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foreuuon

This tenth edition of the LOGIC HANDBOOK is your guide to the most exten-
sive line of products offered by Digital Equipment Corporation for implement-
ing electronic logic designs for instrumentation, computer interfacing, data
gathering or control. This handbook is a basic reference for anyone invoived
in specifying, manufacturing or using solid-state logic.

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

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

Further versatility has been added to the M Series line by the availability of
six prewired Interfacing Kits, described herein. Five of the kits offer the user
the capability of implementing more complex input/output interfacing be-
tween a PDP-11 computer and peripheral equipment at low cost and mini-
mum design time. The sixth kit provides a convenient method of monitoring
analog voltages at a remote location.

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

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

The data entry terminals section has been expanded to include the latest in
remote data acquisition systems: The PDM70 Programmable Data Mover.
Also described are the RTO1 Numeric Data Entry Terminal, the RTO2-A Al-
phanumeric Data Entry Terminal, RT02-B Full Keyboard Terminal, RT02-C
Badge Reader Terminal, and the recently announced LA36 DECwriter and
VTS50 DECscope.



Extensive noncatalog products and services are also available from DIGITAL.
If you require unique functions that are not listed in this handbook, contact
your local DIGITAL office. The product youneed may be available as a non-
catalog item. In addition, DIGITAL maintains a Special Module Products
Group with complete capability of module design, layout, manufacturing and
test. Custom product capability is not limited to modules alone but extends
to the support hardware and accessories, including cabling, wire wrapping,
and cabinets.

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

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

Digital Equipment Corporation
Components Group

One lron Way

Marlborough, Massachusetts 01752

Attn: Logic Products
Sales Support Manager



ORGANIZATION OF HANDBOOK

This edition of the LOGIC HANDBOOK is organized into eight functional sec-
tions for maximum ease of reference. Within each section, module descrip-
tions are arranged by categories according to functions. To locate a specific
item, consult the Product List at the end of the handbook.

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

Computer Interfacing: This group includes the M Series complex functional
modules that simplify interfacing to the PDP-11 UNIBUS, PDP-8/A, 8/E, 8/F,
8/M OMNIBUS, PDP-12, and PDP-15. Also in this group are the modules for
interfacing the external 1/0 bus of earlier PDP-8 family computers plus level
converters and other interface-oriented support modules. Introductory in-
formation defines the control and data signals of the OMNIBUS, UNIBUS, and
external 1/0 bus.

DECkits: These kits offer greater interfacing capability to the PDP-11 UNIBUS
at the lowest cost possible. Complex logic module building block concepts
are now expanded to greater limits of versatility in kit form. Capable of per-
forming a highly complex computer interface, the kit is a collection of logic
modules inserted by the user to a prewired system unit.

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

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

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

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

Data Entry Terminals: This section describes the RTO1 and RTO2 Data Entry
Terminals which provide easy, low-cost access to total information in a com-
puter. They offer ideal communication links in numerous situations that re-
quire interactive communication between both local and remote operaters
and the central data processor. Featured also is the PDM70 Programmable
Data Mover, a complete remote data concentrator and the LA36 DECwriter
and VT50 DECscope.
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The terminals feature Teletype and EIA serial line compatnblllty Interface to
a computer is accomplished via a standard full-duplex 4-wire data communi-
cations Teletype interface. Standard interfaces are available for the PDP-8,
-10, -11, -12, -15, and -16 computers. Modem interface signals corresponding
to EIA RS-232C specifications are also provided.

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

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

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

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

xii



SPECIAL SYMBOLS AND ABBREVIATIONS

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

Input Loading and Output Drive

On the logic diagrams of this handbook, input and output loading, expressed
in TTL unit loads, appear in boxes terminating each input or output signal
line. In the 2-input NAND gate example of Figure 1, both inputs (pins Al
and B1l) present one TTL unit load. The output (pin C1) is capable of driving
10 TTL unit loads. The arrows eliminate any possible confusion as to the
direction of signal flow.

INPUT LOADING PIN NUMBER
(1 TTL UNIT LOAD) (PIN A,SIDE 1)
OUTPUT DRIVE
(10 TTL UNITLOADS)

Al

ARROWS SHOW DIRECTION /
OF SIGNAL FLOW

Figure 1. Logic Diagram Input Loading and Output Drive Symbols

Bus Drivers and Receivers

Drivers and receivers that transfer data along the bidirectional transmission )
lines of the PDP-8/e, 8/m OMNIBUS or the PDP-11 UNIBUS differ somewhat
from similar TTL NAND gates or inverters. Typical examples are shown in
Figure 2. The “B"” in the loading box indicates that the driver or receiver
circuit is to be connected to an OMNIBUS or UNIBUS signal or control line.
In this application, unit loading need not be considered. “R’" identifies a line
receiver and ‘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.




BY . UNGATED BUS
B> T
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RECEIVER
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—
u2
o 4
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DATA
To (]
BUS D
DRIVE . READ
TO BUS FROM BUS _

TYPICAL BUS TRANSCEIVER ARRANGEMENT
Figure 2. Bus Driver and Receiver Symbols

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

Level Converters

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

ground).

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

2 R o5
L o
¥*=SINKS 20mA AT GROUND

Figure 3. Typical Level Converter
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Special Analog Symbols

Symbols used on analog circuit drawings to represent multiplex switches and
" operational amplifiers are shown in Figure 4. Loading boxes for analog inputs
and outputs contain the letter ‘“A’"; do not connect such signais to logic
levels.

MULTIPLEX SWITCH (MOS FET) CONSTANT (MPEDANCE MULTIPLEX SWITCH

+

OPERATIONAL AMPLIFIER

Figure 4. Special Analog Symbols



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 5.) Signal names appear out-
side blocks or logic symbols to identify typical input or output signals.

|
3 HEAEZ - |l l/ L 'l - APLEBTPBN.
e : : }J—o——-@l KGR 6TPa K
wmaLize H[E}AY2 | S | AN G e B
L e
' || ll ANZESTemiT L
UNCTION NAMES
{PART OF M236)

Figure 5. Signal and Function Names

Digital Equipment Corporation uses standard terminology to name signal
lines to aid the reader in determining their active state. Either an H or L
follows the signal name mnemonic, separated by a space. This letter indi--
cates the asserted (true) state of the signal. An H means the signal is as-
serted when HIGH (43 V) and an L means the signal is asserted when LOW
(0 V). For exampie, 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 or 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.



Table 1-—Abbreviations

ABBREVIATIONS

ALTN
AMPL
ANLG
BPS
CAP
CLR
CMPR
COM
CONT
CVRSN
DAC
EXT
GND
H
INIT
INT, INTR
INTL
L
ouT

P
POT
PRGM
REF
RTN
SER
S.H..
TRIG

DEFINITION

Alternate

Amplifier

Analog

Bits Per Second
Capacitor

Clear

Compare

Common

Control

Conversion

Digital to Analog Cohverter
External

Ground

High (TTL 43 V Logic Level)
Initialize

Interrupt

Internal

Low (TTL O V Logic Level)
Output

Program Interrupt
Potentiometer

Program

Reference

Return

Serial

Sample and Hold

Trigger



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 6, 7, and 8). DIGITAL module connector blocks have
module slots with contacts either on one or on both sides. Modules with
contact fingers on only one side can be plugged into connector blocks with
contacts on both sides of the module slots; then electrical contact between
the module and the connector block is only via module slot side 2 contacts.
The module contact fingers and connector block contacts are identified by
alphanumeric codes. These alphanumeric codes are used throughout this
handbook, the HARDWARE ACCESSORIES CATALOG, the PERIPHERALS
HANDBOOK, individual module data sheets, engineering drawings, and other
DIGITAL publications. This coded numbering scheme must be understood to
ensure proper system interconnections (Figures 6, 7, and 8). Letters G, |
0, and Q are not used in this numbering scheme.

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

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

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

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

SINGLE-HEIGHT modules (standard length and extended length) may be
plugged into the upper (row A, C, or E) or lower (row B. D, or F) module
slot of a connector block (Figure 9). Contact fingers Al through V1 are on
side 1 (component side) of the module, and confact fingers A2 through
V2 are on side (solder side) of the module (Figure 6). )

DOUBLE-HEIGHT modules (standard length and extended length) have two
plug-in sections of contact fingers and occupy two module slots (rows A and
B, C and D, or E and F) of a connector block (Figure 9). The two plug-in
sections are identified by the designations A and B. Contact fingers Al
through V1 and A2 through V2 of the A section are designated AAl through
AV1 and AA2 through AV2, respectively; contact fingers Al through V1 and
~ A2 through V2 of the B section are designated BAl1l through BV1 and BA2
through BV2, respectively (Figure 7). Note that the positioning notch in the
module base must mate with the protrusion on the connector block for
correct positioning.

QUAD-HEIGHT modules (always extended length) have four plug-in sections
of contact fingers and occupy four module slots (rows A through D or C
through F) of two connector blocks (Figure 9). The four plug-in sections are
identified by the designations A, B, C, and D. The four sections of contact
fingers are designated AA1 through AV1 and AA2 through AV2; BAl through
BVl and BA2 through BV2; CAl through CV1 and CA2 through CV2; and
DA1 through DV1 and DA2 through DV2 (Figure 8).

PIN A1

L

D

COMPONENT SIDE

PIN V1t

PIN V2

Figure 6. Single-Height Module
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ROW A

ROW B

PIN BV1

PIN BV2

Figure 7. Double-Height Module

i

=

©

SIDE 2
SOLDER SIDE

COMPONENT S(DE

Figure 8. Quad-Height Module



SINGLE -HEIGHT
STANDARD-LENGTH
MODULE
DOUBLE -HEIGHT
EXTENDED-LENGTH
MODULE

QUAD-HEIGHT
EXTENDED-LENTH
e ol o/_MODULE

e

ROW A ROWB ROWC ROWD ROWE ROWF

Figure 9. Connector Block Siot Identification
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RELATED LITERATURE

Listed below ure DIGITAL documents that supplement the material provided
in this handbook. These documents are available from the nearest DEC Sales
Office.

* HARDWARE/ACCESSORIES CATALOG
¢ PDP-11 PERIPHERALS HANDBOOK
e PDP-8/E, 8/F, 8/M SMALL COMPUTER HANDBOOK

MODULE CLEANING

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

There are two types of foreign material coatings which can develop on the
gold-plated -fingers 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 handiing of the modules.

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

Inorganic Contaminants

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

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

Organic Contaminants

After inorganic contaminants and water have been removed, organic materi-
als may be removed by immersion of the module fingers in trichloroethane
for at least 30 seconds. The fingers can then be allowed to dry or may be
wiped clean with a very fine, non-abrasive material such as K-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.
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DEC Module assembly lines combine automated manufacturing
steps with visual inspection and computer controlled testing.
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GENERAL PURPOSE
'LOGIC AND
CONTROL MODULES

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

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.

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

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

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

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

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

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

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

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

M Series high-speed, monolithic integrated circuit logic modules employ 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 compiement of basic modules
which are designed with sufficient margin for reliable system operation at
frequencies up to 6 MHz. Specific modules may be operated at frequencies
up to 10 MHz. The integrated circuits are dual in-line packages.

The M Series printed circuit boards are identical in size to the standard
FLIP CHIPTM modules. The printed circuit board material is double-sided pro-
viding 36-pins in a single height module. Mounting panels (H910 and H911)
and 36-pin sockets (H803 and H808) are available for use with M Series
modules. Additional information concerning applicable hardware may be
found in the Power Supply & Hardware and Accessories section of this
handbook.

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

TTL NAND GATE

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

With either input at the LO logic level (0.0V-0.8V) the multiple emitter input
transistor will be ON with its base residing at about 0.75 4+ 0.4 = 1.15 volts.
The three diode string consisting of Q,’s base collector diode, Q;'s base emit-
ter diode, and Q,'s base emitter diode will have only 1.15 volts across it and
will therefore be conducting only leakage currents (0.75 + 0.75 -+ 0.75 =
2.25 volts required for forward bias). With no current flowing into the base
emitter junction of Q,, the transistor will be OFF and its collector emitter
voltage is alowed to rise. Similarly with no current flowing in the base emitter
diode of Q, the transistor is OFF and its collector emitter voltage is allowed
to-rise. When both Q. and Q, are OFF, Q; is freed to pull the output voltage to
a HI level. The voltage levels present in the circuit with one or more LO in-
puts is shown in Figure 4. !

If both inputs are Hl (2.4-3.6 volts) the head of the three diode string will re-
side at about 2.25 volts and there will be a current path from the 4K base
resistor on the input transistor through the diode string to ground as shown
in Figure 5. With current flowing in the base emitter junctions of both Q. and
Q., both transistors will be turned ON. Q; is held OFF whenever Q. is ON. The
output is driven LO (0.0V-0.4V) by transistor Q.. The voltage levels present in
the circuit with both inputs Hl and are shown in Figure 6.
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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 voits to 0.8 volts as logical LO and 2.0 voits
to 3.6 volts will be recognized as a logical Hl. 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 3.6 volts. Figure 7 shows diagrammatically the accept-
able transistor-transistor logic levels. The worst case noise margin is 400
millivoits 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 4 400 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 moduies may contain
inputs which will present greater than one unit load. The typical M Series
module output will supply 10 unit loads of input loading. However, certain
module outputs will deviate from a 10 unit load capability and provide more
or less drive. Always refer to the individual module specifications to ascer-
tain actual loading figures.

Unit Load: In the logic 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 +0.4 volts. In the logic 1
state, one unit load requires that the driver supply a leakage current 40
microamps (maximum) while maintaining an output voltage of equal to or
greater than 2.4 volts.

Timing: M Series pulse sources provide sufficient pulse duration to trigger
any M Series flip-flop operating within maximum propagation delay specifi-
cations. Detailed timing information appears later in this section and in the
module specifications.
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Figure 7 Logic Levels

NAND Logic Symbol: Logic symbology used to describe M Series modules is
based on widely accepted standards. Logic symbols and a truth table for the
NAND gate are shown in Figure 8.

A

A 8 OUTPUT
OUTPUT
8 — A8 L L H

L H H

A H L H
ouTPUT
B A+8 H H L

Figure 8 NAND Gate Logic Symbol and Truth Table

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

TTL AND/NOR GATE

With a few modifications, the basic TTL NAND gate can perform an AND/
NOR function useful in exclusive OR, coincidence, line selection and NOR
gating operations. The modified circuit is shown in simplified form in Figure 9.
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Figure 9 TTL AND/NOR Gate Simplified Schematic

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

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

8
ouTPUT
c ABTCD AlBYIC l D} ouTPUT
HlH| any L
D ANY | H] H
LIH]JL]|H -
A 3‘_‘) LIH]|H]L H
8 H H R
OouTPUT - -
= Hitluogmw
¢ m (A+B}{(C+D)

Figure 10 AND/NOR Gate Logic Symbols and Truth Table

NOR Configuration: The AND/NOR gate can perform a straight NOR function
if the AND gate inputs are tied together as shown in Figure 11.
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Figure 11 NOR Connection of AND/NOR Gate

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

PREVIOUS INPUT
STATE CONDITION RESLLT

SET RESET 1 o]

-

H H L

L H

NO CHANGE
NO CHANGE
NO CHANGE
NO CHANGE
H¥* H¥*
H* H*

RESET

rrrxxIrxr
rrrxrrrxIr-czxl|o
O
rrrrrIIxTxr

*Ambiguous state: In practice thé input that stays low longest will assume
control.

Figure 12 RESET/SET NAND Gate Flip-Flop
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 Figure 13.) One
of the inputs of each NAND is tied to a common clock or trigger line.

SET

GLOCK

RESET

Figute 13 Clocked NAND Gate Flip-Flop™
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A change of state is inhibited until a positive clock pulse is applied. The
ambiguous case will result if both the set and reset inputs are high when the
clock pulse occurs.

M SERIES GENERAL-PURPOSE FLIP-FLOPS

Two types of general-purpose flip-flops are available in the M Series, both of
which have built-in protection against the ambiguous state characteristic of
NAND gate flip-flops.

FLIP-FLOP CLOCK INPUT S¥MBOLS

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

_

D TYPE FLIPFLOP CLOCK

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

JK TYPE FLIP FLOP CLOCK

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

o)
_DS‘T"
4
CRO—

LOGIC SYMBOL
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S (DC SET)

[
{CLOCK) l

R (DC RESET)
NAND GATE EQUIVALENT

SIMPLIFIED NAND GATE EQUIVALENT

Figure 14. D Type General Purpose Flip-Flop

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

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

A characteristic of the D type flip-flop which is not illustrated in the
NAND gate equivalent circuit is the fact that the D input is locked out after
the clock input threshold voltage on the leading (positive going voitage)
edge of the clock has been passed. The D input is not unlocked until the
clock input threshold voltage of the trailing (negative going voltage) edge
has been passed.
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“MASTER-SLAVE J-K FLIP-FLOP”

The two unique features of a J-K flip-flop are: A) a clock pulse will not cause
any transition in the flip-flop if neither the J nor the K inputs are enabled
during the clock pulse, and B) if both the J and the K inputs are enabled
during the clock pulse, the flip-flop will complement (change states). There
is no indeterminate condition in the operation of a J-K flip-flop.

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

The J-K flip-flops used are master-slave devices which transfer information
to the outputs on the trailing (negative going.voltage) edge of the clock
pulse. The J-K flip-flop consists of two flip-flop circuits, a master flip-flop
and a slave flip-flop. The information which is present at the J and K inputs
when the leading edge threshold is passed and during the clock high will be
passed to the master flip-flop (The J and K inputs must not change after the
leading edge threshold has been passed). At the end of the clock pulse when
the threshold of the clock is passed during the trailing (negative going
voltage) edge, the information present in the master flip-flop is passed to
the slave flip-flop. If the J input is enabled and the K input is disabled prior
to and during the clock pulse, the flip-flop will go to the “1" condition when
the trailing edge of the clock occurs. If the K input is enabled and the J input
is disabled prior to and during the clock pulse, the flip-flop will go to the
“0"” condition when the trailing edge of the clock pulse occurs. If both the
J and K inputs are enabled prior to and during the clock pulse, the flip-flop
will complement when the trailing edge of the clock pulse occurs. If both the
J and K inputs are disabled prior to and during the clock pulse, the flip-flop
will remain in whatever condition existed prior to the clock pulse when the
trailing edge of the clock pulse occurs.

JINPUT

Ju

cLock

p— 1OUTPUT

p— O OUTPUT

K INPUT

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

INITIAL CONDITIONS FINAL CONDITIONS

OUTPUTS INPUTS QUTPUTS

1 0 J K 1 0
L H L L L H
L H L H L H
L H H L H L
L H H H H L
H L L L H L
H L L H L H
H L H L H L
H L H H L H

Figure 16. Master-Slave J-K Flip-Flop Truth Table
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UNUSED INPUTS (GATES AND 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 excellent coupling into the driving portions of the
circuit when left unconnected. To insure maximum noise immunity, it is
necessary to connect these inputs to a source of Logic 1 (High). Two methods
are recommended to accomplish this:

1. Connect these inputs to a well filtered and regulated source of 3 volts.
Pins Ul and V1 are provided on the M113, M117, M119, M121, M617, and
M627 for this purpose.

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

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

TIMING CONSIDERATIONS

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

T¢=T, =15nsec, NOM.
Tpsionsec. NOM. (M401,M602)
=110nsec, NOM. (M602 OPTION)

+30 £06V — —
90%

! 1

! |

1 - --—-F - -

| 1

| | +15V NOMINAL
oo Y04 | | Tu:oe'mow

-0ov - T T T 7T ~° 1 | —

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

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

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

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

| I
STANDARD
PULSE
| |
! ot |
[P off
nn—’: ' |
NAND OR POWER t !
NAND GATE [ 1
| I t |
o
— fon |
| "— on |
|

POWER
AMPLIFIER |
M627 !

DELAY (NANOSECONDS)

Yon totf

TYP. | MAX. | TYP | mAX.
18 29 "8 15
7 - 5 -

Figure 18. NAND Gate and Power Amplifier Delays

28



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

*-20->ja———50 c——|
1

INSEC NSE

O TYPE
FLIP FLOP
QUTPUT

Figure 19. D Type Flip-Flop Timing

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

< J AND K INPUTS MUST BE
) STABLE BY THIS TIME

TRIGGER
PULSE

1

|

]

—»: :q—-— 35 nsec (TYPICAL)
|

I
FLIP-FLOP OUTPUT

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

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

t. Nanoseconds — 30 C Total (Picofarads)

100
A
8 [ X }——— ouTPUT
C
T T
L4
LOGIC SYMBOL |
1
|
i t |
. i ! !
INPUT — @—— 50 nsec MIN.

i i
{ 4
|

—=®,  l@—— 50nsec TYPICAL

@——— 50 TO 750 nsec ————»
] .

OQUTPUT 1

" (TYPICAL) , ! TIMING

|
b —»
i
]
|
i
|
|
i
|
|
1
1
1
I
I

Figure 21. One-Shot Delay Tir?ﬁng and Logic Symbol

SYSTEM OPERATING FREQUENCY

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

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

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

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

The time necessary to perform these operations before the next occurrence of
the clock pulse is the sum of the delays; 50 4 35 + 60, or 145 nsec. Allow-
ing 20 nsec for variations within the system, the resulting period is 165
nsec, corresponding to a 6 MHz clock rate. This timing is demonstrated in
Figure 22.
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Figure 22. Delays Determining System Operating Frequency

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

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

Modules in this section are organized into six functional categories:

GATES
M113 NAND Gates
M115 NAND Gates
M117 NAND Gates
M119 NAND Gates
M133 Two-Input NAND Gates
M135 Eight 3-Input NAND Gates
M137 NAND Gates
M139 Three 8-Input NAND Gates
M1131 - Open-Collector NAND Gates
M141 NAND/OR Gates
M1103 Two-Input AND Gates
M1307 Four-Input AND Gates
M121 AND/NOR Gates
M116 Six 4-Input NOR Gates
M112 NOR Gates
M1125 Exclusive-OR Gates
M111 Inverter
M611 Inverter
M165 Eight Buffers

FLIP-FLOPS AND REGISTERS

M205 General Purpose Flip-Flops

M206 General Purpose Flip-Flops

M207 General Purpose Flip-Flops

M246 Five D-Type Flip-Flops

M202 Triple J-K Flip-Flop

M203 Eight R/S Flip-Flops

M2001 Tri-State Flip-Flop

M204 General Purpose Buffer and Counter
M245 Dual 4-Bit Shift Register

M248 Dual 4-Bit Multipurpose Shift Register
M239 Four-Bit Counter/Register

M2500 MOS Memory

TIME RELATED

M3020 Integrating One Shot
M306 Integrating One Shot
M501 Schmitt Trigger
M310 Delay Line

M401 Variable Clock

‘M403 RC Multivibrator Clock
M404 Crystal Clock

M405 Crystal Clock

M602 Pulse Amplifier
M671 M-To-K Converter
M521 K-To-M Converter
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NUMERIC

M161 Binary to Octal/Decimal Decoder
M163 Binary to Decimal Decoder
M230 Binary to BCD and BCD to Binary Converter
M236 12-Bit Binary Up/Down Counter
‘M237 3-Digit BCD Up/Down Counter
M238 Dual 4-Bit Binary Synchronous Up/Down Counter
M159 Arithmetic/Logic Unit
M191 ALU Look-Ahead Logic
M155 4-Line to 16-Line Decoder
M1701 Data Selector
M1713 16-Line to 1-Line Data Selector
‘M168 12-Bit Magnitude Comparator
M162 Parity Circuit

LOGIC AMPLIFIERS
MO040 Solenoid Driver
MO50 Indicator Driver
MO060 Solenoid Driver
M617 4-Input Power NAND Gates
M627 NAND Power Amplifier
M660 Positive Level Cable Driver

MISCELLANEOUS
MO002 Logic HIGH Source
M594 EIA/CCITT Level Converter
M598 One-Channel Transmit/Receive Optic-Coupled Cur-
rent Isolator

M706 Teletype Receiver
M707 Teletype Transmitter
M906 Cable Terminator
M7389 Serial Line Transmitter/Receiver
M7390 Asynchronous Transceiver
M9970 H854 to Backplane Adapter
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M113, M115, M117, M119
NAND GATES

GATES

M SERIES

Length: Standard

Height: Single

Width:

Single
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MI19  8-INPUT NAND GATES

These modules provide gen'eral-purpose gating for the M Series, and are most
commonly used for decoding, comparison, and control. Each module per-
forms the NAND function (*B+C- ), depending upon the number of
inputs.

APPLICATIONS
o Logic gating

FUNCTIONS

M113—Ten two-input NAND gates that also may be used as inverters.
M115—Eight, three-input NAND gates.

M117—Six, four-input NAND gates.

M119—Three, eight-input NAND gates.

Unused inputs on any gate must be either connected to a used input-or re-
turned to a source of logic HIGH, for maximum noise immunity. In the M113,
M117, M119, M121, M617 and M627 modules, two pins are provided (Ul
and V1) as source of 43 volts for this purpose. Each pin can supply up to 40
unit loads. M103, M111 and MOO2 provide additional sources of logic HIGH
level.

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

M SERIES

Length: Standard
Height: Single
Width: Single

1 A c mu, N1
n B1 ‘ 0 M,

m D{ | . mLz

E]Et | mmz. |

(900
LYY

[
(Bl
H1
[ " [ s2
[ (%
[I] H2 m*@
K2 ve
m J2 m u2
Power
Volts mA (max.) Pins
+5 160 A
GND Cc2, T1

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

APPLICATIONS
The high-speed characteristic of these gates frequently will solve tight timing
problems in complex systems.

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

Unused inputs on any gate must be returned to a sbdrce of logic HIGH for
maximum speed and noise immunity.
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M135 GATES

8 3-INPUT NAND GATES

M_SERIES

Length: Standard
Height: Single
Width: Single

EAI D2
@ B ] v
E]El @ J2

fl K2 M2
[LA—— |
E Hl @ L2

$2

fisF——y :
.1.3 Rl | v @ u2 v

) Power
Volts mA (max.) Pins
+5 100 A2
GND C2, Tl

i
1171
SRl
REEE

The M135 module consists of eight high-speed, 3-input, positive logic NAND
gates. It is pin-compatible with the M115 module.

APPLICATIONS
e Logic gating

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

NOTE: All unused inputs must be returned to a source of logic HIGH for
maximum noise immunity.
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M137 ' GATES
SIX 4 INPUT NAND GATES

MV SERIES

- Length: Standard

Width: Single

Height: Single
[3AL @xz
o E1675) e P20
pe._| =@
@.'l,__ N2
(32— Ele—|
EEe—— () ) S\ f5)
i3 F2 i @Pl
@m - | (3} R]
@n 3 R2
" e
EL P [i0] 32 P ,
B B2 |

Power
Volts mA (max.) Pins
+5V 100 mA A2
GND Cc2, Tl

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

Maximum propagation delay to a logic High or Low is 10 gs.
NOTE: All unused inputs must be either tied to a used input or to a source
of logic High for maximum noise immunity.
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M139 GATES

3 8-INPUT NAND GATES
M SERIES

Length: Standard
Height: Singile
Width: Single

pi | p—oa

Ul
50
SOURCE .
| \Al E
Power
Volts mA (max.) Pins
+5 50 A2 -
GND c2, Tl

The M139 module consists of three high-speed, 8-input, positive logic NAND
gates. Pins U1 and V1 provide two separate logic HIGH sources (+3 V,) each
capable of holding up to 50 unused M Series inputs HIGH.

APPLICATIONS
e logic gating

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

NOTE: All unused inputs must be returned to a source of logic HIGH for
maximum noise immunity.
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M1131 GATES
2-INPUT OPEN COLLECTOR

NAND GATE M SERIES
Length: Standard
Height: Single
Width: Single
L
A o115 0= o—s-N11i5)
1
mBl E}M_’—
D1 [I]l2 -
m—.—‘ . Fl m ) y N2 m
M
M ()42.
2 Pl
(22— e F215) m’;’_ o—e—31110)
msz [
H P2
E]—D-—‘ - Kl W) le ’ -~ 52
mn 0’2
12
D H2 ) - (HZe— v
+3V
Vi @)
Power
V%Its ;riA (max.) xizns
-(*;-ND c2, 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 AND function. Each gate input
is a 1 unit load and each unparalleled output will drive up to 10 unit loads.

APPLICATIONS
Logic gating. Wired-OR multiplexing

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

GATES

M SERIES

Length: Standard
Height: Single
Width: Single

+5v-

YYYY

1.5K 1.5K
mNz EL' .
2 " ‘
[jN' ‘
m?‘

i
Ty

FTPYYY

s2
> [ +8v
- vz 1.5K
l }‘—"— m ’ T2 .
[t P2
r:z H2 fio)
)82 F2 5 -
Power
Volts mA (max.) Pins
+5 117 A2
GND Cc2, Tl

This module provides NAND/OR gates arranged in four groups consisting of
4, 4, 3, and 1 two-input NAND gates respectively. The outputs in each group

are connected together to

provide a wired OR for low levels. The tunction of

these gates can be shown as:
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AB+CD+EF

=S

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

APPLICATIONS .
¢ Logic Gating

FUNCTIONS

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

SPECIFICATIONS
Propagation Delay: 70 ns max.

Loading: The load resistor of each output presents 2 unit loads when con-
nected. to another output. For example, when four groups are connected
together, 3 groups present two unit loads each to the fourth group, totalling
6 unit loads. This leaves 1 unit load capability.
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M1103 GATES

TWO-INPUT AND GATES
M SERIES

Length: Standard
Height: Single
Width: Single

|

?;???

CH N1

3]
B

i

E}—Dg’; F2 St IE
52 ) >0 (MRt

m_ﬂ_"_ Kt m = s2
m Ji, 10 ERZI 10

4
i
%
v

U1 @
+3V .
|~V
Power
Volts mA (max.) Pins
+5 80,
GND Cc2, 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 4-3 volts for this purpose.

APPLICATIONS
e Positive AND or negative OR gating
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GATES

M1307

FOUR-INPUT AND GATES M SERIES
Length: Standard
Height: Single
Width:  Single
m&,_‘ [11°2s
(el fif ] e
M. F2
o [1}H2
LT_I.M ~ o G- "
L [
M [ e—
ey D=
[T}eh | D}T—a’_
hiLl [

+3v | V,@]
Power

Volts mA (max.) Pins
100 A2

+5
GND

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 (Ul and V1) as a source of +3 volts for this

purpose.

APPLICATIONS
¢ Positive AND or negative OR gating
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M121 GATES
AND/NOR GATE

M SERIES
Length: Standard
Height: Single
Width: Single
E] Al ! D2 ‘
E]m . ] [ - 0 €2, 2
o] [ F2 -
m ] m H2
[DE—
o H,
o K]
[ K1
o M1
o N1
[ Pt
‘ a R1
Power

Volts mA (max.) Pins

+5 50 A2

GND c2, T1

The M121 module contains six AND/NOR gates which perform the function
(A°BFC-D). By proper connection of signals to the AND inputs, the ex-
clusive OR, coincidence, and NOR functions can be performed.

APPLICATIONS
e Logic Gating

SPECIFICATIONS
Propagation Delay: TypicaHly 15 ns
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M116 GATES

6 4-INPUT NOR GATES
M SERIES

Length: Standard
Height: Single
Width: Single

ul
563:CE m
Vi (50]
. Power
Volts mA (max.) Pins
+5 30
GND Cc2, Tl

The M116 module consists of six high-speed, 4-input, positive logic NOR
gates. Pins Ul and V1 provide two separate logic HIGH sources (4-3V), each
capable of holding up to 50 unused M Series inputs HIGH.

APPLICATIONS
e Logic gating

SPECIFICATIONS
Maximum propagation delay to a logic HIGH or LOW is 10 ns.
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M112 GATES
NOR GATE

M SERIES

Length: Standard
Height: Single
Width: Single

At u
1] oS5 1] N
B1 M1 v 19)
[1] 1]
o1 L2
Fl N2
£l

D2 [al
n ' A F2 m S1
T2 R
H1l P2
[1] NI ’ s2
n Ji R2
H2 T2
K2 n A Ve ‘E
J2 n Uz
U1l
+3v
Al @
Power
Volts mA (max.) Pins
+5 50 A2
GND C2, T1

The M112 contains ten positive NOR gates, each performing the function
A+B. Pins Ul and V1 provide two separate logic HIGH sources (43V) each
capable.of holding up to 40 unused M Series inputs HIGH.

APPLICATIONS
e Logic gating
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M1125 GATES
EXCLUSIVE OR GATES

M SERIES

Length: Standard
Height: Single
Width: Single

Power
Volts mA (max.) Pins
é-SV 100 A2
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
function (A*B 4 A+B) according to the following truth table.

TRUTH TABLE

INPUTS OUTPUTS
L L L
L H H
H L H
H H L




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

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

SPECIFICATIONS
Typical propagation delay time of the M1125 is 12 ns.
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M111 GATES
INVERTER
M SERIES
Length: Standard
Height: Single
Width: Single
AL >. B fig - ’. L2gq
1 D2 N1 P
: T >0 ©
ot >. €1 65 M2 >. N2
mn > o ‘H1 i E]m " Sk
€2 > ‘ F2 1) 1]°2 ’ . R2 65)
o > - K1 o) v ’ - Ul fig
TiH2 > A 92 TS ’ " T2
! ’ . M1 r T2 > " v2 g5)
Power
Volts mA (max.) Pins
+5 87 A
GND c2, T1

Sixteen Inverters with input/output connections as shown.

APPLICATIONS
e Output Expansion
e Logical Inversion




M611 GATES

HIGH SPEED POWER INVERTER
M SERIES

Length: Standard
Height: Single
Width: Single

A ’ LN [l—_]xz N Y1 f5)
SO PR S
D | et
[7)E2 > F2 ) 0P ’ - R2 (0)
oo > K ) e
2« o 20 s
Power

Volts mA (max.) Pins

5 87 A2

ND c2, Tl

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

APPLICATIONS
e Qutput Expansion
® Logical Inversion
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M165 GATES

8 BUFFERS
: M SERIES

Length: Standard
Height: Single
Width: Single

Y

Power
mA (max.) Pins
+ 130 A2
GND C2, F2, )2, K2,
M2, N2, T1, T2

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 pull-up
resistor on each input allows open-collector outputs which can sink at least
10 mA, and have a total leakage not exceeding 1.3 mA, to drive the M165
modaule, 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 ns (max)
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M205 FLIP-FLOPS
GENERAL-PURPOSE FLIP-FLOPS

M SERIES

Length: Standard
Height: Single
Width: Single

[ 5 S . s [(Pe—To ° 1B [ o p uz.

@EZ CJR o K2 i5) e .CJR o sz- @m C_’R ° -"2@

mct b S El- mm 5 S | m. — .
v1@
@sa 4 o 1 . 7 9 c-’ ° N1 o]

Power
Volts rgrg\ (max.) Pins

+5
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
¢ Counters and Shift Registers
e 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 puise.

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 threshold voltage. Data transferred
into the flip-flop will be stable at the output within 50 ns, maximum. Typical
width requirement for the clock, dc reset and dc set pulses is 30 nsec each.
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M206

GENERAL-PURPOSE FLIP-FLOPS

FLIP-FLOPS

M SERIES

Length: Standard
Height: Single
Width: Single

mca b S 4 51. [ b S '
B .8 F1 H 4 M
P R of—=tig] [}»—ijc R o—="io
Y
a FACTORY
A R
! == CONNECTIONS
FF1 ¢ FF2

mEz b S ’_ﬁ@

Eloz, ) R O ' JZ@

[

?‘2 FF3 K2
o Pl

M2 S P2
S 1 —»—{10]

A CJR ° R2 [ @m

&
FFa
b S

N S .

4 o ut )

1

[

@sz P Vi ©

3 =3 UNIT LOADS PER FLIP-FLOP

Power

+
GND

Volts mA (max.) Pins
87 A2
c2, 11

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

APPLICATIONS
¢ 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.
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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, & 2 FF3, 4, & 5
4-2 FFO & 1 FF2, 3, 4,& 5 Al to FF1 K2 to FF1

5-1 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 Iog:c 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 conﬂguratlon results in 12 unit
loads at input K2 and 6 umt loads at input Al.

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

FLIP-FLOPS

M SERIES

Length: Standard
Height: Single
Width: Single

Fro FEY FF2
E}D—'v—u 1 ——g'—@] [y Lir— 1 —t) [y Lch— 1
B | EE—c v
e k o o A [ ‘o wes TR K o 0 2651

, 4
A [ P
A FACTORY
t..-—-— CONNECTIONS
FF1 FF2
& o
Xz 2
FF3 FFa FFS
Hel J 1 12—, 1 —210) l:f——-—TNZ J +—»2f0)
Ee—c EEe—e iy EFE—de v

| B

%*=2 UNIT LOADS PER FLIP-FLOP

Power

Volts mA (max.) Pins
+5 96 2
GND Cc2, Tl

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

APPLICATIONS
o Buffers
* Control Flip-Fiops
» Shift Registers
* 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.
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RESULT AT END OF

STARTING CONDITION STANDARD CLOCK PULSE
(OUTPUT) INPUT CONDITION (OUTPUT)
1 0 B K 1 (o}
L H- L L No change
L H No change
H L H L
H H H L
H L L L No change
L H
H L No change
H H

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

CON- CLEAR 1 (A1) CLEAR 2 (K2) DELETE JUMPER ADD JUMPER
FIGURATION )
33 FFO, 1, & 2 FF3, 4, & 5
4-2 FFO- & 1 FF2, 3, 4, &5 Al to FF1 K2 to FF1
5-1 FFO FF1, 2, 3, 4, & 5 Al to FF2 K2 to FF2
i 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
gqing voltage).

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

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

FLIP-FLOPS

P-FLOPS

M SERIES

Length: Standard
Height: Single
Width: Single

3 A ol D7)

@PI DS1 P’Z@

@R'_._c o_._‘ﬁg_g]

1
B p S

L1 K2
B 5 %@

[Eda 0 B \ EZ@

@&._Jc o__,i{@

D s [——Y fi2)

@VZ ¢ o S1 @

Volts

S2

Power
mA (max.) Pins

C2,M1, T1
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The M246 module contains five high-speed, general-purpose, D-type flip-

flops. Each flip-flop has its SET(S), RESET(R), CLOCK(C), DATA(D), and out-
puts brought out to separate pins.

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

SPECIFICATIONS
Clock Freq = 35 MHz (max)
CLOCK Pulse =15 ns (min)
SET Pulse = 25 ns (min)
RESET Pulse = 25 s (min)

DATA Set-up Time = 15 ns (min)
Propagation Delay Time

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

TRUTH TABLE (Each Flip-Flop)

ta 41
INPUT OUTPUT | OUTPUT
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 43V logic High source at pin V1
which can be used to tie up to 50 M Series inputs High.



M202 FLIP-FLbPS
TRIPLE J-K FLIP-FLOP -

M SERIES
Length: Standard
Height: Single
Width: Single
D2 K2
E]EZ ‘ E]Lz
mﬁ’—_ﬂ \ B 265 _m;‘”—:’»——a N s, P2 ()
L ——»———9 m—/ cry @-M-‘——P———-C E]—"'/Cﬂ
[TjeLs e
E}C—'>——- K ] g o2 [(le—o X r Ot
F N1
2
* R2
[D%-— ) ) s, vz )
B o ﬁcc v
e K a O]
o | S
Power |
Volts mA (max.) Pins
+5 57 2
GND c2, T1

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

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

FUNCTIONS

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

PRECAUTION
Set and clear lines should be tied to ‘1" level when not used.
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M203 FLIP-FLOPS
8 R/S FLIP-FLOPS

M SERIES

Length: Standard
Height: Single
Width: Single
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Power
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+5 55 A2
GND c2, Tl

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

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

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

SPECIFICATIONS
The propagation delay of the M203 is approximately 30 ns.
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M2001

DUAL 4-BIT TRI-STATE REGISTERS

FLIP-FLOPS

M SERIES

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

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

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

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

FUNCTION 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 Lto H 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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M204 FLIP-FLOPS
‘GENERAL-PURPOSE BUFFER
AND COUNTER M SERIES

Length: Standard
Height: Single
Width: Single
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The M204 contains four J-K type flip-flops, augmented by muitiple-input
AND gates. The gating scheme permits the formationof counters of most
moduli up to 16, by simple connector wiring. Clock, present, and input lines
for each flip-flop are independent. A common CLEAR input is provided.

APPLICATIONS )
¢ For general use as gated control flip-flops or buffers
e Counters
e Shift Registers

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

Logical operation of the J-K flip-flops used in this module is identical to the
M207 (described in detail) except for the addition of preset inputs to the
M204.

65



FLIP-FLOPS

M SERIES

M245
DUAL 4-BIT
SHIFT REGISTER

Length: Standard

Height: Single
width: Single
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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 modes are chosen by inputs
at the SHIFT and LOAD lines as shown in the Truth Table.

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

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

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

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

SPECIFICATIONS
Transfer Rate' = 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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M248
DUAL 4-BIT

- MULTIPURPOSE SHIFT REGISTER

FLIP-FLOPS

M SERIES

Length: Standard
Height: Single
Width: Single
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The M248 module consists of two 4-bit Shift registers—multipurpose in the
fact that they are capable of either serial or paraliel entry, shifting right, or
with simple external connections, shifting left.

When a logic LOW is applied to the MODOE,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 paralle!l 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 Output = 40 ns (max)
Set-up Time:

SERIAL Input A, B, C, D = 20 ns (min)
MODE CONTROL‘with respect to CLOCKS = 25 ns (min)

69



M239

THREE 4-BIT COUNTER/REGISTER

Length: Standard
Height: Single

Width:

FLIP-FLOPS

M SERIES
Single
oara A[H 1 @ 133
couny M t1) ::D_‘ !
f@ a2 st g
CcLEAR MF )
CLEar
cLock 1 EQO-B»—-—J—
1001 ]
DATA B EP‘—-——I_ - ]
PRESET 9) M2
Yo Qs
Liie)_icrox2) .
CLEAR
oa < T2 3) —
™ ;c_ 12) 2 Glac
1
oata o[ [4] (141}
oaTA A[TJY!
WO B
aocx 1 [0 o L—=—E2(Glos
pata 8[TJ8! (SAME AS E5) V2 fjac
Licrocka)
oata c[(e— 22 figleo
(Y] [ . ———
oana a[[JAle
B Lo Hos
(T o S
H2 € &
ok . (SAME AS £5) {@ac
oara 81 " 5
" clock %
oata c[(Ple——
oata o[} e ——
Power .
Volts mA Pins
5 70.0 A2
ND Cc2, Tl



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 entéred 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 Q. output of each latch within a 4-stage element is connected to the
toggle (T) input of the following latch. This allows the module to be used
as a high-speed counter or serial-to-BCD converter.

The counters will accept frequencies of 0-50 MHz at the CLOCK 1 input, and
the transfer of information to the outputs occurs at the positive-going edge
of this clock pulse.

One CLEAR input is common to the eight latches in elements 1 and 2, and
one CLEAR input is common to the four latches in the third element. When
the CLEAR signal becomes a High logic level, all associated latch outputs
will become Low regardlgss of the CLOCK 1 input level.

APPLICATIONS .

Provides 12-bit data storage or a serial counter with 12-BCD outputs. All
inputs and outputs are TTL or DTL compatible.

FUNCTION

When operated as a serial counter, the Qo output of a 4-latch element must
be connected to the CLOCK 1 input of the following 4-latch element. The
separate CLEAR inputs may also be externally connected to reset all latch
outputs using one CLEAR input signal (High transition). Output Qs 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 Voitage (max.): 5.0 Volts = 59,

Clock Frequency: 0-50 MHz

FUNCTION TABLE

cLOCK OUTPUTS .
PULSE| Qo | Qc | Qs | 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 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 count continues in sequence when Qo output is connected to
the clock 1 input of next 4-latch element.
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M2500 FLIP-FLOPS

DUAL 64 WORD X 4 BIT FIRST-IN
FIRST-OUT SERIAL MEMORY M SERIES

Length: Standard
Height: Single
Width: Single
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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 memory register by initiating a High
SHIFT IN puise when the INPUT READY signal from the memory is High.
With no data word previously stored in the first location of memory, the
INPUT READY signal will be High. As the word enters the first memory loca-
tion, the INPUT READY signal becomes Low and remains Low until the SHIFT
- IN pulse is brought Low. The Low transition of the SHIFT IN pulse transfers
the first 4-bit word into the second memory location, and the INPUT READY
signal again becomes High. The internal control logic then sequences the
word to the first-out or 64th memory location which causes the OUTPUT
READY signal to become High. This indicates that the first word entered is
available to be read at the output. The second 4-bit word can then be entered
into memory and is automatically stacked at 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 iocations are empty, OUTPUT READY will remain Low.
When all the memory locations are full, the INPUT READY signal is held Low
until a word is read, resulting in a vacant location.

APPLICATIONS

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

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

INPUT TIMING
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OUTPUT TIMING
‘ oo
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SHIFT g f QESSSSSES& 7|Z L
ouT ov
--I F-'DA —4 I-IDHB) __.{

DA
Y
tw* (Input Ready HIGH Time) ~ 300 ns (typ.)
tu- (Input Ready LOW Time) : 300 ns (typ.)
tovt (Control Overlap HIGH Time) 100 ns (min.)
tost (Data Input Stable Time) 400 ns (min.)
too (Data Input Delay Time) 25 ns (min.)
tox* (Output Ready HIGH Time) 300 ns (typ.)
tor~ (Output Ready LOW Time) 450 ns (typ.)
tow~ (Data Hold Time) 75 ns (min.)

