

Specifies the vector address to the UNIBUS. 

Asserted Low by the requesting device after it has 
become bus master to notify the processor that 
the data lines contain a vector address. 
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M783 
UNIBUS DRIVERS 

Length: Extended 
Height: Single 
Width: Single 

Volts 
+5 
GND 

Power 
mA (max.) 
70 

UNIBUS 

M SERIES 

~JI 
I J2 : ~ 
~L2 

, Nt : ~ 
~S1 

1 R2 : ~ 
~: : ~ 

[!J • CONNECTS TO UNIBUS 

O=SUS DRIVERS 

Pins 
A2. 
C2, Tl 

The M783 consists of 12 low-leakage bus drivers to be used as an input inter­
face to the UNIBUS of the PDP-H. Each driver is open-collector and is capa­
ble of sinking 50 mA with a collector voltage of less than 0.8 volts. The out­
put high leakage current is 25 microamperes maximum. Pin 02 is a TTL out­
put that allows additional drivers to be controlled by the single enabling gate 
(inputs HI and Fl). Pin UI provides +3 volts as a source of logic HIGH for 
10 TTL loads. -
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M784 
UNIBU~ RECEIVERS 

Length: Extended 
Height: Single 
Width: Single 

~ 
~ 

Power 
Volts mA (max.) 
+5 200 
GND 

Pins 
A2 
C2, T1 

UNIBUS 

M SERIES 

~ 
~ 
~ 

~ 
~ 
~ 
R= BUS RECEIVER 

[[]=CONNEC,TS TO UNIBUS 

The M784 consists of 16 high-impedance inverting bus receivers that are 
used as an output interface from the UNIBUS of the PDP-ll. 

SPECIFICATIONS 
Input Loading: All inputs present one UNIBUS receiver load. (See UNIBUS 
descri ption.) 

Output Drive: Each output has a fan·out capability of 7 standard TTL loads. 
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M785 
UNIBUS TRANSCEIVER 

Length: Extended 
Height: Single 
Width: Single 

Ro BUS RECEIVER 
DoeuS DRIVER 

[j} -CONNECTS TO UNIBUS 

8 CI 

I 81 

Volts 
+5 
GND 

Power 
mA (max.) 
118 

Pins 
A2 
C2, Tl 

UNIBUS 

M SERIES 

The M785 consists of eight drivers and eight receivers for use as a device 
interface with the PDP-II UNIBUS. Pin UI provides +3 volts and has an 
output capability of 10 TTL loads. Driver gates have open collectors and are 
capable of sinking 50 rnA with a collector voltage of less than 0.8 volts. The 
output high leakage current is 2.5 microamperes maximum. 
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Interrupt: Each I/O connector also has an -additional request line (REQUEST 
A on connector No .. I, REQUEST B on connector No.2) which may be as­
serted High by the external device to initiate an interrupt or to generate a 
flag that may be tested as part of a peripheral status-checking program. 
Whether these two request lines cause an interrupt is determined by two 
Interrupt Enable flip-flops (INTR ENB A, INTR ENB B) which may be set 
under program control to enable interrupt capability for either an Aor B in­
terrupt or both if dual interrupts are required. 

For interrupt capability, an INTR ENB and a R~QUEST signal are applied to 
an M7821 module or equivalent. These two signals must be both A or B 
signals; for example INTR ENB A and REQUEST A. 

The priority level of both interrupts on the M786 module must be the same, 
with the interrupt which is back panel-wired closest to the proccessor having 
the highest sublevel priority. The M786 module contains a priority jumper 
plug which is normally set at BR5. If other priorities are desired, different 
plugs may be purchased; part numbers are as follows: 

Priority Plug 
Priority plug, level # 7 
Priority plug, level #6 
Priority plug, level # 5 
Priority plug, level #4 
Priority plug, No Request 

Part No. 
54-08782 
54-08780 
54-08778 
54-08776 
54·10341 

Status Gates: Status gates on the M786 module give the programmer the 
ability to check the states of the REQUEST and INTR ENBl signals. These 
gates are software-enabled through the address selector (MI05 module) 
signals SEl 0 and IN H. 

SPECIFICATIONS 

Propagation Time: 

FROM 
Bus DATA 
I/O connector 
Flag Clock inputs 

TO 
. I/O Connector 
Bus DATA 
Flag output 

I/O Connector Cables: 

ns (max) 
100 
35 
40 

The I/O connector accepts the M904 and M927 Cable Connectors which con­
tain solder lugs and can be used with ribbon cable, twisted pair cable, or open 
wire_ 

... 
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M786 UNIBUS 

DEVICE REGISTER INTERFACE 

Length: Extended 
Height: Double 
Width: Single 

BUS T-Ot5 

08-CL2 
09-CK2 
lO-CJ2 
,,- CHI 
12- CH2 
13- CF2 
14- CE2 
t!1- C02 

BUS INTL L 8U 

BUS 0 De7 

00-CS2 
01-CR2 
02-CU2 
03- CT2 
04-CN2 
05-CP2 

~:g~ 

/ j'{ { 
J INPUT ~ 
J CONTROL I.: 

l ~ 

• 1 
II OUTPUT I HIGH BYTE 

CONTROL 

l 
~, 8BIT I REGISTER 

HIGH-BYTE I 

• 1 
J OUTPUT J 

CONTROL 
1 LOW ByTE 

~ 
L::f 8 BIT l 

REGISTER I 
-I LOW BYTE 

BUS 005, AP2 a 006, /1112 

Volts 
+5 
GNO 

Power 
mA (max.) 
600 
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M SERIES 

ttll 
J I 1 1 

~,.,..-.~~ ENABLE a 
TRANSFER 

OST A IT2 

RQST B 2H2 

Pins 
AA2,BA2 
AC2,BC2 
ATl, BTl 

f i 
0 0IN- Ol5IN 

00-2SI 
01- 252 
02-2PI 
03-2L1 
04-2P2 
05-2K2 
06-2MI 
07- 2T2 
08- 2M2 
09-202 
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The M786 is a PDP-II interface module containing all the logic necessary 
for transfers of I6-bit input and output data between a PDP-ll system and 
an external device. All I/O connections are made using the connector blocks 
mounted on the module. 

APPLICATIONS 
For interfacing to the PDP-ll, the M786 must be used with the MI05 Address 
Selector. The MI05 decodes the UNIBUS address lines and causes transfer 
of information through the M786 under program control. Interrupt request cir­
cuitry is also built into- the M786 module and can be used in conjunction with 
the M7821 module or equivalent. An example of a typical PDP-ll interfaee 
using the M786 module is illustrated below. 
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Figure 1. Typical PDP-ll Interface 
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Registers: The M786 module contains a I6-bit register interfaced to the 
computer bus data lines by ungated receivers. Data from the computer is 
clocked into the registers by strobing signals OUT LOW with SEL 2 and OUT 
HIGH with SEL 2 derived from the MI0S module. The user has the option of 
reading whole words (OUT LOW with SEL 2 and OUT HIGH with SEL 2) or 
8-bit bytes (OUT LOW with SEL 2 for a low byte and OUT HIGH with SEL 2 
for a high byte): All register outputs go to I/O connector No.1 where cables 
from an external device can be attached. 

The M786 module signals the external device through the NEW DATA signal 
each time new data is loaded into the I6-bit register. Register outputs may 
be read back onto the computer bus by program-enabling the IN Hand SEL 2 
signals from the MIOS module. • 

Drivers: Sixteen bits of TTL data may be. received from an external device via 
cables attached to I/O connector No.2. These input lines are protected by 
clamping diodes to prevent input signal swings above or below the normal 
TTL levels. Each of these input signals can be read onto the computer bus by 
means of bus drivers which are enabled by the IN Hand SEL 4 signals from 
the MI05 module. 

The M786 module signals the external device through the DATA TRANS­
MITTED signal that data has been read onto the computer bus. 
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M786 Device Register Interface 
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M795 
WORD COUNT AND 

BUS ADDRESS MODULE 

Length: Extended 
Height: Double 
Width: Si ngle 
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The M795 Word Count and Bus Address Module can be used to provide two 
of the essential elements of an interface which connects Direct Memory Ac­
cess (OMA) devices to the UNIBUS. This module contains two I6-bit count­
ers. One counter is used to count the number of data transfers that occur. 
The other counter is used to specify sequential bus addresses for the sources 
and/or destinations of the data to be transferred. 

FUNCTION 
Word Countt'!r 
Block transfer devices that function as bus master during data transfers usu­
ally require two registers to hold the parameters of the transfer. One param­
eter is the transfer word count. Initially, this register (WC) is loaded by the 
computer with the 2's complement of the number of words to be transferred 
to or from memory. This number is clocked into the WORD COUNT register in 
two 8-bit bytes or one I6-bit word using the LOAD WC L (low byte) and LOAD 
WC + 1 L (high byte) inputs. After each data transfer is complete, the WC 
register is incremented by clocking the COUNT WC H input. When the new 
value of the WC register reaches 0, an overflow signal is generated at the WC 
OVFL L output, which would be used to inhibit further transfers and to signal 
that the transfer is complete. Information can be transferred in either words 
(16 bits each) or bytes (8 bits each), because the WC register may also be 
used as a byte counter. 

Address Counter 
The second parameter used in block transfers is the transfer address. Ini­
tially, a bus address register (BA Counter) is loaded by the computer with an 
address that specifies the memory location to or from which data is to be 
transferred. This address is loaded from the BUS DATA lines (000-015) in 
two 8-bit bytes or one 16-bit word using the LOAD BA L (low byte) and LOAD 
BA+l L (high byte) inputs. The BA register is incremented after each trans­
fer by clocking the CLOCK BA H input. The register continually "points" to 
sequential memory locations for block transfers. 

BUS Drivers 
Outputs of both the Word Counter and BA Counter are connected to a set of 
UNIBUS drivers so that the counter contents can be gated to the DATA BUS 
when the appropriate enable signals (BA TO BUS Land WC TO 0 BUS L) are 
asserted. In addition, the SA register has a set of drivers with independent 
outputs to allow it to drive the ADDRESS BUS when the BA TO BUS L input 
is asserted. 

Counter Increments 
The SA register can be incremented by either 1 or 2 as a function of the SA 
INC CONTROL input (High=l, Low=2). This incrementation capability allows 
addressing of either sequential bytes or words. The register is incremented 
on the trailing edge of a positive pulse applied to the COUNT SA H input of 
the register. The carry between bits 03 and 04 is broken and brought out to 
pins SVI (BA CARRY OUT L) and BUI (SA CARRY IN L). Normally these 
pins are connected together externally to allow for a full 16-bit count. They 
can, however, be controlled to inhibit the carry and to force repeated ad­
dressing of 16 sequential byte addresses. This feature can be used in device­
to-device transfers. An overflow pulse (SA OVFL L) is provided as an output 
whenever the register is incremented from all l's to all a's. 

The WC register is incremented by either 1 or 2 as a function of the WC INC 
CONTROL input (High=l, Low=2). The register increments on the trailing 
edge of a positive pulse applied to the COUNT WC H input of the register. 
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An overflow pulse is also available at pin BS2 (WC OVFL L). Both registers 
reset to O's whenever the CLEAR WC+BA H signal is asserted. 

The storage elements on the M795 module are not edge triggered devices. 
Data must be established and held for the duration of the loading pulse. 

The data inputs to the registers are not bus receivers and can not be con· 
nected directly to the UNIBUS. Use the M784 or equivalent. 

APPLICATIONS 
This module is used to interface direct memory access (DMA) devices to the 
UNIBUS. 

SPECIFICATIONS 

Propagation Time: 

FROM 

CLEAR WC+BA 
LOAD WC L 
LOAD WX+l L 
COUNT WC H 
LOAD BA L 
LOAD BA+l L 
COUNT BA H 

TO 
WC+BA Outputs 
WC Outputs 
WC Outputs 
WC Outputs 
BA Outputs 
BA Outputs 
SA Outputs 
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ns (max.) 
125 
75 
75 
60 
75 
75 
60 



M796 
UNIBUS MASTER CONTROL 

Length: Extended 
Height: Single 
Width: Single 

CLfARd,~~ 2 ... 0;=..2 ---++-i'-++---..... 

I~THlrJ_I ____ ~--+-----__ --4---~ 

ACCE~.2 FL;;;..2 ---+--+--------1 
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2 U2 
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mA (max.) 
130 
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C2, T1 

UNIBUS 

M SERIES 

» ____ ~-.E.EI!...f. IIUS"SYN L 
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110 



The M796 UNIBUS Master Control Module provides the necessary logic to 
enable a peripheral device to perform a bus cycle on the UNIBUS to transfer 
data. In addition to controlling the four transfer operations (DATI, DATIP, 
DATA, and DATOB), the M796 module generates strobe and gating signals 
which transfer both addresses and data to and from the bus; handles de­
skewing of data received from the bus; protects against data transfers to 
nonexistent devices by the use of time-out circuits; and provides a flip-flop 
and integrating one-shot that can be used by the customer for special control 
functions. 

Any device in the PDP-II system may have the capability of gaining control 
of the bus and, as bus master, of transferring data to and from other slave 
devices on the bus. This operation is performed independently of processor 
control and is usually referred to as Direct Memory Access (DMA). The logic 
necessary to gain control of the UNIBUS is provided by the M7821 Interr-upt 
Control module. 

Upon becoming bus master, the device is free to conduct a data transfer. A 
DATI cycle is performed if the device needs data (either a word or byte) from 
memory or from another peripheral;a DATO cycle is performed if the device is 
storing a word of data in memory (DATOB cycle for byte storage) or is send­
ing data to another peripheral; a two-cycle DATIP, DATO(B) operation is per­
formed if data held in memory is to be modified as in the case of increment 
memory or add to memory functions. 

In order to execute one of these transfer cycles, the M796 must set Bus CO 
and Bus Cl for the required type of data transfer, assert the MSYN signal, 
and then wait for the SSYN repsonse from the slave. Data must either be 
gated to the Bus data lines on a DATO cycle or be received and strobed at the 
proper time on a DATI cycle. 

The Bus C1 and Bus CO outputs of the M796 can directly drive the UNIBUS 
and are asserted as a function of the control inputs C1 CNTRL H and CO 
CNTRL H. Table 1 lists the states of the control inputs for the four possible 
bus cycles. Note that for DATI or DATO, only C1 has to be varied while hold­
ing CO low. 

Table 1. Control Line Input States for M796 

C1 

L 
L 
H 
H 

CO 

L 
H 
L 
H 

Bus Cycle 

DATI 
DATIP 
DATO 
DATOB 

The data transfer sequence is triggered by meeting the AND condition of the 
low state of both MASTER L (H2) and RESTART L (HI). Usually these two 
inputs are tied together and are connected to the MASTER L signal produced 
by the M7821 Interrupt Control Module. When the AND condition is met, it 
produces the START signal, which is an internal signal in the M796 module. 
At the transition of the START Signal, both Bus Cl and Bus CO are asserted 
as determined 'by their respective control inputs. The ADRS to Bus signals 
are also asserted and are used to gate the address of the slave onto the bus 
address lines (Bus A 17:00). If an output cycle is specified (C1 = 1), the DATA 
TO BUS signals (both Hand L) are also asserted and are used to gate data to 

397 



be transferred to the slave onto the bus data lines (Bus 0 15:00). When the 
MSYN WAIT one-shot times out after 200ns, the BUS MYSN L signal is as­
serted. The master device then waits for a response from the slave. 

In a data output cycle (DATO), assertion of SSYN by the slave causes BUS 
MYSN to be negated immediately. After a 100-nanosecond delay, BUS CI, 
BUS CO, ADRS TO BUS and DATA TO BUS are negated. When these signals 
drop, the END CYCLE pulse appears and is usually used to release control 
of the bus. 

In a data input cycle (DATI), the assertion of the SSYN input produces a 200-
nanosecond pulse that appears as DATA WAIT. This delay allows time for 
the incoming data to deskew and settle. The trailing edge of the DATA WAIT 
pulse can be used to clock data from the slave into the master device. If a 
strobe pulse is necssary, the trailing edge of DATA WAIT can be used to trig­
ger the one-shot provided on the module. In either case, once data is re­
ceived, a positive-going edge is applied to DATA ACCEPTED L causing BUS 
MSYN to be negated initially, followed by negation of ADDR TO BUS, BUS Cl. 
and BUS CO 100 nanoseconds later. 

A TIME-OUT flip-flop is set if a SSYN response fails to occur within 20 micro­
seconds after BUS MSYN is asserted. When this flip-flop is set, the bus cycle 
is terminated and END CYCLE is issued. The TIME OUT signals are used to 
indicate an error condition. The TIME-OUT flip-flop is cleared by asserting the 
CLEAR TIME OUT L input. 

The M796 module provides an extra flip-flop that has the clock (V2), reset 
(U2), 1 side (VI) and 0 side (UI) available to the customer. The flip-flop is 
clocked by a positive transition on the clock input. 

An integrating one-shot is also provided on the module. This one-shot is trig­
gered whenever the output of the gating input becomes true. The output 
pulse width at pins T2 and M2 is 150 nanoseconds but can be lengthened by 
adding capacitance across the pair of split lugs on the modUle. The following 
equation can be used to determine the approximate value of the added capac­
itance: 

Tpw - 0.32 (RC 

where Tpw is in milliseconds, R is in ohms, and C is in microfarads. (The 
internal resistance is 5.6 kilohms.) 

Note that all times mentioned above represent nominal values with a tol­
erance of ± 25%. The delays and pulses provided by the module are con­
trolled by simple RC circuits: therefore, if the user has any special require­
ments, part substitutions can be made to alter these time constants. 
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I ~ _______ U_N_IB_u_~_7~_~_I_VE_R_s ______ ~I~ 
Length: Extended 
Height: Single 
Width: Single 

+5V _14-.2 _-+-_ 
4.1 HI 

4.1 F2 

4.1 J2 

4.1 El 

4.1 02 

4.1 81 

4.1 PI 

4.1 Ml 

4.1 Kl 

4.1 L2 

4.1 51 

4.1 T2 

.1 V2 

4.1 Ul 

4.1 R2 

4.1 N2 

Volts 
+5 
GND 

lK{}. 

Power 
32~ (max.) 

~99 

Pins 
A2 
C2, T1 



This module consists of 16 noninverting UNIBUS drivers with pull-up resistors 
on the inputs. The module is used in device interfaces to minimize the loading 
effect caused by attaching several drivers to the same UNIBUS signal line, as 
in the case of a device containing multiple registers. Loading of signal lines 
on the UNIBUS is restricted to the equivalent of one UNIBUS receiver input 
and two UNIBUS driver outputs per device. 

In addition, the M798 module allows the UNIBUS to be driven by standard 
open-collector TTL gates. The inputs to each M798 driver circuit are pulled 
up to +5 V through a I-kilohm resistor. As shown below, an internal wired-

lOR multiplexer is created that is driven from standard open-collector gates or 
from UNIBUS drivers (such as the MI501 or M783). 

REG A BITn 

REG B BIT n ---f 

REG C BIT n----t 

I 
I­
I 

+5V 

IKn 

~ 
Typical Use of M798 

SPECIFICATIONS 

UNIBUS 

DRIVER 

Output Driver: The output Low voltage for each of the 16 outputs is 0.8 volts 
maximum with 50 mA current sink_ The output High leakage current is 25 
microamperes maximum_ 

Propagation Delay: The propagation delay between the 16 inputs and the 
driver outputs is 60 nanoseconds maximum. 
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PDP-12 InterfaCing 
The PDP-12 is a general-purpose 12-bit computer system that is interfaced 
identically to the non-OMNIBUS positive bus PDP-8s. Therefore, the interfac­
ing criteria and related module descriptions listed for PDP-8 positive bus op­
eration apply to the PDP-12. 

PDP-I5 Interfacing 
The PDP-15 is an 18-bit word length general-purpose computer that utilizes a 
positive bus structure. The following modules were developed specifically for 
interfacing with the PDP-15 I/O Bus, but may be used in many other positive 
logic applications. 

M500 Negative Input/Positive Output Receiver 

M510 Positive Bus Receiver 

M622 Positive Bus Driver 

M909"L B L" T " M910 ( us me ermmators 
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M500 PDP·15 

NEGATIVE INPUT POSITIVE BUS 

OUTPUT RECEIVER M SERIES 

Length: Standard 
Height: Single 
Width: Single 

: 0': 
00

02 
- C1 j {> Ct

lO 
-v L 

lEJ H2_ (j j {> : H': 
Ft 10 

-v L 

[E]K2 .. (j 1 
-v L {> : .': Jt

tO 

!!] M2_ U j {> : M': 
LttO 

-v L 

IE] P2 _ (j j 
-v L {> : ~: Nt 1 

~R2. h] 1 {> : T2: 
U2

10 
-v L 

6] j {> : 5': 00 52 R' : * ,- -v L 

, IEl ut _ Cl 1 {> : w: 
V, to 

-v L . 
* & t rnA AT GROUND 

Power 
Volts mA (max.) Pins 
+5 160 A2 
GND C2. T1 
-15 64 82 
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The M500 module is used to convert negative input signals to positive 
output signals. Each card contains e:ght converters and is pin compatible 
with the POP-15 positive receiver card (M510). 

FUNCTIONS. 
A ground input at 02 will yield a +3 at 01 and ground at Cl. Do not con­
nect to pin E2 (used for manuf. test only). 

SPECIFICATIONS 
. Propagation time (each circuit): 

FROM 
Input 

TO 
Output 

403 

ns (max.) 
40 



PDP-15 
M510 BUS 

I/O BUS RECEIVER 
M SERIES 

Length: Standard Price: 
Height: Single 
Width: Single $51 

~- {> [>0: 
c,~ 
01,0 

~ {> [>0: FI~ 
HI to 

1!]K2. [>0 {> [>0: JI: 
Kl 1 

1!]M2. [>0 {> [>0: L': 
MI ~ 

1EIP2
• [>0 {> [>0: .'~ PI 10 

~ {> [>0: U2~ 
T2 10 

~ {> [>0: R'~ 
S"O 

OOUI. [>0 {> [>0: ~~ 
V2, OUTPUT 

#2 

• = 80 p.A AT HIGH(+3V) 
Power 

Volts mA (max.) Pins 
+5 170 A2 
GND C2, n, F2· 

J2, L2, N2 

The M510 is a positive input/output receiver card for use with the PDP-15. 
It contains 8 high-impedance input circuits of at least 27K ohms and input 
switching thresholds of about +1.5 V. Each receiver has two outputs, one 
of the same polarity as the input, the other, the complement. of the input. 
The receiver card can be used anywhere on the PDP-15 I/O Bus. 

PRECAUTIONS 
Do not connect to pin E2 (used for manuf. test only). Power (8+) must be 
applied at all times since the input impedance drops to lK ohm when power 
is off. 

Inputs: The input impedance is 27K ohms (min.). Each input load current 
is 80 PA (max.) and the threshold switching level is 1.4 to 1.6 volts. 

Outputs: Output no. 2 delay = 50, ns (from input). 
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M622 
EIGHT·BIT POSITIVE INPUT/OUTPUT 

BUS DRIVER 

PDP·15 
, BUS 

M SERIES 

Length: Standard 
Height: Single 
Width: Single 

:81 
':3 Cl : 0 
:Dl 
1',3 Et : 0 
:F1 
1.3

Ht 
: 0 

:Jl 
, 1.3 KI : 0 

.. D2[!] 

.. E2~ 

lIP H2[!J 

II K2(E] 

* II DRIVES PDP-15 POSITIVE sus 

Power 
Volts mA (max.) 
+5 210· 
GND 

• excluding output current 

:Ll 
13 Ml : 0 lIP M2~ 

:N' '.'3 p, : 0 lIP P2~ 

:"' I. 51 : 0 II S2[!] 

:u, 
1.3 VI : 0 II V2l!J 

Pins 
A2 
C2. n. F2. 
J2. L2. N2. 
R2. U2 

The M622 contains 8 two-input AND gate bus drivers for convenient driving 
of the positive input bus of the PDP-I5. The output consists of an open 
collector N PN transistor. 

M910 r - ---, 
I +5V I 
I I 
I 6et1 I 
I I 
L ____ oJ 

,1ST 
DEVICE 
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Pull-up resistors of 68 ohms to +5.0 V (supplied on M910) must be tied to 
the output and the last device should terminate a" lines to ground with a 
68-ohm resistor (supplied on M909). 

PRECAUTIONS 
Outputs: The maximum voltage applied to the output transistor must not 
exceed +20 volts and the collector current must not exceed 100 rnA. 

SPECIFICATIONS 
Propagation Time: Typically 25 ns. 
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Length: 
Height: 
Width: 

Volts 

t~D 

M909 
TERMINATOR 

Standard 
Single 
Single 

Power 
mA (max.) 
NONE 

68A 
Bt --
02 --
01 n.. -
E2 --
Et --
H2 n. 

Hi 0 

J1 ~ -
K2 

,... -
L1 0 

M2 
,... -

Mf ~ -
P2 

,... -
Pt ,... -
52 .-. 

V 

~ .-. -
T2 0 

V2 -V 

Pins 

AI. Cl. C2. Fl. J2. Kl 
L2. Nl. N2. Rl. R2. n. U2 

_ ..... 

PDP·lS 
BUS 

M SERIES 

The MOO9 module contains eighteen 68-ohm resistors tied to ground through 
a common bus. 

APPLICATIONS 
This module is in~ended to be used with the M910 to form half of the 
biasing circuit used in tfte driving network of the M622. 

407 



Length: Standard 
Height: Single 
Width: Single 

M910 
TERMINATOR 

Volts 

t~D 

+5V 

Power 
mA (max.) 
1350 

seA 

A2 

Pins 
A2 

PDp·15 
BUS 

M SERIES 

Al, Cl, C2, Fl, F2, J2, Kl 
L2, Nl, N2, Rl, R2, Tt, U2 

..... ..., B1 

--02 

..... 
'V 01 

.-
'V E2 

,.. ..., E1 

..... ..., H2 

...... -H1 

--K2 

--J1 

--M2 

1"0. ..., L1 

.() M1 

--P2 

..... ..., 

--52 

--51 

--T2 

.-..., V2 

The M910 module contains eighteen 68-ohm resistors tied to a common +5 
volt bus. 
APPLICATIONS 
This module is intended to be used with the MOO9 to for{'l half of the biasing 
circuit used in the driving network of the M62~. 
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DECkits 

INTRODUCTION 
M Series Logic Modules h~ve been developed over a period of time, from a 
collection of fundamental logic components (gates and flip-flops) to complex 
MSI- and LSI-implemented logic arrays. In some instances, full-scale digital 
subsystems are available, such as the MI7IO UNIBUS Interface Foundation 
Module, which allows the user to interface a wide variety of equipment to 
PDP-ll computers. 

In a continuing effort to offer greater interfacing capability for the lowest 
cost possible, ·the complex logic module building block concept is being ex­
panded to greater limits of versatility in kit form. 

A kit is basically a collection of logic modules assembled by the user to a 
prewired system unit, capable of performing a highly complex computer 
interface at low cost to the user. 

The following kits are described in this handbook: 

DECkit1I-H PDP-ll I/O Interface (4 Words In/4 Words Out) 

DECkit1I-F PDP-ll I/O Interface (3 Words In/I Word Out) 

DECkitU-K PDP-ll I/O Interface (8 Words In) 

Deckit1I-M PDP:ll I/O Interface (34 Bits In/24 Bits Out) 

DECkit1I-D PDP-ll Direct Memory Access Interface 

DECkitOI-A Remote" Analog Data Concentrator 

Five of the six kits listed above are DECkit11 Series PDP-II Input/Output 
Kits which allow the processor to communicate with a variety of peripheral 
devices by either receiving and/or transmitting the appropriate number of 
I6-bit data words via the computer. Provisions are included which will enable 
computer interrupts to be made at preassigned (hardwired) priority levels. 

The kits are defined in full or maximum configuration; i.e., the system unit 
wiring and the recommended complement of modules define the maximum 
I/O capability. If the user wishes, a lesser capability may be achieved by re­
moving the appropriate modules. 

The sixth kit, designated DECkitOl-A, provides a convenient method of 
monitoring analog voltages at a remote location. The analog voltages are 
converted to numerical data and transmitted as an ASCII-coded message 
over a serial communication line. 

DECkit11 Series General Description 
DECkit11 Series is a set of complete PDP-ll UNIBUS interfaces that are 
configured with Digital Equipment Corporation parts and assembled by the 
user. The kits consist of M Series modules, cables, and prewired backplane 
(~tandard system unit). No additional wiring or design is required by the-'" 
user for standard configurations. For any other variation, refer to KIT VA~I­
ATIONS section in the appropriate data sheets and/or option manuals. 
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FEATURES 
• Low cost 
• Expandable-variable nllmber of I/O channels; several kits may be stacked 

to make larger arrays 
• Complete interface packages that are directly compatible with the PDP-l1 

UNIBUS 
• User-selected register addresses 
• Full IS-bit storage for data outputs 
• High-voltage, high-fan-out, open-collector data output capability for directly 

driving cables, instruments, etc. 
• Interrupt capability (DECkitlI-F, H, M, D) 
• Multiple 8-bit byte or I6-bit output capability 
• Multiple IS-bit word input capability 
• External input! output connections via convenient connectors 
• One I/O cable for every input or output word 
• User-defined variations are possible 

INDIVIDUAL KIT DESCRIPTIONS 
DECkitll-H 
The DECkitlI-H, when fully configured, is capable of reading four I6-bit 
words from a perip.heral device into a PDP-l1. See Figure 1. It is also capa­
ble of writing four IS-bit words, or eight S-bit bytes, from a PDP-11 to a 
peripheral device. Each input word is supplied with an interrupt capability 
to signal the processor that the word should be read. Two interrupts are 
serviced on level 5 and two on level 6. Figure 2 is a module utilization dia­
gram of a fully configured DECkit11-H. 

WI~T~~Ti:u~~ [ 
SIGNALS (TTl 

COMPATIBLE) 

"I 
I 

L-________ -.J 

} 
Fr~~~~~BlE 

t--...:....-- ~~OR DRIVER) 

I--+-_ --+-+1 

Figure 1. DECkit11-H Functional Block Diagram_ 
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A B C o E F 

4 -M920 Ml~02 M1501 M7821 
I 

3 G772 MI05 Ml~02 - M1501 M1500 
I 
I 

2 Reserved MI05 MI102 M1501 M7821 

I 

Ml2~ M1502 M1501 M1500 
I 

1 

BBll-H (Pin Side Up) 

Figure 2. Module Utilization Diagram of a Fully Configured DECkit11-H 
Backplane. 

TABLE I 

Parts List DECkitll·H 

STOCK MAX. 
ItEM NO. DESCRIPTION QTY. 

1 BBll-H Pre-wired Backplane 1 
for DECkit11-H 

2 MI05 Address Selector Module 2 
3 M7821 Interrupt Control-UNIBUS 2 
4 M1500 Bus Gates Module 2 
5 M1501 Bus Input Interface Module 4 
6 M1502 Bus Output Interface Module 4 
71 M920 Internal Bus Connector 1 
81 BCIIA-XX* PDP-ll UNIBUS Cable 1 
92 BC08R·XX* Cable, H856-H856 8 

102 BC04Z-XX Cable, H856-0pen End 8 
1 i2 BC07A Cable, H856-0pen End 8 

or D-XX 

Items 1-6 comprise basic kit. 
It~ms 7-11 are required accessories. Refer to notes for appropriate 
usage. 

1 Order either Item 7 or Item 8, not both. 
2 Order any combination up to eight of Items 9, 10, 11. 
* XX is length in feet. 
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DECkit11·F 
The DECkit1I·F when fully configured is capable of reading three IS-bit words 
from a peripheral device into a PDP·l1. See Figure 3. It is also capable of 
transferring one 16-bit word, or two 8-bit bytes, from a PDP-l1 to a peripheral 
device. Each word, both input and output, is supplied with an interrupt capa­
bility on priority level 7. Figure 4 shows a module utilization diagram of a 
fully configured kit. 

4 

3 

2 

1 

I 
I 

v+.:f~~~ {--+~ 
COMPATISLE) 

INPUT 
LOGIC ~------+----------~ ~~ 

L _________ -1 

Figure 3. DECkit1I-F Functional Block Diagram 

A B C o E 

BBll-F (Pin Side Up) 

F 

M782I 

M1500 

M782I 

M1500 

Notes: 1. Shaded slots represent those unused by the Kit. These may be 
used for additional M, A, W or K Series modules. 

Figure 4. Module Utilization Diagram of a Fully Configured 
DECkitll·F Backplane. 
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TABLE II 

Parts List DECkit11-F 

STOCK MAX. 
ITEM NO. DESCRIPTION QTY. 

1 BBll-F Pre-wired Backplane 1 
for DECkit11-F 

2 MI05 Address Selector Module 1 
3 M7821 Interrupt Control-UNIBUS 2 
4 M1500 Bus Gates Module 2 
5 MI501 Bus Input Interface Module 3 
6 M1502 Bus Output Interface Module 1 
71 M920 Internal Bus Connector 1 
81 BCIIA-XX* PDP-ll UNIBUS Cable 1 
92 BC08R-XX* Cable, H856-H856 4 

102 BC04Z-XX ,Cable, H856--0pen End 4 
IP BC07A Cable, H856-0pen End 4 

or D-XX 

Items 1-6 comprise basic kit. 
Items 7-11 are required accessories. Refer to notes for appropriate 
usage. 

1 Order either Item 7 or Item 8, not both. 
2 Order any combination up to four of Items 9, 10, 11. 
* XX is length in fe~t. 

DECkit11-K 
The DECkit11-K when fully configured, is capable of reading eight 16-bit 
words from a peripheral device into a PDP-11. See Figure 5. It does not have 
any output or interrupt capability. Figure 6 shows a module utilization 
diagram of a fully configured kit. 

1---- ---, 
I ,---L----, I 

Im~~[-....:..--+: ........ ~~ 1 
L-________ -.J 

Figure 5. DECkit11-K Functional Block Diagram. 
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A B C o E F 

4 ~-----M~~2l'-----~ MI50I MI50I 

3 G772 MI50I MI50I 

2 MI50I MI50I 

I MI50I MI50I 

BBII·K (Pin Side Up) 

Notes: 1. Shaded slots represent those unused by the Kit. These may be 
used for additional M, A, W or K Series modules. 

Figure 6. Module Utilization Diagram of a Fully Configured 
DECkitlI·K Backplane. 

TABLE III 

Parts List DECkitll-K 

STOCK MAX. 
ITEM NO. DESCRIPTION QTY. 

1 BBll·K Pre-wired Backplane I 
for DECkitll-K 

2 MI05 Address Selector Module 2 
3 MI50I Bus Input Interface Module 8 
41 M920 Internal Bus Connector I 
51 BCIIA-XX* PDP-ll UNIBUS Cable 1 
62 BC08R-XX'" Cable, H856-H856 8 
72 BC04Z-XX* Cable, H856-0pen End 8 
82 BC07A Cable, H856-0pen End 8 

or D-XX* 

Items 1-3 comprise basic kit. 
Items 4-8 are required accessories. Refer to notes for appropriate 
usage. 

1 Order either Item 4 or Item 5, not both. 
2 Order any combination up to eight of Items 6, 7, 8 . 

.... XX is length in feet. 
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DECkit11·H, F, K SELECTION GUIDE 
Table IV may be used to determine which kit will fulfill the user's data trans­
fer requirements. 

Table V may be used to determine which fully configured kit will fulfill the 
user's interrupt requirements. 

If the user's requirements are less than a fully'configured kit, refer to the 
Data Sheet for the kit that most closely fulfills the requirements. 

Table IV. Data Transfer Needs vs. Kit Number 

Number of 16-Bit OUPUT Words 
,Required Per Kit. 

Number of 
16-Bit INPUT 
Words Required 
per Kit. 

o 1 

0 ll·H 
II-F 

ll-H II-H 1, Il-F 
11-K ll-F 

I1-H ll-H 2 I1-F 
l1-K ll-F 

Il-H ll-H 
3 ll-F ll-F* U-K 

4 
I1-H I1-H ll-K 

5 11-K 
6 ll-K 
7 II.K 
8 ll-K* 

• Indicates a fully configured kit. 
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ll-H I1-H 

ll-H II-H 

ll-H ll-H 

ll-H ll-H 

ll-H ll-H 

4 

ll-H 

ll-H 

ll-H 

ll-H 

ll-H* 



Table V. Interrupt Needs vs. Kit Number 

Number of INTERRUPTS 
, Associated with OUTPUT 

Words Required per Kit. 

Number of INTERRUPTS 
Associated with INPUT 
Words Required per Kit. 

* Indicates a fully configured kit. 

0 

1 

2 

3 

4 

Items 1-10 comprise basic kit. 

8 

o 
ll-H 
ll-F 
11-K 

Il-H 
ll-F 

ll-H 
ll-F 

Il-H 
11-F 

ll-H* 

1 

I1-F 

Il-F 

ll-F 

Il-F* 

Items 2-5 are required accessories. Refer to notes for appropriate usage. 
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DECkit11·M 
A fully configured DECkit11·M is capable of reading 34 bits of data from 
peripheral instrumentation into any model PDP·ll processor, writing 24 bits 
of control data from a PDP·ll to peripheral instrumentation, and accom­
modating one Small Peripheral Controller (SPC) option. Interrupt capability 
is supplied that informs the processor that input data should be read or 
that the peripheral instrument is ready to accept data. The full interrupt 
capabilities of the Small Peripheral Controller are maintained. If the com· 
plete DECkit11·M is not required, or if additional input/output capabilities 
are desired, individual modules and accessories may be ordered to create 
custom variations. 

DECkit11·M is comprised of two Address Selector Modules, one Data Input 
Interface Module, one Data Output Interface Module, one UNIBUS Interrupt 
Control Module, various priority jumpers, and a completely wired BBll·M 
Systems Unit. See Figure 7. 

The data and interrupt signals are applied to the kit via two 40'conductor 
cables. The specific length and termination of these two input/output cables 
are selected by the user to suit his custom application. 

DECkit11-M is well suited to a variety of PDp-ll UNIBUS interfaCing appli· 
cations. Its input and output capabilities are particularly oriented toward 
data acquisition from and the programming of remotely located laboratory 
instruments, the control of production equipment, and the accommodation 
of custom peripheral design. The 34-bit input multiplexing capability makes 
possible the acquisition of TTL-compatible data from such devices as digital 
voltmeters, frequency counters, resistance/capacitance bridges, thumbwheel 
swithes, A/D converters,'limit switches, and similar devices. 

The DECkit11-M utilizes a 24-bit output storage register which has the ability 
to provide TTL·compatible or open·collector, high·drive output signals. This 
makes it possible to perform remote programming of such devices as pro· 
grammable power supplies and digital voltmeters, and the control of D/ A 
converters, small relays, displays, X·Y recorders, and similar devices. 

In addition, by employing a 16-bit relay output module, type M1801, appli· 
cations that require electrical isolation of the TTL·compatible computer sig· 
rtals or which require conversion from TTL to large positive or' negative 
voltages, can be accommodated. The M1801 allows a PDp·ll to control 
single'pole, normally open, relay contacts which can be used to operate 
other equipment such as instruments, lamps, etc. Each bit of the data word 
from the processor controls one relay contact at switching rates of up to 
80 actuations per second. 

Figure 8 shows a module utilization diagram of a fully configured kit. 
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PDP-ll UNIBUS 

,--­ ---l 
34- BITS 

INPUT DATA 
WITH 

INTERRUPT 
SIGNAL I TTl­

COMPATIBLE 

I 

I 

INPUT 
lOGIC 

OUTPUT I 
'---_---'~-~ lOGIC I 

__ DECKITII-~ 

Figure 7. DECkitl1-M, Simplified Block Diagram 

Row 
A B C D E 

Slot 
04 UNIBUS Out 

1621 See Notes 1 & 3 • 
03 G772 

M7821 1623 Power • 
02 Reserved 

01 

24-BITS 
CONTROL 
DATA 
OUTPUT WITH 
INTERRUPT 
SIGNAlITTl 
COMPATIBlE 
OR OPEN­
COlLECTOR 
DRIVERS) 

F 

Figure 8. DECkitl1-M Module Utilization Diagram (Pin Side) 

Notes for Figure 8: 

• 

1 UNIBUS Terminator M930, supplied with the PDP-ll, is required at slots 
A04-B04 when DECkitl1-M is the last unit on the UNIBUS. 

2 UNIBUS Cable BCllA-xx is required at slots A01-B01 when DECkitll-M is 
the first unit in an expansion box. 

3 UNIBUS Connector M9.20 or UNIBUS Cable BCllA-xx is not supplied as 
part of DECkitl1-M. Refer to HOW TO ORDER paragraph. 

4 Shaded slots represent those unused by DECkitl1-M. These are prewired to 
accommodate an additional I/O module set or an SPC. 
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TABLE VI 

KIT 11-M Parts List 

STOCK 
ITEM NUMBER DESCRIPTION QUANTITY 

1 BBll-M Prewi red System Unit (Includes Print Set) I 

2 MI05 Address Selector Module 2 

3 M782 I UNIBUS Interrupt Control Module I 

4 M1621 DVM Input Interface Module 1 

5 M1623 Instrument Remote Control Interface I 
Module 

6 G736I Priority Select Module I 

7 5410341 priority Jumper No Request 2 

8 5408776 Priority Jumper level #4 2 

In addition to the items included in DECkit1I-M, an input cable, an output 
cable, and a UNIBUS cable are required. Figure 8 shows equipment layout. 
Expansion boxes (BAll·ES and BAll-EC), cabinets (Cab fA through K), and 
power supplies (H720-E or -F) are also available. 

420 



DECkit11·D 
This kit is designed specifically for the PDP-U owner who requires high 1/0 
data transfer rates. Full I6-bit data words can be transferred between the 
PDP-ll memory and an external device at UNIBUS speeds. See Figure 9. 
The DECkitlI-D interface kit is physically and electronically compatible with 
all PDP-ll Family computers. 

Parallel digital data is cabled directly to and from the interface kit; no ad­
ditional logic or hardware is required to handle TTL-compatible data. 'External 
devices, such as lab instruments, mass storage units, displays, pre-pro­
cessors, and other CPUs can communicate conveniently with the PDP-ll 
memory. 

The prewired backplane includes five unused module slots that can be used 
for custom logic such as level shifters and counters. Even modules for 
simple processing logic can be utilized in these unused slots.' Figure 10 is 
a module utilization diagram of a DECkitll-D. 

DECkitll-D is valuable to the OEM and the end-user. The predesigned inter­
face concept frees the system designer from the complex problems usually 
associated with UNIBUS interfacing and the end-user has available the flex­
ibility and speed of the UNIBUS for data transfers. 

SPECIFICATIONS 
Transfer Types: 

Data input to 
PDP· 1 I memory: 

Data output from 
PDP-II memory: 

Control and Status: 

Interrupts: 

Direct Memory Access (DMA) via NPR programmed 
control 

16-bit word 
Parallel 
TTL-compatible 
Up to 100 ft I/O cable 
Up to 1;'2 million words/second· 

. 16-bit word 
Parallel 
TTL-compatible, high-drive capability 
Up to 100 ft I/O cable 
Up to 2/5 million words/second· 

I6-bit Control and Status Register (CSR) 
Handshaking control signals-

Data Available Out 
Data Available In 
Data Accepted Out, 
Data Accepted In 
Last Transfer 
External Overflow 

Status signals-Function/Out Status/In 

Word count overflow } ) 
Nonexistent memory Set by Priority Interrupt 
External overflow Plug; shipped at level 5. 
Input demand 
Interrupt enable/disable-CSR bit 06 
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Register assignments: Word Count Register (WCR) 76xxxO·* 

I/O connection: 

Power: 

Size: 

Weight: 

Bus Address Register (BAR) 76xxx2* * 
Control and Status Register (CSR) 76xxx4** 
Data Buffer Register (DBR) 76xxx6* '" 

Several stranded cables available (BC08R, BC08S) 

+5V, ±5% @ 3 A; normally available from system 
power supplies 

One system unit 

4Y2 pounds (approximately) 

oil Depending on memory and other options chosen. 
oil. User-selectable addresses. 

. ,--

... DMA ~ OUTPUT 
D (1!1:00) ) ~ 

V; ""---r--

" J\. 
A (17:00) BUS SELECT LINES ADDRESS 

V 

CO T T T ~ 
CI I I 

I 
LAST TRANSFER 

MSYN 

SSYN FNCT 
DMA 

~ ~ 
CONTROL DATA AVAILABLE OUT 

~ 
DWi:OO) 

-V 
WCR DATA ACCEPTED IN 
BAR USER'S 
CSR XOF 1/0 

~ DEVICE 

A (t7:00) STATUS 
"J 

NPR OATA AVAILABLE IN 

NPG DATA ACCEPTED OUT 

BRlI ~ DMA REQUEST READ -BGlI 

INT INTERRUPT 

A CONTROL 

< 0(08:02) INT REQUEST 
"I 

/' O(IlI:OD) 
A 

'" DMA K '6-BITS INPUT 

'" 
~ 

Figure 9 DECkiUI-P Block Diagram 
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Slot 
04 

03 

Row 
A B 

UNIBUS OUT 

G772 
M796 POWER 

c D E F 

SPARE 

M721-9 

02 

01 

M7821 M205 MU6 MU3 I M1l2 

UNIBUS IN M660 M9100 M1502 

Figure 10. DECkitl1-D Module Utilization Diagram (Pin Side) 

Hardware/Accessories For DECkit11 Series 
If mounting space is available in the existing PDP-ll processor mounting box, 
the DECkit can be installed there and jumpered to the existing panels by a 
UNIBUS Connector Module, M920. Power is supplied from the processor 
power supply, or from an additional H720 C or D Power Supply. 

If the Interface Kit is installed in a separate mounting rack, the UNIBUS is 
extended to that rack with a BCllA cable. This cable is available in various 
standard lengths from 2 ft to 35 ft. 

Input/Output Cables 
Type 

SC08R-XXi 
BC04Z-XXl 
BC07A-XX! 
BC07D-XXI 

Notes: 1. XX is length in feet 

Connectors 

H856 to H8562 
H856 to open-ended2 

He56 to open-ended2 

H856 to open-ended2 

2. H856 is a female connector 
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DECkitOl·A 

Description 
DECkitOI-A Remote Analog Data Concentrator Kit is a prewired package of 
standard Digital Equipment Corporation products which provides a convenient 
method of monitoring analog voltages at a remote location. The analog volt­
ages are converted to numerical data and transmitted as an ASCII-coded 
message over a serial communication line. The transmitted information can 
be displayed directly through a terminal or can be processed on-line by a 
computer. Because of the full-duplex (two-way) communication line, DEC­
kitOI-A can be remotely controlled from the device with which it is com­
municating. 

Single ASCII character codes will command the DECkitOl-A to scan up to 
eight channels continuously, scan up to eight channels one time, or sample 
an individual channel. There are switch or TTL inputs to the DECkitOI-A 
which allow the user to select the baud rate, skip over unused channels, enter 
an identification character into the output message (batch number, experi­
ment number, etc.). Outputs are provided where unused ASCII characters can 
be decoded to perform some task at the remote site. An external trigger input 
is available which will cause all active channels to be examined one time. To 
allow DECkitOl-A to be custom-tailored for a specific application, spare mod­
ule slots are available. These spare slots, along with the timing pulses, time 
states, and control signals which are present on the prewired backplane, offer 
the user a great deal of design flexibiilty. 

DECkitOI-A can be used as a remote A/D front-end for a computer or asa 
stand-alone system with a terminal. In either case, this product lends itself to 
applications such as monitoring industrial processes, laboratory experiments, 
or environmental conditions. 

FEATURES 
• Complete asynchronous serial line interface 

• Full duplex operation 
• Programmable from terminal keyboard 'or computer 

• Seven selectable data receive/transmit baud rates-l 10 to 4800 baud 

• Provisions for an external baud rate clock-up to 9600 baud 

• Selectable parity options 
• Up to eight analog channel inputs-bipolar (± 10V) Single-ended, high im-

pedance 

• 2.4% overrange capability 

• Up to 48 samples per second (or 96 with external clock) 

• Fast analog-to-digital conversion with 5 mV resolution 

• Flexible operation modes-program control plus external trigger 

• Serial, 10-character ASCII-coded output message compatible with any ASCII 
terminal or computer with ASCII interface 

• Compatible with Teletype current loop or EIA RS-232-C serial lines 

• Digital and analog power supplies included in the kit 

• Spare slots available for custom logic additions 
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SPECifiCATIONS 
ANALOG 

Number of Channels: 
Input Range: 
Input Impedance: 
Source Impedance: 
Resolution: 
Accuracy: 

8, single-ended 
+10Vto -10V 
>10 megohms 
~lK ohms 
12 bits (lSB = 5 mY) 
±3.5 mV 

Temperature Coefficient: 280p.VrC 

DIGITAL 
All logic input and output control lines to DECkit01-A are TTL-compatible. 
External Trigger: 

Channel Enable: 

External User Code: 

Read Data Lines: 

External Clock: 

SERIAL I/O 
Levels: 
Baud Rates: 

Character Format: 

A High to low transition causes a Single scan of all 
enabled channels. .. 

When one of these eight lines is connected, that re­
spective channel will be enabled. Any number of 
channels, up to eight, may be enabled at the same 
time. 

These six lines represent the least significant bits of 
the 7-bit ASCII code. Any of the normally High lines 
may be pulled low for character coding. 

These eight lines can be used to decode any unused 
ASCII character. 

This input can be used to select transmit/receive 
baud rates other than the seven jumper selectable 
rates. 

TTY 20-mA current loop or EIA RS-232-C available. 
Jumper Selectable 

110 
150 
300 
600 

1200 
2400 
4800 

External Clock 
Up to 9600 

7-level Asynchronous Serial ASCII code with even 
parity. 
2 stop bits (110 baud). 
1 stop bit (all baud rates except 110). 
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Serial Output Message Format: 

Character 

1 
2 
3 
4 

I } 
10 

GENERAL 

Line Voltage: 
DECkitOl-AA 
DECkitOl-AB 
Power: 
Weight: 
Size: ... 

Information 

Line feed (i) 
User-defined ASCII character 
Channel number (0-7) 
Voltage Polarity (±) 

Voltage--in millivolts 

Carriage return ( ........ ) 

115 V, 47-63 Hz 
230 V. 47-63 Hz 
170 W (maximum) 
15 pounds (approximately) 
19 inches wide x 5 1,4 inches high x 13 inches deep 
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Figure 11. DECkitOl-A Simplified Block Dtagram 
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\NOTE 1 
NOTE 1. When 20 mA current loop compatibility is required, module M598 

occupies slot A16 and module M973 occupies slot 816. When EIA 
compatibility is required, module M594 occupies slot A16 and 
module M970 occupies slot 816. Modules M598 and M973 and 
modules M594 and M970 are not part of DECkitOl·A; they must be 
ordered separately. 

Figure 12. DECkitOl·A Equipment layout Diagram (Pin Side) 
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TABLE VII DECkitOl·A Parts Ust 

Quantity 
used in 

- en ~ ITEM STOCK NO. DESCRIPTION <!= 
~ ~ 
0 2 ~ 
~ :¥ 
() () 
LIJ LIJ 
C 0 

1 7009441-1 Logic Assembly; includes print set, power 1 
supplies, wired assembly (115 V) 

2 7009441-2 Logic Assembly; includes print set, power 1 
supplies, and wired assembly (230 V) 

3 9107673-9 Ac Power Cord 1 
4 9008853 Ac Power Connector (male) 1 
5 9008855 Ac Power Connector (female) 1 
6 A126 8-Channel Multiplexer Module 1 1 
7 A866 12-Bit A/D Converter Module 1 1 
8 M002 J;.ogic HIGH Source Module 1 1 
9 M1l2 6 4-lnput NOR Gates Module 1 1 

10 MU5 8 3-lnput NAND Gates Module 1 1 
11 M119 3 8-Input NAND Gates Module 1 1 
12 M155 4-Line to I6-Line Decoder Module 1 1 
13 M206 6 D-Type Flip-flop Module 1 1 
14 M230 Binary-to-BCD & BCD-to-Binary Module 1 1 
15 M238 Dual 4-Bit Input Synchronous Up/Down 1 1 

Counter Module 
16 M403 RC Multivibrator Clock Module 1 1 
17 M501 Schmitt Trigger Module 1 1 
18 M1l25 10 Exclusive OR Gates Module 1 1 
19 M1713 16-Line to I-Line Data Selector Module 6 6 
20 M7389 Asynchronous Transceiver Module 1 1 
21 W990 Jumper Module 3 3 

HOW TO ORDER . 
Fully configured Kits may be ordered by specifying the appropriate Kit letter 
designation, as follows: 

Description 

DECkitll-H 
DECkit11-F 
DECkit11-K 
DECkit11-M 
DECkitll·D 
DECkitOl-A 

Order 

KIT11-H 
KITll·F 
KITII-K 
KITll-M 
KITll-D 
KITOI-A 

Less than fully configured Kits must be ordered as individual parts; refer to 
the individual Interface Kit Data Sheet. 

SERVICE 
Field Service is available on a time-and·materials basis. For full information, 

- contact your local DIGITAL Field Service office. 
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MICROPROCESSORS 

Once again, for the third time in two decades, the computer industry is 
experiencing the beginnings of another revolution in computing technology 
which will offer the uses of computer processing/control concepts to a mar­
ket more than a magnitude larger, and at costs an order of magnitude lower, 
than at present. 

This revolution has been brought about by the commercial availability of 
MOS-LSI techniques used both in general logic and memory technologies, 
culminating in the much·touted "computer-on·a-chip." Just as minicom­
puters opened new market ar~as in data communications, laboratory auto­
mation, and process control, the microcomputer will open up the largely un­
saturated industrial and professional markets where specialized computing 
power is required on a local basis. Typical of these areas are: 

"Smart" instruments and terminals 
Medical instrumentation 
Machine tool automation 
Traffic light control 
Optical character recognition 
Automatic banking 
Environmental control of buildings 
Process control 
Conveyor systems 

Digital Equipment Corporation offers the power and versatility of this emerg­
ing concept in the form of the Microprocessor Series (MPS). The MPS is a 
set of modules that reflect the latest LSI and MSI technology, thus yielding 
more numerous and more useful built-in design solutions per module. This 
set of modules may be regarded as a logical extension of the M Series 
modules described throughout this handDook. Although the internal circuitry 
is MOS-LSI, all external interfacing remains M Series TTL-compatible. 

The following modules and associated products are described in this section. 

M7341 
M7344-YA, YB, YC 
M7345 
M7346 

KC341 
MR873-A 
KMPOI 
QF500-AB 

Processor Module 
Read/Write Memory Modules 
Programmable Read-Only Memory Module 
External Event Detection Module 

Monitor/Control Panel 
Read·Only Memory Programmer 
Prewired System Backplane 
Software Package 
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M7341 
PROCESSOR MODULE 

DESCRIPTION 

MICRO­
PROCESSOR 

SER1ES 

The M7341 Processor Module (PM) contains a single chip MOS/LSI micro­
processor along with the integrated logic and control circuitry necessary to 
operate as a parallel 8-bit central processing unit. This microprocessor sup­
port logic consists of a clock; a four-channel input multiplexer; data, memory, 
and address bus gating; I/O control logic; interrupt recognition logic; and a 
universal asynchronous receiver/transmitter. 

The single-chip microprocessor contains seven general-purpose registers, 
four condition flip-flops, instruction control and decoding logic, and a memory 
stack. All communication between internal registers and logic and other 
MPS modules and peripheral devices is conducted through an 8-bit bidirec­
tional data port integral to the processor chip. The internal stack contains 
the 14-bit program counter and seven other 14-bit registers for nesting up 
to seven levels of subroutines. This 14-bit addressing capability permits ac­
ceSSing up to 16K memory locations that can be any mixture of RAM or 
ROM. 

The processor chip is also equipped with an interrupt line which allows the 
enabling or disabling of interrupts. Input to this interrupt recognition logic 
is generated by the external event detection module which implements the 
detection of, and response to, application-defined events or power failure 
conditions. Enabling and disabling interrupts is performed under program 
control. 

Serial communication between the processor and external equipment is fur­
nished by an integral universal asynchronous receiver/transmitter. Through 
this interface, programs can be loaded from an external peripheral device 
such as a paper-tape loader and MPS systems communicating directly with 
external data bases. 

The Processor Module executes 48 basic instructions which can be function­
ally grouped into five categories: 

• Register operations 

• Accumulator operations 
• Program counter and stack control operations 

• Input/output operations 

• Machine operations 
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FEATURES 
• a-bit parallel microprocessor completely contained on a single quad moclule. 

• Uses proven commercially-available LSI microprocessor chip . 

• Complete instruction decoding and control. 

• Instruction execution time ranges from 12 to 44 p.S. 

• User program development supported by comprehensive software tools 
package. 

• Contains full duplex universal asynchronous receiver/transmitter for serial 
communication with external data sources. 

• Separate internal clock for liO-baud receiver/transmitter operation. 

• Receiver/transmitter switchable to external clock for operation at up to 
9600 baud. 

• Serial data communication in either TTL or current-loop mode. 

• Register complement includes seven general purpose registers including 
two memory address pointers and an accumulator. 

• Contains a stack to implement seven-level subroutine nesting. 
• Executes 48 arithmetic, logical, register transfer, and memory reference 

instructions. 

• Arithmetic unit capable of multiple precision arithmetic. 

• Module can access an address space of up to 16K words. 

• External event interrupts can be enabled and disabled under program con­
trol. 

• Four multiplexed input ports for memory and I/O data, external event 
restart and power-fail addresses, and halt instructions. 

• Module can directly address eight input peripheral devices and 24 output 
peripheral devices. 

• TTL-compatible inputs and outputs. 
\ 

• Module plugs into standard DEC H863 wire-wrap connector block back· 
planes. 

SPECIFICATIONS SUMMARY 
Performance Spe~ifications 

OPERATING SPEED @ 500 kHz 
Two-Phase Clock Period: 2p.s 
State Time: 4p.s 
Instruction Time: 12 to 44,us 

Power Consumption: 1.6 A @ +5 V, 150 rnA @ ·-15 V; 10.25 W 

WORD SIZE 
Data: a-bit Word 
Instruction: 1, 2, or 3 a-bit Words 
Address: 14 bits . 

INPUT DATA PORTS 
Memory Data: a bits 
Peripheral Data: a bits 
Power Fail/Stop: 8 bits Multiplexed 
I/O External Event Interrupt/Start: 8 bits 
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INPUT/OUTPUT LINES 
Memory Data: 8 bits bidirectional 
Memory Address: 14 bits, output only 
Peripheral Data: 8 bits input and output 
Peripheral Address: 5 bits, output only 
Communication lines: 2, TTL or 20 mA current loop, active or passive 
Baud Rate 

With Internal Clock: 110 baud (1.76 kHz) 
With External Clock: 9600 baud (153.6 kHz), maximum (TTL) 

INSTRUCTION REPERTOIRE 
Number of Basic Instructions: 48 
Instruction Categories 
Register Operation Instructions 
Accumulator Operation Instructions 
PC and Stack Control Instructions 
I/O Instructions 
Machine Instructions 

ELECTRICAL SPECIFICATIONS 
Input Logic Levels 

Logical Low: 0.8 Vdc max. 
Logical High: 2.0 Vdc min. 

Output Logic Levels 
Logical· Low: 0.4 Vdc max. 
Logical High: 2.4 Vdc min. 

Power Consumption: 1.6A +5V, 150 mA @ -15V, 10.25 W 

MECHANICAL SPECIFICATIONS 
Board Type: Quad·height, extended-length, single-width 
Dimensions: 10.436 x 8.50 x 0.50 inches 

(26.5 x 21.6 x 1.27 em) 

'ENVIRONMENTAL SPECIFICATIONS 
Ambient Temperature 

Operating: 41 to 122°F, (5 to 50°C) 
Nonoperating: ·-40 to 150°F, (-40 to 66°C) 

Humidity: 10 to 95%, noncondeosing· 
Altitude 

Operating: 0 to 8,000 ft. (2.4 km) 
Nonoperating: 0 to 30,000 ft. (9.1 km) 
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M7344·YA,-YB,-YC 
READ/WRITE MEMORY 

DESCRIPTION 

MICRO­
PROCESSOR 

SERIES 

The M7344 Read/Write Memory Module provides a· lK, 2K, or 4Kx 8·bit 
random access memory capacity along with all necessary timing, control, and 
decoding logic. This module is completely contained on a single quad, ex· 
tended-length PC board_ The module memory matrix is formed by up to 32 
1024 x I-bit static MOS MSI memory circuits. The nature of these MOS 
circuits precludes the need for external refresh logic_ 

The M7344 Read/Write Memory Module is available in three versions to 
satisfy varying memory capacity requirements: 

• M7344·YA lK x 8-bit capacity 
• M7344-YB 2K x 8-bit capacity 

• M7344-YC 4K x 8-bit capacity 

All versions of the M7344 can be accessed by up to I6-bits of address data 
and are equipped with an address expansion line to implement multi-module 
memory systems having potential capacities of up to 128K 8-bit words. 
M7344 Read/Write Memory Modules also contain a jumper network which 
can be configured to permit assignment of a module within an application­
defined address space. 

