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FOREWORD

This sixth edition of the Logic Handbook is your guide to the most extensive
array of logic capabilities, hardware, and applications information ever offered
by Digital Equipment Corporation. Here wou will find a wealth of useful infor-
mation on the latest techniques and products available for implementing your
electronic logic designs for instrumentation, computer interfacing, data gather-
ing, or contral. The handbook is a basic reference for anyone involved in
specifying, designing, manufacturing or using solid-state logic.

The Products

The M Series TTL integrated circuit modules are featured in this edition. The
M Series ling has again been expanded and now includes over 85 modules.
In addition to this comprehensive array of hasic logic and functional logic
modules, the general-purpose M Series line also has increased its computer
interfacing capabilities. Additions include four new M Series bus interface
modules, an input multiplexing module, and an entirely new section on inter-
face medules for the FDP-11.

The K Series product offering has alsc been expanded. Four new modules
are described to bring the total K Series to over 60 modules. A new K Series
mounting pane! is offered here for the first time. K Series descriptions have
been abridged in this edition to provide space to more fully describe the
expamded M Series line. However, full and complete descriptions of all K
Series modules offered in this book are available in the Control Handbook. Use
the handy reply card attached to this book to order your copy. All of the K
Series application information pius many new application notes are also
available in the Cantrol Handbook,

A complete line of A Series analog-to-digital modules is described here in-
cluding seven functionally complete digital-to-analog converter modules as
wail as multiplexer and operational amplifier modules.

An expanded section on Digital's increased wire wrapping capabilities is in-
cluded in this edition. This section not only simplifies the procedure for using
our wire wrap capabilities but also anncunces new reduced prices for the
service.

In this edition, also, is a complete description of the K Series Logic Lab — a
device designed for use with K Series modules for building prototype systems
and as an effective too! for learning solid-state control logic.

This edition of the Handbook includes an abridged section on all of our major
negative logic modules . . . the R, B, and W Series,

These module descriptions will be of particular importance to designers who
are preparing interfaces to most of Digital's negative bus computers such as
the PDP-9 and 8 families.

As the cost of the basic logic itself decreases, it becomes increasingly im-
portant that efficient, reliable, and inexpensive hardware be available to keep
total system costs down. Digital provides this hardware. Now, from a few to
thousands of modules can be connected, wired, mounted, powered, and
enclosed efficiently at the lowest cost per function in the industry.
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Digital's complete line of power and hardware accessories provides everything
needed to put your designs into action, from connector blocks to mounting
cahinets. Power supplies, connector block variations, mounting panels, blank
moduie configurations, connector cards and a complete line of computer-
grade cabinetry are among the well over 100 different hardware, power, and
accessory items described in this edition of the Logic Handbook.

Seven complete M Series applications notes and dozens of useful design notes
have been included to help you easily design custom systems making this one
of thg most infarmative electronic handbooks available.

The Company -

In a little over twelve years, Digital has become a major force in the electronics
industry. The company has grown from three employees and 8,500 square
feet of production floor space in a converted woolen mill in Maynard, Massa-
chusetts, to an international corporation employing more than 5,000 people
with well over one million square feet of floor space in a dozen manufacturing,
sales, and service facilities arcund the world. In addition to the corporate
headquarters in Maynard, other Massachusetts manufacturing facilities are
located in Westfield, Westminster, and Leominster. Internationally, Digital has
manufacturing plants in Puerto Rico, England, and Canada.

From its beginnings as a manufacturer of digital moduies, the company has
now grown to the point where it is the world's largest manufacturing supplier
of Jogic moadules and the third largest computer manufacturer, by number of
installations, in the industry. Digita!'s rise as a leader in the electronics in-
dustry began in 1957 with the introduction of the company’s line of electronic
circuit modules. These solid-state modules were used to build and test other
manufacturers’ computers. A year later, Digital introduced its first computer,
the PDP-1, The PDP-1 heralded a new concept for the industry — the small,
on-tine computer. And the PDP-1 was inexpensive — it sold for $120,000
while competitive machines with similar capabilities were seliing at over 31
million. But the PDP-1 was more than a data processor: more than just a too!
to manipulate data. It was a system that could be connected 1o all types of
instrumentation and equipment for on-line, real-time manitoring, controt, and
analysis. It was a system with which people and machines could interact.