NOTES: .

tr* is referenced to the positive going edge of IR or SI, whichever occurs
later.

ti— is referenced to the negative going edge of IR or Si, whichever o¢curs
later.

too is referenced to the posrtwe going edge of IR or S|, whichever occurs
later.

tovt is referenced to the positive going edge of IR or Si, whichever occurs
later. Control signals include Input Ready, Shift In, Output Ready, and
Shift Out.

Data must be stable for tso: or tix*, whichever is shorter.

Input data must remain stable during timing window tso.. Both SI and IR
must be HIGH for tovt.

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

tor- is referenced to the negative going edge of OR or SO, whichever
occurs later.

tow is referenced to the negative going edge of OR or SO, whichever
occurs later.

tovt is referenced to the positive going edge of IR or SiI, whichever

occurs later.
A

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—Qs3

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. ’

Clears all memory locations.

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

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

empty.

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

M SERIES
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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 puise and triggers the multivibrator. The Schmitt Trigger
circuit provides a hysteresis current which prevents the multivibrator from
being triggered erroneously by noise 'signals at the input.

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

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

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

APPLICATIONS
e Time delays
e Variable width pulses

FUNCTIONS

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

Capacitor Interconnections
Value Required

Delay Range (Internal) Delay 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 H1 — L2 S1 —S2
50 us — 750 us .033 uF J1—1L12 Ul -—S82
500 us —7.5 ms .33 uF El —L2 P1 —S2

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

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

low leakage as leakage will affect the time delay.

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

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

1. Without external capacitance: 30 ns min.

2. With external capacitance: 300 C ns min. where C is in nanofarads
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. TIME
M306 1 RELATED

INTEGRATING ONE SHOT

M SERIES

Length: Standard
Height: Single
Width: Single
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EXT. TIMING
RESISTOR . EXT TIMING
Power
Volts mA (max.) Pins
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GND c2, T1

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

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

INPUT APPLIED
TO PIN HZ OR JZMI.SV

|
|
l
|
5

OUTPUT AT
PIN T2 VAL

.
lg

\I SV
o )

— t »{
[ |

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 (R4 8009) (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 width of the input pulse is in-
dependent of the integration time.

Timing Capacitors: Coarse adjustment of the integration period is accom-
plished by customer-supplied capacitors which may be attached to module
pins L2 and M2. When using polarized capacitors, the positive terminal
should be connected to pin L2. Two split lugs are provided on the module
for those customers who would like to permanently install the capacitor on
the module itself. The minimum equivalent parallel resistance of capacitor
leakage should always exceed 250K ohms.

Timing Resistance: Fine adjustment of the timing period may be accom-
plished by a 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 internally provided potentiometer, should 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 leakage (40 sec is a typical maximum).

Stability: The inherent temperature stability of the M306 is normally —.069%,
per degree C, exclusive of the temperature coefficient of the timing ca-
pacitor.



TIME
M501 RELATED

SCHMITT TRIGGER

M SERIES
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Height: Single
Width: Single
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The M501 is a Schmitt Trigger with variable thresholds and complementary
positive logic outputs.

APPLICATIONS
e Switch Filter
e Pulse Shaper
o Threshold Detector

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

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

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

Pin E2 is the complement of F2.

‘Miscellaneous Input Functions: AND and OR expansion may be performed
on P2 and N2. Modules ROO1 and RO12 provide the diodes required. An
integrator is provided on' the input, allowing switches to be connected to
the Schmitt Trigger with contact bounce effects eliminated. Two switch time
constants are provided. Inputs to pin S2 result in a 7 ms time constant to
pin U2 3.5 ms.
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AND,OR EXPANSION +

F2
M501

Oscillator Connection:” Connecting a resistor from output pin F to input pin R
with pin T tied to pin R forms an oscillator.

+5v

3000
MAX, # R2 P2 y2

M501 F2

|||»—)

SPECIFICATIONS

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

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

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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TIME
M310 RELATED
DELAY LINE _
M SERIES

Length: Standard
Height: Single
Width: Single

STANDARD STANDARD
EE! f7 PULSE F|@ EH! dy P Jl@
GEN. GEN.

#*=SEE TEXT
, R Power
Voits mA (max.) Pins
é—S 89
ND Cc2, Tl

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 intervals.

APPLICATIONS
e Timing pulse trains
* Pulse spacing

FUNCTIONS

The time delay is increased when the amplifier is connected to the delay
line taps in ascending order as follows: J2, K2, L2, M2, N2, P2, R2, S2,
T2, U2, and V2. The tap J2 yields the minimum delay and the tap V2 yields
the maximum delay,

Loads J2-V2 desi"gned 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 puise amplifier is a positive puise whose
duration is typically 50 to 200 nanoseconds. These ampiifiers are not in-
tended to be driven by TTL IC logic.
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TIME
M401 RELATED

VARIABLE CLOCK

M SERIES
Length: Standard
Height: Single
Width: Single
K2 VARIABLE CLOCK : E2 15

sz " o =
: VOLTAGE

T“F*EW

SEE TABLES
Power
Volts mA (max.) Pins
+5 80* A2
GND c2, Tl

* using printed circuit board revision E or later

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

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

A 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 signals in a
digital system.

FUNCTIONS

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

Frequency Range:

Frequency Range Interconnections Required
1.5 MHz to 10 MHz (100 pf) NONE
175 KHz to 1.75 MHz (1000 pf) N2 —R2
17.5 KHz to 175 KHz = (.01 ufd) N2 — 82
1.75 KHz to 17.5 KHz = (0.1 nfd) N2 —T2
175 Hz to 1.75 KHz (1.0 putfd) N2 — P2
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Fine Frequency Adjustment: Controlled by an internal potentiometer. No pro-
vision is made for any external connections. An external capacitor may be
added by connection between pins N2 and C2.

Voltage Control of Frequency: The M401 may also be voltage controlled
by applying a control voltage to pin M. This feature is available only in
M401 modules using printed circuit board revision E or later. The voltage
applied to pin M should be limited to the range of O voits 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 wF. If the voltage applied to pin M is dc or low frequency
(below 1 kHz), pin M will appear approximately as a 41.0 volt source with
a Thevenin resistance of 800 ohms. Modulating the M401 with a 10 voit
P-P signal about a center frequency, as derived by the application of a mean
voltage of 45 volts to pin M, will yield a typical frequency excursion in ex-
cess of plus or minus 15% 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 10.49 104.6 1036

+2 1.101 10.94 109.2 1071

+3 1.147 11.39 113.6 1108

+4 1.193 11.83 118.0 1142

+5 1.238 12.26 122.2 1181

+6 1.282 12.69 126.4 1271

+7 1.325 13.10 1304 - 1295

48 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 nanosecoffts. The
output pulse width is 50 nanoseconds.

&m? ;(“, = L{,YOO
. b9

--x b 2‘/8
1L\
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TIME
M403 RELATED

RC MULTIVIBRATOR CLOCK

M SERIES

Length: Standard
Height: Single
Width: Single

il

(PULSE mum) ___,__FE_E]
e . OU
m——-»——fEmBLE FREQ.

ExT CAP INTLCAP P 42 fio]
CAP ) A 8 C
SPLIT
N2
Power
Volts mA (max.) Pins
+5 70 A2
GND C2, Tl

The M403 is an RC Multivibrator Clock which produces standard 10-micro-
second timing pulses at repetition rates adjustable from 1 kHz to 50 kHz
in three ranges. Internal capacitors, selected by jumper pin connections, pro-
vide coarse frequency control, while an internal potentiometer provides con-
tinuously variable adjustment within each range.

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

FUNCTIONS

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

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

FREQUENCY RANGE INTERCONNECTION REQUIRED
1 kHz to 5 kHz N2 — S2

5 kHz to 20 kHz M2 — S2
20 kHz to 50 kHz 12— S2



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

—ous}— ,
T r——l.- T2—f

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 following
exception:

C = 4.7 picofarads 4 capacitance added

SPECIFICATIONS
Rise Time: 25 ns (max.)
Fall Time: 25 ns (max.)
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. TIME
M404 RELATED

CRYSTAL CLOCK

M SERIES

Length: Standard
Height: Single
Width: Single

2 >—Y2.05] 2mHz
cLear (1 Pe— ____l

RESET > 52 {10] 1mHz
> 12 (i6)500KHz

+>—R2 fio]2s0kHz

2
DIVIDER - 10]125 KHz
CIRCUIT o]
. M2
2MH: 10]100KHz
cLock > N2 [i5)50kH:z
»—12 fi0]25KH:
+— K2 fioh2. 5kH
»>—D2 1o 10KkH:
. - 82 @ 5KHz
Power
Volts mA (max.) Pins
15 535 A2
GND c2,T1

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

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

SPECIFICATIONS
Accuracy: Maximum error from specified output frequency is 0.019%, between

0 degrees C and 455 degrees C.



TIME
M405 RELATED

CRYSTAL CLOCK

M SERIES

Length: Standard
Height: Single
Width: Single

D2 .
CLOCK
, E2f5
[KZ rz
c
e |
Power

Volts mA (max.) Pins
+5 50 2
GND c2, Tl

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

APPLICATIONS s
¢ 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 specified value between O degrees C and 4-55
degrees C.

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

PULSE AMPLIFIER

M SERIES

Length: Standard
Height: Single
Width: Single

H2
PA .
J2 4 PULSE AMPL F2
wTLcap % P &
K2
[EZ Ioz
p2.
2 PA2
N2 > |} PULSE AMPL L2
e INTL CAP % &
laz [sz

INTERNAL CAPACITORS*

*=JUMPER E2-D2 OR R2-S2 FOR 110Ons
PULSE WIDTH, STANDARD PULSE

WIOTH IS 50ns.

Power
Volts mA (max.) Pins
-+5 213 2
GND C2, T1

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

FUNCTIONS

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

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

Recovery Time: Equal to that of the output puise width. The input must have
a fall time (10% to 90% points) of less than 400 ns and must remain
below 0.8 volts for at least 30 ns. Maximum PRF is 10 MHz.



Length:
Height:
Width:

TIME
’ M671 RELATED
M TO. K CONVERTER
M SERIES
Standard.
Single
Single
.r'"le“‘.
SPLIT
. ? LUGS %
F2 D2
g:::clw 2]
€2 LD DELAY 82 s
46~
SPLIT
? LUGS %
E]’L2 q an
L D DELAY
T2 ENaBL b——2{i3)
e
SPLIT
? LUGS ?
R2 '_‘ ~ N2 )
P2 DELAY M2
: ::jENABLE/ p——»——{i5]
r--4€--
L SPLIT 4 -
$ Luss $
m£—>——01 \ DELAY
T2 ENABL;/ o—»-ﬁ@
Power
Volts mA (max.) Pins
+5 112 A2
GND 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:

3
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IR
e [
¢3V-—-¢|__) ——J

.

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
Output drive: Each output is capable of driving a 15 mA load.
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TIME
M521 RELATED

K TO M CONVERTER

M SERIES

Length: Singie
Height: Single
Width: Single

E'LEZ - K M Fz-

] —L265]

EKZ - K M JZ'O
E}LZ_,;_ K M o \

p——"(i)

E_}lz—ﬁ K M c

|

Power
Volts mA (max.) Pins
56 A2

+
GND c2

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

APPLICATIONS
* Rise Time Conversion — K to M Series

FUNCTIONS

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

SPECIFICATIONS
Each input represents three K Series unit'loads.
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M161 NUMERIC
BINARY TO OCTAL/DECIMAL DECODER
M SERIES
Length: Standard
Height: Single
Width: Single
———{io0]

[)%2 ‘
@L’_ I ENABLE

[:JTZ

mUi

ve

2
m-;’—f——>——2
(2

BCD TO
DECIMAL
DECODER

DECODED
OUTPUT

22 | copE
s [INPUTS

20

<

Volts
+5
GND

The M161 is a functional decoding module which can be used as a binary-to-
octal or binary-coded decimal (8421 or 2421 codes) to decimal decoder. In
the binary-to-octal configuration, up to eight M161’s can be linked together to
provide decoding of up to six bits. Three ENABLE inputs are provided for
selective enabling of modules in decoders of more than one digit. In the octal
mode, the bit 2* input is connected to ground, which automatically inhibits
the 8 and 9 outputs. Connections for a 5-bit binary/octal decoder (4 mod-
ules) are shown below. The figure assumes that the inputs to the decoder

Power

mA (max.) Pins
120 A2
C2, T1
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are the outputs of flip-flops such as FF2° (1), 1 output side; and FF2° (0), O
output side.

The 2* input may be of decimal value 2, 4, 6, 8 as long as illegal combinations
are inhibited before connections to the inputs, and the 4-2-1 part of the code
is in binary. )

The propagation delay through the decoder is typically 55 nsec in the binary-
to-octal mode, and 75 nsec in the BCD-to-decimal mode. The maximum delay
in the BCD-to-decimal mode is 120 nsec, frequency-limiting this module to
8HMz when used in this fashion. The enable inputs can be used to strobe
output data providing inputs 2° — 2* have settled at least 50 nsec prior to
the input pulse.

30g

— 37g

GND --—{

FF20(1) -—{

FF22(1) —
FF2l(1) ——

|— 20g
FF2%01)
FF23(1

—— 27

GND —
FF22(1) —

FE20(1 ——‘

Fr2itn —

‘08
FF24(1)
FF23(0)

— i7g

5-BIT BINARY/OCTAL DECODER
{OUTPUTS ARE REPRESENTED IN

OCTAL 37gs 319)
5-BIT BINARY/OCTAL DECODER

GNO ——
Fr22(1) —

Fr2'ity —
FF20(1)

Og
Fr2%()
Fr23m

_

oND ——
FF22(1) —
Fr24n
FF201)

. ENABLE DECODING
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; M163 NUMERIC
DUAL BINARY-TO-DECIMAL
DECODER M SERIES
Length: Standard
Width: Single
Height: Single
al%am " FL5)0
)
201 e———ag b——»-111i6)2
- M 3‘
A0~ h b N
b Pl .’7‘
5
o » Sl .5
BII%IOARY 12 a
el N— ¥
2 517
20[122e——ag A M2y
I 3
2, p—=-F2{10)3
A0 e, b—=R2(5]5
' b——»-52{i0]7
b—12[5]5
b 2 .6
Power
Volts mA (max.) Pins
5V 44 A2
ND c2,T1
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The M163 Module consists of two binary-to-decimal decoder circuits, each
of which accepts four inputs and provides 10 mutually exclusive outputs.
The most significant 2% input can be used as an inhibit function to allow
the circuits to be used as a binary-to-octal decoder.

APPLICATIONS
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 inputs.
Refer to the truth table for input/output level sequences.

TRUTH TABLE (EACH SECTION)

Ab A, A A, 0 1T 2 3 4 5 & 7 8 9
L L L L L HHHHHHMHMHH
H L L L H L HHHHHHUHMH
L H L L H HLHHHHMHHMH
H H L L H HHL HHHHMHH
L L H L H HHUL L HHHMHMH
H L H L H HHHHL HHHMH
L H H L H HHHHUHIL HHH
H H H L H HHHMHHMHILMHMH
L L L H H HHHMHHMHMHIL H
H L L H H HHHHHHMHMHL
L HL H H HHHHHHHMHH
H H L H H HHHHHHHHH
L L H H H HHHHHMHHHH
H L H H H HHHHHHHHH
L H H H HHHMHMHHHMHMHH
H.H H H HHHHHUHMHHMHMH
H = HIGH Voltage Level

L = LOW Voitage Level .
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M230

BINARY TO BCD AND BCD TO
BINARY CONVERTER

NUMERIC

M SERIES

Length: Standard
Height: Double

Width:

Single

AH

LOA

LS|

O/ CONVERSION CIN CIN  EXT
[CONVERT CONTROL (BIN) (BCD) IN
DIGII
IMSB

: DO NOT PLUG INTO A

8811 OR ANY QTHER B&CKH.A?E
gIZHICHmAPPLIES POWER TO

B8cD

BCD=-»BINARY

JLsB

INPUT

c OUT
OOMFLETE (BIN)

8CD
INPUT OUTPUT

BINARY BINARY
OUTPUT

CLOCK
CONT.

DIGIT

mse(”

|
a[
|
|

LSB L

EXT Ls
ouT

Pk ok

Power
Volts mA (max.)
860

END
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Pins
A2
C2, T1

*CAUTION

Pins AB2 and BB2 bpth
carry logic signals, not
power; therefore do not
plug the M230 into a BB11
system unit since the cor-
responding BB11 pins both
carry=15V.



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

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

The M230 is fully cascadable. When using more than one M230 the Cour
BIN. must be connected to the Cin BIN. and the Cour BCD must be connected
to the Cin BCD of the next higher significant unit. Cin BIN. and Cn 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 AAl reads the input data when connected to a logic
“1” level and starts the conversion when this input is returned to a logic
“0” level. When cascading M230's, connect all LOAD/CONVERT inputs in
parallel.

CONVERSION COMPLETE on pin BT2 goes High when the conversion process
is finished. -

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

EXTERNAL FIX M113 MODULE

___________________ -
! Av2 EXT. OUT oo

: 1872
! |
AA | i
CONVERT | I
| | |
. [ |
- e ____ J

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

CLOCK CONTROL on pin AT2 of the least significant M230 should be enabled
by connecting it to a logic ‘‘1'" source. All others should be connected to
ground.
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The following is an ordered summary for operating a single M230:

1.

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

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.

Cw BIN., Cn BCD, EXT. IN, and CLOCK CONTROL inputs should be tied
to a source of logic “1”’. The outputs Cour BIN., Coyr BCD, and EXT. OUT
should be left unconnected.

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.

When converting Binary to BCD read the BCD OUTPUT for the BCD
equivalent. For converting BCD to Binary read the BINARY OUTPUT for
the Binary equivaient. The CONVERSION COMPLETE OUTPUT becomes
a logic “1' when the conversion is through.
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M236 NUMERIC
12-BIT BINARY UP/DOWN COUNTER

M SERIES
Length: Standard
Height: Single
Width: Single
m?'?‘ ?‘? '?'Fr]'?‘?
INPUTS
12-BIT BINARY COUNTER X ———’1@
OUTPUTS
MSB
Power
Volts mA (max.) Pins
+5 330
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 pulse
width or time between pulses. The maximum count frequency is 10 MHz.

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

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

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

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

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

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

Cascading: When cascading M236’s, the CARRY OUT should be connected

to the COUNT IN of the next more significant unit. Aiso, the respective
LOAD DATA, UP/DOWN, and ENABLE signals must be paralleled.
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M237 : NUMERIC

3-DIGIT BCD UP/DOWN COUNTER |.

M SERIES
Length: Standard
Height: Single
Width: Single
c LoRD"
B
ve WP L Soets | etz Rt
Ere>——-«q (wLso) (MSD)
81 E:A"BLE 3-0IGIT BCO COUNTER ok ——2{0)
" oo s DIGIT 2 DOT 1 cammy
" o LS0) (MsD)  SARRYL ., U2fi5)
LSB

Power
Volts mA (max.) Pins
+5 330

A2
GND c2, T

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:
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1. To enable counting, the ENABLE line must remain HIGH from 70 ns
before to 30 ns after the positive transition of the COUNT IN signal.

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

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

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

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

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

Cascading: When cascading M237’s, the CARRY OUT should be connected
to the COUNT IN of the next more significant unit. Also, the respective
LOAD DATA, UP/DOWN, and ENABLE signals must be paralleled.
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M23

8

" DUAL 4-BIT BINARY
SYNCHRONOUS UP/DOWN COUNTER

NUMERIC

M SERIES

Length: Standard
Width: Single
Width: Single

L ()
CARRY _ BORROW
I L
D £2 c op £2 .
BINARY
DL»___ g COWNTER  qoc
n 0
[}F——aiss QB ——"—‘.
1
[ diom oA
O Jciear
COUNT COUNT
uP DOWN
NI . Pl
()
CARRY  BORROW
M2
m M8
w BINARY ”2
5\ V1
LF——as @8 ——e—10]
m—m—h——q LOAD QA
BL-——‘CLEAR
coum coum
Power
Volts mA (max.) Pins
+5 180
GND cz,T1
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The M238 module consists of two identical 4-bit binary counters. Synchro-
nous operation is provided by having all flip-flops clocked simultaneously
so that the outputs change coincidentally with each other.

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

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

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

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

CARRY L = (QAH, 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 setup — —_ 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.
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M159

ARITHMETIC/LOGIC UNIT

NUMERIC

"M SERIES

Length: Standard
Height: Single
Width: Single

@ St
GE——
E
i
e
E M1 )

O
E Ri >
F2——qd
m S2 q

ARITHMETIC / LOGIC
UNIT
M159
AD 1
INPUT P2
Fi .
A2 OUTPUT N2
F2 ——"i0]
A3 J J2
F3
80 )
81
INPUT H2
82 B COMPARE——»——<[x]
B3 J
CARRY ._._ﬁ.
$0 1 outP 0]
St ION .
GATE
s3 )
K2
CARRY IN Ggm
MODE
L=ARITH
H=LOGIC
%=OPEN R-

COLLECTO
DRIVES 10 UNIT LOADS LOW

Power
Volts mA (max.) Pins
5 150 A2
GND c2, T1

The M159 can perform 16 word-oriented arithmetic operations and 16 bit

oriented logic functions. Arithmetic operations are performed on two 4-bit
input words and an input carry to produce one 4-bit output word and a carry
out. In the logic mode the M159 looks like four 2-input functional gates.
Where N indicates one out of four, the output Fv depends only on the inputs

An, By, and the logic function code selected.
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The M159 is fully cascadable. The CARRY OUT of the less significant M159
should be connected directly to the CARRY IN of the next more significant
M159. The CARRY PROPAGATE and CARRY GENERATE output should be used
with a carry look-ahead module or left unconnected.

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

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

A and B |COMPARE | CARRY
Data Inputs| Output ouT
A>B - 0 0
A=B | 1 1
A<B o] 1

The maximum propagation delay from the “Ayx’+or “By’ bit input to the
output bit “F\" 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 Fv is comple- Complemented
mented when the Function Function
EE— Selection Code is comple- -
SELECTION CODE mented SELECTION CODE
S3 S2 S1 SO|Bit Fv Equals Bit Fv Equals[S3 S2 S1 SO
0 o 0 o Ay An 1 1 1 1
0 0 0 1 Ax AND Bw AVORBy |1 1 1 0
0 o 1 0 | AvAND By AVORB: |1 1 0 1
0 0 1 1 (o] 1 1 1 0 (o}
0 1 0 0 Ax OR By AvAND By |1 (o] 1 1
0 1 0 1 B. B 1 ) 1 0
(Ax AND Bv) || (Av AND B.)
0 1 1 0O|_ OR _ OR 1 0 0 1
(Ax AND Bn) (Ax AND By)
(4] 1 1 1 Ax AND By AvORBy |1 0 0 4]
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Table of Arithmetic Mode Operations
(MODE Input = 0)

Function Word F Equals
SELECTION CODE CARRYIN =1 CARRYIN =0
S3 S2- S1 SO
0 0 0 0 WORD A WORD A plus 1
0 0 0 1 AORB AORBplus1
0 0 1 0|l AORB AORBplus 1
0 0 1 1 Minus 1 (2's ZERO
| Comp.)
0 [ 1 ) 0 || A plus (A AND B) A plus (A AND B)
plus 1
0 1 0 1 (A OR B) plus (A (A OR B) plus (A
AND B) AND B) plus 1
0 1 1 0 || A Minus B Minus 1 A Minus B
0 1 1 1 || (A AND B) minus 1 AANDB
1 ) 0 0 (| A plus (A AND B) A plus (A AND B)
plus 1
1 0 0 1 A plus B A plus B plus 1
1 0 0 || (AORB) plus (A (A OR B) plus (A
AND B) AND B) plus 1
1 o] 1 1 (A AND B) minus 1 AANDB
1 1 0 0 || ATimes 2 A Times 2 plus 1
1 1 0 (A OR B) plus A (A OR B) plus A
plus 1
1 1 1 0 || (AORB) plusA - (A.ORB) plus A
plus 1
1 1 1 1 A minus 1 A
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M191 NUMERIC

ALU LOOK-AHEAD LOGIC

M SERIES
Length: Standard
Height: Single
Width: Single
B - dro .
u N+ Xp———
o) B ————o -
=] D1 CARRY
INPUTS | [a )t ———(r2 ACOK eN+vb——————LLi0] 2 5tpurs
H2 10GIC
(BFE——1—rs Nzt P2 (5]
FEL._—Q Go
3
cangy | [F— qe! Ny F2 1 CARRY
GENERATE( 9] sRopPoGATE
NPUTS | [P a2
E2 == CARRY
\@%.——-QGJ 6p— 10 Generare
CARRY m[z}."——— CN
@L._ dro
Vi N
- e =
s
neUTS | [{F——+————dp2 Joox N+ Yp————T]—11G5] 3 SARRY
E] R2
E— [ LOGIC enezb 112 .
E}l’z__.__.q GO
ul
carry | f———1——dot
GENERATE PO— ?2 {iq ISRAOR:XGAI‘E
INPUTS E}R'_._.__q G2
N2 (— CARRY
| LS S, [ Gp 10] GENERATE
carry N[}t — e
M191 ALU LOOK-AHEAD LOGIC

Power
Volts mA (max.) Pins
5 130 A
GND C2, Tl
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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 ALU CARRY OUTPUT, this time in-
crease is only 7 ns per additional ALU. These advanced look-ahead CARRY
OUTPUTS are determined by the states of the CARRY GENERATE, CARRY
PROPAGATE and CARRY IN inputs.

APPLICATIONS

Figures 1 and 2 illustréte use of the module for up to 16-bit a.nd 32-bit
applications respectively.

M159 #1 MI5? #2 - MI59#3 MISo#4

L4 V2 m191

Figure 1. 16-Bit Application of M191 with M159.

NOTES:

1. Propagation Delay Time = 50 ns + 7 ns + 7 ns + 7 ns = 71 ns

2, CN44 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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clI

MISO #1 MIS9 #2 MI59 #3 MI59 #4 MISO#7 MISo#8
12 T2 T N
N 2 2 T 12 o~ 124N
G _P G

k2 [F2 K2
M) Rl [S1  |m2 $2 |R2

GO PO CNeX Gl Pl CNsY G2 P2 CNe+Z G3 P3

A4 ) 12 M9 —Neq 172 MWl

G P G P

NC NC rI: NTC

Figure 2. 32-Bit Application of M191 with M159.

NOTES:

1. Propagation Delay Time = 50ns +7ns +7ns +7ns+19ns + 7ns +7ns + 7 ns = 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.



NUMERIC

M155
4-LINE TO 16-LINE DECODER
M SERIES
Length: Standard
Height: Single
Width: -Single
0 D——»—ﬂ-@
b s1 .
2 Rl @
mf‘_;____ 20 3
EH‘ 21 4 D__’_N—-{E
T 2 s p——"1]
mkl 24 [ D——&—T—2@
i
sp—— o)
K P2 o)
10
n
Ejlz ﬁ 2
w STROBE 3
—q b2 (5]
s
i Power
Volts mA (max.) Pins
+5 55 A2
GND c2, T1

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

SPECIFICATIONS
Propagation Delay

From: _ To: ‘
Data Inputs ] HIGH or LOW Output = 36 ns (max)
Either STROBE Input HIGH or LOW Output = 30 ns (max)
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L]

M1701
DATA SELECTOR

NUMERIC

M SERIES

Length: Standard
Height: Single

Width: Single
e |
0 1
E'ﬂ o (LSB) (MSB)
12 SELECT
1
Dﬁz X | oara
L xc2 [ INPUTS
ELZ 3 -
mL—-———-‘—c STROBE 1 o
MUX 1 W F2 @
mjz 20 OUTPUTS ‘
D2
T} 20 2 ]
DATA
THEL 2c2 [ INPUTS
T 2c3
[ ———fstroee 2
50 s1
LS o (LSBY  (Mmse)
52 SELECT
N €1 { para
vz 1c2 | INPUTS
2 13
vl DUAL
DF—=—1—qsmose 1 MUX 2 W "2 )
N2 ' QUTPUTS
1 2¢0 M2
Dm ] 2 6]
0= 2C1 | para
le 202 INPUTS
T} 2¢3
O—e———strose 2
Power
Volts mA (max.) Pins
3-5 110 A2
ND Cc2,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
¢ Multiplexing for parallel-to-serial conversion
e Timesharing

e Sampling
TRUTH TABLE
FUNCTIONS
SELECT DATA INPUTS .»
S1 SO C3 Cc2 C1 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
FROM TO
PARAMETERY (INPUT) (OUTPUT) MAX UNIT

ton Data Y 25 ns '

tone Data Y 30 ns

ten Address Y 40 ns

tor Address Y 40 ns

ton Strobe Y 35 ns

tore Strobe Y 30 ns

fite.s = propagation delay time, Low-to-High-level output.
trv. = propagation delay time, High-to-Low-level output.
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M1713 NUMERIC
16-LINE TO 1-LINE

DATA SELECTOR M SERIES

Length: Standard
Height: Single
Width: Single

J

M2
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[
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.
le
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L " w
[ PE——r2
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[ L 7
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m&—— D(MsSB)
[ }——-—:zz ¢
E}———— B
(e ase)

[1}% ———dstrose

3 DATA
INPUTS

§ © 0O v 0o a0 b N -8

Power
Volts mA (max.) Pins
70 A2

a?lb “Cc2,T1
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The M1713 module is a 1-of-16 data selector/multiplexer. The binary code

ts A-D defines which of the 16 data inputs will be connected to the

output when STROBE is Low. Its operation is described by the following

TRUTH TABLE

on inpu

OUTPUT

INPUTS

W

DL D, D, D, D, D. D D, Dy Die D D D Die Do

A STROBE D,

- ¢C

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

SPECIFICATIONS

TO:

Propagation Delay

FROM

S~ N~
X X X
T O ©
EEE
Nt N N
gee
[eXeNe
nETm
min
zz=z
o T
3335
aqan
ey
333
o000
o 3
g B0
- £
@, ®
ot
A%m
=0 £
b= ™~
[
o

=58
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M168 NUMERIC
12-BIT MAGNITUDE COMPARATOR

M SERIES

Length: Standard
Height: Single
Width: Single

51 R (O K N I T T S )

MsB )

T WORD A
(0] 2—~—T{a>8 . a>Bl—e2T]

SO [l0}**—=—4:B  12-BIT MAGNITUDE COMPARATOR A=a—<—l@ ERomLESS.
COMPARATOR | = COMPARATOR
B2 —pee sef =113
WORD B
ss Ls8
bbbbbhbokbs

Power
Volts mA (max.) Pins
+5 250 A2
GND C2, T1

The M168 12-Bit Magnitude Comparator performs magnitude comparison of
two 12-bit words. When the comparison inputs are not connected to the
comparison outputs of another M168, the ‘“‘A=B" input must be connected
to a logical “1"”. The A>B and A<B inputs may individually be made a logic
““1” or logic ‘‘0"'. However, connecting both these inputs to GND, a logic ‘0"’
is recommended.

The M168 Comparator may be cascaded to compare longer words. The out-
puts T2, U2, and V2 should be connected to the corresponding inputs of the
next comparator which are Al, Bl, and C1 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 plus 36 nsec per additional
unit. The total maximum time is 72 nsec plus 54 nsec per additional unit.
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‘ INPUTS OUTPUTS
LA>B A=B A<B l Data A>B|A=B I A<B
1 0 0 A>B 1 0 0
1 0 0 A—B 1 0 0
1 0 0 A<B 0 0 1
——
1 or0O 1 lorO A>B 1 (o} 0
1 or0O 1 lor0 A=B o 1 0
1oro0 1 1oroO A<B 0 0 1
e ——— - ——— — ——————— ———§————— |
0 0 1 A>B 1 0 0
0 0 1 A=B 0 0 1.
0 0 1 A<B 0 0 1
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M162 NUMERIC

PARITY CIRCUIT
M SERIES

Length: Standard
Height: Single
Width: Single

PARITY
000 H——X116)
00D L
-
Pe 1H
1L
E}ﬁ_._.zu PARITY
@2 do 000 H——2f]
DATA . v2 m
IN (&} . a ooo L p———Y<{10]
[y L— P
[a}2 BH .
[ N2 gsL
~
Power
Volts mA (max.) Pins
+5 102 A2
GND 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. The data and its compiement are required as shown.

APPLICATIONS
e 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.
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LOGIC
M040 AMPLIFIERS

SOLENOID DRIVER

M SERIES

Length: Standard
Height: Single
Width: Single

mDZ
mEZ
mFZI
mHZ

m J2
mKZ
mLZ
m M2,

I |

Power
Volts ll,"nTA (max.) Pins

—15 9

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 windings and similar
inductive loads.

Restrictions: Not recommended for indicator drive.

FUNCTIONS

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

OFF Condition: When one or more control inputs is LOW, the internal switch
is a high impedance and the output voltage approaches the external voltage
source. The output circuit draws a small amount of leakage current (typicaily
100 4A 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 paralleled 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
109% 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
D2 +3 -V D1 L2 +3 -V 1 €2 +3 Vi 3]
B2 0w B T B
EM2 :” ': MG [E)E2 ‘;3 ': A [EH2 ;3 -‘;‘ MG
2, +3 -V M5 B2 [+3 -V LBy I Py [+3 -V Ty
o o 0 0 )
R2 +3 -V R K2 +3 -V K1 s2 +3 -V St
EFe»— ——"0¢] [2 *x] [P 1]
0 0 & & 0 0 & )

% = 50 MA, -30V MAX.

Power
Volts mA (max.) Pin
+5 47 A2
GND c2
~15 16 B2

The MO50 contains twelve transistor inverters that can drive mmlature in-
candescent bulbs such as those on an indicator panel.

- APPLICATIONS
The MO50 is used to provide drive current for a remote indicator, such as
Drake 11-504, Dialco 39-28-375, or Digital Indicator type 4908, or as a level
converter to drive 4917 and 4918 indicator boards.

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

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

SPECIFICATIONS
Each output is able to drive 50 mA into an external load connected to any
voltage between ground and —30 volts.
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LOGIC
M060 AMPLIFIERS
SOLENOID DRIVER i
k M SERIES
Length: Standard
Height: Single
Width: Single
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SEE TEXT _EE;'D"‘
_Az'D'D _'}——«sv
Power
Volts mA (max.) Pins
+5 80 A2, E1, E2,
GND Cc2,T1,Fl1, F2,
Text See Text S1, S2
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The M060 module consists of four identical positive high- cu&rent dnver cir-
cuits. Each circuit contains an inverting gate that controls anNPN 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 475 V dc. [

APPLICATIONS 4
The M060 module can be used to drive relays, solenoids, and any similar
inductive loads requiring current of up to 1.2 amps.

It is not recommended for lamp-driving tasks; for this application, the MO50
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 #upply and the
other side to the driver output.

FUNCTIONS

ON Condition: Each switch activates the load device when the circuit is a
logic Low, O. In this condition, the circuit supplies current which is determined
by the external power supply voltage and the load |mpedance must not
exceed 1.2 amps.

OFF Condition: When the input is high, the switch is open 'hnd 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 and PRECAUTIONS

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

SPECIFICATIONS

Current Capability: 1.2 amps per circuit (max)
External Supply Voltage: 75 V dc (max)
Circuit Delay: 10 us (typical)—15 us (max)
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Mé617

FOUR-INPUT POWER NAND GATE

LOGIC
AMPLIFIERS

M SERIES

Length: Standard
Height: Single
Width: Single
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e
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The M617 contains 6 four-input NAND gates each capable of driving up to

30 unit loads.
FUNCTIONS :

Physical configuration and logical operation are identical to the M117.

SPECIFICATIONS

Typical gate propagation delay is 15 ns.

126



M627 AMPLIFIERS
NAND POWER AMPLIFIER

M SERIES
Length: Standard
Height: Single
Width: Single
@Ai @02 .

B1 ‘ ’ E2 :
E—"—— £1 @—’_‘ 32
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N1 SZ
ks> S B , ve
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@ R|l @ u2 »

. Ui @ i
Volt P‘?\”?r ) P +3v ’ |
olts m. max. ins v’
136 & R

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

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

- |
PRECAUTIONS - !
1. In pulse amplifier applications, unused inputs should be connected
to the 43 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

0 H2 f
maa

D___
2D
D_

[u2
2 |

)

%#=50mA DRIVE

Power
Volts mA (max.) Pins
+5 71 A2

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
duration greater than 100 ns. The output is not open-collector.

SPECIFICATIONS
‘Qutputs: Can sink 50 mA at a logic LOW, and can source 50 mA at a logic
HIGH. '
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MO002
LOGIC HIGH SOURCE

MISCELLA-
NEOUS

M SERIES

Length: Standard

Height: Single
Width: Single

+3V
SOURCE

» D2 .

+5
GND

Power :
Volts mA (max.) Pins
16 A2

c2, T1

i
1

To hold unused M Series TTL gate inputs HIGH, the MOO2 proVides 15 out-
puts at +3 volts (logic HIGH) on pins D2 through V2. Up to 10 unused M
Series gate inputs may be connected to any one output. If an IM002 circuit
is driven by a gate, it appears as two TTL unit loads or 3.2 mA at ground.

The MOO02 can also be used as pull-ups for open-collector outputs in a wired-
OR situation. The following diagram shows one of the 15 identical circuits.

+5V
1.8K

3.3K

MODULE
PN
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M594
EIA/CCITT LEVEL CONVERTER

NEOUS

MISCELLA-

M SERIES

Length: Standard
Height: Single
Width: Single

8 LINE EIA OR CCITT TO TTL

s

|> <l @

b
&
T

EIA/CCITT
LEVELS

3
N
T

d>=EL{i0)

>

35—
e Z- >—=L 0]

-H'%l
I

Power

Volts mA (max.) Pins

-GI—SV 125 A2
ND C2, T1

+15V .25

—15vV 25
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7 LINE TTL TO EIA OR CCITT

~
L : P b

M—D_.M@
mﬁ,_<{>_ Vi 7 LINE TO
vt ;D—-——-E] ETA/CCITT
1 |—>—<:|U2 > ul

L
1 }-.-452 >——j ) 1205
L
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+8VDC — N2 v
10 [*]*+— recurator [—>*V

+18VDC

-8VDC

T0 [-}82 o -V -
-18vDE ReGULATOR [~V

The M594 Module is used to convert the signal voltage 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 signais which
can vary between -4-30 Vdc and —30 Vdc. Each input operates on a hysteresis
curve or double threshold to prevent noise triggering. The threshold level is
determined by the external bias voltage applied to pin Al of the module and
by the value of resistors R1 through R8. A LOW (mark) EIA/CCITT input
voltage produces a LOW (0) TTL compatible level output and a HIGH (space)
input level results in a HIGH (1) TTL compatible level output.

The seven-line TTL to EIA or CCITT circuits contain inverters and line drivers
and can provide output signals which vary between a maximum of 410 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 +8 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 4-10 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 voitage 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 Vcc of —15 V on pin Al and a resistor

value of 33K ohms in R1 through R8, the input voltage threshold is approx.
*25 V..

: T3k =TTRA =5V
s N | ke v Koc

VO-OUTPUT VOLTAGE-V
w

3 -2 -1 o] 1 2 3 4 5
V1-INPUT VOLTAGE -V

Ve applied to pin Al

LOADING FACTORS
ElA to TTL (Pins H2, J1, K2, L2, M2, J2, E2, F1)

Input Voltage (Vi) : High Level Input Current (I)
+25V 8.3 mA (max.)
43V o 0.43 mA (min.)
Low Level Input Current (l.)
’ —25V ... e ———— —8.3 mA (max.)
—3V o, —0.43 mA (min.)

TTL to EIA (Pins P1, N1, S1, V1, U1, T2, R2)
(Low level input voitage Vi = 0.8V, Load Resistor R. = 3K)

Vee+ Vee— High level output voltage Vou
49V =9V . 6V (min,)
+13.2V —132V....... 9 V (min.)

(High level input voltage Vu. = 1.9 V, Load Resistor 3KQ
Vee+ Vee— Low level output voitage Vo.
49V -9V . —6 V (max.)
+13.2V  —132V.... —9 V (max.)



M598 MISCELLA-

1-CHANNEL TRANSMIT/RECEIVE NEOUS
OPTIC-COUPLED CURRENT ISOLATOR | [ o serice

Length: Extended
Height: Single
Width: Single

+5V

TRANSMITTER
- AT!

P

20 mA CURRENT
LOOP OUTPUT .

Ml

AR) RECEIVER

20mA CURRE
LOOP INPUT

CURRENT
ISOLATOR D1

P

* CURRENT RATING 20mA

O—W—-15V VOLTAGE RATING
Power
Volts mA (max.) Pins
+5V 100 A2
GND 60 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 +5 Vdc or —15 Vdc source.
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APPLICATIONS
Provides up to 1500 V isolation in the data and control lines between TTL
or DTL compatible logic and a current loop device such as a TTY. As an
active element the M598 performs signal level conversion without isolation.

FUNCTION
A High level at input pin V2 of the transmitter opens the transistor in the
output current loop. A Low level causes the transistor to conduct. No current
flow at the input of the receive circuit results in a High level at output pin
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
D1

v2

L1

M1

N1

P1

NAME

Received Data,
TTL levels

Transmitted Data
TTL Levels

Transmitted Data
Most positive

Transmitted data,
Most negative

Received Data,
Most positive

Received Data
Most negative

CHARACTERISTICS

High output level = space = no current flowing in
current loop.

High input level — space = no current flowing in
current loop.

Min Max
Open circuit voltage 50 volts 80V
Transmitter voltage drop
(marking) 05 volts 20V
Marking current 20 mA 80 mA
Spacing current 0.5 mA 2.0 mA

Min Max
Receiver voltage drop —_ 2.5 volts
Marking current 15 mA 80 mA
Spacing current — 5.0 mA

Connect the jumpers as indicated on the following table.

Transmitter
Receiver

CONNECT JUMPERS

Active** Passive*
AT1, AT2, AT3 PT1, PT2
AR1, AR2, AR3 PR1, PR2

* Jumpers inserted during manufacturing
** Requires —15 V in this configuration
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M706
TELETYPE RECEIVER

MISCELLA-
NEOUS

M SERIES

Length: Standard
Height: Double

Width: Single
(e
(o
AF1 "
CODE
m‘_"! SELECT
DEVICE
[ SELECTOR
CO0E
XY
evaeLe s ot — o -
READER ON[T]AV2 qs ¢ —=EL2 {5l neacen
) ———dR
A2 151 READER RN
o852 fi51sTROBED FLAG
FLAG sTROBE [T]222 p———————— =22 g
FLAG LAG
CLEAR FLAG 1[T]B¥2 CONTROL |, | ee2 e TEST
CLEAR FLAG 2[7)80! |—»-2€2 (57 ( POINTS
o ham B BN2 Flacrivei)
enasLe [T1BR! CONTROL o—————— =24 Gl
1/0 CLEART]BEZ b- AT2 fiolei 2
Al
- PIN CONNECTIONS: P— B3
FOR & OR 8 BIT CODE p———————{ =AM Golairg
$BIT-AM2 TO AJ2 ALY
AR1 TO GND p— —figlaiTs
8 BIT-AM2 T0 ARY gz
AJZ TO AKi SHIFT D———————»—&.sws
FOR _STOP TIME REGISTER |y | A2 ey
TOUNTS-BP2 TO T2
BRZ 0 BU2 b 122 fiGlaire
15UNITS-BP2 TO BSY
BR? TO BU2
20UNITS-BP2 TO BT2
B2 TOBV2 g,
MUST
conngeTe5 [aus
BM2
Sr El:
READ [T]AL:
BUFFER m_"'_—j r

%*2THIS OUTPUT CAN DRIVE A
20mA LOAD TO+0.7 VOLTS

Power

Volts mA (max.)
400

+5
GND
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The M706 Teletype Receiver is a serial-to-parallel teletype code converter self
contained on a double height module. This module includes all of the serial-
to-parallel conversion, buffering, gating, and timing (excluding only an external
clock necessary to transfer information in an asynchronous manner between
a serial data line or teletype device and a parallel binary device). Either a
5-bit serial character consisting of 7.0, 7.5, or 8.0 units or an 8-bit serial
character of 10.0, 10.5, or 11.0 units can be assembled into parallel form
by the M706 through the use of different pin connections on the module.
When conversion is complete, the start and stop bits accompanying the serial
character are removed. The serial character is expected to be received with
the start bit first, followed by bits 1 through 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.

In addition to the above listed features, the M706 includes the necessary
logic to provide rejection of spurious start bits less than one-haif 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 PDP8/1 or the PDP8/L.

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

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

Enable: This input when brought to ground will inhibit reception of new char-
acters. It can be grounded any time during character reception, but returned
high only between the time the Flag output goes to ground and a new char-
acter start bit is received at the serial input. When not used this input should
be tied to a source of 43 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 PDP8/1 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 identical to those of Clear Flag 1.

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

Read Buffer: A high level or positive pulse at this input while the code select
inputs are all high will transfer the state of the shift register to outputs Bit 1
through Bit 8. Final parallel character data can be read by this input as soon
as the Flag output goes to ground. Output data will be available a 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 input can also be pulsed by tying it to one of the signals derived
at output pins AE2 or BE2. A low output will exist at pin BE2 if the M706
is addressed and the clear Flag 1 (pin BJ2) is high. A low output will exist at
pin AE2 if the M706 is addressed and the Clear Flag 1 (pin BJ2) is high or if
Clear Flag 2 (pin BD1) is high.

Serial Input: Serial data received on this input is expected 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 Volts so that serial input data can be filtered up to 109%
of bit width on each transition to remove noise. This input is diode protected
from voltage overshoot above 4-5.9 Volts and undershoot below —0.9 Voits.
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-bit 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 inverted 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 +3 Volts to ground when the serial character
data has been fully converted to parallel form. Relative to serial bit positions,
this time occurs during the center of either bit 8 or bit 5 depending respec-
tively on the character length. If the M706 is receiving at a maximum char-
acter rate, i.e. one character immediately follows another; the parallel output
data is available for transfer from the time the Flag output falls to ground
until the beginning of a new start bit. This is Stop bit time plus one-half bit
time.