FEATURES 
• Completely self-contained, fully decoded 8-bit read-write memory contained 

on standard quad, extended-length module_ 

• 16-bit memory address register plus dedicated address expansion line. 
• Jumper network on module allows assignment of address space in lK or 

4K increments within 64K locations. 

• All jumper lugs also brought out to module connector for alternative wire­
wrap address space assignment. 

• Memory cycle time (read cycle or write cycle) 1. 15,us. 
• Data reedy, data accepted, and memory synchronization signals brought 

out on module connector for external use. 

• A general-purpose memory module, the M7344 can be used with most 
any 8-bit minicomputer, microprocessor, or Jogic design. 

• Power requirement is +5Vdc only. 
• Memory module completely compatible with M7341 Processor Module 

14-bit address. 

• All inputs and outputs are TTL compatible. 
• .Module plugs into.~tandard DEC H863 wire-wrap connector block backplane 

or equivent. 

• Memory is designed for both asynchronous and synchronous operation . 
. ,. All M7344 versions are pin-for·pin compatible with M7345 Programmable 

Read-Only Memory modules. 
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SPECIFICAnON SUMMARY 
PERFORMANCE 
Memory Type: N-channel static MOS 
Data Word Size: 8 bits 
Address Word Size: 16 bits plus address expansion line 
Number of Words: 1024, 2048, or 4096 
Memory Read or Write Cycle Time: 1.15,u.s minimum 

ELECTRICAL 
Input logic Levels 

TTL Logical Low: 0.8 Vdc maximum 
TTL Logical High: 2.0 Vdc minimum 

Output Logic Levels 
TTL logical Low: 0.4 Vde maximum 
TTL Logical High: 2.4 Vdc minimum 

Data Bus Receivers/Drivers 
Logical Low: 0.7 Vde maximum 
Logical High: 2.4 Vdc minimum 

Address Bus Receivers 
Logical Low: 0.7 Vdc maximum 
Logical High: 2.4 Vdc minimum 

Power Consumption 
M7344-YA: 1.2 A @ +5V, 6.0 W 
M7344-YB: 1.5 A @ +5V, 7.5 W 
M7344-YC: 2.2 A @ +5V, 11.0 W 

MECHANICAL 
Board Type: Quad-height, extended-length, single-width 
Dimensions: 10.436 x 8.50 x 0.5 inches (26.5 x 21.6 x 1.27 em) 

ENVIRONMENTAL 
Ambient Temperature 

Operating: 41 to 122°F, (5 to 50°C) 
Nonoperating: -40 to +150°F, (-40 to 66°C) 

Humidity: 10 to 95 percent, noncondensing 
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M7345 
PROGRAMMABLE READ·ONL Y 

MEMORY 

DESCRIPTION 

MICRO· 
PROCESSOR 

SERIES 

The M7345 Programmable Read·Only Memory module provides a read-only 
data storage capacity which can vary from 256 B-bit words to 4K B-bit words 
in 256·word increments. This read-only memory capacity is formed by static 
MOS 256 x B-bit PROM circuits (such as the Intel Corp. 1702A) which are 
electrically programmable and easily erasable by ultraviolet light. The memory 
is completely contained on a quad, extended·length module and includes 
sockets for the memory circuits, and all address decoding, control, and tim­
ing logic. The PROM circuits necessary to form the memory matrix are fur­
nished as a separate item apart from the M7345 module. 

Maximum PROM capacity is formed by inserting the full complement of 16 
circuits into the sockets. These 256 x B·bit PROM circuits can be added as 
necessary to satisfy changing system requirements. Socket mounting also 
permits each circuit to be removed for erasure and reprogramming. A trans· 
parent quartz lid on each PROM circuit permits exposure to an ultraviolet 
light source or erasure of an existing bit pattern. A new bit pattern can then 
be electrically written. 

FEATURES 
• Completely self-contained, fully decoded programmable read-only memory 

contained on standard DIGITAL quad· height module. 

• Memory capacity formed by 256 x S-bit PROM circuits which are electri­
cally programmable and erasible with ultraviolet light. 

• Memory circuits are socket-mounted on module for easy insertion and 
removal. . 

• Module accepts 16-bit memory address and is equipped with an address 
expansion line. 

• Module memory capacity expandable from 256 to 4K locations in 256-word 
increments. 

• Jumper network on module allows assignment of address space in 1 K to 
4K increments within 64K locations. 

• Jumper network lugs also brought out to module connector for alternative 
wire-wrap address space assignment. 

• Memory read cycle time 1.15 p.s. 
• Data-ready and memory-synchronizing signals brought out on module con­

nector for external use. 

• Memory module logic includes a complete integral general-purpose inter­
face. 

• A general-purpose memory module, the M7345 can be used with almost 
any 8-bit minicomputer or microprocessor, or paralleled for 16 bits. 

• Programmable Read-Only Memory Module is pin·for·pin compatible with 
the M7344 Read/Write Memory Module. 

• Input power requirements are +5 Vdc and -15 Vdc. 
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SPECIFICATION SUMMARY 
PERFORMANCE 
Memory Type: Static MOS 
Data Word Size: 8 bits 
Address Word Size: 14' bits, expandable to 16 bits plus address expansion 

line 
Number of Words: Expandable, from 256 words to 4K words 
Read Cycle: 1.5p.s, nondestructive readout 
Erasure Method: Ultraviolet light; 256 words erased per circuit exposed 
Erasure Time: 10-minutes 
Program Write Time: 2 minutes typical, per 256 words 

ELECTRICAL 
Input Logic Levels 

TTL Logical Low: 0.8 Vdc maximum 
TTL Logical High: 2.0 Vdc minimum 

Output Logic Levels 
TTL Logical Low: 0.4 Vdc maximum 
TTL Logical High: 2.4 Vdc minimum 

Data Bus· Drivers 
Logical Low: 0.7 Vdc maximum 
Logical High: 2.4 Vdc minimum 

Address Bus Receivers 
Logical Low: 0.7 Vdc maximum 
Logical High: 2.4 Vdc minimum 

Power Consumption 
M7345 Module without PROMs: 350 rnA @ +5V, 100 rnA @ -15V; 3.7 W 
23-00-A4-03 256x8-bit PROM Chip: 20 rnA @ +5V, 70 rnA @ -15V; 1.2 W 
M7345 with 1K Memory: 490 rnA @ +5V, 300 rnA @ -15V; 6.0 W 
M7345 with 2K Memory: 630 rnA @ +5V, 530 rnA @ -15V; 11.0 W 
M7345 with 4K Memory: 900 rnA @ +5V, 1.0 A @ -15V; 19.5 W 

MECHANICAL 
Board Type: Quad-height, extended-length, single-width 
Djmensions: 10.436 x 8.50 x 0.5 inches (26.5 x 21.6 x 1.27 crn) 

ENVIRONMENTAL 
Ambient Temperature 

Operating: 41 to 122°F, (5 to 50°C) 
Nonoperating: -40 to +150°F, (-40 to 66°C) 

Humidity: 10 to 95 percent, noncondensing 
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M7346 
EXTERNAL EVENT DETECTION 

DESCRIPTION 

MICRO­
PROCESSOR 

SERIES 

The M7346 External Event Detection Module (EEDM) is a multipurpose unit 
designed for use in conjunction with the M7341 Processor Module to imple· 
ment interrupt priority schemes, power failure detection, and processor 
restart and halt control. The M7346 implements nine levels of priority arbi· 
tration. These include application·defined six-level priority interrupt schemes, 
an ac and dc power failure detection capability, and the processor control 
functions of Halt and Restart. The EEOM is completely contained on a singte· 
height, extended-length PC board. 

Separate input lines to the EEOM provide for encoding up to six levels of 
external application-defined event priority. Each of these lines, when asserted, 
initiates an attempt to jam a I-byte unconditional call (RST) instruction into 
the M7341 Processor Module external event port. 

The EEOM priority logic arbitrates all assertions and selects the highest level 
asserted, then jams the corresponding instruction into the Processor Module. 
The jammed RST instruction associated with each priority level (iero through 
five) constitutes an unconditional call on one of six 8-byte subroutines lo­
cated in the first 48 words on an MPS system memory. 

The eight output lines which propagate the instruction being jammed, are 
connected in common to the processor module external event port and the 
power-fail port. 

To jam an RST instruction, the EEOM asserts a signal to enable multiplexing 
of the external event port and to initiate an external event interrupt. If int,r· 
rupts are enabled at the Processor Module, the RSTinstructionis fetched and 
executed. If not, the RST instruction is ignored. 

The seventh priority level is asserted by either a manually-initiated start 
signa. or automatically as a consequence of power-up. In either of these cases, 
an RST instruction is generated which makes an unconditional call on eight 
reserved memory words headed by location 60s. 

Priority level eight is asserted by the power failure detection circuit which 
monitors ac power inputs to an MPS system. When a power failure condition 
is detected, an RST instruction is automatically generated which makes an 
unconditional call on locatio", 56 (70s). Since level eight is the highest arbi­
trated priority, a .power failure takes precedence over any of the six levels of 
application-defined event priorities as well as the seventh or start level. 

Level nine implements the halt function for MPS systms. This function can 
be initiated manually or automatically, and overrides all other priorities. 
When initiated, a halt instruction is placed on the lines to the processor 
module, and the power fail/stQP port js enabled for multiplexing. When 
fetched, this instruction forces the Processor Module into the stopped state. 
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FEATURES 
• Eight interrupt priority request lines available to provide eight arbitrated 

priority levels. 
• Power failure detection circuit continuously samples ac voltage levels. 
• Inputs for optional external ac and/or dc power failure detection. 
• Power failure detection is highest arbitrated priority. 
• Halt function has. precedent over all arbitrated priorities. 
• Module senses power-up condition to initiate an automatic start. 

• 'External event response time 12 to 44 p.s. 
• Power failure ~esponse time 35 ms from ac power loss to power fail Inter­

rupt request. 
• Real-time clock signal (power line sync signal) available at module con-

nector. 
• Power fail indication signal (Ae LOW) available at module connector. 
• Except for ac sample input, all inputs and outputs are TTL-compatible. 
• Module is contained on standard single-height extended-length board and 

plugs into standard DEC Ha03 wire-wrap connector block backplanes or 
equivalents. 

SPECIFICATION SUMMARY 
PERFORMANCE 
Number of Eve~t Detection Input Lines: 8 
Priority Encoded: I-lowest 

8-highest 
External Event Response Time: 12 to 44 P.s 
Power Failure Response Time: 35 ms (from ac loss to power-fail interrupt 

request) 
Input Polarity, 

External Event Lines: Logic High = False; Logic Low = True 
Output Polarity, 

Data Lines to Processor Module: Logic High = False; Logic tow = True 
ELECTRICAL 
Power Supply: +5 Vdc, 
Input Logic Levels <# 

Logical Low: 0.8 Vdc maximum 
Logicat High: 2.0 Vdc minimum 

Output Logic Levels 
Logical Low: 0.4 Vdc maximum 
LogicarHigh: 2.4 Vdc minimum 

Noise Immunity: 400 mV 
Power Fail Sense Input: 6.3 Vac 
Power Consumption: 250 mA @ +5 V 

50 mA @ 6.3 V ac, 1.6 W 
MECHANICAL 
Board Type: Single height extended-length, single-width 
Dimensions: 2.4375 X 8.50 X 0.50 inches 

6.191 X 21.590 X 1.270 cm 
ENVIRONMENTAL 
Ambient Temperature 

Operating: 41 to 122°F, (5 to 50°C) 
. Nonoperating: -40 to 150°F, (-40 to 66°C) 
Humidity: 10 to 95% noncondensing 
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KC341·B 
MONITOR/CONTROL PANEL 

MICRO· 
PROCESSOR 

SERIES 

The KC341-B Monitor/Control Panel (MCP) serves as an operator's panel 
to provide an on-line control and program diagnostic capability for systems 
configured from Microprocessor Series modules. In addition to the conven­
tional panel controls and indicators, the MCP is equipped with controls and 
visual displays for examining and changing the content of manually-accessed 
read/write memory locations and for performing single-step instruction ex­
ecution. These functions are supported by a resident memory consisting of 
a 256 x 8-bit PROM and a 32 x 8-bit RAM completely contained in the MCP. 
The PROM and the RAM are directly addressable as system memory, and 
the RAM can be used as a scratch pad by user diagnostics and by operating 
programs. 

The MCP interfaces directly with the M7341 Processor Module through a 
dedicated cable (supplied with the MCP). Although normally configured for 
table mounting, the MCP can be panel-mounted in a suitable EIA rack panel. 

FEATURES 
• Convenient size (l8-inches wide by 8 3A-inches deep by 13A-inches high) 

for placing on bench, desk top, etc. 

• Completely interfaced with CPU Module via cable. 

• Allows interrogation of CPU timing signals through an LED array. 

• Address data can be loaded into the CPU Module via 14-bit switch 
register. 

• Address and memory data can be displayed. 

• Controls supplied: 
-Address load 
-Start 
-Deposit 
--Continue 
-Examine 
""':'Single cycle 
-Display data 
-Display address 

• Integral read/write scratch-pad memory for diagnostiC use. 

• Integral read~only memory bootstrap loader program. 
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SPECIFICATIONS 
ELECTRICAL 

Power Consumption ........................ 2.43A @ +5V, 60mA @ -15V, 12W 

MECHANICAL 

Width .............................................. 18 in. (45.7 cm) 
Depth .............................................. 8.75 in. (22.2 cm) 

. {1.75 in. (4.4 cm) excluding switches 
HeIght ......................................... 2.50 in. (6.35 cm) including switches 

ENVIRONMENTAL 
Ambient Temperature 

Operating .................................... 41 ° to 122°F (5° to 50°C) 
Nonoperating .............................. -41 ° to 150°F (_40° to 60°C) 
Humidity.................................... 10° to 95% noncondensing 
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MR873-A 
READ-ONLY MEMORY PROGRAMMER 

MICRO· 
PROCESSOR 

SERIES 

The MRB73-A Microprocessor ROM Programmer is a versatile option for 
Microprocessor Series (MPS) users, providing a capability for writing pro­
grams into chips used on the M7345 Programmable Read-Only Memory 
(PROM) module. Operating as an on-line peripheral device to the PDP-8/ A, 
PDP-8/E, PDP-8/F, or PDP-8/M system, the MR873-A is a fully self-contained 
subsystem that will load and verify user-generated MPS-routines in individual 
PROM chips under MRP program control. MRP is a system program, executed 
on the PDP-8, for controlling all MR873-A operations. Source data for loading 
PROMs is binary code, previously generated by the MLA assembler or the 
MOP debugging programs. The code can be in the form of paper tapes or a 
previously programmed PROM. 

MRP software features the following MRB73-A operations: 

• Read or punch binary paper tapes, using high-speed or low-speed tape 
peripherals, to or from a 204B-word core buffer in the PDP-B. 

• Examine and modify any buffer locations prior to writing into the PROM. 

• Load specified memory locations with a constant value. 

• Read PROM contents into the core buffer when PROM duplication is de-
sired. 

• Verify that all PROM locations are clear prior to writing. 

• Write a block or binary data from the buffer into a PROM. 

• Verify that PROM contents have been correctly written. 

• List PROM contents on terminal console or line printer peripherals. 

Each MR873-A hardware option includes the main MR873-A assembly, one 
MI703 Input Interface module, and one MI705 Output Interface module, 
which plug directly into the PDP-B Omnibus, and two Y168 modules into 
which a PROM chip can be inserted. Three flat data -cables, which are at­
tached to the rear of the MR873-A, terminate at the interface modules. Labels 
are attached to each cable for proper installation. In addition, a standard 
power cord allows application of operating power (115 Vac, 60 Hz) for the 
assembly. 

Only the Intel 1702A PROM chips (or equiv.) can be used with the MR873-A. 
Each PROM chip has a capacity for storing up to 256 eight-bit words (one 
memory block). The PROM chips are supplied with quartz lids, enabling 
ultraviolet erasure of all stored data. Hence, they are reusable as MPS needs 
change. 

SPECIFICATIONS 
OPERATING 

Program 
Erasure time 
Control computer 

2 minutes typical, for all 256 bytes 
10 minutes maximum 
PDP-8/A, PDP-8/E, PDP-8/F, or PDP-8/M 
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ELECTRICAL 
AC power 
AC current 
Internal power supplies 

Continuous 
Continuous 
Continuous 
Program controlled 

ULTRAVIOLET LIGHT SOURCE 
Lamp 

MECHANICAL 
Dimensions 

Mounting 
Weight 

MPS INTERFACE MODULES 

105 to 125 Vac, 5q-..60 Hz 
0.5 A 

+5 Vdc ± 5 % 0.5 A 
+12 Vdc ± 10% @ 10 rnA 
-9 Vdc ± 5% @ 60 rnA 
+50 Vdc ± 3 % @ 3A 

Available from Ultraviolet Products, Inc., 
San Gabriel, California. Model UVS·54 or 

Model S·52 

10% in. (26.7 .cm) high, 19 in. (48 cm) 
wide, 7 in. (18 cm) deep 

Table top or rack mount (bracket supplied) 
20 Ib (9 kg) 

In developing an interface structure for an MPS system, the user can take 
two approaches: (1) design the interface at the IV level using a wire wrap 
board, or (2) use available DIGITAL M Series modules. In either case, a wide 
variety of MPS·compatible modules and accessories are available off·the· 
shelf from DIGITAL. Typically, the M7328 Device Selector may be used to 
decode the device address from the M7341 processor. The M1501 and 
M1502 modules serve as efficient input and output interfaces, respectively. 
For custom interface circuitry, the W9661 and W9671. wire wrappable mod­
ules provide a foundation upon which to build integrated circuit interfaces. 

The above modules are just a few of the many hundreds of M Series, A 
Series, W Series, and K Series available for utilization in a unique interfacing 
requirement. And, to complete the entire support package, DIGITAL offers 
many accessories, such as power supplies, mounting hardware, and cabling. 
Thus, an entire family of support hardware and accessories are available to 
provide the MPS user with a total system capability. Most of these products 
are described throughout this Handbook. 
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KMPOl·A 
SYSTEM UNIT 

MICRO­
PROCESSOR 

SERIES 

The KMPOI-A System is a prewired backplane designed to accommodate 
systems structured from MPS and related support modules. The unit is 
capable of supporting up to 8K words -of memory (12K words if the spare 
slot is wired as a memory slot), one word out, one word in, TTY, and simu­
lated interrupts and power fail. These features make the KMPOI-A ideal for 
MPS software development and hardware debugging. 

The drawing below shows the dedicated slot locations for each MPS and 
support module in a fully-configured MPS system. The recommended sup­
port modules are: 

M7328 
MIll 
M1501 
M1502 
G772 

Device Selector 
Inverter 
Input Interface 
Output Interface 
Power Connector 

These modules are standard DEC M Series available off-the-sh"'elf. The spare 
slot can be used for either additional MPS memory, M Series interfaces, or 
W Series wire wrap modules. 

4 

3 

2 

A B 

M7328 I 
G772 I M111 I 

M7341 

"" 
SPARE 

--SEE DETAIL"A" 

DETAIL 
"A" 

C D 

SEE NOTE 

SEE NOTE 

I M1502 

I M7346 I Ml501 

NOTE· 
MEMORY MODULE M7344 & M7345 MAY 
BE USED IN SLOTS C04 -F04 & C03-F03 
IN CONFIGURATION AND OTY LISTED 
BELOW. 

M7344 (OTY 2) C04 -F04 & C03· F03 
M7345(OTY2) C04-F04& C03-F03 
M7344 (OlY 1) C04-F04 OR C03 -Fe3 
M7345 (OTY 1) C04-F04 OR C03-Fe3 

KMPOI-A SYSTEM UN IT (PIN SIDE UP) 

The KMPOI-A can be mounted in a 19-inch rack or cabinet using the H014 
Mounting Panel. 
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SPECIFICATIONS 
Length 
Width 
Height 
Mounting Screws 

16.50 in. (41.9 cm) 
2.23 in. (5.66 em) 
1.59 in. (4.04 cm) 

Two #8-32 captive screws spaced 16.10 in. 
(40.89 cm) center-to-center and located 
1.115 in. (2.83 cm) from either side. 

I MEMORY I OPTIOP4S 

ADRD 00 L -13 L 
DEVICE 
ADDRESS LIP4ES 

ADRD J M7328 
.1 ~P4U~~;~~~/L ADRD 00 L-07L 09 L -13 L DEVICE 

1 
S~e~~R 1 

1P4 2L,OUT 3L,OUT 4L I 
ADRD 00 L - 07 L M150Z 

BUS 
OUTPUT 

f----
1t!!'LE.!!~£.E 

(8-BIT 

OUTJ-t: 
LATCH) 

-----
(8-BIT RQST 

ADRD 

~ LATCH) 
rP-~~r 

00 L - 13 L 

M111 
~ INVERTER 

MODULE RQST 0 L - 7 L 

M7346 IP4TR DATA 
IN 2 H EXTERP4AL 

EVEP4T 
00L-07L 

DETECTIOP4 
AC VOL TAGE MODULE 
FOR POWER 
FAIL DETECTION 

IP4PUT DATA 
BUS FROM 

.18U~I~~;UT 1 DATA 00 L - 07 L EXTERP4AL DEVICES 

IIP4TERFACE 1 

DC POWER 
(+5V,-I5V) DC POWER TO 

ALL MODULES 

MO 00 H-07 H 
BUFFERED 
OUTPUT 
DATA BUS 

M7341 SERIAL I/O DATA 
PROCESSOR TTY ItO 

MODULE 

~ ",., I COP4TROL MOP4ITORI 
COP4TROL 

PAP4EL 

KMP01:A/ MPS MODULE FUNCTIONS 
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MPS 
SOFTWARE TOOLS-QF500-AB 

MPS SOFTWARE TOOLS--QFSOO-AB 

MICRO­
PROCESSOR 

SERIES 

The QF500-AB MPS Software Tools is a software package available to the 
user to aid in developing MPS application programs. This package consists 
of six programs as described below. All programs are provided in paper tape 
form. Five of the programs run on a PDP-8 minicomputer (except PDP-8/S) 
with 4K memory, teletypewriter, and paper tape readerl punch; the sixth 
program (MOP) runs on the MPS itself. The Microprocessor Series User's 
Handbook (DEC No. DEC·08-UMPHA·A-D) fully describes the operation of 
these programs and their interaction with the PDP-8. 

QFSOO-AB PROGRAMS 

PROGRAM FUNCTION DEC NUMBER 

Microprocessor Host Loads binary-coded tapes DEC-08-UMPLA-A-PM 
Loader (MHL) 

Microprocessor Modifies or generates DEC-08-UMPEA-A-PB 
Language source text from Teletype 
Editor (MLE) commands by reading 

and writing paper tapes 

Microprocessor Assembles source text DEC-08-UMPAA-A-PB 
Language into binary format by 
Assembler (MLA) reading and writing 

paper tapes and listing 
at user's option 

Master Tape Duplicator! Copies paper tapes and DEC-08-UMPDA-A-PB 
Verifier (MTD) verifies their contents 

Microprocessor ROM Copies and modifies paper DEC~08-UMPPA-A-PB 
Programmer (MRP) tape and PROMs 

Microprocessor Aids in debugging of DEC-08-UMPMA-B-PB 
Debugging binary programs. Runs on 
Program (MOP) MPS. 

Microprocessor Language Editor (MLE) 
The Microprocessor Language Editor is a PDP-8 based editor oriented to 
paper tape usage. It is interactive and offers an extensive set of commands 
which can be entered from the Teletype terminal or similar keyboard terminal. 
It is used primarily as an on-line tool for the creation and modification of 
source program tapes. 

The Editor is the standard PDP-S PAL Editor and is provided in the form of a 
binary tape which is loaded into memory by means of the MHL program, 
using either the low- or high-speed paper tape reader. 
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The 'Editor facilitates both program entry and program correction. Source text 
is entered either directly from the keyboard or via the low·speed (Teletype 
t~rminal) or high-speed paper tape reader. Once in memory, the program 
text can be freely changed, deleted, or reformatted. 

Microprocessor Language Assembler (MLA) 
The Microprocessor. Language Assembler is a powerful paper tape-oriented 
system which is used to assemble source code on a PDP-8 mini·computer 
and convert it into binary output which is then loaded and executed on the 
CPU Module. Input to the MLA is usually prepared with the aid of the MLE 
program; source text can, however, be generated off-line on a DIGITAL LT33·D 
Teletype terminal. 

Microprocessor Read-Only Memory Programmer (MRP) 
The MRP is a PDP-8 based program which, in conjunction with the PDP-8 and 
a PROM hardware programming option, allows the user to load, verify and 
modify programs in a PROM chip. Data can be entered by means of binary 
paper tapes produced by the MLA, or directly from the Teletype terminal 
keyboard. 

Microprocessor Debugging Program (MDP) 
The MOP resides in the Microprocessor Series memory and is used during 
application program development to assist in debugging. It permits debug­
ging via the Teletype keyboard and others the following capabilities: 

• Load a binary paper tape produced by MLA. 

• Punch the contents of part or all of MPS memory in MLA binary format. 

• Inspect part or all of MPS memory (octal typeout). 

• Modify read/write memory (octal type-in). 

• Set or move a program breakpoint. 

• Start program execution at specified address (octal type-in). 

Master Tape Duplicator Program (MTD) 
The MTD copies and verifies 8-channel paper tapes. It is provided in the 
form of a binary paper tape which is loaded into memory by means of the 
MHL program. 

Microprocessor Host Loader Program (MHL) 
The MHL is a RIM-formatted tape used to load 8-channel paper tapes that are 
punched in binary code into the PDP-8 memory. 
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REGISTER TRANSFER MODULES 

Register Transfer Modules (RTM) define the next higher level of computing 
machine design above sequential and combinatorial logic operations. Digital 
system design is removed from the realm of the pure logic designer and is 
made easily achievable by persons such as students, laboratory technicians, 
researchers, etc. 

A standard flowchart, which includes register deSignations, provides full in­
formation for constructing the system. The need for extensive documentation 
is dramatically reduced aRd system trouble-shooting is considerably simplified. 

RTM systems can be operated in 8-bit or 16-bit register configurations; reg­
isters may be linked to form words of 24, 32, or higher numbers of bits. 

Existing functions can be expanded simply by adding steps to the flowchart, 
installing new modules, and making the extra wiring connections. 

The modules are especially useful at the university teaching level, in ex­
perimental, medical, and research laboratories, industrial control, materials 
handling and manufacturing. 

The concept of RTM is not new; however, this implementation is aimed at 
providing a powerful and low-cost design tool to digital system engineers. To 
design a system with these modules, the user need only be familiar with the 
concept of registers and register operations, and possess a fundamental 
understanding of the flowchart. 

RTM system design and operation are explained in the handbook Register 
Transfer Modules, published by Digital Equipment Corporation. 

RTM SYSTEM CONTROL 
The control section of an RTM system contains the program by one of two 
methods: as a hardwired series of logic circuits (evoke module control) or as 
a list of binary codes in a memory (program control sequence). 

This section of the Logic Handbook is organized into these two subsections: 
Evoke Module Control and Program Control Sequencer Control. 

Evoke Module Control 
The evoke module control method is best used in a dedicated automatic 
'control system where changes to the program are seldom required because 
the task that this RTM system performs is expected to remain the same; i.e., 
the reprogramming flexibility of a minicomputer is not required. The program 
for this type control system is stored in evoke cricuits that are hardwired 
together in accordance with specific program requirements. Systems of this 
type are usually limited to approximately 100 program instructions. This 
method provides a very fast system because instruction fetching and de­
coding are not required, i.e., instructions are executed directly. An evoke 
module control section eliminates the cost of the additional hardware re­
quired by a program control sequencer control section. If program changes 
are ever required for an evoke module control section, wiring changes will 
probably be required. 
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~ ______ BU_S __ T_~R_9~_~_N_AT_O_R ______ ~I~ 
Length: Standard 
Height: Qouble· 
Width: Single 
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M962 BUS TERM.NATOR MOOULE 
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The M962 Bus Terminator Module contains the pull-up/terminator resistor 
networks necessary to terminate the 16 Data Bus lines, the Overflow Bus 
line, the three Control Bus lines, and the Power Clear Bus line of an RTM 
system. The two resistors in each network form a voltage divider between 
+5 V and ground that provides a nominal +3 V on each Bus line when a" 
Bus drivers are off (not conducting). Termination impedance is approximately 
125 ohms. 

This module must always be used in conjunction with an M7304 Bus Sense 
Register Module. However, an M7332 Bus Monitor' and Terminator Module 
may be used instead of the M7304/M962 pair. An M7304/M962 pair or an 
M7332 is required in every RTM system to perform system housekeeping 
functions. A terminator (M962 or M7332) should be located on one end of 
the RTM Bus. RTM systems with buses more than 19 inches long should 
have terminators at both ends. 

DATA BUS <15:00>-Provides terminating resistance for each of the 16 
Data Bus lines <15:00> and a current source for the open-collector bus 
drivers of all source registers on the functional modules; e.g., M7300, M7301, 
M7305, M7307, M7311, M7313, M7316, M7317, M7318, M7319, M7320, 
M7324, M7325, and M7334. 

OVERFLOW BUS-Provides terminating resistance for the Overflow Bus line 
and a current source for the open-collector Overflow Bus driver on the Arith­
metic and Logic Function Modules M7300 and M7301. The Overflow Bus line 
carries the overflow output of M7300 and M7301 modules. 

DATA READY BUS-:-Provides terminating resistance for the Data Ready 
Control Bus line and a current source for all open-collector Data Ready Bus 
drivers on the functional modules. The Data Ready Bus line carries the signal 
indicating that the source has placed data 'on the Data Bus lines. 

DATA ACCEPTED BUS-:-Provides terminating resistance for the Data Ac­
cepted Control Bus line and a current source for a" open-collector Data 
Accepted Bus drivers on the functional modules. The Data Accepted Bus line 
carries the signal indicating that the destination has received the data from 
the Data Bus lines. 

DONE BUS-:-Provides terminating resistance for the Done Control Bus line 
and a current source for the open-collector Done Bus Driver. The Done Bus 
line carries the signal indicating that a data transfer has been completed; 
Le., the source has placed data on the Data Bus lines and the destination 
has received the data. The Done signal is always generated by either the 
M7304 or the M7332 module, whichever is used. 

POWER CLEAR BUS-Provides terminating resistance for the Power Clear 
Bus line and a current source for the open-collector Power Clear Bus driver. 
The Power Clear Bus line carries the signal that initializes an RTM system 
at power on. The Power Clear signal is generated by either the M7304 or the 
M7332 module, whichever is used. 

458 



MII03 
TEN 2-INPUT OR GATES 

Length: Standard 
Height: Single 
Width: Single 

1011103 TEN 2-INPUT OR GATES MOOULE 
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The MII03 Ten 2-lnput OR Gates Module contains ten independent 2-input 
TTL gates. Each gate performs the OR (C = A + 8) function; the output is 
asserted Low when anyone or more of its inputs are asserted Low. 

Unused inputs on any gate must be tied either to a used input or to a logic 
High source for maximum noise immunity. Two independent logic High 
sources are provided on this module. 

APPLICATIONS 
These OR gates can be used to merge Evoke control paths, to expand func­
tional inputs, or as buffers to increase drive capabilities in an RTM system. 

These gates can also be used to perform the AND (C = A8) function. 
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M1307 
SIX 4-INPUT OR GATES 

Length: Standard 
Height: Single 
Width: Single 
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The M1307 Six 4-lnput OR Gates Module contains six independent 4-input 
TTL gates_ Each gate performs the OR (E = A+B+C+D) function; the out­
put is asserted Low when anyone or more of its inputs are asserted Low. 

Unused inputs on any gate must be tied either to a used input or to a 
logic High source for maximum noise immunity. Two independent logic High 
sources are provided on this module. 

APPLICATIONS 
These OR gates can be used to merge Evoke control paths, to expand com­
mand inputs, or as buffers to increase drive capabilities in an RTM system. 

These gates can also be used to perform the AND (E = ABeD) function in 
systems utilizing positive logic. 
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M7300 
ARITHMETIC AND LOGIC 

FUNCTION SELECTION MODULE 

Length: Extended 
Height: Double 
Width: Single 

"'1300 ARITH"'ETIC AND LOGIC 
I!lDARZ 

~ASZ 
TTAT2 j..-J BUS-A 

:E:: AU2 

"i.2i'BJI 
~8KI P ~BLI BUS-AINOT 

=-BMI 
~ALZ~ 

~A"'2 P [!;mAN2 . BUS-A+l 

;:;n; APZ 
~ rrElBLZ 

:r;;:BMZ 

D ~BN2 8US-A-1 

:r:=BNI 
'i.E' B K Z u.w' 

FUNCTION SELECTION "'ODULE 

ARITHMETIC 
FUNCTIONS 

r.:m.-BP2 ~ FUNCTION CONTROL 
==BR2 L/ BUS- A +B 

"'''''' ",,,bS 
ffin,.BSZ . FUNCTION 

- ...... BV2 
BUS- A-B 

ENCODER 

r;:=BFI -

~B ... t r---., 
~BH2 

f..--/ 
BuS- BINOll 

~BJ2 
......... T""'BB2 

~BD2 r--., ~ r,:m.8E2 8US-B 

~BF2 f..--/ --0 
'5"""'BT2 ........ 

BUS- AIANDIB} ;:::;:::aU2 LOGIC 

ffiAV2 
BUS-AIORIB FUNCTIONS 
BUS _AIXORIB 

r;-,..BVI ~ 
.....l..... LEFT SHIFT SERIAL INPUT 

CARRY ~AF2 

D 
~ m AH2 

BUS-AX2 
~AJ2 I LEFT SHIFT I I r,:m.AKZ .A 
........ ..,.BPI LEFT a RIGHT SH I FTER ~ DATA< 1~,I11~.~ 

rn-::: D BUS-- FUNCT 12 " 
~eul 

IRIGHT SHIFT I CARRY ~N 

, AVI L-.U" 
RIGHT SHIFT SERIAL INPUT 

.~ 

I ~ 
.J: 

,*'-

CO"'MUNCATES 
WITH AN M73111t 

·SEE NOTE 

" • THE M731111 AND M73111 FORM A TWO· MO OULE .. SET THAT MUST BE INTERCONNECTED A 
~ 

A 

'I 

Volts 
+5 
GND 

mA (typ) 
650 

~ of> 

ii ~ c .... 
c 

~ ... ~, 

RTM BUS 

Pins 
AA2. BA2 

THE HANDLE END WITH EITHER AN HI !II 
RAN CONNECTOR 1 liZ· MODULE SPACING), 0 

HI!~I 3 CONNECTOA 1 I· MODULE SPACING) 

"-

V 

AC2, BC2, ATl, BTl 

463 



M7301 
ARITHMETIC AND LOGIC FUNCTION 
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Height: Double 
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The M7300 Arithmetic and Logic Function Selection Module and the M7301 
Arithmetic and Logic Function Module work together to perform arithmetic 
and logic operations for an RTM system. 

The M7301 can accept data from the RTM Bus and place it into either or 
both of its destination registers. The M7300 can perform operations on the 
contents of the two registers and place the results on the Bus. The various 
functional inputs determine what operation(s) will be performed on Registers 
A and/or B, which serve as the data inputs to the Arithmetic-Logic Unit 
(ALU) circuitry. Several of the more useful functions of these modules use 
the same register as both a source and a destination, e.g., A~A+B. 

Destination Registers A and B of the M7301 may be loaded from the RTM 
Bus with the A ~ BUS or B ~ BUS control inputs, respectively. The ALU 
receives inputs from Registers A and B. The Function Encoder portion of the 
M7300 module receives Evoke signals to initiate the arithmetic and logic 
functions of the ALU. The selected function is coded and communicated to 
the ALU. Results of operations performed by the ALU are communicated 
to the Shifter circuit along the data lines DATA< 15:00> and via CARRY IN 
and CARRY OUT signals, and then placed on the RTM (DATA<15:00» Bus. 

The Left and Right Shifter portion of the M7300 module receives Evoke 
signals to initiate the shifting functions. The left-shift function operates on 
Register A and shifts the contents of the register one place to the left. 
This is equivalent to multiplication by two. The right-shift function oper­
ates on the results of anyone of the other functions. The RIGHT SHIFT, 
which must be accompanied by a signal for one of the other functions, en­
ables moving the result of the accompanying function one bit to the right 
(equivalent to dividing by 2). The CARRY IN and CARRY OUT signals indicate 
when a shift, add, or subtract operation has produced a carry or borrow. 
The OVERFLOW signal represents the carry of addition, the borrow of sub· 
traction, the MSB after a left shift, or the LSB after a right shift. Because the 
Overflow Bus is continuously driven by the Overflow circuit, use of more 
than one M7300/M7301 pair on a single RTM Bus is not recommended. 

The Arithmetic and Logic Function Modules are capable of testing the truth 
of arithmetic conditional statements (A = B, A <B, A> B, A <= B, A> = 
B, and A =1= B) or logical statements (A, B, A(NOT), A(AND)B, A(OR)B, 
A(XOR)B, and A(EQV)B) in a single step. For instance, to determine if A = 
B, subtract B from A and test the DATA = 0 output of the M7304 Bus Sense 
Register Module or the M7332 Bus Monitor and Terminator Module. 

Inputs 
Inputs are organized as Destination Inputs, Source Inputs, and Data Inputs. 

Destination Inputs 
A ~ BUS-Register A is loaded from the R"fM (DAT~<15:00» Bus. 

B ~ BUS-Register B is loaded from the RTM (DATA<15:00» Bus. 

Source Inputs 
BUS ~ A-The RTM (DATA<15:00» Bus gets the contents of Register A. 

B.US ~ A(NOT)-The RTM (DATA<15:00» Bus gets the one's complement 
(all bits inverted) of Register A. 

BUS ~ A+I-The RTM (DATA<15:00» Bus gets the contents of Register 
A incremented by 1. 
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BUS ~ A-I-The RTM (DATA<15:00» Bus gets the contents of Register 
A decremented by 1. 

BUS ~ A+B-The RTM (DATA<I5:00» Bus gets the sum of the contents 
of Registers A and B. 

BUS ~ A-B-The RTM (DATA<I5:00» Bus gets the difference between 
the contents of Registers A and B. 

BUS ~ B(NOT)-The RTM (DATA<15:00» Bus gets the one's complement 
(all bits inverted) of Register B. 

BUS ~ B-The RTM (DATA<I5:00» Bus gets the contents of Register B. 

BUS ~ A(AND)B-The RTM (DATA<15:00» Bus gets the logical AND of 
Registers A and B. 

BUS ~ A(OR)B-The RTM (DATA<15:00» Bus gets the inclusive OR of 
Registers A and B. 

BUS ~ A(XOR)B-The RTM (DATA<15:00» Bus gets the exclusive OR of 
Registers A and B. 

BUS ~ AX2-(LEFT SHIFT) The RTM (DATA<15:00» Bus gets the contents 
of Register A after all bits have been shifted one place to the left; the MSB 
is shifted to the OVERFLOW Bus line. 

BUS ~ FUNCT /2-(RIGHTSHIFT) When this function is used simultaneously' 
with any of the other source functions on this list, the Bus gets the reswt 
of that function after all bits have been shifted one place to the right; the 
LSB is shifted to the OVERFLOW Bus line. 

Data Inputs 
LEFT·SHIFT SERIAL INPUT-Data is shifted serially into the Shifter via the 
LSB during a left-shift operation. (Useful for accepting serial data from ex­
ternal devices or flags, or for creating an end·around carry by attaching this 
input to the MSB of Register A.) 

RIGHT-SHIFT SERIAL INPUT-Data is shifted serially into the Shifter via the 
MSB during a right-shift operation. (Useful for accepting serial data from 
external devices or flags, or for creating an end-around carry by attaching 
this inpu,t to the LSB of the register that is being shifted.) 

Outputs 
A<I5:00>, B<15>, and B<O>-These destination register outputs are 
available as TTL outputs on module pins. 

RTM Bus 
DATA < 15:00>. POWER CLEAR, DATA READY, DATA ACCEPTED, and OVER­
FLOW are described in the M7332 Bus Monitor and Terminator Module. 
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M7304 
BUS SENSE REGISTER 

Length: Extended 
Height: Double 
Width: Single 
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The M7304 Bus Sense Register Module contains the circuitry to perform 
several essential system-level functions that might otherwise have to be in­
cluded in each RTM module; for example, POWER CLEAR_ This module also 
contains the circuitry that monitors and saves a copy of the data involved 
in each transfer. 

An M962 Bus Terminator Module must -always be used in conjunction with 
the M7304 Module. However, an M7332 Bus Monitor and Terminator Module 
may be used instead of the M7304/M962 pair and is generally recommended 
for_ new designs. An M7304/M962 pair or an M7332 is required in every RTM 
system to perform system housekeeping functions. 

The Bus Sense Register Module can be used as either a source or a destina­
tion of data. This module generates the POWER CLEAR signal, which is used 
to initialize flip-flops and other circuits when power is first applied to the 
system, and it issues the first EVOKE signal in an evoke-controlled RTM 
system. It also issues the DONE signal to indicate the completion of each 
data transfer. This module contains the Bus Sense Register (BSR), which 
reads the bus each time DATA ACCEPTED appears on the bus. Therefore, the 
BSR always contains the data that was ~ransferred during the most recent 
transfer operation between any two registers. The outputs of the BSR are 
available at the module pins for bit testing or for use as CONDITION inputs 
to the status signal multiplexer or branch units. Status logic in the Bus Sense 
Register Module monitors the BSR contents and issues a DATA>O, DATA=O, 
or DATA<O signal for each data word that is transferred; each of these 
signals can be used for CONDITION inputs to .branches. 

BUS +- 0-The BUS +- 0 functional input is used whenever a source of all 
binary zeros is desired. DATA READY is issued immediately. 

BSR +- BUS-The BSR +- BUS functional input is used to generate a DATA 
ACCEPTED so that the BSR will be the only destination of a transfer. 

SAVE OVERFLOW-The SAVE OVERFLOW functional input is used to load the 
logic state of the Overflow Bus line into a flip-flop. The overflow operation 
is used in conjunction with a data transfer between the M7300 and M7301 
modules and a destination register to save the overflow bit that resulted 
from an arithmetic or logic function operation. 

RUN-This input allows a TTL level Signal to be used to start an RTM system. 
This input can be from a remote external switch (if debounced) or remote 
external logic. The RUN signal must be a Low-going pulse at least 100 ns 
long. The first evoke will be issued on the trailing edge of this pulse. 

The M7304 contains three switch filters that allow external switches to be 
added for manual control of an RTM system. Any single-pole, double-throw 
switch may be used when connected as shown on the functional diagram. 
The M7334 Switch and Light Module contains extra switches. that may be 
used for this purpose. 

NORM/START-This switch input provides for manually starting an RTM 
system_ 

• AUTO/MAN-This switch input is especially useful during troubleshooting; it 
is used in conjuncti.on with the NORM/5S switch input to provide single­
stepping capability. With this switch in AUTO, the system will execute .. the 
program in the normal manner. With this switch in MAN, the system will halt 
after executing each instruction. 

468 



NORM/SS--This switch input is used in conjunction with the AUTO/MAN 
switch when that switch is in the MAN position. Each time this switch is 
moved from NORM to SS then to NORM, one program instruction -will be 
executed and the system will halt. 

DATA = Q-A High at this output indicates that the contents of the BSR are 
equal to zero. 

DATA> Q-A High at this output indicates that the contents of the BSR are 
greater than zero (positive). This assumes that the data is in two's comple­
ment form. 

DATA < Q-A High at this output indicates that the contents of the BSR are 
less than zero (negative). This assumes that the data is in two's complement 
form. 

LAST SAVED OVERFLOW-Gives the contents of the Overflow flip-flop. 

START (FIRST EVOKE)-The START signal for the pes module controlled 
_ systems or the first EVOKE signal -for an evoke module controlled system. 
This signal goes Low when the START switch is pressed and released, then 
goes High when DONE is received. 

BIT 00 through BIT 15-The contents of the BSR, available at module pins. 

POWER CLEAR-This RTM Bus signal is asserted for apprOXimately 100 ms 
when dc power is first applied to the RTM system. 
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M7305 
TRANSFER REGISTER MODULE 

Length: Extended 
Height: Double 
Width: Single 
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The M7305 Transfer Register Module is a l6-bitstorage 'Tegister that is both 
, byte and word addressable. The storage register (TRL and TRH) is divided 

into lower and upper bytes which can be loaded from or read onto the RTM 
Data Bus either separately (8 bits) or together (16 bits). When data (DATA 
<15:00» is loaded into TRL and/or TRH from the RTM Bus, that data 
(TR<00:07> and/or TR<08:15» is available at module contact fingers 
for interfacing or other uses. For example, individual bit outputs from the 
high-byte and low-byte registers can be used to control CONDITION inputs 
on other modules, such as branch units and multiplexers. 

Jumpers on the module permit bit-swapping when data (DATA<15:00» is 
read onto the RTM Bus. Refer to SPECIAL WIRING AND ADJUSTMENTS. 

The M7305 contains circuitry for preventing the assertion of DATA ACCEPTED 
so that two or more transfer reg;sters can be evoked for simultaneous load­
ing. Refer to LOAD TIMING ENABLE signal description. In addition, output 
signals that correspond to the combination of an Evoke input and the DATA 
READY signal are available. Refer to TRH OUT and TRL OUT signal descrip­
tions. These outputs allow one or more M7305 modules to be operated as 
slaves to a single master for simultaneous loading. This feature makes it 
possible to load several registers simultaneously or each individually. 

Inputs 
TRH ~ BUS-When this input is evoked and when LOAD TIMING ENABLE is 
High, the high-byte register (TRH) is loaded with parallel data (DATA<15: 
08» from the RTM Bus 200 ns (typical) after DATA READY is asserted; 
50 ns (typical) after TRH ~ BUS is unasserted, TRH OUT and DATA AC­
CEPTED are asserted. 

TRL ~ BUS-When this input is evoked and when LOAD TIMING ENABLE 
is .High, the low-byte register (TRL) is loaded with parallel data (DATA 
<07:00» from the RTM Bus 200 ns (typical) after DATA READY is as­
serted; 50 ns (typical) after TRL ~ BUS is unasserted, TRL OUT and DATA 
ACCEPTED are asserted. 

Inputs TRH ~ BUS and TRL ~ BUS may be asserted at the same time, load­
ing the data (DATA<15:00» on the RTM Bus simultaneously into the high­
byte and low-byte registers of the M7305 module. 

LOAD TRH-This input is usually used to load the TRH register with parallel 
data (DATA<15:08» from the RTM Bus when this M7305 module is in its 
slave mode (LOAD TIMING ENABLE Low) because DATA ACCEPTED is not 
asserted. The LOAD TRH input is usually asserted by either the TRH OUT or 
TRL OUT output of another M7305. To load the register, bring tre LOAD TRH 
line High for at least 50 ns and then Low again. The outputs of the register 
will follow the inputs as long as the LOAD TRH line is High. 

NOTE 
LOAD TRH input must be grounded if not used. 

LOAD TRL-This input is usually used to load the TRL register with parallel 
data (DATA<07:00» from the RTM Bus when this M7305 module is in 
slave mode (LOAD TIMING ENABLE Low) because DATA ACCEPTED is not 
asserted. The LOAD TRL input is usually asserted by either the TRH OUT or 
TRL OUT output of another M7305. To load the register, bring the LOAD TRL 
line High for at least 50 ns and then Low again. The outputs of the register 
will follow the inputs as long as the LOAD TRL line is High. 
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NOTE 
LOAD TRL input must be grounded if not used. 

LOAD TIMING ENABLE-When High, this input enables the load timing cir­
cuit and the DATA ACCEPTED Bus signal circuit. When Low, it disables these 
circuits so that TR~ OUT, TRL OUT, and DATA ACCEPTED are all inhibited. 

BUS ~ MAP<15:08>-When this input is evoked, the output bits of the 
storage register that are jumpered to MAP<15:08> are driven to the RTM 
Bus, and then DATA READY is asserted. 

BUS ~MAP<07:00>--'-When this input is evoked, the output bits of the 
storage register that are jumpered to MAP<07:00> are driven to the RTM 
Bus, and then DATA READY is asserted. 

Outputs 
TRH OUT-This output goes High only when the TRH ~ BUS input is evoked 
and LOAD TIMING ENABLE is High, and DATA READY is received. It is in­
tended to drive the LOAD TRH or LOAD TRL inputs of slaved M7305 modules. 

TRL OUT-This output goes High only when the TRL ~ BUS input is evoked 
and LOAD TIMING ENABLE is High, and DATA READY is received. It is in­
tended to drive the LOAD TRH or LOAD TRL inputs of slaved M7305 modules. 

TR<15:00>-These are the 16 data output lines from the TRH (TR<15: 
08» and TRL (TR<07:00» registers that ma~e the contents of each byte 
register continuously available at module pins until the next Evoke signal is 
issued to that byte register. These output lines are not subject to bit­
swapping. 

RTM Bus 
DATA < 15:00>, DATA READY, and DATA ACCEPTED are described in the 
M7332 Bus Monitor and Terminator Module description. 

SPECIAL WIRING 

WARNING 
Extreme care should be exercised when remov­
ing jumpers from the module to avoid lifting 
or otherwise damaging the printed circuit etch­
ing. Clip both ends of the jumper as close as 
practical to the solder pads and remove the 
jumper from the module. 

NOTE 
Split lugs are not positioned in exact numerical 
order on the module. See the detail drawing of 
M7305 jumpers. 

The jumpers on the M7305 module permit bit-swapping between the Trans­
fer Register and the RTM Data Bus. By clipPIng the factory-installed jumper 
wires and connecting jumpers from split lugs in the bottom row (the output 
of TR<15:00» to other split lugs in the top row (the input of MAP<15:00», 
bits can be swapped either within or between byte registers. 
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The M7306 Flag Module is a general purpose flip-flop module containing three 
flags. Each flag can be set, reset, loaded, or complemented by a High-to-Low 
signal at the appropriate functional input. The flags perform like RS-type f1ip­
flops when set or reset, like latch-type flip-flops when complemented. 

Each flag has the ability to issue DATA ACCEPTED, so that flag functions may 
be evoked. The DATA ACCEPTED output is controlled by a DA ENABLE input 
for each flag. When DA ENABLE is High, the assertion of any functional input 
(F ~ D, F ~ 1, F ~ F(NOT), or F ~ 0) will cause DATA ACCEPTED to be is­
sued. When DA ENABLE is Low, DATA ACCEPTED will not be issued. After one 
of its functional inputs has been asserted, a flag may be used to cause an 
RTM system to wait for the completion of some event by making the asser­
tion of its DA ENABLE control input contingent upon completion of the event. 

Another possible use for a flag is to provide the necessary DATA ACCEPTED 
signal for a non-RTM register that is being used as the destination in an 
Evoked operation. 

All of the functional input signals are asserted Low, making the flags com­
patible with the operation of Evoke circuits. 

Because the input and output Signals of the three flags on this module per­
form the same function, only Flag 1 inputs and outputs are described. 

Inputs 
DI-This is the data input line when Flag 1 is used as a latch-type flip-flop. 
Because this input is not Bus compatible, it should not be connected to a 
Bus line. 

n ~ DI-When this input is evoked, it causes Dl to be read into Flag 1. The 
state of Flag 1 will follow the Dl input until this signal goes High. Assertion 
of F1 ~ Dl also asserts DATA TRANSFERRED, which will produce DATA AC­
CEPTED if DA ENABLE 1 is High. 

F1 ~ I-This is the direct Set input. When this input is evoked, the Fl output 
will go High. Assertion of F1 ~ 1 also asserts DATA TRANSFERRED, which 
will produce DATA ACCEPTED if DA ENABLE 1 is High. 

F1 ~ n(NOT)-When this input goes from High to Low, the state of Flag 1 
will complement. Assertion of n ~ Fl(NOT) also asserts DATA TRANS­
FERRED, which will produce DATA ACCEPTED if DA ENABLE 1 is High. 

Fl ~ O-This is the direct Reset input. When it is evoked, the Flag 1 output 
will go Low. Assertion of F1 ~ 0 also asserts DATA TRANSFERRED, which will 
produce DATA ACCEPTED if DA ENABLE 1 is High. 

DA ENABLE I-This input determines whether or not DATA ACCEPTED will 
be asserted when any of the Flag 1 functional inputs is asserted. It may be 
tied High, tied Low, or tied to a control signal. This line should NOT be left 
unconnected. 

Outputs 
Fl-This output is High when Flag 1 is set, and Low when it is reset. 

Fl(NOT)-This output is the complement of Fl. 

RTM Bus 
POWER CLEAR and DATA ACCEPTED are described in the M7332 Bus Monitor 
and Terminator Module description. 
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The -M7307 4-Word Constants Generator Module provides a convenient way 
to introduce, into an RTM system, up to four user-defined, hard-wired, I6-bit 
data word constants. The words are encoded on the module by the user with 
wire jumpers. Whether a jumper associated with each bit-of a constant is 
installed or removed determines the data bit format that will be obtained 
when that particular constant is required. 

Constants generators can be used wherever there is a need for a numeric, 
character code, or data mask code constant. 

Inputs 
BUS <E- CG4-#-(Where # represents the number of one of the four data 
word constants.) When this input is evoked, it causes word # to be driven 
onto the RTM (DATA<15:00» Bus. DATA READY is asserted 50 ns (typical) 
after this input is evoked, and unasserted 70 ns (typical) after the Evoke 
has been removed. 

-RTM Bus 
DATA<15:00> and DATA READY are_ described in the M7332 Bus Monitor 
and Terminator Module description. 

SPECIAL WIRING AND ADJUSTMENTS 

WARNING 
Extreme care should be exercised when re­
moving jumpers from the module to avoid 
lifting or otherwise damaging the printed circuit 
etching. Clip both ends of the jumper as close 
as practical to the solder pads and remove the 
jumper from the module. 

There are 16 jumpers on the M7307 module aSSOCiated with each data word. 
When these factory-installed jumpers remain instal/ed, a binarY One is 
produced at the RTM Data Bus for the associated data bit of that data word. 
All data bits that are required to be binary Zeros at the RTM Data Bus must 
have their associated jumpers clipped. See the detail drawing of M7307 
jumpers. 

o 0 0 0 
1111 1111 Ilfl 1111 

1111 1111 1111 1111 

Detail Drawing of M7307 Jumpers 
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The M7310 Evoke Units Module is the basic control module in a hard-wired 
RTM system. Its function is to evoke single register transfer operations in the 
functional module portion of the system (e.g., B+-A, A+-A+B). It may also 
simultaneously evoke an operation that does not require the Bus, such as 
setting, complementing, or clearing a flag. 

Each M7310 module contains five evoke units, one subroutine return unit, 
and two indepe~dent 4·input TTL OR gates. 

Evoke Units 
An evoke unit is used to cause register transfer operations by means of Evoke 
signals. The first Evoke signal, which is usually issued by the Bus control 
module (M7332 Bus Monitor and Terminator Module or M7304 Bus Sense 
Register Module, and each subsequent Evoke signal serve to evoke a data 
transfer and also to arm the evoke unit that follows, thus determining the 
sequence of operations. 

The Evoke signal causes the selected source register to perform its function 
and place its data on the Bus, and then to issue DATA READY, meanwhile 
also serving as the ARM input for the succeeding evoke unit. The combination 
of EVOKE and DATA READY causes the selected destination register to read 
the data from the Bus, issue DATA ACCEPTED, and perform its function. 
When the M7332 Bus Monitor (or Bus Sense) module receives DATA AC­
CEPTED, it issues DONE, causing the evoke unit that issued the EVOKE to 
remove it. This, in turn, unasserts DATA READY and DATA ACCEPTED, thus 
unasserting DONE. There can be no Evoke signal output from any evoke unit 
while DONE is present. The unassertion of DONE causes the next armed 
evoke unit to issue an Evoke signal. 

Subroutine Return Unit 
The subroutine return unit serves to mark the location in the main program 
where control is to be returned following the execution of a subroutine. One 
subroutine return unit is required for each place in a program where the con­
trol flow is directed to a subroutine. The return is accomplished by directing 
the last Evoke Signal of the subroutine back to all of the return units, only 
one of which will gate that Evoke signal through to the main program because 
only one will be set. In addition to the one on this module, there are six such 
subroutine return units on the M7315 Hex Subroutine Return Module. 

OR Gates 
The input lines of the two 4-input TTL OR gates perform an OR(E = A + B + 
C + D)function, and can be used to merge Evoke control paths or as buffer 
amplifiers •. 

Inputs 
RETURN-The signal at this input of the subroutine return unit is gated to 
the GATED EVOKE output if the internal flip-flop of the subroutine return 
unit is set. 

SET-This input sets the internal flip-flop of the subroutine return unit; it is 
usually driven by the same Evoke signal that initiates the subroutine. 

RES'ET-This input resets the internal flip-flop of the subroutine return unit. 
This input is not used during normal RTM System operation. 

ARM-This input arms the internal flip-flop of the evoke unit; it is driven by 
the prior Evoke signal. 
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Outputs 
GATED EVOKE-If the internal flip-flop of the subroutine return unit is set, 
the signal at the RETURN input is gated to this output. If the flip-flop is reset, 
this output remains High. 

EVOKE-This output is the EVOKE signal that initiates source-destination 
transfers. It also arms the succeeding evoke unit. 

BUFFERED DONE-This output is the buffered image of the DONE Bus 
signal. 

RTM Bus 
POWER CLEAR and DONE are described in the M7332 Bus Monitor and 
Terminator Module description. 
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M7311 
GENERAL PURPOSE PARALLEL I/O 

Length: Extended 
Height: Double 
Width: Single 
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The M7311 General Purpose Parallel Input/Output Modu1e provides for bi­
directional parallel data transfer between the RTM (OATA<15:00»Bus and 
external equipment. It contains two functionally separate sections: an input 
interlace section and an output interlace section. 

The input section -contains bus drivers, which drive a 16·bit data word 
(01<15:00» from an external source device to the RTM Data Bus when the 
External Parallel Input (BUS ~ XPI) is evoked. 

The output section contains bus receivers and a 16·bit storage register. The 
bus receivers accept a 16-bit data word (OATA<15:00» from the RTM Data 
Bus. When the External Parallel Output (XPO ~ BUS) is evoked, the storage 
register is loaded with the data word (00<15:00» making the data word 
available to an external device. The external device can be informed that 
data is available from the XPO register by using ,the Evoke signal for the next 
data transfer to also set one of the flag circuits of an M7306 Flag Module. 
The data remains stored in the register until the next Evoke signal is ad­
dressed to the register. The two sections of this module operate indepen­
dently of each other. 

Inputs 
BUS ~ XPI-When the BUS ~ XPI is evoked, the XPI bus drivers are en­
abled and parallel data from an external source is placed on the RTM (DATA 
<15:00» Bus lines; then, after a 40 ns (typical) delay DATA READY is as­
serted. 

XPO +- BUS-When the XPO ~ BUS input is evoked, the XPO register is 
loaded with parallel data from the RTM (DATA<15:00» Bus 90 ns (typical) 
after DATA READY is asserted. XPO ~ BUS and the received DATA READY 
also cause DATA ACCEPTED to be asserted Low. 

01<15:00>-These are the 16 data input lines to the XPI bus drivers that 
accept parallel data from an external data source when the BUS ~ XPI input 
is evoked. Data on the input lines must not be changed while being driven 
onto the Bus. Unused input lines, if left unconnected, will tend to read in 
as Ones. 

Outputs 
DO<15:00>-These are the 16 data output lines from the XPO register that 
make the contents of that register continuously available to the external 
destination device until the next Evoke signal is issued to the register. 

