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- [oreword

This Computer Interfacing Accessories and Logic Handbook is your guide to -
the most extensive line of products offered by Digital Equipment Corporation
for implementing logic designs. Whether you need a connector block or a
cable, a general-purpose logic module or a complete interface, a computer
expansion box or a cabinet for an entire system—check this handbook first.

. If you already know the part number of the product you need, the Index at
the back is the best place to start. Otherwise go to the relevant chapter.

The major new products featured in this edition are the CHIPKIT series of
integrated circuits. CHIPKITS allow exceptionally easy implementation of your
interface designs for LSI-11 microcomputers, and we have included an ex-
tensive applications note in this handbook.

—. The largest single portion of this handbook describes our M series of TTL
modules. -This line ranges from basic logic gates through complete digital
subsystems that make extensive use of MSI and LS| circuitry. New in this
edition are the M7800 and M7860 asynchronous serial interfaces for the
PDP-11 series UNIBUS. .

Also featured in this handbook are the K series of high noise-immunity in-
dustrial-control modules, the A series: of analog-related modules, and the W
series of wire-wrappable modules, collage modules, and blank modules.

The products in this handbook, including the mounting hardware, cables,
and cabinets described in the last two™ chapters, allow you to design and
construct systems small or large, that are neat, moduiar, and compatible—
with a minimum of lost time and effort.

If you need unique functions that you don’t find covered in this handbook,
contact your local DIGITAL sales office. The hardware product you need may
be available as a non-standard item, or could be provided by our Custom
Modute Products Group or Custom Enclosures Products Group. These groups
can design, manufacture, and test not only modules, but also the hardware,
accessories, and enclosures to make a complete system.

vii



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.

A separate price supplement booklet is available for varioss countries.

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

Digital Equipment Corporation
Logic Products Sales Support, MK1- 2/E 13
Merrimack, NH 03054

DIRECT SALES\CATALOG

We would also like to direct your attention to the latest concept in
purchasing computer-related equipment—the DIGITAL Direct Sales
Catalog. By ordering products directly through. the Catalog, you
may save substantial dollars. Many of the items (terminals, micro-
computers, interface modules, hardware/accessories, etc.) in this
Handbook are now available for purchasing through the Catalog.
To-find out if this Catalog program can benefit you, mail in now.
the post card attached elesewhere in this book. The Catalog pro-
gram is applicable to ordering and shipping points in the U.S.A.
only.

viii
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~ PERIPHERAL INTERFACE COMPUTER

Figure 1 An Interface is a Bridge for Data Transfer

Whenever an ‘‘outside world’’ device such as a terminal, printer, or lab instru-
ment is to be used with a computer, an intermediate unit called an interface
(Figure 1) is néeded as a bridge for data transfer.. The interface formats and~_
controls communication of data, sometimes in both directions, and performs
many essential functions in the process. For example, consider a terminal key-
board being used for input to a PDP-11 series computer. A typical keyboard
might send a few characters per second, in serial format at the 20 mA current-
loop signal level. The PDP-11 UNIBUS, on the other hand, accepts only par-
allel data at TTL signal levels, and requires a specific sequence of signals—
the handshaking routine—to be sent and received before any data can be
accepted. Data must be stored for a short time, as the computer is normally
busy with another task at the instant a key is struck. Further, the start and
stop codes must be stripped off, and a keyboard device number, status, task
priority, and interrupt vector must be supplied. All of these requirements for
translating the keyboard output into computer-usable form can be met by the
suitable UNIBUS input interface. Interfaces also perform other functions in
some cases, such as time-of-day clock generation.

Although the number of possible interfaces is nearly infinite, fortunately there
are certain common elements in all interfaces intended for a particular com-
puter bus structure. This allows DIGITAL to offer you functional logic modules
for building the basic 1/0 bus portion of any needed interface, freeing you to
concentrate on designing the part that is unique to your own application. And
for the more-usual peripheral devices, like the terminal just mentioned, we
offer complete, plug-in, ready-to-go interfaces—available off-the-shelf.

To see what interfaces and functional modules -are available through this
Handbook for your computer, check the appropriate Interface Selector chart:

PDP-11 UNIBUS page 50 .
PDP-8 OMNIBUS page 23
LSI-11 bus page 130



Product details are given nght after the charts If you need more techmcal
information or applications assistance, call our toll-free Hot Line, 8:30AM
to 5:00PM Eastern time, 800-258-1710. From New Hampshire locations, or
places outside the continental U.S., call Merrimack, 603-884-6660. To order,
see the How to Order section on Page 488.

Even if no product in this Handbook meets your requirements, DIGITAL may
still be able to supply a suitable item—possibly a brand-new or non-standard
product, er one custom designed and manufactured by our Custom Module
Products Group or Custorp Enclosures Products Group. Check with your
DIGITAL Field Sales contact, or call the Customer Service desk at your near-
est Field Sales office. They can advise you of the part number, price, delivery,
and support literature for any available- DIGITAL product, and route you to
the person who can provide support in greater depth if needed. To discuss
custom-designed hardware, contact Logic Products Sales Support at DIGITAL,
MK1-2/E13, Merrimack, NH, 03054.

RELATED. LITERATURE

Listed below are DIGITAL documents that supplement the material provided in
this Handbook. These documents can be obtained from your nearest DIGITAL
Field Sales office.

HARDWARE /ACCESSORIES CATALOG EK 04517

PDP-11 PERIPHERALS HANDBOOK EB 05961
PDP-11/04/34/45/55/60 PROCESSOR HANDBOOK EB 09430
PDP-8/E, 8/F, 8/M SMALL COMPUTER HANDBOOK EB 02546
MICROCOMPUTER HANDBOOK EB 07948

PDP-8/A MINIPROCESSOR HANDBOOK EB 06219

A wide range of hardware and software manuals, configuration guides, and
application notes is also available.



BASIC HARDWARE NOMENCLATURE

Although DIGITAL nomenclature generally conforms to industry standards,
few terms are unique. These are presented in Figure 2, which shows a more-
or-less typical subsystem that could contain several computer interfaces,
assembled from products in this handbook.

SINGLE - HEIGHT MODULE
DOUBLE - HE{GHT MODULE
QUAD - HEIGHT MODULE
HEX - HEIGHT MODULE

CONNECTOR BLOCKS

SYSTEM UNIT
MOUNTING FRAME

EXPANSION MOUNTING BOX
WITH BUILT-IN POWER SUPPLY

Figure.2 Typical Subsyﬁtem

MODULES are the heart of any system, and of this handbook. The term at
DIGITAL refers to any plug-in printed circuit board, whether completely blank,
provided with IC pads and connections, or fully assembled as a working entity. -
Physically, modules are available in four “heights,’”” two ‘lengths,’’ and three
“‘widths,’”" as defined on the next few pages.

A SYSTEM UNIT is a set of MODULE CONNECTOR BLOCKS in a MOUNTING
FRAME which in turn mounts to an expansion mounting box or other support
such as a rack panel. System units are available in several versions, four
slots or nine slots wide, and with or without prewiring for power, ground
and bus signals. The connector blocks and mounting frames are also avail-
able separately.

An EXPANSION MOUNTING BOX is a rack-mountable, fully enclosed chassis
for circuitry that cannot be housed within a computer's own enclosure. Also
known as expansion mounting chassis, they are available in several sizes and
configurations. The example shown is the popular BA11-KE, used most often
for expansion of PDP-11 systems. It has its own multivoltage power supply
and cooling fans built in.
IMPORTANT NOTE N

When you specify DIGITAL products, be sure to

give the complete and correct type number. Pre-

fixes and suffixes, where used, are hlghly Sig-

nificant.
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MODULE CONTACT FINGER AND MODULE CONNECTOR BLOCK'

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 3, 4, 5, 6). 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
aiphanumeric 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. Letters G, I, 0, Q, W, X, Y, and Z are
not used in this numbering scheme.

DIGITAL modules are SINGLE-HEIGHT, DOUBLE-HEIGHT, QUAD-HEIGHT, or
HEX-HEIGHT; STANDARD LENGTH or EXTENDED LENGTH; and ‘SINGLE-
WIDTH or DOUBLE-WIDTH. Each DIGITAL module is a specific, fixed size; the
size of each module is stated in the module description in the previously men-
tioned DIGITAL publications. DIGITAL SINGLE-HEIGHT and DOUBLE-HEIGHT
modules are STANDARD LENGTH or EXTENDED LENGTH. DIGITAL QUAD-
HEIGHT and HEX HEIGHT modules are usually EXTENDED LENGTH. Any
DIGITAL module can be SINGLE-WIDTH, DOUBLE-WIDTH or TRIPLE-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 is being se-
-lected; enough space must be provided to accommodate the longest module.
DIGITAL's STANDARD-LENGTH modules are 5.40/5.60 in. (13.72/14.22 cm)
long and EXTENDED LENGTH modules are 8.84/9.04 in. (22.58/22.96 c¢m)
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 siot on
the immediate right on the same connector block uniess 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 grd 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.

4



Connector blocks are available for SINGLE- and DOUBLE-HEIGHT modules.
QUAD-HEIGHT modules require two connector blocks mounted end-to-end,
and HEX-HEIGHT modules require three. Figure 7 shows modules in the
various sizes as typically mounted in a system unit, and identifies the slots.

Figure 8 gives the outline dimensions of the modules. )

SINGLE-HEIGHT modules (Figure 3) are 2.417/2.452 in. (6.139/6.228 cm)
high, and are available in both standard and extended length. They can be
plugged into either row of a double-height connector block. '

DOUBLE-HEIGHT modules (Figure 4) are 5.167/5.202 in. (13.124/13.213
cm) high, and are available in both standard and extended length. They oc-
cupy both slots of a-double-height connector block, and a key on the block
mates with a notch on the module to ensure that the module has been
plugged in the correct way.

QUAD-HEIGHT modules (Figure 5) are 10.437/10.472 in. (26.510/26.599
cm) high, and are always of extended length. They occupy two slotted-end,
double-height connector blocks, and are keyed to ensure correct insertion.
HEX-HEIGHT modules (Figure 6) are 15.668/15.693 in. (39.796/39.860 cm)
high, and are always of extended length. They occupy- three slotted-end,
double-height connector blocks, and are keyed to ensure correct insertion.

PIN V1 ‘
PIN V2

Figure 3 Single-Height Module



ROWA
PIN AV:
PIN BA2
ROW B
PIN BV1
PIN BV2

Figure 4 Double-Height Module

Figure 5 Quad-Height Module
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SIDE 2
SOLDER SIDE

SIDE 1
COMPONENT SIDE

MK 0254

Figure 6 Hex-Height Module



SINGLE-HEIGHT
STANDARD-LENGTH

MODULE
DOUBLE-HEIGHT QUAD-HEIGHT
EXTENDED-LENGTH EXTENDED-LENGTH
MODULE MODULE :
* HEX-HEIGHT
> © 0 [5] EXTENDED LENGTH
S B o2 ojle ) MODULE
3 Q)
s
% y — A
ROWA ROW B ROW C ROW D ROW €, ROW F

g

Figure 7  Connector Block Slot Identification
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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 maifunctions by decreasing the noise margin
of a circuit. ) -

There are two types of foreign material coatings which can develop on the
gold-plated fingers of a 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 (e.g. fingers
and contacts clean upon insertion), it may become necessary to clean the
module fingers to ensure reliable connection. When it has been determined
that the module fingers are in need of cleamng, 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 will damage
the module fingers if allowed to remain. The water can be removed by im-
mersing the module fingers in an ethanol or methanol bath to the same
depth used during the ultrasonic cleaning. Never wipe or use an abrasive
cleaner on the module flngers 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 trichioroethane
for at least 30 seconds. The fingers can then be aliowed to dry or may be
wiped clean with a very fine, non-abrasive material such as K-Dry 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.

" SPECIAL SYMBOLS AND ABBREVIATIONS

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

10



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 9, both inputs (pins Al

and B1) present one TTL unit load. The output (pin C1) is capable of driving
10 TTL unit loads. The aarrows indicate the direction of signal flow.

INPUT LOADING PIN NUMBER
(1 TTL UNIT LOAD) (PIN A, SIDE 1}
. UT DRIVE
‘ (10 TTL UNIT LOADS) .

Al

¢
(1]

ARROWS SHOW DIRECTION
OF SIGNAL FLOW

Figure 9 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-8/e, 8/f, .8/m, 8/a OMNIBUS, the PDP-11 UNIBUS, or the

LSI-11 bus differ somewhat from similar TTL NAND gates or inverters.
Typical examples are shown in Figure 10. The “B" in the loading box indicates
that the driver or receiver circuit is to be connected to a bus signal or con-
trol line. “R" identifies a line receiver and ‘D" 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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‘ e ’ L .= UNGATED BUS
(8] - 'b [ Jrecewer
A1
GATED BUS
R RECEIVER
El C ]

. D H F2 [8]BUS DRIVER
u2
Dy +—Q :
%EA e

DATA
7o [P
BUS [0}
DRIVE READ \'
. TO BUS FROM BUS
TYPICAL BUS TRANSCEIVER ARRANGEMENT - _
. !
_ Figure 10 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 voltageés 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 11 shows a level converter sfage 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 loading is peculiar, it is de-
fined in a note on the drawing as in the output of Figure 11.

H v

2 02 DIE]

L 0
#=SINKS 20mA AT GROUND

Figure 11 Typical Level Converter
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Special Analog Symbols

Symbols used on analog circuit drawings to represent muitiplex switches and
operational amplifiers are shown in Figure 12. Loading boxes for analog inputs

and outputs contain the letter “A”; do not connect such signals to logic
levels.

MULTIPLEX SWITCH (MOS FET)

OPERATIONAL AMPLIFIER

Figure 12 Special Aanalog Symbols
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Signal and Function Names . . .
Inputs and outputs of M Series logic modules may be assigned a signal
name, a function name, or both. (See Figure 13.) Signal names appear out-
side blocks or logic symbols to identify typical input or output signals.

s/

SIGNAL NAMES
I"/‘/T/—;N Loomous\T‘
. ran[E@AE D AD) yre3 H

| crran
R AD2 |
= I
INTIAUZE H [E}AY2 L[> | _au fO)BINIT H
' | I
, | - L | e BINITL
’ I (PART OF MIS10) l
FUNCTION NAMES
cl LOAD T
BF———para!
3 L — T
DN H ( PART OF M236)
B {enaBLe H
’m&——-—co_’mr INH

Figure 13 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 (4-3 V) and an L means the signal is asserted when LOW
(0O V). For example, a UNIBUS data line is called BUS DOO 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-11, appear
as an example of typical usage. Signal names may be changed to those of
another computer o! interfacing device if logically appropriate.

Function names appear inside the blocks of functional modules. They iden-
tify 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 handbook are de-
fined in Table 1.

14



Table 1—Abbreviations

ABBREVIATIONS DEFINITION ’ .

ALTN ' © Alternate
AMPL =~ Amplifier
ANLG Analog
BPS : Bits Per Second
CAP ' Capacitor
CLR : Clear
CMPR Compare
COM Common

/  CONT Control g
CVRSN Conversion J
DAC Digital to Analog Converter
EXT External
GND Ground
H High (TTL + 2.0 to +5.0 V Logic Level)
INIT Initialize
INT, INTR Interrupt
AINTL Internal
L Low (TTL 0.0 to 0.8 V Logic Lével)
ouT Output

“ Pl : Program Interrupt
POT Potentiometer -
PRGM . Program.
REF Reference _
/ RTN Return

SER Serial
S.H. Sample and Hold
TRIG Trigger

15
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MINICOMPUTER INTERFACING MODULES
PDP-8, PDP-11 SERIES COMPUTERS—
INTERFACING SELECTOR GUIDE

17
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M SERIES MODULES FOR
COMPUTER INTERFACING

INTRODUCTION

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:

INTRODUCTION

Design and support of interfaces for PDP computers is a major function of
M Series modules. This edition of the handbook emphasizes a collection of
modues for interfacing to the following processors:

—PDP-8 Family -
s PDP-8/A, 8/E, 8/F, 8/M (OMNIBUS) 4

—PDP-11 Family N
This section consists of ‘a separate subsection for each processor. Within
each subsectiorhthere is a brief overview of interfacing theory, an Interface
Selector chart, and individual descriptions of related modules.

PDP-8 FAMILY COMPUTER INTERFACING

The PDP-8 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 and
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-8 can be
run on the newest PDP-8; peripheral devices that operated with earlier PDP-8s
can be made to operate with the latest PDP-8.

This section contains hardware interfacing information and related 1/0 mod-
ule descriptions for all PDP-8 models listed.

—OMNIBUS—PDP-8/A, 8/E, 8/F, 8/M

The non-OMNIBUS-related modules are contained in the Traditional Modules
section.

PDP-8/A, 8/E, 8/F, 8/M (OMNIBUS) Interfacing ~

This subsection consists of general interfacing information for the PDP-8/A,
8/E, 8/F, and 8/M processors, followed by detailed .descriptions of related
modules.

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
“D" in the logic symbol) are open-collector gates that control the bus through
a wired-OR connection. 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 moduie may have unused bus driver or bus receiver circuits that can be
used with TTL 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 TTL 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 4-6 volts. Leakage cur-
rent (in the High state) is less than 25 xA. The input of a bus driver presents
a singlé TTL unit load to a TTL output.

There are three types of data transfer: programmed data transfers, program
interrupt transfers, and direct memory access transfers. Programmed data
transfer is the easiest and most direct method of handling data 1/0. Program
interrupt transfers provide an extension of programmed /0 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 1/0 control. More complete de-
scriptions for these and data break transfer signals are contained in the
SMALL COMPUTER HANDBOOK.

Table 1. OMNIBUS 1/0 Signal-Summary

SIGNAL

DEFINITION

MDO-11

1/0 PAUSE L
TP3H

INTERNAL
1/0 L.

Contains the device select code for an 1/0 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 1/0 in-
struction (6XXXs).

TP3H is normally used to clock data into the output buffer
of an output interface.

' INTERNAL 1/0 is asserted by the interface to indicate to the

processor that the selected device is not on the External
1/0 Bus.
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Table 1. ‘<0MNIBUS_I/0 Signal Summary (Continued)

SIGNAL

* DEFINITION

DATAO-11

C lines
co, C1, C2

INT RQST L

SKIP L

BUS
STROBE L

NOT LAST
XFER L

RUN L

TS1 L
TS2 L
TS3 L
TS4 L

TP1 H
TP2 H
TP3 H
TP4 H

INITIALIZE 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, C1, C2 are asserted by the interface during 1/0
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 10T to each
device to idgntify the one that is interrupting.

Asserted by the interface as the result of a skip 10T 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 1/0 operations are being performed, the de-
signer of an interface need not concern himseif with BUS
STROBE.

A ground level on this line indicates to the pré)cessor 'that :
the next BUS STROBE does not terminate the 1/0 trans-
action. Typical 1/0 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 pulsge.
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 I0T 6007.

AN

The following is a brief summary of the basic sequence of 1/0 transactions
for programmed data transfers and interrupt data transfers. This information
is provided here as a teneral reference aid; detailed descriptions are con-
tained in the SMALL COMPUTER HANDBOOK and MINIPROCESSOR HAND-

BOOK.
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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 10Ts. 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. MDO3 through MDO8 carry a device selection code
which is unique for each peripheral. Lines MD09 through MD11 carry com-
mand operate signals that the selected peripheral must translate into one of
eight IOT functions for that device. Signal [/O PAUSE is also generated by
the processor at this time. 1/0 PAUSE notifies all peripherals that the MD
lines contain an 1/0 instruction. Note that the interface does not have to -
monitor MD lines 0-2 to detect a 6.. |/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 10T 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 I0T. For data outputs from the pro-
cessor, the 10T is gated with TP3 H and the resulting signat is used to ioad
the desired output register. The Control lines (CQ, C1, C2) must be con-
figured by the device interface during an {/0 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 1/0 signal must also be generated to
notify the processor that an extended cycle is not needed.

The interrupt facility is a more efficient method of 1/0 transfer. This method
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 1/0 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. ’
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PDP-8 OMNIBUS-RELATED INTERFACING MODULES
Table 2 summarizes the interfaces and related modules that are described in
detail on the following pages.

Although each interfacing problem is likely to have some unique aspects, the
steps to follow in general are:

1.
2.

‘3.
. requirements, contact your DIGITAL Field Sales office to find |f any other

Determine your interfacing requirements.

Match these requirements against the products listed in Table 2, then read
the detailed descriptions.

Select suitable products if any are listed. If no listed products meet your

DIGITAL products can perform the needed functions.
Add the power and mounting space requlrements of all modules to be’

‘employed, and note the cables needed plus any prerequisites and restric-

tions that apply. i

. From the appropriate sections of this Handbook and the Hardware/Acces-

sories Catalog, select the cables, power supplies, and mounting hardware
to complete your system.

If you need technical assistance with any product in this Handbook, feel free
to call DIGITAL’s toll-free Hot Line, 8:30AM to 5:00PM Eastern time, 800-258-
1710. From New Hampshire locations or places outside the United States, call
Merrimack, 603-884-6660.
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Table 2 Interface Selector Guide—PDP-8 OMNIBUS

MODULE LOGIC

POWER MODULE

OR H'BOOK +5v SIZE CABLE
DEVICE OR FUNCTION OPTION PAGE? AMPS' L H'W: REQ'D COMMENTS
2-word paralle! input interface DRS-ED 1.5 "EQS BC04Z,
' BCO7D, or
BCO8SR
1-word parallel input interface M1703 .555 EQS BCO04Z,
BCO7D, or
' BCO8R
2-word parallel output interface M1705 1.15 EQS BCO0AZ,
BCO7D, or
BCO8R
‘Interface foundation module M1709 830+ EQS BC04Z, Can accept user ICs with up to 40 pins
BCO7D, or
BCO8R
W!re-w'rappable module, no sockets w966 —_— EQS BC04Z, Can accept up to 42 14- or 16-pin user ICs
Wire-wrappable module, with sockets JW967 — EQS BCO7D, or
, . / BCO8R

NOTES:

1. + means current required by user logic must be added to figure shown.

2. Module sizes are given as Length, Height, and Width, as defined in General Information.

[y



BEEP-leéA'
DR8-ED OMNL
2-WORD INPUT INTERFACE B/M 0NN
M SERIES
Length: Extended
Height: Quad

Width: Single

DESCRIPTION

The DR8-ED is a complete, general purpose input interface used to trans-
fer two independent 12-bit, parallel data words from a user's peripheral de-
vice to a PDP-8 computer system as shown on Figure 1. It is directly com-
patible with the OMNIBUS of a PDP-8/A, 8/E, 8/F, or 8/M and is designed
for installation in any available OMNIBUS slot except 1, 2, and 3 of a PDP-
8/A.

The DRS8-ED consists of a device selector and I0T decoder logic, interrupt
request and skip control, and two 12-bit Data Buffer Registers (DBRs)—one
for each data word, and two independent Control and Status Registers (CSRs).
One CSR is assigned to each input data word and provides status and con-
trol informatiqn during word transfers.

Two control and two status lines between the user’s device and the module
permit the establishment of a handshake routine to efficiently control the
data transfers.

All input data, status and control signals from the user’s device are diode
protected for TTL operation. The Data Buffer Registers provide input latch-
ing capability for the 12 data lines from each device.
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DEVICE A .,
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- INTERFACE 2
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DEVICE 8 )
STATUS & CONTROL CONTROL

¢

Figure 1 DRS-ED Interface

Two independent device select circuits are included on the module, one as-
sociated with each device. Each circuit contains six Dual In-Line Package
(DIP) switches to allow the selection of a device address from the full com-
plement of OMNIBUS device addresses. These switches facilitate the instal-
lation of the module by eliminating the need to solder or remove jumper
leads for device address selection.

The DR8-ED is designed for user application and requires a minimum of ex-
ternal hardware to implement into a PDP-8 system. Two 40-pin connectors
are conveniently mounted near the edge of the board to permit either one or
two devices to be easily connected using BCO8R or BC0O4Z flat cable assem-
blies available from DIGITAL. These cables have mating connectors pre-
mounted and can be supplied in any required length.

The interface module occupies one slot in the OMNIBUS or expander and is
quad-height, extended-length, single-width board.

FUNCTIONS ‘ )

The main elements of the DR8-ED input interface and the data control and
status signal flow are shown on the block diagram. The module provides the
complete interface logic necessary for the efficient transfer of data from a
user’s devicé to the PDP-8 OMNIBUS. ‘ -

DATA BUFFER REGISTERS

Each of the two DBRs latch 12 bits of data from a user's device when the
Data Ready signal is generated. The data is also latched into the DBR by
the 10T command from the PDP-8 that reads in the data word. Input data is
not required to be held by the device for the entire transfer operation, thereby
permitting faster data transfers.

CONTROL STATUS REGISTERS

Each CSR is a 12-bit register used to supply control and status information
to the user's device and to provide control and status indicators of the user’s
device and interface to the processor. The CSR aiso includes input latching
for four extra data bits to allow the DRS-ED to interface with devices of up
to 16 bits without the need of external muitiplexing.
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DATA/CSR MULTIPLEXER

The Data/CSR multiplexer is controlled by the commands from the 10T de-
coder to select either 12 bits of data from a DBR or 12 bits of status and
control information from a CSR. When addressed by the processor or when
an interrupt request is asserted, the selected output of the multiplexer is
transferred to the processor through the bus drivers.

INTERRUPT CONTROL/SKIP LOGIC

The interrupt control logic produces an interrupt request to inform the
processor that information is ready for transfer. The interrupt request signal
is generated by the Data Ready signal when the user's device has data for
transfer. The status of the Skip Flag is sampled by the processor during the
interrupt routine to identify the interrupting device. *

10T DECODER

The 10T decoder logic produces eight 10T commands associated with each
device address. Device A or B is selected by the decoded output of the de-.
vice selector, and the function to be performed is determined by the three
Buffered Memory Data bits (BMD) from the bus receivers. The following list
describes the functions available for each device.

10T FUNCTION
0 Conditionally controls the Status Out signal depending on the state of
data bit 05.
Sets the Interrupt Enable flag.
Resets the Interrupt Enable flag.
Transfers the status word to the PDP-8 accumulator.
Conditionally controjs the Data Accepted Enable sngnal depending on
the state of data bit 11.
Clears all flags .(Sets the Data Accepted Enable Flag.)
Transfers the device word to the PDP-8.
Tests the status of the DR-8ED Interrupt Request (SKIP 10T).

Noa hwihe=

SWITCHABLE DEVICE SELECTION ) -

The DR8-ED. module contains two DIP switch banks used to conveniently
select a device address for each 12-bit word. Six of the seven rocker switches
on each bank provide the capability of selecting a unique address of 00g-775
by setting the switches to a specified configuration. The remaining switch in
each bank controls the setting of the interrupt request flag associated with
each device. The interrupt request flags are set by either the leading or
trailind edge of the Data Ready signal as determined by the switch position.

INTERFACE SIGNALS

OMNIBUS Signals—The input and output data, status and control sugnals
conform to OMNIBUS signal specifications described in the PDP-8/E, PDP-
8/M, and PDP-8/F Small Computer Handbook published by Digital Equip-
ment Corporation. The DR8-ED module presents no more than one bus driver
and/or receiver on any OMNIBUS signal line.

DEVICE SIGNALS-—Data and Control Signals are transferred between .devices
and interface by two cables that attach to connectors J1 and J2. The loca-
tion of the connectors is shown on Figure 3. Table 1 lists the pin assignments
of each connector and signal loading and driving capability.
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Figure 3 DRS8-ED Connector and Switch Locations

Table |
*J1 and J2
Connector Pin Signal Name TTL Unit Load
B STAT 15 H
D STAT 14 H
F STAT 13 H 4 (each)
J STAT 12 H
L INOH )
N IN1H
R IN2H
T IN3H
z INAH
B INSH
Bp IN6H - L 2 (each)
FF IN7H
JJ IN8H
LL IN9H
NN IN1OH
RR IN11H J ,
v STATUS OUT L 20 (driving)
X STATUS IN L 5
T DATA ACCEPTED OUT L 20 (driving)
Vv DATA READY IN L 5

*Remaining pins on J1 and J2 connect to logic GND on DR8-ED.

1
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Four TTL-compatible signal lines connect between the interface module and
each external device and can be used to establish a handshake routine for
efficient control of the data transfers. Two lines from the CSR provide a
Data Accepted handshake signal and a user defined status output bit to the
user’s device. A single line to the interrupt control logic produces an inter-
rupt request when data is ready for transfer, and a status line to the Data/
CSR multiplexer from the user’s device provides user-defined status informa-

_ tion for transfer to the OMNIBUS.

CABLE ASSEMBLY TYPES—Several device cable assemblies are available
from DIGITAL for use with the DR8-ED. Table 2 lists some of the recom- .
mended cable type$ and the lengths available.

Table 2 Recommended Cabie Assemblies

Standard
Cable No. Connectors Type Lengths (ft)
BCO7D-XX  H856toopenend  Two 20-conductor 10, 15, 25
ribbon
BCO8R-XX H856 to H856 Shielded flat 1, 6, 10, 12, 20,
. _ 25,50, 75,100
BCO4Z-XX  H856 to open end Shielded flat 6, 10, 15, 25, 50
4
 GENERAL SPECIFICATIONS
Input Data
Configuration:- Two parallel 12-bit data lines from a device
OMNIBUS Signals: . Presents a maximum of one bus driver and/or one
bus receiver on an OMNIBUS line. '
Operating s
Temperature: 5°C (41°F) to 50°C (122°F) h
Relative Humidity: 109, to 90%, without condensation
Size: Quad height—10.5 in. (26.67 cm); single width—
0.5 in. (1.27 cm); extended length—8.5 in. (21.59
cm)

Power: : +5V +59% at 1.5 A nominal
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*M1703
OMNIBUS INPUT INTERFACE

- PDP-8/E, 8/M
OMNIBUS

AT1, AT2,'BT1, BT2, CT1, CT2 DT1, DT2
AF1, AF2, BF1, BF2, CF1, CF2, DF1, DF2
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'DESCRIPTION N

The M1703 provides, on a single quad-height module, a complete, self-
contained interface that will input 12 bits of parallel TTL-level data to the
PDP-8/A, 8/F, 8/E or 8/M OMNIBUS, under interrupt or programmed 1/0
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 }/0 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 berchanged by movmg wire jumpers.

FUNCTIONS

Device Selection Decoder: The device is addressed through this decoder
when /O PAUSE is asserted and the octal device code for the decoder is
received through <MD03:08>. The decoder dutput asserts the INT. /O line
and enables the operation decoder.

Operation Decoder: The select bits (MD09, 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 C1, thereby entering the data into ACO-11 via correspondmg
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 RQST line, 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 dlsable 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 gctal. 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
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desired octal number, jumper the split lug pairs that select the binary equiv-
alent of the device code, as shown below: *

9 8 7 12 u
o S S

1 2 3 4 5 6
® 8 S

e o o ® ® e

A PHYSICAL LAYOUT OF SPLIT LUGS .
{SHOWING JUMPERS FOR DEVICE gODE 14 OCTAL)

DEVICE CODE
ADD
JUMTPER 8! 80
AT
22 2! 20{22 1 20
BIT=1 [ 1 3 5[7 9 ¢

BiT=0 2 4 6|8 10 12 R

0 0

EXAMPLE

1 1 O O BINARY EQUIV. OF 14 OCTAL CODE

2 4 5 7 10 12 REQUIRED JUMPERS

B. DETERMINING JUMPERS FOR NEW CODE ASSIGNMENTS

10T 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 engble
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
<AC00:11> through the OMNIBUS data
lines. Also clears tltie DEVICE FLAG, allowing
the RD DONE output to go LOW when the
data transfer is complete.

/ TO ns (max.)
RD DONE - - 60
. going HIGH
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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 alléw
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
e Complete single-card OMNIBUS output interface
" o Data storage registers ) .
e Program interrupt.capability )
e Cable drivers on all output signals, diode-protected
e Compatible with M1703 OMNIBUS Input Interface *
e TTL-compatible signals
e Diode-protection/pulse-shaping on all input signals
e Peripheral 1/0 cables plug directly onto M1705 card
e Variable puise width control signals
e 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, programmabie power supplies and many rnore.

The M1705 finds application in the scientific and industrial laboratory as a
general-purpose digital (TTL) output interface. The control of experimental
equipment and the driving of strip chart recorders are only two of the many
possible laboratory uses.

Its cable-driving capabilities make the M1705 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 M1703 Input and M1705
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, B)

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 1/O PAUSE is asserted by the processor and
the octal device code for that decoder is received through bits MD0O3-MDO8.
Decoders A and B are 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 1/0 line
and enables an operation decoder.

Operation Decoder (A,” B)

The Operation Decoder decodes the three operation bits MD09-MD11 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, B)

The data from the processor accumulator (AC) is transferred to one of the
two output registers (A or B) via OMNIBUS lines DATA-00-DATA-11. 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 (D00-D11) 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 INITIALIZE.

Device Flag (A, B)

This is a flip-flop which is set by the external device signa! DEV RDY or DEV
RDY CONTACT and reset by the INITIALIZE signal from the processor or by
the appropriate 10T 3 (WRITE REGISTER) command). The status of the De-
vice Flag can be interrogated by the I0T 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.

-

1/0 Bus Drivers and Receivers
The OMNIBUS receivers and drivers contain specval high-impedance circuitry
to minimize bus loading.

PROGRAMMING -
The following is a list of instructions that are available for use by the pro-
grammer. .
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Octal

Code* Name Function _
6150 Disable Interrupt A Resets INTR ENB FLG A to disable the In-
- “terrupt Request function for Section A.
6151 Enable Interrupt A Sets the INTR ENB FLG A to enable the
Interru/m Request function for Section A.
6152 Skip on Device Asserts the SKIP line if DEV FLG A is set.
i Flag A
6153 Write Register A Clocks the contents of ACO0-AC11 into Out-
put Register A. Also, OUTPUT A DONE H
becomes a logic HIGH and OUTPUT A
DONE L becomes a logic LOW following
i completion of this instruction.
6154 Trigger Data The trailing edge of the pulse generated by
Strobe A this 10T initiates DATA STROBE A H and
DATA STROBE A L pulses.
6155 Read Register A Transfers the contents of Output Register A
. to ACO0-AC11.-
6156 Set Control Flag A Sets the CTL FLG A flip-flop."
6157 Reset Control Resets the CTL FLG A flip-flop.
Flag A
6160 Disable Interrupt B Resets INTR ENB FLG B to disable the In-
_ terrupt Request function for Section B.
6161 Enable Interrupt B Sets the INTR ENB FLG B to enable the
Interrupt Request function for Section B.
6162 Skip on Device Asserts the SKIP line if DEV FLG B is set.
. Flag B ’
6163 Write Register B Clocks the contents of ACO0-AC11 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.
6164 Trigger Data The trailing edge of the pulse generated by
©  Strobe B this 10T initiates DATA STROBE B H and
DATA STROBE B L pulses.
6165 Read Register B Transfers the content of Output Register B
‘ to ACO0-AC11.
6166  Set Control Flag B Sets the CTL FLG B flip-flop.
6167 Reset Control Resets the CTL FLG B fiip-Flap.

Flag B

it

*Device codes 15, and 16, are factory-selected. Other codes may be chosen by changing
jumpers on the M1705 module

37



an

, M1709
OMNIBUS INTERFACE || OMNIBUS

FOUNDATION MODULE | Mo ems

Length: Extended
Height: Quad
Width: Single

"
o]

o
i

0 04[5}
wo s [1)%
o 08 (3}

LSL05) mremen 10
w00 ([

H
282998 eR| (38888858

moos (§}%54

1o muse [T}

0L
o 0% [115
1002 e {B}——2 #21 r oAb o3 o—{1} D 7L (5] e most
1013 p—e—{R}—sen 205t non2 »—{3}
oCTaL 1014 o—e—fi5}— o3 "
1078 {2 # w00 101 533 o—(7) D ] sew
s

1017 )0—e{B} s #25 ¢oa 13 —T) R

) 3 <08 nas n-D‘ ©

o200 Cla nase o—1] .
e >

#30 aNTL Caanan s—{7) X
, 1=

“how 5%

xsazenr

won 124

@
anauze G}

H

[e T

&
<

v
220

g

DATA 00

mu@:’;’
ou-onm“‘”

) | #3800~}

1
PP a 4 CONNECTOR

L 2 e
LG
a "
{2} sat l(nam n o AT W
> -
a2
W
P

iddl]
I

b

%

1

oata0y
oara e[S} ¥
owra0s B35

11

b
5

}

oara 00 [T
mw@!ﬁ wo7 0—{T}-o—1
oaracs B2 0,

o o0 ({5

oarato B}26

oaran (G124

@@%«@@
f

P tnemeses (3 L e {Z} e wsanecitont
L

NOTE
* REPRESENTS Wil WRAP PINS.
Power
Volts mA (max.) Pins
+5 830 AA2, BA2, CA2
GND All pins C, N, F, and T



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
(DIP) ICs with up to forty pins.

Connection to user-equipment is made via standard cables (BCO8R or BC04Z)
that plug directly into the M1709 module board. The module cable connector
allows several M1709 modules or W966/W967 wire wrappable moduies to
be strapped together to accommodate more extensive designs.

APPLICATIONS

Since both analog and digital circditry 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 (D/A) o
Peripheral control (data terminals, etc.)
Interfacing of:
o A/D converters
Multiplexers
Counters
Shift registers
Read-Only Memories (ROMs)
Arithmetic Logic Units (ALU)
FUNCTIONS e ) :
The preassembled circuitry of the M1709 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 performed with a
pair of binary-to-octal decoders (3 to 8 line). OMNIBUS lines MDO3 through
MDO8 are decoded and one output of each decoder is ANDed (by wire wrap-
ping) to sense a “‘device selected’’ condition. Any code from 01, to 77, is
selectable via wire wrap jumper selection.

The *“device selected” condition is, in turn, ANDed with the 1O PAUSE
signal to drive the OMNIBUS signal INTERNAL 1/0O. This signal is also made
‘available at a wire wrap pin as SELECT H.

g

Function decoding is performed by a binary-to-octal decoder (3 to 8 line).
OMNIBUS signals MDO9 through MD11 are decoded to form the eight 10T 0
through 10T 7 signals. These TTL 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 TTL signals are made
available at wire wrappins. 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 TTL-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
driversis TTL-compatible and made via wire wrap pins.

Control Line Interface: BUS driver circuits are connected for asserting the
three OMNIBUS data transfer mode signal lines—C,, C,,.C,. 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 BINIT, respéctively. A
source of 43 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 - Pin
MAO AD1
MA1 © AEl -
MA2 AH1 R
MA3 AJ1’
MDO AK1
MD1 AL1
MD AM1
MD DIR AK2
MA4 . BD1
MA5 : BE1
MA6 , BH1
MA7 : BJ1
MD6 o BM1
MD7 BP1
INT STROBE .. BD2
BRK IN PROG ~ BE2
MA, MS LOAD CONT © " BH2
OVERFLOW BJ2
BREAK DATA CONT BK2
BREAK CYGLE ‘ BL2

BUS STROBE CK1

* These OMNIBUS‘signais (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 - cM1

CPMA DISABLE cul

MS, IR DISABLE cv1 J
TP1 cD2 ;
TP2 CE2

TP3 CH2

TP4 cJ2

TS1 CK2

TS2 cL2

TS3 CM2

TS4 ‘ cP2

LINK DATA CR2,

LINK LOAD cs2’

MAS . DD1

MAQ DE1

MA10 DH1

MA11 DJ1

+15 V DA2

—15 V DB2

SPECIFICATIONS

- Signals to and from the OMNIBUS are received or driven with special high

|mpedance curcultry to minimize bus loading. . ..
. o

CAUTION

AH requlrements for timing should be in accor-

dance with the PDP-8/e and -8/m Small Com-

puter Handbook and the PDP-8/A Miniprocessor

Handbook.
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DESCRIPTION )
The W966 Wire Wrappable Module is a PDP-8/A, 8/E, 8/M gene'FaI -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
WO966, 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 aiso
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 cdnnected to wire
wrap pins.

+5v
AA2,BA2,CA2 ca3 [casa [cas
68UF |68UF|68UF
3BV |38y |38V
+]10% +Ji0% +|10% |
T T THRU T~
C|F‘_———.OIL;F ca2
100V
20%
GND -
ACI, AC2, AFI, AF2, ANI, AN2, ATI, AT2,
8CI,BC2, BFI, BF2 ,BNI, BN2,BTI, BT2,
- Cfl,CC2,CFI, CF2, CNI, CN2, CTI, CT2,
DCI, DC2, DFI, DF2, DNI, DN2, DTI, DT2
CONNECTORI

: N
A B (; E l;l l§ hf P S li W Y AACC EE HH K;( MM P;’ SS l{U' vv
. [

Wa66 Circuit Schematic
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DESCRIPTION

The W967 Wire Wrappable Module is a PDP-8/A, 8/E, 8/M general-purpose
module that provides for the construction of custom interface designs using
intergrated circuits (ICs). Featured on the board are 42 low-profile IC 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, sngnals can be bused from one module to the other via tfiese contact
fingers by using an H851 edge connector. One H851 can bus 36 signals;
therefore, two H851s ave 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 |68UF
35v |35V |3BV
+]10% +{10% +{10% I
T T THRU ]
Cl "m-’_.——'* E42
_loov
20%
GND

ACI, AC2, AFI, AF2, ANI, AN2, AT, AT2,
BCI, BC2, BFI, BF2,BNI, BN2,BTI, BT2,
cCl,CcC2,CFI, CF2, CNI, CN2, CT1, CT2,
DCI, DC2, DFI, DF2, DNI, DN2, DT!, DT2

CONNECTOR!

»

-0 @
-0
m
©IT
-0 X
—oZ
-©0

S U W Y AACC EE HH KK MM PP SS UU_WV
? 9 9 1 o o ¢

W967 Circuit Schematic

?

45




PDP-11 INTERFACING ‘ ,

The PDP-11 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-11 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-11 1/0 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 permmits 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
termed 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 relinquishes 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-11 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 abiIity 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 1/0
" control are defined in Table 1. For complete information on UNIBUS in-
terfacing, refer to the PDP-11 Peripheral Handbook.

Table 1. UNIBUS /0 Signal Summary
SIGNAL DEFINITION

A <17:00>* 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 AOQO
ﬂ)ecifies 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 hrackets enclose groups of lines; A <{17:00> = Al7 through AQQ inclusive.
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.ediNAL

DEFINITION

D «<15:00> Data Lines. The 16 data lines are used to transfer informa-
tion between bus master and slave.

C <1:0> Contro! Lines. These two bus signals are coded by the mas-
ter device to control the slave in one of four possible data
transfer operations.

Cl1 Cco Operation

0 0 DATI—Data in

0 1 DATIP—Data In, Pause
1 0 DATO—Data Out

1 1 DATOB—Data Out, Byte

MSYN Master Synchronization. A control signal used by the master
to indicate to the slave that address and control information
is present.

- SSYN Slave Synchronization. The slave's response to the master
(response to MSYN).
PA, PB Parity Bit Low (PA) and %rity Bit High (PB). These signals—

are for devices on the UNIBUS that use parity checks. PB .
is the pant;g line for the high-order byte (on D <15:08>)
and PA is the parity line for the low-order byte (D <07:00>)-

PA and PB are generated by a slave and received by a master. They indicate
parity error in a device. The slave negates PA and asserts PB to indicate a
parity error on a DATI/P; PA and PB both negated indicates no parity error.
PA asserted and PB asserted or negated are conditions reserved for future
use. PA and PB are not defined in a DATO transaction. PA and PB may be
used by the bus master’s parity error logic.

The following table is a summary of the possible combinations of the panty

error indicators.

A

=0 Ow

no error in a slave in DATI/P

error in slave in DATI/P
reserved

The protocol for PA and PB is the same as that for D<15:00>.

BR <7:4>

BG ‘<7:4>

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.
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SIGNAL

DEFINITION

NPR
NPG
SACK
INTR

BBSY

INIT

AC LO

DC LO

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
in the processor.

Bus Busy. This signal is asserted by the master device to
indicate bus is being used.

Initialization. This signal is asserted by the processor when
power is first applied, when the START 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-ef-voltage con-
dition occurs, DC LO is asserted by the power supply.

\

UNIBUS >

PR R MEMORY INTERFAC

PERIPHEIU;L

PERIPHERAL
DEVICE

Figure 1. UNIBUS Connections
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“PDP.11 UNIBUS-RELATED INTERFACING MODULES

Table 2 summarizes the interfaces and related modules that are described in
detail on the following pages or in the DIGITAL Direct Sales Catalog where
noted.

Although each interfacing problem is likely to have some unique aspects, the
steps to follow in general are:

1.
2.

3.

Determine your interfacing requirements.

Match these requirements against the products listed in Table 2, then read
the detailed descriptions.

s,elec't suitable products if any are listed. If no listed products meet your -
requirements, contact your DIGITAL Field Sales office to find if any other
DIGITAL products can perform the needed functions. ’

. Add the power and mounting space requirements of all modules to be em-

ployed, and note the cables needed plus and prerequisites and restrictigns
that apply.

From. the appropriate sections of this Handbook and the Hardware/Acces-
sories Catalog, select the cables, power supplies, and mounting hardware
to complete your system.

If you need technical assistance with any product in this Handbook, feel free
to call DIGITAL's toll-free Hot Line, 8:30AM to 5:00PM Eastern time, 800-258-
1710. From New Hampshire locations or places outside the United States, call
Merrimack, 603-884-6660.
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Tabie 2 interface S‘leﬁor Guide—PDP-11 UNIBUS

MODULE LOGIC POWER MODULE FITS
OR WBOOK  +5v BUS SIZE CABLE SPC
DEVICE OR FUNCTION OPTION PAGE? AMPS' LOADS L H W REQD SLOT? COMMENTS
EIA RS232C serial devices, e.g. M7800 1.8 1 EQS BCO5C-25 yes Also requires —15V@.15A, +15V@N016A.
LA3S printer One of four standard crystals must be
LA36 printer terminal specified at time of order. For complete
LAL8O printe option, see DL11.WB.
LS120 printer terminal
VT52 CRT terminal
VT55 CRT terminal B !
20 mA current loop serial M7800 1.8 1 EQS 70-8360 yes Also requires —15V@.15A, +15V@.016A.
devices, e.g.: One of four standard crystals must be
LA3S printer specified at time of order. For complete
LA36 printer terminal option, see DL11-WA.
LALBO prin '
VT50 CRT terminal
*VT52 CRT terminal
VT55 CRT terminal M
General 20 mA serial asynchronous DL11-WA 2.0 1 EQS 7083601 yes . Also requires —15V@.15A, +15V@.05A.
1/0 interface . - supplied Crystal must be specified at time of order.
General EIA RS232C serial bL11-WB 20 -1 EQS BCO5€-25 yes Also requires —15V@.15A, +15V@.05A.
asynchronous 1/0 interface supplied Crystal must be specified at time of order, -
A/D or D/A interface, 16-channel AR11 5 max 1 EHS BCliL-20 yes May not be plugged into a modified
UNIBUS siot.
2-word parallel input interface DR11-L 1.5 1 EQS yes Possible cables: BCOJA, -7D, -BR, or 4Z.
2-word parallel output interface DR11-M 1.5 1 EQS yes
1.word parallel input/output M7860 1.5 1, EQS yes
' interface .
s
Instrument remote-cantrol interface M1623 1.6 1 EQS N ’p.cm no
instrument data input interface M1621 J7 1 E QS special no
16-bit relay autput interface M1801 1.16 —-— EQS . *
Direct Memory Access (DMA) DR11-B 33 1 sys. unit no
interface
DMA interface DECkit KIT11.D 3.3 1 sys. unit no
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Table 2 Interface Selector Guide—PDP-11 UNIBUS (cont.)
MODULE LOGIC POWER MODULE FITS .
OR H'BOOK 45V BUS SIZE CABLE SPC N
DEVICE OR FUNCTION OPTION PAGE* AMPS' LOADS L HW' REQ'D SLOT? COMMENTS
UNIBUS INTERFACE BUILDING
BLOCKS; !
Interface foundation modute M1710 79+ 1 E QS BCO7A or yes Has space for approx. 25 user ICs
BCOBR

Address selector. module M105 338 1 ESS — yeos '
Bidiractional bus interfacing gate M1500 .300 —_ ESS no
module
But input interfacing driver module M1501 .300 —_ ESS — no Not recommended for new designs.
Bus output interfacing driver module M1502 750 — EDS — no ' ’
Bus Request (BR)/Dirsct Memory  M7821 725 1 ESS —  yes
Access (DMA) interrupt control
module
DMA word count/bus address M795 600 —_ EDS — no
module
Master control module M796 .180 —_ ESS — no
Bus driver module M783 070 — ESS — no
Bus driver module, non-inverting M798 320 -— $SS — no
Bus receiver module M784 200 —_— ESS — no
Bus transceiver module Mm785 600 ESS — no
Kit of ten DEC8640 bus receiver ICs 956 — -_— _ - _
Kit of ten DEC8881 bus driver ICs 957 — —_ — —_ —_
Wire-wrappable modules:

Hex-height, no IC sockets ‘W9500 -— —_ EHS yes

Hex-height, 84 16-pin IC sockets W9503 _ — EHS yes

Quad-height, no IC sockets w9501 -— —_— EQS yes

Quad-height, 54 16-pin IC W9504 —_ - EQS yes

sockets

Double-height, no IC sockets w9502 —_ -_— EDS yes

Double-height, 24 16-pin IC W9505 —_— _— EDS yes

sockets
NOTES: ~

1. + mesns current required by user Io(lc must be added to figurq sh

2. Module sizes are given as Length, Height, and Width, as doﬁnod in Gcmnl information.

3. DSC = Direct: Sales Catalog.
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DR11-L UNIBUS

2-WORD
- INPUT INTERFACE OPTION. M SERIES
Length: Extended
Height: Quad
Width: Single : :
) AN
16 BIT WORD ) K ADDRESS
DEVICE A V »
STATUS/CONTROL | (o m
INPUT . 2
INTERFACE <
‘ 16 BIT WORD > VECTOR ADDRESS  N%
DEVICE B
STATUS/CONTROL CONTROL
Figure 1 DR11-L Interface
DESCRIPTION

The DR11-L is a complete, self- contamed input mterface used to transfer
two independent 16-bit, parallel data words from a user's peripheral device
to the PDP-11 computer system as shown on Figure 1.

It is directly compatible with the PDP-11 UNIBUS and is designed for instal-
lation into any one of the available Small Peripheral Controlier slots (SPC)
of a BB11-M, DD11-A, or DD11-B System Interfacing Unit and the PDP-11
processor unit.

The DR11-L consists of address selection logic, interrupt control and priority
level select logic, two Data Buffer Registers (DBRs), one for each word, and
two independent Contro!/Status Registers (CSRs). One CSR is assigned to
each input data word and provides status and control information during a
word transfer.

Two control and two status lines between the user’'s device and the inter-
face permit the establishment of a handshake routine to efficiently control
the data transfers.

The input signal lines are TTL-compatible with high threshold receiver inputs
and built-in hysteresis for both high and low threshold, providing substantial
noise immunity. Input data lines are diode-clamped to -+5 V and ground.
Control lines from the user’s device are diode-clamped to ground and pulled
up to 45 V by a resistor.

All address selection, interrupt priority selection, and vector address selec-
tion is performed using Dual Inline Package (DIP) switches mounted on the

-
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module. These switches facilitate the installation of the module by eliminating
the need for soldering or rembving jumper leads for address and vector selec-
tion.

The DR11-L is designed for user applications and requires a minimum of
external hardware to implement into the PDP-11 system. Two 40-pin con-
nectors are conveniently mounted near the edge of the board. These con-
nectors permit either,one or two external devices to be easily connected
using BCOSR or BCO7D flat cables available from DIGITAL. These cables have
the mating connectors premountedand are supplied in any specified length.

The interface module occupies one SPC slot and is a quad-height, extended-
length, single-width module.

FUNCTIONS

DR11-L ELEMENTS AND SIGNAL FLOW

The main elements of the DR11-L interface module and the data, control,
and status signal flow are shown on Figure 3. The module provides the com-
plete interface logic necessary to allow the efficient transfer of data from
user’s device to the UNIBUS. 4

CONTROL/STATUS REGISTERS ,

_ Each CSR is a 16-bit register used to supply control and status. information
to the user’'s device and to provide control and status indicators of the user’s
device and interface to the processor Each CSR is byte- or word-addressable. -

DATA BUFFER REGISTER

~ Each DBR is used to store 16 bits of data from a device. The contents of
the DBR are transferred to the processor under program control as a 16-bit
data word or 8-bit byte. When addressed by the processor or when an in-
terrupt request is asserted, the device data is latched into the DBR. Input
data is not required to be held by the device for the entire transfer opera-
tion, thereby permitting faster data transfers.

DATA/CSR MULTIPLEXER

The muitiplexer is controlled by the decoded device address and selects
either 16 bits of data from a DBR or 16 bits of stgtus and control infor-
mation from a CSR for transfer to the UNIBUS. The selected output of the
multiplexer is transferred to the processor under program control through
the UNIBUS transceivers. .

ADDRESS SELECTION LOGIC
The address selection logic decodes the addresses associated with each
CSR and DBR and specifies the direction of data transfer.

INTERRUPT CONTROL LOGIc

The interupt control logic requests bus mastership on one of the four bus
request lines of the UNIBUS, produces the interrupt request, and specifies
the vector addresses of the interrupt routine pointers located in memory.

h
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SWITCH PROGRAMMMABLE FUNCTIONS :
The DR11-L module contains two DIP switch. banks used to conveniently
select the device address, the vector address, and the priority level of the
interrupt requests.

Vector Address— The vector address of the interrupt routine pointer located
Switches in memory is selected by six of the switches, allowing vec-
tors up to 7743 to be specified.

Priority Level— Two switches are provnded to select one of the four Bus

Switches Request priority levels (BR4 through BR7) .of the UNIBUS.

Device Address—The address of the device is assigned with ten switches,

Switches allowing the module address to be located within the upper
4K address block dedicated to perlpherals and user’s de-
vices.

MS@MM

— M7864

PRIORITY LEVEL N
AND INTERRUPT .

VECTOR ADDRESS -
SELECTION SWITCHES

DEVICE ADDRESS -
SELECTION SWITCHES

— N
—
p— b
— N
—
——

nno z0

—_—~
—_—
—_—
_
—_—
—_—
—
— 3

b — O

nnO ZO

‘Figure 3 DRI11-L Connector and Switch libcations

INTERFACE SIGNALS .
UNIBUS Signals—The input and output data, control, and status signals

conform to the UNIBUS signal specifications outlined in the PDP-11 Periph-
erals Handbook published by Digital Equipment Corporation. The DR11-L
module presents no more than one unit load on any UNIBUS signal line.
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DEVICE SIGNALS—Data and control signals are transferred between the de-
vices and interface by two_cables that attach to connectors J1 and J2. The
location of the connectors on the module is shown on Figure 3. Table 1 lists
the pin assignments of each connector and the signal drive or loading specifi-

cation.
Table 1
Device Connector Signals
* J1 and J2 i m
COn:iﬁctor v Signal Name Unit Load
B DATAIN 15 H 1
D DATAIN 14 H
F DATAIN 13 H
J - DATAIN 12 H
L DATAIN 11 H - 2 (eachy
N DATAIN 10 H
R DATAINO9H
T DATA IN 08 H J
v STATUS OUT L - 35 (driving)
X STATUS IN -5
Z DATAINO7 H ’ A
BB DATA IN 06 H
DD DATAINO5 H
FF DATAINO4 H L 2 (each)
JJ DATAINO3 H
LL ‘DATAINO2H
NN DATAINO1 H
RR DATAINOO H
T DATA ACCEPTED OUTB L . 35 (driving)
w DATAREADY INB L 5

* Remaining pins of J1 and J2 connect to logic GND on DR11-L.

Four lines provide TTL-compatible signals between each CSR an dthe external
device and can be used to establish a handshake routine for positive-control
data transfers. Two lines can be used for status information to and from
the processor, and two lines provide controlling information for data trans-
fers utilizing program interrupts.- The 8-bit byte or 16-bit data word from the
device to the interface is supplied by the 16 Data In lines.

CABLE ASSEMBLIES—Several cable assemblies are available from DIGITAL
for use with the DR11-L module. Table 2 lists some of the recommended
cable types and standard lengths available.
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Table 2

- ) Standard
Cable No. Connectors* Type . Lengths (ft.)
BCO7A XX H856 to open end 20-twisted pair 10, 15, 25
BCO7D-XX H856 to open end 2, 20 conductor ribbon 10, 15, 25
BCO8R-XX H856 to H856 Shielded flat 1, 6,10, 12, 20,

25, 50, 75, 100

BCO4Z-XX  H856 to open end  Shielded flat 6, 10, 15, 25, 50
* The H856 connects directly to the DR11-L.
GENERAL SPECIFICATIONS -
Input Data
Configuration Two parallel 16-bit data lines from a device.
UNIBUS Signals Presents a maximum of one unit load on a

‘ UNIBUS line.
Operating Temperature 5°C (41°F) to 50°C (122°F)
Relative Humidity 109, to 909, without condensation
Size ) Quad height—10.5. in. (26.67 cm); single width—

0.5 in. (1.27 cm); extended length—8.5 in.
- (21.59 cm)

Power 45V +59, at 1.5 A nominal

DRI11-L
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DR11-M . UNIBUS
2-WORD
OUTPUT INTERFACE OPTION M SERIES

Length: Extended’
Height: Quad
Width: Single

(INTERRUPT CONTROL 16 BT DATA__
M , : DEVICE A
< : > STATUS/CONTROL
16 BIT_DATA DRI-M
OUTPUT
INTERFACE
ADDRESS OPTION 16 BIT DATA
DEVICE B
STATUS/CONTROL
N Figure 1 DR11-M Interface N

DESCRIPTION

The DR11-M is a complete, self-contained output interface used to transfer
two independent 16-bit, parallel data words from the PDP-11 computer sys-
tem to a user’'s peripheral device. It is directly compatible with the PDP-11
UNIBUS and is designed for installation into one of the available Small Periph-
eral Controller slots (SPCs) of a BB11-M, DD11-A, DD11-B System Interfacing
Unit or into the PDP-11 processor unit.

The DR11-M consists of address selection logic, interrupt control and priority
level select logic, two Data Buffer Registers (DBRs), one for each word and
two independent Control/Status Registers (CSRs)

Each register is word or byte addressable, and the register contents can be
read back into the processor under prog?’am control, allowing the~full range
of PDP-11 instructions to be used. Two control and two status lines between
the user’s device and the interface permit the establishment of a handshake
routine to efficiently control the transfer of data.

Data, status, and control signals from the interface to the user's device are
supplied from open collector output drivers capable of sinking 32 mA of load
current. Each output is connected to 45 V through a pull-up resistor. This
feature allows a variety of user devices to be directly connected to the
interface withou/t the need of external line drivers and discrete. components.

All address selection, interrupt priority selection, and vector address selection
is performed using Dual In-line Package (DIP) switches mounted on the
module. These switches facilitate the installation of the module by eliminating
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the need for priority plugs and soldering or removing jumper leads for ad-
dress and vector selection. -

The DR11-M is designed for user applications and requires a minimum of
external hardware to implement into the PDP 11 system. Two 40-pin con-
nectors are conveniently mounted near the edge of the board. These connec-
tors permit either one or two external devices to be easily connected using
BCO8R or BCO4Z flat cables available from DIGITAL. These cables have the
mating connectors premounted and are supplied in any specified length.

The interface module occupies one SPC slot and is a quaJ-helght, extended-
length, single-width module.

FUNCTIONS

DR11-M ELEMENTS AND SIGNAL FLOW

The main elements of the DR11-M interface module and the data, control, and
status signal flow are shown on Figure 2. The module provides the com-
plete interface logic necessary to allow the efficient transfer of data from the
UNIBUS to a user’s device.

CONTROL/STATUS REGISTERS

Each CSR is a 16-bit register used to supply control and status information
to the user’s device and to provide control and status indicators of the user's
device and interface to the processor. Each CSR is byte- or word-addressable,

DATA BUFFER REGISTERS

Each DBR is used to store 16 bits of data for transfer to the device. The
DBR is a read/write register allowmg the full range of PDP-11 instructions
to be used.

DATA/CSR MULTIPLEXER

The muitiplexer is controlled by the decoded device address and selects
either 16 bits of data from a DBR or 16 bits of status and control informa-
tion from a CSR for transfer to the UNIBUS. The selected outpyt of the
multiplexer is transferred to the processor under program contro! through
the UNIBUS transceivers.

ADDRESS SELECTION LOGIC
The address selection logic decodes the addresses associated with each CSR
and DBR and specifies the direction of data transfer.

INTERRUPT CONTROL LOGIC

The interrupt control logic requests bus mastership on one of the four bus
request lines of the UNIBUS, produces the interrupt request, and specifies
the vector addresses of the interrupt routine pointers located in memory.
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SWITCH PROGRAMMABLE FUNCTIONS
The DR11-M module contains two DIP switch banks used to conveniently
select the device address, the vector address, and the priority level of the
interrupt requests.

Vector Address The vector address of the interrupt routine pointer lo-

Switches— cated in memory is selected by six of the DIP switches,
allowing vectors of up to 7743 to be specified.