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

Reader (1): Whenever the internal reader flip-flop is set by the Reader ON
input, this output rises to 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 Volts.

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

Pin BE2: This output is brought from 43 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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TELETYPE TRANSMITTER

M707

MISCELLA-
NEOUS

M SERIES

Length: Standard
Height: Double
Width: Single

E’LAF 1

'AE|

0 AE2

EAFZ

. AH2

CODE
SELECT
DEVICE

A
enaBLE DS[T]AN! o

B2 £ STROBED
Bo)ELaG

2 fojrLac

+5v

1209

—»—Elseaw. OUTPUT

AD2(5 e

CONTROL

SHIFT
REGISTER

an
MUST BE
CONNECTED (ALt

PIN CONNECTIONS:

5 OR 8 BIT CODE
SBIT—AK! TO AJ
8BIT-AK1 TO AK2

FOR_STOP TiMI

X ! TO BR2
1.5 UNITS-BN2 TO BP1

20UNITS-BN2 TO BN1

A0V ncTvENN

¥*:=SEE TEXT

Power

Volts mA (max.)
+5 375

GND
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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 original parallel character
and transmitted over the serial line. The serial character is transmitted with
the start bit first, followed by bits 1 through 8 in that order, and completed
by the stop bits. Coincident with the stop bit being put on the serial line,
the Flag output goes low indicating that the previous character has been
transmitted and a new parallel character can be loaded into the M707. Trans-
mission of this new character will not occur until the stop bits from the
previous character are completed. See the timing diagram of Figure 1 for
additional information.

In addition to the above listed features, the M707 includes the necessary
gating so that it can be used in a half-duplex system with the M706. 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 pulses
is required, they must have width of 50 nsec or greater.

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

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

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

Wait: If this input is grounded prior to the stop bits of a transmitted char-
acter, it will 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 43 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 PDP8/1 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 +3 Volts. The Flag will remain
cleared if this input is grounded. Propagation from input fall to Filag output
rise is a maximum of 80 nsec. If it is desired to clear the flag on a load
buffer pulse, Clear Flag 2 can be tied to pin 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.

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 transistor 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 45 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 +3 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 often 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 4-3 Volts to ground at the beginning of the stop
bits driving a character transmission. The M707 can now be reloaded and
the Flag cleared (set to +3 Volts). This output can drive ten TTL unit loads.

Strobed Flag: This output is the NAND realization of the inverted Flag output
and Flag Strobe. Output drive is ten TTL unit loads.

+3 Volts: Pin BJ1 can drive ten TTL unit loads at a 4-3Volts level.

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

Size: Standard, double height, single width FLIP CHIP module.
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MISCELLA-
M906 NEOUS

 CABLE TERMINATOR

M SERIES
Length: Standard
Height: Single
Width: Single
+5V
Bi * M1 »* K2 *
fia) o —-—r [

D1 * . P * M *
-
3] %* St * P2 %*
-
Hi * 02 % S2 *
11— e
Ji * E2 %* *
-

* 3 *
.L! A .HZ ot .V2
+3
220
) s
¥%=EQUIVALENT CIRCUIT-
GND EACH INPUT
Power
V%lts mA'(max.) :izns
GND** Al, C1, 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 voits and ground. It may be used
in conjunction with M623 to provide cable driving ability similar to M661
using fewer module slots.

APPLICATIONS
The M906 may be used to terminate inputs. In this configuration M906 and
M111 are a good combination.

This module is normally used with standard M Series levels of O and 43
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
M116-type circuit or, preferably, a cable driver.
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M7389 T

ASYNCHRONOUS TRANSCEIVER

M SERIES

Length: Extended
Height: Double
Width: Single

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

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

APPLICATIONS

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

M7389 MODULE

CONVERTER

anaoes | N|
DIGITAL |G BIT PARALLEL DATA TRANSMIT | SERIAL DATA

MODEM
OR
__________ TELETYPE

LEVEL
CONVERTER
COMPUTER RECEIVE SERIAL DATA I
s dh 8BIT PARALLEL DATA ooe” |

— gL:lRENY oo
RS-232 DEVICES
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FUNCTION

Transmit Mode

A character transmission is initiated when the paraliel data on lines DB0-DB7
is loaded into the transmit holding register by an externally generated Data
Strobe (DS) pulse. Data bit DBO is the least significant bit, and the trans-
mitter accepts TTL-compatible inputs with a low voltage as a logic 1 and a
high voltage as a logic 0. The corresponding serial data bit at the output
will be a HIGH TTL compatible level for a HIGH input.

The DS pulse required is a positive-going pulse with a 250 ns (min.) pulse
width and occurring 200 ns (min.) after the data is applied to the DBO-DB7
lines. The data is loaded into the transmit holding register by the leading
edge of the DS pulse and transferred from the holding register to the serial
shift register by the trailing edge. The word is formatted according to the
control information entered into the control bit holding register, and the
proper start, stop, and parity bits are appended to the specified number of
bits per word. The asynchronous character is transmitted serially by bit,
with the least significant bit first, at the clock rate determined by the fre-
quency selected from the transmit decoder. Three control inputs BA, BB,
and BC) to the decoder are used to select one of seven frequencies from
the internal crystal oscillator or one input externally generated (EXT 2). To
enable the decoder, a low level (0) is applied to the (S) input.

The transmitter buffer empty (TBMT) flag becomes high when the transmit
holding register is ready to accept a new data word on DBO to DB7.

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

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

* Receiver control

¢ Format control

e Error signals

e Transmitter control

¢ Miscellaneous functions

Receive Mode

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

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

Additional control and error characters are available as outputs.

Error Signals
Three types of errors can be detected by the error circuits on the module:

overrun, framing, and parity.

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

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

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

Baud Rate Selection

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

TABLE 1 7
BAUD RATE SELECTION

Control Inputs

Receive Transmit Clock -
Frequency
AC |AB | AA | BC | BB | BA KHz Baud Rate
0 0 O 0 0 0 1.76 110
0 0 1 0 0 1 24 150
0] 1 0 o 1 0 4.8 300
0 1 1 0 1 1 9.6 . 600
1 0 0 1 o 0 19.2 1200
1 0 1 1 0 1 38.4 2400
1 1 0 1 1 0 76.8 4800
1 1 1 1 1 1 *(External Supplied Clock)

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

Word Formats

The serial data accepted by the moduile consists of a start bit, from five to
eight data bits, a parity bit (optional), and one or two stop bits. The selection
of the data formats is controlled by TTL level inputs generated externally
from the module or by the connection of jumper leads on the module. Table
2 s!:o;v's the TTL levels required at the inputs for the various data formats
available.
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The M7389 is supplied with jumpers connected for a data format of seven
bit and for an even parity. Table 4 shows the data format for all combina-
tions of SB, NB1, NB2, NP and POE. When a jumper is present, a logic 1
is selected.

" Serial Line Control

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

Data Line Signals

DBOL-DB7L Data Bit 0-7: Eight input lines that receive the parallel
data from a computer or terminal.

RDOH-RD7H Receive Data Bit 0-7: Eight output lines that transmit
the parallel data to computer or terminal.

RDOL-RD7L Receive Data Bit 0-7: Eight output lines that transmit
the inverse levels of RDOH-RD7H.

SO Serial Output: An output line that transmits the serial

data, by bit, to the Teletype or modem-type interface.
A low level signal is present on the SO line during the
idle state.

Sl Serial Input: An input line that receives the serial data,
by bit, from the Teletype or modem-type interface. The
Sl line must be held low in the idle state.
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TABLE Nl
OPERATING MODE SELECTION

Input Signals

c2 | C3 |C5 |[C6| R Mode Description

1 0 0 0 0 The serial output data from the transmitter
logic is gated to the serial input of the re-
ceiver logic. The serial input from the Tele-
type or modem-type interface is gated to the
serial output to Teletype or modem inter-
face.

(o} 1 (o] 0 0 Specifies a transmit operation in the half-
duplex mode. .

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

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

0 0 0 1, 0 External ECHO. Serial input from Teletype

or modem-type interface is OR gated with
serial output from transmitter logic before
output to Teletype or modem-type interface.

Transmitter Control/Status Signal

TBMT

EOC

BEOC

DS

TCLK

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

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

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

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

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

-DA

RDE

RDA

SWE

OR

FE

PE

RCLK

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

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

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

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

\ Overrun: A low level on this line indicates that the character

in the receiving holding register has not been read (DA not
reset) before the next character is transferred to the receiver
holding register.

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

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

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

Misceillaneous Inputs

EXT 1

“EXT 2

s1

$2

INIT

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

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

Receiver Clock Enable: A iow level on this llne enables the re-
ceiver clock decorder.

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

Initialize: A high to low transition on this line resets all regis-
ters and flags.
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MISCELLA-
M7390 - NEOUS

ASYNCHRONOUS TRANSCEIVER

M SERIES

Length: Extended
Height: Double
Width: Single
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*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-parallel conversion, and a crystal controlled clock, into one module.

APPLICATIONS

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

FUNCTIONS
There are three groups of functions on the M7390—error 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 réceived 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 threé signal sources: EIA, current loop
or TTL. The current loop and EIA input and output are available only on the
eight-pin MATE-N-LOK connector on the-front of the module.

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

The current loop input/output is designed to operate on 2 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 not exceed 35 volts dc open
circuit 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 versions of the serial input and output signals are available on the
module pins and may be used in place of the level converter signals.
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Control: The M7390 provides full control of the receiver and transmitter sec-
tions. All control pulses must be greater than 250 ns in 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 Avaiiable
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
Cs 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 Transmitter Clock Input
PRECAUTIONS

1. EIA and current loop connections are available on an 8-pin MATE-N-LOK
connector located in the handle position on the B half of the board.

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

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

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

5. The 410 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 first.
Input/Output Level (Serial):

1. EIA RS-232C: Binary 1 = —3to —25 volts dc
Binary 0 = +3 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): All TTL compatible.
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MISCELLA-
M9970 NEOUS

H854-TO-BACKPLANE ADAPTER

M SERIES

Length: Extended
Height: Double
Width: Single
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NOT USED —|

)1 PIN ASSIGNMENTS

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

NOTES ON OPERATIONAL AMPLIFIERS

I. INTRODUCTION

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

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

II. GENERAL CHARACTERISTICS

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

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

When an op amp is working in the linear region, two approximations can be
made to help in the analysis of the circuit configuration. First, the voitages
of the two inputs are the same; and second, no current flows into or out of
the input terminals. Fig. 2 shows a simple inverting amplifier. Assume the
Minus Input is O volts, the same as the Plus Input, and that no current flows
into the Minus Input, called the summing junction. Then i1 = i;, and some
simple manipulations show that the gain is equal to —R¢/R,. Similar reason-
ing applied to the non-inverting amplifier of Fig. 3 shows that the gain is
equal to + R. +R.. An easy way to remember this is to think of the two

R
resistors as formi'ng a tapped divider network.

HIl. SPECIFICATIONS

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

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

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

-
Frequency for full output. This is the maximum frequency at which a full
scale sine wave (such as 410 to —10 volts) can be assured at the output,
without noticeable distortion. In many ways this is real frequency limitation
of an op amp, since up to this frequency there are no other restrictions on
the amphtude of the input signal.

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

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

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

Voltage offset. The inability to achieve perfect balance in the input circuit
causes the output to respond to an apparent signal when the inputs are tied
to ground. For an inverting amplifier, the output error due to the input voltage
offset is equal to the offset times the closed loop gain plus one. With an
input offset of 3 mv, and a gain of 1, the output error would be 6 mv.
Fortunately, initial voltage offset can be trimmed with a potentiometer at the
right place in the circuit.

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

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

IV. APPLICATIONS

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

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

The possibility of oscillation must always be considered when feedback ampli-
fiers are used. Usually the more feedback used, the greater is the tendency
to oscillate. Oscillations can always be attributed to phase shift. Therefore,
stabilization of operational amplifiers involves phase shifting to oppose oscil-
lation. In Fig. 7, the feedback capacitor allows high frequency signals to be
fed back to the inverting input (degenerative feedback) with a phase lead.
In the inverting configuration, the output will be 180° out of phase with the
input at fow frequencies, and the feedback signal will oppose the input signal.
At high frequencies, there are additional phase lags in the amplifier and
feedback circuitry. If the feedback signal has a total phase shift (lag) of 360°
with a gain through the amplifier and feedback network of greater than 1,
the amplifier will oscillate, since the input and output are in phase.

V. REFERENCES

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

2. *“Handbook of Operational Amplifier Applications’
Burr-Brown Research Corp., Tucson, Arizona

3. *“Linear Integrated Circuits Applications Handbook”
Fairchild Semiconductor, Mountain View, Califarnia

4. “Applications Manual for Operational Amplifiers'
Philbrick/ Nexus Research, Dedham, Mass.
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MINUS INPUT

- O
+ (OR INVERTING
INPUT) OuTPUT
4+
o—+
YN +7 pLys INPUT vT
/L (OR NON-INVERTING out
"\ INPUT)
- ° N -

L

vour = Alvp—vy), WHERE A IS THE AMPLIFIER GAIN

ol

Fig. 1, Basic Operational Amplifier Symbol

+ F —
+Ri_ '
VINO—W b —
iy ig vout
vs
AN
ASSUME: vg=0 THEN iy = i
is=0 ViIN_ YouT
R R
Your | _Re
VIN Ry

Fig. 2, Inverting Amplifier

ASSUME: vg = VIN

| vout is =0
vIN f_o THEN iy =2
o— e Vs  Voutr— V¥s
i 2R D a3
2|2 R A
” vg VIN _ YouT ~ ViN
's Ry R
iv SRy - R
{ viN R2 = vout Ry = vin Ry

Your _ Rz + Ry
vIN Ry

Fig. 3, Non-Inverting Amplifier
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INPUT |
av
-74\—/v=7-% % av - - - - FINAL VALUE

OUTPUT / ’

le—ts —3
SETTLING TIME

Fig. 4, Settling Time

our _ ,

vIN
5 vouT RiN = Rcom MoDE
ViN v
P

Fig. 5, Voltage Follower

10pf
M
/! Your _ _,
VIN 1K Ry = 1K
vouT
v
R
P LOAD

Fig. 6, Inverter
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Cr vour __Rr
!D——MN—‘\D—JD VIN - Ry

' Rin = Ry
Y Ry
O AAA——d GAIN STABILITY
‘ VouT DEPENDS ON THE
9 INPUT AND FEEDBACK
p RESISTOR, AND GAIN
TRIM POTENTIOMETER.
RP$  seLECT R R Re cor
P~ R, +Rg
= CURRENT DRIFT COMPENSATION.
TYP VALUES
R, 1K TO 10K ,
Re 1K TO 100K THE USE OF Cg REDUCES THE

TENDENCY OF THE OP AMP

Rp 5000 TO 5K TO OSCILLATE

Fig. 7, Adjustable Gain and Current Compensation

RF
< A'A"‘A
vin Ry iy+ g
Yout
b0

RF (RF)
Yout = =~ VN + | —vorr (Ro

;V__j

OFFSET «

Fig. 8, Offsetting
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VOUT = V2 (R2+R3)( Ry ) = Ry )
- ATTENUATION INV GAIN
FACTOR

~

Fig. 9, Differential Gain
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2t and Resolution

# OF
BITS RESOLUTION
2o n (%)
1 0 100.0
2 1 50.0
4 2 25.0
8 .3 125
16 4 6.25
32 5 3.125
64 6 1.563
128 7 0.781
256 8 0.391
512 9 0.195
1 024 10 0.0977
2 048 11 0.0488
4 096 12 . 0.0244
8 192 13 0.0122
16 384 14 0.00610
32 768 15 0.00305
65 536 16 0.00153
131 072 : 17 0.000763
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PPM

1,000,000

500,00

250,000

125,000

62,500

31,250
15,625 -

7,812

* 3,906

1,953

977

488

244

122

61

31

15
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DIGITAL CODES FOR A/D’S,
D/A’S AND DATA ACQUISITION SYSTEMS

OFFSET BINARY

(BIPOLAR)

4+ FULL SCALE —1 LSB ........coiiiiiiiinnnnn. 111111111111
+3/4 FULL SCALE ......... ... ..., 111000000000
4 1/2 FULL SCALE ..........cciiiiiiiiiiinnnnn.. 110000000000

ZERO ........ et et e e 100000000000
—1/2 FULL SCALE ....... . i 010000000000
—3/4 FULL SCALE ........... ..., 001000000000
— FULL SCALE +1 LSB ............. i 000000000001
—FULL SCALE ...........coiiiiiiiiiiiiiiinnn, 000000000000

STRAIGHT BINARY

(UNIPOLAR)
4+ FULL SCALE —1 LSB .........cciiiiiniinia... 1211111111111
4+3/4 FULL SCALE .............ccoiviiiiiiinn.. 110000000000
4+ 1/2 FULL SCALE ...........ciiiiiiiiiiinnnnn. 100000000000
ZERO +1 LSB ... ... i 000000000001
ZERO o e 000000000000

TWO’S COMPLEMENT

(BIPOLAR)

4 FULL SCALE —1 LSB ....... ..., 011111111111
+3/4 FULL SCALE ....... ... ... .., 011000000000
4 1/2 FULL SCALE .........cciiiiiiiiiiiiiiinn. 010000000000

ZERO ... e 000000000000
—1/2 FULL SCALE ....... ..., 110000000000
—3/4 FULL SCALE ........ ...ttt 101000000000 .
— FULL SCALE 41 LSB ........cciiiiiiivinnnn. 100000000001
—FULL SCALE ...... ... .. i, 100000000000

BINARY CODED DECIMAL

(UNIPOLAR)

4 FULL SCALE —1 LSD .....ovvnievnneinnnn.. 1001 1001 1001
43/4 FULL SCALE  .....eovrneeiiiniaannn. 0111 0101 0000
4 1/2 FULL SCALE oot 0101 0000 0000
ZERO + LSD ..ottt 0000 0000 0001
ZERO oot 0000 0000 0000
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A SERIES MODULES

The following A Series Analog Module descriptions are contained in this
subsection: ’

Al123 Four-Input Multiplexer
Al126 Eight-lnput Multiplexer
A207 Operational Amplifier
A260 Dual Amplifier

A460 Sample and Hold

A619 Ten-Bit D/A Converter
A704 Reference Supply

A811 Ten-Bit A/D Converter
A866 Twelve-Bit A/D Converter
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MULTI-
Al123 PLEXERS

FOUR-INPUT MULTIPLEXER
A SERIES

Length: Standard
Height: Single
Width: Single

{5

*—-
=)
~—=5)

‘_{_:
—(H-s

L

ER

BS

E}T

(-

g

=ANALOG SIGNALS
{DO NOT CONNECT TO
LOGIC LEVELS)

Power
Volts mA (max.) Pins
+10 18 D2
+5 45 A2
GND c2, Tl
~20 50 E2
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The A123 Multiplexer provides 4 gated analog switches that are controlled
by logic levels of OV and +43V. 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 10V and
—10v, with currents up to 1 mA.

The positive power supply must be between 45V and 415V, and at least
equal to or greater than the most positive excursion of the analog signal.
The negative power supply must be between —5 and —20v, and at least 10
Volts more negative than the most negative excursion of the analog signal.
The voltage difference between the two supplies must not be more than 30V.

SPECIFICATIONS
Digital Inputs
Logic ONE: +2.4vto +5.0v
Logic ZERO: 0.0v to 0.8V
Input loading: 0.5mA. at O'Volts
Analog Signal
Voltage range: +10v to —10v
Current (max.): 1mA
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
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A126 MULTI-
8 CHANNEL HIGH IMPEDENCE PLEXERS
MULTIPLEXER A SERIES
Length: Standard
Height: Double
Width: Single
Soen 222 e
cn1 N 22 - .
cHz N @BM PRIORITY - EAO -
cH 3 EN [2)}BNZ o DECODER -8F2 51
cH 4 N TP e A G,
cn s o 222 o AUZ MUK
cH 6 N 212 - g . v EN
cH 7 EN [2}AR2
TYT7777
cHomn  [a)2 WAH2 () 0HO-7
cH1 N [Aa}BS2 & .
cH2 N [AJBP2 X ‘
CH3 N [a}BM2, @
CHa N [A}BKZ o @
.cH5 N [A}BH2
cHe N [A}AZ, J\g

cH7 N [a}AP2 4

LOGIC
ANALOG

*Analog GND must be conn'ected to LOGIC GND
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The A126 is an eight-channel, high-impedance muitiplexer 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 AO-A2.

APPLICATIONS

The A126 can be used to multiplex up to eight signals from the analog in-
puts into buffer amplifiers or circuits with a minimum input impedance of 10
megohms. ~ .

SPECIFICATIONS

Analog Inputs:
CHO (IN) — CH7 (IN) 8 single-ended channel inputs

Voitage Range +15 V (max.)
Impedance (ON) 1040 ohms £ 10%
Analog switch turn-on 1.0 usec (max.) .
Analog switch turn-off 0.5 usec (max.)
Analog switch current 2.0 mA (max.)
Jumper W1 - (Not for customer use)

TTL Input Signals
CHO (EN) — CH7 (EN) 8 enable inputs associated with each channel
Input Voltage Low (enable) — 0.8 V (max.)
High (disable) — 2.0 V (max.)

TTL Output Signals

AQ0 — A2, MUX EN Low — 0.4 V (max.)
High — 2.4 V (min.) ~
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TRUTH TABLE

Analog
Channel

NONE

OUTPUTS

AO

H

Al

A2

MUX

EN

H

TTL ENABLE INPUTS

CH2 CH3 CH4 CH5 CH6 CH7

,CH1

X = Either High or Low

H

CHO

H
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AMPLIFIERS

A207
OPERATIONAL AMPLIFIER
A SERIES
Length: Standard
Height: Single
Width: Single
Zin Z¢
r A N\ s A
o "4‘/‘r:’ N?"_.g 1
R ’,” .II \‘
AUX. CF =\ =0 -\ ="
INPUTS ) T
°‘ ..... SV ¥ R S
U
O === AV V. -
H
GUARD 0——————4
-InpUT S
(INVERTING) NOTE 2
\ OUTPUT

- +INPUT R -
(NON-INV) ©

ANALOG GND
Power
Volts mA (max.) Pins
+15 6 2
GND ANALOG F2
--15 10 E2

NOTE 1. Mounting holes are provided on the module so that input and feedback
components can be added. Components shown with dashed lines are not
included with the module.

NOTE 2. This jumper comes with the module. it may be removed to suit circuit re-
quirements.

NOTE 3. Pins L & M can be connected together to improve settling time, but param-
: eters such as drift and open loop gain are degraded.

The A207 is an economical Operational Amplifier featuring fast settling time
(5 us 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 Amplifier.

SPECIFICATIONS—At 25°C, unless noted otherwise.

Pins L & M Differences with Pins
Connected L & M Not Connected

Settling Time*

Within 10 mV, 10Vstep input, typ: 3 usec 6 usec
Within 10 mV, 10V step input, max: 5 usec 8 usec
Within 1.mV, 10V step input, max: 7 nsec 10 usec
Frequency Response
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/pusec
Overload recovery, max: 8 usec
Output
Voltage, max: ) *+10V
Current, max: +15mA
Input Voltage
Input voltage 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 uv/°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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‘ A260 AMPLIFIERS
DUAL AMPLIFIER CARD

A SERIES

Length: Standard
Height: Double
Double

Width:

| R20
ER26
]

2 AH2
& @

[&] =ANALOG SIGNALS
(DO NOT CONNECT TO
LOGIC LEVELS)

Power
Volts mA (max.) Pins
15 2 D2
GND ANALOG AF2
—15 20 AE2

The A260 is a universal dual amplifier card which contains two independent
operational amplifiers. Provisions have been made for mounting input and
feedback components so that the A260 may be used in a variety of modes.

Some
1.

2
3.
4

5.

of the configurations in which the A260 may be used are:

Volfage follower with a gain of plus one.

Voltage.;ollower with positive gain of greater than one.

Attenuated follower with positive gain of less than one.

Differential amplifier with differential input and single ended output.

" Inverter with negative gain\ of one or greater.

The A260 may also be used as the output buffer for the A160 and A164
multiplexer series, as well as the input buffer for the A400 series sample
and hold modules. Individual offset adjustments are provided for on each
amplifier.
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Description:

Offset:

Configurations

A.

Foliower

Transfer Accuracy:

Settling Time (0 to 10v):

Output drive:

Input/output range:
Input impedance:
Temp. Coefficient:

Follower with Gain—

Transfer accuracy:

Gain: -
Settling Time:
Output Drive:

Input/Output range:
Input Impedance:

Temp. Coefficient:

Attenuated follower—

Gain:
Transfer Accuracy:

Settling Time:

Input Range:
Output Range:

SPECIFICATIONS

Two differential amplifiers mounted
on one board with provision for
mounting resistors in a variety of
modes.

Adjustments provided to adjust off-
set to zero.

High input impedance, gain of plus
one. ,

+0.019% of FS
1.5 pusto .01%

20 mA.,
ground.

+10 Volts
1000 megohms
30 uvi°C.

short circuit proof to

High input impedance, positive gain
greater than one.

Function of resistors provided.

R14 4+ R15
Determined by R15

(Gain) x (1.5 us) to .01%

20 mA.
ground.

+10 Volts

short circuit proof to .

>100 megohms
30 uV/° C. (referred to input)

Input attenuator, positive gain less
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R1Z + R13

than one.
R13

(see schematic)
Function of resistors provided.

1.5us to .01% if not limited by at-
tenuator.

0 to =100 Volts, ma;(.
+10 Volts



Output Drive:

Input Impedance:

Temp. Coefficient:

D. Differential Amplifier:
Gain:

Transfer Accuracy:
Settling Time:

Input Voltage (Signal plus com-
mon mode):

Output Range:
Output Drive:

Temp. Coefficient:

Common Mode Rejection:

E. Inverter

20 mA,
ground.

R12 4+ R13 )
30 uV/° C. plus input attenuation.

short circuit proof to

Differential input, single ended out-
put.

R14
R15

Function of resistors provided.
(Gain) x (1.5us)

1 +—1-_— ) X (10V) max.
Gain

+10 Volts

20 mA, short circuit proof to
ground.

(30 uv/°C) x (1 + Gain)

Function of resistor matching in
each input > 86dB for .019% resis-
tor watch in addition to transfer
accuracy of .01%

Negative gain of one or greater

Specs same as differential amplifier, except input referenced to ground.

N
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1. FOLLOWER

2. PLUS GAIN

3. POSITIVE GAIN LESS THEN ONE

R2
f——o0
R3
4. DIFF. INPUT
R4
C2s5pF
RS —
[+ A ‘v‘v
b—————o0
E +
IN Eo

o——lvw-—‘L——»w\-—————j
R2 R3

5. INVERTER

RS
O—AWV

| C2:=5pF

$32
Vi

R3

—————o

Eo _Ra+RS
En RS
Eo__R3
EiN R3+R2 _
Eo R4
Elny RS
£, R3
En R4
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o ® G= +2
9K 1K
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G= | +1/2
20K 20K | 20K 20K
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SAMPLE &
A460 HOLD

SAMPLE AND HOLD

A SERIES

Length: Standard
Height: Double
Width: Double

NORMALLY
JUMPERED

A461 ONLY

EAMZ - CONTROL _INPUT

[A]=anaLoG sieNALS
(DO NOT CONNECT TO
LOGIC LEVELS)

Power
Volts mA (max.) Pins
+15 12, 20* AD2
GND ANALOG AF2
—15 12, 20* AE2
*with buffer

The A460 is a one-channel sample and hold module used to sample the value
of a changing analog signal at a particular point in time and store this in-
formation as a stable analog voltage level. The A460 is without input buffer-
ing.

Provided on the A460 is a select line which can be used to control the sample
or hold operation of the module.

The A460 is DTL and TTL compatible and may be used with standard ‘‘M"
or “K"” Series modules in control and system configurations.

The output circuitry consists of a buffer amplifier with output drive capability
of 20 mA. The A460 is compatible with DEC ‘A"’ Series high impedance and
constant impedance multiplexers and may be used with either to perform
various levels of multiplexing.
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SPECIFICATIONS

Transfer Accuracy at 23° C.:
Input/Output Voltage Range:
Transfer Characteristic:
Acquisition Time (to 0.01%):

Aperture Time
Input Impedance (During Sample
Time)—

(With No Buffer):

(With Buffer):

Output Drive:
Pedestal in Sample mode:
Hold Decay:
Offset:
Temp. Coefficient of Offset:
Control Input (1 TTL Loag)—
Sample:
Hold:

180

+0.019% FS in Hold mode
*+10V Full Scale
+1 (non-inverted)

5 microseconds for —10V to +10V
excursion

Less than 50 nanoseconds

100 ohms in series with 0.002 mi-
crofarad capacitor

1000 megohms in parallel with 10
pF.

20 mA.

10 mV max.

15 uV per millisecond
Adjustable to zero

50 uV per degree C.

Logic Zero
Logic One



A619 DIGITAL TO
10-BIT D/A CONVERTER ANALOG
SINGLE BUFFERED A SERIES

Length: Standard -
Height: Double .
Width: Double

BH |BY
NOTE:
S 5726 25 34 25 2t 2T 20 L°8{?~3's‘°ui‘5“s‘§“3§
2 2 2 2 2 2 2 2 2
@}“_"‘_.__ TIED TOGETHER
DAC 10-BIT REGISTER E POINT IN e

\ \

BR
I: }——»————— -V REF ANLG 8s
BINARY WEIGHTED NETWORK out —.—@

E}ElTANLG GND

Y VvV VYV Y Y

= — e m— — — — — —

r ‘NT | ﬂ

| + 2 |

mel. L L ‘

exT | - = |

+VREF  (AGSONY

Power .

Volts mA (max.) Pins
+15 25% 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 double width in the lower
(B section) half. The converter is complete with a 10-bit buffer registers,
level converters, a precision divider network, and a current summing ampli-
fier capable of driving external loads up to 10 mA. The reference voltage
is externally supplied for greatest efficiency and optimum scale factor match-
ing in multi-channel applications.

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 A619
0000, —5vV
0400, —2.5V
1000, OVolts
14004 +2.5V
17774 +5V
SPECIFICATIONS
OUTPUT:
Voltage: A619 *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 ps
Resolution: 1 part in 1024
Linearity: +0.05% of full scale
Zero Offset: +5mV. (max)
Temperature Coefficient: <0.2mv/°C
Temperature Range: 0to 50°C
INPUT
Level: 1 TTL Unit Load
Pulse: (positive)
Input loading: 20 TTL Unit load
Rise and Fall Time: 20 to 100 nsec
Width: >50 ns
Rate: 106 Hz max.
Timing:

Data lines must be settled 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[—e—=¢
)
AB2 UNREG. -&gv AE2}
~18v Gl——2ESS
[nPuT ouTPUT
+SENSE}—e—AT20
GND !
1
1
1
AC2),
Power

Volts mA (max.) Pins
—15* 0 AB2
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 () and AV (—). Connection from these points
to the load voltage at the most critical location provides maximum regulation
at a selected point in a distributed or remote load.

When the sense terminals are connected to the load at a relatively distant
location, a capacitor of approximately 100 »F should be connected across the
load at the sensing point.

Preloading: The supply may be preloaded to ground or —15 volts to change
the amount of current available in either direction. For driving DEC Digital/
Analog Converter modules, —125 mA maximum can be obtained by connect-
ing a 270-ohm plus or minus 59%,, one-watt resistor from the reference out-
put (pin AE2) to ground (pin AC2).
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Input Power
Use:
Output:
Current:
Regulation:

Temperature
Coefficient:

Peak-to-Peak
Ripple:

Adjustment
Resolution:

Output
Impedance:

SPECIFICATIONS
—-15v
See text for sensing and preloading
—-10v
—90 to 440 mA
0.1 mV, no load to full load

1 mVv/8 hrs
1 mV/15 to 35 degrees C
4 mV/0 to 50 degrees C

0.1 mv
0.01 mv

0.0025 ohms
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ANALOG TO
A811 DIGITAL

10-BIT A/D CONVERTER

A SERIES

Length: Standard
Height: Double ‘
Width: Double (A Section only)

+IO EXT REF
[ — MSB =0
»A075)
ANALOG GND AN o .
BN l
: aee)
ANALOG KT A/D BL
|NPU'|'Bv REGA‘EBER > Bﬂ.
A | oac

8T
. Lse}—=—"{10]

L. conTroL |—=—EM {0]

NOTE.
LOGIC AND ANALOG
GROUNDS MUST BE
TIED TOGETHER AT
SOME POINT IN THE

SYSTEM.
Power
Volts mA (max.) Pins
+15* 20 BU2 .
+5 300 AA2
GND LOGIC AC2
GND ANALOG BN2
—15* 160 AV2

*Supply voltages must be regulated to within 1%.

The A-811 is a complete, 10-bit successive approximation, analog to digital
converter with a built in reference supply. Conversion i$ initiated by raising
the Convert input to logic 1 (44 volts). The digital result is available at the
output within 10 microseconds. An A/D Done Pulse is generated .when the
result is valid. The A-811 uses monolithic integrated circuits for control logic,
output register, and comparator.
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100

NANOSECONDS
BIT 10
<F—— 10 US"
g
CONVERT =
PULSE 1
A
AD Done =
PULSE

BIT Jr]2|3]a|5]6]|7]8]9]10]|

Options:

The i.nput impedance of the A/D converter can be raised to greater than 100
megohms by adding an input amplifier module. A sample and hold amplifier
module may also be included. The impedance of the converter with samplie
and hold is 10,000 ohms. Both options may be included simultaneously if
high impedance and narrow aperture are both required.

Convert Pulse Input:

Input loading

Pulse Width

Pulse Rise Time

A/D Done Pulse Output:

Pulse Width

Digital Output:

Logical ‘0"

Logical “1”

Output Current ‘0"

Output Current 1"

Input:

Input Voltage

Input -Impedance

Resolution:

Accuracy:

Temperature:
Coefficient:

Operating Temperature:

Conversion Rate:
Output Format:

SPECIFICATIONS
Max. Min.

10 TTL unit load

500 nsec 100 nsec
250 nsec —_

300 nsec 100 nsec
+0.4V ov
+3.6V +2.4y
16 mA

—0.4 mA

0 to 410V

1000 ohms

10 bits

0.19% of full scale

0.5 mv/°C

0°C to 50°C

100 kHz (max)

Parallel Binary Uni-polar
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- A8B66 ANALOG TO
HIGH-SPEED 12-BIT DIGITAL

BIPOLAR A/D CONVERTER A SERIES

Length: Standard
Height: Double
Width: Single

s I
AAL ANALOG INPUT 8 p—»—BE2{i5)
[A}AL2 v ms8 81 —=BF2ig)
B2 BJ2 .
[BAFL o ANALOG GND B3
AF2 _*® 84 |—oBl2fg]
o 5 o0 DATA
AH
@-A—K%—b—q- 86 out
AK2 - &7 o
[P 83 —=—ERZf0)
89 |— = 852f0)
BIO 812 fig)
811 (—e—BU2fi0)
158 B2
Py
i § :
susy—=—LEL{ig
£0c puLse——BFLGg)
pONE—>—BHLG5)
cLock———BRI[T]
Power
Volts mA Pins
(nominal)
+5V£10% 300 AAl, AA2, BA1, BA2
+15v£3% 75 AD1, AD2
—15V¥3% 40 AEL, AE2
LOGIC GND ACT, AC2, AT1, BC1, BCZ, 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 madule circuit board. The
module has factory-installed jumpers that permit its use with bipolar, 10-volt
full-scale extended-range inputs. By changing the jumper configuration, the
user can select bipolar or unipolar, 5-volt or 10-volt full scale extended or
nonextended input ranges.

The extended range is particularly useful when the output data is used in
computations because the LSB is easily expressed as an integer submuitiple
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., 40.2350 VoIt and —0.2400 Volt (410.2350 Volts
and —10.2400 Volts full overscale inputs) for a bipolar configured module
and +0.2375 Volt (4-10.2375 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 output. The
A866 Module may be reconfigured with jumpers by the user so that it will
accept analog inputs of any of the following:

bipolar = 10-Volt full scale extended range
bipolar £ 10-Volt full scale nonextended range
bipolar = 5-Volt full scale extended range
bipolar £ 5-Volt full scale nonextended range
unipolar 4 10-Volt full scale extended range
unipolar <4 10-Volt full scale nonextended range
unipolar 4 5-Volt full scale extended range
unipolar 4 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.
+ 5.0000 V 1000 1750 +15 F.S.
+ 2.5000V 500 0764 +v4 F.S.
+ 0.0050 V 1 0001 +11SB

0.0000 V 0 0000 Zero
— 0.0050V 1 — 1 7777 —I LSB
— 2.5000V — 500 7014 —L4F.S.
— 5.0000 vV -1000 6030 —14 F.S.
— 7.5000V —1500 5044 —34 F.S.
—10.0000 V —2000 4060 —Full Scale
—-10.2350 Vv —2047 4001 —Full Overscale — 1 LSB
—10.2400 V —2048 4000 —Full Overscale

Note: When 'an A866 module is jumpered to accept =5 Volit 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 I

Bipolar + 10 VoIt Full Scale, Non-extended Range
Analog Input to Output Code Conversion Chart

Two’s Complement

Analog %

Voltage Output Code

Input Base 10 Base 8 Scale

Not Not

+-10.0000 V Valid Valid +Full Scale
+ 9.9951*V 2047 3777 +F.S.—1 LSB
+ 7.5000 V 1536 3000 +34 F.S.
4+ 5.0000 V 1024 2000 +1%
+ 2.5000 V 512 1000 +14
4 0.0048*vV 1 0001 +1 LSB

0.0000 V 0 0000 Zero
— 0.0048*V — 1. 7777 —11LSB
— 2.5000 V — 512 7000 —14F.S.
— 5.0000 Vv —1024 6000 —14 F.S.
— 7.5000 V —1536 5000 —34 F.S,
— 9.9951*v —2047 4001 —F.S.—1 LSB
—10.0000 V —2048 4000 —Full Scale

Note: When an A866 module is jumpered to accept =5 Volt full scale in-
puts, the inputs are exactly 14 of the input values shown in the above

table.

* Rounded off value.
f‘ Using MSB output.
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SPECIFICATIONS :

Analog Input
Type of input Single-ended
Impedance . >100 megohms
Input Bias Current 6 nanoamperes, (max.)
Overvoltage Limit - =+ 18 volts, (max.)
Perturbations The encoding process does not cause

noise at the input

Encoding Process

Technique Successive approximation

Quantizing Resolution 1 part in 4095 of full range

Encoding Word Time 15 microseconds, max. (includes
Op-Amp settiing 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 minutes
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 Chahges
For the =15 Volt Supply 0.002% % V, max., from dc to 1 MHz
For the =5 Volt Supply 0.0003% 9% V, max., from dc to 1

MHz
FUNCTIONS

Analog Inputs
The single-ended dc analog input will accept unipolar or bipolar voltage with
"a maximum amplitude of 10 V.

Control Inputs

A high to low level change on either of the two ST CONV inputs when the
CONV EN input is high or a low to high transition on either of the two CONV-
EN inputs when the ST CONV input is low will start the conversion process.

Data Outputs

The data outputs are 12 parallel bits plus the 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 Bl output is used. The
outputs are TTL-compatible levels.
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Status Outputs .

Three outputs are provided to indicate the status of the conversion process.
The BUSY output becomes high and remains high while the conversion
process is active. The BUSY output becomes low 50 ns after the data is
available at the output and remains low until the next command to start
the conversion.

The DONE output is the complement of the BUSY level.

The EOC PULSE output becomes a high level for 450 =50 ns after the DONE
output level goes high.

The CLOCK output is a series of 50 ns pulses (min.) generated when the
A866 Module is performing an analog-to-digital conversion.

Detailed information on the module is available on the AB66 A/D Converter
Module (12-Bit, 15-Microsecond) data sheet available from the Logic Products
Group of DIGITAL.
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K SERIES
CONTROL MODULES

Computer-oriented logic, by its very nature, is high speed (1 MHz and above),
and provides noise immunity far below that required in a process control
environment. The upper frequency range of the K Series modules is 100 KHz,
with provision for reduction to 5 KHz for maximum noise immunity. These
modules incorporate all silicon diodes, transistors, and integrated circuits,
deliberately slowed through the use of descrete components.

Either English {(non-inverting) iogic or NAND/NOR logic is compatible with
K Series. The hardware for this series is specifically designed for standard
NEMA enclosures. FLIP CHIP  mounting hardware can likewise be used for
rack-mounting, inasmuch as K Series modules fit standard DEC sockets.

Proven FLIP CHIP connectors, used for years in applications from steel
mills to lathe controls, provide modularity. Even the connection between
terminal strips and electronics can be plugged for installing the logic after
field wiring is complete, and removing it quickly for modifications or addi-
tions.

Checkout and trouble shooting is easy with K Series logic. Wherever possible,
every system input and output has an indicator light at its screw terminal.
A special test probe provides its own local illumination and built-in indication
of transients, as well as steady states. Every point in the system is a test
point, and consistent pin assignments reduce the need to consult prints.

Construction materials and methods are the same as for other high-
production FLIP CHIP  modules, including a computer-controlled operating
test of each complete module. K Series modules further offer the size
reduction, reliability, flexibility, and low cost of solid state logic, with an
added bonus of easy interconnection. FLIP CHIP  industrial modules are
ideal for interfacing. high speed M Series or computer-systems to machinery
and processes. Sensing and output circuits can operate at 120 vac for full
electromechanical capability. Inputs from contact devices see a moderate
reactive load to assure normal contact life. Solid state ac switches are fully
protected against false triggering. Voltages from the external environment are
excluded from the wire-wrap connections within the logic.

K SERIES SPECIFICATIONS

SUMMARY
Frequency range: DC to 100 KHz. Control points on the modules allow reduc-
tion to 5 KHz for maximum noise immunity for critical functions.

Signal levels: Ov and +5v, regardless of fanout used.
Fan-out: 15 ma available from all outputs; typical inputs 1-4 ma.

Waveforms: Trapezoidal. No fast transients to cause cross talk. External
capacitive loading affects speed only; no risetime dependence.

Temperature range: —20°C to 465°C, using all-silicon diodes, transistors,
and monolithic integrated circuits (0° to 150°F). (Limited to 0°C on the
module types: K201, K202, K210, K211, K220, K230).
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Noise immunity: False ‘‘1'':30 ma at 1.6v for 1.5 usec typical. False “0':3
ma at 3v for 1.5 usec typical. Time thresholds can be increased by a factor
of 20 for critical points by wiring the slowdown control pins.

Simple power requirements: Single voltage supply, 4-5v *:10%. Dissipation
typically 200 mw per counting or shifting flip-flop, 30 mw per control flip-flop,
10 mw per two-stage diode gate.

Control system volitage: 120 VAC, 50 or 60 hertz.

Mounting provisions: Standard NEMA industrial enclosures. May also be used
in 19” electronics cabinets.

Logic Signals

There are no ultra-fast transients at any K Series output. Logic signal “1”
and ‘0" levels are essentially independent of fanout. Rise and fall transitions
have controlled slopes which are not strongly influenced by normal changes
in fanout, lead length, temperature, or repetition rate. The fastest K Series
trapezoidal logic signal can be fully analyzed with a 500KC: oscilloscope.
Logic “1" or ‘“‘true” is +5 volts and logic ‘0"’ or ‘“false’’ is zero volts except
where redefined by logic designer. Counters and shift registers advance at
the “1” to “'0” transition and are cleared by a ‘0" level. Any unused input
may be left open.

Loading

Input Loading (Fanin)—Each K Series input requires a certain amount of
drive to operate, thus imposing a load on the output driving it. The amount
of load imposed by am input is defined in terms of the amount of current
required to pull that input to ground. Logic gate inputs consume 1 milli-
ampere per input. Other loadings range from 1 to 4 milliamperes as indicated
by the loading numbers enclosed in squares on each specification diagram.

Kl IR

AL X

INPUT LOADING. DRIVING CAPABILITY
1 MA PER INPUT

EACH OUTPUT DRIVEN
IN A"WIRED AND" IS
A 3 MA LOAD

FANIN AND FANOUT

Output Loading (Fanout)—Each K Seriés output is capable of sinking a
certain maximum amount of current to ground in the low state. The standard -
K Series output can sink 15 milliamperes to ground and can therefore handle
a maximum of 15 inputs, each requiring 1 milliampere of drive.

If K Series outputs are paralleled to obtain the wired AND logic function,
each gate output is effectively driving the other and therefore, each output
must be considered as a load on the others. To pull a typical output to
ground requires 3 milliamperes of drive. When two or more K Series outputs
are tied together, they produce a 3 milliampere load on each other. If, for
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- example, the outputs of three K123 gates are connected, the combined
fanout is reduced by 6 milliamperes, leaving 9 milliamperes of drive capa-
bility. A maximum limit of five outputs can be tied together reducing the
fanout capability to three milliamperes.

M Series Compatibility )

Interfacing M Series with K Series modules requires adherence ta all timing
constraints of both the input and output devices. As a minimum, M Series
signals driving K Series circuits must last long enough (at least 4 us even
if no propagation within the K Series is required) so that the K Series module
will not reject it as noise. K Series signals driving M Series circuits must be
received by M Series inputs that will not be affected by ultra-slow rise times.

To convert from K Series to M Series, the trapezoidal K Series waveform
must be reshaped to provide fast rise times. There are two ways to accom-
plish this task. The first method is simple, but there are some constraints.
When these constraints cannot be complied with, the second method is re-
quired.