RTM Bus 
DATA<15:00>, POWER CLEAR, DATA READY, and DATA ACCEPTED are 
described in the M7332 Bus Monitor and Terminator Module description. 
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M7312 
HEX TWO-WAY BRANCHES 

Length: Extended 
Height: Single 
Width: Single 
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The M7312 Hex Two-Way Branch Module contains six two-way branch units 
that are used in a hard-wired (M7310 Evoke Module controlled) RTM system 
to branch the control flow to one of two possible directions. Each branch 
unit operates independent of the other branch units on the modute. 

Any numbe~ or combination of branch units (two-way or eight-way) may be 
combined to produce any desir~d degree of branching capability. For ex­
ample, a IO-way branch may be created by cascading a pair of two-way 
branch units with an eight-way branch unit (M7314). 

Each branch unit on the M73I2 module has two input lines, a latch circuit, 
a decoder, and two output lines. The latch circuit output follows the CON­
DITION input as long as its G input (ENABLE) remains High. The ENABLE 
input is usually asserted by an Evoke signal. When ENABLE is asserted 
(Low), the latch circuit stores the current CONDITION input status so that 
subsequent changes will not affect the output of the branch unit during the 
current ENABLE signal. Either the BRANCHED EVOKE 0 or BRANCHED EVOKE 
1 output will be asserted whenever the ENABLE input is ass-erted. The CON­
DITION input monitors a logic signal, usually a flag output or a register 
output bit. 

Inp4ts 
ENABLE-When this input is evoked, the CONDITION input is decoded and 
one of the BRANCHED EVOKE outputs is asserted Low. It is also the G input 
to the latch ci rcu it. 

CONDITION-The logic level of this input determines which BRANCHED 
EVOKE output will be asserted Low when ENABLE is asserted Low. If the 
CONDITION input is Low, BRANCHED EVOKE 0 will be asserted; if CONDI­
TION is High, BRANCHED EVOKE I will be asserted. 

Outputs 
BRANCHED EVOKE O-This output is asserted Low when CONDITION is 
Low and ENABLE is asserted Low. 

BRANCHED EVOKE I-This output is asserted Low when CONDITION is 
High and ENABLE is asserted Low. 
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M7313 
BIDIRECTIONAL SERIAL INTERFACE 

Length: Extended 
Height: Double 
Width: Single 
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The M7313 Bidirectional Serial Interface Module provides an asynchronous 
serial transceiver interface for use with data communications equipment. 
Baud rates of 110, ISO, 300, GOO, 1200, or 2400 are available when using 
an internal clock signal. Other baud rates may be obtained by supplying an 
external clock. The maximum baud rate is 40,000. Inputs provide for 
selection of from five to eight bits per character and for selection of either 
one or two stop bits. 

The M7313 module can be used only as an active device; i.e., it can trans­
mit and receive a serial line by supplying a current source to a passive ex­
ternal device. The M7313 module cannot be used as a passive device. 

The M7313 contains input/output level converters and parallel·to-serial and 
serial-to-parallel converters for transmitting and receiving asynchronous serial 
data. The serial input and output may be either a 20 mA current loop or a 
TIL level signal. The M7313 also contains a 6 pin Mate-N-Lok connector for 
easy interfacing with a serial device. 

All characters received and transmitted serially by this module must contain 
a start bit, five to eight data bits, and one or two stop bits. The M7313 
module accepts parallel data from the RTM (DATA<07:00» Bus lines, 
serializes the data, formats it by appending start and stop bits, and trans­
mits this data word serially to an external passive asynchronous serial re­
ceiver such as a Teletype, line printer, computer terminal, or serial computer 
interface. 

The M7313 module accepts serial data from an external passive device,and 
places the parallel data word (DATA<07:00» on the RTM Bus. 

The M7313 'module can transmit and receive simultaneously or it can trans­
mit or receive independently. 

Transmit Function ' 
A character transmission is initiated by evoking the XSO ~ BUS input. 100 
ns after DATA READY is asserted, data is loaded into the XSO register by a 
350 ns pulse at the LOAD input. Data is transferred to the serializer for 
serialization at the end of the LOAD pulse (Figure 1). The appropriate start 
and stop bits are appended to the data, and the bits thus assembled are 
transmitted serially by bit, LSB first, at a rate determined by the baud rate 
selected. The characters are in the format shown in Figure 1. TRANSMITIER 
BUSY is asserted Low at the start of transmission (start of transmission is 
defined as MARK-to-SPACE transition of start bit) and is unasserted when a 
full character (including stop bit or bits) has been transmitted and remains 
in the High state until start of transmission of the next character. TRANS­
MITIER BUSY is unasserted (High) to signal that new data may be loaded 
into the M7313. TRANSMITTER BUSY must be monitored to prevent loss 
of data due to a load sequence occurring while TRANSMITIER BUSY is Low 
(prior to generation of internal END OF CHAR signal). (Figure 1.) The TRANS­
MITTER BUSY signal can be monitored with an evoke sequence that samples 
the TRANSMITTER BUSY line prior to loading the serial data and loops back 
to a prev.ious step if TRANSMITTER BUSY is Low. Or, an M7306 flag unit 
function may be evoked prior to loading the serial data. If the TRANSMITTER 
BUSY signal is connected to the DA ENABLE input of the flag, the flag will 
not issue DATA ACCEPTED and complete the EVOKE cycle until the TRANS­
MITTER BUSY signal goes High. Serial data may be transmitted by either 
TTL or current loop type signals, or by both simultaneously. DATA ACCEPTED 
is generated 450 ns (typical) after DATA READY is received. 
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Receive Function 
The M7313 Deserializer can accept a TTL signal or a current loop signal, but 
only one at a time because the inputs for these two types of signals are 
ORed. The M7313 asynchronously receives and assembles, serial-by-bit char­
acters. The number of data bits and stop bits in the received character must 
be the same as the user has selected; i.e., connected to format control 
inputs (OBI, DB2, and SB): The baud rate must be the same as the u~er 
has selected. A character begins to be assembled when a start bit is recog­
nized. This is always a transition from a marking condition to a spacing 
condition. A start bit has a duration equal to one full data bit. When a transi­
tion is detected and the bit is recognized as a start bit, character assembly 
begins. When the full character is assembled, it is transferred to the XSI 
register and DATA AVAILABLE is asserted High. The XSI register should then 
be read (transferred to a destination via the RTM Data Bus lines). The DATA 
AVAILABLE signal should be monitored so that each received word can be 
removed from the input register before the next serial word is fully assembled 
and is transferred to the XSI register. Data that is still in the XSI register 
when another serial word is received will be lost. The M7313 will indicate 
when such a situation has occurred by asserting the OVERRUN FLAG High. 
When the BUS ~ XSI input is evoked, the character (DATA<07:00» in the 
XSI register is placed on the RTM Bus; after a 150 ns (typical) delay, DATA 
READY is asserted Low. (Figure 2.) OVERRUN FLAG High indicates that the 
previously received character was not read before the present character was 
transferred to the M7313 Input register. 

Inputs 
BUS ~ XSI-When the BUS ~ XSI input is evoked, data (DATA<07:00» in 
the External Serial Input register is placed on the RTM Bus; DATA READY is 
asserted Low after a 150 ns (typical) delay. 

XSO -E- BUS-When the XSO ~ BUS input is evoked, data (DATA<07:00» 
is loaded into the External Serial Output register from the RTM Bus 100 ns 
(typical) after DATA READY is received. BUS -E- XSO and DATA READY cause 
DATA ACCEPTED to be issued. TRANSMITTER BUSY will also be asserted 
Low; END OF CHA~ (an internally generated signal) causes TRANSMITTER 
BUSY to be unasserted. 

DA ENABLE-Refer to the SET READER ENABLE explanation. 

SET READER ENABLE-When the SET READER ENABLE input is evoked, 
the paper tape reader of a Teletype is enabled (current flows and a relay 
at the Teletype energizes) for one character either via TTY READER ENABLE 
OR TTY READER RELAY+. When SET READER ENABLE input is evoked, 
D,l\TA ACCEPTED will be generated if DA ENABLE input is High. The DA 
ENABLE input is pulled High internally and may be left unconnected if 
DATA ACCEPTED is desired. DATA ACCEPTED may be inhrbited by grounding 
the DA ENABLE input. 

SERIAL TTL IN-This input accepts a TTL-level serial input signal bit stream 
for input to the Serializer. Low is a MARK or a One; High is a SPACE or a 
ZERO . 

. +DATA IN and ,-DATA IN-These are the two current-sensing serial data 
input lines. When more than 3 mA current is flowing, the input is MARKING; 
when less than 3 mA current is flowing, the input is SPACING. It should be 
noted that ·-DATA IN is more negative than +DATA IN; -DATA IN does 
not indicate reference to ground. 
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STOP BIT CONTROL-A High input causes two stop bits to be appended to 
the transmitted serial character; a Low input causes one stop bit -to be ap­
pended to the transmitted serial character. Two stop bits are usually used 
when the transmit/receive rate is 110 baud; one stop bit is usually used 
with rates above 110 baud. 

DATA BIT CONTROL DBI and DB2-These inputs are used to select the 
nomber of data bits, from five to eight, that the serial characters will contain 
in addition to the start and stop bits. The number of data bits will be either 
five or six if DB2 is Low and will be seven or eight if DB2 is High; the 
number of data bits will be odd if OBI is Low and will be even if DBI is 
High. 

CLOCK INPUT-This input accepts the clock signal input to the M73l3 cir­
cuitry. This input is usually wired to an output of the Clock and Frequency 
Divider_ The clock rate is 16 times the transmit/receive baud rate; e.g., if 
the 1.76 kHz clock rate is connected to the CLOCK INPUT, the transmit/re­
ceive rate will be 110 baud. If an external clock signal is used, it must be 
TTL-compatible, a square wave, and 16 times the desired baud rate. _ 

Outputs 
SERIAL TTL OUT-This TTL-compatible output provides,. serially, by bit, the 
entire transmitted character. This Signal remains High when no data is being 
transmitted. High is a MARK or a Onej Low is a SPACE or a Zero. 

+DATA OUT and -DATA OUT-These are the two current-sensing serial 
data output lines. When more than 3 mA of current is flowing, the output 
is MARKING; when less than 3 mA of current is flowing, the output is 
SPACING. It should be noted that -DATA OUT is more negative than 
+DATA OUT; --DATA OUT does not indicate reference to ground. 

OVERRUN FLAG-This output is a~serted High if a received character is not 
read from the XSI register before another character is fully assembled and 
transferred to it. 

DATA AVAILABLE-This output is asserted High when a full character has 
been assembled and transferred to the XSI register; it goes low 800 ns after 
data is read from the XSI register by evoking the BUS -E- XSI input. The 
DATA AVAILABLE signal indicates that a full character has been assembled 
and transferred to the XSI register and should be read (transferred to a 
destination via the RTM Data Bus). (Figure 2.) 

READER ENABLE-When the SET READER ENABLE input is evoked, current 
flows at the TTY READER ENABLE output. Current flow causes a relay at the 
Teletype to energize and enable the paper tape reader to read one character. 
TTY READER ENABLE is electrically the same as TTY READER RELAY+. 

TRANSMITTER BUSY-This output is asserted Low to indicate that data is 
being transmitted and that new data should not be loaded into the XSO 
register. (Figure 1.) 

RTM Bus 
DATA<07:07>, POWER CLEAR, DATA READY, and DATA ACCEPTED are de­
scribed in the M7332 Bus Monitor and Terminator Module description. 

SPECIAL WIRING AND ADJUSTMENTS 

20 mA Current Loop Device Connection 
A 20 mA current loop device may be connected to the M7313 module by 
anyone of the three following methods: 
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1. Direct connection by Mate-N-lok connector to the M7313. 

2. Hardwiring to the equivalent points on the RTM backplane. 

3. Through an M7333 Dual Serial Interface Connector Module. 

To connect the device by the first method, connect the male Mate-N-lok plug 
connector on the device input/output cable to the female Mate-N-Lok re­
ceptacle connector on the M7313 module. 

To connect the device by the second method, use insulated, stranded, 22 
AWG wire, or 6-conductor cable made of this type wire. Connect to the device 
input/output terminals and to the RTM backplane at the M7313 module 
socket as follows: 

M7313 Socket Pin 
Device I/O Function Function 

+DATA, INPUT (PRINTER lin) 
(+RCVD DATA) +DATA OUT AF2 

-DATA INPUT (PRINTER lout) 
(-RCVD DATA) -DATA OUT AJ2 

+DATA OUT (KEYBOARD lin) 
(+XMIT DATA) +DATA IN AD2 

-DATA OUT (KEYBOARD lout) 
(-XMIT DATA) +DATA IN AH2 

TTY READER RELAY+ TTY READER 
ENABL.:E AE2 

TTY READER RELAY.- -12 V* BV2 
'TTY READER RELAY- ,-15 V* BB2 

I 

* ,-12 V or -15 V input is required, but not both. 

Procedures on how to- connect the device by,the third method are contained 
in the M7333 Dual Serial Interface Connector Module description. 

SIGNAL SPECIFICATIONS 
Inputs must.be standard TTL levels except as follows: 

Signal Mate-N-Lok 
Name Pin 

+DATA IN 
-DATA IN 

7 
3 

Module 
Pin 

AD2 
AH2 

These input signals are described in the preceding Inputs paragraph. 

Outputs are standard TTL levels except as follows: 

Signal Mate-N-Lok 
Name Pin 

+DATA OUT 
-DATA OUT 
TTY READER 

ENABL.:E 

5 
2 

6 

Module 
Pin 

AF2 
AJ2 

AE2 

These output Signals are described in the preceding Outputs paragraph. 
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M7314 
DUAL EIGHT-WAY BRANCHES 

Length: Extended 
Height: Single 
Width: Single 
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The M7314 Dual Eight-Wa( Branch Module contains two eight-way branch 
units that are used in a hard-wired (M7310 Evoke Module controlled) RTM 
system to branch the control flow to one of eight possible directions. Both 
of the eight-way branch units on the M73I4 module operate in the same 
manner, but are completely independent of one another. 

Any number or combination of branch units (two-way or eight-way) may be 
combined to produce any desired degree of branching capability. For ex­
ample, a I6-way branch may be created by cascading a pair of eight-way 
branch units with a two-way branch unit (M73I2). 

Each of the two eight-way branch units on the M73I4 module has four input 
lines, a latch circuit, a binary-to-octaI decoder, and eight output lines. The 
latch circuit outputs follow the CONDITION inputs, while the G input (EN­
ABLE) remains High. The ENABLE input is usually asserted by an Evoke 
signal. When ENABLE is asserted (Low), the latch circuit stores the current 
CONDITION input status so that subsequent changes will not affect the 
output of the branch unit during the current ENABLE signal. 

\ . 

Inputs 
ENABLE-When this input is evoked, the CONDITION inputs are evoked and 
one of the BRANCHED EVOKE outputs (BO through B7) is asserted Low. It 
is also the G input to the latch circuit. . 

CONDITION 2, 1, and 0-These inputs can be connected to any TTL level 
signals on which a decision is to be predicated. They constitute a three-bit 
binary code that corresponds to one of the eight outputs, according to the 
table below. Input status is latched when' ENABLE is asserted. 

CONDITION Inputs BRANCHED EVOKE 

2 1 0 Selected 
L L L 0 
L L H 1 
L H L 2 
L H H 3 
H L L 4 
H L H 5 
H H L 6 
H H H 7 

Outputs 
BRANCHED EVOKE 0 through BRANCHED EVOKE 7-These signal outputs 
are selected according to the above table of CONDITION inputs. 
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M7315 
HEX SUBROUTINE RETURNS 

Length: Extended 
Height: Single 
Width: Single 
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The M7315 Hex Subroutine Return Module contains six independent sub­
routine return units, each of which can be used in a hard-wired. RTM system 
to mark, or remember, the location in the main program where control is to 
be returned following the execution of a subroutine. 

When a subroutine is entered, a subroutine return unit must be activated to 
provide a return back to the main program. One subroutine return unit is 
required for each place in a main program where the control flow is directed 
to a subroutine. The return is accomplished by directing the last Evoke 
signal of the subroutine back to all the return units, only one of which will 
gate that Evoke signal through to the main program. 

Figure 1 shows a typical subroutine return unit circuit. The Evoke signal 
that starts a subroutine also sets the internal flip·flop, which remains set for 
the duration of the subroutine. If the last Evoke signal in the subroutine is 
not used to initiate a data transfer, then the GATED EVOKE may be utilized 
as the next Evoke Signal in the main program following the subroutine. If the 
last Evoke signal in the subroutine is used to initiate a data transfer, then 
the GATED EVOKE would be used only to arm the following evoke unit. 

Inputs 
RETU RN-The signal at this input is gated to the GATED EVOKE output if 
the internal f1ip-f~op is set. 

SET-This input sets the internal flip-flop; it is driven by the same Evoke 
signal that initiates the subroutine. 

RESET-This input resets the internal flip-flop. This input is not' used in 
normal subroutine return. 

Outputs 
GATED EVOKE-If the internal flip-flop is set, the signal at the RETURN 
input is gated to this output. If the internal flip-flop is reset, this output 
remains High. 

BUFFERED DONE-This output is the buffered image of the DONE Bus 
signai. This output is not used in normal subroutine return operations. 

RTM Bus 
POWER CLEAR and DONE are described in the M7332 Bus Monitor and 
Terminator Module description. 

RETURN 

Figure 1. Typical Subroutine Return Unit Circuit 
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M7316 
GENERAL PURPOSE PARALLEL 

OUTPUT MODULE 
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The M7316 General Purpose Parallel Output Module contains bus receivers 
and a 16·bit storage register (XPO). The bus receivers accept a 16·bit data 
word from the RTM Data Bus. When the module is evoked. register XPO is 
loaded with the data word (DATA<15:00», making the data word available 
to an external device via output lines 00<15:00>. 

The external device can be informed that data is available from register XPO 
by using the Evoke signal for the next data transfer to also set one of the 
flag circuits of an M7306 Flag Module. 

Inputs 
XPO <f- BUS-When the XPO <f- BUS input is evoked. the XPO register is 
loaded with parallel data (DATA<15:00» from the RTM Bus 90 ns (typical) 
after DATA READY is asserted. XPO <f- BUS and the received DATA READY 
also cause DATA ACCEPTED to be asserted Low. 

O~ms . 
DO<15:00>-These are the 16 data output lines from the XPO register 
that make the contents of -that register continuously available to the external 
destination device until the next Evoke signal is issued to the register. 

RTM Bus 
DATA<15:00>. POWER CLEAR. DATA READY. and DATA ACCEPTED are de· 
scribed in the M7332 Bus Monitor and Terminator Module description. 
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M7317 
GENERAL PURPOSE PARALLEL 

INPUT MODULE 

Length: Extended 
Height: Double 
Width: Single 
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The M7317 General Purpose Parallel Input Module contains bus drivers that 
drive a 16·bit data word from an external device to the RTM Data Bus when 
enabled by an Evoke signal. 

Inputs 
BUS ~ XPI-When this input is evoked, the External Parallel Input (XPI) bus 
drivers are enabled and parallel data from an external source is placed on 
the RTM (DATA<15:00» Bus; then, after a 40 ns (typical) delay, DATA 
READY is asserted. 

Dl<15:00>-These are the 16 data input lines to the XPI bus drivers. 
Data on the input lines must not be changed while being driven onto the 
BUS. Unused input lines, if left unconnected, will tend to read in as Ones. 

RTM Bus 
DATA<15:00> and DATA READY are described in the M7332 Bus Monitor 
,and Terminator Module description. 

, 
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M7318 
16-WORD SCRATCH PAD RAM 

Length: Extended 
Height: Double 
Width: Single 
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The M73I8 I6-Word Scratch Pad RAM Module contains a I6-word by I6-bit 
Random Access Memory (RAM) organized to operate as 16 independent 16-
bit registers,. This module is used to provide temporary storage for data. 

Data (DATA<15:00» from the RTM Bus lines is loaded into an addressed 
register when the SPI6 ~ BUS input is evoked; data (DATA<15:00» is 
driven from an addressed register onto the RTM Bus lines when the BUS ~ 
SP16 input is evoked. A register is addressed by asserting any SPI6-# 
input line with the same Evoke signal that asserts either SP16 ~ BUS or 
BUS ~ SPI6. If no SP input line is addressed when SP16 ~ BUS or BUS 
~ SP16 is evoked, register 0 is addressed. 

Inputs 
SP16-1 through SPI6-15-These are the register select inputs. When anyone 
is asserted Low, it is encoded by the 15-to-4-line address encoder to des­
ignate one of the 16 registers. When the SP16 ~ BUS input is evoked and 
when DATA READY is received, data (DATA<15:00» frqm the RTM Bus is 
written into the addressed register. When the BUS ~ SP16 input is evoked, 
data (DATA<15:00» from the addressed register is placed on the RTM 
Bus. 

SP16 ~ BUS-When this input is evoked, it causes the addressed register 
to be loaded with data (DATA<15:00» from the RTM Bus 150 ns (typical) 
after DATA READY is received. 200 ns (typical) after DATA READY is re­
ceived, DATA ACCEPTED is asserted Low; DATA ACCEPTED remains asserted 
for 270 ns (typical) after SP16 ~ BUS is unasserted. 

If no SP input is asserted, the data is loaded into register O. BUS ~ SP16 
-90 ns (typical) after this input is evoked, the data (DATA<15:00» in 
the addressed register is placed on the RTM Bus and DATA READY is as­
serted Low; DATA READY remains asserted for 50 ns (typical) after BUS ~ 
SP16 is unasserted. 

If no SP16-# is asserted, the data in register 0 is placed on the Bus. 

RTM Bus 
DATA<15:00>, DATA READY, and DATA ACCEPTED are described in the 
M7332 Bus Monitor and Terminator Module description. 
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M7319 
2S6-WORD SCRATCH PAD RAM 

Length: Extended 
Height: Double 
Width: Single 
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The M7319 256-Word Scratctf Pad RAM Module contains a solid-state Ran­
dom Access Memory (RAM) with a capacity of 256 I6-bit words. Word selec­
tion is accomplished by a Memory Address Register. The internal timing 
circuitry on the M7319 protects the user against acceSSing the information 
in the register or on the Bus before it has settled. 

Transferring data into or out of this memory is a two-step process. The 
first step identifies the memory location involved in the data transfer by 
loading the Memory Address Register; the second step transfers the data. 

On the M7319 module, POWER CLEAR resets a flip·flop which inhibits the 
internal READ signal until the flip-flop is set when the BUS ~ SP256 input 
is asserted. The RAM is not cleared when POWER CLEAR is issued. 

Inputs 
ADRS256 ~ BUS--This input is evoked to load the Memory Address Regis­
ter. The combination of this signal and DATA READY loads the lower 8 bits 
of the RTM (DATA<07:00» Bus into the Memory Address Register after a 
delay of 80 ns (typical). It then asserts DATA ACCEPTED. 

SP256 ~ BUS--This input is evoked to load data into the memory. When 
the SP256 ~ BUS input is asserted, LOAD is asserted and the RTM (DATA 
<15:00» Bus is loaded into the memory location addressed by the Memory 
Address Register 290 ns (typical) after DATA READY is asserted. LOAD re­
mains asserted for 375 ns (typical). DATA ACCEPTED is asserted 680 ns 
(typical) after SP256 ~ BUS is asserted, and is unasserted 550 ns (typical) 
after SP256 ~ BUS is unasserted. 

BUS ~ SP256-This input is evoked to read data from the memory and 
place it onto the. RTM Data Bus. This signal causes the contents of the 
memory location addressed by the Memory Address Register to be driven 
to the RTM (DATA<15:00» Bus. DATA READY is asserted 1360 ns (typical) 
after BUS ~ SP256 is asserted, and is unasserted 50 ns (typical) after· 
BUS ~ SP256 is unasserted. 

RTM Bus 
DATA<15:00>, POWER CLEAR, DATA READY, DATA ACCEPTED, and DONE 
are described in the M7332 Bus Monitor and Terminator Module description. 
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~ ______ B_YT __ ~_~_~_~_~_T_ER ______ ~I~ 
Length: Extended 
Height: Double 
Width: Single 
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The M7320 Byte Register Module is a 16·bit storage register that can be 
read in bytes of 4, 8, 12, or 16 bits. Loading is always a full 16·bit operation. 

When reading the Byte Register, jumpers on all 16 data lines located be· 
tween the Byte Register and the bus drivers make it possible to swap the 
bits into a' desired pattern before the data is placed on the Bus. This 
module can also be used to generate a data constant. Outputs from the 
Byte Register can be monitored (prior to swapping), or used to condition 
branch units or interface with an external de'!.ice. 

The Byte Register is cleared by POWER CLEAR. 

Inputs 
BR ~ BUS-When this input is evoked, data (DATA<15:00» from the RTM 
Bus is loaded into the Byte Register (BR<15:00» as soon as DATA READY 
is asserted. After a delay of 200- ns (typical), DATA ACCEPTED is asserted. 

BUS ~ MAP<15:00>-When this input is evoked, data from MAP<15:00>, 
the jumpered output of the Byte Register (BR<15:00», is driven onto the 
RTM Bus: After a delay of 200 ns (typical), DATA READY is asserted. 

BUS ~ MAP<11:00>-When this input is evoked, data from MAP<11:00> 
is driven onto the RTM Bus; the remaining bits (MAP<15:12» are left un· 
asserted. After a delay of 200 ns (typical), DATA READY is asserted. 

BUS ~ MAP<07:00>-When this input is evoked, data from MAP<07:00> 
is driven onto the RTM Bus; the remaining bits (MAP<15:80» are left un· 
asserted. After a delay of 200 ns (typical), DATA READY is asserted. 

,BUS ~ MAP<03:00>-When this input is evoked, data from MAP<03:00> 
is driven onto the RTM Bus; the remaining bits (MAP<15:04» are left un· 
asserted. After a delay of 200 ns (typical), DATA READY is asserted. 

Outputs 
BR<15:00>-These are the 16 data output lines from the Byte Register 
that make the contents of the register continuously available for monitoring' 
purposes or to an external device until the next Evoke signal is issued to 
the register. 

RTM Bus 
DATA<15:00>, POWER CLEAR, DATA READY, and DATA ACCEPTED are de­
scribed in the M7332 Bus Monitor and Terminator Module description. 

SPECIAL WIRING AN'D ADJUSTMENTS 

WARNING 
Extreme care should be exercised when 1"emov­
ing jumpe'rs from the module to avoid lifting or 
otherwise damaging the printed circuit etching. 
Clip both ends of the jumper as close as practi­
cal to the solder pads and remove the jumper 
from the module. 

The jumpers on the M7320 module (see Figure I) permit bit·swapping be­
tween the Byte Register and the RTM Data- Bus when this module is used 
as the source module in a data transfer. By removing the factory-installed 
jumpers and connecting jumpers from split lugs in the top row (the output 
of BR<15:00» to other split lugs in the bottom row (the input of MAP 
<15:00», bits may be swapped as desired. Split lugs on this module can· 
nected to GROUND and +3 V may be used to connect selected bits Low 
or High. 
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M7322 
BUS INDICATOR MODULE 

Length: Extended 
Height: Single 
Width: Single 
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The 'M7322 Bus Indicator Module is a Bus readout device that provides a 
visual indication of the data transferred on the Data Bus. Light Emitting 
Diode (LED) indicators are used to' monitor the 16 Data lines, the DATA 
READY line, and the DATA ACCEPTED line. Therefore, the status of the Data 
Bus and of the Control Bus can be easily monitored while single-stepping 
an RTM system. Two spare LEOs are included for monitoring other TTL or 
Bus signals. 

Inputs 
SPARE 1 and SPARE 2-These inputs are connected to high-impedance 
(27 kO) receivers. They may be used to monitor any signal in the system, 
including Bus lines. The state of these inputs is not stored. Each SPARE 
LED indicator will be on when its input is High and off when its input is Low. 

LED Displays 
D<15:00>-These LED indicators display the status of each data bit in the 
data storage register, which is loaded from the Data Bus lines each time 
DATA ACCEPTED is asserted. Turned-on indicators represent Data Bus lines 
asserted Low. 

SPARE 1 and SPARE 2-These LED indicators display the status of the 
signals being monitored by the SPARE 1 and SPARE 2 input lines. Each 
indicator is turned on when its input line is High. 

DATA ACCEPTED--This LED displays the status of the Data Accepted Bus 
line. The" indicator is turned off when this line is asserted Low. 

DATA READY-This LED displays the status of the Data Ready Bus line. 
The indicator is turned off when this line is asserted Low. 

RTM Bus 
DATA <15:00>, DATA READY, and DATA ACCEPTED are described in the 
M7332 Bus Monitor and Terminator Module description. 

OPERATION 
When the system is in manual mode and power is first turned on, the DATA 
READY and DATA ACCEPTED indicators should be on and the DATA indicators 
should be off. The data storage register is cleared by POWER CLEAR. 

After each data transfer to or from the RTM System Data Bus when single­
stepping through·a program, LED indicators 0<15:00> will be on if their 
respective data bits were asserted Low; these LED indicators will continue 
to display this status until another transfer occurs. 

When single-stepping, the system will stop between DATA ACCEPTED and 
DONE. The LEOs will then display the state of DATA ACCEPTED and DATA 
READY at that time. Both should be off, indicating that those lines are 
asserted. 

The Bus Indicator Module may be plugged into the RTM Data Bus section 
in a bused panel and the data LEOs will automatically make contact with the 
bus lines. However, the DATA READY and DATA ACCEPTED signals will have 
to be wired to pins M2 and U2 respectively if these signals are to be 
monitored. 
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M7323 
64-to-l MULTIPLEXER 

Length: Extended 
Height: Double 

/ Width: Single 

cp (D c:p cp CIJ (IJ 

J2 

A~2 AK2 AII2 AUl AR2 AS2 All! 

>-t::;:::!J--":::-' --1---;00' 
>-{::;:::I' }--'Fc:..F_-1 __ -;DI1 
>-C:I: }-V:--_-+---iD.f 

""l" 

>-[,......TI--=---~--__1D47 

>-£F.=:r:. ]--''--_-+--_ID4I =;= 

=:=' 
>-{"'I' 1---:':-:-------+-+---1033 
>-[-I' }--'· ..... ·-_I-----iDl2 
>-{ .... !J---"";--_I-----iD31 

~ ... Ir-'J~'--~-~ON 

>-:~~±, tj~~~==:=~=====l::: 
"'F 

>-{~I' J--:':':---+---i0" 

:~~~: ~ju~U==:=~=====l~~: 
>-:~=~' ~:iS~5==:=1~====~~:: 

I"i" 
,..,.. . 

>=r= p 

I >-107iJ-.,,"--+--I-----i 01l 
I >-1:!"'FiJ-7"----1-f---;0" 
I ~_I-[L...!~l.,j--'~~~:--.,t~----~--I_i= 
I >-10"'F:J--"-L-___ +_--_i0.7 
I~U~:J-~J--+-+_--_iO" 

1;>:B~~:2==::~=====~:: 
I >-'O~:J--=----1__+--__1 D'. 

I :~B~j:~N==::::::1=====~~:~ 
.>-5: T 01' 

54 53 52 

64-TO·l 
"UUIP~E'ER 

51 SII 
~S. 

"7323 64·TO·' IIIU~TlP~EXER "OOU~E 

Volts 
+5 
GND 

mA (typ) 
150 

Pins 
AA2. BA2 
AC2. BC2. ATl. BTl 

508 

AHZ,..,.... 

QINOTI AF2 



The M7323 64-to-1 Multiplexer Module can be used to monitor up to 64 
external condition inputs so that anyone may be selected to be presented 
to the output. If more than 64 condition inputs require monitoring. additional 
M7323 modules can be used in an RTM system. 

The M7323 module decodes a 6-bit binary input to select one of the 64 
condition inputs. 

To monitor more than 64 condition inputs, one of the following methods 
may be used. To select between two M7323 modules with one of the flags 
on an M7306 Flag Module, the ENABLE input of one M7323 should be con­
nected to the FI output of the flag and the ENABL.:E input of the second 
M7323 should be connected to the n(NOn output. The desired M7323 will 
then be selected according to the setting of the flag, while the other M7323 
will be deselected. Refer to the M7306 Flag module description. 

By using one of the branch units of an M7314 Dual Eight·Way Branch Module, 
it is possible to select anyone of up to eight M7323 modules. The process of 
enabling the branch unit causes its latch circuit to save the status of its 
condition inputs, thereby providing the means to monitor and save the con­
dition information. Refer to the M7314 Dual Eight·Way Branch Module de­
scription. 

Using more than one M7323 module as described above with a flag or a 
branch requires that an appropriate OR gate be used to OR the outputi. of 
the M7323 modules together. Refer to the M1103 Ten 2·lnput OR Gates 
Module and the M1307 Six 4-lnput OR Gates Module descriptions. Only one 
M7323 module should be enabled at a time. 

Inputs 
ENABLE-When this input is asserted Low, this 64-to-1 multiplexer is en­
abled. 

S<5:0>-These six inputs receive the binary input that determines which 
input signal (0<63:00» will be selected and routed to the output. The 
selection is based on the following table: 

SELECT Inputs Input 
Signal 

S5 54 53 S2 SI SO Selected 
L L L L L L DOO 
L L L L L H 001 
L L L L H L 002 
L L L L H H 003 
L L L H L L D04 
L L L H L H 005 
L L L H 'H L 006 
L L L H H H 007 
L L H L L L 008 
L L " H L L 'H 009 
'L L H L H L 010 
L L H L H H 011' 
L L H 'H t L 012 
L L H H L H 013 
L L H H H L 014 
L L H H H H 015 
L H L L L L 016 
L ~ L L L H 017 

509 



SELECT Inputs Input 
Signal 

55 54 53 52 51 SO Selected 
L H L L H L 018 
L H L L H H 019 
L H L H L L 020 
L H L H L H 021 
L H L H H L" 022 
L H L H H H 023 
L H H L L L 024 
L H 'H L L H 025 
L H H L H L 026 
L H 'H L H H 027 
L H H H L L 028 
L H H H L H 029 
L H H H H L 030 
L H H H H H 031 
H L L L L L 032 
H L L l L H 033 
H L L l H L 034 
H l l L H H 035 
H L l H l l 036 
H L L H L H 037 
H l L H H L 038 
H L t H H H 039 
H L H L L L 040 
H L H L L H 041 
H L 'H L H L 042 
H L H L H H 043 
H L H H L L D44 
H L H H l H 045 
H L 'H H H L 046 
H L H H H H 047 
H H L L L L D48 
H H L L L H 049 
H H "L L H L 050 
H H L L H H 051 
H H L H L L 052 
H H L H L H 053 
H H L H H L 054 
H H L H H H 055 
H H H L L L 056 
H H H' L L H 057 
H H H L H L 058 
H H H L H H 059 
H H H H L L 060 
H H H H L H 061 
H H H H H L .. 062 
H H H H H H 063 

MULTIPLEXER INPUTS 0<63:00>-These inputs connect to pins on two 
4O-pin connectors (H854), Jl and J2, for easy interfacing with peripheral 
equipment. H854 connectors mate with H856 cable connectors. 
Outputs 
Q--This output follows the selected input. 
Q(NOT)-This output is the complement of the Q output. 
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I ___ M_732_4 ___ I r-::-l _ lKRAM _~ 

Length: Extended 
Height: Double 
Width: Single 

1017324 It( RAM MODULE 

NOTE" 
Delays shown ora tYPICOI 

Volts 
+5 
GND 

rnA (typ) 
600 

Pins 
AA2. BA2 
AC2. BC2. ATl. BTl 

511 



The M7324 lK RAM Module contains a solid-state Random Access Memory 
(RAM) with a capacity of 1024 16-bit words. 

Transferring ~ata into or out of this memory is a two-step process. The first 
step identifies the memory location involved in the data transfer by loading 
the Memory Address Register; the second step transfers the data. 

Inpots 
ADRS1K~BUS--This input is evoked to place the address data from the RTM 
Data Bus into the M7324 Memory Address Register. 75 ns (typical) after the 

. combination of this signal and DATA READY is asserted, the lower 10 bits 
(DATA<09:00» of the RTM M Bus are loaded into the Memory Address 
Register and DATA ACCEPTED is asserted. DATA ACCEPTED is unasserted 
100 ns (typical) after ADRS1 K ~BUS is unasserted. 

RAMIK~BUS--This input is evoked to load data into the addressed memory 
location. The combination of this signal and DATA READY asserts LOAD after 
a delay of 300 ns (typical), and it remains asserted for 1360 ns (typical). 
During that period, the memory location addressed by the Memory Address 
Register is loaded with data (DATA<15:00» from the RTM Bus. DATA 
ACCEPTED is asserted 1650 ns (typical) after the combination of RAM1K~ 
BUS and DATA READY, and is unasserted 1300 ns (typical) after the RAM1K~ 
BUS signal is unasserted. 

BUS~RAM1K-Thjs input is evoked to place data (DATA<15:00», the con­
tents of the memory location addressed by the Memory Address Register, 
onto the RTM Data Bus. DATA READY is asserted 800 ns (typical) after the 
assertion ofBUS~RAM1K. 

RTM Bus 
DATA <15:00>, DATA READY, and DATA ACCEPTED are described in the 
M7332 Bus Monitor and Terminator Module description. 
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M7325 
24-WORD CONSTANTS GENERATOR 

Length: Extended 
Height: Double 
Width: Single 

.. 732524 -WORD CONSTANTS GENERATOR MODULE 

'f\!\!\J\!\!\J\r 9 
T ~ liB \614 li15 li16 \617li18 '1619 

O~" ,~c,"~~ 
t-=B:.;,.Tl=-o~-+-T_[S_T_----<i>o---!uSED fOR .. fR -

8S2 aUS-CG24-1 

8US-CG24 - 3 

8K2 BUS- C624 - 4 

AH2 8US- CG24 - ~ 

8H2 BUS- CG24 - 6 

8R2 BUS-CG24 - 7 

BM2 8US-CG24 - 8 

BP2 BUS- CG24 - 9 

8Jl 8US-CGl4 - 10 

AJ 2 8US-CG24 - 11 

8F2 BUS-CGl4 -12 

AR2 BUS-CG24 -13 

AU2 BUS- CG24 - 14 

ALl 8uS-CG24-15 

802 81JS-CG24 -16 

BE 2 BUS- CG24 - 17 

AKl 8US-CG24 - 18 

AP2 8uS-CG24 - '9 

AS2 BUS-CGl4 - 20 

AT2 BUS-CG24 - 21 

AV2 8US- CG24 - 22 

AN2 8U5-CG24 - 23 

AM2 8US- CG24 - 24 

NOTE· 
OelaYI Ihown or. typical. 

TEST ONLY) 

RTM BUS 

mA (typ) 
400 

Pins 
AA2, BA2 

+~V 

READ 

Volts 
+5 
GND AC2, BC2, ATl, BTl 
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The M7325 24-Word Constants Generator Module provides Programmable 
Read-Only Memory (PROM) storage for twenty-four 16-bit constants defined 
by user hardwiring on the module. This capability is particularly useful in the 
case of data constants that might have to be changed occasionally. To 
change a data constant, the user merely has to rethread one wire on the 
M7325. 

Constants generators can be used wherever there is a need for a numeric, 
character code, or data mask code constant. 

The M7325 module contains two groups of 25 split lugs each, separated by 
a bank of 16 sensing cores. Each group of lugs is numbered from 1 to 24, 
plus a T to designate the test lugs, so that companion pairs can be easily 
identified. Constants are defined by connecting a wire between pairs of lugs 
so that the wire either passes through or around each sensing core, depend­
ing on whether a binary One or a binary Zero is desired. To indicate the 
direction and manner in which the wires representing the constants must 
be strung, the module is shipped with a test wire woven through all of the 
cores and connecting the two test lugs. (Refer to SPECIAL WIRING AND 
ADJUSTMENTS.) 

Inputs 
TEST-This input is used by Digital Equipment Corporation for testing. 

BUS~G24-#-(Where#represents the number of one of the 24 data word 
constants.) When one of these inputs is evoked, an open-collector driver 
causes current to flow through the wire between the lugs associated with the 
number #. Where the wire passes through one of the current-sensing cores, 
a binary One is generated. Where it passes outside a core and through the 
nearby hole in the module, a binary Zero is generated. Sense amplifiers con­
nected to each core amplify the signals and apply them to the latch register 
(0<15:00». Assertion of BUS~(.i24-# also enables the -latch register. 
Bus drivers drive the selected constant (DATA<15:00» to the RTM Bus. 
DATA READY is asserted 250 ns (typical) after BUS+-CG24-# is evoked, and 
is unasserted 250 ns (typical) after the signal is unasserted. 

'NOTE 
No BUS+-CG24-# input for which a wire has not 
been run should ever be evoked in an attempt to 
generate all Zeroes because DATA READY will not 
be generated. If a data word constant of all Zeroes 
is desired, it can be achieved more efficiently by 
the BUS~ input of either the M7332 Bus Monitor 
and Terminator Module or the M7304 Bus Sense 
Register Module. 
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Outputs 
TEST-This output is used by Digital Equipment Corporation for testing. 

RTM Bus 
DATA <15:00> and DATA READY are described in the M7332 Bus Monitor 
and Terminator Module description. 

SPECIAL WIRING AND ADJUSTMENTS 
To encodea constant, it is only necessary to thread and solder an insulated 
AWG 30 solid wire between a pair of companion lugs. The pattern followed 
when threading the wire through or around the cores determines the con­
stant. A wire passing through a core produces a binary One for the bit 
associated' with that particular core; a wire bypassing the core and passing 
instead through the nearby hole in the module produces a binary Zero for 
that bit. 

NOTE 
Wires must pass through the desired cores in 
the same direction as the test wire. 
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M7332" 
BUS MONITOR AND TERMINATOR 

Length: Extended 
Height: Double 
Width: Single 

BKZ-fii1 

BLZ -;-

:~+S;-po;~~"~~EAR: ~ 
AUTO RUN L 

t!!if C::;~~:;T rp--+--++--+""AU:..;.T;::..O ",RU"-'~ ___ -+-+-"A::.::HZ'-I I 
r---

A 

I 1'" I 
I I 
: I 

L~ _________ j ) 
BUS TERMINATION 

+5..... FOR 

~ 
ALL 21 BUS '---+-~r+-' 

',£~ LINEs ~ 
LINE 

398'11 D 

~ 

~a I~ s ~ 
0: 
C 

It~ ~I~ ~ " 
.. 

iii 
g 0: 

~ i °l~ ~ i 
~ ! 
~ ~ 

~JlJ5)jJ 

~dl_aus." 
CKT 

~ BUS MS8 
8US(lr 

DATA 

'---

4 

~ 0 

.... 
o. 

~ 

~ i 

~ 0fI DATA POS. 

"'~ :>", 

• :~ oz DATA ZERO 

g~ 
t; ON DATA NEG 

f-o~ 
~ 

BUZ I 

'" ~ NOTE g ~ DelaYI lho.., ort! "p4cal. 

-'" 
RTM, BUS 

Volts 
+5 
GND 

rnA (typ) 
825 

Pins 
AA2, BA2 
AC2, BC2, ATl, BTl 
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The M7332 Bus Monitor and Terminator Module contains the circuitry to 
perform several essential system-level functions that might otherwise have 
to be included in each RT module. The M7332 includes a pull-up/termination 
resistor network for each RTM Bus Line. 

An M7332 module or both an M7304 Bus Sense Register Module and an 
M962 Bus Terminator Module are required in every RTM system. The M7332' 
should be placed 'at one end of the RTM Bus because of the termination 
networks on the module. If the system contains a Bus that is over 19 inches 
long, an M962 Bus Terminator Module should be placed at the other end of 
the Bus. 

The M7332 Bus Monitor and Terminator Module generates the POWER 
CLEAR signal that is used to initialize flip-flops and other circuits when power 
is first applied to the system. In addition, the M7332 is used to issue the 
first EVOKE signal in an evoke·controlled RTM system or the START signal 
in a PeS-controlled RTM system. This module generates the DONE signal to 
indicate the completion of each data transfer, and it contains the Data Bus 
arithmetic status circuity that continually monitors the RTM DATA<15:00> 
Bus lines and generates the BUS>O, BUS=O, or BUS<O status signals. 
Whenever DATA ACCEPTED is issued, the BUS>O, BUS=O, or BUS<O status 
signals are loaded into the Data Bus Status Register and placed on the 
M7332 output lines as DATA POS, DATA ZERO, AND DATA NEG signals; each 
of these signals can be used for CONDITION inputs to branches. 

The Bus Monitor and Terminator Module has three sets of functional signal 
inputs that allow it to be used as either a source or destination of data. The 
BUS~ ,functional input is used wherever a source of all Binary Zeros is 
desired. While it is true that the Bus will, by definition, contain all Zeros 
when no source is specified, a destination cannot read the Bus unless DATA 
READY is present; the Bus Monitor and Terminator Module provides a DATA 
READY signal when a BUS~ input is evoked. Along the same lines, it may 
be necessary, during the execution of a program, to make the Data Bus 
Status Register the only destination of a transfer. The Data Bus Status 
Register will be loaded only when some destination register issues DATA 
ACCEPTED or when the BSR~BUS functional. input is asserted to generate 
DATA ACCEPTED. 

The third functional input causes the logic state of the Overflow Bus line to 
be loaded into a flip-flop. This operation does not generate a DATA ACCEPTED 
signal and is, therefore, used in conjunction with a data transfer between the 
Arithmetic and Logic Function Modules and a destination register to save the 
overflow bit that resulted from an arithmetic or logic function operation. The 
output of the Overflow flip-flop can then be used as a status input for a sub­
sequent branch decision. 

The M7332 contains four switch filters that allow external switches to be 
added for manual control of an RTM system. Any single-pole double-throw 
switch may be used when Gonnected as shown on the functional diagram. 
The M7334 Switch and Light Module contains extra switches that may be 
used for this purpose. Refer to the M7334 Switch and Light Module descrip­
tion. 
Inputs . 
BUS~When this input is evoked, the M7332 immediately produces a 
DATA READY signal. DATA READY is asserted Low and is used in an RTM 
system as a LOAD or ENABLE signal to allow a selected destination register 
to read the Data Bus. DATA READY remains Low until the current ~voke 
signal is unasserted. 
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BSR+-BUS-When this input is evoked, it allows the M7332 Bus Status cir­
cuitry to be the only destination of a data transfer by generating DATA 
ACCEPTED after 900 ns (typical). 

SAVE OVERFLOW-A Low at this input causes the Overflow flip-flop to store 
the logic state Qf the Overflow Bus line when DATA ACCEPTED is issued by a 
data destination. This input must be evoked in parallel with an arithmetic 
operation in order to save the Overflow results of that operation for sub­
sequent testing. 

RUN-This input allows a TIL level signal to be used for starting an RTM 
system. The START (FIRST EVOKE) output will be issued at the trailing edge 
of a low-going pulse at the RUN input. The pulse width must be at least 
100 ns. This can be used to start a remote RTM system with external logic 
or a filtered pushbutton or toggle switch. It may also be used to provide 
automatic starting when power is turned on by connecting this input to the 
AUTO RUN output. This input may be left unconnected if not used. 

AR (AUTO RESTART)-A Low pulse at this input causes POWER CLEAR to be 
generated and placed on the RTM POWER CLEAR Bus line. This input can be 
used to initialize the RTM system anytime after power-up. It will cause the 
RTM system to automatically restart at the beginning of the program if the 
AUTO RUN output is connected to the RUN input. 

CONTINUE-This input allows a TIL level Signal to be used for switching the 
system from the auto to the manual mode. A Low applied to this input from 
either a logic circuit or a filtered switch will place the system in the manual 
mode, regardless of the position of the AUTO/MAN switch. This input can 
be used to remotely control the mode of an RTM system. 

The CONTINUE input may also be used to provide a breakpoint capability 
that will halt an RTM system at any desired transfer operation. This is ac­
complished by connecting a jumper from the CONTINUE input to the evoke 
signal that causes the transfer operation. Therefore, when the system is 
started with the AUTO/MAN switch in the AUTO position, it will run until it 
reaches the breakpoint evoke signal. At that point, the Low on the CONTINUE 
input will force the system into the manual mode and it will halt with DATA 
READY and DATA ACCEPTED asserted and the data source bus drivers en­
abled. The AUTO/MAN switch can then be placed in the MAN position so 
that single stepping can proceed from that point. Returning the AUTO/MAN 
switch to the AUTO position will cause the system to continue with the next 
program instruction after a single step has been performed. 

TEST-This input can be evoked at any time during the execution of a pro­
gram to test for the presence of more than one EVOKE signal in the system. 
The test circuitry monitors the DATA READY Bus line for 900 ns and, if 
DATA READY should appear during that interval, the DOUBLE START ERROR 
signals will be issued. At the end of the 900 ns period DATA ACCEPTED is 
issued. 

NORM/START-This switch input provides for manually starting at RTM 
system with an external single-pole double-throw switch. The switch normally 
rests in the NORM position with pin BF2 grounded. Moving the switch to 
the START position (pin BJI grounded) and thEm back to the NORM position 
again will cause the START (FIRST EVOKE) signal to be issued. If a START 
switch is not used, the M7332 input ptn BF2 (NORM) must be tied to ground. 
Refer to SPECIAL WIRING AND ADJUSTMENTS. 
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AUTO/MAN-This switch input is used in conjunction with the NORM/SS 
switch input to provide single-stepping capability that is extremely useful for 
trouble-shooting and for initial system debugging. With this switch in the 
AUTO position (pin BD2 grounded), automatic mode is enabled and the 
system will execute the program in the normal manner. With the switch in 
the MAN position (pin BE2 grounded), manual mode is enabled and the 
system will halt after executing each instruction. This is accomplished by 
preventing the assertion of the DONE signal when DATA ACCEPTED is re­
ceived by the M7332. Thus, the system will halt with the DATA READY and 
the DATA ACCEPTED signals asserted and with the data source bus drivers 
enabled. If an AUTO/MAN switch is not utilized, then the M7332 input pin 
BE2 (AUTO) must be connected to ground. Refer to SPECIAL WIRING AND 
ADJUSTMENTS. 

NORM/SS-This switch input is used in conjunction with the AUTO/MAN 
switch input when that switch is in the MAN position. When the RTM system 
is in the manual mode, one instruction will be executed each time the 
NORM/SS switch is moved from the NORM position (pin BF! grounded) to 
the SS position (pin BH1 grounded) and then back to the NORM position 
again. When staring the system in the manual mode, the NORM/START 
switch must be activated to execute the first instruction. If a NORM/SS 
switch is not used in an RTM system, the M7332 input pin BF! (NORM) must 
be tied to ground. Refer to SPECIAL WIRING AND ADJUSTMENTS. 

NORM/PWR CLR-This switch input provides for initializing the RTM system 
anytime after power-up with an external Single-pole, double-throw switch. The 
switch normally rests in the NORM position with pin BH2 grounded. Moving 
the switch to the PWR CLR position will cause the POWER CLEAR signal to 
be issued. If a PWR -CLR switch is not used, the M7332 input pinBH2 
(NORM) must be tied to ground. Refer to SPECIAL WIRING AND ADJUST­
MENTS. 

Outputs 
DATA POS-A high at this output indicates that the last data transferred was 
positive. This assumes that the data is in two's complement form. 

DATA ZERO-A high at this output indicates that the last data transferred 
was equal to zero. 

DATA NEG-A high at this output indicates that the last data transferred 
was negative (less than zero). This assumes that the data is in two's com­
plement form. 

LAST SAVED OVERFLOW-This output provides the status of the Overflow 
flip-flop. 

START (FIRST EVOKE)-This output is the START signal for the PeS module­
controlled system or the first EVOKE signal for an evoke module-controlled 
system. This signal goes Low when the START switch is pressed and released, 
then goes High when DONE is received. 

POWER CLEAR-This RTM Bus signal is asserted for approximately 100 ms 
when dc power is first applied to the RTM system or for as long as the PWR 
CLR switch connects BJ2 to ground. 

DOUBLE START ERROR H--':'A High at this output indicates that the TEST 
input has been evoked and the circuitry has detected the presence of more 
than one EVOKE signal in the system, which is an undesirable situation. This 
situation can occur as a result of.component failure in an EVOKE unit or if the 
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START button is pressed while the system is already running. The DOUBLE 
START ERROR signal can be used to trigger a visual or audible alarm or it 
can be used as a branch condition that would cause the AUTO RESTART 
input to be evoked. If the AUTO RUN output is connected to the RUN input, 
the POWER CLEAR signal will clear all evoke units--and the AUTO RUN signal 
will restart the program at the beginning. 

DOUBLE START ERROR L-The complement of DOUBLE START ERROR H. 

STOP ERROR H-A High at this output indicates that DATA ACCEPTED was 
not received from the RTM DATA ACCEPTED Bus line within a 10 p's interval 
after the previous DATA ACCEPTED. This is interpreted as an indication that 
the system has stopped. 

STOP ERROR L-The complement of STOP ERROR H. 

ALARM H-A High at this output indicates that a DOUBLE START ERROR 
condition or' a STOP ERROR condition exists; i.e., an error exists due to 
multiple EVOKES or DATA ACCEPTED was not received within the last 10 p.S. 

ALARM L-The complement of ALARM H. 

AUTO RUN-A low pulse (10-15 ms) is issued at this output when the sys­
tem is first turned on. This output may be connected to the RUN input to 
automatically start program execution when power is first applied or when 
the AUTO RESTART input is asserted. 

RTM BUS SIGNALS AND PIN· ASSIGNMENTS . 
The RTM Bus consists of 21 lines; 16 are used to transfer data from each 
source to each destination, one is the Overflow Bus, three are used to carry 
control signals, and one is the Power Clear Bus. All Bus signals are asserted 
Low. 

Data Bus 
The 16-bit Data Bus is configured as follows: 

Pin Signal 

MI Data Bus bit 0 (LSB):· 
ABI Data Bus bit I 
ACI Data Bus bit 2 
ADI Data Bus bit 3 
AEI Data Bus bit 4 
AFI Data Bus bit 5 
AH 1 Data Bus bit 6 
AJ I Data Bus bit 7 
AKI Data Bus bit 8 
ALI Data Bus bit 9 
AMI Data Bus bit 10 
AN I Data Bus bit II 
API Data Bus bit 12 
ARI Data Bus bit 13 
ASI Data Bus bit 14 
AUI Data Bus bit 15 (MSB) 
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Overflow Bus 
The Overflow Bus is configured as follows: 

Pin Signal Function 

BAl OVERFLOW Carries the overflow output of the 
Arithmetic and Logic Function Mod­
ules (M7300 and M7301). 

Control Bus 
The control bus is configured as follows: 

Pin Signal Function 

BEl DATA READY Signifies that the source has placed 
data on the Data Bus. 

BCI DATA ACCEPTED Signifies that the destination has re­
ceived data from the Data Bus. 

BDI DONE Signifies that a data transfer has been 
completed. 

Power Clear Bus 
The Power Clear Bus is configured as follows: 

Pin Signal Function 

BBI POWER CLEAR Initializes the system. 

SPECIAL WIRING AND ADJUSTMENTS 

Switch Filter Inputs 
The following table lists the proper switch wiring connections to the switch 
filter inputs. The START, PWR CLR, and the SINGLE STEP (SS) switches may 
be single'pole, double-throw pushbutton or toggle switches with momentary 
contacts. The AUTO/MAN switch should be a single-pole, d~.Yble-throw 
toggle or slide switch. Also listed in the following table are the connections 
that must be made if switches are not used. 

Switch Contact Hardwired 
Switch Connections Connections 

START Normally Closed to pin BF2 Pin BF2 to ground 
Normally Open to pin BJ I Pin BJI no connection 
Common to ground 

AUTO/MAN Normally Closed to pin BD2 Pin B02 to ground 
Normally Open to pin BE2 Pi n BE2 no connection 
Common to ground 

SS Normally Closed,to pin BF! Pin BF! to ground 
Normally Open to pin_BH I Pin BHl no connection 
Common to ground 

PWR CLR Normally Closed to pin BH2 Pin BH2 to ground 
Normally Open to pi n BJ2 Pin BJ2 no connection 
Common to ground 

TEST Inputs 
The TEST inputs (pins AS2 and AR2) must be tied to a High source when 
not being used. 
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M7333 
DUAL SERIAL INTERFACE CONNECTOR 

Length: Extended 
Height: Single 
Width: Single 

FROM PIN AJ2 OF M7313 • HI 

TO PIN AH2 OF M7313 
Jl 

FROM PIN 8V2 OF M7313 
1<1 

FROM PIN AF2 OF M7313 
Ll 

I'ROM PIN AE2 OF ,.7313 
Ml 

NI 
TO PIN A02 OF M1313 

PI 
FROM PIN BJ2 OF ,.7313 

Rl 
FROM PI N BF2 OF ,.1313 

51 
FROM PIN B02 OF M7313 

UI 
FROM PIN BE2 OF M1313 

VI 
FROM PIN BHZ OF M7313 

B2 
FROM PIN AU2 OF 1/7313 

E2 
FROM PIN BJ2 OF M1313 

1'2 
FROM PIN 1IF2 OF 1/1313 

FROM PIN 802 OF 1/ 7313 
H2 
J2 

FROM PIN BDZ OF M7313 
K2 

FROM PIN BH2 OF 1/7313 
L2 

FROM PIN AU2 OF M7313 

M7333 DUAL SERIAL INTERFACE 
CONNECTOR MOOULE 

J1 Mat.·N· Lok CONNECTOR 
-OATA OUT(eONN. TO PRINTER Io .. T) 

-OATA IN (CONN. TO KEYBOARD I.uri 

4 
TO TTY READER RELAY-

5 .OATA OUTICONN. TO PRINTER I '0) 

TO TTY READE R REL AY • 
-DATA INleONN. TO KEYBOARD ho) 

Malt - N -Lak CONNECTOR J2 

-DATA OUlCCONN. TO PRINTER IouTi 

-DATA IN lCONN. TO KEYBOARD lOUT) 

TO TTY READER RELAY-

-DATA OUT (CONN. TO PRINTER 1 0) 

TO TTY READER RELAY-

+ DATA IN/CONN. TO KEYBOARD 1,0) 

1.76 KHz ClK BAUD CO" 

2.40 KHz 
111l := 

4.80 KHz 
150 

9.60 KHz 
300 __ INTERFACE 1 

600 := 19.20 KHz 

38.40 KHz 
1209 

2400 ~ 

1.16 KHz ClK BAUD COM 

2.48 KHz 
110 := 150 

4.80 KHz 
300 := INTERFACE 2 

9.60 KHz 
609 

19.20 KHz 
38.40 KHz 

1200 --2400 --
SB 

STOP BITS 

'-~"~ NBI 
NUMBER OF BITS 1 
NUMBER OF BITS 2 

HBZ 

SB 
STOP BITS 

NUMBER OF BITS 1 
INTERFACE 2 ... . NBI 

NUMBER OF BITS 2 
NBZ 

522 

AI 
FROM PIN AJ2 OF M1313 

111 

Cl 
TO PIN AH2 OF M1313 

FROM PIN BV2 OF M7313 
01 

FROM PIN AF2 OF M7313 
E 1 

F 1 
fROM PIN AE2 OF M7313 

TO PIN A02 OF ,.7313 

02 
TO PIN AT2 OF M7313 

TO PIN AT2 OF M7313 

N2 
TO PIN A52 OF M7313 

P2 
TO PIN AP2 OF M7313 

R2 
TO F'lN AR2 OF M7313 

S2 
TO PIN A52 OF ,.7313 

T2 

U2 
TO PIN AP2 OF M7313 

TO PIN AR2 OF M7313 



The M7333 Dual Serial Interface Connector Module provides interface con­
nections between one or two 20 mA current loop devices and their associated 
M7313 Bidirectional Serial Interface Modules. An M7333 module is not es­
sential for operation of either one or two M7313 modules; however, it is 
useful when frequent baud rate and/or word format changes are required. 

The M7333 module provides two 12-09340-00 (Mate-N-Lok) connectors, Jl 
and J2, for connecting the serial current loop devices (Teletype®, LA36, 
VT50, or other asynchronous serial current loop devices) to their respective 
M7313 modules. The 12-09340-00 connectors mate with 12-09340-01 
(Mate-N-Lok) cable connectors. Split·lug terminals on the M7333 provide 
easy jumpering capability for setting the transmit/receive baud rate, the 
number of stop bits to be appended to each character, and the number of 
data bits in each character. Refer to SPECIAL WIRING AND ADJUSTMENTS. 