Also, in 1958, Digital introduced the Systems Modules, high-quality, low-cost
solid-state digital logic circuits on a singie printed circuit card. Today, elec-
tronic modules like the ones Digital introduced are used in most electronic
equipment, from computers to television sets.

In 1965, Digital announced the first of the FLIP CHIP module lines. These
highly reliable modules include cards for internal computer logic, interfacing,
control and analog-to-digital conversion.

About two years ago, Digital announced the newest additions to the FLIP
CHIP family: M Series high-speed integrated circuit modules and K Series
neise-immune modules. Last year, Digital introduced the PDP-1’s grandson,
the PDP-8/L. 1t is a smaller computer with far greater capabiiities than the
PDP-1 and a price tag of only $8,500. Also last year, Digital announced the
PDP-14 — a solid-state repetitive controtler, designed specifically for in-
dustrial machine control.
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This year, Digital infroduced a new line of computers, the PDP-11, which
complements Digital's other two small computer lines, the PDP-8 and PDP-12.
The PDP-11's modular construction and the Unibus concept make it unique.

Digital produces over two million modules a year, making it the world's largest
manufacturing supplier of logic modules. Digital's sales engineers in over 60
offices around the world and applications engineering staff at the home office
are ready to help you with your most difficult or complex applications. They
are all listed on the inside back cover. Give us a call.
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INTRODUCTION

The development of monolithic integrated circuits has had an impact on the
design of digital module systems, Advantages of small size and high oper-
ating speeds made these circuits initially attractive. However, a lower price/
performance ratio compared to hybrid or discrete component modules offset
the advantages. Recently, significant price reductions in both TTL (transistor-
transistor logic) and DTL {diode-transistor logic) integrated circuits indicated
a re-evaluation was needed.

DIGITAL EQUIPMENT CORPORATION undertook a study of hoth types of
logic, their performance in large and small systems, and their ease of use in
system design. The result of this study is the M Series Infegrated Circuit
FLIP CHIPTM Module,

M Series modules contain high speed TTL logic in both general purpose and
functional logic arrays. TTL was chosen for its high speed, capacitance drive
capability, high noise immunity and choice of iogical elements. High per-
formance integrated circuit modules are now available at approximately one
half the price of their discrete or hybrid counterparts.

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




GENERAL CHARACTERISTICS

M Series high-speed, monolithic integrated circuit logic modules employ TTL
(transistor-transistor logic) integraied circuits which provide high speed,
high fan out, large capacitance drive capability and excellent noise margins.
The M Series inciudes 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 coperated 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 H%11)
and 36-pin sockets (H803 and HBO08) 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
handboaok.

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 CHIPTM 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 intc 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 drap 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 volis.
The three diode string consisting of Q.'s base collector dicde, Q;'s base emit-
ter diode, and Q.'s base emitter diode wili have only 1.15 vol{s across it and
will therefore be conducting only leakage currents (0.75 4 0.75 4+ 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 coilector emitier
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 cutput voltage to
a HI level. The voltage levels present in the circuit with cne or more LO in-
puts is shown in Figure 4.

If hoth inputs are HI (2.4-3.6 volts} the head of the three diode string will re-
side at about 2.25 volts and there will be a current path from the 4K hase
resistor on the input transistar through the diode siring 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 CFF 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 HI 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 volts to 0.8 volts as logical LO and 2.0 volts
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 HI cutput condition is
hetween 2.4 volts and 3.6 volts. Figure 7 shows diagrammatically the accept-
able transistor-transistor logic levels. The worst case noise margin is 400
millivolts that is, an output would have to make at least a 400 millivolt excur-
sion to cause an input which is connected to it to go into the indefermined
voitage region. For instance if an output were at 0.4 volts {warst case logical
LO) there would have to be a + 400 mv swing in voltage to cause inputs
conneacted to it to go inta their indetermined region.

Input and Output Loading: The input loading and output drive capability of
M Series modules are specified in terms of a specific number of unit loads.
Typically the input loading is one unit, however certain modules may contain
inputs which will present greater than one unit load. The typical M Series
module aoutput 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 egqual 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 egual to or
greater than 4+2.4 volts.

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

4 A 8 QUTPUT
QuUTPUT
8 5B L L H

L H H

A M L H
CUTPUT
B A+B 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 symboi better repre-
sents an application where low inputs are ORed to produce a high output.