Method one converts K to M levels simply by connecting the K Series level
through two M Series gates. This method is simple and effective; however,
the total lead length from the K Series output to the M Series input must
be kept less than 6 inches to prevent oscillation of the M Series output as
the waveform traverses the unstable areas in the input gate response curve.
When the input waveform is in this area, the gate is extremely susceptible
to noise. “‘Slowed’’ K Series waveformas must not be used. If noise persists
in this configuration, an 0.001 microfarad capacitor may be connected from
the M Series input to ground.

The second method of converting K Series to M Series levels involves the
use of one-shots. The one-shot is triggered by the K Series level transition
and provides a puise of predetermined length to the M Series circuitry. Refer
to the M521 K-to-M Converter module description contained elsewhere in
this section.

Converting M Series levels to K Series levels is not as complicated. The
M671 module contains four M-to-K level converters designed especially for
this purpose. (The M671 module is described elsewhere in this section.) The
use of the M671 is recommended; however, some K Series inputs can be
driven directly, although the capacitive loading will slow the transitions.

K Series modules which cannot be driven directly from M Series gates in-
clude K303, K220, K230, K135, K161, as well as the clear inputs to K202,
K210, K220, and K230. When driving other K Series gates with M Series
signals, care should be taken to ensure that the M Series signal occurs long
enough so that the K Series signal will not ignore it as noise.

GATING

K Series gating modules combined with K Series gate expanders provide an
extremely versatile method of implementing logic functions. Functions of
high complexity can be implemented inexpensively using these gates and
expanders.

The basic K Series gates are the K113 Inverting gate and the K123 Non-
inverting gate.
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A _ | w23
INPUTS e |
OUTPUT A__ |
B8 INPUTS F

] B——--.

The K113 performs the NAND function

F=(A-*B)
The K123 performs the AND function
" F=(A*B)

Notice that each basic K Series gate shows two inputs with dotted lines.
These are the expansion inputs, which allow functions other than NAND or
AND to be implemented.

AND
+ EXPANSION
i INPUT

tor
| EXPANSION
INPUT

The “AND"” expansion input is used with the KOO3 AND Expander, to provide
the AND or NAND function for more than 2 inputs. For example, with one
K003 AND Expander connected to a K123 Non-inverting gate we create a
five input AND gate.

8 ——1 K003

K003

v

F=AeBeCoDoE

Up to 100 inputs may be connected to the AND Expansion input.

The “OR’ expansion - input is used with the K026 “AND/OR' expansion
gate, or the K028 “AND/OR’’ expansion gate. Used with the KO12, the K123
(or K113) becomes a 4 input “OR"’ (or Nor) gate.
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K123

F=A+B+C+D

W

OOwW>P

Up to 9 “OR” inputs can be connected to the OR expansion input.

When the OR expansion input is used, and the AND inputs are also used,
the output of the AND gate is ““ORed’ with the OR expansion input.

A —1

K123 S
B

G=(A®B)+ CH+D+EHF

KO12

1]

The following K Series modules are described in this subsection. Additional
information can be obtained by contacting the Logic Products Sales Support
Group of DIGITAL, Marlboro, Mass. .

K003 Gate Expanders

K012 Gate Expanders

K026 Gate Expanders

K028 Gate Expanders

K113 Logic Gates

K123 Logic Gates

K124 Logic Gates

K134 Inverters

K135 Inverters

K138 Inverters

K161 Binary to Octal Decoder
K174 Digital Comparator
K201 Flip-Flop

K202 Flip-Flop

K206 Flip-Flop

K207 Flip-Flop

K210 Counter

K211 Programmable Divider
K220 Up/Down Counter
K230 Shift Register

‘K265 Reed Relay Drivers
K281 Fixed Memory

K282 Diode Memory

K302 Dual Timers

K303 Timer

K323 One-Shots

K501 Schmitt Triggers

K564 DC Input Converters
K579 Isolated AC Input Converters
K580 Dry Contact Filters

K581 Dry Contact Filters

K616 Isolated AC Switches
K657 DC Drivers

K658 DC Driver

K675 5-Digit Display

K681 Lamp Drivers

K683 Lamp Drivers

K716 Interface Block

K724 Interface Shell

K990 Timer Component Board
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GATE EXPANDERS K

K003, K012, K026, K028 SERIES
NEMA MIL
oY |e x FbjE
oz 2
S 03—

:L ' L
@ [
o e

1

oz ,

Es 1 L -
o oY
D 1 v
Ny K003

K003 AND expander: May be connected to the AND expansion node of any
K Series module.

NEMA

g
og

0g
"

o
o

K003

K003 AND/OR expander: May be connected to the OR expansion node of any
K Series module.
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NEMA MiL
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K012

K012 OR expander: May be connected to the OR expansion node of any K
Series module. '

NEMA MIL

o
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e

D K P .
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D
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- S
T T )
T} Y
N K026

K026 AND/OR expander: May be coifhected to the OR expansion node of any
K Series module.
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NEMA MIL
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K028

K028 AND/OR expander: May be connected to the OR expansion node of any
K Series Gate.

These inexpensive gate expanders offer great logic flexibility and versatility
without a proliferation of module types. Logic functions performed by expand-
ers are illustrated in combination with the K113 and K123 gates in several
pages that follow the data sheet for the gates themselves.

It must be clearly understood that the gate expanders above are merely ex-
pansions for other K Series gates and can never be used as separate AND or
OR functions.

Each KOO3 expander module has a .01 uf capacitor available at pin B which
may be used to implement logic delays or to further reduce the speed of a K
Series output.

Caution: Pin C on K028 expanders shemld not be bussed to ground unless
function B-C is not used.
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LOGIC GATES
K113, K123, K124

K
SERIES

NEMA
. CONNECT FOR
: SLOWDOWN
S JE B/
1 Dl
E] H @
;J
I
m - x
N — 15
i
T
=1 H )
v
: K113
INVERTING GATE
NEMA
CONNECT FOR
SLOWDOWN

K123
NON-INVERTING GATE

201




NEMA MIL
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K124
AND/OR GATE

Together with the K003, KO12, K026 or K028 expanders, these gates perform
any desired logic function, inciuding AND, OR, AND/OR, NAND, NOR, ex-
clusive OR, and wired AND.

Logic gate type K123 is an AND/OR non-inverting gate subject to expansion
at either the AND or the OR node.

The AND input can be expanded up to 100 AND inputs totai using pins E,L,
and S. Up to 9 OR expansion inputs can be connected to the OR expansion
pin (J,P,V). More OR expansion inputs can be added if faster fall times are
acceptable. -Both AND and OR functions can be expanded at the same time.

Expansion of the K113 inverting gate is identical. The equivalent circuit is
the same except for inversion in the output amplifier.

The K124 provides a convenient way to implement non-inverting gate control
flip-flops, exclusive ORs, and two term OR logic equations without the need
for expanders. The module is electrically the same as a K123 gate with a
K003 expander.

Of the three circuits on each module only one has a slowdown capacitor
that can be connected to the output to increase noise rejection when the
gates are interconnected to make control flip-flops. Use of this capacitor in-
creases rise and fall time by approximately a factor of 20. The maximum
speed of each unslowed gate is 100KHz and the maximum speed of a slowed
gate is 5KHz.
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INVERTERS K
K134 SERIES

NEMA MiL

<~

CEYYY

O @
aoLs

5 B

K134 INVERTERS

Four flip-flop functional modules such as K210, K220, K230 can conveniently
be augmented by a K134 to get *0’' as well as “1" outputs. The K134 is
also provided with expansion and inhibit inputs for use as the readout ele-
ment of ready-only memories using K281 diode memories. A common input
at pin K can force all four outputs high, a helpful feature for building large
K281 memories or very large K161 decoders.

K134 inverters may also be AND expanded by KOO3 gate expanders, provid-
ing an efficient way to obtain 4-input NAND or inverted NOR gates.

203



INVERTERS K

K135 SERIES

NEMA MIL
= b — —= " .
] A

@.!‘___.__

K135 INVERTERS

The K135 module was designed primarily for use in applications that require
inverters with ‘“OR’" expandability. A common input at pin K can force all
four outputs high regardless of the ‘OR’’ gate inputs. This feature is usefu!
if a K161 decoder is used for multiplexing K135 modules, since all outputs
for the same bit can be wire “AND"'ed together.

The loading on pin K is initially 6 with no ‘“OR’’ expansions and increases by
*1" unit load for each ‘‘OR" input that is added to the module. For example,
if a KO12 expander was added to each of the four inverters, the total pin K
load would be 22 unit loads.

K003 expanders can be used for AND/OR expandability. The number of AND
inputs on a given OR input does not affect the loading of pin K.
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INVERTERS K

K138 SERIES
NEMA ‘ MIL
P
E‘ B

EEEEEEE T
8 BB e w o W

The K138 has eight inverter circuits on each module. These circuits can be
used to invert other K Series outputs to obtain both a high (+5V) level as
well as a low (Ov) level. The K138 is pin compatible with the K134 and
K135 and may be substituted for them if a higher density of inverters is
desired.
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BINARY TO OCTAL DECODER K
K161 SERIES

CONNECT TO SLOW
DOWN ZERO OUTPUT
1 /
1
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INH 7

K161 DECODER

Three-bit binary numbers at the input to the K161 will be decoded into eight
one-at-a-time outputs. Both inputs and outputs are high for assertion. The
inhibit input allows BCD to ten line decoders to be built, or permits several
decoders to be interconnected for sixteen, twenty-four, thirty-two outputs, etc.
The inhibit may be left open if unused, even though high is the inhibit state.
When the K161 is being used with M series, all input signals must be buffered
with K series gates. This is necessary due to the 3 volt thresholds in the K161.

Standard K Series slowdown circuits on each output minimize and for most
purposes nullify the splinter pulses that all decoders emit during input tran-
sitions. Additional slowdown available on the zero output can usually suppress
the larger splinter that may occur there. But since splinter size is ultimately
determined by input timing tolerances, it is cleanest to avoid logic designs in
which a decoder output is used as a source of pulses.

The diagrams below show how to connect decoders for 8, 10, 16 and 32 out-
puts. Much larger decoders are possible, and in fact up to 256 outputs or
even more can be obtained by inhibiting all but one of several decoders.
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DIGITAL COMPARATOR K

K174 SERIES
NEMA
COMPARATORS [E [? L—P =
OF GREATER '80“ ol ° "o
SIGNIFICANCE
OR TO K113 OR 1 0]t o] ol1 o INPUT FROM
K123 "OR" K 7] s P M COMPARATORS
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K174 DIGITAL COMPARATOR

Numerical comparisons such as those required in digital positioning controls
are facilitated by the K174. Performing the same function as the comparator
in closed-loop analog systems the K174 tells which of two quantities is
larger.

Fundamentally, the K174 performs a subtraction to determine whether a
““borrow’’ would be needed to obtain a positive result. The magnitude of the
difference is not available; only the sign.

Note in the example below that the output on pin K will be low only if the
magnitude of the number in the K210's is less than the thumbwheels.

If moré than four bits are to be compared, several comparators may be
cascaded as shown Below. Note use of KOO3 as if expanding an “OR” to
control the state of the output for the case of equal input numbers.

The output at Pin K would normally be low for equality without the K003
connected to Pin J, but with it connected, Pin K is high for equality as shown
below.
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TWO DIGIT COMPARISON OF THUMBWHEELS AGAINST K210, ETC.
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If the numbers being compared are not muitiples of 4 bits then one of the
inputs on each unused comparitor position must be connected to +5 and
the other one to the ground.

The K174 can also be used to obtain three independent outputs for full
greater-than, equal-to, less-than capability. The application below takes ad-
vantage of the fact that if A is equal to B, K will go high if J goes high and
K will go low if J goes low.
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In certain applications, it is possible to make a single K174 oscillate if A=B.
This is done by inverting the output at pin K and feeding it back to pin J.



FLIP-FLOP K

K201 SERIES
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This superslow 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 like
K202, K210, etc. So noise immune, in fact, that several yards of wire may be
connected to K201 outputs even in severely noisy areas without errors.

The K201 flip-flop input gating is designed to respond to the time sequence of
two inputs rather than to their simple AND function. Level inputs E, H, M, and
P must be high at least 400 us before the pulse inputs D, F, L, and N make
a high to low transition. The flip-flop will compliment if the S and R inputs are
puised at the same time. The input minimum noise rejecting time thresholds
are 100 us. Successive input transitions must not be closer than 400 us.
Grounding pin J causes pins T and V to go high and pins S and U to go low,
regardliess of the state of any other input except clear inputs.

Each flip-flop circuit on this module has a separate clear input (pin K and
R). if either of these inputs is grounded the ZERO output of that specific
flip-flop will go high and the ONE output will go low unless the set input is
grounded.

There is also a common clear, Pin B, which when grounded, forces pins S
and U high and pins T and V low, except when pin J is grounded.

If any clear input and the SET input pin J are grounded at the same time,
the outputs will be undefined.
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FLIP-FLOP ' K
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K202 flip-flops do shifting, complementing, counting, and other functions
beyond the capabilities of simple set-reset flip-flops built up from logic gates.
They also may be used to extend K210 counters or K230 shift registers.

When the output of the clock gate fails from high to low, the information at
the OR input (pins D-J, L-P) is transferred into the flip-flop. Pin J (or P) is
ORed with the pin D (or L) input. Like pins J and P of a logic gate, these pins
can be driven only from a K003, K012, K028, or KO26 expander.

Time is required for flip-flops and delayed inputs to adjust to new signals.
The clock gate output must not fall to zero sooner than 4 usec after its own
rise, the end of a clear signal, or a change on associated data input pins.

A K202 flip-flop is cleared by grounding the clear input pin. The flip-flop is
held in the zero state as long as the clear input is zero volts, regardless of
other inputs.

When using a K202 flip-flop to extend the length_of a K230 shift register,
pins B on both modules must be left open (unslowed). Pin B slows the clock
inputs of the K202 for complementing correctly at slow speeds in very noisy
surroundings; but the data inputs are not affected by pin B.
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Complementing: Below is shown a complementing application. Here the in-
formation stored at the data input is the opposite of the flip-flop’s present
state. Each time the clock gate output changes from “1" to “0", the op-
posite of the current state is read in.

L compLEME_Nzn;:s_afEs __ﬂ ﬂ ﬂ ﬂ

1 [*]

L
—
output 1 S

-—— -

K202 COMPLEMENTING

Shift Register: The diagram below shows two flip-flops connected as a two-
stage shift register. At each step the incoming signal, whether high or low, is
set into the first stage of the register, and the original content of the first
stage is set into the second stage. The input to each flip-flop must be stable
for at least 4 microseconds before another shift puilse occurs, for reliable

shifting.
SHIFT PULSES ﬂ ﬂ n rl

INPUT

s..__.+_.____

ll '

| —-———-—t—

|
|
. | OUTPUT B ]'_

K202 2-STAGE SHIFT REGISTER

-
(o}
PSRRI N SN N S—

Note: In older systems of logic, most flip-flop functions had to be performed
by general-purpose flip-flops like the K202. The K Series, however, includes
functional types K210, K211, K220, and K230 which are both less expensive
and easier to use than the K202 for most applications. Think of the K202 pri-
marily as a complementing control flip-flop and register extender.
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FLIP-FLOP REGISTER K
’ K206 SERIES
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The four set-reset flip-flops in the K206 are arranged for convenient address-
ing from the outputs of a K161 Binary to Octal Decoder. The flip-flop out-
puts can then be wired to control and maintain the state of corresponding
output drivers, providing addressable output conditioning from teletypes,
computers, or fixed-memory sequence controllers.

In addition, the same decoder may be used to address a particular K578
input sampler by grounding the K206 enable input when flip-flop changes
are not desired. Pin E enable fanin on the K206 is reduced to 2 milliamperes
when K161 addressing is used.

Since most control systems have about half as many digital outputs as inputs,
it is convenient to use the least significant bit of the K161 address to deter-
mine which flip-flop state is wanted. Odd addresses allow for setting; even
addresses, resetting. All flip-flops may be reset together by grounding the
clear input, pin K. This clear input takes precedence over all other inputs.

When pin E is high, a logic “1"" at an S input will set the output to a logic ‘1"
and a logic ‘‘1" at an R input will reset the output to a logic *‘0.” S and R
inputs should not be allowed to go high at the same time while the flip-flop is
enabled. Any one or all fiip-flops may be changed when pin E is high.
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FLIP-FLOPS K
K207 SERIES

MiL

RESET E Ll

OR EXPANDER

evs G

L

EN4 |3

oun [T

The K207 is a 4-bit, set/reset, flip-flop buffer which can be used to manipu-
late or store data. The module has common set and reset lines with an
enable input for each stage. Each stage may be set or reset independently
with the use of the enable line.

To set a flip-flop, its enable input (pins D, F, J, L) must be at +5 V and
the common set input must be brought to +5 V for at least 5 us. To reset
a flip-flop, the enable pin must be at +5 V and the common reset line
brought to 45 V for 5 us. The K207 has a common clear line which, when
brought to O V, will clear all the flip-flops in the buffer.

The K207 contains an output expander network which allows the state of
each stage to be examined. The selected flip-flop will cause an output at
pin V if it is set. Pin V must be connected to the OR expander node of any
K-series module. To read a stage, the enable for that stage must be at
+5 V. If the stage is set, a logic 1 will be presented to pin V.
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COUNTER K
K210 SERIES
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The K210 is a binary or BCD counter that can be wired to return to zero
after any number of input cycles from 2 to 6. Count-up occurs when the
COUNT gate output steps to zero. Decimal counting logic is built in; when
pin D is unused, the counter resets to zero on the next count after nine.
When pin D is grounded, the counter overflows to zero, after a count of 15.
(Pin D is not intended for dynamlc switching between binary and BCD
counting.)

The counter is reset by grounding the clear input for 4 microseconds or
more. A positive level at the J input from a KOO3 expander also resets the
counter on'the next high to low transition of the COUNT gate output. Counts
of 10 or 16 DO NOT require the use of a KOO3 expander since they can be
obtained with pin D.

Wire the KOO3 as a decoder to detect one count less than the desired
modulus. (Detect 5 for a count-of-6 counter, etc.). Use the K424 Thumb-
wheel Decoder if manual reset control is desired.
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K210 p— COUNT
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DETECTS
COUNT OF §
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KOO3

|
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K210 CONNECTED FOR COUNT OF 6
To count above 10, ground pin D. Combine two KOO3 expanders as shown

below, where three counter outputs must be sensed (to divide by 8, 12, 14
or 15).
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/3
K003
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K210 CONNECTED FOR COUNT OF 15

Time is required for flip-flops and pin J reset logic to adjust to new inputs.
The cqunt gate output must not step to zero sooner than 4.0 usec after its
own rise, a change at pin J, or the end of a clearing signal at pin K. When pin
B is grounded for slowdown, allow 50 usec.

Larger counters are obtained by cascading K210’s or adding K202 flip-flops.
To cascade K210 modules, wire the most significant eutput of one counter
to the input gate of the next. Inputs to the least significant stage can be
either pulses or logic transition to ground; risetime is not important.
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Any transducer-such as a switch, photocell, pulse tachometer, or thermistor
probe, can generate the signal which is to be counted. The lack of input
risetime restrictions may allow transducer outputs to drive K210 counters
directly if damaging transients can be avoided, as when the transducer
shares the logic system environment.

. 172
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e

K210 AUGMENTED WITH K202 FOR COUNT OF 32
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PROGRAMABLE DIVIDER K
K211 SERIES
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The K211 is a binary counter that can be wired to produce a high to low
output transition on pin V after any number of input cycles from 2 to 16.
Count-up occurs on the high to low transition of the count gate output.

The counter is programmed by connecting pin L to pins M,P,S, and U to
select the binary number that is one count less than the desired modulus.
(Detect 2 for a count-of-3 counter, etc).

Modulo 3 counter
Pin L is connected to pin P only.
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The counter is reset by grounding pin K for 4 microseconds or more.

Time is required for flip-flops to adjust to new inputs. The count gate output
must not step to zero sooner than 4.0 usec after its own rise or at the end
of a clearing signal at pin K. When pin B is grounded for slowdown, allow
50 usec.

Larger dividers can be obtained by cascading K210's, K211's or adding K202
flip-flops. To cascade K211 modules, wire pin V to the input gate of the next
module. Inputs to the least significant stage can be either puises or logic
transitions to ground; risetime is not important. Any transducer such as a
switch, photocell, pulse tachometer, or thermistor probe, can generate the
signal which is to be counted. The lack of input risetime restrictions may
allow transducer outputs to drive K211 modules directly if damaging tran-
sients can be avoided, as when the transducer shares the logic system
environment.

K211 modules can be used to build real time clocks and frequency dividers
when only the most significant output is required.

1HR 10 MK 1MIN 10 SEC 15€C 156C 1760 SEC

REAL TIME CLOCK
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UP/DOWN COUNTER K
K220 . SERIES
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The K220 Counter module provides all the circuitry necessary for binary
and binary coded decimal up counting, down counting, presetting and clear-

ing. This module is useful in many digital position readout and feedback
applications.
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The K220 is a double height module with all but two pin connections made
on the upper connector (pins D and E on the lower connector must be
grounded for binary UP/DOWN counting).

The direction of counting is established by the signal at pin L, high for up
counting and low for down counting. Pin L count direction changes should
finish no later than 4.0 psec. before the next count input. Up counts occur
when the count (AND) gate output makes a transition from  high to low
(45v to Ov). Down counts take place on the count gates output transition
from low to high (Ov to 5v).

To preset the outputs of a K220, four read-in flip-flops with a common
enable have been provided in the circuit. High logic levels (45v) present
at the read-in gate pins (U,S,P, or M) are read into their respective flip-flops
when the common enable pin D, makes a low to high transition (Ov to 5v).
These preset flip-flops will not read low levels (Ov) into the K220. All unused
read-in gate inputs should be grounded to prevent the read-in of undesired
ONE's.

The K220 outputs can be cleared to zero by grounding pin J or K. During
this clearing process, no count or preset input can be read into the module;
clearing inputs take precedence over all others.

With the exception of the clear inputs, time is required for flip-flops, counting
logic, and read-in gates to adjust to new inputs. To prevent counting errors,
neither the count gate output nor any other counter input should change
within 4.0 microseconds of a transition at any other input.

For slowdown operation, piri B of the K220 must be grounded. If slowdown
is used, 50 microseconds must be allowed between one counter input transi-
tion and an input transition at any other input.

When K220 counters are cascaded, a single connection from pin V of one
K220 to the count input gate of the next, establishes both carry and borrow
propagation.

10
NEXT STAGE UP= 45V
i DN= OV
] T
80 40 20 10 8 4 INPUT
K220 k220 |&—
t ot o1 oy O s o[t o[t o1 o ULSES
v v

TO NEXT
STAGE

Shown below is a means of acception up and down pulse-trains from two
separate sources. For this application, input pulse spacing should be at least
20 microseconds and input pulse widths should be at least 10 microseconds.
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The ‘‘clear’” and ‘‘read ones' inputs on the K220 module may be combined
to transfer completely new data into the moduie in a single operation. Timing
requirements in the K220 demand that a low to high transition on the
“read ones’ (PIN B) input wait until at least 4 microseconds after the clear
input rises. A simple method of accomplishing this delay follows.

Flis
K003

TRANSFER ‘,iZI g 7
INPUT 8 4 2 1| xezol,
J®—| o[t _olt o]t o —
) v T, RI nl B
| 104 oR MoRE

I

—4 L—Sus

This circuit gives approximately 10 microseconds of rise delay. The delay
may be reduced to about 5 microseconds if desired, by connection another
one milliampere pull-up (pin D to pin E on the KOO03).
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Several “read ones'’ inputs may be driven from a single KOO3 section, pro-
vided the capacitance is muitiplied by the number of inputs driven. Heavy
capactive loading may cause slow falitimes on the transfer input line. Pin
D inputs on the K220 may be regarded as 1 miiliampere loads in this
application.

The transfer input rise time must be from an unslowed K Series output.
Slow signals from K580, K581 or K578 modules must be accelerated by a
K501, Schmitt Trigger.

K220 UP/DOWN COUNTER
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K230 SERIES
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Information presented at pin L of this four stage flip-flop register is shifted
toward pin V with each high to low transition (5v to Ov) at the shift input gate.

To preset the outputs of a K230, four read-in flip-flops with a common enable
have been provided in the circuit. High logic levels (4-5v) present at the
read-in gate pins (U,S,P, or M) are read into their respective flip-flops when
the common enable pin D, makes a low to high transition (Ov to 5v). These
preset flip-flops will not read low logic levels (Ov) into the K230. All unused
read-in gate inputs should be grounded to prevent the read-in of undesired
ONE'’s.
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The K230 outputs can be cleared to zero by grounding pin J or K. During
this clearing process, no count or preset input can be read into the module;
clearing inputs take precedence over all others.

Shift registers of any length can be formed by tying pin V of one K230 to pin
L of the next, and operating all shift gates together. Supply all shift pulses
from the same device to maintain synchronism. The propagation delay of even
one gate is too large a difference between two shift inputs on the same
register. For every 20 bits that are required, duplicate the last stage of the
shift-generating logic and tie the outputs in parallel to all K230 shift gate
inputs.

Time is required for flip-flops, shifting logic, or read-in gates to adjust to new
inputs. Except clear inputs, neither the shift gate output nor any other regis-
ter input may be changed within 4 psec. after a transition at any other input.
When pin B is grounded for slowdown, allow 50 usec.
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REED RELAY DRIVERS SERIES

NEMA MIL

O | bC RELAY
DRIVER

E [ OC RELAY
DRIVER

E; DC RELAY
DRIVER

EL DC RELAY
DRIVER

5 | § DC RELAY
DRIVER

[ELE (RS (R R, R,
[EH (B[R R R,

REAL TIME CLOCK

The K265 Reed Relay Driver has drive circuits for customer mounted relays.
Up to five relays with Form A contacts can be mounted on the single height
card. A logic 1 at each input energizes the relay to provide isolated contact
outputs for special interfacing applications.

There are two mounting configurations: split lugs for axial lead relays, and
mounting holes for certain printed circuit mounting relays. Typical reed relay
closure speed is 1 ms to 2.5 ms.
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FIXED MEMORY K
K281 SERIES
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K281 FIXED MEMORY

The K281 is designed to be used with the K161 (Binary to Octal Decoder),
the K681 (8-30 ma drivers) and the K134 (4 inverters), to build a read-only
memory. Each K281 initially contains eight four-bit words consisting of only
“1's”’. The user selects the codes he desires by cutting out diodes in the bit
positions that are to be “0's”. Additional K281 and K134 modules may be
added to the system to generate more words and longer words.

228



CODING THE K281 DIODE MEMORY

When the K281 is used to build a K Series Read Only Memory, the codes are
stored by cutting out diodes where zeros are desired. The diode map below
shows the physical location of the diodes on the K281 and how they are con-
nected to the module pins.

[ ] o
EHKM MKHE T
i i i % { { i { E,H,K,M are the four

‘ output pins.

N ]

EHKM MKHE D,FJ,LLN,RT,V, are
the eight drive lines.

EHKM MXHE

R M w F Component side
EHKM MKHE

T —ﬁi} ﬁii— J
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DIODE MEMORY K
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The K282 is a diode matrix module which initially contains eight, 16-bit
words. This matrix was designed to be used with K134 modules to obtain
read-only memories. The user selects the codes he desires by cutting out
diodes in the bit positions. More bits may be added by using additional
K281 or K282 modules.
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The‘K302 module contains two independent timer circuits. Each circuit pro-
vides three delay ranges:

Range one:0.01 to 0.3 seconds
Range two: 0.1 to 3.0 seconds
Range three: 1.0 to 30 seconds

A range of up to three minutes can be obtained with a modification to the
K302. A single wire jumper on each timer circuit can be removed and a
resistor substituted. . ‘

The potentiometer on the module is adjusted clockwise for maximum and
counterclockwise for minimum delay for each range.

The time delay begins when either AND gate output goes to a logic 1 (pins
F and H high, or pins M and N high); i.e., enable gates are provided to gate
the individual delays to the expander output. The expander output, pin V, has
no drive capability and must be connected to the OR expander input of a
K113 or K123 module.

When the AND gate output steps to a logic 1 the delay is triggered. The non-
inverted output rises after the time delay, while the inverted output falls.
These outputs will remain in this state until the input steps to zero. At this
time the outputs will revert to their initial state.
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TIMER K
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K303 timers provide time delays from 10 microseconds to 30 seconds and
can be interconnected to form clocks with periods covering the same inter-
vals. Fixed or adjustable delays and frequencies are obtainable. Calibrated
controls are available (K371 through K378) for mounting directly on the
K303. Remote controls can be added, if desired. A simplified schematic of
the K303 is shown below. Note that the comparator has hysteresis, increasing
the rejection of false ‘“1"" noise peaks at the input.

+6V |

CONNECTIONS
FOR K374, ETC.

K303 /[\ —
! =
K303 TIMER SIMPLIFIED SCHEMATIC
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When a K303 input gate steps to zero, the uninverted output falls after a
controlled interval, while the inverted output rises. The interval can be as little
as 10 usec or as long as 30 seconds depending on the size of the R and C
connected to pin J, P, or V. Recovery begins when the input gate output rises
to a logic “'1". In order to guarantee 95% repeat accuracy in the delay time,
a recovery time of at least 300 C should be used, (C is in Farads, Time is in
seconds). Be sure to include the 2.2 nf capacitor as part of the value for C.
The delay interval in seconds is equal to .7RC (R in ohms, C in farads).

Any value of C may be used as long as R remains between 1 K and 250 K

ohms.
RECOVERY TIME—|  je—

|
i
|
173 }
K303 | I |
|
| DELAY TIME -q

‘b
¢ $RI47KQ TO
NOTE:
F 250KQ) K374,K376, K378 PROVIDE

= TIMING COMPONENTS FOR
= THIS CIRCUIT

1/3 K303 AS OFF DELAY

A positive step at the input gate output resets the K303 timer outputs. If the
step occurs before a timeout is complete, the timeout is terminated and no
change appears at the outputs. This property is sometimes convenient for
establishing a pulse repetition rate threshold (Frequency Setpoint) .

A built-in 2.2 nanofarad timing capacitor assures adequate noise rejection
when external capacitors are mounted several inches from the timer. Time
threshold for resetting is always several percent of rated recovery time, so
that noise rejection time increases in proportion to the size of the timing
capacitor. Remote rheostats and timing capacitors may be used, but noise
rejection will be degraded. If several timing capacitors will be switch selected,
wire in the smallest near the module and switch the others in paraliel with it.

Variable or fixed timing resistors used with K303 timers may be any carbon
composition, film, or wirewound rheostat or potentiometer. Delay time is
linearly proportioned to resistance from 250KQ down to a few thousand
ohms, falling to zero (reset inhibited) below a few hundred ohms. Momentary
shorting to ground of control pins will not cause damage, but a padding re-
sistor of at least 3000 in series with variable controls is advisable both to
prevent continuous grounding and to avoid confusnon which may arise if re-
setting in inhibited.

Timing capacitors may be any ordinary mica, paper, ceramic, or low. leakage
electrolytic type. For delays above a few seconds, wet slug tantalum electro-
lytic capacitors are advisable to avoid leakage-induced drift at high tempera-
tures. Temperature coefficient of delay has been optimized for the carbon
composition potentiometers and tantalum electrolytic capacitors used in the
controls described below, and is typically less than 1% in 5°C (9°F) using
K731 and K732 regulators for power.
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ONE SHOTS K
K323 SERIES
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K323 one-shots provide output pulse widths from 10 us to 30 seconds with
either fixed, or adjustable delays. Calibrated ‘controls K374, K376, and K378
are available for mounting directly on the K323. Remote controls can be
mounted on a K990 Timer Component Board.

When either input to the K323 gate steps to O, the uninverted output rises
and stays positive for a time equal to 0.7 RC. The pulse width is controlled
by the value of R and C connected to pin J, P, or V. The one-shot recovery
begins when both signals at the input gate rise to logic 1.
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SCHMITT TRIGGERS : K

K501 SERIES
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The K501 can be used with the K580, K581, or K578 to provide simultaneous
true and complementary signals with full K series drive. Built in hysteresis
and slowed outputs insure reliable operation in noisy signal environments.

Schmitt Triggers can also be used to speed up signals with very slow rise or
fall times for input into pulse formers or logic circuits where timing con-
siderations are critical.

The K501 is not designed to be connected directly to unfiltered contacts or
other noisy signal sources. The Schmitt Triggers have standard K-Series out-
puts and their rise time is on the order of 7us. Minimum hysteresis between
upper and lower Thresholds is 1 volt.

A logic “1" level at pins E, K, P and U forces pins D, J, N, and T high and
pins F, L, R, and V low. A logic ‘0" level at pins E, K, P, and U forces pins
D, J, N, and T low and pins F, L, R, and V high.
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DC INPUT CONVERTERS K
K564 SERIES
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:' L reversed in socket
[ 10~ CONTROL (GND = BT)
(SEE TEXT) (+5v=8V)

Pins in parentheses are used when module is reversed in socket.

The K564 provides conversion of eight dc signals in the 10 to 55 Vdc range
to K-series logic levels. A light-emitting diode (LED) indicator is provided for
each input circuit and will light with a 10-55 V input. Clamp type input termi-
nals will-accept two wires up to # 14 AWG.

Control terminals 9 and 10 are provided to control the input current for ali
circuits on the module. Terminal 9 is to be connected to the negative refer-
ence of the external supply which should be tied to both chassis and logic
ground.

L J

236



Each circuit of the K564 contains an RC input noise filter to provide switch
bounce rejection.

Gating circuits equivalent to four K026 sections are included for contact
scanning applications using the K161 or to facilitate forming the logical OR
of many inputs. Direct outputs are from active circuits and may not be wired
together. The OR expander output (if used) must be connected to the OR
expansion node of a K-series gate.
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The K579 is an isolated ac input converter module containing eight 120 Vac
input circuits. The input circuits are transformer isolated and have LED in-
dicators which indicate voltage present on the input screw terminals. Schmitt
triggers are provided on each input for bounce rejection. A 120 Vac input will -
cause the corresponding output to be at 45 V. A gatable expander output
is provided which may be connected to the OR expansion input of a K-series
gate.

Either the K724 Interface Shell or K943 Mounting Rack will provide suitable
mounting of the K579.

A 10-terminal, nylon strip is provided for connection to 120 Vac field wiring.
The. strip has 3/8 terminal spacing, captive screws with wire clamps, and is
color coded red for ac. The terminal strip meets NEMA and JIC specifications
regarding barrier height and voitage breakdown. Each terminal is marked
according to its function: Input (—), Neutral (NEUT), and Chassis Ground
(GND).

239



DRY CONTACT FILTERS
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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 the new encapsulated reed
limit switches, thumbwheel switches, and the like. Those push-buttons or
slide switches that provide good wiping action will also operate reliably with
these filters, but silver contacts designed for long life on heavy duty loads
are likely to give trouble. For them, use interfaces designed for such applica-
tion like K508-K716 or K578, or at least switch a high voltage. (see K580
voltage table.)

Schmitt Triggers should be used on the outputs of both the K580 and K581
when they are used for one shot or timer inputs.

Access to K580 and K581 inputs is by solder lugs only. Strain relief holes
are provided in the board (near handle) for a 9-wire cable. The avoidance of
- contact connectors on the logic wiring panel combined with heavy filtering
guarantees noise isolation and protects modules by preventing accidental
short circuits. Below is a summary of other characteristics.

Contact Contact Output for | Time Delay | Time Delay
Current Voltage |[Contact Closed| on Closure | .on Opening

K580 22ma See Table| high 10msec 30msec
K581 22ma 5V low 20msec 20msec

(Time delay figures above are nominal, and assume connection to the input
of a standard gate such as 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 +10 volts or more. The table below shows how external
dropping resistors may be added to provide higher voltage operation.

TABLE OF K580 VOLTAGE DROPPING RESISTANCES

CONTACT
SUPPLY 10 12 15| 24 28 48 90 1100 1120
VOLTAGE

Dropping ’ ‘
Resistance 0 | 82a 2200 | 6200] 8200} 1.8K0 | 3.6KQ 3.9KQ 4.7Q
Dissipation | — |0.05W [0.11W| 0.3W |0.4W |0.85W |1.8W 2.0W [2.5W

When using dropping resistors and higher voitage 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 more power than the entire logic sys-
tem, and must be located so as not to cause excessive temperature rise in
the K series environment.

241



Note that these circuits may not be paralleled to obtain the wired OR or
wired AND function, and that fanout is limited to 2 milliampers in order to
maintain the low (zero) output voltage within normal K-Series specifications.
Fanout to ordinary logic gates and diode expanders may be raised to 4
milliampers if some noise and contact bounce rejection can be traded off; but
hysteresis inputs such as those at counter inputs, rate multiplier, etc., may
not switch properly if the logic zero is allowed to rise much above 0.5 V.

Looking at the component side of both the K580 and K851, the solder lug
connections are numbered 1 to 9 from pin end to handle end.

K580

K581
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ISOLATED AC SWITCHES K
K616 SERIES
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The K616 isolated ac switch module contains four isolated 120 Vac TRIAC

" output circuits. Each output is fused and has a light-emitting diode to -indi-
cate when the output is ON. The fuses can be changed from the terminal
strip side of the module without removing field wiring or removing the module
from the system. Either the K724 Interface Shell or K943 Mounting Rack will
provide suitable mounting for the K616.

The K616 is a new version of the K614 featuring improved operation under
light output loads, lower input loading, and a new 10-terminal nylon strip
with 3/8 spacing between terminals. The terminal strip meets NEMA and
JIC specifications regarding barrier height and voltage breakdown. It has
captive screws with wire clamps to accept 2-14 AWG wires and is color coded
red for ac. Each terminal is marked according to its function: Supply (LINE),
Switched Output (=) AC Return (NEUT), and Chassis Ground (GND).
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DC DRIVERS K
K657 - SERIES
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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 K
K658 SERIES
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K658 4 AMP DRIVER

Each circuit of this versatile driver can deliver up to 4 amperes at up to 125
volts. This module has Integral clamp-type terminals and neon indicator
lamps. (Lamps are effective only at 90 volts and above.) This driver module
is designed to be used with K724 interface shells. Positive side of load sup-
ply must be connected to protect output transistors from damage during
turnoff transient.
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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. '

247



5-DIGIT DISPLAY K

K675 SERIES
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The K675 is a 5-digit display module designed to be panel mounted. Five
digits of 7-segment LED readouts are housed in a plastic bezel with a lucite
window which can be mounted through a panel cutout. The display is con-
nected to the logic backplane wiring by a 10 foot, 25-conductor cable
(BC14F) and a double height cable connector module, K783. Five digits of
BCD-coded data, presented to the K783, will be displayed by the K675.

A blanking feature to suppress zeroes to the left of the last non-zero digit
is controlled by a wire jumper on the display module. The display is pre-
enabled for blanking but can be disabled by removing a wire jumper. If dis-
abled, the K675 will display all BCD digits, including zeroes.

A decimal point is located to the left of each digit and can be controlled by
jumpers W2 through W6. Removing a jumper will extinguish the correspond-
ing decimal point.

Digit 1 can be used for a minus sign when displaying 4-digit negative num-
bers. When the minus sign is used, digit 1 is not available for displaying
other numbers. The minus sign is illuminated by groundng pin 20 directly,
or with a K-series NAND gate or inverter.
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LAMP DRIVERS
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K681 LAMP DRIVER

These eight-circuit modules drive external loads through 9-conductor cable
soldered to split lugs at the handle end by the user. Strain relief holes are
prepunched in the board. Logic “0'" turns the driver off, logic ‘1" turns it on.

Pin connections via diodes to outputs facilitate production automatic module
testing while isolating system wiring from high voitages. Circuits are not
slowed, and these connections are not recommended as output tiepoints
unless exceptional care is taken to prevent noise and damaging voltages from

degrading system reliability.

N
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OUTPUT RATINGS

MODULE
TYPE ~RESISTIVE INDUCTIVE INCANDESCENT LAMPS
K681 18V, 30ma 18V, 30ma with Lamps rated 18V, 40ma

added suppression
diodes (K784)

operated at 12V to reduce
current to 30 milliamperes.

Note greatly reduced ratings on tungsten loads. Lamp filaments draw typ-
ically ten times more current at turnoff than when hot, resulting in very high
transistor dissipation if supply voltage is high. Series current limiting resis-
tors or shunt preheat resistors could be used to limit surge in certain cases,
but ratings above assume this would be awkward or impractical.

K681

Solder lugs on the K681 shown above are numbered 1 to 9 from left to right.
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LAMP DRIVERS K

K683 SERIES
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These eight-circuit modules drive external loads through 9-conductor cable
soldered to split lugs at the handle end by the user. Strain relief holes are
prepunched in the board. Logic 0" turns the driver off, logic ‘1" turns it on.

Pin connections via diodes to outputs facilitate production automatic module
testing while isolating system wiring from high voltages. Circuits are not
slowed, and these connections are not recommended as output tiepoints
unless exceptional care is taken to prevent noise and damaging voltages from
degrading system reliability.
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MODULE | OUTPUT RATINGS

TYPE RESISTIVE INDUCTIVE INCANDESCENT LAMPS

K683 55V, 250ma 55V, 250ma Lamps rated 40ma, to 48V;
with added Lamps rated 60ma, to 28V;
suppression Lamps rated 80ma, to 18V;
diodes (K784) Lamps rated 100ma, to 12V

Note greatly reduced ratings on tungsten loads. Lamp filaments draw typ-
ically ten times more current at turnon than when hot, resulting in very high
transistor dissipation if supply voltage is high. Series current limiting resis-
tors or shunt preheat resistors could be used to limit urge in certain cases,
but ratings above assume this would be awkward or impractical.

K683

Solder lugs on the K683 shown above are numbered 1 to 9 from left to right.
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INTERFACE BLOCK K
K716 SERIES

An important hardware feature of the K Series system is the K716 interface
by electricians. The logic modules interconnect to the K716 by plug-in ribbon
cables.

120
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TYPICAL CONTROL APPLICATIONS FOR K SERIES MODULES
INTERFACED BY K716 -

Contacts: Ordinary silver contacts of the kind found in limit switches, pressure
switches, and pushbuttons work best when operated with healthy levels of
both line voltage and load current. The sparking that results prevents buildup
of contact surface contamination. To assure reliable switching, isolation
transformers in the K716 provide a reactive load for switched 120 vac pilot
voltages. The K508 AC Input Converter ignores contact bounce. Hash fiiters
in the module, and attenuation in the isolation transformer built into the
K716, reduce electrical noise. Built-in indicators permit quick maintenance
checks.

The K716 Interface Block serves as an interconnection interface for those
K Series modules that communicate with external equipment. External field
wiring terminates at a 24-terminal screw connection block that accepts plain
stripped wire up to 14 guage. No separate crimped or soldered terminals are
required.
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K716 INTERFACE BLOCK SCHEMATIC

Ribbon cables from the K Series interface modules connect to printed circuit
board sockets on the K716. This allows the K716 terminai block to mount on
the rear panel of a NEMA enclosure for the convenience of electricians, while
the digital system itself mounts on the door for easy access to both modules
and logic wiring. The ribbon cable makes neat, simple wiring layouts and
easy flexing at the hinge.

The three sockets in the K716 terminal block contain the same module-
connector system used for the modules themselves, permitting quick discon-
nect of the entire logic system without affecting reliability. This arrangement,
together with the K940-K941 bolt-on mounting hardware, allows initial check-
out of control systems away from the site, as well as minimizing downtime in
case of failure. The cable sockets have the same reliable gold contacts as K
Series module sockets.

Socket B, for use with the K508 AC input converter, is fed by eight isolation,
stepdown and contact loading transformers contained within the aluminum
shell of the K716. The transformer primaries receive 120-volt pilot signals
from external contact closures. Each input is monitored by a neon indicator.

Sockets A and C are for use with K524, K604, and K644. Neon indicators are
provided to monitor the outputs of the K604 Isolated AC Switch module.
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The drawing above shows approximate dimensions of the K716. Mounting
slots clear no. 10 screws and allow compensation for mounting screw loca-
tion tolerances.
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All neon indicators are located within the K716 shell, visible at the rear of
associated screw terminals.

Socket D, normally terminated by a shoting plug, runs all return lines.from
connector C to a common point. if the shorting plug is removed, indepen-
dent wiring of connector C return leads for K524 or K604 modules is possi-
ble. A WO033-06F-W033 cable connector ($15) must be instalied between
socket D and socket A. An extra 2-inch clearance is required by this connector
board. Independent wiring provides connections for four two-wire circuits
instead of 8 circuits with bussed returns.

Below is a recommended mounting pattern for combining many interface
blocks. This pattern can be extended provided the 30" reach of ribbon is
not exceeded.
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K716'S IN INDIVIDUAL ENCLOSURE
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INTERFACE SHELL K
Y, K724 SERIES

Unlike the K716 Interface Block, the K724 Interface Shell does nat contain
any electronic components. Instead, it provides the connectors and the
mechanical support for self-contained interface modules K578, K614,
K615, K650, K652, K656 and K658. Up to four K578, K614 or K615
modules or two K650, K652, K656 or K658 modules may be installed, with
eight module sockets remaining for decoding or gating modules. The limit of
two DC Driver modules is due to the fact that they cannot be reversed in
their connector sockets.

Convenient witing channels are obtained between units if they are mounted
on 12" centers vertically and 6’ centers horizontally. This way a-total of up
to 32 input converters and 16 output converters fit in one square foot of
panel space, along with up to 16 logic modules.