The M7313 Bidirectional Serial Interface Module description and data sheet 
provide detailed instructions for selecting clock inputs to obtain the desired 
receive/transmit baud rates, selecting the number of appended stop bits, 
and selecting the number of data bits in each character. 

SPECIAL WIRING AND ADJUSTMENTS 
The transmit/receive baud rate, number of stop bits and number of data bits 
of the transmitted and received data words must be configured so as to make 
the M7313 module compatible with the external serial device. The M7333 
module allows these adjustments to be made with wire jumpers rather than 
with backplane wiring. 

Clock Input 
The serial transmit/receive baud rate depends on the signal applied to the 
M7313 module CLOCK INPUT. The CLOCK INPUT rate must be 16 times 
the desired baud rate. The M7333 module contains split-lug terminals that 
permit easy installation of jumpers to select the desired baud rate. (See the 
functional diagram.) Use uninsulated, solid, 22 AWG wire and connect a 
jumper between the two split-lug terminals associated with the desired stan­
dard baud rate (110, 150, 300, 600, 1200, or 2400) for INTERFACE 1. Repeat 
the procedure for INTERFACE 2 as required. 

Stop Bit Control 
The number of stop bits contained in each transmitted or received serial 
character depends on the M7313 module stop bit CONTROL input, SB~ If this 
input is High, the word format will contain two stop bits; if it is Low, the 
word format will contain one stop bit. Refer to the- literature for the external 
serial device to -determine the proper format. The M7333 module contains 
split-lug terminals that permit easy installation of jumpers to select the 
desired number of stop bits. (See the functional diagram.) If one stop bit is 
desired, use uninsulated, solid, 22 AWG wire and connect a jumper between 
the two S8 split-lug terminals for INTERFACE 1. If two stop bits are required, 
do not connect a jumper between these two split-lug terminals_ Repeat this 
procedure for INTERFACE 2 as required. 

Data Bit. Control 
The number of data bits, from 5 to 8, contained in each serial character 
depends on the M7313 module data bit CONTROL inputs, OBI and OB2. The 
M7333 module contains split-lug terminals that permit easy installation of 
jumpers to select the desired number of data bits. (See the functional dia­
gram.) If 5 data bits are desired for each character, use uninsulated, solid. 

~Teletype is a registered trademark of Teletype Corporation. 
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22 AWG wire and connect jumpers between the two OBI and the two OB2 
split-lug terminals for INTERFACE 1. If 6 data bits are desired, connect a 
jumper between the two DB2 split-lug terminals for INTERFACE 1. If 7 data 
bits are desired, connect a jumper between the two OBI split-lug terminals 
for INTERFACE 1. If 8 data bits are desired, do not connect jumpers between 
any of the split-lug terminals for INTERFACE 1. Repeat these procedures for 
INTERFACE 2 as required. 

20 mA Current Loop Device Connection 
Connect the male 12-09340-01 (Mate-N-Lok) plug connector on the first 20 
mA current loop device input/output cable to the female 12-09340-00 (Mate­
N-Lok) receptacle connector J1 on the M7333 module. Connect the male 
12-09340-01 (Mate-N-Lok) plug connector on the second 20 mA current loop 
device input/output cable to the female 12-09340-00 (Mate-N-Lok) receptacle 
connector J2 on the M7333 module as required. (See the functional diagram.) 

+DATA IN, ,-DATA IN, +DATA OUT, -DATA OUT, and READER ENABLE 
signals are described in the M7313 Bidirectional Serial Interface Module 
description and data sheet. 

524 



M7334 
SWITCH AND LIGHT MODULE 

Length: Extended 
Height: Double 
Width: Single 
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The M7334 Switch and Light Module contains a 16-bit Light register (destina­
tion register), 16 Light-Emitting Diode (LED) indicators that display the state 
of each bit and a 16-bit data source that will place information contained in 
16 switches (BIT <15:00» onto the RTM (DATA<15:00» Bus. The M7334 
module also contains four single-pole, double-throw switches, identified as 
START, AUTO/MAN, SINGLE STEP (SS), and POWER CLEAR. These switches 
can be connected to switch inputs on the M7332 Bus Monitor and Terminator 
Module. The START, AUTO/MAN, and SINGLE STEP (SS) switches can be 
connected to switch inputs on the M7304 Bus Sense Module. This module 
can be used as a programmer's console for an RTM system during debugging 
and maintenance procedures to test for correct data and to identify and 
isolate inoperative register bits. 

Inputs 
L1GHTS~BUS-When this input is evoked and when the MODE input is High, 
the light register is loaded with parallel data (DATA <15:00» from the RTM 
Bus 800 ns (typical) after DATA READY is asserted. The combination of 
L1GHTS~BUS and MODE, and the received DATA READY cause DATA AC­
CEPTED to be asserted Low. The contents of the Light register are visually 
displayed on LED indicators BIT <15:00>. (Refer to LED Displays paragraph.) 

MODE-When this input is High, the Light register can be evoked as a data 
destination with the LIGHTS ~BUS input. When the MODE input is Low, the 
Light register will be automatically loaded each time the DATA ACCEPTED 
signal appears on the Bus. This automatic loading feature gives a visual 
indication, on LED indicators BIT <15:00>, of the data that is transferred 
during each step of a program while single-stepping. 

SPARE 1 and SPARE 2-These input lines may be used to monitor additional 
signals, including Bus lines, within the RTM system. 

BUS~SWR-When this input is evoked, the contents (DATA <15:00» of the 
Switch register are driven onto the RTM Bus. After a 25 ns (typical) delay, 
DATA READY is asserted. 

LED Displays 
BIT<15:00>-These LED indicators display the status of the Light register. 
A Binary One in the corresponding bit position of the Light register causes 
an LED to light. 

DR-This LED indicator displays the status of the DATA Ready Bus line. 
The LED is turned on when DATA ACCEPTED is asserted. 

DA-This LED indicator displays the status of the Data Accepted Bus line. 
The LED is turned on when DATA ACCEPTED ;s asserted. 

SI and S2-These LED indicators display the status of the SPARE 1 and 
SPARE 2 input lines. The LEOs are turned on when their respective input 
lines are High. 

Switches 
BIT <15:00>-Data words can be entered into the RTM system via these 
switches by making these Switch register switches a data source. When the 
white dot on a switch is visible, that switch is set to produce a Binary One. 
The data word (DATA<15:00» represented by these switches can be driven 
onto the RTM Bus by evoking the BUS ~ SWR input. 

START-This switch can be used to provide a START (FIRST EVOKE) signal 
for an RTM system. This switch is in the START position (pin AL2 grounded) 
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when the white dot is visible. The switch is generally connected to the 
NORM/START inputs of an M7304 or the M7332 module. To produce a­
START (FIRST EVOKE) signal, this switch must be set to START (N.C.) then 
back to N.O. 

AIM (AUTO/MAN}-This switch can be used in conjunction with the AUTOI 
MAN inputs of an M7304 or M7332 module to put the RTM system into 
the single·step mode. The white dot is visible when this switch is in the 
MAN position. When the switch is in the AUTO position (pin AK2 grounded), 
automatic operation is selected; when it is in the MAN position (pin AJ2 
grounded), single·step operation is selected. 

SS (SINGLE STEP}-This switch can be used in conjunction with the SINGLE 
STEP inputs of an M~04 or M7332 module to single·step an RTM program. 
The white dot is visible when this switch is in the N.O. position. Each time 
the switch is moved to the N.O. position (pin AF2 grounded) and then back 
to the N.C. position (pin AH2 grounded), the RTM system will execute one 
instruction. 

PC (POWER CLEAR)-This switch can be used in conjunction with an M7332 
module to assert the LOW initializing POWER CLEAR signal anytime after 
power·up of the RTM system. The POWER CLEAR signal is an RTM Bus signal 
that sets the logic circuitry components on the RTM modules to a specific, 
known state. The POWER CLEAR Bus line will go Low when the switch is 
placed in the N.O. position with the white dot visible (pin AD2 grounded) 
and will remain Low until the switch is returned to the N.C. position (pin 
AE2 grounded). 

RtM Bus 
_ DATA<15:00>, DATA READY, and DATA ACCEPT-ED are described in the 

M7332 Bus Monitor and Terminator Module description. 

The M7334 module is supplied with two 3·foot cables- (DEC PI N 70·02222·03). 
These cables allow the module to be located outside of an RTM mounting 
enclosure to facilitate access to the switches and indicators. 

Program Control Sequencer Control 
The Program Control Sequencer (PCS) control section is best used in a con· 
trol system tt1at requires longer programs or periodic, or even frequent. 
programming changes. This memory-stored program provides reprogram­
ming convenience and, in addition, the advantages of the RTM concept (low· 
cost, quick design time, and custom-design convenience). 

The following module descriptions pertain to PCS-related modules. In addi· 
tion to these modules, an M7332 Bus Monitor and Terminator Module is 
required for PCS-based systems. 
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M7327 
256-BYTE REPROGRAMMABLE 

READ-ONLY MEMORY 

Length: Extended 
Height: Single 
Width: Single 
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The M7327 256-Byte Reprogrammable Read-Only Memory Module is the 
standard control memory module for a memory-controlled RTM system_ It 
also provides a co·nvenient way to store 8-bit or, with two memories in 
parallel, 16-bit data constants, such as code conversion tables, text, or 
numeric data. 

A memory-controlled RTM system that uses an M7336 512 PCS module 
must have an 8-bit code assigned to each source/destination register pair 
required to perform the desired data transfer operation. A list of these codes 
stored in the. M7327 module constitutes the program that the system will 
execute. A PCS module fetches, decodes, and executes each instruction in 
the proper order. Thus, program changes can be made by changing the con­
tents of the control memory, rather than by rewiring. 

The contents of the M7327 module memory can be erased with high in­
tenSity ultra-violet light and reprogrammed electrically if program changes 
are desired, but its contents are not affected by noise or power disturbances. 
This module uses either an INTEL 1702 or an INTEL 1702A Programmable 
Read-Only Memory (PROM). Programming can be done by Digital Equipment 
Corporation, and the programmed modules will be factory-tested before ship­
ment. If the user desires to take advantage of this programming service, he 
should follow the procedures described in the Register Transfer Modules 
handbook for submitting his program to Digital Equipment Corporation. The 
data sheet for the 1702 PROM, published by INTEL, describes in detail a 
manual, hand-operated programmer that can· be constructed by the user. 
All of the pins on the PROM are accessible through the module pins. 

The M7327 contains a memory select circuit that allows an individual 
memory to be selectively enabled when two or more of the memories are 
combined to provide 512 or more control memory locations. 

\ Inputs 
MEM REQ-This input comes from the M7336 Program Control Sequencer 
(PCS) . Module and causes the one-shot multivibrator to assert MEM BUSY 
for 1.4 p.S whenever the memory address is changed. 

MEM 1--.-lf this M7327 module is designated Memory 1, this input is tied to 
the memory selection output (PC8) of the M7336 PCS module; the MEM 0 
input is tied Low so that a High on MEM 1 will assert MEM SELECT. 

MEM o-If this M7327 module is designated Memory 0, this input is tied to 
the memory selection output (PCB) of the PCS module; the MEM 1 input 
may be unconnected (left floating) so that a Low on MEM 0 will assert M'EM 
SELECT. 

ENABLE-This input is tied to the MEM SELECT output of this M7327 mod­
ule and is asserted Low when this M7327 is deSignated as the addressed 
memory. 

A<7:0>.....!.These inputs from the M7336 PCS module contain the address 
of a memory location containing the desired information. 

-15 V-This input, from a -15 V power supply, may be used to produce 
the -9 V required by the 1702 or 1702A PROM (i.e., VS& and Vco). 

V •• , Vee, t1>1, t1>2, and PROGRAM-During normal operation these inputs must 
all be tied to +5 V. Individual access is required only while the PROM is 
being programmed (loaded with data). 
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Outputs 
MEM BUSY-This output is asserted Low when MEM REQ triggers the one­
shot, and remains asserted for 1.4 ILS to stop the clock in the PCS module 
for that period, allowing time for the memory data to settle. 

MEM SELECT-This output is asserted Low when the MEM 1 and MEM 0 
inputs are connected so as to select this M7327 module as the addressed 
memory. This MEM SELECT output is tied to the ENABLE input of this 
module. 

0<7:0>-These parallel outputs transmit the contents of the addressed 
memory location to the M7336 PCS module. They are three-state outputs 
capable of driving 1 TTL unit load, and may be OR-tied in parallel for memory 
expansion as long as only one M7327 module is enabled at a time. 

The three-state outputs 0<7:0> present either the normal memory contents 
or go to 8 third (high-impedance) state. In this state all output transistors 
are turned off. The output may, therefore, be OR-tied in parallel for memory 
expansion. Normal TTL outputs cannot be OR-tied because of the excessive 
output current which one device would have to sink from the others. If, 
however, all the output transistors in all but one of the connected devices 
are turned off, then the one remaining device in the normal low·impedance 
state (normal memory contents) will have to sink from or supply to the other 
devices only a small amount of leakage current. 

-9 V-This output may be used to supply the 1702 or 1702A PROM VGG 
and Voo inputs when -15 V is supplied to pin N2. 
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~ ______ E_VO_K_~_7_8_:C_80_D_E_R ______ ~I~ 
Length: Extended 
Height: Double 
Width: Single 
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The M7328 Evoke Decoder Module decodes the low 5 bits of the 8-bit evoke 
operation codes (LET instructions) used in M7336 PeS-controlled RTM sys­
tems. The Evoke outputs, like the outputs of the M7310 Evoke Units Module, 
become the Evoke signals that cause data transfers to occur between source 
and destination registers in the functional module portion of the system. 
However, the sequence of the Evoke signals issued by an M7328 module 
depends upon the data in a control memory. Before an M7328 can issue an 
Evoke, it must be selected and enabled. Evoke signal capacity can be in­
creased by adding additional M7328 modules. 

Each M7328 module contains a 5-line-to-32-line decoder that asserts a dis­
crete output line for each of the 32 possible combinations of the 5 least 
significant bits of the 8-bit LET instruction code. The remaining 3 bits con­
tain the module selection code that determines which M7328 is selected. 

f 

Inputs 
OS7, OS6, and OS5-These lines are configured on .the backplane by the 
user to the complement of the desired module selection code. Thus, a Low 
on one of these lin~s will select a High on the corresponding M07, M06, or 
M05 input. 

OECOOER ENABLE-This signal is asserted Low by the Program Control 
Sequencer (PCS) module during the execution of a LET instruction. If the 

. code contained in M07, M06, and M05 is the complement of the code con· 
figured on the backplane for OS7, OS6, and OS5, the result is ANOed with 
OECOOERENABLE to enable an EVOKE signal from the selected output of 
this particular M7328 module. 

M07, M06, and M05-These three bits of the LET instruction contain the 
selection code that identifies the decoder being addressed. They are XORed 
with OS7, OS6, and OS5 to select the M7328 to be enabled. 

MD4, M03, M02, MOl, and MOO-These five bits of the LET instruction 
are decoded by the 5-line·to·32-line decoder to select one of the 32 possible 
outputs, each of which represents a potential data transfer (Evoke) opera­
tion. 

Outputs 
Signals <31:00>-Each of these outputs (EVOKE <37:00>8) is a discrete 
EVOKE output capable of initiating a source/destination data transfer. 

SPECIAL WIRING AND ADJUSTMENTS 
When wiring the backplane for OS7, OS6, ano OS5, it is only necessary to 
ground those lines desired to be Low. Internal resistors will pull the other 
OS lines High. Wiring the backplane rather than the module itself makes the 
module selection code socket-dependent, rather than module·dependent, so 
that any M7328 module placed in a given socket will respond in the same 
manner as any other M7328. The OS lines must be wired to the complement 
of the code to which the individual socket .s desired to respond. Thus, a Low 
on one of the OS lines will select a High on the corresponding MD line. 
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M7329 
30-to-l MULTIPLEXER 

Length: Extended 
Height: 80uble 
Width: Single 
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The M7329 30-to-l Multiplexer Module can be used to monitor up to 30 
external condition inputs so that anyone may be selected to be applied to 
the TEST output. A principal RTM system use of the M7329 is in conjunc­
tion with an M7336 Program Control Sequencer (PCS) Module to select the 
condition inputs to the IF instruction of a memory-controled RTM system. 
IF instructions are the conditional branch codes that cause a branch only if 
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the associated status condition input is High (True). Tying one of the con­
dition inputs (usually 00) permanently High will cause an effective GOTO 
instruction to be executed whenever that input is addressed, which provides 
the useful unconditional jump capability. In this special case, the IF condi­
tion will always be True. 

If it is desirable to monitor more than 30 condition inputs, two or more 
additional M7329 modules can be used by selectively enabling only one at 
a time with either flags or branch units, making it possible f~ the same 
LET instructions to. apply to different sets of status input signals. 

Inputs 
ENABLE MUX-When this input is asserted High, this 30-to-l multiplexer is 
enabled. 

MD<5:l>-These five inputs receive the binary code that determines which 
condition input signal, 00 through 29 (C<00:72>B), will be selected and 
routed to the TEST output. The selection is based on the following table: 

SELECT Inputs CONDITION 
MD5 MD4 MD3 MD2 MOl Signal Selected 

0 0 0 0 0 0 (COOa) 
0 0 0 0 1 1 (C02 B) 
0 0 0 1 0 2 (C04a) 
0 0 0 1 1 3 (C06.) 
0 0 1 0 0 4 (CIOB) 
0 0 I 0 1 5 (CI2a) 
0 0 1 1 0 6 (Cl4B) 
0 0 1 1 1 7 (CI6a) 
0 1 0 0 0 8 (C20B) 
0 1 0 0 1 9 (C22B) 
0 1 0 1 0 10 (C24B) 
0 1. 0 1 1 11 (C26a) 
0 1 1 0 0 12 (C30.) 
0 1 1 0 1 13 (C32.) 
0 1 1 1 0 14 (C34.) 
0 1 1 1 1 15 (C36.) 
1 0 0 0 0 16 (C40e) 
1 0 0 0 1 17 (C42e) 
1 0 0 1 0 18 (C44.) 
1 0 0 1 1 19 (C46.) 
1 0 1 0 0 20 (C50~) 
1 0 1 0 1 21 (C52.) 
1 0 1 1 0 22 (C54a) 
1 0 1 1 1 23 (C56.) 
I 1 0 0 0 24 (C60a) 
1 1 0 0 I 25 (C62a) 
1 1 0 1 0 26 (C64e) 
1 1 0 1 1 27 (C66B) 
1 1 1 0 0 28 (C70.) 
1 1 1 0 1 29 (C72.) 
1 1 1 1 0 NONE NONE 
1 1 1 1 1 NONE NONE 

CONDITION SIGNALS <00:29> (C<00:72>a)-These i_nputs receive the 
condition inputs of individual data sources. 
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EXT IN-This input allows the output of this M7329 to be ORed with the 
output of one other M7329 module. Thus, the second one added to an RTM 
system is ORed with the first, the third is ORed with the second, and so on. 
This multiple status signal multiplexing technique can be extended to include 
as many M7329 modules as desired, as long as only one M7329 is enabled 
at a time. If this input is not used, the user is not required to connect it 
to ground. An internal 2K pull-down resistor inhibits this input when not 
used. However, when this input is driven, the driving signal must be able to 
drive 50 TIL unit loads in the High state. The TEST output from another 
M7329 module can drive this input. 

Outputs 
TEST-This output carries the status of the selected condition input signal 
for testing. Although this output can only drive 7 TIL unit loads Low, it can 
drive 50 TTL unit loads High. This output is usually connected to the CON· 
DITION input of an M7336 pes Module or the EXT IN input of another 
M7329. 

535 



M7335 
SERVICE MODULE 

Length: Extended 
Height: Double 
Width: Double 
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The M7335 Service Module provides Light-Emitting Diode (LED) indicators 
for visually monitoring the control memory data in a Programmed Control 
Sequencer (PCS), controlled RTM system. The module monitors 8 memory 
data lines and up to 12- address lines and displays the code of the instruc­
tion being performed and the contents of that address via LED indicators. 
There is a LED indicator associated with and dedicated to each, memory data 
line and each address line. 

Twelve address switches labeled AO through All provide a break-point capa­
bility that allows a program to be stopped at any specific instruction. All 
switches are asserted to binary Ones when the white dots on the switches 
are visible. 

In addition to the LEOs and address switches, the M7335 module contains' 
a STEP (single-step) switch, an SI (single-instruction) switch, and a BP 
(break-point) switch. 

This module also generates and issues the STOP CLOCK signal to the PCS 
module when the program has progressed to the specific desired address. 

Inputs 
AODR<07:00>-These bits are the memory address of the instruction that 
is being executed. The LEOs representing these bits display the memory 
address. 

ADDR<l1:08>-These bits are not normally used with the M7336 512 
Program Control Sequencer Module. Notice that ADDR<09> has an extra 
inverter. 

DATA<07:00>-These bits are the code of the instruction being performed. 
The LEOs representing these bits display the address location. 

BP (BREAK POINT)-This switch can be used to halt the RTM system pro­
gram at any desired address without having to single-step through the pro­
gram to that point. When the desired stop address is programmed by setting 
switches <All:AO>, the BP switch can be asserted (white dot showing). 
Then when the system is started the program will automatically run until it 
reaches the break point, where it will halt. The selected address must con­
tain an instruction being performed by the program. Locations containing 
jump addresses or HALT commands should not be used as break points. ' 

SI (SINGLE INSTRUCTION)-Asserting this switch (white dot showing) and 
producing a START (FIRST EVOKE) signal with the M7334 Switch and Light 
Module START switch permits single-stepping through the program by using 
the STEP switch. When the SI switch is unasserted and the STEP switch is 
pressed and released, the program will return to the auto run mode, or may 
be restarted at the beginning by preSSing the START switch of the M7334. 

SS (SINGLE STEP)-Pressing and releasing this switch when the SI switch 
is asserted and a START pulse has been generated (as described above) 
causes the RTM system to single-step through the program. The LED indi­
cators on the M7335 module will display the address and the instruction 
code. The data. that is transferred during each LET instruction may be ob­
served with an M7322 Bus Indicator Module. Pressing and releasing the 
STEP switch when the SI switch is unasserted causes the program to return 
to the auto run mode. 
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MEM REQ-When this input goes Low the Stop-Clock flip-flop is clocked. 
If switch SI is asserted (white dot showing) or if switch BP is asserted 
(white dot showing) and if the comparator output is High (i.e., program has 
progressed to switch settings), STOP CLOCK will be asserted Low. The MEM 
REQ input is usually from the M7336 512 Program Control Sequencer 
Module. 

Outputs 
. STOP CLOCK-This output is usually applied to the M7336 512 Program 

Control Sequencer Module. When STOP CLOCK is unasserted High the 
M7336 Clock runs and the program is automatically stepped through each 
instruction. When STOP CLOCK is asserted Low (refer to MEM REQ, Input 
paragraph), the M7336 Clock is stopped. 

All other outputs from this module are visually displayed by LED indicators 
and are described in the Inputs paragraph. 
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M7336 
512 PROGRAM CONTROL SEQUENCER 

Length: Extended 
Height: Double 
Width: Single 
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The M7336 512 Program Control Sequencer (PeS) Module performs the 
majority of the system control functions that are required in a memory con­
trolled RTM system. It contains the Program Counter and the logic (the 
Instruction Decoder, the Microinstruction Generator, the Return Address 
Stack and Stack Pointer, and a Clock, and Page, Run, and Evoke flip-flops) 
necessary to decode each instruction and perform all of the intermediate 
steps that are required to execute it. 

Program Counter-The Program Counter has an output of 9 bits and can, 
therefore, count up to 512, making it possible to address all of the locations 
on two M7327 256-8yte Reprogrammable Read·Only Memory Modules. If a 
larger program is desired, the M7336 is able to implement a paging scheme 
that will permit the use of more control memory modules. 

Instruction Decoder-The Instruction Decoder accepts the instruction from 
the control memory module and determines whether it is a LET (EVOKE), 
GOSU8, RETURN, IF, or GOTO instruction. It instructs the Microinstruction 
Generator accordingly as to what microinstructions should be performed. 

If the instruction is a LET (EVOKE), the PeS enables the M7328 Evoke De­
coder Module(s) so that the proper Evoke signal is issued to the data trans­
fer modules. If the instruction is a GOSU8, RETURN, IF, or GOTO instruction, 
the PeS performs all of the internal steps required, such as incrementing 
the Program Counter, fetching the next word to form a branch address, 
storing the old program count, or testing the status inputs from the status 
multiplexer module. 

Microinstruction Generator-The Microinstruction Generator consrsts of a 3-
bit counter and a decoder which define the chain of operations to be per­
formed by the PCS module to execute an instruction. The 3-bit counter is 
preset by the Instruction Decoder to determine its starting state according 
to the type of instruction that has been decoded. The decoder produces con­
trol signals (based on counter data) to perform such operations as load­
ing the Program Counter, reading the memory, incrementing the Program 
Counter, etc. Thus, each type of instruction includes a number and sequence 
of states. (See Figure 1.) During State 0, the clock halts until the control 
memory has delivered data, the instruction is decoded, and the appropriate 
starting state is loaded into the 3-bit counter. During State 1, the Program 
Counter is incremented. During State 2, the value of the Program Counter 
is stored in the Stack and the Stack Pointer is incremented. During State 3, 
the Program Counter is incremented. During State 4, the contents of the 
Stack are transferred to the Program Counter. During State 5, the Program 
Counter is incremented. At the end of State 5, the Page flip-flop is loaded 
with the LS8 of the control data. During State 6, control data is requested 
from th~ control memory. The control memory halts the PeS clock until it 
has delivered the new data. During State 7, the Program Counter is loaded 
with the control memory data and the contents of the Page flip-flop. The 
Page bit becomes the MSB of the Program Counter. 

Sack-The Stack is a small random-access memory used to save the value 
of the Program Counter when a subroutine is entered. It contains sixteen 
9-bit locations, so that it is possible to call up to 16 subroutines before a 
return is necessary. 

Stack Pointer-The Stack Pointer comprises a 4-bit counter that provides 
the address for writing into or reading from the Stack. It is incremented by 
the Microinstruction Generator after a return address is loaded into the 
Stack, so that it indicates (points to) the next empty location. It is decre-
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mented before a return address is read, so that it addresses the last return 
address loaded. Thus, it is a Last In, First Out (LIFO) type of memory. 

Clock-The Clock is a free-running multivibrator used to step the Microin­
struction Generator through the various states for each instruction. It is 
stopped during a transfer operation, and also after the Program Counter 
changes to permit memory data to settle. 

STATE II 

AI PAGE FF-MOO 
BI THEN INCA£MENT 

PROGRAM COUNTER 
TO POINT TO 
BRANCH (OOTOI ADDRESS 

STATE 6 

\ 
A) ENABLE I~ DECODER 
B) ISSUE MEM F£Q FtlR INSTRUCTlON DAD 

(MEMORY STOPS PCS CLOCK UNTIL DAD IS "'UD) 
C 1 SET MICROINSTRUCTION GENERATOR 'R) SlaTE 

DETERMINED BV INSt'RUCTION DECODER 

ISSL€ MEM REO FOR MEMORY DATA 
IN ORDER TO FETCH BRANCH 

- ADDRESS(MEMORY STOPS PCS 
CLOCK UNTIL DAD IS VALIDI 

Figure 1. Microinstruction Generator State Diagram 

Inputs 
MD<7:00>-These are the control memory data lines containing either 
the instruction code or a branch address. 

CONDITION-This input from the M7329 30-to-1 Multiplexer Module indi­
cates whether an IF instruction is True (High) or False (Low). If it is High, 
the GOTO instruction sequence is performed; if it is Low, the PCS proceeds 
to the next instruction in the control memory. 

START-A Low at this input clears the Microinstruction Generator and the 
Program Counter and begins program execution by setting the Run flip-flop. 
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MEM NOT BUSY-This input goes low when the control memory asserts 
MEM BUSY, and stops the clock until MEM BUSY is unasserted. 

ClK IN-When this input is pulled low, the clock stops. This input is usually 
controlled only by the open·collector break-point output {called STOP CLOCK) 
of the M7335 Service Module. The ClK IN input must be driven by an open­
collector output device. 

CONTINUE-A low at this input turns on t.he Run flip-flop. 

STOP-A low at this input turns off the Run flip-flop. 

Outputs 
BMD<7:0>-These outputs are the buffered memory data lines. used to 
drive the address inputs of M7328 Evoke Decoder Modules and M7329 
30-to-1 Multiplexer Modules. If the instruction is an Evoke, the evoke de­
coders are enabled. The M7329 modules are constantly enabled and the 
BMD<5:1> bits contain the binary code used to select the IF condition. 
The multiplexer output is connected to the M7336 CONDITION input so that 
it can be tested during the IF instruction execution. 

EVOKE-This output is asserted if the instruction received from control 
memory is an Evoke instruction. This signal is available for test purposes 
only. 

GOSUB-This output is asserted if the instruction received from control 
memory is a GOSUB instruction; it causes the value of the Program Counter 
to be saved on the Stack. GOSUB instructions cause a branch to a sub­
routine. Except for the Program Counter value being saved in the Stack, the 
microinstruction procedure is the same for a GOSUB and a GOTO. GOSUBs 
may be nested to a depth of 16. This signal is available for test purposes 
only. 

RETURN-This output is asserted at the end of each subroutine to cause 
a return to the instruction in the main program at the Program Counter 
location being saved in the Stack. It also decrements the Stack Pointer 
before a return address is .read from the Stack and loaded into the Program 
Counter. This signal is available for test purposes only. 

IF-This output is asserted if the instruction received from control memory 
is one of the 29 conditional branch codes, called IF instructions, that will 
cause a branch only if an associated status condition input signal is True 
(High). An M7329 module receives and samples the 29 status signals when 
the instruction is decoded, and uses bits 1-5 of the instruction to identify 
the input associated with a particular IF instruction. The branch address for 
the IF instructions is located in the memory location that follows the IF 
instruction. A true CONDITION input will cause the lSB of the instruction 
to be combined with the following word to form -a 9-bit branch address. 
This signa! is available for test purposes only. 

PC8--This output selects Memory 1 when High and Memory 0 when low 
(when two control memories are used). . 

PC<7:0>-These ouputs are the control memory address signals; they 
should be connected to the eight address inputs of the control memory 
mo~ule (or to both memories, if two are used). 
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MEM REQ-This output is asserted to request data from the control memory. 
When connected to the M7327 module, it triggers a 1.4 J.LS one-shot that 
generates a pulse that is returned to the M7336 at the MEM NOT BUSY 
input to stop the clock during the time the memory is fetching the next 
word to form a branch address and to allow the memory data to settle 
on the lines. 

EVOKE ENABLE-This output is asserted Low when the instruction received 
by the Instruction Decoder is an Evoke and the Clock has disabled the 
Instruction Decoder. The EVOKE ENABLE signal is used to enable all evoke 
decoder modules. . 

CLOCK-This is the Clock output that is available on a module pin for test 
purposes only. 

RUN-This output allows the user to monitor the status of the Run flip-flop. 

RTM Bus 
POWER CLEAR and DONE are described in the M7332 Bus Monitor and 
Terminator Module description. 
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PDM70 
PROGRAMMABLE DATA MOVER 

TERMINALS 

The PDM70 Programmable Data Mover is a custom configured, modular data 
acquisition and transmission device. Capable of either stand-alone or com­
puter-controlled operation, the PDM70 controls the signal conditioning, tim­
ing, and sequencing of a wide variety of input and output signals. An optional 
16-pad keyboard and 32-character display allow the user to locally input 
program commands and view displayed data. Programs are simple and may 
be written and entered by noncomputer-skilled personnel (typical program­
ming time is about 20 minutes). 

A library of eight input/output module options is offered which may be 
plugged into the PDM70 in virtually any configuration to allow custom tailor­
ing to meet a wide range of applications. Two application examples are pro­
vided later in this section. The PDM70 is organized as follows: 

Basic Unit: 
PDM70-A 

PDM7Q-B 

PDM70-C 

Provides its own keyboard for entering program commands. 
Consists of mounting box, power supply, clocks, and a 16-pad 
keyboard. 

Identical to model PDM70-A, but with added capability of a 
front-panel-mounted, 32-character, alphanumeric display. 

Features no keyboard or display. Internal program entered by 
user's keyboard device, PROM read-in module, or by a remote 
computer. Consists of mounting box, power supply, and clocks. 
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Control Options: 
One of the following two control options is required with PDM70 Models -A, 
-B, and -c. . 
Programmable Control (PDM70-P)-Used with stand-alone systems for con­
trolling the internal operations of the PDM70, this option features a 64· 
character, first·in·first-out (FIFO) buffer which stores the user's program. An 
additional option offered with this control is the PROM read-in module 
(PDM70-N) which is used to deposit a fixed program in the PDM70-P at 
start-up. 

Direct Serial Bus Interface (PDM70-R)-Used to provide access to a com­
puter-controlled program, this option contains a 20 mA current loop facility 
to allow communication with a remote computer. 

Input/Output Options: . 
The following I/O options are truly optional; the customer can order any mix 
of these options as required. Up to seven I/O options can be plugged into the 
PDM70-A or PDM70-B. The PDM70-C can accept up to eight I/O options. 

Desig­
nation 

PDM70·D 

PDM70-E 

PDM70-F 

PDM70-H 

PDM70-J 

PDM70·M 

PDM70-JR 

PDM70-SD 

Function 

BCD/Binary Input (32 
bits) 

BCD/Binary Output (32 
bits) 

4-Channel Differential 
Analog Input 

2-Channel Analog Output 

Bit Serial Input/Output 

8-Bit Parallel Input/Output 

Bit Serial Input/Output for 
unattended, remote opera­
tion (Includes abort timer) 

Foundation Module 

Typical Application 

DVM or counter input 

Programmable power supplies 
or signal generators 

RC bridges, thermocouples 

X-Y recorders, storage scopes 

20 mA current and EIA levels 
to or from PDM70 
Tape reader input; parallel 
printer output 

20 mA and EIA levels; choice 
of delimiter characters 

Allows user to construct 
unique PDM70 I/O interface, 
such as a multiplexer for 
terminals 

BCD/Binary Input Option (PDM70-0)-provides the ability to accept eight 
BCD digits (32 bits) of TTL information from an external source peripheral 
and transmit the data in an ASCII format to the internal bus. Featured on the 
module is a 32-bit full flip-flop type register that provides buffering capabili­
ties. The basic operation is to load the eight BCD digits from the peripheral 
into the register. Here, the digits are transferred one at a time to the UART 
for parallel-to-serial conversion and transmission. Following transmission of 
the last digit" as detected by the character counter contained on the module, 
~he ASCII character EOT is transmitted to inform the master controller that 
the data mode operation has been completed. The module, under program 
control, can operate with either internal or external synchronization. 
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BCD/Binary Output Option (PDM70-E)-transfers up to eight parallel, BCD 
digits (32 bits) from the serial R-Bus out to an external peripheral such as a 
programmable power supply or signal generator. The BCD digits and module 
address are taken off the serial R-Bus and converted to parallel data by the 
UART. The data is. then converted to BCD format and stored in a 32-bit full 
flip-flop-type register where it is strobed ol:Jt to the peripheral. The message 
length is determined by the Master Controller recognizing an EOT character. 
Contained on the module are split lugs and switches for adjusting the strobe 
pulse width and the address decoder. 

Analog Input Option (PDM70-F)-converts voltage levels from four differen­
tial analog input channels into ASCII characters for transmission to the serial 
bus. Through program control, the amount of data this module will transmit 
can be limited to a single channel or a sequential scan of all channels with 
either internal or external synchronization. Utilizing the latest CIMOS tech­
nology, the true throughput rate is 99 « messages per second (random-access 
method) or 32 *::0 messages per second when scanning all four channels 
(sequential-acc'ess method). These throughput rates take into account pro­
gramming time and other system overhead considerations; input impedance 
is 100 megohms. Pertinent operation specifications are listed in the chart. 

Common Mode 
Usable Rejection 
Input Ratio (dc Tempera-
Range System Ac- to 100 Hz) ture Inter- Exter-
Full curacy at Resolu- 1 k!!R, Coet- nal nal 
Scale Gain 25° C tion Imbalance ticient Offset Offset 

:': 1.999 V Xl 0.05% of Full 1 mV "'"'70 dB 0.005%/ Adjust- Adjust-
±199.9 mV XIO Scale plus one 100,uV ~,,86 dB 'C of able to able to 
± 19.99 mV XI00 least signifi- 10 ).LV ~100 dB Full zero I!xt. 

cant digit or Scale voltage 
::: 30 ).LV which· referred 
ever is greater to the 

input 

Input impedance at all gains is 100 megohms. 
Bias current (either input) :+: 50 nanoamperes maximum. 
Common mode vOltage c': 10 volt maximum. 

Analog Output Option (PDM70-H)-provides two analog output signals from 
two 3-digit BCD ASCII messages with a resolution of one part in 1000. In­
cluded on the module are two 01 A converters capable of 0 V to 10 V outputs 
at 5 rnA. The output accuracy is 0.1 percent of full scale ± 1/2 lSB. 

The module can operate in one of three basic modes: load X channel; load V 
channel; or load X and V channels_ In addition, a 20-~s Data Ready pulse is 
generated by the EaT character for use in Z-axis control required by such 
devices as the Tektronix Model 611 storage scope or equivalent. For added 
convenience and versatility, a program-controlled flop signal is provided for 
functions such as controlling the pen up/pen down motion in an XV plotter. 

Serial Input/Output Option (PDM70-J)-serves as both a destination and a 
source interface that can receive and transmit serial ASCII characters to 
and from the R- and T-Buses. Typical applications include usage with Tele­
typewriters, processor interfaces, acoustic modems, and DIGITAL'S RT02 and 
VT05 terminals. Accordingly, both a TTl-to-20mA current loop converter and 
an EIA level converter are provided to make the module compatible with the 
varying types of equipment. 

• A message in this case contains the information from a single channel . 

•• A message in this case contains the information from four channels. 
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The module contains separate 64-character first-in-first-out (FIFO) buffers for 
the receive and transmit operating modes. An address decoder identifies in­
dependently the source and destination addresses which enable the trans­
mitter and receiver, respectively. An echo feature is provided whereby a mes­
sage transmitted from a peripheral device can return to that peripheral by 
addressing the module with both its source and destination in one command. 

B-Bit Parallel Input/Option (PDM70-M)-receives and transmits B-bit parallel 
characters to and from the R- and T-Buses. The characters received from 
the serial R-Bus are converted to parallel information by a UART and stored 
in a first·in·first·out buffer (FIFO) capable of storing 64 words. When the 
FIFO output is ready, a Data Strobe pulse is generated which causes the first 
word stored in the FIFO to be transferred to the peripheral device. The ex­
ternal device responds by asserting its Device Ready output which causes 
the next sequential word to be read from the FIFO. The message length is 
determined by the master controller recognizing an EOT character. This 
module is suitable for any device capable of handling B·bit bytes such as a 
line printer, terminal, or computer. 

Serial Input/Output Option" (PDM70-JR)-represents a powerful systems tool 
for PDM70 applications requiring remote, unattended operation or for use in 
terminal concentrator systems. This module includes features such as: 

• Remote clear capability. 

• 64-character message buffering. 
• Choice of two delimiter characters to match various software system needs 

-one fixed and the other variable. 

• User-selectable timer to warn host computer of loss of input data to 
PDM70. 

• Direct interface to Bell 103E modem (or equivalent). 

• EIA and 20 mA current loop interfaces. 

• Control signals for teletypewriter reader/punch. 

Data from terminals is more easily handled with the message-buffered serial 
input. Up to 64 characters of operator-keyed data can be entered from a 
terminal before the message terminator is entered. This message buffering 
permits a number of terminals or other devices to operate with the same 
PDM70 and thus share a common input line to the computer. 

The remote clear and selectable time-out features offer safeguards in appli­
cations where the PDM70 is unattended. The remote clear permits the host 
computer to override the program in the PDM70 and brings up a program 
contained in the PDM70'N Programmable Read·Only Memory option. In a 
similar manner, the timer will clear the PDM70 program if there has not been 
an input from a given option in a preselected time period. These features, 
plus the direct interface to the Bell 103E, simplify connection to the dial-up 
phone network for unattended data collection systems. 

Foundation Option (POM70-SD)-is both a source and destination module 
that provides all required logic for interfacing to the PDM70 serial bus. Typi· 
cal applications for the Foundation Module include customer·built interfaces 
to tape cassette drives, semiconductor buffer memories, pulse counters, and 
automatic dialing circuits. 
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The rear of the module is notched to accept a 44-pin edge card connector to 
provide a convenient access to external input and output points. In addition, 
IC mounting pads with wire wrappable pins are made available for custom 
logic designs. These pads can accommodate either 23 16-pin, or 18 16-pin 
and 3 24-pin IC's, or 18 16-pin, 2 40-pin, and 1 24-pin IC's. Pins are also 
provided to interface with the PDM70 logic on the module, the 44-pin con­
nector on the rear of the module, and +5V, ± 15 V and ground. 

All communications between this option and the PDM70 are accomplished 
serially, under program control, at the system baud rate. All communica­
tions between this option and the external pin connections are accomplished 
in parallel. Eight data lines in, eight data ·/ines out, and the required control 
signals are provided to accomplish the data transfers. 

APPLICATIONS 

Example 1: 
Problem: The sulfer dioxide concentration must be measured at four locations 
remote from the main plant and the results transmitted back to a computer 
at the plant once every hour. It is desired to control the signal sampling at 
the remote location as well as from the comp~ter. 

Solution: Using sulfur dioxide analyzers providing analog output, a PDM70-B 
(with keyboard and display) is used with the following option modules: 

• One PDM70-F Four Channel Differential Analog Input Option Module to ac· 
cept signals from sulfur dioxide analyzers. 

• One PDM70-P Programmable Control Module to permit local programming 
of the PDM70. 

• One PDM70-JR Serial Input/Output Option Module to allow transmission 
of data to computer. 

Example 2: 
Problem: A laboratory has two analytical pH meters aner one digital volt· 
meter. There is no access to a computer, but it is desired to maintain flexi· 
bility in the instrumentation to facilitate computerization in the future. For 
now, the requirement is simply to record voltage vs. time on a strip chart 
recorder and to print out pH values on a 21-column printer at predetermined 
time intervals. A fixed program sequence will be utilized most of the time, 
although it is planned to enter different pr.ograms in the future. 

Solution: Utilizing pH meters and a digital voltmeter with standard BCD out· 
put, a PDM70·B (with keyboard and display) is used with the fol/owing op· 
tion' modules: 
• Three PDM70-D BCD/Binary Input Modules to accept BCD signals from 

the pH meters and the digital voltmeter. 

• One PDM70-H Two Channel Analog Voltage Output Module to provide ana· 
log voltage output to a strip chart recorder to monitor voltage vs. time. One 
channel remains for future expansion. 

• One PDM70·M 8-Bit Parallel Input/Output Option Module to output data 
showing pH measurements to two 21 column printers. 

• One PDM70'P Programmable Control Module to allow local programming 
of the PDM70 . 

• One PDM70·N PROM Read·ln Option Module to permit "automatic" pro­
gramming of an often·used program by inserting this permanently pre· 
programmed module. 
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The above application examples illustrate the flexibility of the PDM70. Each 
application was solved by choosing the best basic unit for the user's needs 
and choosing the proper combination of option modules from the PDM70 
module library. ~ 

SPECIFICATIONS 

Basic System: 

Data Format 

Speed 

Input Voltage 

Power/Heat Dissipation 

Mounting 

Length 
Width 

Height 

Weight (max.) 

Storage Temperature 

Operating Temperature 

Relative Humidity 

Keyboard 

Display 

Standard ASCII asynchronous code format of 7 
bits plus even parity 

39,600 baud (int~rnal); also provided are switch­
selectable rates of 110, 150, 300, 600, 1200, 
1800, 2400, 3600, 4800, and 9600 baud 
PDM70-AA, -BA, -CA: 115 Vac @ 7A, 

50/60 Hz 
PDM70-AB, -BB, -CB: 230 Vac @ 5 A. 

50/60 Hz 

250 W /858 Btu/hr (12.3 kg-calories/hr) 
Table-top, standard; rack mount, optional 

23 inches (0.58 m) 
19 inches (0.48 m) 

5% inches (0.13 m) 

55 Ibs (25 kg) 

-40°F to 185°F (-40°C to 85°C) 

32°F to 104°F (O°C to 40°C) 

95 percent maximum with no condensation 

30 ASCII characterS; 16-pad keyboard with shift 
key 

Displays single 32-character line, each character 
5 x 7 dot matrix; 64 alphanumeric character set, 
coding is modified ASCII 
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RTOI 
DATA ENTRY TERMINAL 

The RT01 is a compact, portable data entry terminal designed for simple, 
serial interactive communication with a computer. The terminal consists of 
a 16-character keyboard, a communications interface module, status indi­
cators, and a power supply. A numeric display is optional. 

The 16-character keyboard contains the numeric characters 0 through 9, 
and the alphabetic characters A through F. The RTOI transmits the key 
codes and receives at rates of 110 and 300 baud standard. 

The RT01 is prewired to accept a numeric display option which enables the 
RT01 to display numeric data, 0 through 9, and a decimal point. The decimal 
point is program-controlled; its particular location depends on the data or 
character codes received. Optional numerical display clusters of 4, 8, and 12 
characters are available. A plus-or-minus sign can be substituted for a nu­
meric character. 

Communicating with a computer using the RT01 is similar to using a teletype­
writer. However, the 16-pad keyboard is not just limited to a 16-character 
repertoire. There can be virtually countless numbers of functions as deter­
mined by the user. By using simple programming techniques, the 16 char­
acters can be software-interpreted as commands, or instructions. For exam­
ple, in stockroom applications, the keyboard alpha characters might be as­
signed in the following manner: 

552 



Character 
A 
B 
C 

Function 
Employee Number Follows 
Part Number Follows 
Cost Center Follows 

The RT01 can be connected directly to modems, data phones, acoustic cou­
plers, and other EIA/CCITIcompatible devices_ Or, it may be connected 
directly to a computer via its 20 mA current loop interface. 

RTOI MODELS 

110 baud 
300 baud 

RTOI OPTIONS 

RT01-NA 
RT01-NB 
RT01-NC 

115 Vac 
RT01-AA 
RT01-BA 

Four-digit display 
Eight-digit display 
Twelve-digit display· 

230 Vac 
RT01-AB 
RTOI-BB 

RTOI SPECIFICATIONS 

Data Transmission EIA/CCITI and 20 mA current loop available 

Jumper selectable transmit/receive rates: 
UO, 150, 300, 600, 1200, 2400, 4800 baud 

Height 6.5 in. (16.5 cm) 

Width 12.5 in. (31.98 cm) 

Depth 15 in. (38.1 cm) 

Weight 12 Ib (5.4 kg) 

Power Requirements 15 to 125 Vac or 210 to 250 Vac 47 to 63 Hz 

Power Dissipation 30 W maximum 

Environmental Requirements 

Temperature 30° to 130° F 
(-1 ° to 54°C) 

Relative Humidity 10 to 90%, without condensation 

Optional Display 4-, 8-, or 12-character tube display 
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RT02·A 
ALPHANUMERIC DATA 

ENTRY TERMINAL 

The RT02-A Alphanumeric Terminal is a low-cost data entry terminal offering 
both local and remote operation and featuring 20 mA current loop and EIA 
serial line compatibility. It can receive, store, and display 32 alphanumeric 
characters on a single line, gas-discharge type readout panel. Character re­
pertoire is a modified 64-ASCII set. 

Data is entered via a 16-pad keyboard which includes a shift key to enable 
entry of a full 30 characters that the monitoring computer may interpret as 
either numeric data or control functions. 

Interfacing to a computer is accomplished via a standard full-duplex, 4-wire 
data communications interface. Modem interface signals corresponding to 
EIA RS-232-C specifications are also provided. 

Two RT02-A models are available: The RT02-AA for 115-Vac facilities, and the 
RT02-AB for 230-Vac facilities. 
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SPECIFICATIONS 

Character Set: 

Number of Character 
Screen Positions: 

Character Generation Method: 

Display Color: 
Display Viewing Angle: 

Character Format: 

Data Transmission: 

Transmit/Receive Rates: 

Power Requirements: 

Power Dissipation: 

Operating Temperature: 
Relative Humidity: 

Height: 

Width: 
Depth: 
Weight: 

.It 

64-character modified ASCII, upper case 

32 

5 X 7 dot matrix 

Red 
120 0 

8 level asynchronous serial ASCII 
2 stop bits (110 baud) 
1 stop bit (150, 300, 1200 baud) 

EIA/CCITT and 20 mA current 
loop available 
Switch-selectable: 

110/110 baud, TTY+EIA 
150/150 baud, TTY+EIA 
300/300 baud, TTY+EIA 
1200/1200 baud, EIA 
110/1200 baud, EIA 
150/1200 baud, EIA 

RT02-AA: 105~125 Vac, 47-63 Hz 
RT02-AB: 210-250 Vac, 47-63 Hz 

50 W maximum 
32 0 to 104 OF (0 0 to 4Qo C) 

o to 90%, without condensation 

5.75 in. (14.6 cm) 

14.38 in. (36.5 cm) 

i6.25 in. (41.3 cm) 
14 Ib (6.3 kg) 
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RT02·B 
FULL KEYBOARD 

ALPHANUMERIC TERMINAL 
I TERMINAL I 

The RT02-B is a compact, lightweight, self-contained alphanumeric display 
terminal designed to provide interactive communications with a computer in 
configurations where a limited alphanumeric display storage capability is re­
quired. The RT02-B receives, stores, and displays 32 alphanumeric characters 
on a single-line gas discharge type readout panel from a 64-character reper­
toire (modified ASCII). Data entry is by means of a full keyboard to furnish 
a 128- or 96-character input to the computer; input information may be 
treated by the monitoring computer as either numeric data or control func­
tions. Terminal-to-computer interfacing is via standard 20 mA current loop 
line units (full duplex, 4-wire interface cable) that are available for all DEC 
computers. The RT02-B also receives and transmits modem interface signals 
that comply with Electronic Industries Association (EIA) RS-232-C specifica­
tions. Either Teletype or EIA signals are exchanged with data communications 
devices by means of separate connectors provided as standard equipment 
on the RT02-B. 

Two RT02-B models are available: The RT02-BA for l15-Vac facilities, and 
the RT02-BB for 230-VAC facilities. 
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SPECIFICATIONS 

Character Set: 
Number of Character 

Screen Positions: 

Character Generation Method: 
Display Color: 
Display Viewing Angle: 

Chara~er Format: 

Data Transmission: 

Transmit/Receive Rates: 

Audible Signal: 

Power Requirements: 

Power Dissipation: 
Operating Temperature: 
Relative Humidity: 

Height: 
Width: 
Depth: 
Weight: 

;J 

64-character modified ASCII, upper case 

32 

5 X 7 dot matrix 
Red 
1200 

8 level asynchronous serial ASCII 
2 stop bits (110 baud) 
1 stop bit (150, 300, 1200 baud) 

EIA/CCITT and 20 mA current 
loop available 
Switch-selectable: 

110/110 baud, TTY+EIA 
150/150 baud, TIY+EIA 
300/300 baud, TTY+EIA 
1200/1200 baud, EIA 
110/1200 baud, EIA 
150/1200 baud, EIA 

Under software control when ASCII bell 
code received (007). 
Jumper option for local audible signal when 
28th character displayed. 
RT02-BA: 105-125 Vac, 47-63 Hz 
RT02-BB: 210-250 Vac, 47-63 Hz 

50 W maximum 
32° tol04°F (0° to 40°C) 
o to 90%, without condensation 

5.75 in. (14.6 cm) 
14.38 in. (36.5 cm) 
16.25 in. (41.3 cm) 
15 Ib (6.3 kg) 
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RT02·C 
BADGE READER TERMINAL I TERMINAL I 

The RT02-C Badge Reader is a self-contained, remote data entry terminal. 
This device offers a reliable method of identifying and controlling access to 
a computer and a very fast method of entering fixed data. Fixed alphanumeric 
data entry is accomplished via a 22-column static optical badge reader with 
no moving contacts; variable alphanumeric data and control entry is accom­
plished by means of a 16-key, 30-character keyboard. The alphanumeric dis­
play permits complete interaction between the computer and the operator; 
instructions to the operator, therefore, can be tailored to the specific applica­
tion. 

Options are available which allow a combination of controls over the audible 
signal, function lights, badge ejector, and keyboard lockout. This versatility 
permits the user to configure the terminal to offer a specific response to a 
badge input. 

The standard terminal contains both EIA and 20 mA interfaces. All communi­
cation is ASCII coded. 
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SPECIFICATIONS 

RT02-CA Type III Badge Reader 115 Vac, 47-63 Hz 

RT02-CB Type III Badge Reader 230 Vac, 47-63 Hz 

Reader Type: 
Badge Types: 

Badge Size: 

Badge Rem~val: 

Audible Signal: 

Indicator Lights: 

Badge Reread: 

Keyboard Lockout: 

Display: 

Keyboard: 

Data Input/Output: 

Transmit/Receive Rates: 

Character Format: 

Height: 

Width: 
Depth: 

Weight: 
Power: 

Temperature: 

Static optical type utilizing photo diodes 

Type III, plastic punched, 22 columns X 10 rows 
Hollerith encoded alphanumerics. Maximum 22 
characters. 
Type III, 2.43 in. (6.2 em) X 3.25 in. (8.3 cm); 
.018 in. (.045 em) to .030 in. (.076 cm) thick 

Ejector under program or local control; jumper 
selectable. 
0.5 second beeper under program or local control; 
jumper selectable. 
"Accept" and "Reject" under program or local 
control; jumper selectable. 
A reread of badge initiated by receipt of "NAK" or' 
.. ENQ .... 

Automatic during badge read cycle. May be also 
locked out as user jumper option until enabled 
by computer. -

32-character position, alphanumeric. 64-character 
modified ASCII set. 
16-key, 30-character (with shift), sealed. 

TTY, 20 rnA, optically isolated current loop. EIA 
RS·232C. 
Switch-selectable: 
110/110 baud, TTY+EIA 
150/150 baud, TTY+EIA 
300/300 baud, TTY+EIA 
1200/1200 baud, EIA 
110/1200 baud EIA 
150/1200 baud, EIA 
8 level asynchronous serial ASCII 
2 stop bits (110 baud) 

. 1 stop bit (150, 300, 1200 baud) 
Even .parity 

12 in. (30.5 cm) 

14.38 in. (36.5 cm) 

15.88 in. (40.3 em) 
20 Ib (9 kg) 

65 W maximum 
32° to 113°F (0° to 45°C) 

The RT02-C can be modified to read the first 22 columns of an 8D-column 
paper card in the same manner it reads Type III plastiC badges. The modifi­
cation requires the installation of a set of card guides internal to the badge 
reader. Once the modification is installed, Type III badges can no longer be 
inserted. 
Card guides are available upon request. 
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CUSTOM TERMINALS 

If one of our standard data entry terminals does not meet your needs, 
you will want to take advantage of our Custom Terminal capabilities. For 
large volume requirements (typically, more than 50 units), we can sup· 
ply modified versions of our standard terminals built to your specifica­
tions. 

560 



VTSO 
DECscope TERMINALS 

The VT50 DECscope is an alphanumeric video display ideally suited for either 
quantity usage as remote data terminals in a large timesharing network or 
as a single station for local I/O applications. The extremely low cost of the 
VT50 benefits the user by providing a fast video capability at a price com­
parable to conventional teletypewriters. 

The character set consists of the standard 64 ASCII upper case characters. 
A 20 mA current loop interface is standard equipment; EIA levels conform­
ing to standard RS232-C may be optionally provided. Switch-selectable, full­
duplex transmission rates of 75, 110, 150, 300, 600, 1200, 2400, 4800, and 
9600 baud are available to satisfy a wide range of transmission facilities. All 
of these communication features combine to make the VT50 a truly universal 
and easy-to-interface video terminal. 

VT50 operation is simple since al/ programming commands may be accom­
plished by nontechnical personnel having no computer or programming 
skills. Data and control information are easily entered via the keyboard, 
which is similar to a typewriter in symbol placement. The screen displays 
up to 960 characters-12 lines, each containing 80 characters. A flashing 
underline, or cursor, indicates where the next character will appear on the 
screen. The latest 12 lines of information are always displayed for user ref­
erence. Type P4 phosphor is used for maximum character intensity. allow­
ing the VT50 to be used under most room lighting conditions. 
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Dimensions 

Weight 

Environmental 

Case Material 

Input Voltage 

Display 

Keyboard 

Terminal Modes 

Page Overflow 

Parity 

Cursor 

Communications 

Transmission Code 

Operator ,Controls 

SPECIFICATIONS 

Height: 360mm (14.1 in) 
Width: 530mm (20.9 in) 
Depth: 690mm (27.2 in) 

19.4 KG (43 Ibs) 

Temperature: 10°C to 40°C (50°F to 104°F) 
Relative Humidity: 10% to 90% with maximum 
Wet Bulb 28°C (82°F) and Minimum Dew Point 
2°C (36°F) 

Noryl SE-100 Plastic (Polythenylene Oxide Modified 
with Polystyrene) 

115 Volts: 
100 to 126 Volts @ 60 Hz ± 1 Hz 
European Versions-
200 Volts: 
191-238 Volts @ 50 Hz ± 1 Hz or 60 Hz ± 1 Hz 
240 Volts: 
209-260 Volts @ 50 Hz j: 1 Hz or '60 Hz ± 1 Hz 
Japanese Versions Available 

Format: 12 Unes x 80 Characters 
Character Matrix: 5 x 7 
Character Size: 2.7mm x 5.0mm (.11 in x 20 in) 
Screen Size: 220mm x 1l0mm (8.7 in x 4.3 in) 
Capabilities: Control data transmission at high baud 
rates; will contain fORTRAN or COBOL full-card 
images; character intensity operator-controlled 

Character Set: 64 ASCII Upper Case, -Alpha, Nu­
meric, and Punctuation Characters 
Typewriter Format Keyboard 
Audio Response Mechanism for Operator Feedback 
3-Key Rollover Feature for Minimizing Errors 
BREAK Key InclUded for Half Duplex Software 

Local Mode (Off-Line) 
Remote Mode (On-Line): Full Duplex or Full Duplex 
with Local Copy 

Upward Scroll 

Even or Mark (No Parity), Selectable 

Control: Up or Down One Line, Right or Left One 
Character, Home 
Type: Non-Destructive, Underscore 

< ' 

20 rnA Current Loop Standard; EIA Interface Op­
tional 

USASCII Extended Through Esceape Sequences 

Power On/ Off, Intensity Control, Baud Rate Switch, 
Full Duplex or Full Duplex with Local Copy Switch, 
Copier Controls, Data Transmission Controls 
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Overload Protection 

Transmission Rates 

Optional Features 

Thermal Switch in line Transformer 

Switch-Selectable 
Full Duplex: 75, 110, 150, 300, 600, 1200, 2400, 
4800, and 9600 Baud 
Full Duplex with Local Copy: 110, 600, 1200, 2400, 
4800, and 9600 Baud 

For a complete, up-to-date listing of optional fea­
tures, contact your local DIGITAL s~les office. 
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LA36 
DECwriter II TERMINALS 

The LA36 DECwriter II is a fast, reliable, and low-cost data terminal that pro­
vides an ideal hard copy capability for both remote and local I/O applications. 
A true 30-cps throughput rate is provided for full utilization of a 300·baud 
communications line. This is achieved by eliminating the need for fill char­
acters and storing executable characters in a 16-character buffer during 
carriage return and line feed. When there is more than one character in the 
buffer, the LA36 automatically switches to 60-cps operation until all char· 
acters stored in the buffer have been printed. In this way, true 30-cps 
throughput is maintained. 
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Six-part forms printing is a standard feature of the LA36. This is made pos­
sible by using highly reliable,tractors such as those found on high-speed 
computer line printers. 

The LA36 makes 132-column printing a standard for keyboard printers. The 
use of tractors and 132-column printing means that the LA36 can be adjusted 
to accommodate all form sizes from 3 to 14% inches in width. A simple 
manual adjustment permits pre-printed forms to be positioned in exact 
vertical alignment. 