TTE AND/NOR GATE

With a few medifications, the basic TTL NAND gate can perform an AND/
NCR function useful in exclusive OR, coincidence, line selectiocn 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 voltage low. Circuit
performance is essentially identical to the TTL NAND circuit.

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

8
QUTRUT
. EETED AlB|CyO] OuTRUT
Hln| ane L
D any [ H{w
L|w H
n:® Llr]H]lL [
8 OUTPUT N B
s HlC]L{H
C:D IB+BIT +0)
"D

Figure 10 AND/NOR Gate Logic Symbels and Truth Table

NOR Configuration: The AND/NOR gate can perform a straight NOR function
it the AND gate inputs are tied together as shown in Figure 11,
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NAND GATE FLIP-FLOPS

RS Flip-Flop: A basic Reset/Set flip-flop can be constructed

two NAND gates as shown in Figure 12,

RESULTING NOR SYMBOL

by connecting

PREVIQUS
STATE

CONDITION

RESULT

o

. BET

RESET

1 o]

RESET

IrrITxIrzIcr
T I frCITcCzx

- IrmIITITIr

FrrITIIcCI

H L
L H

NO CHANGE
NG CHANGE
MO CHANGE
N CHANGE
W H*
H [

Ambiguous state: |n practice the input that stays low longest wiit 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.) Cne
of the inputs of each NAND is tied to a common clock or trigger line,

SET

' CLOCK

RESET

Figure 13 Clocked NAND Gate Fiip-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 SYMBOLS

The D type flipflop is a true leading (positive going voltage) edge triggered
fitp-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;

_T

0 TYPE FLIP FLOP CLOCK

The operation of the J-K type flip-flop is to transfer the information present
at the J and K inputs just prior to and during the clock puise to the master
flip-flop when the threshold is passed on the leading (positive going voltage)
edge of the clock puise. The information stored in the master flip-fiop 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,

B

R OF—

I

LOGIC 5¥MBOL
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5 (DC 5ET} -

(CLOCK) I

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 dec 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 wili not affect the state of the flip-flop due
te a tockout circuit {not shown).

A characteristic of the D type flip-flop which is not illustrated in the
NAND gate equivalent circuit is the fact that the D input is locked out after
the clock input threshold voltage on the leading (positive going voltage)
edge of the clock has been passed. The D input is not unlocked unti! 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 clack 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 concerming 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, If 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 shoulid be allowed when the clock line is high.

The J-K ftip-flops used are master-slave devices which transfer information
to the outputs on the trailing (negative going voltage) edge of the clock
puise. The J-K flip-flop consists of two flip-flop circuits, a master fiip-flop
and a siave 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
teading 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 flipflop is passed to
the slave flip-flop, tf 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 t¢ and during the clock pulse, the flipflop 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 iratling 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,

JIMPYT

J e

TLOCw

p— b OUTPLT

B— 1 CUTPUT

R OINEUT

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
ftip-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" fransition of the flip-
flops, with both the J and the K inputs enabled with a Hi level before the
clock pulse. When the leading edge of a HI clock pulse occurs, pate B wilf be
enabied with three HI inputs. This will provide a RESET signal for the master
flip-flop which will then go to the 0" condition. The slave flip-flop remains
in the *1" condition while the clock pulse is HI because gate | is providing
a LO signa! to both gates E and F, thereby blocking inputs to the slave flip-flop.
When the trailing edpe of the clock pulse occurs, gate F will be enabled with
a HI level at both its inputs and a RESET signal will be provided to the sfave
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 ta 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 pessible iritial conditions.

INITIAL CONDITIONS FINAL CONDITIONS

OUTPUTS INPUTS OUTPUTS

1 G J K 1 0
Lo - HI Lo LO Lo HI
Lo HI LO HE LO HI
LO HI HI LO HI ) LO
Lo HI HI Hl HI LO
Hi LO LO LO Hi LO
HI LC LG HI Lo HI
HE LO H1 LO HI LO
HI Lo Hl HI Lo Hi

Figure 16. Master-Slave J-K Flip-Flop Truth Table
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UNUSED INPUTS (GATES AND FLIP-FLOFS)

Since the input of a TTL device is an emitter of a multipte-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 teft 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 regutated source of +3 volts.
Pins Ul and V1 are provided on the M113, M117, M119, M121, M617, and
M&27 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 paraliel emitters and
should be considered as an additional unit load when calculating the
loading of the driving gate.