The K724 provides only logic power and ground connections between all but
two sockets. It is primarily intended for very simple logic systems or for large
systems where all input and output logic levels are connected to a separate
logic unit by connector cables.
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TIMER COMPONENT BOARD K
K990 SERIES
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The K990 is a predrilled etched module for mounting up to six RC networks
for K301, K303, or K323 timer controls. Any capacitor size up to a ‘D'’ case
tantalum can be mounted in the space provided. A trimpot and series resistor
can be mounted in the remaining space. Trimpot adjustments are accessible
from the edge of the module. If the module is not mounted in the top row of
modules in the system, a W980 extender module will be required to make
trimpot adjustments. Etch layout is for trimpots with a staggered center pin.
Connections to the module can be.made either through the pins or through a
cable soldered to split lugs.

Dimensions for trimpot mounting are:
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MODULES NOT RECOMMENDED FOR NEW DESIGN

The M, W, R, and B Series modules described in this subsection are modules
from earlier Logic Handbooks that are outmoded and are not recommended
for new design. However, these modules are perfectly functional for use as
spares or replacements in systems that previously utilized these circuits.
Detailed descriptions of these modules are contained in earlier versions of
the Logic Handbook. For ordering information, contact the Sales Support
Manager at the address listed in the front of this Handbook.

M SERIES

M152 Dual 1-of-8 Decoder
The M152 consists of two identical binary-to-octal decoders, each requiring
complementary inputs. This module may be used for applications such as
memory address decoding.

M160 AND/NOR Gate
The M160 contains three general purpose AND/NOR gates which perform
functions similar to those of the M121.

M169 Gating Medule
The M169 contains groups of 4-input AND/NOR gates prewired as four stages
of a 4-input, 1-output multiplexer or similar gating function.

M208 8-Bit Buffer/Shift Register

The M208 is an internally-connected 8-bit buffer/shlft register. Provisions
are made for gated single-ended parallel load, bipolar parallel output, and
serial input.

M253 16-Word x 12-Bit RAM

The M253 is a 192-bit read/write random access bipolar semiconductor
memory organized in a 16-word by 12-bit array. This module may be used
as a scratchpad memory of 16 words by 12 bits with other modules of the
same type, or may be used to construct larger memory arrays where fast
reading and writing are required.

M260 4-Word x 12-Bit Associative Memory

The M260 is a high-speed 48-bit associative random access memory that
may be used for comparing and locating data. It is a 4-word by 12-bit array
in which the equality search is performed on all bits in parallel. All inputs
and outputs are TTL-compatible.

M261 Four-State Motor Translator
The M261 develops the sequence of patterns necessary to step a Sigma or
Superior Electric type stepping motor (4 winding).
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M262 Ten-State Motor Translator
The M262 generates the sequence of patterns required to step a Fujitso type
stepping motor (5 winding).

M302 Dual Delay Multivibrator

The M302 contains two delays (one-shot multivibrators) which are triggered
by a level change from High to Low or a Low-going pulse whose duration is
=50 ns. When the input is triggered, the output changes from Low to High
for a predetermined length of time and then returns Low. This delay time is
adjustable from 50 ns to 7.5 ms using the internal capacitors and can be
extended by adding an external capacitor. This module is replaced by the
M3020 described elsewhere in this Handbook.

M410 Reed Clock

The M410 is a free-running contactless resonant-reed-tuned clock which pro-
vides stable timing signals for a system using the M706 and M707 teletype-
writer converter modules.

M452 Variable Clock
The M452 is a free-running clock which generates the necessary timing sig-
nals for the PDP-8/1 teletypewriter control.

M606 Pulse Generator

The M606 contains six pulse generators which may be used for setting or
clearing of flip-flops by applying the output of the M606 to the direct Clear
or Set inputs of up to 14 flip-flops.

M610 Open Collector Two-Input NAND Gate

The M610 contains six 2-input NAND gates with open collector outputs. Also
contained on the module is a pulse ampilifier which does not have an open
collector output.

M661 Positive Level Driver

The M661 contains three 3-input AND circuits which may be used to drive
low-impedance, unterminated cables with M Series logic levels or pulses of
duration greater than 100 ns.

B SERIES

B Series FLIP CHIP modules operate at frequencies from dc to 10 MHz. They
are electrically and mechanically compatible with all other R and W Senes
modules.

B104, B105, B123, B124 Inverters .

Each inverter is analogous to a switch. If the inverter base is at —3 v and
the inverter emitter is at ground, the transistor is saturated and a conduct-
ing path is established between the emitter and the collector of the inverter.
If the base is at ground, or if both base and emitter are at —3 v, the emit-
ter-collector path is open circuited (i.e., will not allow current to flow).

Delay through the inverter is approximately 12 nsec for lightly loaded in-
verters driven by a pulse.

The B104 contains three standard 10-mA clamped’ loads and four transistor
inverters, each with its base, emitter, and collector brought to connector
pins.
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The B105 has five standard 10-mA clamped loads and five transistor in-
verters, with each emitter grounded, and with each base and collector brought
out.

The B123 has three standard 10-mA clamped loads and eight transistor in-
verters. The inverters are tied together in series groups of two.

The B124 has three standard 10-mA clamped loads and nine transistor in-
verters, each with emitter grounded, and with each base and collector
brought to terminals. The collectors are tied together in groups of three.

B113, B115, B117, B171 NAND/NOR Gates

The B113, B115, B117, and B171 are positive NOR diode gates; they form
NOR gates for ground inputs and NAND gates for —3 v inputs. The outputs
of the diode gates drive inverters similar to the B105, for power amplification.
The typical total transition time is 40 nsec for output fall and 60 nsec for
output rise.

The B113 provides three standard 10-mA clamped loads and four diode gates,
each with two diode inputs and the collector brought out.

The B115 has three standard 10-mA clamped loads and three diode gates,
each with two diode inputs and the collector brought out.

The B117 has two diode gates, each with six diode inputs and the collector
brought out. In addition, the emitter of one of the inverters is available.

The B171 is a single gate with twelve diode inputs. In addition to the positive
NOR output, another inverter has been added at the output; using the in-
verted output makes the B171 an OR gate for ground inputs and an AND
gate for —3 v inputs.

B130 Three-Bit Parity Circuit

This special Ioguc module has two levels of high- Speed logic and complemen-
tary outputs. It is designed to compute the parity (odd or even) of the con-
tents of a flip-flop register with a minimum of time delay, but it can be used
wherever there is a need for four 3-input negative diode AND gates feeding
a 4-input OR gate.

B155 Half Binary-to-Octal Decoder

The B155. module is used alone as a 2-bit decoder with two enable inputs,
or it is used with another B155 to form a full 3-bit (binary-to-octal) decoder,
using one combined enable line. Either way, each binary input combination
results in one selected output held at ground if the decoder is enabied. No
output will be selected if an enable input is held at ground. The decoder
consists of four 4-input diode gates with appropriate input interconnections.

B201 Flip-Flop

The B201 has nine built-in inverters for accomplishing such operations as
set, clear, jam-transfer, shift, and complement without the need for addi-
tional gating. The B201 can also be used in counters.

B204 Quadruple Flip-Flop

Module B204 contains four bits of unbuffered flip-fiop memory. Each flip-
flop comprises two B105-type inverters, two 10-mA clamped loads, a com-
mon clear input, and an indicator driver resistor.
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B301 Delay -

The B301 is a one-shot delay that contains three capacitors for delay range
selection, and a screwdriver-adjustable rheostat for fine control. Typical level
output duration ranges are 60 to 700 nsec, 0.5 to 10 usec, and 7 to 150 usec.
By connecting an external capacitor, the range can be further increased.

B360 Delay with Pulse Amplifier

The B360 contains a delay line which may be varied from 25 nsec to 250
nsec, and a standardizing pulse amplifier similar to one half of a B602. The
length of the delay is adjusted by means of a slotted screw accessible from
the handle-end of the module. The high resolution of the delay line (approxi-
mately 14 nsec) makes it ideal for high-speed timing chains.

B401, B405 Clocks

The B401 Variable Clock produces standard pulses from a stable, RC-coupled
oscillator with a wide range of frequencies. The variable clock is often used
as a primary source of timing for large systems. The frequency is variable
from 10 KHz to 10 MHz.

The B405 contains a series resonant crystal oscillator circuit and a pulse-
shaping buffer amplifier which produces standard 40-nsec pulses. The fre-
quency, specified by the customer, can be between 2 and 10 mc. The
frequency is stamped on the crystal.

B602 Pulse Amplifier

The B602 contains two pulse amplifiers which are used for power amplifica-
tion, for standardizing pulses in amplitude and width, and for transforming
a level change to a puise.

B681 Power Inverter

The B681 Power Inverter contains four high current inverters, each with
separate emitter connections. A 20-mA clamped load is permanently con-
nected to each collector. Four additional 10-mA clamped loads are supplied.

B684 Bus Driver

The B684 contains two dual-purpose, non-inverting bus drivers and a —3 v
supply. Each bus driver provides standard levels either to a large number
of inverter base and diode loads, or to a terminated 90-ohm cable. All logic
terminals are available at the connector. Delay through a bus driver is ap-
proximately 30 nsec.

R SERIES

R Series FLIP CHIP modules operate at frequencies from dc to 2 MHz.
These modules utilize the diode gate as the basic element of digital logic.

R001, RO0O2 Diode Networks

Diode networks can expand the logic capability of any R-Series, W-Series, or
A-Series module which has one or more node inputs, such as the R111 diode
gate. They can also make it possible to OR into an R-Series flip-flop output
terminal for setting or clearing from several sources.

R107 Inverter
The R107 Inverter contains seven inverter circuits with single-input diode
gates. Six of the circuits are used for single-input inversion; the seventh
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circuit can be used for gating by tying additional diode input networks to its
node terminal. Clamped load resistors of 2 mA are a permanent part of each
inverter.

R111 Expandable NAND/NOR Gate

The R111 contains three diode gates, each connected to a transistor inverter.
The gate operates as a NAND for negative inputs, and as a NOR for ground
inputs. Each gate has three input terminals: two are connected to diodes, a
third is connected directly to the node point of the diode gate. The third
terminal allows the number of input diodes to be increased by adding ex-
ternal diode networks such as the ROO1 or RO0O2.

R113, R121 NAND/NOR Gate

The R113 contains five diode gates, each connected to a transistor inverter.
The gate operates as a NAND for negative inputs, and as a NOR for ground
levels.

The R121 contains four Rlil-type circuits with 2-mA loads internally con-
nected to each output. This module increases density at the expense of flexi-
bility, since gate expanders ROO1 and RO02 cannot be used.

R122 NOR/NAND Gate
Provides the logical complement to the R121 NAND Gate at some sacrifice
of speed and economy.

R123 Input Bus Gate

This module contains six R111-type diode gates arrayed for convenient
driving of the PDP-8 computer input bus, and for other matrix-like applica-
tions. Clamped loads are not provided on this module, and must be obtained
from some module in the associated logic.

R131 Exclusive-OR Gate

This module provides a convenient way to compare two binary numbers or
patterns. The output of each circuit is negative if its inputs are the same,
and ground if they are different. If the outputs of several circuits are tied
together, the common output line will be negative if every input pair matches,
ground if any pair doesn’'t match.

R141 AND/NOR Gate

The R141 AND/NOR Gate performs two levels of gating. The module con-
tains a multiple-input diode gate with a transistor inverter for signal amplifi-
cation. For negative input signals the R141 is seven 2-input AND gates which
are NORed together. For ground inputs, it is seven 2-input OR gates NANDed
together. This module is frequently used to mix multiple inputs to a pulse
amplifier, or to compare the contents of the two flip-flop registers.

R151 Binary-to-Octal Decoder

The R151 decodes binary information from three flip-flops into octal form.
When the enable input is at ground, the selected output line is at ground and
the other seven outputs are at —3 v. When the enable input is at —3 v, all
‘outputs are at —3 v. The internal gates are similar to those in the R111. The
enable input is the common emitter connection of the output inverters.

R181 DC Carry Chain »
The R181 DC Carry module is designed for building counters with no carry
propagation delay. A 2-mc counter of any size, with all flip-flops switching
simultaneously, can be constructed using dc carry modules.
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R200 Flip-Flop :

The R200 is a basic flip-flop for use in set-reset applications. It can be set
and cleared at any frequency up to 2 mc. A set input makes the 1 output
go to —3 v and the O output to ground; a clear input makes the 0 output
go to —3 v and the 1 output to ground.

R201 Flip-Flop
The R201 Flip-Flop has direct set and clear inputs and five diode-capacitor-
diode (DCD) gates.

R202 Dual Flip-Flop

The R202 Dual Flip-Flop contains two identical flip-flops. Each has a direct
clear input, a common set input, and two DCD gates. The R202 can perform
in any one of the following applications without additional gating: up counter,
down counter, shift register, ring counter, jam transfer buffer, and switch
tail ring counter.

R203 Triple Flip-Flop
The R203 Triple Flip-Flop contains three identical flip-flops. Each flip-flop
has a direct clear input and a DCD gate for conditional read-in.

R204 Quadruple Flip-Flop

The R204 Quadruple Flip-Flop contain® four flip-flops. Each has direct set
and direct clear inputs. Two of the fiip-flops share a common direct clear
input. The R204 is used in general control applications.

R205 Dual Flip-Flop

The R205 contains two identical flip-flops with a common direct clear input.
Each has three DCD gates, and can be collector-triggered at either output by
a diode-transistor gate or a diode network. The R205 can be used in any
of the following applications without additional gating: up counter, down
counter, shift register, ring counter, or jam transfer register.

R302 Delay

The R302 contains two delays (one-shot muitivibrators) which are triggered
by DCD gates. Each delay is independent and can be externally or internally
controlled. When the input is triggered, the output changes from its normal
ground level to —3v for a predetermined, adjustable period of time and
then returns to ground.

R303 Integrating One-Shot

The R303 contains a zero recovery time multivibrator and complementary
output buffers. Its unusual characteristics include the ability to respond to
inputs even while in the ONE state, so that successive inputs above a preset
frequency can postpone the return to ZERO indefinitely. This characteristic
can be used, for example, to detect gaps in an otherwise continuous pulse,
train, or to determine whether an input pulse rate is above or below a preset
frequency threshold. If the delay setting of this module exceeds the time it
takes +10 and —15 to reach 909 of their final values on power turn-on,
this module will initially go to the ONE state. The above conditions allow the
R303 to be used for system initialization on power turn-on.

R401 Variable Clock

The R401 Variable Clock is a gateback clock that produces standard 100-or
400-nsec pulses from a stable RC-coupled oscillator. The variable clock is
often used as a primary source of timing for large systems.

The frequency of the R401 Clock is variable from 30 cps to 2.0 mc. Five
capacitors provide coarse frequency control, and a built-in 20,000 ohm po-
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tentiometer permits fine adjustment. Terminals for an external potentiometer
or capacitor are available. The maximum size of the external potentiometer
to be used is 20,000 ohms.

R405 Crystal Clock

The Type R405 employs a series resonant crystal oscillator, squaring circuit,
and output pulse amplifier. The crystal clock's. output frequency remains
within 0.01% of specified value between QO°C and 4-55°C. The clock fre-
quency is specified anywhere in the 5 kc to 2 mc range by the customer and
is stamped on the crystal can.

R601 Pulse Amplifier :

The R601 is a pulse amplifier that standardizes pulses in amplitude and
width. Outputs may be either standard 100- or 400-nsec pulses (—3v to
ground). It has six DCD gates so that inputs from as many as six sources
may be mixed. Input pulses can occur at any frequency up to 2 mc for
100-nsec pulse outputs and up to 1 mc for 400-nsec outputs. Delay through
the pulse amplifier is approximately 50 nsec.

R602, R603 Puise Amplifiers

The R602 and R603 contain pulse ampilifiers for power amplification and for
standardizing pulses in amplitude agd width. Each amplifier produces stan-
dard 100-nsec pulses and one section of the R602 can giso produce 400
nsec pulses. DCD gates and a single diode input permit inputs from many
sources to be mixed. Input pulses can occur at any frequency up to 2 mc
for 100 nsec pulses, and up to 1 mc¢ for 400 nsec pulses. Delay through the
pulse amplifier is approximately 50 nsec.

R650 Bus Driver

The R650 contains two inverting bus drivers for driving heavy current loads
to either ground or negative voltages. The four input terminals make the
R650 a versatile logic element as well. The diode inputs D and E (N and P)
are the principal inputs. They form a NAND gate for negative inputs or a
NOR gate for ground inputs.

W SERIES

The W Series provides input/output compatibility between FLIP CHIP modules
and other digital devices.

WO002, W005 Clamp Loads

The WO02 contains 15, 2-mA clamped loads. These can be used for clamping
voltages at the output of inverter collectors in R-Series modules, or for con-
verting B-Series modules to work with R-Series.

The WOO05 contains 15, 5-mA clamped loads. These can be used for clamping
voltages at the output of inverter collectors in B-Series modules, or for con-
verting R-Series modules to work with B-Series. Two of these clamped loads
in parallel are equivalent to one B-Series clamped load.

W040, W043 Solenoid Dnvers

These high current drivers can drive relays, soleno:ds stepping motor wind-
ings, or other similar loads. The output levels are=2 volts and a more nega-
tive voltage determined by an external power supply. One terminal of the load
device should be connected to the external power source, the other to the
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driver output. There are two drivers per module and both modules use the
same pin connections.

W042 10 Amp Driver

This module has four germanium transistor drivers each capable of pro-
viding up to ten amperes of DC drive at ambients up to 40°C for heavy
loads such as paper tape punches, card punches, hydraulic servo valves, or
high-torque stepping motors like Responsyn (T.M. United Shoe) or Slo-Syn
(T.M. Superior Electric). In 55°C ambients up to 8 amps total current may
be obtained. AMP ‘‘Faston’’ tabs at the handle end of the module provide
high current connections for ground, ES, and the four outputs and external
ground.

WO050 30 mA Indicator Driver

The WO50 contains seven transistor amplifiers that can drive miniature in-
candescent bulbs, such as those on an indicator panel. It is used to provide
remote indicators for R- or B- Series flip-flops. If the input is at —3v, the
output is at —1v.

WO051 100 mA Indicator and Relay Driver

The WO51 contains seven inverter amplifiers suitable for driving indicators,
relays and other medium power devices. The amplifiers can supply up to
100 mA at ground, and each output is diode clamped to 15 v to prevent
overvoltage when the current is interrupted in an inductive load. If the input
is at —3v, the output is at ground. Typical delay for circuit alone: 1 micro-
second.

WO061 Relay Driver

The WO61 Relay Driver has four all-silicon 250 mA drivers with gateable
inputs; it can drive relays and solenoids with positive voltage supplles up
to 55v Typical delay for circuit alone: 1 microsecond.

W500 High Impedance Follower

High impedance signal sources such as photocells and low current instrumen-
tation amplifiers can drive Schmitt Trigger W501 or logic gates through a
W500 circuit. The module contains 7 fauit-protected circuits, each com-
prising two cascaded emitter-follower amplifiers. Input voltage excursions up
to *=30v or short-circuits from output to ground are harmless. Outputs can
go as negative as —15v with very light loading, but will not exceed —10v
when driving a W501 input.

W501 Negative Input Converter and Schmitt Trigger

The W501 contains a Schmitt trigger circuit which produces standard levels
as a result of some outside activity such as the closure of a switch or relay.
A ground level input produces a —3v level output, and a negative level input
produces a ground level output.

W510 Positive Input Converter

The type W510 Positive Level Converter contains three circuits that convert
positive levels to DEC standard levels of ground and —3v. Each circuit con-
sists of a grounded-emitter inverter with a diode string between its input and
the base of the inverter.

W511 Negative Input Converter

The type W511 Negative Level Converter contains two circuits that convert
negative levels to DEC standard levels of ground and —3v. Each circuit con-
sists of a grounded emitter inverter with a string of bias diodes between its
base and the input pins.
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W512 Positive Level Converter

Positive logic systems, such as those being monolithic integrated circuits, can
use the W512 to make available standard accessory modules in the W and A
Series.

W520 Comparator

This module is useful as an inexpensive comparator for A/D work, or as a
general-purpose input level converter. The W520 contains three four-transis-
tor difference amplifiers which give DEC standard leveis at the output. The
state of the output is determined by the relative polarity of the input voltages.

W532 Dual AC-Coupled Difference Amplifiers

The W532 contains two AC-coupled differential amplifiers for use with many
magnetic sense systems, including the H201 core memory. These amplifiers
provide the high differential gain and common mode noise rejection neces-
sary to amplify information signals-in a system using a single sense line
per plane for a memory or per channel for a tape system.

W533 Dual Rectifying Slicer

This module is used to detect amplified magnetic system sense signals from
a W532 and convert them to positive DEC pulses. Detection of signals as
narrow as 100 nsec is possible over a wide range of detection thresholds.
There are two slicer circuits on each W533. Two input terminals per circuit
permit rectification so that bipolar difference signals can be sliced and stan-
dardized.

W600 Negative Output Converter

The W600 contains three inverting amplifiers that convert standard levels to
outputs of ground and an externally supplied negative voltage. The external
clamp voltage is applied to terminal F (M, T) and must be between —1 and
—15v. Additional inputs may be added by tying diode networks, such as
those contained on the RO0O1 or RO02, to the node terminal.

W601 Positive Output Converter

The W601 contains three ampilifiers for converting DEC standard levels to
outputs of ground and an externally supplied clamp voltage level, E.. This
external clamp voltage is applied to terminal F (M) and must be between 4-1
and +420v. Additional inputs can be added by tying diode networks, such as
the ROO1 or the RO02, to the node terminal.

W602 Bipolar Output Converter

For driving EIA standard communication lines and other applications de-
manding levels both positive and negative with respect to ground the W602
provides up to 15 mA at up to 6 v. There are three inverting amplifiers on
the module.

W603 Positive Level Amplifier

Positive logic systems such as those using RTL, DTL, or TTL monolithic in-
tegrated circuits can be driven from FLIP CHIP systems through the W603.
Clamped load resistors at the output of each circuit permit output levels
to be adjusted to the type of circuit being driven.

W607, W640 Pulse Output Converters

These pulse converters were designed primarily to facilitate the use of FLIP
CHIP modules in conjunction with Digital Laboratory and System Modules.
In addition, the W607 can be useful in setting or clearing B Series unbuf-
fered flip-flops via inverters such as B104 or gates sueh as B113.
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W690 DEC to 1BM N Line Converter

Each of the four inverting drivers on this module provides outputs com-
patible with«the three types of IBM N lines, depending upon what output
currents are programmed by grounds or open circuits at pins T and U. Node
points are provided at each input. Maximum delay: 100 nanoseconds driving
N transmission lines. -

W700 Switch Filter

The W700 contains six switch filters for reducing contact closures to stan-
dard levels. The output drive of the switch filter is determined by the voltage
to which the switch contact is returned.

W705 +3.6V Power Supply

This inexpensive power supply is of primary use in conjunction with the
W706 and W707 teletype modules. The output can supply up to 1.5 amps at
a nominal voltage of 3.6 volts. Voltage regulation for variable loading is
provided and output ripple is less than 40 mv.

W706 Teletype Receiver

The W706 Teletype Receiver is an integrated-circuit, serial-to-parallel Tele-
type code converter, self contained on a double-height module. This unit
includes all of the serial to parallel conversion, buffering, gating and syn-
chronizing necessary to transfer information between an incoming asynchro-
nous serial teletype line and a parallel binary device. Either a 5 bit serial
character consisting of 7.0, 7.5 or 8.0 units or an 8 bit serial character of
10.0, 10.5 or 11.0 units can be assembled into parallel form by the W706
through the use of selective jumpers on the module.

W707 Teletype Transmitter

The W707 Teletype Transmitter is an integrated circuit parallel to serial
teletype code converter, self contained on a double-height module. This unit
includes all of the parallel to serial conversion, buffering, gating, and timing
necessary to transfer information in an asynchronous manner between a
parallel binary device and a serial teletype line. Either a 5 bit or 8 bit parallel
character can be assembled into a 7.0, 7.5 or 8.0 unit serial character or a
10.0, 10.5 or 11.0 unit serial character, respectively, by the W707 through .
the use of selective jumpers on the module. '

W708 Teletype interface

The W708 provides special gating controis and clock synchronization for
teletype and data comrhunications systems when used with the W706 and
W707 teletype modules. Such system features as half duplex operation, half
unit start bit spike rejection and single clock operation are possible when
W706, W707 and W708 modules are used in a system.

W800 Relay

The W800 Relay consists of two separate Form A reed relays, each with an
optional protecting circuit. The type W800 is used to drive heavy loads on
computer or logic command. The frequency limit is 100 cps. Maximum relay
operating time is 2 msec.

W802 Relay Multiplexer

The W802 Relay Multiplexer contains eight double-pole, normally open reed
relays. One of its uses is to address memory lines in memory testers. It
can also be used as a low-speed multiplex switch where the grounded, low-
noise performance of the A111 multiplexer is not required. Maximum closing
time: 1.5 msec; typical opening time: 500 usec.
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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:
—PDP-8 Family
s PDP-8/A, 8/E, 8/F, 8/M (OMNIBUS) and External Bus
¢ PDP-8, 8/1, 8/L, 8/S (Non-OMNIBUS)

—PDP-11 Family
—PDP-12
—PDP-15

This section consists of a separate subsection for each processor. Within
each subsection there is a brief overview of interfacing theory, followed by
individual descriptions of related modules.

PDP-8 FAMILY COMPUTER INTERFACING

The PDP-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. For ease in reading, this section is
organized into two main subgroups:

—OMNIBUS—PDP-8/A, 8/E, 8/F, 8/M, and External Bus
—Non-OMNIBUS—PDP-8, 8/1, 8/L, 8/S
For historical references, the non-OMNIBUS-related processors preceded the
OMNIBUS-structured processors.

PDP-8/A, 8/E, 8/F, 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. In addition, a description is provided for the External Bus option
which allows non-OMNIBUS-related devices to operate with the OMNIBUS.

General OMNIBUS Interfacing Principles

The PDP-8/A, 8/E, 8/F, and 8/M are the newest 12-bit word length proces-
sors offered by DIGITAL. These processors utilize the OMNIBUS concept for
transferring commands and signals among modules within a system.

Physically, the OMNIBUS is an etched board with rows of module connectors
soldered to the board. The pin assignment is the same on all connectors. The
OMNIBUS consists of 96 signals which feed to 96 pins on the connectors.
The user is generally only concerned with those signals that control data
transfers, address memory, or contain the data to be transferred. However,
the additional signalis, 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. Al 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 module 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 +6 volts. Leakage cur-
rent (in the High state) is less than 25 uA. The input of a bus driver presents
a single 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 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.

1/0 PAUSE L  Asserted by the processor when the instruction is an 1/0 in-
struction (6XXXs).

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

INTERNAL INTERNAL (/0 is asserted by the interface to indicate to the

i/O L processor that the selected device is not on the External
1/0 Bus. )
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Table 1. OMNIBUS 1/0 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
TPA 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 identify 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/O operations are being performed, the de-
signer of an interface need not concern himself with BUS
STROBE.

A ground level on this line indicates to the processor that
the next BUS STROBE does not terminate the 1/0 trans-
action. Typical 1/0 tranfers will not use this signali.

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
puise. Time states are always 200 ns or more in duration,
and change 50 ns after the leading edge of the time puise.
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.

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 Zeneral reference aid; detailed descriptions are con-
tained in the SMALL COMPUTER HANDBOOK.

274



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 MD0O9 through MD11 carry com-
mand operate signals that the selected peripheral must translate into one of
eight 10T functions for that device. Signal I/0 PAUSE is also generated by
the processor at this time. /O 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.. 1/0 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 10T. For data outputs from the pro-
cessor, the I0T is gated with TP3 H and the resulting signal is used to load
the desired output register. The Control lines (CO, C1, C2) must be con-
figured by the device interface during an 1/0O 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.

External Bus ]

The External Bus provides an-extension of the OMNIBUS system which allows
interfacing non-OMNIBUS PDP-8 family positive-bus equipment with the "
PDP-8/A, 8/E, 8/F, or 8/M. The external bus- was specially designed to
make the OMNIBUS operate like the positive-bus PDP-8/1 and PDP-8/L com-
puters. Many modules and peripheral controllers developed for this positive-
bus structure are in demand and are fully supported by DIGITAL.

The external bus consists of a number of signal lines (88 excluding grounds)
that enable data transfers between the CP and peripherals. These lines carry
data and control signals between the peripheral and two interface boards—
the Positive 1/0 Bus interface (KA8-A) and the Data Break interface (KD8-E)
—that plug into the OMNIBUS. These two boards convert the internal OMNI-
BUS signals into PDP-8/1 and PDP-8/L type bus signals. For instance, PDP-
8/1 peripherals need 10P pulses to perform instructions. The PDP-8/E does
not generate internal IOP pulses, but it does provide signals (MD bits 09, 10,
and 11) that can be converted into IOP pulses by the Positive 1/0 Bus inter-
face. Other signals normally required by these peripherals are, in essence,
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available on the OMNIBUS. For example, BAC (buffered accumulator) bits
must be supplied for the PDP-8/| peripherals. The PDP-8/E Data lines carry
the necessary accumuiator information. The Positive 1/0 Bus interface merely
buffers the DATA bits and, thus, provides the external bus BAC signals.

Although the external bus consists of signal lines from both the positive 1/0
Bus interface and the Data Break interface, it is not always necessary to use
both boards. When only programmed /O transfer peripherals are used, the
Positive 1/0 Bus interface provides all the necessary signals. However, if
data break peripherals are to be connected, both interfaces must be used.
Because each data break peripheral requires its own data break interface
board, the number of signal lines comprising the bus may vary. There may
be as many as 12 of these data break peripherals connected in the system,
each contributing 36 signal lines to the external bus. Figure 1 illustrates the
details of an external bus interface. The signals of the external bus are de-
fined in Table 2. Descriptions of general purpose interfacing modules that
can be used with the external bus are provided in the non-OMNIBUS-related
modules section (positive bus).

= T

KAS/E KDB8/E
POSITIVE 1/0 BUS IDATA BREAK OPTION
I 1 1 T f_—J
I 1 ' P i
DATA ~ DATA H CURRENT DATA DATA
ouTPUT CONTROL INPUT i ADDRESS CONTROL INPUT OuTPUT
i
- i
! ! o7 { 1 i
. 1
PROGRAMMED DATA TRANSFER DATA AK TR
oA EXTERNAL BUS INTERFACE 8Re ANSFER

Figure 1. External Bus interfacing
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Table 2. External 1/0 Bus Signal Summary.

SIGNAL DEFINITION

B Initialize This line is asserted when the processor is initially
powered up or when the start key is depressed.
Usually performs housekeeping on all peripheral
devices—for example, resets all _flip-flops on
power up.

AC00-11 These lines carry information from the peripheral
device to the accumulator. (Input)

BAC 00-11 These lines carry information from the accumula-
tor to the peripheral devices. (Output)

BMB 00-11 These lines carry the device identifier code, a

INTERRUPT REQUEST

BIOP 1
SKIP

BIOP 2
CLEAR AC .
BIOP 4

B Run

BTS1 and BTS3

unique address to which only one device will re-
spong.

This line is activated by the device flag and, when
asserted, causes the processor to JMS to location
0 of memory field O and disables the interrupt
system. (Input)

This line, when active, is ordinarily used to test
device flags. (Output)

This line, when active during an 10P, will cause
the processor to skip the next instruction.

This line, when active, is ordinarily used to clear
the device flag and/or cause the device to oper-
ate. (Output)

This control Iine,> when asserted, changes the
mode of 1/0 input transfer to a jam transfer.
(Input)

When active, is ordinarily used to effect data
transfers to or from the peripheral devices. (Out-
put)

When active, signals peripheral devices that the -
processor is executing instructions, (Output)

These lines are used to sync peripheral devuces
to the processor. (Output)

OMNIBUS-Related Interface Modules
Detailed descriptions for the following modules are contained here:

M1703 input Interface Module -
.M1705 Qutput Interface Module

M1709 Interface Foundation Module

W966 Wire Wrappable Module

W967 Wire Wrappable Module (w/IC sockets)
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M SERIES
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. DESCRIPTION

The M1703 provides, on a single quad-height module, a complete, self-
contained interface that will input 12 bits of parallel 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 1/0 commands on the OMNIBUS. Command codes assigned to this
module inciude:

ENABLE AND DISABLE INTERRUPT
CLEAR FLAGS

SKIP IF DEVICE FLAG SET

READ DATA

A device selection code of 14 (octal) is assigned to this module but the
code can be changed by moving wire jumpers.

FUNCTIONS

Device Selection Decoder: The device is addressed through this decoder
when 1/O PAUSE is asserted and the octa! device code for the decoder is
received through <MDO03:08>. The decoder output 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 corresponding
OMNIBUS data lines.

READ RQST: When the external device is ready to input stable data, it ap-
plies a logic LOW for at least 50 ns on this control line, to set the DEVICE
FLAG. READ DONE goes HIGH within 60 ns after READ RSQT goes LOW.

DEVICE FLAG: After being set by a LOW on the RD 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 disable the
interrupt request function.

SKIP Control Line: If the device flag is set, the instruction SKIP ON DEVICE
FLAG asserts the SKIP line, incrementing the contents of the computer's
program counter.

READ DONE: This line stays HIGH as long as the DEVICE FLAG is set, and
signals the end of a data transfer by going LOW after the end of a RD DATA
pulse.

Changing the Device Code: The device selection decoder is preset for a
device code of 14 octal. However, split lugs on this module permit the code
to be changed by the user to any octal number from 00 to 77. To obtain the
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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

[N

® &

1",
®

(]

1 2 3 4 5 6
) S (]

® S (]

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

DEVICE CODE
ADD
JUMPER a! g0
AT:
22 21 20[22 21 20
BIT=1 1 3 5|7 9 1
BIT=0 | 2 4 68 10 12

(o]

EXAMPLE

1 1 O O BINARY EQUIV.OF 14 OCTAL CODE

2 4 5 7 40 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 enable
the INT RQST line

Clears the DEVICE FLAG, asserts READ DONE
and clears INTERRUPT ENABLE flag

Asserts the SKIP line if the DEVICE FLAG is
set. The computer responds by incrementing
the program counter so that the next instruc-
tion is skipped. -

Transfers input data bits <00:11> to
<ACO00:11> through the OMNIBUS data
lines. Also clears the DEVICE FLAG, allowing
the RD DONE output to go LOW when the
data transfer is complete.

TO 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 allow
operation on the OMNIBUS. Connection to the device(s) is made via stan-
dard cables that plug into a pair of connectors on the M1705 module board.

FEATURES .

e Complete single-card OMNIBUS output interface

o Data storage registers

¢ Program interrupt capability

e Cable drivers on all output signals, diode-protected
Compatible with M1703 OMNIBUS Input Interface
TTL-compatible signals

» Diode-protection/pulse-shaping on all input signals
e Peripheral |/O cables plug directly onto M1705 card
e Variable pulse 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, programmable power supplies and many more.

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 fiexible,
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 1/0O PAUSE is asserted by the processor and
the octal device code for that decoder is received through bits MD03-MDO0S8.
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 accumuiator corresponds to a binary 1 in the output register and to
a logic HIGH at the register's output. The register output (D0O0-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 signal 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 10T 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 disabje 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/O Bus Drivers and Receivers
The OMNIBUS receivers and drivers contain special high-impedance circuitry
to minimize bus loading. N

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
6151
6152

6153

6154

6155

6156
6157

6160
6161
6162

6163

6164

6165

6166

6167

Disable interrupt A
Enable Interrupt A

Skip on Device
Flag A

Write Register A

Trigger Data
Strobe A

Read Register A

Set Control Flag A

Reset Control
Flag A

Disable Interrupt B
Enable Interrupt B
Skip on Device

Flag B
Write Register B

Trigger Data
Strobe B

Read Register B
Set Control Flag B

Reset Control
Flag B

Resets INTR ENB FLG A to disable the In-
terrupt Request function for Section A.

Sets the INTR ENB FLG A to enable the
Interrupt Request function for Section A.

Asserts the SKIP line if DEV FLG A is set.

Clocks the contents of 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
completion of this instruction.

The trailing edge of the puise generated by
this 10T initiates DATA STROBE A H and
DATA STROBE A L pulses.

Transfers the contents of Output Register A
to ACOO-AC11.

Sets the CTL FLG A flip-flop.

" Resets the CTL FLG A flip-flop.

Resets INTR ENB FLG B to disable the In-
terrupt Request function for Section B.

Sets the INTR ENB FLG B to enable the
Interrupt Request function for Section B.

Asserts the SKIP line if DEV FLG B is set.

~ Clocks the contents of ACOO-AC11 into Out-

put Register B.

Also, OUTPUT B DONE H becomes a logic
HIGH and OUTPUT B DONE L becomes a
LOW following compietion of this instruc-
tion.

The trailing edge of the pulse generated by
this 1OT initiates DATA STROBE B H and
DATA STROBE B L pulses.

Transfers the content of Output Register B
to ACOO-AC11.

Sets the CTL FLG B flip-flop.
Resets\the CTL FLG B flip-Flop.

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

The M1709 OMNIBUS Interface Foundation module is a generalized OMNI-
BUS interface card that is constructed to allow the user to build a custom
design using integrated circuits (ICs). All required OMNIBUS interface Ioglc,
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 modules to
be strapped together to accommodate more extensive designs.

APPLICATIONS

Since both analog and digital circuitry are available in DIP form, quite com-
plex systems may be built. Some of the typical applications for the M1709
module are:

¢ Multiword input and/or output
* Instrument interfaces
» Interprocessor communication
¢ Oscilloscope controller (D/A)
¢ Peripheral control (data terminals, etc.)
e Interfacing of:
A/D converters
Multiplexers
Counters
Shift registers
Read-Only Memories (ROMs)
Arithmetic Logic Units (ALU)
FUNCTIONS

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 MD0O3 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 1/O PAUSE
signal to drive the OMNIBUS signal INTERNAL 1/0. This signal is also made
available at a wire wrap pin as SELECT H. '

Function decoding is performed by a binary-to-octal decoder (3 to 8 line).
OMNIBUS signals MD09 through MD11 are decoded to form the eight 10T O
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 wrap pins. In addition, each data line has a special BUS
driver circuit assigned to it. Input to these drivers is available at wire wrap
pins and is TTL-compatible for direct connection to user-installed IC logic.

Enabling inputs are provided for both data line receivers and drivers.

287



Interrupt and Skip Interface: BUS driver circuits are available for driving the
OMNIBUS INT RQST and SKIP lines. The INT RQST driver has an enabling
input which can be used to inhibit the interrupt request while maintaining
the ability to test the interrupt condition via the SKIP facility. Input to these
drivers is TTL-compatible and made via wire wrap pins.

Controf 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, respectively. A
source of 43 volts is made available at a wire wrap pin.

OMNIBUS Signails 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
MA1l AE1l
MA2 ' AH1
MA3 AJl
MDO AK1
MD1 ALl
MD AM1
MD DIR AK2
MA4 BD1
MAS BE1
MA6 - BH1
MA7 - BJ1 -
MD6 BM1
MD7 BP1
INT STROBE BD2
BRK IN PROG BE2
MA, MS LOAD CONT BH2
OVERFLOW BJ2
BREAK DATA CONT BK2
BREAK CYCLE BL2
BUS STROBE CK1

* These OMNIBUS signals (except == 15 V) require high impedance/low leakage current
driving and receiving circuitry. (Use DEC 8640 and 8881 ICs).
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OMNIBUS Signal Name Pin

NOT LAST XFER CcM1
CPMA DISABLE cul
MS, IR DISABLE Cvl
TP1 CD2
TP2 CE2
TP3 CH2
TP4 CJ2
TS1 CK2
TS2 CL2
TS3 CM2
TS4 CP2
LINK DATA * CR2
LINK LOAD Cs2
MAS8 DD1
MA9 DE1
MA10 DH1
MA1l1l DJ1
+15 Vv DA2
—15vV DB2

SPECIFICATIONS
Signals to and from the OMNIBUS are received or driven with special high
impedance circuitry to minimize bus loading. )

CAUTION
All requirements for timing should be in accor-
dance with the PDP-8/e and -8/m Small Com-
puter Handbook.
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DESCRIPTION )

The W966 Wire Wrappable Module is a PDP-8/E, 8/F, 8/M general-purpose
module that provides for the construction of custom interface designs using
integrated circuits (ICs) and wire wrapped interconnections. Up to 42 of 14-
and/or 16-pin ICs can be easily mounted (with or without 16-pin sockets)
onto the etched IC pads. (Sockets are not supplied.) Each wire wrap pin can
accommodate two separate leads of 30-gauge wire. Discrete components
may also be directly soldered onto the IC pads. Position E39 features a pad
that can be used for mounting a potentiometer.

The W966 has 72 etched contact fingers at the handle end, with a wire wrap
pin connected to each finger. When a W966 is located adjacent to another
W966, signals can be bused from one module to the other via these contact
fingers by using an H851 edge connector. One H851 can bus 36 signals;
therefore, two H851s are required to bus all 72 signals. In addition, the
standard 144 contact fingers at the connector end of the module are also
connected to wire wrap pins.

An H854 40-pin 1/0 connector (male) is contained on the module to provide
access to the ‘‘outside world’”’; it can accept any cable equipped with an
H856 connector. Eighteen of these connector pins are connected to wire
wrap pins.

+5V
AA2,BA2,CA2 C43 [caa |cas
6.8UF [6.8UF |[68UF
35V [3sv [38V
+]10% +/10% +|10%
T THRY
| =orF—[c42
100V
20%
GND
ACI, AC2, AFI, AF2, ANI, AN2, ATI, AT2,
BC!, BC2, BFI, BF2 ,BNI, BN2,BTI, BT2,
cct,cc2,CFl, CF2, CNI, CN2,CTI, CT2,
DCl, DC2, DFI, DF2, DNI, DN2, DTI, DT2
CONNECTOR!

A g CEHKWM I‘P S U V‘I Y QACCEEH{HKKMMP:’S(SU‘UVV

W966 Circuit Schematic
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. W967
WIRE WRAPPABLE MODULE
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W SERIES
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DESCRIPTION :

The W967 Wire Wrappable Module is a PDP-8/E, 8/F, 8/M general-purpose
module that provides for the construction of custom interface designs using
intergrated circuits (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
WO967, signals can be bused from one module to the other via these contact
fingers by using an H851 edge connector. One H851 can bus 36 signals;
therefore, two H851s are required to bus all 72 signals. In addition, the
standard 144 contact fingers at the connector end of the module are also
connected to wire wrap pins.

An H854 40-pin I/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 A3 _|cas |cas
68UF [6.8UF [68UF
3sv |38V [V
+]i0% +]i0% +}io% 1
. | =or—|ce2
180V
20%
GND
ACI, AC2, AFI, AF2, ANI, AN2, ATI, AT2,
BCI,BC2, BFI, BF2,BNI, BN2,BTI, BT2,
cci,cc2, CFt, CF2, CNI, CN2,CTI, CT2,
0CI, DC2, DFI, DF2, DNI, DN2, DTI, DT2
CONNECTOR!
AB CEHKMP S UW Y AACC EE HH KK MM PP SS UU WV
BEERERERRERE TT7171717]

WO67 Circuit Schematic
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PDP-8, 8/1, 8/L, 8/S (Non-OMNIBUS) Interfacing
This subsection is organized into two groups:

(1) Positive Bus—PDP-81/ and PDP-8/L"

(2) Negative Bus—PDP-8 and PDP-8/S

The 1/0 signals for the positive and negative buses are identical; refer to

Table 2 for descriptions.

Positive Bus—is utilized on most PDP-8/1 and all PDP-8/L processors. This
means all logic signals passing between these processors and /0 equipment
are positive voltage levels or positive signals which allow direct TTL logic
interface with appropriate diode clamp protection. The positive levels and
pulses change from ground potential (O V to 0.4 V) to (+2.4 V to 4+3.6 V)
and vice-versa.

The M Series functional modules for use with the positive bus PDP-8 pro-

cessors are listed below and described on the following pages.

M101

M103
M107

M108

M623
M624

M730
M731
M732
M733
M734
M735
M736
M737
M738
M970

Bus Receivers (data output)

Device Selectors

Flags
Bus Drivers (data input)

Bus Output Interface (positive logic output)
Bus Output Interface (negative logic output)
Bus input Interface (positive logic input)
Bus Input Interface (nega.tive logic input)

3-Word Input Multiplexer

Input/Outpu.t Interface
Priority Interrupt Control
Bus Receiver Interface
Counter-Buffer Interface

Diode Clamping for Bus Lines
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M101

BUS DATA INTERFACE

8-FAMILY
POS.1/0BUS

M SERIES

Length: Standard

T2

TIVITIY

Height: Single
Width: Single
15} >
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A M o] -
Power
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+5 82 A2
GND Cc2, Tl
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The M101 contains fifteen, two-input TTL NAND gates with input ground

clamps arranged for convenient data strobing from the PDP8/I or PDP8/L
positive bus.