Every LA36 includes the ASCII complement of 96 upper and lower case print­
ing"tharacters. With an additional 32 non-printing control characters, the full 
128 ASCII set is supported. Characters are printed using a 7x7 wire matrix 
print head. This field-proven print head is designed to have the longest life 
in the industry. Horizontal spacing is 10 characters per inch; vertical spacing 
is 6 lines per inch. 

With little training,typists will feel comfortable with the LA36's typewriter­
like key layout, and the quiet operation of the LA36 makes it well suited for 
use in an office environment. 

The LA36 incorporates three design features to ensure clear visibility of the 
printed line. The cabinet top is beveled to permit unobstructed view by a 
seated operator; the ribbon is positioned away from the paper surface in 
order to improve readability; the print head automatically moves four 
spaces to the right during a pause in the printing operation of 800 milli­
seconds or longer, giving the operator an unobstructed view of the full line 
being printed. 

The LA36 uses an integrated 20 mA current loop interface with a jumper for 
active or passive mode operation. Other interfaces, such as EIA, are option­
ally available. 

Printing 

Characters 

Paper 

Keyboard 

Interface 

Ribbon 

Power Requirements 

SPECIFICATIONS 

True 30·cps throughput with 6O-cps catch-up mode 

132-column format 

Spacing-IO·inch horizontal, 6-inch vertical 

Full 96-character upper/lower ·case ASCII 7x7 dot 
(wire) matrix (0.070 x 0.100 inches) 

Variable width, 3 to 14'l's inches (7.6 to 38cm) 

Up to 6-part forms, 20 mils maximum pack thick­
ness 

Tractor drive, pin feed 

Standard ANSI keyboard layout, N-key roll-over 

Integrated 20 rnA current loop 

DIGITAL·specified Nylon fabric, spool assembly, 0.5 
inches wide x 40 yards 

90-132 Vac or 180-264 Vac, 47-63 Hz 
300 W maximum (printing), 160 W non-printing 
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Temperature 

Humidity 

Dimensions 

Weight 

Optional Features 

Operating: 50°F (lOo'C) to 104°F (40°C) 

Non-operating: -40oF (-40 0 C) to 151°F (66°C) 

. Operating: 10% to 90% with max. wet bulb 82°F 
(28,OC) and minimum dew point 36°F (2°C) non· 
condensing 

Non-operating: 5% to 95% relative humidity non­
condensing 

27.5 in. (70 cm) wide, 33.2 in. (84 cm) high, 24.0 
in. (61 cm) deep 

102 pounds (46 kg) 

For a complete, up-to-date listing· of optional fea­
tures, contact your local DIGITAL sales office. 
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Cabinets for DEC systems are manufactured in this portion of DEC's recently 
op0ned Westfield, Massachusetts r:-roductlon facility. 
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HARDWARE/CABLE ASSEMBLIES/POWER SUPPLIES 

Hardware is subdivided into several subgroups in this publication: cabinets, 
mounting panels, system units, cable connectors, blank module boards, 
module extender boards, integrated circuit (IC) sockets, integrated circuits 
(ICs), wire wrapping tools and accessories, etc. Within each subgroup, the de­
scriptions of the items are arranged· in alphanumeric order. Most of the 
hardware described in this publication is more completely described in the 
HARDWARE/ACCESSORIES CATALOG published by Digital Equipment Cor­
poration. 

Cable assemblies are subdivided into several subgroups in this publication 
according to the type of cable connector(s) and according to the type of 
cable. For example, 20-conductor, flat ribbon cable with single-sided connec­
tors comprise one subgroup, and 40-conductor, flat mylar cables with double­
sided connectors comprise another subgroup. Bulk cables are listed at the 
beginning of Cable Assembly descriptions. Bulk cable is more completely 
described in the HARDWARE/ACCESSORIES CATALOG published by Digital 
Equipment Corporation. 

Power supplies are subdivided into several subgroups in this publication 
according to their usual use. For example, +5 Vdc Positive Logic Power 
Supplies comprise one subgroup, System Power Supplies comprise another 
subgroup, and Step-Down Transformers and Power Controllers comprise an-

a other subgroup. Power supplies are more completely described in the 
HARDWARE/ACCESSORIES CATALOG published by Digital Equipment Cor­
poration. 
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I:If\RDWARE 
. CABINETS AND CABINET ACCESSORIES 
Digital 'Equipment Corporation offers two basic cabinet frames, standard 
size and short size, and a complete line of cabinet accessories and hard­
ware. Both sizes accept panels or equipment designed to mount in stan­
dard 19-in. (48.26-cm) electronics cabinets or racks. The standard size cabinet 
frame provides 63.0 in. (160.0 cm) of vertical mounting space at the front 
and rear, and the short cabinet frame provides 42.0 in. (106.7 cm). The 
cabinet frames are rigidly constructed of 12 and 13 gauge steel, either riveted 
or welded together. 

Basic color of cabinet is black. Gray is used for end panels and the inlay of 
the cover panels. -

These cabinet frames offer complete flexibility and expandability to present 
and future Digital Equipment Corporation customers, single users, multiple 
users, and original equipment manufacturers. The enclosure area in these 
cabinets is adaptable to customer-designed hardware, logic module racks, 
power supplies, computer systems and peripherals. 

The cabinets can be placed individually or attached to form a multibay con­
figuration. The accessories and hardware available include front and rear 
doors, panel mounting door frames and .door skins, end panels, bezel and 
logo panels, blower fans, and power controllers . 

.. 
Standard Size Cabinets and Accessories 
Seven basic cabinet configurations (H960-BC, H960-BD, H960-CA, H960-CB, 
H961-A, H961-AA, and H961-AB) are available in the standard size cabinet 
series. The H961-A, -AA, and -AB are intended primarily for add-on con­
figurations. The standard size cabinet is 71.5 in. (181.61 cm) high and 
provides 63.0 in. (160.0 cm) of vertical mounting space at the front; an 
additional 63.0 in. of mounting space is available at the rear of the cabi­
net .. These cabinets are configured to meet the requirements of most cus· 

. tomer applications. ' 

All standard size cabinets are configured around the basic H950-AA Cabinet 
Frame. These cabinet frames are drilled with 0.25-in. (O.64-cm) diameter 
holes at standard EIA spaCings to accommodate equipment, panels, or de·· 
vices which are designed to mount in standard 19-in. (48.26-cm) electronics 
cabinets or racks. Some of the cabinets contain an 861-A, 861-B, or 861-C 
Power Controller for distribution and control of the main power to the equip­
ment installed. Six of the cabinet configurations include a rear mounting 
panel door frame, which is also drilled with 0.25-in. (O.64-cm) diameter holes 
at standard EIA spacings; this mounting panel door frame allows the equip­
ment and devices mounted on it to be swung out for maintenance or adjust­
ment. Optional accessories as specified by the customer can be added to 
any of the available configurations. The parts and accessories included with 
each of the seven standard size cabinet configurations are listed in Table 1, 
which also lists the optional accessories that are available for use with these 
cabinets. All cabinets are completely assembled before shipment. 

Figure 1 illustrates a typically configured standard size cabinet front. Figure 
2 illustrates the installation of typical accessories on a standard size cabinet 
frame, and Table 2 identifies and describes these accessories. Complete 
descriptions of the H950-AA Cabinet Frame and the accessories for standard 
size cabinet frames are contained in the HARDWARE/ACCESSORIES CATA­
lOG published by Digital Equipment Corporation. 
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~ ~~l i Standard Cabinets 
~~I~ ~II'''' ~I~ H960"ac, H960-BD, H96O-CA, H96O-CB, 
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1 1 1 

1 1 1 1 
111 

111 

111 

Catalog No. 

H950-AA 

H950-BA 
H950-CA 
H950·DA 

H950·EA 

H950·FA 
H950-HA 
H950·HB 

H950·HC 

H950·HD 

H950·HE 

H950·HF 
H950-HG 

H950-HH 

H950·HJ 

H950·HK 
H950-JA 

H950·JE 

H950·LA 
H950-LB 
H950·PA 
H950'QA 
H950,SA 
H952-AA 
H952·BA 
H952,CA 
H952·CB 
H952·EA 

H952·FA 

H952-GA 

H950-G 
H952-HA 
H970·8A 
H970-CA 
74-06782 
74-06793 
12·09154 
12-09703 
861·A 
861-B 

861·C 

Description 

Cabinet Frame, 19 in. wide, 69 in. high, 25 
in. deep 
Full Door (RH) (front or rear mounting) 
Full Door (LH) (front or rear mounting) 
Mounting Panel Door Frame (RH) (rear 
mounting) 
Mounting Panel Door Frame (LH) (rear 
mounting) 
Mounting Panel Door Skin 
Short Door (covers 21 in. mounting space) 
Short Door (covers 22% in. mounting 
space) 
Short Door (covers 26% in. mounting 
space) 
Short Door (covers 31 % in. mounting 
space) 
Short Door (covers 36% in. mounting 
space) 
Short Door (covers 42 in. mounting space) 
Short Door (covers 47% in. mounting 
space) 
Short Door (covers 52% in. mounting 
space) 
Short Door (covers 57% in. mounting 
space) 
Short Door (covers 63 in. mounting space) 
Short Door (covers 21 in. mounting space) 
(used with H952-BA installed) 
Short Door (covers 63 in. mounting space) 
(used wiJh H952·BA installed) 
Logo Frame Panel (aluminum) 
Logo Frame Panel (plastic) 
5 1,4 in. Bezel Cover Panel 
10% in. Bezel Cover Panel 
Filter (for H952-BA or H952·CA) 
End Panel (require 2 per cabinet) 
Stabilizer Feet (pair) 
Fan Assembly (top mounted) (115 Vac) 
Fan Assembly (top mounted) (230 Vac) 
Caster Set (4 per set, included with H950-AA 
frame) 
Leveler Set (4 per set, included with 
~950-AA frame) 
Filler Strip Set (front and rear) (joining two 
jeabinets) 
Cabinet Table 
Free-Standing Table 
Free-Standing Table 
Free-Standing Table 
Kickplate (use with H952-BA) 
Kickplate 
Drawer Mounting Slides 
Drawer Mounting Slides (tilt) 
Power Controller (90--130 Vac, two phase) 
Power Controller (180--270 Vac, single 
phase) 
Power Control/er (90--135 Vac, single 
phase) 
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Table 2 
Standard Cabinet Frame H950-AA and Accessories 

Figure 
2 

Item Part No. 

1 H950-DA 
1 H950-EA 
2 H950-BA 
2 H950-CA 
3 H950-SA 
4 74-06706 
5 H952-CA 
5 H952-CB 
6 H952-AA 
7 H952GA 
8 H950-LB 
8 H950-LA 
9 H950-PA 

10 H950-QA 
11 H950-G 
12 H950-HA 
·12 H950-HB 
12 H950-HC 
12 H950-HD 
12 H950·HE 
12 H950-HF 
12 H950-HG 
12 H950-HH 
12 H950-HJ 
12 H950-HK 
13 H952-FA 
14 74-06782 
14 74-06793 
15 H952-BA 
16 H952-EA 
17 74·11606 
18 H950-AA· 

Description 

Mounting Panel Door Frame (right hanging) 
Mounting Panel Door Frame (left hanging) 
Door, Front or Rear Mounting (right hanging) 
Door, Front or Rear Mounting (left hanging) 
Air Filter 
Fan, Cover Plate 
Fan Assembly (115 Vac) 
Fan Assembly (230 Vac) 
End Panel (left or right side) 
Filler Strip Set (front or rear) 
Frame Panel (plastic) 
Frame Panel (aluminum) 
Bezel Cover Panel, 5_25 in. (13.34 cm) 
Bezel Cover Panel, 10.50 in. (26.67 cm) 
Tabletop Assembly 
Short Door, covers 21.00 in. (53.34 cm) mounting space 
Short Door, covers 22.75 in. (57.79 cm) mounting space 
Short Door, covers 26.25 in. (66.68 cm) mounting space 
Short Door, covers 31.50 in. (80.01 cm) mounting space 
Short Door, covers 36.75 in. (93.35 cm) mounting space 
·Short Door, covers 42.00 in. (106.68 cm) mounting space 
Short Door, covers 47.25 in. (102.02 em) mounting spaee 
Short Door, covers 52.50 in. (133.35 cm) mounting space 
Short Door, covers 57.75 in. (146.68 cm) mounting space 
Short Door, covers 63.00 in. (160.02 em) mounting space 
Leveler Set (4) 
Kickplate (used with H952-BA stabilizer feet) 
Kickplate 
Stabilizer Feet (pair) 
Caster Set (4) 
Bottom Screen' 
Frame, 19.00 in. (48.26 cm) wide, 69.00 in. (175.26 cm) 
high, 25.00 in. (63.50 cm) deep 
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and Short Door Configuration 
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Figure 2. H950-AA Standard Cabinet Frame 
and Accessories· 
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Front view of H950 frame. Rear view of H950 frame. 
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How to Order a Standard Size Cabinet Assembly 
Determine if one of the seven basic cabinet assembly configurations 
(H960-BC, H960-BD, H960-CA, H960-CB, H961-A, H961-AA, or H961-AB) 
will fulfill your requirements by referring to Table 1 and comparing the items 
that comprise each configuration. 

If one of these basic configurations will satisfy your requirements, you can 
order the completely assembled cabinet by specifying that cabinet assembly 
number; e.g., H960-BC, H960-BD, H960-CA, H960-CB, H961-A, H961-AA, or 
H961-AB. In addition to the accessorie~ included in the seven configurations, 
optional accessories are available, e.g., short doors, a cabinet table, and 
drawer mounting slides. 

If one of the basic configurations will not fulfill your requirements, you can 
"build up" and order a cabinet that will suit your specific requirements by 
ordering an H950-AA standard size frame and the accessories (by speci"ic 
part numbers) that you require. The frame and the accessories that you selec, 
will be shipped completely assembled. 

Short Size Cabinets . .and Accessories 
Five basic OJbinet configurations (H967-BA, H967-BB,CAB-I, CAB-J, and 
CAB-K) are available in the short size cabinet series. CAB-K is intended pri­
marily for add-on configurations. The short size cabinet is 50.0 in. (127.0 
cm) tall and provides 42.0 in. (106.7 cm) of vertical mounting space at the 
front; an additional 42.0 in. (106.7 cm) of mounting space is available at 
the rear of the cabinet. These cabinets are configured to meet the require­
ments of most customer applications. 

All short size cabinets are configured around the basic H957-AA Cabinet 
Frame. The. cabinet frames are drilled with 0.25-in. (O.64-cm) diameter 
holes at standard EIA spacings to accommodate equipment, panels, or de­
vices that a" deSigned to mount in standard 19-in. (48.26-cm) electronics 
cabinets or racks. Two of the cabinets contain power controllers for dis­
tribution and control of the main power to the equipment installed. Three of 
the cabinet configurations include a rear mounting panel door frame, which 
is also-drilled with 0.25-in (O.64-cm) diameter holes at standard EIA spacings; 
this mounting panel door frame allows the equipment and devices mounted 
on it to be swung out for maintenance or adjustment. Optional accessories as 
specified by the customer can be added to any of the available configurations. 
Table 3 lists the parts and accessories included in each of the five short size 
cabinet configurations; Table 3 also lists the optional accessories that are 
available for use with these cabinets. All cabinets are completely assembled 
before shipment. 

Figure 3 illustrates a typically configured short size cabinet front. Figure 4 
illustrates the installation of typical accessories on a short size cabinet frame, 
and Table 4 identifies and describes these accessories. Complete descrip­
tions of the H957-AA Cabinet Frame and the accessories for short size cabi­
net frames are contained in the HARDWARE/ACCESSORIES CATALOG pub­
lished by DiSital Equipment Corporation. 
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Table 3 
Short Cabinets 

" - I. -.. -H967-BA H967 BB CAB I CAB J and CAB-K 

Catalog No. Description 

H957-AA Cabinet Frame, 19 in. wide, 47-8/16 in. high, 25 
in. deep 

H957-BA Full Door (RtI) (rear mounting) 
H957·CA Full Door (LH) (rear mounting) 
H957-DA Mounting Panel Door Frame (RH) 
H957-EA Mounting Panel Door Frame (LH) 
H952-HA Free-Standing Table 
H970-BA Free-Standing Table 
H970-CA Free-Standing Table 
H950-HA Short Door (covers 21 in. mounting space) 
H950-HB Short Door (covers 223j.l in. mounting space) 
H950-HC Short Door (covers 261,4 in. mounting space) 
H950-HD Short Door (covers 31 % in. mounting space) 
H950-HE Short Door (covers 36 3,4 in. mounting space) 
H950-HF Short Door (covers 42 in. mounting space) 
H950-JA Short Door (covers 21 in. mounting space) (used 

with H952-BA installed) ~ 

H950-PA Bezel Cover Panel, 5 1,4 in. 
H950-QA Bezel Cover Panel, 10% in. 
H952-BA Stabilizer Feet (pair) 
H952-EA Caster Set (4 per set, included with H957-AA 

Frame) 
H952-FA Leveler Set (4 per set, included witb H957-AA 

Frame) 
H950-G ~abinet Table 
H957-FA End Panel (R end) 
H957-F9" End Panel (L end) 
H957-GA Filler Strip Set (top, front, and rear) (joining two 

cabinets) 
H957-HA Fan Assembly (front or rear mounting) 
H'957-JA Bottom Cover Plate 
H957-LA Logo Frame Panel 
H957-SA Filter (for H957-HA) 
74-06782 Kickplate (use with H952-BA) 
74-06793 Kickplate 
12-09154 Drawer Mounting Slides 
12-09703 Drawer Mounting Slides (tilt) 
861-A Power Controller (90-130 Vac, two phase) 
861~B Power Controller (180-270 Vac, single phase) 
861-C Power Controller (90-135 Vac, single phase) 
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Table 4 
Short Size Cabinet Frame H957·AA and Accessories 

Fig. 4 
Item Part No. Description 

1 H957-BA Full Rear Door (right hanging) 
1 H957-CA Full Rear Door (left hanging) 
2 H957-SA Air Filter 
3 H957-DA Mounting Panel Door Frame (right hanging) 
3 H957-EA Mounting Panel Door Frame (left hanging) 
4 H957-HA Fan Assembly 
5 H957-FA End Panel (right hanging) 
5 H957-FB End Panel (left hanging) 
6 H957-GA Filler Strip Set (top, front, and rear) 
7 H957-LA Logo Frame Panel (plastic) 
8 H950-PA Bezel Cover Panel, 5.25 in. (13.34 cm) 
9 H950-QA Bezel Cover Panel, 10.50 in. (26.67 cm) 

10 H950·HA Short Door, covers 21.00 in. (53.34 em) mounting space 
10 H950-HB Short Door, covers 22.75 in. (57.79 em) mounting space 
10 H950-HC Short Door, covers 26.25 in. (66.68 em) mounting space 
10 H950-HD Short Door, covers 31.50 in. (80.01 cm) mounting space 
11 H952-BA Stabilizer Feet (pair) 
12 1'74-06782 Kickplate (used with H952-BA Stabilizer Feet) 
12 174-06793 Kickplate 
13 ~952-EA Caster Set (4) • 14 ~957-AA Frame, 19.00 in. (48.26 cm) wide, 47.50 in. (120.65 em) 

high,- 25.00 in. (63.50 em) deep 
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and Short Door Configuration 
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Figure 4. H957-AA Short Cabinet Frame and Accessories 
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How to Order a Short Size Cabinet Assembly 
Determine if one of the five basic cabinet assembly configurations (H967-
BA, H967-BB, CAB-I, CAB-J, or CAB-K) will fulfill your requirements by re­
ferring to Table 3 and comparing the items that comprise each configuration. 

If one of the basic configurations will satisfy your requirements, you can 
order the completely assembled cabinet by specifying that cabinet assembly 
number, e.g., H967-BA, H967·BB, CAB·I, CAB-J, or CAB-K. In addition to the 
accessories included in the five configurations, optional accessories are 
available, e.g., short' doors, a cabinet table, drawer mounting slides, etc. 

If one of the basic configurations will not fulfill your requirements, you can 
"build up" and order a completely assembled cabinet that will suit your 
specific requirements by ordering an H957-AA short size frame and the ac­
cessories (by specific part numbers) that you require. The frame and the 
accessories that you select will be shipped completely assembled. 

Cabinet Hardware 
Digital Equipment Corporation offers a variety of cabinet hardware 'which 
can be used on existing system cabinets or installed on the basic standard 
size or short size cabinet configurations. This hardware can also be purchased 
as replacement parts. 

PAINT (TOUCHUP)-29-15201, 29-15202, 29-15205 
Paint is available in aerosol cans for touching up Digital Equipment Corpora­
tion manufactured cabinets. This paint is available in three colors: black, 
grey (bezel/68), and grey (en<! panel/101). 

TINNERMAN CLIP NUT AND PHILLIPS PAN HEAD SCREW COL~ECTION-
90-07786 
This is a bagged collection of fifty 10-32 Tinnerman clip nuts, fifty 10-32 
X ~'s-in. (1.5875-cm) Phillips pan head screws, and fifty size 10 lock washers. 

LATCH-12-09224 
The 12-09224 Latch is used to secure H950-PA or H950-QA Bezel Cover 
Panels to the front of 'either the standard size or short size cabinet frame 
(H950-AA or H957-AA). 

THiCK LATCH-12-11386 
The 12-11386 Thick Latch is used to secure H950-PA or H950-QA Bezel Cover 
Panels to the front of either the standard size or short size cabinet frame 
(H950-M or H957-AA). 

SPACER~74-07789 
The 74-07789 Spacer is used to maintain alignment of H950-PA or H950-QA 
Bezel Cover Panels on the front of either the standard size or short size 
cabinet frame (H950-AA or H957-AA). 

KEY-LOCK STRIKE PLATE-74-09819 
The 74-09819 Key-Lock Strike Plate is used on a short size H957-AA Cabinet 
Frame as a strike plate for the key lock on the H957-BA <1r H957-CA Full 
Door when an H957-DA or H957-EA Mounting Panel Door Frame is not in­
stalled. The 74-09819 can be mounted on the left vertical cabinet frame rail 
to accommodate a right-hanging full door, or it can be mounted on the right 
vertical rail to accommodate a left-hanging full door. All the required mount­
ing hardware is supplied with the 74-09819 Key-Lock Strike Plate. 
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CABIN'ET DOOR GROUND STRAP-90-06990 
The 90-06990 Cabinet Door Ground Strap is used to electrically connect the 
cabinet door to the cabinet frame to ensure that the cabinet door is not 
isolated from earth ground. The cabinet door should be connected to earth 
ground to prevent operating personnel from electrical shock if a short circuit 
should occur in the logic system. 

The 90-06990 Cabinet Door Ground Strap is a braided-copper bonding 
jumper; it is 4.875 in. (12.383 cm) long and has a terminal on each end. 
Each terminal is equipped with a hole sized to accept a No. 10· screw. 

One ground strap terminal should be secured to the cabinet frame, at the 
door hinge side, with a No. 10 screw and nut, and the other terminal should 
be secured to the cabinet door with a No. 10 screw and nut. 

CABINET FRAME GROUND STRAP-90·08887 
The 90-08887 Cabinet Frame Ground Strap is used to electrically connect 
one cabinet frame to another cabinet frame to continue the common earth 
ground for the Ipgic system cabinets. 

The 90-08887 Cabinet Frame Ground Strap is a braided-copper bonding 
jumper; it is 11.00 in. (27.94 cm) long and has a terminal on each end. 
Each terminal is equipped with a hole sized to fit over an 0.313-in. (0.794-
cm) diameter stud. . 

Each H950-AA and H957-AA Cabinet Frame is equipped with two threaded 
(5/16-18) copper studs, one on each side, inside the cabinet near the bot­
tom panel. The ground strap should be installed on the threaded copper 
studs of two adjacent cabinet frames and a 5/16-18 nut should be used to 
secure each ground strap terminal. Each cabinet in a logic system should 
be connected to its adjacent cabinets to form a continuous path to an earth 
ground. 

NIN'ETEEN-INCH (48.26-cm) ELECTRONICS RACK MOUNTING PANELS 
Mounting panels are designed to provide mounting space for module con­
nector blocks and are usuaUy used to expand a logic system. They are de­
signed to mount in standard 19-in. (48.26-cm) electronics racks or cabinets. 

One (H020) of these mounting panels is a bare frame for mounting module 
connector blocks, some (H911-J, H911·K, H911-R, H911-S, K943-R, and 
K943-S) are equipped with connector blocks and are prebused for power and 
ground, others (H913, H916, and H917) are equipped with connector blocks 
and a power supply and are prebused for power and ground, and one (H914) 
is a frame that is equipped with connector blocks but is not bused or wired 
for power or ground. 

The following table summarizes the mounting panels; individual detailed de­
scriptions of these mounting panels are contained in the HARDWARE/AC­
CESSORIES CATALOG published by Digital Equipment Corporation. 
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Part Number 

H020 

H911-J 

H911-K 

H911-R 

H911-S 

H913 

H914 

H916 

H917 

K943-R 

K943-S 

19·1n. Rack Mounting Panels 

Description 

Blank mounting panel that accommodates eight connector 
blocks; mounts in a standard 19-in. (4S.26-cm) electronics 
rack. 

H020 equipped with eight HS03 connector blocks to ac­
commodate 64 single-height or 32 double-height, standard­
length modules; bused for power and ground. 

Same as H911-J except wired and bused for power and 
ground. 

Same as H911-J except accommodates extended-length 
modules. 

Same as H911-K except accommodates extended-length 
modules. 

H020 equipped with an H710 Power Supply ana four HSOS 
connector blocks to accommodate 16 single-height or S 
double-height, standard-length modules; bused for power 
and ground. 

H020 equipped with eight H80S connector blocks to ac­
commodate 32 single-height or 16 double-height, standard­
length modules. 

H020 equipped with an H716 Power Supply and six HS03 
connector blocks to accommodate 4S single-height or 24 
double-height, standard-length modules; bused for power 
and ground. 

H020 equipped with an H716 Power Supply and four H808 
connector blocks to accommodate 24 single-height, stan­
dard-length modules; bused for power and ground. 

H020 equipped with eight HSOO-W connector blocks to ac­
commodate 64 single-height or 32 double-height modules 
with contact fingers on only one side; bused for power and 
ground. Connector blocks equipped with solder-fork pins 
for 24 AWG wire. 

Same as K943-R except equipped with eight H800-F con­
nector blocks that have wire wrap pins for 24 AWG wire. 
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FOUR-SLOT SYSTEM UNITS 
Four-sJotsystem units are designed to provide mounting sockets (slots) for 
logic system modules. They are designed to mount in the various module 
system enclosures also offered by Digital Equipment Corporation. Module 
system enclosures are described elsewhere in this section. Four-slot system 
units accept up to three four-slot module connector blocks mounted end­
to-end. Since each of the module connector blocks used with these system 
units has two'- rows of slots, a fully complemented four-slot system unit 
provides mounting facilities for 24 single-height, 12 double-height, or four 
quad-height and eight single- (or four double-) height modules. 

One (H033) of the four·slot system units is a bare frame for mounting 
connector blocks, some (H933-A, H933-B, H933-CA, H933-CB, and H933-D) 
of the four-slot system units are equipped with connector blocks, and others 
(BBll, BBll-A, DOll-A, and DOll-B) are equipped with connector blocks 
and are prebused for power and ground and are prewired for UNIBUS inter­
facing. 

The following table summarizes the four-slot system units; individual detailed 
descriptions of these system units are contained in the HARDWARE/ AC­
CESSORIES CATALOG published by Digital Equipment Corporation. 

Part Number 

BBll 

BB11-A 

ODll-A 

D011-B 

H033 

H933-A 

Four-Slot System Units 

Description 

H033 equipped with one HB03 and two HB63 connector 
blocks to accommodate 24 single-height, 12 double-height, 
or four quad-height and four double- (or eight single-) 
height modules; prewired for UNIBUS, power, and ground; 
used for general UNIBUS interfacing. 

Same as BBll except equipped with three H803 connector 
blocks. 

H033 equipped with three HB03 connector blocks to ac­
commodate four SPCs, a UNIBUS input connector module, 
a UNIBUS terminator/extender module, "nd a power con­
nector module, or four UNIBUS interface modules, four 
address selector modules (M10S), four UNIBUS interrupt 
control modules, a UNIBUS input connector, a UNIBUS 
terminator/extender module, and a power connector mod­
ule; prewir~d for UNIBUS, power, and ground. 

H033 'equipped with three HB03 connector blocks to ac­
commodate four SPCs, two serial line, interface signal con­
ditioning modules (DF11), a UN IBUS input connector, and 
a UNIBUS terminator/extender module; prewired for UNI­
BUS, power, and ground. 

Blank four-slot system unit that accommodates three con­
nector blocks; mounts in various module system enclo­
sures. 

H033 equipped with three HBOO-W connector blocks to 
accommodate 24 single-height or 12 double-height mod­
ules with contact fingers on only one side. 
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H933-B 

H933-C 

H933-CA 

H933-CB 

H933-D 

Same as H933-A except equipped with three H800·F con· 
nector blocks. 

Same as H933-A except equipped with three H803 con· 
nector blocks. 

Same as H933-A except equipped with one H803 and two 
H863 connector blocks. 

Same as H933-A except equipped with three H863 con· 
nector blocks. 

H033 equipped with three H80S connector blocks to ac· 
commodate 12 single·height or 6 double· height modules. 
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NINE-SLOT SYSTEM UNITS 
Nine-slot system units, like four-slot system units, are designed to provide 
mounting sockets (slots) for logic system modules. They, too, are desigried 
to mount in the various module system enclosures offered by Digital Equip­
ment Corporation. Nine-slot system units accept up to six four-slot and 
three one-slot module connector blocks mounted in three groups (one four­
slot, one one-slot, and one four-slot module) mounted end-to-end. Since 
each of the module connector blocks used with these system units has two 
rows of slots, a fully complemented nine-slot system unit provides mounting 
facilities for 54 single-height, 27 double· height, or nine quad-height and 16 
single- (or eight double-) height modules. 

One of the nine-slot system units (H034) is a bare frame for mounting con­
nector blocks, one (H934-CB) is equipped with connector blocks, and one 
(BB11-B) is equipped with connector blocks and is prebused for power and 
ground and prewired for UNIBUS interfacing. 

The following table summarizes the nine-slot system units; individual de­
scriptions of these system units are contained in the HARDWARE/ ACCES­
SORIES CATALOG published by Digital Equipment Corporation. 

Part Number 

BB11-B 

H034 

H934-CB 

Nine-Slot System Units 

Description 

H034 equipped with six H863 and three H8030 connector 
blocks to accommodate 54 single·height modules, 27 
double-height modules, or nine quad-height and eight 
double- (or 16 single-) height modules; prewired for UNI­
BUS, power, and ground. Used for general UNIBUS inter­
facing. 

Blank nine-slot system unit that can accommodate six 
H863 and three H8030 connector blocks; mounts in vari­
ous module system enclosures. 

Same as BB11-B except not prewired for UNIBUS, power, 
or ground. 
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MODULE SYSTEM ENCLOSURES 
Module system enclosures are designed to provide mounting space for sys­
tem units, 19-in. (48.26-cm) rack mounting enclosures, module connector 
blocks, and power supplies. They provide enough space to accommodate 
medium-sized systems and offer the convenience of easy access to the sys­
tem for maintenance and testing. 

The following table summarizes the enclosures and associated hardware; in­
dividual detailed descriptions of these module system enclosures (except 
the H909-A and H909-BA) are contained in the HARDWARE/ACCESSORIES 
CATALOG published by Digital Equipment Corporation. The H909-A and 
H909-BA descriptions are included at the end of the following table. 
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Part Number 

BAll-ES 

H035 

H904-A 

H905-A 

H906 

H907-A 

H909-A 

'" H909-BA 

H920 

H921 

H923 

Module System Enclosures 

Description 

Drawer-type enclosure that accommodates up to six 4-slot 
system units and an H720 Power Supply. Equipped with 
four. muffin-type cooling fans, tilting chassis slides, and 
front panel. Accepts extended-length modules; fits 19-in. 
(4S.26-cm) electronics rack. 

Vertical system unit mounting frame that accommodates 
up to six 4-slot or three 9-slot system units. Accepts ex­
tended-length modules; mounts in 19-in. (4S.26-cm) elec­
tronics rack. 

Horizontal system unit mounting enclosure that accom­
modates up to two 4-slot or one 9-slot system units_ A 
cooling fan assembly and a rear cover are available_ Ac­
cepts extended-length modules; mounts in 19-in. (48_26-
cm) electronics rack. 

,; 

Similar to H904-A except accommodates up to four 4-slot 
or two 9-slot system units. 

Vertical system unit mounting enclosure that accommo­
dates up to five 4-slot or three 9-slot system units. A cool­
ing fan assembly and a rear cover are available. Accepts 
extended-length modules; mount~ in 19-in_ (48.26-cm) 
electronics rack. 

Similar to H904-A except accommodates up to eight 4-slot 
or four 9-slot system units. 

Drawer-type or table-top enclosure that accommodates 
one 9-slot system unit and an H755 Power Supply. 
Equipped with side and top cover plates and a front 
panel. 'Equipped with rubber-padded feet 'for table-top use. 
Chassis slides are available for mounting the H909-A in 
a 19-in. (4S.26-cm) electronics rack. 

Same as H909-A except equipped with an H755 Power 
Supply. 

Drawer-type frame that accommodates up to 24 HSOO, 
HS03, HSOS, or H863 module connector blocks or up to 
20 Module Connector Blocks and an H710 Power Supply_ 
Equipped with a rear-mounted power distribution panel. 
Fits in 19·in. (4S.26-cm) electronics rack when equipped 
with H923 Chassis Slides. 

Front panel designed to fit the H920 Module Drawer 
Frame. Occupies 6.9375 in. (17.6213 cm) of vertical 
space and covers the horizontal space of a 19-in. (48.26 
cm) electronics rack. 

Chassis slides designed for H920 Module Drawer Frame. 
Designed to tilt both up and down from the horizontal 
position. Fits 19·in. (4S.26·cm) electronics rack. . 
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Part Number Description 

H925 Drawer-type enclosure that accommodates up to IS HSOO, 
HS03, HSOS, or HS63 Module Connector Blocks or up to 
14 connector blocks and an H710 Power Supply. Equipped 
with front panel and non-tilting chassis slides. Accepts 
extended-length modules; fits 19-in. (4S.26-cm) electronics 
rack. 

H930 Drawer-type enclosure that accommodates up to five 4-slot 
system units and an H750 Power Supply. Equipped with 
front panel and tilting chassis slides. Accepts extended­
length modules; fits 19·in. (4S.26-cm) electronics rack. 

H941-AA Mounting panel frame that accommodates up to four 19-
in. (48.26-cm) rack rriount~ng panels (H911, H913, H914, 
H916, H917, or K943). Can be moooted on wall or other 
convenient surface; has mounting holes on 12 x 22.50 
in. (30.4S x 51.15 cm) centers. Two covers, H941-BA and 
H941-BB, are available. ' 

H941-BA Cover for H941-AA Mounting Panel Frame. The H941-BA 
Cover accommodates extended-length modules. 

H941-BB Same as H941-BA except accepts standard-length modules. 

12-09154 Chassis slides that provide a 22-in. (55.SS-cm) extension 
for a chassis mounted in an electronics rack. Non-tilting. 

12-09703 Chassis slides that provide a 22-in. (55.SS-cm) extension 
for a chassis mounted in an electronics rack. Tilts 90 
degrees either up or down. 

12-10945 Chassis slides that provide a 19-in. (4S.26-cm) extension 
for a chassis mounted in an electronics rack. The left side 
of these slides is comprised of two members, one of which 
can be removed (with the chassis remaining in the rack) 
to gain access to modules mounted in an H909 enclosure. 
Non-ti Iti ng. 
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H909-A General Purpose Logic Box 
The H909·A General Purpose Logic Box is an enclosure designed to accom­
modate custom logic subsystems and power supplies and offer the conveni· 
ence of easy access to the system for maintenance and testing. The box can 
be used either as a tabletop logic enclosure or, when equipped with optional 
chassis slides, as a rack mountable unit in any standard 19-inch cabinet; 
Included with the basic chassis is a top cover, side cover, card guides, 
cooling fan, cable restraints, and a front bezel. 

Additional hardware is available to further increase the versatility of this 
box: chassis slides, power supply, and a choice of either a nine·slot system 
unit casting, a nine·slot system unit casting with connector blocks, or a 
nine-slot prewired unit with UNIBUS busing. These latter items utilize DEC 
connector blocks (e.g., H863) which, in turn, accommodate single-height 
through hex·height logic modules. However, the user can mount most any 
type of logic connector block that meets the dimensions of the H909-A. 

Specifications 
Width: 19 in. (48.26 cm) 
Depth: 21 in. (53.34 cm) 
Height: 5.25 in. (13.33 cm) 
Color: Lamp black 

Mounting space available 
for power su pply: 

Width -6.25 in. (15.87 cm) 
Depth -16 in. (40.64 cm) 
Height--4.75 in. (12.06 cm) 

Optional· Hardware 

Chassis slides 

Required brackets for chassis slides 

Nine·slot casting 

Nine·slot casting with six H863 and 
three H8030 Connector Blocks 

Nine·slot unit with UNIBUS busing 

Power Supply, +5 V @ 7 A (mounts on 
H034 casting, not included) 

H909-BA General.Purpose Logic ,Box' 

DEC Part No.; 

12·10945 
74·09459 (left) 
74·09449 (right) 

H034 

H934·CB 

BBll·B 

H726 

The H909·BA General Purpose Logic Box is the same as the H909-A except 
that it is equipped with an H755 Power Suppy and BC05H Power Control. 
The H755 provides +15 Vdc @ 2 A, ,-15 Vdc @ 2 A, and +5 Vdc 
@ 17 A. The BC05H consists of a line cord and circuit breaker. 
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PDP-alE EXPANSION HARDWARE 
An expander frame (H019) and an. expander panel (H9190) are available 
for mounting in a PDp·8/E chassis to provide mounting space for interface 
or system expansion modules. 

The H019 Expander Frame provides mounting facilities for up to 10 module 
connector blocks of Digital Equipment Corporation types H800, H803, H808, 
or H863. It is equipped with a power distribution board and a power wiring 
harness. 

The 9190 Expander Panel is the same as the H019 except that it is equipped 
with ten 288'pin connector blocks (H803) and is prebused for +5 Vdc power 
and ground. 

Individual detailed descriptions of these two items are contained in the 
HARDWARE/ACCESSORIES CATALOG published by Digital Equipment Cor­
poration. 

MODULE CONNECTOR BLOCKS 
Digital Equipment Corporation offers a variety of module connector blocks 
to suit the requirements of almost any logic system. Most M·series systems 
use H803, 30 AWG, wire wrap blocks for modules with contact fingers on 
both' sides. However, a system requiring 24 AWG interconnections, or using 
a large number of type 913 Patch Cords, might use H808 Connector Blocks 
because of the wider spacing of the connector pins. A system using K·series 
and certain A'series modules (i.e., contact fingers on only one side) can 
use H800 Connector Blocks. Connector blocks with slotted ends should 
generally be used in systems where the modules are quad height or larger. 
The following table summarizes the module connector blocks; individual de· 
tailed descriptions of these module connector blocks are contained in the 
HARDWARE/ACCESSORIES CATALOG published by Digital Equipment Cor· 
poration. 
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Module Connector Block Summary 

No. of Bus 
Block No. of Contacts Contact Wire Wrap Strip Module 

Part No. Slots Per Slot Sides Pin Size No. Type End 

12-10152-1 2 36 2 None* None All single-height Unslotted 

H800 8 18 1 24 AWG 932 All single- and Unslotted 
double-height; 
single-sided 

H802 1 18 1 24AWG /932 All single-height Unslotted 
01 single-sided \0 
0'\ 

H803 8, 36 2 30AWG 933 All single- and Unslotted 
double-height 

H8030 2 36 2 30AWG 933 All single- and Slotted 
double-height 

H807 1 36 2 30AWG 933 All single-height Unslotted 

H808 4 36 2 24AWG 939 All single- and Unslotted 
double-height 

H863 8 36 2 30AWG 933 All single- and Slotted 
double-height 

• 12-10152-1 is used on a motherboard and the pins are soldered to the printed ci'rcuit tracks.~ , 



CABLE CONNECTORS 
Cable connectors are grouped into eight general classifications according 
to the type cable they accommodate and their use: flat ribbon cable, flat 
mylar cable, flat coaxial cable, round coaxial cable, flat shielded cable, 
round cable, bus interconnection and termination, and miscellaneous con­
nectors. Most of the connectors described in this section are general-purpose 
connectors; some, however, are specific-use connectors. These connectors are 
described relative to the specific use. The descriptions of some of the general­
purpose connectors cite application examples; the cited examples -are popu­
lar, widely used applications and are not intended to imply that a particular 
connector cannot be used with other equipment. 

Frequently Digital Equipment Corporation preassembled cable assemblies 
are available to fulfill your cabling requirements and eliminate the need for 
you to fabricate a cable assembly. Many preassembled cable assemblies are 
described in this handbook. Additional preassembled cable assemblies are 
described in the CABLE PRICE LIST AND CROSS-REFERENCE GUIDE pub­
lished by Digital Equipment Corporation. 

Digital 'Equipment Corporation also fabricates unique, special-purpose cables 
according to the customer's specifications to suit almost any requirement. 
These specially built cable assemblies are completely assembled and tested. 
Details on special-purpose cables are available from your local DIGITAL sales 
office or from Digital Equipment Corporation, Components Group, One Iron 
Way, Marlborough, Ma. 01752. 

A cable clamp and two eyelets are supplied with each cable connector. The 
cable clamp desired should be specified in each order for cable connectors; 
if cable clamps are not specified, the cable clamp that is usually used with 
the cable connector will be supplied. Cable clamps are described elsewhere 
in this publication. 

The following tables summarize the cable' connectors; individual detailed 
descriptions arid schematic diagrams of these cable connectors are contained 
in the HARDWARE/ACCESSORIES CATALOG published by Digital Equipment 
Corporation. . 
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Flat Ribbon Cable Connectors 

Module 

M908 

M933 

M957 

M960 

M961 

No. of No. of 
Pins· Cables 

36 2 

20 1 

36 2 

14 1 

20 1 

·Cable conductor connections. 

Size 

Single­
height, 
standard 
length 

Single­
height, 
standard 
length 

Single­
height, 
extended 
length 

Single­
height, 
standard 
length 

Double­
height, .. 
standard 
length 

598 

Description 

No contact fingers dedicated to 
ground; lO-ohm resistors in se­
ries with four contact fingers. 
Split-lug terminals. Similar to 
M901. 

Twenty signal contact fingers, 
two ground contact fingers, 
three power contact fingers., Re­
sistors, capacitors, and jumpers 
may be installed by user at all 
signal contact fingers to provide 
pull·up capabilities to anyone 
of three jumper-selectable volt­
age fingers, or resistors may be 
installed by user to provide 
shunt·to-ground (termination) 
capabilities at all signal contact 
fingers. Split-lug terminals for 
cable conductors and voltage 
jumpers. . 

No contact fingers are dedi­
cated to ground; 32 signal con­
tact fingers; 10-ohm resistors 
in series with four contact fin­
gers. Split-lug teminals. 

Provides line drivers and pull­
up resistors necessary to con­
nect command signals from a 
TD8·E to a TU56. Requires user 
installation of jumpers. Sixteen 
signal contact fingers, one 
ground contact finger, one +5 
V power contact finger. Split-lug 
terminals. Alternate signal/ 
ground cable conductors. Usu­
ally used on cable with an M961 
and a 12-10090. 
Provides line drivers and pull­
up resistors necessary to con­
nect the data, and "daisy­
chained" signals from a TD8-E 
to a TU56. Fourteen data sig­
nal contact fingers, 20 daisy­
chained signal contact fingers, 
eight ground contact fingers, 
two +5 V power contact fingers. 
Split·lug terminals. Alternate 
signal/ground cable conductors. 
Usually used with an M960 and 
a 12-10090. 



Flat Ribbon Cable Connectors (Cont) 

Module 

M976 

M983 

WOll 

W018 

W020 

W021 

W022 

No. of N(). of 
Pins· Cables 

120 2 

36 2t 

18 1 

18 1 

18 1 

18 1 

18 1 

·Cable conductor connections. 

Size 

Double· 
height, 
short 
length 

Double· 
height, 
extended 
length 

Single· 
height, 
short 
length 

Single· 
height, 
short 
length 

Single· 
height, 
single 
length 

Single· 
height, 
single 
length 

Single· 
height, 
single 
length 

tCables enter at right angles to the board. 
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Description 

Unibus cable connector. Fifty· 
six signal contact fingers, 14 
ground contact fingers. Alter· 
nate signal/ground cable con· 
ductors. ,PC solder. Usually 
used to connect the Unibus to 
a system unit in an external 
drawer or cabinet or to ape· 
ripheral device. Similar to 
M9l9. 

Thirty·six contact fingers on one 
side; aI/ can be assigned to 
signals. Usually used with an 
RK05. Split·lug terminals. 

Nine contact pins dedicated to 
ground; nine contact pins for 
signal use. Can be wired for 
alternate signal/ground config· 
uration. Nineteen split·lug ter­
minals. 

All 18 contact pins can be as-' 
signed to signals; none are 
dedicated to ground. A 0664 
diode is in series with each 
contact. Eighteen split-lug ter­
minals. 

All 18 contact pins can be as­
signed to signals; none are 
dedicated to ground. A 1500-
ohm resistor is in series with 
each contact. Eighteen split-lug 
terminals. 

Nine contact pins dedicated to 
ground; nine contact pins for 
signal use. Can be wired for 
alternate signal/ground config­
uration. Nineteen split-lug ter­
minals. 

Nine contact pins dedicated to 
ground; nine contact pins for 
signal use. Can be wired for 
alternate signal/ground config· 
uration. Nine 100·ohm resistors 
are included to provide a cur­
rent·limiting capability. Nine~ 
teen split·lug terminals. 



No. of 
Module Pins· 

W023 18 

W027 18 

Flat Ribbon Cable Connectors (Cont)-

No. of 
Cables 

1 

1 

Size 

Single-
height, 
single 
length 

Single­
height, 
single 
length 

600 

Description 

All 18 contact pins can· be as­
Signed to signals; none are 
dedicated to ground. Eighteen 
split-lug terminals. Two jumpers 
or resistors must be user-in­
stalled in series with contact 
pins A and B. 

All 18 contact pins can be as­
signed to signals; none are 
dedicated to ground. A 3000-
ohm resistor is in series with 
each pin. Eighteen split-lug ter­
minals. 



Flat Mylar Cable Connectors 

Module 

M90l 

M903 

M9l5 

M9l8 

M919 

M922 

M925 

M926 

No. of No. of 
Pins· Cables 

36 2 

36 2 

36 2 

36 2t 

120 2 

36 2 

38 2t 

36 2 

·Cable conductor connections. 

Size 

Single­
height, 
standard 
length 

Single­
height, 
standard 
length 

Single­
height, 
standard 
length 

Single­
height, 
standard 
length 

Double­
height, 
standard 
length 

Single­
height, 
standard 
length 

Single­
height, 
standard 
length 

Single­
height, 
standard 
length 

tCables enter at right angles to the board. 
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Description 

No contact fingers dedicated to 
ground; 32 signal contact fin· 
gers; 10-ohm resistors in series 
with four contact fingers. PC 
solder. Similar to M908 and 
M922. 

Eighteen signal contact fingers, 
14 ground contact fingers. Al­
ternate signal/ground cable 
conductors. PC solder. Similar 
to M904 and M943. 

Thirty·three signal contact fin­
gers (24 equipped with 390-
ohm resistors), two ground con­
tact fingers, one +5 V power 
contact finger. PC solder. 

No contact fingers dedicated to 
ground. Jumpers in series with 
contact fingers Ul and VI; in­
stallation of jumpers or resis· 
tors required at contact fingers 
A2 and 82. PC solder. 

Unibus cable connector. Fifty­
six signal contact fingers, 14 
ground contact fingers. Alter­
nate signal/ground cable con· 
ductors. PC solder. Usually 
used on a cable with an M929 
on the other end. Similar to 
M976. 

No contact fingers dedicated ~to 
ground. Jumpers in series with 
four contact fingers. PC solder. 
Similar to M90l. 

Eighteen signal contact fingers, 
14 ground contact fingers. Al­
ternate signal/ground cable 
conductors. PC solder. Similar 
to M927. 

No contact fingers dedicated to 
ground. 100-ohm resistors in 
series with eight contact fingers, 
10-ohm resistors in series with 
four contact fingers. PC solder. 



Flat Mylar Cable Connectors (Cont) 

Module 

M929 

M936 

M937 

M943 

M945 

M946 

M972 

W031 

W033 

No. of No. of 
Pins· Cables 

120 2 

120 2 

120 2 

32 2t 

120 2 

120 2 

36 2 

16 1 

18 1 

·Cable conductor connections. 

Size 

Double­
height, 
standard 
length 

Double­
height, 
short 
length 

Double­
height, 
short 
length 

Single­
height, 
standard 
length 

Double­
height, 
short 
length 

Double­
height, 
short 
length 

Single­
height, 
extended 
length 

Single­
height, 
short 
length 

Single­
height, 
single 
length 

tCables enter at right angles to the board. 
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Description 

Mirror image of M919 and usu­
ally used on other end of cable. 
PC solder. 

Omnibus cable connector. Forty­
eight signal contact fingers, 16 
ground contact fingers. Alter­
nate signal/ground cable con­
ductors. PC solder. Two M936s 
required for Omnibus extension. 

Mirror image of M936 and usu­
ally used on other end of cable. 
P.C solder. 

Eighteen signal contact fingers, 
14 ground contact fingers. Al­
ternate signal/ground cable 
conductors. PC solder. Similar 
to M903. 

UDC system unit to expansion 
system unit bus cable connec­
tor. Fifty-four signal contact 
fingers, four ground contact 
fingers. Alternate signal/ground 
cable conductors. PC solder. 

Mirror image of M945 and usu­
ally used on other end of cable. 
PC solder. 

No contact fingers dedicated to 
ground; 34 signal contact fin­
gers, lO·ohm resistors in series 
with two contact fingers. PC 
solder. 

Nine contact fingers can be as­
signed to signals; seven con­
tact fingers are dedicated to 
ground. Can be wired for alter­
nate signal/ground configura­
tion. 

All 18 contact fingers can be 
assigned to signals; none are 
dedicated to ground. 



Flat Coaxial Cable Connectors 

No. of No. of 
Module Pins· Cables Size Description 

M904 26 2 Single- Eighteen signal contact fingers, 
height, 14 ground contact fingers. 
standard Twenty-six split-lug terminals, 
length eight dedicated to ground. Simi· 

lar to an M903; similar to Ih 
of an M912. 

M917 30 2t Single- Eighteen signal contact fingers, 
~ight, 14 ground contact fingers. 
standard Thirty split-lug terminals, 12 
length dedicated to ground. 

Round Coaxial (TWP) Cable Connectors 

No; of No. of 
Module Pins· Cables Size 

M912 72 2 Double-
height. 
standard 
length 

M927., 27 It SingJe-
height, 
standard 
length 

W024 18 1 Single-
height, 
short 
length 

W028 18 1 Single-
height, 
single 
length 

·Cable conductor connections (includes shields). 
tCables enter at right angles to the board. 
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Description 

Thirty-six signal contact fingers, 
28 ground contact fingers. Split· 
lug terminals. Alternate signal/ 
ground cable conductors. Each 
slot similar to M904. 

Sixteen signal contact fingers, 
16 ground contact fingers. Split· 
lug terminals. Similar to M925. 

Sixteen Si~'al contact. fingers, 
two ground contact fingers. 
Thirty-three split-lug terminals. 
Can be wired for alternate sig-
nal/ground configuration. 

-Same as W021 except with split-
lug terminals for series .or shunt 
resistors/capacitors in signal 
leads. 



Flat Shielded Cable Connectors 

No. of No. of 
Module Pins· Cables Size Description 

M953 40 1 Single- Eighteen signal contact fingers, 
height, 14 ground contact fingers. AI-
standard • ternate signal/ground cable 
length conductors. Equipped with a 

connector for solderless con-
nection of the cable. 

M954 80 2 Single- None of the contact fingers are 
height, dedicated to ground; 32 signal 
standard contact fingers; IO-ohm resis-
length tors in series with four contact 

fingers: UI, VI, A2, and B2. 
Alternate signal/ground cable 
conductors possible. Equipped 
with two connectors for solder-
less connection of the cables. 

M955 40 1 Single- None of the contact fingers are 
height, dedicated to ground; 16 signal 
standard contact fingers; 10-ohm resis-
length tors in series with two contact 

fingers. Alternate signal/ground 
cable conductors possible. 
Equipped with a connector .for 
solderless connection of the 
cable. 

Round Cable Connectors 

Module 

M959 

No. of; No. of 
Pins·· Cables 

24 It 

·Cable conductor connections. 

Size 

Single­
height, 
short 
length 

tCables enter at right angles to the board. 
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DeSCription 

No contact fingers are dedicated 
to ground; 24 signal contact 
fingers. Split-lug terminals. 

\ 



Bus Interconnection and Termination Connectors 

Module No. of No. of Size Description 
Pins· Cables 

M920 N/A N/A Double- Unibus jumper module. 
height, 
short 
length 
dual circuit 
board 

M935 N/A NIA Double- Omnibus jumper module. 
height, 
short 
length. 
dual circuit 
board 

M981 N/A N/A Double- Unibus terminator module. Ter-
height, minates all Unibus signals ex-
standard cept AC LO L, DC LO L, BG7 H, 
length, BG6 H, BG5 H, BG4 H, and 
dual circuit NPG H. 
board 

·Cable conductor connections. 
tCables enter at right angles to the board. 
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en o en 

No. of 
Module Pins· 

12-.09340-00 8 

12-09340-01 

12-09350-03, 
-04,-06,-09, 
-12, -15 

12-09351-03 
-04, -06, -09, 
-12, -15 

8 

3,4,6, 
9,12, or 
15 

3,4,6, 
9,12, or 
15 

·Cable conductor connections. 

No. of 
Cables 

See Description 
column 

See Description 
column 

Refer to 
12-09350 
description 
in this section 

Refer to 
12-09351 
description 
in this section 

Miscellaneous Connectors 

Size 

2.3 X 0.85 X 0.3 in. 
(5.8 X 2.2 X 0.8 cm) 
nominal 

2.2 X 1.5 X 0.3 in. 
(5.5 X 3.7 X 0.8 cm) 
nominal 

Refer to 12-09350 
description in 
this section 

Refer to 12-09351 
description in 
this section 

Description 

Female connector with up to eight female 
pins to provide termination for up to eight 
20-14 AWG conductors. Equipped with two 
mounting holes and is usually mounted on 
a connector board or on the equipment. 
Requires 12-09379-01 pins. Mates with 
12-09340-01 connector. Usually used with 
TTY and other serial devices. 

Male connector that mates with 12-09340-00 
connector and is usually used to terminate a 
cable with up to eight 20-14 AWG conductors_ 
Requires 12-09378-01 pins. Usually used with 
TTY and other serial d~vices_ 

Female connectors that accommodate 3. 4. 
6, 9, 12, or 15 female pins to provide termi­
nation for 26-14 AWG conductors. Usually 
bulkhead mounted. Requires 12-09819-01 
pins. Mates with 12·09351-03, -04, -06, -09. 
-12, or -15 connectors. Usually used with 
TTY and other serial devices. 

Male connectors that mate with 12-09350-03. 
-04,-06,-09, -12, or -15 connectors and are 
usually used to terminate a cable with 26-14 
AWG conductors. Usually used with TTY and 
other serial devices. 



0'1 
o 
"'-J 

Module 

HS51 

HS54 

HS56 

M9100 

/ 

No. of 
Pins* 

N/A 

40 

40 

SO at 
H854s 

·Cable conductor connections. 

No. of 
Cabl~s 

1 

, 
1 

1 

2 

Miscellaneous Connectors (Cont) 

Size 

Two adjacent slots 
accommodate 
36 single-height 
contact fingers 

2.5 X 0.75 X 0.3 in. 
(4.6 X 1.89 X O.S cm) 
nominal 

2.205 X 0.545 X 
0.200 in. (5.600 X 
1.384 X 0.50S cm) 
nominal 

Single·height, 
extended length 

Description 

Edge connector providing busing of 36 signals 
of two adjacent modules equipped with top 
(handle end) contact fingers. 

A 40-pin connector designed to be mounted 
on a printed circuit board. The pins form 
right angles to intersect the printed circuit 
tracks. Mates with HS56 connector. 

DeSigned to terminate a cable and mate with 
H854 connector. 

Printed circuit cable connector with two 
40-pin H854 connectors that mate with cables 
equipped with HS56 connectors. The two 
HS54 connectors and the board contact fin­
gers form a "T" type connector. Thirty-two 
independent lines available at contact fingers 
with the remaining contact fingers, usually 
associated with ground, connected in com­
mon. 



0'1 g 

Module 

M971 

M973 

M975 

No. of 
Pins· 

40 at 
one 
H854 

4 

80 at 
two 
H854s 

·Cable conductor connections. 

No. of 
Cables 

1 

1 

2 

Miscellaneous Connectors (Cont) 

Size 

Single-height, 
standard length 

Si ngle-height, 
standard length 

Double-height, 
short length 

Description 

Printed circuit cable connector with a 40-pin 
H854 connector that mates with a cable 

- equipped with an H856 connector_ Forty 
pins of tbe H854 in series with 36 board 
contact fingers; i.e., 32 pins of the H854 in 
series with 32 contact fingers (four with 
10-ohm resistors in series) and eight pins of 
the H854 in series with four contact fingers. 
No contact fingers dedicated to ground_ 

Printed circuit cable connector with a 
12-09340-00 connector equipped with four 
pins. The connector mates with a cable 
equipped with a 12-09340-01 connector. Nor­
mally used as a TTY cable connector. 

Printed circuit cable connector with two 
40-pin H854 connectors that mate with 
cables equipped with H856 connectors. Eight­
een pins of each H854 in series with 18 
board contact fingers; the two H854 conn&(:­
tors are not electrically connected. Six con­
tact fingers and 44 H854 pins dedicated to 
ground. Alternate signal/ground cable con­
ductors. 



CABLE "CLAMPS 
Cable clamps provide strain relief where a cable enters a cable connector~ 
Cable clamps are available for both flat and round cables. 

Cable Clamp--12-09764 
The 12-09764 cable clamp can be used with flat cable up to 4.562 in. (11.587 
cm) wide. Two 0.128-in.· (0.325-cm) diameter mounting holes are spaced 
4.750 in. (12.065 cm) center-to-center to align with holes on the cable 
connector; nylon mounting hardware (No.4 screw and nut) is recommended. 

Cable Clamp--12-09925 
The 12-09925 cable clamp can be used with module connector block H807 
and a round cable. An H807 connector block and a round cable provide a 
convenient method of terminating a single-height module at a remote loca­
tion. The 12-09925 cable clamp protects the solder connections of the cable 
and the connector pins; it also prevents excessive strain\ on the cable when 
the module is inserted into or removed from the module connector. The 
12-09925 will accommodate cables from 0.290 in. (0.737 cm) to 0.390 in. 
(0.813cm) in diameter. 

The body of ,the 12-09925 is equipped with two 6-32 threaded inserts so 
that the cover of the 12-09925 can be secured to the body. 

Cable Clamp--940 
The 940 cable clamp can be used with flat cable up to 1.75 in. (4.45 cm) 
wide. The cable slot is 0.080 in. (0.203 cm) deep. Two 0.128-in. (0.325-cm) 
diameter mounting holes are spaced 2.000 in. (5.080 cm)' center-to-center to 
align with holes on the cable connector; nylon mounting hardware (No.4 
screw and nut) is recommended. 

Cable Clamp--941 
The 941 cable clamp can be used with round cable that is 0.281 to 0.438 in~ 
(0.714 to 1.113 cm) in diameter. The 941 cable clamp can also be used 
where cables require strain relief at the entry point to panels and cabinets. 
Two 0.136-in. (0.345-cm) diameter mounting holes are spaced 2.000 in. 
(5.080 cm) center-to-center to align with, holes on the cable connector, panel, 
or cabinet; nylon mounting hardware (No.4 screw and nut) is recommended. 