Connection of unused inputs o the supply voltage, Vecc, is not advisable,
since pawer 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.

Tt =T,=15ns£¢, NOM.
To=50nsec, NOM. (MA01,M602)
=U0nsec, NOM. (MBDZ OPTION}

+30 20Bv — —
90%
| [
! I
i - T ; - -
! b
I | +15V NOMINAL
THRESHOLD
+0.4
0.0 I' [1o% POINT
- PO

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 pulse is of the wrong polarity for use as a clocking input to
the type D and J-K flip-flops, requiring the use of a local inverter. Ordinarily,
a NAND inverter is adequate. Where high fan-out is necessary, a M6l17
Power NAND is preferred.

For applicaticns requiring both high fan-out and critical timing the M627
Power Ampiifier is awvailable. This moduie 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 synchroncus counters.

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

I ! )
STENOARD
PULSE
| | DELAY INANOSECONGS)

bt £~ Tun att
1
| P I TeR | Max | Tve | max

HAND OF FOWER
NAND GATE 1 1
Vo | 18 29 ] 1%

POWER |
AMPLIFIER I
MEZT
i T - 5 -

Figure 18. NAND Gate and Power Amplifier Delays
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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-flop,
however, is that the leading edge triggering allows the flip-flop AND gates to
propagate while the clock pulse is still high. Figure 19 iliustrates this situa-
tion.

b2 50
INSEC | NSEC
1

SET
Ue i

CLOCK

b TYPE
FLIP FLOP
QUTPLT

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.

i . J AND K OINPUTS MUST 8E
STABLE BY THIS TIME

TRIGGER '

PULSE :
llﬁ— IS nsac [TYPICAL)
]

|
I
I
—

' i
FLIP - FLOP QUTPUT

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 couid 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 vne 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
B a5 OUTRUT
c

T T

L4~
LOGIC SYMBOL

I |

! I

INPUT —— “— 50 nsec MIN. .
I
|

Ay
|

|
1
I
—- 'd— 50 nset TYPICAL
1
|

| ¢~—-—- 50 TO 750 nsec —U
1
OUTPUT ]

(TYPICAL}
i TIMING

Figure 21. One-Shot Delay Timing and Logic Symbol

SYSTEM OPERATING FREQUENCY

Although individual propagation delays are significant in the design of digital
logic, even more important is the maximum operating frequency of a system
which is composed of these individual modules. Specifically designed sys-
tems may be operated at 10 MHz, but a more conservative design may result
in a somewhat lower operating speed. M Series modules can be designed
into a system with a 6 MHz clock rate with retative ease. This system fre-
quency is derived by summing the delays in a simple logic chain:
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1. A standard clock pulse width of 50 nsec is assumed. This period is
measured from the threshold point of the leading edge to the threshold
point of the trailing edge.

2. One flip-flop propagation delay of 35 nsec from the trailing edge of the
clock pulse to the threshold point of the final state of the Hip-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
aperations, The fwo gate-pair delays total 60 nsec,

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

GATE  GATE
CLOCK F/f  PAIR  PAIR
WIDTH OELAY DELAY DELAY IDLE
e SO e 35 e 30 o 30 L 20

nsee nsec nsec naec REgC
I |

t
I [
|
cLocK !
f
L)
|
I

1

a
1

JK FLIP-FLOP

o
!

GATE PAIR 1

&
1

t
1
1
I
1
1
1
|
1
|
1
!
|
|
|
|
|
|

GATE PAIR 2

jul

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, remembker that the
flip-flop inputs must be settled at least 20 nsec prior to the occurrence of the
clock pulse.