APPLICATIONS

e PDP8/I, PDP-8/L Positive Bus Output Expansion )

e Can also be used as inverters or a data multiplexer

FUNCTIONS

Inputs are NAND gated to the output by the common ENABLE input (€1).
SPECIFICATIONS

Inputs and outputs have standard M Series levels and propagation time. All
data inputs are protected from a negative voltage of more than —0.8 volts.
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8-FAMILY
M103 POS.1/0BUS

DEVICE SELECTOR

M SERIES

Length: Standard
Height: Single
Width: Single

H1
Kt
D [10]
Ehan D o
vz onno%:"?e‘mcr m:" ‘ N1}
. [ F—

02 ‘
poa e
M2e—|
[)2

2 ‘
e :
@L_z’— r_ Al
@Egb—— 0P 1 @PZ

CODE SELECTION INPUTS

vt s2
+3v |45 10p4 p5}————

Power
Volts mA (max.) Pins
+5 110 A2
GND Cc2, T1

The M103 is used to decode the six device bits transmitted in complement
pairs on the positive bus of the PDP8/1 and PDP8/L. Selection codes are
obtained by selective wiring of the bus signals to the code select inputs D2,
E2, F2, H2, J2, and K2. This module also includes pulse buffering gates for
the 10P signals found on the positive bus of the above computers. Two two-
input NAND gates are also provided for any additional buffering that is re-
quired.
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- APPLICATIONS
e Special-purpose M Series Interfaces for positive bus PDP-8/1, PDP-8/L

FUNCTIONS

OPTION SELECT: The OPTION SELECT output is HIGH when all code inputs
(D2-N2) are HIGH. The OPTION SELECT ENABLE input is able to override
the code input. '

10P ENABLE: Whén the OPTION SELECT output is enabled, IOP puises from
the computer are gated to output pins Al-F1. Buffered and unbuffered out-
puts are provided (of opposite polarity).

Unused Inputs: Unused code inputs should be connected to a source of logic
HIGH. Inputs U2, L2, and N2 need not be tied to logic HIGH.

SPECIFICATIONS
Input Protection: All inputs which receive positive bus signals are protected
from negative voltage undershoot of more than 0.8V.
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FLAG 1

8-FAMILY
M107 POS.1/0BUS

DEVICE SELECTOR

M SERIES
Length: Standard
Height: Double
Width: Single
ez
[T)RE2
[Tz
A2 OEVICE ENABLE
ADI 5] lal
e ) - cLA
([ - Bv2 Bus
802 : )
BE2 - =
o [ O e
7
] BM2
22 D—t——@
10p2[1]AN2 ) Re
32 aNz
T sl
10pa[1)AF2 72 ::22 . ‘
—] 44 D—’—@
an ) 54 p—=E1265 Soe
emMe9 B8US
-4 p—=E255)
-
s a1 ’
. Tl spse| 1
842
aven [1}8¢1 = —
FLAG
[
[T o
BRY
¥ = 9 PL
o 8US
4
I:.‘ -
(e
TR
seT[1}AR2 c
K g O
#2SINKS 30 MA AT GND
Power
as2 i%lts lnie (max.) Pins
LR[T]A52
] GND c2, 1

T [1}Ak2 *Dc

299



The M107 is a device selector which, by the use of extended decoding of the
BMB lines 9 through 11, will provide seven discrete I0T pulses. Five additional
10T pulse outputs are provided to allow the user to reduce software require-
ments by the combining of IOT codes. The 0T instruction and the IOP times
at which the various 10T pulses occur at the module pins are outlined in the
following chart:

Module 10T AT IOP TIME
Pin : 1 2 4
BH2 1-1
BM2 2-2 X
BJ2 3-1 X
BN2 3-2 X
BS2 4-4 X
BK2 5-1 X
BT2 5-4 X
BP2 62 X
BU2 6-4 X
BL2 7-1 X
BR2 7-2 X
BV2 7-4 X

Example: If an IOP-7 is issued, 10T pulses will exist only at output pins BL2
(7-1), BR2 (7-2) and B¥2 (7-4). 10T pulses will not exist at any other
output pin.

The M107 aiso contains two flag flip-flops which may be directly cleared or set.
The outputs of the flag flip-flops are connected to the skip and program inter-
rupt lines. Interrogation of the flags is accomplished by IOT 1 -1 for flag
1 and 10T 2 — 2 for flag 2.

- The M107 also provides two inputs to accomplish the ‘‘clear the accumulator”
function. .

Outputs: Option Select Pin AD1 can drive 13 TTL loads. Bus driver outputs
pins BP1, BS1, and BR1 are open evllector NPN transistors and can sink
30 ma. at ground. The maximum voltage applied to these outputs must not
exceed +20 Volts and each output is diode protected against negative under-
shoot in excess of —0.9Volts.
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8-FAMILY

_ M108 POS.1/0BUS
FLAG MODULE
M SERIES
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The M108 contains three general-purpose clocked flip-flops for use in flag
applications in /O interfaces, etc. Gating is provided so that the flags can be
individually set or gated to the program interrupt iinputs of a positive-bus
PDP-8 computer.

APPLICATIONS )
e Device Ready logic in custom device interfaces for positive-bus PDP-8 com-

puters

FUNCTIONS .
CLEAR Inputs: Each flag flip-flop may be independently cleared or ali flip-flops
may be cleared simultaneously.

Flag Outputs: The output of each flag flip-flop is gateable and is open col-
lector ORed to the Program Interrupt bus.

The output of each flag flip-flop is passed through a gate and open collector
to the skip bus. This facility allows the user to test for a flag.

The 0 side of each flip-flop has been extended to module pins for peripheral
control. :

SET Inputs: Each flip-flop may be independently set by the application of the
leading (positive going voltage) edge of a pulse or level to the clock inputs.

Disabling Pl Feature: If use of the Program Interrupt feature is not desireg,
the ENABLE inputs (D2, E2, F2) must be connected to ground. If Program
Interrupt is desired,’no connections to the ENABLE inputs are required.

SPECIFICATIONS

Pin R1, (P! Function) and S1 (Skip Function) are open collector NPN Tran-
sistors and will sink 100mA to ground. The voltage applied to these outputs
must not exceed 420 volts.
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: 8-FAMILY
M623 -| POS.1/0BUS
BUS DRIVER
M SERIES
Length: Standard -
Height: Single
Width: Single
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* does not include output current

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.

APPLICATIONS ’
¢ Driving PDP-8/1 or PDP-8/L positive input bus
FUNCTIONS
A driver output will be at ground when both inputs are at ground.’
SPECIFICATIONS

Output Drive: Each driver can sink 100 mA at ground and can withstand a
maximum output voltage of 4-20 volts.

Output Rise and Fall Times: Typically 30 ns when a 100 mA resistive load
is connected to a driver output.
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. 8-FAMILY
M624 POS.1/0BUS
BUS DRIVER ’

M SERIES

Length: Standard
Height: Single
Width: Single
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* driver outputs not connected

The M624 contains 15 bus drivers intended for convenient driving of the
positive input bus of either the PDP-8/1 or PDP-8/L. Twelve of the drivers
have a common gate line for selecting data. There are three additional
drivers, two sharing a common gate line and the third without a gate line.
These three additional drivers were intended to accommodate the functions
of PROGRAM INTERRUPT, 10 SKIP and CLEAR AC.

Each output consists of an open collector NPN transistor.
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APPLICATIONS
¢ PDP-8/1 or PDP-8/L positive input bus
driving
SPECIFICATIONS

All outputs can sink 100 mA to ground. Voltage applied to the output should
be equal to or less than 4-20 volits. Output rise and fall times are typically

30 ns when a 100 mA resistive load to 45 volts is connected to a driver
output.
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M730 & M731
BUS INTERFACES

8-FAMILY
POS.1/0BUS

M SERIES

Length: Standard
Height: Double
Width: Single

CONTROL
IGNALS FLAG CONTROL
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INTERFACE 70 COMPUTER
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BAC |
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COMPUTER
ower
Volts mA (max.) Pins
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GND AC2, AT1, BC2, BT1
—-15 90* AB2, BB2
* M731 only
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- The M730 and M731 interface modules provide extremely flexible interface
control logic to connect devices, systems, and instruments to the output half
of the programmed 1/0 transfer bus of either a PDP8/1 or a PDP8/L positive
bus computer. Peripheral equipment which operates either asynchronously
or synchronously to a computer and expects to receive data from that com-
puter, can to a large degree be interfaced by either the M730 or M731. Basic
restrictions on the device or system to be interfaced are simply that it receive
data in parallel, provide one or more control lines, and operate at a data
transfer rate of less than 20 KHz. Complete interfaces to such peripheral
gear as card punches and other repetitive devices is possible using the M730
and M731; however part of the controlling functions, such as counting etc.
must be performed by computer software.

The M730 provides an output interface for positive voltage level devices and
the M731 provides an output interface for systems using negative voltages.
A detailed description of the M730 follows; the M731 is essentially the same
except for the negative outputs.
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GENERAL

The M730 provides a complete positive (TTL compatible) output interface for
. the positive bus PDP-8/1 or PDP-8/L. It accepts from the positive bus com-
puter 12 bits of data from the BAC bus, the device selection code from the
MB bus, and IOP pulses from the IOP bus. It will send information from 2
flags to the computer via the skip bus, and will send 12 bits of data plus two
pulses (puise 1 and pulse 2) to the external device. The pulses are variable
from 5 to 25 microseconds by the use of potentiometers. The module will
also accept Done signals from the external device to control the flags.

FLAG CONTROL

Setting Flag 1 or Flag 2 causes an interrupt which comes from an open col-
lector NPN transistor to the positive bus computer in the form of a ground
signal. 10T 6XY1 will cause a skip if Flag 1 is set. IOT 6XY3 will cause a skip
if Flag 2 is set. The skip output is also an open collector NPN transistor
which, when asserted, sends a ground signal to the positive bus computer.
Both skip and interrupt outputs are open collector NPN transistors that can
be tied directly to the skip and interrupt bus of the positive bus computer.
Flag 1 and Flag 2 outputs are available as M Series TTL outputs and are
ground when true. Flag 1 is set by Done 1— and Done 14 from the external
device. In order to set Flag 1, Done 1— must go to ground and Done 1+
must go to at least +2.5 V. If desired, one can tie Done 1+ to 43VDC and
set Flag 1 by issuing a negative pulse or level at Done 1—. To set Flag 2 use
Done 2— and Done 2+, the same as Flag 1— and Flag 14-. Flag 1 and
Flag 2 can be cleared by Initialize or by 10T 6XY2.

DEVICE SELECTOR CONTROL

The code selector accepts signals from bus lines BMB 3-8. When the AND
gate conditions are met (depending on the code wired in) the Device Selector
will become active. The code selected by BMB 3-8 can be bypassed by put-
ting a ground on the enable line. The Select output can be used as an enable
to allow external gating of pulses IOP 1, 2, and 4 and levels BMB 9 (1), BMB
10 (1), and BMB 11 (1) to issue the 10Ts listed below depending on which
gates are met.

Mnemonic ON IOP ~ OPERATION

6XY1 1 Skip on Flag 1

6XY2 2 Clear Flags 1 and 2

6XY3 1 Skip on Flag 2

6XY4 4 Issue Pulse 1

6XY5 4 Clear Pulse 1— and Pulse 1+ when
jumper A & C are in

6XY6 4 Load the BAC into the 12 Bit Stor-
age Register

6XY7 4 Issue Pulse 2

TIMING GENERATOR CONTROL

Upon issuing 10T 6XY4, Pulse 1— and Pulse 14 outputs will issue a pulse.
Note that Pulse 1— and Pulse 14 are the inverse of each other. Pulse dura-
tion can be from 5 us to 25 us depending on the setting of the potentiometer
mounted on the board. The amplitude of the pulse out can be from O V. to
+20 V., depending on the voltage applied to the open collector NPN tran-
sistor output on the Data Lines.
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SPECIFICATIONS

Inputs: Done 1, Done 14, Done 2—, and Done 24 present one TTL unit
load at ground and are protected for input voltage between —20 to 420
volts and have an input threshold at +1.5 volts.

Code Select, Initialize, and BMB 9-11 are TTL compatible inputs and each
represents 1 unit load (1.6 ma). All other inputs are M Series inputs and
draw 2 unit loads each.

Outputs: All open collector outputs including computer inputs drive 30 ma
non-inductive at ground with a maximum positive output voitage of +20
volts. The outputs are driven by an open collector NPN transistor. Pulse 1
and Pulse 2 outputs are adjustable from 5 us to 25 us with a recovery time
‘of 40 us to 250 us. Note that data lines and puise output lines have to be
diode protected if driving an inductive load.

POWER CURRENT
+5v Pin AA2, BA2 500 ma (max.)
Gnd Pin AC2, AT1

BC2, BT1

Some care must be taken when using the M730 to avoid overloading the
bus. Normally, the bus can drive 64 devices or ports. An unbuffered M730
presents to the bus a load which is equivalent to ten normal ports.

A large port capability, using the M730, can be realized by buffering it with
the M101, using the Select Line as the enable for the M101. In this configura-
tion each M730 and M101 combination looks to the bus like 2.6 ports. Use of
this method allows 25 M730s on the bus, rather than six. A configuration
for this method is shown in the following figure.

Use of M730 Using M101 & M111

b INTERRUPT DONE 1-
- SKip 1+
INITIALIZE DONE 2-
DONE 2+
051,284
or Ut } o POSITIVE
OR .
POP-8/1 BMB LINES 3-11 M730 PULSE 1 LOGIC
POSITIVE PULSE 1+
BUS PULSE 2~ >
OPTION SELECT PUL. 2+
POSITIVE
MI0Y b m E&MPED VOLTAGE
BAC LINES 0-11 DATA LINES 0-11
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JUMPER NOTES
A & Cin — Outputs BD2, BE2 at asserted levels from I0TXY4 until 10TXY5.

A & B in — Outputs BD2, BE2 at asserted tevels from |I0TXY4 until Flag 1 is
set by AND of data on inputs AR2, AS2.

D&F — Outputs BF2, AV2 at asserted levels from I0TXY7 until Flag 2 is
set by AND of data on inputs AT2, AU2. ‘

D&E — Outputs BF2, AV2 at asserted levels as using D & F until Flag 1
is set.

Pulse widths presently 5 us — 25 us recovery time 40 us — 250 us.

All units when used on 1/0 bus require M907 or equivalent diode undershoot
protection.
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8-FAMILY
M732 & M733 POS.1/0BUS
BUS INTERFACES
M SERIES
Length: Standard Pcfkw(er y B
Height: Double Volts mA (max. ins
e . 4 AA2, BA2
Width: Single éao 00 AC2, AT1, BC2, BT1
125* AB2, BBZ
‘M733 only
_CONTROL
s | e s [T o
INTERFACE < | CONVERTERS CONTROL | 1 coMPUTER
DEVICE
TIMING [ TIMING
GENERATOR | SIGNALS
(INCLUDING | TO
. LEVEL INTERFACE /
BMB AND IOP SIGNALS DEVICE CONVERTERS) DEVICE
FROM COMPUTER SELECTOR
DATA
12 BUFFERED
?'@;Ls LEVEL S?JRB;;E DATA SIGNALS
INTERFACE CONVERTERS ‘REGISTER | 7O BUS DRIVER

TYPE M624

‘DEVICE

The M732 and M733 interface modules provide extremely flexible interface
control logic to connect devices, systems, and instruments to the input half
of the programmed 1/0 transfer bus of either a positive bus PDP8/1 or
PDP8/L computer. Peripheral equipment which operates either asynchro-
nously or synchronously to a computer and expects to transmit data to that
computer, can to a large degree be interfaced by either the M732 or M733.
Basic restrictions on the device or system to be interfaced are simply that it
transmit data in parallel, provide one or more control lines, and operate at
a data transfer rate of less than 20KHZ. Complete interfaces to such periph-
eral gear as card readers and other repetitive devices is possible using the
M732 and M733; however, part of the controlling functions such as countmg,
etc., must be performed by computer software.

The M732 provides an input interface for positive voltage level devices and
the M733 provides an input interface for systems using negative voltages. A
detailed description of the M732 follows; the M733 is essentially the same
except for the negative inputs.
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GENERAL

The M732 provides a complete positive (TTL compatible) input interface for
the positive bus PDP-8/1 or PDP-8/L. It receives 12 parallel bits of data from
the external device and transmits 12 bits of data from the storage register
to the computer via the BAC bus under computer control. It accepts from the
positive bus computer the device selection code from the MB bus, and IOP
pulses from the IOP bus. Two separate flags can be generated and sent to
the computer via the skip bus. Also, two timing pulses (pulse 1 and pulse 2)
can be sent to the external device. The timing pulses are variable from 5 to
25 microseconds by the use of potentiometers mounted on the module. Done
signals are accepted from the external device to control the flags. The basic
restriction on the device or system to be interfaced is that it must have a
data transfer rate of less than 20 KHz.

FLAG CONTROL

Setting Flag 1 or Flag 2 causes an interrupt which comes from an open col-
lector NPN transistor to the positive bus computer in the form of a ground
signal. 10T 6XY1 will cause a skip if Flag 1 is set. IOT 6XY3 will cause a skip
if Flag 2 is set. The skip output is also an open collector NPN transistor
which, when asserted, sends a ground signal to the positive bus computer.
Both skip and interrupt outputs are open collector NPN transistors that can
be tied directly to the skip and interrupt bus of the positive bus computer.
Flag 1 and Flag 2 outputs are available as M Series TTL outputs and are
ground when true. Flag 1 is set by Done 1— and Done 14- from the external
device. In order to set Flag 1, Done 1— must go to ground and Done 14
must go to at least -+-2.5V. If desired, one can tie Done 1+ to 4-3V. and set
Flag 1 by issuing a negative pulse or level at Done 1—. To set Flag 2, use
Done 2— and Done 24, the same as Flag 1— and Flag 1+. Flag 1 and Flag 2
can be cleared by Initialize or by 10T 6XY2.

DEVICE SELECTOR CONTROL

The code selector accepts signais from bus lines BMB bits 3-8. When the
AND gate conditions are met (depending on the code wired in) the Device
Selector will beconte active. The code selected by BMB 3-8 can be bypassed
by inserting a ground on the enable line. The Select output can be used as an
enable to allow external gating of IOP puises 1, 2, & 4 with BMB 9 (1), BMB
10 (1), and BMB 11 (1) to issue the IOTs listed below depending on which
gates are conditioned.

Mnemonic On IOP Operation

6XY1 1 Skip on Flag 1

6XY2 2 Clear Flags 1 and 2

6XY3 1 Skip on Flag 2

6XY4 * 4 Issue Pulse 1

6XY5 4 Clear Pulse 1— and
Pulse 1+ when jumpers
A & C are inserted

6XY6 2 Clear AC

6XY6 4 Read ACO-AC11 from
the M624 into the
accumulator of the
computer.

6XY7 4 B {ssues pulse 2
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TIMING GENERATOR CONTROL

. Upon issuing 10T 6XY4 Pulse 1— and Pulse 14 outputs will issue a pulse.
Note that Pulse 1— and Pulse 1+ are the inverse of each other. Pulse dura-
tion can be from 5 us to 25 us, depending on the setting of the potentiometer
mounted on the board. The amplitude of the pulse out can be from O V. to
+20 V. depending on the voltage applied to the open coliector NPN transistor
output. Issuing I0OT 6XY7 will cause Pulse 2— and Pulse 24 to receive a
pulse. The same characteristics hold true here as for Puise 1— and Pulse 1+.

12-BIT STORAGE REGISTER CONTROL

Upon setting the Flag 2 by the Done 2 signal, Data O through Data 11 is read
into the storage register. The positive logic signals being interfaced on the
data lines can be from 0O V. to 4+20 V. levels. A ground or O V. level on the
data line read into the storage register input yields a --3V. level on the out-
put (AC). A 4-3V. signal or larger up to +20 V. read into the storage register
input from the data lines will yield a ground level out of the storage register
on the AC lines. For assertion of a one into the computer, the appropriate
data lines has to be at least -+-2.5 or greater, up to 420 V. The storage regis-
ter output ACO through AC11 can be read into the accumulator using an
M624 Bus Driver module and the data out strobe 10T 6XY6.

SPECIFICATIONS

Inputs: All inputs appear as TTL loads. Inputs present 2 unit ioads except for
the following inputs, which present only one unit load: Code Select, Initialize,
BMB 9-11, and Data 0-11. Data inputs expect a logical 0 of 0, +1, —3 and a
logical 1 of 3, 417, —1 volts.

Outputs: All outputs drive 30 ma. at ground through NPN transistors except
ACO—-AC11, Seiect (1), Flag (0), and Flag 2 (0). ACO—AC11 must be con-
nected to the M624 module and then will be capable of driving 100 ma. at
ground. Select (1), Flag 1 (0), and Flag 2 (0) outputs are normal TTL levels
with output drive capability in unit loads of respectively 1, 7, and 7.

POWER PIN CURRENT
+5 V. £59%  AA2, BA2 500 ma. (max.)
GND AC2, BC2 '

AT1, BT1

JUMPER NOTES
A & C in—OQutputs BD2, BE2 at asserted levels from I0OTXY4 until I0TXYS5.

A & B in—Outputs BD2, BE2 at asserted levels from 10TXY4 until Flag 1 is
set by AND of data on inputs AR2, AS2.

D & F —Outputs BF2, AV2 at asserted levels from I0TXY7 until Flag 2 is
set by AND of data on inputs AT2, AU2.

D & E —Outputs BF2, AV at asserted levels as using D & F until Flag 1
is set.

Pulse widths presently 5 ps—25 us recovery time 40 us—25 us.

All units when used on 1/0 bus require M307 or equivalent diode undershoot
protection.
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INTERFACE EXAMPLE .

PA INTERRUPT DONE 1- |
——— K DONE 1+
P NTIALIZE — N DONE 2
b - CLEAR AC ~ DONE 2+
- PULSE 1- |
L PULSE 1+
10'S 1,2 834 PULSE 2- ]
- PULSE 2+
PoP-8/L BMB LINES 3-11
POP-
POSITIVE _ M732 Posive
on DEVICE
COMPUTER

DATA QUT STROBE

‘' ACO-AC
BATA LINES 0-1)
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The M734 is a three-word multiplexer used for strobing 12-bit words on a
positive voltage input bus, usually the input of the PDP-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.

FUNCTIONS

Code Select Inputs: When a positive AND condition occurs at these inputs,
the pulse inputs IOP1, 10P2, and 10P4 are enabled for use in strobing input
data. The code select inputs must be present at least 50 ns prior to any of
the three signals that they enable. If all select inputs are not required, un-
used inputs must be tied to a source of +3 voits (pin AL2). These inputs are
all clamped so that no input can go more negative than —0.9 volts.

I0P1, 2, 4: These 50 ns (or longer) positive pulse inputs strobe 12-bit words
A, B, and C to the bus driver. All three lines are clamped so that no pulse
input can go more negative than —0.9 volts.

Data Inputs: Bits 0-11 on words A, B, and C are strobed 12 bits at a time.
Bus driver output lines (0-11) correspond to the selected word -input lines
(0-11). A HIGH data input forces a bus driver output to ground during a data
strobe. Data signals must be present at least 30 ns prior to issuance of IOP
1, 2, or4.

Bus Driver: These open collector NPN transistor bus driver outputs can sink
100 mA at ground. Each driver output is protected from negative undershoot
by a diode clamp. When this module is used with the PDP-8/1 or PDP-8/L,
these outputs would be connected to the accumulator input lines of the /O
bus. Typical rise and fall times at these outputs with a 100 mA resistive load
are 100 ns.

Data Strobes: Pins AAl, AB1, and ACl appear coincident with 10P1, IOP2,
and 10P4 respectively only if the code select inputs are all HIGH.

+3 Volts—Pin AL2: Can hold 19 inputs at a logic HIGH level.

PRECAUTIONS
Bus driver maximum oqutput voltage must not exceed 420 volts.
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The M735 provides one 12-bit input bus driver and one 12-bit output buffer
register for input and output data transfers on the positive 1/O bus of either
a PDP8/1 or a PDP8/L. Device selector gating plus additional signal lines pro-
vide the flexibility necessary for a complete interface with the exception of
flag sense signals. Use of the M735 is not restricted to a computer, as it can
be used in many systems to provide reception and transmission of data over
cables.

Inputs:
All inputs present one TTL unit load with few exceptions as noted in the
functional descriptions below:

Code Select Inputs: When a positive AND condition occurs at these inputs,
the pulse input gates for IOP1, IOP2, and I0P4 are enabled for use as de-
tailed below. The code select inputs must be present at least 50 nsec prior
to any of the three signais that they enable. If all select inputs are not re-
quired, unused inputs must be tied to a source of {3 Volts. These inputs are
all clamped so that no input can go more negative than —0.9 Volits. When this
module is used with the PDP8/I or PDP8/L these inputs would be connected
to BMB outputs 3-8 to generate a device code. Where required in discussions
below, this 6-bit device code will be referred to as code XY.

I0P1, 2, 4, BMB9(1) and BMB10(1): These three IOP's 50 nsec or longer
positive pulse inputs, in conjunction with control level inputs BMB9(1) (Pin
AA) and BMB10(1) (Pin AB1) provide all of the necessary signals for opera-
tion of this module. Table 1 below indicates the recommended use of these
puises and levels. A“1” or “0” in this table indicates the presence or
absence respectively of a pulse (an IOP) or the logic level at pins AAl or AB1.

IOP|IOP|IOP|BMB| BMB PDP/8 Module
2] 119(1){10(1)] Mnemonic Operation

ofo|1} 0 (0] 10TXY1 +3V = OV output pulse on pin BR1
used for skip function.

oj1|0} O 1 10TXY2 +3V = OV output pulse on pin
BS1, bus driver output on BPl
pulsed to ground and is used for the
AC clear function. ‘

of1]1fo1} 1 IOTXY3 | Load output register from accumu-
lator outputs on I0P1 execute

10TXY2.
1]1]0}0 1 0 10TXY4 Data inputs strobed onto accumu-
lator inputs.
1101 1 0 10TXY5 Load output register on I0OP1, Exe-
- cute 10TXY4.

1110 1 1 10TXY6 Execute I0TXY2, and I0TXY4.

1]1]1 1 1 10TXY7 Execute I0TXY3, and 10TXY4.
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The M735 module operation as associated with the various mnemonic 10T
codes is quite explicit with the exception of IOTXY5. This code (IOTXY5)
would be used to load zeros into the M735 with I0TXY1 and then to load
into the AC the data present at the data inputs of the bus driver when
I0TXY4 occurs. In this particular operation the AC has been effectively
cleared as the content of the AC was zero during IOTXY1 thereby allowing
the transfer of data into the AC without the use of the AC clear command
usually generated by 10T2.

Although it is not implicit from Table 1, BMB9(1) and BMB10(1) inputs are
gated in a positive OR circuit, so that when the M735 is not used on a
PDP8/1 or PDP8/L 1/O bus one of these inputs can be grounded and the
other used for control. They must appear at least 50 nsec prior to an I0P
puise. If the M735 is used with one of the above computers, these inputs
must be tied to the corresponding 1/O bus lines. The input load on IOP1 is
two TTL unit loads. All five inputs are clamped so that no input can go more
negative than —0.9 Volts.

Data Inputs: Each data input when at ground, enables the corresponding bus
driver output to be pulsed to ground during IOTXY4. A high input will inhibit
the bus driver from being strobed. Since each input is ANDed with 10TXY4,
any change of data after this strobe begins will change the bus driver output.

Accumulator Inputs: The input level presented to these inputs will be the
same as that assumed by the buffer outputs after executing inputs strobes
IOTXY, 5, or 7. Input data must be present at least 50 nsec prior to an IOP.
Each input is protected from negative undershoot by a diode clamp.

Reset Register Pin AL2: A positive pulse of 50 nsec or longer at this input
sets all buffer outputs to groynd. When high, this input overrides any data
loading from the accumulator inputs. The output register will be cieared
within 70 nsec from the rising edge of this input. Diode input clamping is
provided to limit negative undershoot to —0.9 Volts.

Outputs:
Pin BR1: This output can drive ten TTL unit loads and has a propogation de-
lay of less than 20 nsec. See Table 1.

Bus Driver: These open collector npn transistor bus driver outputs, including
pin BP1, can sink 100 ma. at ground. The maximum output voltage cannot
exceed +20 Volts and each driver output is protected from negative under-
shoot by a diode clamp. When this module is used with the PDP8/I or
PDP8/L, output pins BA1—BN1 would be connected to the accumulator input
lines and pin BP1 to the clear accumulator line of the 1/0 bus. Typical rise
and fall TTT of these outputs with a 100 mA. resistive load are 100 nsec.

Buffer Outputs: Each output can drive ten TTL unit loads.
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The M736 is used in conjunction with the PDP8/1 or 8/L to provide the
capability of assigning priorities to various 1/O devices connected to the 1/O
bus of the computer. The M736 can be used to assign priorities for one thru
four external devices. Priority assignment may be provided for more than four
devices by using additional M736 modules for each additional group of
four devices. All M736's in a particular priority system would utilize the same
device code.

THEORY OF OPERATION

Basically the M736 module consists of the following:
1. The M103 device selector function.

. A Bit Time State-3 (BTS-3) input.

. Four priority input lines.

. Priority enable line, input and output.

o~ W N

. Five groups of six gates, each of which is capable of being hard wired to
provide address information to locate subroutines to service the various
devices associated with the priority interrupt system. The output of each
of these gates is strobed onto the accumuiator input bus on lines AC(6)
thru AC(11).

SEQUENCE OF OPERATION

The external device activates its skip and/or interrupt FLAG flip-flop. The
activation of the FLAG causes two things to happen; (a) The computer's in-
terrupt request line is pulled to ground. This tells the computer that an ex-
ternal devices requires service and requests the computer to jump to an 1/O
priority interrupt service subroutine as soon as the computer completes its
present cycle. (b) The external device FLAG pulis to ground the appropriate
hard wired priority line connected to a “D" flip-flop in the M736.

A Bit Time State-3 (BTS-3) pulse from the computer is applied to the clock
input of the “D” flip-flop to which the activating device fiag is connected, as
mentioned in section 1b above, and causes this flip-flop in the M736 to set.
If more than one priority devices called to be serviced at the same time, all of
the associated priority “D" flip-flops in the M736 would be set at this time.
The outputs of the priority flip-flops in the M736 are connected to a priority
gate structure which is arranged in such a manner that only one output line
will be activated and that line will be associated with the external device with
the highest priority.

This activated output of the priority gate structure is applied to one group of
six two-input gates which make up the address gate. The other input of each
of the six two-input gates of the address gate is hard wired to provide a dis-
crete address which will correspond to the starting location of the particular
subroutine associated with that priority request. Each of the six output lines
of the activated address gates is applied to one input of a two-input gate of
the AC input strobe gate.
325
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The computer now has had time to jump to the priority interrupt service
routine and now issues a device selection code corresponding to the hard
wired device selection code assigned to the M736 priority interrupt modules.
This device selection code will pre-enable the IOP gates of the M736 of
M736's.

The computer now issues an IOP-2 pulse to the IOP-2 gate of the M736
module. The output of the IOP-2 gate now produces an 10T-2 puise which
causes the ‘‘Clear the AC" line of the I/O bus to be pulled to ground, and
thereby clears the AC.

The computer issues an IOP-1 puise to the I0P-1 gate of the M736 module.
The output of the IOP-1 gate produces an I0T-1 pulse which is applied to the
strobe inputs of the AC input bus gate. As the other inputs of the AC input
bus gate are connected to the outputs of the address gate, appropriate lines
of the AC input bus (AC 6 thru AC 11) will be pulled to ground thereby load-
ing into the AC the starting address of the subroutine associated with the
particular priority 1/O device to be serviced.

The computer now refuses to accept any further interrupt requests and jumps
to the subroutine with the particular starting address which was loaded into
the AC. The service routine of the particular priority device contains an in-
struction to clear the interrupt flag flip-flop of the particular 1/O device and
at the end of the subroutine issues the M736 device selector code with an
I0P-4 which clears the priority flag flip-flops of the M736. The computer now
turns on the priority interrupt system capability which allows the computer to
service any future interrupt requests.

USING THE M736 PRIORITY INTERRUPT MODULES

1. Assign a device selection code to the M736 priority system and connect
the device selection inputs of the M736 to the proper device selection
lines to assure decoding for that code. If more than one M736 is used
connect the device selection lines for each M736 in exactly the same
manner. Each M736 will use the same device selection code.

These inputs are: BT2, BS1, BR1, BP1, BN1 and BS2.

Connect the enable input, BN2, of each M736 to +3V.
Connect the I0P-1 input, BJ1, to the I0P-1 bus line.
Connect the I0P-2 input, BM2, to the 10P-2 bus line.
Connect the IOP-4 input, BH2, to the IOP-4 bus line.
Connect the BTS-3 input, BL1, to.the BTS-3 bus line.

No o suownpn

Con'nect the outputs of the externai 1/O device flag flip-flops to the priority

NOTE: In normal operation, I0P-4, is not required as the flag flip-flop in the external pri-

ority 1/O device is cleared by the subroutine servicing that device. When the flag in the
1/0 device is cleared, the next BTSO3 pulse will load the disabled flag outpu tinto its

fl;_est;lective priority flag flip-flop in the M736 effectively clearing the priority fiag flip-fiop.
ip-flop.
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inputs in such a manner as to puli the corresponding priority input line
of the M736 to GRD when the device flag is activated. These inputs are
as follows:

1st priority BJ2 1st M736 Module
2nd priority BH1 " " "
3rd priority BF2 " " "
4th priority BK1 . " .
5th priority BJ2 2nd " ‘"
6th priority BH1 " " "

Carry on for additional priority interrupt devices.

Assign starting address to the subroutines which will service each priority
interrupt device attached to the priority interrupt system. Also assign a
starting address for the subroutine to service non-priority devices. Hard-
wire the various starting address of the service routines as follows:

AC(6) AC(7) AC(8) AC(9) AC(10) AC(11)

Priority 1 BD1 BBl AP1 AR1 AH1 AF2
Priority 2 AU2 AS1 AN1 AK1 AF1 "AAl
Priority 3 AT2 AR2 AM2 AL2 AE1 ABl1
Priority 4 BAl AS2 AL2 AM1 AD1 ACl1
NON-Priority BC1 BE1 BF1 AP2 AJl AH2

NOTE: If more than four external 1/O devices require priority assignments,
the NON-priority address inputs BC1, BE1, BF1, AP2, AJ1 and AH2 of the
M736 module used for the first four highest priorities, must be con-
nected to GRD. If more than two M736 modules are required all of the
NON-priority address lines of each module except the last M736 contain-
ing the lowest priorities, must be connected to GRD. The NON-Priority
address is hardwired to the NON-Priority address inputs of only the lowest
priority M736 module. All un-used priority address inputs must be .
grounded. Logic 1 level for address may be obtained from module pin
BV2 of each M736 module. Lower priority addresses would be hardwired
on succeeding M736 modules in the same order hard wired to the second
M736 module as follows:

AC(6) AC(7) AC(8) AC(9 AC(10) AC(11)
Priority 5 BD1 BB1 AP1 AR1 AH1 AF2
Priority 6 AU2 AH2 AK2 AD2 AJ2 AE2

9. Connect the AC input bus gate outputs to the AC bus as tollows:

AC(6) AC(7) AC(8) AC(9) AC(10) AC(11)
Module Pins Av2 AH2 AK2 = AD2 AJ2 AE2

10. Connect the Priority Enable input line BE2, of the M736 with the highest
priorities, or the only priorities, to ground.

11. If lower priorities of 5 or more are assigned, connect the Priority output
of the module“with the higher priorities, Pin BD2, to the next M736
module (with the next following four lesse?‘priorities) Priority enable in-
put pin BE2.

12. Connect the INITIALIZE input, BL2 to the Initialize line of the computer
I/0 bus.
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M737

12-BIT BUS RECEIVER INTERFACE

8-FAMILY
POS.1/0BUS

M SERIES

Length: Standard
Height: Double

Width: Single

o1 3
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e
E}AFZ
A
INPUTS 851 ch e
A %)
A2
e
B — L
Bv1 —e-2815 P
(&
+3V 0
ser (2252 c _.._.W‘ o) JEsT
wmagize (122 —
ENABLE NOTES:
a hehpathy
ang
roe2 #:QUTPUTS BS1 8 BRY
SINK 25mA TO GROUNI
aace [FJEEL C >855)
BACY @_Aﬂ 8J2 fic)
sacz [P ~2ig)
Bac3 [F}2K 8256
BACS E’AL‘
8ac3 E}e_m AT SISTER SUrFER 2fic)
sacs [P)EM )
sacr [FF*2 sr2ge)
ARY 8s2,
aaco (F1AS! 8r2f)
s AUt auz@
sacn[F}AY Lse) L)
Power
Volts =~ mA (max.)
300

AA2, BA2
AC2, AT1, BC2, BT1

The M737 12-Bit Bus Receiver Interface is completely contained on a double
height, single width module.

The M737 was designed primarily to receive and store in a buffer register
twelve parallel data bits from the positive bus of the PDP-8/1 or PDP-8/L.
The M737 is pin compatible with the B738 Counter-Buffer Interface, the
M107 Device Selector and the M108 Flag Module. The 12-Bit Bus Receiver
Interface, M737, consists of three basic sections: device selector, flag, and

buffer register section.
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Device Selector Section
The device selector section contains six address inputs which are to be con-
nected to the proper BMB bits for address selection. IOP 1 input is used to
generate an 10T 1 which is used internally to test the flag. The output of flag
test gate is connected directly to the skip bus with an NPN transistor. The
output of the address selection gate is connected to the bus gate of the buffer
register section and functions as an option select level. IOP 2 is used for two
purposes. It is internally connected in such a manner as to clear the flag and
to load the buffer register with the contents of the BAC lines.

The Flag Section

The flag section is used to generate a programmed interrupt. The flag flip-flop
may be set by a level shift from low to high (a positive going voltage) applied
to the set input at pin AS2. The output of the flag is connected to the P. I.
line by way of a P. |. enable gate and an open collector NPN transistor. The
output of the flag is also connected to pin BUl. The flag is reset by I0P2
applied to pin AN2 or by initialize pulses applied to Pin AL2,

Buffer Register Section

Data from the bus is applied to the inputs of the bus gate. The bus gate
prevents the buffer register from loading the bus when M737 is not addressed.
The bus gate is enabled by the option select level derived internally from the
output of the device selector section. The buffer register is loaded by jam
transfer upon the command of an 10T2 instruction. The output of the buffer
register is buffered by the use of TTL circuitry.

Inputs: All inputs which receive positive bus signals are protected against
negative voltage undershoot. AE1, BV1 represent 1.25 TTL unit loads. These
two inputs need not be tied to a logic 1 source when not used.

AM2, AN2 represent 2.5 TTL unit loads.
AS2 represents 2 TTL unit loads.
All other inputs represent 1 TTL unit load.

Outputs: BS1, BR1 will sink 25 MA to ground. Volitage applied to these outputs
must not be allowed to exceed 20 Volts. These outputs are protected
against negative voltage undershoot and consist of open collector NPN
transistors.

All other outputs will drive 10 TTL unit loads.
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M738

' COUNTER-BUFFER INTERFACE

8-FAMILY
POS.1/0BUS

M SERIES

Lengfh Standard
Height: Single
Width: Single
CLOCK EAVZ‘

sTaRT cLock[1 JAR2 ]

mu.z
INITIALIZE
sTOP [DATZ -

msa)[1]2H2

___q[>_

[ >

T1842

BK2

mg_l.z

BM2

e

UP
COUNTER

BUS
DRIVERS

E}SPZ

BR2

ez

BT2

[

e

wsey[18¥2

STROBE DATA IN[3}AS2

IAAAAARAA R
!

CLEAR CTR/BUFFER[1]802

STROBE DATA OUT (342

Volts
+5
GND

Power
:nA (max.)

Pins
AA2, BA2
AC2, AT1, BC2, BT1

*#250 mA—no strobe onto bus

370 mA—during bus strobe

The M738 provides a 12-bit binary up-counter that can be read to the posi-
tive external 1/O bus of a PDP-8/1 or PDP-8/L. The counter can be cleared
or preset to a starting value by a jam transfer from an external device. When
a count enable flag is set, the counter operates as an up-counter in response
to external clock pulses. The content of the counter can be strobed to the
1/0 bus through data gates under program control.

APPLICATIONS

e |nterfacing a counting register to 1/O bus
e Paraliel buffered data transfer to I/O bus
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FUNCTIONS

Loading Counter/Buffer: The 12-bit counter/buffer consists of three MSI, 4-bit
presetable counters connected in tandem. Twelve parallel bits of data may be
applied to the data inputs and then transferred into the counter by the appli-
cation of a LOW level (250 ns or longer) to the STROBE DATA IN pin AS2.
This input could be an IOT pulse from an M102 or M107.

Clearing Counter/Buffer: The counter may be cleared by a logic LOW at least
3 ws in duration applied to the CLEAR COUNTER/BUFFER input pin BD2.
The requirement of a 3 us pulse precludes the direct use of an 10T pulse for
clearing the counter. If it is required to clear the counter by an 10T pulse, an
M302 dual delay multivibrator could be used to stretch the IOT pulse length.

Bus Driver: The 12-bit bus driver strobes the contents of the buffer counter
onto the bus when a logic LOW is applied to the STROBE DATA OUT pin AU2.
The input to the STROBE DATA OQUT pin AU2 would normally be an I0T
pulse derived from an M103 or M107.

All bus driver outputs consist of open collector NPN transistors which are
capable of sinking 25 mA to ground. Voltage applied to these outputs must
not exceed 420 wvolts. The outputs are diode-protected against negative
voltage undershoot in excess of —0.9 volts.

CLOCK ENABLE Flip-Flop: The clock enable flip-flop gates clock pulses to the
counter/ buffer. This flip-flop may be cleared by a logic HIGH pulse to pin AL2
or by a logic LOW to the STOP input AT2. When the flip-flop is cleared, clock
pulses applied to the clock input, pin AV2, are not counted.

Counting: Clock pulses may be counted by setting the COUNT ENABLE flip-
flop with the application of a logic LOW pulse to the START CLOCK input
AR2. The four inputs—CLOCK, START CLOCK, STOP and INITIALIZE—re-
quire a minimum pulse width of 50 ns and, therefore, could use 10T puises
derived from the device selectors M103 or M107.

Tandem Operation: At times, it may be desirable to connect two or more
M738 module counters in tandem. This may be accomplished by connecting
the “‘overflow’’ output pin BE2 of the first M738 to the START CLOCK input
pin AR2 of the next M738. Also, the signal on pin AR2 must be connected to
CLOCK pin AV2. The clear pulse time duration should be an additional 3 us
for each M738 added in tandem: i.e., 24 bits would require a 6 us clear pulse.
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8-FAMILY
M907 POS.1/0BUS

DIODE CLAMP CONNECTOR
M SERIES

Length: Standard
Height: Single
Width: Singie

Al Bt Ct D1 Ef F1 HI JI Kt L1 Mt Nt Pt Rt St T

ut vi
C2 D2 E2 F2 H2 J2 K2 L2 M2 N2 P2 R2 S2 T2 U2 V2

Power
Volts mA (max.) Pins
+5 10 A2
GND Al, Cl, F1, K1, N1, R1, T1

C2, F2, J2, L2, N2, R2, U2

The M907 is used to provide proper undershoot ground clamps for devices
receiving PDP 8/1 and PDP- 8/L positive 1/0 bus signals that are not so

protected.”

The M907 aiso provides 43 volts for clamping 25 unused inputs. Diode
clamps appear on signal leads used in double-sided alternate-ground 1/0

cables.
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Negative Bus: The PDP-8 and PDP-8/S (and some models of the PDP-8/)em-
ploy an 1/0 bus structure that is logically identical to the positive-logic 1/0
bus except for the logic levels which are ground and —3 volts. The following
M Series functional modules simplify adapting negative-bus computer /0
signals to controllers using positive TTL logic:

>

M100

M102

M632
M633

Data Output from Negative Bus (pin compatible
with M101 which does the same function for the
positive bus) .

Device Selector (pin compatible with the M103
positive-bus device selector)

Drives negative bus input lines .

Drives negative bus input lines (pin compatiblé
with the M623 positive bus driver)

In addition, there is a wide assortment of level converters for two-way com-
patibility between the negative bus and M Series modules:

MO51
4 M650
M652

M500
M502
M506
M507

Positive in, negative out

Negative in, positive out

For detailed electrical characteristics and timing on the negative 1/0 bus,
refer to a 1970 (or earlier) edition of the SMALL COMPUTER Handbook.
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MO51 LEVEL
POSITIVE TO NEGATIVE CONVERTERS
LOGIC LEVEL CONVERTER pp—

Length: Standard
Height: Single
Width: Single

D +3 -V L2 +3 -V 2 +3 -V
@2 . . M@@. . o L‘E @E. . 0‘ E1*
' 3 -V regeen "
@ﬁ._‘o O_.ﬂgg @E.__o 0_.ﬂ@ @}N_Z._‘o o_.ﬂ{g]
+3 -V +3 -V +3 -V
@HZ ‘0 . Hl@ @PZ . 0‘ » P‘@ @\R' . o' J1 *
R2 3 -v 2 +3 -V +3 -V
@ o RIGT % o KR @S2 - St
%250 MA, -6V MAX.
Power
Volts mA (max.) Pin
+5. 47 A2
GND c2
—15 16 B2

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.

APPLICATIONS
e Interfacing to negative bus PDP computers
o |Interfacing to R/B/W Series Logic Systems

Restrictions: Do not use for indicator drive or current sinking.

FUNCTIONS
A grounded input on the driver causes the output to be grounded.

SPECIFICATIONS
The output circuit consists of an open collector PNP transistor that can drive
20 mA to ground. —6 volts maximum may be applied-to the output.
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8-FAMILY

. M100 NEG. 1/0 BUS
BUS DATA INTERFACE -
M SERIES
Length: Standard Price:

Height: Single
Width: Single $50
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E R ‘O H O m U2 (+] H h) EE
v L ] v L
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" 0 H
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v L ’ .

Power
Volits mA (max.) Pin
+5 60 A2
GND Cc2
—15 10 B2

The M100 Bus Data Interface containé 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 Interface.
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APPLICATIONS
e Output data transfer expansion for PDP-8, PDP-8/1

FUNCTIONS .
Each input line is connected to M Series levels and gated to the output by
the ENABLE signal. Each circuit has the following function:

INPUT ENABLE OUTPUT
ov L H
ov H L
-V L : H
-V H H

(L and H refer to standard M Series Levels of O and 4-3V. —V refers to nega-
tive input. (See Threshold Switching Level.)