Cable Clamp-943 
The 943 cable clamp can be used with a ribbon cable·upto 1.00 in. (2.54 
cm) wide. The cable slot is 0.109 in. (0.277 cm) deep. Two 0.128-in. 
(0.325-cm) diameter mounting holes are spaced 2.000 in. (5.080 cm) cen-' 
ter-to-center to align with holes on the cable connector; nylon mounting 
hardware (No.4 screw and nut) is recommended. 

Cable Clamp-944 
The 944 cable clamp can be used with ribbon cables up to 1.00 in. (2.54 cm) 
wide when two cables require connection to the same side of the connector. 
The cable slot is 0.219 in. (0.556 cm) deep and can accommodate two rib­
bon cables. Two 0.128-in. (0.325-cm) diameter mounting hotes' are spaced 
2.000 in. (5.080 cm) center-to-center to align with holes on the cable con­
nector; nylon mounting hardware (No.4 screw and nut) is recommended. 
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BLANK MODULE BOARDS 
Blank module boards provide a convenient method of breadboarding (mount­
ing) experimental or prototype circuits, and they provide a low-cost method 
of producing limited runs of production modules with special circuitry. 
They are completely compatible with the standard module mounting blocks 
summarized elsewhere in this publication and described in detail in the 
HARDWARE/ACCESSORIES CATALOG published by Digital Equipment Cor­
poration. These glass epoxy, blank module boards have etched and gold· 
plated contact fingers and all have handles attached. The attached handles 
are stamped with their Digital Equipment Corporation identification number 
(part number). The handles on copper-clad boards are attached with reusable 
nylon hardware. Blank handle 937, described elsewhere in this publication, 
is available; this blank handle can be user-titled and is, therefore, particularly 
useful for identifying user·etched, copper·clad module boards for limited 
production runs. 

Blank module boards are available in three basic forms: plain, perforated, 
and copper-clad. The following table lists and describes the blank module 
boards that are available. 

Plain blank module boards provide complete flexibility in the placement of 
components since they are not perforated (predrilled), and they permit easy 
changes to the circuitry since etching is not required. Component connections 
are made via hook-up wire. Plain blank boards are, therefore, ideal for ex· 
perimental or prototype modules because they permit easy changes to the 
circuitry and nearly unlimited component placement, and yet they provide 
stability and security for the circuits and components. All sizes are available, 
and all have etched and gold-plated contact fingers. 

Perforated blank module boards provide nearly the same advantage as plain 
blank module boards except they are predrilled with 0.052-in. (0.132-cm) 
diameter holes spaced 0.1 in. (0.254 cm) center-to·center horizontally and 
vertically. This eliminates the need for user drilling and only slightly reduces 
the choices of component placement. All sizes are available, and all have 
etched and gold-plated contact fingers. 

Copper-clad blarik module boards provide a method of producing limited runs 
of modules with special circuitry and components. A complete selection of 
copper-clad blank module boards is available: some may be user-etched on 
both sides and others may be user-etched on one side. All sizes are available, 
and all have etched and gold-plated contact fingers. 

These blank module boards are described in the following table; each of 
these blank module boards is described in detail in the HARDWARE/ACCES­
SORIES CATALOG. 
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Blank Module BOards 

Contact 
Part No. Type Fingers Size 

W930 Plain 36 Single-
height, 
extended 
length 

W970 Plain 36 Single-
height, 
standard 
length 

W971 Plain 72 Double-
height, 
standard 
length 

W972 Copper- 36 Single-
clad height, 

standard 
length 

W9720 Copper- 36 Single-
clad height, 

extended 
length 

W9721 Copper- 72 Double-
clad height, 

extended 
length 

W9722 Copper- 144 Quad-
clad height, 

extended 
length 

W973 Copper- 72 Double-
clad height, 

standard 
length 

W974 Perforated 36 Single-
height, 
standard 
length 

W975 Perforated 72 Double-
height, 
standard 
length 
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Description 

Bare board with 36 feed­
through eyelets. 
Printed circuit etching from 
the eyelets to the contact fin­
gers. 

Bare board with 36 plated­
through holes in the printed 
circuit etching to the contact 
fingers. 

Same as W970 except double­
height and has 72 plated­
through holes and two han­
dles. 

Copper-clad on both sides. 

Same as W972 except ex­
tended length. 

Same as W9720 except dou­
ble-height and has two at­
tached handles. 

Same as W9720 except quad­
height and has four attached 
handles. ' 

Same as W972 except double-
height. . 

Perforated board with 36 
plated-through holes in the 
printed circuit etching to the 
contact fingers. 

Same as W974 except double­
height and has 72 plated­
through holes and two han­
dles. 



Part No. 

W990 

W991 

W992 

W993 

W998 

W999 

Blank Module Boards (Cont) 

Contact 
Type Fingers 

Plain . 18 

Plain 36 

Copper- 18 
clad 

Copper- 36 
clad 

Perforated 18 

Perforated 36 

Size 

Single­
height, 
standard 
length 

Double­
height, 
standard 
length 

Single­
height, 
standard 
length 

Double­
height, 
standard 
length 

Single­
height, 
standard 
length 

Double­
height, 
standard 
length 
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Description 

Bare board with 18 split-lug 
terminals. Printed circuit etch­
ing from the split-lugs to the 
contact fingers. This board 
has contact fingers on one 
side only. 

Same as W990 except double­
height and has 36 split-lug 
terminals and two handles. 

Same as W972 except copper­
clad on one side only and has 
contact fingers on one side 
only. 

Same as W973 except copper­
clad on one side only and has 
contact fi ngers on one side 
only. 

Same as W974 except has 18 
plated-through holes and has 
contact fingers on one side 
only. 

Same as W975 except has 36 
plated-through holes and has 
contact fingers on one side 
only. 



WIRE WRAPPABLE MODULE BOARDS 
Wire wrappable modules provide a convenient, low-cost method of producing 
prototype or limited runs of production modules with special circuitry that 
utilizes, mainly, dual-in-line package (DIP) integrated circuits (ICs). They 
are completely compatible with the standard module mounting blocks sum· 
marized elsewhere in this publication and described in detail tn the HARD· 
WARE/ ACCESSORIES CATALOG published by Digital Equipment Corporation. 
These glass epoxy, wire wrappable modules have +5 Vdc power and ground 
bused (printed circuit etch tracks) to wire wrap pins at each IC location to 
facilitate connection of Vee and ground to the appropriate IC .wire wrap pin_ 
The wire wrap pins each accommodate two 30 AWG wire wraps. 

Some of these wire wrappable modules are equipped with low-profile IC sock· 
ets that accept either 14- or 16-pin DIP ICs; others accept 14- or 16-pin DIP 
ICs either with Qr without sockets; and others, in addition to accepting 14- or 
16-pin DIP ICs, are equipped to accept 24-pin DIP ICs. Discrete components, 
such as transistors and potentiometers, can also be mounted on these wire 
wrappable boards. These different configurations are described in t~e follow· 
ing table; each of these wire wrappable modules is described in detail in the 
HARDWARE/ACCESSORIES CATALOG. All of these modules have etched and 
gold-plated contact fingers and all have handles attached. 
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Wire Wrappable Modules 

Contact 
Part No. Fingers Size 

W940 144 Quad-
height, 
extended 
length 

W941 72 Double-
height, 
extended 
length 

W942 144 Quad-
height, 
extended 
length 

W943 72 Double-
height, 
extended 
length 

W950 144 Quad-
height, 
extended 
length 

W951 72 Double-
height, 
extended 
length 

W952 144 Quad-
height, 
extended 
length 

W953 72 Double-
height, 
extended 
length 

Description 

Accommodates up to fifty 14- or 16-pin 
DIP les with or without sockets. (Sockets 
not included.) 

Same as W940 except accommodates up 
to twenty-five 14- or 16-pin DIP les with 
or without sockets. (Sockets not in-

-cluded.) 

Same as W940 except equipped with 50 
low-profile, 16-pin DIP Ie sockets. 

Same as W941 except equipped with 25 
low-profile, 16-pin DIP Ie sockets. 

Accommodates up to thirty 14- or 16-pin 
DIP les and up to eight 24-pin DIP les 
with or without sockets. (Sockets not 
included.) 

Same as W950 except accommodates up 
to fifteen 14- or 16-pin DIP les and up to 
fO,ur 24-pin DIP les with or without sock­
ets. (Sockets not included.) The four 
24-pin locations can also accommodate 
four 14- or 16-pin les instead of the 
24-pin les. 

Same as W950 except equipped with 30 
low-profile, 16-pin DIP Ie sockets and 
eight 24-pin DIP Ie sockets. 

Same as W951 except equipped with 15 
low-profile, I6-pin DIP Ie sockets and 
four 24-pin DIP Ie sockets. 
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PDP-8/E WIRE WRAPPABLE MODULE BOARDS-W966 AND W967 
The W966 and W967 are wire wrappable modules designed specifically for the 
PDP-8/E. Both are quad-height, extended length modules that can accom­
modate forty-two 14- and/or 16-pin, dual-in-line package (DIP) integrated cir­
cuits (ICs). The wire wrappable modules are completely compatible with stan­
dard module mounting blocks summarized elsewhere in this publication and 
described in detail in the HARDWAR'E/ ACCESSORIES CATALOG published by 
Digital Equipment Corporation. These glass epoxy, wire wrappable modules 
have +5 Vdc power and ground bused (printed circuit etch tracks) to wire 
wrap pins at each IC location to facilitate connection of Vee and ground to the 
appropriate IC wire wrap pins. The wire wrap pins each accommodate two 
30 AWG wire wraps. 

All power and ground lines are common to the PDP-8/E OMNIBUS. These 
PDP-8/E wire wrappable modules are described in detail in the HARDWARE/ 
ACCESSORIES CATALOG. 

COLLAGE MODULE BOARDS 
Collage module boards provide a convenient, low-cost method of producing 
prototype or limited runs of production modules with special circuitry that 
uses 14- or 16-pin dual-in-Iine package (DIP) integrated circuits (ICs), with 
or without wire wrap sockets and/or solder sockets. Collage module boards 
are completely compatible with the standard module mounting blocks sum­
marized elsewhere in this publication and described in detail in the HARD­
WARE/ ACCESSORIES CATALOG published by Digital Equipment Corporation. 
These glass epoxy modules have +5 Vdc power and ground bused (printed 
circuit etch tracks) to plated-through holes at each IC location to facilitate 
connection of Vee and ground to the appropriate IC pin. 

These collage module boards are described in the following table; each of 
these collage module boards is described in detail in the HARDWARE/ ACCES­
SORIES CATALOG. 

Contact 
Part No. Fingers 

W968 144 

W969 72 

W979 72 

Collage Module Boards 

Size 

Quad·height, 
extended length 

Dou ble-height. 
extended length 

Double-height, 
standard length 

Description 

Accommodates up to seventy-two 14-
or 16-pin DIP ICs with or without wire 
wrap sockets and/or solder. sockets. 

Same as W968 except accommodates 
361Cs. 

Same as W968 except accommodates 
181Cs. 
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SPECIAL-PURPOSE BLANK MODULE BOARDS 
Special-purpose "blank module boards provide pre-etched mounting facilities 
for user-defined, supplied, and installed components. These special-purpose 
module boards are low-cost and ideal for prototype and limited-production 
runs of circuitry unique to each user. They are completely compatible with 
the standard module mounting blocks summarized elsewhere in this publica­
tion and described in detail in the HARDWARE/ACCESSORIES CATALOG pub­
lished by Digital Equipment Corporation. These glass epoxy module boards 
have etched and gold-plated contact fingers and all have handles atta-ched. 
The attached handles are stamped with their Digital' Equipment Corporation 
identification number (part number). 

MSI Module Board-W960 
The W960 MSI Module Board is a single-height, standard length module 
board that can accommodate either two 14- or 16-pin dual-in-line package 
(DIP) integrated Circuits (ICs) or one 24-pin DIP IC, either with or without 
sockets. All Ie pin plated-through hole locations are identified with their as­
sociated board contact finger and are all brought out to the board contact 
fingers via printed circuit etching. The W960 is described in detail in the 
HARDWARE/ACCESSOR I ES CATALOG. 

Universal Terminator Board-W964 
The W964 Universal Terminator Board is a single-height, standard length 
module. It is an etched and drilled module that can be used for mounting 
user-selected and user-supplied discrete components to provide a variety of 
termination or voltage source circuits for up to 28 signal pins. Each signal 
pin can have two components connected to ground and one component con­
nected to a common tie point. Any discrete component can be mounted on 
the W964 if the physical size is approximately the size of a 1/4-W resistor 
or disk capacitor. The W964 is described in detail in the HARDWARE/ AC­
CESSORIES CATALOG. 

MODULE EXTENDER BOARDS 
Module' extender boards are usually used to extend system modules for test 
and/or maintenance. Module extender boards permit access to the system 
module circuits and components without breaking the electrical connections 
between the system module and the backplane or mounting panel wiring. 
Extended length module extender boards should be used when the system 
comprises extended length system modules. Double-height and quad-height 
module extender boards should be used when the system module to be ex­
tended is double or quad high; however, two single-height module extender 
boards could be used to extend a double-height system module, or two 
double-height (or four single-height) module extender boards could be used 
to extend a quad-hejght system module. The following table describes the 
module extender boards. The board contact fingers connect directly to the 
connector socket pins on a 1:1 basis except as noted in the "Description" 
column of the table. 
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Module Extender Boards 

Contact 
Part No. Fingers Size 

W900 72 Double-
height, 
extended 
length 

W980 18 Single-
height, 
standard 
length 

W982 36 Single-
height, 
standard 
length 

W983 72 Double-
height, 
standard 
length 

W984 72 Double· 
height, 
extended 
length 

W987 144 Quad-
height, 
extended 
length 

Description 

Used in systems comprising extended length 
modules to extend a double-height, 72-pin 
module with +5 Vdc power at contact fin­
gers AA2 and BA2 and with ground at con­
tact fingers AC2, BC2, ATl, and BTl, i.e., 
most double-height M-series modules. This 
is a muUilayer module: layer 2 is the ground 
plane and layer 3 is the +5 Vdc power 
plane. 

Used in systems comprising standard length 
modules to extend a single-height, 18-pin 
(one side only) module, Le., most A-, K-, 
and W-series modules. None of the contact 
fingers are interconnected. 

Used in systems comprising standard length 
modules to extend a singl,-height, 36-pin 
module, Le., single-height M-series modules. 
None of the contact fingers are intercon­
nected. 

Used in systems comprising standard length 
modules to extend a double-height, 72-pin 
module, i.e., double-height M-series mod­
ules. None of the contact fingers are inter­
connected. 

The same as W983 except the W984 is an 
extended length module extender board and 
should be used to extend a system. module 
located beside one, or between two, ex­
tended length modules. 

The same as W984 except the W987 is a 
quad-height module extender board and 
should be used to extend quad-height (144-
pin) modules. 
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INTEGRATED CIRCUIT (IC) SOCKETS 

IC Sockebr--953, 954 
The 953 and 954 integrated circuit (IC) sockets provide low-cost, reliable 
production packaging of 14- or 16-pin, dual-in-line package (DIP) integrated 
circuits (lCs). These low-profile IC sockets are especially useful for limited­
production runs of special, user-designed circuitry using the blank or wire 
wrappable module boards (described in this section), which are available 
without factory-installed IC sockets. IC sockets 953 and 954 are available 
in packages of ten IC sockets per package. 

The 953 Ie socket is fabricated from nylon and has 16 beryllium copper 
contacts, gold over nickel plating, with wire wrap pins. 

The 954 IC socket is fabricat;d from nylon and has 16 beryllium copper 
contacts, gold over nickel plating, with solder tail pins. 

The 953 and 954 IC sockets are described in detail in the HARDWARE/ AC­
CESSORIES CATALOG published by Digital Equipment Corporation. 

INTEGRATED CIRCUITS (ICS) 
Two, 956 and 957, special ICs are avatlable from Digital Equipment Corpora­
tion. 

DEC8640 Unibus Receiver Ie (Quad 2·lnput NOR Gates)-956 
The 956 is a package of ten 14-pin, dual-in-line package (DIP) DEC8640* 
integrated circuits (ICs). Each IC comJ1tises four 2·input NOR gates. Each 
gate performs the Boolean function X = A + B. The DEC8640 gates are 
especially suitable as Unibus receivers because of their high impedance 
characteristics and, hence, minimal loading on the bus. 

These NOR gates are described in detail in the HARDWARE/ACCESSORIES 
CATALOG published by Dtgital Equipment Corporation. 

DEC8881·1 Unibus Driver IC (Quad 2-lnput NAND Gates)-957 
The 957 is a package of ten 14-pin, dual-in-line package (DIP) DEC8881-1 
integrated circuits (ICs). Each IC comprises four 2-input NAND gates. Each 
gate performs the Boolean function X = AB. The DEC8881-1 ICs are espe­
cially suitable as Unibus drivers because of their capability to sink 70 mA 
with a collector voltage of less than 0.8 V. 

These NAND gates are described in detail in the HARDWARE/ACCESSORIES 
CATALOG published by Digital Equipment Corporation. 

ODEC8640. IC replaces DEC380 IC. 
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MODULE HANDLES, MODULE HANDLE EXTENDERS, 
AND MODULE HOLDERS 
Module Handle-937 
The 937 (90-08337-08) is a package containing 25 blank, gray module 
handles and the eyelets to attach them to modules. These blank handles 
are generally user-attached to prototype or limited-production run modules 
that utilize blank copper-clad or wire wrappable modules. The blank handles 
provide a convenient method of identifying the prototype or limited-produc­
tion run modules because the user can put his own identification on the 
handle. The handles are compatible with the handles of all Digital Equipment 
Corporation standard A-, K-, M-, and W-series modules. They have two 0.128-
in. (O.325-cm) diameter mounting holes spaced 2.00 in. (5.08 cm) center­
to-center. 

Module Handle Extender-H850 
The H850 Module Handle Extender mounts over the handle of a single-height, 
single-length module and physically extends the length to make a single­
length module congruous with extended length modules. The H850, in addi­
tion to making removal and insertion of single-length modules easier when 
the system predominantly utilizes extended length modules, adds to the ap­
pearance of the system by making the modules the same length. 

The H850 is manufactured from durable, U.L. Standard No. 94 recognized 
material and is sized to fit over Digital Equipment Corporation's standard 
module handle. It is sold in lots of ten. 

Module Holders-H852, H853 
The H852 and H853 Module Holders are used to maintain rigidity of the 
modules in a system. Each module holder fits over the top (handle end) of 
modules of the same length in adjacent slots of a system unit. The H852, 
a ribbed type holder, fits between handles of modules in the same connector 
block; the H853, a nonribbed type holder, fits between the handles of mod­
ules in adjacent (end-to-end) connector blocks. For example, on quad-high 
modules, an H852 fits between handles 1 and 2, an H853 fits between 
handles 2 and 3, and an H852 fits between handles 3 ~nd 4. 

The H852 and H853 are manufactured from durable, plastic-like material 
that is nonconductive. They are sold in lots of 25 each. 
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WIRE WRAPPING TOOLS AND ACCESSORIES 
Wire wrapping provides positive, uniform electrical connections faster ana 
more economically than solder connections. Digital Equipment Corporation 
has a complete line of tools and accessories for wire wrapping all of the 
wire wrappable module connector blocks and all of the wire wrappable mod­
ule boards summarized elsewhere in this publication and described in detail 
in the HARDWARE/ACCESSORIES CATALOG published by Digital Equipment 
Corporation. 

Pistol-Grip Wire Wrapping Tool Kit-HBIO(24), H810-A, HBIO-B 
The H810(24) Pistol-Grip Wire Wrapping Tool Kit provides a pistol-grip 
mechanical wire wrapping tool and a sleeve and bit of the proper size to 
wrap 24 AWG wire wrap wire. 

The H810-A is the same as the H810(24) except the sleeve and bit are the 
proper size for wrapping 30 AWG wire wrap wire. 

The H810-B is a combination of H810(24) and H810-A. H810-S provides a 
pistol-grip mechanical wire wrapping tool and the bits and sleeves of the 
proper sizes for wrapping 24 AWG or 30 AWG wire wrap wire. 

Battery-Powered Wire Wrap Gun-H810-C, HBIO-D, HBIO-E 
The H810-C, H810-D, and H810-E battery-powered wire wrap guns are 
equipped with rechargeable, nickel-cadmium batteries. They do not require 
ac connection while in use. Their ease of operation reduces user-fatigue and 
provides uniform wire wrap connections. 

The H8IO-e battery-powered wire wrap gun is supplied with a bit and sleeve 
for wrapping 24 AWG wire wrap wire. 

The H810-D is supplied with a bit and sleeve for wrapping 30 AWG wire 
wrap wire. 

The H810-E is supplied without bits or sleeves. 

H813 bits and H814 sleeves can be used with any of these battery-powered 
wire wrap guns. 

Hand Wire Wrapping Tool-HBll(24), HBII-A 
The H811(24) and H811-A hand wire wrapping tools are especially useful for 
service and repair applications. They can also be used for producing limited 
numbers of prototype modules. 

H811(24) is designed for 24 AWG wire wrap wire, and the H81l-A is de­
signed for 30 AWG wire wrap wire. 

Hand Wire Unwrapping Tool-H812(24), H812-A . 
The H812(24) and H812-A hand unwrapping tools are ideal for unwrapping 
wire strapped terminals. 

The H812(24) is designed for unwrapping 24 AWG wire, and the H812-A is 
designed for unwrapping 30 AWG wire. 

Bit for Battery-Powered Wire Wrap Gun-HB13(24), HB13-A 
The H813(24) and H813-A bits are replacement bits for battery-powered 
wire wrap guns H810-C, H810·D. or H810-E. 

The H813(24) is deSigned for 24 AWG wire. and the H813-A is designed 
for 30 AWG wire. 
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Sleeve for Battery-powered Wire Wrap Gun-H814(24), H814-A 
The H8l4(24) and H814-A sleeves are replacement sleeves for batte~ry­
powered wire wrap guns H8l0-C, H8l0-D, or H8l0-E. 

The H814(24) is designed for 24 AWG wire ,and the H8l4-A is designed for 
30 AWG wire. 

621 



BUS STRIPS 

Bus Strips-932, 933, 939 
Bus strips 932, 933, and 939 provide a convenient method of interconnect­
ing all wire wrap pins in a system that are assigned identical control signals, 
power, or ground. These bus strips are flat, narrow conductors with holes 
that correspond to the connector .block pin size and spacing. When a bus 
strip is placed over the pins and soldered to each, it will interconnect all of 
the pins with the same pin number for as many module slots as desired. 
After the modules have been selected and the slots of the mOl,lnting panel 
have been assigned to the modules, identical control signal, power, and 
ground pins can be bused with the bus strips. 

Bus strip 932 can be used to bus systems using H800 Module Connector 
Blocks. Bus strip 933 can be used to bus systems using H803, H8030, and 
H863 Module Connector Blocks. Bus strip 939 can be used to bus systems 
using H808 Module Connector Blocks. Module connector blocks are sum· 
marized elsewhere in this publication and are described in detail in the 
HARDWARE/ACCESSORIES CATALOG published by Digital Equipment Cor­
poration. 

Length: 932 - 13.5 in. (39.4 cm) 
933 - 21.5 in. (54.6 cm) 
939 - 21.5 in. (54.6 cm) 

PATCH CORDS AN'O ACCESSORIES 

Grip-Clip Connectors for Slip-on Patch Cords-H820, H821 
The H820 and H821 grip-clip connectors are identical to the connectors used 
on each end of 913 and 915 patch cords, respectively. These grip clips 
permit the fabrication of patch cords of any length. 

H820 grip-clip connectors accept 24 to 20 AWG wire; they slip on wire wrap 
terminals that are sized for 24 AWG wire wrap wire, 0.031 by 0.062 in. 
(0.079 by 0.158 cm). H821 grip-clip connectors accept 30 to 24 AWG wire; 
they slip on wire wrap terminals that are sized for 30 AWG wire wrap wire, 
0.025 in. (0.064 cm) square. 

H820 and H821 grip-clip connectors are shipped in quantities of 1000 of 
one size. 

Hand Crimping Too1-H825, H826 
The H825 and H826 hand crimping tools can be used to secure H820 and 
H821 grip-clip connectors to the wire. These tools ensure good electrical 
connections quickly and easily_ 

The H825,.hand crimping tool should be used to crimp H820 connectors to 
24 to 20 AWG wire. The H826 hand crimping tool should be used to crimp 
H821 connectors to 30 to 24 AWG wire. 

Patch Cords-913; 915 
The 913 and 915 patch cords provide slip-on connections at the wire wrap 
pins of FLIP-CH IP modules and module connector blocks. They are ideal for 
breadboarding prototype modules and making temporary or semipermanent 
jumpers at a system backplane. They are available in 11 color·coded lengths 
from 2 to 64 inches (5.04 to 162.56 cm). 
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Patch cord 913 is 24 AWG stranded wire with IPVC insulation, and is equipped 
on each end with an H820 grip-clip connector; H820 connectors fit on wire 
wrap pins that are sized for 24 AWG wire wrap wire, 0.031 by 0.062 in. 
(0.079 by 0.158 cm). 

Patch cord 915 is 26 AWG stranded (7/34) with IPVC insulation, and is 
equipped on each end with an H821 grip-clip connector; H821 connectors fit 
on wire wrap pins that are sized for 30 AWG wire wrap wire, 0.025 in. (0.064 
cm) square. 

Patch cords 913 and 915 are available in quantities of 100 of the same 
length and same gauge, and in quantities of 100 of assorted lengths and 
the same gauge. The following chart lists the part number, length, and color 
code for 913 and 915 patch cords. 

Part Number 
Length in InChes 

24AWG 26AWG (Centimeters) Color 

• 
913-2 915-2 2 (5.08) BRN 
913-3 915-3 3 (7.62) BRN/WHT 
913-4 915.4 4 (10.16) RED 
913-6 915-6 6 (15.24) RED/WHT 
913-8 915-8 8 (20.32) ORN 
913-12 915-12 12 (30.48) ORN/WHT 
913-16 915-16 16 (40.64) YEL 
913-24 915-24 24 (60.96) YEL/WHT 
913-32 915-32 32 (81.28) GRN 
913-48 915-48 48 (121.92Y GRN/WHT 
913-64 915-64 64 (162.56) BLU 
913-AF 915-AF Assorted * Assorted 

* 913-AF and 915-AF comprise the following assorted patch cords: 30BRN/ 
WHT (-3); 25 RED/WHT (-6); 25 ORN (-8); 10 YEL/WHT (-24); 5 GRN 
(-32); and 5 BLU (-64). 

When ordering, please specify part number 913 or 915 and the appropriate 
dash number. 

Power Patch C0rd-914-7, 914-19 
The 914 power patch cords provide interconnections between power supplies 
and mounting panels that are equipped with Faston @ terminals, series 
250. The 914 power patch cord is stranded wire with IPVC insulation and 
is equipped on each end with Faston receptacles, series 250. Power patch 
cord 914 is available in two lengths-7 inches and 19 inches (18 cm and 
48 cm)-and is available in packages of ten of the same length. The 914-7 
is a package of ten 7-ineh (l8-em) pateh cords. The 914-19 is a package 
of ten 19-inch (48-cm) patch cords. 

Daisy Chain-917-2.5, 917·5 
The 917 daisy chain is a continuous length of stranded insulated wire on a 
reel with 250 gold-plated and insulated terminals crimped at 2.5-in. (6.4-cm) 
or 5.0-in. (12.7-cm) intervals. A prototype system is easily and quickly hand 
patched when the 917 daisy chain is used. 

@ Faston is a trademark of AMP, Inc. 
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The terminals are designed to fit on module connector blocks that have wire 
wrap pins sized for wrapping with 30 AWG wire [0.025/0.026 in. (0.064/ 
0.066 cm) square] e.g., module connector blocks HB03, HB030, H807, and 
H863, summarized elsewhere in this publication and described in detail in 
the HARDWARE/ACCESSORIES CATALOG published by Digital Equipment Cor­
poration. 

The dependable 917 daisy chain push-on terminals are easily removed from 
the connector block wire wrap terminals; this provides an ideal wiring tech­
nique in systems. where unwiring and rewiring for changing system require­
ments are essential. If an additional lead is ever required on a wire wrap 
terminal, a 915 patch cord can be used; a 915 patch cord can be placed on 
the terminal after the wire wrap connection and before the 917 termination. 

The 917·2.5 daisy chain has 250 terminals at 2.5-in. (6.4-cm) intervals. 

The 917·5 daisy chain has 250 terminals at 5·in. (12.7·cm) intervals. 
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WIRE 
30 AWG Wire Wrapping Wire-91·05740 _ 
Thirty AWG solid conductor wire is available on 1000-ft (304.B-m) spools for 
wire wrapping logic system backplane pins. This wire is excellent for wire 
wrapping HB03, HB030, H807, and H863 Module Connector Blocks sum­
marized in this publication and described in detail in the HARDWARE/ AC­
CESSORIES CATALOG published by Digital Equipment Corporation. 

Complete specifications for 91-05740 wire wrapping wire are contained in 
the HARDWARE/ACCESSORIES CATALOG. 

NOTE 
This wire should not be used for solder applica­
tions. 91-07470-44 wire, also described in this 
publication, should be used for solder applica­
tions. 

24 AWG Hookup (Solder) Wire-91·07470-44 
Twenty-four AWG solid conductor wire is available on 1000-ft (304.B·m) 
spools 'for soldering logic system backplane pins. This wire is excellent for 
soldering HBOO-F Module Connector Blocks summarized in this publication 
and described in detail in the HARDWARE/ACCESSORIES CATALOG published 
by Digital Equipment Corporation. 

Complete specifications for 91-07470-44 wire wrapping wire are contained 
in the HARDWARE/ACCESSORIES CATALOG. 

24 AWG Wire Wrapping Wire-91·07688 
Twenty-four AWG solid conductor wire is available on 1000-ft (304.B-m) 
spools for wire wrapping logic system backplane pins. This wire is excellent 
for wire wrapping HBOO, H802, and HBG8 Module Connector Blocks sum­
marized in this pUb.lication and described in detail in the HARDWARE/AC­
CESSORIES CATALOG published by Digital Equipment Corporation. 

Complete specifications for 91-076B8 wire wrapping wire are contained in 
the HARDWARE/ACCESSORIES CATALOG. 

NOTE 
This wire should not be used for solder applica­
tions. 91-07470-44 wire, also described in this 
publication, should be used for solder applica­
tions. 
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CABLE ASSEMBLIES 

DIGITAL provides a complete line of preassembled cable assemblies which 
are compatible with Digital Equipment Corporation and customer-supplied 
equipments. Most of these cable assemblies are available in customer-speci­
fied lengths. 

The connectors referenced with each cable are summarized elsewhere in this 
section and are described in detail in the Hardware! Accessories Catalog pub· 
lished by Digital Equipment Corporation. 

The number following the dash in each cable listing denotes the Gable length 
in feet. The xx suffix indicates the cable is available in most any length spe­
cified by the customer. 

Single-Sided Connectors-20-Conductor Ribbon Cable 

Type 

BC02A-xx 
BC02B-xx 
BC02E-xx 
BC02K-xx 
BC02l-xx 
BC02M-xx 
BC02N-xx 
BC02P-xx 
BC02T-xx 
BC02U-xx 
BC02W-xx 
BC02Y-xx 
BC04A-xx 
BC04B-xx 
BC04C-xx 
BC04D-xx 
BC04E-xx 
BC04F-xx 
BC04H-xx 
BC04J-xx 
BC04K-xx 

Connectors 

WOll-WOll 
WOll-W021 
WOll-W028 
W020-W023 
W021-W021 
W021-W022 
W021-W028 
W022-W022 
W023-W027 
W024-W024 
W028-W028 
WOll-W021 
WOII-Open End 
WOl8-0pen 'End 
W020-0pen End 
W021-0pen End' 
W022-0pen End 
W023-0pen End 
W024-0pen End 
W027-0pen End 
W028-0pen End 

Single-Sided Connectors--9-Conductor Flat Coax Cable 

Type 

BC03A-xx 
BC03B-xx 
BC03C-xx 
BC03D-xx 
BC03J-xx 
BC04L-xx 
BC04M-xx 
BC04N-xx 
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Connectors 

WOII-WOII 
WOII-W021 
W02l-W02l 
W021-W022 
W021-W028 
W02l-0pen End 
W021-0pen End 
W022-0pen End 



Single-Sided Connectors-19-Conductor Flat Mylar Cable 

Type 

BC03E-xx 
BC03F-xx 

Connectors 

W03l·W03l 
W033-W033 

Double-Sided Connectors-Two 19-Conductor Cables (except a$ noted) 

Type 

BC03H·xx 
'BC04T·xx 
BC04U·xx 
BC08A·Ol 
BC08A·03 
BC08A·05 
BC08A·07 
BC08A·lO 
BC08A-15 
~C08A·25 
BC08C·Ol 
BC08C·03 
BC08C·05 
BC08C·07 
BC08C-I0 
BCOse-15 
BC08C·25 
BC08E·xx (one cable) 
BC08F·06 

Connectors 

M901·M901 . 
M90I-0pen End 
M903-0pen End 
M903-M903 
M903-M903 
M903·M903 
M903-M903 
M903-M903 
M903-M903 
M903-M903 
M903-2/W031 
M903-2/W031 
M903-2/W031 
M903-2/W031 
M903-2/W031 
M903·2/W031 
M903-2/W031 
W03I-W031 
M903·M925 

Double-Sided Connectors--Two 20-ConductorRibbon Cables 

Type 

BC02X-xx 
BC04W-xx 
BC07D-IO 
BC07D-15 
BC07D-25 
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Connectors 

M908-M908 
M90S-0pen End 
H856-0pen End 
HS56-0pen End 
H856-0pen End 



Double-Sided Connectors--Two 9-Conductor Flat Coax Cables 

Type 

BC04P-xx 
BC08B-Ol 
BC08B-03 
BC08B-05 
BC08B-07 
BC08B-I0 
BC08B-I5 
BC08B-25 
BC080-01 
BC080-03 
BC080-05 
BC080-07 
BC08D-I0 
BC08D-I5 
BC08D-25 

Connectors 

M904-0pen End 
M904-M904 
M904-M904 
M904-M904 
M904-M904 
M904-M904 
M904-M904 
M904-M904 
M904-2/WOll 
M904-2/WOll 
M904-2/WOIl 
M904-2/WOl1 
M904-2/WOll 
M904-2/WOll 
M904-2/WOll 

Single-Sided Connectors--4O-Conductor Flat Mylar Cable 
(18 signals with alternate grounds) 

Type 

BC08J-06 
BC08J-I0 
BC08J-15 
BC08J-25 
BC08J-50 
BC08K-06 
BC08K-I0 
BC08K-I5 
BC08K-25 
BC08K-50 

Connectors 

M953-H856 
M953·H856 
M953-H856 
M953-H856 
M953-H856 
M955-H856 
M955-H856 
M955-H856 
M955·H856 
M955-H856 

Double-Sided and 4O-Pin Connectors--Two 4O-Conductor 
Flat Mylar Cables (36 signals) 

Type 

BC08L-06 
Be08L-IO 
BC08L-I5 
BC08L·25 
BC08L-50 
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Connectors 

M954-2/H856 
M954-2/H856 
M954-2/H856 
M954-2/H856 
M954-2/H856 



H856 4O-Pin Connectors-40·Conductor Flat Mylar Cable 

Type 

BC04Z-xx 
BCOSR-xx 

BCOSH OMNIBUS Cable 

Connectors 

HS56-0pen End 
H856-HS56 

The BCOSH Cable consists of two 6O-conductor, flat mylar Flexprint cables 
used to connect system units in different mounting drawers or to connect 
peripheral devices not located within the drawer. 

This cable accommodates one-half of the OMNIBUS signals and one-half of 
the ground lines; two BC08H cables are required to extend the complete 
OMNIBUS. 

Type 

BC08H-03F 
BCOSH-04 F 

BCllA UNIBUS Cable 

Flat Mylar Cables 
(6O-Conductor-Double) 

Connectors 

M936-M937 
M936-M937 

The BCIIA Cable consists of two 60-conductor, flat mylar Flexprint cables 
used to connect system units in different mounting drawers or to connect 
peripheral devices not located within the drawer. 

This cable accommodates all 56 UNIBUS signals and 64 ground lines. 

Type 

BCllA-02 
BCIIA-05 
BClIA-08F 
BCllA·10 
BCllA·15 
BCIIA-20 
BCllA-25 
BCllA-35 
BCl1A-50 

Flat Mylar Cables 
(60-Conductor-Double) 
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Connectors 

M9l9-M929 
M919-M929 
M919-M929 
M919-M929 
M919-M929 

·M9I9-M929 
M919-M929 
M919-M929 
M919-M929 



TTY, DECKit, and Other serial Device Cables 

Type 

BC05C-25 
BC05C-35 
BC05C-45 
BC05C-50 
BC05C-60 
BC05C-70 
/BC05D-10 
BC05D-25 
BC05F-xx 
BC05X-xx 
BC07A-10 
BC07A-15 
BC07A-25 
SC07B-10 
BC07B-15 
BC07B-25 
BC07C-10 
BC07C-15 
BC07C-25 
BC11K-25 
BC14F-05 
BC14F-10 
BC14F-15 
BC14F-25 
SC70A-15 
SC70S-15 

Connectors 

H856-Cinch # DB-25P* 
H856-Cinch # DB-25P* 
H856-Cinch # DB-25P* 
H856-Cinch # DB-25P* 
H856-Cinch # DB-25P* 
H856-Cinch # DB-25P* 
Cinch #DBM-25S-Cinch #DB-25P* 
Cinch # DBM-25S-Cinch # DB-25P* 
12-09340-01-12-09340-01 
12-09340-00-12-09340-01 
H856-0pen End 
H856-0pen End 
H856-0pen End 
H856-0pen End 
H856-0pen End 
H856-0pen End 
H856-0pen End 
H856-0pen End 
H856-0pen End 
H856-0pen End 
12-11354**-12-11390* 
12-11354**-12-11390* 
12-11354**-12-11390* 
12-11354**-12-11390* 
44-Pin* **-Cinch # DB-25P* 
44-Pin****-Open End 

Cable 

25-Conductor, Round 
25-Conductor, Round 
25-Conductor, Round 
25-Conductor, Round 
25-Conductor, Round 
25-Conductor, Round 
25-Conductor, Round 
25-Conductor, Round 
4·Conductor, Round 
4·Conductor, Round 
20-TWP, Round 
20-TWP, Round 
20-TWP, Round 
11-TWP, Round 
ll-TWP, Round 
ll-TWP, Round 
10-TWP, Round 
10-TWP, Round 
10-TWP, Round 
20-TWP, Round 
25-Conductor, Round 
25-Conductor, Round 
25-Conductor, Round 
25-Conductor, Round 
10-Conductor, Round 
Two ll-TWP, Round 

*Mates with female connector with sockets conforming to EIA Specification RS-232-C 
or CCITT Recommendation V.25, or to 12-11354 or Cinch #DBM-25S connector. 

**Mates with male connector with pins conforming to EIA Specification RS-232·C or 
CCITT Recommendation V.25, or to 12-11390 or Cinch #DB-25P connector. 

*uMates with edge connector on PDM70-J or -JR options. 
~***Mates with edge connector on all PDM70 options. 
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POWER SUPPLIES, POWER CONTROLLERS, 
AND STEP-DOWN TRANSFORMERS 

The electrical and mechanical features of a complete line of power supplies, 
power controllers, a step-down transformer, and power supply accessories 
are summarized in the following tables and paragraphs. These items are 
described in detail in the HARDWARE/ACCESSORIES CATALOG published by 
Dig~tal Equipment Corporation. The following three paragraphs and tables 
summarize the power supplies according to their usual use. The fourth 
paragraph and table summarizes the power controllers and a step-down 
transformer. Power supply accessories are summarized in the fifth paragraph 
and table. 

+5 Vdc POSITIVE LOGIC POWER SUPPLIES 
These +5 Vdc positive logic power supplies are designed to provide Vee 
<+5 Vdc) to the integrated circuits mounted on modules used in logic sys­
tems and interfaces. Many small systems and most interfaces comprise 
M-series gating, multiplexing, bus receivers, and bus transmitter modules 
that require only a Vee power supply. The power supplies summarized in this 
table are ideal for these applications because of such features as overvoltage 
and short circuit protection, remote senSing, and input voltage ranges. 
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+5 Vdc Positive logic Power Supplies 

Part No. Input Specs Output Specs Dimensions Features 

H710 105-125 Vac +5 Vdc @ 5 A, 8 in. long X 6 in. high Short circuit proof 
210~250 Vac 1 % regulation X 5.25 in. deep Floating output 
(47-63 Hz) (20.32 X 15.24 X 13.34 cm) Remote sensing 

Overvoltage protection 
0\ w H716 120 Vac +5 Vdc @ 4.0 A, 5.25 in. long X 4.125 in. Floating output N 

240 Vac 3 % . regulation high X 12.00 in. deep Short circuit proof 
(47·63 Hz) -15 Vdc@ 1.5 A, (13.34 X 10.48 X 30.48 cm) Overvoltage protection for 

5% regulation +5 Vdc output 

H726·B 120/240 Vac +5 Vdc @ 7.0 A, 16.50 in. long X 2.23 in. Floati ng output 
(47·500 Hz) 1 % regulation high X 6.25 in. deep Short circuit proof 

(41.91 X 5.66 X 15.88 cm) Parallel operation 
Overvoltage protection 



ANALOG POWER SUPPLIES 
Analog power supplies are designed to provide ± 15Vdc for operational ampli­
fiers and 01 A and AID converters used in analog systems. The power sup­
plies summarized in this table are ideal for these applications because of 
their accuracy and regulation. 
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Analog Power Supplies 

Part No. Input Specs Output Specs Dimensions Features 

m H704·A 105·125 Vde ± 15 Vdc outputs 7.75 X 4.0 X 3.81 in. Two 15 V floating outputs 
eN (47·420 Hz) @400mA, (19.68 X 10.16 X 9.67 cm) Overload protection 
~ 

0.1 % regulation Remote sensing 

H707 Same as ± 15 Vdc outputs 5.5 in. X 5.0 in. X 4.0 in. Same as H704 plus fuse 
H704·A @ 1.5 A, (13.97 X 12.70 X 10.16 em) holder 

0.1 % regulation 



SYSTEM POWER SUPPLIES 
System power supplies are designed to provide Vee (+ 5 Vdc) and reference 
voltages to an entire system or to a large interface when spare power is not 
available from the system supply. The power supplies summarized in this 
table are ideal' for these applications because of their high current output 
capabilities and voltage output ranges. 

System Power Supplies 

Input 
Part No. Specs Output Specs Features 

H720-C 120 Vac, +5 V @ 22 A Ac frequency monitor 
19-in. (48.26-cm) 47-63 Hz -15 V @ 10 A Ac or dc low voltage 
panel-mounted +8 V (avg) @ 1.5 A detection 

-25 V @ 1.5 A Overvoltage and over-
current protection 

H720-D 240 Vac, Same as H720-C Same as H720-C 
(Same as 47-63 Hz 

H720-C) 

H720-E 120 Vac, +5 V @ 22 A Input frequency moni-
(BAII-C or 47·63 Hz -15 V @ 10 A tor 

BAII-E +8 V (a.vg) @ 1.5 A Ac and dc low power 
Mounting Box) -22 V @ 1.5 A detection 

Overvoltage and over-
current protection. 

H720-F 240 Vac, Same as H720-E Same as H720-E 
(Same as 47-63 Hz 

H720-E) 

H721 88-132 +5 V @ 20 A 20 ms hold-up on de 
19-in. (48.26-cm) Vac/176- -15.5 V @ 3.5 A outputs 
panel-mounted 264 Vae, +10.5 V @ 2.5 A 

47-63 Hz 

H740·D 115 Vael +5 V @ 17 A Ac frequency monitor 
19-in. (48.26 em) 230 Vac, -15 V @ 5 A Ac and dc low voltage 
panel-mounted 47-63 Hz +15 V @ 1.0 A detection 
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POWER CONTROLLER AND STEP-DOWN TRANSFORMER 
A power controller and a power transformer are summarized in this table. 
The power controller is ideal for distributing ac power within a system; the 
power transformer is ideal for stepping down commercial power to 115 Vac 
for use within a system. 

Power Controllers and Step-Down Transformer 

Part 
No. Input Specs Output Specs Features 

861·A 90·130 Vac, 2 phase, 90·130 Vac at 12 A Local or remote con· 
16 A/pole (each ac outlet) trol 

Four switched, dual 
receptacles 

861·8 180·270 Vac, single 180·270 Vac at 12 A Two unswitched, dual 
phase, 16 A/pole (each ac outlet) receptacles 

861·C 90·130 Vac, single 90·130 Vac at 12 A 19·;n. (48.26·cm) 
phase, 24 AI pole (each ac outlet) mounting·rail 

mounted 

H722 115, 189, 200 217, 115 Vac at 4.0 A 19·in. (48.26·cm) 
230, 245 Vat panel-mounted 
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POWER SUPPLY ACCESSORIES 
Line sets and ac receptacles are summarized in this table. The ac recepta­
cles are wall-mounted and are designed to mate with the plug on the ac 
input cords of some power supplies. These receptacles are offered in this 
handbook because they may not be available in local supply stores. The line 
sets are ac input power cords terminated with an ac input box on one end; 
the line sets are specifically designed for use with H740-0 Power Supplies. 
Also available is the H322 Distribution Panel, which can be mounted in a 
cabinet to distribute signals, power, and ground to one or more devices. 

Part No. 

12·11046 

12·11191 

12·11194 

BC05H-6 

BC05J·6 

H322 

Power Supply Accessories 

Use 

Receptacle that mates with ac input 
plug on Power Controller 861·A 

Receptacle that mates with ac input 
plug on Power Controller 861·B 

Receptacle that mates with ac input 
plug on Power Controller 861·C 

Line set designed to connect 115 
Vac input to Power Supply H740-0 

Line set designed to connect 230 
Vac input to Power Supply H740·D 

Distribution panel designed to pro­
vide general·purpose signal, power, 
and ground distribution from one or 
more devices to one or more 
devices. 
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Specifications 

125/250 V, 20 A 
4·prong 

• 
250 V, 20 A 
3-prong 

125 V, 20 A 
3-prong 

115 Vac 
6-ft. (1.8-m) power cord 

'230 
6-ft. (1.8-m) power cord 

Fits 19·in. (48.26-cm) rack. 
Two 40-pin H854 and two 
9'pin 12-09350-09 connec· 
tors and nine 10·screw ter· 
minal strips. 
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COMPUTER LAB LAB 
SERIES 

The COMPUTER LAB is a high performance low-cost digital logic trainer. 
It uses the same monolithic integrated transistor·transistor logic circuitry 
used in DIGITAL's latest computers. 

The digital logic fundamentals presented by the COMPUTER LAB can foster 
a basic understanding of computer technology for the computer career 
oriented user, or for a user applying computers for the first time. The COM­
PUTER LAB will also help the math-oriented user understand "new math" 
concepts, as computer logic operates with binary numbers according to 
Boolean algebraic laws. 

Wiring is easy because of the standard logic symbology used on the front 
panel and the color coded Patchcords which are easily inserted and removed. 
An improper circuit will not damage the COMPUTER LAB. The faulty circuit 
merely "waits" for correction. 

Once a logic co'nfiguration has been wired, it can be tested by using one of 
three pulser switches to supply momentary signals to the logic elements or 
by using one of eight rocker switches to supply sustained signals. A variable 
frequency clock is also available for supplying test signals and for synchro­
nizing some of the more complex experiments. The eight indicator lamps 
may be wired into the circuit to provide a visual indication of the state of 
the logic at any point. 

Features 

• Transistor-Transistor logic circuitry as used in DIGITAL's PDP computers 

• Teaches modern computer logic 

• Easy to use: MIL-STD 806 logic symbology on front panel 

• Portable: Dimensions of 12.5 in. (36.7 cm) w x 17 in. (43 em) h x 3.25 
(8.25 em) d, weighing only 11 Ibs. (5 kg) 

• Comprehensive Workbook provides: 
-Ten detailed chapters 
-More than 30 experiments 
-Over 200 hours of laboratory study 
-Dozens of tables and diagrams 
-An extensive appendix of supplementary information 

• Instructor's Guide with answers, additional text, extra problems, course 
plans. Order no. B-400 (additional charge). 
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Model No. 

H500 
H500-A 

Vac Operation 

115 Vac, 60Hz 
230 Vac, 50Hz 



The DEClab-RT 

642 



DEClab-RT 
LAB 

SERIES 

The DEClab-RT is a highly versatile training unit that offers the user a func­
tional approach to understanding digital system design utilizing the register 
transfer concept. (Refer to Register Transfer Modules section in this hand­
book.) A DEClab-RT consists of a series of functional sequential logic build­
ing blocks designated Register Transfer Modules (RTM) which obviate the 
need for conventional combinatorial and sequential logic design. The com­
panion textbook/w9rkbook for the DEClab-RT 1s Designing Computers and 
Digital Systems Using PDP-16 Register Transfer Modules. 

Five functional building block sections comprise the DEClab-RT: 

General Purpose Arithmetic Unit-Provides for manipulation of two or more 
I6-bit registers and performs both Boolean and arithmetic operations (Mod­
ules M7300 and M7301). 

Bus Sense-Performs such functions as detect positive, negative, and zero 
by monitoring all bus transfers. Also contains bus terminations and initial­
izing.circuits plus other essential system functions. 

Memory-Includes a variety of bipolar RAM devices such as M7318, a 16 x 
16 scratch pad; M7319, a 16 x 256 scratch pad; and M7324, a 16 x IK 
scratch pad. 

Interfaces..-A set of functional devices for parallel or serial interfacing. In­
cludes Modules M7311, a general-purpose interface, and M73I3, a serial 
I/O register. 

Controls-These are the system control functions which define the solution 
to a particular computational problem. The control devices include evoke 
(M7310), two-way branch (M7312), eight-way branch (M7314), subroutine 
return (M7315), two-input OR gate (Ml103), and four-input OR gate 
(MI307). 

To fully implement the many RTM designs and applications as outlined in 
Designing Computers and Digital Systems Using PDP-16 Register Transfer 
Modules, DIGITAL has assembled a number of RTM modules in two kits. 

RTKIT·l (Basic Kit) 

Qty. 

1 M7334 

2 M1307 

1 Ml103 

1 M73I5 

1 M7306 

3 M7312 

Light Interface and Switch Control MQdule including 
two 70-2222-3 foot Cables 

Four-Input OR Gate 

Two-Input OR Gate 

Subroutine Return 

Flags Module 

Two~way Branch 
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6 M7310 Evoke Units 

1 M7332 Bus Control and Terminator 

1 M7300 General Purpose Arithmetic Unit Control 

1 M7301 General Purpose Arithmetic Registers 

1 H8513 Edge Connector Used to Connect M7300 and M7301. 
1 M7318 16 x 16 Scratch Pad Memory 
1 H914 19-inch Mounting Panel (Bused for Power, Data, and 

RTM Control Lines) 

2 Pkgs. 913-AF Patchcords, Assorted Sizes (100 per Package) for Use with 
24-Gauge Pins. 

NOTES: 

1) A +5V 7A, DC power supply is required for the RTM modu~es. This type 
of power supply is readily available in most engineering labs. If a power 
supply is needed,· consult Product Index. 

2) H914-RTM mounting panel houses eight lOW-density connector blocks 
having 24-gauge connector pins. The H914-RTM is readily mounted in 
standard 19-inch racks. (Mounting racks, part no. 4913, are ideal 19-inch 
benchtop racks.) 

RTKIT-2 (Expander Kit) 

Qty. 

1 M7313 Serial I/O Register (TTY) 

1 M7319 16 x 256 Scratch Pad Memory 

1 M7311 General Purpose Interface 

1 M7305 Transfer Register 

1 M7314 Eight-way Branch 

1 M7333 . Serial Interface Adapter 

1 M7307 Constants Generator 4 x 16 

NOTE: The M7313 and M7319, in addition to the +5 Vdc power source, 
require a -15 or -12 DC volt power source. 
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In approximately 17 years, DIGITAL EQUIPMENT CORPORATION has grown 
from three employees and one floor of production space in a converted 
woolen mill, to a major international corporation. DIGITAL now employs more 
than 18,000. Our products are manufactured in several plants, and are sold 
and serviced from customer support centers in the United States, Canada, 
Japan, Australia and seven European countries. 

We produce a wide variety of computer and control products ranging from 
logic modules to large time sharing computer systems. In addition to those 
logic modules and associated equipment detailed in this handbook, DIGITAL 
also manufactures 12·, 16-, 18- and 36-bit computers, peripheral devices, 
special systems, accessories, programmable controllers and a wide variety 
of software. . 

DIGITAL first began manufacturing computer-related equipment in 1957 
when we introduced a line of solid state logic modules. These were initially 
used to test and build other manufacturers' electronic equipment. The logic 
module product lines have been continually broadened, and DIGITAL now 
ranks as the world's largest manufacturing supplier of digital logic modules, 
producing more than three million per year. 

Our first computer, the PDP-I was introduced over a decade ago, selling for 
$120,000 while competitive machines were priced over $1 million. Ever since 
the PDP-I, DIGITAL has specialized in on-line, real-time computers. 

The PDP-5, introduced in 1963, was the first truly small computer. The 
PDP-S series, the PDP-5 successor announced in 1965, is one of the most 
popular and successful families of computers ever produced. 

The PDP-ll sixteen-bit computer also ranks as the industry leader of 
medium-sized systems. 

DIGITAL is a leading force in small computers, but it also has been a pace­
setter in other parts of the industry. For example, one of the first time 
sharing systems ever built incorporated a PDP-I. DlTlGAL introduced the 
first large-scale, commercially available time sharing system in 1965-the 
PDP-6. Its successor, the DECsystem-10, can do more at a price well under 
$1 million than competitive systems costing several times as much. 

With more than 30,000 computers now installed, DIGITAL is the second 
largest manufacturer in terms of installations. 
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In industry, DIGITAL computers provide engineers with a powerful control 
and testing tool. They control blast furnaces and open hearths, monitor slab 
mills and finishing mills, and control and monitor a variety of machine tools, 
transfer and material handling equipment. DIGITAL computers guided the 
SS MANHATTAN as she sailed the Northwest Passage. and are being used 
in testing the Boeing 747 jumbo jet, and the Anglo-French Concorde super­
sonic airplane. 

In science, our computers have cut the researchers experiment time with 
direct, on-line data reduction. DIGITAL computers control and monitor pow­
erful nuclear reactors, control X-ray diffractometers, analyze nuclear spec­
troscopy data, and assisted in the analysis of lunar rock samples. They are 
used extensively in environmental research and pollution control. 

In virtually all DIGITAL computer installations, DIGITAL solid state logic is 
used for interfacing or control application. 

GENERAL INFORMATION 
FINANCIAL RESULTS 

Total Sales (in millions) 

1974 $421.8 
1973 265.5 
1972 187_6 
1971 146.8 
1970 135.4 
1969 91.2 
1968 57.3 
1967 38.8 
1966 22.7 

Net Income (in millions) 

1974 $44.4 
1973 23.5 
1972 15.3 
1971 10.6 
1970 14.4 
1969 9.4 
1968 6.8 
1967 4.5 
1966 1.9 

DIGITAL EQUIPMENT CORPORATION 
CORPORATE HEADQUARTERS 

Maynard, Massachusetts 01754 

MANUFACTURING PLANTS 

Mountain View, California 

Maynard, Massachusetts 

Marlboro, Massachusetts 

Natick, Massachusetts 

Springfield, Massachusetts 

Westfield, Massachusetts 

Westminster, Massachusetts 

S~n German, Puerto Rico 

Kanata, Ontario, Canada 

Galway, Ireland 

Tachi, Taiwan 

Hong Kong, BCC 
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Maynard, Massachusetts 

Wallensteinplatz 2, West Gemany 

Tokyo, Japan 

Reading, Berkshire, England 

Paris, France 

Kanata, Canada 

Stockholm, Sweden 

TOTAL EMPLOYES ............ 18,000 



GENERAL DESCRIPTION OF DIGITAL P,RODUCTS 
(Excluding those discussed in this Handbook) 

COMPUTERS 
PDP-SE, PDP-SF, PDP-SM, PDP-S/A, the lower cost successors to the PDP-8/1 
and PDP-8/l. They are the outgrowth of the largest concentration of mini­
computer engineering, programming and user expertise in the world. Among 
the PDP-8/E features are: a unique internal bus system called OMNIBUSTM, 
which allows the user to plug memory and processor options into any. avail­
able slot location; the availability of 256 words of read only or read/write 
memory; a 1.2 microsecond memory cycle time; the use of TTL integrated 
circuitry with medium scale integration; expansion to 32,768 12-bit words; 
low cost mass storage expansion with DECdisk, DECtape, or the new DEC­
cassette. 

PDP-II A family of expandable general purpose computers with 4,096 basic 
words of standard cose memory, each word 16 bits in length. Memory cycle 
time is 1.2 microseconds. Machine uses integrated circuitry and has some 
medium-scale integration in central processor. Models are PDP-11/05, -10, 
-15, -20, -35, -40, -45, and -70. 

PDP·12 Laboratory computer system capable of executing PDP-8 and L1NC-8 
programs. It has basic 4,096-word core memory. Each word is 12 bits in 
length. Basic laboratory system includes interactive graphics capability, mag­
netic tape storage, A/D converter, and prewired, real-time clock. 

PDp·15 A medium-scale series with an 18-bit word length, available in 5 com­
plete software operating systems and 8 applications packages. 

DECSYSTEM·10 General purpose large computer with basic memory of 8,192 
(36-bit) words, expandable to 262,144. Will handle -up to 63 time-sharing 
users simultaneously with batch and real-time jobs at the same time. 

COMPUTER-BASED SYSTEMS 
Industrial Products. Digital's industrial computer systems are based on 
PDP-8 and PDp-II processors and encompass a range of power and capabil­
ity. Products designed specifically for the industrial user include program- , 
mabie controllers, environmental computer enclosures industrial control sub­
systems and power demand control equipment. 

Business Systems. Digital's business-oriented computer systems, called DEC 
DATASYSTEMS, are based on the PDP-8 and PDP-ll minicomputer families 
and configured with appropriate terminals and storage devices. They func­
tion as complete stand-alone data-handling systems or as intelligent terminals 
in a large network. 

Education Products. These systems include a variety of applications software 
and vary from small stand-alone single·user systems t9 large, multi-user 
timesharing configurations capable of handling computer-aided instruction 
as well as administrative data processing. ' 

Data Communications. The data communications capability of the computer 
is enhanced by the special products-data handlers, front-end preprocessors, 
data loggers, modems-as well as the software and services of Digital's 
DECcomm group. 
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Laboratory Data Products include the DECgraphic-ll series of interactive, 
stand·alone computer·based graphics systems, DEClab-i1 laboratory data 
handling systems, the Gamma-II, designed for use in nuclear medicine, 
MUMPS·ll data base management system for the hospital environment, 
PHA-II pulse height analysis systems designed specifically for nuclear and 
x-ray spectroscopy in low-energy physics and radiochemistry applications, and 
the POL programmable data logger, an easy-to-use laboratory data acquisition 
system. 

Computerized Typesetting. Computer-based systems for setting type, includ· 
ing justific~tion and hyphenation, text storage and editing, classified ad han­
dling and related business applications, are available in a range of size and 
capability-Typeset-8, Typeset-Il, Typeset-la-depending on the Digital 
computer system. 

Original Equipment Manufacturing. Digital serves the OEM with a complete 
range of products and services designed to enhance the capability and profit­
·ability of both the manufacturer and the end user. 

Components. The same quality components found in Digital products are 
available to the high-volume user, in quantity, without the normal Digital 
supporting services. 

Peripherals. Digital offers a wide range of peripheral equipment and acces­
sory devices for the computer user. Among them: analog/digital converters, 
display and plotting equipment, drums and disks, magnetic tape equipment, 
card, equipment, lineprinters. 

Graphic Systems. Digital's GT40 series interactive graphic terminal systems 
function as compete stand-alone graphics systems or as part of a larger 
system configuration. 

Special Systems. Digital maintains a special systems group with the capa­
bility to custom-build hardware and software systems to fulfill specific ap­
plications. 

Software. A comprehensive selection of software complements Digital hard­
ware. Assemblers, debugging routines, editors, monitors, floating point pack­
ages, mathematical routines, and diagnostic programs are available, as are 
conversational, interpretive languages developed for use in specific applica­
tion areas. 