Priority Level Two switches are provided to select one of the four Bus

Switches— Request priority levels (BR4 through BR7) of the
UNIBUS. o

Device Address The address of the device is assigned with ten switches,

Switches— allowing the module address to be located within the

upper 4K address block dedicated to peripherals and
use‘r's devices.

M7865

PRIORITY LEVEL -
AND INTERRUPT

VECTOR ADDRESS

SELECTION SWITCHES

n 2.
DEVICE ADDRESS Q12345678
SELECTION SWITCHES o l ’ l I , l I l
: F
F

— )
— )
—_—
—
——
— D
—— 0

nnQ 2

I ST O

Figure 3 DR11-M Coonectors and Switch Locations

INTERFACE SIGNALS

UNIBUS SIGNALS—The input and output data, control, and status signals con-
. form to the UNIBUS signal specifications outlined in the PDP-11 Peripherals

Handbook published by Digital Equipment Corporation. The DR11-M module

presents no more than one unit load on any UNIBUS signal line.
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DEVICE SIGNALS—Data and control signals are transferred between the de-
vices and interface by two cables that attach to connectors J1 and J2. The loca-
tion of the connectors on the module is shown on Figure 3. Table 1 lists the
pin assignments of each connector and the signal drive or loading capability.

Table 1
Device Connector Signals
* J1 and J2 ’
Connector Signal Name U TT L -

Pin ) nit Load
B DATA OUT lg H . ]
D DATAOUT 13 H =~

< F DATAOUT 13 H
J DATAQUT12H
L DATA OUT 11 H (20 (each)
N DATAOUT 10 H
R DATAOUTO09 H
T DATA OUT 08 H J
vV . STATUSIN L 5
X STATUSOQUT L 20
4 DATA OUT 07 H ) )
BB " DATAOQOUTO06H
DD DATAOUT 05 H
FF DATAOUTO04 H .

Y DATA OUT 03 H [ 20 (each)

LL DATAOQOUTO2H
NN - DATAOUTO1 H
RR - DATAOUT 00 H ]
TT ’ DATA ACCEPTED IN L 5
vv DATA READY OUT L 20

*Remaining pins on J1 and J2 connect to logic GND on DRII-’M.

Four lines provide TTL-compatible signals between each CSR and the ex-
ternal device and can be used to establish a handshake routine for positive-
control data transfers. Two lines can be used for status information. to
and from the processor, and two lines provide controlling information for
data transfer utilizing program interrupts. The 8-bit byte or 16-bit data word
“from.the interface ta the device is supplied by the 16 Data Out lines. -

" CABLE ASSEMBLIES—Several cable assemblies are available from DIGITAL for
use with the DR11-module. Table 2 lists some of the recommended cable
types and lengths available.

Table 2
Recommended Cable Assemblies
Cable No. Connectors* Type Standard Lengths (ft.)

BCO7A-XX  H856 toopen end  20-twisted pair 10, 15, 25
BCO7D-XX  H856 toopenend 2, 20 conductor 10, 15, 25

ribbon
BCO8R-XX HB856 to H856 Shielded flat- 1, 6,10,12, 20,
25, 50, 75, 100
BCO42-‘Xx H856 to open end Shielded flat . 6, 10, 15, 25, 50

*The H856 connects directly to the DR11-M.

67



GENERAL SPECIFICATIONS

Output Data
Configuration

UNIBUS Signals

Operating Temperature
Relative Humidity
Size

Two parallel 16-bit data lines to a device providing
TTL-compatible levels. )

Presents a maximum of one unit load on a UNIBUS
line.

5°C(41°F) to 50°C(122°F) »
10% to 90%, without condensation

Quad height—10.5 in. (26.67 cm); single width—
0.5 in. (1.27 cm); extended length—8.5 in.-(21.59
cm) - :

+5V+5% at 1.5 A nbmin§|

DR11-M
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The M105 is used in PDP-11 device interfaces to decode the UNIBUS Address
and Control lines. It provides gating signals for up to four deviee registers
that indicate a register is being referenced and three cor(rol 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. AO2 and AQ1 are decoded
to provide one of the four SELECT outputs. AOO is for byte control.

Signals for gating control are determined by d\écoding A0O, C1, and CO. The
signals obtained are: IN, OUT LOW, and OUT HIGH.

Instruction® Corresponding M105 Output

DATI or DATIP IN
DATO OUT HIGH and OUT LOW
DATOB with ACO =0 OUT LOW ,

"DATOB with AOO =1 OUT HIGH

*DATI, DATO, DATOB, DATIP are not PDP-11 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 D <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 carr 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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The M783 consists of 12 low-leakage bus drivers to be used as an input inter-
face to the UNIBUS of the PDP-11. 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 D2 is a TTL out-
~ put that allows additional drivers to be controlled by the single enabling gate

(inputs H1 and F1). Pin Ul provides +

10 TTL loads.
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M784
UNIBUS RECEIVERS

UNIBUS

M SERIES

Length: Extended
Height: Single
Width: Single

Power
Volts mA (max.) Pins
5 200

c2, 11

The M784 consists of 16 higﬁ-impedance inverting bus receivers that are

\‘ue ,b v2

R= BUS RECEIVER
[B]=connECTS TO UNIBUS

used as an output interface from the UNIBUS of the PDP-11.

SPECIFICATIONS

Input Loading: All inputs present one UNIBUS receiver load. (See UNIBUS

description.)

Output Drive: Each output has a fan-out capability of 7 standard TTL loads.
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M785

UNIBUS

UNIBUS TRANSCEIVER-
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Length: Extended
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The M785 consists of eight drivers and eight receivers for use as a device
interface with the PDP-11 UNIBUS. Pin Ul provides +3 volts and has an
output capability of 10 TTL loads. Driver gates have open collectors and are
capable of sinking 50 mA with a collector voltage of less than 0.8 volts. The

output high leakage current is 2.5 micraamperes maximum.
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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 (DMA) devices to the UNIBUS. This module contains two 16-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 Counter

- 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 16-bit word using the LOAD WC L (low byte) and LOAD
WC 4 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 (D0O-D15) in
two 8-bit bytes or one 16-bit word using the LOAD BA L (low byte) and LOAD
BA+1 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 L and WC TO D BUS L) are
asserted. In addition, the BA 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 BA register can be incrementéd by either I or 2 as a function of the BA
INC CONTROL input (High=1, 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 BA H input of
the register. The carry between bits 03 and 04 is broken and brought out to
pins BVl (BA CARRY OUT L) and BUl1 (BA 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 (BA OVFL L) is provided as an output
whenever the register is incremented from all 1's to all O’s.

The WC register is incremented by either 1 or 2 as a function of the WC INC
CONTROL input (High=1, 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’ reg|sters'
reset to O’'s whenever the. CLEAR WC+BA H sngna! 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 Ioading 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 S TO. , ns (max.)
CLEAR WC+BA WC+BA Outputs S © 125
LOAD WC L WC Outputs - - 75
LOAD WX+41 L WC Outputs o : 75
COUNT WC H WC Outputs 60
LOAD BA L BA Outputs - 75
LOAD BA+1 L BA Outputs 75

COUNT BA H BA Outputs A 60

N
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M SERIES

Length: Extended
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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-11 system may have the capability of gaining control
of the bus and, as bus master, of transferring data to and from other siave
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 Interrupt
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 C1 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. Tabie 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

Cl co Bus Cycle
L L DATI

L H DATIP

H L DATO

H H DATOB

The data transfer sequence is triggered by meeting the AND condition of the
low state of both MASTER L (H2) and RESTART L (H1). 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 C1 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 H and L) are also asserted and are used to gate data to
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be transferred to the slave onto the bus data lines (Bus D 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 siave.

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 C1,
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 inta 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 moduie. 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 C1.
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 (V1) and O side (U1l) 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:

T« — 0.32 (RC

where T,.. 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 = 259,. 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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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 muitiple 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 pulied
up to 45 V through a 1-kilohm resistor. As shown below, an internal wired-
OR multiplexer is created that is driven from standard open-collector gates or
from UNIBUS drivers (such as the M1501 or M783). :

UNIBUS"
DRIVER

-«—INTERNAL BUS

m » |
141 R
 REG B BIT ..__,_J

Mmia1 ]
REG A BIT A ———nu—] )

PO Y X] —
REG C BIT n
. 1
‘l .
L i
i D__‘
Typical Use of M798
SPECIFICATIONS

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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This module provides gating arrangements useful for interfacing to the
PDP-11 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.

Using M1500 AND Gates with M1501 in PDP-11 Interfacing.

APPLICATIONS
PDP-11 Interfacing:

1. ANDing SELECT signals with dlrectuon 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-Purpose Use:

1. Providing general-purpose high fan-out drlvers
2. Providing a stage of inversion with hugh 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 lines 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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The M1501 contams 16 bus dnvers f(}r |nterfacmg parallel input data to the
PDP-11 UNIBUS. The module mcludes ‘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 aré
diode-clamped to ground and +5 volts.

APPLICATIONS

Up to four M1501 modules (64 bits) can be controlled by one M105 Address
Selector module, one M7821 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.

o .
Flags: A request flag (RQ) and a request enable flag (RQE) are included on
the M1501. Both flags can be cleared on start-up directly from the PDP-11
INITIALIZE bus line through pin F1. 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 profect
the flag data as well as to provide high output drive.

SPECIFICATIONS *
Propagation Time:

FROM TO ns (max.)

40-Pin Connector Bus Data Outputs 50

Inputs

Flag Clack Inputs Flag Outputs 75

e L3
J
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 M1502 - UNIBUS
BUS OUTPUT INTERFACE

M SERIES
Length: Extended ' Power
He'ight: Double Volts mA (max.) Pins
Width: - Single o ™ &5 1

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 40-pin
flat ribbon connector and to the backplane. Open-collector output drivers
with pull-up resistors are -imcluded on the module. Three flip-flops with type
D 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 fouf M1502 modules (64 bits) can be controlled by one M105 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 (AB1 and AAl), which loads the
upper and lower bytes respectively providing the enabling input (AM1) 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 connettor 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
" and the module for additional communication bgtween the module and the
external device. These lines are diode protected against voltage over shoot
below —0.75 volts or above +45.75 volts.

SPECIFICATIONS
Propagation Time:

FROM TO ns (max.)
BUS DATA Input - . 40-Pin Output 100
FLAG CLOCK Input 40-Pin’0utput ) 150

FLAG SET or CLEAR Input Backplane Output : 100
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Output Drive: Oututs to the 40-pin connector are supplied by open-collector
high-voltage drivers. Resistors (1K _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 mA at logic LOW and will
withstand a HIGH level of up to 430 volts. These outputs may therefore be
used to drive many types of indicators and even relays. However, if induc-
tive loads are driven, diodes should be wired across each load to bypass
inductive kickback.
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PART OF MIZIO UNIBUS INTERFACE FOUNDATION MODULE
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DESCRIPTION -

The M1710 UNIBUS?® Interface. Foundation Module is a general-purpose board
that provides for the construction of custom interface designs using inte-
grated circuits (ICs). The M1710 lets users build their own interfaces be-
tween a wide variety of peripheral equipment and any PDP-11 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 M1710 is a versatile module, ideal for any type of application. The end
user, such as a university’ laboratory 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 M1710 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 M1710 plugs into any Small Peripheral Controller (SPC) slot of a DEC-
kit11-M Instrument Interface or DD11 Peripheral Mounting Panel. Addition-
ally, it may be used in a system unit such as the BB11-A. Connection to user
equipment is made via a cable connector mounted on the M1710 module.

FEATURES

- o “Do-it-yourself’’ interfacing.

o Complete single-card interface. _ ‘

¢ Plugs directly into Small Peripheral Controller (SPC) siot.
e Can be used with DECkit11-M Instrument Interface Kit.
e Saves hardware and building costs.

e Preassembled/pretested UNIBUS circuitry eliminates need to build the re-
quired bus interfacing functions.

* Wire-wrappable |nterconnect|ons—compact 30 -gauge wiring used for all
IC lead interconnections.

¢ 1/0 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 16-pin type plus a multi-use pad set that mounts twe 40-pin types,
three 24-pin types, four 14- or 16-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 4-3 V—convenient for tying unused TTL 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 buiit on the M1710. Some typical applrcations include:

e Multiword input and/or output.

¢ Programmable instrument mterfaces.
e |nterprocessor buffers.

e Custom penpheral controllers

. Interfacmg of:
Microprocessors
A/D 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
760000, to 777777,. The basic M1710 address selection is similar in func-
tion to the M105 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<1:0>; 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. The
module also includes circuitry required for transferring a vector address dur-
ing an interrupt operation. .

Data Bus Interface

The M1710 contains standard UNIBUS receivers whrch 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 assemon Each enable rep-
resents four TTL unit loads.

Miscellaneous Logic
The following additional circuitry is also provnded on the M1710

o Inverted and noninverted buffered initialize ‘outputs (pins 58 and 59) capa
ble of driving 28 and 30 TTL unit loads respectively.

s A general-purpose flip-flop with all mput and output pins available for wire
wrap (pins 51 through 57).

* A 4-3-volt sourcg (in 50) capabie of driving 30 TTL unit loads.
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The M1801 is a PDP-11 interface module containing the 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
mountpd on the module. \

APPLICATIONS

For interfacing to the PDP-11 the M1801 must be used with the M105 Ad-
dress Selector (or equivalent). The M105 decodes the UNIBUS address lines
and causes transfer of information through the M1801 under program con-
trol. Interrupt.circuity is also built into the M1801 and can be used in con-
junction with the M7821 or equivaient. An example of a typical PDP-11 inter-
face is shown in the M1623 description.

FUNCTIONS

- Registers: The M1801 contains two 8-bit read-write registers, 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 M105. The
registers have read-back capability for PDP-11 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 allow 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 mA (clamped to +5 volits). f 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 closure
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 level.
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 M1801 that it is ready for another transfer by either en-
ergizing the READY relay or by applying a TTL low signal at pin TT 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 faise triggering
due to contact bounce. The switch filter output sets the INTERRUPT fiag, the
output of which can be used to request an interrupt. Therefore, continuous
| interrupts can be made at 12 ms intervals. This timing refationship is shown

in the foltowing figure. \

1
a6 8Ms—w12mMS o
i
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Flags: The INTERRUPT flag can be set by the READY signal from the external
equipment. Interrupt capability is enabled hy 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 M7821 (or equivalent) for
computer interrupt. The INTERRUPT flag is cleared by the register-loading
signals from the M105; both flags are always cleared by computer power-ups.

Register Preset Jumpers: Each register bit on the M1801 has a jumper which
causes that particular bit to clear on power-on. If the user wiskigs 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 shouid be taken to in-
sure that both the set and clear jumpers are not inserted simultaneously.

DATA Jumper Jumper
Bit to CLEAR to SET
D00 wil W2
DO1 w3 w4
T - D02 w5 W6
D03 w7 w8
D04 wo w10
i D05 wll W12
' D06 w13 | wl4
D07 w15 W16
D08 w17 wis
DOg wio . w20 . !
D10 w21l w22
D11 w23 w24
D12 w31 W32
D13 w29 W30
D14 w27 w28

D15 W25 w26

Status Gates: Status gates on the M1801 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 (M105).

CAUTION
When the high output voltage or current capabilities of the M1801 are used
the M1801 should be shielded from all computer circuitry.

SPECIFICATIONS
Relay Contact Ratings:
Voltage: . 100 V max.__
Current: 0.5 A max.
Power: 10 W max. resistive load
Insulation resistance: 1,000 megohms
Data Strobe Output:
Current Sinking: 100 mA max.
Voltage: 20 V. max.
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The M7821 Interrupt Control Module is used with the interface logic of a
device in the PDP-11 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
(DMA) 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 Blirst 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 proce§sor responds to the
NPR by issuing a high level to the A BG IN input. The A Master control
issues & 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 more than one data transfer (bus cycle) is required during
the period that the device is bus 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
D03 through DO8. The data from the device which initiated the interrupt
request is transferred to memory after the BUS BBSY has been issued by
the processof. ) :

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 tonnected
to ground indicating that only one data transfer will be performed each time
the device becomes bus gnaster. 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).

< .
M7821 IA CLEAR
REQUEST ‘—:D
DEVICE A A S BUS BR4
A REQUEST2 — MASTER
CONTROL A
A8G IN meﬂ, ’
——q_ R8GO0
SSVN = T p— BUS BBSY
OUS SSN—T#——9q | L BUS SACK
8 REQUEST | —— l8US B BR VIR ] -
DEVICE 8 ‘_‘C:D ASTER $ . comn% BUS INTR
8 REQUEST 2 ONTR (VECTORBIT2 | ____ - 8US DO2
B BGIN s -~ La8G our b2 BUS D03
w9 wa
BUS NPR ————————u— -6 D 1B MASTER CO--Pp—w— 1 __BUS DOA
Wi
—ctmL Bo.. BUS DOS
Wé
TRt e W oS Dos
e Bus DO?
INTR
B START INTR B INTR DONE

TYPICAL M7821 APPLICATION .

All jumpers W2 through W7 are connected on the Vector Control séction 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 D02 through BUS D08 will contain an octal 370.
if the B Master Control is selected, the A MASTER output will be high, pro-
ducing a vector address of an octal 374. The A MASTER output and the
B MASTER output connect to the START INTR inputs of the Vector Control
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or géte 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 DO02:-through BUS D08. The address format is indicated below: -

e

DATA BUS LINES

D08 Do7 DOb oos ooa DOI D00

\\.\\ \\\\\
JUMPERS ADDRESS BITS

w2 D02*

w3 D03

w4 , D04

w5 D05

Wé [»07.3

w7 D07

wsg DOs
*CONTROLLED BY VECTOR
BIT 2 INPUT

When a jumper is present between th'e 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 DO2 is determined by the logic level
present on the VECTOR BIT 2 input.

-y

Jumper W9 is installed during manufacturing and must be re;noved when
used with early PDP-11/15 and PDP-11/20 without the KH11 option.

‘

M7821 SIGNALS

Inputs - ' . (X=A or B Master Controls)
X REQUEST 1 H, Both signals must be asserted High to initiate a
X REQUEST 2 H 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.

XBGINH Asserted High by the processor in response to a
‘request when the requesting device has the hlghest
priority.

X SACK ENBL L 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

lr;;eld High until just before the last transfer of the
ock.
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"BUS NPR L

X CLEAR H

VECTOR BIT 2 H

N

X START INT L

Outputs
BUS XBR L

X BG OUT H

BUS SACK L

BUS BBSY L
X MASTER L
X INT DONE H

BUS DO2—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 mastc_arship.

A High input specifies an octal 4 in the least sig-
nificant digit of the vector address. A Low Speleles
an octal 0.

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 REQUWEST
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 te 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 assomated master control
has become bus master.

Asserted High at the completion of the mterrupt
(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 vectos address.



DECkitl1-D

This kit is designed specifically-for the PDP-11 owner who requires high 1/0
data transfer rates. Full 16-bit data words can be transferred between the
PDP-11 memory and an external device at UNIBUS speeds. See Figure
The DECKitl11-D interface kit is physically and electronically compatible with
all PDP-11 Family computers.

Parallel digital data is cabled directly to and from the interface kit; no ad-
ditional logic or hardware is required to handie 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-11
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 2 is
a module utilization diagram of a DECkit11-D. )

DECKkit11-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.

N
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SPECIFICATIONS -
Transfer Types:

_Pata input to
PDP-11 memory:

Data output from
PDP-11 memory:

Control and Status:

AN

interrupts:

Register assignments:

1/0 connection:
Power:

Size:

Weight:

Direct‘Memory Access (DMA) via NPR programmed
control

16-bit word

Parallel

TTt.-compatible

Up to 100 ft 1/0 cable /
Up to 1% million words/second*

16-bit word

Parallel

TTL-compatible, high-drive capability
Up to 100 ft I/0 cable B

Up to 2/5 million words/second*

16-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

‘w

Word count overflow :

Nonexistent memory Set by Priority Interrupt
Externai overflow ‘Plug; shipped at level 5.
Input demand :
Interrupt enable/disable—CSR bit 06

Word Count Register (WCR) 76xxx0**
Bus Address Register (BAR) 76xxx2**
Control and Status Register (CSR) 76xxx4%**
Data Buffer Register (DBR) 76xxx6**

Several stranded cables available (BCO8R, BCO8S)

+5V, £59% @ 3 A; normally available from system
power supplies

One system unit
41/ pounds (approximately)

* Depending on memory and other options chosen.
** User-selectable addresses.

o
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* Al7 and A16 are not used for data transfers. This implies
that only the first 32K of a PDP-11 memory. may be addressed.

Figure 1 DECkit11-D Block Diagram

_ Row

A B c D E F
g!ft UNIBUS OUT - SPARE
03 | @772 o
Y | pOwER | M796 M7219
02 M7821 | M205 | mil6 | M113 | m112
01 UNIBUS IN M660 | M9100 M1502

Figure 2 . DECkit11-D Module Utilization Diagram (Pin Side)
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. If mounting space is available in the existing PDP-11 processor mounting box,
the DECkit can be instalied 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 BC11A cable. This cable is available in various
standard lengths from 2 ft to 35 ft.

Input/Output Cables
Type Connectors
BCO8R-XX1 H856 to H8562
’ BC0O4Z-XX1 H856 to open-ended?2

BCO7A-XX1 H856 to open-ended?
BCO7D-XX1 H856 to open-ended?2

Notes: 1. XX is length in feet
2. H856 is a female connector ™

DECKkit11-D
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INTEGRATED CIRCUITS (ICs) ' ’ -
Two, 956 and 957, specnal ICs are available from Digital Equipment Corpora-
tion.

DEC8640 Unibus Receiver |c (Quad 2-Input NOR Gates)—956

The 956 is a package of ten 14-pin, dual-in-line package (DIP) DEC8640%*
integrated circuits (ICs). Each IC comprises 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 déscribed in detail in the HARDWARE/ACCESSORIES
CATALOG published by Digital Equipment Corporation. '

DEC8881-1 Unibus Driver IC (Quad 2-Input NAND Gates)—957

The 957 is a package often 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.

*DECB8640 IC replaces DEC380 IC.
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PDP-11
M7800 , |
SINGLE ASYNCHRONOUS UNIBUS
SERIAL LINE INTERFACES M SERIES
Length: Extended
Height: Quad
Width: Single N

DESCRIPTION

The M7800 is a highly-versatile single asynchronous serial line interface
module. it formats and controls the transfer of data between the parale!
PDP-11 UNIBUS and serial external devices. The module can be configured to
interface with either 20 mA current loop devices (e.g., modeis LT33 and LT35
Teletypewriter, LA36 DECWRITER, display terminals) or EIA RS-232-C devices
(e.g., EIA terminals or modems). The interface operates in either full or half
duplex mode and performs serial-to-parallel and parallel-to-serial conversion
of the transmitted data. When receiving data, the interface converts an asyn-
chronous serial character from an external device into the parallel character
required for transfer to the UNIBUS. This parallel character can then be
gated through the bus to memory, a processor register, or some other device.
When transmitting data, a parallel character from the bus is converted to a
serial line for transmission to the external device. The two data transfer
units (receiver and transmitter) are independent and capabie of simultaneous
two-way communication. The receiver and transmitter each operate through
a control and status register for command and monitoring functions, and a
data buffer register for storing data prior to transfer to the bus or the external
device.

The module is directly compatible with the PDP-11 UNIBUS ‘and is designed
for installation into any one of the available Small Peripheral Controller
slots of the BB11-M, DD11-A or DD11-B Interfacing Unit and the PDP-11
processor unit. It represents one unit load on the UNIBUS.

Configuration of the M7800 for a specific device involves selection of an
appropriate crystal, addition of an appropriate cable, and making certain
jumper selections on the module. A 40-pin BERG connector is mounted on
the edge of the module for connection to the external device. Data rates of
36.7 Baud to 9600 Baud can be handled, and jumper changes can provide
for 5, 6, 7, or 8 data bits, even, odd, or no parity, and 1, 1.5, or 2 stop bits.
A full description of module configuration is given in DL11 Asynchronous Line
Interface User's Manual Document EK-0L11-0OP-001, available from your local
sales office.

FUNCTION

The serial-to-parallel and parallel-to-serial conversion of the device data is
performed by a Universal Asynchronous Receiver Transmitter (UART). The
UART is a 40-pin dual-in-line package and includes the circuits to double
buffer the characters in and out, select the character length and stop code
configuration, and indicate status information pertaining to each character.

Receiver .

The receiver section performs serial-to-parallel conversion of the 8-level
codes. Each charecter appears right justified in the Receiver Data Buffer
Register (RBUF), stripped of start, stop, and parity bits.
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A complete character is formed in the UART and is transferred to the Re-
ceiver Data Buffer Register (RBUF) at the time the center of the first stop
bit is sampled. At that time, the Receiver Done Bit (Bit 7) is set in the
Receiver Status Register (RCSR). If the Receiver Interrupt Enable Bit (Bit 6)
is also set in RCSR, an interrupt request is generated. The BR level is set by
jumper plug. BR4 is standard.

The program then reads the RBUF. The character appears right justified in
bits 7-0 of RBUF, stripped of start, stop, and parity. The program has a full
character time to remove the completed character from RBUF before the
next character.

—

Transmitter :

The transmitter section performs parallel to serial conversion of data sup-

plied to it from the UNIBUS. The character length and stop code are the same
as for the receiver section. The transmitter section is also fully double
buffered. Any time the Transmitter Ready Bit (bit 7) is set in the Transmitter
Status Register (XCSR), the program may load the low-order eight bits of the
Transmitted Data Buffer Register (XBUF) with a right justified data character.
The Transmitter Ready Bit will be set any time the XBUF is available, whether
or not a character is currently being transmitted. This is a result of the
double buffering. If a character is not currently being transmitted and XBUF
is empty, the program may provide two characters in successnon (within Iess
than one character time) to the transmltter v -

As the first character is loaded, it is |mmed|ately transferred to the serializer
register internal to the UART, and the Transmitter Ready Bit (bit 7) in XCSR
is set again. if the Transmitter Interrupt Enable Bit (bit 6) is.set in XCSR, an
interrupt request will be generated any time the. Transmitter Ready Bit (bit
7) is set. The BR level for the transmitter is the same as for the receiver.

The transmitter supplies the start bit and the proper number of stop bits.

Some Typical Applications ‘

Figure 1 is a block diagram of an M7800 module configured to interface with
-a Teletype, while Figure 2 shows the module working with an EIA communi-
cations modem such as the Bell Model 103 or 202.
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Data Rates .

The M7800 can operate over a wide range of standard data rates. The gen
eral range is determined by the crystal, which must be specified at the time
of order. The specific rate, which can be different for receive and transmit if
desired, is selected by the user via two rotary switches on the module. Table
1 lists the Baud rates available with the various crystals and switch settings.

-

Table 1 Baud Rates with Standard Crystals

Switch Crystal #1 Crystal #2 Crystal #3 Crystal #4
Position (844.8 kHz) (1.03296 MHz) (1.152 MHz) (4.608 MHz)

18-10245-01 18-05501-06 18.05501.05  18-05501-07

1 36.7 44.8 - 50 200

2 55 67.3 75 300

3 110 134.5 150 600

4 220 - 269 300 1200

5 440 538 600 2400

6 880 1076 1200 4800

7 1320 1614 1800 7200

8 © 1760 2152 2400 9600

9* —_— —_— —_ —_—

10% _ —_ — —

*These switch positions are for external clock inputs and do not tap off the crystal oscil-
lator.
NOTE: The baud rates .in italics are the most commonly used.

PROGRAMMING

The interface between a program running in the PDP-11 processor and the
M7800 is via four device registers: Receiver Status Register (RCSR); Receiver
Data Buffer Register (RBUF); Transmitter Status Register (XCSR); and Trans-
mitter Data Buffer Register (XBUF). Each register is assigned an 18-bit mem-
ory address, and may be read from or written into using any processor in-
struction which references these addresses, with a few exceptions. )

Detailed information on programming is contained in the DL11 Asynchronous
Line Interface Users Manual, EK-DL11-OP-001, and in the Paper-Tape Soft-
ware Programming Handbook, DEC-11-XPTSA-A-D.
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-GENERAL SPECIFICATIONS

Mechanical:

Operating Mode:

Data Format:

Order of Bit
Transmission: ~

Distortion:

Bus Loading:

Electrical
Interface:

Power
Requirements:

Consists of one quad module, extended length, single
width. )

Full or half duplex under program control.

Asynchronous, serial by bit. One start bit. One, 1.5, or
two stop bits selectable by user. Even, odd, or no
parity.

A one (1) presented by the program to any bit in the
Transmitted Data Register will cause a Marking (logi-
cal 1) condition to appear on the Transmitted Data
lead during the corresponding bit interval. A zero (0)
presented by the program will cause a Spacing (logi-

. cal 0) condition to appear. A Marking condition on

the Received Data lead during any data bit sampling
interval will be presented to the program as a one (1)
in the Received Data Register, and a Spacing condi-
tion will be presented as a zero (0).

Low order bit first.
The M7800 receiver will operate properly in the pres-

ence of 409, space-to-mark or mark-to-space distor-
tion between any two received data bits, and up to

-+ 4,5%, long-term speed distortion, provided the

data format contains at least one and one-half stop
units. If the data format contains only one stop unit,
the speed tolerance is + 49%,. The M7800 transmitter
operates with less than 39, bit-to-bit or long-term dis-
tortion.

One M7800 presents one unit load to the PDP-11
UNIBUS.

M7800 provides a 20 mA:active current loop for both
send and receive leads for connection to local tele-
printers such as the DIGITAL LA30-C and Teletype
Models 33 and 35, and dispiays such as DIGITAL VT05
Terminal. It, by alternate selection of jumpers, pro-
vides a voltage level interface whose signal levels con-
form to Electronic Industries Association Standard
RS-232-C and CCITT Recommendation V.24,

The M7800 requires 1.8 amps of + 5v., .05 amps of
-+ 15v,, and .15 amps of — 15v.
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M7860 UNIBUS
1-WORD INPUT/OUTPUT DEVICE :
. INTERFACE M SERIES

Length: Extended
Height: Quad
Width: Single o

DESCRIPTION .

The M7860 is a general-purpose interface between the PDP-11 UNIBUS and
a user’'s peripheral. The'M7860 provides the logic and buffer register neces-
sary for program-controlled parallel transfers of 16-bit data between a PDP-11
System and an external device as shown on Figure 1.

It is directly compatible with the PDP-11 UNIBUS and is designed for instal-
lation into any one of the available Small Peripheral Controller slots (SPC)
of a DD11-A, DD11-B or DD11-D System Interfacing Unit and the PDP-11
processor unit.

All data and control signals between the M7860 interface and device are TTL
compatible.

The interface also includes status and control bits that may be controlled by
either the program or the external device for command, monitoring, and
interrupt functions.

The M7860 interface module ‘consists of three functional sections: address
selection logic, interrupt control logic, and device interface logic.

The address selection logic determines if the interface has been selected for
use, which register is to be used, if a word or byte operation is to be per-
formed, and what type of transfer (input or output) is to be performed.

The interrupt control logic permits ‘the interface to gain bus control and per-
form interrupts to specific vector addresses. The interrupt enable bits are
under program control; the interrupt bits ‘are under control of the user's
device,

The M7860 interface logic consists of three registers: control and status,
input buffer, and output buffer. Operation is initialized under program control
by addressing the M7860 to specify the register and the type of operation
to be performed.

The M7860 is designed for user applications and requires a minimum of
external hardware to implement into the PDP-11 system. Two 40-pin con-
nectors are conveniently mounted near the edge of the board. These con-
nectors permit the external device to be easily connected using BCO8R or
BC04Z flat cables available from DIGITAL. These cables have the mating
connectors premounted and are supplied in any specified length.

The interface module occupies one SPC slot and is a quad-height, extended
~ length, single-width moduie.
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Figure 1 M7860 Interface

FUNCTION

if an output operation is specified, information from the UNIBUS is stored
in a 16-bit register. Once this register has been loaded under program con-
trol (e.g.,, MOV RO, OUTBUF), the outputs are available to the device until
the register is loaded with new data from the bus. The register can also be
read onto the bus. Upon transfer of data to the buffer register, a NEW DATA
READY control signal is supplied to indicate to the user’'s device that data
has been loaded by means of-a DATO or DATOB bus cycle and is read by
means of a DATI or DATIP bus cycle.

When an ihput operation is specified, the M7860 provides 16 lines of input
to UNIBUS transmitters. This permits data from the user’'s device to be read
onto the bus. A control signal, DATA TRANSMITTED, informs the device that
the input lines have been read. The input lines, which are not buffered, can
be read by a DATI bus cycle (e.g:, MOV INBUF, RO).

The control and status register provides six bits that can be used to control
and monitor user functions. Two of these bits are interrupt enable (INT ENB)
bits under control of the program. Two bits (REQ A and B) are under direct
control of the user's device and can only be read by the program. These bits
can be used either to initiate interrupt requests or to provide flags that can
be monitored by the program. The remaining two bits (CSRO and CSR1) are
read/write bits that can be controlled by the program to provide command
or monitoring functions. In the maintenance mode, they are ailso used to
check operatlon of the interface.

An optional mamtenance cable, BCO8R-1, permlts checking of the M7860
logic by loading the input buffer from the output buffer rather than from the
user’'s device. Thus, a word from the bus is loaded into the output register
and the same word appears when reading the input buffer, provided the in-
terface is functioning properly.

The M7860 can also be used as an interprocessor buffer (IPB) to allow two
PDP-11 processors to transfer data between each other. In this case, one
M7860 connected to each. processor bus and the two M7860s are cabled
together, thereby permitting the two processors to communicate.
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Output Buffer Register (DROUTBUF)—address‘selectable by user
15 0
RO TBS - OUTPUT DATA BUFFER ]

The output buffer is a 16-bit read/write register that may be read or loaded
from the UNIBUS. Information from the bus is loaded into this register under
program control. At the time of loading, a pulsed signal (NEW DATA READY)
is generated to inform the user’s device tifat the register has been loaded.
 The trailing edge of the positive pulse should be used to allow the data to be
loaded and settle on the user’s input lines. Data from the buffer is transmitted
to the user’s device on the data OUT lmes by means of a DATO or DATOB
bus cycle. -

The contents of the output buffer register may be read at any time by means
of a DAT! or DATIP bus cycle. During the read operation, the output of the
buffer is fed directly to the bus data lines.

Whenever the maintenance cable is used, the data from the output buffer
is also applied to the input buffer register. This permits checking operation
of the interfate logic. The DROUTBUF is cleared by INIT.

_Input Buffer Register (DRINBUF)—address selectable by user

. ) _ 0
Oy I ' INPUT DATA BUFFER J
R

The input buffer is a 16-bit read-only register that receives data from the

- user’s device for transmission to the UNIBUS. Information to be read is
provided by the user’'s device on the data IN signal lines. Because the input
buffer consists of gating logic rather than a flip-flop register, the data IN
lines must be held until read onto the bus. The register is read by a DATI
sequence and the data is transmitted on the UNIBUS. for transfer to the
processor or some other device. When the input lines are read during a
DATI sequence, a pulsed signal (DATA TRANSMITTED) is sent to the user’s
device to inform it that the transfer has been completed. The trailing edge
of the positive-going pulse indicates that this transfer is completed.

Whenever the maintenance cable is used, the input buffer register receives
data from the output buffer register rather than from the user's device. This
permits checking of the interface logic by loading a word from the bus into
the output register and verifying that the same word appears in the input
buffer.

Control and Status Register (DRCSR)—address selectable by user

T : 8 7 &6 5 4 2 Vo
DRCSR [REQ N REQ | IE | 1E csh lese|
Ll INHEB =[]
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" The control and status register is used to enable interrupt logic and to pro-
vide user-defined command and status functions for the external device.

Two REQUEST bits, which are under device control, may be used to provide
device status indications, or may be used to initiate interrupts when used
with associated INT ENB (interrupt enable) bits which are under program
control. Two other bits (CSRO and CSR1) are controlled from the UNIBUS
and serve as command bits.

Although the REQUEST and CSR bits can be used for any function the user
desires, standard PDP-11 intérface conventions attempt to allocate bit 15
for error conditions and bit 7 for ready indications and both of these bits can
generate interrupt requests. In addition, bit O is normally used for start or
go commands.

INTERFACE SIGNALS

UNIBUS SIGNALS—The input and output data control, and status signals con-
form to the UNIBUS signal specifications outlined in the PDP-11 Peripherals
Handbook published by Digital Equipment Corporation. The M7860 module
presents no more than one unit load on any UNIBUS signal line.

DEVICE SIGNALS—Data and control signals are transferred between the de-
vices and interface by two cables that attach to connectors J1 and J2: The
location of the connectors on the module is shown on Figure 2. Table 1 lists
the pin assignments of each connector and the signal drive or loading capa-
bility. .

. S, Sl S

M7860

T R S

Figure 2 Connector Locations
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Table 1
Input and Output Signals

Inputs ' Outputs
Signal Connector  Pin* Signal Connector  Pin
INOO : T OuTO0O C
INO1 LL 0ouTOo1 K
INO2 H ouTo2 NN
INO3 BB 0ouUTO03 . U
INO4 N KK .0UTO4 ! L
INO5 HH ouTos ‘N
INO6 EE ouT06 R
INO7 2 cc ouTo7 T
iNnog Y z ouTO8 a W
INO9 Y OuT09 - X.
INGO w OUT10 : R z
IN11 <V OUT11 ‘ AA
IN12 u OuUT12 " BB
IN13 — P 0ouUT13 . "FF-
IN14 N ouT14 o HH
IN15 M OuUT15 : : 4
REQ A J1 - LL NEW DATA DRY#** w
REQ B J2 ) DATA TRANS*#* } Cc
CSRO . K
CSR1 } DD
INIT - i P
INIT )2 " RR,NN

*Remaining pins on J1 and J2 are connected to fogic GND on M7860.
**Py|se signals, approximately 400-ns wide. Width can be changed by user.

CABLE ASSEMBLIES—Several cable assemblies are available from DIGITAL
for use with the M7860 module. Table 2 lists some of the recommended cable
types and lengths available. Maximum allowable cable length for the M7860
is 25 feet.

Table 2
Standard
Cable No. Connectors Type Lengths (ft.)
BCO7A-XX H856 to open end 20-twisted pair 10, 15, 25
BCO7D-XX H856 to open end 2, 20 conductor ribbon 10, 15, 25
BCO8R-XX  H856 to H856 Shielded flat 1,6,10,12, 20,25
BC04Z-XX  H856 to open end Shielded flat. 6, 10, 15,25
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GENERAL SPECIFICATIONS
Device Data
Input/output levels:

{user interface)

Data Inputs:

Data Outputs:

\ ) :
UNIBUS Interface
Interrupt vector addresses:

Priority level:
Bus loading:
Mechanical
Mounting:-

. Size:

input Current:

logicl =43V -
logicO= 0V

16-bit word from the external dévuce
One standard TTL unit load; diode protectlon
clamps to ground and 45V

16-bit word from the UNIBUS. Either a full
word or an 8-bit byte (elther, high or low)
may be loaded from the bus.’

NEW DATA READY—drlves 30 units, positive
pulse, 400-ns wide unless width changed by
an external capacitor.

DATA TRANSMITTED—drives ‘30 unit loads,
positive pulse, 400-ns wide unless width
changed by an external capacitor.

INIT (initialize)—common signal on both con-

nectors driven by one 30 unit load driver. -

floating, 2 needed for each M7860, selectable
by user

BR5 (may be changed)
1 bus load

1 SPC slot
quad module

1.5A at 45V -
(no current needed at —15V)

The M7860 is also available with the BCO8R-1 maintenance cable and appli-
cable documentation as the DR11-C.
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TRADITIONAL . MODULES

The modules described briefly in this section have been, for the most part,
superseded. by other products in this Handbook. They are presented here
for reference purposes; detailed descriptions are contained in earlier editions
of the Logic Handbook. Wherever possible, DIGITAL stocks and supports
these older modules but, because of parts availability problems caused by
state-of-the-art changes, some items may no longer be in production. Before
ordering any of these modules, always check with the Logic Products Sales
ordering any of these modules, always check with Logic Products Sales Sup-
port at DIGITAL Equipment Corporation, MK1-2/E13, Merrimack, NH 03054.

" PDP-8 Non OMNIBUS

POSITIVE BUS

M101 Bus Data Interface

The M101 contains fifteen, two-input TTL NAND gates with input ground
clamps arranged for convenient data strobing from the PDP8/1 or PDP8/L
‘positive bus.

M103 Device Selector
The M103 is used to decode the six device bits transmitted in complement
pairs on the positive bus of the PDP-8/1 and PDP-8/L.

M107 Devic®Selector
The M107 is a device selector WhICh by the use of extended decoding of the
BMB lines 9 through 11, will provide seven discrete IOT pulses.

M108 Flag Module .

Mhe M108 contains three general-purpose clocked flip- ﬂops for use in flag
applications in 1/0 interfaces, etc. Gating is provided so that the flags can be
individually set or gated to the program interrupt inputs of a positive-bus
PDP-8 computer.

M623 Bus Driver

The M623 contains 12 two-input AND gate bus drivers for convenient driving
of the positive input bus of either the PDP-8/1 or PDP-8/L. The output con-
sists of an open collector NPN transistor.

M624 Bus Driver ,
* The M624 contains 15 bus drivers intended for convenient driving of the posi-
tive input bus of either the PDP-8/1 or PDP-8/L.

M730 Bus Interface

The M730 interface module provides extremely flexible interface control iogic
to connect devices, systems, and instruments to the output half of the pro-
grammed 1/O transfer bus of either a PDP8/! or 'a PDPS/L positive bus com-
puter.

M732 Bus Interface

The M732 interface module provides extremely flexible interface control
logic to connect devices, systems, and instruments to the input haif of the
programmed 1/0 transfer bus of either a positive bus' PDP8/1 or PDP8/L
computer.
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- \
M734 1/0 Bus input Multiplexer ‘
The M734 is a three-word muitiplexer used for strobmg 12- blt words .on a
positive voltage input:bus, usually the input of the PDP-8/1 or the PDP-8/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.

M735 1/0 Bus Transfer Register

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 1/0 bus of either
a'PDP8/1 or a PDP8/L. Device selector gating plus additionai 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.

M736 Priority interrupt Module

The M736 is used in conjunction with the PDP8/1 or 8/L to provide.the
capability of assigning .priorities to various /0 devices connected to the 1/0
bus of the computer. The M736 can be used to assign priorities for one thru
four external devices.

M737 12-Bit Bus Receiver Interface _ ’
The M737 was designed primarily to receive and store in a buffer register
twelve parallel data bits from the positive bus of the PDP-8/1 or PDP-8/L.

M738 Counter/Buffer Interface

The M738 provides a 12-bit binary up-counter that can be read to the posi-
tive external 1/0 bus of a PDP-8/1 or PDP-8/L, The counter can_be cleared
or present 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 strobed to the
1/0 bus through data gates under program control.

M907 Diode Clamp Connector

The M907 is used to provide proper undershoot ground clamps for’ devu:es
receiving PDP-8/1 and PDP-8/L positive . I/O bus signals that are not so
protected.

NEGATIVE BUS

MO051 Positive-to-Negative Logic Level Converter
The MO51 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.

M100 Bus Data Interface .

The M100 Bus Data Interface contains fifteen circuits for convenient recep-
tion of data from the PDP-8, PDP-8/[ negative voltage bus. It is pin compati-
ble with the M101 Positive Bus Data !nterface

‘M102.Device Selector

The M102 is used to decode the six dewce address blts transmttted in com-
plementary pairs on the negative BMB bus ‘of the PDP-8, PDP-8/1. The out-
puts of the M102 are compatible with M Series TTL logic."The M102 is pin
compatible with the M103 Positive bus device selector with the exceptlon of
the address inputs.

I
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2 High-Speed Negative lnput Converter. (
Th M502 contains two non-inverting high-speed sngnal converters whlch in-
terface standard negative (—3 volts and ground) logic levels or pulses with
M and K Series positive loglc modules.

M506 Medium-Speed Negative Input Converter

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 4+3 volts and ground.

'M632 Positive In/Negative Out Bus Driver .

The M632 contains eight two-input AND gate bus drivers for convenient:

driving of the negative bus of the PDP-8/1 or PDP-8/L.

M633 Negative Bus Driver

The M633 contains 12 bus drivers intended for convenient driving of the
negative bus of the PDP-8, PDP-8/1. Each driver consists of an open coliector
PNP transistor. It is pin-compatible with the M623 positive voitage bus
driver. ’ -

-

M650 Negative Output Converter “

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. .

M652 Negative Output Converter

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 volits and ground. '

PDP-11 MODULES

M1621 DVM Data Input Interface

The M1621 is a PDP-11 interface module containing all the bus drwers and
control logic needed to input TTL-level information from several types of
digital voltmeters and muitimeters. All inputs from the mstruments enter a
40-pin cable connector mounted on the module.

M1623 Instrument Remote Control Interface
The M1623 is a PDP-11 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 connector mounted on the module.

PDP-15. MODULES

M500 Negative In/Positive Out Receiver

The M500 module is used to convert negative input signais to positive
output signals. Each card contains eight converters and is pin compatible
with the PDP-15 positive receiver card (M510).

M510 1/0 Bus Receiver

The M510 is a positive input/output receiver card for use w»th the PDP 15
It contains 8 high-impedance input circuits of at least 27K ohms and input
switching thresholds of about +1.5 V.
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M622 8-Bit Positive 1/0 Bus Driver
The M622 contains 8 two-input AND gate bus drivers for convenient driving
of the positive input bus of the PDP-15. The output consists of an open

collector NPN transistor.
DECkits

DECkit11-H
The DECkitl1-H, when fully configured, is capable of reading four 16-bit words

from a peripheral device into a PDP-11. It is also capable of writing four 16-
bit words, or eight 8-bit bytes, from a PDP-11 to a peMpheral device. Each
input word is supplied with an interrupt capability to signal the processor
that the word should be read. ’

i S
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MICROCOMPUTER 'INTERFACING MODULES
LSI-11 SERIES COMPUTERS—
INTERFACING SELECTOR GUIDE

125



N

MICROCOMPUTER : LSI-11

This section describes the general characteristics of the LSI-11 Microcom-

— puter—the newest in the popular DIGITAL PDP-11 computer family. Addi-

tional literature providing detailed information is available from your nearest
DIGITAL sales office.

LSI technology enables DIGITAL to put an N-channel MOS central processor,
4096 (4K)-word random-access memory (RAM), vectored automatic interrupt
logic, real-time clock input, and auto program start up logic, on one 8.5-by-
10-inch printed-circuit board. On one board you get a versatile microcom-
puter—central processor, memory, and input/output bus port—micro in size

_ and price, but mini in computing performance.

Features:

e A large, flexible instruction repertoire, including the 400-plus instructions
of the basic PDP-11/40.

e A simplified, application-oriented bus structure for maximum ease in han-
dling 1/0 and memory operations.

e Software and hardware training classes.

e Complete documentation, including user’'s programming, and malntenance
manuals, Microcomputer handbook, product and option bulletins, configura-
tion and installation guides.

o Off-the-shelf, plug-in interfaces.

¢ Off-the-shelf, plug-in core, RAM, and/or PROM/ROM exparLion memories.
* Resident firmware debugging techniques and ASCH console routines.

¢ Operating system development on standard PDP-11/35, 11/40 or LSI-11.

e The unmatched resources of the DECUS user’s library for PDP-11 applica-
tion programs.

These tools give you complete flexibility in developing hardware and soft-
ware. You can use the LSI-11 in its final, dedicated environment to optimize
your system design under actual operating conditions or take advantage of
the power, flexibility, and high-level programming languages available with
large PDP-11/40 computers to reduce the time to develop your operating
system.

PROCESSORS

Microcomputer module KD11-F

The 16-bit central processor functions are contained in four silicon gate N-
channel metal oxide semiconductor (MOS), large-scale integration (LSI), in-
tegrated circuit chips. These chips provide all instructions, decoding, bus
control, and arithmetic/logic unit functions of the processor. The central
processor contains eight general registers which can serve as accumulators,
index registers, autoincrement/autodecrement registers, or stack pointers.

4096-by-16 read/write MOS semiconductor memory is contained on the
microcomputer module. This memory is composed of LSI dynamic random-
access memory (RAM) chips that require little operating power, provide fast
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_ access time, and are refreshed automatically by the processor's microcode,

which is transparent to the user. A memory register on the KD11-F module
addresses all onboard memory plus LSI-11 bus-compatible expansnon mem-
ory up to 32K words or 64K bytes, -

Multiplexed parallel 1/O bus port -DMA operation. The LSI-11 bus is a high-
speed, 38-line parallel bus containing data, address, control and synchroniza-
tion lines. Sixteen lines are used for time muiltiplexing of data and addresses.
All data and control lines are bidirectional, asynchronous, open-collector
lines capable of providing a maximum parallel data transfer rate of 833K
words per second under direct memory access operation.

Powerful PDP-11/40 basic instruction set. More than 400 powerful instruc-
tions rake up the LSI-11’s extensive basic instruction set. There are no

separate memory, 1/O or accumulator instructions. Thus the user can mani-
" pulate data in peripheral device registers as flexibly as in memory registers.

The basic operation code uses both single- and double-operand instructions_
for words or bytes, making it possible to perform such operations as adding,
subtracting, or moving two operands in one step. This can reduce the num-
ber of instructions needed for many routines by as much as twe-thirds. Much
of the LSI-11’s operating flexibility and processi power are derived from
its wide variety of addressing techniques. Addresshg can be direct, indirect,
autoincrement, autodecrement, byte or word, indexing and stack-addressing.’
This flexibility means the LSI-11 can deal with data in the most efficient man-
ner. The general registers can be used interchangeably as stack pointers, ac-
cumulators, and index registers. Address modification can be done directly in
the general registers.

Extended instruction and floating-point instruction options provide fixed-point
multiplication, division, and multiple shifting in single-precision arithmetic as
well as floating-point addition, subtraction, multiplication and division.

Single-level, vectored, automatic priority interrupt provides for user-implemen-
tation of a priority-structured 1/0 interrupt system. Devices electrically closest
to the microcomputer module receive highest priority, for either DMA or
programmed 1/O transfers. (DMA devices have a higher priority than pro-
grammed 1/O devices). This structure allows nesting of interrupts to as
many levels as there are devices connected to the LSI-11 bus. Upon receipt
of an interrupt grant, the device directs the processor to an interrupt vector
location which contains the starting address of the device interrupt service
routine and the new processor status word.

Real-time clock input signal line functions as an external interrupt line. When
connected to a frequency sourte, it can serve as a real-time processor inter-
rupt. A jumper on the microcomputer module enables or disables this highest
priority interrupt function.

Asynchronous operation of all system modules permits each to function at
its highest possible speed.

Power fail/autostart provides jumper-selective restart through a power-up
vector, a defined location, or an octal debugging. technique (ODT) micro-
code.

ODT/ASCH console routine/bootstrap ail are resident in microcode to provide
automatic entry into the debugging mode, replacement of conventional pro-
grammers’ panel lights and switches with any termmal device generating stan-
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dard ASCIl codes, and the ability to automatically commence operation 1
through resident bootstrap routines. .

8.5-by-10 inch board contains all of these features. - =

Microcomputer module KD11-J ’
Contains all the same features as the KD11-F except that it utilizes a 4K x
16 core memory. This microcomputer is contained on two 8.5” x 10” boards.

-Microcomputer module KD11-R

Contains all the same features as the KD11-F except that Random Access
Memory (RAM) size is increased to 16K. This microcomputer is contained on
two 8.5” x 10" boards.

EXPANSION MEMORY MODULES

4K dynamic random-access memory-—MSV11-B is a dual-size (8.5-by-5-inch) -
read/write memory module utilizing dynamic MOS semiconductor memory
devices. The module capacity is 4096 words of 16 bits, with memory-select
circuitry for operation on 4K address boundaries. Dynamic memory refresh
is performed automatically every 1.67 milliseconds by microcode on-the
microcomputer module.

16K dynamic MOS memagty—MSV11-CD is a quad-size (8.5-by-10-inch) read/
write memory module with 16K words of 16 bits each. This module features
4K dynamic MOS technology, internal refresh, 4K bank memory addresses,
and 750 nanosecond cycle time with 390 nanosecond access time. There
are no special power requirements and memory €ontents can be protected
in the event of a power loss by useriimplemented battery back-up power
source.

4K programmable read-only memory—MRV11-AA is a dual-size (8.5-byeb-inth)
field programmable, read-only module utilizing either 256 x 4 or 512 x 4
fusible-link semiconductor devices. The module’s maximum capacity is 2048
or 4096 words 16 bits (depending upon which device is used), and is ex-
pandable in 256- or 512-word increments. This module is configured with 32,
sockets for mounting memory IC devices of the user’'s choice. PROM chips
can be supplied as an option. A pin-compatible masked ROM chips is avail-
able for volume applications so that the lowest possible cost can be achieved.
Board-mounted jumpers enable selection of the module’s address.

4K core memory module—MMV11-A is a quad-size (8.5-by-10-inch) core,
read/write memory module containing 4096 words of 16 bits, with memory
address selection circuitry for starting operation on any 4K boundary. Core
memory provides non-volatile read/write storage for applications requiring
protection against power losses.
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LSI-11 INTERFACING MODULES

Table 1 summarizes the interfaces and related modules that are described in
detail on the followmg pages or in the DIGITAL Direct Sales Catalog where
noted.

Although each interfacibng problem'is likely to have some unique aspects, the
steps to follow in general are:

1.
2.

3.

Determine your interfacing requirements.
Match these requirements against the products listed in Table 1, then read
the detailed descriptions.

Select suitable products if any are iisted. If no listed products meet your
requirements, contact your DIGITAL Field Sales office to find if any other
DIGITAL products can perform the needed functions.

. Add the power, and mounting space requirements of all modules to be

employed, and note the cables needed plus any prerequisites and restric-
tions that apply.

. From the appropriate sections of this Handbook and the Hardwaré/Acces-

sories Catalog, select the cables, power supplies, and mounting hardware
to complete your system.

If you need technical assistance with any product in this Handbook, feel free
to call DIGITAL's toll-free Hot Line, 8:30AM to 5:00 PM Eastern time, 800-258-
1710. From New Hampshire Iocatlons or places outside the United States, cali
Merrimack, 603-884-6660.
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Table 1

Interface Selector Guide—LS{-11 BUS

. \
MODULE LOGIC POWER POWER AC DC MODULE
“~ OR H'BOOK -5V +12v  BUS BUS SIZE CABLE
DEVICE OR FUNCTION OPTION PAGE* AMPS' AMPS LOAD LOAD L H W? REQ'D COMMENTS
EIA RS232C serial devices, e.g.: DLV11 1.6 .25 2.48 1 EDS BCOSC
LA35 printer
LA36 printer terminal
LA180 printer
LS120 printer terminal '
* VT52 CRT terminal
VT55 CRT terminal
20 mA current ioop serial devices, e.g.: DLV11 1.6 .25 248 1 EDS BCOSM
LA35 printer .
LA36 printer terminal
LA180 printer
VT50 CRT terminal
VT52 CRT terminal
VT55 CRT terminal
Modem DLV11-E 1.0 2 1.65 1 EDS B8CO05C Supports EIA signals for
. modem.
A/D converter, 16-channel ADV11-A 2.0 A5 3.25 1 EQS BC04Z
D/A converter, 4channel AAV11-A 2.0 45 191 1 EQS BCO4Z
Power fail/line time clock generator KPV11-A .56 —_— 1.63 1 EDS 70-08612 Cable listed is for use with
Same, with 120-ohm termination KPV11-B console front panel. 24V
resistor ' transformer required.
Real tinre clock, crystal controlied KWV11-A 1.75 .01 3.41 1 EQS BCO8R
1-word parallel input interface DRV11 .90 -— 2.80 1 EDS BCO7D Has separate input and output
1-word parallel output interface channels.
1.word parallél input/output interface
IEEE 48871975 instrument bus 1BV11-A 15 —_ 177 1 EDS BN11A-04 Cable BNO1A-04 must be
supplied ordered for each instrument
’ , beyond the first.
interface foundation module DRV11-P 14 —_— 2.08 1 EQS 8C04Z, Can accept up to about 50
N BCO7D, or user ICs.
BCO8R
Direct Memory Access (DMA) interface DRV11-B 19 —_— 3.30 1 EQS BCO4Z
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Table 1 interface Selector Guide—LSI-11 BUS (cont.) -

MODULE LOGIC. POWER POWER AC DC MODULE
OR HWBOOK +5V +12v BUS BUS SIZE CABLE
DEVICE OR FUNCTION OPTION PAGE? AMPS' AMPS LOAD LOAD LH W . REQD COMMENTS
Designer’'s program control CHIPKIT DCK11-AC T4+ —_ —_— -_— EDS 8C07D-10
~ ) supplied
Designer’s DMA CHIPKIT . DCK11.AD 1.22+4 _— —_ -—_— E DS BCO7D-10 CHECK WITH LOGIC PROD-
suppllad UCTS SALES SUPPORT
BEFORE ORDERING!
Wire-wrappable modules: .
Quad-height, no IC sockets w511 —_ — - —_ EQS
Quad-height, 58 16-pin IC sockets W9514 —_— -—_ —_ — EQS
Double-height, no IC sockets w9512 — — -—_— —_ EDS
Double-height, 25 16-pin IC W9515 —_ —_ — —_— EDS
sockets :
NOTES:

< 1. + means current required by user logic must be added to ﬁ‘uu shown.

2. Module sizes are given as Length, Height, and Width, as defi in
3. DSC = Direct Sales Catalog.



INTERFACING MODULES

Serial line unit—DLV11l is a universal asynchronous receiver/transmitter
serial interface module for use between the LSI-11 bus and serial devices. It
is a dual-size (8.5-by-5-inch) module with the following features:

¢ Ejther optically isolated 20mA current loop or E|A interface.

¢ Selectable baud rates: 50, 75, 110, 134.5, 150, 200, 300, 600, 1200,
1800, 2400, 4800, 9600.

* Jumper-selectable stop bits and data bits.

* L SI-11 bus interface and control logic for interrupt processing and vectored
addressing of interrupt service routines. y
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s Interrupt priority determined by electrical position along the LSI-11 bus.

e Control/status register "(CSR) compatible with PDP-11 software routines.
CSRs and receiver data buffer registers directly accessed via processor in-
structions.

* Plug, signal, and program compatrble with PDP-11 DL 11-C. ‘
Paralle! line unit—DRV11 is a general-purpose, 16-bit parallel interface be-

tween the LSI-11 bus and the user’s peripheral device. It is a dual-size (8.5-
by-5-inch) module with the following features: -

e 16 diode-clamped data input lines.

e 16 latched output lines.

¢ 16-bit word or 8-bit byte data transfers.

e Complete device address decoding user-assigned.

s LSI-11 bus mt’erface and control logic for interrupt processmg and vectored
addressing of 'interrupt service routines.
e Interrupt priority determined by electrical position along the LSI-11 bus.

* Control/status registers (CSR) compatible with PDP-11 software routines.
CSR and receiver data buffer registers directly accessed via processor |n-
structions.

¢ Plug, signal, and pregram compatible with PDP-11 DR11-C.

e Four control lines available to the peripheral device for output data ready,
output data accepted, mput data ready, and input data accepted Ioglc
operatlons

« Can be used with TTL or DTL logic- compatible devices.

» Maximum data transfer rate of 90K words per second under program con
trol.

e Maximum drive capability of 25 feet of cable -

Dlgltal-to-Aanalog COnverter—AAVII-A

The AAV11-A is a four-channel digital-to-analog converter that allows the user
a wide variety of output voltage ranges that are jumper selectable. Each 12-
bit D/A converter has its own holding register which can be separately ad-
- dressed and can be written and read in either word or byte format.

AAV11-A Specifications

Packaging
Number of D/A converters
Digital input

Digital storage

Output volitage rahge

(jumper selected)
Resolution
Gain accuracy N
Gain temperature coefﬂcrent :
Offset temperature coefﬁcrent

one quad (1034” x 8.5") module
4

12 bits (binary encoded for unipolar mode;
offset binary encoded for Pipolar mode)
read-write, word or byte operable, single
buffered
+ 2.56V,

+ 5.12V, = 10.24V bipolar, OV

. to + 5.12v, .

OV to 4 10.24V unipolar

12 bits (1 part in 4096) )
adjustable (factory set for bipolar =+ 5.12V)
10 ppm per degree C, max. -

20 ppm-of full scale degree C, max..
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Linearity’

Output impedance

. Drive capability
Slewing speed
Power requirements

+ 14 LSB max. non-linearity .-
* Y2 LSB monptonic

1 ohm max.

=+ 6 mA max. per converter
5V micro sec. -

5V -+ 5% @ 1.5A

. 12V + 5% @ 0.4A
Bus load = 1 E '

Analog-to-Digital Converter—ADV11-A
The ADV11-A is a 12-bit analog-to-digital converter with built-in multiplexer
and sample-and-hold that allows the user the availability of 16 channels of
A/D single-ended or 8 quasi-differential inputs and will convert an analog
voltage from +5.12V full scale bipolar.