Preparation of a timing diagram that considers delays introduced by all logic
elements will aid the designer in achieving predictable system perfarmance.
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All incoming integrated circuits undergo computer controlled fest-
ing, with 40 dc and 16 ac tests performed in 1.1 seconds. This

1009, inspection speeds production by minimizing the diagnosis
of component failures in module test.
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LOGIC 1 SOURCE M
MO02 SERIES

— D2
— E2
— F2
— H2
— J2
— K2
— L2
moo2 p— M2
— N2
— P2
— R2
— 52
— T2
— u2

L—-VZ

POWER
“— AZ ~— 45V
«— C2 —GRD

To hold unused M-Series TTL gate inputs high, the MO0O2 provides 15 cutputs
at 43 volts (Logic 1}, on pins D2 through V2. Up to 10 unused M-Series gate
inputs may be connected to any one output. If a MOO2 circuit is driven by a
gate, it appears as two TTL unit loads or 3.2 ma. at ground.

Power: -5 v at 16 ma. {max.)

MO02 — $10
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SOLENOID DRIVER M
M040 S_ERIES

Temio

SOLENOID " me
DRIVER
a2
K
e SOLENDID 52
= DRIVER

<
~

POWER:
- A2 +5¥
-— B2 =15V
-— (2 GRD

MQ40 Solencid Driver

These high current drivers can drive relays, solenoids, stepping motor wind-
ings, or other similar loads. The output levels are —2 volts and a more
negative voltage determined by an external power supply. One terminal of
the load device should be connected to the external power scurce, the other
to the driver output. There are two drivers per module.

Pin V of the driver module must be connected to the external supply sc that
the drivers will be protected from the back voltage generated by inductive
joads. If the wire to the power supply is more than 3 feet long it may have
to be by-passed at the module with an electrolytic capacitor to reduce the
short overshoot caused by the inductance of the wire, If pin V is connected
to the supply through a resistor, the recovery time of inductive loads can
he 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.

Inputs: Each input presents one unit load.
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Outputs: The M0O4Q has maximum ratings of —70 volts and 0.6 amp. Typical
delay for the circuit is 5 psec. No maore than two circuits should be paralteled
to drive toads beyond the current capabilities of single circuits.

Grounding: High current loads should be grounded at pin C2 of the M040.
—15 volt at 9 ma. {max.)

Power: 45 volt at 47 ma. (max.)

The external voltage supply must provide the output current of the two
drivers. {1.2 amps. max.)

MNote:

Refer to K Series driver modules for increased current drive, increzsed voltage
breakdown or AC currant drive capability.

M040 -~ $39
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50 MA. INDICATOR DRIVER M
Mosq SERIES
oz —Cf I—Dl Lz O —— L1 E2 —( —— E1
Mz —Oy —— M1 F2 —C — F1 w2 O — N
Hz —O) — H1 P2 —C — P11 y2 —Q — J1
rR2 —O) — Rt k2 —O — K1 52 —d — $1
POWER

-—AZ +5v

+—B2-————1{3Y

94— C2 GRD

MO50 INDICATOR DRIVER

The MO50 contains twelve transistor inverters that can drive miniature in-
candescent bulbs such as those on an indicator panel. It 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 level conversion to drive 4917 and 4518
indicator boards (See the Hardware Section.) A low level on the input of the
driver causes current to flow in the output.

Inputs: Each input presents two unit loads.

Qutputs: Each output is capable of driving 50 ma. into an external load con-
nected to any voltage between ground and —30 volts,

Power: 15 volt at 47 ma. {max.)
—15 volt at 16 ma. {max.}
Mote: For those applications requiring the sinking of current, refer to K Series.

MO50—-$31
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LEVEL CONVERTER M

M051 SERIES
D2 —O L— b1 L2 —O — L1 E2 —O L £
Mz —CJ — M3 F2 —O |— Fi Nz —O) — N3
H2 —Q — H1 P2 —() — P1 J2 —(} — J1
R2 — — R1 Kz —(} — K1 52 —O — 54
POWER

A2 +5Yy

—pB2—— -5V

4—(C2——GRD

The MO51 contains twelve leve] converters that can be used to shift M and K
Series togic levels to negative logic levels of ground and —3 voits. A grounded
input on the driver generates a grounded output.

Inputs: Each input presents two TTL unit toads.

Qutputs: The output consists of an open collector PNP transistor and can
drive 20 ma. to ground —&V maximum may be applied to the output.