Supplies and Accessories. Digital also provides power supplies, cabinetry, 
mounting hardware, tape, tape reels, storage racks, teleprinter ribbon and 
paper. 
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DIGITAL EQUIPMENT CORPORATION ENGINEERING SERVICES 
In addition to supplying a complete line of standard and special hardwar~ 
and accessories, Digital Equipment Corporation also provides an engineering,' 
design and manufacturing service in support of customer applications. These 
services are available upon request and consist of the following. 

Special Logic Modules: Many of the same advanced manufacturing and test­
ing techniques which DIGITAL employs to produce its standard modules are 
applied to building special modules. DIGITAL engineers can provide full 
module design and development services or they can work with user-supplied 
drawings and parts lists, depending upon user needs. 

Wire Wrapping: Using the latest in automatic wire wrapping equipment, 
DIGITAL can efficiently wire and check connector panels according to cus­
tomer-supplied wire list and specifications. 

Special Cables: When standard cables and cable lengths are not applicable 
to customer requirements, DIGITAL offers a complete cable fabrication ser­
vice to build special cables according to customer specifications. 

Interface Design: DIGITAL maintains a staff of experienced applications engi­
neers who are capable of designing or providing design information for in­
terfacing DIGITAL computers to custom control systems and equipment. 

Logic Arrays: Special-purpose logic systems can be efficiently designed and 
built from customer-supplied data. DIGITAL's capability extends from limited 
production system to high-volume production and insures both optimum 
design and high reliability at a reasonable cost to the customer. 
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TERMS AND CONDITIONS 

PRICES 

All prices listed herein apply only within the continental U.S.A. and Canada 
are based on delivery FOB DIGITAL's plant, and are subject to DIGITAL's 
Standard Terms & Conditions, including the return-to-factory warranty set 
forth below (or as may be set forth in modified form in an effective discount 
agreement). 

VOLUME DISCOUNT SCHEDULE-is based upon total dollar value of the 
order at list prices (for all items except cabinets). 

Aggregrate list Price Applicable Discount 
$ 5,000· 9,999 3% 

10,000· 19,999 5% 
20,000· 49,999 10% 
50,000· 99,999 15% 

100,000 • 249,999 18% 
250,000·499,999 20% 
500,000 . 999,999 22% 

1,000,000· AND OVER 25% 

CABINET DISCOUNT SCHEDULE 
The following discount schedule is for cabinet purchases only. The discount 
is computed from the total list price of cabinet parts purchased. On blanket 
purchase orders, minimum releases of ten units (cabinets) or balance is 
required. 

Safe in Dollars 
$ 500 - $ 999 

1,000· 1,499 
1,500· 2,499 
2,500· 4,999 
5,000 - 7,499 
7,500 - 9,999 

$10,000 . And up 
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Discount 
8% 

12% 
20% 
25% 
26% 
28% 
30% 
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WARRANTY 

Warranty for Logic Products equipment listed in the then current logic 
Handbook, Logic Products Price List, and Hardware/Accessories Catalog. 
A) B, R, W, M, K, and A Series Modules are warranted as stated below for 

a period of one (1) year from date of shipment. H and Non-catalog FLIP 
CHIP modules, DECkits, Data Entry Terminals, Remote Data Acquisition 
Systems, Power Supplies, Cables, Cabinets, Labs, Hardware, and Acces­
sories are warranted as stated below for a period of ninety (90) days 
from date of shipment. 

B) All Logic Products equipment is warranted against defects in material 
and workmanship under normal and proper use and in their original un­
modified condition. DIGITAL's sole obligation for equipment, defective 
under the terms of this warranty, is limited to repair or replacement (at 
its option), at its factory, at no charge to customer. All replaced equip­
ment becomes the property of DIGITAL. As a condition of this warranty, 
customer must obtain a DIGITAL Return Authorization Number from 
the local DIGITAL Sales Office and must return all equipment, prepaid, to: 

Digital Equipment Corporation 
Logic Products Services 
Repair Section 
One Iron Way 
Marlborough, Massachusetts 01752 

Transportation charges for the return to the customer shall be paid by 
DIGITAL within the continental U.S.A. and Canada and will be made on 
a UPS or Parcel Post insured basis. The warranty outside of the conti­
nental U.S.A. and Canada is limited to repair or, replacement only and 
excludes all costs of shipping, Customs clearance, and other related 
charges. 

C) Premium methods of shipment are available at customer expense and 
will be used only when specifically requested. DIGITAL maintains a fac­
tory repair service for customer convenience and will repair equipment 
beyond the warranty at then current prices as long as repair components 
are available. 

D) All the above warranties include the DISCLAIMER OF WARRANTIES 
clause as contained in DIGITAL's Standard Terms & Conditions. 
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HOW·TO-ORDER 

All products described in this handbook can be ordered by telephone, TELEX, 
lWX, or mailed ·to your local DIGITAL sales office. When placing an order. 
please provide specific information regarding part number, full description. 
quantity, ship-to and bill-to addresses. Prices quoted are U.S.A. list and do 
not include applicable taxes or shipping charges. 
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Video Display Data Terminal .... 561 
Voltage Follower ...................... 158 
Voltage Offset ......................... 158 

w 

W Series Modules .................. .. 266 



Warranty .................................. 650 Wire Wrapping Tool ........ .......... 620 
Wire Wrappable Interfacing Wire Wrapping Wire ................ 625 

to the PDP-8/E ..... ..... 290, 292 Word Count & Bus 
Wire Wrappable Modules ........ 613 Address Module .................. 393 
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TYPE 

12·09154 
12·09224 
12·09340·00 
12·09340·01 
12·09350·(all 

dash items) 
12·09351·(all 

dash items) 
12·09703 
12·09764 
12·09925 
12·10152·1 
12·10945 
12·11046 
12·11191 
12·11194 
12·11386 
29-15201 
29·15202 
29-15205 
74·06706 
74-06782 
74-06793 
74·07789 
74-09449 
74-09459 
74·09819 
861·A 
861·B 
861·C 
90~06990 
90·07786 

90-08887 
91-05740 
91·07470·44 
91·07688 
913-(all 

dash items) 
914·7 
914·19 
915·(all 

dash items) 
. 917·2.5 

TITLE 

Drawer Mounting Slides (pair) ............................. . 
Latch ..................................................................... . 
8·Pin Cable Connector (Female) Housing (2/pkg) 
8·Pin Cable Connector (Male) Housing (2/pkg) ... . 
Cable Connector (Female) Housing ..................... . 

Cable Connector (Male) Housing .......................... . 

Drawer Mounting Slides, Tilt (pair) ..................... . 
Cable Clamp (5/pkg) ........................................... . 
Cable Clamp (4/pkg) ........................................... . 
Connector Block ..................................................... . 
Chassis Slides (pair) ............................................. . 
Receptacle for use with 861-A Power Controller 
Receptacle for use with 861·B Power Controller 
Receptacle for use with 861·C Power Controller 
Thick Latch ........................................................... . 
Touchup Paint, Black ............................................ . 
Touchup Paint, Grey (Bezel/68) .......................... . 
Touchup Paint, Grey (End Panel/101) ................ . 
Fan, Cover Plate ..................................................... . 
Kickplate (use with H952-BA) ............................... . 
Kickplate ............................................................... . 
Spacer ................................................................... . 
Bracket for Chassis Slides (right) ...................... .. 
Bracket for Chassis Slides (left) ........................... . 
Key·lock Strike Plate .......................................... .. 
Power Control/er (90·130 Vac, Two·Phase) ......... . 
Power Controller (180·270 Vac, Single·Phase) ..... : 
Power Controller (90·135 Vac, Single-Phase) ....... . 
Cabinet Door Ground Strap ................................... . 
Tinnerman Clip Nut and Phillips Pan 

Head Screw Col/ection ..................................... . 
Cabinet Frame Ground Strap ............................... . 
Wire Wrapping Wire, 30 AWG (1000 ft/spool) ..... . 
Hookup (Solder) Wire, 24 AWG .......... ~ ................. . 
Wire Wrapping Wire, 24 AWG (1000 ft/spool) ..... . 
Patch Cords, 24 AWG (100/pkg) ......................... . 

7·lnch Power Patch Cord (lO/pkg) ....................... . 
19-1nch Power Patch Cord (10/pkg) ................... . 
Patch Cords, 26 AWG (IOO/pkg) ......................... . 

Daisy Chain, Clip every 2.5" ............................... . 
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573 
583 
666 
606 
606 

606 

573 
609 
609 
596 
592 
637 
637 
637 
583 
583 
583 
583 
574 
573 
573 
583 
593 
'593 
583 
636 
636 
636 
584 

583 
584 
625 
625 
625 
622 

623 
623 
622 

623 



TYPE 

917-5 
932 
933 
937 
939 
940 
941 
943 
944 
953 
954 
956 

957 

A123 
A126 
A207 
A260 
A460 
A619 
A704 
A8ll 
A866 
ARll 
B104 
B105 
B113 
B115 
B117 
B123 
B124 
B130 
B155 
B171 
B201 
B204 
B301 
B360 

-~ 8401 
8405 
B602 
B681 
B684 
BAll-ES 
BBll 
BBll-A 
BB11-B 
BC02A-xx 
BC02B-xx 
BC02E-xx 
BC02K-xx 

TITLE 

Daisy Chain, Clip every 5.0" ............................... . 
Bus Strip (5/pkg) ................................................ ,. 
Bus Strip ............................................................... . 
Blank Module Handle (25/pkg) .......................... .. 
Bus Strip (6/pkg) ................................................. . 
Cable Clamp (25/pkg) ......................................... . 
Cable Clamp (25/pkg) ......................................... . 
Cable Clamp (25/pkg) ......................................... . 
Cable Clamp (25/pkg) ......................................... . 
Wire Wrap IC Sockets (lO/pkg) .......................... .. 
Solder IC Sockets (10/ pkg) .................. , .............. . 
DEC8640 UNIBUS Receiver IC (Quad 2-lnput 

NOR Gate) ...................................................... .. 
DEC8881-1 UNIBUS Driver IC (Quad 2-lnput 

NAND Gate) ....................................................... . 
4-lnput Multiplexer ............................................... . 
8-Channel High Impedance Multiplexer ............ .. 
Operational Amplifier ............................................. . 
Dual Amplifier ....................................................... . 
Sample and Hold ................................................. . 
10-Bit D/A Converter, Single Buffered ................. . 
Reference Supply ......................... , ...... , .................. . 
10-Bit A/D Converter ............................................ .. 
High-Speed 12-Bit Bipolar A/D Converter ........... . 
Analog Real-Time Module ................................... .. 
Inverter ................................................................. . 
Inverter ................................................................. . 
NAND/NOR Gate ................................................... . 
NAND/NOR Gate ................................................... . 
NAND/NOR Gate ................................................... . 
Inverter ................................................................. . 
Inverter ................................................................. . 
3-Bit Parity Circuit ............................................... . 
Half Binary-to-OctaI Decoder ............................... . 
NAND/NOR Gate ................................................... . 
Flip-Flop ................................................................ .. 
Quadruple Flip-Flop ............................................... . 
Delay ..................................................................... . 
Delay with Pulse Amplifier ................................... . 
Variable Clock ....................................................... . 
Clock .................................................................... .. 
Pulse Amplifier ..................................................... . 
Power Inverter ....................................................... . 
Bus Driver ............................................................. .. 
Expander Mounting Box ...................................... .. 
4-Slot System Interfacing Unit .............................. .. 
4-Slot System Interfacing Unit ............................... . 
9-Slot System Interfacing Unit .............................. .. 
20-Conductor Ribbon Cable .................................. -:. 
20-Conductor Ribbon Cable .................................. .. 
20-Conductor Ribbon Cable ................... : ............... . 
20-Conductor Ribbon Cable .................................. .. 
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623 
622 
622 
619 
622 
609 
609 
609 
609 
618 
618 

618 

618 
168 
170 
173 
175 
179 
181 
183 
185 
187 
377 
261 
261 
262 
262 
262 
261 
261 
262 
262 
262 
262 
262 
263 
.263 
263 
263 
263 
263 
263 
591 
587 
587 
589 
626 
626 
626 
626 



TYPE 

BC02L-xx 
BC02M-xx 
BC02N-xx 
BC02P-xx 
BC02T-xx 
BC02U-xx 
BC02W-xx 
BC02X-xx 
BC02Y-xx 
BC03A-xx 
BC03B-xx 
BC03C-xx 
BC030-xx 
BC03E-xx 
BC03F-xx 
BC03H-xx 
BC03J-xx 
BC04A-xx 
BC04B-xx 
BC04C-xx 
BC04D-xx 
BC04E-xx 
BC04F-xx 
BC04H-xx 
BC04J-xx 
BC04K-xx 
BC04L-xx 
BC04M-xx 
BC04N-xx' 
BC04P-xx 
BC04T-xx 
BC04U-xx 
BC04W-xx 
BC04Z-xx 
BC05C-25 
BC05C-35 
BC05C-45 
BC05C-50 
BC05C-60 
BC05C-70 
BC05D-IO 
BC050-25 
BC05F-xx 
BC05H-6 
BC05J-6 
BC05X-xx 
BC07A-IO 
BC07A-15 
BC07A-25 
BC07B-I0 
BC07B-15 
BC07B-25 

TITLE 

20-Conductor Ribbon Cable ..................... , ............. . 
20-Conductor Ribbon Cable ................................... . 
20-Conductor Ribbon Cable .............................. .... .. 
20-Conductor Ribbon Cable .................................. .. 
20-Conductor Ribbon Cable ................................... . 
20-Conductor Ribbon Cable ............................ , .... .. 
20-Conductor Ribbon Cable .................................. .. 
Two 20-Conductor Ribbon Cables ...................... .. 
20-Conductor Ribbon Cable .................................. .. 
9-Conductor Flat Coax Cable ................................ .. 
9-Conductor Flat Coax Cable ................................ .. 
9-Conductor Flat Coax Cable ................................ .. 
9-Conductor Flat Coax Cable .............................. .. 
19-Conductor Flat Mylar Cable ... ......................... . 
19-Conductor Flat Mylar Cable .............................. .. 
Two 19-Conductor Flat Mylar Cables ................... . 
9-Conductor Flat Coax Cable ............................... .. 
20-Conductor Ribbon Cable ................................... . 
20-Conductor Ribbon Cable ................................ .. 
20-Conductor Ribbon Cable .. : ................................ . 
20-Conductor Ribbon Cable .................................. . 
20-Conductor Ribbon Cable .................................. .. 
20-Conductor Ribbon Cable .................................. .. 
20-Conductor Ribbon Cable .................................. .. 
20-Conductor Ribbon Cable ............................... .. 
20-Conductor Ribbon Cable .................................. .. 
9-Conductor Flat Coax Cable ................................. . 
9-Conductor Flat Coax Cable ................................ .. 
9-Conductor Flat Coax Cable ................................ .. 
Two 9-Conductor Coax Mylar Cables ..................... . 
Two 19-Conductor Flat Mylar Cables .................. .. 
Two 19-Conductor Flat Mylar Cables .................. .. 
Two 20-Conductor Ribbon Cables ....................... . 
40-Conductor Flat Mylar Cable ............................ .. 
25-Conductor Round Cable .................................. .. 
25-Conductor Round Cable ................................. . 
25-Conductor Round Cable .................................. .. 
25-Conductor Round Cable .................................. .. 
25-Conductor Round Cable ................................... . 
25-Conductor Round Cable .................................. .. 
25-Conductor Round Cable ................................... . 
25-Conductor Round Cable ................................... . 
4-Conductor Round Cable .................................... .. 
Line Set ................................................................ .. 
Line Set ................................................................. . 
4-Conductor Round Cable ..................................... . 
20-TWP Round Cable ............................................ .. 
20-TWP Round Cable ............................................ .. 
20-TWP Round Cable ............................................. . 
ll-TWP Round Cable ........................................... . 
ll-TWP Round Cable ......................................... : .. .. 
ll-TWP Round Cable ............................................. . 
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626 
626 
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626 
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630 
630 
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630 
630 
630 
630 
630 
630 
630 



TYPE 

BC07C-IO 
SC07C-I5 
BC07C-25 
SC070-IO 
BC070-I5 
BC070-25 
BC08A-OI 
BC08A-03 
BC08A-05 
BC08A-07 
BC08A-IO 
BC08A-I5 
BC08A-25 
BC08B-OI 
BC08B-03 
BC08B-05 
BC08B-07 
BC08B-IO 
BC08B-I5 
BC08B-25 
BC08C-OI 
BC08C-03 
SC08C-05 
BC08C-07 
BC08C-IO 
BC08C-15 
BC08C-25 
BC080-0I 
BC080-03 
BC080-05 
BC080-07 
BC080-IO 
BC080-I5 
BC080-25 
BC08E-xx 
BC08F-06 
BC08H-03F 
BC08H-04F 
BC08J-06 
BC08J-IO 
BC08J-I5 
BC08J-25 
BC08J-50 
BC08K-06 
BC08K-IO 
BC08K·I5 
BC08K·25 
BC08K·50 
BC08L-06 
BC08L-IO 
BC08L-15 
BC08L-25 

TITLE 

IO-TWP Round Cable ............................................ . 
10-TWP Round Cable 00 ........................................... . 

IO-TWP Round Cable .................................... . 
Two 20-Conductor Ribbon Cables ........................ .. 
Two 20-Conductor Ribbon Cables ........................ .. 
Two 20,Conductor Ribbon Cables ....................... . 
Two I9·Conductor Flat Mylar Cables ...... . 
Two I9-Conductor Flat Mylar Cables .................. .. 
Two I9-Conductor Flat Mylar Cables .................. .. 
Two I9·Conductor Flat Mylar Cables .................. .. 
Two I9-Conductor Flat Mylar Cables .................. .. 
Two 19-Conductor Flat Mylar Cables .................. .. 
Two I9-Conductor Flat Mylar Cables .................. .. 
Two 9-Conductor Flat Coax Cables ....................... . 
Two 9-Conductor Flat Coax Cables ........... .. 
Two 9-Conductor Flat Coax Cables . 
Two 9-Conductor Flat Coax Cables ........................ . 
Two 9-Conductor Flat Coax Cables .. . 
Two 9-Conductor Flat Coax Cables ................ . 
Two 9-Conductor Flat Coax Cables ....................... .. 
Two I9-Conductor Flat Mylar Cables ....... . 
Two I9-Conductor Flat Mylar Cables .................. .. 
Two I9-Conductor Flat Mylar Cables .................. .. 
Two I9-Conductor Flat Mylar Cables ................... . 
Two 19-Conductor Flat Mylar Cables ................. .. 
Two I9-Conductor Flat Mylar Cables ........... 00 ..... .. 

Two I9-Conductor Flat Mylar Cables ................... . 
Two 9-Conductor Flat Coax Cables ..................... .. 
Two 9-Conductor Flat Coax Cables ....................... . 
Two 9-Conductor Flat Coax Cables ...................... .. 
Two 9-Conductor Flat Coax Cables ...................... .. 
Two 9-Conductor Flat Coax Cables ....................... . 
Two 9-Conductor Flat Coax Cables ....................... . 
Two 9-Conductor Flat Coax Cables ...................... .. 
I9-Conductor Flat Mylar Cable ..... ........................ . 
Two I9·Conductor Flat Mylar Cables ................... . 
Two 60-Conductor Flat Mylar Cables ................... . 
Two 60-Conductor Flat Mylar Cables .................. .. 
40·Conductor Flat Mylar Cable ........................... . 
40-Conductor Flat Mylar Cable ............................ .. 
40-Conductor Flat Mylar Cable ............................ .. 

• 40-Conductor Flat Mylar Cable ............................. . 
40-Conductor Flat Mylar Cable ............................. . 
40-Conductor Flat Mylar CaDle ............................. . 
40-Conductor Flat Mylar Cable ........................... . 
40-Conductor Flat Mylar Cable ............................ .. 
40-Conductor Flat Mylar Cable ............................ .. 
40-Conductor Flat Mylar Cable .......................... .. 
Two 40-Conductor Flat Mylar Cables .................... .. 
Two 40-Conductor Flat Mylar Cables ..................... . 
Two 40-Conductor Flat Mylar Cables .................... .. 
Two 40-Conductor Flat Mylar Cables .................... .. 
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630 
630 
630 
627 
627 
627 
627 
627 
627 
627 
627 
627 
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628 
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628 
628 
627 
627 
629 
629 
628 
628 
628 
628 
628 
628 
628 
628 
628 
628 
628 
628 
628 
628 



TYPE 

BC08l-50 
BC08R-xx 
BC11A-02 
BC11A-05 
BC11A-08F 
BCllA-10 
BCllA-15 
BCllA-20 
BCllA-25 
BCllA-35 
BC11A-50 
BCllK-25 
BC14F-05 
BCI4F-10 
BC14F-15 
BC14F-25 
BC70A-15 
BC70B-15 
CAB-I 
CAB-J 
CAB-K 
DDll-A 
0011-8 
DECkit01-A 
DECkit11-D 
DECkit11-F 
DECkit11-H 
DECkit11-K 
DECkit11-M 
HOl9 
H020 
H033 
H034 
H035 
H322 
H500 
H500A 
H704-A 
H707 
H710 
H716 
H720-C 

H720-D 

H720-E 

H720-F 

H721 
H722 
H726-B 

TITLE 

Two 40-Conductor Flat Mylar Cables ..................... . 
40-Conductor Flat Mylar Cable .............................. .. 
Two 60-Conductor Flat Mylar Cables ........ ·f ........... . 
Two 60-Conductor Flat Mylar Cables ......... .. 
Two 60-Conductor Flat Mylar Cables ..................... . 
Two 60-Conductor Flat Mylar Cables .................... .. 
Two' 60-Conductor Flat Mylar Cables .......... . 
Two 60-Conductor Flat Mylar Cables .................... .. 
Two 60-Conductor Flat Mylar Cables ..................... . 
Two 60-Conductor Flat Mylar Cables .................... .. 
Two 60-Conductor Flat Mylar Cables ..................... . 
20-TWP Round Cable ............................................ .. 
25-Conductor Round Cable .................................. .. 
25-Conductor Round Cable .................................. .. 
25-Conductor Round Cable .................................. .. 
25-Conductor Round Cable .................................. .. 
10-Conductor Round Cable ................................... . 
Two ll-TWP Round Cable ..................................... . 
Cabinet Assembly (Short Size) ............................ .. 
Cabinet Assembly (Short Size) ............................ .. 
Cabinet Assembly (Short Size) ............................ .. 
4-SIot System Interfacing Unit .............................. .. 
4-Slot System Interfacing Unit .............................. .. 
Remote Analog Data Concentrator ........................ . 
PDp·ll Direct Memory Access Interface .............. .. 
PDP-ll I/O Interface (3 Words In/1 Word Out) .. .. 
PDp·ll I/O Interface (4 Words In/4 Words Out) .. .. 
PDP-ll I/O Interface (8 Words In) ....................... . 
PDp·ll I/O Interface (34 Bits In/24 Bits Out) .... .. 
Expander Frame ................................................... .. 
Connector Block Mounting Frame ........................ .. 
4-Slot System Unit Mounting Frame ..................... . 
9-Slot System Unit Mounting Frame .................... .. 
Vertical System Unit Mounting Frame .................. .. 
Distribution Panel ................................................. . 
Computer lab (115 Vac) ...................................... .. 
Computer lab (230 Vac) ...................................... .. 
Power Supply (± 15 Vdc) ....................................... . 
Power Supply (± 15 Vdc) ....................................... . 
Power Supply (+5 Vdc) ....................................... .. 
Power Supply (+5 Vdc, -15 Vdc) ........................ .. 
Power Supply (+5 Vdc, -15 Vdc, +8 Vdc, 

. -25 Vdc) .......................................................... .. 
Power Supply (+5 Vdc, -15 Vdc, +8 Vdc, 

-25 Vdc) ........................................................... . 
Power Supply (+5 Vdc, -15 Vdc, +8 Vdc, 

-22 Vdc ........................................................... . 
Power Supply (+5 Vdc, -15 Vdc, +8 Vdc, 

-22 Vdc) ........................................................... . 
Power Supply (+5 Vdc, -15 Vdc, +10 Vdc) ...... .. 
Step-Down Transformer ......................................... . 
Power Supply (+5 Vdc) ........................................ . 
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628 
629 
629 
629 
629 
629 
629 
629 
629 
629 
629 
630 
630 
630 
630 
630 
630 
630 
579 
579 
579 
587 
587 
424 
421 
413 
411 
414 
418 
595 
585 
587 
589 
591 
637 
641 
641 
634-
634 
632 
632 

635 

635 

635 

635 
635 
636 
632 



TYPE 

H740·D 
H800 
H802 
H803 
H8030 
H807 
H808 
H810(24) 

H810·A 

H810·B 

H810·C 

H810·D 

H810·E 
H811(24) 
H811·A 
H812(24) 
H812·A 
H813(24) 
H813·A 
H814(24) 
H814·A 
H820 
H821 
H825 
H826 
H850 
H851 
H852 
H853 
H854 
H856 
H863 
H904·A 

H905·A 

H906 
H907·A 

H909·A 
H909·BA 
H911-J 
H911·K 
H911·R 
H911-S 
H913 

TITLE 

Power Supply (+5 Vdc, -15 Vdc, +15 Vdc) ....... . 
Connector Block (144·Pin) ................................... . 
Connector Block (18·Pin) ....................................... . 
Connector Block (288·Pin) ........... , ....................... . 
Connector Block (72-Pin) ....................................... . 
Connector Block (36·Pin) ................ , ...................... . 
Connector Block (144-Pin) ................................... . 
Pistol-Grip Wire Wrapping Tool Kit for 

24 AWG Wire ....... . 
Pistol-Grip Wire Wrapping Tool Kit for 

30 AWG Wire ...................................... . 
Pistol-Grip Wire Wrapping Tool Kit for 

24 or 30 AWG Wire ............................. . 
Battery·Powered Wire Wrap Gun with Bit and 

Sleeve for 24 AWG Wi re ................................... . 
Battery-Powered Wire Wrap Gun with Bit and 

Sleeve for 30 AWG Wire ................................... . 
Battery-Powered Wire Wrap Gun .......................... . 
Hand Wire Wrapping Tool for 24 AWG Wire ........... . 
Hand Wire Wrapping Tool for 30 AWG Wire ......... . 
Hand Wire Unwrapping Tool for 24 AWG Wire ....... . 
Hand Wire Unwrapping Tool for 30 AWG Wire ....... . 
Wire Wrap Gun Bit for 24 AWG Wire ....................... . 
Wire Wrap Gun Bit for 30 AWG Wire ....................... . 
Wire Wrap Gun Sleeve for 24 AWG Wire ............... . 
Wire Wrap Gun Sleeve for 30 AWG Wire ............... . 
Grip Clip Connectors for 24 AWG ........................ .. 
Grip Clip Connectors for 30 AWG .......................... . 
Hand Crimping Tool ............................................... . 
Hand Crimping Tool ............................................... . 
Module Handle Extender ...................................... . 
Edge Connector ..................................................... . 
Module Holder ....................................................... . 
Module Holder ...................................................... . 
I/O Connector (40·Pin Male) Board Mount ........... . 
I/O Connector (40·Pin Female) Cable Mount ....... . 
Connector Block (288·Pin) .................................... . 
Horizontal System Unit Mounting 

Enclosure ........................................................... . 
Horizontal System Unit Mounting 

Enclosure .......................................................... . 
Vertical System Unit Mounting Enclosure ............. . 
Horizontal System Unit Mounting 

Enclosure ........................................................... . 
General Purpose logic Box ................................... . 
General Purpose logic Box with power supply ....... . 
Mounting Panel ............... . ...................... . 
Mounting Panel .................................................... .. 
Mounting Panel ..................................................... . 
Mounting Panel ..................................................... . 
Mounting Panel ..................................................... . 
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635 
596 
596 
596 
596 
596 
596 

620 

620 

620 

620 

620 
620 
620 
620 
620 
620 
620 
620 
621 
621 
622 
622 
622 
622 
61~ 
607 
619 
619 
607 
607 
596 

591 

591 
591 

591 
593 
593 
585 
585 
585 
585 
585 



TYPE 

H914 
H916 
H917 
H9190 
H920 
H921 
H923 

H925 
H930 
H933-A 
H933-8 
H933-C 
H933-CA 
H933-CB 
H933-D 
H934-CB 
H941-AA 
H941-BA 
H941-BB 
H950-AA 
H950-BA 
H950-CA 
H950-DA 

H950-EA 

H950-FA 
H950-G 
H950-HA 
H950-HB 
H950-HC 
H950-HD 
H950-HE 
H950-HF 
H950-HG 
H950-HH 
H950-HJ 
H950-HK 
H950-JA 

H950-JE 

H950-LA 
H950-LB 
H950-PA 
H950-QA 
H950-SA 
H952-AA 
H952-BA 
H952-CA 

TITLE 

Mounting Panel .................................................... .. 
Mounting Panel .................................................... .. 
Mounting Panel ..................................................... . 
Expander Panel ..................................................... . 
Module Drawer Frame .......................................... .. 
Front Panel for H920 Module Drawer Frame ...... .. 
Chassis Slides for H920 Module Drawer 

Frame ............................................................... .. 
Module Drawer ....................................................... . 
System Unit Drawer ............................................... . 
4-Slot System Unit ................................................ . 
4-Slot System Unit ................................................ .. 
4-Slot System Unit ................................................ . 
4-Slot System Unit ................................................ .. 
4-Slot System Unit ..................... .. ...................... . 
4-Slot System Unit ............................................... .. 
9-Slot System Unit ............. .. ............ . 
Mounting Panel Frame .............. . ............ . 
8-lnch Deep Cover for H941-AA .. . ............... . 
ll.4-lnch Deep Cover for H941-AA ........................ . 
Cabinet Frame (Standard Size) ............................. . 
Full Door (RH) (Front or Rear Mounting) ............ .. 
Full Door (LH) (Front or Rear Mo~nting) .. 
Mounting Panel Door Frame (RH) (Rear 

Mounting) ......................................................... . 
Mounting Panel Door Frame (LH) (Rear 

Mounting) ......................................................... . 
Mounting Panel Door Skin ..................................... . 
Cabinet Table ........................................................ .. 
Short Door (Covers 21 in. Mounting Space) ........ .. 
Short Door (Covers 22%. in. Mounting Space) ..... . 
Short Door (Covers 26%. in. Mounting Space) ..... . 
Short Door (Covers 31% in. Mounting Space) .... .. 
Short Door (Covers 363j,J in. Mounting Space) .... .. 
Short Door (Covers 42 in. Mounting Space) ......... . 
Short Door (Covers 471,4 in. Mounting Space) .... .. 
Short Door (Covers 52 1h in. Mounting Space) ..... . 
Short Door (Covers 57 3,4 in. Mounting Space) ..... . 
Short Door (Covers 63 in. Mounting Space) .. 
Short Door (Covers 21 in. Mounting Space) 

(used with H952-BA installed) .. 
Short Door (Covers 63 in. Mounting Space) 

(used with H952-BA installed) ..... '" ......... . 
Logo Frame Panel (Aluminum) ............................. . 
Logo Frame Panel (Plastic) .................................. . 
Bezel Cover Panel (51,4 in.) .................................. .. 
Bezel Cover Panel (10% in.) .............................. .. 
Air Filter (for H952-BA or H952-CA) .................... .. 
End Panel (require 2 per cabinet) ....................... .. 
Stabilizer Feet (Pair) ............................................ .. 
Fan Assembly (Top Mounted) (115 Vac) ............... . 
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TYPE 

H952-CB 
H952-EA 

H952-FA 

H952-GA 

H952-HA 
H957-AA 
H957-BA 
H957-CA 
H957-DA 
H957-EA 
H957-FA 
H957-FB 
H957-GA 

H957-HA 
H957-JA 
H957-LA 
H957-SA 
H960-BC 
H960-BD 
H960-CA 
H960-CB 
H961-A 
H961-AA 
H961-AB 
H967-BA 

_ H967-BB 
H970-BA 
H970-CA 
K003 
K012 
K026 
K028 
K113 
K123 
K124 
K134 
K135 
K138 
K161 
K174 
K201 
K202 
K206 
K207 
K210 
K211 
K220 
K230 
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Fan Assembly (Top Mounted) (230 Vac) ................ 573 
. Caster Set (4 per set; included with H95{)-AA 

Frame) ................................................................ 573 
Leveler Set (4 per set included with H950-AA 

Frame) ................................................................ 573 
Filler Strip Set (Front and Rear) (Joining Two 

Cabinets) ............................................................ 573 
Free-Standing Table ............................................ 573 
Cabinet Frame (Short Size) .................................... 579 
Full Door (RH) (Rear Mounting) ............................ 579 
Full Door (LH) (Rear Mounting) .......... ................... 579 
Mounting Panel Door Frame (RH) .......................... 579 
Mounting Panel Door Frame (LH) ............... ........... 579 
End Panel (R end) ..................................................' 579 
End Panel (L end) .................................................. 579 
Filler Strip Set (Top, Front, and Rear) (Joining Two 

Cabjnets) .. , ...... ', .. , ........................ ,..................... 579 
Fan Assembly (Front or- Rear Mounting) ................ 579 
Bottom Cover Plate ................................................ 579 
Logo Frame Panel .................................................. 579 
Filter (for H957-HA) ................................................ 579 
Cabinet Assembly (Standard Size) ........................ 573 
Cabinet Assembly (Standard Size) ........................ -573 
Cabinet Assembly (Standard Size) ........................ 573 
Cabinet Assembly (Standard Size) ........................ 573 
Cabinet Assembly (Standard Size) ........................ 573 
Cabinet Assembly (Standard Size) ........................ 573 
Cabinet Assembly (Standard Size) ........................ 573 
Cabinet Assembly (Short Size) ................................ 579 
Cabinet Assembly (Short Size) ................................ 579 
Free-Standing Table .............. , ....... ,......................... 573 
Free-Standing Table................................................ 573 
Gate Expander ............... ........................................ 198 
Gate Expander ................. ...................................... 198 
Gate Expander ........................................................ 198 
Gate Expander ........................................................ 198 
Inverting Gate ........................................................ 201 
Non-Inverting Gate ...... , ....... ,." ... ', .. " .......... ,.......... 201 
AND/OR Gate .. ............... ................... ................... 201 
Inverters ., ........ , ...... , .... , .................... ,...................... 203 
Inverters ...... " ..... " ........ , .. , .. ,' .......... ,........................ 204 
Inverters ..... , ..... , ................. , ........ ,........................... 205 
Binary-to-OctaI Decoder., ....... "............................... 206 
Digital Comparator.................................................. 209 
Flip-Flop ...................................... :........................... 211 
Flip-Flop ......... " ...... ,................................................ 212 
Flip-Flop Register .................................................... 214 
Flip-Flop ...................... , ..................... ,..................... 215 
Counter ...................... ,.,......................................... 216 
Programmable Divider ................... ,........................ 219 
Up/Down Counter ...... , ....... , .... : ................ ,............. 221 
Shift Register ............... , ........... ,............................ 225 
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K265 
K281 
K282 
K302 
K303 
K323 
K501 
K564 
K579 
K580 
K581 
K616 
K657 
K658 
K675 
K68I 
K683 
K716 
K724 
K943-R 
K943-S 
K990 
KC341-B 
KITS 
KMPOI-A 
LA36 
M002 
M040 
M050 
M051 
M060 
MIOO 
MI0I 
MI02 
MI03 
MI05 
MI07 
MI08 
Ml103 
Mll03 
MIll 
M112 
M1l25 
MU3 
M1131 
MU5 
MU6 
MIl7 
MU9 
MI21 

.M1307 
M1307 
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Reed Relay Driver ................................................. . 
Fixed Memory ....................................................... . 
Diode Memory ....................................................... . 
Dual Timers ........................................................... . 
Timer ..................................................................... . 
One-Shots ............................................................... . 
Schmitt Triggers ................................................... . 
DC Input Converters ............................................. . 
Isolated AC Input Converters .............................. .. 
Dry Contact Filters ............................... , .............. . 

. Dry Contact Filters .................................... .. 
Isolated AC Switches .................. "" ......... . 
DC Driver ............................................................... . 
DC Driver .............................................................. . 
5~Digit Display ....................... .. .......................... .. 
Lamp Driver ......................................................... .. 
Lamp Driver- ............................... . ...................... . 
Interface Block.................. .. .. ... . .. ....... .. . 
Interface Shell ....................................................... . 
Mounting Panel ..................................................... . 
Mounting Panel ........................ ............................ . 
Timer Component Board ............................... ;.: ..... .. 
Monitor/Control Panel .......................................... . 
See DECkits 
Prewired System Backplane .................................. .. 
DECwriter 1/ Data Terminal ................................... . 
Logic HIGH Source ............................................... . 
Solenoid Driver ..................................................... . 
50 mA Indicator Driver ........................................ .. 
Positive to Negative Logic Level Converter ........... . 
Solenoid Driver .................................................... . 
Bus Data Interace ................................................. .. 
Bus Data Interface ................................................ .. 
Device Selector ..................................................... . 
Device Selector ..................................................... . 
Address Selector ................................................... . 
Device Selector ..................................................... . 
Flag Module ........................................................... . 
2-lnput AND Gates ............................................... . 
Ten 2-lnput OR Gates ........................................... . 
Inverter ................................................................. . 
NOR Gates ............................................................. . 
Exclusive-OR Gates .............................................. .. 
NAND Gates ......................................................... .' .. 
2-lnput Open Collector NAND Gate ...................... .. 
NAND Gates ........................................................... . 
Six 4-lnput NOR Gates ......................................... . 
NAND Gates .......................................................... .. 
NAND Gates ............................................................ . 
AND/OR Gates ....................................................... . 
4-lnput AND Gates ................................................. . 

. Six 4-lnput OR Gates .......................................... .. 
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M133 
MI35 
M137 
M139 
M141 
M1500 
M1501 
M1502 
M152 
MI55 
M159 
M160 
M161 
M162 
M1621 
M1623 
M163 
MI65 
MI68 
MI69 
M1701 
M1703 
M1705 
M1709 
M1710 
M1713 
M1801 
MI91 
M2001 
M202 
M203 
M204 
M205 

. M206 
M207 
M208 
M230 
M236 
M237 
M238 
M239 
M245 
M246 
M248 
M2500 

M253 
M260 
M261 
M262 
M302 
M3020 

TITLE 

2-lnput NAND Gate ............................................... . 
Eight 3-lnput NAND Gates ..................................... . 
Six 4-lnput NAND Gates ....................................... . 
Three 8-lnput NAND Gates ................................... . 
NAND/OR Gates .................................................. .. 
Bidirectional Bus Interacing Gates ........................ . 
Bus Input Interface .............................................. .. 
Bus Output Interface ........................................... . 
Dual 1-of-8 Decoder ............................................... . 
4-Line to I6-Line Decoder ..................... .............. .. 
Arithmetic/Logic Unit ................................ ~.-......... . 
AND/NOR Gate ............... .. 
Binary-to-Octal/Decimal Decoder ......................... . 
Parity Circuit ......................................................... . 
DVM Data Input Interface .................................... .. 
Instrument Remote Control Interface .................. .. 
Dual Binary-to-Decimal Decoder ........................... . 
8 Buffers .............................................................. .. 
12-ait Magnitude Comparator .............................. .. 
Gating Module ....................................................... . 
Data Selector ......................................................... . 
OMNIBUS Input Interface .................................... .. 
OMNIBUS Output Interface .................................. .. 
OMNIBUS Interface Foundation Module .............. .. 
UNIBUS Interface Foundation Module ................... . 
I6-Line to I-Line Data Selector ........................... . 
16-Bit Relay Output Interface .............................. .. 
ALU Look-Ahead Logic .......................................... .. 
Dual 4-Bit Tri-State Registers .............................. .. 
Triple J-K Flip-Flop ............................................... . 
8 R/S Flip-Flops .................................................. .. 
General-Purpose Buffer and'Counter ..................... . 
General-Purpose Flip-Flops .................................. .. 
Gen.eral-Purpose Flip-Flops ................................... . 
General-Purpose Flip-Flops ................................... .. 
8-Bit Buffer/Shift Register ................................... . 
Binary-to-BCO and BCD-to-Binary Converter ........ .. 
12-Bit Binary Up/Down Counter .......................... .. 
3-Digit BCD Up/Down Counter ............................ .. 
Dual 4-Bit Binary Synchronous Up/Down Counter .. 
Three 4-Bit Counter/Register ............................... . 
Dual 4-Bit Shift Register ..................................... .. 
50-Type Flip-Flops .............................................. .. 
Dual 4-bit Multipurpose Shift Register ................ .. 
Dual 64-Word X 4-Bit First-In First-Out Serial 

Memory " .......................................................... . 
I6-Word X 12-Bit RAM .......................................... .. 
4-Word X 12-Bit Associative Memory ................... .. 
4-State Motor Translator ...................................... .. 
10-State Motor Translator ..................................... . 
Dual Delay Multivibrator ....................................... . 
Dual Delay Multivibrators ...................................... . 
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TYPE 

M306 
M310 
M401 
M403 
M404 
M405 
M410 
M452 
M500 
M501 
M502 
M506 
M507 
M510 
M521 
M594 
M598 

M602 
. M606 

M610 
M611 
M617 
M622 
M623 
M624 
M627 
M632 
M633 
M650 
fJl652 
M660 
M661 
M671 
M706 
M707 
M730 
M7300 
M7301 
M7304 
M7305 
M7306 
M7307 
M731 
M7310 
M7311 
M7312 
M7313 
M7314 
M7315 
M7316 
M7317 
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Integrating One-Shot ............................................ .. 
Delay Line ............................................................. . 
Variable Clock ...................................................... .. 
RC Multivibrator Clock ......................................... . 
Crystal Clock ......................................................... . 
Crystal Clock ......................................................... . 
Reed Clock ........................................................... . 
Variable Clock ...................................................... .. 
Negative Input/Positive Output Receiver ............... . 
Schmitt Trigger ..................................................... . 
High-Speed Negative Input Converter .................. .. 
Medium-Speed Negative Input Converter .............. .. 
Medium-Speed Negative Bus Converter ............... . 
I/O Bus Receiver .. ................................................ .. 
K-to-M Converter ................................................... . 
EIA/CCITT Level Converter ................................... . 
I-Channel Transmit/Receive Optic-Coupled 

Current Isolator ................................................ .. 
Pulse Amplifier ..................................................... . 
Pulse Generator .................................................... . 
Open Collector 2-lnput NAND Gate ...................... .. 
High-Speed Power Inverter ................................... . 
4-lnput Power NAND Gate .................................... .. 
8-Bit Positive Input/Output Bus Driver ................ .. 
Bus Driver .. ~ .......................................................... . 
Bus Driver ............................................................. . 
NAND Power Amplifier .......................................... .. 
Positive Input/Negative Output Bus Driver ........... . 
Negative Bus Driver ............................................... . 
Negative Output Converter ..................................... . 
Negative Output Converter ..................................... . 
Positive Level Cable Driver .................................. .. 
Positive Level Driver ............................................ .. 
M-to-K Converter ................................................... . 
Teletype Receiver ................................................... . 
Teletype Transmitter ............................................. . 
Bus Interface ....................................................... . 
Arithmetic and Logic Function Selection Module ... . 
Arithmetic and Logic Function Module ................... . 
Bus Sense Register .............................................. .. 
Transfer Register Module .................................... .. 
Flag Module ........................................................... . 
Four-Word Constants Generator ........................... . 
Bus Interface ....................................................... . 
Evoke Units Module .............................................. .. 

. General Purpose Parallel I/O Module ................... .. 
Hex Two-Way Branches ........................................ .. 
Bidirectional Serial Interface ................................ .. 
Dual Eight-Way Branches .................................... .. 
Hex Subroutine Returns ........................................ .. 
General Purpose Parallel Output Module ............... . 
General Purpose Parallel Input Module ................. . 
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M7318 
M7319 
M732· 
M7320 
M7322 
M7323 
M7324 
M7325 
M7327 
M7328 
M7329 
M733 
M7332 
M7333 
M7334 
M7335 
M7336 
M734 
M7341 
M7344-YA 
M7344-YB 
M7344-YC 
M7345 
M7346 
M735 
M736 
M737 
M738 
M7389 
M7390 
M7821 
M783 
M784 
M785 
M786 
M795 
M796 
M798 
M901 
M903 
M904 
M906 
M907 
M908 
M909 
M910 
M9100 
M912 
M915 
M917 
M918 
M919 
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16-Word Scratch Pad RAM ................................... . 
256-Word Scratch Pad RAM ................................... . 
Bus Interface .................................... .. 
Byte Register ......................................................... . 
Bus Indicator Module ......................................... . 
64-to-1 Multiplexer ................................................ . 
1K RAM ......................................... _ ..................... . 
24-Word Constants Generator .... . 
256-Byte Reprogrammable Read-Only Memory ...... 
Evoke Decoder ............. .. ............................ .. 
30-to-1 Multiplexer ............................................... . 
Bus Interface ...................................................... .. 
Bus Monitor and Terminator .............................. .. 
Dual Serial Interface Connector ........................ . 
Switch and Light Module ....................................... . 
Service MQdule .......................... . 
512 Program Control Sequencer ... ........................ . 
I/O Bus Input Multiplexer ..................................... . 
Processor Module ................................................. . 
Read/Write Memory, 1K ....................................... . 
Read/Write Memory, 2K ....................................... . 
Read/Write Memory, 4K ..................................... . 
Programmable Read-Only Memory ...................... .. 
External Event Detection .................................... .. 
I/O Bus Transfer Register ..................................... . 
Priority Interrupt Module ....................................... . 
12-Bit Bus Receiver Interface ........................ .. 
Counter-Buffer Interface ....................................... . 
Asynchronous Transceiver ................................... . 
Asynchronous Transceiver ................................... . 
Interrupt Control Module ...................................... . 
UNIBUS Drivers ................................................... . 
UNIBUS Receivers ................................................. . 
UNIBUS Transceiver ............................................. . 
Device Register Interface .. .................................... . 
Word Count and Bus Address Module ................. . 
UNIBUS Master Control .......... ............................ .. 
UNIBUS Drivers ..................... , ............................. . 
Flat Mylar Cable Connector .............. ..................... . 
Flat Mylar Cable Connector .................................. .. 
Flat Coaxial Cable Connector ............................... . 
Cable Terminator ................................................. . 
Diode Clamp Connector ........................ . 
Flat Ribbon Cable Connector ............................... . 
Terminator ............................................................. . 
Terminator ............................................................ .. 
Adapter (H854-to-H854) Connector ..................... . 
Round Coaxial (lWP) Cable Connector ................. . 
Flat Mylar Cable Connector .................................. .. 
Flat Coaxial Cable Connector .............................. .. 
Flat Mylar Cable Connector.. .. .................. . 
Flat Mylar Cable Connector ................................. .. 
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TYPE 

M920 
M922 
M925 
M926 
M927 
M929 
M933 
M935 
M936 
M937 
M943 
M945 
M946 
M953 
M954 
M955 
M957 
M959 
M960 
M961 
M962 
M971 
M972 
M975 
M976 
M981 
M983 
M9970 
MR873-A 
PDM70-AA,-AB 
PDM70-BA,-BB 

PDM70-CA,-CB 
PDM70-D 
PDM70-E 
PDM70-F 
PDM70-H 
PDM70-J 
PDM70-JR 
PDM70-M 
POM70-N 
PDM70-P 
PDM70-R 
PDM70-SD 
QF500-AB 
R001 
R002 
R107 
R111 
R113 
R121 
R122 

TITLE 

UNIBUS Jumper Module ....................................... . 
Flat Mylar Cable Connector ................................... . 
Flat Mylar Cable Connector ................................... . 
Flat Mylar Cable Connector ................................... . 
Round Coaxial (TWP) Cable Connector ................ .. 
Flat Mylar Cable Connector .................................. .. 
Flat Ribbon Cable Connector ............................... . 
OMNIBUS Jumper Module .................................. .. 
Flat Mylar Cable Connector .................................. .. 
Flat Mylar Cable Connector ................................... . 
Flat Mylar Cable Connector ................................. .. 
Flat Mylar Cable Connector.. . ........................ . 
Flat Mylar Cable Cormector .................................. .. 
Flat Shielded Cable Connector.. .. ..................... .. 
Flat Shielded Cable Connector ............................ .. 
Flat Shielded Cable Connector ........ : ................... .. 
Flat Ribbon Cable Connector ...................... .. 
Round Cable Connector ....................................... . 
TU56-TD8-E Command Cable Connector .............. .. 
TU56-TD8-E Data Cable Connector .. .................... .. 
Bus Terminator ..................................................... . 
Cable Connector .................................................. .. 
Flat Mylar Cable Connector ................................... . 
Flip Chip to H854 Adapter .................................. .. 
UNIBUS Cable Connector ...................................... .. 
Internal UNIBUS Terminator Module ................... . 
RK05 Disk Drive Cable Connector ....................... . 
H854-to-Backplane Adapter ................................... . 
Read-Only Memory Programmer ........................... . 
Programmable Data Mover with Keyboard .......... . 
Programmable Data Mover with Keyboard and 

Display .............................................................. . 
Programmable Data Mover, Basic Box .................. .. 
32-Bit Input ........................................................... . 
32-Bit Output ......................................................... . 
4-Ghannel Analog Input .................................. .. 
2-Channel Analog Output ....................... ............... .. 
Bit Serial I/O, EtA or 20 rnA ................ . 
Serial I/O Interface (M7377) ........ .. ............ .. 
8-Bit Parallel Input/Output ................................. .. 
64-Character PROM Read-In ................................ .. 
Programmable Bus Control .................................. .. 
Processor Interface ................. . .................. . 
Foundation Module ............................................... . 
Softwa re Package .................... , ............. : ............... ' 
Diode Network ....................................................... . 
Diode Network ...................................................... . 
Inverter ......................... .. ................................ . 
Expandable NAND/NOR Gate .............................. .. 
NAND/NOR Gate ................................................... . 
NAND/NOR Gate .................................................. .. 
NOR/NAND Gate ........................................ . 
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602 
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TYPE 

Rl23 
RI31 
Rl41 
Rl51 
Rl81 
R200 
R201 
R202 
R203 
R204 
R205 
R302 
R303 
R401 
R405 
R601 
R602 
R603 
R650 
RTOI-AA,-AB 
RTCh-BA,-BB 
RTOI-NA 
RTOI-NB 
RTOI-NC 
RT02-AA,-AB 
RT02-BA,-BB 
RT02-CA,-CB 
RTKIT-l 
RTKIT-2 
VT50 
W002 
W005 
WOII 
WOIS 
W020 
W021 
W022 
W023 
W024 
W027 
W028 
W031 
W033 
W040 
W042 
W043 
W050 
W051 
W061 
W500 
W501 

TITLE 

Input Bus Gate ..................................................... . 
Exclusive-OR Gate ................................................. . 
AND/NOR Gate ..................................................... . 
Binary-to-Octal Decoder ................. , ..................... . 
DC Carry Chain ..................................................... . 
Flip-Flop ................................................................. . 
Flip-Flop ......................................................... . 
Dual Flip-Flop ...................................................... . 
Triple Flip-Flop ..................................... ............... . 
Quadruple Flip-Flop ............................................... . 
Dual Flip-Flop................................. . ............... . 
Delay ............................................ . 
Integrating One-Shot ......................... . 
Variable Clock ..................................................... . 
Crystal Clock ......................................................... . 
Pulse Amplifier .................................................... . 
Pulse Amplifier ....................................................... . 
Pulse Amplifier ...... , ................................................ . 
Bus Driver . .'.......................... .. .............. . 
Numeric Data Entry Terminal, 110 Baud ............... . 
Numeric Data Entry Terminal, 300 Baud ............. .. 
Four-Digit Display ............................................. . 
Eight-Digit Display ............................................... . 
Twelve- Digit Display ..................... " ........... , .... , ..... . 
Alphanumeric Data Entry Terminal .................... . 
Full-Keyboard Alphanumeric Terminal ... ............. .. 
Badge Reader Terminal ................. : .................... . 
RTM Basic Kit ........................... .. 
RTM Expander Kit ..................................... . 
DECscope Video Display Terminal ....................... . 
Clamp Loads ....................................................... .. 
Clamp Loads ............. ............... .. ..................... . 
Flat Ribbon Cable Connector .............................. . 
Flat Ribbon Cable Connector .............................. . 
Flat Ribbon Cable Connector .............................. . 
Flat Ribbon Cable Connector .............................. . 
Flat Ribbon Cable Connector .... .. ................... . 
Flat Ribbon Cable Connector .... .. ................... . 
Round Coaxial (TWP) Cable Connector ............... . 
Flat Ribbon Cable Connector ............................... . 
Round Coaxial (TWP) Cable Connector ............... . 
Flat Mylar Cable Connector ................................ . 
Flat Mylar Cable Connector ................................. . 
Solenoid Driver .................................................... . 
10 Amp Driver ................. .. ........................ . 
Solenoid Driver ............................................... . 
30 mA Indicator Driver....... ........... .................. . 
100 rnA Indicator and Relay Driver .................. . 
Relay Driver ................ , .................... .. 
High Impedance Follower ...... ............................ . 
Negative Input Converter and Schmitt Trigger ... . 
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264 
264 
264 
264 
264 
265 
265 
265 
265 
265 
265 
265 
265 
265 
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266 
266 
266 
266 
552 
552 
553 
553 
553 
554 
556 
558 
643 
644 
561 
266 
266 
599 
599 
599 
599 
599 
600 
603 
600 
603 
602 
602 
266 
267 
266 
267 
267 
267 
267 
267 



TYPE 
W510 
W511 
W512 
W520 
W532 
W533 
W600 
W601 
W602 
W603 
W607 
W640 
W690 
W700 
W705 
W706 
W707 
W708 
W800 

. W802 
W900 
W930 
W940 
W941 
W942 
W943 
W950 
W951 
W952 
W953 
W960 
W964 
W966 
W967 
W968 
W969 
W970 
W971 
W972 
W9720 
W9721 
W9722 
W973 
W974 
W975 
W979 
W980 
W982 
W983 
W984 
W987 

TITLE 

Positive Input Converter ................................ , ...... . 
Negative Input Converter ..................................... . 
Positive Level Converter ....................................... . 
Comparator ........................................................... . 
Dual AC-Coupled Difference Amplifiers .............. .. 
Dual Rectifying Slicer ........................................... . 
Negative Output Converter ................................... . 
Positive Output Converter ................................... . 
Bipolar Output Converter .................................... .. 
Positive Level Amplifier ...................................... .. 
Pulse Output Converter ......................................... . 
Pulse Output Converter ......................................... . 
DEC to IBM N Line Converter .............................. .. 
Switch Fi Iter ................................. '.' ...................... . 
+3.6 V Power Supply .......................................... .. 
Teletype Receiver ................................................... . 
Teletype. Transmitter ............................................. . 
Teletype Interface ................................................... . 
Relay ..................................................................... . 
Relay Multiplexer .................................................. .. 
Module Extender Board ........................................ .. 
Blank Module ....................................................... . 
Wire Wrappable Module ....................................... . 
Wire Wrappable Module ....................................... . 
Wire Wrappable Module with Sockets ................... .. 
Wire Wrappable Module with Sockets ................ .. 
Wire Wrappable Module ...................................... .. 
Wire Wrappable Module ....................................... . 
Wire Wrappable Module with Sockets .................. .. 
Wire Wrappable Module with Sockets ................... . 
MSI Module Board ............................................... . 
Universal Terminator Board ................................. . 
OMNIBUS Wire Wrap Module ............................... . 
OMNIBUS Wire Wrap Module with Sockets ...... .. 
Collage Module Board ........................................... ; 
Collage Module Board ......................................... . 
Blank Module ...................................................... .. 
Blank Module ......................................................... . 
Blank Module, Copper-Clad on Both Sides .......... .. 
Blank Module,' Copper-Clad on Both Sides· ........... . 
Blank Module, Copper,Clad on Both Sides .......... .. 
Blank Module, Copper-Clad on Both Sides .......... .. 
Blank Module, Copper-Clad on Both Sides .......... .. 
Blank Module, Perforated ..................................... . 
Blank Module, Perforated ...................................... .. 
Collage Module Board ........................................ .. 
Module Extender Board ......................................... . 
Module Extender Board ......................................... . 
Module Extender Board ........................................ .. 
Module Extender Board ........................................ '.' 
Quad Module Extender Board ............................... . 
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267 
267 
268 
268 
268 
268 
268 
268 
268 
268 
268 
268 
269 
269 
269 
269 
269 
269 
269 
269 
617 
611 
614 
614 
614 
614 
614 
614 
614 
614 
616 
616 
290 
292 
615 
615 
611 
611 
611 
611 
611 
611 
611 
611 
611 
615 
617 
617 
617 
617 
617 



TYPE 

W990 
W991 
W992 
W993 
W998 
W999 

TITLE 

Blank Module ......................................................... . 
Blank Module ......................................................... . 
Blank Module, Copper-Clad on One Side ............... . 
Blank Module, Copper-Clad on One Side ............... . 
Blank Module, Perforated ., .................... . 
Blank Module, Perforated ....................... . 
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Page 

612 
612 
612 
612 
612 
612 



TYPE 

12-09154 
12-09224 
12-09340-00 
12-09340-01 
12-09350-(all 

dash items) 
12-09351-(all 

dash items) 
12-09703 
12-09764 

- 12-09925 
12-10152-1 
12-10945 
12-11046 
12-11191 
12-11194 
12-11386 
29-15201 
29-15202 
29-15205 
74-06706 
74-06782 
74-06793 
74-07789 
74-09449 
74-09459 
74-09819 
861-A 
861-B 
861-C 
90-06990 
90-07786 

90-08887 
91-05740 
91-07470-44 
91-07688 
913-(all 

dash items) 
914-7 
914-19 
915-(all 

dash items) 
917·2.5 
917-5 

(Subject to change without notice) 

TITLE 
Price in 

U.S. dollars 

Drawer Mounting Slides (pair) .................... . 
Latch ..................................................................... . 
8-Pin Cable Connector (Female) Housing (2/pkg) 
8-Pin Cable Connector (Male) Housing (2/pkg) .... 
Cable Connector (Female) Housing ... .. ....... pkg. 

Cable Connector (Male) Housing .................... pkg. 

Drawer Mounting Slides, Tilt (pair) .................... .. 
Cable Clamp (5/pkg) .......................................... . 
Cable Clamp (4/pkg) ..... .. ............... . 
Connector Block ............................................ . 
ChaSSis Slides (pair) .............. .. ................. . 
Receptacle for use with 861-A Power Controller 
Receptacle for use with 861-8 Power Controller 
Receptacle for use with 861-C Power Controller 
Thick Latch ........................................................... . 
Touchup Paint, Black : ..................................... can 
Touchup Paint, Grey (Bezel/68) .................. can 
Touchup Paint, Grey (End Panel/101) .......... can 
Fan, Cover Plate ..................................................... . 
Kickplate (use with H952-BA) .............................. .. 
Kickplate ............................................................... . 
Spacer ........................... , ....................................... . 
Bracket for Chassis Slides (right) ....................... . 
Bracket for Chassis Slides (left) .......................... .. 
Key-Lock Strike Plate .......................................... .. 
Power Controller (90-130 Vac, Two-Phase): ........ .. 
Power Controller (180-270 Vac, Single-Phase) ..... . 
Power Controller (90-135 Vac, Single-Phase) ...... .. 
Cabinet Door Ground Strap ................................... . 
Tinnerman Clip Nut and Phillips Pan 

Head Screw Collection ............ , .. .. ..... .. . ..... bag 
Cabinet Frame Ground Strap ............................... . 
Wire Wrapping Wire, 30 AWG (l000 ft/spool) .... .. 
Hookup (Solder) Wire, 24 AWG ........................ ft. 
Wire Wrapping Wire, 24 AWG (1000 ft/spool) ..... . 
Patch Cords, 24 AWG (IOO/pkg) ........................ . 

7-lnch Power Patch Cord (IO/pkg) ...................... .. 
19-1nch Power Patch Cord (lO/pkS) ................... . 
Patch Cords, 26 AWG (100/pkg) ......................... . 