The ADV11-A features a buffer register that allows data from one conversion
to be transferred to the processor after a subsequent conversion begins. This
buffering optimizes the throughput rate of the converter, enabling the
ADV11-A to run at 25 KHz* throughput to memory. The auto-zeroing tech-
nique—another feature—uses a patented design that measures the sampled
signal with respect to the offset of its own internal circuitry and thus effec-
tively cancels out its own offset error contributions to the measurement.
There are also three. built-in signals for self-testing; they may be conpected
through a wrap-around BERG connector to any channel. The test signals
are two d.c. levels, and one bipolar triangular waveform. The bipolar triangular
wave can be used with diagnostic software to produce a data base for ex-
tremely thorough and precise analog linearity testing.

ADV11-A Specifications

Packaging one quad (1034” x 8.5”) module
Input voltage range % 5.12V bipolar (full scale)
Resolution ) 12 bits (1 part in 4096)

Number of channels

Input impedence
Input bias current
Temperature stability

Throughput
Data acquisition time
Power consumption

Bus load =1

16 single-ended, or
8 quasi-differential

100 megohms minimum

100 nA, maximum

gain = S5ppm per degree C

linearity = 2ppm of full-scale range per degree C
25 KHz*: '
40 micro sec..

+5vdec +5% @ 1.75A
+ 12V d.c. = 5% @ 350 mA

* *Using an LSI-11 system under optimum programming and DMA refresh.

Real Time Clock—KWV11-A

The KWV11-A is a programmable real-time clock that offers the user several
methods for measuring and counting intervals or events from 1 micro second
to 650 seconds. It can also be used to synchronize external equipment to the
processor. The KWV11-A is a 16-bit clock that will operate in one of four
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programmable modes and can be selected to 6perate .at one of five crystal-
controlled frequencies. t .

KWV11 A Specifications o
Packaging one quad (1034” x 8.5") module

Programmable modes single interval,_repeated interval external
- event timing, external event tlmmg from zero
base. ,
Crystal controlled frequency - 1 MHz, 100 KHz, 10 KHz, 100 Hz frequgncy
Accuracy 0.01%
Power requirements . +5Vdc. 5% @ 1.75 amps
4 12Vd.c. £ 5% @ 10 mA
Bus load = 1 i ’
NOTE
Detailed descriptions for LSI-11 options for DMA,
power fail line clock generator, and LSI-11 bus
foundation module are included at-the end of
this Microcomputer section.
HARDWARE/ACCESSORIES
Backplane Options

Two backplane options are available: the H9270 and the DDV11-B. The
H9270 is a four-by-four slot LSI-11 bus-structured backplane/card guide as-
sembly. It can accept the processor module and up to six options. Power is
applied to the backplane via a screw-terminal block located on one end of
the assembily. )

The DDV11-B-is an expanded version of the standard LSI-11 backplane (the
H9270) for use when additional LSI-11 option module space and/or custom
wire ‘wrap space is required. A nine-by-four siot section of this backplane is
LSI-11 bus-structured and will accept the processor module, up to 15 option
modules, and one TEV11 bus terminator module.- An additional nine-by-two
slot section of the backplane is provided with power connections (+5 Vdc,
+12 Vdc, and ground), only; wire wrap pins allow the user to interconnect
the slots with appropriate signals.

An optional card cage, type H0341, is available for use with the DDV11-B
backplane. It provides physical protection to modules and serves as a card
guide. The card cage completely surrounds the DDV11-B on the module side
of the backplane.

Expander Box H909-C

The H909-C expander box provides a most convenient means for expanding
the LSI-11 system. Each box includes the card guide and space for the
DDV11-B and the power supply.

: NOTE

Detailed descriptions of the above items (DDV11-
B and H909-C) are contained in the HARD-
WARE/POWER SUPPLIES section of this Hand-
book.

Bus Accessory Options :
Several LSI-11 bus accessory options are available for bus expansion, bus
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termination, DMA refresh bootstrap ROM, and combinations of the preceding.
A summary of the options is provided below:

Module No. Includes
REVII-A  M9400-YA Module
REV11-C M9400-YC Module
TEV-11 M9400-YB Module
BCV1A-XX Two BCO5L-XX
“ctables, one
M9400-YD module,
. and one M9401
module.
BCV1B-XX Two BCOS5L-XX

cables, one

M9400-YE module,

and one M9401
module.

System Functions -

120 @ bus terminator, DMA refresh,
bootstrap ROM.

DMA refresh, bootstrap ROM.
120 Q@ bus terminator.

Bus expansion: two expansion cables
and two backplane connector mod-
ules (M9400-YD and M9401). Nor-
mally used for’expansion from
second to third backplane in 3-back-
plane systems. (A TEV11 or REV11-A
120 @ terminator must be installed
in the last device slot in backplane
3) . .

Bus expansion: 250 @ terminator
(M9400-YE), two expansion cables,
backplane connector (M9401). Nor-
mally used for expansion from first .
to second backplane in 2 or 3

backplane systems.

- NOTE

The -XX in BCV1A-XX and BCV1B-XX options de-
notes cable lengths. Options are available with
cable lengths of 2, 4, 6, and 10 ft. For example, -
“a BCV1A-06 includes two 6-ft cables. When the
BCV1A and BCV1B options are used in a three
backplane system their lengths should differ by
4 ft. so that any transients will occur on the
cables and not on the backplane.

The REV11-A and -REV11-C options contain programs stored in the ROM.
These programs include processor and memory diagnostics, bootstrap pro-
grams for the RV11 floppy disk system, and absolute loader programs for
paper tape readers.

TEV11 (or REV11-A), BCV1A, and BCV1B options are used for system expan-
sion in multiple backplane systems. In addition, the REV11-A or TEV11 can
be used to terminate the DDV11-B backplane. (required\when more than six
option modules are instailed on the backplane). \ )
LSI-11 SOFTWARE

The LSI-11 software consists of a paper tape software (QJV10-AB) operatmg :
package available with the LSI-11 as a basic utility package and an Editor,
which allows the user to create and modify ASCIl source files to be used
as input to other system programs; an Assembler, which allows the user to
translate assembly language programs into executable machine-coded pro-
grams; a Loader, which allows the user to input programs and data from
various media into the machine; an On-line Debugging Technique (ODT)
Package, which allows the user to debug assembled and linked programs; an

136



Input/ Outpuf Executive, which allows the user to control the flow of data to
-and from devices under program control.

LSI-11 Systems Software include a paper tape software operating package,
a variety of operation systems, programming languages, diagnostic software,
paper tape software and special software options.

Real-Time Operating System RT-11 R
RT-11 is a floppy disk based, singie-user, foreground/background system
that can support a real-time job execution in the foreground and an inter-
active or batch program development job in the background. It is a high per-
formance system which combines fast, on-line access with high level pro-
gramming language capabilities and user-beneficial features such as stack
processing and vectored interrupts.

Resource-Sharing Operating System RSX-11S

RSX-11S is an execute-only operating system designed to provide the most
efficient resource-sharing environment for multiple real- tlme/acflvmes with-
out a mass storage device. This operating system features multi-program-
ming, priority scheduling, contingency exist, and power-fail shut-down and
auto-restart.

RT-11 Programming Languages

MACRO-11, the assembler, provides full macro programming capablhtles in
systems with 8K of memory. It has facilities for maintaining and using a
macro library and performing conditional assembly.

Multi-user BASIC is a fast incremental compiler developed by DIGITAL using
a conversational programming language developed at Dartmouth. It provides
on-line time-shared access to the LSI-11. Several users simultaneously can
develop programs, enter and retrieve data, examine files, and communicate.
It is one of the easier programming aids to master, yet it offers extremely
sophisticated techniques for complex manipulations and efficient problem-
solving.

FORTRAN-IV is an updated, improved version of a widely accepted scientific
problem-solving language and compiler, contained in 8K words of memory.
It can be used to perform integer, real and double precision operations.
Both program execution and compilation is much faster using this version.
Input and output can be accessed directly, and all RT-11 monitor functions
are completely accessible through callable subroutines. Object programs are
put out in run time format without any intermediate assembly.

PROM Formatter QJV11-CB
This software generates formatted tape from which a PROM chip can be
blasted.

LSI-11 Paper Tape Diagnostics ZJVO1-RB

These tapes test the processor, exercise the memory, isolate problem mod-
ules and exercise the 1/0 devices. ‘
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DRV11-B Direct Memory Access LSI-11

(DMA) Interface

M SERIES
Length: Extended
Height: Quad N
Width: Single !
16 ~OUTPUT DATA BITS >
h K16 -DATA/ADDRESS_BITS > READY
CYCLE REQUEST
DRVI1-B USER’S
- DMA FUNCTION /0
" INTERFACE DEVICE
2 STATUS BITS :
g
BUSY
BUS CONTROL CONTROL B1TS
< 6-INPUT DATA BITS_|
\ 4 .
\V
Figure 1. DRV11-B Interface Diagram
DESCRIPTION

The DRV11-B is a general purpose Direct Memory Access (DMA) interface
used to transfer data directly between the LSI-11 system memory and an 1/0
device as shown on Figure 1. The interface is programmed by the processor
to move variable length blocks of 16-bit data words to or from specified loca-
tions in, memory by means of the LSI-11 bus. Once programmed, no pro-
cessor intervention is required. The DRV11-B can transfer up to 250K, 16-
bit words per second and is capable of operating in burst modes, with byte
addressing. The control structure also allows read-modify-restore operations.

The interface consists of five registers: Word Count Register (WCR), Bus
Address Register (BAR), Control Status Register (CSR), Input Data Buffer
Register (IDBR), and Output Data Buffer Register (ODBR). The module also
includes bus transceivers and logic for interrupt requests, address control
and protocol, and DMA requests.

The DRV11-B contains one switch bank used to assign an appropriate device
address to the DMA interface and one switch bank to select an interrupt vec-
tor address in the LSI-11 memory where the DMA routine is stored.
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Two 40-pin connectors, mounted near the edge of the module, facilitate the

connection of the 1/0 device with the DMA, using any two of several cable

assemblies available from DIGITAL. The module may be inserted into any

available slot of the LSI-11 backplane or backplane extenders according to the

rules and restrictions. as described in the LSi-11, PDP-11/03 User’s Manual.

REGISTERS )

Each of the five registers can be addressed by the processor. The IDBR and

ODBR are assigned the same address, and are read-only ‘and write-only, -
respectively.

The register bit format and functions are described as follows.

Word Count Register (WCR) -
15 : : . 0
ADDRESS
SO0RES ( ‘ READ/WRITE . 1
1 L i i 1 1 1 i ', —L 1 1 1 1 1
“ / - W}
16 BITS COUNTER

*All logic' ‘‘ones’ decoded by bus
master to assert BBS7 L signal

The WCR is a 16-bit read/write counter which is loaded by the program with
the two's complement of the number of words or bytes to be transferred
at one time between memory and the 1/0 device. At the end of each trans-
fer, the WCR is incremented. When the count becomes zero (all 16 bits = 0),
the DMA generates an interrupt request. The ¢ohtents of the WCR can be
monitored by the processor program.

Bus Address Register (BAR)

151 20 s 8 6 5 32 [
ADDRESS LJ J . [ |
*XXXX2 L L . PO I
N L AL iy VAN P
0-1g 0-7% 0-74 0-74 07 0-7,

*All logic ‘‘ones’’ decoded by bus
master to assert BBS7 L signal

The BAR is a 15-bit read/write register used to generate the bus address
which specifies the location to or from which data is to be transferred. The
register is incremented after each transfer. It will increment across 32K
boundary lines via the extended address bits in the control status register.
Bus address bit 00 is driven by tr}e user device.

Control and Status Register (CSR)
15 4 3 2 1) 10 9 8 7 [ 5 4 3 2 1 0

"ADDRESS
* XXXX4 N
P ) " " . - L N n “

*All logic ‘‘ones’ decoded by bus
master to assert BBS7 L signal

The CSR contains 16 bits of information used to control the function and
monitor the status of the DMA transfers. The information in the CSR can be
modified or read by the processor program in either 8-bit bytes or 16-bit
words. Table 1 lists and defines each of the 16 bits.
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"Table 1

BIT NAME
15 Error
(Read Only)
14  NEX
(Read/Write Zero)
13 ATTN
{(Read Only)
12  MAINT
(Read/Write)
11 STATA
(Read Only)
10 STATB
(Read Only)
09 STATC ‘
(Read Only)
08 CYCL
{(Read/Write)
07 READY
(Read Only)
06 IE
(Read/Write)
05 XAD17 .
(Read/Write)
04 XAD 16
" - (Read/Write)
03 . FNCT3 .-
(Read/Write)
02 FNCT2
(Read/Write)
01 FNCT 1
(Read/Write)
00 GO
(Write Only)

Control Status Register Bit Description
DESCRIPTION

1.

HhEwN

[

Indicates a special condition.
a. NEX (bit 14)
b. ATTN (bit 13)

. Sets READY (bit 7) and causes interrupt

if IE (bit 6) is set.

. Cleared by removing the special condition.

a."NEX is cleared by writing to zero.
b. ATTN is cleared by the user device.

Non existent memory indicates that as bus
master, the DRV11-B did not receive
BRPLY or that a DATIO cycle was not com-
pleted.

. Sets Error (bit 15).

Cleared by INIT or by writing to zero.
Indicates the state of the ATTN user signal.

. Sets Error (bit 15).

Maintenance bit used with Diagnostic Pro-
gram.

. Device Status bits that indicate the staté

of the DSTAT A, B, and C user signals.

. Set and cleared by user control only.

. Cycle is used to prime a DMA bus cycle.

. Indicates that the DRV11-B is able to ac-

cept a new command. Requests an inter-
rupt if IE (bit 06) is set.

. Set by INIT.
. Enables interrupts to occur when READY - :

(bit 07) is set.
Cleared by INIT. )
EXTENDED Address bit 17, cleared by INIT.

EXTENDED Address bit 16, cleared by INIT.

. Three bits made available to the user de-

vice. User defined.
Cleared by init.

. Causes ‘““NOT READY" to be sent to the

user device indicating a command has
been issued. Clears READY (bit 07).
Enables DMA transfers.
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Input Data Buffer Register (IDBR)

15 i 8 7 0

. ADDRESS 8 BIT HIGH BYTE a r 8 BIT LOW BYTE
* XXXX6 L 4 s

—_ L L ) I L A L.

“

16 BIT DEVICE INPUT DATA WORD

*All logic “ones’” decoded by bus
master to assert BBS7 L signal

The IDBR is used for read-only operations. Data is loaded. into the register by
the user’s device.' The data may be read from the IDBR as a 16-bit word, an
8-bit high byte or an 8-bit low byte. Transfers are usually via DATO or DATOB
DMA bus cycles. The register input connects to J2 mounted on the module.

Output Data Buffer Register (ODBR)
5 8 7 ' ] 0

ADDRESS ( 8 BIT HIGH BYTE 8 BIT LOW BYTE
L

*XXXX6 1 1 L L ;L[#L.#. L1

AY
- . 16 BIT DATA WORD
*All logic “‘ones” decoded by bus ! ’

master to assert BBS7 L signal

The ODBR is used during write-only operations. Data from the LSI-11 bus is
loaded into the register under program control and read from the register by
the user's device. The register can be loaded with a 16-bit data word or with
an 8-bit high byte, or as an 8-bit low byte. Transfers are usually via DATI or
DATIO DMA bus cycles. The output of the register connects to J1 on the
module.

- DEVICE AND VECTOR ADDRESS SELECTION

The address of the DRV11-B interface and the interrupt vector address in
memory is selected by the position of the switches in switch bank S1 and
S2, respectively. The location of the switches on the module is shown on
Figure 2. The switches are set to the OFF position (open) to select a zero
bit in the address format and the ON position (ciosed) to select a one.

Device Address Format )
The DRV11:B decodes four address, one for each of the registers listed:

Register Octal Address
WCR *XXXX0
BAR B ‘ FXXXX2
CSR ) =XXXX4
DBR EXXXX6
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0S6LW
1)
tr

w
) b4
I
a1 12345678910

0000000000

DEVICE ADDRESS

— | (i

> VECTOR ADDRESS

Figure 2 Connector and Switch Locations

Normalily, the addresses assigned to the DMA start at 772410g and progress
upward. Switches S1-1 through S1-10 select the base address as indicated
by the X portion of the octal code and the individual registers are decoded
by the DMA interface. The relationship between the address format and the
switches are shown on Figure 3.

17 5 14 2 n 9 8 6 S 3 2 1.0
[‘ L N [sn-z S1-3 $1-4[51-5 S1-6 51-71;8 sk st 1o| L [ . |
AN —_— I\ J /2 . __J
6OR 7, 07, 07, BCEA
REGISTER s&LEcr—]‘
*: ALL LOGIC ONES" DECODED BY PROCESSOR BYTE CONTROL

AS BBS7-L SIGNAL

-

Figure 3 Device Adtress Switch (S1) Selection
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Interrupt Vector Address Selection

The interrupt vector addresses for the LSI-11 systems are allocated mem-
ory locations from 0-7745. The recommended location~assigned to the
DRV11-B is 1244. Switches S2-1 through S2-8 are used to select the octal
address and the relationship between the switches and address format is
shown on Figure 4.

09 08 06 05 03 02 00
[szqsz-z §2-3 $2-4|52-5 S2-6 S2-7[52-8 e o«
1 y . —l 1 1 1
¥ N AN J
oor) 97 07 0okeg
- +=PREASSIGNED AS ZERO

Figure 4 Interrupt Vector Address Switch (S2) Selection

FUNCTIONS ' ‘ .

The DRV11-B interface operates as both a slave and master device. Prior to
becoming bus master, all Data Transfers Out (DATO) or Data Transfer In
(DATI) are in respect to the processor. Once DMA is granted bus mastership
by the processor, all data transfers are in respect to the DMA.

DMA operation is initialized under program control by: (1) loading the WCR
with the two’sy complement of the number of words to be transferred; (2)
loading the BAR with the first address to or from which data'is to be trans-
ferred; (3) loading the CSR with the desired function bits. After the interface
is initialized, data transfers are under control of the DMA logic.

Program Control Transfers
Data transfers may be performed under program control by addressing the
IDBR or ODBR and reading or writing data.

DMA Control Transfers N

DMA input (DATI) or output (DATO) data transfers occur when the processor
clears READY. For a DATO cycle (DRV11-B to memory transfer), the user’s
1/0 device presets the CONTROL BITS [word count increment enable (WC
INC ENB), bus address increment enable (BA INC ENB), C1, C0O, AOQ, and
ATTN], and asserts CYCLE REQUEST to gain use of the LSI|-11 bus. When
CYCLE REQUEST is asserted, input data is latched into the input DBR, the
CONTROL BITS are latched into the QRV11-B DMA control, and BUSY goes
low. A DATI cycle—memory to DRV11-B transfer—is handled in a similar
manner, except that the output data is latched into the output DBR at the
end of the bus cycle.

When the DRV11-B becomes bus master, a DATO or DATI cycle is performed
directly to or from the LSI-11 memory location specified by the BAR. At the
end of each cycle, the WCR and BAR are incremented and BUSY goes high
while READY remains low. A second DATO or DAT! cycle is performed when
the user’'s 1/0 device again asserts CYCLE REQUEST. DMA transfers will
continue until the WCR increments to zero, at which time READY goes high
and the DRV11-B generates an interrupt (if interrupt enable is set) to the
LSI-11 processor.

If burst mode is selected (SINGLE CYCLE low), only one CYCLE REQUEST
is required for the complete transfer of the specified number of data words.
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DEVICE CABLES AND SIGNALS

Data, status and control signals are transferred between the user's 1/0 device
and DMA by an input and an output cable assembly. The input cabie attaches
to‘ connector J2 and the output cable attaches to connector J1 as shown on
Figure 2. Table 2 and 3 list the connector pin and designations for each
signal. Table 4 lists several recommended cable .assemblies that are avail-
able from DIGITAL in the lengths indicated. The H856 female connector mates
with either J1 or J2 on the DRV11-B. To order cable assemblies in lengths
not listed, contact a DIGITAL sales office.

GENERAL SPECIFICATIONS

Module Size
: Quad-height, single-width, extended-length
Dimensions
814 in. L, 101/2 in. H, 1% in. W(216cmL 26.7 cm H, 1.27 cm W)
Weight

-13 oz. (370 gr.)

User 1/0 Corinections
Two 40-pin connectors

' Table 2 Input Connector Signals
J2s ‘

Connector Pin_ Signal Name Unit Loads
\
B BUSY H 10 (drive)
D - ATTN H 1
F AO00 H 1
BA INC ENB H - , 1
'L(} : FNCT 3 H. : 10 (drive)
Cco 4 1
FNCT 2 H 10 (drive)
T Cl H 1
v FNCT 1 H 10 (drive)
DD_ | 08 IN'H '
FF " 09 IN H
oo 10 INH |
LL 11 INH
NN 12 IN H
RR ; 13.IN H
T s+ 14 INH .
\'2" 15 IN H L 1
CcC 07 IN H.
EE 06 IN H
HH 05 IN H
KK - 04 INH
MM 03 IN H
PP ’ 02 IN H
SS . O1'IN'H
uu 00 IN H

*All remaining pins connect in common to logic ground by board etch.
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J3*

Conneetor Pin

$Y5ErcRgstazrxcmow

cC
EE
HE
KK
Rar
PP
SS
Ul

Table 3 Output Connector Signals

Sigdal Name
CYCLE REQUEST H

INIT V2 H

INI

WC INC ENB H
SINGLE CYCLE H

H

STATUS A
READY H
STATUS B

STATUS C

08

09

10

11

12

“ 13
14

15

07

06

05

04

03

) 02
01

00

ouT
ouT
out
ouT
ouTt
ouT
ouT
ouT
ouT
ouT
ouT
ouTt
ouT
ouT
ouT
ouT

H)

IIIIIIIIIIXIIII

Unit Loads

1
10 (drive)
10 (drive)
1
1
1

10 (drive)

1-
1

10 (drive)

*All remaining pins connect in common to logic g’r/ound by board etch.

HAVE YOU SEEN THE DIRECT SALES CATALOG?

For USA customers, DIGITAL's Direct Sales Catalog puts the world of com-
puters and computer-related accessories as close to you as your telephone or
mail box. All of the microcomputer products described in the Logic Handbook
are offered through the Direct Sales Catalog, and most are available for im-
mediate shipment. To get your free copy, call toll-free, 8:30 AM to 5:00 PM

Eastern time, 800-258-1710.

From New Hampshire locations, or places outside the continental U.S., call

Merrimack, 603-884-6660.
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Table 4 l?commended Cable Assembilies

Cable No. Connectors

Type

Standard Lengths (ft.)

BCO7D-XX H856 to open end 2, 20 conductor ribbon 10, 15, 25

BCO8R-XX H856 to H856

Shielded flat

BC04Z-XX H856 to open end Shielded flat

1, 6, 10, 12, 20, 25,50

6, 10, 15, 25, 50

Mounting Requirements

Plugs directly into LSI-11 backplane or LS|-11 expansion backplane.

Electrical

Logic Power Requirements:

LSt-11 Bus Loading

Presents one (1) bus load

User Loading
Input Data Lines:

Input Control Lines:

Output Data Lines:

Output Control Lines:

Module Type
M7950 )

Operational’

Transfer Mode:
Data Transfere

Environmental
Temperat_u re:

Relative Humidity:

+5V 5% @ 1.9 A (nominal)

1 TTL unit load each
HIGH = logic one
LOW = logic zero

1 TTL unit load each
HIGH = logic one
LOW = logic zero

10 TTL unit loads (drive) each

HIGH = logic one
LOW = logic zero

10 TTL unit loads (drive) each A

HIGH = logic one
LOW = logic zero

DMA or program-controlied without interrupts
Up to 250,000 16-bit words per second

Storage: —40° to 66°C (—40° to 150°F)
Operating: 5° to 50°C (41° to 1222F)

109% to 95% non-condensing
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LSI-11
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BUS FOUNDATION MODULE | |\ series
Lengtﬁ: Extended . , ' -
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Width: Single
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b sus | FESEES
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LOGIC | \
{ . .
|
f
V
Figure 1. Typical DRV11-P Interface
DESCRIPTION

The DRV11-P is a versatile wire wrap module that contams the bus interface
logic for operation with the LSI-11 or PDP-11/03 system and provides ade-
quate board area for mounting and connecting integrated circuits (IC’s) or
discrete components. Because the bus interface logic is inciuded, the mod-
ule can be efficiently configured by the  user to satlsfy a variety of device
interface logic applications.

A 40-pin connector, conveniently mounted at the board edge, facilitates the
connection to a device through several cable assembly types available from
DIGITAL. .

Except for the bus interface connections, all signals and voltages:' are ter-
minated to wire wrap pins for user connections. The bus control logic is
provided with wire wrap test points for monitoring the internal signals. The
test points are spaced at 0.1 in. (.254 cm) between pins to allow a 40-pin
connector to be inserted over the wire @ pins for automated test functions.

;

Approximately 2/3 of the surface area on the module consists of plated-
through holes, each connected to a wire wrap pin. The usercan mount three
different types of dual-in-line IC’s or a variety of discrete components into
the holes and connect the proper vo|tages and signals by wire wrapping
leads on the board.

The DRV11-P module can be inserted into any one of the available interface
option locations of the LSI-11, PDP-11/03 backplane, or backplane extender
unit. The module occupies four vertical slots. Refer to the LSI-11, PDP-11/03
User's Manual for detailed installation information.
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FUNCTIONS .

The DRV11-P contains 16 bus transceivers, device selection and vector
address generation logic, ‘interrupt control, and control and status register
functions. The device data inputs and outputs of the bus transceivers and the
device control signals are made available to user to compiement control of
up to four 16-bit registers.

Address Selection Logic

The address selection logic consists of a device address comparator and the
protocol control logic. Up to four discrete addresses are made available
with the existing logic on the DRV11-P and can be assigned to data registers,
status and control registers, or word counters. By adding additional IC’s, the

user can increase the total number of addresses available. The main address

of the DRV11-P is selected by monitoring the BBS7 .bus line and decoding
the address information D03-D12 from the bus. The main device address
is assigned by the configuration of jumper leads (A03-A08) attached to wire
wrap pins. When the selected and input bus addresses are the same, the
device address comparatory provides an ENB H level to the protocol control
logic. The protocol control logic receives bus signals and address bits DO1-
D02 to assert one of the four available output lines—SEL DEV 00, SEL DEV
2L, SEL DEV 4L, and SEL DEV 6L. In addition, the protocol control logic
provides output signals to specify word or byte transfers

Table 1 lists and defines the function of the control signals required or
available for the user logic.

Table 1 Protocol Control Logic Signals

Signal Function - ,
SEL DEV OL Select Device O through 4—One of four lines asserted by
SEL DEV 2L decoding the device address and available to select one
SEL DEV 4L of four user word registers.

SEL DEV 6L

OUT LB L Out Low Byte, Out High Byte—Used to load (write) data

OUT HB L into low byte (8 bits) or high byte (8 bits) or both bytes
: (16 bits) of the selected word register.

INWD L . In Word—Used to gate (read) data from the selected

word register to the bus.

The format for the device address selection is shown on Figure 2. A logic
one_is specified when no jumper lead is installed between the appropriate
wire wrap pin from A3-A12. A logic zero is specified when a jumper lead is
installed.

2 N 9 8 6 5 3 2.1 0
L' J . ] . ] . * A2lAN A0 A9 | AB A7 A6 |A5 A4 A3 ]on. on lon |
4 L A . R ) ) .
I VAN AN J \ J -
6 OR.7 0-% .07 - 0-7 -I
*=DECODED 8Y PROCESSOR .
ALL LOGIC "ONES" = BBS7 L REGISTER SELECT 0-4g

BYTE CONTROL
Figure 2. Device Address Selection
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Interrupt Control Logic

The interrupt control provides the circuits necessary to allow a program in-
terrupt transaction between the LSI-11 and device. Two interrupt channels
(A and B) are available to the user with channel A assigned the highest
priority. Table 2 lists and defines the user available signals associated with
the interrupt eentrol logic.

Table 2 Interrupt Control Logic Signals

~ Signal ' Function ,
RQST A H . Interrupt Request A—Asserted by device logit and sets

the channel A Interrupt Request flip-flop when the
channel A Interrupt Enable flip-flop is set.

ENB DATA A H - Interrupt Enable A Data—Asserted by device logi¢ and
sets the channel A Interrupt Enable flip-flop when the
ENB CLK A signal is asserted.

ENB CLK A Interrupt Enable A Clock—Asserted by device logic to
cause the channel A Interrupt Enable flip-flop to be
set when ENB DATA A signal is asserted.

ENB A ST H Interrupt Enable A Status—Indicates the status of the
channel A interrupt Enable flip-flop.
RQST B H Interrupt Request B—Same as RQST A H signal except
_ controls channel B interrupts.
ENB DATA B H Interrupt Enable B Data—Same as ENB DATA A H
signal except controls channel B interrupts.
ENB CLK B Interrupt Enable B Clock—Same as ENB CLK A signal
except controls channel B interrupts.
ENB B ST'H Interrupt Enable B Status—Same as ENB A ST H ex-
' cept controls channel B interrupts.
VECTOR H . Interrupt- Vector Gate—Used by device logic to gate
B vector address onto the bus and to generate B RPLY
] signal.
) VEC RQST B H Vector Request—Asserted by device logic to specify

that channel A vector address is required; negated to
specify channel B vector address is required.

INIT O L Initialize Out—Buffered B INIT L signal from bus used
: for general initialization. .

Vector Address and CSR Logic

The vector address logic is used in .conjunction with the interrupt control
logic to generate a vector address on bus lines BDAL OOL-BDAL 07. The
vector address is specified by the user and selected by installing jumper leads
between wire wrap pins on the M7948 module. The addresses available are
from 000g to 3745. The vector address range can be increased from 000g to
774¢ with additional logic and wiring. .

When the VECTOR H signal is asserted as a result of a aevice interrupt‘re-
quest, the vector address is placed on the bus lines.

Wire wrap pins V3 through V7 are used to assign the vector address. A
jumper lead installed selects a logic ‘‘zero’’ address bit for its associated
line and no lead selects a logic ‘“one’’ address bit according to the format
on Figure 3.
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BDALL 07 06 05 B 02 00 “

’ V7 V6 I V5 va v3 | on . . —l
T L1 L L
'\ Y J

0-3g 0-7 0 OR 44

*: PRESET 8Y M7948 1O O BIT

Figure 3. Vector Address Select Format

Bit BDAL 02 L can be connected to the device interrupt request signal RQST
A signal to specify a separate vector address for channel A and channel B

Status and control information can be multiplexed through the same logic
used to generate the vector address. Up to eight status and control bits can
be assigned by the user and transferred to bus lines BDAL 00 L-BDAL 07 L.
The information can be gated onto the bus lines using a select level gen
erated by the address decoding logic. .

COMPONENT MOUNTING AREA

Twelve vertical areas (A-L) are available on the M7948 module for mounting
integrated circuits or discrete components as shown on Figure 4. Each area
has a double row of wire wrap pins that connect to an associated plated
through hole located at 0.1 in. (.254 cm) vertical spacing. Area A is for
multi-use and is capable of accepting IC’'s with pin centers at 0.3 in. (.762
cm), 0.4 in. (1.01 cm) or 0.6 in. (1.52 cm). Area K will also accept IC’s with
pin centers at 0.3 in. or 0.4 in. All remaining areas will only accept IC’s with
pin centers at 0.3 in.

Table 3 lists the total number of IC’s with 0.3 in. spacing that can be mounted
in the user areas of the module, A through L.

Table 3 IC MOUNTING

- IC Type . Total Number
14 pin 60
16 pin ' , 52
18-pin . 44
20 pin . 44

Connector Wire Wrap Pins

The 36 contact plns in row C and D at the edge of the module connect to a
double row of wire wrap pins. These two rows are made available to the user
for connecting signals and voltages from the backplane to the user installed
logic circuits. The following pins of row C and D are normally dedicated to
+5V and GND.
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. Figure 4 DRV11-P Component Mounting Locations

The user can connect the power to the IC or components using the row C
and row D wire wrap pins.

+5V CA2, DA2

GND : Cl1, CM1, CT1
DJ1, DM1, DT1
CC2, bC2
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Device Signals

Input and output data, status and control signals can be transferred between
the device and the DRV11-P module using any one of several cable assem-
blies listed on Table 4 and available from DIGITAL. One end of each cable
is terminated with a 40-pin female connector which mates with the 40-pin
male connector J1 mounted on the M7948 module. The pins of J1 conpect
to the user installed logic through a series of wire wrap pins.

Table 4 Recommended Cable Assemblies

Cable No. Connectors Type
BCO7D-XX H856 to open end 2, 20 conductor 10, 15, 25
ribbon
BCO8R-XX H856 to H85é B Shielded flat 1, 6, 10, 12, 20,
25, 50, 75, 100
BCO4Z-XX H856 to open end Shielded flat 6, 10, 15, 25, 50
GENERAL SPECIFICATIONS
Bus Input Loading: - Presents a maximum of one unit load on the
LSH11 bus.
Operating Temperature: 5°C (41°F) to 50°C (122°F)
Relative Humidity: 10%, to 909, without condensation
Power: : +5 V at 1.0 A émax); user logic not included
Size Quad height— 10.5 in. (26.67 cm)
Single width— 0.5in. ( 1.27 cm)

Extended length— 8.5 in. (21.59 cm)

OPTIONAL EQUIPMENT

Integrated Circuits (ICs) h
Two special ICs are available from Digital Equipment Corporation for use in
configuring custom interfaces with the DRVI11-P.

DEC8640 Bus Receiver IC (Quad 2-Input NOR Gates)-—956

The 956 is a package of ten 14-pin, dual-in-line package (DIP) DEC8640*
lntegrated circuits (ICs). Each IC comprises four 2-input NOR gates. Each
gate performs the Boolean function X = A 4 B. The DEC8640 gates are
especially  suitable as Unibus or LSI-11 bus 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 Digital . Equipment Corporation.

DEC8881-1 Bus Driver IC (Quad 2-Input NAND Gates)—957

The 957 is a package often 14-pin, dual-in-line package (DIP) DES8881-1
integrated circuits (I1Cs). Each IC comprises four 2 input NAND gates. Each
gate performs the Boolean function X = AB. The DES8881-1 ICs are espe-
cially suitable as Unibus or LSI-11 bus 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.

*DECB8640 IC replaces DEC380 IC.
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KPV11-A Power Fail/Line Lsi-11
Time Clock Generator

M SERIES

Length: Extended
Height: Double
Width: Single

DESCRIPTION )

The KPV11-A Module (M8016) is an LSI-11 power fail/restore signal sequence
and line time clock (LTC) generator. (See Figure 1). It is compatible with all
LSI-11 component systems and LSI-11 backplane options. The KPV11-A is
designed for installation in any LSI-11 bus-structured backplane or remote
installation (not installed in a backplane) via an optional cable which con-
nects the option to the LSI-11 backplane. An optional console panel (DEC
Part No. 54-11808) is available for manual control of LTC and power signal

generation and display of DC power on/off status and processor run/halt
state.

FEATURES

Automatic genératnon of BPOK and BDCOK power up/power-down signal se-
quence,

Automatic program restoration and starting when used with non-volatile mem-
ory and appropriate software routines.

The built-in line time clock is program compatible with the KW11-L. The
KPV11-A is factory-configured for Line clocK Status (LKS) register address and
operations.

~

Line time clock time reference can be prowded by a signal source (user
supplied) other than the power line.

Can be installed in the LSI-11 backplane or mounted remotely. An optional
cable connects the KPV11-A to the LSI-11 backplane when mounted remotely

Expandable wuth the 54-11808 console panel option.

HAVE YOU SEEN THE DIRECT SALES CATALOG? ,
For USA customers, DIGITAL's Direct Sales Catalog puts the world of com-
puters and computer-related accessories as close to you as your telephone or
mail box. All of the microcomputer products described in the Logic Handbook
are offered through the Direct Sales Catalog, and most are available for im-
mediate shipment. To get your free copy, call toll-free, 8:30 AM to 5:00 PM
Easterg time, 800-258-1710.

From New Hampshire locations, ¢r places outside the continental U.S., call
Merrimack, 603;884-6660.
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Figure 1 KPV11-A System Interface

CONFIGURING LTC JUMPERS
LTC jumpers are located on the M8016 module as shown in Flgure 2 and
are factory-configured for programmable operation with the LKS register
address (177546) as shown in Figure 3. Normally, it will not be necessary to
reconfigure LTC jumpers; however, it is possible to alter LTC operation as
listed below and the LKS deviee address as shown in Figure 3.

Jumper

Installed

Removed

w12

w13

wil4

wi5

Enable marnual control
continuous LTC interrupt re-
quest operation. Do not in-
stall when W13 is installed.

*LTC interrupt requests can
be.enabled and disabled by
program. Do not install when
W12 is installed.

*Console (optional) LTC ON/
OFF switch enabled.

*)| TC signal occurs at the
power line frequency.

* Factory-jumpered configuration.
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or’

#*Disable continuous or manual
operation.

LTC interrupt requests can-
not be program controlled.

Console LTC ON/OFF switch.
disabled.

LTC frequency is determined
by an external source via EXT
TIME REF ‘etched pad on
module.
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* = MAY USE 4-40 HARDWARE

f-‘igure 2 KPV11-A Jumper, Connector, ;nd Pad Locations
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15 08 o7 00 . BIT

PREFERRED
[ 1 1 [ 1 1 1 1 4} 1 1 0 Q 1 1 0 | ADDRESS
{177546)
—_—
BANK 7 ADDRESS 1 l7 FIXED DECODED
(BBS7 L ASSERTED) 6" BY
ADDESS JUMPER Wi W2 W3 W4 W5 W6 W7 WB W9 Wi ':_POVG“IEA
I 1 I 1 I R T I R R FACTORY JUMPER CONFIGURATION

I = INSTALLED ="1"
R = REMOVED » "0"
1n-a837

Figure 3 KPV11-A Device Address (LKS 'ﬁegister) Jumpers.

KPV11-A MODULE INSTALLATION

BACKPLANE
The KPV11-A module can be installed in any LSI-11 structured backplane, .
such as the H9270 and DDV11-B. -

REMOTE LOCATION
Mounting holes are provided in the KPV11-A module for remote location in-
stallation. (See Figure 4 for mounting details)

,
To NQ'ZN OR D0OVI1-8
KPLANI A
SIGNAL CABLE ::SCMI(.:TGEN S.llﬁ:s v

{DEC P/N 70- 12754

4 EACH 4-40 PAN-HEAQ SCREWS,LOCKWASHERS,
FLAT WASHERS (TYPICAL)

12.22¢m
(4-13/16 imp=-

4 EACK 1.02cm (1/4)
LONG (MINIMUM) SPACERS
4 PLACES]

4 MOUNTING HOLES (TYPICAL) &
FOR 4-40 MARDWARE

Figure 4 KPV11-A Remote Installation

NOTE
Program control of the LTC function is not pos-
sible when remote installation is used. However,
manual control is available using the optional
control panel. : 5
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The KPV11-A is electrically connected to the L‘SI-ll bus using an optional
signal cable, (DEC Part No. 70-12754). This cable is inserted into the 10 pin
connector on H9270 or DDV11-B backplane. (See Figure 4).

The 45V and 412VDC voltage sense input must be provided by the user
when the KPV11-A is not installed in the LSI-11 backplane. Figure 2 illustrates
the location of etched pads provided for the purpose of voltage connection
to the module.

Power Sense Connection

The .user is required to supply the 24Vac center tapped, 50 or 60Hz input

voltage necessary to produce the DC operdtion voltage for the option. In

. addition, this voltage provides the 50 or 60Hz reference for the LTC function,
and is the power fail monitor signat for the power signal sequence circuit.

" Illustrated in Figure 2 is the location of three tabs on the KPV11-A module
provided for voltage connection.

CONSOLE PANEL

Electrical connections between the KPV11-A and the console panel are made
via 16-pin dual-in-line integrated circuit sockets- located on each assembly.
The electrical connection between the sockets is made using a signal/power
cable (DEC Part No. 70-68612).

In addition to the LTC ON/OFF and RUN/ENABLE switch functions, the con-
sole panel includes a DC ON/OFF switch. This switch, when in the OFF
position, disables BDCOK H and BPOK H signal generation. If desired, this
switch can aiso control the DC On/Off state of the user’s power supply if it
is capable of being controlled by a T2L Signal.

Use of External Time Reference )

The KPV11-A normally uses the 50 or 60Hz input (via the three power tabs
on the module) for LTC signal generation. However, an external TTL Logic-
compatible frequency source may be used for producing LTC signals at fre-
quencies other than the power line frequency. An etched pad is provided
for this purpose on the KPV11-A module.

LTC PROGRAMMING
The LSI-11 program communicates with the LTC function via the LKS register"
(Figure 5) contained in the KPV11-A logic circuits. The LKS register’s de-
vice address is normally configured to 177546 for system software com-
patibility.
KCSR (177546) ) : '
15 . o8 o7 06 00 BIT

’ 4] o (o] 1 o] o ] (<] J o 1 4 I
INTERRUPT ENABLE
1= ENABLE
0+DISABLE
(READ/WRITE BIT)
‘————— MONITOR

SET TO "1" BY LINE FHEQUENCV CLOCK
SIGNAL. CLEARED BY PROGR

(READ/WRITE [CLEAR-ONLY] sm

Figure 5 Line Time Clock Status Register (LKS)

LTC interrupts, when enabled (LKS bit 06 = 1), occur as an interrupt re-
quest (bus low assertion) on the BEVNT L signal line. This causes the pro-
cessor to execute a service routine via vector address 100. Memory location
100 must contain the PC (starting address) for the LTC service routine;
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similarly, memory location 102 must contain the PS (processor status word)
for the service routine. As with all “external” interrupts, the LSI-11 pro-
cessor will recognize the LTC interrupt request only when the current PS bit
07 is cleared. When PS bit 07 = 1, external interrupts, including the LTC in-
terrupt, are ignored. The LTC interrupt has highest priority of all external
interrupts and does not require a vector address bus transfer. An interrupt
request via the BEVNT L bus signal line, as previously stated, always results
in access to the service routine via vector address 190.

CONSOLE OPERATION
The console panel option* controls and indicators are shown in Figure 6
and described below:

Control/ ) .
Indicator Type Function

DC ON - LED indicator luminates when the DC ON/OFF toggle
. ) switch is set on ON and proper dc out-
put voltages are being produced by the
user’s power supply and sensed by the
KPV11-A. .

If either the 45 V or 412 V output
from the power supply is Low, the DC ON
| “indicator will not illuminate.
RUN LED indicator lluminates when the LSI-11 processor is
in the run state (see ENABLE/HALT).

Spare . LED indicator
DC ON/OFF Two-position When set on ON, enables the dc outputs
: toggle switch of the user’s power supply (if connected -

for this function—see instructions for
installing the console panel). The DC ON

- " indicator will illuminate if the dc output
voltages are of proper values.

When set to OFF, the power supply dc
outputs are disabled and the DC ON in-
dicator is extinguished.

ENABLE/ Two-position . When set to ENABLE, the B HALT L line
HALT © toggle switch to the processor is not asserted and the
processor is in the run-enable mode
(RUN indicator is illuminated only when
~the processor is executing a -program).

When set to HALT, the B HALT L line is
‘asserted. The processor halts program
execution and executes consble ODT
microcode. The RUN indicator is extin-

guished.
LTC Two-position When set to ON, enables KPV11-A gen-
ON/OFF toggle switch ... eration of LTC interrupts.

* When set to OFF, disables LTC interrupts
(W14 must be installed).

* When used in conjunction with the KPVI1-A.
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- SIGNAL/POWER. CABLE
- 416-CoNDy
< [en.70-08612)

70 151-11-SYSTEM BACKPLANE
PN 70~ 12754} 10-COND}

f"‘
\

Figure 6 Console Panel, and Interconnection Cables

SPECIFICATION
Environmental )
Operating temperature*: 5°C to 50°C (40°F to 122°F)

Relative humidity: "10% to 959% (no condensation)

* When operating at the maximum temperature (50°C or 122°F), air flow
must maintain the inlet to outlet air temperature rise across the module
to 7°C (12.5°F) maximum.

Electrical

Power requirements: . .
AC line voltage 24 Vac with grounded center tap =109%,, 200 mA
monitor input:
DC operating power: +5V 5%, 560 mA

Options '

Model/Part No. Description
54-11808 Console panel (PC assembly)

- 70-11656 Console bezel .
70-12754-2F Remote signal cable
70-08612-4A Console signal/power cable
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Power Signal Sequence Timing

-
)
{
AC INPUT _ .
;. — o-tom |
10
BPOK H
fo— 7omatmin—] L — 2-6ms fe—
= 1 ¢
BOCOK H
— 17ms (MIN . ]
POWER SUPPLY iy P 1} _-* l-—fom(mm
L)
0C OUTPUT / Ran
VOLTAGES ______ . J
- - —_— N J
v v
POWER-UP POWER-DOWN
SEQUENCE SEQUENCE
Figure 7 Power Signal Sequence Timing ST
N
4 * 3
+5 v —fo1 18 HLUT L TR .
OC PWR ON H—t02 1504—N.C.

S SPARE 3 —to3 140~4~—- 0C ON H

os

LYCONH] 1301—6NO
GND o5 12 04~—N.C.
N.C. —}06

no—}-—wc.

N.C. —}o7 1004— n.cC.

_ N.C.~108 sﬁ—«sv

Jt
n-aa3e

8 POK H—F 0t 20—1-—3 EVENT L

S SPARE 3 —1-03 404—N.C

GND.—1-05 6 01— SPARE
;
SPARE —LO 7 BO—L— N.C.
BHALT L L—OS 10 [—— DCOK H

Je

Figure & Remote Console (J1)
and Backplane Sequel (J2) Connectors
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KPV11-B POWER. FAIL/LINE LSI-11

TIME CLOCK
GENERATOR/TERMINATOR M SERIES

Length: Extended
Height:  Double
Width: Single

DESCRIPTION

The KPV11-B Module (M8016-YB) is identical to the KPV11-A except that
the —B includes 1202 (nominal) bus termination resistors. Bus terminations
are used when expanding the bus beyond the minimum system configuration
(a single H9270 Backplane). Having the termination resistors on this module
rather than on a separate one optimizes use of bus slots, saving valuabl‘e

space.

Note that in order to use the bus-termination feature, this optidn must be
installed in the backplane. Mounting the module off the backplane leaves
the termination resistors out of the circuit.
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DESIGNERS KITS . LSi-11

FOR CUSTOM INTERFACES CHIFKITS

A
2
=
=
.
.
 ——"
=
=

G

DCK11-AC CHIPKIT includes 6 LSI IC chips, a wire wrappable board,
and an interface cable.

The DCK11 series of proprietary LS| integrated circuits, developed by DIGITAL
for its own use, is now available to LSI-11 users. These ICs, available in sets
called CHIPKITS, make design of LSI-11 bus interfaces easier than ever. Prior
to these kits, a designer of custom LSI-11 program control or Direct Memory
Access (DMA) interfaces had two alternatives: modify a standard product or
design from scratch. Now there is a third choice that will be the best in most
cases—the CHIPKIT. The kits contain the ICs needed to build the foundation
of nearly any LSI-11 interface, and are available either with or without a
DIGITAL wire wrappable board and plug-in cable. For volume users, the indi-
vidual ICs are available in tubes of 18 of one type. <

The CHIPKITS minimize the chip count required to implement bus circuitry.
This permits the designer to build an interface foundation on the double-
height wire wrappable board provided, and still have ample room left for his
special circuitry. The comparatively small chip count results in backplane
space savings, increased system reliability, lower system cost, and a greater
opportunity for value to be added by the CHIPKIT customer to the finished
product.

The CHIPKITS in this program are:
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DCK11-AC Designers Program Control Bus Interface CHIPKIT, consisting
of: .
1 DCO03 Interrupt Chip
1 DCO04 Protocol Chip
4 DCO05 Transceiver/Address Decoder/Vector Select-Chips
1 W9512 Double-height, extended-length, wire wrappable

module

1 BCO7D-10 ten-foot, 40-conductor plug-in cable

DCK11-AA  Program Control Bus Interface CHIPKIT, consisting of the six
chips of the above DCK11-AC, but no module or cable.

These kits are ideal for building the foundations of program control bus inter-
faces to the LSI-11. They are functionally similar to the DRV11-P Bus Founda-
tion Module, an assembled, ready-to-use option described elsewhere in this
handbook.

DCK11-AD  Designers DMA Bus Interface CHIPKIT, consnstmg of:

1 DCO003 Interrupt Chip :

1 DC004 Protocol Chip

4 DCOO05 Transceiver/Address Decoder/Vector Select Chips

2 DC0O06 Word Count/Bus Address Chips

1 DC010 DMA Control Chip AN

1 W9512 Double-height, extended-length, wire wrappable
module

1 BCO7D-10 ten-foot, 40-conductor plug-in cable

DCK11-AB DMA Bus Interface CHIPKIT, 'cor{sisting of the nine chips of the

above DCK11-AD, but no module or cable.

These kits are ideal for building the foundations of DMA bus interfaces to the
LSI-11. They are functionally. similar to the DRV11-B General Purpose DMA
Interface Module, an assembled, ready-to-use option described elsewhere in
this handbook. '

IMPORTANT NOTE ON DMA CHIPKITS -
The two DMA Bus Interface CHIPKITS, DCK11-
AB and DCK11-AD, are new products being de-
veloped by DIGITAL, and are undergoing final
applications testing and review as of the publi-
cation date of this handbook—July, 1978. Pro-

» duction quantities are expected about October,
1978. If you have a serious interest in using
these CHIPKITS, contact us for the latest word
on availability. Write DIGITAL, Logic Products
Sales Support, MK 1-2/E13, Merrimack, NH
03054, or call us at the telephone number below.

Detailed specifications of the CHIPKIT components, together with applica-
tions suggestions, are in the CHIPKIT Preliminary Applications Note which
follows. . .

Additional Information

To learn more about CHIPKIT applications, pricing, etc., call DIGITAL's toli-
free Hot Line, 8:30 AM to 5:00 PM Eastern time: 800-258-1710. From New
Hampshire locations, or places outside the continental United States, call
Merrimack, 603-884-6660.
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CHIPKIT APPLICATIONS NOTE (LSi11
(PRELIMINARY)

CHIPKITS

This Applications Note contains desciptions, specifications, and circuit dia-
grams for the five integrated circuits available in CHIPKITS for use in LSI-11
bus interfaces. The bus receiver and bus driver chips usually used with the
LSI-11 are also covered, and the W9512 wire wrappable module included with
the designers kits is described.

Bus Receivers and Bus Drivers X

The equivalent circuits of LSI-11 bus-compatible drivers and receivers are )
shown in Figure 1. To perform the receiver and driver functions, DIGITAL
Equipment Corporation uses two monolithic integrated circuits with the char-
acteristics listed in Table 1. A typical bus driver circuit is shown in Figure 2.
Note that 8641 quad transceivers can be used, combining LSI-11 bus receiver
and driver functions in a single package. Bus receiver (8640), bus driver
(8881), and bus transceivers (8641) are shown in Figures 3, 4, and 5, re-
spectively. IC 8640 is listed in this handbook as Type 956, and IC 8881 is
listed as Type 957.

+34v ouT-

R1 = 120K MIN TRANSMITTER OFF (LOGICAL 0)

A1 R2 = 20K MIN ¢z 3R3 A3 = 120K MIN

IN — €1 = 10 pF MAX F €2 = 10 pF. MAX
I L TRANSMITTER ON (LOGICAL 1)

c1 $R2 R3 = 11 OHMS. MAX

L] C2 = 10 pF. MAX

= ‘MR 1110

Figure 1  Bus Driver and Receiver Equivalent Circuits

TYPICAL BUS DRIVER .
11-3307

Figure 2 Typical Bus Driver Circuit
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LJLT Lttt

4 5

GND
cP-1271

Figure 3 8640 Quad 2-Input NOR Gates
(Bus Receiver)

ainlinEnininin)

GND
cP-1272

Figure 4 8881 Quad 2-Input NAND Gate
{Bus Driver) -

1
b 8US 1~—-1 -1—:—-vcc
DATA IN |~—— 112 _gus 4
0ATA oUT 12 L4 pataing
BUS 2—24 113 _5ata ouT 4
DATA iN 22 112 cus 3
DATA OUT 2—& ——”—DATA IN 3
ENABLE A — ] 119 pata out 3
GROUND—2 L2 enagsLe s
———
i BUS 1
—_—
7 DATA IN 1-2 -7 3
ENABLE A DATA QUT 1
9 E ))-——:D ' E
ENABLE B
< ONE OF FOUR

NCIRIEH

Figure5 8641 Quad Unified Bus Transceiver
{Bus Receiver/Driver)
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Table1 LSI-11 Bus Driver, Receiver, Transceiver

Characteristics
Device Characteristic Sym Specifications  Notes
Receiver Input high voltage ViH 1.7 V min 1
(8640) Input low voltage ViL 1.3 V. max 1
(8641) Input current at 3.8 V liH 80 uA max 1.3
Input current at O V L 10 uA max 1.3
Output high voltage VoH 24V min 2
- Output high current - VoH (16 TTLloads) 2,3
Output low voltage VoL 0.4 V max 2
\ : Output low current loL (16 TTLioads) 2,3
Propagation delay to TPDH _ 10nsmin 4,5
high state . ) 35 ns max
! Propagation delay to TPDL 10 ns min 1,5
- low state . 35 ns max
Driver Input high voltage " VIH 2.0V min
(8881) ~ input low voltage VIL 0.8 V max
(8641) Input high current hH 60 uA max 6
Input tow current TR -2.0 mA max 6
Output low voltage Voo  0.8Vmax 1
70 mA sink
Output high leakage loH 25 uA max 1.3
current at 3.5 V
Propagation delay to TPDL 25 ns max 1.5
low state
Propagation delay to TPDH 35 ns max 1.5
high state
-
NOTES

1. This is a critical parameter for use on the 170 bus.
All other parameters are shown for reference only.

2. This is equivalent to being capable of driving 16
unit loads of standard 7400 senes TTL integrated
circuits.

3. Current flow is defined as posmve if into the termi-
nal.

4. Conditions of load are 390 Q to +5 Vand 1 6 kQ
in parallel with 15 pF to ground for 10 ns min and
50 pF for 35 ns max.

5. Times are measured from 1.5 V Ievel on input to
1.5 V level on output.

6. This is equivalent to 1.25 standard TTL unit load-
ing of input.

Bus receivers and drivers should be well grounded and use V¢c to
ground bypass capacitors. These gates should be located as close.as
practical to the module fingers which plug into the backplane and all
etch runs to the bus should be kept as short as possible. Attention to
-these cautions should yield a module design with minimum bus loading
{capacitance).

\

168



Brief Specifications of CHIPKIT Integrated Circuits

Absolute Maximum Ratings:

Supply Voitage (Vcc) +7V )

Operating Temp. (Ta) 4-32°F to 4158°F (0°C to 4-70°C)
Storage Temp. (Ts) —75° to +257°F (—60°C to +125°C)

Recommended Operating Conditions:
Supply Voitage (Vec)  4.75V (Min), 5.0V (Norm), 5.25V (Max)
Supply Current (Vcc)  DC003: 140 mA (Max)
DC004, DC005: 120 mA (Max)
DCO06: 160 mA (Max)
DCO010: 160 mA (Max)
Free Air Temperature +4-32°F to 4+158°F (0°C to 4-70°C)

Relative Humidity 109% to 959%, noncondensing

Physical Dimensions:

DCO03, 18-pin © 0.3” center

DC004, 20-pin . 0.3” center

DCO005, 20-pin 0.3” center

DC006, 20-pin 0.3” center

DCO010, 20-pin 0.3” center

W9512 Wire Double height, extended length, single width.
Wrappable Module

BCO7D-10 Cable 10’, 40-conductor ribbon cable, with 40-pin (female)

mating connector (H856) installed on one end only;
prestripped on other end.

Detailed ‘specifications, circuit diagrams, pin/signal descriptions, and timing
diagrams for each IC follow in-this Application Note.

i s
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DCO003 Interrupt Logic

The interrupt chip is an 18-pin, 0.762 cm center X 2.349 cm long {max)
(0.3 in center X 0.925 in long) dual-in-line-package (DIP) device that
provides the circuits to perform an interrupt transaction in a computer
system that uses a daisy-chain type of arbitration scheme. The device is
used in peripheral interfaces to provide two interrupt channels labeled
“A"” and “B.” with the A section at a higher priority than the B section.
Bus signals use high-impedance input circuits or high-current open col-
lector outputs, which allow the device to directly attach to the computer
system bus. Maximum current required from the V¢ supply is 140 mA.

Figure 6 is a simplified logic diagram of the DCOO3 IC. Figure 7
shows the timing for the “A” interrupt section, while Figure 8 shows
the timing for both “A’" and “B" interrupt sections. Table 2 describes
the signals and pins of the DCOO3 by pin and signal name.

DCO004 Protocol Logic

‘The protocol chip is in a 20-pin, 0.762 cm center X 2.74 cm long (0.3 in
center X 1.08 in long) DIP device that functions as a register selector,
providing the signals to control data flow into and out of up to four word
registers (eight bytes). Bus signals can directly attach to the device be-
cause receivers and drivers are provided on the chip. An RC delay circuit
is provided to slow the response of the peripheral interface to data trans-
fer requests. The circuit is designed such that if tight tolerance is not
required, then only™an external 1K £+ 20 percent resistor is necessary.
External RCs can be added to vary the delay. Maxumum current required
from the Vcc supply is 120 mA,

Figure 9 is a simplified logic diagram of the DCO04 IC. Signal timing
with respect to different loads is shown in Table 3 andin Figure 10.
Figure 11 shows the loading for the test conditions in Table 3. Sig-
nal and pin definitions for the DCO04 are presented in Table 4.

DCO0O0b Transceiver Logic

The 4-bit transceiver is a 20-pin, 0.762 cm center X 2.74 cm long (0.3
in center X 1.08 in long) DIP, low-power Schottky device; its primary
use is in peripheral device interfaces to function as a bidirectional buffer
between a data bus and peripheral device logic bus. It also includes a
comparison circuit for device address selection and a constant generator
for interrupt vector address generation. The bus I/0 port provides high-
impedance inputs and high-drive (70 mA) open collector outputs to
allow direct connection to a computer data bus structure. On the periph-
eral device side, a bidirectional port is also provided, with standard TTL
inputs and 20 mA, tri-state drivers. Data on this port is the logical in-
version of the data on the bus side.
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Figure 6 DCOO3 Simplified Logic Diagram
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‘ Figure 7 DCOO3 “A” Interrupt Section Tirhing Diagram

Table2 DCO003 Pin/Signal Descriptions

Pin Signal Group Description

1 VECTOR H l Interrupt Vector Gating. This signal should
be used to gate the appropriate vector ad-
dress onto the bus and to form the bus
signal called BRPLY L.

2 VEC RQSTB H | Vector Request “B.” When asserted, in-
dicates RQST "B"” service vector address
is required. When unasserted, indicates
RQST A" service vector address is re-
quired. VECTOR H is the gating signal for
the entire vector address; VEC RQST B H
is normally bit 2 of the vector address.

3 BDIN L 11l Bus Data In. This signal, generated by the
’ processor BDIN, always precedes a BIAK
signal.
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Table 2 DCO003 Pin/Signal Descriptions (Cont)

Pin

Signal Group

Description

10
17

11
16

INITO L I
BINIT L H

BIAKO L n

BIAKI L m

BIRQ L ]

REQSTB H 1l

" REQSTA H I

ENBSTH |
ENASTH |

Initialize Out. This is the buffered BINIT L
signal used in the device interface for gen-
eral initialization.

Bus Initialize. When asserted, this signal
brings all driven lines to their unasserted
state (except INITO L).

Bus: lnferrupt Acknowledge (Out). This

-signal is the daisy-chained signal that is .

passed by all devices not requesting inter-
rupt service (see BIAK! L}. Once passed
by a device, it must remain passed until' a
new BIAKI L is generated.

Bus Interrupt Acknowledge (In). This sig-
nal is the processor’s response to BIRQ L
true. This signal is daisy-chained such that
the first requesting device blocks the sig-
nal propagation while non-requesting de-
vices pass the signal on as BIAKO L to the
next device in the chain. The leading edge
of BIAKI L causes BIRQ L to be unas-
serted by the requesting device.

Asynchronous Bus Interrupt Request. This
signal is from a device needing interrupt
service. The request is generated by a
false to trug transition of the RQST signal
along with the associated true interrupt
enable signal. The request is removed af-
ter the acceptance of the BDIN L signal
and on the leading edge of the BIAKI L
signal or the removal of the associated in-
terrupt enable or the removal of the asso-
ciated request signal. |

Device Interrupt Request. When_asserted
with the enable “A" flip-flop asserted, will
cause the assertion of BIRQ L on the bus.
This signal line normally remains asserted
until the request is serviced.

Interrupt Enable “A” Status. This signal
indicates the state of the interrupt enable
“A” internal flip-flop which is controlled
by the signal line ENA DATA H and the
ENA CLK H clock line.
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Table2 DCO03 Pin/Signal Descriptions (Cont)
Pin Signal Group Description

12 ENB DATAH 1 Interrupt Enable “A” Data. The level on

15 ENA DATA H I this line. in conjunction with the ENA CLK
H signal, determines the state of the inter-
nal interrupt enable A" flip-flop. The out-
put of this flip-flop is monitored by the
ENA ST H signal.