Power: -5V at 47 ma. {max.); —15V at 16 ma. {max.}

" MO51—§31
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BUS DATA INTERFACE

-M100

> e )
oL e e
> s
> —} a > *}
> —} > —}Rz
o D S S ) el
Do . D
>

The M100 Bus Data Interface contains fifteen circuits for convenient recep-
tion of data from the PDP-8 PDP-8/1 negative voltage bus. It is pin com-
patible with the M101 Positive Bus Data Interface.
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The loading presented to the negative voltage bus differs from that loading
using the standard negative bus modutes {i.e., R107, R111) in that the data
lines are loaded only if the appropriate device is selected. The option select
output of the M102 must be connected 1o the strobe input pin, C1, of
the M100.

The enabling line of the M200 cannot be used as a strobe line. The output
signals are indeterminant for a pericd of 200 nsec after the enabling line has
become true.

Inputs: All outputs will drive 10 TTL unit loads.

Conversion: Logic Diagram: An active voltage is a True State, i.e., —3 v or
+3v = “1",

A ground is a True State.

A data input of —3v will vield an output of ground when C1 is gated by a
positive voltage logic '1" of +2.4 volts,

Threshold switching level: —1.5 v. typ.
Propagation delay: 40 nsec typ.

Power: -5 volts at 60 ma. (max.); —15 volts at 1 ma. (max.)

THM100 — $50
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BUS DATA INTERFACE
M101

SERIES

1
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The M101 contains fifteen, twe-input NAND gates arranged for convenient
data strobing off of the PDP8/! or PDP8/L positive bus. One jnput of each
gate is tied to a common line so that all data signals on the second input of
each gate can be enabled simultaneously, The M101 can also he used as
inverters or a data multiplexer. All data inputs are protected from a negative
of more than —0.8 volts.

Inputs: Each data signal input presents cne TTL unit load. The commaon line
input presents fifteen unit loads.

Qutputs: Each output can drive ten unit loads.
Power: +5V at 82 ma. (max.)

M101—$24
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DEVICE SELECTOR

M102

SERIES

P —

R ~-—

51 —

Ty p—

M2 —] P2 10P1

T2 —
RZ 10P2 —
$2 10P4 —

OPTION SELECT
ENABLE

OPTION
SELECY

H1—D—
N —]
u—D—'
Ml ———————

Yy

+3

YY1y

L A2
+——C2. T

4+—B2

+5¥
GRO
V1 — LOGIC 1
-5V

K1

N1

Al
BY
]
o1
Et

Ft

The M102 is used to decode the six device address bits transmitted in comple-
mentary pairs on the negative bus of the PDP-8, PDP-8/1. The outputs 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. The true state of the BMB outputs of the PDP-8 and PDP-B/1 are
defined as ground where the true states of the PDP-8/1 positive bus and
PDP-8/L are defined as an active voltage state. This fact requires that the
complement of the address bits used for an M103 must be connected to
the M102. ‘
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M103 may be directly substituted for an M102 when changing from a negative

As the address complement is tied to the pins D2, E2, F2, H2, J2, K2, an
to a positive bus. .

Inputs: U2 represents 1.25 TTL unit loads, J1, M1 represents 1 TTL, P1, R1,
$1, U1, M2 and T2 standard levels of —3 volt and ground. Input load is 1 ma.
shared among the inputs that are at ground.
P2, R2, 52, H1 and L1

0.2ma.whenVin= Qv

0.0 ma. when ¥ in —= —3v

Propagation Delay 40 nsec typ.

Outputs: K1 and M1 can drive 10 TTL unit loads. Al, B1, C1, D1, E1, F1 can
each drive 37 TTL unit leads. U2 can drive 16 TTL unit loads.

Conversion: Logic Diagram. An active voltage is a True State, i.e,, —3v or 4-3v
= ““1", A ground is a True State.

Power: +5 volts at 130 ma. (max.); —15 volts at 40 ma. (max.}

M102 — $60
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DEVICE SELECTOR
M103

SERIES

OPTION SELECT

H1

J

Lt

uz
Mi
[n]
S
m |02
5 Jee A
[ Fz2 —
E HZ — p— W2
o JE
£ k2 —
g Lz —
S N2 —
w
—
p2 10P 3
—
R2 10P 2
P
52 IOF 4
POWER
—— A7 +5Y
- C2, Tl —~-— GRD
+3v Wi

The M103 is used to decode the six device bits transmitted in complement
pairs on the positive bus of the PDP8/l 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 IOF signals found on the positive bus of the above computers, Two
two-input NAND gates are also provided for any additional buffering that is

required.
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Inputs: All inputs which receive positive bus signals are protected from
negative voltage undershoot of maore than —0.8v. . .