PRECAUTIONS

The enable line of the M100 cannot be used as a strobe line. The output
signals are indeterminate for a period of 200 ns after the enabling line has
become true. The enable is intended to be controlled by the option select
output of the M102.

SPECIFICATIONS

Input Loading: The loading presented to the negative voltage bus differs from
the loading using the standard bus modules (i.e., R107, R111) in that the
data lines are loaded only if the device is selected.

Threshold Switching Level: —1.5 volts typ.

Propagation Delay: 40 ns typ.

336



M102

DEVICE SELECTOR

8-FAMI‘LY
NEG. 1/0 BUS

M SERIES

Length: Standard
Height: Single
Width: Single
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| :)]

. Ct

+3v f——=Y1f50]

The M102 is used to decode the six device address bits transmitted in com-
plementary pairs on the negative BMB bus of the PDP-8, PDP-8/I. 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 exception of

the address inputs.
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APPLICATIONS
e Design of custom M Series interfaces for negative bus PDP-8, PDP-8/I.

FUNCTIONS

OPTION SELECT: The OPTION SELECT output is HIGH when all negative-bus
code inputs (P1-T2) are at ground. (Note: PDP-8, PDP-8/1 BMB outputs are
asserted at ground.) The OPTION SELECT ENABLE input is an M Series level
that can override the code input.

IOP ENABLE: When the OPTION SELECT outpu;tﬂ‘s enabled, 10P pulses from
the computer are gated to output pins Al-F1. Both LOW to HIGH and HIGH
to LOW pulse output polarities are provided.

Gated Inverters: Two single-input inverters are provided which function as
follows:

Neg. Input Gating Qutput
(H1, L1) Input
ov L H
ov - H H
-V L H
-V H L

SPECIFICATIONS
Negative Input Levels: Negative inputs (—V) are nominaily —3V and ground.
Threshold Switching Level is —1.5V typ.

Negative Input Loading: BMB input loading is 1 mA, shared among the in-
puts that are at ground.

10P input Loading: P2, R2, S2, H1 and L1

0.2 mA, when Vin = 0 volts
0.0 mA, when V in = —3 volts

Propagation Delay: 40 ns typ.
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M632
POSITIVE INPUT NEGATIVE OUTPUT

ve

8-FAMILY
NEG. 1/0 BUS

BUS DRIVER
Length: Standard
Height: Single
Width: Single
@i>—c H 0
[Ze! o__>'_-l- vl ~250
@-le—d . H O
z}E! F_>_L -v =)
z>—d H O
@m L _v"_"LZ@
5
oa ) = BT
o o]
™ }—L _v——>-£[f_l
EMe—0 H 0
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%*=SINKS 100mA AT GND

Power X
Volts mA (max.) Pins
+5 175 2
GND C2, T1, F2, J2,
L2, N2, R2, U2,
—15 40* B2

* excluding output current
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The M632 contains eight two-input AND gate bus drivers for convenient
driving of the negative bus of the PDP-8/I or PDP-8/L.

FUNCTIONS
Each stage operates according to the following truth table:
INPUTS OUTPUT

LL ov

LH -V

HL -V

HH -V
SPECIFICATIONS

Output Drive: The output is internaily clamped to keep it between —3 volts
and ground. The output curreqt must not exceed 100 mA.

Propagation Delay: 50 ns max.



‘ M633
NEGATIVE BUS DRIVER

8-FAMILY
NEG. 1/0 BUS

Length: Standard
Height: Single
Width: Single

Al D2
- ool o[ H Ol o
1t L v E@Fz : L -v
H O H O
El E@
mﬁ',.__q Loy T1E2 ) L o-v

-V

R1E*]

H O

15t

H O N2

L -V

|of2G :

HOF__.U_ZE“

:
VY UL
i
I

=

'82

L =v L =V

s DRIVES PDP-8, POP-8/1
NEGATIVE BUS

Power |
Volts mA (max.) Pins
+5 100 A2
GND C2, T1
—~15 40 B2

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 collector
PNP transistor. It is pin-compatible with the M623 positive voltage bus
driver.
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FUNCTIONS
Each stage operates according to the following truth table:

INPUTS OUTPUT
LL [
LH -V
HL -V
HH -V

SPECIFICATIONS:
Output Drive: Each output is an open collector PNP transistor capable of

supplying 20 mA from ground. Voltage applied to the output should not
exceed —6 volts. ‘

Propagation Delay: Typically 40 ns.
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LEVEL
|-||(;.}'\{’l 533550 CONVERTERS
NEGATIVE INPUT CONVERTER M SERIES
Length: Standard
Height: Single
Width: Single
SEE'°':’°TE 100
~—awv—E2 100 pp

2 o + ceTs&T 2 o+ uz%‘ETD
o ol v 0

%*=EQUIV. OF 3 MA CLAMPED LOAD

Power i
Volts mA- (max.) Pins NOTE
+5 49* A2 . CONNECT TO OUTPUT WHEN
Gfi‘? 92 (B:% T1 NOT DRIVING 920 COAX.

* Add 44 mA for each 100 ohm resistor connected to outputs.
{ L

—/| 1 \———
—e  |e—20ns TYPICAL BETWEEN THRESHOLD

b JF
1
t, = 8ns NOMINAL

-~

The M502 contains two non-inverting high-speed signal converters which in-
terface standard negative (—3 volts and ground) logic levels or pulses with
M and K Series positive logic modules. These converters provide sufficient
current drive at a low output impedance for system interconnections by
means of terminated 92-ohm coaxial cable.

FUNCTIONS

Outputs: Each output can drive a terminated 92-ohm coaxial cable and
supply an additional 30 mA at +3 volts or sink an additional 30 mA at
ground.

SPECIFICATIONS
The converters operate at frequencies up to 10 MHz with typical output rise

and fall times of 8 ns. Propagation times for output rise and fall are typically
20 ns. :

Input loading is equivalent to a 3 mA clamped load.

Output rise and fall times depend on the length of coaxial cable driven.
When coaxial cable is not driven, switching speeds are increased by con-
necting the 100-ohm resistor to the output.
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M506
MEDIUM SPEED
NEGATIVE INPUT CONVERTER

LEVEL -
CONVERTERS

M SERIES

Length: Standard
Height: Single

%=10mA AT GND,DIODE CLAMPED

Power
Volts mA (max.) Pins
+5 81 A2
GND Cc2, T1
—15 115 B2
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The M506 contains six noninverting signal converters which can- be used to
interface the negative logic levels or pulses of duration greater than 100 ns
to M and K Series positive logic levels of 43 volts and ground.

In addition to the negative level inputs, each converter circuit has three ad-
ditional NOR inputs for positive logic levels of 43 voits and ground. A
source of logic HIGH for unused inputs is provided at each gate.

FUNCTIONS
(Pins Al, etc.) IN ouT
-3V ov
ov +3V
SPECIFICATIONS

These converters operate at frequencies up to 2 MHz with typical rise and
fall propagation times of 70 ns and 40 ns respectively.

All negative level inputs (Al, D2, . . . R2) present a 10 mA load at ground.

Caution: These inputs are diode-clamped to —3
volts; input voltages greater than —3 volts may
draw excessive current.
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M507 LEVEL
MEDIUM SPEED CONVERTERS
NEGATIVE BUS CONVERTER —

Length: Standard
Height: Single
Width: Single

EEZ

EHZ .

EKZ

v +3

EMZ (o] (o}

v_+3

R}E2 0 "1

-~

ESZ'

RZE :

+3

%= 10mA CLAMPED LOAD
3¢ = SINKS 100mA TO GND, +20V MAX.

Power

Voits mA (max.) Pins
+5 42 A2
GND Cc2, T1
—15 115 B2

The M507 contains six inverting level shifters which will accept —3V and
GND as inputs. The input to each level shifter consists of a 10 mA clamped
load and is diode protected against positive voltage excursions,

The output consists of an open collector NPN transistor. The output of each
level shifter will sink 100 mA to GND.,

The output transistor is protected against negative voltage excursions by a
diode connected between the collector and GND. The output rise is delayed
by 100 ns for pulse spreading.
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APPLICATIONS .

The M507 is used to convert negative voltage logic levels or puises of dura-
tion greater than 100 ns to M Series levels (or pulses).

FUNCTIONS
INPUT OUTPUT
GND GND
—3v +3V
SPECIFICATIONS

Input loading is equivalent to a 3 mA clamped load.

Each output can sink 100 mA to GND. Maximum voltage apphed to any
output is +20 volts.
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LEVEL
M650 CONVERTERS

NEGATIVE OUTPUT CONVERTER

M SERIES

Length: Standard
Height: Single
Width: Single

M2
(T2 ) H o0 0215
[ME2 ‘ M
e2
SEE
) TEXT
e :

H o
L x2 &
P2 LV
1 L2

n U2 ) H 0 szEJ
L LY

R2

=20 MA AT GND OR -3V

Power
Volts mA (max.) Pins
+5 37 A2
GND Cc2, Tl
—15 29 B2

The M650 contains three noninverting signal converters which can be used
to interface the positive logic levels or pulses (of duration greater than
100 ns) of K and M Series to digital negative logic levels of —3 volts. and
ground. These converters provide current drive at a low output impedance
so that unterminated cables or wires can be driven with a minimum of
ringing and reflections.

FUNCTIONS
A positive AND condition at the input gate produces a ground output. If any
input is at ground, the converter output is at —3 volts.

SPECIFICATIONS .
The converters operate at frequencies up to 2 MHz with maximum rise and
fall total transition of respectively 75 ns and 115 ns. By grounding pin E2
(L2 or R2) the rise and fall total transition times can be increased to avoid
ringing on exceptionally long lines. The converter then operates at frequen-
cies up to 500 kHz with typical rise and fali total transition times of 500 ns.

‘

Each output is capable of driving 20 mA at ground and at —3 volts.
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LEVEL
M652 CONVERTERS

NEGATIVE OUTPUT CONVERTER

M SERIES
Length: Standard
Height: Single
Width: Single
NOTE 1
—n—F2
. D2 +3 0 K s2 +3 9| L2
" et @2 |2
-V 0 -V
rz N2
%=DRIVES 928 COAX-SEE TEXT
NOTE 2

NOTES!
1. CONNECT TO OUTPUT WHEN NOT
DRIVING 928 COAX.
2. CONNECT TO GROUND PIN FOR
500ns RISE TIME

+3V
INPUT f \
oV | !

—  [—20ns TYPICAL as'lwsen THRESHOLDS

il ___f N
'r = Bns NOMINAL

500ns WITH PIN H2(N2) GROUNDED

{E
3 J

Power
Volts mA (max.) Pins
+5 122 A2
GND C2, M2
—15 202 B2

The M652 contains two noninverting high-speed signal converters which can
be used to interface the positive logic levels or pulses of the K and M Series
to digital negative logic levels .of —3 volts and ground. These converters
provide current drive at a low output impedance so that system intercon-
nections can be made using terminated 92-ohm coaxial cable.

FUNCTIONS
Each section:
INPUT OUTPUT
L —3V
H ov.
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SPECIFICATIONS

Timing: The converters operate at frequencies up to 10 MHz with typical
output rise and fall times of 8 ns. Propagation times for output rise and fall
are typically 20 ns. The slope of the output transition can be decreased by
grounding an internal RC network, to avoid ringing on exceptionally long
lines. The converter then operates at frequencies up to 1 MHz.

Inputs: Positive logic levels of 0 and +3 volts (nominal). Input signals more
positive than 46 volts will damage the circuit.

Outputs: Each output can drive terminated 92-ohm coaxial cable and supply
an additional 20 mA at ground or sink an additional 20 mA at —3 volts.
Output rise and fail times are dependent on the length of coaxial cablé
driven; When coaxial cable is not driven, switching speeds will be increased
by connecting the 100-ohm resistor to the output.
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PDP-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) Basuc UNIBUS Interfacing and (2)
PDP-11 1/0 Modules.

Basic UNIBUS Interfacing

The UNIBUS is a single, common path that connects thé processor, memory,
and peripherals. (See Figure 1.) Each register (data source or data desti-
nation) in each peripheral device is assigned an address to distinguish among
the individual peripherals connected to the UNIBUS. This address is analog-
ous to a memory location and permits instructions to act upon device regis-
ters as memory locations. There may be only one controlling device on the
UNIBUS at any given time because of the system architectural configuration.
This device is termed the Master and devices controlled by the Master are
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 relinguishes Bus Mastership. The new Master may then request either
to have the processor service the peripheral (BR only) or may initiate a data
transfer without processor intervention (NPR or BR)

Interface Types

PDP-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 ability to gain Mastership of the bus
(BR level) in order to give the Central Processor the address of a sub-
routine which the processor will use to service the peripheral.

3. DMA—This interface has-the ability to gain Mastership of the Bus (NPR
level) in order to transfer data between itself and some other peripheral.

A single interface may employ all three of the above types.

Signals on the UNIBUS that are used for programmed and interrupt 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 I/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 AQOQ
specifies the byte being referenced.

Peripheral devices are normally assigned an address from
within the bus address allocations from 760000-777777
(program addresses, 160000-177777).

*Angle brackets enclose groups of lines; A «(17:00> = Al7 through AOQO inclusive.
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SIGNAL

DEFINITION

D <15:00>

C <1:0>

MSYN

SSYN

PA, PB

BR <7:4>

BG <7:4>

NPR

NPG

SACK

INTR

BBSY

Data Lines. The 16 data lines are used to transfer informa-
tion between bus master and slave.

Controt Lines. These two bus signals are coded by the mas-
ter device to control the slave in one of four possible data
transfer operations.

C1 co ‘ Operation

0 0 DATI—Data in

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

1 1 DATOB—Data Out, Byte

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

Slave Synchronization. The slave’'s response to the master
(response to MSYN).

Parity Bit Low (PA) and Parity Bit High (PB). These signals
are for devices on the UNIBUS that use parity checks. PB
is the parity line for the high-order byte (on D <15:08>)
and PA is the parity line for the low-order byte (D <<07:00>).

Bus Request Lines. These four bus signals are used by per-
ipheral devices to request control of the bus.

Bus Grant Lines. These signals are the processor’'s response
to a bus request. They are asserted only at the end of in-
struction execution, and in accordance with the priority de-
termination.

Non-Processor Request. This signal is a bus request from a
peripheral device to the processor, usually for a DMA trans-
fer.

Non-Processor Grant. This signal is the p}ocessor’s response
to an NPR. it occurs at the end of a bus cycle.

Selection Acknéwledge. 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.
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SIGNAL

DEFINITION

INIT

AC LO

DC LO

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-of-voltage con-
dition occurs, DC LO is asserted by the power supply.

UNIBUS >

I

CENTRAL . PERIPHERAL
PROCESSOR MEMORY \NTERFACE
PERIPHERAL

DEVICE

Figure 1. UNIBUS Connections
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PDP-11 Input/Output Modules
Detailed description for the following modules are contained here.

M105 Address Selector Module

M1500 Bidirectional Bus Interfacing Gates Module
M1501 Bus Input Interface

M1502 Bus Output Interface

M1621 DVM Data Input Interface

M1623 Instrument Remote Control Interface
M1710 Interface Foundation Module

M1801 16-Bit Relay Output Interface

AR11 Analog Real-Time Module

M7281 Interrupt Control

M783 UNIBUS Drivers

M784 UNIBUS Receivers

M785 UNIBUS Transceiver

M786 Device Interface

M795 Word Count and Bus Address Module
M796 UNIBUS Master Control Module
M798 UNIBUS Drivers

NOTE i

The . DECkitll series of PDP-11 input/output
kits offer an added dimension to PDP-11 inter-
facing. These kits consist- of a group of modules
(including some of the above) that are installed
by the user into a prewired system unit. Addi-
tional information on DECkits is contained else-
where in this Handbook.
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PDP-11
M105 UNIBUS
ADDRESS SELECTOR
M SERIES
Length: Extended
Height: Single
Width: Single
81 > SSYN INHIBIT
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B
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—q 7 o————
——am=rig] |
.—’—]:Z Me&ﬂ Ll :"; seecte v |, st
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@H - ooz L
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o L CONTROL —i0]
J2 ﬁ ) INH | Mt (5]
B
&15)(1‘
GND = CONNECTS TO UNIBUS
' Power
_Voslts 5:132 (max.) Pins
-(Is-ND Cc2, T1

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 device registers
that indicate a register is being referenced and three control signals that
indicate the direction for data flow.

The selector decodes the 18-bit adress A <17:00> as follows: A <17:13>
defines the section of the address map that is assigned to peripheral devices
and must all be asserted. A <12.03> are determined by jumpers on the

card.
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When the jumper is “in’’ the selector will look for a zero in the binary equiv-
alent of the register address on that address line. 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 decoding AQO, 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 AOO =0 OUT LOW
DATOB with AOO =1 OUT HIGH

-~

*DAT!, 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. QOUT 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 can be added to the delay circuit to in-
crease this time, if desired. A practical maximum is a 1000 pf capacitor
which will produce approximately 400 nsec of delay. If a longer delay is
needed, the SSYN INHIBIT line can be grounded, which will prevent SSYN
from being issued at all from the M105. The SSYN signal would then be
generated from another source after the desired delay. SSYN INHIBIT can
be left open when not used.

EXT GND is used for testing purposes and should be tied to ground in
normal operation.
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M1500 UNIBUS
BIDIRECTIONAL BUS
INTERFACING GATES ppp—
Length: Extended
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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.

Mwoseastal)  Vmsookesmas mea)— ————— Twrezoweanmialy |
I I |
1 | |8 s

I pEUS SSYN L | l . ' INTH :

SELECT @ 1 a I Rae oo
I SELECT 2 H £2 4 0 | l
| SELECT 4 M I I | |

SELECTOR |SELECT B H '

: OUT HGH_H : - peX } l I

OUT LOW M | l
l W | l l I
| I I S FH | |
| | I al | [
l l ; 3V 1 \ I l
I | |
| | I.%‘f? | |
I | o ] [™Te g | |
| B T ]
{ I I | |
| | |

|

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

APPLICATIONS
PDP-11 Interfacing:

1. ANDing SELECT signals with direction signals (OUT HIGH, OUT
LOW) to load registers

2. ANDing SELECT signals with direction signals (OUT HIGH, OUT
LOW) to form set or reset pulses

3. Receiving the INIT (initialize) signal from the UNIBUS and distribut-
ing it via high-power drivers
General-Purpose Use:

1. Providing general-purpose high fan-out drivers-
2. Providing a stage of inversion with high fan-out capability
FUNCTIONS

Inputs marked B present one bus receiver load to the UNIBUS. All other
inputs are standard TTL; unit loads are shown on the logic diagram.

Output drivers marked D provide open collector outputs with jumpered-in
pull-up resistors to enable their use in general logic applications. These out-
puts may be used to drive UNIBUS 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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M1501 ‘ UNIBUS

BUS INPUT INTERFACE

M SERIES
Length: Extended ARE
Height: Single oonpecrs "
Width: Single "
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The M1501 contains 16 bus drivers for interfacing parallel input data to the
PDP-11 UNIBUS. The module includes two control flags that can be used for
interrupt request and enable. Data inputs from an external device enter a
40-pin flat cable connector mounted on the module itself. All inputs are
diode-clamped to ground and 45 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.

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 protect
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 Clock Inputs Flag Outputs 75



Mi502 UNIBUS
BUS OUTPUT INTERFACE

M SERIES
Length: Extended Powe.
Height: Double Volts  mA (max.) Pins =
Width:  Single o 7 (-

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 included 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 poutput this module may be used to drive
indicators or small relays provided the voltage and current limits are not
exceeded. l

Up to four 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 (ABl1 and AA1l), 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 connector outputs. The third flag is triggered by positive-going
transitions only. This flag provides an output to the blackplane only.

All flags have separate reset inputs and may also be cleared by a common
reset line. The set and reset functions occur on logic HIGH levels. Unused
inputs should be connected to a logic level that will unassert them. Spare bus
drivers are also provided.

Spare Lines: Two additional lines are provided between the cable connector
and the module for additional communication between the module and the
external device. These lines are diode protected against voitage over shoot
below —0.75 volts or above +5.75 volts.

SPECIFICATIONS
Propagation Time:

FROM TO , ' ns (max.) -
BUS DATA Input ' 40-Pin Output 100
FLAG CLOCK Input 40-Pin Output 150
FLAG SET or CLEAR Input Bacllplane 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 vplts 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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M1621 UNIBUS
DVM DATA INPUT INTERFACE

M SERIES

Length: Extended
Height: Quad
Width: Single
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Thé M1621 is a PDP-11 interface module containing all the bus drivers and
control logic needed to input TTL-level information from several types of
digitat voltmeters and multimeters. All inputs from the instruments enter a
40-pin cable connector mounted on the module.

Some of the digital voltmeters and multimeters that can be interfaced by
the M1621 are: .

Fluke Model 8200A, 8400A
Hewlett-Packard Model 3450A, 3480A

Data Precision Series 2000 .
Systron-Donner Model 7110

Dana Model 4800

The user should first compare the interfacing requirements of his particular
instrument with the capabilities of this module. Many instrument manufac-
turers have various control options which should be chosen carefully for
compatibility with the M1621.

APPLICATIONS _

For interfacing to the PDP-11, the M1621 must be used with the M105
Address Selector (or equivalent). The M105 decodes the UNIBUS address
lines and causes transfer of information through the M1621 under program
control. Interrupt circuitry is also built into the M1621 and can be used in
conjunction with the M7821 or equivalent. An example of a typical PDP-11
interface using the M1621 is illustrated below.

(} ; INTERRUPT
INTERRUPT CONTROL m7821 :
INTERRUPT _ENABLE

-

le———

f———

SELECT LINES Mi621 DATA L"Eg
x [*—— FROM DVM
l
B | ADDRESS BUS ), MI05
B | OUT HIGH ‘
QUT LOW
oo —
IN

F DATA BUS

v

Used in DECkit 11-M
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FUNCTIONS

Bus Drivers: The bus drivers on the M1621 are arranged in separately en-
abled groups of input words. A 12-bit word normally transfers the DVM’s
range and function data outputs. Another 16-bit word transfers the first four
digits of data output. The third six-bit word might represent the fifth digit
of data output plus the overrange and polarity outputs. Each word can be
strobed to the computer bus by signals creafed by the M105. Note that input
lines from the DVM are protected by clamping diodes to prevent input signal
swings above or below the normal TTL levels.

Flags: The INTERRUPT flag can be set by the PRINT COMMAND or END OF
CONVERSION signal from the instrument. Jumpers (W11, W12) are provided
which allow the user to select whether the positive or negative transition will
set the flag. Interrupt ‘c"apability is enabled by a second flag INTERRUPT
ENABLE, which can be set under program control. Both the INTERRUPT
and INTERRUPT ENABLE flag outputs are applied to an M7821 (or equiva-
lent) for computer interrupt. The INTERRUPT flag can be cleared by signals
from the M105; both flags can be cleared by computer power up if pin BL1
is connected to the INITIALIZE line.

Jumper pair W5-W6 selects one of two Interrupt signals (INTR or INTR B).
With W5 in place and W6 removed, INTR A is selected. With jumpers re-
versed, INTR B is selected. B

Jumper pair W7-W8 selects one of two Interrupt Enable signals (INTR ENB A
or INTR ENB B). With W7 in place and W8 removed, INTR ENB A is selected.
The reverse selects INTR ENB B.

Status Gates: Status gates on the M1621 give the programmer the ability to
check the states of the INTERRUPT and INTERRUPT ENABLE flags and the
overload status of the external instrument. These gates are software enabled
through the address selector (M105).

Trigger Pulse Generator: For triggering or external equipment, the M1621
contains a one-shot circuit that can be triggered from the device selector
(M105). The output pulse width is adjustable from 2 to 12 us by a trimpot
on the module. Longer pulses can be obtained by adding a capacitor at the
split lugs on the module. The following equation can be used to determine
added capacitance:

Tpw = 0.32(RC)

where Tpw is in milliseconds, R is in ohms, and C is in microfarads. (The
internal trimpot varies from 5.2K to 50 K ohms.)
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M1623 UNIBUS
INSTRUMENT REMOTE N
CONTROL INTERFACE M SERIES

Length: Extended

Height: Quad

Width: Single

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.

Some of the digitaln voltmeters and power supplies that can be interfaced by
the M1623 are: )
"DIGITAL VOLTMETERS

Fluke Model 8200A, 8400A
* Hewlett-Packard Models 3450A, 3480A

Data Precision Series 2000

Systron-Donner Model 7110

Dana Model 4800

PROGRAMMABLE POWER SUPPLIES

Fluke Models 4210A, 4216A,
4250A, 4265A

Hewlett-Packard Model 6130B, 6129B,
6131B

The user should first compare the interfacing requirements of his particular
instrument with the capabilities of this module. Many instrument manufac-
turers have various control options which should be chosen carefully for
compatibility with the M1623.

APPLICATIONS

For interfacing to the PDP-11, the M1623 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 M1623 under program con-
trol. Interrupt circuitry is also built into the M1623 and can be used in con-
junction with the M7821 or equivalent. An example of a typical PDP-11 inter-
face using the M1623 is illustrated below.

PN INTERRUPT
< : > m7821
WNTERRUPT CONTROL. INTERRUPT ENABLE
N CONTROL TO
Z SELECT LINES Jl> Mm1623 INSTRUMENT
S———
ADDRESS BUS M105 OUT HIGH
OUT LOW
IN e———sTATUS
DATA BUS )
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FUNCTIONS

Registers: The M1623 contains two registers, one 8-bit and one 16-bit, both
interfaced to the computer bus data lines by bus receivers. Data from the
computer is clocked into the registers by strobing signals derived from an
M105. The user has the option of strobing whole words or 8-bit bytes. All
register outputs go to the 40-pin connector and can also be read back by the
processor.

Flags: The INTERRUPT flag can be set by the CONVERSION COMPLETE or
READY signal from the instrument. Jumpers (W19, W20) are provided which
allow the user to select whether the positive or negative transition will set
the flag. Interrupt capability is enabled by a second flag, INTERRUPT EN-
ABLE, which can be set under program control. Both the INTERRUPT and
INTERRUPT ENABLE flags are applied to an M782 (or equivalent) for com-
puter interrupt. The INTERRUPT flag can be cleared by register-load signals
from the M105; both flags can be cleared by computer power-up if pin BLI
s connected to the INITIALIZE line.

Jumper pair W17-W18 selects one of two interrupt enable sngnals (INTR
ENB A or INTR ENB B). With jumper W18 in place and W17 removed, INTR
ENB B is selected, and the reverse of the jumpers selects INTR ENB A.

Jumper pair W15-W16 selects one of two interrupt signals (INTR A or INTR
B). With jumper W16 in place and W15 removed, INTR B is selected, and
the reverse of the jumpers selects INTR A.

Register Preset Jumpers: The M1623 also has the option of either setting or
clearing the registers during computer power-up. Jumper W11 will cause all
register bits to clear on power-up. If W11 is removed and W12 inserted, all
register bits will set on power-up.

Status Gates: Status gates on the M1623 give the programmer the ability to
check the states of the INTERRUPT and INTERRUPT ENABLE flags and the
status of the external-instrument (overflow, remote enable, and latch status,
for example). These gates are software enabled through the address selector
M105).

Trigger Pulse Generator: For triggering of external equipment, the M1623
contains a one-shot circuit that can be triggered from the device selector
(M105). The output pulse width is adjustable from 2 to 12 xs by a trimpot
on the module. Longer pulses can be obtained by adding a capacitor at the
split lugs on the module. The following equation can be used to determine
added capacitance:

Tpw=0.32(RC)

where Tpw is in milliseconds, R is in ohms, and C is in microfarads. (The
internal trimpot varies from 5.2K to 50K ohms.) Jumpers (W13, W14) are
provided which allow the user to select either a positive or negative output
pulse.

SPECIFICATIONS

Output Drive: Outputs 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 type of indicators and even relays. However, if inductive
loads are driven, diodes should be wider across each load to bypass inductive
kickback.
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DESCRIPTION

The 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 madé via a cable connector mounted on the M1710 module.

FEATURES

e “Do-it-yourself'’ interfacing.

o Complete single-card interface.

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

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

e Wire-wrappable interconnections—compact, 30-gauge wiring used for all
IC lead interconnections.

e |/0 connection directly to module board—standard 40-conductor cables
available.

o 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 muiti-use pad set that mounts two 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 43 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 built on the M1710. Some typical applications include:

o Multiword input and/or output.

e Programmable instrument interfaces.
¢ Interprocessor buffers.

e Custom peripheral controllers.

¢ |nterfacing of:
Microprocessors
A/D converters
Muttiplexers
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. Th
module also includes circuitry required for transferring a vector address dur-
ing an interrupt operation.

Data Bus Interface

The M1710 contains standard UNIBUS receivers which provide a buffered bus
- signal output for each of the 16 data lines OUT 00 H through OUT 15 H.
Output drive capability of these receivers is seven TTL unit loads.

The module also includes 16 bus drivers which drive data lines IN 00 H
through IN 15 H. Input loading to each driver is one standard TTL load. All
16 drivers have two common gate line enables (DRIVER ENABLE 1 and
DRIVER ENABLE 2) which require a logic Low for assertion. Each enable rep-
resents four TTL unit foads.

Miscellaneous Logic
The following additional circuitry is aiso provided 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.

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

e A 43-volt source (in 50) capable of driving 30 TTL unit loads.
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"The M1801 is a PDP-11 interface module containing the bus receivers, refay
drivers, and contro! logic needed to program 16 isolated single-pole relay con-
tacts. The relay contact outputs are available at two 40-pin cable connectors
mounted on the module.

APPLICATIONS

For interfacing to the PDP-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 equivalent. 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-hit 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 volis). If jumper W54 is
removed, the user can switch up to 20 volts at this output.

The second DATA STROBE circuit contains a one-shot which drives a relay
to provide a momentary contact closure. The one-shot has an internal po-
tentiometer for pulse-width adjustment from 5 to 20 ms. External capacitance
can be added to split lugs on the module to increase the contact 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 false triggering
due to contact bounce. The switch filter output sets the INTERRUPT flag, the
output of which can be used to request an interrupt. Therefore, continuous
interrupts can be made at 12 ms intervals. This timing relationship is shown
in the following figure.

{ 1
| :4——6.8M5——.,' 12M5 le—
PIN | | |
L2 A — : "——
!
I |
i

| |
—o 4MS e gMs—— af

| setgp | INTERRUPT REQUEST |
I Time ! TIME !
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Flags: The INTERRUPT flag can be set by the READY signal from the external
- equipment. Interrupt capability is enabled by a second flag, INTERRUPT EN-
ABLE, which can be set under program control. Both the INTERRUPT and
INTERRUPT ENABLE filags can be applied to an M7821 (or equivalent) for
computer interrupt. The INTERRUPT flag is cleared by the register-load’i‘ng
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 wishes to have a
particular bit set on power-on, he must remove the jumper provided and
install the particular jumper which sets that bit. Care should be taken to in-
sure that both the set and clear jumpers are not inserted simultaneously.

DATA Jumper Jumper
Bit to CLEAR to SET
D00 - owl w2
D01 W3 w4
D02 w5 W6
D03 w7 w8
D04 w9 w10
D05 Wil w12
D06 W13 w14 -
DO7 w15 wié
D08 w17 wis
D09 w19 w20
D10 w21 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:
Voitage: 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.

376



AR11 UNIBUS
ANALOG REAL-TIME

MODULE M SERIES

ADDRESS
ArT:AO4 DECODER
) 1 - AR
A/D
L3 CONV.
AO3: AOY DEVICE
1 DECODER
L

u
N
I
8 A0O
v
AR
s s G?x#mc >4 REALTIME
CONTROL CLOCK
€00, CO1 j '
1.
-
D15:000 BUS
e Ko
! AR
DISPLAY
CONTROL
\< ADDRESS
INTERRUPT
. LOGIC

r__i

AR11 Block Diagram
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DESCRIPTION

The AR11 is a compact analog real-time moduie for use with the PDP-11 fam-
ily of computers. Included on the module are a 10-bit analog/digital con-
verted, two 10-bit digital/analog converters, a crystal controlled clock, scope
control, a 16-channel multiplexer, and a sample and hold circuit. Operation
and selection of functions is undér software control.

A/D Converter System

The 10-bit A/D Converter samples analog data at specified rates and allows
the program to store the equivalent digital value for subsequent processing.
Sample and hold circuitry ensures accurate conversions, even on rapidly
changing signals, by holding the input voltage constant until the process is
completed. The maximum throughput rate for a single channe! is approxi-’
mately 35 kHz. A 16-channel single-ended multiplexer is included. The input
voltage range is program selectable for unipolar (OV to +4-5V), or bipolar
(—2.5 to +2.5V) operation.

Display Control

The display control displays data in the form of a 1024 by 1024 dot array.
Under program control, a bright dot may be produced at any poig} in this
array. A series of these dots may be programmed to produce graphical out-
put. The display control is primarily used with DIGITAL's VR14 display. How-
ever, it has the capabilities to operate with the Tektronix 602 and 604 display
scopes and the 603, 611, and 613 storage scopes. It can also drive an X-Y
analog recorder. The display control offers four program-controlled modes in
_ which the scope can intensify a point. There are two 10-bit D/A converters
with either a =5V or a =0.5V full scale output and all the necessary circuitry
for scope control.

Programmable Clock

The programmable clock offers several methods for accurately measuring and
counting time intervals or events. It can be used to synchronize the central
processor to external events, count externai events, measure intervals of time
between events, or provide interrupts at programmable intervals. It can be
used to start the A/D converter at predetermined intervals or from an exter-
nal logic input.

The clock operates in one of two program modes: single intervaf or repeated
interval. There are seven programmable frequencies: 1 MHz to 100 Hz, an
external input, and an auxiliary input (on the backplane wiring).

An 8-bit counter can be preset for a number of time pulses or events to occur
before an interrupt (or A/D counter start) is initiated. This counter can be
read from the processor at any time to determine timing status.

PACKAGING

The complete AR11 subsystem electronics are contained on one single hex
module that can mount in either of the two center slots of a DD11-B system
unit, or within the CPU mainframe assembly. All external connections are
made via a Berg connector (supplied with mating plug) which is mounted on
an outside corner of the module.

No external analog supply voltages are required. A unique DC to DC converter
without transformer uses the -5V logic power to generate the high-quality
positive and negative voltages needed by the AR11.
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PROGRAMMING

There are 8 registers used for control and data. The address of the first reg-
ister is selectable in increments of 20, between 770 000 and 777 760. With a
starting address of 770 400, the arrangement is:

Register Address
A/D Status 770 400
A/D Buffer 770 402
Clock Status 770 404
Clock Buffer 770 406
Display . Status 770410
X Buffer 770 412
Y Buffer 770 414
Clock Counter 770 416

There are three interrupt vectors, with the address of the first address vector
selectable in increments of 20. If the first vector is at 300, the arrangement

is:

Vector

A/D

Clock

Scope Control
SPECIFICATIONS

A/D Converter System
Input voltage range:

Resolution:

~ Accuracy at 25°C:
Linearity:
Conversion time:

Number of input channels:

Input impedance:

Settling time; (MUX plus
S & H):

Scope A(:ontrol

D/A Output voltage range:

Resolution:
Accuracy at 25°C:

Scopes controlled:

Address Priority Level
300 BR6
304 BR6
310 BR4

0 to 45V, or —2.5V to +2.5V, program
selectable

10 bits (1 part in 1024)
*£0.19% of full scale

1, LSB

22 to 24 usec

16

10M ohms, min.

8 usec, max. (5-voit step)

—5V to 45V, or —5V to 0.5V, jumper
selectable (2 D/A’s) ™

10 bits

*=0.1% of 10V full scale, or £29%, of 1V
full scale

VR14, Tektronix scopes including storage
scopes
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Programmable Clock
Clock rates:

Operating Modes:

Counter size:
Preset register size:
Accuracy:

External input:
Aux. freq. input:

Mechanical
Mounting:

User Interface:
Power
Environment

Operating temperature:

Relative humidity:

SOFTWARE

1MHz

100 kHz

10" kHz }crystal controlled
1 kHz

100 Hz

external logic input
auxiliary frequency input

single interval
repeated interval

8 bits

8 bits

+0.005%,

TTL logic

TTL logic, accessible on backplane

1 hex module stot
Berg connector on the module

4A at 45V

15°C to 52°C, system ambient
10% to 90%

RT11/BASIC
FORTRAN IV
RSX11-M,-D
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M7821
INTERRUPT CONTROL MODULE

PDP-11
UNIBUS

M SERIES

Length: Extended
Height: Single
Width: Single
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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 burst mode block transfer
which allows more than one data cycle to be performed each time the device
becomes bus master.

The B Master Control contains logic which can be implemented to allow
the monitoring of the bus NPR line. This capability permits an NPR initiated
by a device to be honored under certain conditions and the device to gain
access to the bus even though a BR from another device has occurred prior
to the NPR. A jumper lead can be removed from the module to disable this
feature if the B half is used for NPR transfers.

The sequence of interrupt control signals between the M7821 and processor
is similar for both the NPR and BR; however, an interrupt signal and vector
address is generated after the device becomes master during a BR. The
interrupt signal halts the operating program in the processor and the vector
address specifies a location in memory where the starting address of the
interrupt status routine and a status word is stored.

FUNCTION

The interrupt request generated by a device is received as a High level on
either A REQUEST 1 or B REQUEST 1 input. The associated A REQUEST 2
and B REQUEST 2 inputs must be enabled with a High level to generate a
bus request. A non-processor request is initiated by the A Master Control
and the BUS A BR output is wired to the NPR bus line. The BUS A BR output
becomes Low during the request interval. The processor responds to the
NPR by issuing a high level to the A BG IN input. The A Master control
issues a Low BUS SACK signal to the processor to acknowledge the A BG IN
signal and the BUS BBSY signal is asserted Low as soon as the current bus
master releases control of the bus to indicate the requesting device is bus.
master.

Normally, the BUS SACK signal is returned to a High level after BBSY be-
comes Low. If ,jore 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 feads W2 through W7, to the data bus lines BUS
DO3 through D08. The data from the device which initiated the interrupt
request is transferred to memory after the BUS BBSY has been issued by
the processor.

APPLICATION

The following diagram shows a typical wiring configuration of the M7821
module. An interrupt request can be initiated from Device A to the A Master
Control or by Device B to the B Master Control. The outputs of both master
controls can be wired together as shown and connected to the BUS BR4
line; therefore, an interrupt request from either Device A or B will initiate a
bus request at the same priority level. The A SACK ENBL input is connected
to ground indicating that only one data transfer will be performed each time
the device becomes bus master. The bus grant (A BG OUT) connects to the
bus grant (B BG IN) where both master controls are connected to the same
priority level of bus requests (BUS BR4).

mze2) L CLEAR
EQUEST | —
Device a A MEQUES ‘ BUS BRA
A REQUEST 2 —— MASTER
CONTROL
A A
A BG IN LM;LEL‘
o ABG OUT
= T T BUS BBSY
ss
OUs SN e—"9 . BUS SACK
8 REQUEST | — S
DEVICE & I ) R L o, BUS NTR
8 REQuEsT 2 SONTRL VECTOR BIT ’- ----- g3 BUS DO2
8 BGIN 3 588G OUT wa a5 003
we wa )
BUS NPR ——to——l 5D |8 MasTER - oUS DOA
W
B CLEAR - BUS DOS
wé
A o d-- BUS D06
START INTR wo L a0 007

8 START INTR

TYPICAL M7821 APPLICATION

All jumpers W2 through W7 are connected on the Vector Control section of
the module. The A MASTER output connects to the VECTOR 2 input of the
Vector Control circuit. When the A Master Control section of the module
becomes bus master, the A MASTER output will be low and the resulting
vector address on lines BUS D02 through BUS D08 will contain an octal 100.
If the B Master Control is selected, the A MASTER output will be high, pro-
ducing a vector address of an octal 104. The A MASTER output and the
B MASTER output connect to the START INTR inputs of the Vector Control
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or gate to initiate the interrupt request on the BUS INTR line. When the
data transfer is complete, the INT DONE output of the Vector Control will
clear the appropriate master control section previously selected.

WIRING CONFIGURATION
During a BR, the vector address is specified by the information on lines
BUS D02 through BUS DO08. The address format is indicated below:

DATA BUS LINES

008 D07 D06 DOS DO4 DO3 D02 DOV DOO

JUMPERS ADDRESS BITS
w2 D02*
w3 . D03
w4 D04
w5 D05
wé D06
w7 Do7
w8 D08
* CONTROLLED BY VECTOR
BIT 2 INPUT

When a jumper is present between the designated lugs W3 through W8 on
the module, a logic ONE will result and when the jumper is removed, a logic
ZERO will be present on the corresponding vector address bit. With jumper
W2 installed, the state of address bit DO2 is determined by the logic level

present on the VECTOR BIT 2 input. :

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

M7821 SIGNALS
Inputs

X REQUEST 1 H,
X REQUEST 2 H

XBGINH

X SACK ENBL L

(X = A or B Master Controls)

Both signals must be asserted High to initiate a
BR or NPR and remain High until the requesting
device is through being bus master. Lowering either
of these lines will cause BBSY to be removed. Prior
to a new bus request, one signal must become Low
before being reasserted.

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

Connect to ground (Low) when only one data
transfer by a device will be performed each time
the device becomes bus master. When a burst
mode block transfer is done, this line should be
held High until just before the last transfer of the
block.
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BUS NPR L

X CLEAR H

VECTOR BIT 2 H

X START INT L

Outputs
BUS XBR L

X BG OUTH

BUS SACK L

BUS BBSY L
X MASTER L
X INT DONE H

BUS D02—DO8L
BUS INTR L

With jumper W9 connected, a Low on the BUS NPR
line from the processor will prevent the B Master
Control from transferring a bus grant to another
requesting device. Remove this jumper if this sec-
tion is used for an NPR device.

A High transition causes the associated master
control to remove the BUS BBSY signal and ter-
minate bus mastership.

A High input specifies an octal 4 in the least sig-
nificant digit of the vector address. A Low specifies
an octal 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 REQUEST
2 are asserted to indicate that a device has initi-
ated a BR or NPR. Connect to desired UNIBUS BR
or NPR line.

Asserted High to transmit the bus grant to the
next device on the same priority level.

Asserted Low to acknowledge to the processor that
the requesting device has received the grant signal
and is prepared to become the bus master when
the current master releases the BUS BBSY signal.

Asserted Low to indicate that the requesting de-
vice is bus master.

Asserted Low when the associated master control
has become bus master.

Asserted High at the completion of the interrupt
(when BUS SSYN is received).

Specifies the vector address to the UNIBUS.

Asserted Low by the requesting device after it has
become bus master to notify the processor that
the data lines contain a vector address.
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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 voitage 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 U1l provides 43 volts as a source of logic HIGH for

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 A2
GND C2, Tl

uz .b vz

R= BUS RECEIVER
(BJ-coNNECTS TO UNIBUS

The M784 consists of 16 high-impedance inverting bus receivers that are
used as an output interface from the UNIBUS of the PDP-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.




UNIBUS

M785
UNIBUS TRANSCEIVER :
M SERIES
Length: Extended
Height: Single
Width: Single e ; . d
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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 43 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 voits. The

output high leakage current is 2.5 microamperes maximum.
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Interrupt: Each 1/0 connector also has an ‘additional request line (REQUEST
A on connector No. 1, REQUEST B on connector No. 2) which may be as-
serted High by the external device to initiate an interrupt or to generate a
flag that may be tested as part of a peripheral status-checking program.
Whether these two request lines cause an interrupt is determined by two
Interrupt Enable flip-flops (INTR ENB A, INTR ENB B) which may be set
under program control to enable interrupt capability for either an A or B in-
terrupt or both if dual interrupts are required.

For interrupt capability, an INTR ENB and a REQUEST signal are applied to
an M7821 module or equivalent. These two signals must be both A or B
signals; for exampie INTR ENB A and REQUEST A.

The priority level of both interrupts on the M786 module must be the same,
with the interrupt which is back panel-wired closest to the proccessor having
the highest sublevel priority. The M786 module contains a priority jumper
plug which is normally set at BR5. If other priorities are desired, different
plugs may be purchased; part numbers are as follows:

Priority Plug Part No.
Priority plug, level #7 54-08782
Priority plug, level #6 54-08780
Priority plug, level #5 54.-08778
Priority plug, level #4 54-08776
Priority plug, No Request 54-10341

Status Gates: Status gates on the M786 module give the programmer the
ability to check the states of the REQUEST and INTR ENBL signals. These
gates are software-enabled through the address selector (M105 module)
signals SEL O and IN H.

SPECIFICATIONS
Propagation Time:

FROM - TO ns (max)
Bus DATA -1/0 Connector 100
I/0 connector Bus DATA 35
Flag Clock inputs Flag output 40

1/0 Connector Cables:

The 1/0 connector accepts the M904 and M927 Cable Connectors which con-
tain solder lugs and can be used with ribbon cable, twisted pair cable, or open
wire.
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The M786 is a PDP-11 interface module containing all the logic necessary
for transfers of 16-bit input and output data between a PDP-11 system and
an external device. All 1/0O connections are made using the connector blocks
mounted on the module. .