13 ENBCLKH I Interrupt Enable “A” Clock. When as-

14 ENA CLK H 1 serted (on the positive edge). interrupt en-
able “A" flip-flop assumes the state of the
ENA DATA H signal line.

s ¢ “] e [

WITO L 7-35l !2 50

ENB DATA H l
[}
ENB CLKH 30 MIN —el F——l
)
1
- |
ENB ST H 7-30 —e1
atra L 15- 65— l‘— —l 20-%0
i
I
} +
ROSTE 1 1
ENA DATA H ’ : ’ r l
1
) |
. i
ENA CLKH 30 MIN __..F [
: 1
1
ENA ST M l |[
- -
RQSTA H ) . l )
)
L
i

BDIN L . I
BIAK) L 35 MIN —m H 3s MIN-—.‘
I

it

VECTOR M 10~ 45

= P 1o-a5
! . ] H
1 '
)
' . 4 [}
VECRQSTB H 15 SSL 15-65
. ‘
NOTE: N . 1-e8

Times ore in nonoseconds

Figure 8 DC003 “A” and “B” Interrupt Sections
Timing Diagrams
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Table 3 DCO04 Signal Timing vs Outgut Loading

With Output Being  Output Being
Respect - Asserted (ns)  Negated (ns) Fig. 10
Signal to Signal | Min Max Min ' Max Reference
SEL{0.246)L BSYNC L 15 40 5 30 15.T6
(Load B) (Load B) :
ouUTLB L . BDOUTL 5 30 5 30 79,710
(Load B) ) (Load B)
OUTHB L DBOUT L 5 30 5 20 19,710
{Load B) (Load B) .
INWD L™ BDIN L 5 30 5 30 T11,T12
(Load A) (Load B)
Pin 18 'BRPLY L OUTLB L 20 60 -10 45 T13.T14
Connection (Load A) ' (Load B) . o ’ :
AX S K£5%  greLyL OUTHB L 20 60 -10'- 45  TI3.T14
330 O + 5% (Load A) ‘ (Load B)
15 pF + 5% ' : :
BRPLY L INWD L 20 - 60 -10 45 T13,T14
(Load A) (Load B) '
BRPLY L VECTOR H 30 70 0 45 ‘T13.T14

{Load A)
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. Table 3 DC004 Signal Timing vs Output Loading (Cont)

With Output Being  Output Being
Respect Asserted (ns) -Negated (ns) Fig. 10
S@al to Signal Min Max Min Max - Reference
Pin 18 ‘BRPLY L OUTLBL 300 400 -10 45 ~ T13,T14
Connection (Load A) (Load B) ,
RX = 484K £ 1% pppy | OUTHB L 300 400 -10° 45  T13,T14
(Load A) (Load B)
CX =220pF + 1% BRPLY L INWD L 300 400 -10 . 45 T13.T14
{Load A) {Load B) :
BRPLY L VECTOR H 330 430 0 45 T13.T14
{Load A)
Pin 18 RXCX H ouTLB L 10 50 10 50 T15.T16
Connection \
RX = 330 O + 5% RXCX H QUTHB L 10 50 10 50 T15,T16
C = 15pF £ 5% RXCXH INWD L, 10 50 10 50 T15,T16
RXCX H VECTOR H 10 . 50 10 50 T15.T16




Table 4 DCO04 Pin/Signal Descriptions

Pin

Signal

Group Description

PWN

11

A2
13

VECTOR H

BDAL2 L

BDAL1 L

BDALO L

BWTBT L

BSYNC L

BDIN L

BRPLY L

BDOUT L

INWD L

ouTLB.L

- OUTHB L

~ N

1]

Vector. This input causes BRPLY L to be
generated through the delay circuit. Inde-
pendent of BSYNC L and ENB H.

Bus Data Address Lines. These signals are
latched at the assert edge of BSYNC L.
Lines 2 and 1 are decoded for the select
outputs; line O is used for byte selection.

Bus Write/Byte. While the BDOUT L input
is asserted, this signal indicates a byte or
word operation: Asserted = byte, unas-

‘serted = word. Decoded with BDOUT L

and latched BDALO L to form OUTLB L
and OUTHB L. -

'Bué Synchronize. At the assert edge of

this signal, address information is trapped
in four latches. While unasserted, disables
all outputs except the vector-term of
BRPLY L. -

" Bus Data In. This is a strobing signal to

effect a data input transaction. Generates
INWD L and BRPLY L through the delay
circuit and INWD L.

Bus Reply. This signal is generated
through an RC delay by VECTOR H, and
strobed by BDIN L or BDOUT L, and
BSYNC L and latched ENB H.

Bus Data Out. This is a strobing signal to
effect a data output transaction. Decoded
with BWTBT L and BDALO to form -
OUTLB L and OUTHB L. Generates -
BRPLY L through the delay circuit.

In Word. Used to gate (read) data from a
selected register onto the data bus. En-
abled by BSYNC L and strobed by BDIN L.

Out Low Byte, Out High Byte. Used to
load (write) data into the lower, higher, or
both bytes of a selected register. Enabled
by BSYNC L and decode of BWTBT L and
latched BDALO L, and strobed by BDOUT
L. L
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Table 4 DCO004 Pin/Signal Descriptions (Cont)

Signal

Group

Description

18

19

SELOL
SEL2 L
SEL4 L
SEL6 L

RXCX

ENB H

Select Lines. One of these four signals is
true as a function of BDAL2 L and BDAL1
L if ENB H is asserted at the assert edge
of BSYNC L. They indicate that a word
register has been selected for a data
transaction. These signals never become
asserted except at the assertion of BSYNC
L (then only if ENB H is asserted at that
time) and once assertéd, are not unas-
serted untii BSYNC L becomes unas-
serted.

External Resistor Capacitor Node. This
rnode is provided to vary the delay be-
tween the BDIN L, BDOUT L, and VEC-
TOR H inputs and BRPLY L output. The
external resistor should be tied to Vgc and
the capacitor to ground. As an output, it is
the logical inversion of BRPLY L.

Enable. This signal is latched at the as-
serted edge of BSYNC L and is used to
enable the’select outputs and the address
term of BRPLY L.

ENB H

L)
o

L1

T
°%

BSYNC L

epAL2 L

BDALI L

B80ALO L

BWTBT L

8DOUT L

BOIN L

r‘\Mf—VCC

o2 Jo——seLeL

Q

o

DECODER
o——— SEL4 L

o——SEL2L

\

h

po——SELOL |

SEC
38
S

:}__,__.. oul HeL

v

00 0O

T1
L 3

OUTLB L

0

1

Figure 9 DCOO04 Simplified Logic Diagram

- RXCX M
; :BRPL‘I L
\

VECTOR H

INWD L

1C-0174

~
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e0aL (2,1,01 L /777 es wnles M|~V/////W .ﬂ )

15 1 18
MIN | MIN

7

ENB H Z A
N
:
BSYNC L I

!
:

SEL(0.2,4.6) L prsq
. :

BWBT L f/
T
1
i JV (F
BDOUT L 15 MIN, —> t: 5N . |
1 L
H |
: H
OUTHB L 7 1
OuTLS ¢ — ml:— —iTi0 '~—
ol
[} LIR]
som L M—' —f
i ]
B - —.
INWD L —iri2 F—-
[
'
BRPLY L ——nst ALY <P
! - |
1
1
veeron -‘———————“-T_j__
J| ' K
i '__————-4
ReCq M —iTis —a T16

* TIME REQUIRED TO DISCHARGE R, Cy FROM ANY CONDITION ASSERTED »15Cns

NOTE :
Timas are in nanoseconds

Figure 10
Vee
S 60N
FROM y
QUTPUT h— o
7 200pF
n
LOAD A -
Figure 11

DCO004 Timing Diagram

Vee Vee
2800
FROM
QUTPUT
15pF
DIODE -
FO?777
LOAD B

11-4349
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Three address “jumper” inputs are used to compare against three bus _
inputs to generate the signal MATCH. The MATCH output is open col-
lector, which allows the output of several transceivers to be wire-ANDed
to form a composite address match signal. The address jumpers can also
be put into a third logical state that disables jumpers for “don’t care”
address bits. In addition to the three address jumper inputs, a fourth
high-impedance input line is used to enable/disable the MATCH output.

-

Three vector jumper inputs are used to generate a constant that can be
passed to the computer bus. The three inputs directly drive three of the
bus lines, overriding the action of-the control lines.

Two control signals are decoded to give three optional states: receive
data, transmit data) and disable.

Maximum current required from the Ve supply is 120 mA.

Figure 12 is a simplified logic diagram of the DCO0S5 IC. Timing for the
various functions is shown in Figure 6-13. Signal and pin definitions for
the DCOOS5 are presented in Table 5-5.

Table 56 DCO006 Pin/Signal Descriptions

Pin Signal Group Description
BUS(3:0) L
12 BUSO ] Bus Data. This set of four lines constitutes
11 BUS1 il the bus side of the transceiver. Open col-
9 BUS2 ] lector outputs; high-impedance inputs.
8 BUS3 ] Low = 1. -
DAT(3:0) H
18 DATO l Peripheral Device Data. These four tri-
17 DAT1 1 state lines carry the inverted received data
7 DAT2 t from BUS (3:0) when the transceiver is in -
6 DAT3 1 the receive mode. When in transmit data

mode, the data carried on these linés is
passed inverted to BUS (3:0). When in the
disabled mode. these lines go open (Hi-Z).
High = 1.
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Table 5 DCOO5 Pin/Signal Descriptions (Cont)

Pin Signal - Group  Description
JV(3:1)H Vector Jumpers. These inputs, with inter-
14 Jvi ") nal pull-down resistors, directly drive BUS
16 Jv2 v {3:1). A low or open on the jumper pin will
16 JVv3 '/ cause an open condition on the corre-
sponding bus pin if XMIT H is low. A high
‘will cause a one (low) to be transmitted on
the bus pin. Note that BUSO L is not con-
trolled by any jumper input.
13 MENB L ] Match Enable. A low on this line will en-
able the Match output. A high will force
Match low, overriding the match circuit.
3 MATCH H n Address Match. When BUS (3:1) match
with the state of JA (3:1) and MENB L is
low, this output is open; otherwise it is
low.
JA(3:1) L Address Jumpers. A strap to ground on
1 JAT L v these inputs will allow a match to occur
2 JA2L v with a one {low) on the corresponding
19 JA3 L v BUS line; an open will allow a match with
a zero (high); a strap to Vgc will dis-
connect the corresponding address bit
from the comparison.
5 XMITH I Control Inputs. These lines control the op-
4 RECH 1 eration of the transceiver as follows.
REC XMIT .
0 0 DISABLE: BUS, DAT open
— =0 : 1\ XMIT DATA: DAT - BUS
10 RECEIVE: BUS — DAT
- X RECEIVE: BUS— DAT

AN

To avoid tri-state signal overlap condi-
tions, an internal circuit delays the change
of modes between XMIT DATA and RE-
CEIVE mode and delays tri-state drivers
on the DAT lines from enabling. This ac-
tion is independent of the DISABLE mode.
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BUSO

BUSY

JAY

BUS2 -

JA2

BUS3

JA3
‘MENB

xmT

JAT L 14 I 20 Vee
JazL 2 - 19 JA3 L
MATCH H 3 |- 18 pDATOH
RECH 4] |- 17 pATI M
XMIT H L= DCO05 -16 JV3 H
DAT3H 6 L 15 w2 p
DAT2H 7 14 V1 H
BUS3L 8- |- 13 MENB L
BUS2L .9 12 BusoL g
GND 10 1 8USI L
.
. DATG n
L ’ ?
r—q T 2] H
L ——~> ? DAT1 M
e
L ?
= E Jv2 H
L -; DAT2 H
=
L
f . -
—qﬂ— E N3 oW
L —-—D ? DATZ H
L
[ MATCH H
)
§=
) f
- : 1C-0C008

Figure 12 DCOO5 Simplied Logic Diagram
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TRANSMIT DATA TO BUS

. XMIT H I - l
fo- 5 0 3008 ~  |+s57030m

REC H (GROUND) -'

BUS L-OUTPUT L____]
: 5 TO 25ns - l | |esTO250s
DAT H-INPUT ] 1 ) 1

RECEIVE DATA FROM BUS (BUS INITIALLY HIGH)

XMIT H (GROUND)

REC H

|0 10 30m Je- 0 T0 30ns

DAT H=QUTPUT - HiZ

BUS L—INPUT ] ‘ 1 I

RECE!IVE DATA FROM BUS (BUS INITIALLY LOW)

XMIT H (GROUND)

REC H - I ]

~  f-07030m «  lorozom

OAT H - OUTPUT Hiz iz
-~ 8 TO 30ns

BUS L ~ INPUT I I L_—_

VECTOR TRANSFER TO BUS

JVH -
3 20ns MAX -.1 20ns MAX
BUS L-OUuTPUT

ADDRESS DECODING

8US L - INPUT

X '
- ~vl F— 10 TO 40ns
MATCH H x

. 5 TO 40ns ) le- 10 70 40ns
MEND L )

T

RECEIVE MODE LOGIC DELAY

XMIT' H

L
REC H I
-'

DAT (3:0) H (OUTPUT)
H2

P.~ 40 TO 90ns

£

/
Figure 13 DCOO5 Timing Diagram
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DCO006 Word Count/Bus Address Logic

The word count/bus address (WC/BA) chip is a 20-pin, 0.762 cm center
X 2.74 cm long (0.3 in center X 1.08 in long) DIP, low-power Schottky
device. Its primary use is in DMA peripheral device interfaces. This IC is
‘designed to connect to the tri-state side of the DCOO5 transceiver. The
DCO06 has two 8-bit binary up-counters, one for the word (byte) count
and another for bus address. Two DC0O06 ICs may be cascaded to
increase register implementation.

The chip is controlled by the address latch protocol chip.(DC004), the

DMA chip (DCO10), and a minimum of ancillary logic. Both counters

may be cleared simultaneously. Each counter is separately loaded by LD

and the corresponding select line from the protoco! chip. Each counter is

incremented separately. The WC counter (word byte count) is always

incremented by one; the A counter (bus address) may be incremented by
one or two for byte or word addressing, respectively.

Data from the DCOOG6 IC is placed on the tri-state bus via internal tri-
state drivers. Each counter is separately read by RD and the correspond-
ing select line.

Figure 14 is a block diagram of the DCOO06 IC while Figure 15 iilus-
trates a simplified logic diagram. Figures 16 and 17 illustrate input
and output voltage waveforms. Figure 18 shows the timing diagram of
the DCOOB while the setup time and pulse width switching character-
istics are presented in Tables 6 and 7. The DCOQ6 pin/signal de-
scription is presented in Table 8.

Table 6 Setup Time and Pulse Width Switching Characteristics*

-~ Time Daescription Signal Min
t; Putse width {min) _S-Cto S-A 50 ns
ts . Setuptime D/F(7:0)toLD 10ns
tg Setup time S-Cto LD 10ns
t; Pulse width {(min) LD _ 90 ns
ts Setup time S-Cto RD 20 ns
t;y - Clock pulse width {min) CLK-C (HI) 40 ns
tis Setup time S-Cto S-A 20ns -
tis Setup time S-Ato RD 10ns
tis Clock pulse width (min) CLK-A (Hl) 40ns
ts Setup time CNT1Ato CLK-A 45 ns
to1 Setup time RD to RD-A 15ns
t2a Clock off time (min) CLK-A, CLK-C- 40 ns
tas Data hold time LD to DATAIN "20ns

*Vee =56.0 £ 025 V.
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TRUTH TABLES

WHERE: . L = TTL LOW
H = TTLHIGH
X = DON'T CARE
2 = HIGH IMPEDANCE
. = HIGH TO LOW TRANSITION
- READ CONTROL
INPUTS OUTPUTS
max-a 1 20vce
i0-H SA sc <7 0> DCO0B rsg
RD-A RD s-alg2 s-C
L L L L CLEAR A&C AND READ C ck-alls 18[11LD
L L t H A<T:0> fD-ala 17[0max-c
L L H L ¢ c<70>
N L " " 7 RoOs 16 gcu«c
L H X x 2z cnT1al6 15{J128D/F
H :: :: . : CLGARA&EAN[; READ A Y uk) 1464 D/F
H A<70
H L H L A<T 0> 2 0/F[8 13[332 o/F
H L H H A<T 0> 40/F09 12{316 D/F
H H L L CLEAR A&C AND READ A “snold10 11[0s o/F
H H L H A<70>
H H H L A<7.0>
H H H H ‘A<7.0>
WRITE CONTROL '
_ INPUTS
A= = FUNCTION
RD-A-L RO-H] o sc
LD
1 L L “ILLEGAL
I L H LOAD A<7.0>
i H L LOAD C<7.0>
X H H WC/BA NOT SELECTED
He L L CLEAR BOTH COUNTERS
H L H LOADING DISABLED
H H L LOADING DISABLED
* ILLEGAL CONDITION BECAUSE A LOAD OPERATION AND A CLEAR )
OPERATION 1S ATTEMPTED SIMULTANEOUSLY
'
MAQX-A mé-c MAX-C
¥ ] 3
D/F<7.0> TAI-STATE BUS 7 4 %
TOAD D/F<7.0> TOAD D/F<70> %
CNT1A O-
A COUNTER  maxH le{CLK C COUNTER MAX[—
CLK-A CLK
CLEAR _A<7.0> CLEAR C<T.0>
~
[1:¥e; WRITE ]
CONTROL /
|——- LoGIC
sA O SEL MULTIPLEXER J
s-C OTH /é %
) READ 'lENaL s _TRI-STATE DRIVER
CONTROL L=ENABLE :
LOGIC H=DISABLE
AD-A N
" 7777

wa iite

Figure14 DCOO06 Truth Table, Logic Dlagram and
Simplified Block Diagram
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LO00SA

CNTIA L QlCNTIA H M""Ao;
= £
i\ %0 : DF?7
02] C7 H
K-A L
CL —CJCLKA L gi : A©7) AT H
SLOGSA CLR H B : +
scL A COUNTER 07—, +H
‘f 8 BIT BINARY C6 H
UP COUNTER A6 H
SAL—T . |
5 — “
1 As
[ ——)
D/F (0:7) .
RO L o> ¢
C4H }
A4 H.
RD-A u_‘-_De
) CaH i
y
® C2 H l
A2H
C COUNTER C1H ol
8 BIT BINARY Al H
uP COUNTER b ’
o1y DFO
Lot LDC H 8§ | *
04) e CoH
7 05 AO H
CLK-C H ke L 06!
o7k
CLR H LO00SA
MAXC L ‘4 >—

D/F{0:7)

Figure'15 DCOO0B Simplified Logic Diagram

MAX-A H

128D/F H

64D/F H

32D/F H

160/F H

80/F H

4D/F H

20/F H

ID/FH

MAX-C H
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-
1ev 4
bl
— (-H ‘-—
OUTPUT VOLTAGE
WAVEFORM IN 18V 1.5V
PHASE
. . —e{ H-L
*1 5V
OUTPUT VOLTAGE
WAVEFORM OUT OF—{ H-L H
PHASE )
PULSE CONDITIONS FOR DELAY MEASUREMENTS
w1
Figure 16 Input Voltage Waveform
g .
OUTPUT = av vee |
CONTROL ' 20082
(LOW-LEVEL FROM QUTPUT
ENABLING)

________ UNDER TEST
st
50 pf DIODE
: osv D700
WAVEFORM 1 5} cLoseD
(SEENOTE 1) 52 OPEN
- 124

WAVEFORM 2

S§1 OPEN LOAD A .-
(SEE NOTE 2)
s2cl08ed/ oy : §1 AND LOAD CIRCUIT FOR
’ $2 CLOSED TRI-STATE QUTPUTS
i
NOTES.
1. WAVEFORM 1 IS FOR AN QUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE '
OUTPUT IS LOW EXCEPT WHEN DISABLED BY THE OUTPUT CONTROL
2. WAVEFORM 2 IS FOR AN QUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE
QUTPUT IS HIGH EXCEPT WHEN DISABLED 8Y THE QUTPUT CONTROL.
- [LIRH

Figure 17 Outputs Voltage Waveforms (Tri-State)
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Table 7 Switching Characteristics*

" Propagation

Input Signal Output Signal Test Delay (ns)
Time Name Polarity Name Polarity Conditions Min Max
1 S-C H-L D/F (7:0) X-L Load A 15 80
S-A H-L ‘RD-A=4V : ,
{C Counter) '
t2 s-C H-L D/F (7:0) X-L Load A 15 80
S-A H-L v RD-A=4V
(A Counter)
t«# \ RD L-H D/F (7:0) D/F(7:0)-Z Load A 10 30
tg RD H-L D/F (7:0) Z-D/F(7:0) Load A 34 80
tio CLK-C H-L D/F 1 L-H Load A 18 55
t12, CLK-C L-H MAX-C L-H Load B 10 30
tis CLK-A MAX-A :

* Loads are presented in Figure 10.
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Table 7 Switching Characteristics* (Cont)

Propagation

Input Signal Output Signal Test Delay (ns)

Time Name Polarity Name Polarity Conditions  Min Max
ti3 CLK-C H-L MAX-C H-L Load B 10 30
“th7 CLK-A H-L D/F2 - L-H Load A 18 55
te  CLK-A H-L MAX-A H-L Load B 10 30
2  RD-A L-H D/F(7:0)  z-L Load A 10 30

Z-H Load A 10 30
t23 RD-A H-L D/F (7:0) L-Z Load A 8 25

H-Z Load A 8 25

“Loads are presented in Figure 10.



Table 8 DCO006 Pin/Signal Descriptions

Pin

Signal Group

Description -

16

19

18

CNT1A 1

CLK-A -

CLK-C !

S-A o
sC* 1
RD-A o
RO I

LD 1

Count A Counter by 1 (TTL Input). This
signal controls the least significant bit of
the A counter. When CNT1A is low, the A
counter increments by one. When high,
the LSB is prevented from toggling. hence
the counter increments by two. When two
counters are cascaded, CNT1A on the.
high-order counter should be grounded.

Clock A Counter (TTL Input). This clock
signal increments the A counter on its
negative edge. The counter is incremented
by one or two, depending on CNT1A.
CNT1A and LD must be stable while CLK-
A is high.

Clock C Counter (TTL Input). This clock
signal increments the C counter by one on
its negative edge. LD must be stable while
CLK-C is high.

Select A Counter (TTL Input). This signal
allows the selection of the A counter ac-
cording ta-the truth tables (Figure 5-14). -

AN

Select C Counter (TTL'Input). This signal
allows the selection of the C counter ac-
cording to the truth tables (Figure 5-14).

Read A Counter (TTL Input). This signal
allows the selection of the A counter ac-
cording to the truth tables (Figure 5-14).

Read (TTL Input). This signal allows the
read operation to take place according to
the truth tables (Figure 5-14). ’

Load (TTL Input). When this signal goes
through a high-to-low transition, the load
operation is allowed to take place accord-
ing to the truth tables (Figure 5-14). No
data changes permitted while LD is fow.
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Table 8 DCO06 Pin/Signal Descriptions (Cont)

Pin Signal Group Description
7-9 D/F (7:0) ! Data Bus (Bidirectional, Tri-State Out-
11-15 puts/TTL Inputs). These eight bidirectional

lines are used to carry data in and out of
the selected counter.

1 MAX-A ! Maximum A Count (TTL Output). This sig-
' nal is generated by ANDing CLK-A and .
‘the maximum count condition of counter
A (count 376 when counting by 2 or
count 377 when counting by 1).

17 MAX-C l Maximum C Count (TTL Output). This sig-,
nal is generated by ANDing CLK-C and
the maximum count condmons of counter
C (count 377).

r—rs:iTTAal le-READ & COUNT c*l l¢-READ & COUNT A—-t —»READ A"—
or 7] KN 1 N (L K N
—~ "-—(\o '
o NN S I\ B WO N
] 20NS ™ 1+ T —ol ety
orrd | R PO NN | NN R
1tz "-
sc ] ; 1 |
la—UL_‘piL- r}H r . 27—
S-A
-1u—-q ho— —J‘E—h N r ts—f |-
RD ’ | ONS' ) +
) -1 -] ‘l. foe— ! J::}‘_ ¢
Lo 10NS .
ot e ] e je— -
CLK.-C —» l‘—-t’ I l . —  tze fe—
CLK-A e ™ m . F‘L
CNT1IA ‘”—" "—
tig—o] e
RD-A [ 1
~» ..—lu: .
MAX-C M
tiz~— - be—1t20
MAX-A |
CLEAR LOAD ' : fe “_— - MR -1323

Figure 18 DCOOB6 Timing Diagram
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DC010 Direct Memory Access Logic

The direct memory access {(DMA) chip is @ 20-pin, 0.762 cm center X
2.74 cm long (0.3 in center X 1.08 in long) DIP, low-power Schottky.
device. for primary use in DMA peripheral device interfaces using the
LSI-11 bus. )

This device provides the logic to perform the handshaking operations
. required to request and to gain control of the system bus. Once bus
mastership has been established, the DCO10 generates the required sig-
nals to perform a DIN, DOUT, or DATIO transfer-as specified by control
lines to the chip. The DCO10 IC has a control! line that will allow multiple
transfers or only four transfers to take place before giving up bus master-
ship. :

Figure 19 is a simplified logic diagram of the DCO10 IC. The logic
symbols and truth table are presentéd in Figure 20 and the DCO10

~ voltage waveforms are shown in Figure 21. Table 9 describes the
signals and pins of the DCO10 by pin and signal name. Figures 22
through 25 show the timing for the DCO10 while the setup time and
pulse width specifications are listed in Table 10. The switching charac-
teristics are presented in Table 11. '

IMASTER 5D HI

IMASTER L)___‘tDo—swn .

REQH

D M MASTER EN.
(RPLY S'D H) = N ] (MASTER ENA] MASTER B
. . . '
(INIT H) c 0 c
4 > r CLR cr
INIT L
. DMGO
o (END H)
BI i
CNTa ek BINARY [ (MAX H)
) cn  CouNTER e
1
. IMASTER S D H)Ev
{MASTER ENA} -
D__— ! CLR
TMOUT W — - ~
| (END CYGLE H)
DATIN L any ) E
E TSYNC H
() S LATCH D DATEN L
— ) e ADREN M
DATIO ¢ UN/OUT) EEJ 5
(END CYCLE Hi . H cLx
g ok )
( . DIN H
BINARY . - DOUT K
COUNTER
RPLY | [ (RPLY SO HI )
. - puat rank oL [T
SYNCHRONIZER
CLK L ——r—(CLk
( MASYERVE:M [ (MASTER L)
RS
{MASTER
g SET S0 HI
. QUAL RANK D"
s SYNCHRONIZER
. 9 cLk
oA [q C"?"
(END U bt

Figure 19 DCO10 Simplified Logic Diagram
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Table 9 DCO10 Pin/Signal Descriptions

Pin Signal Group

Description*

1 REQ H I

13 BDMGI L

16 CNT 4 H |

14 TMOUT H

3 DATIN L

2 DATIO L

!

Request (TTL Input). A high on this signal
initiates the bus request transaction. A
low allows the termination of bus master-
ship to take place.

DMA Grant Input (HI-Z Input). A low on
this signal allows bus mastership to be es-
tablished if a bus request was pending
{REQ = high); otherwise, this signal is de-
layed and output as BDMGO.

Count Four (TTL Output). A high on this
signal allows a maximum of four transfers
to take place before giving up bus master-
ship. A low disables this feature and an
unlimited transfer will take place as long
as REQ is high. If left open, this pin will
assume a high state.

Time-Out (TTL Input/Open Collector Out-
put). This 170 pin is low while SACK H is
high. It goes into high impedance when
SACK H is low. When driven low it pre-
vents the assertion of BDMR. when

driven high it allows the assertion of

BDMR to take place if BDMR has been
negated due to the 4-maximum transfer
condition. An RC network may be used on
this pin 16 delay the assertion of BDMR.

Data In (TTL Input). This signal allows the
selection of the type of transfers to take
place according to the truth table (Flgure
5-20).

Data In/Out (TTL Input). This signal allows
the selection of the type of transfer to take
place according to the truth. table (Figure
5-20). During a DATIO transfer, this sig-
nal must be toggled in order to allow the
completion of the output pomon of the
170 transfer.

if left open. this pin will assume a high
state.

* Refer to Flgurss 22 through 25.

r
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Table 9 DCO10 Pin/Signal Descriptions (Cont)

Pin

Signal

Group

Description*

12

17

15

19

11

RSYNC

CLK L

. RPLY H

INIT L

BDMR L

MASTERH

BDMGO L

Receive Synchronize (TTL input). This sig-
nal allows the device to become master
according to the following relationship:

RSYNC L « RPLY'L * SACKH =
MASTER

Clock (TTL Input). This clock signal is used
to generate all transfer timing sequences.
e
Reply (TTL Input). This signal is used to
enable or disable the free clock signal ac-
cording to the truth table (Figure 5-20).
This signal also allows the device to be-
come master according to €he following
relationship:

RSYNC L - RPLY L - SACK H
MASTER

Initialize (TTL input). This signal is used to
initialize the chip to the state where REQ
is needed to start a bus request transac-

~ tion. When INIT is low, the following sig-

nals are negated. BDMRL, MASTER H,
DATENL, ADRENL, SYNCH, DINH,
DOUTH.

DMA Request {Open Collector Qutput). A
low on this signal indicates that the device
is requesting bus mastership. This output
may be tied directly to the bus. '

Master (TTL Output). A high on this signal
indicates that the device has bus master-
ship and a transfer sequence is in prog-
ress.

DMA Grant Output (Open Collector Out-
put). This signal is the delayed version of
BDMG! if no request is pending: other-
wise, it is not asserted. This output may
be tied directly to the bus.

-

* Refer to Figures 22 ihrough 25.
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Table 9 DCO010 Pin/Signal Descriptions (Cont)

Pin

Signal

Group

Description*®

18 -

TSYNCH - |

DATEN L 1

B3

ADREN H l

DINH !

DOUT H 1

Transmit Synchronize (TTL Output). This
signal is asserted by the device to indicate
that a transfer is in progress.

Data Enable (TTL Output). This signal is
asserted to indicate that data may be
placed on the bus.

Address Enable (TTL Qutput). This signal
is asserted to indicate that an address
may be placed on the bus.

Data In (TTL Output). This signal is as-
serted to indicate that the bus master de-
vice is ready to accept data.

Data Out (TTL Output). This signal is as-

" serted to indicate that the bus master de-

vice has output valid data.

* Refer to Figures 22 through 25. -

Table 10 Setup Time and Puise Width
Switching Characteristics*

Time  Description Signal Min Max
ty Pulse width (min)  INIT 35ns
ta Setup time INIT to REQ. 25ns
te Setup time BDMR to BDMG! 36ns
ts Setup time BDMR to BDMGH Ons
ti2 Pulse width {min)  CLK (low) . 60ns
ti3 Pulse width (min)  CLK {(high) 60 ns
tia Setup time REQ to CLK 35ns
tis Setup time DIN to RPLY -Ons
t22 . Setup time DATIN, DATIO to CLK 60ns
- tag- Sefup time RPLY to CLK - 30ns
28 Setup time RPLY to DATIO 35ns
t29 Pulse width DATIO 30 ns 1 clock
) . period
tao Setup time DATIO to CLK 65 ns
3z Pulse width (min) REQ 35ns

*Vee =50+ 025V
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DCo10
D":":':E 1 ‘;’: vee TRUTH TABLE
A 2 INITL
P WHERE: L = TTL LOW
DATINLL]3 18[JDATEN L H = TTL HIGH
ADREN H[J4 17PCLK H ) X = DON'T CARE
oouT H(]s wflcnTan
DINH
ge 15HIRPLY L INPUTS TRANSFER
TSYNCH]7 1401 TMOUT H DATIN | DATIO TYPE
8omGo L8 8DMGH
c 13[BOMG! L x L DATIO
BSACKO}9 12[JRSYNC H L H DIN
GNDCJ10 11[JBOMRA L H H oout
‘ LOGIC SYMBOL - un s

Figure 20 DCO10 Logic Symbol/Truth Table

INPUT 1.5v

PULSE CONDITIONS FOR DELAY MEASUREMENTS

[PCRRTETY

Figure 21 DCO010 Voitage Waveforms
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S e R T |
BDMGOL [ ! | { : |
! S i , \ |
*TMOUTH' i i i .
. * l
MASTER H } }‘-— tse —T

b oty [
ADREN M R | ! )

....'?i‘ —
INIT L | I
DA Y— | ‘
*WITH NO RC NETWORK CONNECTED ' wa- 12

Figure 22 DCO10 Timing Di'agram, DMA Req_uest/Grant
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Figure 23 DCO10 Timing Diagram (Sheet 1 of 2)
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NOTE. t;, OCCURS ONE CLOCK CYCLE AFTER THE NEGATION OF DOUT

Figure 23 DCO10 Timing Diagram (Sheet 2 of 2)
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Figure 24 DCO10 Timing Diagram (DATIO-Multiple Transfer)
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Figure 25 DCO10 Timing Diagram (Time-Out)
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Table 11 Switching Characteristics
Propagation
Input Signal - Output Signal Teost Delay (ns)

Time Name Name Conditions Min Max
t; BDMGI H-L BDMGO H-L Load A 95 220
t3 BDMq ¢ L-H BDMGO L-H Load A 20 60
ts REQ L-H BDMR H-L Load A 25 70
1; BDMGI H-L T™MOUT H-L Load A 85 230
ts BDMG! H-L BDMR L-H Load A 117 306
t CLK H-L ADREN L-H Load B 15 60
t1s CLK H-L SYNC L-H Load B 18 60t
tie CiLK H-L ADREN H-L Load B 20 65+
t17 CLK H-L DIN L-H Load B 18 60t
tis CLK H-L DIN H-L Load B 18 60
to CLK H-L SYNG H-L Load B 18 60
ta CLK H-L TMOUT L-H Load B 30 90
t23 CLK H-L DOUT L-H Load B B0 175
t25 CLK H-L DOUT H-L Load B 20 651
t2e CLK H-L DATEN H-L. Load B 20 65+

T, represents the first time ADREN is asserted.

t33 represents the subsequent times that ADREN is asserted.

tThese propagation delays meet the following requirements.
. tz%—tn < 20ns
t2a~t2s & 46 ns
tg~tis # 27 N8

tis—tis & 10 ns
tis~t17 & 10 ns
tig-t2e € 10 ns
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Table 11  Switching Characteristics (Cont)
) . Propagation
Input Signal Output Signal Test Delay (ns)
Time Name Polarity Name Polarity Conditions Min_. Max
tas RPLY H-L DATEN H-L Load B 20 65
t27 CLK H-L DATEN L-H Load B 20 651
t33"° CLK H-L ADREN L-H Load B 18 60
t;s . TMOUT L-H BDMR H-L toad B 20 75
tis BDMGI H-L . MASTER L-H Load B 90 242
t37 CLK H-L MASTER R-L Load B 18 66
t3g R SYNC H-L MASTER L-H Load B 10 68
or REPLY

*t1 represents the first time ADREN is asserted.
t33 represents the subsequent times that ADREN is asserted.

tThese propagation delays meet the following requirements.

tis—tig € 10ns
tis—t17 € 10 ns
tig—t2s € 10ns

trs—t27 £ 20ns
t23-t26 € 46 ns
te—t3g = 27 ns



Spaecifications

DCO0O03 Electrical Characteristics

DCO003 TTL (Non-Bus) Interface
{Specification GroupAl - TTL Input and Output Pins)

.

Parameter Requirements
Name Symbo!  Conditions! Min Max  Unit
High-level input ViH 20 A
voltage :
Low-level input ViL 0.8 \
voltage
input clamp voit- Vi Vee=475v 12 VvV
age I} =-18 mA )
High-level output VOH Vee = 475 v 27 \Y
voltage lop =-1mA
Low-level output VoL Vee =475V 05 \'
voitage lo = 20 mA
Input current: at -l Vec =528V 1 mA-
maximum input Vi=565V -
voltage
High-level input lIH  Vcec =525V 50~ puA
current Vi=27v?
Low-level input Iy Vee = 525V -0.556 mA
current -~ =05 V3 .
Short-circuit out- 10s vee -40 -100 mA
put current =525 V&b
Supply current léc Vee = 5.25V 140 mA

1Ambient operating temperature Ta) =

specified.
2[ l H =

100 uA at pins 12 and 15.

3L = -2.0 mA at pins 12 and 15.

“Not more than one output shall be

not exceed 1 second.

5Does not apply to pin 4.
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DCOO03 Bus Driver
{Specification Group 1l ~ Open Collector}) .

Parameter Requirements
Name 7 Symbal  Conditions’ Min - Max  Unit
Output reverse ' loRr Vee =475V . 25 HA
current VOH = 35V
Low-level output VoL vVee = 475 VY
voltage ISINK =70 mA 0.8 A
‘ ISINK = 16 mA 05 v

'Ambient operating temperature (TA} = 0° to +70°2 C unless otherwise
specified. : N

DCO003 Bus Receiver .
{Specification Group 1! ~ High Input Z)

Parameters N Requiremaents
Name - Symbol  Conditions! Min Max Unit
High-level input ViH Ve =475V 153 v
voltage Vee = 525V 1.70 Y
Low-level input VIL. Vcc=475V. 130 Vv
voltage Veec =526V 147 Vv
Input clamp TV Y Vec =475V
voltage lf = -18 mA ~12 VvV

i) = +18'mA 6256 V
- {pins 10 and
17 only)
High-level input H Vy =38V
cursent Vee=0V 40 nA

(Do not do for
pins 10 and 17)

Vee = 525V . 40 . pA
Low-level input iL vVi=0V
current Ve =0V . =10 uA

{Do not do for
. pins 10 and 17)
Vee = 5.25V -10 uA

'Ambient operating temperature (TA) = 09 to +70° C unless otherwise
specified. i
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DCO004 Electrical Characteristics o

TTL (Non-Bus) Interface
(Specification Group | -~ TTL Input and Output Pins)

) Péramator Requirements
Name Symbol  Conditions® Min Max  Unit
]
High-level input ViH 2.0 v
voltage - .
Low-level input ViL 08 Vv
voltage
Input clamp Vi Ve =475V -12 Vv
voltage I} = -18 mA
. -
High-level output VOH VCC =475V 2.7 v
voltage lo=-1mA
Low-level output VoL Vee =475V 0.5 v
volitage o = 20 mA .
Input current at i Vee =625V 1 mA
maximum input Vi =56V?
voltage
High-fevel input - 14 Vee =626V 50 HA
current Vi=27V?
Low-level input b Vee = 626V -0.70 mA
" current V=05V
Short-circuit los Vee=525Vve  -40 -100 mA

output current

Supply current Ice Vee =528V 120 mA

'Ambient operating temperature {Tp) = 0° to +70° C unless otherwise
specified.
2Limits for pin 19 are:

I} = 1.40 mA; NH = -2.25 mA min, --3.85 mA max.

liL = -4.5 mA min, -800 mA max.
3Not more than one output shall be shorted at a time and the duration
shall not exceed 1 second.
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DC004 Bus Receiver
(Specification Group 11 - High input Z)

Parameter ' Requirements
Name. Symbol  Conditions’ - Min Max  Unit
High-level input ViH Vec =475V 153 v
voltage Vee = 525V 1.70 v
Low-level input ViL Voe = 475V - 130 V

\  voltage - Vee =525V 147 Vv
Input clamp Y Voo = 475V 12 Vv
voltage I} = -18 mA
High-leve! input HH V=38V
current Vee =0V 40 HA

Veec =526V 40 HA
Low-level in:;dt Wt vVi=0V i B
current Vee=0V -10  uA
Vee =528V -10  uA

'Ambient operating temperature (Ta) = 0° to +70° C unless otherwise speci-
fied.

DC004 Bus Driver o /
({Specification Group 11 ~ Open Collector)

) Parameter ) Requirements
Name Symbol  Conditions! » Min Max  Unit
Output reverse oy Vee = 475 V 252 4A
current Voy = 35 V
Low-level output VoL Vee = 4.75 v
voltage lgng = 70 mA3 08 Vv

Adgng = 16 mA3 05 V
snk = 15 1iAd 05 V

1Ambient operating temperature (T,) = 0° to 70° C unless otherwise spe-
cified.

265 pA for pin 18 (RXCX H).
3Applies to Pin 18 BUS RPLY only.
4Applies to.Pin 18 RXCX only.

a
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DCOO0B Electrical Characteristics

DCO005 TTL (Non-Bus) interface

{Specification Group | - TTL Input and Output Pins)

Parameter Requirements
Name Symbol  Conditions?’ Min Max Unit
High-level input ViH 2 v
voltage
Low-level input ViL 08 Vv
voltage
Inputclamp voltage Vi < Vgg = 475V 12 v
I} = -18 mA
High-level output VoH Ve =475V 3.65 v
voltage o= -1 mA
Low-level output VoL Ve =475V 0.5 v
voltage - g = 20 mA
Input current at Iy Vee =525V 1 mA
maximum input Vy =58V : ‘
voltage '
High-level input hH Vec =625V
current : Vi=27V
REC 100 pA
XMIT 50 pA
Low-level input he .Vec =525V
current Vi=086V -
REC -22 mA
XMIT -11 mA
Short-circuit output  lgg ~ Vgc = 526 V2 -40 -100 mA
current .
Supply current icc ¥ Vvec =525V 120 mA
Off state (high- 10 (OFF) Vee'= 626V
impedance state) Vi = 365V 100 wA
output current V=056V -0.36 mA

(DAT pins only)

'Ambient operating temperature (TA}) = 0° to +70° C unless otherwise speci-

fied.

2Not more than one 6utput shall be shorted at a time and the duration shall not

“exceed 1 second.
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DCO06 Bus Receiver
(Specification Group il - High Input 2)

Parameter Requirements

Name Symbo!  Conditions' Min Max  Unit
High-level input ViH Vee = 475V 1.63 \
voltage Vege = 525V 1.70 v
Low-level input ViL Vee =475V 130 V
voltage Vee =525V 147 V
Input clamp Vi Il = -18 mA ; -12 VvV
voltage Vee =475V

High-level input I Vi =38V

current {includes
open-collector
leakage on bus

pins)
MENB Vee =0V 40 - uA
Vee = 525V 40 HA
BUS ' Vg =0V 65 uA
’ . Vcc=525V 65 . uA
Low-level input TN =05V
current . Vcc =0V -10 uA
Vee = 5.25 -10  uA

'Ambient operating temperature (Ta) = 0° to +70° C unless otherwise speci-
fied.

DCO005 Bus Driver
(Specification Group 11 —Open Collector)

Parameter Requirements
Name Symbol COnditions’ Min Max Unit~
High-level output 1OH Veg = 475V 25 nA
current (reverse VoH = 525V

urrent — match
output only?

Low-level output . Vo ~ Vgc =475V

voltage ISINK = 8 mA 05 v
. (Match)
CIgINK = 7O mA 08 Vv
(Bus)
ISINK = 16 mA 0.5
(Bus)

1Ambient operating temperature (Ta) = 0° to +70° C unless otherwise speci-
fied. .
2For bus pins, see lj4 under specification greup . -
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DCO006 (Specification Group IV - Ternary State Inputs)

Parameter Requirements
Name " Symbol  Conditions’ Min Max Unit
Low-level input ViL 0.3 v
voltage : ’
High-level input VIH 4.75 \"
voltage
Open circuit input Vor 4.76<Vce 1 2 \
voltage " <5.26

fAmbient operating temperature (Ta)

= 0° to +70° C unless otherwise speci-

fied.

s,

DCOO06 (Specification Group V - TTL Input with Pull-Down)

Parameter Requirements
Name Symbol Conditions’ Min Max Unit
High-level input ViH 2 ' Vv
voltage i
Low-level input ViL 08 v
voltage ‘
Input clamp Vj Vec =475V =12 Vv
voltage -18 mA
High-level input H Vee = 525V 1.2 - mA
current ) Vi =24V
Low-level input Vi Vee =475V 08 \
voitage forcing h = 0.1 mA
input current
Input current at i Vecc =5V 50 200 puA
low-level Vi =04V

*Ambient operating temperature. (‘i’A) = 0° to +70° C unless otherwise speci-

fied.
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DCO008 Electrical Characteristics

DCO008 TTL (Non-Bus) Interface
(Specification Group | - TTL Input and Output Pins)

‘Parameter Requirements
Name Symbol  Conditions' Min Max  Unit
High-level input VIH 2 Y
voltage :
Low-level input ViL 0.8 Vv
voltage
Input clamp Vi Vee = Open -12 VvV
voltage ) lf = -18 mA :
High-level output VOH Vee =475V 2.7 v
voltage lo = -1.mA
Low-level output VoL Vec =475V 05
voltage lp = 20mA
Input current at Iy Ve =525V o1 m)\
maximum input Vi=55V
voitage
High-level input IiH Vee = 525V R
current Vi=27V
Except tri-state - N 80 uA
Tri-state pin 55 KA
Low-level input I Vee =525V
current Vi=058V
CLKA, CLKC -11 mA ~
CTNTIA _ -1.7 mA
D/F(7:0)LD.RD, 100 uA
SC.SA
RD-A + 200 uA.
Off-state high 10 (OFF) Vcc = 525V 100 wA
impedance state - Vo =375V

output current
tri-state only

Short-circuit los Vecec =525 v2 40 ~-100 mA
output current
Supply current Icc Vee = 5.25V 150 mA

- L
'Ambient operating temperature (Ta) = 0° to +70° C: Vgg = 5.0 £ 0.25
unless otherwise specified. ’
2Not more than one output shall be shorted at a time and the duration
shall not exceed 1 second.

N~
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DCO10 Electrical Charaquisﬁu

Parameter ’ “ Requirements

Name Symbol  Conditions® Min Max Unit

High-level input VIH 20 v

voltage Vee = 475V 1.63 \Y
Vee =525V 1.70 \%

Low-level input ViL 08 Vv

voltage Vee =475V 130 V
Vce =525V 147 V

Input clamp V) Vce = open 1.2 \'}

voltage I} = -18 mA—

High-level outpuf VOH Vee =475V _ 27 \%

voltage lo = 1mA ’

Low-level output VbL Vec =475V

voltage o =8 mA 0.5 \

' lo =70 mA 08 \
Input current at hy Ve =526V 1.0 mA
maximum input V=68V
voltage : 1.6 mA

vege = 0 to 40 pA
525V 65 HA
. Vi=38V
High-level input IH Vge = 5.256 V@
current Vi=27V 50 pA
V=27 V4 300 A
Vy=38V 40 HA
V=38V 65 uA
Low-level input TR Vi=05WV?
current . Vee =525V -14 mA
Ve =625V -20 mA
Vee =525V -10 A
Vec =525V -10- pA-
-Output leakage 10H Vcc =475V 25  pA
current Vo =525V
Short-circuit los Ve =525V 15 60 mA
output current? ' .
Supply current Icc Vee = 525V 130y 160 mA

'Ambient operating temperature (Tp) = 0° to +70° C unless otherwise
specified.

2Not more than one output shall be shorted at a time and the duration
shall not exceed 1 second.

3Except CNT4, DATIO.

4CNT4, DATIO.
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it TYPICAL APPLICATION

’ Flgures 26, 29, ‘and .30 show atyplcal application for the DC0O03,

PCO04, DCOO5, DCOOB, and DCO10 integrated circuits. Figure 26

: ‘shows the LSI-11 bus interface circuits. Figure 29 depicts the DMA
control, word count/bus address registers, and the output buffers; quure'

‘80 shows miscellaneous logic.

“ DC003, DC0O04, DCOO5 Application

" Referring to Figure 26, four DCOOS transceivers are used to handle
the first 16 BDAL lines (BDAL 0-BDAL15) from the LSI-11 bus and to
provide the interface to the internal tri-state bus. The transceivers are
enabled to receive data from the LSI-11 bus when the REC H line is
driven high. Similarly, the transceivers transmit data to the LSI-11 bus
when ‘the XMIT H line is driven high. Normally, the DCOO5s are in the
receive state (REC H line asserted) and allow the transceivers to monitor
the LSI-11 bus for device addresses.

Device address and vector switch inputs to the transceivers provide con-
venient address and vector selection.

Switches A3 through A12 are the device address selection switches,
and switches V3 through V8 are for vector selection. Switcheg are ON
{closed) for a 1 bit and are OFF (open) for a O bit. The switch settings for

- the device addresses and vector are shown in Figures 27 and 28
respectively. The addressable registers are:

. : . Bank 7 N
: Register Octal Address -
- Bus Address Register - 1XXXX0

Word Count Register . IXXXX2

Control/Status Register ° 1XXXX4

Output Buffers - o TXXXX6

The user selects a base address for the bus address register and sets the
device address selection switches to decode this address. The remaining
register addresses are then properly decoded as sequential addresses
beyond the bus aﬂdress register.

The DCOO4 is the internal register selector. This integrated circuit mon-
itors BDAL lines O, 1, and 2 to determine which register address has
been placed on the LSI-11 bus. The states of BDOUT and BDIN are also
monitored to determine the type of transfer (DATO or DATI). When an
address for an internal register is placed on the LSI-11 bus, one of the
SEL outputs from the DCOO04 is driven low. This selects that particular
register for the transfer of data. The direction of transfer (into or out of
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w1003

Figure 26 Typical Application (DCO03, DCO04, DCOOS) -



DECODED FOR
10F4
DECODED BY 88S7 SELECTED BY SWITCHES . REGISTERS
A A ——

— T — 2y

17 16 15 14 13 12 n 10 09 08 07 06 05

(T TITTTTTTIITTT]

Al Ag - Al7 A5 A3 BYTE
(s2-14 $1-7} C(S1-5) (S1-3) (s1-1} CONTROL
-—
A2 A10 A8 A6
(52-2) {§1-8) (S1-6) (St—4} {§1-2) MA 1009

Figure 27. Device Address Select Format

3RD OCTAL
DIGIT
0OR 4
15T 2ND : .
OCTAL QCTAL PREASSIGNED r"
DIGIT DIGIT ASZEROS
- N~ \ B
08 07 06 05 04 03 02 01 00 3
v? Vs v3 - .
152-8) (52-51 s2-» |-
va - v6 va v2
(52-8) (s2-6) (52-4) (NOTE)

NOTES . - -
" V2= 1FOR TRANSFER COMPLETE INTERRUPT.
V2= 0FOR TIME OUT INTERRUPT.

~ Figure 28 Interrupt Vector Select Format
the master device) is determined bm state of the OUTHB L, OUTLB L, ‘

or INWD L lines. Internal register selection is summarized as follows:

Control Line ' Select Register
INWD L (Read) SELOL Bus Address Register
INWD L (Read) SEL2L  Word Count Register

OUTHB L (Write High Bytei SELOL Bus Address Register
OUTHB L (Write High Byte) SEL2L  Word Count Register
OUTLB L (Write Low Byte) SELOL  Bus Address Register

OUTLB L (Write Low Byte) SEL2L  Word Count Register
INWD L (Read) ' SEL4L  Control/Status Register
QUTHB L and MRPLY L SEL4L  Control/Status Register
{Write CSR High Byte) '
OUTLB L and MRPLY L . SEL4L Control/Status Register
(Write CSR Low Byte) )

OUTHB L and MRPLY L SEL8L  Output Buffer

(Write High Byte) :

OUTLB L and RMPLY L SEL6 L Output Buffer

{Write Low Byte) '
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Note that MRPLY L is the BRPLY L output of the DCOO4 and is used
along with OUTHB L and OUTLB L to write either the high or low byte in
the control/status register or the output buffers. Write byte selection for
the bus address register and the word count register is controlled only by
the OUTHB L and OUTLB L lines. Words can be written to the con-
trol/status register or the output buffer registers by driving both OUTHB
L and OUTLB L to the low state at the same time.

The DCOO04 integrated circuit is designed to operate directly from the
LSI-11 bus. However, since the intrQduction of the DC0O0S5, the DC0O04
is usually interfaced to the LSI-11 bol.ﬁ%hrough the DCOOS5. Bus signals
(BDAL lines) passing through the DCOO5 are inverted. Therefore, BDAL
0. 1. and 2 signals applied to the DCO0O4 are inverted. Because of this
inversion, it is necessary to change the nomenclature on pins 12 through
17 on the DCOQ4. The difference in nomenclature between DC004s
operated directly from the LSI-11 bus and through a DCOO5 are as
follows.

From Bus (Non-Inverted From DCOOB6 (Inverted
BDALO, 1,2) - BDALO,1,2)

Pin Signal = Pin - Signal

12 ouUTLB L 12 OUTHB L
13 - OUTHBL ) 13 ‘OUTLB L
14 SELOL 14 SEL6L

15 SEL2L 15 SEL4L -
16 SEL4L 16 °~ SEL2L

17 SEL6L 17 SELOL

It is recommended that when a DCOOS is used, the DCO04 be interfaced
to the LSI-11 bus through the DCOOS5 to avoid unnecessary bus loading.

The DCOO3 IC performs an interrupt transaction that uses the déisv-
chain type arbitration scheme to assign priorities to peripheral devices.
The DCOO3 has two channels (A and B) for generating two interrupt
requests. Channel A has higher priority than channel B. If a user's device
wants control of the LSI-11 bus, the interrupt enable flip-flop within the
DCOO03 must be set. This is accomplished by asserting (logic 1) the ENB
DATA line to the DCOO3 (writing bit 14 or bit 6 to a one) and then
clocking the enable flip-flop by asserting (positive transition) the DCO03
ENB CLK line. With the interrupt enable flip-flop set, the user’s device
may then make a bus request by asserting (logic 1) RQST. RQST must

be held asserted until the interrupt is serviced. When the RQST is

asserted and the interrupt enable flip-flop is set, the DCOO3 asserts
(logic 0) BIRQ L, thus making a bus request. When the request is
granted. the processor asserts (logic O) BDIN L. This causes the.DC0O03
to assert (logic 1) VECTOR H. which is applied to the DC005. VECTOR H
at the DCOO5 causes the device vector to be placed on the BDAL lines
to the processor. Interrupts are produced for bus time-outs (CSR bits 15
and 14) and at the completion of a block transfer (CSR bits 7 and 6).
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DMA Application

Figure 29 shows the DMA control (DC0O10), the word count/bus ad-
dress registers (both DCO06), the output buffers (both 74LS273s), and
the input drivers (74LS367s).

The DCO10 performs handshaking oberations required to request and
gain control of the LSI-11 bus for DMA non-processor request (NPR)
data transfers. After becoming bus master, the DCO10 produces the
signals necessary to perform a DIN, DOUT, or DATIO bus cycle as speci-
fied by the control lines. An 8-MHz free-running clock is provided by E8.
This clock is used by the DCO10 to generate ail transfer timing se-
quences. The actual clock frequency is not critical and can be any fre-
quency up to 8.3 MHz. An RC time constant provided by resistor R14
and capacitor C2 provides a delay for the reassertion of BDMR to the
LSI-11 bus. This allows other direct memory access devices to obtain
the bus during the time the CNT4 logic releases the bus and re-requests

the bus.
+5
R9
n . 3300
PP USER REQ L a
patas o 5 o2
El15
- 3 7474
CSRWHB —{C R
WCNTO H -2
€10 ) )
(Tos+iNITiH —2f 7402
5Vdc REQH
R12 R10
330 330
S a3 R
\ 680 680 svpe
- RS
AR2/BDMGI L 13 daomet L real-L 330
AS2/BDMGO L 75q480MGO L oaTINpS -
R 0ATIO b2 DATIN L
BOMR CNT 4
T00UT H—24poUT  E18  DATN LpiB— DATN €
. ToOIn DINH  DCO10 cLk pi— R14
MASTER H MASTER ° T™OUT 5V
TsYNC — TS vNC ADRENH -4 1
RSYNC —=—{RSYNC Y c2
RPLY 10001
. ADRENH
RI6
OL5INH uH
E8 18Mhz
7428132

|!0l|l

MM 1004

Figure 29  Typical Application i
(DCO0B, DCO10, Output Delay, and Input Drives)
(Sheet 1 of 2)
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—] RD-A 1+ D/F at T 2. ouTs
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€27 7415273
DCO06 CLK
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7
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Figure 29 Typical Application
(DCO06, DCO10, Output Delay, and Input Drives)

(Sheet 2 of 2)
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User devices initiate bus requests by driving the set input of the request
flip-flop (E15) low. This asserts REQ to the DCO10 and generates BDMR
L to the LSI-11 bus. When the DCO10 becomes bus master, it asserts
ADREN H to the DCO10 bus address registers. ADREN H allows the bus
address registers to place the address of the slave (memory} onto the
internal bus and, via the DCOO5 transceivers, onto the LSI-11 bus. The
request flip-flop (E15) remains set until the DCOO06 word count over-
flows to zero (WCNTO). WCNTO then resets the request flip-flop.

Two DC006 word count/bus address register ICs are used to provide 16
bits each of word count and bus address. The least significant bits of the
word count and bus -address are provided by DCO0O6/E23; the most
significant bits are .provided by DCOO6/E27. Register A is the bus
address register and register C is the word count register. Both registers
can be read or written under program control from the LSI-11 bus. Reg-
isters are selected by:

¢ Read bus address register ISI‘JE\l/;II()) 'i

~ e Write high byte of bus address register (S)El}gé L
. Write low byte of bus address register CS)EIEI'EBLL
. Reaq word count register gﬁh’ﬁé L
e Write high byte of word count register ﬁVEvbl% lI_.
e Write low byte of word count register SEL2 L

OUTHB L

The bus address register is incremented by 2 for word transfers. To
accomplish the increment by two, the CNT1A input to the least signifi-
cant DCO06 {E23) must be high, and the CNT1A input to the most
significant DCO06 (E27) must be grounded. Clocking for DCOO6 E23 is
provided by the transition of the ADREN H line from the DCO10. When'
bus address register DCOO6 E23 overflows, MAX-A goes high, thus
clocking the DCO06 E27 bus address register.

The word count register is incremented by one each time a word is
transferred. Initially, the word count register is loaded under program
control, with the 2's complement of the number of words to be trans-
ferred. As words are transferred, the word count register is incremented
toward zero. When DC006 E23 overflows, MAX-C goes high. MAX-C
clocks the DCOO6 E27 word count register until DCO06 E27 overflows.
When E27 overflows, WCNTO H is generated; WCNTO H then resets the
request flip-flop (E15), thus terminating data transfers.

During DMA data transactions, input data from the DIN bus cycle is
placed on the internal tri-state bus via the DCOO5 transceivers and is
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applied to the 74LSZ73 {E28 and E24) output buffers. These buffers are
then clocked by CHANHB and CHANLB, thus placing the data on the 16
OUT lines to the user’s device. h

For output data transfers (DOUT), the user’s device places data on the
16 IN lines to the 74LS367 tri-state drivers. The drivers are enabled by
DATEN L. which is asserted during a DOUT cycle. The data passes
through the drivers, is applied to the internal tri-state bus and, via the
DCOO5 transceivers, to the LSI-11 bus.

Miscellaneous Logic

Miscellaneous logic is shown in Figure 30. This logic includes CSR.
output buffer and input driver control, non-existent address time-out,
DCOO0b5 transceiver receive/transmit control, the control/status register
(CSR), additional transceivers (864 1s), and the ‘B’ request flip-flop.

The CSR, output buffers, and input driver control receive INWD L,
OUTHB L OUTLB L, SEL 4 L, SEL 6 L, DATN H, and DIN H. These
signals are gated to produce enable signals for the CSR, the output
buffers, and the input drivers. CSR RD is produced by INWD L and SEL 4
L to enable the CSR data (DATA 5 through DATA 14) (Figure 5-29,
sheet 2) to pass through the 74LS367 tri-state drivers and onto the LSI-
11 bus via the DCOOS5 transceivers. OUTHB L, OUTLB L, SEL 4 L, and
MRPLY L produce either CSRWHB L or CRSWLB L for writing bit 8 of
the CSR (7474°E15 on Figure 5-29, sheet 1), or for clocking the "B”
request flip-flop. DATEN L is generated either by DATN H or by INWDL
and SEL 6 L. DATEN L enables the 74LS367 tri-state input drivers (Fig-
ure 5-29, sheet 1) during an IN cycle. The CHANHB and CHANLB sig-
nals clock the 7418273 output buffers during an OUT cycie. When bytes
are transferred, QUTHB L, MRPLY L and SEL 6 L enable the high byte
(CHANHB L asserted), while OUTLB L, MRPLY and SEL 6 L enable the
low byte (CHANLB L). Both bytes are simultaneously transféerred (word
transfer) when DIN H is negated.

The non-existent address time-out provides a 10 us time-out in the
event that a non-existent address is requested on the LS!-11 bus during
a DMA operation. This prevents hanging-up the LSI-11 bus for periods
longer than 10 us. When the DCO10 becomes bus master, ADREN H is
asserted and clocks the 10 us one-shot (E11). Normally, RPLY from the
LSI-11 bus goes low and the one-shot is cleared. However, if RPLY is
high (no response from slave), the one-shot times out and clocks the
74LS74 flip-flop (E12). The flip-flop is set, generating (TOS + INIT) L;
this signal is applied to.the DCO10 (Figure 5-29, sheet 1) clearing the
internal synchronization circuit and releasing the LSI-11 bus. (TOS +
INIT) H resets the request flip-flop (E15). The 74LS74 flip-flop (E12) can
be set and reset with CSRW HB and DATA 15 (CSR bus time-out). This
flip-flop is automatically reset during power-up.