Daisy Chain, Clip every 2.5" 
Daisy Chain, Clip every 5.0" 
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25.00 
1.00 
1.00 
1.00 
1.00 

1.00 

52.00 
1.00 
1.00 
5.00 

19.00 
8.00 

12.00 
24.00 

1.00 
3.00 
3.00 
3.00 
4.00 
6.00 

10.00 
1.00 
2.00 
5.00 
1.00 

300.00 
300.00 
350.00 

5.00 

5.00 
5.00 

60.00 
0.30 

50.00 
25.00 

4.00 
4.00 

33.00 

50.00 
50.00 

-



TYPE - 932 
933 
937 
939 
940 
941 
943 
944 
953 
954 
956 

957 

A123 
A126 
A207 
A260 
A460 
A619 
A704 
ASll 
AS66 
ARll 
8104 
B105 
B113 
B115 
B117 
B123 
B124 
B130 
8155 
B171 
B201 
8204 
B301 
B360 
B401 
8405 
8602 
B681 
8684 
BAll·ES 
BBll 
BB11-A 
BB11-B 

Price in 
U.S. dollars 

JLlS Strip (5/pkg) ......................................... . 
Bus Strip ............................................................. . 
Blank Module Handle (25/pkg) ........................... . 
Bus Strip (6/pkg) ................................................. . 
Cable Clamp (25/pkg) ......................................... . 
Cable Clamp (25/pkg) ......................................... . 
Cable Clamp (25/pkg) ........................... . 
Cable Clamp (25/pkg) .,. " .......................... . 
Wire Wrap IC Sockets (10/pkg) ........................... . 
Solder IC Sockets (10/pkg) .......................... . 
DEC8640 UNIBUS Receiver IC (Quad 2·lnput 

NOR Gate) ....................................................... . 
DEC8881-1 UNIBUS Driver IC (Quad 2·lnput 

NAND Gate) ...................................................... . 
4·lnput Multiplexer ............................................... . 
8-Channel High Impedance Multiplexer ..... . 
Operational Amplifier ............................................. . 
Dual Amplifier ...................................................... . 
Sample and Hold ................................................. . 
10·Bit 0/ A Converter, Single Buffered ................. . 
Reference Supply ... .................................. '" .......... . 
10·Bit A/D Converter .................................. . 
High-Speed 12-Bit Bipolar A/D Converter ........... . 
Analog Real-Time Module .... . ............ . 
Inverter ........................................... . 
Inverter .:.......... ............... ...... . ................. . 
NAND/NOR Gate ................................................ . 
NAND/NOR Gate '" ............. .......... .................. . 
NAND/NOR Gate ............................................ . 
Inverter ....................................... . .............. . 
Inverter ................. ............... . ................ . 
3-Bit Parity Circuit ............................................. . 
Half 8inary-to·Octal Decoder ................................ . 
NAND/NOR Gate ................................................... . 
Flip-Flop .................................. . ............... . 
Quadruple Flip-Flop ......................................... . 
Delay .......................... . ....................... . 
Delay with Pulse Amplifier ................................... . 
Variable Clock ................................. . .................. . 
Clock ..................................................................... . 
Pulse Amplifier ..................................................... . 
Power Inverter ....................................................... . 
Bus Driver ................................................ . 
Expander Mounting Box ...................................... . 
4-Slot System Interlacing Unit ............................... . 
4-Slot System Interlacing Unit .............................. .. 
9·Slot System Interlacing Unit .. ........................... .. 

For total cost of the following cable assemblies 
where. the length is to be specified by the customer 
(·xx suffix), refer also to Note 1 at the end of this 
price list. 
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3.00 
1.00 
7.00 
9.00 

·7.00 
7.00 
7.00 
7.00 

12.00 
7.00 

26.00 

19.00 
5S.00 
75.00 
45.00 

250.00 
250.00 
210.00 
184.00 
350.00 
350.00 

1,500.00 
lS.00 
22.00 
24.00 
22_00 
17.00 
37.00 
33.00 
54.00 
27.00 
19.00 
60.00 
37.00 
78.00 
90.00 
61.00 

108.00 
47.00 
30.00 
56.00 

550.00 
170.00 
160.00 
239.00 



TYPE 

BC02A-xx 
BC02B-xx 
BC02E-xx 
BC02K-xx 
BC02L-xx 
BC02M-xx 
BC02N-xx 
BC02P-xx 
BC02T-xx 
BC02U-xx 
BC02W-xx 
BC02X-xx 
BC02Y-xx 
BC03A-xx 
BC03B-xx 
BC03C-xx 
BC03D-xx 
BC03E-xx 
BC03F-xx 
BC03H-xx 
BC03J-xx 
BC04A-xx 
BC04B-xx 
BC04C-xx 
BC04D-xx 
BC04E-xx 
BC04F-xx 
BC04H-xx 
BC04J-xx 
BC04K-xx 
BC04L-xx 
BC04M-xx 
BC04N-xx 
BC04P-xx 
BC04T-xx 
BC04U-xx 
BC04W-xx 
BC04Z-xx 
BC05C-25 
BC05C-35 
BC05C-45 
se05C-50 
BC05C-60 
BC05C-70 
BC05D-10 
BC05D-25 
BC05F-xx 
BC05H-6 
BC05J-6 
'BC05X-xx 
BC07A-10 
BC07A-15 

Price in 
TITLE U.S. dollars 

20-Conductor Ribbon Cable .................................... 34.00 
20-Conductor Ribbon Cable .................................... 32.00 
20-Conductor Ribbon Cable .................................... 33.00 
20-Conductor Ribbon Cable .................................... 34.00 
20-Conductor Ribbon Cable .................................... 32.00 
20-Conductor Ribbon Cable.................................... 32.00 
20-Conductor Ribbon Cable .................................... 32.00 
20-Conductor Ribbon Cable.................................... 32.00 
20-Conductor Ribbon Cable.................................... 33.00 
20·Conductor Ribbon Cable .................................... 30.00 
20-Conductor Ribbon Cable ..................................... 32.00 
Two 20-Conductor Ribbon Cables ........................ 54.00 
20-Conductor Ribbon Cable .................................... 33.00 
9-Conductor Flat Coax Cable .... .. ............ ...... ......... 41.00-
9-Conductor Flat Coax Cable .................................. 40.00 
9-Conductor Flat Coax Cable .................................. 38.00 
9-Conductor Flat Coax Cable ...... ......................... 38.00 
19-Conductor Flat Mylar Cable .......... .................... 31.00 
19-Conductor Flat Mylar Cable ................................ 30.00 
Two 19-Conductor Flat Mylar Cables .................... 58_00 
9-Conductor Flat Coax Cable .................................. 38.00 
20-Conductor Ribbon Cable.................................... 16.00, 
20-Conductor Ribbon Cable .................................. 19.00 
20-Conductor Ribbon Cable .................................... 18.00 
20-Conductor Ribbon Cable .................................... 16.00 
20-Conductor Ribbon Cable .................................... 16.00 
20-Conductor Ribbon Cable.................................... 16.00 
20-Conductor Ribbon Cable.............. ..................... 16.00 
20-Conductor Ribbon Cable ................................ 17.00 
20-Conductor Ribbon Cable.. ............ ........ .............. 16.00 
g-Conductor Flat Coax Cable .................................. 19.00 
9-Conductor Flat Coax Cable ............... ...... ............ 19.00 
9-Conductor Flat Coax Cable .................................. 19.00 
Two 9-Conductor Flat Coax Cables ........................ 36.00 
Two 19-Conductor Flat Mylar Cables ..... .............. 29.00 
Two 19-Conductor Flat Mylar Cables ........ 23.00 
Two 20·Conductor Ribbon Cables ........................ 30.00 
40-Conductor Flat Mylar Cable ...................... 15.00 
25-Conductor Round Cable ..................... .............. 102.00 
25-Conductor Round Cable ........................... 110.00 
25-Conductor Round Cable .................................... 120.00 
25-Conductor Round Cable .................................... 130.00 
25-Conductor Round Cable .................................... 150.00 
25-Conductor Round Cable .................................... 170.00 
25-CondOctor Round Cable .................................... 85.00 
25-Conductor Round Cable .................................... 120.00 
4-Conductor Round Cable ...................................... 9.00 . 
Li ne Set .................................................................. 48.00 
Line Set ...................................................... 60.00 
4-Conductor Round Cable ...................................... 12.00 
20-TWP Round Cable ............................................ 60.00 
20-TWP Round Cable .............................................. 69.00 
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TYPE 

BC07A-25 
BC07B-IO 
BC07B-I5 
BC07B-25 
BC07C-IO 
BC07C-15 
BC07C-25 
BC070-IO' 
BC07D-15 
BC07D-25 
BCOBA-Ol 
BCOBA-03 
BCOBA-05 

• BCOBA-07 
BCOBA-IO 
BCOBA-I5 
BCOBA-25 
BCOSB-O! 
BCOBB-03 
BCOBB-05 
SCOSB-07 
BCOSB·IO 
BCOSB·15 
BCOSB-25 
BCOse·O! 
BCOse·03 
BCOSC-05 
BCOSC-07 
BC08C-IO 
BCOSC-I5 
BCOSC-25 
BCOSO-OI 
BCOSD-03 
BCOBO-05 
BCOBO-07 
BCOSO-I0 
BCOSO-15 
BCOB0-25 
BCOBE-xx 
BCOSF-06 
BCOSH-03F 
BCOBH-04F 
BCOSJ-06 
BCOBJ-IO 
BCOSJ-I5 
BC08J-25 
BC08J-50 
BC08K-06 
BC08K-10 
BCOBK-I5 
BC08K-25 
BC08K-50 
BC08l-06 

Price in 
TITLE U.S. dollars 

20-TWP Round Cable .................... . 
Il-TWP Round Cable ....... . 
ll-TWP Round Cable 
ll-TWP Round Cable .............. . 
IO-TWP Round Cable ................ .. 
10-TWP Round Cable ......... . 
10-TWP Round Cable ........................ .. 
Two 20-Conductor Ribbon Cables ....... . 
Two 20-Conductor Ribbon Cables 

- Two 20-Conductor Ribbon Cables ................... . 
Two I9-Conductor Flat Mylar Cables " ...... . 
Two 19-Conductor Flat Mylar Cables .................. . 
Two 19-Conductor Flat Mylar Cables . 
Two 19-Conductor Flat Mylar Cables .... .......... . 
Two 19-Conductor Flat Mylar Cables ................. .. 
Two 19-Conductor Flat Mylar Cables. 
Two 19-Conductor Flat Mylar Cables. 
Two 9-Conductor Flat Coax Cables '" 
Two 9-Conductor Flat Coax Cables .. 
Two 9-Conductor Flat Coax Cables 
Two 9-Conductor Flat Coax Cables .................. . 
Two 9-Conductor Flat Coax Cables 
Two 9-Conductor Flat Coax Cables ... 
Two 9-Conductor Flat Coax Cables . 
Two 19-Conductor Flat Mylar Cables ................. .. 
Two 19-Conductor Flat Mylar Cables .......... .. 
Two 19-Conductor Flat Mylar Cables ................. . 
Two 19-Conductor ·Flat Mylar Cables '" ... .. 
Two 19-Conductor Flat Mylar Cables .. ............. . 
Two 19·Conductor Flat Mylar Cables ................... . 
Two 19-Conductor Flat Mylar Cables ................... . 
Two 9-Conductor Flat Coax Cables ...... . .............. . 
Two 9-Conducto'r Flat Coax Cables ....................... . 
Two 9-Conductor Flat Coax Cables ..................... .. 
Two 9-Conductor Flat Coax Cables ........ . 
Two 9·Conductor Flat Coax Cables ..................... . 
Two 9-Conductor Flat Coax Cables ..................... . 
Two 9-Conductor Flat Coax Cables . .' .............. . 
19-Conductor Flat Mylar Cable .. , ............... _. 
Two 19·Conductor Flat Mylar Cables ............. . 
Two 60-Conductor Flat Mylar Cables ................... . 
Two 60-Conductor Flat Mylar Cables .................. . 
40-Conductor Flat Mylar Cable ........................... . 
40-Conductor Flat Mylar Cable ........... . 
40·Conductor Flat Mylar Cable ........................... .. 
40-Conductor Flat Mylar Cable .......... . 
40-Conductor Flat Mylar Cable ........................... .. 
40-Conductor Flat Mylar Cable ............................ . 
40-Conductor Flat Mylar Cable .......................... . 
40-Conductor Flat Mylar Cable ..................... . 
40-Conductor Flat Mylar Cable .......... . 
40-Conductor Flat Mylar Cable ........ .. 
Two 40-Conductor Flat Mylar Cables. 
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BO.OO 
30.00' 
32.00 
34.00 
30.00 
32.00 
34.00 
40.00 
42.00 
46.00 
48;00 
51.00 
55.00 
58.00 
63.00 
72.00 
85.00 
75.00 
79.00 
84.00 
88.00 
95.00 

105.00 
125.00 
49.00 
52.00 
57.00 
60.00 
65.00 
72.00 
88.00 
79.00 
84.00 
88.00 
92.00 
99.00 

110.00 
131.00 

24.00 
54.00 
90.00 
95.00 
75.00 
85.00 
97.00 

115.00 
170.00 
70.00 
BO.OO 
90.00 

110.00 
165.00 
115.00 



TYPE 

BeOSl·IO 
BCOSl·15 
BCOSl·25 
BCOSl·50 
BCOSR-xx 
BCIIA·02 
BCllA·OS 
BeIIA-OSF 
BCllA-IO 
BCllA·15 
BCIlA-20 
BCllA·25 
BCllA-35 
BClIA-50 
BCllK-25 
BC14F-05 
BC14F-lO 
BC14F·15 
BC14F·25 
SC70A·15 
Be70B·15 
CAB-I 
CAB-J 
CAB·K 
DDll·A 
DDll-B 
DECkit01·A 
DECkit11-D 
DECkit1l-F 
DECkit11·H 
DECkit1I-K 
DECkit11·M 
H019 
H020 
H033 
H034 
H035 
H322 
H500 
H500A 
H704·A 
H707 
H710 
H716 
H720~C 

H720·0 

H720·E 

H720·F 

TITLE 
Price in 

U.S. dollars 

Two 40-Conductor Flat Mylar Cables ..................... . 
Two 40,Conductor Flat Mylar Cables ..... , ............... . 
Two 40·Conductor Flat Mylar Cables .................... .. 
Two 40-Conductor Flat Mylar Cables .................... .. 
40-Conductor Flat Mylar Cable ............................ .. 
Two 60-Conductor Flat Mylar Cables .................... .. 
Two 60-Conductor Flat Mylar Cables ..................... . 
Two 60-Conductor Flat Mylar Cables ......... . 
Two 60-Conductor Flat Mylar Cables .................... . 
Two 60-Conductor Flat Mylar Cables ..................... . 
Two 60-Conductor Flat Mylar Cables ..................... . 
. Two 60-Conductor Flat Mylar Cables ..................... . 
Two 60-Conductor Flat Mylar Cables ..................... . 
Two 60-Conductor Flat Mylar Cables ..................... . 
20-TWP Round Cable ............................ .. 
25-Conductor Round Cable ...................... . 
25-Conductor Round Cable.. .. ............. . 
25·Conductor Round Cable . .. ...................... .. 
25-Conductor Round Cable . .. ..................... . 
10·Conductor Round Cable ................................. .. 
Two ll-TWP Round Cable ................................... .. 
Cabinet Assembly (Short Size) .................... .. 
Cabinet Assembly (Short Size) ............................. . 
Cabinet Assembly (Short Size) ............................ .. 
4-Slot System Interfacing Unit .............................. .. 
4-Slot System Interfacing Unit ............................. .. 
Remote Analog Data Concentrator .............. Note 2 
POP-ll Direct Memory Access Interface ............... . 
PDP-II I/O Interface (3 Words In/l Word Out) .. .. 
PDP-ll I/O Interface (4 Words In/4 Words Out) .. .. 
PDp·ll I/O Interface (S Words In) ...................... .. 
PDP-ll I/O Interface (34 Bits In/24 Bits Out) .... .. 
Expander Frame............... . ................................... . 
Connector Block Mounting Frame ........................ .. 
4-Slot System Unit Mounting Frame .................... .. 
9-Slot System Unit Mounting Frame ........ _ .......... .. 
Vertical System Unit Mounting Frame .................. .. 
Distribution Panel ................................................. . 
Computer Lab (115 Vac) ....................................... . 
Computer Lab (230 Vac) ...................................... .. 
Power Supply (± 15 Vdc) ....................................... . 
Power Supply (±15 Vdc) ........................... :': ......... . 
Power Supply (+5 Vdc) ........................................ .. 
Power Supply (+5 Vdc, -15 Vdc) ........................ .. 
Power Supply (+5 Vdc, -15 Vdc, +S Vdc, 

-25 Vdc) ........................................................... . 
Power Supply (+5 Vdc, -15 Vdc, +8 Vdc, 

-25 Vdc) ........................................................... . 
Power Supply (+5 Vdc, -15 Vdc, +S Vdc, 

-22 Vdc ........................................................... . 
Power Supply (+5 Vdc, -15 Vdc, +S Vdc, 

-22 Vdc) ............................................................ . 
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140.00 
160.00 
205.00 
310.00 

45.00 
115.00 
130.00 
145.00 
160.00 
175.00 
190.00 
200.00 
220.00 
250.00 
135.00 
50.00 
50.00 
50.00 
50.00 
70.00 
70.00 

535.00 
462.00 
386.00 
275.00 
275.00 

S50.00 
750.00 

1,165.00 
69S.OO 
720.00 

35.00 
15.00 

S.OO 
15.00 
20.00 

150.00 
375.00 
375.00 
325.00 
430.00 
190.00 
160.00 

750.00 

750.00 

750.00 

750.00 



TYPE 

H721 
H722 
H726-B 
H740-0 
HSOO 
HS02 
HS03 
HS030 
HS07 
HSOS 
HS10(24) 

HS10-A 

HS10-B 

HS10-C 

HS10-D 

HS10-E 
HSll(24) 
HSll-A 
HS12(24) 
HS12-A 
HS13(24) 
HS13-A 
HS14(24) 
HS14-A 
HS20 
HS21 
HS25 
HS26 
HS50 
HS51 
HS52 
H853 
H854 
HS56 
H863 
H904-A 

H905-A 

H906 
H907-A 

H909-A 
H909-BA 
H911-J 
H911-K 
H911-R 

TITLE 
Price in 

U.S. dollars 

Power Supply (+5 Vdc, -15 Vdc, +10 Vdc) ...... .. 
Step-Down Transformer ......................................... . 
Power Supply (+5 Vdc) ........................................ .. 
Power Supply (+5 Vdc, -15 Vdc, +15 Vdc) ...... .. 
Connector Block (l44-Pin)... .. ...................... .. 
Connector Block (lS-Pin) ...................................... . 
Connector Block (288-Pin) ................. . 
Connector Block (72-Pin) '" .................................. . 
Connector Block (36-Pin) .................. .. 
Connector Block (l44-Pin) .................................. .. 
Pistol-Grip Wire Wrapping Tool Kit for 

24 AWG Wire ................................................... .. 
Pistol-Grip Wire Wrapping Tool Kit for 

30 AWG Wire ............ .. .............. . 
Pistol-Grip Wire Wrapping Tool Kit for 

24 or 30 AWG Wire . 
Battery-Powered Wire Wrap Gun with Bit and 

Sleeve for 24 AWG Wire ....................... .. 
BatterY-Powered Wire Wrap Gun with Bit and 

Sleeve for 30 AWG Wire... .. ............. . 
Battery-Powered Wire Wrap Gun .. .. 
Hand Wire Wrapping Tool for 24 AWG Wire .......... .. 
Hand Wire Wrapping Tool for 30 AWG Wire ... . 
Hand Wire Unwrapping Tool for 24 AWG Wire ...... .. 
Hand Wire Unwrapping Tool for 30 AWG Wire. 
Wire Wrap Gun Bit for 24 AWG Wire ............... .. 
Wire Wrap Gun Bit for 30 AWG Wire ...................... .. 
Wire Wrap Gun Sleeve for 24 AWG Wire .............. .. 
Wire Wrap Gun Sleeve for 30 AWG Wire .. 
Grip Clip Connectors for 24 AWG .. (lOOO/pkg) 
Grip Clip Connectors for 30 AWG. . ... (1000/pkg) 
Hand Crimping Tool. . ............ . 
Hand Crimping Tool... .. ........................... , ....... .. 
Module Handle Extender ..................................... .. 
Edge Connector ..... .. .................................... .. 
Module Holder ............... ... ....... ............. (25/pkg) 
Module Holder .......... .............. (25/pkg) 
I/O Connector (40-Pin Male) Board Mount .......... .. 
I/O Connector (40-Pin Female) Cable Mount 
Connector Block (288-Pin) ............................ .. 
Horizontal System Unit Mounting 

'Enclosure ................................................ Note 2 
Horizontal System Unit Mounting 

Enclosure ............................................ Note 2 
Vertical System Unit Mounting Enclosure .. Note 2 
Horizontal System Unit Mounting 

Enclosure ............ . ..... Note 2 
General Purpose Logic Box ....... .. .................... . 
General Purpose logic Box with power supply ... _ .. .. 
Mounting Panel ...................... .. 
Mounting Panel.. .. ............................................ . 
Mounting Panel. .. .......................................... . 
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SOO.OO 
100.00 
215.00 
540.00 

9.00 
4.00 

14.00 
6.00 
5.00 

12.00 

99.00 

130.00 

160.00 

150.00 

150.00 
130.00 
35.00 
35.00 
10.00 
12.00 
30.00 
30.00 
21.00 
21.00 
4S.00 
9S.00· 

146.00 
210.00 

10.00 
15.00 
7.00 
7.00 

12.00 
8.00 

14.00 

150.00 
625.00 
lS0.00 
170.00 
180:00 



TYPE 

H911·S 
H913 
H914 
H916 
H917 
H9190 
H920 
H921 
H923 

H925 
H930 
H933·A 
H933·B 
H933·C 
H933·CA 
H933·CB 
H933·D 
H934·CB 
H941·AA 
H941·BA 
H941·BB 
H950·AA 
H950·BA 
H950·CA 
H950·DA 

H950·EA 

H950·FA 
H950·G 
H950·HA 
H950·HB 
H950·HC 
H950·HD 
H950·HE 
H950·HF 
H950·HG 
H950·HH 
H950·HJ 
H950·HK 
H950·JA 

H950·JE 

H950·LA 
H950·LB 
H950·PA 
H950'QA 
H950·SA 
H952-AA 
H952-BA 

TITLE 
Price In 

U.S. dollars 

Mounting Panel ..................................................... . 
Mounting Panel ..................................................... . 
Mounting Panel ................................. : ................... . 
Mounting Panel .................................................... .. 
Mounting Panel ..................................................... . 
Expander Panel ..................................................... . 
Module Drawer Frame ........................................... . 
Front Panel for H920 Module Drawer Frame ...... .. 
Chassis Slides for H920 Module Drawer 

Frame ........................................................ (pair) 
Module Drawer ...................................................... .. 
System Unit Drawer ............................................... . 
4·Slot System Unit ................................................ .. 
4-Slot System Unit ................................................ .. 
4·Slot System Unit ................................................ .. 
4-Slot System Unit ................................................. . 
4·Slot System Unit ............................................. , .. .. 
4-Slot System Unit ......... : ........................................ . 
9-Slot System Unit ................................................. . 
Mounting Panel Frame .......................................... .. 
8-lnch Deep Cover for H941-AA .......................... .. 
1l.4·lnch Deep Cover for H941·AA ...................... .. 
Cabinet Frame (Standard Size) ............................ .. 
Full Door (RH) (Front or Rear Mounting) ............ .. 
Full Door (LH) (Front or Rear Mounting) ............. . 
Mounting Panel Door Frame (RH) (Rear 

Mounting) ........................................................ .. 
Mounting Panel Door Frame (LH) (Rear 

Mounting) ......................................................... . 
Mounting Panel Door Skin ..................................... . 
Cabinet Table ........................................................ .. 
Short Dopr (Covers 21 in. Mounting Space) ........ .. 
Short Door (Covers 223;4 in. Mounting Space) ..... . 
Short Door (Covers 261;4 in. Mounting Space) .... .. 
Short Door (Covers 31lh in. Mounting Space) .... .. 
Short Door (Covers 363;4 in. Mounting Space) .... .. 
Short Door (Covers 42 in. Mounting Space) ......... . 
Short Door (Covers 471;4 in. Mounting Space) .... .. 
Short Door (Covers 52lh in. Mounting Space) ..... . 
Short Door (Covers 573;4 in. Mounting Space) .... .. 
Sho~Door (Covers 63 in. Mounting Space) ......... . 
Short Door (Covers 21 in. Mounting Space) 

(used with H952·BA installed) ....................... .. 
Short Door (Covers 63 in. Mounting Space) 

(used with H952-BA installed) ....................... .. 
Logo Frame Panel (Aluminum) ............................ .. 
Logo Frame Panel (Plastic) .................................. .. 
Bezel Cover Panel (5 1;4 in.) .................................. .. 
Bezel Cover Panel (lOlh in.) ............................... . 
Air Filter (for H952-BA or H952-CA) ..................... . 
End Panel (require 2 per cabinet) ........................ .. 
Stabilizer Feet '(Pair) ............................................. . 
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175.00 
270.00 
125.00 
ZZO.OO 
260.00 
250.00 
170.00 

15.00 

75.00 
250.00 
300.00 

39.00 
39.00 
75.00 
75.00 
75.00 
42.00 

145.00 
125.00 
70.00 
80.00 

163.00 
47.00 
47.00 

47.00 

47.00 
25.00 
85.00 
48.00 
48.00 
48.00 
60.00 
60.00 . 
65.00 
65.00 
60.00 
60.00 
65.00 

60.00 

60.00 
12.00 
10.00 
i1.00 
14.00 

4.00 
65.00 
32.00 



, TYPE 

H952-CA 
H952-CB 
H952-EA 

H952-FA 

H952-GA 

H952-HA 
H957-AA 
H957-BA 
H957-CA 
H957-DA 
H957-'EA 
H957-FA 
H957-FB 
H957-GA 

H957-HA 
H957-JA 
H957-lA 
H957-SA 
H960-BC 
H960-BD 
H960-CA 
H960-CB 
H961-A 
H961-AA 
H961-AB 
H967-BA 
H967-BB 
H970-BA 
H970-CA -' 
K003 
K012 
K026 
K028 
K113 
K123 
K124 
K134 
K135 
K138 
K161 
K174 
K201 
K202 
K206 
K207 
K210 
K211 
K220 
K230 

TITLE 
Price in 

u.s. dollars 

Fan Assembly (Top Mounted) (ll5 Vac) ............... . 
Fan Assembly (Top Mounted) (230 Vac) .............. .. 
Caster Set (4 per set; included with H950-AA 

Frame) ............................................................... . 
leveler Set (4 per set included with H950-AA 

Frame) ................ . .................................... .. 
Filler Strip Set (Front and Rear) (Joining Two 

Cabinets) ........................................................ .. 
Free-Standing Table ......... ..................... .. 
Cabinet Frame (Short Size) .................................. . 
Full Door (RH) (Rear Mounting) .......................... .. 
Full Door (LH) (Rear Mounting) .......................... .. 
Mounting Panel Door Frame (RH) ........................ . 
Mounting Panel Door Frame (lH) .......................... . 
End Panel (R end) ............................................. .. 
End Panel (L end) ................................................ . 
Filler Strip Set (Top, Front, and Rear) (Joining Two 

Cabinets) ...................................................... . 
Fan Assembly (Front or Rear Mounting) .............. .. 
Bottom Cover Plate .................................... . 
logo Frame Panel ............................................... .. 
Filter (for H957-HA) ........................................... .. 
Cabinet Assembly (Standard Size) ...................... .. 
Cabinet Assembly (Standard Size) .: .................... .. 
Cabinet Assembly (Standard Size) ....................... . 
Cabinet Assembly (Standard Size) .......... . 
Cabinet Assembly (Standard Size) ..................... .. 
Cabinet Assembly (Standard Size) ...................... . 
Cabinet Assembly (Standard Size) ...................... .. 
Cabinet Assembly (Short Size) .............................. .. 
Cabinet Assembly (Short Size) .............................. .. 
Free-Standing Table ............................................... . 
Free-Standing Table .............................................. . 
Gate. Expander ............. . ........................................ . 
Gate Expander .............. " ...................................... . 
Gate Expander ............. . ................................... . 
Gate Expander ...................................................... .. 
Inverting Gate ....................................................... . 
Non-Inverting Gate .............................................. .. 
AND/OR Gate ........................................................ . 
Inverters .............................................. : .................. . 
Inverters ................................................................. . 
Inverters ................................................................ . 
Binary-to-Octal Decoder ........................................ .. 
Digital Comparator ................................................. . 
Flip-Flop ................................................................. . 
.Flip-Flop ................................................................. . 
Flip-Flop Register ................................................... . 
Flip-Flop ................ : ................................................ . 
Counter ................................................................. . 
Programmable Divider ........................................... . 
Up/Down Counter ................................................ .. 
Shift Register .............. , ..................... , .................. . 
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48.00 
48.00 

10.00 

2.00 

55.00 
275.00 
160.00 
60.00 
60.00 
45.00 
45.00 
63.00 
63.00 

50.00 
70.00 
15.00 
20.00 

4.00 
850.00 
850.00 
850.00 
850.00 
600.00 
600.00 
600.00 
850.00 
850.00 
150.00 
150.00 

10.00 
10.00 
8.00 

12.00 
13.00 
15.00 
16.00 
16.00 
17.00 
24.00 
28.00 
24.00 
39.00 
30.00 
26.00 
30.00 
33.00 
26.00 
64.00 
49.00 



TYPE 

K265 
K281 
K282 
K302 
K303 
K323 
K501 
K564 
K579 
K580 
K581 
K616 
K657 
K658 
K675 
K681 
K683 
K716 
K724 
K943-R 
K943-S 
K990 
KC341-B 
KITS 
KMPOI-A 
LA36 
M002 
M040 
M.050 
M051 
M060 
MlOO 
MlOI 
Ml02 
MI03 
MI05 
MI07 
Ml08 
Mll03 
MlI03 
MIll 
M1l2 
M1l25 

-M1l3 
M113l 
M115 
M1l6 
M117 
M1l9 
;M121 
M1307 
M1307 
M133 

TITLE 
Price in 

u.s. dollars 

Reed Relay Driver ................................................. . 
Fixed Memory ....................................................... . 
Diode Memory ....................................................... . 
Dual Timers ........................................................... . 
Timer .................................................................... . 
One-Shots ............................................................... . 
Schmitt Triggers ................................................. .. 
DC Input Converters ............................................ . 
Isolated AC Input Converters ............................... . 
Dry Contact Filters ................ . ........................... . 
Dry Contact Filters ............................................ .. 
Isolated AC Switches ........................................... .. 
DC Driver ............................................................... . 
DC Driver ............................................................. .. 
5·Digit Display ....................................................... . 
Lamp Driver .......................................................... . 
Lamp Driver ........................................................... . 
Interface Block ....................................................... . 
Interface Shell ....................................................... . 
Mounting Panel ...................... ........................... .. 
Mounting Panel .................................................. .. 
Timer Component Board ....................................... . 
Monitor/Control Panel ..... .................................... .. 
See DECkits 
Prewired System Backplan~ .................................. . 
DECwriter II Data Terminal ... . ....................... . 
Logic HIGH Source .............................................. . 
Solenoid Driver .................................................... .. 
50 rnA Indicator Driver ........................................ .. 
Positive to Negative Logic Level Converter ........... . 
Solenoid Driver ..................................................... . 
Bus Data Interace ................................................ .. 
Bus Data Interface ................................................ .. 
Device Selector ..................................................... . 
Device Selector ..................................................... . 
Address Selector .................................................. .. 
Device Selector ..................................................... . 
Flag Module .......................................................... .. 
2-lnput AND Gates ............................................. '" 
Ten 2·lnput OR Gates ........................................... . 
Inverter ................................................................. . 
NOR Gates .......................................... _ .................. . 
Exclusive-OR Gates .............................................. .. 
NAND Gates ........................................................... .. 
2·lnput Open Col/ector NAND Gate ...................... .. 
NAND Gates ........................................................... . 
Six 4·lnput NOR Gates '" ..................................... .. 
NAND Gates ...................................................... : ... .. 
NAND Gates ........................................................... . 
AND/OR Gates ....................................................... . 
4-lnput AND Gates ................................................. . 
Six 4-lnput OR Gates .......................................... .. 
2-lnput NAND Gate ............................................... . 
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25.00' 
30.00 
73.00 
49.00 
29.00 
35.00 
29.00 
80.00 

113.00 
28.00 
21.00 

126.00 
90.00 

128.00 
145.00 

17.00 
30.00 

267.00 
65.00 

105.00 
105.00 

7.00 
555.00 

160.00 
1,850.00 

13.00 
39.00 
33.00 
31.00 
55.00 
50.00 
24.00 
60.00 
45.00 
80.00 
70.00 
45.00 
20.00 
20.00 
22.00 
18.00 
20.00 
18.00 
21.00 
18.00 
20.00 
19.00 
18.00 
23.00 
20.00 
12.00 
22.00 



TYPE 

M135 
M137 
Ml39 
M141 
M1500 
M1501 
Ml502 
M152 
Ml55 
M159 
M160 
M161 
M162 
M162I 
1\11623 
M163 
M165 
Ml68 
M169 
M170l 
M1703 
MI705 
M1709 
M17l0 
M1713 
M180! 
M191 
M200! 
M202 
M203 
M204 
M205 
M206 
M207 
M208 
M230 
M236 
M237 
M238 
M239 
M245 
M246 
M248 
M2500 

M253 
M260 
M261 
M262 
M302 
M3020 
M306 
M3l0 

TITLE 
Price in 

U.S. dollars 

Eight 3·lnput NAND Gates ..................................... . 
Six 4·lnput NAND Gates ....................................... . 
Three 8·lnput NAND Gates ... 
NAND/OR Gates ................................................... . 
Bidirectional Bus Interacing Gates .. .................... . 
Bus Input Interface ..................................... " ....... . 
Bus Output Interface .... .. ..... " ........ .. 
Dual I·of·8 Decoder ............................................... . 
4·Line to l6-Line Decoder . ................................. . 
Arithmetic/Logic Unit ........................................... . 
AND/ NOR-Gate ....................................................... . 
Binary-to,:Octal/Decimal Decoder ................ " ...... .. 
Parity Circuit ......................................................... . 
DVM Data Input Interface ..... . ................ .. 
Instrument Remote Control Interface .......... " ....... . 
Dual Binary-to-Decimal Decoder .......................... .. 
8 Buffers ............................................................... . 
I2-Bit Magnitude Comparator .............................. .. 
Gating Module ....................................................... . 
Data Selector . .. ............................ '" ........ . 
OMNIBUS Input Interface .................................... .. 
OMNIBUS Output Interface .................................. .. 
OMNIBUS Interface Foundation Module .............. .. 
UNIBUS Interface Foundation Module ................... . 
I6-Line to I-Line Data Selector .......................... .. 
I6-Bit Relay Output Interface ............................... . 
ALU Look-Ahead Logic .......................................... .. 
Dual 4-Bit Tri-State Registers .............................. . 
Triple J-K Flip-Flop .............................................. .. 
8 R/S Flip-Flops ........ .. .......................... . 
General-Purpose Buffer and Counter .................... . 
General-Purpo~e Flip-Flops. . ........................... .. 
General-Purpose Flip-Flops ................................... . 
General-Purpose Flip-Flops ................................... . 
8-Bit Buffer/Shift Register ................................. .. 
Binary-to-BCD and BCD-to-Binary Converter ..... .. 
I2-Bit Binary Up/Down Counter ........................... . 
3-Digit BCD Up/Down Counter ........................... . 
Dual4-Bit Binary Synchronous Up/Down Counter .. 
Three 4-Bit Counter/Register ............................... . 
Dual 4-Bit Shift Register ................................... : .. .. 
50-Type Flip-Flops .............................................. .. 
Dual 4-bit Multipurpose Shift Register ................ .. 
Dual 64-Word X 4-Bit First-In First-Out Serial 

Memory ............................................................. . 
16-Word X 12-Bit RAM ........................................... . 
4-Word X 12-Bit Associative Memory .................... .. 
4-State Motor Translator ...................................... .. 
10-State Motor Translator ..................................... . 
Dual Delay Multivibrator ........... " .......................... . 
Dual Delay Multivibrators ...................................... .. 
Integrating One-Shot ............................................. . 
Delay Line ............................................................ . 
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22.00 
22.00 
24.00 
29.00 
35.00 
50.00 

100.00 
36.00 
30.00 
35.00 
33.00 
35.00 
35.00 

125.00 
150.00 

27.00 
30.00 
45.00 
33.00 
24.00 
82.00 

183.00 
150.00 
250.00 

17.00 
350.00 

22.00 
40.00 
20.00 
26.00 
24.00 
33.00 
30.00 
33.00 
30.00 
70.00 
50.00 
50.00 
35.00 
35.00 
28.00 
21.00 
25.00 

160.00 
73.00 

221.00 
40.00 
65.00 
59.00 
40.00 
35.00 
58.00 



TYPE 

M401 
M403 
M404 
,M405 
M410 
M452 
M500 
M501 
M502 
M506 
M507 
M510 
M521 
M594 
M598 

M602 
M606 
M610 
M611 
M617 
M622 
M623 
M624 
M627 
M632 
M633 
M650 
M652 
M660 
M661 
M671 
M706 
M707 
M730 
M7300 
.M7301 
M7304 
M7305 
M7306 
M7307 
M731 
M7310 
M7311 
M7312 
M7313 
M7314 
M7315 
M7316 
M7317 
M7318 
M7319 
M732 

Price in 
TITLE < U.S. dollars 

Variable Clock ....................................................... . 
RC Multivibrator Clock .. , .. " .................................. . 
Crystal Clock ......................................................... . 
Crystal Clock .. , ..................................................... .. 
Reed Clock ............................................... 1 ........... . 

Variable Clock ...................................................... .. 
Negative Input/Positive Output Receiver .............. .. 
Schmitt Trigger ..................................................... . 
High-Speed Negative Input Converter .................. . 
Medium·Speed Negative Input Converter .............. .. 
Medium·Speed Negative Bus Converter .............. .. 
1/0 Bus Receiver .................................................. .. 
K·to-M Converter .............. .. ...................... .. 
EIA/CCITT Level Converter ................................ .. 
1·Channel Transmit/Receive Optic·Coupled 

Current Isolator .............................................. .. 
Pulse Amplifier ................................................... .. 
Pulse Generator .......... ... .............................. . 
Open Collector 2-lnput NAND Gate ...................... .. 
High·Speed Power Inverter ................................ .. 
4-lnput Power NAND Gate .................................... .. 
8·Bit Positive Input/Output Bus Driver ................ .. 
Bus Driver ............................................................ . 
Bus Driver .......................................................... .. 
NAND Power Amplifier ......................................... .. 
Positive Input/Negative Output Bus Driver ........... . 
Negative Bus Driver ............................................... . 
Negative Output Converter ..... ............................. .. 
Negative Output Converter .................................... .. 
Positive Level Cable Driver .................................. .. 
Positive Level Driver ............................................. . 
M·to·K Converter ................................................... . 
Teletype Receiver.................. .. ............................ . 
Teletype Transmitter ............................................. . 
Bus Interface .............................................. , ........ . 
Arithmetic and Logic Function Selection Module ... . 
Arithmetic and Logic Function Module ..... ............ .. 
Bus Sense Register ............................................... . 
Transfer Register Module .... .. ................ .. 
Flag Module ........................................................... . 
Four·Word Constants Generator .......................... .. 
Bus Interface ....................................................... . 
Evoke Units Module .................................. : ........... .. 
General Purpose Parallel I/O Module .................. .. 
Hex Two·Way Branches ......................... .. .... ' ...... .. 
Bidirectional Serial Interface ................................. . 
Dual Eight·Way Branches .................................... . 
Hex Subroutine Returns ......................................... . 
General Purpose Parallel Output Module ............... . 
General Purpose Parallel Input Module ................ .. 
16·Word Scratch Pad RAM ................................... . 
256·Word Scratch Pad RAM ................................. .. 
Bus Interface ........................................................ . 

687 

55.00 
40.00 
79.00 

120.00 
70.00 
44.00 
55.00 
26.00 
26.00 
52.00 
45.00 
51.00 
20.00 
75.00 

70.00 
28.00 
43.00 
66.00 
32.00 
26.00 
45.00 
40.00 
45.00 
29.00 
55.00 
50.00 
29.00 
42.00 
25.00 
20.00 
43.00 

150.00 
150.00 
95.00 
90.00 

135.00 
115.00 
96.00 
44.00 

102.00 
101.00 

31.00 
100.00 
39.00 

175.00 
35.00 
50.00 
82.00 
61.00 

140.00 
283.00 

95.00 



TYPE 

M7320 
M7322 
M7323 
M7324 
M7325 
M7327 
M7328 
M7329 
M733 
M7332 
M7333 
M733A 
M7335 
M7336 
M734 
M7341 
M7344-YA 
M7344-YB 
M7344-YC 
M7345 
M7346 
M735 
M736 
M737 
M738 
M7389 
M7390 
M7821 
M783 
M784 
M785 
M786 
M795 
M796 
M798 
MOO1 
M903 
M904 
MOO6 
M907 
M908 
M909 

..M910 
M9100 
M912 
M915 
M917 
M918 
M919 
M920 
M922 
M925 
M926 

TfTLE 
Price in 

U.S. dollars 

Byte Register ......................................................... . 
Bus Indicator Module ...... . 
64-to-1 Multiplexer ..... . 
IK RAM ................................................................. . 
24-Word Constants Generator ..... .. 
256-Byte Reprogrammable Read·Only Memory .... .. 
Evoke Decoder .......... .. .............. . 
30-to-1 Multiplexer ............................................. .. 
Bus Interface ............... .. ......................... . 
Bus Monitor and Terminator .............................. .. 
Dual Serial Interface Connector. 
Switch and Light Module .......................... .. 
Service Module ......... .. ........... . 
512 Program Control Sequencer. 
I/O Bus Input Multiplexer ........... .. ............... . 
Processor Module ................................................ . 
Read/Write Memory, 1 K . .. ......... . 
Read/Write Memory, 2K ....................................... . 
Read/Write Memory, 4K ............................... .. 
Programmable Read-Only Memory .. 
External Event Detection .................................... .. 
I/O Bus Transfer Register ... ................... ......... .. 
Priority Interrupt Module ............ ........................ .. 
12-Bit Bus Receiver Interface.. .. ................... . 
Counter·Buffer Interface . .. . 
Asynchronous Transceiver ................................... . 
Asynchronous Transceiver ............... . 
Interrupt Control Module ........... .. 
UNIBUS Drivers ................................................... . 
UNIBUS Receivers ................................................. . 
UNIBUS Transceiver ............................................. . 
Device Register Interface ................................. . 
Word Count and Bus Address Module ................ .. 
UNIBUS Master Control ....................................... . 
UNIBUS Drivers .... ............................... . 
Flat Mylar Cable Connector ................................... . 
Flat Mylar Cable Connector .. ............................... .. 
Flat Coaxial Cable Connector ........ .................... .. 
Cable Terminator ................................................. . 
Diode Clamp Connector... . ..................... .. 
Flat Ribbon Cable Connector .............................. .. 
Terminator .............. . ......................................... . 
Terminator ............................................................. . 
Adapter (H854-to-H854) Connector .................... . 
Round Coaxial (TWP) Cable Connector ................. . 
Flat Mylar Cable Connector ................................. . 
Flat Coaxial Cable Connector ............................... . 
Flat Mylar Cable Connector .................................. .. 
Flat Mylar Cable Connector ................................ .. 
UNIBUS Jumper Module ....................................... . 
Flat Mylar Cable Connector ................................... . 
Flat Mylar Cable Connector .................................. . 
Flat Mylar Cable Connector ................................... . 
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84.00 
125.00 
69.00 

600.00 
107.00 
115.00 

50.00 
50.00 

120.00 
140.00 

25.00 
200.00 
200.00 
150.00 
56.00 

410.00 
335.00 
530.00 
960.00 
140.00 
80.00 
60.00 
65.00 
52.00 
60.00 

175.00 
195.00 
110.00 
40.00 
40.00 
50.00 

250.00 
216.00 
108.00 
40.00 
15.00 
10.00 
10.00 
20.00 
21.00 
10.00 
21.00 
23.00 
30.00 
25.00 
30.00 
10.00 
10.00 
10.00 
64.00 

6.00 
9.00 

27.00 



TYPE 

M927 
M929 
M933 
M935 
M936 
M937 
M943 
M945 
M946 
M953 
M954 
M955 
M957 
M959 
M960 
M961 
M962 
M971 
M972 
M975 
M976 
M981 
M983 
M9970 
MR873-A 
PDM70-AA,-AB 
PDM70-BA,-BB 

PDM70-CA,-CB 
PDM70-D 
PDM70-E 
PDM70-F 
PDM70-H 
PDM70-J 
PDM70-JR 
PDM70-M 
PDM70-N 
PDM70-P 
PDM70-R 
PDM70-SD 
QF500-AB 
R001 
R002 
RI07 
RIll 
R113 
RI21 
R122 
R123 
Rl31 
Rl41 
Rl51 
Rl81 

Price In 
TITLE U.S. dollars 

Round Coaxial (TWP) Cable Connector.................. 6.00 
Flat Mylar Cable Connector .................................... 30.00 
Flat Ribbon Cable Connector ................................ 20.00 
OMNIBUS Jumper Module .................................... 49.00 
Flat Mylar Cable Connector.................................... 15.00 
Flat Mylar Cable Connector .................................... 15.00 
Flat Mylar Cable Connector.................................... 6.00 
Flat Mylar Cable Connector ................................... 20.00 
Flat Mylar Cable Connector .................................... 20.00 
Flat Shielded Cable Connector .............................. 25.00 
Flat Shielded Cable Connector ............................. 27.00 
Flat Shielded Cable Connector ............................. 27.00 
Flat Ribbon Cable Connector ................................ 21.00 
Round Cable Connector ............ ...... .................... 11.00 
TU56-TDS-E Command Cable Connector...... .......... 45.00 
TU56-TDS-E Data Cable Connector ........................ 45.00 
Bus Terminator ...................................................... 32.00 
Cable Connector .................................................... 30.00 
Flat Mylar Cable Connector.................................... 30.00 
Flip Chip to H854 Adapter ................................... 35.00 
UNIBUS Cable Connector ........................................ lS.00 
Internal UNIBUS Terminator Module .................... 90.00 
RK05 Disk Drive Cable Connector ........ ............... 14.00 
H854-to-Backplane Adapter .................................... 35.00 
Read-Only Memory Programmer ............................ 1,100.00 
Programmable Data Mover with Keyboard ............ 1,550.00 
Programmable Data Mover with Keyboard and 

Display .............................................................. . 
Programmable Data Mover, Basic Box ............. ...... . 
32-Bit Input ........................................................... . 
32-Bit Output ......................................................... . 
4-Channel Analog Input ........................................ .. 
2-Channel Analog Output ....................................... . 
Bit Serial I/O, EIA or 20 mA ............................... .. 
Serial I/O Interface (M7377) .............................. .. 
8-Bit Parallel Input/Output ........... .. ............ . 
64-Character PROM Read-In ................................ . 
Programmable Bus Control ................................... . 
Processor Interface '" .............................. : ............. . 
Foundation Module ............................................... . 
Softwa re Package ................................... " ............ . 
Diode Network ...................................................... .. 
Diode Network ...................................................... .. 
Inverter ................................................................. . 
Expandable NAND/NOR Gate .............................. .. 
NAN D / NOR Gate ................................................... . 
NAND/NOR Gate ................................................... . 
NOR/NAND Gate ........................... : ....................... . 
Input Bus Gate .................................................... .. 
Exclusive-OR Gate ................................................. . 
AND/NOR Gate ..................................................... . 
Binary-to-Octal Decoder ....................................... . 
DC Carry Chain ................................................... .. 
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2,050.00 
950.00 
300.00 
300.00 
650.00 
450.00 
500.00 
500.00 
430.00 
110.00 
300.00 

80.00 
185.00 
150.00 

9.00 
9.00 

25.00 
16.00 
23.00 
18.00 
32.00 
22.00 
37.00 
16.00 
35.00 
37.00 



TYPE 
R200 
R201 
R202 
R203 
R204 
R20S 
R302 
R303 
R401 
R40S 
R601 
R602 
R603 
R6S0 
RTOI-AA,-AB 
RT01-BA,-BB 
RT01-NA 
RT01-NB 
RT01-NC 
RT02-AA,-AB 
RT02-BA,-BB 
RT02-CA,-CB 
RTKIT-l 
RTKIT-2 
VT50 
W002 
WOOS 
W011 
W018 
W020 
W021 
W022 
W023 
W024 
W027 
W028 
W031 
W033 
W040 
W042 
W043 
W050 
WOS1 
W061 
W500 
W501 
WS10 
W511 
W512 
W520 
W532 
W533 
W600 

TITLE 
Price in 

U.S. dollars 

Flip-Flop ....................................................... . 
Flip-Flop ...................................................... . 
Dual Flip-Flop ...... .' ................................... .. 
Triple Flip-Flop ........................ . 
Quadruple Flip-Flop ............................................... . 
Dual Flip-Flop ...................... . ................. . 
Delay............................. . ............ . 
Integrating One-Shot .......... .. 
Variable Clock ............ . 
Crystal Clock ............. . 
Pulse Amplifier ........ . 
Pulse Amplifier .......... . 
Pulse Amplifier ....... .. 
Bus Driver ........... .. ............... . 
Numeric Data Entry Terminal, 110 Baud .... 
Numeric Data Entry Terminal, 300 Baud .' 
Four-Digit Display ............... . 
Eight-Digit Display 
Twelve-Digit Display ................ .. 
Alphanumeric Data Entry Terminal ... 
Full-Keyboard Alphanumeric Terminal. 

16.00 
23.00 
27.00 
30.00 -
30.00 
3S.00 
47.00 
53.00 
48.00 

108.00 
27.00 
33.00 
37.00 
30.00 

600.00 
600.00 
100.00 
200.00 
300.00 

1,300.00 
l,SOO.OO 

Badge Reader Terminal .. . .. ........ ,...... 2,800.00 
RTM Basic Kit ... . ........... . ..... ............. ...... 1,185.00 
RTM Expander Kit ... 
DECscope Video Display Terminal ............ .. 
Clamp Loads ............................ . 
Clamp Loads ....... . ........... .. 
Flat Ribbon Cable Connector . 
Flat Ribbon Cable Connector 
Flat Ribbon Cable Connector . 
Flat Ribbon Cable Connector 
Flat Ribbon Cable Connector .. 
Flat Ribbon Cable Connector. .. ............ .. 
Round Coaxial (TWP) Cable Connector .......... . 
Flat Ribbon Cable Connector ........................ . 
Round Coaxial (TWP) Cable Connector 
Flat Mylar Cable Connector .. 
Flat Mylar Cable Connector .. 
Solenoid Driver .. 
10 Amp Driver 
Solenoid Driver ................... . 
30 mA Indicator Driver .... . .................. .. 
100 rnA Indicator and Relay Driver ......... . 
Relay Driver ................... " ............. . 
High Impedance Follower 
Negative Input Converter and Schmitt Trigger ... . 
Positive Input Converter .................................... .. 
Negative Input Converter ............................... .. 
Positive Level Converter ..................................... . 
Comparator ... . .......................................... . 
Dual AC-Coupled Difference Amplifiers .............. .. 
Dual Rectifying Slicer .................................. . 
Negative Output Converter ................................... . 
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639.00 
1,250.00 

18.00 
21.00 

6.00 
9.00 
8.00 
6.00 
6.00 
6.00 

10.00 
7.00 
6.00 
5.00 
5.00 

38.00 
134.00 
62.00 
19:00 
23.00 
37.00 
42.00 
21.00 
23.00 
22.00 
27.00 
46.00 
32.00 
32.00 
19.00 



TYPE 
W601 
W602 
W603 
W607 
W640 
W690 
W700 
W705 
W706 
W707 
W708 
W800 
W802 
W900 
W930 
W940 
W941 
W942 
W943 
W950 
W951 
W952 
W953 
W960 
W964 
W966 
W967 
W968 
W969 
W970 
W971 
W972 
W9720 
W9721 
W9722 
W973 
W974 
W975 
W979 
W980 
W982 
W983 
W984 
W987 
W990 
W991 
W992 
W993 
W998 
W999 

TITLE 
Price in 

U.S. dollars 

Positive Output Converter ................................... . 
Bipolar Output Converter ..................................... . 
Positive Level Amplifier ....................................... . 
Pulse Output Converter ......................................... . 
Pulse Output Converter ......................................... . 
DEC to IBM N line Converter ............................... . 
Switch Filter ......................................................... . 
+3.6 V Power Supply ........................................... . 
Teletype Receiver ................................................... . 
Teletype Transmitter ............................................. . 
Teletype Interface ................................................... . 
Relay .................................................................... . 
Relay Multiplexer ................................................... . 
Module Extender Board ......................................... . 
Blank Module ............................................... . 
Wire Wrappable Module ...................................... . 
Wire Wrappable Module ....................................... . 
Wire Wrappable Module with Sockets ................... . 
Wire Wrappable Module with Sockets ..... .. 
Wire Wrappable Module ...................................... . 
Wire Wrappable Module ...................................... .. 
Wire Wrappable Modu.le with Sockets .................. .. 
Wire Wrappable Module with Sockets ................... . 
MSI Module Board .............................................. .. 
Universal Terminator Board ................................. . 
OMNIBUS Wire Wrap Module ............................. .. 
OMNIBUS Wire Wrap Module with Sockets ....... . 
Collage Module Board ............................................ . 
Collage Module Board ......................................... . 
Blank Module ...................................................... .. 
Blank Module ........................................................ . 
Blank Module, Copper·Clad on Both Sides .......... .. 
Blank Module, Copper·Clad on Both Sides ........... . 
Blank Module, Copper-Clad on Both Sides .......... .. 
Blank Module, Copper-Clad on Both Sides ........... . 
Blank Module, Copper-Clad on Both Sides ........... . 
Blank Module, Perforated ....... , ............... .. 
Blank Module, Perforated........ .. ......................... . 
Collage Mod.ule Board ........................................ .. 
Module Extender Board ........................................ .. 
Module Extender Board ....................................... .. 
Module Extender Board ........................................ .. 
Module Extender Board ....................................... .. 
Quad Module Extender Board ............................... . 
Blank Module ......................................................... . 
Blank Module .... .. ............................ .. 
Blank Module, Copper-Clad on One Side .............. .. 
Blank Module, Copper-Clad on One Side ............... . 
Blank Module, Perforated ........................... . 
Blank Module, Perforated .................................... .. 
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16.00 
43.00 
24.00 
55.00 
.45.00 
38.00 
27.00 
25.00 

162.00 
190.00 
74.00 
65.00 

172.00 
100.00 

11.00 
70.00 
40.00 

140.00 
75.00 
65.00 
40.00 

151.00 
81.00 

8.00 
10.00 

100.00 
172.00 
67.00 
34.00 

9.00 
14.00 
9.00 
7_00 

13.00 
27.00 
15.00 
9.00 

19.00 
26.00 
15.00 
19.00 
29.00 
32.00 
43.00 

7.00 
12.00 
4.00 
8.00 
4.00 
9.00 



NOTE 1 

Cable Ordering Information 

Cables listed with an xx designation are available in lengths spedfied by the 
customer; however, the length must be ordered in increments of feet only. 

To determine the cost of customer specified length cables, the price per 
foot of the type of cable required must be added to the basic price of the 
cable assembly (Le., soldering the conductors to the connectors and testing 
the cable assembly). The cable assembly price is listed beside each "BC" 
cable in the price list. The price of the cable material is listed below. 

CABLE TYPES AVAILABLE 

Cable Type 

g-Conductor Flat Coax 
19·Conductor Flat Mylar 
60-Conductor Flat Mylar 
40-Conductor Flat Mylar 

6-Conductor Round 
40-Conductor Round (20· TWP) 
20-Conductor Flat Ribbon 

4-Conductor Round 
g-Conductor Round Coax 

10-Conductor Round 
22-Conductor Round (ll-TWP) 

Part No. 

17 -00001-00 
17 -00002-00 
17 -00002-01 
17-00004-00 
17-00012 
17-00018 
91-07575 
91-07706 
91-07570 
91-07623 
91·07707 

Example for single cable BC02L-xx Cable Assembly: 

BC02L-Q1 

l denotes cable 
length in ft. 

Price/ 
Foot 

$ 1 
1 
2 
2 

0.50 
2 

0.60 
0.50 
0.60 
0.60 
1.50 

1 - BC02L-xx $32.00 
1 - 7 ft. 20-conductor ribbon at $0.60/ft. 4.20 

Example for double cable BC03H-xx Cable Assembly: 

BC03H-07 

I denotes cable 
length in ft. 

$36.20 Total Cost 

1 - BC03H-xx $58 
2 - 7 ft. 19-conductor flat mylar at $l/ft. 14 

$72 Total Cost 

NOTE 2 

Contact Sales Support Manager, Logic Products, for pricing information. 
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DIGITAL EQUIPMENT CORPORATION, Corporate Headquarters: Maynard, 
Massachusetts 01754, Telephone: (617) 897-5111 
SALES AND SERVICE OFFICES 
DOMESTIC - ARIZONA, Phoenix and Tucson. CALIFORNIA, Los Angeles, Monrovia, 
Oakland, Ridgecrest, San Diego, San Francisco (Mountain View), Santa Ana, Sunnyvale 
and Woodland Hills. COLORADO, Englewood. CONNECTICUT, Fairfield and Meriden 
• DISTRICT OF COLUMBIA, Washington (Latham, Md.) • FLORIDA, Orlando. GEORGIA, 
Atlanta. ILLINOIS, Chicago (Rolling Meadows) • INDIANA, Indianapolis. IOWA, 
Bettendorf • KENTUCKY, Louisville • LOUISIANA, Metairie (New Orleans) 
• MASSACHUSETTS, Marlborough and Waltham. MICHIGAN, Detroit (Farmington 
Hills) • MINNESOTA, Minneapolis. MISSOURI, Kansas City and St. Louis. NEW 
HAMPSHIRE, Manchester. NEW JERSEY, Fairfield, Metuchen and Princeton. NEW 
MEXICO, Albuquerque. NEW YORK, Albany, Huntington Station, Manhattan, Rochester 
and Syracuse • NORTH CAROLINA, Durham/Chapel Hill • OHIO, Cleveland, Columbus 
and Dayton. OKLAHOMA, Tulsa. OREGON, Portland. PENNSYLVANIA, Philadelphia 
(Bluebell) and Pittsburgh. TENNESSEE, Knoxville. TEXAS, Austin, Dallas and Houston 
• UTAH, Salt Lake City. WASHI NGTON, Bellevue. WISCONSI~, Milwaukee (Brookfield) • 
INTERNATIONAL - ARGENTINA, Buenos Aires • AUSTRALIA, Adelaide, Brisbane, 
Canberra, Melbourne, Perth and Sydney. AUSTRIA, Vienna. BELGIUM, Brussels 
• BOLIVIA, La Paz • BRAZIL, Puerto Alegre, Rio de Janeiro and Sao Paulo. CANADA, 
Calgary, Halifax, Montreal, Ottawa, Toronto and Vancouver. CHILE, Santiago 
• DENMARK, Copenhagen. FINLAND, Helsinki. FRANCE, Grenoble and Paris 
• GERMANY, Berlin, Cologne, Hannover, Hamburg, Frankfurt, Munich and Stuttgart 
• HONG KONG • INDIA, Bombay. INDONESIA, Djakarta • ISRAEL, Tel Aviv 
• ITALY, Milan and Turin. JAPAN, Osaka and Tokyo. MALAYSIA, Kuala 
Lumpur. MEXICO, Mexico City. NETHERLANDS, Utrecht. NEW 
ZEALAND, Auckland • NORWAY, Oslo. PHILIPPINES, Manilla • PUERTO RICO, 
Santurce • SINGAPORE • SPAIN, Barcelona and Madrid • SWEDEN, Gothenburg 
and StockhOlm • SWITZERLAND, Geneva and Zurich • TAIWAN, Taipei and Taoyuan 
• UNITED KINGDOM, Birmingham, Bristol, Dublin, Edinburgh, Leeds, London, 
Manchester and Reading. VENEZUELA, Caracas. YUGOSLAVIA, Ljubljana. 