APPLICATIONS

For interfacing to the PDP-11, the M786 must be used with the M105 Address
Selector. The M105 decodes the UNIBUS address lines and causes transfer
of information through the M786 under program control. Interrupt request cir-
cuitry is also built into the M786 module and can be used in conjunction with
the M7821 module or equivalent. An example of a typical PDP-11 interfaee
using the M786 module is illustrated below.

ih et

M782} o T
INTERRUPT ENABLE -
o
L e
Y NEW DQTA‘XRDV
L DATA_LINES > § S E——
2 M786
g K SELECT LINES p,
o~
QUT HIGH * k INPUT_DATA
ADO - A1 MI05 8
v
Ll Z DATA TRANS.
§ REQUEST B
- . IN

Figure 1. Typical PDP-11 Interface

FUNCTIONS

Registers: The M786 module contains a 16-bit register interfaced to the
computer bus data lines by ungated receivers. Data from the computer is
clocked into the registers by strobing signals OUT LOW with SEL 2 and OUT
HIGH with SEL 2 derived from the M105 modute. The user has the option of
reading whole words (OUT LOW with SEL 2 and OUT HIGH with SEL 2) or
8-bit bytes (OUT LOW with SEL 2 for a low byte and OUT HIGH with SEL 2
for a high byte). All register outputs go to 1/O connector No. 1 where cables
from an external device can be attached.

The M786 module signals the external device through the NEW DATA signal
each time new data is loaded into the 16-bit register. Register outputs may

be read back onto the computer bus by program-enabling the IN H and SEL 2
signals from the M105 module.

Drivers: Sixteen bits of TTL data may be received from an external device via
cables attached to 1/O connector No. 2. These input lines are protected by
clamping diodes to prevent input signal swings above or below the normal
TTL levels, Each of these input signals can be read onto the computer bus by
means of bus drivers which are enabled by the IN H and SEL 4 signals from
the M105 module.

The M786 module signals the external device through the DATA TRANS-
MITTED signal that data has been read onto the computer bus.
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BUFFER OUTPUT
CONNECTOR #1

DATA INPUT
CONNECTOR #t 2

M786 Device Register Interface
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The M785 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 Countér

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 + 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 (D00-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 incremented by either 1 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 BV1 (BA CARRY OUT L) and BU1 (BA CARRY IN L). Normally these
pins are connected together externally to allow for a full 16-bit count. They
can, however, be controlied 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 puise applied to the COUNT WC H input of the register.
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An overflow pulse is also available at pin BS2 (WC OVFL L). Both registers
reset to O’s whenever the CLEAR WC--BA H signal is asserted.

The storage elements on the M795 module are not edge triggered devices.
Data must be established and heid for the duration of the loading pulse.

The data inputs to the registers are not bus receivers and can not be con-
nected directly to the UNIBUS. Use the M784 or equivalent.

APPLICATIONS
This module is used to interface direct memory access (DMA) devices to the
UNIBUS.

SPECIFICATIONS
Propagation Time:

FROM TO ns (max.)
CLEAR WC4-BA WC+-BA Outputs 125
LOAD WC L WC Outputs 75
LOAD WX+41 L WC Outputs 75
COUNT WC H WC Outputs - 60
LOAD BA L BA Outputs 75
LOAD BA+41 L BA Outputs : 75
COUNT BA H BA Outputs 60
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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 specual 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 slave
devices on the bus. This operation is performed independentily 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 Cl and Bus CO outputs of the M796 can directly drive the UNIBUS
and are asserted as a function of the control inputs C1 CNTRL H and CO
CNTRL H. Table 1 lists the states of the control inputs for the four possible
bus cycles. Note that for DATI or DATO, only C1 has to be varied while hoid-
ing CO low.

$

Table 1. Control Line input States for M796

Cl Cco 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 siave 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 slave.

In a data output cycle (DATO), assertion of SSYN by the slave causes BUS
MYSN to be negated immediately. After a 100-nanosecond delay, BUS C1,
BUS €O, 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
puise can be used to clock data from the slave into the master device. If a
strobe pulse is necssary, the trailing edge of DATA WAIT can be used to trig-
ger the one-shot provided on the module. In either case, once data is re-
ceived, a positive-going edge is applied to DATA ACCEPTED L causing BUS
MSYN to be negated initially, followed by negation of ADDR TO BUS, BUS 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 (Ul) 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
puise 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:

Tew — 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.

398



M798 UNIBUS
UNIBUS DRIVERS
Length: Extended
Height: Single
Width: Single
sy A2 e
e ™1 {>__£]E>—
T I e O WD pa
L w4 9__@—
22 1
L = f">—®_
il 1 ‘{>—®—
It "1 ‘1(>_®>—
L 1 %>_®—
et s SN LD’
@ [0t
e = M
2 ™™ “1'>_£[——D—_>—
e —w—y :‘,>_E[D>—
Volts  mA (max)  Pins
o c2.m

W
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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 multiple registers. Loading of signal lines
on the UNIBUS is restricted to the equivalent of one UNIBUS receiver input
and two UNIBUS driver outputs per device.

In addition, the M798 module allows the UNIBUS to be driven by standard
open-collector TTL gates. The inputs to each M798 driver circuit are pulled
. ,up to 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).

+5V

UNIBUS

M7
9 DRNVER -

L

Mi1s
REG A BITn

~a—INTERNAL BUS

Ly

REG 8 BIT n——]

M4

M

REG C BiT n

m783

LYYy

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.

on Delay: The propagation delay between the 16 inputs and the
driver outputs is 60 nanoseconds maximum.
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PDP-12 Interfacing

The PDP-12 is a general-purpose 12-bit computer system that is mterfaced
identically to the non-OMNIBUS positive bus PDP-8s. Therefore, the interfac-
ing criteria and related module descriptions listed for PDP-8 positive bus op-
eration apply to the PDP-12,

PDP-15 Interfacing

The PDP-15 is an 18-bit word length general-purpose computer that utilizes a
positive bus structure. The following modules were developed specifically for
interfacing with the PDP-15 1/0 Bus, but may be used in many other positive
logic applications.

M500 Negative Input/Positive Output Receiver
M510 Positive Bus Receiver
M622 Positive Bus Driver

M909

MQIO} Bus Line Terminators



M500 PDP-5
NEGATIVE INPUT POSITIVE
OUTPUT RECEIVER P—
Length: Standard
Height: Single
Width: Single
- 3]
L 0 H :{> o
VL
—{8]
L o H :{ > )
-V L .
g {s]
E‘er* 0 H <{> '
VoL o
- {9 -
Emz o H L1
v L l> ]
—3]
Epzf o H N1
v L |> {9
B
e 0 H :{ > v2(5)
: v L
3]
s2 O H
EE— > ©
(5]
) 0 H
E— > ®

*={mA AT GROUND

Volts
+5

GND
—15

Power

mA (max.) Pins
160 A2

. Cc2, T1
64 B2
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The M500 module is used to convert negative input signals to positive
output signals. Each card contains eight converters and is pin compatible
with the PDP-15 positive receiver card (M510).

FUNCTIONS.

A ground input at D2 will yield a 43 at D1 and ground at Cl. Do not con-
nect to pin E2 (used for manuf. test only).

SPECIFICATIONS
" Propagation time (each circuit):
FROM TO ns (max.)

Input Output 40
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_ PDP-15
M510 BUS
I/0 BUS RECEIVER

‘M SERIES
Length: Standard - Price:
Height: Single
Width: Single $51
L o C1 @

e

D
’.

* =80 pA AT HIGH(+3V)

ower
Volts mA (max.) Pins
45 170 A2
GND C2, T1,F2.

J2, L2, N2

The M510 is a positive input/output receiver card for use with the PDP-15.
It contains 8 high-impedance input circuits of at least 27K ohms and input
switching thresholds of about 4-1.5 V. Each receiver has two outputs, one
of the same polarity as the input, the other, the complement. of the input.
The receiver card can be used anywhere on the PDP-15 1/O Bus.

PRECAUTIONS

Do not connect to pin E2 (used for manuf. test only). Power (B4) must be
applied at all times since the input impedance drops to 1K ohm when power
is off.

Inputs: The input impedance is 27K ohms (min.). Each input load current
is 80 A (max.) and the threshold switching level is 1.4 to 1.6 voits.

Outputs: Output no. 2 delay = 50, ns (from input).
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PDP-15

&)
=
0

M622 i
EIGHT-BIT POSITIVE INPUT/OUTPUT
BUS DRIVER M SERIES
Length: Standard
Height: Single
Wiqth: Single
3 02 En M2
D! N1
o ) ST e ) S
3} C He 30 s2
B D"_’—E @ q}@

3 =DRIVES PDP-15 POSITIVE BUS

Power

Volts mA (max.)
210*

* excluding output current

Pins

A2

C2, 11, F2,
J2) L2/ N2,
R2, U2

The M622 contains 8 two-input AND gate bus drivers for convenient driving
of the positive input bus of the PDP-15. The output consists of an open

collector NPN transistor.
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Pull-up resistors of 68 ohms to 45.0 V (supplied on M910) must be tied to
the output and the last device should terminate all lines to ground with a
68-ohm resistor (supplied on M909).

PRECAUTIONS
Outputs: The maximum voltage applied to the output transistor must not
exceed 420 volts and the collector current must not exceed 100 mA.

SPECIFICATIONS
Propagation Time: Typically 25 ns.



PDP-15
M909 BUS
TERMINATOR
M SERIES

Length: Standard

Height: Single

Width: Single 680
Bt O— ANA—
02 O~ MN—
D1 O— M
E2 O AN

Bl O— AA
H2 O— — A~
H1 Q— AN
Ji O— ANN-
K2 O —AAA—
L1 O— e
M2 O AAA—
M O “AAA
P2 O AN
Pt O AN
s2 Q- Wy
SO AN~
T2 0 M,
v O AMA-
Power
Volts mA (max.) Pins
5 NONE
ND Al, C1, C2, F1, J2, K1

L2, N1, N2, R1, 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,
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M910
TERMINATOR

PDP-15
BUS

‘M SERIES

Power

Length: Standard mA (max.)
1350

Height: Single
Width: Single ND

Volts Pins
5 A2

OBt

—QD2

-O D1

OF!

OH2

—OH
—-OK2

—OuH

-OM2

—OLt
-OMt

—0P2
OP1

—0s2

—O st

—QT2

+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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modular
computer interfacing
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DECkits

INTRODUCTION

M Series Logic Modules have been developed over a period of time, from a
collection of fundamental logic components (gates and flip-flops) to complex
MSI- and LSl-implemented logic arrays. In some instances, full-scale digital
subsystems are available, such as the M1710 UNIBUS Interface Foundation
Module, which allows the user to interface a wide variety of equipment to
PDP-11 computers.

In a continuing effort to offer greater interfacing capability for the lowest
cost possible, ‘the complex logic module building block concept is being ex-
panded to greater limits of versatility in kit form.

A kit is basically a collection of logic modules assembled by the user to a
prewired system unit, capable of performing a highly complex computer
interface at low cost to the user.

The following kits are described in this handbook:
DECkit11-H PDP-11 1/0 Interface (4 Words In/4 Words Out)
DECkit11-F PDP-11 1/0 Interface (3 Words In/1 Word Out)
DECkit11-K PDP-11 1/0 Interface (8 Words In)
Deckitl11-M PDP-11 1/0 Interface (34 Bits In/24 Bits Out)
DECkit11-D PDP-11 Direct Memory Access Interface
DECkitO1-A Remote Analog Data Concentrator

Five of the six kits listed above are DECkitll Series PDP-11 Input/Output
Kits which allow the processor to communicate with a variety of peripheral
devices by either receiving and/or transmitting the appropriate number of
16-bit data words via the computer. Provisions are included which will enable
computer interrupts to be made at preassigned (hardwired) priority levels.

The kits are defined in full or maximum configuration; i.e., the system unit
wiring and the recommended complement of modules define the maximum
1/0 capability. If the user wishes, a lesser capability may be achieved by re-
moving the appropriate modules.

The sixth kit, designated DECkit0O1-A, provides a convenient method of
monitoring analog voltages at a remote location. The analog voltages are
~ converted to numerical data and transmitted as an ASCll-coded message
over a serial communication line.

DECKkitll Series General Description

DECkitll Series is a set of complete PDP-11 UNIBUS interfaces that are
configured with Digital Equipment Corporation parts and assembled by the
user. The kits consist of M Series modules, cables, and prewired backplane
($tandard system unit). No additional wiring or design is required by the ™
user for standard configurations. For any other variation, refer to KIT VARI-
ATIONS section in the appropriate data sheets and/or option manuals.

410



FEATURES

e Low cost

e Expandable—variable nidmber of 1/O channels; several kits may be stacked
to make larger arrays

o Complete interface packages that are directly compatible with the PDP-11
UNIBUS

o User-selected register addresses

Full 16-bit storage for data outputs

High-voltage, high-fan-out, open-collector data output capability for directly

driving cables, instruments, etc.

Interrupt capability (DECkit1l-F, H, M, D)

Multiple 8-bit byte or 16-bit output capability

Multiple 16-bit word input capability

External input/output connections via convenient connectors

One 1/0 cable for every input or output word

User-defined variations are possible

INDIVIDUAL KIT DESCRIPTIONS

DECKkitl11-H

The DECKkitl11l-H, when fully configured, is capable of reading four 16-bit
words from a peripheral device into a PDP-11. See Figure 1. It is also capa-
ble of writing four 16-bit words, or eight 8-bit bytes, from a PDP-11 to a
peripheral device. Each input word is supplied with an.interrupt capability
to signal the processor that the word should be read. Two interrupts are
serviced on level 5 and two on level 6. Figure 2 is a module utilization dia-
gram of a fully configured DECkit11-H.

< . POP-11_UNIBUS >

I Y S B
| CONTROL . I
. LOGIC ‘ I )
FOUR "16-BIT ___'_ FOUR 16-8IT
DATA WORDS INPUT ouTPUT DATA WORDS
WITH INTERRUPT LOGIC LOGIC (TTL COMPATIBLE
SIGNALS {TTL . . | OROPEN
COMPATIBLE) l COLLECTOR ORIVER)
: —_ -

Figure 1. DECKitl1-H Functional Block Diagram.
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A B c D E F

I I
4 4——M920———>-<——-M15;02——> M1501 M7821

|
3 G772 M105 <—-M15|02—--—->' M1501 M1500

T
2 | Reserved M105 ‘4——M15|02—-> M1501 .M7821

-+ -
1 |- M9I20 > M1?02—> M1501 M1500

BB11-H (Pin Side Up)

Figure 2. Module Utilization Diagram of a Fully Configured DECkit11-H

Backplane.
TABLE 1| -
Parts List DECkitl11-H
. STOCK MAX.
ITEM NO. DESCRIPTION QTY.
1 BB11-H Pre-wired Backplane 1
for DECkit11-H
2 M105 Address Selector Module 2
3 M7821 Interrupt Control—UNIBUS 2
4 M1500 Bus Gates Module 2
5 M1501 Bus Input Interface Module 4
6 M1502 Bus Output Interface Module 4
YA M920 Internal Bus Connector 1
8 BC11A-XX* PDP-11 UNIBUS Cable 1
92 BCO8R-XX* Cable, H856-H856 8
102 BC04Z-XX Cable, H856—0pen End 8
112 BCO7A Cable, H856-Open End 8
or D-XX

Items 1-6 comprise basic kit.
ltems 7-11 are required accessories. Refer to notes for appropriate
usage.

1 Order either Item 7 or Item 8, not both.

2 Order any combination up to eight of items 9, 10, 11.

* XX is length in feet.
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DECkitll-F .

The DECkit11-F when fully configured is capable of reading three 16-bit words
from a peripheral device into a PDP-11. See Figure 3. It is also capable of
transferring one 16-bit word, or two 8-bit bytes, from a PDP-11 to a peripheral
device. Each word, both input and output, is supplied with an interrupt capa-
bility on priority level 7. Figure 4 shows a module utilization diagram of a
fully configured kit.

< POP-11 UNIBUS ?

Y T
| contron |
. LOGIC '
THREE 16-8IT | 16-81T
DATA WORDS DATA WORDS
) ] B 1 E —|—~} o o
COMPATIBLE ) I COLLECTOR DRIVER)
I |
Figure 3. DECKitl11-F Functional Block Diagram
A B c D E F
4
3
2 | Reserved}] M105
!
1 ‘<———M9120-—-><—-—Mli()2——-> M1501 M1500

BB11-F (Pin Side Up)

Notes: 1. Shaded slots represent those unused by the Kit. These may be
used for additional M, A, W or K Series modules.

Figure 4. Module Utilization Diagram of a Fully Configured
DECkit11-F Backplane.
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TABLE 11
Parts List DECkit11-F

STOCK MAX.

ITEM NO. DESCRIPTION QTY.
1 BB11-F Pre-wired Backplane 1

for DECkit11-F
2 M105 Address Selector Module 1
3 M7821 Interrupt Control—UNIBUS 2
4 M1500 Bus Gates Module 2
5 M1501 Bus Input Interface Module 3
6 M1502 Bus Output Interface Module 1
7 M920 Internal Bus Connector 1
8! BC11A-XX* PDP-11 UNIBUS Cable 1
9?2 BCO8R-XX* Cable, H856-H856 4
10?2 BC0O4Z-XX Cable, H856—Qpen End 4
112 BCO7A Cable, H856-Open End 4
or D-XX

Items 1-6 comprise basic kit.
Items 7-11 are required accessories. Refer to notes for appropriate
usage.

! Order either Item 7 or item 8, not both.

2 Order any combination up to four of Iltems 9, 10, 11.

* XX is length in feet.

DECkit11-K

The DECkit11-K when fully configured, is capable of reading eight 16-bit
words from a peripheral device into a PDP-11. See Figure 5. It does not have
any output or interrupt capability. Figure 6 shows a module utilization
diagram of a fuily configured kit.

< POP-11 UNIBUS >

& 1

I CONTROL I
LOGIC I

—

] -
! .
I
pormesr | | INPUT I
(TTL COMPATIBLE) : LoGIC
1
SN |
-

Figure 5. DECkit11-K Functional Block Diagram.
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A B D . E
4 |- M9]20 M1501 M1501
3 G772 M105 M1501 M1501

2 | Reserved M105 M1501 M1501

M1501 M1501

1 |- M9|20

BB11-K (Pin Side Up)

Notes: 1. Shaded slots represent those unused by the Kit. These may be
used for additional M, A, W or K Series modules.

Figure 6. Module Utilization Diagram of a Fully Configured
DECkit11-K Backplane.

TABLE I
Parts List DECkitl11-K

STOCK : MAX.

ITEM NO. DESCRIPTION QTY.
1 BB11-K Pre-wired Backplane 1

for DECkit11-K _
2 M105 Address Selector Module 2
3 M1501 Bus Input Interface Module 8

4 M920 Internal Bus Connector 1 -
5! BC11A-XX* PDP-11 UNIBUS Cable 1
6? BCO8R-XX*  Cable, H856-H856 8
7? BC04Z-XX*  Cable, H856—Open End 8
8? BCO7A Cable, H856-Open End 8

or D-XX*

Items 1-3 comprise basic kit.
Items 4-8 are required accessories. Refer to notes for appropriate
usage. !

' Order either Item 4 or Item 5, not both.

2 Order any combination up to eight of Items 6, 7, 8.

* XX is length in feet.
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DECkit11-H, F, K SELECTION GUIDE
Table IV may be used to determine which kit will fulfili the user's data trans-
fer requirements.

Table V may be used to determine which fully configured kit will fulfill the
user’s interrupt requirements.

if the user's requirements are less than a fully ‘configured kit, refer to the
Data Sheet for the kit that most closely fulfilis the requirements.

Table IV. Data Transfer Needs vs. Kit Number

Number of 16-Bit OUPUT Words
Required Per Kit.

o 1 2 3 4
11-H
0 11.F 11-H 11-H | 11H
11-H
1 11.F | 11H 11-H | 11-H | 11H
1K | 11F
11-H
2 11-F 1{"" 11-H | 11-H | 11H
Number of 11-K 11-F
16-Bit INPUT T
Words Required ) 11-H
pel’ Klt. 3 ll'F ll'F* 11'H 11'H ll‘H
. 11-K .
11-H
4 1.k | 11H 11-H 11-H | 11-H*
5 11K
- 6 11-K
7 11-K
8 11-K*

* Indicates a fully configured kit.
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Table V. Interrupt Needs vs. Kit Number

Number of INTERRUPTS
« Associated with OUTPUT
Words Required per Kit.

R 0 1
11-H
0 11-F 11-F
11-K
Number of INTERRUPTS 1 11-H 11-F
Associated with INPUT 11-F
Words Required per Kit. 2 11-H 11.F
11-F
11-H
11-F 11-F*
11-H*

* Indicates a fully configured kit.

Items 1-10 comprise basic kit.
ltems 2-5 are required accessories. Refer to notes for appropriate usage.
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DECKkitl11l-M :

A fully configured DECkitl11l-M is capable of reading 34 bits of data from
peripheral instrumentation into any model PDP-11 processor, writing 24 bits
of control data from a PDP-11 to peripheral instrumentation, and accom-
modating one Small Peripheral Controller (SPC) option. Interrupt capability
is supplied that informs the processor that input data should be read or
that the peripheral instrument is ready to accept data. The full interrupt
capabilities of the Smali Peripheral Controller are maintained. If the com-
plete DECkitl1-M is' not required, or if additional input/output capabilities
are desired, individual modules and accessones may be ordered to create
custom variations.

DECkit11-M is comprised of two Address Selector Modules, one Data Input
Interface Module, one Data Output Interface Module, one UNIBUS Interrupt
Control Module, various priority jumpers, and a completely wired BB11-M
Systems Unit. See Figure 7.

The data and interrupt signals are applied to the kit via two 40-conductor
cables. The specific length and termination of these two input/output cables
are selected by the user to suit his custom application.

DECkit11-M is well suited to a variety of PDP-11 UNIBUS interfacing appli-
cations. Its input and output capabilities -are particularly oriented toward
data acquisition from and the programming of remotely located laboratory
instruments, the control of production equipment, and the accommodation
of custom peripheral design. The 34-bit input multiplexing capability makes
possible the acquisition of TTL-compatible data from such devices as digital
voltmeters, frequency counters, resistance/capacitance bridges, thumbwheel
swithes, A/D converters, limit switches, and similar devices.

The DECkit11-M utilizes a 24-bit output storage register which has the ability
to provide TTL-compatible or open-collector, high-drive output signals. This
makes it possible to perform remote programming of such devices as pro-
grammable power supplies and digital voltmeters, and the control of D/A
converters, small relays, displays, X-Y recorders, and similar devices.

In addition, by employing a 16-bit relay output module, type M1801, appli-
cations that require electrical isolation of the TTL-compatible computer sig-
nals or which require conversion from TTL to large positive or negative
voltages, can be accommodated. The M1801 allows a PDP-11 to control
single-pole, normally open, relay contacts which can be used to operate
other equipment such as instruments, lamps, etc. Each .bit of the data word
from the processor controls one relay contact at switching rates of up to
80 actuations per second.

Figure 8 shows a module utilization diagram of a fully configured kit.
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<i V POP-11 UNIBUS >
T T

24-81TS
g | | g
INPU ourrur Witk
INTERRUPT ——  LOGIC oaet Qe F—enr
SIGNAL {TTL~ . SlGNAL("'L
COMPATIBLE | COMPATIBLE
: COLLECTOR
L oceckitMem DRIVERS)
Figure 7. DECkitl11-M, Simplified Block Diagram
Row .
A B C D E F
siot - —
04 UNIBUS Out B -
See Notes 1 & 3 - 16121 >
+
03 G772 P -
poT2 IM7821 | = 1623 >

02 |Reserved // //Z See Not’e'4///[/ /// ]

01 UNIBUS IN
See Notes 2 &3 | G7361 /// // // 'M105 M105

Figure 8. DECkit11-M Module Uiilization Diagram (Pin S'i‘de)

{

Notes for Figure 8:

1T UNIBUS Terminator M930, supplied with the PDP-11, is required at slots
A04-B04 when DECkit11-M is the last unit on the UNIBUS.

2 UNIBUS Cable BC11A-xx is required at slots AO1-BO1 when DECkit11-M is
the first unit in an expansion box.

3 UNIBUS Connector M920 or UNIBUS Cable BC11A-xx is not supplued as.
part of DECkit11-M. Refer to HOW TO ORDER paragraph.

4 Shaded slots represent those unused by DECkitl11-M. These are prewired to
accommodate an additional 1/0 module set or an SPC.
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TABLE VI
KIT 11-M Parts List

STOCK
ITEM | NUMBER|DESCRIPTION QUANTITY
1 BB11-M |Prewired System Unit (Includes Print Set) 1
2 M105 Address Selector Module 2
3 M7821 JUNIBUS Interrupt Control Module 1
4 M1621 |DVM Input Interface Module 1
5 M1623 |Instrument Remote Control Interface 1
Module
6 G7361 Priority Select Module 1
5410341 |Priority Jumper No Request 2
5408776 |Priority Jumper level #4

In addition to the items included in DECkitl11-M, an input cabie, an output
cable, and a UNIBUS cable are required. Figure 8 shows equipment layout.
Expansion boxes (BA11-ES and BA11l-EC), cabinets (Cab'A through K), and
power supplies (H720-E or -F) are also available.
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DECkit11-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 9.
The PECkit11-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 handle TTL-compatible data. External
devices, such as lab instruments, mass storage units, displays, pre-pro-
cessors, and other CPUs can communicate conveniently with the PDP-11
memory.

The prewired backpiane includes five unused module slots that can be used
for custom logic such as level shifters and counters. Even modules for
simple processing logic can be utilized in these unused slots. ‘Figure 10 is
a module utilization diagram of a DECkit11-D.

DECkit11-D is valuable to the OEM and the end-user. The predesigned inter-
face concept frees the system designer from the complex problems usually
associated with UNIBUS interfacing and the end-user has available the flex-
ibility and speed of the UNIBUS for data transfers.

SPECIFICATIONS . .
Transfer Types: Direct Memory Access (DMA) via NPR programmed
control
Data input to )
PDP-11 memory: 16-bit word
Parallel

TTL-compatible
Up to 100 ft 1/0 cable
Up to 14, million words/second*

Data output from
PDP-11 memory: " 16-bit word
Parallel
TTL-compatible, high-drive capability
Up to 100 ft /0 cable
Up to 2/5 million words/second*

Control and Status: 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 Overfiow
Status signals—Function/Out Status/In

Interrupts: Word count overflow /
Nonexistent memory Set by Priority Interrupt
External overflow Plug; shipped at level 5.

Input demand
Interrupt enable/disable—CSR bit 06
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Register assignments:

1/0 connection:

Power:

Size:
Weight:

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, £5% @ 3 A; normally available from system

power supplies

Oné system unit

41/, pounds (approximately)

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

DMA -
LI TR
D (15:00)
N
A17000 | apoAgss | SELECT LINES
co T LOAD
1
LAST TRANSFER
MSYN
SSYN FNCT
OMA
% CONTROL DATA AVAILABLE OUT
° D (15:00) WCR
2 DATA ACCEPTED IN
2 [\y BAR £
z
z csR XOF
< A(17:00) STATUS
NPR DATA AVAILABLE IN
NPG DATA ACCEPTED OUT
ers DMA REQUEST READ
BG5S
INT INTERRUPT
CONTROL
K (o8 :02) INT REQUEST
< D(15:00)
ey Kte-eits

USER'S
1/0
DEVICE

Figure 9 DECkit11-D Block Diagram
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Row . 7
A B C D E F

g!f‘ UNIBUS OUT SPARE
03 G772
POWER | M796 M7219
02 ' M7821 M205 M116 | M113 Lmuz
01 UNIBUS IN M660 | M9100 M1502

Figure 10. DECkit11-D Module Utilization Diagram (Pin Side)

Hardware/Accessories For DECkitl1 Series

If mounting space is available in the existing PDP-11 processor mounting box,
the DECkit can be installed there and jumpered to the existing panels by a
UNIBUS Connector Module, M920. Power is supplied from the processor
power supply, or from an additional H720 C or D Power Supply.

If the Interface Kit is installed in a separate mounting rack, the UNIBUS is
extended to that rack with a 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
BC042Z-XX! H856 to open-ended?

BCO7A-XX1 H856 to open-ended?
BCO7D-XX! H856 to open-ended?

Notes: 1. XX is length in feet
2.- H856 is a female connector
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DECkit01-A

Description

DECkit0O1-A Remote Analog Data Concentrator Kit is a prewired package of
standard Digital Equipment Corporation products which provides a convenient
method of monitoring analog voltages at a remote location. The analog volit-
ages are converted to numerical data and transmitted as an ASCli-coded
message over a serial communication line. The transmitted information can
be displayed directly through a terminal or can be processed on-line by a
computer. Because of the full-duplex (two-way) communication line, DEC-
kit01-A can be remotely controlled from the device with which it is com-
municating.

Single ASCIl character codes will command the DECkitO1-A to scan up to
eight channels continuously, scan up to eight channels one time, or sample
an individual channel. There are switch or TTL inputs to the DECkitO1-A
which allow the user to select the baud rate, skip over unused channels, enter
an identification character into the output message (batch number, experi-
ment number, etc.). Outputs are provided where unused ASCII characters can
be decoded to perform some task at the remote site. An external trigger input
is available which will cause all active channels to be examined one time. To
allow DECKitO1-A to be custom-tailored for a specific application, spare mod-
ule slots are available. These spare slots, along with the timing pulses, time
states, and control signals which are present on the prewired backplane, offer
the user a great deal of design flexibiilty.

DECKitO1-A can be used as a remote A/D front-end for a computer or as a
stand-alone system with a terminal. In either case, this product lends itself to
applications such as monitoring industrial processes, laboratory experiments,
or environmental conditions.

FEATURES

e Complete asynchronous serial line interface

o Full duplex operation ’

e Programmable from terminal keyboard or computer

¢ Seven selectable data receive/transmit baud rates—110 to 4800 baud

¢ Provisions for an external baud rate clock—up to 9600 baud

e Selectable parity options

* Up to eight analog channel inputs—bipolar (= 10V) single-ended, high im-
pedance

e 2.4%, overrange capability

e Up to 48 samples per second (or 96 with external clock)

e Fast analog-to-digital conversion with 5 mV resolution

e Flexible operation modes—program control plus external trigger

e Serial, 10-character ASCll-coded output message compatible with any ASCII
terminal or computer with ASCII interface

e Compatible with Teletype current loop or EIA RS-232-C serial lines
e Digital and analog power supplies included in the kit
e Spare slots available for custom logic additions
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SPECIFICATIONS

ANALOG

Number of Channels: 8, single-ended

Input Range: +10V to —10V

Input Impedance: >10 megohms
Source Impedance: <1K ohms
Resolution: 12 bits (LSB =5 mV)
Accuracy: +=3.5 mV
Temperature Coefficient: 280uV/°C

DIGITAL

All logic input and output control lines to DECkitO1-A are TTL-compatible.

External Trigger:
Channel Enable:
External User Code:

Read Data Lines:

External Clock:

SERIAL 1/0
Levels:
Baud Rates:

Character Format:

A High to Low transition causes a single scan of all
enabled channels.

When one of these eight lines is connected, that re-
spective channel will be enabled. Any number of
channels, up to eight, may be enabled at the same
time.

These six lines represent the least significant bits of
the 7-bit ASCIl code. Any of the normally High lines
may be pulled Low for character coding.

These eight lines can be used to decode any unused
ASCIlI character.

This input can be used to select transmit/receive
baud rates other than the seven jumper selectable
rates.

TTY 20-mA current loop or EIA RS-232-C available.

Jumper Selectable
110
150
300
600
1200
2400
4800
External Clock
Up to 9600
7-level Asynchronous Serial ASCll code with even
parity.
2 stop bits (110 baud).
1 stop bit (all baud rates except 110).

425



Serial Output Message Format:

Character

CONOTOAhWN-

10

GENERAL

Line Voltage:
DECKkit01-AA
DECkit0O1-AB
Power:
Weight:
Size:

Information

Line feed (1)

User-defined ASCII character
Channel number (0-7)
Voltage Polarity (*)

Voltage—in millivolts

Carriage return (<)

115V, 47-63 Hz

230 V, 47-63 Hz

170 W (maximum)

15 pounds (approximately)

19 inches wide x 514 inches high x 13 inches deep

426



X4 4

DIGITAL
MUX |

RDA{)L

'3
¢
3
w990 HARDWIRED | ——#
FOR ASCTL {———of #!
A0S LINE FEED | —=
—-
T
DIGITAL
CHANNEL INPUT "
SELECT 1
L I N #3
J HARDWIRED (—ed
FOR
S (=
—2
W990
ot E—— P
. SIGN
- A/D
ANALOG BINARY
ANALOG MUX CONVERTER 10 8CD #6
INPUTS CONVERTER —
A #7
,A_—T X #8
#9
HARDWIRED [——#
FOR ASCT | T—= 0
CARRYIARGE f—-
ANALOG = e
CHANNEL D)5 CONTROL
L0GIC CHARACTER
SELECT
EXTERNAL
TRIGGER

W990
BO)

Figure 11.
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NOTE 1. When 20 mA current loop compatibility is required, module M598
occupies slot A16 and module M973 occupies slot B16. When EIA
compatibility is required, module M594 occupies slot A16 and
module M970 occupies slot B16. Modules M598 and M973 and
modules M594 and M970 are not part of DECkitO1-A; they must be

ordered separately.

Figure 12. DECkitO1-A Equipment Layout Diagram (Pin Side)
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TABLE VII DECkit01-A Parts List

Quantity
used in
- P §
ITEM | STOCK NO. DESCRIPTION E <
e e
X X
28
[a =1
1 7009441-1 Logic Assembly; includes print set, power 1
supplies, wired assembly (115 V)
2 7009441-2 | Logic Assembly; includes print set, power 1
supplies, and wired assembly (230 V)
3 9107673-9 | Ac Power Cord 1
4 9008853 Ac Power Connector (male) 1
5 9008855 Ac Power Connector (female) 1
6 Al126 8-Channel Muitiplexer Module 1 1
7 -| A866 12-Bit A/D Converter Module 1 1
8 M002 Logic HIGH Source Module 1 1
9 M112 6 4-Input NOR Gates Module 1 1
10 M115 8 3-Input NAND Gates Module 1 1
11 M119 3 8-Input NAND Gates Module 11
12 M155 4-Line to 16-Line Decoder Module 11
13 M206 6 D-Type Flip-flop Module 11
14 M230 Binary-to-BCD & BCD-to-Binary Module 1 1
15 M238 Dual 4-Bit Input Synchronous Up/Down 1 1
Counter Module
16 M403 RC Muitivibrator Clock Module 1 1
17 M501 Schmitt Trigger Module 11
18 M1125 10 Exclusive OR Gates Module 11
19 M1713 16-Line to 1-Line Data Selector Module 6 6
20 M7389 Asynchronous Transceiver Module 1 1
21 wWo90 Jumper Module 3 3
HOW TO ORDER

Fully configured Kits may be ordered by specifying the app}opriate Kit letter

designation, as follows:

Less than fully configured Kits must be ordered as individual parts; refer to

Description Order

DECkitl11-H KiT11l-H
DECkit11-F KIT11-F -
DECKkit11-K KIT11-K
DECkit11-M KiT11-M
DECkit11-D KIT11-D
DECKkit01-A KITO1-A

the individual Interface Kit Data Sheet.

SERVICE

Field Service is available on a time-and-materials basis. For full information,

- contact your local DIGITAL Field Service office.
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MICROPROCESSORS

Once again, for the third time in two decades, the computer industry is
experiencing the beginnings of another revolution in computing technology
which will offer the uses of computer processing/control concepts to a mar-
ket more than a magnitude larger, and at costs an order of magnitude lower,
than at present.

This revoiution has been brought about by the commercial availability of
MOS-LSI techniques used both in general logic and memory technologies,
culminating in the much-touted ‘‘computer-on-a-chip.” Just as minicom-
puters opened new market areas in data communications, laboratory auto-
mation, and process control, the microcomputer will open up the largely un-
saturated industrial and professional markets where specialized computing
power is required on a local basis. Typical of these areas are:

‘“‘Smart’”’ instruments and terminals
Medical instrumentation

Machine tool automation

Traffic light control

Optical character recognition
Automatic banking

Environmental control of buildings
Process control

Conveyor systems

Digital Equipment Corporation offers the power and versatility of this emerg-
ing concept in the form of the Microprocessor Series (MPS). The MPS is a
set of modules that reflect the latest LSl and MSI technology, thus yielding
more numerous and more useful built-in design solutions per module. This
set of modules may be regarded as a logical extension of the M Series
modules described throughout this handbook. Although the internal circuitry
is MOS-LSI, all external interfacing remains M Series TTL-compatible.

The following modules and associated products are described in this section.

M7341 Processor Module

M7344-YA, YB, YC Read/Write Memory Modules

M7345 Programmable Read-Only Memory Module
M7346 External Event Detection Module

KC341 Monitor/Control Panel

‘MR873-A Read-Only Memory Programmer

KMPO1 Prewired System Backplane

QF500-AB Software Package
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M7341 MICRO.
PROCESSOR MODULE PRERiES

DESCRIPTION .

The M7341 Processor Module (PM) contains a single chip MOS/LSI micro-
processor along with the integrated logic and control circuitry necessary to
operate as a parailel 8-bit central processing unit. This microprocessor sup-
port logic consists of a clock; a four-channel input multiplexer; data, memory,
and address bus gating; 1/0 control logic; interrupt recognition logic; and a
universal asynchronous receiver/transmitter.

The single-chip microprocessor contains seven general-purpose registers,
four condition flip-flops, instruction control and decoding logic, and a memory
stack. All communication between internal registers and logic and other
MPS modules and peripheral devices is conducted through an 8-bit bidirec-
tional data port integral to the processor chip. The internal stack contains
the 14-bit program counter and seven other 14-bit registers for nesting up
to seven levels of subroutines. This 14-bit addressing capability permits ac-
cessing up to 16K memory locations that can be any mixture of RAM or
ROM.

The processor chip is also equipped with an interrupt line which allows the
enabling or disabling of interrupts. Input to this interrupt recognition logic
is generated by the external event detection module which implements the
detection of, and response to, application-defined events or power failure
conditions. Enabling and disabling interrupts is performed under program
control.

Serial communication between the processor and external equipment is fur-
nished by an integral universal asynchronous receiver/transmitter. Through
this interface, programs can be loaded from an external peripheral device
such as a paper-tape loader and MPS systems communicating directly with
external data bases.

The Processor Module executes 48 basic instructions which can be function-
ally grouped into five categories:

e Register operations

¢ Accumulator operations

¢ Program counter and stack control operations

¢ Input/output operations

¢ Machine operations
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'

FEATURES

8-bit parallel microprocessor completely contained on a single quad module.
Uses proven commercially-available LSl microprocessor chip.

Complete instruction decoding and control.

Instruction execution time ranges from 12 to 44 us.

User program development supported by comprehensive software tools
package.

Contains full duplex universal asynchronous receiver/transmitter for serial
communication with external data sources.

Separate internal clock for 110-baud receiver/transmitter operation.

Receiver/transmitter switchable to external clock for operation at up to
9600 baud.

Serial data communication in either TTL or current-loop mode.

Register complement includes seven general purpose registers including
two memory address pointers and an accumulator.

Contains a stack to implement seven-level subroutine nesting.

Executes 48 arithmetic, logical, register transfer, and memory reference
instructions.

Arithmetic unit capable of multiple precision arithmetic.
Module can access an address space of up to 16K words.

External event interrupts can be enabled and disabled under program con-
trol.

Four muitiplexed input ports for memory and 1/0 data, external event
restart and power-fail addresses, and halt instructions.

Module can directly address eight input peripheral devices and 24 output
peripheral devices.

TTL-compatible inputs and outputs.

Module plugs into standard DEC H863 wire-wrap connector block back-
planes.

SPECIFICATIONS SUMMARY
Performance Specifications

OPERATING SPEED @ 500 kHz

Two-Phase Clock Period: 2us
State Time: 4us
Instruction Time: 12 to 44us

Power Consumption: 1.6 A @ +5V, 150 mA @ —15 V; 10.25 W
WORD SIZE

Data: 8-bit Word
Instruction: 1, 2, or 3 8-bit Words
Address: 14 bits

INPUT DATA PORTS

Memory Data: 8 bits

Peripheral Data: 8 bits

Power Fail/Stop: 8 bits Multiplexed
1/0 External Event Interrupt/Start: 8 bits
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INPUT/OUTPUT LINES

Memory Data: 8 bits bidirectional
Memory Address: 14 bits, output only
Peripheral Data: 8 bits input and output
Peripheral Address: 5 bits, output only
Communication Lines: 2, TTL or 20 mA current loop, active or passive
Baud Rate

With Internal Clock: 110 baud (1.76 kHz)

With External Clock: 9600 baud (153.6 kHz), maximum (TTL)

INSTRUCTION REPERTOIRE
Number of Basic Instructions: 48
Instruction Categories
Register Operation Instructions
Accumulator Operation Instructions
PC and Stack Control Instructions
1/0 Instructions
Machine Instructions

ELECTRICAL SPECIFICATIONS
Input Logic Levels
Logical Low: 0.8 Vdc max.
Logical High: 2.0 Vdc min.
Output Logic Levels
Logical Low: 0.4 Vdc max.
Logical High: 2.4 Vdc min.

Power Consumption: 1.6A 45V, 150 mA @ —15V, 10.25 W

‘MECHANICAL SPECIFICATIONS
Board Type: Quad-height, extended-length, single-width
Dimensions: 10.436 x 8.50 x 0.50 mches

(26.5 x 21.6 x 1.27 cm)

‘ENVIRONMENTAL SPECIFICATIONS
Ambient Temperature
Operating: 41 to 122°F, (5 to 50°C)
Nonoperating: —40 to 150°F, (—40 to 66°C)
Humidity: 10 to 959%, noncondensing’
Altitude
Operating: O to 8,000 ft. (2.4 km)
Nonoperating: O to 30,000 ft. (9.1 km)
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M7344-YA,-YB,-YC PROCLSOR

READ/WRITE MEMORY SERIES

DESCRIPTION |

The M7344 Read/Write Memory Module provides a 1K, 2K, or 4K x 8-bit
random access memory capacity along with all necessary timing, control, and
decoding logic. This module is completely contained on a single quad, ex-
tended-length PC board. The module memory matrix is formed by up to 32
1024 x 1-bit static MOS MSI memory circuits. The nature of these MOS
circuits precludes the need for external refresh logic.

The M7344 Read/Write Memory Module is available in three versions to
satisfy varying memory capacity requirements:

e M7344-YA 1K x 8-bit capacity

¢ M7344-YB 2K x 8-bit capacity

e M7344-YC 4K x 8-bit capacity

All versions of the M7344 can be accessed by up to 16-bits of address data
and are equipped with an address expansion line to implement multi-module
memory systems having potential capacities of up to 128K 8-bit words.
M7344 Read/Write Memory Modules also contain a jumper network which

can be configured to permit assignment of a module within an application-
defined address space.

FEATURES

¢ Completely self-contained, fully decoded 8-bit read-write memory contained
on standard quad, extended-length module.

¢ 16-bit memory address register plus dedicated address expansion line.

e Jumper network on module allows assignment of address space in 1K or
4K increments within 64K locations.

e All jumper lugs also brought out to module connector for aiternative wire-
wrap address space assignment.

¢ Memory cycle time (read cycle or write cycle) 1.15us.

e Data ready, data accepted, and memory synchronization signals brought
out on module connector for external use.

e A general-purpose memory module, the M7344 can be used with most
any 8-bit minicomputer, microprocessor, or logic design.

e Power requirement is 4-5Vdc only.

e Memory module completely compatible with M7341 Processor Module
14-bit address.

¢ All inputs and outputs are TTL compatible.

¢ Module plugs into.standard DEC H863 wire-wrap connector block backplane
or equivent.

¢ Memory is designed for both asynchronous and synchronous operation.

.» All M7344 versions are pin-for-pin compatible with M7345 Programmable
Read-Only Memory modules.
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SPECIFICATION SUMMARY

PERFORMANCE

Memory Type: N-channel static MOS

Data Word Size: 8 bits

Address Word Size: 16 bits plus address expansion line
Number of Words: 1024, 2048, or 4096

Memory Read or Write Cycle Time: 1.15us minimum

ELECTRICAL
Input Logic Levels
TTL Logical Low: 0.8 Vdc maximum
TTL Logical High: 2.0 Vd¢c minimum
Output Logic Levels
TTL Logical Low: 0.4 Vdc maximum
TTL Logical High: 2.4 Vdc minimum
Data Bus Receivers/Drivers
Logical Low: 0.7 Vdc maximum
Logical High: 2.4 Vd¢c minimum
Address Bus Receivers -
Logical Low: 0.7 Vdc maximum
Logical High: 2.4 Vd¢c minimum
Power Consumption
M7344-YA: 1.2 A @ +5V, 6.0 W
M7344-YB: 1.5 A @ 45V, 75 W
M7344-YC: 22 A @ 45V, 11.0 W

MECHANICAL
Board Type: Quad-height, extended-length, single-width
Dimensions: 10.436 x 8.50 x 0.5 inches (26.5 x 21.6 x 1.27 cm)

ENVIRONMENTAL
Ambient Temperature
Operating: 41 to 122°F, (5 to 50°C)
Nonoperating: —40 to 4+150°F, (—40 to 66°C)
Humidity: 10 to 95 percent, noncondensing
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M7345 MICRO-
PROGRAMMABLE READ-ONLY PROCESSOR
MEMORY SERIES
DESCRIPTION

The M7345 Programmable Read-Only Memory module provides a read-only
data storage capacity which can vary from 256 8-bit words to 4K 8-bit words
in 256-word increments. This read-only memory capacity is formed by static
MOS 256 x 8-bit PROM circuits (such as the Intel Corp. 1702A) which are
electrically programmable and easily erasable by ultraviolet light. The memory
is completely contained on a quad, 