217 -



CSR. OUTPUT BUFFERS, INPUT DRIVERS CONTROL CONTROL/STATUS REGISTER
I (CSR) READ LOGIC

I SR, OUTPUT BUFFERS, INPUT DRIVERS CONTROL 1 CONTROLSTATUS REGISTER
l

O 4 CSRR.J:

et e
2 741502
O
9
outHe L —=¢
10 ES 8
AW
MRPLY L CSRWHB
QUTLBL 2 QU
r) E5 \6
5 741527 CSRWLB
SEL4L O
1

INWD L

:
&

5
. DATAIS

enasTH 4 b 5 patans
5
REQ H —}S. 9 L patas
5 .
o

RQSTBH lof

DATA7 -
QUTHB L —
MRPLY L

ouTLB L

€29
740586 § chants

DATAS

E
1
ENBST H Bl b 1 batas
o
1
b

#

E 10 o8
7415221 T

o=

EB.E21
7418367

|

| ‘
D D
|

|

|

CSR RD . |
!

r 8" REQUEST FLIP-FLOP —l patas -4 p ol
- WCNTO L v E15
10 74L875
S 11
RWLE — C
I DATA 7 ﬁ‘ Q 8 RQSTBH ' CSRWLS A
E12
1
| 741574 I ? 3
T INITL
l CSRW L8 — C l
R .
* SPARES
| To | I
INIT L
L — e —— 1

Figure 30 Typical Apblication (Miscellaneous Logic)
(Sheet 1 of 3)
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Figure 30- Typical Application {(Miscellaneous Logic) ’
(Sheet 3 of 3)
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The DCOOS transceiver receive/transmit control determines the state of
the DCOObS transceivers on Figure 26. Normally, the transceivers are in
the receive state to accept device addresses from the LSI-11-bus. When
REC H is asserted (high), XMIT is negated {low). XMIT is asserted (high)
when transferring data to the LSI-11 bus (T DOUT, DATEN, and ADREN
are high; TRPLY, INWD are low). REC is asserted (high) when receiving
‘data’ from the LSI-11 bus (TDOUT, DATEN, and ADREN are low;
TRPLY, INWD are high).

The control/status register (CSR) {(Figure 29, sheet 2) has six active
bits and is a read/write register comprised of 74LS367 tri-state drivers
and flip-flops which are part of other logic circuits shown on  Figura
29, sheet 1, and Figure 30, sheet 3. Figure 31 shows the CSR
format. The CSR bits are described in Table 12.

UNUSED UNUSED
- -
15 1413 00
| l l I | l r L r { 4[
1 1 —L L L ) U E U J
INTERRUPT . ussn INTERRUPT -
ENABLE TRANSFEA | ENABLE
FOR BIT 15 REQUEST | FORB!T7
" BUS TIME-OUT : BLOCK TRANSFER
(NON-EXISTENT COMPLETE
ADDRESS) (WORD COUNT
OVERFLOW)
DOUT;DIN

10

MR.1011

Figure 31 Control/Status Register {CSR) Format

The quad transceivers (8641) supplement the DCOO5 transceivers for
interfacing to the LSI-11 bus. In this particular application, the 8641s
are permanently enabled by grounding pins 7 and 9.

1

Table 12 . CSR Bit Descriptions

Bit Name -~ . Description

00" .

o1

02 Unused w

03

04 , _ .

- 06 DOUT/DIN . ~ "When on a 1, indicate a DOUT

/ cycle; when on a 0,'indicate a DIN
’ cycle. -
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Table12 CSR Bit Descriptions (Cont)

Bit Name : Description
06 Interrupt enable for bit This bit must be set (1) to enable
7 ’ the-word count overflow: interrupt

at the end of a block transfer. When
on a 0, the interrupt is inhibited.

07 Block transfer complete  This bit sets (1) when: the - word
“ count register overflows, providing

bit. 06 is set.
08 User transfer request The user's device must set (1) this

bit to make a bus request and trans-
fer data. User REQ L (J1-PP) must
be driven low (0) to set bit 08. This
bit is always read as a zero. This is
an example for test purposes.

09

10 |

1" Unused

12

13 -

14 Interrupt enable for bit This bit must be set (1) to enable
15 the bus time-out interrupt. When on

a 0. the interrupt is inhibited.
15 Bus time-out _ This bit sets (1) when a slave on the

LSI-11 bus does not respond with

BRPLY within 10 us after being ad-

dressed. Bit 14 must be set (1) to
v enable the bus time-out interrupt.

Wire Wrappable Module W9512

The W9512 module will accept a variety of IC package types and dlsctete
components. The printed circuit on each board connects the appropriate
edge connector pins to the Vcc plane on Side 2 of the board and the ground
plane (GND) on Side 1. The remaining edge connector pins terminate to a
double row of wire wrap pins for user designated functions. Each module
also includes a premounted 40-pin male cable connector to allow an inter-
face cable to be attached to the module logic. The pins of the cablé con-
nector are also terminated to a double row of wire wrap pins. Each board
contains insulated standoffs to maintain the required clearance between
adjacent modules and prevent shorting of wire wrap pins. The wire wrap
pins and components are mounted on Side 2 of each module. The majority
of the ro]ws of predrilled holes accept IC packages with pin spacings of 0.3".
However, a universal area on the W9512 module is the area which accepts
IC packages with standard pin spacings of 0.3”, 0.4” and 0.6".
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Total IC capacity on the wire wrap module i$ as folfows: 32 14-pin IC’s or
27 16-pin IC’s, 5 24-pin IC's, 3 40-pin IC's.

These capacities allow one pair of holes between each DIP for mounting addi-
tional decoupling capacitors. The W9512 module is supplied without IC
sockets. IC sockets available through the handbook are the 954 (14-16 pins),
the 961 (24 pins) and the 962 (40 pins).

W9512 wire wrappable board is quipped with 40-pin male
interface connector.

IMPORTANT NOTE ON DMA CHIPKITS

The two DMA Bus Interface CHIPKITS, DCK11-AB and DCK11-AD, are new
products being developed by DIGITAL, and -are undergoing final applications
testing and review as of the publication date of this handbook—July, 1978.
Production quantities are expected about October, 1978. If you have a
serious interest in using these CHIPKITS, contact us for the latest word on
availability. Write DIGITAL, Logic Products Sales Support, MK1-2/E13, Merri-
mack, NH 03054, or call us on our toll-free Hot Line, 8:30 AM to 5:00 PM
Eastern time: 800-258-1710. From New Hampshire locations or places out-
side the continental U.S., call 603-884-6660.
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GENERAL PURPOSE LOGIC & CONTROL MODULES
M- SERIES A-SERIES, K-SERIES—FOR INTERFACING, COMMUNICATIONS,
AND SPECIAL APPLICATIONS
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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.

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

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.

A Series analog modules support the M Series by- prbviding a two-way trans- ‘
lation between continually varying reai-world voltage measurements and the
digital realm of control and computation.

K-Series industrial control modules offer exceptional immunity to electrical
noise. In typical process-control applications, inputs are from limit switches,
photocells, orrthe like; outputs are to control motor starters, relays, solenoids,
or lamps. K-Series modules have many advantages over electromechanical
control devices, and can also connect to a computer if a suitable high-speed
TTL interface is used.

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 enﬁplqy TTL
(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 identizal in size to the standard
FLIP CHIPTM modules. The printed circuit board is double-sided providing
36-pins in a single height module. Mounting panels and 36-pin sockets are
available for use with M Series modules. Additional information concerning
applicable hardware may be found in the Cabinets & Parts section of this
handbook as well as the Hardware/Accessories Catalog published by DIGITAL.

]
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OPERATING CHARACTERISTICS
Power Supply Voltage: 5 Volts = 59,
Operating Temperature Range: 0° to 70°C

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 5.0 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 Hl output condition is
‘between 2.4 volts and 5.0 volts. Figure 1 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 foading. However, certain
module outputs will deviate from a 10 unit load capability e,md provide more
or less drive.” Always refer to the individual module speciflcations to ascer-
tain actual loading figures.

Unit Load: In the logic O 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 4-0.4 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.

N
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" INPUT CHARACTERISTICS
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NAND Logié 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 2.

8

A8

3’ oJTRIT ‘V’
A+8B

H

A -] ouTPUT
L L H
L H H
H L H
H H L

Figure 2 NAND Gate Ldgic 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.
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NAND GATE FLIP-FLOPS
RS Flip-Flop: A basic Reset/Set flip-flop can be constructed by connectmg
two NAND gates as shown in Figure'3.

PREVIOUS INPUT "RESULT
SET STATE CONDITION
1 1y o SET RESET 1 o)
L H L H H L
H L H L L H
L H H H NO CHANGE
H L H H NQO CHANGE
H L L. H NO CHANGE
() L H H L NO CHANGE
RESET L H L L H¥* H¥*
H L L L H¥* . H¥®

*ambiguous state: In practice the input that stays low longest will assume
control

Figure 3 RESET/SET NAND Gate Flip-Flop

4

CLOCKED NAND GATE FLIP-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 F|gure4 ) One
of the inputs of each NAND is tied to a common clock or trigger line.

!

R ga—

CLOCK

. RESET —

Figure 4 Clocked NAND Gate Flip-Flop

A change of state is inhibited until a posiﬁve 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 against the ambiguous state characteristic of
NAND gate flip-flops.
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LOGIC SYMBOL

Figure 5

D Type Flip-Flop: The first of these is the D type flip-flop shown in Figure 5.
A low to high transition at the C input causes the 1 output to assume the
state that the D input was at the time of transition. The 0 output will always
-assume the opposite state. In this way, the D flip-flop will store the signai
level at the D input since subsequent changes at the D input will not affect
the flip-flop’s state until the C input is again clocked with a low to high
transition. When the 1 output is high and the O output is low, the flip-flop is
said to be set. When the 1 output is low and the O output is high, the flip-
flop is said to be reset or cleared. The D flip-flop can be direct set by apply-
ing a low level or pulse to the S input. Likewise, it can be direct reset by
applying a low level or pulse to the R input. Signals at the S and R inputs
will override those at the C and D 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-

“MASTER-SLAVE J-K FLIP-FLOP”

The two unique features of a J-K flip-flop are: A) a clock puise will not cause
any transition in the flip-flop if neither the J nor the K inputs are high during
the clock puise, and B) if both the J and the K inputs are high during the
clock pulse, the flip-flop will compiement (change states). There is no indeter-
minate 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, as the out-
put will complement on the negative going voltage transition of the clock. It
is for this reason that the clock line must bé 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
voitage) 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

. 231



to and during the clock pulse, the flip-flop will go to the ‘1" condition when
the trailing edge of the clock occurs. If the K input is ehabledand the J input
is disabled prior to and during the clock pulse, the flip-flop will go to the
. “0Q" 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 puise, 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 durmg the clock pulse, the fiip-flop
will remain in whatever condition existed prior to the clock pulse when the
trailing edge of the clock pulse occurs.

. T

Figure 6 . Master-Slave J-K Flip-Flop

Figure 7 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 7. Master-Slave J-K Flip-Flop Truth Tabie
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UNUSED INPUTS (GATES AND FLIP-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 excetlent coupling into the driving portlons of the
circuit when left unconnected.

To insure maximum noise immunity, it is necessary to connect these inputs
: to either ground or to a source of Logic 1 (high) depending on the situation.

For instance, the unused inputs of a NAND gate would be connected .to a

Logic 1 source, while the unused inputs of a NOR gate would be grounded.

If a Logic 1 st;urce is needed, it may be obtained in several ways.

1. Many M Séries modules provide +3 volt sources for this purpose. Con-
sult the module diagrams for pin numbers and fan-out capability.

2. Ground the inputs of an unused NAND gate or inverter and use the out-
put as a 43 volt source,

3. Connect unused inputs to one of the active inputs on the same gate.
However, this results in a higher leakage current due to the parallel
emitters and should be considered as an additional unit load when cal-
culating the loading of the driving gate.

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

NAND Gate and Power Amplifier Propagation Delays: The standard pulse
(Figure 8) is distributed throughout a system in negative form to maintain
the leading edge integrity. (Since the TTL gate drives current in the logic
O state, the falling edge is more predictable for tlmmg 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.

TIMING CONSIDERATIONS

Delays introduced by inverting gates and high speed power gates power am-
‘plifiers are illustrated in Figure 8. (Delays are measured between threshold
points.)
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INPUT

NAND OR POWER
NAND GATE

PULSE —U_
|

|
e,

i

|
|
POWER i |
AMPLIFIER | -
M627 I I

DELAY (NANOSECONDS)

STANDARD | 15
GATES

. ‘on toff
TYP |MAX | TYP | MAX
29 8 15
- 5 —

HIGH SPEED|
GATES | -

b totf "'{

Figure 8. NAND Gate and Power Amplifier Delays
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GENERAL PURPOSE MODULES
FUNCTIONAL LISTING

FUNCTION TYPE PAGE
GATES .
Inverter M111 245
Inverter/Buffers M165 266
High-Speed Power Inverter M611 315
2-Input NAND Gates M113 247
3-Input NAND Gates M115 © 247
4-Input NAND Gates B M117 247 |
" 8-Input NAND GATES ; M119 247
High-Speed 2-Input NAND Gates M133 252
High-Speed 3-Input NAND Gates M135 253
High-Speed 4-Input Power NAND Gates M137 254
High-Speed 8-Input NAND Gates . M139 255
4-Input Power NAND Gates M617 316
High-Speed 4-Input NAND Gates M627 317
AND/OR Gates T Mi121 251
NAND/OR Gates M141 256
2-Input NOR Gates M112 : 246
4-Input NOR Gates ' M116 250
2-Input AND Gates M1103 330
4-Input AND Gates M1307 333
Exclusive-OR Gates M1125 331
Logic Gate K113 394
Logic Gate - K123 394
Logic Gate K124 394
Inverter - K134 394
Inverter . K135 . 394
Inverter K138 394

\

OPEN COLLECTOR GATES

NAND/OR Gates M141 / 256
2-Input NAND Gates . M1131, 332
See also the following modules described in other sections of this handbook.

Gated 80 mA High Impedance NAND Gates M783 . 71
80 mA High Impedance Buffers M798 80
80 mA High Impedance NAND Gates M1500 82
Gated 80 mA High Impedance NAND Gates M1501 . 84

FLIP-FLOPS

Five D-Type Flip-Flops . M205 275
Six D-Type Flip-Flops : M206 ) 276
Five D-Type Flip-Flops M246 293
Eight R/S Flip-Flops M203 273
Three J-K Flip-Flops M202 272
Four J-K Flip-Flops M204 274
Six J-K Flip-Flops . M207 278
Dual 4-Bit Tri-State Registers M2001 338
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FUNCTION " TYPE - PAGE
FLIP-FLOPS (CONT’D.)
Flip-Flop ' 394
- Flip-Flop - 394
Flip-Flop 395
SHIFT/STORAGE REGISTERS
Dual 4-Bit Shift Register M245 291
Dual 4-Bit Multipurpose Shift Register M248 296
Dual 64-Word x 4-Bit FIFO Ser‘ial Memory M2500. 340
Flip-Flop Register - K206 394
Shift Register ) K230 N 395
COUNTERS )
12-Bit Binary Up/Down Counter ° M236 283
3-Digit BCD Up/Down Counter M237 285
Dual 4-Bit Binary Synchronous Up/Down Counter M238 287
Three 4-Bit Counter/Register M239 289
Counter K210 395
Programmable Divider K211 395
4-Bit BCD/Binary Up/Down Counter K220 395
MULTIVIBRATORS
Dual Delay Multivibrators N = M3020 344
.Integrating One-Shot . M306 297
Pulse Amplifier M602 314
M-Series-to-K Series Converter M671 319
Dual Timers K302 395
On/Off Delays K303 395
One-Shots K323 395
Timer Control K371 395
Timer Control K373 395
Timer Control K374 395
Timer Control K375 395
Timer Control K376 395
Timer Control K378 395
CLOCKS ~ J
Variable Clock M401 300
RC Multivibrator Clock M403 302
Crystal Clock M404 " 304
Crystal Clock M405 305
Crystal Clock M4050 346
PULSE SHAPING
Schmitt Trigger M501 306
K-Series-to-M-Series Converter (Schmitt Trigger) M521 308
M-Series-to-K-Series Converter (Ont-Shot) M671 - 319
Dry Contact Filters- - K580 363
Dry Contact Filters K581 363
Schmitt Trigger K501 396
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FUNCTION TYPE PAGE
MULTIPLEXERS R
Data Selector M1701 334
16-Line to 1-Line Data ﬁelector M1713 336
DECODERS
Binary to Octal/Decimal Decoder M161 261
Dual Binary to Decimal Decoder M163 264
4-Line to 16-Line Decoder M155 257
Binary-to-BCD and BCD-to-Binary Converter M230 280
Binary-to-Octal Decoder K161 - 394
’ ARITHMETIC
Arithmetic/Logic Unit M159 258
ALU Look-Ahead Logic M191 269
12-Bit Magnitude Comparator M168 267
Digital Comparator K174 394
o LOGIC AMPLIFIERS )
Solenoid Driver M040 240
50 mA Indicator Driver MO50 242
Solenoid Driver MO060 243
4-Input Power NAND Gate M617 316
NAND Power Amplifier M627 317
Gate Expander K003 394
_Gate Expander K012 394
Gate Expander K026 394
Gate Expander K028 394
Reed Relay Drivers K265 395
High-Speed Power Inverter M611 315
Positive Level Cable Driver M660 318
Isolated AC Switches" - K616 366
DC Driver K652 368
DC Driver K657 369
DC Driver K658 370
5-Digit Display K675 371
COMMUNICATIONS

EIA/CCITT Level Converter M594 309
1-Channel Transmit/Receive Optic-Coupled

Current Isolator M598 312
Teletype Receiver M706 321
Teletype Transmitter M707 326
Asynchronous Transceiver M7390 - 359
20 mA to DEC DF11? M5960 352

ISOLATION/LEVEL CONVERSION

Optic Isolator Input Module ' -~ M5864 348
Optic Isolator Output Module ) ) M6865 . 355
1-Channei Transmit/Receive Optic-Coupled y

Current Jsolator " M598 312



FUNCTION TYPE PAGE
"ISOLATION/LEVEL CONVERSION (CONT'D.)
Dry Contact Filters K580 363
Dry Contact Filters R K581 363
Isolated AC Input Converters K579 396
] MISCELLANEOUS o
Logic HIGH Source M002 239
Parity Circuit M162 263
Delay Line M310 299
K-Series-to-M-Series Converter M521 308
M-Series to-K-Series Converter M671 319
MSI!-Module Board w960 373
Universal Terminator Board w64 374
Power Control Board G772 376
Fixed Memory K281 395
Diode Memory K282 395
Timer Component Board K990 397
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M002

- 'LOGIC HIGH SOURCE

MISCELLA-
NEOUS

M SERIES

Length: Standard
Height: Single
Width:  Single

+3v

SOURCE

Power

+5
GND

Volts mA (max.) Pins
16

c2, Tl

To hold unused M Series TTL gate inputs HIGH, the MOO2 provides 15 out-
puts at 43 volts (logic HIGH) on pins D2 through V2. Up to 10 unused M

Series gate inputs may be connected to any one output.

The M0OO2 can also be used as pull-ups for opén collector outputs in é wiréd-
OR situation. If an M0O02 circuit is driven by a gate, it appears as two TTL

unit loads or 3.2 mA at ground.

The following diagram shows one of the 15 identical circuits.

+5v
1.8K

-

MODULE .
PIN
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LOGIC
M040 AMPLIFIERS

SOLENOID DRIVER

M SERIES
Length: Standard ’ P
‘Height: Single
Wwidth: Single
LT_]DZ i

2 C e ——=3
E}F_z"—‘:Lv\ ' ’ %

mxz H T
m_>__41-2 ) - =-
L ' EXT
SUPPLY

| c2
e T} power |---
) = - Lo -=-d
Power
Volts mA (max.) Pins
-5 47 A2
GND C2, Tl
—15 9 B2

The MO40 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 mA 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 MO040 can drive relays, solenoids, stepping motor wmdmgs and similar
inductive loads. ’

Restrictions: Not recommended for incandescent lamps.

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 Ieakage current (typically
100 A 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
MO040, rather than at a frame or bus ground.

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

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

External supply voltage: 70 V dc max.

Circuit Delay: Typical propagation delay for each circuit is 5 us (between
10% and 909, voltage points) for an external supply voltage of .70 volts.
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. LOGIC
M050 - AMPLIFIERS -
50 MA INDICATOR DRIVER
; M SERIES
Length: Standard
Height: Single .
Width: Single
@D—Z +3 'V‘ D'E @LZ +3 -V UE @52 *3 v E,E
00 o o . lo_o
0o L 0o o o 0
@Hz +3 -V Ll E]Pz L f¥3 -V L] EH2 +3 -V '"E]
0o o - ‘1o o o_of
@az +3 -V RIS 2 +3 -V NG @R +3 -V St
. “lo_o [ S
; %= 50 MA, -30V MAX.
- Power
Volts mA (max.y Pin
+5 47 A2
GND c2
=15 16 B2

A

The MO50’ contains twelve transistor inverters that can drive miniature in-
candescent bulbs such as those on an indicator panel. A LOW level on the
input of the driver causes current to flow in the output.

Restrictions: Do not use to drive inductive loads (relays, solenoids).

SPECIFICATIONS

Each output is able to drive 50 mA into an external load connected to any

voltage up to —30 volts.
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: LOGIC
M060 AMPLIFIERS
SOLENOID DRIVER
‘ M SERIES
Length: Standard—/ g \ !
Height: Single
Width: Single
o Lo,
Lo 220 see
._LzD___I..-_rrvrr\ _____ <+ NOTE
Al Ho sy >
1
L 0
| 0
2 ]
\ e T
N
“i
K1 D
P A
8l Hoov
L 4]
-
Lz e
——
Mz _’_—--1~ L Bl R §
a " w * L’E’)AD
o D0
' 4 N1 0
_NZD:I__- )
|
._._D_Pz \-.1. _———rree L
‘ o1 H W " lOAD‘
L o \Ny
c2-1 O+
R (F--- *FID--i
T -y, o
SEE TEXT ——D—:; -
T g S
~
Power
Volts mA (max.) Pins ’
+5 80 A2, E1, E2,
GND - C2,TL,FI,Fg,
See Text S1, 82
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The M060 module consists of four identical positive high-current driver cir-
cuits. Each circuit contains an inverting gate that controls an NPN transistor
switch. A low level, at any input, will turn on the switch which is capable of
driving loads up to 1.2 amps to ground with external power supply voltages of
up to +75 V dc. ‘

APPLICATIONS
The MO60 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 S1 and S2, and the negative terminal
to ground.

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

FUNCTIONS

ON Condition: Each switch activates the load device when the mput is a
logic Low, 0. In this condition, the circuit supplies current which is determined
by the external power supply voltage and the load impedance.

: <

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

CONNECTIONS arid PRECAUTIONS

Note that the emitter and colliector 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 be connected 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 us (typical)-—15 us (max)
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M111 GATES -
INVERTER
: ‘ M SERIES
Length: Standard
Height: Single o=
Width: Single
AL »_ — Bl ik »_ L2gg
[ D2 N1 P1
e > a El g M2 > . N2e)
mn > o m‘@ y il St
[I'Ez A le o) E}PZ o—»—R2g
T ’ " Ki g [ A Ut i)
THe o 25 oE ’ . T2
o ’ - M s U2 - v2
- Power
Volts mA (max.) Pins
+5 87 A2
GND cz, T1
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M 1 12 ' GATES

NOR GATE :
M SERIES
Length: Stan;iard
Height: Single »
Width: Single
Al L1
n ’ O Cl m ' N
n By M
D1 L2
F1 [1]

]
8
5]

n D2 F2 n ] st
E2 ° o] Ri T ° 10)
1] 4]
H1 P2
n K1 S2
M © 1) R2
1] .
H2 T2,
K2 (1] )/ o—» 2]
J2 U2 . ’
, 1] , -
] > Ut @
+3v | ‘
Vi @
Power
Volts mA (max.) Pins
5 50 AZ
ND Cc2,T1 -
—_ z.
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M113, M115, M117, M119

GATES

M SERIES

NAND GATES
Length: Standdrd
Height: Single
Width: Single
[ . - o N
02— 1
E}g‘"_ : F ) lIF‘Z* N2
I: I—»—E’ . . m&—
A mﬂ,_j F2 E}ﬂ’_ S1
%2 ) ® lﬂﬂ——j
El"'"—’— X1 mﬂ’_ s2
mal ERZ.
12— K Kz\ [ ve
2 [O%—
- ; )
MI13 2-INPUT NAND GATES v3v ’ @
. ‘ Vigy -
Power
Volts mA {max.) Pins
+5 - 71 M113 A2
. +5 41 M115 A2
\is 41 M117 A2
5 19 M119 ‘A2
GND c2, T1
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M119  B8-INPUT NAND GATES

=Bt
RZ, ‘ !

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 (*

inputs.
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M116 : GATES

6 4-INPUT NOR GATES
. M SERIES

Length: Standard
Height: Single
\Width: Single

The M116 module consists of six high-speed, 4-input NOR gates. Pins Ul
and V1 provide separate {ogic HIGH sources (4-3V), each capable of holding
up to 50 unused M Series inputs HIGH.

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

v
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| would like additional information on the following products

[0 Piease have a DIGITAL sales representative call.

Name

Title Dept.

Company

oy

27

Street

City State Zip

Introducing DIGITAL’s Direct Sales Catalog. The world’s first catalog to offer
computers and computer-related products by mail, with off-the-shelf delivery.

In addition to the conveniences of catalog buying, you also get a nifty dis-
count, plus another if you send cash with your order.

Products offered include LSI-11 microcomputers, logic modules, terminals,

even things like cabinets, connectors, supplies, and accessories. i
For your free copy of DIGITAL's Direct Sales Catalog, just fill in and return -
this card. Today. i
Name ;‘2
Title Dept. %

.

5
Company ‘j
Street b
City State Zip
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BUSINESS REPLY MAIL

FIRSTCLASS PERMITNO.33  MERRIMACK, N.H.

DIGITAL EQUIPMENT CORPORATION
LOGIC PRODUCTS SALES SUPPORT
MK1-2/E13

MERRIMACK, N.H. 03054

BUSINESS REPLY MAIL

FIRST CLASS PERMITNO.33  MAYNARD, MASS.

DIGITAL EQUIPMENT CORPORATION
DIRECT SALES CATALOG

COTTON RD.

NASHUA, N.H. 03060

Attn: Circulation Dept.

No Postage
Necessary
if Mailed in the
United States

No Postage
Necessary
if Mailed in the
United States




M121 GATES
AND/NOR GATE

M SERIES

“Length: Standard
Height: Single
Width: Single

B .

mm = m_-*——_‘ 2
mD\ N

mF‘ .

mHi >

D\H

mKﬂ .

e —

Power
Volits mA (max.) Pins
50 A2

o c2, Tt

The M121 module contains six AND/NOR gates which perf_orm the function
('A-V'B"+C°D). By proper connection of signals to the AND inputs, the ex-
clusive OR, coincidence, and NOR functions can be performed.

SPECIFICATIONS
Propagation Delay: Typically 15 ns
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M133 | GATES

TWO-INPUT NAND GATES

M SERIES

Length: Standard
Height: Single
Width: - Single

) B . ¢ B N
ELL L * 2]
LI ] B )
L M2, :}"_2‘@

F2 S1

g

K2
7

Hi
@—»— K

s2

20
N

i 5
TiiiT
.

e
Power

Volts mA (max.) Pins
160 A

5
E*;—ND c2, 11

The M133 provides general-purpose high-speed NAND gating.

[y
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M135

8 3-INPUT NAND GATES

GATES

M SERIES

Length: Standard
Height: Single
Width: Single

Do—A@
L G

_gates.

SPECIFICATIONS

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

) Y UG

Volts
+5
GND

Power
mA (max.)
100

253

Pins
2 .
c2, Tl

H2

2

$2

\

The M135 module consists of eight high-speed, 3-input, positivé logic NAND



M3z GATES
SIX 4 INPUT NAND GATES

M SERIES
Length: Standard
Width: Single
Height: Single
E roan Evoun B
BT ) ag  Be—
Bte—1t S L0 B, D""‘&@
[ — - [0 L —
B, g .
e @
(- ER -
e . . L -

H1 ’
Bt e

e P {10] i p—=Y2{i0]
) LU
Power

Volts mA (max.)  Pins
$5V 100 mA A2
ND - Cc2, Tl

The. M137 Modulé consists of six high-speed, 4-input positive logic NAND
gates.

Maximum propagation delay to a Iogié High or Low is 10 ns.
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'M139 _ GATES

3 8-INPUT NAND GATES

M SERIES

Length: Standard
Height: Single
Width: Single

@Bl }
@A\ @Fl

@Cl @J‘ ‘
[]D\ @K\
J2 P2

@FZ | [a]2 : »
m 02 @Nz |
= E2 ‘ @MZ
CEt—
R 3} Pl
e

ul 50

SODRGE
-
Power
Volts gnA (max.) Pins

+5 A2
GND cz T

The M139 module consists of three high-speed, 8-input, positive logic NAND
gates. Pins Ul and V1 provide two separate logic HIGH sources (4-3 V,) each
capable of holding up to 50 unused M Series inputs HIGH. - )

SPECIFICATIONS
Maximum propagation delay to a logic HIGH or LOW is 10 ns.
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M141 GATES
NAND/OR GATES ‘

M SERIES

Length: Standard
Height: Single
Width: Single

+8v +5v v
1.5K .  fusk
c1 7 N2 L ‘
Bt
D I I
2 B B
zoum DS S D S - aam B
9 _ ‘ 02— ot +5v
32— . O e ‘z
ape s (L —— M
mE2 ] ’, M2 5
D2 F2
o » Volts '::XI ?r';'lax.) Pins
- , +5 117 A2

GND C2, T1

The M141 provides NAN'D/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.

A maximum of four groups of gates can be connected together. Connection is
made by merely connecting output pins together. The two-input NAND gate
which is used in the M141 does not have the standard TTL ouput 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 cmmon pull-up resistor.

SPECIFICATIONS
Propagation Delay: 70 ns max.

v

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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"M155 DECODERS
4-LINE TO 16-LINE DECODER

M SERIES
Length: Standard
Height: Single
Width: Single
u
0
b 1 0
R1
.E]—F—‘-—-————- 20 3
N1
| : IH'I . 2! 4 D_—’_—-—@
mll 22 5P M m
, s2 .
- 8 R2 @
. ’
ok N2 (o)
nb i7] ()
- 12 12
[I] G \ - - F2
- STROBE 13
m __—J 14
sb X2 (o]
Power
Volts mA (max.) Pins
+5 55 A2
GND c2,T1

The M155 module decodes the binary value on the four input lines into one
of sixteen mutually #xclusive outputs when both STROBE inputs, L2 and M2,
are Low. The demuitiplexing function is performed by using the four input
lines to address the output line. When either STROBE input is HIGH, all
outputs are HIGH.

SPECIFICATIONS
Propagation Delay >
From: To: »
Data Inputs (L2 & M2 Low) HIGH or LOW Output = 36 ns (max)

Either STROBE Input HIGH or LOW Output = 30 ns (max)
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ARITH-
M159 METIC
ARITHMETIC/LOGIC UNIT
_ M SERIES
Length: Standard
Height: Single
_ Width: Single
e
ARITHMETIC/ LOGIC
. UNIT
MI59
St .
B0
F1 s FO
BF— INPUT P2
Ji Fi ———»—-
BF——42 OUTPUT N2 o
M2 A3 Fe |———={i0]
. ’ J2 10
) F3 ——-»———.
G0
o
INPUT ‘ H2
@m 82 8 \,, COMPARE ——>——|_T£]
[ — - .
CARRY £2
M50 ourP—* ]
E}'&—>———— S1  |FUNCTION
pY SELECT CARRY F2
E}——>—— S2 | CODE PROPA-~
a1’ GATE
@BL—»—|ss |
L= CARRY IN syt
BF———-o0 GENERATE
(32—t
H=LOGIC
%=0PEN_COLLECTOR-
DRIVES 10 UNIT LOADS LOW
Power
Volts mA (max.) Pins
+ 150 A2
GND c2, Tl

The M159 can perform 16 word-oriented arithmetic operations and 16 bit
oriented logic functions. Arithmetic operations are performed on two 4-hit
input words and an input carty 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 F. depends only on the inputs
Ax, By, and the jogic function code 'selected.




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 can be left
unconnected or used with a carry look-ahead module. (See M191).

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. I§n 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, the M159 can
 be used as a comparator.

Aand B |COMPARE | CARRY
Data Inputs| Output ouT
A>B 0 T o
A—=B 1 . 1
A<B 0- 1

The maximum propagation delay from the “Ax"<or “By”’ bit input to the
output bit “Fy"’ 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 COMPARE
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 Fy is comple- Compiemented
mented ‘'when the Functiona Function
EEE— Selection Code is comple- -
SELECTION CODE mented SELECTION CODE
83 S2 S1  SO!Bit Fy Equals Bit Fv Equals |S3 S2 S1 SO
0 0 0 o] Ax An 1 1 1 1
0 0 o 1 | AWAND By AvORBy |1 1 1 0
0 0 1. 0 | AVANDB AVORBy |1 1 0 1
0 o 1 1 o} 1 1 1 © 0
o] 1 0 0 }N OR Bx ANAND By |1 0 1 1
0 1 0 10 Bv . Bw 1 0 1 0
. (Av AND By) [l (Av AND By)
o 1 1 0]_ OR OR 1 0 0 1
(Av AND B.) || (A« AND By)
0 1 1 . 1] AVANDB: AORBy |1 O O ©
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Table of Arithmetic Mode Operations

(MODE Input = 0) -

Function ) Word F Equals
SELECTION CODE CARRY IN =1 CARRYIN =0
$3 S2 S1 S0
] 0 0 ; 0 WORD A WORD A plus 1
0 0 0 1| AorRB AORB plus 1
0 0 1 0 |l AORB AORB plus 1
0. 0 1 1 Minus 1 (2's ZERO
Comp.)
0 1 0 0 || A plus (A AND B) A plus (A AND B)
plus 1
0 1 e 2 1 (A OR B) pius (A (A OR B) plus (A
AND B) AND B) plus 1
0 1 1 0 || AMinus BMinus1.| A MinusB
0 1 1 1 || (A AND B) minus 1 AAND B
1 0 0- 0 |} A plus (A AND B) A plus (A AND B)
, ‘ ~ : ’ plus 1
1 0 1 A plus B Aplus Bplus 1
1 0 1 0 [ (A ORB) plus (A (A OR B) plus (A
AND B) AND B) plus 1
1 0 1 (A AND B) minus 1 A ANDB
1 1 0 0 || ATimes 2 A Times 2 plus 1’
1 1 0 1 (A OR B) plus A (A OR B) plus A
plus 1
1 1 1 0 || (AORB) plus A (AORB) plus A
. plus 1 N
1 1 1 1 A minus 1 A
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M161

BINARY TO OCTAL/DECI

-

DECODERS

MAL DECODER

M SERIES

Length: Standard
Height: Single
Width: Single

,/'

At ‘

e
E u2 |
E] Vi

ENABLE

BCD TO
DECIMAL
DECODER

DECODED J
OUTPUT

22 | cope
INPUTS

Power

V%Its
o

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.
Three ENABLE inputs are provided for selective enabling of modules in de-
coders of more than one octal or decimal digit. In the octal mode, the bit 2*
input should be connected to ground, which automatically inhibits the 8 and

mA (max.) Pins
120 2
c2, T1

9 outputs. A HIGH and a LOW version of each output is provided.
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The 2* input may be of decimal value 2, 4, 6, 8 as tong as illegal combinations
are inhibited before connections to the inputs, and the 4-2-1 part of the code
is in binary.

The typically propagation delay through the decoder is 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° — 2% have settled at least 50 nsec prior to
the input pulse.
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. PARITY CIRCUIT .

- MISCELLA-

M162 " NEOUS

M SERIES

Length: Standard
Height: Single
Width: Single

.
p———-1{00)

Power .
Volts mA (max.) Pins .
ES'-S 102 A2 .
ND C2, T1

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.
APPLICATIONS

¢ Parity checking

FUNCTIONS

Indication of ODD PARITY is given by a HIGH level at pins K1:and U2 re-
- spectively. Pins L1 and V2, when HIGH, indicate EVEN PARITY or no input.

263




~ M163
DUAL BINARY-TO-DECIMAL
DECODER

DECODERS

M SERIES

Length: Standard . ,
Width: Singie
Height: Single

BI;:J(SXRY b . H..B
OeconeR  b———= )T
20@;.——————A0 ?
L S - b——=Xf)3
zzm-'?'—»————-Az - } L 51
Ay

BINARY 12 (=
0 D 10}

DECIMAL : : .
DECODER P K2.16)

201122 e—ag
[, X N2 (55
2, - p——=Pis
A2 e———ay b——»R2 fio]6

Power
Volts -mA (max.) Pins
+5Vi 44 A2 .
GND c2, Tl
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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 enable function to allow
the circuits to be used as a binary-to-octal decoder. Outputs 0 through 7 will -
remain HIGH as long as input 23 is HIGH.

APPLICATION,S
1-0f-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 |nputs
Refer to the truth table for input/output level sequences.

TRUTH TABLE (EACH SECTION)

Ab AL A, A, 01 2 3 2 5 & 7 8 9
L L L L L HH HHHHHMHH
H L L L H L HHHMHHHHH
L H L L HHLHMHHHHMHH
H H L L H HH L HHHHMHH
L L H L H HHL L HHHHH
H L H L H HHHHL HHHH
L H H L H HHHHHULHHMH
H H H L H HHHHH-HL HH
L L L H H HHHMHHHHIL H
H L L H H HHHHHHHUHL
L H L H HHHHHHHUHUHH
H H, L H H HHHHHHHH H
L. L H H H HHHHHHHMHH
H L H H H H HHHHHHHH
L H H H HHHHMHHMHMHMHH-
H H H H H H HH H H H H H H
H = HIGH Voltage Level ~

L=L

OW Voltage Level
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M165 GATES
8 BUFFERS

‘M SERIES

4

Length: Standard
Height:—Single
Width: Single

Pins

2
C2, F2, J2, K2,
M2, N2, T1, T

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 M165 module. The value of the puli-up
resistor on each input allows open-coilector 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: To: :
Input Inverting Output, HIGH or LOW = 10 ns (max)
Input Noninverting Output, HIGH or LOW = 15 n§ (max)
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, “11-.ARITH-
M168 METIC

12-BIT MAGNITUDE COMPARATOR

M SERIES
Length: Standard
Height: Single i
Width: Single _
St ?E}]« O o e Eﬁ? ol
M5B j LS
2 WORD A
@I—-G—IDB A>B—-—¥“—m
;‘Ga?ﬁ%gz!% [O}2—~—a<B  12-8iT MAGNITUDE COMPARATOR A8 B1 mowiess
R e )
@2 ~—ace . et
. Wi
MSB . 3B
s2 Jre Jp2 Jﬂ; Mz L2 k2 é}uéiz 2
Power
Volts mA (max.) Pins
35 250 A2
ND C2, T1

The M168 12-Bit Magnitude Comparator performs magnitude comparison of
two 12-bit words. One of the three outputs, A > B, A= B or A < B will be
high to indicate the relative magnitude of the two binary input words.

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 Al, Bl, and Cl respectively. The inputs of the
first comparator must all be made a logical *“1'".

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 plusy 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 =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 ) A<B 0 0 1
1 or O 1 lor0 | A>B 1 0 )
1 or O 1 lor0 | A=B 0 1 0
lord 1 lor0 A<B 0 0 1
0 1 A>B 4 1 o | o |
0 0 1 A=B 0 0 1
0 0 1 A<‘B‘ 0o | 1
{
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ARITH-
M191 METIC
ALU LOOK-AHEAD LOGIC
. - .M SERIES -
Length: Standard
Height: Single -
Width: Single
[ k2, - ———dro :
& 4
maseaty | B ————qn -
iNPUTS | [A—e—t———dr2 A0k CNe+Y P—— our%rs
¢
;@&—P‘—"—O 3 tos eneZp—— o B205)
(E——"t——doo
[OF——d——do £2
GEN%%#E{ HI P o__ ERAOQQ(Y)GATE
INPUTS | [9 F—————QG2
y 2 o) CARRY
)2 G p— 10]
EF——F—c GENERATE
carry IN[ZF——t—— den
(12— 70 :
A _ a cmeJ—
PROPAGATE 3 -
INPUTS Es'—-—r-——-c P2 LOOK CN+Y b—-—— &'}.’fﬁn
AHEAD
J'_;,']L._—-—q P3 LOGIC cuozo—j——
O - |
carey | R —e———da P2_fig) GARRY
GENERATE b— | [0) &
INPUTS @_R‘_._J—q G2
»
52 G N2 (=1 CARRY
’ \@_.__q G3 P_—‘GENERATE
carry N2} ] oN
M191 ALU LOOK-AHEAD LOGIC
> Power
y’_%lts '1‘5?) (max.) ;izns ~
GND €2, T1
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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 “B" 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 M191. 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 ALY_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.

15 MisSoBs
p [ ST # n [ ##2 1 | W53 " e
———CICN FN - CN CN
G P G ¢ G P G »
K2 [F2 2 F2 R F2
L2 k2 J&r 1 ju o W | Joz 2 |H2
GO PO CN+X Gl P CN+Y G2 T G3 °3 |
L 2 misi '

Figure 1. 16-Bit Application of M191 with M159.

|

~
NOTES:
1. Propagation Dela§ Time = 50 ns 4+ 7 ns + 7 ns + I7ns =71l ns
2. CN+4 of most significant M159 (##4) becomes final" ‘CARRY OUT

3. For 12-bit application, M159 #4 not used; for 8-bit application, M159 #3 and #4 not
used. .
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MEE MIST#3 Miss #3 M) Wi55#8
12 O 12 | 2l | e2
G _» G ¢
2 TF2 K2 [F2
Kju o w1 st [m2 s2 [re
. ‘ )
Pl CNe+Y Gl P1 CN+Y G2 P2 CN+Z G3 P3
N V2 M9} g 2 mwt '
i

Z_do
—q4~

G P

ik

Figure 2. 32-Bit Application of M191 with M159.
mfas: o

1. Propagation Delay Time =50 ns +7ns +7ns 4+ 7ns+ 19 ns 4+ 7 ns + 7ns +7ns =110 ns

2. CN+44 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.



M202 FLIP-FLOPS
TRIPLE J-K FLIP-FLOP

M SERIES
Length: Standard
Height: Single . .
Width: Single
D2 K2
(%2 . - : [}
mr_z,___‘d \ B 92 o [Di‘z-——T N [
s A A '@mm"—&—_/m s
1 Jt : .
mmcr ) ) T E'mm I PR A T
mol —— o —
F N1

mg.—— ’ \ s, U2 =
LTJTZ. A @
B EE " -
ESI K R o L»—P'@
; mm ——— '
Power
= Volts mA (max.) Pins
. +5 57 .
GND C2, T1

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

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

PRECAUTION .
Set and clear lines should be tied to “'1" level when not used.
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-~ M203" ' FLIP-FLOPS
8 R/S FLIP-FLOPS -

M SERIES

Length: Standard
Height: Single i
Width: Single

R2 .

. SZ@

PEE]

MZEI

]

mAl ds

E!Ei dr 0 H{ @ E]Mi L, M o Rt 3

s—ods i—=X03] [gLL s 1 RS

e R of—»205) [Fs—dr  of—=-3]

Power .
Volts mA (max.) Pins
5 55

-G'_ND ) c2, T1

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 |
e R/S flip-flops provide an inexpensive method of stdrage.

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

SPECIFICATIONS
The propagation delay of the M203 is approximately 30 ns.
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M204 1 FLIP-FLOPS
GENERAL-PURPOSE BUFFER ‘ _
AND COUNTER M SERIES

Length: Standard
Height: Single
Width: Single

4 op—g[d]

H2_ )
L-L-Im J ) v2@ D:;"_“ ) ) s, 1'2.
E&—dc 7JE2 © . “dec v | o
/ma K g0 L2 g E]m K 5 0 92 @l
@1 ‘
M2 F1
DM
Rl N—% e [ / s R
% : v 1 J 1
E]f_a.__fl>_____cc n @ELL—_JCC N
M2 . ] e —
\"i] K R O‘ s2 K R O
mmsu |/ T ; Pt/ T
- Power
Volts mA (max.) Pins
+5 74 - A2

GND €2, T1

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 ]
e For general use as gated control flip-flops or buffers
e 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.
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~ .
A . M205 FLIP-FLOPS
- GENERAL-PURPOSE FLIP-FLOPS

M SERIES

Length: Standard
Height: Single
Width: Single

E}gb——o B 1 E}&b———o |- @»——D 4
R o) Bty of—TM ET——cty of %W
%2 | éz %'

2 2
D1 L1 N
Vigg
Bl 4 F1 J | .4 N
@Es—ac? o5 EFEe—dc? of—Y9]

Power

Volts mA (max.) Pins
+ 90
GND c2, T1

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

APPLICATIONS
e Storage Registers
e 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 or level change.

SPECIFICATIONS

Information must be present on the D 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 threshdld voitage. 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.

-

1}
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M206
GENERAL-PURPOSE FLIP- FLOPS

FLIP-FLOPS

M SERIES

Length: Standard
Height: Single
Width: Single

o S Li@ DEZ b S
CJR ol —eMig (212 CJR
hd . : '[
FACTORY
CONNECTIONS
%
FFe4
b S 4 St ) mvz b S
9",, o u«. @sa C_QR

%323 UNIT LOADS PER FLIP-FLOP

Power
Volts mA (max.) Pins
+5 87

GND C2, Tl

The M206 contains six separate D-Type flip-flops. Each flip-flop has indepen-

dent gated dpta, clock, and dc set inputs.

APPLICATIONS
* Registers
e Counters and Shift Registers-
* Flags and Control Storage

FUNCTIONS

For each flip-flop, mformatnon 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 1 (A1) | CLEAR 2 (K2) DELETE JUMPER |ADD JUMPER

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

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

1-5 . FFO FF1, 2, 3, 4, & 5/Al to FF2  |K2 to FF2
: Al to FF1  |K2 to FF1

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 Al.

SPECIFICATIONS

Information must be present on the D input 20 ns (min) pnor 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 - FLIP-FLOPS
GENERAL-PURPOSE FLIP-FLOPS

M SERIES
Length: Standard
Height: Single -
Width: Single .
fFO FF1 . FF2
s = EMe—ic R
mcl X R o Fl@ E]Jl X " o Mi E]Ez a ° \2@
i v
Al ] P o
|:""“‘_ . At ' FACTORY
‘CONNECTIONS
FFt L FF2
) ‘0’ K2 gz
. - FF3 . . FFa FFS
D%t 8 | D R B R
E]m ¢ 2 e v — 2 e v
[2e—i , of—=Y'fd) [(PBe—x _ of—»Yfo] ¥« ., © R26o

——-(]®

o T

l

=2 UNIT LOADS PER FLIP-FLOP

Power
N Volts mA (max.) Pins
+5 96 A

2
GND Cc2, T1

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

APPLICATIONS
e Buffers
e Control Flip-Flops
* Shift Registers
e Counters

FUNCTIONS

A truth table for clock set and reset conditions appears below. Note that

when the J and K inputs are both HIGH, the flip-flop complements on each

clock pulse. This makes the J-K flip-flop ideal for implementing ripple-

_ counters by simply connecting the 1 output of one flip-flop to the C input
*  of the next.
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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- CLEAR1 (A1)  CLEAR 2 (K2) DELETE JUMPER ADD JUMPER
FIGURATION

33 FFO, 1 & 2 FF3, 4, & 5

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

1-5 FFO FF1, 2, 3, 4, & 5 Al to FF2 K2 to FF1
Al to FF1 K2 to FF1

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
going voltage).

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

PRECAUTION .
Any wused SET or RESET mput should be connected to a logic HIGH source.
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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 applied to the BCD‘mp‘ut is 4095 which
will result in all ones at the binary output. The maximum value of all ones
applied to the binary input will result in the value 4095 at the BCD output.
This converter utilizes a counting technique where the count frequency is

typically 5 MHz. Therefore, the conversion time for the maximum number

is typically 0.82 millisec. —_

The M230 is fully cascadable. When using more than one M230 the Cour
BIN. must be connected to the Civ BIN. and the Cour BCD must be connected
to the Cin BCD of the next higher significant unit. Cix BIN. and Cix BCD of
the least significant unit must be made a logic ‘‘1'". Cour BIN. and Cour 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

“1” level and starts the -conversion when this input is returned ta a logic
*0” level. When cascading M230's, connect all LOAD/CONVERT inputs in

parallel.

CONVERSION COMPLETE on pin BT2 goes High when thé conversion process
is finished.

There is no converswn 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 copfiguration which utilizes the M113 Module (described else-
where in thlS Handbook).

EXT OUT
NEW
CONVERSION
COMPLETE
FROM AAl
LOAD/CONVERT
ON M230 B
- ALL LOGIC 1S
CONVERSION LOCATEDON
COMPLETE A MI13
ON M230
PIN BT2

* WHEN M230 MODULES ARE CASCADED, THIS LINE
CONNECTS TO THE MOST SIGNIFICANT MODULE
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EXT. IN on pin AV1 and EXT. OUT on pin AV2 convey conversion finished
information between cascaded M230Q’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 1" source. All others should be connected to

ground.

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 1’ 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. Cw BIN,, Cix BCD, EXT. IN, and CLOCK CONTROL inputs should be tied
- to a source of logic ‘‘1". The outputs Coyr BIN., Cour 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 QUTPUT for
the Binary equivalent. The CONVERSION COMPLETE OUTPUT .becomes
a logic ‘‘1” when the conversion is through.
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‘M236 1| counTers
12-BIT BINARY.  UP/DOWN COUNTER

DI €1 [A HL P KU l?l? [fl St
MSs8
— )

INPUTS .
i MAX- T2
12-BIT BINARY COUNTER MINH[ ™ .
CARRY __,_ua@]
OUTPUTS OUT H

, MSB
A
f10] fro] [1o]{10] f1o]

Power

M SERIES

Length: Standard
Height: Single
Width: Single

Volts mA (max.) Pins
+5 330 4 A2
GND 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 puise
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:

283



-

1. To enable counting, the ENABLE line must remain HIGH from 70 ns
before to 30 ns/after the positive transition of the GOUNT IN signal.

2. To disable couniing, 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
gaes LOW. .

CARRY OQUT: 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 QUT transition is 6Q 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, UP/DOWN, and ENABLE signals must be paralleled.

~
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M237 COUNTERS
3-DIGIT BCD UP/DOWN COUNTER 4 SERIES
Length: Standard
Height: Single )
Width:  Single o
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The 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:

f
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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 thé
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 (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>M23Z’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

BINARY
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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 efther 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 ;co 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 CARRY outputs to the COUNT-DOWN and COUNT-UP iuputs respectlvely,
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. ;
TABLE 1
Parameter From Input To Output Max.
f max — - 10 MHz
t set up _ . —_— 25 ns
tp Count-up ‘Carry ) 50 ns
tp Count-down Borrow 50 ns
tp Either-Count Q . 50 ns -
tp Load Q 50 ns
tp Clear Q : 50 ns

f max = Maximum Clock Freq.
tp = propagation delay time, for either a High-going or Low-going output

change.

N
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M239
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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 connecéted to the
toggle (T) input of the following latch. This allows the module 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 puise.

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 regardless 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 ope(ated 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 CLEAR inputs may also be externally connected to reset all latch
outputs using one CLEAR input signal (High transition). Output Q. 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 Voits = 5%

Clock Frequency: 0-50 MHz

FUNCTION TABLE

OUTPUTS

CLOCK
PULSE | Qo Qc Qe Qa
0 L L L L
1 L L L ‘H
2 L L H L
3 L L H H
4 | L. H L +
5 L H L H
6 L H H L
7 L H H H
8 H L L L
9 H L L H
10 H L H L
11 H L H*| H
12 H H L L
13 H H L H
14 H H H L
15 H H H H

NOTE: Output cdunt continues in sequence when Qo outpuf is connected to
the clock 1 input of next 4-latch element.
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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 mades are chosen by inputs
at the SHIFT and LOAD lines as shown in the Truth Table.

In the serial mode of operatioﬁ, 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 holdin’g 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 . = 10 MHz (max)
SHIFT Set-up Time = 50 ns (min)
LOAD SET-up Time = 50 (min)
DATA IN Set-up Time = 25'ns (min)
- Propagation Delay )
From: To: )
: CLOCK Output (HIGH or LOW) = 50.ns (max)
TRUTH TABLE
CONTROL STATE LOAD SHIFT
. Hold L L
Parallel Entry H L
Serial Shift Right L ) H
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M246 FLIP-FLOPS

5 D-TYPE FLIP-FLOPS
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Height: Single
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The M246 module contains five high-speed, generai-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 i —
Clock Freq = 35 MHz (max)
CLOCK Puise = 15 ns (min)
SET Pulse = 25 ns (min)
RESET Pulse = 25 ns (min)
DATA Set-up Time = 15 ns (min) ) v
Propagation Delay Time _
From: To:
SET or RESET LOW ot HIGH Output — 20 ns (max)
CLOCK LOW or HIGH Output = 20 ns (max)

“TRUTH TABLE (Each Flip-Flop)

ta ttl
INPUT | OUTPUT | OUIPUT , /
D 1 0 -
L L H
H . H L

where: t. = bit time before CLOCK pulse
-where: t.. = bit time after CLOCK pulse

NOTE: The M246 module also contains a -F3V logic High source at pin V1
which can be used to tie up to.50 M Series inputs High.
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The M248 modﬁle consists of two 4-bit Shift registers—multipurpose in the
- fact that they are capable of either serial or parallel entry, shaftmg right, or

with simple external connections, shifting left.

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

D 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: To:
CLOCKS High or Low Qutput = 40 ns (max)
Set-up Time:

SERIAL Input A, B,C, D =20 ns (mln)
MODE CONTROL with respect to CLOCKS = 25 ns (min)

296



: 'MULTI-
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The M306 is a zero-retovery-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 can postpone the return to the inactive state indefinitely.

FUNCTIONS )
The operation of the M306 is illustrated in the timing diagram shown_below:

'

o P&'ﬁ?wl.sv'

OUTPUT AT /
PIN T2 i L5V

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 + 800 ©) ( C -+ 75 x 10-F) 4+ 70 x 10~ Sec.
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where R is in ohms and C is in farads. The integration time is independent
of the width of the input pulse.

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 paraliel resistance of capacitor
leakage should always exceed 250K ohms.

Timing Resistance: Fine adjustment of the timing period may be accom-
plished by a muititurn potentiometer provided on the module. Provision is
also made to allow the customer to connect an external timing resistor or
potentiometer between pins D2 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 20K ohm internally provided potentlometer sheuld
not exceed 25,000 ohms. If an external timing resistor is not used, pins D2
and E2 must be connected together.

SPECIFICATIONS
Trigger Duration: An input pulse of 30 ns will trigger the M306 TPD1 =
40 ns max.

Output Duration: The minimum pulse width is 225 ns and maximum pulse
width is limited only by capacitor lepkage (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 t|mlng ca-
pacitor.
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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 nanosecond intervalis.

APPLICATIONS
¢ Timing puise trains
. e 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, S2,

T2, U2, and V2. The tap J2 yields the minimum delay and the tap V2 vyields
the maximum delay.

loads J2-V2 designed to be loaded only by E1 or H1. 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 IC logic. -
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M401 " CLOCKS
VARIABLE CLOCK

M SERIES

Length: Standard —
Height: Single
Width: Single

K2 : VARIABLE cn.ocx o__.___@EZ
92 ENABLE
VOLTAGE

TW"’%F

SEE TABLES
Power
Volts mA (max.) Pms
o
ND CZ Ti

. usu{g printed circuit board revision E or later

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

Repetition rate is adjustabie 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 O to 10 volt control voltage will vary the frequency over about 309% of
,each frequency range.

APPLICATIONS .
This module is intended for use as the primary source of timing sugnals 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 enable the clock.

Frequency Range:

Frequency Range Interconnections Required
1.5 MHz to 10 MHz (100 pf) o NONE
175 KHz to 1.75 MHz (1000 pf) N2 —R2
17.5 KHz to 175 KHz (.01 pfd) N2 — 82
1.75 KHz to 17.5 KHz (0.1 pfd) N2 — T2
175 Hz to 1.75 KHz (1.0 ufd) N2 — P2
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Fine Frequency Adjustment: Controlled by an internal potentiometer. No pro-
visjon 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 voitage to pin M. This feature is available only in
M401 modules using printed circuit board revisiop E or later. The voltage
applied to pin M should be limited to the range of O volts to 410.0 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 nF. 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 159% about the 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 1049 104.6 1036
+2 1.101 10.94 109.2 1071
+3 1.147 11.39 1136 1108
+4 1.193 11.83 118.0 1142
+5 1.238 12.26 122.2 1181
46 1.282 12.69 126.4 1271
+7 1.325 13.10 1304 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 nanoseconds. The
output pulse width is 50 nanoseconds. - .
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M403 CLOCKS
RC MULTIVIBRATOR CLOCK A
M SERIES
Length: Standard )
Height: Single .
Width: Single .
(PULSE wuo'm) F2
: oo ——>—"1s]
H2 ENABLE  fpeq’
EXT cap INTL cap " p—s—2{0]
N CAP COM A B C
SPLIT
LUGS
K2 s2 |2 M2 In2 =
- Power
Volts mA (max.) Pins
+5 70
GND C2, T1

The M403 is an RC Multivibratar Clock which produces standard 10-micro-
second timing pulses at repetition rates adjustable from 1 kHz to 50 kHz
in three ranges. Internal capacntoré selected by jumper pin connections, pro-
vide coarse frequency control, while an internal potentiometer prowdes con-
tinuously variable adjustment within each range.

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

FUNCTIONS

ENABLE Input: The clock circuit is enabled by a HIGH level on pin H2. lf 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 aliow the circuit to settle.

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

FREQUENCY RANGE

INTERCONNECTION REQUIRED

1 kHz to 5 kHz
5 kHz to 20 kHz
20 kHz to 50 kHz
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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 caiculated using the following
equation:

—frousf—

T [ T2—e
CLOCK H OUTPUT
T2=0.32RC {1+ 0.7/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
D2. The same™ equation as above may be used for T1 with the foliowing
exception:

C = 4.7 picofarads + capacitance added \

SPECIFICATIONS
Rise Time: 25 ns (max.)
Fall Time: 25 ns (max.)

s

303 N



M404 | CLOCKS
CRYSTAL C!.OCK

M SERIES

Length: Standard
Height: Single
Width: Single

n »—Y2 5] 2MH2
cLear [1} =>C

RESET 32 fi0] 1MH2

T2

10[S00KH 2z

R2
- {10}250KH2
P2

B . DWIDER = - 101125 KHz

.| CiRculT
: of M2
2MHe - 100KHz

cLock —» N2 (5150KH;

12 f15]25KHz
o K2

10[12.5KHz

=02 fig]10KkH

B2*

10] 5KHz

Power ’
Volts . mA (max.) Pins . *CAUTION
+5 535 A2 This pin may connect to
GND C2, T1 negative power on cer-
tain DEC computer sys-
tem backplanes.

The M404 clock contains a 2 MHz crystal oscillator and frequency dividers.
A HIGH on the CLEAR input clears the frequency dwlder 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

0 degrees C and 455 degrees C._
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M405 CLOCKS
CRYSTAL CLOCK -

M SERIES
Length: Standard
Height: Single
Width: Single
:
CLOCK —
E2 ) -

[KZ J‘Z '
c
_..4 ‘.-_

Power i
Voits mA (max.) Pins
+5 50 A2

GND c2, Tl

The M405 embloys a crystal oscillator.to provide a highly stable 10 MHz clock
signal.

APPLICATIONS -~ . -
» Stable clock frequencies

FUNCTIONS

Outputs: Outputs at pins D2 and E2 are respectively positive and negative
going 50 ns pulses. Pulses at pins D2 and E2 are time shifted by one gate
delay with the negative pulse at pin E2 leading the positive pulse at D2 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: 0.019, of crystal value between O degrees C and 4-55
degrees C. .

Standard Frequency: 10.000 MHz.

- NOTE
It is recommended that the M4050 be used in
place of the M405 for all new designs in which
frequencies of up to 5 MHz are required.
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' PULSE
M501 SHAPING

SCHMITT TRIGGER i

M SERIES

Length: Standard
Height: Single
Width: Single

/ _

SWITCH INPUT
TIME CONSTANTS SCHMITT
TRIGGER OUTPUT

52 _ INPUT ‘ E2f
(2] ™S | T2 R2

u2 ¢
DY . Ri rR2 | R3

35MS I 1 & (8|8

e w2
- +5v o ° =
[A] =anaLOG INPUTS _ UPPER  LOWER

THRESHOLD *

Power
Volts mA (max.) Pins
+5 31 A2
GND c2

IS

The M501 is a Schmitt Trigger with variable thresholds and compliementary
positive logic outputs. N

APPLICATIONS
e Switch Filter i -
e Puise Shaper
e Threshold Detector

FUNCTJONS
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 ﬁses 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 _Functioris: An integrator is provided on the input, allow-
ing 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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Oscillator Connection: Connecting a resistor from output pin F to input pln R
with pin T tned to pin R forms an oscillator~

M501 Fe

SPECIFICATIONS

Input Signal S\qmg 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 PARALLEL WITH R2 — THRESHOLD CLOSER
R PARALLEL R1 — UPPER RISES
R PARALLEL R3 — LOWER FALLS

Input Pin R2 Loading: 2.7K ohms to 45 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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M521 PULSE
K TO M CONVERTER - : SHAPING
(SCHMITT TRIGGER) M SERIES

Length: Single

Height: Single
Width: Single

‘@}E_Z___’__‘K M

T K2
o K M 12

| R2 .
[} N e e

. - v2
.. U2 K M > - .

* REPRESENTS 3K SERIES LOADS OR
2M SERIES LOADS

—~
Power
Volts mA (max.) Pins
5 56 A2

GND c2

The M521 K Series to M Series Converter contains four Schmitt Trigger cir-
cuits which can convert any K Series signal to compiementing M Series
signals.
APPLICATIONS

e Schmitt Trigger .

* Rise Time Conversion — K to M Series
FUNCTIONS .
Typically, the output of a K Series gate would have a 7 us rise time and a
1.5 us fall time. The M521 speeds both these rise and fall times to approx-

~imately 15 ns. The input circuit has built-in hysteresis and is slowed to a
maximum frequency of 100 KHz.

,
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M594
EIA/CCITT LEVEL CONVERTER

Length: Standard
Height: Single
Single

Width:

EIA/CCITT
LEVELS

BM2
1

8 LINE EIA OR CCITT TO TTL

Ri%*
Al

7

H2

;

-

K2

i

L2

;

E]n
<

I—

=20

RZgamt

|> (9] @

.’ jEI m
.’ ' .Dl

COMMUNI-
CATIONS
M SERIES
TTL
LEVELS

** RESISTORS RI-R8
NOT SUPPLIED
WITH MODULE

* SEE LOADING
'FACTORS .



7 LINE TTL TO EIA OR CCITT
( L1 Pl h

W Vi > 7 LINE TO
m | ‘D——*———{B EIA/CCITT

LEVELS

+8VDC N2 Ry '
10 [} peculator [—>*V .

+18VDC

~8VDC

Tol:ln ‘/' -V -
-18voe & REGULATOR [~V

The M594 Module is used to convert the signal voitage levels between DIGI-
TAL data processing terminal equipment such as the DF11 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 TTL signals that are compatible with DIGITAL logic, and circuits to
convert a maximum of seven DIGITAL, TTL, 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 CCITT to TTL converter receives input signals which
can vary between 430 Vdc and —30 Vdc. Each input operates on a hysteresis
curve or double threshold to prevént noise triggering. The threshoid level is
determined by the external bias voltage applied to pin Al of the module and
by the value of resistors R1 through R8. A LOW (mark) EIA/CCITT input
voitage 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 toEIA 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 TTL 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 48 Vdc
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and 418 Vdc, and minus external voltage can be any value between —8 Vdc
and —18 Vdc. A LOW (0) TTL 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 410 Vdc output.

APPLICATIONS

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

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

_ Refer to the following curve for determining the value of resistors R1 through
R8 which vary the input voltage threshold of the 8-line EIA/CCITT to DTL
level converter. The input voltage threshold, without resistors R1 through -
R8 recounted, is £1.0 V. With a Vec of —15 V on pin Al .and a resistor

value of 33K ohms in R1 through RS, the input voltage threshold is approx.
+*25 V.

z g =5V
e | W e e
¢
.é 4
e
:2: 3 vid Y, Vi d Y| V- % Yvie vi. & YV,

8 2
2 1
0-3 -2 -1 0 ) 2 3 4 5

\

V1 -INPUT VOLTAGE -V

Ve applied to pin Al

LOADING FACTORS
EIA to TTL (Pins H2, J1, K2, L2, M2, J2, E2, F1)

Input Voltage (V) High Level Input Current () -

425V i 8.3 mA (max.)
43V . . 10.43 mA (min.)
p Low Level tnput Current (l.)
=25V —8.3 mA (max.) .- -
-3V ... . —0.43 mA (min.) :

TTL to EIA (Pins P1, N1, S1, V1, Ul, T2, R2)
(Low level input voltage V.. = 0.8V, Load Resistor R. = 3KQ)

Vee+ Vee— " High. level output voltage Vou
49V -9V . 6 V (min.)
+13.2V —13.2V ... 9V (min.) :
(High level input voltage Vi, —= 1.9 V, Load Resistor 3KQ ’
Vet Vee— Low level output voltage Vo,
+9V —9V —6 V (max.)
+413.2V. —132V...... ' —9 V (max.)



M598 COMMUNI-

1-CHANNEL TRANSMIT/RECEIVE CATIONS
OPTIC-COUPLED CURRENT ISOLATOR | [ w series

Length: Extended
Height: Single
Width: Single

TRANSMITTER
- ATl

20 mA CURRENT
LOOP QUTPUT

Ml

* SEE SPECIFICATIONS
RECEIVER

Q/-wv—o
Ll g
AR2 E .

20mA CURRE| CURRENT

LOOP INPUT Tyt 0
)
3

. PR2

AR3

Power
Volts mA (max.) Pins
+5V 100 A2
GND C2, Tl
—15V 40 B2

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 mA.

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 45 Vdc or —15 Vdc source.
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APPLICATIONS

Provides up to 1500 V isolation in the data and contrdl Imes 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
D1 and current flow at the input results in a Low level at pin D1.

SPECIFICATIONS
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
D1 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 Max
L1 Transmitted Data Open circuit voltage 50 voits 80V
Most positive Transmitter voltage drop
. (marking) 05 volts 20V
M1 Transmitted data, Marking current 20™mA 80 mA
Most negative Spacing current 0.5 mA 2.0 mA
N1 Received Data, i Min Max
iti
Most positive Receiver veoltage drop _— 2.5 volts
Pl Received Data Marking current 15 mA 80 mA
Most negative Spacing current _ 5.0 mA

Connect the jumpers as indicated on the following table.

CONNECT JUMPERS i /
Active** Passive*
Transmitter AT1, AT2, AT3 PT1, PT2
Receiver AR1, AR2, AR3 PR1, PR2

* Jumpers inserted during manufacturing
** Requires —15 V in this configuration
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MULTI-
M602 VIBRATORS

PULSE AMPLIFIER

M SERIES
Length: Standard .
Height: Single
Width: Single
H2
PA1
92 ) PULSE AMPL £2 =
INTL CAP %
K2
Iez loa
P2 a2 ‘
IN2 _, PULSE AMPL . L2 @
2 INTL CAP %
|R2 . ]sa
INTERNAL CAPACITORS*
%=JUMPER E2-D2 OR R2-52 FOR 110ns
PULSE WIDTH.STANDARD PULSE
WIDTH IS 50ris.
Power
Volts mA (max.) Pins
\ - +5 213 A2
C2, T1

The M602 contains two pulse amplifiers which provide power amplification,
and transform levet changes into puises.

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. .

+ c——

Recovery Time: Equal to that of the output pulse width. The input must have
a fall time (10% to 909% 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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3

M611

GATES
. E !
HIGH SPEED POWER |NVERT R M SERIES
Length: Standard )
Height: Single .
Width: Single
25l Al ’. 8 K2 A L2
E5LL ’ o El m_N_l__>_ A Pl
T35 Fl o H1 RI ’. sl
E o F2 79 P2 >. R2
3 >o—>L‘@ 125 O Ul
[EELL ’. )2 @sz o 12 )
I T R e )
- L]
- Power :
Volts mA (max.) Pins
+5 280 A2
GND © C2,T1,Cl1, M2, N2

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

APPLICATIONS
e Qutput Expansion
e |ogical Inversion



LOGIC
M617 AMPLIFIERS

, FOURIINPUT POWER NAND GATE

M SERIES
Length: Standard
Height: Single N
Width: Single
R 22—
mea ' msz
E}‘l»—}g'@ [T]E2s ﬂ
L — . ,«(I]Hz ]
E}ﬂ>——— - [ as—
B EDm
J) . ’ v M ]
K1 ‘ N2 ‘ _
1] . R2 i
D =
s Uiy
+3v Y i

Power -
Volts mA (max.) Pins
5 97 A2
c2, T1

The M617 contain: 6 four-inpﬁt 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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. LOGIC
M627 AMPLIFIERS

NAND POWER AMPLIFIER

M SERIES

Length: Standard
Height: Single
Width: Single

’

2 -

| 3 T BEEe— i

@'_’_ L ' L P2

B = , M2,

@ﬁ',__‘ | LY

E e B
uigs

Volts :101‘\”?1:1“ )  Pins +3V Y

) \Al

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

PRECAUTIONS .
, 1. In pulse amplifier applications, unused inputs should be connected
to the 4-3 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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| LOGIC
M660 AMPLIFIERS

POSITIVE LEVEL CABLE DRIVER

M SERIES
Length: Standard
Height: Single .
Width: Single _
3 H2
0 DZ

T2 ‘ )—
muz ' )
muz N

Power
Volts mA (max.) Pins
5 71 - A2
Cc2

. .
[ X
i) I

%=50mA BRIVE

The M660 Cable Driver consists of three NAND gate circuits each of which
will drive a 100-ohm terminated cable with"M Series levels or pulses of dura-
tion greater than 100 ns. The output is not open-collector. it is a discrete
transistor totem pole configuration similar to an IC gate providing high cur-
rent drive in both the high and low directions.

SPECIFICATIONS
Outputs: Can sink 50 mA at a Ioglc LOW, and can source 50 mA at a logic
HIGH.
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M671 -~ MULT-
M TO K CONVERTER VIBRATORS
(ONE-SHOT) pape—

Length: Standard
Height: Single

Width: Single ’ _ .
o469
SpLIT
) ?LUGS $ S
B—d7 DELAY (e
[1}52 > {ENABLE b B2 (i3]
=46
SPLIT
? UGS $ -
(12 S 2 )
K DELAY Hz. )
(%2 fenanic /] 32 [i5)+
S S
SPLIT
?LUGS ?
D3 oéuw {3
(T}P2 > —{ENABLE o———M213,
-
SPUT
, ? WGSs ?
u2
O~ DELAY -
(e bune/ b2 .

*WILL DRIVE 9 M SERIES LOADS™
OR 15K SERIES LOADS -

Power
Volts mA (max.) Pins
5 - 112 A2

-G'-ND c2

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 us.

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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‘>

|

———’CD .
7
+3V— - 4 b——b
, ! ouTPUTS

This circuit is insensitive to input transitions during its timeout period as
shown in the example 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 us 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
" Qutput drive: Each output is capable of driving a 15 mA load.

320



: COMMUNI-
M706 - CATIONS

TELETYPE RECEIVER

M SERIES
Length: Standard
Height: Double
Width: Single.
e
e
mAFl
(e M~
<11 conE
mAHz SELECT
At DEVICE
[ SELECTOR | ~ .
CODE :
XY -~
enaBLEDS[TPEL » L o \
ReaDER ON[T]AY2 —ds 1 8L 1151 aEADER
—qR .
»2Y2 5] ReavERRUN
N 4
o— »B"2 (615TROBED FLAG
802 a2
FLAG STROBE - FLAG D————*’—_@BEZ FLAG
CLEAR FLAG 1[T]222 CONTROL =53] res7
cLear FLac2[1 ]2 » P AE2 fg] | POINTS
-
*
o Ch05K (AN ; BNZ FlacTivErD)
enasLE [T1ER! CONTROL o— ANZ fi5leiT 4
1/0 cLeAR[1}1EE2 o———— AT2 fGleiT2
ap2
PIN CONNECTIONS: P i ot s
FOR 5 OR 8 BIT CODE ' b AM!lBiT 4
SBIT-AMZ T0 AJZ ALY —
ARY TO GND b 110]BITS
8 BIT-AM2 TO AR! . As2
AJZ TO AKI sHiFT P> {oare
FOR STOP TIME REGISTER |y AR fiolerr 7
LOUNTS-BP2 TO BT2
B8R TO BU2 b AK2 foleiTe
1S UNITS-BP2 TO BS1
: BR2 TO BU2 -
20UNITS-BP2 TO BT2
B2 TOBVZ o,
MUST BE
CONNECTED [ gur
amz
2 oo = -
Rl AL
BUFFER ] )

%:=THIS OUTPUT CAN DRIVE A~

e * 20mA LOAD TO+0.7 VOLTS
Power
Volts mA (max.) Pins
+5 400 2, BA2
GND AC2, AT1, BC2, BT1

NOTE: Refer to the M7390 module description as a possible substitute for the M706.
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The M706 Teietype 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 8.0 units or an 8-bit serial
character of 10.0, '10.5, or 11.0 units can be assembled into paraliel form
by the M706 through the use of different pin connections on the module.

- When. conversion is camplete, 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 8 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 8 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. -

;n addition to the above listed features, the M706 includes the necessary
ogic tosprovide -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 1/O bus of either the PDP8/I or the PDPS/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 ciock frequency must be eéht 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 groungdad any time during character reception, but returned
high only between the time the Flag output goes to ground and a new char-

ter start bit is received at the serial input. When not used this input should
be tied to a source of 3 Volts. . \

1/0 Clear: A high level or. positive pulse at this input clears the Flag and
initializes the state of the 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 1/O bus of the PDP8/I or PDP8/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 D.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 tdentlcal to those of Clear Flag 1. ‘

Flag Strobe- If the Flag is set, and the code select. mputs are all hlgh 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 maxnmum of
30 nsec.

Read Buffer: A high level or positive puise 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 maxirhum

of 100 nsec after the rising edge of this input. See the timing diagram of -

Figure 1 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 mput 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 Cdear Flag 1 (pin BJ2) is high or if
Clear Flag.Z (pin BD1) is high.

'

Serial Input: Serial data received Bn this input is ei(pected to have a logical

zero (space) equal to 43 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 Voits so that serial input data can be filtered up t"1H9,
of bit width on each transition to remove noise. This input is diode protected
from voltage overshoot above +45.9 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 1 appearing as a
ground output. If the Read Buffer input is not present, all outputs are at
logical 1. When the M706 is used for reception of 5-bit character codes, the

ouput data will appear on output lines Bit 1 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-hit character or of bit 5 for a 5-bit character.” Since this signal uses
from ground to 43 Volts one-half bit time after the Flag output goes to
ground, it can be used to clear the flag through Clear Flag 2 input while the
Flag Output after being mVerted can strobe parallel data out when connected
to Read Buffer. .
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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 43 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 beglnnlng of a new start bit. This is Stop bit time plus one-haif 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 43 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 ma at
+0.7 Volts load. The common end of the load can be returned to any
negative voltage not exceeding —20 Voits.

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

Pin BE2: 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

- COMMUNI-
CATIONS

M SERIES

Length: Standard
Height: Double
Width: Single

DEVICE
SELECT

BJ2 —STROBED
@FLAG

— B2 51 FLaG

+5V

1200

o 82 Gncemi outeut

A2 15 Line
2D acTvEN)

CONTROL

SHIFT
REGISTER

AS1

LOAD
BUFFER

PIN CONNECTIONS:
5 OR B BIT CODE
T—AK{ TO AJt
8BIT-AK! TO AK2
FOR TIME
—| TO BR2
15 UNITS-BN2 TO BPY
20UNITS-BN2 TO BNt

#=SEE TEXT

Volts

Power
mA (max.)

Pins
Cc2, Tl

NOTE: Refer to the M7390 module description as a ;s;ible substitute for the M707.

N
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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
" parallel-to-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 5-bit or an 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
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 priginal 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 theM706. Device
selector gating is also provided so that this module can be used on the
positive bus of either the PDP8/I or the PDP8/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 puises
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 consndered 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 puise, 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 wil 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 AND 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 for device selector inputs
when the M707 is used on the positive bus of the PDP8/l or PDP8/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 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 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 43 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 puise, Clear Flag 2 can be tied to pin AR1 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.

AN

1/0 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 TTL logic levels except the serial output driver
which is an open collector PNP transistqr with emitter returned to 45 Volts.

Serial Output: This open collector PNP transistor output can drive 20 mA into
any load returned to a voltage between +4 Volts and —15 Volts. A logical
output or mark is +5 Volts and a logical O or space is an 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 TTL unit loads and presents the serial output
signal with a logical 1 as 43 Volts and logical O 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 oftén used
in half duplex systems to obtain special control signals. Output drive is eight
TTL 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 c¢an 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 43 Volts level.

Power: +5 Volts at 375 mA. (max.)
Size: Standard, 'doublg height, single width FLIP CHIP module.

t
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M1103 ‘ y ‘ ’.GATES‘
TWO-INPUT AND GATES

. M SERIES
Length: Standard - -
Height: Single
Width: Single
Al T o Lt
o Do 2 Do
III—H M
m’m’_ Fi E}L_z.“ R N2,
& [10] [I}-M—2>- [10)
[T}-02 o = o
[T}-E2— o) [T}8 (10
[ K1 (355 s205
H2_ | [
e = s
[ (=
‘ u1@
T +3V i

Power
Volits mA (max.) Pins
+5 80, A2

GND C2, T1

The M1103 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 (Ul and V1) as a source of +3 voits for this purpose.

APPLICATIONS .
e Positive AND or negative OR gating
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- &

Mi125 ' . GATES
EXCLUSIVE OR GATES ‘ -

M SERIES

Length: Standard
Height: Single :
Width: Single

Power
Volts mA (max.) Pins
5V 100. A

ND, C1, T1

The M1125 Module consists of ten 2-input exclusive OR gates and two +3
Vdc voltage divider sources. Each module circuit performs the X-OR func-
tion (AsB + AeB) according to the following truth table Gate output is high
when inputs are not the same.

TRUTH TABLE

INPUTS OUTPUTS )
L L L
. } L H H
H L H
H H L .

SPECIFICATIONS
Typical propagation{e\lay time of the M1125 is 12 ns.
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M1131
NAND GATE

2-INPUT OPEN COLLECTOR

GATES

BRI
M SERIES

Length: Standard
Height: Single
Width: Single

Al

T

Bl

]

]
‘

%

D1

T

£l

]

D2

]

E2

T

H1

T |

J

T

H2

-
-

n
ad

ted
nd

i

141

3

3
111

-
(8]

i

N

N

Sl

v2

5

Vi

;

* In the logic low state, the output of this ‘module will sink up to 16 mA per driver.

Power

Volts
+5

mA (max.)
71

Pin
A2
c2,

s
T1

The M1131 module consists of ten high-speed, 2-input NAND gate circuits
and a 43 Vdc source. Each of the NAND gates has an open collector output
and the outputs can be paralleled for a wired OR function. Edach gate input
is a 1-unit load and each unparalieled output will drive up to 10 unit loads.

APPLICATIONS

Logic gating. Wired-OR multiplexing

SPECIFICATIONS

-Typical gate propagation delay time is 10 ns.
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FOUR-INPUT AND GATES

M SERIES

Length: Standard *
Height: Single
Width: Single

B Eman
e BT

: E1
e . B2
@ J1 }._@ @MZ-
A St

~ r
4 . - i
I8 3 . &

K1
@ @NZ

. M1 . @&2_.__
@: N1 @g,__
@Lz-'_—
ECC—

Ui

+3V Vi

Power
Volts mA (max.) Pins
5 100 A2

ND Cc2, T1

The M1307 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 (U1 and V1) as a source of 43 volts for this
purpose. . .

APPLICATIONS
* Positive AND or negative OR gating /

333



M1701 -

MULTI-

PLEXERS
DATA SELECTOR —
-
s
Length: Standard -
Height:
Width: Single
o
50 3]
T . \Co LSB)  (MSB)
2 e | SELECT
DATA /
T1K2 1c2 {INPUTS W Fl@
TH2 3
X DUAL
[ F——=———dstwose MUX 1
ouTPUTS
32 2€0
. 10!
! > 2C1 Lpata
E‘rﬂ o 2c2 (INPUTS 2 %l@
i 23
O ————dstrone 2
vl
E}i] —l A
: 7 S0 3]
(L 10 (LSB)  (msB)
s2
O} 161 { pama SELECT
E}UZ 1c2 [ INPUTS w f&@
o2 1c3 ' ‘
—s—t———qsmroee! UL
OuTPUTS
2 2c0
EFM ' 2C1 | para
ENI - 2c2 ( INPUTS 2
o 2¢3 :
[—s—t———dsmose 2
: Power -
-Volts mA (max.) Pins
! 5 110 A2
ND C2, T1
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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
o Multiplexing for parallel-to-serial conversion

o Timesharing

e Sampling
TRUTH TABLE

FUNCTIONS
SELECT DATA INPUTS )
S1 90 C3 C2 Ci1 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
. PARAMETERY] (rNnguh@) (OU1';$UT) MAX UNIT

ton Data Y 25 ns

tore Data Y 30 ns

tan Address Y 40 ns

Nt Address Y 40 ns
toun Strobe Y 35 ns
e Strobe Y 30 ns

it = propagation delay time, Low-to-High-level output.
t-. = propagation delay time, High-to-Low-level output.
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M1713
16-LINE TO 1-LINE
DATA SELECTOR

MULTI-
PLEXERS

M SERIES

Length: Standard
Height: Single
Width: Single

J

\ DATA
INPUTS

Tﬂ T
& ©® N o b WD~

(2= omsa)

((}%%——dstrose

Power
Volts mA (max.)
5 70

ND
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ts will be connected to the

The M1713 module is a 1-of-16 data selector/multiplexer. The binary code

oD

£

2

Lo

°

—

[

=

-

2

-]

]

Qo

=

o

n

[}

©
3
2w
£
w S
55
°l

o
(o]
-8,
]

0
s=
%5 o

2
= 0
O =l
< wn
w.l
n W
om
£0
b4
)
°5 ..
Q.4
i~
<53
23+
=
Pmm
£ 35

- -
c o
COpF

OUTPUT

INPUTS

Di. Dis w

D. Ds D. D D. D, Do B, D: Do

D. . D

D,

A STROBE D,

c

X~ H

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

Propagation Delay

SPECIFICATIONS
FROM

T0

40 ns (max)
30 ns (max)

Output W = 50 ns (max)

Output W
Output W

InputA, B, C, D
STROBE
DO through D15
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M2001

DUAL 4-BIT TRI-STATE REGISTERS

FLIP-FLOPS

M SERIES
Length: Standard
Height: Single
Width: ~ Single
b MR 1 o :
OuTPUT
CONTROL o @ i J )
oaa v [T} (14} — o e .
b cK “
- mm 17} 5_4 a: (k] NI.“
ENABLE e (10) "‘D“ CLEAR
. ° B . 'Y »
~ Ol )
oata N 11! 1) D:y——D ° @
B cx
N (4 M
. a1 =
« e [ - cLear
N @1 QUTPUTS
DATA IN [T} 1) @_F:D ° @ F’
7 B cx
5 15) 16 |-
CLEAR
. . % § i
oata 1 [ttt E r_:D o o
K
5 {6) K1 .J
- CLEAR '
cLear (L= *—i'm So- b :
TF2e—n -’
m&_—[z) ;
E2e—na
2o 13—=12{)
[2e—0) €2 {a)}—=52{i0)
[ ) (SAME AS E1) (5)—=22{15) ’
e ] to1—="2{0]
e
[ e—m -
[FEEe—is)
Power 2 L@ N
Volts  mA (max.) Pins o * v G
+5 200 A2
GND C2, Tl
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The M2001 s -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. Up to 128 of these outputs ‘

can be connected together in a wired-OR configuration.
Data is entered into each D-type fhp -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 lines will be enterad into the respective
flip-flop on the next positive transition of the clock (CK) lnput

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 Ioch element is ngh each associated flip-flop.
is held in the reset condmon and the module outputs.will remain in the
7 Low state.

FU NCTION TABLE

DATA ENABLE
DATA IN CLOCK CLEAR 1 2 _|. . OUTPUT
L LtoH L L L L
H LtoH L L L H
X X H X X L
X L L X X Qo
. X LtoH L H X Qo
X LtoH L X H Qo

L = Low level (steady)
H.— High level (steady)
L to H = Low to high level transition

X == Irrelevant of any input including transition —_

Qo = Level of module output before steady state
input conditions were established.
%,
APPLICATIONS
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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SHIFT/
M2500 STORAGE
DUAL 64 WORD X 4 BIT FIRST-IN REGISTERS
FIRST-OUT SERIAL MEMORY M SERIES
Length: Standard
Height: Single
Width: Single {
TTE
K2 ‘ r__-‘l r ——————— R r—_.—! | . Flm
oo (1} —imi | eaxa oir | i§f_ %
32 o b | 5 I €l
PPN e YD e
2 (et 5 L | £ oo
D, D_F_Z,___i 2! 7 _ I 13 L leBMa
LifJ L.___ﬁ_____l Lff
INPUT (L | s [ MAIN REGISTER 1+ | OUTRUT 1L [T]SHIET
g m@;‘ e ol e ol
C =N — |

Do mg———— _*lm Qp

Dy |: IS? - Ml Q
E2 2. ay

el

D[22 | (SAME AS E1) N (7] ds
INUTTVT ___._ms‘ SHIFT
READY v2 ) a1 out
. : QUTPUT
- sHIFTIN[1 P2—s— . READY
MASTER M2
RESET ! J12—e—
Power -
Volts mA (max.) Pins -
+5 100 A2
—12 28 K1, U1
GND - Cc2,TL

+

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-word-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 m&mory 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 QUTPUT
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 the 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.

S

INPUT TIMING

e ‘I"m‘m"i
INPUT 1.5V m
READY oV - 'IR'(“—"I
'ov"‘l I"ov--[,l -

SHIFT 1.5V : 7|‘ %SSSSS & j‘ )
IN  ov
..( I._waS) . r—’po
v‘v‘-‘v‘v‘v.v.v’v‘v.v’ v 5 AR
':.’.:‘ QOO0

DATAIN
(Dp—D3-
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OUTPUT TIMING

. . - (2)
r" OR </ —wy
QUTPUT 1.5V
- READY gy

1.5v
SHIFT -
outr ov .
"-l F_"DA —4 '-bHB) ——4 'DA
DATA OUT 90% 90% uuuuo‘l
(Gy—Qy3) 10% 10% SRR

ti* (Input Ready HIGH Time) 300 ns (typ.)
tw (Input Ready LOW Time) 300 ns (typ.) -
tovt (Control Overlap HIGH Time) 100 ns (min.)
toss (Data Input Stable Time)\ 400 ns (min.)
too (Data Input Delay Time) 25 ns (min.)
tor* (Output Ready HIGH Time) 300 ns (typ.)
tor- (Output Ready LOW Time) 450 ns (typ.)
toi— (Data Hold Time) 75 ns (min.)

NOTES:

tm"' is referenced to the posntlve going edge of IR or Sl whichever occurs
later.

tu- is referenced to the negative going edge of IR or Sl, whichever occurs
later.

too is referenced to the positive going edge of IR or Sl, whichever occurs
later.

tov* is referenced to the positive going edge of IR or Sl, whichever occurs
later. Control signals include lnput Ready, Shift In, Output Ready, and
Shift Out.

Data must be stable for tso; or tm‘, whichever is shorter.

Input data must remain stable during timing window tsm. Both Si and IR
must be HIGH for tov¥: -

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

tox~ is referenced to the negatlve going edge of OR or SO, whichever
occurs later.

tow is referenced to the’ negatlve going edge of OR or SO whlchever
occurs later.

tovt is referenced to the positive going edge of IR or Sl, whichever
occurs later. .

Both SO and OR must be HIGH for tov+.
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Inputs
SHIFT IN

DO—D3

SHIFT OUT

MASTER RESET

Outputs
INPUT ‘READY

OUTPUT READY

Q0—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._ SHIFT 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.

Resets memory control logic. ~

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

’

Inducgtes 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 us.
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VIBRATORS
DUAL DELAY MULTIVIBRATORS

M SERIES
(32
D1 ||QIL
EF ~11270pF
BH‘ | ci0 .
3300pF
BJJ ] 1€8
11.033uF
BEl ||C6 14
1.330uF b—1
Eﬁ 22PF
El
° F2 15
j
| C15
P 22PF - v
E3 ] .
{SAME AS E1)
E] R2
* USED TO SELECT QUTPUT
PULSE WIDTH {SEE TABLE) ‘
. Power

v2 "Volts mA (max) Pins
[ ]—mv-——-r- +5v 45V 144 A2
GND

Cc2,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 any one of the three inputs to the Schmitt Trigger circuit produces a
positive output pulse and triggers the multivibrator. Minimum duration of a
low pulse is 50 ns. The Schmitt Trigger input provides hysteresis which pre-
vents the multivibrator from bemg 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 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

¢ Time delays

e Variable width pulses
FUNCTIONS 3
Delay Range: The basic DELAY RANGE is determined by an internal 22 pF
capacitor. The delay range may be increased by selection of additional capac-
itance either by connecting various module pins (See Table) or by the addi-
tion of external capacitance between pins L2 and F1 or between pins S2 and
R1. Potentiometers mounted on the module can be connected for fine delay
adjustments within each range or an external resistance may be used between
pins E2 or R2 and 45 Volts. If an external resistor is used, the resistance
should be limited to 40,000 ochms. '

Capacitor ) Interconnections
Requi
Value . equired
Delay Range ) (Internal) Delay E1 Delay E3
50 ns — 750 ns 22 pF . None None .
500 ns —7.5 us 270 pF D1-— L2 N1 —S2
5 us—75 us 3300 pF Hl1 — 12 ~S1—S82
50 us — 750 us .033 uF J1—12 Ul —sS82
500 us — 7.5 ms .33 uF El—1L2 P1 —S2

Adjustable Delays: Connect pins D2 to E2 for delay 1 and V2 to R2 for delay
2 in order to add the potentiometers. NOTE: If the potentiometer or amsex-
ternal resistor is not used pins E2 and R2 must be connected to 45 volts
(pin A2).

PRECAUTIONS
Care should be exercised in the selection of external capac:tors 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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' M4050 v' CLOCK
Crystal Controlled Clock
. M SERIES
" Length? Extended
Height: Single
Width: Single
M4050 MODULE
W1 w2 iW3i w4é w5T *
a )
SKHz - 5SMH2
= CRYSTAL CONTROLLED 10 2
CLOCK ‘ &b & o .
Wwé w7 ws we \

Power
Volts mA Pins
+5V 80 A2
GND c2

DESCRIPTION

The M4050 is a crystal controlled clock module that provides both positive-
or negative-going 80 ns pulses at a frequency range from 5 KHz to 5 MHz.
(An M4050-YA module variation is also available and provides an output pulse
width of 3.9 us.) The module has a series of jumper leads mounted between
split lugs on the board which can be removed to select four frequency ranges.
Once the proper range has been selected, the output olock frequency is de-
termined by a plug-in crystal. The module can be effectively uSed in apphca-
tions requiring accurate pulses at stable frequenaes

FUNCTIONS

The D2 and E2 outputs of the M4050 are supplied from a monostable multi-

bibrator. The pulses at D2 and E2 are positive and negative 80 ns pulses,
respectively.

Frequency Range Selection

Jumpers W1 through W9, shown on Figure 1, are used to determine the fre-
quency range of the output. The specific frequency is then determined by
choice of a plug-in crystal, either one of the three offered by DIGITAL or

one supplied by the user. Table 1 lists the jumper confuguratlon for the four
frequency ranges.
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TABLE 1

JUMPERS
Frequency -
Range IN ouT
5 KHz — 38 KHz W1 - w8 w9
38 KHz — 500 KHz W1 - W6 W7 and W8
500 KHz ~ 1 MHz W3 —-Wé6 W1, W2, W7, w8
1 MHz — 5 MHz W5, wé W1 - W4, W7, W8

-
Output Selection
Jumper W10, shown on anure 1, can be removed to disconnect the negative-
going pulse output from the muitivibrator to pin E2 of the module

Orderlng Information :

The M4050 is available wnth any of the three standard crystals listed below.
Be sure to list the crystal part number desired when ordering. Standard
crystals:

1.333 MHz Part ‘# 18-5501-02
20 MHz Part # 18-5501-09
5.0 MHz Part # 18-5501-08

COMPONENT SIDE —

W6 Gy
~ Was Cuma® W10

W2Gmngy ]

] Cmmm®WS

" Q@ W3

Cummm® W |
Gl W7

- wt;M Cmm®W3S |

Figure 1 MA4050 Jumper Lead Locations

CRYSTAL
\!

GENERAL SPECIFICATIONS
Frequency:
Range: 5 KHz -5 MHz
_Stability: 0.019, of specified value between 0°C and 4-55°C.
Power Requirements: +5V at 80 mA (max.)
Temperature Range: 0°C to +55°C

347



M5864

OPTIC ISOLATOR INPUT MODULE

ISOLATION/
LEVEL
CONVERSION

M SERIES
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M5864 Optic Isolator Input Module
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The M5864 Optic Isolator Input Module is used to electrically isolate and/or
convert signal levels between peripheral devices and a TTL-compatible in-
terface of a processor or controlier system. The M5864 can effectively be
used in any application where signal conversion or voltage isolation is re-
quired. E N

The module contains 20 optically-coupled circuits, each of which provides
signal .isolation between the input and output of the module. The data signals
transferred through each of the module circuits are optibally-coupled to pro-
vide a maximum of 1500 V isolation between the current loop and the TTL
logic. Eighteen input circuits accept levels from current-producing devices
and convert these signals to TTL-compatible levels. The current-receiving
inputs are protected against reverse voltage conditions by a diode shunted
across the LED in each optic coupler. The conduction of the LED controls
the conduction of the associated phototransistor also in the optic coupler.
Two output circuits accept TTL-compatible levels from the interface and con-
trol the conduction of the floating transistor outputs. Each transistor output
is capable of switching 8 mA of current.

Signals are transferred to and from the module through the module pins and
backplane wiring or through cable assemblies that attach to the two 40-pin
connectors located near the edge of the module. The module input and out-
put circuits can be disconnected from the backplane of a system by re-
moving jumper leads that are installed on the module board. This allows the
module to be plugged into computer busses and other prewired back-

planes for convenient mounting. Power and ground to the module will still
be maintained through the module pins and backplane wiring.
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Each signal pin on the 40-pin cable connector (J2) has an associated ground
pin to enable proper shielding of the TTL levels.

The M5864 is a double-height, standard-length module and occupies two
slots when inserted into a standard DIGITAL connector block.

FEATURES
e Complete electrical isolation between inputs and outputs.

» Signal transfer to and from module through module pins and back-
plane wiring or through cable and connectors.

Floating transistor outputs, reverse:voltage protected.
Capable of isolating 16 data and 4 control lines.
¢ Device input voltages adjustab|e by adding resistors on board.
- Standard DIGITAL power and ground pin configuration.
GENERAL SPECIFICATIONS
The- input to each of the optically isolated input cnrcuuts is the opto-isolator

LED. A forward current of over 8 mA (30 mA max) will turn the LED on.
The output of each input circuit is a standard TTL gate with a fanout of 10.

The input to each of the optically isolated output circuis is the opto-isolator
LED which is pulled up on thé module to +5 voits through a resistor. This
input is TTL compatible and represents 10 unit loads. The output of each
output circuit will drive one TTL load.

18—Input Circuits ‘
Input (J1) TTL Output (J2)

0—2mA HIGH (-400 mA at 2.4 V)

8—30 mA . LOW (16 mA at .4 V)
2—Output Circuits

Input (J2) (TTL Compatible) OQutput (J1)

HIGH (100 pA at 4-7 V) 50 nA (max) at 10 v*

LOW (-16 mA at 0.4 V) 1.6 mA (min) at 0.5V

* Maximum collector-emitter voltage = 30 V

Optic Isolators

Condition . Time Diode Current
turn-on " 15 ps (max) 16 mA
turn-off 15 us (max) 0 mA

Size Double height—5.187 in. (13.17 cm)

Single width—0.5 (1.27 cm)
Extended length—8.5-in. (21.59 cm)

Power 45V £59, at 340 mA (max)

Operating

Temperature  5°C (41°F) to 50°C (122°F)

Relative

Humidity 109% to 959, without condensation -
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20 mA Active Current Loop Interface )
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DESCRIPTION

The M5960 is a communications interface module used to convert 20 mA
current loop information into TTL logic levels (receiver) and TTL logic levels
into 20 mA current loop information (transmitter). The module is suitable
for driving and sensing data on long current loop cables between the terminal
and module at high baud rates. The M5960 consists of four differential cur-
rent loop receiver circuits and four differential transmitter circuits, each
capable of converting the serial data between terminal and logic system and
allowing full dupiex operation. The M5960 occupies a single vertical slot in an
H803 connector biock.

APPLICATION -

Figure 1 is a typical application diagram showing four passive devices con-
nected to the 20 mA current loops. Both the receiver and transmitter circuits
can supply 20 mA of current to a total line/load resistance of up to 500 ohms.

20mA |
CURRENT |
| (stRAD !
' M5960 - -
;oaTILON] PASSIVE

TTL(OUT) TRAN/REC1 TERMINAL

| B
ltr pata | ACTIVE :
| (SERIAL) | CONVERTERS

U ——

TTL (IN) | PASSIVE

TTL(OUT) TRANS/REC2 - TERMINAL
m! 0 e _
INTERFACE L ()
TIL(OUT) | TRANS/REC 3 TR
TTLUIN)
( __Tngour) TRANS/REC 4 TERMINAL

Figure 1 .- Typical M5960 Application Diagram

" RECEIVERS
Each of the four receiver circuits consists of a differential current source
circuit which senses the current flow in a passive terminal such as a tele-
typewriter keyboard or the collector of an optical isolator network. Jumpers
W1—-W4 shown on Figure 2 connect a capacitor across the 20 mA input
circuit to provide high noise immunity at standard TTY data transmission
rates of 110 baud. When used in applications requiring rates greater than
110 baud, the appropriate jumpers can be removed.

When current flow above approximately 10 mA is sensed at the 20 mA re-
ceiver circuit (R4 and R—), a low TTL output is produced. Current flow below
approximately 10 mA results in a high TTL logic level at the output. Each
receiver output is capable of driving 10 TTL unit loads.

TRANSMITTERS

Each of the four transmitter circuits provndes a 20 mA current source used
to drive a teletypewriter printer or similar passive devuee The transmitter
circuits receive TTL-compatible levels at the input to control the 20 mA cur-
rent at the output (4T and —T). A low TTL level produces a 20 mA current
flow at the output terminals to activate a relay or Light Emitting Diode (LED)
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in an optical isolator nefwork. A high TTL level at the input inhibits the 20
mA current from flowing at the output, and disables a relay or LED con-
nected to the current loop circuit.

GENERAL SPECIFICATIONS

Receivers: .
Input Current . Output TTL
15 mA (and over) Low Level
~ _ 5 mA (and under) High Level
Transmission Rate: 9600 baud (max) -

TTL Drive: 10 unit loads

COMPONENT SIDE =~

s—ow )
O—9 W2
W e
) ) MODULE oo\

—

Figure 2 M5960 Jumper Lead Locat\ions

Transmitters: -
Input TTL } Output Current
Low Level 20 mA (max)
High Level 0 mA (approx.)
Transmission Rate: 9600 baud (max)
TTL Sink: 2 unit loads
Power Requirements:
+5 Vde 320 mA (max)
. =15 Vvdc ‘ 200 mA (max)
Operating Temperature: 5°C to 60°C, non-condensing
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INTRODUCTION

The M6865 Optic Isolator Output Module is used to electrically isolate and/or
convert the signal levels between peripheral devices and a TTL-compatible
interface of a processor or controller system. The M6865 can effectively be
used in any application where conversion or isolation is required.

" The module contains 20 optically-coupled circuits, each of which provides ac

or dc signal isolation between the inputs and outputs of the module. 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. Eighteen output circuits accept TTL-compatible levels from
the interface to control the conduction of the 18 floating transistors in the
optic couplers. Each of the transistor outputs is capable of switching 1.6 mA
of current. Two input circuits receive controlling signals from current-pro-
ducing devices and convert these signals to TTL-compatible levels. Each of
the two input circuits is protected against reverse voltage conditions by
diodes which are shunted across the input terminals.

Signals are transferred to or from the module through the module pins and
backplane wiring or through cable assembies that attach to two 40-pin con-
nectors conveniently mounted near the edge of the module board. This allows
the module to be inserted into computer busses and other prewired back-
planes for convenient mounting. The module input and output circuits can
be easily disconnected from the backplane of a system’unit by removing the
jumper leads that are installed on the module board. =

Each signal pin on the 40- -pin cable connector (J1) has an assocuated ground
pin to enable proper shielding of the TTL levels. .
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‘The M6865 is a double-height, extended-length module and occupies two
slots when inserted into a standard DIGITAL connector block.

FEATURES
e Complete electrical isolation between' inputs and outputs.

e Signal transfer to and from module through module pins and back-
plane wiring or through cable and connectors.

+ Floating transistor outputs, reverse voltage protected.

e Capable of isolating 16 data and 4 control lines. .

» Device input voltages adjustable by adding resistors on board._
o Standard DIGITAL pawer and ground pin configuration.

GENERAL SPECIFICATIONS

The input of each of the two optically isolated input circuits is to a LED. A
forward current of 8 mA (30 mA max) will activate the LED and cause the
transistor to conduct. The output of each input circuit is a TTL level with a
fanout capability of 10 unit loads.

-

The input of each of the 18 optically isolated output circuits is to a LED
which is pulled up to 45 V through a resistor. These inputs are TTL com-
patable and represent 10 unit loads. Each output is capable of driving one
unit Io\ad. /

2—Input Circuits

Input (J1) . : TTL Output
0—2 mA HIGH (400 uA at 2.4 V)
8—30 mA LOW (16 mA at .4 V)
18—Output Circuits N
TTL Input (J2) ~ Output (J1)

HIGH (100 pA at 4-7 V) 50 nA (max) at 10 v*
LOW (-16. mA at 0.4 V) 1.6 mA (min) at 0.5 V

*Maximum collector-emitter voltage=30V

Optic Isolators ‘ A

Condition Time Diode Current
turn-on 15 us (max) . 16 mA
turn-off - 15 us (max) OmA

Size Double height—5.187 in. (13.17 cm)

Single width—0.5 in. (1.27 cm)
Extended length—8.5 in. (21.59 cm)

Power +5 V +5% at 340 mA (max).

Operating

Temperature 5°C (41°F) to 50°C (122°F) S
Relative : ) ‘

Humidity 10% to 95%, without condensation
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COMMUNI-
M7390 CATIONS

ASYNCHRONOUS TRANSCEIVER

M SERIES
Length: Extended
Height: Double
Width: Single
a, 7/ \3, 8, U &
A MATENAOCK
CONNECTOR
N]  PINS
EIA 'CURRENT
5 | [P [ | P58
OUTH . 802 SER OUT B .
BaY
ouTL (8]28) -
L 7208 | em2y)
a + - 881 (7]
B2 _ := ECHO L (NOTE 2)
o7 [OPEE | S0 wu
3 J ACtfi) ROT 1
vesr (1} N & & SER ABI S RD 7 L
o85 H[T}ANM o { { g i : AEY
084 H[T]ARL g £ E@ RD6 H
a3 (1A o ;—5"\._ 8 m@"bs'— —~
o8z H [T} | nd g 5 g DS
o8t [T ]| @ 5 g & AUE] RDS L
08O H[TIRH2. gl 2 n 2 Al roa k-
g ] & RD4 L
T™eT H[T]R2. g 2 Q AR G6] RO 3 1
- os L3182 14 z g A2,
T oun AN 9—- ] a Bl o3 L
‘ARG [z‘msm z 216} pp2 1
e BS2 RESET ALL L g 9)ro2L
’ "“'LE'AW ™[ REGISTERS ] er2 '
cs w1} ) g ol RD1 H
Np (1A ¢ RO1 L
@ 8V255] roo M
s8
= BN
[PRet & =—{9] ro0 L
:zimﬁu— H BMIF) roe L
8 ap1
PoE [TJ222. DA™ H
— BRAZ] papuy v
176 KHZ [10}AK2 ] o ST
- 24xHZ[0RY2 ]2
2 = oy AUTORESET M (NOTE)
4.8 KHZ
" wx t*——12] rROA L
9.6 Kz (10} =9 BE!
192 oz ifAHe e L
38.4 0z [§]AE2 g et fijor w
76. l;mz[___‘,‘mz - FE M
RESET 841 .
RESET L flo} 2 10-15 Ms)} . SWE U
NOTES! #=TIED TD ~15V WHEN M7390 USED TO DRIVE CURRENT LOOP
#%=0PEN COLLECTOR GUTPUT
1.MUST BE TIED TO GROUND IF RDA L NOT USED
2.MAY BE LEFT OPEN IF ECHO NOT DESIRED
Power .
Volts mA (max.) Pins
5 700 BA2
. +10 AV2
GND N BC2
—12* 64 BR2
—15* 80 ~. BB2
*Requires —12 V or —15 V only, not both. -
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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-paraliel conversion, and a crystal controlled Elock, into one module.

APPLICATIONS .
The M7390 can be used for computer terminai 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 detection, 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 logic 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 three 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 thg—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 sigmal and SIGNAL GROUND are also provided.

The current loop input/output is designed to operate on a 20 to 100 mA
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 mA current flow. Current flow is a marking
condition (binary 1). The external source must nét exceed 35 volts dc open
¢ircuit voltage or 100 mA current. The serial output is a transistor switch
that can turn a current loop on or off. The open circuit voltage of the-current
" source must not exceed 35 volts dc.

The TTL iler's-ions‘ of the serial input and output signals are available on the
module pins and may be used in place of the level converter signals.

3
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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 width. Data to be
loaded into the module must be present 250 ns before the DATA STROBE
pulse.

Receiver Control Signals:

DA Data Available ‘ <
DA DLY Delayed Data Available
AUTO RESET Allows DA to be automatically reset. )
RDE Receiver Data Enable. Places data and control
" signals on the pins of the module.
_RDA Reset Data Available
Transmitter Control Signals:
TBMT Transmitter Buffer Empty

ECO . End of Character

Error Control and other Signals:

NP No Parity

POE . Parity Odd or Even '

SWE Status Word Enable

€S ) Control Strobe

NB1, NB2 Number of Bits in data word ~

SB Number of Stop Bits (1 or 2)

XR External Reset (clears all registers)

RESET Negative pulse used for clearing module during
power-up.

RCLK Receiver Clock Input

TCLK Transmiitter Clock Input

PRECAUTIONS

1. EIA and current loop connections are available on an 8-pin “MATE-N-LOR -
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 dgutput circuits must not have more than 35 volts
peak applied or greater than 100 mA current flow. _

4. The M7390 contains an MOS LS| chip. Care must be taken in proper
handling and grounding of the module Yo prevent damage to the MOS
chip. . N .

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 mA additional current must

be supplied by-the —15 volt and the 410 volt power supplies.
»
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SPECIFICATIONS

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

1. EIA RS-232C: Binary 1 = —3to —25 volts dc
Binary 0 = 43 to 425 volts dc

2. Current Loop: Mark (Binary 1) = 20 to 100 mA current flow -
. Space (Binary 0) = <3 mA 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): Ail TTL compatible.

362



DRY CONTACT FILTERS PULSE
K580, K581 SHAPING
Length: Single 1 220 +
Height: Single [ Q—vwr—y- D PN Vo
Width: Single lSO.uf—{ $220 ——mﬂ
2 ) ,-_'l‘
O A 2 : L{B 2 y E {;_-I
_J_E] 3 ‘J '
NES ) 10
‘ .  ond +T
. e w (]
SOLDERJ 5 . L
LUGS ) scL)bDég 5 T
Syt ST
3 ==
<3 SEm Nf)
7 R =
O—ww- % H{:] ! -
= 7 | .
i R
*
9 y v L ‘D
O34 o ,
-\ ~ % 91" » Vv
&~ k ]
*Should be followed by a
Schmitt trigger circuit for
TTL logic.
K580 K581
-— ggm@g ouTPUT
MW W\/\. _ N
4 3é9vf ' 220

+100

e
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These filters convert signals from dry or wiping contacts to logic levels.
Primarily they are used with gold contacts such as 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.

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 K113 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 410 volts or mgre._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 | 820 2200 | 6200 8209 1.8KQ | 3.6KQY 3.9KQl 4.7KQ
Dissipation | — [0.05W {0.11W|] 0.3W |0.4W |0.85W | 1.8W [2.0W |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 46 V at the logic. Also observe that a handful of dropping resistors in
90 V or 120 V systems may dissipate mare power than the entire logic sys-
tem, and must be located so as not to cause excessive temperature rise in
the logic system.
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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 specifications. Fanout
to ordinary logic gates and diode expanders may be raised to 4 milliampers
if some noise and contact bounce rejection can be traded off; but hysteresis
inputs may not switch properly if the logic zero is allowed to rise much
above +0.5 V. )

Looking at the comgonent side of both the K580 and K851, the soldér lug
connections are numbered 1 to 9 from pin end to handle end.

K580

K581
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ISOLATED AC SWITCHES _ LOGIC
' K616 ' \ AMPLIFIERS
Length: Single
Height: Double
Width: Triple
AF .
E(BP )
) ) —(® suppLy
2 ke N n | 6
LOAD
AM P7 \ !
(B S
AN D ®SUPPFY
o = Sromo
-\
AT e o
BC) '
“Au ) ——® suppLy
(8B) [
I LOAD
BF el ;
[Y3) . . B
(AP) ) —@® suppLy
2 (i:)‘ ) 8
l, - ® Lono
—(ie ) A
Vaa
‘ 9
SUPPLY -
RETURN
10
NOT
USED
Power
Volts mA (max.) Pins
+5 100 AAl
] AA2
GND . Ael
T AC2
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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. The K724 Interface Shell can be used to provide suitable

- mounting for the K616.

The K616 contains a 10-terminal nylon terminal strip with 3/8 spacing be-
tween terminals. The terminal strip meets NEMA and JIC specifications re-
garding 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 ter-
minal is marked according to its function: Supply (LINE), Switched Output
(=) AC Return (NEUT), and Chassis Ground (GND).

SPECIFICATIONS

Output Turn On Time: MIN: 1 s

MAX: 50 us

1/2tycle of ac line maximum. (Turns off when out-
put current goes through zero after removal of

Output Turn Off Time: |

] input)
Output Voltage: 12—140 V RMS AC, 50—400 Hz . - .
Output Current: 0.030-5.0 A RMS AC ‘
Output VA: 500 VA maximum per output, not to exceed 1000

Output Surge Current:

Output Off State
Leakage Current:

" Output Off State dv/dt:

Output Indicator Light:

Fuse Protection:
Temperature Range:

Power Réquirement':

VA for all four circuits.

20 A for 1 cycle of AC line -~

0.005 A maximum . N

Output will withstand a voltage change of at least
100 V/us without turning on.

The LED indicator will indicate the presence of
80—140 Vac at the output terminal. It will be off
if the output is off, or the fuse is open.

5 A continuous Littlefuse type 275005
0°C to 70°C
+5 Vdc +10% @ 100 mA MAX 70 mA TYP
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DC DRIVER 1 Losie
K652 AMPLIFIERS

Length: Single
Height: Double
Width: Triple AF

~

OuTPUT -
TERMINALS

B
B

35 9% 9% 99

B na I

g

POSITIVE
L (S SIDE OF
LOAD SuPPLY
. Power 1 N s
Volts mA (max.) Pins . ~
5v * AA2
- BA2 * 10 mA with all circuits off
GND AC2 160 mA additional per circuiton

BC2

K652 DC DRIVER

The K652 DC driver has four circuits each of which can detiver up to 2.5
amperes at up to 55 volts. Like the K578, K614, K656 and other modules,
this unit has built-in clamp-type terminals for wires up to size 14. It can be
mounted in the K724 interface sheli, but does not have neon indicators
across the output terminals as other shell mounted modules.

The positive side of the load supply should be connected to prdtect output
transistors from damage due to turn-off transients. See the application sec-
tion for further DC driver information. el

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 resuit from high
currents.



' {
DC DRIVERS LOGIC
K657 AMPLIFIERS
Length: Single aF
Height: Double |1 ‘
Width: Triple ®P. \ DC DRIVER 1)
AH '
.i BN) M 4
L———w»——@—- ?2
Tlam . Y =
BJ)
\ DC ORIVER —0 3
ke N < -
L—————va—-@-— ?4
= |outPut
1 AT o TERMINALS
18C)
v ) DC. ORIVER —~©Os
l '——- Vaa
. (88) '
( o) 6
N\
T)L8F 1o -
_Japy N
DC DRIVER 7
.i‘ (i'&) ) - Z/
B » l —AA @ ? 8 j
N ¢
¢ POSITIVE -
L (9 sioE oF
LOAD SUPPLY
s
Power
Volts mA (max.) Pins
+5V * AA2
GND AC2

* 88 mA with all outputs off
130 mA with all outputs on.

The K657 DC Driver 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  L0GIC
K658 AMPLIFIERS

AF
1 N w
AH {  DRIVER —O
(318 | § )
gLl \
DC
ORIVER —3
EN A
o—lvvw-O-—o ? 4
—iq— = \ OuTPUT
v TERMINALS
&) AT
) DRIVER A \E
GHY y, ‘
»—wv—-(; 4 ? 6
r—ie— =
(3B
) DRIVER Q7
AL A ) J
——)—9 ? 8
P - l ' -
<~ POSITIVE
S 9 SIDE OF
LOAD SupPPLY
Power N
Volts  mA (max.)  Pins *10mA with all outputs off
15 * AA2 350mA additional per cir-
GND AC2 cult on.

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.

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.
4

370



5-DIGIT DISPLAY LOGIC

. K675 .| | AMPLIFIERS
+5vDC
DIGIT 1 DIGIT 2 DIGIT 3 DIGIT 4 DIGIT § GND
~ A 4 A A A
8421 8421 8421 8421 8421 }SPARE
LU LU O L UL [ nus siowor
ggg]f—’ 39&: 020 Lt .2 "“mahg

25 PIN CABLE CONNECTOR

1T T ]

BCD TO 7 SEGMENT
DECODER DRIVERS

] L

_r |z I
I A A A .

DIGIT 1 DIGIT 5

‘

-—
I
—

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 cabie 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 ali BCD digits, including zeroes.

A decimal point is located to the left of each digit and can be controlied by
jumpers W2 through W6. Removing a jumper will extinguish the correspond- -
ing decimal point. )

Digit 1 can be used fqr 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 iluminated by groundng pin 20 directly,
or with a NAND gate or inverter.
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Panel Cutout Dimensions
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W960 = MISCELLA-
MSI MODULE BOARD NEOUS
3 Kt
u
ol
11 8
4] RS
— St
w
2 1
§ 5 ﬁq—_Jq
) 4 : vt
M| F2
1 H2
J2
| T2 X
9|
+5v,82 Q EE
1 2
oND,C2 Mc 5| 12 |3 Rz
NOTES: % E
1. Capacitors C1 and C2 fo be supplied ve
and instalied, and volues to be determined by user,
2. Integrated circuits IC1 ond/or IC2 or IC3 to
be supplied ond instolied by user.
~.

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
ADIP) integrated circuits (ICs) or one 24-pin DIP IC, either with or without
sockets. All IC pin plated-through hole locations are identified with their
associated board contact finger and are all brought out to the board con-
tact fingers via printed circuit etching, as shown on the schematic diagram.
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W964 MISCELLA-
UNIVERSAL TERMINATOR BOARD NEOUS

PADS TO COMMON
CONTACT  TIE POINTS
FINGERS +5v GND R1 R2 R6 R5 R3 R4

A2
. +5V

2 c2,T
3 GND

—

AAA

D1—

R5

vV

——

o=z

R6

—
TO OTHER CIRCUITS
o ASSOCIATED WITH
HEAN THE OTHER (25) /O
e 0 0 99 I SIGNAL CONTACT
000 - 0oo0g O || FINGERS

007, \\ 0.074/ [FI
== =X

JUMPER
+5v TO
COMMON
TIE POINTS}

NOTES: =
1. All PC etch not shown; of that shown, side 1 etch

shown with solid lines and side 2 etch shown with
dashed lines.

2. Resistance volues to be determined by user.
3. Resistors to be supplied by _user.

.

4. Pull-up/terminotion network schematic diagram
shows three typical networks (to contact fingers B1,D1, and E1)

w964 Component La)./out Diaéram
and Pull-Up Termination Schematic Diagram
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-

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 +5 volts. 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. Three typical pull-up/termination network circuits are illustrated
on the component layout and schematic diagram.

The 28 contact fingers (signal pins) that can be used for 1/0 signals are Bl,
D1, €1, F1, H1, J1, K1, L1, M1, N1, P1, R1, S1, D2, E2, F2, H2, J2, K2, L2,
M2, N2, P2, R2, S2, T2, U2, and V2. The pads associated with the contact”
fingers are identified on the boards to facilitate mounting the discrete com-
ponents. Contact fingers A2 and B2* are dedicated to voltage. Contact fingers
C2 and T1 are dedicated to ground.

- * In many systems, contact finger B2 is bused to —15 V.
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G772
POWER CONNECTOR

MISCELLA-

NEOUS

The G772 is a single-width, single-height, short-length board used to connect

power to a backplane assembly such as a BB11 or DD11.

G772 Typical Connector Assignments

LTC
GND

‘W1-bC LOW V

W2- AC LOW )
— 5Vde
— -25
|—+5Vdc

~
P
-
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G772

-15v

+15v

oN2

-25V

N

LTCL

2
vw*vk AC LOL

+—e— DC LOL

+8V
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A123

MULTI-
PLEXERS

A SERIES

Length:
Height:
Width:

FOUR-INPUT MULTIPLEXER
Standard

Single

Single

!

———I °

@J .

[a}=ANALOG sKGNALS
(DO NOT CONNECT TO -

LOGIC LEVELS)
Power
Volts mA (max.) Pins
+10 18 ' D2
+5 45 A2
GND . TC2, T1
—20 . 50 E2



The A123 Multiplexer provides 4 gated analog switches that are controlled
by logic levels of OV and” +4-3V. 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 410V and
—10v, with currents up to 1 mA.

The positive power supply must be between 45V 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 excuyrsion of the analog signal.
The voltage difference between the two supplies must not be more than 30V.

A SPECIFICATIONS
Digital Inputs
Logic ZERO: . 0.0v to +0.8V
|nput |°ading: 0.5mA. at OVolts
Analog Signal .
Voltage range: ~+10v to —10v
Current (max.): 1 mA
Output Switch :
On resistance, max.: 1000 ohms
On offset: 0 Volts
Off leakage, capacitance:: 10.nA,10 pF
, Turn on delay, max.: 0.2. usec
Turn off delay, max.: 0.5 usec
J ‘
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*Analog GND must be connected to LOGIC GND
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Al26 MULTI-"
8 CHANNEL HIGH IMPEDANCE PLEXERS
MULTIPLEXER A SERIES
Length: Standard
Height: Double
Width: Single
choen [2}2¥2
cH1en 232 -4 o
BF
]8R2 . —»—=—{9] A0
CHZ EN PRIORITY o
cH 3 En [Z1BN2 o DECODER -BF2 5,
cHo4 eN 2122 e YN .
cH 5 EN [2}B32 AUZ (= MK
cH 6 eN [2JA12 o g > — TGN
CH 7 EN [2)}AR2
[ LoJNNE * B o B o S o R o '
BU2 LAH2 [7]CHO-7
CHO IN - [A} > L {A] S0
CH 1IN 852 X y
cH2 N [AJRPZ o
cHa N [A)BMZ, ?
CHa N [A}BKZ
cHs N [APRHZ. @L
cHe N [a}AS52,
cH7 N [AJRF2,
)/
Power
Volts mA (max.) Pins
15V+59, 100 2
F1svEsd, 17 ADI1, AD2
—15V*59, 12 AE1, AE2
GND LOGIC AC2, AT1
*GND ANALOG AF1, AF2




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
0 is the highest priority and channel 7, the lowest priority. The enable signals
required are TTL or DTL 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 A0-A2.

APPLICATIONS

The A126 can be used to multiplex up to eight signals from the analog in-
puts into buffer amplifiers or circuits with 2 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 W1 ' '

TTL Input Signals
CHO (EN) — CH7 (EN)
Input Voltage

'i‘TL Output Signals
A0 — A2

MUX EN

8 single-ended channel inputs
+15V (max.)

1040 ohms = 109%

1.0 usec (max.)

0.5 usec (max.)

2.0 mA (max.)

(Not for customer use)

8 enable inputs associated with each channel

‘Low (enable) — 0.8 V {max.)

High (disable) — 2.0 V (max.)

A 3 bit code identifying the channel that is
currently enabled.

Asserted low whenever one or more channels
is enabled.
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TRUTH TABLE

Analog
Channel

NONE

OUTPUTS

C

AO

H

Al

H

A2

MUX
EN

TTL ENABLE INPUTS
CH1 CH2 CH3 CH4 CH5 | CHe6 CH7

CHO

H = High Level .

Either High or Low

X=

L = Low Level



AMPLIFIERS

A207
OPERATIONAL AMPLIFIER
A SERIES
Length: Standard
Height: Single
Width: Single
-k if
4 A r
\ O A Ar-> NOTE 1
R /'/ N
AUX. (: -fl‘;\r-o- -‘I‘I‘P—E - i-. A
]
‘ INPUTS ) T wr----i--- :
v B
O = ===t m ---f-_ %-.\,\,\,Lo. -, ,\,.‘
H ! ! GAIN
GUARD 0-——-? E BAL 1K
H '
-INpuT $ ¢
(I\NVERT!NG) NOTE 2 i i .
P L ouTPUT
+INPUT -
(NON-INVJ
f +15v
o . ANALOG GND
Power . ’
Voits mA (max.) Pins
- 415 6 2
GND  ANALOG F2
—15 10 E2

NOTE 1. Mounting holes are provided on the module lso 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 ps 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 A/D 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 feedback components, including
a gain trim potentiometer. The A207 is pin-compatible with the A200 Oper-
ational Ampiifier.

SPECIFICATIONS—ALt 25°C, unless noted otherwise.

Pins L & M Differences with Pins

Connected L & M Not Connected

Settling Time* :
Within 10 mV, 10V step input, typ 3 usec 6 psec
Within 10 mV, 10V step input, max: 5 usec 8 psec
Within 1 mV, 10V step input, max: 7 usec \ 10 psec
Frequency Response ’ o ‘
Dc open loop gain, 670 ohm load, -min: 15,000 100,000
Unity gain, small signal, min: 3 MHz
Full output voltage, min: 50 kHz
Slewing rate, min: 3.5v/ usec
Overload recovery, max: 8 usec
Output ' N
Voltage, max: . *10V
Current, max: +=15mA
Input Voltage B
Inputvoltage range, max: ‘ *10V
Differential voltage, max: *10V
Common mode rejection, min: 10,000
Input Impedance '
Between inputs, min: 100 k ohms
Common mode, min: 5 M ohms
Input Offset :
Avg. voltage drift vs. temp. max: © 60 uv/°C 30 wV/°C
Initial current offset, max: 0.5.nA
Avg. current drift vs. temp, max: 5 nA/°C
Temperature Range 0°C to 4+60°C

*Gain of 1, inverting or non-inverting configuration.
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A619
10-BIT D/A CONVERTER

DIGITAL TO
ANALOG

SINGLE BUFFERED

A SERIES

Length: Standard

Height: Double

Width:

AD

AR rer
ANLG

@Plu-l—/wn.e GND

Double

P

28 27 26 25 24 23 22 21 20

DAC 10-BIT REGISTER

»

TE:
LOGIC AND ANALOG

-GROUNDS MUST BE

TIED TOGETHER AT
SOME_POINT IN THE
SYSTEM.

1 Y\wbv

BINARY WEIGHTED NETWORK ouT

+V REF [
Power
Volts mA (max) Pins
+15 BV2
+5 135 AA2
GND LOGIC AC2
- GND ANALOG BT2
= —10.06* 60 . BR2
—15 35%+ BU2
—-15 50 AB2
* ref.

** plus output loading

The A619 Digital to Analog Converter (DAC) is complete with a 10-bit buffer
register, level converter, a precision divider network, and a current summing
amplifier capable of driving external loads up to 10 mA. The reference voltage
is externally supplied for greater efficiency and optimum scale factor match-
ing in multi-channel applications. The module is double width (1”) in the B
connector half.

The A619 DAC output voltage is bi-polar. Binary numbers are represented
as shown (right justified) in Table 1:
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TABLE 1

Analog Output (Standard)

Binary Input v " A619
0000, BV .
0400 . —25V
1000, : - “ovoits -~
1400, 425V
1777, 45V

A619 SPECIFICATIONS

OUTPUT:
Voltage: - +5 volts
Current: - ‘ 10 mA. (max)
Impedance: - <0.1 ohm
Settling Time: .

(Full scale step, resistive load) - <5.0 us

(Full scale step;, 1000 pf) <10.0 us
Resolution: : - 1 part in 1024
Linearity: ; +0.05% of full scale
Zero Offset: =5 mV. (max)
Temperature Coefficient: <0.2 mVv/°C
Temperature Range: ) ) 0to 50°C
INPUT
Level: 1 TTL Unit Load .
Puise: (positive)

Input loading: 20 TTL Unit load

Rise and Fall Time: 20 to 100 nsec

Width: ) >50 ns

Rate: 106 Hz max.
T|m|ng -

Data lines must be se’ftled 40 ns before the: "LOAD DAC"’ pulse (transi-
tion) occurs.
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REFERENCE
A704 SOURCES

REFERENCE SUPPLY

" A SERIES

Length: Standard
‘Height: Double
Width: Single

REGULATOR AV2

) -SENSE[—-—"50

1]

1

AB2 UNREG. ‘Agv AE2)
-|5V0——>——i G
B OUTRUT,

~ +sensel—A124

GND !

i

AC2 |

Power -

Volts mA (max.) Pins

GND  ANALOG AC2 . )

"plus or minus 2 volts

\

‘The A704 Reference Supply converts an ordinary —15 volt logic supply
voltage into a precisely adjustable regulated — 10 volt reference source for

A/D and D/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 (+4) 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 remgte load.’

When the sénse terminals are connected to the load at a relatively distant
location, a capacitor of approximately 100 xF 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 Digital/
Analog Converter modules, —125 mA maximum can be obtained by connect-
ing a 270-chm plus or minus 5%, one-watt resistor from the reference out-
put (pin AE2) to ground (pin AC2).
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SPECIFICATIONS

Inpujt_k,Power ' —15V ) ) )
. Use: See text for sensing and preloading .

Output: —10V -

Current: —90 to +40 mA

Regulation: 0.1 mV, no load to full load

Temperature 1 mV/8 hrs

Coefficient: 1 mV/15 to 35 degrees C

4 mV/0 to 50 degrees C
Peak-to-Peak

Ripple: 0.1 mv
Adjustment

Resolution: 0.01 mv
Output

Impedance: 0.0025 ohms
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A866 "ANALOG TO
HIGH-SPEED 12-BIT DIGITAL
BIPOLAR A/D CONVERTER A SERIES
Length: Standard o -
Height: Double -
Width: Single

-
Ayad ANALOG INPUT 1] BE2 5
AALR ‘ MsB B1 - BF2[i5)
) : ; B2
AR o ANALOG GND B3 BK2r5) -
(AJAE2 | 84 - 825
AH | , . - 85 BM2 -
AH2 :
@;}—“——*' B6 ——’—.Nz ouTt
. 87 b BP2 m
88 -~ BR265)
89 » B5205)
810 BT2
BI1 . BU2. .
LSB B12
J
4 Busyl——BEL i)
EOC PULSE BF1 /
DONE
cLock—=—B01]
. Power
Volts mA Pins
{nominal)
+5V£10% 300 AAL, AA2, BAl, BA2
+415v+3% 75 AD1, AD?
—15V+3%, 40 AE1, AE2 :
LOGICGND AC1, AC2, AT1, BC1, BC2, BT1

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 bipelar, 10-volt
full-scale extended-range inputs. By changing the jumper configuration, the
user can select bipolar or unipolar, 5-volt or 10-voit 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,, rather than full scale/2048,, for a
bipolar configured module and full scale/4000,, rather than full scale/4096,
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., 4+0.2350 Volit and —0.2400 Volt (+10.2350 Volts
and —10.2400 Volts full overscale inputs) for a bipolar configured module
and 40.2375 Volt (+10.2375 Volts full overscale inputs) for a unipolar con-
figured module. The coded output is 12-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 minimizes
the signal source loading, and the fast 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 outf)ut. The
A866 Module may be reconfigured with jumpers by the user so that it will
accept analog inputs of any of the following: ‘ i

L4

-

bipolar = 10-Volt full scale extended range
bipolar £ 10-Volt fuil scale nonextended range
bipolar £ 5-Volt full scale extended range
bipolar £ 5-Volt full scale nonextended range
unipolar 4 10-Volt full scale extended range
unipolar 4+ 10-Volt full scale nonextended range
unipolar 4 5-Volt full scale extended range
unipolar + 5-Volt full scale nonextended range
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Table |

Bipolar *+ 10 Volt Full Scale, Extended Range
Analog Input Output Code Conversion Chart .

Analog Two’s Complement
*®
Voltage Output Code '
Input Base 10 Base 8 Scale .

+10.2350 V 2047 3777 +Full Overscale
+10.2300 V 2046 3776 +Full Overscale — 1 LSB
+10.0000 V 2000 3720 +Full Scale

+ 7.5000V 1500 2734 +34 F.S.
"+ 5.0000V 1000 1750 +Y F.S.

+ 2.5000 V 500 0764 +14 F.S.

+ 0.0050 V 1 0001 +11LSB

- 0.0000 V 0 0000 Zero

— 0.0050 V - 1 7777 —1 LSB

— 25000V — 500 7014 —14F.S. -

— 5.0000V —1000 6030 -4 F.S.

— 7.5000V —1500 5044 ‘—34 F.S.

—10.0000 V —2000 - 4060 —Full Scale

—10.2350 V —2047 4001 —Full Overscale — 1 LSB
—10.2400 V —2048 4000 —Full Overscale

Note: When an AB66 module is jumpered to accept =5 Volt full scale in-
puts, the inputs are exactly 14 of the input value shown in the above

table.

* Using MSB output.
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* Table li

Bipolar = 10 Volt Full Scale, Non-extended Range -
Analog Input to Output Code Conversion Chart :

Two's Complement

Analog s
Voltage Output Code
Input Base 10 Base 8 Scale
P Not Not
- 410.0000 V Valid Valid -+Full Scale
+ 9.9951*V 2047 3777 +F.S.—1 LSB
+4 7.5000 Vv 1536 3000 +34 F.S.
+ 5.0000 V 1024 2000 +1%
4+ 2.5000 V 512 1000 +Y4
+ 0.0048*V 1 0001 +1 LSB
0.0000 V 0 0000 Zero
— 0.0048*v —_ 1 7777 —11SB
— 25000 Vv — 512 7000 —14F.S.
— 5.0000 Vv —1024 6000 —14 F.S.
— 7.5000 Vv —1536 5000 —34 F.S.
— 9.9951*V —2047 4001 =FS.—1 LSB
—10.0000 V —2048 4000 —Full Scale

Note: When an A866 module is jumpered to accept +5 Volt full scale in-

ta

* Rounded off value.
—2.* Using MSB output.

ble.
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SPECIFICATIONS
Analog Input

Type of Input Single-ended

Impedance >100 megohms

Input Bias Current 6 nanoamperes, (max.)

Overvoltage Limit +18 voits, (max.)

Perturbations The encoding process does not cause

noise at the inplt
Encoding Process

Technique ) -Successive approximation

Quantizing Resolution 1 part in 4095 of full range

Encoding Word Time 15 microseconds, max. (includes
‘Op-Amp settling time)

Encoding Word Rate 64,000 conversions/second, min.

Code Binary and 2's complement (using

- MSB and complement of MSB)
Measurement Accuracy Uncertainty at 23°C

Warm-up Time 3 minutgs -
Absolute (Ref. to NBS STDS) +1 LSB at full scale, max.
Stability
Overall Tempco +1/20 LSB/°C, max.
Tempco of Clock Period +0.1 percent/°C, max.
Long Term +1/2 LSB/6 mos., max.
Sensitivity to Power Supply Voltage Changes '
For the %15 Volt Supply 0.002% 9% 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 CONYV input is low will start the conversion process.

Data Outputs

The data outputs are 12 paraliel bits plus the compiement of Bl (MSB).
Bit B12 is the LSB. The output code is available in a binary format when
‘the B1 output is used and in two’s complement when B1 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
A866 Module is performing an analog-to-digital conversion.

Detailed information on the module is available on the A866 A/D Converter
Module (12-Bit, 15-Microsecond) ‘data sheet- available from Logic Products
Sales . Support, Accessories & Supplies Group, DIGITAL, MK1-2/E13, Merri-
mack, NH 03054.
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/ K SERIES
K-Series modules are briefly described below. Detailed descriptions are con-
tained in previous editions of the Logic Handbook, and can-also be supplied
by Logic Products Sales Support at DIGITAL Equipment Corporation,
MK1-2/E13, Merrimack, NH 03054.

K003, K012, K026, K028 Gate Expanders

These inexpensive gate expanders offer great logic flexibility and versatility
without a proliferation of module types. It must be understood that these
gate expanders are merely expansions for other K Series gates and can
never be used as separate AND or OR functions.

K113, K123, K124 Logic Gates

Together with the KOO3, K012, KO26 or K028 expanders, these gates perform
any desired logic function, including AND, OR, AND/OR, NAND, NOR, ex-
clusive OR, and wired AND. -

K134 Inverters
This module contains four inverters with AND expansion capability and an
inhibit inpuf. It may also be AND expanded by KOO3 Gate Expanders.

K135 Inverters

This module is designed for use in applications that require inverters with
OR expandability. Four inverter circuits with OR expansion capability and
as common enable pin are contained on the module.

K138 inverters
The K138 contains eight inverter circuits that can be used to invert other K
Series outputs to obtain both High (4+5V) a'nd Low (0V) levels.

K161 Binary-to Octal Decoder
Three-bit binary numbers at the input to this module will be decoded mto
eight one-at-a-fime outputs.

K174 Digital Comparator
This module determines which of two 4-bit binary or one dlglt BCD quantities
is larger or smaller.

K201 Flip-Flop

This supersiow memory simplifies sequencing of machine motions, and finds
other applications where the ultimate in noise isolation is needed and speed
is no problem. Its 1 KHz maximum repetition rate makes this flip-flop notice-
ably more resistant to extremely noisy surroundings than faster types.

K202 Flip-Flop

This module performs shifting, complementing, counting, and other functions
that are beyond the capabllmes of simple set-reset fllp-flaps built up from
logic gates.

K206 Flip-Flop Register . ‘
The 4-bit, set-reset flip-flop register can be used to buffer input signals, to
store one BCD digit, or as a simple 4-bit memory.

" K207 Flip-Flops
The K207 is a 4-bit, set-reset flnp-flop buffer which can be used to manipulate
or store data.
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K210 Counter
he 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.

K211 Programmable Divider

The K211 is a binary counter that can be wired to produce a high to low
output transition after any number of input cycles from 2 to 16, Count-up
occurs on the high to low transition of the count gate output.

K220 Four-Bit BCD/Binaty Up/Down Counter

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.. . .

K230 Shift Register

The K230 consists of a 4-bit shift register with a serial data input. Data at
the input is shifted left with each high-to- low transition at the shift input
gate,

K265 Reed Relay Drivers ’

. The K265 has drive circuits for customer mounted relays. Up to five relays
with Ferm 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 spe-
cial interfacing applications.

K281 Fixed Memory

This module is a diode board containing eight 4-bit words which can be
used to construct read-only memories. Codes are stored by cutting out diodes
where zeros are desired.

K282 Diode Memory
The K282 is a diode matrix module which initially contains eight 16-bit words.

K302 Dual Timers

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.

K303 On/Off Delays

The K303 can be used for either an ON or OFF delay with a range of 10
us to 30 seconds or can be interconnected to form a clock with a penod
covering the sarme range.

K323 One-Shots
This module contains three one-shots that provide output pulse widths from
10 us to 30 seconds with either fixed or adjustable delays.

K371, K373, K374, K375, K376, K378 Timer Controis
Callbrated controls for timers, one-shots, and clocks are avanlab|e in several
ranges:

K371 Clock Control, 200 Hz to 6 KHz

K373 Clock Control, 20 Hz to 600 Hz

K374 Calibrated Timer Control, 0.01 sec. to 0.3 sec.

K375 Clock Control, 2 Hz to 60 Hz /
K376 Calibrated Timer Control, 0.1 sec. to 3 sec. :
K378 Calibrated Timer Control, 1 sec. to 30 sec.

All of the above controls mount on the K303 and K323 modules.
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K501 Schmitt Trugger

The K501 can be used with the K580 or K581 to prowde simultaneous true
and complementary signals with full K series drive. Built in hysteresis and
slowed outputs insure reliable operation in noisy signal environments.

K990 Timer Component Board

The K990 is-a predrilled etched module_for mounting up to six RC networks
for K303 or K323 timer controls.

K579 Isolated AC Input Connecters *

The K579 is used to convert 120 VAC inputs to O and 4 5 Vdc logic levels.
The module has eight transformer-isolated Schmitt trigger circuits that pro-
vide contact bounce rejection and cause a 4 5V output when 120 VAC is
applied to the corresponding input. Each input has an LED indicator to in-
dicate when voltage is present.

K-to-M, M-to-K Converters
Module M 521 converts from K-series signal levels to M-series, and Module
M 671 converts from M to K. Both are described elsewhere in this Handbook.
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CABINETS AND PARTS
SYSTEM ENCLOSURES, MOUNTING HARDWARE,
CONNECTORS, POWER SUPPLIES, OTHER DESIGN AIDS
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CABINETS AND PARTS

This section is organized into several subgroups as follows:

[

bt b
- O

WONOORWN

. Cabinets and Cabinet Accessories
. Module System Enclosures
. Power Supplies

19-inch Mounting Panels

. Four-Slot System Units
. Nine-Slot System Units

Module Connector Blocks
Blank Module Boards

. Collage Module Boards

. Module Extender Boards

. Wire Wrappable Module Boards
12.
- 13.
14.
15.

Wire Wrapping Tools and Accessories

Integrated Circuit Sockets ,
Module Handles, Handle Extenders, and Module Holders
Bus Strips, Patch Cords and Accessories

CATALOG SALES
Now, many of the items described in this section are available
at substantial savings through the DIGITAL Direct Sales.Catalog.
Send for your own free copy of the Catalog by flllmg out the post
card included in this Handbook.
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H960 SERIES EQUIPMENT CABINETS

This section describes DIGITAL's :“‘standard’” and ‘‘short” size basic equip-
ment cabinets. Two additions to the cabinet line, the H984-B° and
H9800-A, are described following this section. The standard and short modeis
accept panels or equipment designed to mount in standard 19-inch (48.26
cm) electronics cabinets or racks. Basic color of these cabinets is black Gray
is used for end panels and the border of the cover panels.

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

Five basic cabinet configurations (H960-BC, H960-BD, H960-CA, H961-A,
H961-AA) are available in the standard size cabinet series. The H961-A, -AA
are intended primarily for add-on configurations. The standard size cabinet is
71.5 in. (181.61 cm) high and provides 63.0 in. (160.0 cm) of vertical mount-
ing space at the front; an additional 63.0 in, 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 standard size cabinets are configured around the basic H950-AA Cabinet
Frame. These cabinet frames are drilled with 0.25-in. (0.64-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. (0.64-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 four 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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Cabinet Assembly

H960-BD

IR N?

Table 1
Standard Cabinets
8 5 < 5 H960-BC, H960-BD, H960-CA, H961-A, H961AA
gl8|e|e
oo |0
I (X |IL|I
Catalog No. Description
1{1{1]1 |H950-AA Cabinet Frame, 19 in. wide, 69 in. high, 25
in. deep
1 H950-BA Full Door (RH) (front or rear mountmg)
H950-CA Full Door (LH) (front or rear mounting)
111 1 .| H950-DA Mounting Panel Door Frame (RH) (rear mount-
ing)
1 H950-EA Mounting Panel Door Frame (LH) (rear mount-
ing)
1 1|1 |H950-FA Mounting Panel Door Skin
H950-HA Short Door (covers 21 in. mounting space)
H950-HC Short Door (covers 2614 in. mounting space)
H950-HD Short Door (covers 3114 in. mounting space)
H950-HF Short Door (covers 42 in. mounting space)
H950-HG Short Door (covers 4714 in. mounting space)
H950-HH Short Door (covers 5214, in. mounting space)
H950-HK Short Door (covers 63 in. mounting space)
H950-JA Short Door (covers 21 in. mounting space)
: ‘ (used with H952-BA installed)
H950-LA ‘Logo Frame Panel (aluminum)
1(1]1]|1 [H950-LB Logo Frame Panel (plastic)
H950-PA 514 in. Bezel Cover Panel
5|5|6 H950-QA 1014 in. Bezel Cover Panel
1/1|11}1 |H950-SA Filter (for H952-BA or H952-CA)
212 H952-AA End Panel (require 2 per caﬁinet)
1|1 H952-BA Stabilizer Feet (pair)
1|/1)1]1 |H952-CA Fan Assembly (top mounted) (115 vac)
H952-CB Fan Assembly (top mounted) (230 Vac)
1|1 | H952-GA Filter Strip Set (front and rear) (joining two|
cabinets)
H950-G Cabinet Table
H952-HA Free-Standing Table
1]1 74-06782 Kickplate (use with H952-BA) '
“|1]1 |74-06793 Kickplate
12-09154 Drawer Mounting Slides
12-09703 Drawer Mounting Slides (tiit)
861-A Power Controller (90—130 Vac, two phase)
861-B Power Controller (180—270 Vac, single phase)
1)1 1 |861-C Power Controller (90—135 Vac, single phase)
861-D Power Controller (90—130 Vac, three phase)
861-E Power Controller (180—270 Vac, three phase)
~
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Table 2

Standard Cabinet Frame H950-AA and Accessories

Figure

Item

Part No.

Description

[
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H950-DA
H950-EA
H950-BA
H950-CA
H950-SA
74-06706
H952-CA
H952-CB
H952-AA

H952GA

H950-LB
H950-LA
H950-PA
H950-QA
H950-G
H950-HA
H950-HC
H950-HD
HO50-HF
H950-HG
H950-HH
H950-HK

" |H952-FA

74-06782

-|74-06793

H952-BA
H952-EA
74-11606
H950-AA

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 26.25 in. (66.68 cm) mounting space
Short Door, covers 31.50 in. (80.01 cm) mounting space
Short Door, covers 42.00 in. (106.68 cm) mounting space
Short Door, covers 47.25 in. (102.02 cm) mounting space
Short Door, covers 52.50 in. (133.35 cm) mounting space
Short Door, covers 63.00 in. (160.02 cm) 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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2172
(55.17)

H980-LA
LOGO FRAME PANEL

L ! T
H950-QA 10.8
COVER PANEL (26.67)
I 4
H950-PA 8.25
‘COVER PANEL (13.34)
"HO50-PA 525
COVER PANEL (13.34)
|
H950-QA 10.%
63.0 COVER PANEL (26.67)
(160.02) )
TOTAL )
MOUNTING ]
SPACE
H950-QA (10.5)
COVER PANEL (26.67)
H950-HA 21.0
SHORT DOOR (53.34) =
7406782
KICKPLATE

) Centimeters in parentheses

Figure 1. Typical Standard Cabinet Front Cover Panel

and Short Door Configuration
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Figure 2. H950-AA Standard Cabinet Frame
and Accessories
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Front view of H350-AA frame Rear view of H950-AA frame.
with optional side panels, logo,
fan, etc.
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- .
How to Order a Standard Size Cabinet Assembly

Determine if one of the five basic cabinet assembly configurations (H960-BC,
H960-BD, H960-CA, HS61-A, H961-AA, will fulfill your requirements by refer-
ring 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, H961-A, H961-AA. In addition to
the  accessaries included in the eight 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 specific
part numbers) that you require. The frame and the accessories that you select
will be shipped completely. assembled.

Short Size Cabinet and Accessories

The short size cabinet (H967-BA or H967-BB) is 50.0 in. (127.0 cm) tall and
provides 42.0 in. (106.7 cm) of vertical mounting space at the front; an addi-
tional 42.0 in. (106.7 cm) of mounting space is available at the rear of the
cabinet. -

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 Digital Equipment Corporation.

This short size cabinet is configured around the basic H957-AA Cabinet
Frame. These cabinet frames are drilled with 0.25-in. (0.64-cm) diameter
holes at standard EIA spacings to accommodate equipment, panels, or de-
vices that are designed to mount in standard 19-in. (48.26-cm) electronics
cabinets or racks. Optional accessories as specified by the customer can be
added; table 3 lists the parts and accessories included. Table 3 also lists the
optional accessories that are available for use with these cabinets. All
cabinets are completely assembled before shipment.

i
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Cabinet Assembly

Table 3

Short Cabinet, H967-BA and H967-BB
B/
Bl
I|* .
Catalog No. Description
1]1| H957-AA [Cabinet Frame, 19 in. wide, 47-8/16 in. high, 25
: in, deep d
1|1 H957-BA Fult Door (RH) (rear mounting)
H957-CA Full Door (LH) (rear mounting)
1{1| H957-DA |Mounting Panel Door Frame (RH)
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-HC |Short Door (covers 261/ in. mounting space)
HS50-HD  |Short Door (covers 3114 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, 51/ in.
H950-QA  |Bezel Cover Panel, 101 in.
1|1| H952-BA Stabilizer Feet (pair)
H950-G ICabinet Table
1{1{ H957-FA  |End Panet (R end)
1|1 H957-FB |End Panel (L end)
H957-GA  [Filler Strip Set (top, front, and rear) (joining two
cabinets) .
1]1| H957-HA |Fan Assembly (front or rear mounting)
H957-JA Bottom Cover Plate
111} H957-LA  |Logo Frame Panel
1]1| H957-SA  JFilter (for H957-HA)
111] 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 (30—130 Vac, two phase)
1 861-B Power Controller (180—270 Vac, single phase)
1| 861-C Power Controller (30—135 Vac, single phase)
861-D Power Controller (90—130 Vac, three phase)
861-E Power Controller (180—270 Vac, three phase)
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Table 4

Short Size Cabinet Frame H957-AA and Accessories

Fig. 4
Item Part No.

N ' Description

H957-BA
H957-CA
H957-SA
H957-DA
H957-EA
H957-HA
H957-FA
H957-FB
H957-GA
H957-LA
H950-PA
1H950-QA
10 [H950-HA
10 |H950-HC
10 |H950-HD
11 |H952-BA
12 [74-06782
12 74-06793
13 |H952-EA
14 H957-AA

OCONOAAUHWUWN -

Full Rear Door (right hanging)

Full Rear Door (left hanging)

Air Filter

Mounting Panel Door Frame (right hanging)

Mounting Panel Door Frame (left hanging)

Fan Assembly

End Panel (right hanging)

End Panel (left hanging)

Filler Strip Set (top, front, and rear)

Logo Frame Panel (plastic)

Bezel Cover Panel, 5.25 in. (13.34 cm)

Bezel Cover Panel, 10.50 in. (26.67 cm)

Short Door, covers 21.00 in. (53.34 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
Stabilizer Feet (pair)

Kickplate (used with H952-BA Stabilizer Feet)

Kickplate

Caster Set (4)

Frame, 19.00 in. (48.26 cm) wide, 47.50 in. (120.65 cm)
high, 25.00 in. (63.50 cm) deep
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21,69 in
+(55.09¢m)

H957~LA LOGO
FRAME PANEL

HI50 - QA 10.5in
(26-67¢m)

1
H950- PA 5:25in
COVER PANEL (13.34cm)

COVER PANEL

42.0in

(106:-7¢cm)
- TOTAL
MOUNTING
26.25(n
S H950-HC (66.67cm)

SHORT DOOR

il

<

Figure 3. Typicai Short Cabinet Front Cover Panel
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 the basic cabinet assembly configuration (H967-BA or H967-BB)

" will fulfill your requirements by referring to Table 3 and comparing the items

that comprise them,

If the basic configuration will satisfy your requirements, you can order the
completely assembled cabinet by specifying that cabinet assembly number
(H967-BA or -BB). In addition to the accessories included, optional acces-
sories are available, e.g., short doors, a cabinet table, drawer mountmg slides,
etc.

If the basic configuration 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 accessories
(by specific part nhumbers) 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. .

TINNERMAN CLIP NUT AND PHILLIPS PAN HEAD SCREW COLLECTION-—-—

90-07786 .

This is a bagged collection of fifty 10-32 Tinnerman clip nuts, flfty 10-32
X %4-in. (1.5875-cm) Phillips pan head screws, and flfty 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-AA 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 or 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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CABINET 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 contmue the common earth
ground for the logic system cabinets.

The 90-08887 Cabinet Frame Ground Stfap 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 suzed 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.

GENERAL PURPOSE LOW PROFILE CABINET

SPECIFICATIONS N

Dimensions
Width: 23.50 inches (67.77 cm)
Depth: 28.06 inches (71.27 cm)
Height: © 21.50 inches (54.73 cm)

Color:
Walnut grained top surface beige side panels, chrome trim

~

Mounting Space ~
Width: 17.75 inches (45.08 cm)
Depth: 24.28 inches (61.67 cm)
Height: *17.56 inches (44.60 cm)

The H984-BA (115 VAC) and the H984-BB (230 VAC )are low profile cabinets
equipped with a walnut grained, Formica covered top surface, and four ball

' type casters mounted on a supporting frame for ease of positioning on solid
or carpeted surfaces. The cabinets are constructed of a beige steel enclosure
and trimmed in flat black to make them compatible with the decor of the
modern office or laboratory.
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Each H984 provides mounting space for standard 19 inches (48.26 cm)
paneis or racks at both the front and rear of the unit. Two vertical angles at
the front and rear opening of the enclosure contain pre-drilled holes at
RETMA spacing. The angles can be laterally positioned within the cabinet to
adjust for mounting units with varying depths. The right side of the steel en-
closure contains ventilation ports to allow adequate cooling of the internal
components.

A service leg with caster is located beneath the center of the unit and can
be easily extended and retracted. The service leg provides stability to the
cabinet when slide mounted chassis are withdrawn from the front of the cab-
inet. When not in use, the ieg retracts into the channel.

A 115 VAC or 230 VAC power control panel is supplied with the cabinet and
is mounted at the top of the rear .opening of the cabinet. The panel can be
easily repositioned to accommodate internal chassis when required.

OPTIONAL EQUIPMENT

Fan Panel Assembly-—A fan panel assembly with two enclosed rotary fans is
available as an option and provides additional cooling for the electrical com-
ponents in the cabinet. The assembly is pre-wired with a cord and male con-
nector which can be inserted into one of the outlets on the power connector
panel. The fan assembly is available for 115 VAC or 230 VAC. The panel is
supplied with hardware for mounting.

Blank Connector Panel—The blank connector pane! is designed to com-
pletely enclose the rear opening of the H984 when the blower fan assembly
option is included. This provides a surface for mounting interface cable con-
nectors or cable openings. The paneil is supplied with hardware for mounting.

Description Part No.

Low Profile Cabinet (115 VAC) H984-BA

Low Profile Cabinet (230 VAC) H984-BB

Optional Hardware

Blower Fan 115 VAC ) - 70-12438-0
230 VAC . 70-12438-1

Blank Connector Panel - 74-17440

A flat black, plastic louvered cover panel 1.75 in. - 12-11474-0

(4.45 cm) in height used to complete the cover- s

ing at the front of the H984. The panel slots allow
increased air flow through cabinet.

A light grey blank metal cover panel, 3.5 in. (8.90 H950-NC
cm) in height used to complete the covering at

the front of the cabinet. The color is the same

as PDP-11/03 front panel and H984 cabinet.

A bracket set that attaches to the rear of the 74-16975
H909-C General Purpose logic enclosure and

PDP-11/04,/34 enclosures when mounting in

the H98%.
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H9800-A

H9800-A GENERAL PURPOSE SYSTEMS DESX

The H9800-A is a low-profile systems desk equipped with a walnut grained
Formica top and color coordinated so as to fit into the modern office decor.
The unit is equipped with six ball casters as standard equipment for easy
positioning on carpeted surfaces.

The H9800-A is constructed of quality materials including a top constructed
of 55 Ib. particle board with a dark walnut Formica laminate. The ‘“module”
itself is constructed of 11 and 18 gauge steel with a maximum loading capac-
ity of 400 Ibs.

The H9800-A consists of a left-mounted Pack enclosure offering 21" of usable
height and 29" of usable depth in a standard 19” RETMA mount format. The
right side offers knee space, a modesty panel, and a convenient work surface
ideal for using terminals or typewriters.

Y

SPECIFICATIONS

Dimensions (Overall): 48" W x 27.6" Hx 32" D
Module Enclosure Standard 19” RETMA width
Mounting Space: 21" Usable height

29" Usable depth (adjustable) -
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MODULE SYSTEM ENCLOSURES AND
EXPANSION MOUNTING BOXES

Module -system enclosures are 19-in. (48.26-cm) rack-mountable boxes that
provide mounting space for system units, module connector blocks, and
power supplies. They provide enough space to accommodate medium-sized
systems, and offer the convenience of easy aceess to the system for main-
tenance and testing.

Expansion mounting boxes are designed to house equipment that connects
to the PDP-11 family UNIBUS. The boxes fit standard 19-in racks, and are
suitable for memory, peripheral controllers, and standard or custom options.
The several versions available offer great flexibility in layout plus easy access
for maintenance and testing.

The following table summarizes the enclosures, expansion boxes, and asso-
ciated hardware. Some of these are described in this section, and the rest
are covered in the DIGITAL HARDWARE/ACCESSORIES Catalog which is
available from Logic Products Sales Support, Accessories & Supplies Group,
DIGITAL, Merrimack, NH 03054,

Part Number Description

H909-C General-purpose logic enclosure with PDP-11/34-type
front panel. Described in this section.

H909-A General-purpose logic enclosure with blank plastic front

: panel. Described in this section.

H909-BA Same as H909-A, but includes H755 power supply and
BCOSH power control. Described in this section.

BA11-ES Expansion mounting Box for UNIBUS equipment and
H720-E Power Supply. Described in this section.

BA11-KE, -KF Expansion mounting box for UNIBUS equipment. Has

H765 Power System. The -KE is for 115V, and the -KF is
for 230V. Described in this section.

K724 Interface shell for simple logic systems. Described in this
section.
HO35 Vertical system mounting frame that accommodates up

to six 4-slot or three 9-slot system units. Accepts ex-
tended-length modules; mounts in 19-in. (48.26-cm) elec-
tronics rack. Described in HARDWARE/ACCESSORIES
Catalog.
12-09154 Chassis slides that provide a 22-in. (55.88-cm) extension
: for a chassis mounted in an electronics rack. Non-tilting.
Described -in HARDWARE/ACCESSORIES Catalog.

12-09703 Chassis slides ;hat provide a 22-in. (55.88-cm) extension
for a chassis mounted in an electronics rack. Tilts 90
degrees up or down. Described in HARDWARE/ACCES-
SORIES Catalog. ' n

'12-10945 Chassis slides that provide a 19-in. (48.26-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-tilting. Described in HARDWARE/ACCESSORIES Cat-
alog.
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H909-C General Purpose Logic Enclosure

The H909-C is a general purpose logic box designed to accommodate any
one of several different standard logic subsystems. In addition, with the use
of compatible logic frames and connector blocks, it can house custom con-
figured sub-assemblies. The box features a distinctive front panel that can
be drilled for lights and switches as desired by the user. A fan is provided
for cooling capability and ample room is reserved for power supply installa-
tion.

The box may be used either as a table-top enclosure or it can be rack
mounted in any standard 19-inch cabinet. A card cage is included in the box
to provide additional protection and support for the logic modules.

The H909-C has the capability to mount either one or two of the various’
standard four-by-six BB11 or DD11 type system units or one of the expanded
nine-by-six slot system units. The frame castings associated with these sys-
tem units, HO33 and HO34, respectively, can also be bolted in and used with
the H8XX series of connector blocks for custom logic design requirements.

The H909-C will accommodate various configurations of single, double, quad,
and hex size modules up to a maximum of nine hex size cards used with the
appropriate system unit.

The following system units can be directly mounted in the H909-C without
any additional hardware. -

DDV11-B Any DECKkitll '
H933 Series HO033 Frame Casting(s)

BB11 Sefies HO34 Frame Casting .
DD11 Series .
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The following options are available for the H909-C:

12-10331-0 5" Blower Fan for power bay

H984-CA . Bracket set to mount H909-C in H984 cabinet. Attach to
rear. Can also be used to mount a PDP-11/04-or /34:

SPECIFICATIONS

Width: 19 inches’

Height: 5.25 inches

Depth: 243/ inches, 2714 inches including bezel
Weight: 31 Ibs.

Mounting space for power supplies: 5 x 6.25 x 20 inches

H909-C

NOTE
A detailed application note, ‘‘Assembling an LSI-
11 Component System with a DDV11-B"” de-
scribes the H909-C in depth. Order from Logic
Products Sales Support, Accessories & Supplies
Group, DIGITAL, MK1-2/E13, Merrimack, NH
03054. '
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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. (63.34 cm)
Height: 5.25 in. (13.33 cm)
Color: Lamp black

Mounting space available Width —6.25 in. (15.87 cm)
for power supply: Depth —16 in. (40.64 cm)
Height—4.75 in. (12.06 cm)
Optional Hardware DEC Part No.
Chassis slides ' 12-10945
Required brackets for chassis slides 74-09459 (left)
~ 74-09449 (right)
Nine-slot casting’ ‘ HO34
Nine-slot casting with six H863 and H934-CB
_three H8030 Connector Blocks )
Nine-slot unit with UNIBUS busing’ BB11-B
Power Supply, +5V @ 7 A (mounts on H726-B

HO034 casting, not included)

H909-BA General Purpose Logic Box-

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 BCO5H Power Control. ,
The H755 provides 415 Vdc @ 2 A, —15 Vdc @ 2 A, and +5 Vdc
@ 13 A. The BCO5SH consists of a line cord and circuit breaker. -

-
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H909-A

*A SECTION OF THE INNER
CHASSIS SLIDE IS REMOVED
WITH THE SIDE PANEL 7O
FACILITATE ACCESS 10
MODULE

H909-A
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b K724 INTERFACE SHELL

The K724 Interface Shell provides the connectors and the mechanical sup-
port for self-contained interface modules K650, K652, and K658. Up to two
K650, K652, or K658 modules may be installed, with eight module sockets
remaining for decoding or gating modules. The limit of two DC-Driver mod-
ules is due to the fact that they cannot be reversed in their connector
sockets.

Convenient wiring channels aré 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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EXPANSION MOUNTING BOX — BA11.ES -

The BA11-ES Expansion Mounting Box is a steel enclosure that is designed
to house up to six four-slot or three nine-slot system units and an H720-E
Power Supply. The BA11-ES enclosure consists of a chassis with brackets for
mounting the system units and power supply; four side-mounted fans fors
forced air cooling; a removable top cover; two 12-09703 Tilting Chassis Slides;
and an H950-QA Cover Panel. Included with the mounting box is an 8.5-ft.
external 1/0 UNIBUS flat cable (BC11A-8F) used with PDP-11 Systems. An
Internal power cable is contained within the box; the power cable distributes
dc power and power signals from the power supply to each of the BB11 Sys-
tem Units installed. An access hole at the rear of the box provides clearance
for the receptacles and controls on the H720-E Power Supply. The BAl1l-ES
is 16.75W by 23.25D by 10.50”H, excluding the cover panel a4nd slides.

The BA11-ES can be installed in any electronics cabinet or rack equipped with
19” mounting rails (front and rear) drilled at standard EIA spacings. The
BAL11-ES attaches to the cabinet frame by the two tilt slides mounted on each
side of the unit. The tilt slides enable the unit to be pulled from the cabinet
and tilted to facilitate servicing the system units or power supply.

BA11-ES
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BAl1l-KE
BA1l-KF

” EXPANSION MOUNTING BOX — BA11-KE, BA1ll-KF

The BA11-KE and -KF Expansion Mounting Boxes are steel enclosures designed
to house up to five single system units or the equivalent in a mix of single
and double system units. Up to 16 hex and 6 quad module circuit boards
could be accommodated. The H765 power system is included, which supplies
multiple voltages to the circuit boards and can deliver up to 660 watts dc.
The BA11-KE is for 115V operation, while the -KF is for 230V. Otherwise, the
two are identical.

The BA11-KE and -KF chassis are 17.12”"W by 25”D by 10.44"H with slides
and power system but without cover panel. They can be installed in any elec-
tronics cabinet or rack equipped with 19” mounting rails (front and rear)
dritled at standard EIA spacings. The units attach to the cabinet frame by
the two tiit slides (included) which allow horizontal, 45°, and 90° positions
(with front panel facing up). An H950-QA Cover Panel and UNIBUS cable are
also included. The units are Underwriters Laboratories (UL) listed.

The H765 Power System contains two fans which also cool the modules by
drawing air from front to rear.' The entire Power System can be swung away
from the main chassis for maintenance. Power outputs, through individual
regulator modules are as follows:

two H744 regulators +5V @25A (each)
one H745 regulator —15V @10A
one H745 regulator +20vV@ 8A

—5V @ 1A plus the current from
the 420V output up to
a total of 8A for both
one 54-11086 regulator +15V@ 4A
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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
Digital 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 V.
(45 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 V..#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
H716 120 Vac +5Vvdc @ 4.0A, 5.25 in. long X 4.125 in. Floating output
240 Vac 39, regulation high x 12.00 in. deep Short circuit proof
(47-63 Hz) —15Vdc @ 1.5A, (13.34 x 10.48 x 30.48 cm) Overvoltage protection for
59% regulation +5 Vdc output
H726-B 120/240 Vac - 45 vde @ 7.0A, 16.50 in. long X 2.23in. Floating output
(47-500 Hz) 19%, regulation high X 6.25 in. deep Short circuit proof

(41.91 X 5.66 X 15.88 cm)

Overvoltage protection




SYSTEM POWER SUPPLIES

System power supplies are designed to provide V.. (4 5Vdc) and reference
voltages to an entire system or to a large inteyface 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 voitage output ranges.

System Power Su pplieg

Input .

Part No. Specs Output Specs Features
H720-E 120 Vac, +5V @ 22A Input frequency moni-
(BA11l-ES 4763 Hz —15V@ 10A tor

Mounting Box) +8V(avg) @ 1.5A Ac and dc low power
—22V@15A detection
Overvoitage and over-
current protection
H720-F 240 Vac Same as H720-E Same as H720-E
(Same as 47-63 Hz
H720-E) -
£ -
H740-D * 115 Vac/ 45V@ 17 A Ac frequency monitor
19-in. (48.26 cm) 230 Vac, —-15V@5A - Ac and dc low voltagfe
panel-mounted 47-63 Hz +15V@ 1.0A detection

* requires a BCO5H for 115 Vac; a BCO5J for 230 Vac

H755 POWER SUPPLY )

The H755 is a versatile system power supply that provides outputs of 45 Vdc
@ 13 A and =15 Vdc @ 2 A. In addition, the H755 generates an AC LO
output when the line voltage drops below 10 percent of its specified value;
a DC LO output when dc out is insufficient to supply the load; and an LTC
Line Frequency Signal which is available for time measurement purposes.

Included on the H755 are a fan and a thermostatic switch on the heat sink-
which provide overheat protection by opening the ac line at 220°F +5°.

424
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SPECIFICATIONS
+5 vde: *

+15 Vdc:

DC LO, AC LO:

Line Frequency
Signal (LTC):

4.75 to 5.25 Vdc at 0-13 A

- Overvoltage protection at 7 Vdc maximum (5.7 Vdc mini-

mum) is a crowbar with a fuse.
Current protection is a 15 A fuse and a 16 A foldback.
Regulation—Iline regulation of 1% or 50 mV, load regula-

‘tion of 29% from no load to full load; maximum ripple is

50 mV P-P.

*+1% minimum at 2 A. * )

Current protection—3 A fuse and foldback.
Regulation—.03% and less than 5 mV P-P ripple.
Voltage sensing—remote, two wire per output.
Full load step change recovery: <50 us.

Rest state—25 uA (max) @ 3.5V
Asserted—.8 V (max) @ 50 mA
Load Impedance—390% in parallel with .001 uf to 45 V

This signal is a square wave with a period at line fre-
quency, a pulse height of 3.5 V, and a base line at .4 V
maximum at 16 mA sink current.

-
Mechanical Dimensions

Length:
_Width:
Height:

Signal Sequence

163/ inches (42.54 ¢m)

474 inches (12.26 cm)

514 inches (13.33 cm)

103-127 VAC

POWER ON/OFF

+5V

+5V_OUTPUT / ) ’ T \__

OC Ot

+3.5V

AC LO L

+3.5V

"1 MmN

Spus
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Related Products

DEC Part No.

BCO5H-6
BC05J-6
H909-A

" “12-09351-15

12-09378-01

The above products are described elsewhere in this section.

Function {
Provides 115 Vac input to an H755; six-foot power cord
Provides 230 Vac input to an H755; six-foot power cord

Logic enclosure; accommodates an H755 supply and
other logic.

Cable Connector Housing (male); connects to DC out-
put receptacle (J9)

Pins for connector housing 12-09351-15

DC OUTPUT
{J9 UNDERNEATH
REMOVABLE P.C.
BOARD)
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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 ideat 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 Tr;hsformer

Part :
No. Input Specs Output Specs Features
861-A 90-130 Vac, 2 phase, 90-130Vacat12A Local or remote con-
16 A/pole (each ac outlet) trol .
’ Four switched, dual
receptacles
861-B 1\80-270 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 Vacat 12 A 19-in. (48.26-cm)
phase, 24 A/pole (each ac outlet) mounting-rail
mounted
861-D  90-130 Vac, three 90-130 Vac at 12 A 19-in. mounting-rail
—~phase, 24A . mounted
861-E 180-270 Vac, three -~ 180-270 Vac at 12 A 19-in. mounting-rail
phase, 24A mounted
H722 115, 189, 200 217, 115 Vacat 4.0 A 19-in. (48.26-cm)
230, 245 Vac panel-mounted
Power Supply Accessories
Part No. Use Specifications
BCO5H-6 Line set designed to connect 115 = 115 Vac
Vac input to Power Supply H740-D  6-ft. (1.8-m) power cord
BC05J-6 Line set designed to connect 230 230 °
Vac input to Power Supply H740-D  6-ft. (1.8-m) power cord
H322 Distribution panel designed to pro- Fits 19-in. (48.26-cm) rack.

vide general-purpose signal, power,
and ground distribution from one or
more devices to one or more

devices.

Two 40-pin H854 and two
9-pin 12-09350-09 connec-
tors and nine 10-screw ter-

minal strips.

-
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NINETEEN-INCH (48.26-cm) ELECTRONICS RACK
MOUNTING PANELS

Mounting panels are designed to provide mounting space for module con-
nector blocks and are usually used to expand a logic system. They are de-
signed to mount in standard 19-in. (48.26-cm) electronics racks or cabinets.

One (HO020) 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 (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 summariies 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
HO020

H911-J

H911-K
H911-S

H914

H916

K943-FP

K943-WP

19-In. Rack Meunting Panels
Description

Bla/nk mounting panel that accommodates eight connector
blocks; mounts in a standard 19-in. (48.26-cm) electronics
rack.

HO20 equipped with eight H803 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 HI911-K except accommodates extended- -length
modules.

HO20 equipped with eight H808 connector blocks to ac-
commodate 32 single-height or 16 double-height, standard
length modules.

HO020 equipped with an H716 Power Supply and six H803
connector blocks to accommodate 48 single-height or 24
double-height, standard-length modules; bused far power
and ground.

HO020 equipped with eight H800F 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 plns
for 24 AWG wire. (Formerly designated K943-R.)

Same as K943-FP except equipped with eight H800W con-
nector blocks that have wire wrap pins for 24 AWG wire.
(Formerly designated K943-S.)
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Typical System Unit Mounted On Casting Plate.

H9271 FOUR-BY-FOUR SLOT SYSTEM UNIT

The H9271 is a general purpose, four wide-by-quad height system unit
mounted within an integral card cage assembly. Physically, the H9271 is
identical to the H9270 LSI-11 backplane/card cage assembly with the excep-
tion that the LSI-11 eiched board bus structure-and power connector are
omitted. This leaves the H9271 free to be used as a general purpose system
unit for non-standard LSI-11 configurations or for virtuaily any other applica-
tion requiring a compact, easily mountable logic rack. The system unit is
manufactured and machined in such a way as to facilitate mounting in any
plane or axes.

The H9271 consists of two H863 slotted connector blocks placed end to end
for the mounting of four quad height, eight doubie height, or sixteen single
height modules or any combination of the above totaling sixteen single slots.
The blocks are mounted within a rectangular steel frame allowing easy access
to the pin side of the blocks for wire wrapping, and the card cage surrounds
the module insertion side of the logic rack.
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H9271

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 designed
to mount in the various module system enclosures offered by Digital Equip-
ment Corporation. Nine-slot system units accept up to six four-siot 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.

The following table summarizes three nine-slot system units; individual de-
scriptions of these system units are contained in the HARDWARE/ACCES-
SORIES CATALOG published by Digital Equipment Corporation. Descriptions
for the new LSI-11 compatible systemt unit and the DD11-D UNIBUS system
unit follow this table. .
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Part Number

BB11-B

HO34

H934-CB

Nine-Slot System Units
Description

HO34 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.

DDV11-B NINE-BY-SIX SLOT LSI-11 SYSTEM UNIT

DDV11-B

The DDV11-B is an expanded version of the standard LSI-11 backplane for
use when either more dedicated LSI-11 compatible logic space or non-1Si-11
compatible space for various other special purpose logic modules or both
is required. A nine-by-four slot section (36 individual module slots) of this
system unit is prebused specifically for LSI-11 bus signal, power and ground
connections. The remaining nine-by-two siot section (18 slots) is provided
with 45 Vdc and —12 Vdc power connections only; this leaves the remain-
ing pins free for use with any special logic modules to be used in conjunc-
tio/n with the LSI-11 family of modules and bus requirements.

R4
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Physically, the DDV11-B consists of an H034 system unit mounting frame,
six H863 and three H8030 connector blocks, and the etched board bus -
structure necessary for signal routing. The etched board completely overlays
the entire pin side of all connector blocks and is recessed sufficiently to
allow wire wrapping on those same pins with 30 AWG wire. Detailed descrip-
tions of the frame and connector blocks are found.in their respective sec-
tions of this Handbook and in the Hardware/Accessories Catalog.

An optional card cage, type HO0341, is also available to provide protection
against physical damage to modules and to serve as a logic card guide. This
card cage completely surrounds the slot side of the system unit and is shown
in the photograph.

A module slot assignment diagram is detailed jn Figure 1 as viewed from
the slot or module insertion side of the system unit.

DDV11-B with HO341 Card Ass'y.

Rows E and F contain the 18 user-defined slots with power and ground con-
nections provided.

Rows A, B, C, and D are dedicated to the LSI-11 bus. Any module meeting
the LSI-11 bus specifications may be used in this portion of the DDV11-B.
Slot number 1 in Rows A, B, C, and D is reserved for the LSI-11 processor
module. The position numbers indicate the bus grant wiring scheme with
respect to the processor module. The bus grant signals propagate through
the slot locations in the position order shown in Figure 1 until they reach
the requesting device. Any blank slots must be jumpered to provide bus
grant signal continuity or it is recommended that unused locations occur
only in the highest position numbered locations.

Bus Terminator—An additional 120 ohms of termination is required after
six unit loads on each bus line as shown,
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L ONE ONE ONE ONE !
b3 UNIT UNIT UNIT UNIT > 120,
$2500 LOAD LOAD LOAD LOAD $ 1200

+ = - +
3.4V N J 3.4V
- : 15 UNIT LOADS L
PROCESSOR » TERM

The TEV11 module provides the necessary 120 ohm bus terminators and
should be installed into the next unused slot after the last module or into
slot 9, row card C and D to maintain proper bus termination.

The backplane pin assignments of the DDV11-B are listed on Table 1.

if a system enclosure is required for the DDV11-D, an H909-C enclosure is
available.and was specifically designed for mounting the DDV11-B. The sys-
tem unit has topped mountmg holes to facilitate installation in the H909-C
enclosure. The H909-C is described in this handbook and has space allocated
for the installation of a power source.
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Table 1. DDV11-B Backplane Pin Assignments

BDAL 15 L

BLANK

SIDE 2 1 2 1 2 1 2 1

ROW A&C A&C B&D B&D E E F F
A +5 BSPARE1  +5 BDCOKH  +5 BLANK +5 BLANK
B —12 BSPARE 2 ‘\ —12 BPOK H —12 BLANK —12 BLANK
c GND BAD 16 GND SSPARE4  GND BLANK GND BLANK
D +12 BAD 17 +12 SSPARES5  BLANK BLANK BLANK BLANK
E BDOUT L SSPARE 1 BDAL2 L SSPARE6  BLANK BLANK BLANK BLANK
F BRPLY L SSPARE2°  BDAL3L SSPARE7  BLANK BLANK BLANK BLANK
H BDIN L SSPARE3  BDAL4L SSPARES  BLANK BLANK BLANK BLANK
J BSYNC L GND BDAL S5 L GND BLANK BLANK BLANK BLANK
K BWTBT L MSPAREA  BDAL6L MSPARE B BLANK BLANK BLANK BLANK

L BIRQ L MSPAREA  BDAL7L MSPARE B BLANK BLANK BLANK BLANK
M BIAK I L GND BDALS L GND BLANK BLANK BLANK BLANK
N BIAK O L BDMR L BDAL9 L BSACK L BLANK BLANK BLANK BLANK
P BBS7 L BHALT L BDAL10L  BSPARE6 BLANK  ”BLANK BLANK BLANK
R BDMG I L BREF L BDAL11L  BEVNTL  BLANK BLANK  BLANK BLANK
s BDMGOL PSPARE3  BDAL12L  PSPARE4  BLANK BLANK BLANK BLANK
T BINIT L GND BDAL13L  GND BLANK BLANK BLANK BLANK
u BDALOL PSPARE1  BDAL14L  PSPARE2  BLANK BLANK BLANK BLANK
v BDAL 1L +58 +5 BLANK BLANK BLANK




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

double-height

. .~ No. of Bus .
Block No. of Contacts Contact Wire Wrap Strip Module
Part No. Slots Per Slot Sides Pin Size | No. Type End
H800-W 8 18 1 24 AWG 932 All single- and Unslotted
double-height;
) single-sided
H802 1 18 1 24 AWG 932 All single-height Unslotted
’ single-sided
H803 8 36 2 30 AWG 933 All single- and Unslotted
" double-height :
H8030 2 36 2 30 AWG 933 All single- and Slotted
double-height :
H807 1 36 30 AWG 933 All single-height Unslotted
H808 4 36 2 24 AWG 939 All single- and Unslotted
T . double-height
H863 . 8 '36 2 30 AWG 933 All single- and Slotted




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
ny'lon 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: plam perforated,
and copper-clad. The following table lists and descrlbes 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 permiit 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 blank 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 descnbed in detail in the HARDWARE/ACCES-
SORIES CATALOG
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Blank Module Boards

/

: Contact
Part No. Type Fingers Size Description
w930 Plain 36 Single- Bare board with 36 feed-
. height, through eyelets.
extended Printed circuit etching from
length the eyelets to the’ contact fin-
) gers.
W970 - Plain 36 Single- Bare board with 36 plated-
height, through holes in the printed
. standard circuit etching to the contact
length- fingers.
wo71 Plain 72 Double- Same as W970 except double-
height, height and has 72 plated-
standard through holes and two han-
length dles.
wo72 Copper- 36 Single- Copper-clad on both sides.
clad height, .
standard
N length 4
w9720 Copper- 36 Single- Same as W972 except ex-
. clad- height, tended length.
extended
length ]
w9721 Copper- 72 Double- Same as W9720 except dou-
clad height, -~ ble-height and has two at-
: extended tached handles.
b length
wo722 Copper- 144 Quad- Same as W9720 except quad-
clad height, height and has four attached
extended handles.
length .
w973 Copper- 72 Double- Same as W972 except double-
clad height,- height.
standard
length _
wo74 Perforated 36 Single- Perforated board. with- 36
A height, plated-through holes in the
standard printed circuit etching to the
length contact fingers.
w975 Perforated 72 Double- Same as W974 except double-
height, height and has 72 plated-
standard through holes and two han-
__ length dles.
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Blank Module Boards (Cont)

' Contact
Part No. Type Fingers Size Description
w990 Plain 18 Single- Bare board with 18 split-lug
height, terminals. Printed circuit etch-
standard ing from the split-lugs to the
length contact fingers. This board
has contact fingers on one
side only.
w991 - Plain 36 Doubte- Same as W990 except double-
- -height, height and has 36 split-lug
standard terminals and two handles.
. length
W992  Copper- 18 Single-~ Same as W9A2 except copper-
clad height, clad on one side only and has
standard contact fingers on one side
length only. '
w993 Copper- 36 ° Double- Same as W973 except copper-
clad height, clad on one side only and has
standard contact fingers on one side
length only.
w998 ) Perforated 18 Single- Same as W974 except has 18
height, plated-through holes and has
standard contact fingers on one side
length only. .
wo99 Perforated 36 Double- Same as W975 except has 36
height, plated-through holes and has
standard contact fingers on one side
length only.
/
N

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 duai-in-line 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 V.. and ground to the appropriate IC pin.

These collage module boards are described in the followiné table; each of
" these coilage module boards is described in detail in the HARDWARE/ACCES-
SORIES CATALOG.

i
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Collage Module Boards

-

Contact

Part No. Fingers Size . Description
W968 144 Quad-height, Accommodates up to seventy-two 14-
extended length or 16-pin DIP ICs with or without wire
wrap sockets and/or solder sockets.
W969 72 Double-height, Same as W968 except accommodates

-extended length 36 ICs. R
w979 72 Double-height, Same as W968 except accommodates

‘standard length 18 ICs.

- t

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-height 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 Description
w900 72 Double- Used in systems comprising extended length
height, modules to extend a double-height, 72-pin
extended module with 45 Vdc power at contact fin:
length gers AA2 and BA2 and with ground at con-
tact fingers AC2, BC2, AT1, and BT1, i.e.,
most double-height M:series modules. This -
is a multilayer module: layer 2 is the ground
plane and layer 3 is the +5 Vdc .power
plane. ;
wosgo 18 Single- Used in systems comprising standard length
height, modules to extend a single-height, 18-pin
standard (one side only) module, i.e.,, most A-, K-,
length and W-series modules. None of the contact
fingers are interconnected.
wos2 36 Single- Used in systems comprising standard Iength
height, -modules to extend a single-height, 36-pin
standard module, i.e., single-height M-series modules. -
length None of the contact fingers are intercon-
nected.
wos3 72 Double- Used in systems comprising standard length
height, modules to extend a doubie-height, 72-pin
standard module, i.e., double-height M-series mod-
length ules. None of the contact fingers are inter-
connected.
wog4 72 Double- The same as W983 except the W984 is an
height, extended length module extender board and
extended should be used to extend a system module
length located beside one, or between two, @ex-
tended length modules.
wos7 144 Quad- The same as W984 except the W987 is a
’ height, quad-height module extender board and
extended should be used to extend quad- height (144-
length pin) modules.

WIRE WRAPPABLE MODULE BOARDS

Wire wrappable modules provide a convenierit, 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 mountmg blocks sum-
marized elsewhere in this production and described in detail in the HARD-
WARE/ACCESSORIES CATALOG published by Dlgltal Equipment Corporation.
This section describes the new additions to the wire wrap line: the w9590
series and the W9301 and W9302 modules. Further information regarding
these new items can be obtained by contacting Logic Products Sales Support.
Accessories & Supplies Group, DIGITAL, Merrimack, NH 03054.

445



In addition, a b;ief overview of DIGITAL's tra-
ditional wire wrappable modules is provided. These earlier boards are de-
scribed in detail in the Hardware/Accessories Catalog published by DIGITAL.

W9500 SERIES ¥
WIRE WRAPPABLE MODULES

DESCRIPTION ) .
The W9500 series of wire wrappable modules enable a user to easily configure .
special interface logic for the-LSI-11 computer systems and small peripheral
controller (SPC) logic for the PDP-11 computer system. In addition, these
modules are suitable for any system requirements and consists of double,
quad, and hex height sizes. Each module is available with or without pre-
mounted Dual-In-Line packages (DIP) low profile socket.

&
The ten module types included in the W9500 series are listed with a descrip-
tion and preassigned power and ground pin connections in Table 1. Refer to
the General Information section of this handbook for detailed information
relating to module size dimension and edge connector pin coding.

The W9500 Series modules will accept a variety of IC package types and dis-
crete components. The printed circuit on each board connects the appropriate
edge connector pins to the Vcc plane on side 1 of the board and the ground
plane (GND) on side 2. The remaining edge connector pins terminate to a
double row of wire wrap pins for user designated functions. Each of the
modules also includes a 40 pin male cable connector to allow an interface
cable to be attached to the module logic. The pins of the cable connector
are also terminated to a double row of wire-wrap pins. The quad and hex
height modules are provided with a space where a 40 pin cable connector
(labelled J-2) can be inserted by the user. When a connector is not required,
additional IC packages can be installed. Each board contains insulated stand-
offs to maintain the required clearance between adjacent modules and prevent
shorting of wire wrap pins.

The wire wrap pins and components are mounted on side 1 of each module.
Rows of predrilled holes accept IC packages with pin spacings of 0.3 in.
(0.76 cm) 0.4 in. (1.01 cm) and 0.6 in. (1.52 cm). Universal areas on the
W9500 series modules are the areas which accept IC packages with standard
pin spacings. These areas have four rows of predrilled holes spaced at 0.3,
0.4, and 0.6 inches. The WO9500 hex height module also contains three areas
which can accept IC packages with 0.3 and 0.4 inch spacing. .
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Table 1 W9500 Series Modules

‘ I;odule Type

Description _

Power & Ground
Connections

W9500

w9503

w9501

w9504

w9502

W9505

w9511

w9514

w9512

w9515

Hex height, extended length, single
width module with extractor bracket.
No DIP sockets included. One 40 pin
male cable connector mounted on
board and space for additional 40
pin connector provided.

Same as WQSOO except with 84 pre-
mounted.DIP sockets.

Quad height, extended length, single
width module with flip chip handles.
No DIP sockets included. One 40 pin
male cable connector premounted
on board and space for additional 40
pin connector provided.

Same as W9501 except with 54 DIP
sockets premounted.

Double height, extended length,
single width module with flip chip
handles. No DIP sockets included.
Oneé 40 pin male cable connector
premounted on board.

Same as W9502 except with 24 pre-
mounted DIP sockets.

Quad height, extended fength, single
width module with extractor handle.
No DIP sockets included. One 40 pin
male cable connector premounted
on board and space for additional 40
pin connector provided.

Same as W9511 except with 58 pre-
mounted DIP sockets.

Double height, extended length,
single width module with flip chip
handle. No DIP sockets included.
One 40 pin male connector pre-
mounted on board.

Same as W9512 except with 25 pre-

mounted DIP sockets.

" Vcc—AA2, BA2, CA2)

' GND-—-AT1, BTI, CT1+

- Vec—AA2, BA2

DA2, EA2, FA2

DT1, ET1, FT1, AC2,
BC2, CC2, DC2, ECZ,‘
FC2

Same as W9500\

Vcce—AA2, BA2, CA2,
DA2 .
GND—AT1, BT1, CT1,
DT1, AC2, BC2, CC2,
DC2

Same as W9501

GN D—AT1, BTl AC2,
BC2

Same as W9502 -

Vcc—-—AA2 BA2, CAZ
DA2

GND—AT1, BT1, cf‘l,

DT1, AC2, BC2, CC2,
DC2

Same as W9511

Vcc—AA2, BA2

GND—ATI1, BT1, AC2,
8C2 -

Same as W9512 - -

447



LS)-11 Compatible Modules N

The LSI-11 compétible modules consist of quad height and double height -
modules. Two LSI-11 compatible modules are available without DIP sockets.
The total IC compliment of 14 or 16 pin DIPS that can be installed are listed
on Tabie 2. This table allows one pair of holes between each IC package for
mounting additional decoupling capacitors.

Table 2 LSI-11 Compatible Modules (no sockets)

IC Capacity (Total)
Module Type
14 Pin 16 Pin 24 Pin 40 Pin
w9511 72 ' 61 5 3
w9512 32 27 5 3

Two LSI-11 compatible modules are available with premounted 16 pin DIP
sockets. One pair of holes is provided between each DIP socket for mounting
additional decoupling capacitors. The total number of sockets mounted on
the board is listed on Table 3.

* Table 3
Module Type 16 Pin. DIP Sockets
W9514 - 58 -
W9515 _ 25

SPC Compatible Modules
The small peripheral controller (SPC) compat:bte modules consist of a hex
helght quad height and double height boards.

Three boards are available without DIP sockets.

The total IC compliment of 14 or 16 pin DIP's is listed on Table 4. This table
allows one pair of holes for mountmg additional decoupling capacitors be-
tween each IC package.

Table 4 SPC Compatible Modules '(no sockets)

IC Capacity (Total)
Module Type - —
14 Pin 16 Pin 24Pin | 40Pin
W9500 ‘128 114 10 6
W9501 - 72 . 61 5 3
W9502 40 | 38 5 3

Three boards are available with premouﬁted 16 pin DIP sockets. The total
number of sockets mounted on the modules is listed on Table 5.

One pair of holes is allowed betweeh each DIP socket and can be used to
mount additional decoupling capacitors.
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Table 5 SPC Compatible Modules (16 pin sockets)

Module Type : 16 Pin DIP Sockets
W9503 , 84
W9504 - 54
w9505 24
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W9301 HI-DENSITY
WIRE WRAPPABLE MODULE

w9301

DESCRIPTION

The W9301 is a quad height, extended length, double wide, wire wrappable
module suitable for user designed logic interface applications. The module
accepts a variety of dual-in-line (DIP) integrated circuits (IC's) or discrete’
components which can be mounted to the module without the use of solder.
The component or IC leads insert into specially designed socket terminals
which have'a wire wrap pin on the opposite end. The electrical interconnec-
tion of the wire wrap pins can be performed manually or by using automated
wire wrapping techniques.

The W9301 board has four rows of 36 gold-plated contacts (18 contacts on
each side of each row). Each contact is connected to a wire wrap pin by the
board etch. A ground plane is etched on side 1 of the module and power
(Vce) plane is etched on side 2. Contact pin A2 of each of the four rows di-
rectly connects to the power plane, and contact pins C2 and T1 directly con-
nect to the ground plane.

’

A total of 68 decoupling capacitors are provided premounted between Vcc and
GND at each main IC location. The module occupies 2 slots of a standard
DIGITAL system unit.
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A 40 pin connector is mounted at the edge of the module to facilitate the at-
tachment of a device cable assembly.

Wire Wrap Terminals

All wire-wrap terminals on side 2 of the module are located on a grid of 0.1
in. (0.254 cm) spacing to facilitate automatic point-to-point wire wrapping
equipment. The connections to the pins are made using #30 gauge solid
conductor insulated wire.

Total IC Complement

Up to 79 IC equivalents (14- or 16-pin DIP) can be mounted on the module.
Areas are provided on the board for mounting DIP’s with a center spacing of
0.3 in. (0.78 cm) 0.4 in. (1.0 cm) or 0.6 in. (1.5 cm). Table 1 lists the ac-
ceptable IC types and pin spacing. \

*Table 1 W9301 IC TYPES /

Total Pins Center Spacing (in.)

8

14

16 0.3
18
20

22 04
24 '
28 i 0.6
40

y -
The W9301 module has three pin configuration areas assigned to 16-pin, 24
and 40 pin IC’s. The 16 ’pin area consists of three rows of socket terminals
and will accept a total of 47 IC's of the 8, 14, or 16 pin type and having a
lead spacing of 0.3 in. The 24 pin area will accept a total of 10 IC’'s with up
to 24 pins per IC, and having a lead spacing of 0.3, 0.4, or 0.6 in. The 40 pin
area will accept a total of 11 IC's with up to 40 leads per IC and having a lead
spacing of 0.6 in. or a total of 22 IC’s with up to 16 leads per IC and having
. a lead spacing of 0.3 in.
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W9302 HI-DENSITY
WIRE WRAPPABLE MODULE

w9302

DESCRIPTION .

The W9302 is a hex height, extended length, double wide, wire wrappable
module suitable for user designed logic interface applications. The module
accepts a variety of dual-in-line (DIP) integrated circuits (IC’s) or discrete
components which can be mounted to the module without the use of solder.
The component or IC leads insert into specially designed socket terminals
which have a wire wrap pin on the opposite end. The electrical interconnec-
tion of the wire wrap pins can be performed manually or by using automated
wire wrapping techniques.

The W9302 board has six rows of 36 gold-plated contacts (18 contacts on
each side of each row). Each contact is connected to a wire wrap pin by the
board etch. A ground plane is etched on side 1 of the module and power (Vcc)
plane is etched on side 2. Contact pin A2 of each of the six rows directly con-
nects to the power plane, and contact pins C2 and T1 directly connect to the
ground plane. '

A total of 97 decdupling capacitors are provided premounted between Vcc:
and GND at each main IC location. The module occupies two slots in a stan-
dard DIGITAL system unit.
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Two 40 pin connectors are mounted at the edge of the module to fac:lltate ’
the attachment of device cable assemblies.

Wire Wrap Terminals

All wire wrap terminals on side 2 of the module are located on a grid of 0.1 in.
(0.254 cm) spacing to facilitate automatic point-to-point wire wrapping equip-
ment. The connections to the pins are made usmg #30 gauge solid con-
ductor insulated wire.

Total IC Complement

Up to 114 IC equivalents (14- or 16-pin DIP's) can be mounted on the module.
Areas are provided on the board for mounting DIP’s with a center spacing of
0.3 in. (0.78 cm) 0.4 in. (1.0 cm) or 0.6 in. (1.5 cm). Table 1 lists the ac-
ceptable IC types and pin spacing.

Table 1 W9302 IC TYPES
Total Pins ' Center Spacing (in.)

8
14 {
. 16 0.3 .
18

20 ‘ .
22 o - 0.4

24
28 0.6

40

The W9302 module has three pin configuration areas assigned to 16-pin, 24-
pin and 40-pin IC’s. The 16 pin area consists of three rows of socket terminais
and will accept a total of 65 IC's of the 8, 14, or 16 pin type and having a
lead spacing of 0.3 in. The 24 pin area will accept a total of 15 IC's* with up
to 24 pins per IC, and having a lead spacing of 0.3, 0.4, or 0.6 in. The 40 pin
area will accept a total of 17 IC's with up to 40 leads per IC and having a lead
spacing of 0.6 in. or a total of 34 IC’s with up to 16 leads per IC i?q having
a lead spacing of 0.3 in.
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Wire Wrappable Modules

Contact , .
Part No. Fingers Size Description
w940 144 Quad- Accommodates up to fifty 14- or 16-pin
height, DIP iCs with or without sockets. (Sockets -
extended not included.)
length ' )
wo41 72 Double- Same as W940 except accommodates up
height, - to twenty-five 14- or 16-pin DIP ICs with
extended or without sockets.. (Sockets not in-
length cluded.)
w942 144 Quad- Same as W940 except equipped with 50
height, low-profile, 16-pin DIP IC sockets.
extended
length
Wwo43 72 Double- Same as W941 except equipped with 25
height, low-profile, 16-pin DIP IC sockets.
extended
length
w950 144 Quad- Accommodates up to thirty. 14- or 16-pin
! height, DIP ICs and up to eight 24-pin DIP ICs
- extended with or without sockets. (Sockets not
length included.)
wo51 72 Double- Same as W950 e‘sf—cept accommodates up
height, to fifteen 14- or 16-pin DIP iCs and up to
extended four 24-pin DIP ICs with or without sock-
length ets. (Sockets not included.) The four
: 24-pin locations can also accommodate
four 14- or 16 pln ICs instead” of the
24-pin {Cs.
w952 144 Quad- - Same as W950 except equipped with 30
height, ~ low-profile, 16-pin DIP IC sockets and.
extended _ eight 24-pin DIP IC sockets.
* length
wo53 72 Double- ) Same as W951 except equipped with 15
height, . low-profile, 16-pin DIP IC sockets and
extended four 24-pin DIP IC sockets.
length

WIRE WRAPPING TOOLS AND ACCESSORIES )

Wire wrapping provides positive, uniform electrical connections faster and
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.
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Pistol-Grip Wire Wrapping Tool Kit—H810(24), H810-A, H810-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-B 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, H810-D

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- fatngue and
provides uniform wire wrap connections.

The H810-C 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.

H813 bits and H814 sleeves can be used with any of these battery- powered. :

wire wrap guns.

Hand Wire Wrapping Tool—H811(24), H811-A

The H811(24) and H811-A hand wire wrapping tools are especially useful for
service and repair applications. They ¢an also be used for producing limited
numbers of prototype modules.

H811(24) is designed for 24 AWG wire wrap wire, and the H811-A is de-
signed for 30 AWG wire wrap wire.

Hand Wire Unwrappmg 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—H813(24), H813-A ’
The H813(24) and H813-A bits are replacement bits for battery-powered
wire wrap guns H810- C, H810-D.

The H813(24) is designed for 24 AWG wire, and the H813-A isrdesigned
for 30 AWG wire,

Sleeve for Battery-Powered Wire Wrap Gun—H814(24), H814-A
The H814(24) and H814-A sleeves are replacement sleeves for battery-
powered wire wrap guns H810- -C, H810-D.

The H814(24) is designed for 24 AWG wire ,and the H814-A is des:gned for
30 AWG wire.

N
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INTEGRATED CIRCUIT (IC) SOCKETS

IC Sockets—954, 961, 962

These integrated circuit (IC) sockets provide low cost, reliable production
packaging of 14 or 16-pin, 24-pin, and 40-pin dual-in-line pacKage (DIP).in-
tegrated circuits (ICs). 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 sectien), which are avail-
able without factory-installed IC socketls.

The 954 accepts 14- or 16-pin ICs; 10 sockets/package.
The 961 accepts 24-pin ICs; 5 sockets/package.
The 962 accepts 40-pin ICs; 5 sockets/package.

MODULE HANDLES, MODULE HANDLE EXTENDERS,
AND MODULE HOLDERS

Module Handle—937

The 937 (90-08337-08) is a package containing 25 blank, gray module
handies 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. (0.325-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 iength 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
modulehandle. It is sold in lots of ten. .

Module Holder Clips—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 HB852 fits between handles 3 and 4.

The HB852 and H853 are manufactured from durable plastic material that is
nonconductive. They are sold in lots of 25 each.
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Hold-Down Bracket 12-10711-02

The 12-10711-02 module hold-down bracket serves as a mechanical com-
bination handle and hold-down bracket for Hex-size modules when used with
the appropriate cards guides such as an HO0341. This bracket can also be
used as a hold-down bracket for LSI-11 compatible modules (quad-size) but

must be modified as shown in the accompanying drawing. Eyelets for attach-
ment to the module are included.

1

LSI-11 HOLDOWN 12-10711-02

1. CUT BRACKET AT POINTS DESIGNATED ON DRAWING BELOW.
2. DISCARD CENTER SECTION "B'".

3. MOUNT SECTIONS “A” AND *“C” ON BOARD AS DESIRED.

CUT AT THESE
POINTS

BUS STRIPS

Bus Strips—932, 933, 939 :

‘Bus strips 932, 933, and 239 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 mounting 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)
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PATCH CORDS AND 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 HB821 grip-clip connectors are shipped in quantities of 1000 of
one size.

Patch Cords—913, 915

The 913 and 915 patch cords provide slip-on connections at the wire wrap
pins of FLIP-CHIP 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).

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 cennectors 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 avanlable in quantities of 100 of the same
length and same gauge, and in quantutces 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

24 AWG 26 AWG (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
9138 - 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 (121.92) 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: 30 BRN/
WHT (-3); 25 RED/WHT (-6); 25 ORN (-8); 10 YEL/WHT (-24); 5 GRN
(-32); and 5 BLU\(-64).
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When ordering, please specify part number 913 or 915 and the appropriate
dash number.

Power Patch Cord—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 jwo lengths—7 inches and 19 inches (18 c¢cm and
48 cm)—and is available in packages of ten of the same length. The 914-7
is a package of ten 7-inch (18-cm) patch cords. The 914-19 is a package
of ten 19-inch (48-cm) patch cords.

@ Faston is a trademark of AMP, Inc.

Daisy Chain—917-2.5

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)
intervals. A prototype system is easily and quickly hand patched when the 917
daisy chain is used. .

Thé 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 H803, H8030, 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 systeth 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.
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CABLES
COMPLETE ASSEMBLIES AND PARTS



.
\

Digital offers a complete and comprehensive line of pre-assembled cable as-
semblies compatible with most computer products offered.

In addition, Digital also offers a complete line of cable accessories and parts
for users who wish to construct their own cables, \

This CABLE section is divided into two subsections:

1. Cables (assembled)
2. Cable Accessories (raw cabling, connectors)

The pre-assembled cables subsection represents a listing of the most popular
cable types and the most popular lengths available.

The other subsection describes cable components such ag_términators, con-
nectcrs, raw cable, and related cable accessories. )
Many of the cables supplied by DIGITAL are also available in non-standard
custom lengths. For information on price and delivery either call your nearest
sales office or Logic Products Sales Support, Accessories & Supplies Group,
DIGITAL, MK1-2/E13, Merrimack, NH 03054.
CABLE WARRANTY NOTE -

All standard and custom length cables are guar-

anteed against defects in material and work-

manship for a period of 90 days from date of

shipment.

Digital Equipment Corporation neither ex-
presses or implies that custom length cables will
\ function satisfactorily if the electrical perform-
ance specification (e.g., drive length) for the ap-
plication is exceeded. \
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 CABLE TYPE

BCO1R-25
BCO1V-25
BC04Z-06
BC04Z-10
BC04Z-25
BCO5C-25
BCO5C-50
BCO5D-10
BCO5D-25
BCO5H-06
BC05J-06
BCO5M-2C
BCO5M-04
BCO6R-06
BCO6R-10
BCO6R-25
BCO6R-50
BC06S-10
BC06S-25
BC06S-40
BCO7A-10
BCO7A-15
BCO7A-25
BCO7B-10
BCO7B-25
BCO7D-10
BCO7D-15
~ BCO7D-25
BCO8A-03
BCO8A-05
BCOBA-10
BC08J-06
BCO08J-10
BCOSM-OM
BCOSR-01
BCOSR-03
BCO8R-06
BCO8R-10
BCO8R-20
BCO8R-25
BCO8R-50
BC11A-02
BC11A-05
BC11A-10
BC11A-15
* BC11A-25
BC11A-8F
BC11K-25
BC11S-25

A )

s

DESCRIPTION
(Principal Use)

M970 PLUS BC05C-25
EIA DATA CABLE
MULTI-USE
MULTI-USE
MULTI-USE

DL11 CABLE
DL11 CABLE
MULTI-USE’
MULTI-USE

60 HZ LINE CORD
50 HZ LINE CORD
TTY CABLE

. TTY CABLE

MASS-BUS (FLAT)
MASS BUS (FLAT)
MASS BUS (FLAT)
MASS BUS (FLAT)
MASS BUS (ROUND)
MASS BUS (ROUND)
MASS BUS (ROUND)
MULTI-USE 20TWP
MULTI-USE 20TWP
MULTI-USE 20TWP
MULTI-USE 11TWP
11TWP

20-COND .

20-COND
MULTI-USE
MULTI-USE 20-COND
MULTI-USE
MULTI-USE

- PDP-8E 40-COND

PDP-8E 40-COND
MULTI-USE

MULTI-USE
'MULTI-USE
MULTI-USE, UNIBUS

MULTI-USE, UNIBUS

DR11-C
MULTI-USE
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CONNECTIONS

M970 TO RS232
12-5886 TO 12-5885
H856 TO OPEN

H856 TO OPEN

H856 TO OPEN

H856 TO RS232-M
H856 TO RS232-M .
RS232-M TO RS232-F
RS232-M TO RS232-F
AC INPUT BOX H400-A"
AC INPUT BOX H400-B
12-9340 TO H856
12-9340 TO H856
H855 TO H855

H855 TO H855

H855 TO H855

H855 TO H855

©12-11591 TO.12-11591

12-11591 TO 12-11591
12-11591 TO 12-11591
H856 TO OPEN
H856 TO OPEN
H856 TO OPEN
H856 TO QPEN
H856 TO OPEN
H856 TO OPEN
H856 TO OPEN
H856 TO OPEN
MS04 TO M904
M904 TO M904
M904 TO M904
H856 TO M953
H856 TO M953
H859 TO H859
H856 TO H856

H856 TO H856
H856 TO H856
M929 TO M919 |

M929 TO M919
H856 TO OPEN
H856 TO H856



CABLE TYPE DESCRIPTION ~ CONNECTIONS
(Principal Use)

BC11S-50 MULTI-USE §  H856 TO H856
BC11S-A0 MULTI-USE # H856 TO H856
70-8360 DL11 ‘ 12-9340 TO H856
70-11212-25 LP11
70-11212-50 LP11
70-11212-A0 LP11

Wire

91-05740 30 AWG Wire Wrapping Wire, 1000-ft/spool
. (formerly designated 935)

91-07688 24 AWG Wire Wrapping Wire, 1000-ft/spool
(formerly designated 934) ; -

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 fapricates 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 Logic Products Sales Support, Accessories & Supplles Group.
DIGITAL, MK1-2/E13, Merrimack, NH 03054.

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 ¢onnector will be supplied. Cable clamps are described elsewhere
in this publication.

The following tables summarize the cable connectors; individual detailed
descriptions and schematic diagrams of these cable connectors are contained
in the HARDWARE/ACCESSORIES CATALOG published by Digital Equnpment
Corporation.

A\
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Flat Ribbon Cable Connectors

~ No. of No. of
Module Pins* Cables Size

Descriﬁtion

M908 36 2 Single-

. height,
standard

length

M933 20 1 Single-
height,
standard
length

M957 36 2 Single-
' height,

extended
length

M976 120 2 Double-
height,
short
length

wo11 18 1 Single-
height,
short
length

*Cable conductor connections.
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No contact fingers dedicated to
ground; 10-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 any one
of three jumper-selectable voit-
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.

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 a pe-
ripheral device. Similar to
Moa19. -

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.



Flat Ribbon Cable Connectors (Cont)

Size

_ Description

No. of No. of
Module Pins* Cables
w021 18 1
w023 18 1
w027 . 18 1

Single-
height,
single

length

Single-
height,
single
length

Single-
height,
single

length

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. 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.

*Cable conductor connections.
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Flat Mylar * Cable Connectors /

\go. of No. of

Module ins* * Cables Size Description

M901 36 2 Single- No contact fingers dedicated to
height, ground; 32 signal contact fin-
standard gers; 10-ohm resistors in series
length with four contact fingers. PC

solder. Similar to M908 and
M922.

M903 36 2 Single- Eighteen signal contact fingers,
height, 14 ground contact fingers. Al-
standard ternate signal/ground cable

- length conductors. PC solder. Similar
to M904 and M943.

M918 364 2t Single- No contact fingers dedicated to
height, ground. Jumpers in series with
standard contact fingers Ul and V1, in-
length stallation of jumpers or resis-

tors required at contact fingers
A2 and B2. PC solder.
M922 36 2 Single- No contact fingers dedicated to
’ height, ground. Jumpers in series with
standard four contact fingers. PC solder.
length Similar to M901.

. M943 32 2% Single- Eighteén signal contact fingers,
height, 14 ground contact fingers. Al-
standard ternate signal/ground cable
length conductors. PC solder. Similar

to M903. :
w033 18 1 Single- All 18 contact fingers can be
height, assigned to signals; none are
single dedicated to ground. ,
length ' .

**Cable conductor connections.

tCables enter at right angles to the board.

~

¢ Mylar is a registered trademark of E.l. duPont de Nemours & Co.
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Flat Coaxial Cable Connectors

a

No. of No. of

Module  Pins* °_Cébles 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 15

of an M912.

M917 30 2t Single- Eighteen signal contact fingers,
height, 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 Description
M912 72 2 Double- Thirty-six signal'contact fingers,
. height, 28 ground contact fingers. Split-
‘standard lug terminals. Alternate signal/
length ground cable conductors. Each
slot similar to M904.

M927 27 1t Single- Sixteen signal contact fingers,
height, 16 ground contact fingers. Split-
standard lug terminals. Similar to M925.
length J

w024 18 1 Single- Sixteen signal contact fingers,
height, two ground contact fingers.
short Thirty-three split-lug terminals.
length Can be wired for alternate sig-

nal/ground configuration.
w028 18 1 Single- ~“Same as W021 except with split-
height, lug terminals for series or shunt
single resistors/capacitors in signail
length leads. !

*Cable conductor connections (includes shields).

tCables enter at right angles to the board.
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Flat Shielded Cable Connectors

No. of No. of
Module Pins* Cables Size

Description

M953 40 1 Single-
height,
standard
length

M954 . 80 2 Single-
¥ height,

standard
length

M955 40 1 Single-
height,
istandard
length

Eighteen signal contact fingers,
14 ground contact fingers. Al-
ternate signal/ground cable
conductors. Equipped with a
connector for solderless con-
nection of the cable.

None of the contact fingers are
dedicated to ground; 32 signal
‘contact fingers; 10-ohm resis-
tors in series with four contact
fingers: Ul, V1, A2, and B2.
Alternate_ signal/ground cable
conductors possible. Equipped
with two connectors for solder-
less connection of the cables.

None of the contact fingers are
dedicated to ground; 16 signal
contact fingers; 10-ohm resis-

- tors in series with two contact
fingers. Alternate signal/ground
cable conductors possible.
Equipped with a connector for
solderless connection of the
cable.

*Cable conductor connections.
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Bus interconnection and Termination Connectors

Module No. of No. of
. Pins* ' Cables

Size

Description

M920 ~ N/A N/A -
M930 N/A N/A
M935 N/A /A
M981 N/A N/A

Double-
height,
short
length

dual circuit
board

“Double-
height,
short
length

Double-

height,
“short

length

dual circuit

board

Double-
height,
standard
length,
dual circuit
board .

Unibus jumper module.

Unibus terminator module. Ter-
minates all UNIBUS signals.

Omnibus jumper module.

Unibus terminator module. Ter-
minates all Unibus signals ex-
cept ACLO L, DCLO L, BG7 H,
BG6 H, BG5 H, BG4 H, and
NPG H. ) -

*Cable conductor connections.
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Miscellaneous Connectors

No. of No. of
Connector Pins* Cables Size Description
12-09340-00 8 See Description 2.3 x 0.85 x 0.3in. Female connector with up to eight female
column (5.8 X 2.2 X 0.8 cm) pins to provide termination for up to.eight
nominal 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.
12-09340-01 8 See Description 22X 15 x 0.3 in: Male connector that mates with 12-09340-00
column (5.5 x 3.7 x 0.8 cm) connector and is usually used to terminate a
nominal cable with up to eight 20-14 AWG conductors.
Requires 12-09378-01 pins. Usually used wnth
TTY and other serial devices.
12-09350-03, 3,4, 6, ! Refer to Refer to 12-09350 Female connectors that accommodate 3, 4,
-04,-06,-09, 9,12, or 12-09350 description in 6, 9, 12, or 15 female pins to provide termi-
-12, -15 15 “description this section nation for 26-14 AWG conductors. Usually
in this section . bulkhead mounted. - Requires 12-09879-01
pins. Mates with 12-09351-03, -04, -06, -09,
-12, or -15 connectors. Usually used with
TTY and other serial devices.
12-09351-03 3,4,6, Refer to Refer to 12-09351 Male connectors that mate with 12-09350-03,
-04, -06, -09, 9,12, or 12-09351 description in -04,-06,-09, -12, or -15 connectors and are
-12, -15 15 description this section

*Cable conductor connections.

in this section

Y

usnglly used to terminate a cable with 26-14
conductors. Usually used with TTY and
other serial devices. .
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Miscellaneous Connectors (Cont)

No. of No. of
Connector Pins* Cables Size Description
H851 - N/A 1 Two adjacent slots Edge connector providing busing of 36 signals
accommodate of two adjacent modules equipped with top
36 single-height (handle end) contact fingers.
contact fingers *
H854 40 : 1 2.5 x 0.75 x 0.3 in. A 40-pin connector designed to be mounted
‘ _(4.6x 1.89 X 0.8cm) . on a printed circuit board. The pins form
nominal right angles to intersect the printed circuit
tracks. Mates with H856 connector.
H856 40 1 2.205 x 0.545 X Designed to terminate a cable and mate with
0.200 in. (5.600 X H854 connector. (Referred to as a ‘‘Berg con-
1.384 x 0.508 cm) nector.’)
nomipal - \
M9100 80 at 2 Single-height, Printed circuit. cable connector with two
, ‘H854s extended length 40-pin H854 connectors that mate with cables

*Cable conductor connections.

equipped with H856 connectors. The two
H854 connectors and the board contact fin-
gers form a “T” type connector. Fhirty-two
independent lines available at contact fingers
with the remaining contact fingers, usually
associated with ground, connected in com-
mon.
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Miscellaneous Connectors (Cont)

" No. of No. of
Connector Pins* Cables Size Description
1]
M971 40 at 1 Single-height, Printed circuit cable connector with a 40-pin
‘ one standard length H854 connector that -mates with a cable
H854 equipped with an H856 connector. Forty
- pins of the 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.
M973 4 1 Single-height, Printed circuit cable connector with a
- standard length 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.
‘M975 80 at 2 Do\uble-height, Printed circuit cable connector with two
two short. length 40-pin H854 connectors that mate with
H854s cables equipped with H856 connectors. Eight-

een pins of each H854 in series with 18
board contact fingers; the two H854 connec-
tors are not electrically connected. Six con-
tact fingers and 44 H854 pins dedicated to
ground. Alternate signal/ground cable con-
ductors. ’

*Cable conductor connections.



S7Z2 .. . S72

vV

N _ FLAT CABLE
(H8s4) ¢ (40 CONDUCTOR)

TO INTERFACE
OR
DEVICE LOGIC

A
Pl
(HB56)

M9970
MODULE

v Al v A

e p— ——a

Length: Extended
Height: Double
Width: Single

M9970
CIRCUIT
BOARD

— NOT USED

FRONT VIEW

NOT USED —

J1PIN ASSIGNMENTS

M9970 H854-TO-BACKPLANE ADAPTER

The M9970 is a double-height, extended-length module with an H854 Male
Connector- permanently mounted to the board. Fach 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 dr 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.

474



"M9970 MODULE

> : h
W>N<><$<C-aw=u'vzgr'xt—Im'monm).—'

®

cc 8 g
[»]o]
EE ——————®0
ol B2 o

HH S -1 o
1) BK2 o
KK BMI_ o
. BL2 .
MM — BN1 o
NN BN?2 0
P B o
RR -————AEZ—-Q
ss —BRl .o
7 BR2
8s1

Ww r————>=>="»0
v BS2 o

475



M906 CABLE TERMINATOR

Length: Standard
Height: Single
Width: Single

+5V

* -

+3
220
fla}— e -+5
%=EQUIVALENT CIRCUIT-
- GND ° EACH INPUT
Power
Volts mA (max.) Pins
+5 440* A2 P
GND** Al, Cl1, F1, K1, N1, R1, T1

C2, F2, J2, L2, N2, R2, U2

* all signal lines grounded
*+* all ground pins must be grounded

The M906 cable terminator 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 termminate inputs. In this configuration M906 and
M111 are a good combination.

This module ‘is normally used with standard M Series levels of O and +3
volts to partially terminate 100-ohm cable. It presents a load of 22.5 mA or
14 TTL unit loads at ground and therefore,.must be driven from at least an
M1 ls-type circuit or, preferably, a cable driver.
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M909 TERMINATOR
Length: Standard
Height: Single
Width: Single

680

Bl O— AW\

D2 O— A

D1 O AV

€2 O- A~

£t O

H2 O A~

H1 O —W i

Jt O AN

K2 O— -

U o A~

M2 O— AN

M O- ‘

P2 O—— -

P1 O A~
's2 0 A

10 AN

T20

v O AN J

Power
Voits mA (max.) Pins =
5 NONE
ND Al, Cl C2, F1, J2, K1
] L2, N1, N2, R, R2, T1, U2

The M909 module contains eighteen 68-ohm resistors tied to ground through
a common bus.

APPLICATIONS
This module.is intended to be used with the M910 to form half of the
biasing circuit used in the driving network of the M622 N

'
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" M910 TERMINATOR

Length: Standard Power

Height: Single Volts  mAgmex)  Rips

Width:  Single <P AR AR
680 ’

AN oB!

- -0D2

M- ~-Q D1

MWV -OE2

M aelil

A —OH2

MW OH

AN K2

M ~QJt
MV -OM2 .

. -OLu1

| —WWA OM1

A= OP2

VY -QPt

VY -0s2

AN - Ost

-OT2

AN -OV2

+5v
A2

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 M909 to form half of the biasing
circuit used in the driving network of the M622.
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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.
(0.813 cm) in diameter.

The body of the 12-09925 is equipped with two 6-32 threaded lnserts o]
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 cabie 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 o. 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.
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In approximately 21 years, DIGITAL EQUIPMENT! CORPORATION has grown
from three employees and one floor of produc\tlon space in a converted
woolen mill, to a major international corporation. DIGITAL now employs more
than 38,000. Our products are manufactured worldwide, and are sold and
serviced from customer support centers in the United States, Canada, Japan,
Australia and several European cquntries.

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, periphéral 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-1 was introduced over a decade ago, selling for
$120,000 while competitive machines were priced over $1 million. Ever since
the PDP-1, DIGITAL has specialized in on-line, real-time computers.

The PDP-5, introduced in 1963, was the first truly small computer. The
PDP-8 series, the PDP-5 successor announced in 1965, is one of the most
popular and successful families of computers ever produced.

‘The PDP-11 sixteen-bit computer also ranks as the industry leader of
medium-sized systems.

DIGITAL js 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-1. DIGITAL introduced the
first large-scale, commercially available tinfe 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.

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 milis, and control and monitor a variety of machine tools,

transfer and material handling equipment. DIGITAL computers can be found_
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controlling a busy section of the' New Jersey Turnpike and providing type-
setting and copy production for many newspapers and publishing firms.

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 (Fiscal Year)

Total Sales (in millions) Net Income (in millions)
1977 $1,058.6 1977 $108.5

DIGITAL EQUIPMENT CORPORATION

DIGITAL COMPUTER SPECIAL
SYSTEMS FACILITIES

AUSTRALIA JAPAN

Sydney- - : Tokyo

CALIFORNIA NEW HAMPSHIRE -
Santa Ana Nashua

" CANADA SWEDEN

‘Kanata (Ottawa) - Solna (Stockholm)
FRANCE UNITED KINGDOM
Annecy Reading

GERMANY

Munich -
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DIGITAL MANUFACTURING FACILITIES

ARIZONA
Phoenix
CALIFORNIA
Mountain View
CANADA
Kanata
COLORADO

~Colorado Springs

HONG KONG
IRELAND
Galway
MAINE
Augusta

MASSACHUSETTS

Acton
Marlborough
Maynard
Natick

DIGITAL TRAINING CENTERS

AUSTRALIA

Sydney

CALIFORNIA

Sunnyvale

CANADA

Kanata (Ottawa) -
DISTRICT OF COLUMBIA
Washington (Lanham, Md.)
FRANCE

Rdngis (Paris)

GERMANY

Munich

ILLINOIS

Rolling Meadows (Chicago)

ITALY

Milan

JAPAN

Tokyo
MASSACHUSETTS
Mariborough
Maynard
NETHERLANDS
Utrecht

NEW YORK

New York City
SPAIN

-Madrid

SWEDEN

Solna
SWITZERLAND
Zurich

UNITED KINGDOM
Reading
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Springfield _

Westboro

Westfield

Westminster . '
NEW HAMPSHIRE .
Derry
Nashua
Salem
NEW MEXICO
Albuquerque
PUERTO RICO
Aguadilla

San German
SCOTLAND

Ayr

TAIWAN
VERMONT
South Burlington

CORPORATE HEADQUARTERS
Digital Equipment Corporation
Maynard, Massachusetts 01754
Telephone:

Metropolitan Boston: 646-8600
. Elsewhere: (617) 897-5111 -
TWX: 710-347-0212
Cable: Digital Mayn.
Telex: 94-8457

EUROPEAN HEADQUARTERS
Digital Equipment Corporation
International (Europe)

12, avenue des Morgines
Case Postale 510

1213 Petit-Lancy 1

Geneva, Switzerland
Telephone: (022) 93 33 11

CANADIAN HEADQUARTERS
Digital Equipment of Canada, Ltd.
100 Herzberg Road

Kanata, Ontario, Canada
‘Telephone: (613) 592-5111

TWX: 610-562-8732

TOTAL EMPLOYEES ....... ... 38,000



GENERAL DESCRIPTION OF DIGITAL PRODUCTS T~
(Excluding those discussed in this Handbook)

COMPUTERS
PDP-8E, PDP-8F, PDP-8M, PDP-8/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 DECcassette.

PDP-11 A family of expandable general purpose computers with 4,096 16-bit
words of standard core memory. Memory cyele time is 1.2 microseconds.
Machine uses integrated circuitry and has some medium-scale integration in
central processor. Models are PDP-11/03, 04, 34, 45, 55, 60, and 70.

VAX-11/780 A compatible upward extension of the PDP-11 family, this com-
puter features a 32-bit word length, a large virtual-memory operating system,
and a very extensive instruction set especially suited for efficient high-level
language programs.

PDP-12 Laboratory computer system capable of executing PDP-8 and LINC-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-20 Family of outstandingly low-cost medium-scale mainframes
with 36-bit word length, fully software-compatible with each other and with
the rest of the Digital mainframe line. Models are 2020, 2040, 2050, and
2060.

DECSYSTEM-10 General purpose 36-bit word large computer that will handle
up to 63 time-sharing users simuitaneously 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-11 processors and encompass a range of power and capabil-
ity. Products designed specifically for the industrial user include program-
mable 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-11 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. A new addition is the VT78 DECstatlon, the company’s
lowest-priced full computer system.

Education Products. These systems include a variety of applications software
and vary from small stand-alone single-user systems to large, multi-user
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tlmésharlng configurations capable of handling computer-a|ded instruction
as well as administrative data processing. \

Data Communications. The data communlcations capability of the cor'nputer
is enhanced by the special products—data handlers, front-end preprocessors,
data loggers, modems—as well as the software and services of Dlgntals
DECcomm group.

Laboratory Data Products include the DECgraphic-11 series of interactive,
starid-alone computer-based graphics systems, DEClab-11’ laboratory data
handling systems, the Gamma-11, designed for use in nuclear medicine,
MUMPS-11 data base management system for the hospital environment,
PHA-11 puilse height analysis systems designed specifically for nuclear and
x-ray spectroscopy in low-energy physics and radiochemistry applications, and
the PDL programmable data logger, an easy-to-use laboratory data acquisition
system

Computerized Typesetting. Computer-based systems for setting type includ-
ing justification 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-11, Typeset-10—depending on the Dlgltal
computer system.

Word Processing. Digital's family of video-display word processing products '
includes both stand-alone and multi-terminal, shared-logic systems. They can
interact with PDP-11-based systems also. :

Original Equipment Manufacturing. Digital serves the OEM with a complete
range of products and services designed to enhance the capability and pI'Oflt
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 GT series interactive graphic terminal systems
function as complete stand-alone graphlcs 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 supblies, cabinetry,
mounting hardware, tape, tape reels, storage racks, teleprinter ribbon and
paper. / .

3
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WARRANTY

\

All Products (except Software) listed in this Handbook are warranted as
stated below for a period of ninety (90) days from date of initial delivery,
except that the warranty period for W, M, K, and A Series modules is one
(1) year.

All Products (except Software) are warranted against defects in material -
and workmanship under normal and proper use and in their original un-
modified condition for the period set forth in Clause A above. If found
defective by DIGITAL within the terms of this warranty, DIGITAL's sole
obligation shall be to repair or replace (at its option) the defective Prod-
uct. If DIGITAL determines that the Product is not defective within the
terms of this warranty, Customer shall pay all costs of handling and
return transportation. All replaced Products become the property of
DIGITAL. As a condition of this warranty, Customer must obtain a DIGITAL
Return Authorization Number, and must return ali Products, transporta-
tion prepaid and insured, to:

Digital Equipment Corporation
Logic Products Services

Repair Section

Cotton Road ’
Nashua, NH 03061

. Transportation charges for the return to Customer shall be paid by
DIGITAL within the contiguous United States only. These warranties out-
side the contiguous United States are limited to repair or replacement
only and exclude all costs of shipping, Customs clearance, and other re-
lated charges.

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.

EXCEPT FOR THE EXPRESS WARRANTIES STATED ABOVE, DlGI{AL DIS-
CLAIMS ALL WARRANTIES ON PRODUCTS, INCLUDING ALL IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS; and the stated ex-
press warranties are in lieu of all obligations or liabilities on the part of
DIGITAL for damages, including but not limited to special, indirect, or
consequential damages arising out of or in connection with the use or
performance of the Products.
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HOW-TO-ORDER

All products described in this Handbook can be ordered by telephone, TELEX,
TWX, 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. Please state on your purchase order
that “DIGITAL's Standard Terms & Conditions govern this order.”” Prices
are listed in the Price Supplement booklet, and do not include applicable
state and local taxes or shipping charges. .

Also, by using the DIGITAL Direct Sales Catalog, you can order direct from
the factory” and realize significant savings on many items in this Handbook.
Order your copy of the Direct Sales Catalog by filling in the postcard attached
in this Handbook, or call toll-free 8:30 AM to 5:00 PM Eastern time 800-258-
1710. From New Hampshire locations or places outside the continental U.S.,
603-884-6660.

MINIMUM ORDER SIZE
A minimum order size of $35 is required. Customers will be b|lled the full
$35 for orders not meeting the minimum size.

CANCELLATION POLICY

All orders placed.with Logic Products and scheduled for shipment, if cancelled
by customer in whole or, in part, are subject to a cancellation charge if can-
celled before or after the scheduled shipping date. The cancellation charge
is $25 for any cancellation within sixty (60) days of the scheduled delivery
date. Custom variations are considered non-cancellable after the order is
‘acknowledged
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TYPE
861-B -
861-C
861-D
861-E

913- (all dash
items)

914-7

914-19

915- (all dash
items)

Qr7-2.5
932

© 933

937

939

940

941

954

956

957

961

962
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
12-10331-0
12-10711-02
12-10945
12-11386
54-11808
70-08360
70-08612-4A
70-11212-25
70-11212-50
70-11212-A0

Cable, used with LP11

TITLE

Power Controller (180-270 Vac,
Single-Phase) ...,
Power Controller (90-135 Vac,
Single-Phase) ........... OO
Power Controller (90-135 Vac,
Three-Phase) ........... P
Power Controller (180-270 Vac,
Three-Phase) ...
Patch Cords, 24 AWG (100/pkg) ................

7-Inch Power Patch Cord (10/pkg) ............
19-Inch Power Patch Cord (10/pkg) ..........

Patch Cords, 26 AWG (100/pkg) ................ :

Daisy Chain, Clip every 2.5” ...... ...
Bus Strip (5/pKg) ...
Bus Strip ...
Blank Module Handle (25/pkg)
Bus Strip (6/pkg) ...... RO
Cable Clamp (25/pkg) ...........cooooviiiiiii i,
Cable Clamp (25/pkg) ...........coooeoiiiiiiii.
Solder IC Sockets (10/pkg) ........................
DEC8640 UNIBUS Receiver IC

(Quad 2-Input NOR Gate) .....................
DEC8881-1 UNIBUS Driver IC

(Quad 2-Input NAND Gate) .................... :
24-Pin IC Sockets (5/pkg) ........c.cccooeeennnnn.
40-Pin IC Sockets (5/pkg) ..........ccooveeeiiinn..
Drawer Mounting Slides (pair) ..................
Latch ...
8-Pin Cabie Connector (Female)

Housing (2/pkg) ..........cooeiiiiiii L
8-Pin Cable Connector (Male)

Housing (2/pK8) ..o,
Cable Connector (Female) Housing .... pkg.

Cable Connector (Male) Housing ...... pkg.

Drawer Mounting Slides, Tilt (pair) ............
Cable Clamp (5/pKkg8) ...,
Cable Clamp (4/pkg) ... -

Chassis Slides (Pair)
Thick Latch ..............................

Console Panel .....................................
Cable, used with DL11 .............. ...
Console Signal/Power Cable ......................
Cable, used with LP11
Cable, used with LP11
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428

428

428
458

459
459
458

459
457
457
455
457
477
477
455

106
106
455
455
400
410
471

471
471

471




TYPE

70-11656
70-12438-0
70-12438-1
70-12754-2F

* 74-06706

74-06782
74-06793
74-07789

. 74-09449

74-09459
74-09819
74-17440
90-06990
90-07786

90-08887
91-05740
91-07688
Al123
Al126
A207
A619
A704
AB66
AAV11-A
ADV11-A
BA11-ES
BAl1l-KE
BA11-KF
BB11
BB11-A
BB11-B
BCO1R-25
BCO1V-25
BC04Z-10 -
BCO5C-25
BCO5C-50
BCO5D-10
BCO5D-25
BCO5H-6
BC05J-6
BCO6R-06
BCO6R-10
BCO6R-25
BCO6R-50
BC06S-10
BC06S-25
BC06S-40
BCO7A-10

N

TITLE Page

Console Bezel ... ... ... 161
Blower Fan for H984-BA (115 Vac) «.......... 412
Blower Fan for H984-BB (230 Vac) ,,,,,,,,,,,, 412
Remote Signal Cable . L ... 1el
Fan, Cover Plate ... ... 401
Kickplate (use with H952-BA) .................... 400
Kickplate ... ... ... 400
Spacer ....... TSRO PR PPUPRURI 410
Bracket for Chassis Slldes (right) .............. 417
Bracket for Chassis Slides (left) ................ 417
Key-Lock Strike Plate ... 410
Blank Connector Panel for H984-B ............ 412
Cabinet Door Ground Strap ........................ 411
Tinnerman Clip Nut and Phillips Pan
Head ScrewCollection ................. bag 410
Cabinet Frame Ground Strap ...................... 410
Wire Wrapping Wire, 30 AWG 464
Wire Wrapping Wire, 24 AWG 464
4-Input Multiplexer ... » 377
8-Channel High Impedance Muitiplexer ... 379
Operational Amplifier ............................. 382
"10-Bit D/A Converter, Single Buffered ...... 384
Reference Supply ...l 386
High-Speed 12-Bit Bipolar A/D Converter 388
LSt-11 D/A Converter ..........................lue. 133
LSt-11 A/D Converter .......... 134
Expansion Mounting Box ... 420
Expansion Mounting Box ... 421
Expansion Mounting Box 421
4-Slot System Interfacing Unit .. 431
4-Slot System Interfacing Unit ... 431
9-Slot System Interfacing Unit ... 434
M970 plusa-BCO5C-25 ............... 463
EIA Data Cable .. ...................... 463
40-Conductor Flat Mylar Cable 463
25-Conductor Round Cable, 25 ft. .............. 463
25-Conductor Round Cable, 50 ft. .............. 463
25-Conductor Round Cable 463
25-Conductor Round Cable .. 463
Line Cord Set, 60 Hz ............ 463
Line Cord Set, 50 Hz ............ 463
Mass Bus (Flat) ..., 463
Mass Bus (Flat) .................cc...c....... 463
Mass Bus (Flat) ...................... 463
- Mass Bus (Flat) .................... "~ 463
Mass Bus (Round) ................... 463
Mass Bus (Round) ................... 463
Mass Bus (Round) ............... 463
20-TWP Round Cable .................................. 463
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TYPE

BCO5M-2C
BCO5M-4
BCO7A-15
BCO7A-25
BCO7B-10
BCO7B-25
BCO7D-10
BCO7D-15
BCO7D-25
BCOSA-03
BCO8A-05
BCO8A-10
BC08J-10
BC08J-15
BCOSM-OM
BCO8R-01
BCO8R-06
BCOBR-08
BCOSR-10
BCO8R-12
BCO8R-20
BCOBR-25
BCO8R-50
BCOSR-60
BCO8R-AQ
BC11A-02
BC11A-05
BC11A-8F
BC11A-10
BC11A-15
BC11A-20
BC11A-25
BC11A-35
BC11A-50
BC11K-25

BC11S-50

BC11S-A0~ -

BCV1A-02
BCV1A-04
BCV1A-06
BCV1A-10
BCV1B-02

BCV1B-04
BCV1B-06
BCV1B-10

DCK11-AA
DCK11-AB

TTY Cable .............cccooooiiieniinn,
20-TWP Round Cable
20-TWP Round Cable
11-TWP Round Cable
11-TWP Round Cable
Two 20-Conductor Ribbon Cables
Two 20-Conductor Ribbon Cables ....
Two 20-Conductor Ribbon Cables
Multi-Purpose Cable
Multi-Purpose Cable
Multi-Purpose Cable
40-Conductor Flat Mylar Cable
40-Conductor Flat Mylar Cable
Cable with H859-G-H859 ..............
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 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 (Used with DRV11)
25 feet ...
H856-to-H856, 36- Conductor Round .......
H856-to-H856, 36-Conductor Round ........
LSI-11 Jumper Cable Assembly, 2 feet ......
LSI-11 Jumper Cable Assembly, 4 feet ......
LSI-11 Jumper Cable Assembly, 6 feet ......
LSI-11 Jumper Cable Assembly, 10 feet ...
LSI-11 Jumper Cable/Terminator Assembly,
2feet ...

LSI-11 Jumper Cable/Termlnator Assembly,

4dfeet ...
LSI-11 Jumper Cable/Termmator Assembly,

6 feet ......... PPV RORIN
LSI-11 Jumper Cable/Terminator Assembly,

10 feet ...
Program Control CHIPKIT Chips ................
DMA CHIPKIT Chips ..................................
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136
136
136

136
136
136
136
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TYPE

DCK11-AC |
DCK11-AD
DDvV11-8
DECKkitl1-D
DECkit11-H

DLV11
DR8-ED
DR11-L
DR11-M
DRV11
DRV11-B
DRV11-P
G772
H020
H033
HO34
HO35
H322
H716
H720-E

H720-F

H722
H726-B
H740-D
H755
H800-W
H802
H803
H807 -
H808
H810(24)

H810-A
H810-B
H810-C
H810-D
H811(24)
H811-A
H812(24)
H812-A

H813(24)
H813-A

TITLE

Program Control CHIPKIT, Complete .......
DMA CHIPKIT, Complete ..............cccccooeennn.
LSI-11 9x6 Backplane Assembly ................
PDP-11 Direct Memory Access Interface ..
PDP-11 1/0 Interface (4 Words In/4 Words
OUt) o
LSI-11 Serial Interface Unit
2-Word OMNIBUS Input Interface
2-Word Input- UNIBUS Interface ................
2-Word Output UNIBUS Interface ..............
LSI-11 Paralle! interface Unit ....................
Direct Memory Access Interface for LSi-11
LSI-11 Interface Foundation Module ..........
Power Control Board .-................cccocne e
Connector Block Mounting Frame ............
4-Slot System Unit Mounting Frame ..........
9-Slot System Unit Mounting Frame .........
Vertical System Unit Mounting Frame ......
Distribution Panel ..................................
Power Supply (+5 vde, —15 Vdc) ............
Power Supply (+5 Vvde¢, —15 Vde, +8 Vdc,
=22 VdC) ..o
Power Supply (+5 Vdc, —15 Vdc, +8 Vdc,
—22 VAC) ..o
Step-Down Transformer
Power Supply (45 Vdc)
Power Supply (45 Vdc, —15 Vdc, 415 Vdc)
Power Supply (45 Vvdc, +=15 Vdc)
Connector Block (144-Pin) ........................
Connector Block (18-Pin)
Connector Block (288-Pin)
Connector Block (36-Pin)
Connector Block (144-Pin)
Pistol-Grip Wire Wrapping Tool Kit for 24
AWG WIre ...........ccooiieiiiieiireeeeeeeis

' Pistol-Grip Wire Wrappmg Tool Kit for 30

AWG Wire ...,
Pistol-Grip Wire Wrapping Tool Kit for 24
or 30 AWG WIre ........cccooiviiiniieenenecninns
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 ..................
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 ..........
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TYPE

H814(24)
H814-A
H820

H821

H850
H851
H852
H853
H854
H856

H863
H909-A
H909-BA

'HS09-C
H911-)
H911-K .
H911-§°
H914
H916
H933-C
H933-CA
H933-CB
H934-CB
H950-AA
H950-BA
H950-CA
H950-DA

H950-EA
H950-FA
H950-G
H950-HA
H950-HC
H950-HD

H950-HF
H950-HG

H950-HH

H950-HK
H950-JA

H950-LA
H950-LB
H950-PA

w

TITLE . Page
Wire Wrap Gun Sleeve for 24 AWG Wire ... 455
Wire Wrap Gun Sleeve for 30 AWG Wire .... 455
Grip Clip Connectors for 24 AWG Wire ' ]
(L1000/PKE) oo 458
Grip Clip Connectors for 30 AWG ere .
(1000/pkg) ... ... et nt s eneeeeenann 458
Module Handie Extender 456
Edge Connector .................... 472
Module Holder (25/pkg) ... 456
Moduie Holder (25/pkg) 456

1/0 Connector (40-Pin Male) Board Mount 472
1/0 Connector (40-Pin Female) Cable

Mount ..., s
Connector Block (288 Pln) ......
General Purpose A Logic Box
General Purpose Logic Box with Power

SUPPIY ..o 417
General Purpose Loglc Box 415
Mounting Panel .................... 420
Mounting Panel ............. ... 420
Mounting Panel .................. . 420
Mounting Panel .......... ........ 420
Mounting Panel ... 420
4-Slot System Unit 431

" 4-Slot System Unit 431
4-Slot: System Unit 431
9-Slot System Unit 434

Cabinet Frame (Standard Size) .................. 400
Full Door (RH) (Front or Rear Mounting) .. 400
Full Door (LH) (Front or Rear Mounting) .. 400
Mounting Panel Door Frame (RH) (Rear

Mounting) ... 400
Mounting Panel Door Frame (LH) (Rear

Mounting) ... 400
Mounting Panel Door Skin ... 400
-Cabinet Table ... ... e, 400

Short Door (Covers 21 in. Mounting Space) 400
Short Door (Covers 26-1/4 in. Mounting

SPace) ... 400
Short Door (Covers 31-1/2 in. Mounting
Space) ... 400

Short Door (Covers 42 in. Mounting Space) 400
Short Door (Covers 47-1/4 in. Mounting h

Space) ... 400
Short Door (Covers 52-1/2 in. Mounting
SPaCe) ... 400

_Short Door (Covers 63 in. Mounting Space) ‘400

Short Door (Covers 21 in. Mounting Space) -

(used with H952-BA installed) .......... .. 400
Logo Frame Panel (Aluminum) ... . 400
Logo Frame Panel (Plastic) ... .................... 400

Bezel Cover Panel (5-1/2in.) .................. 400
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TYPE

H950-QA
H950-SA
H952-AA
H952-BA
H952-CA
H952-CB
H952-GA

H952-HA
H957-AA
H957-BA
H957-CA
H957-DA
- H957-FA
HI957-FB
H957-GA

H957-HA
H957-JA
H957-LA
H957-SA
H960-BC
H960-CA
H961-A
H961-AA
H967-BA
H984-BA
H984-BB
H984-CA
H9800-A
HO341
H8030
H9270
H9271

- K003
K012
K026
K028
K113
K123
K124
K134
K135
K138
K161
K174
K201
K202
K206
K207
K210
K211

. Card Cage Assembly ...................

TITLE

Bezel Cover Panel (10-1/2in.) ..................
Air Filter (for H952-BA or H952-CA) ..........
End Panel (require 2 per cabmet)
Stabilizer Feet (Pair) ....................0...........
Fan Assembly (Top Mounted) (115 Vac) ..
Fan Assembly (Top Mounted) (250 Vac) ..
Filler Strip Set (Front and Rear) (Joining
Two Cabinets) ...
Free-Standing Table ...
Cabinet Frame (Short Size) ........... [UUT
Full Door (RH) (Rear Mountmg) ........
Full Door (LH) (Rear Mounting) ................
Mounting Panel Door Frame (RH) ............
End Panel (Rend) .............................
End Panel (Lend) ..............................
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 (Short Size) .......
Low-Profile Cabinet, 115 Vac .......
Low-Profile Cabinet, 230 Vac .........
Bracket Set to Mount H90S-C ....................
General Purpose Systems Desk ...

Connector Block (72-Pin) ..........................
4x4 Backplane Assembly for LSI-11 ... . .
4x4 General Purpose Backplane .......... ...
Gate Expander
Gate Expander
Gate Expander .. ..
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Inverting Gate
Non-inverting Gate
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Inverters
Inverters
Inverters
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Flip-Flop ...
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Interface Shell 419
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Mounting Panel .................................... 430
Timer Component Board ......................... 397
Microcomputer Module System with 4K
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Microcomputer Module System with 4K
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Microcomputer Module System with 16K

RAM ., 128
LSI-11 Power Fail/LTC Generator ............. 155
LSI-11 Power Fail/LTC Generator/

Terminator ... 163
LSI-11 Real Time Clock 134
Logic HIGH Source ................. 239
Solenoid Driver ...................... 240
50 mA Indicator Driver 242

Positive to Negative Loglc Level Converter 121
Solenoid Driver .............0......................... 243

Bus Data Interface 121
Bus Data Interface 120
Device Selector ....................... 121
Device Selector 120
Address Selector ... 69
Device Selector ...................................... 120
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NOR Gates 246
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M784
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M796
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Negative Output Converter ... ...........
Negative Output Converter ............
Positive Level Cable Driver .............
M-to-K Converter .............................
Teletype Receiver .......................
Teletype Transmitter .........................
Bus Interface .....................................
Bus Interface ...................................
1/0 Bus Input Multiplexer ...............
1/0 Bus Transfer Register ...............
12-Bit Bus Receiver Interface .........
Counter-Buffer Interface .................
UNIBUS Drivers ............c.....ccccoennnn.
UNIBUS Receivers ..........................

" Word Count and Bus Address Moduie

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 ........................

Round Coaxial (TWP) Cable Connector ..... .

Flat Coaxial Cable Connector
Flat Mylar Cable Connector ..............
UNIBUS Jumper Module ...........
Flat Mylar Cable Connector ..............

Flat Ribbon Cable Connector ...
OMNIBUS Jumper Module .......
Flat Mylar Cable Connector ..........
Flat Shielded Cable Connector ....
Flat Shielded Cable Connector ....
Flat Shielded Cable Connector .....
Flat Ribbon Cable Connector ............
Cable Connector ................................
TTY Cable Connector ...............

Flip Chip to H854 Adapter
UNIBUS Cable Connector ..................
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Round Coaxial (TWP) Cable Connector ......
UNIBUS Terminator Module ..............
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M1103
-M1125
M1131
M1307
M1500
M1501
M1502
M1621
M1623
'M1701
"M1703
M1705
M1709
M1710
M1713
M1801
M2001
M2500
M3020
‘M4050
M5864
M5960
M6865
M7390
M7800
mM7821
M7860
M9100
M9970
MMV11-A
MRV11-AA
MSv11-B
MSV11-CD
QJV10-CB
REV11-A

REV11-C
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wo11
woz21
w023
w024
wo27
wo28
w033
W900
w930
w940
wo41
w942
‘w943
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2-Input AND Gates ..................c.ccoeeeeeinn. ’

Exclusive-OR Gates .............................
2-Input Open-Collector NAND Gates ..

4-Input AND Gates ...............ooccrir.

Bidirectional Bus Interfacing Gates ...
Bus Input Interface .................... e

DVM Data ,Input Interface ..................
Instrument Remote Control Interface ........
Data Selector ...
OMNIBUS Input Interface ...............

OMNIBUS Output Interface
OMNIBUS Interface Foundation Module ...
UNIBUS Interface Foundation Module ......

© 16-Line-to-1-Line Data Selector ................

16-Bit Relay Output Interface ...................
Dual 4-Bit Tri-State Registers .............
Dual 64-Word x 4-Bit FIFO Memory ..
Dual Delay Multivibrators ..................
Crystal Clock ..................ccccoocoiiiins
Optic Isolator, Input .......................
20 MIL to DEC Converter ..................
Optic Isolator, Output ...........................
Asynchronous Transceiver .......................
Single Asynchronous Serial Line Interface
Interrupt Control Module ...........................
1-Word Input/Output Device Interface ......
Adapter (H854-to-H854) Connector ..........
H854-to-Backplane Adapter ...
4Kx16 Core Memory ..........................
PROM/ROM Memory Unit ..............
4Kx16 RAM ...
16Kx16 LSI-11 MOS Memory ............
LSI-11 Paper Tape Software Package ........
LSI-11 Refresh/Bootstrap/Diagnostic/

" Terminator Option .......................cccccenn.
LSI-11 Refresh/Bootstrap/Diagnostic/

Option ...
LSI-11 Terminator Module ......................0
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 ......................
Module Extender Board
Blank Module .....................
Wire Wrappable Module
Wire Wrappable Module
Wire Wrappable Module with Sockets ........
Wire Wrappable Module with Sockets ........
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Wo50
wo51
w952
w953
W960
w964
w966
w967
w968
W969
w970
wo71
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w973
wo74
w975
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w980
wos2
w983
wos4
woasg7
w990
wo9g1l
w992
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Universal Terminator Board .....................
OMNIBUS Wire Wrap Module ....................
OMNIBUS Wire Wrap Module with Sockets
Collage Module Board
Collage Module Board
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Blank Module ...l
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 Beard
Blank Module .. ......................................
Blank Module ...
Blank Module, Copper-Clad on One Sides ..
Blank Module, Copper-Clad on One Side ..
Blank Module, Perforated ..........................
Blank Module, Perforated .............. RS
Wire Wrap Module, Quad .........................
Wire Wrap Module, Hex ............ .
Wire Wrap Module, Hex, SPC ...
Wire Wrap Module, Quad, SPC . ...
Wire Wrap Module, Double, SPC ...
Wire Wrap Module, Hex, SPC ..................
Wire Wrap Module, Quad, SPC ..................
Wire Wrap Module, Double, SPC ......
Wire Wrap Module, Quad, LSI-11 ..
Wire Wrap Module, Double, LSI-11 ..
Wire Wrap Module, Quad, LSI-11 ... .
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Blank Module, Copper-Clad on Both Sides
Blank Module, Copper-Clad on Both Sides
Biank Module, Copper-Clad on Both Sides
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