The foltowing inputs each present one TTL unit load D2, E2, F2, H2, J2, K2
HI, J1, LI, and M1. Inputs P2, R2, and 52 present 2.5 TTL unit loads. Inputis
U2, L2 and N2 each present 1.25 unit loads. These inputs need not be tied to a
source of logic 1 when not used.

Outputs: Gate outputs K1 and N1 can each drive ten TTL unit loads,

Pulse buffering cutputs Al, Bl, Ci, D1, E1 and FI can each drive 37 TTL unit
loads.

The Option Select output can drive 16 TTL unit loads.
Power: 45 voits at 110 ma. (max.)

M103 — $45
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DEVICE SELECTOR M
M107 SERIES

The M107 is a device selector which, by the use of extended decoding of the
BMB lines 9 through 11, will provide seven discrete 10T pulses, Five additional
|OT pulse cutputs are provided to allow the user {0 reduce software require-
ments by the combining of IOT codes. The IOT instruction and the I0P times
at which the various 10T pulses occur at the module pins are outlined in the
following chart:

Module o7 AT IOP TIME
Pin 1 2 4
BH2 1-1 X
BM2 2-2 X
BJZ2 3-1 X
BN2 3-2 X
BSZ2 4-4 X
BK2 5-1 X
BT2 5—-4 X
BP2 6-2 X
BU2 6—-4 X
BL2 7-1 X
BR2 7-2 X
BV2 7-4 X

Example: If an 10P-7 is issued, 10T pulses will exist only at cutput pins BL2
(7-1), BR2 {7-2) and BV2 (7-4). 10T pulses will not exist at any other
output pin.

The M107 also 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 10T 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.

INPUTS: Pins — AD2, AE2, AF2, AH2, -
A2, AK2, AAl, ABI,
ACl, AL2, AVZ, BFZ2,
Present one TTL ioad
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INPUTS: Pins — BD2, BE2, AM2, AN2,
APZ, AUZ, AS2
Present 1.25 TTL load.

Pins — AR2, AT2 resent 2 TTL loads,

Outputs: Option Select Pin AD1 can drive 13 TTL loads. Bus driver outputs
pins BPl, BS1, and BR1 are open collector NPN transistors and can sink
30 ma. at ground. The maximum voltage applied to these outputs must not
exceed 420 volts and each cutput is diode protected against negative under-
shoot in excess of —0.9 volts,

All other outputs will drive up to 35 TTL loads.

Power: 1+5v at 245 ma. {maximum).

M107 — $1056
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Far more is done on The Module Assembly floor than the name
implies, Subassemblies as well as module testing, are produced to
keep pace with DEC's growth.
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FLAG MODULE

M108 : SERIES

H2
Jz

L+

L2
bz
Mz

N2

P2

R2
E2
s2

T2

u2

VZ
Fa

TEST
RESET
—--O)
SKIP 5
1 O
r—iv
-—O)
sET E FT RI
4] \—I —O)
TEST
RESET ——
4 —y
=
1
L° '
SET c
o 4 >
TEST
RESET —
| B
' =
I o]
_—
SET c '
] —| —C

POWER
ug - AR +5v
»*—-—— B2 NOT USED

+—02 GND
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The M108 is a single height module and contains three flag flip-flops. Each
flag flip-flop may be independentiy cleared or all flip-flops may be cleared
simultaneously.

The cutput of each flag flip-ftop is gateable and are open collector “OR”ed
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 periph-
ral control.

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,

if it is not desired to disable the Program Interrupt gate, internal circuitry
is provided which makes it unnecessary to connect these inputs to a source
of logic 1",

Inputs: K2, P2, U2, present 2 TTL loads. D2, E2Z, F2 present 1.25 TTL loads.
Ali other inputs present 1 TTL load.

Outputs: L2, R2, V2 supply 9 TTL loads. R1 (P. I. Function) and 81 (Skip
Function) are open collector NPN Transistors and will sink 100mA to ground.
The voltage applied to these outputs must not exceed -+20 volts.

Power: +5 volts at 137 ma. (max.}

M108 — $45
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INVERTER M

M1i1 SERIES
¢t — Jo— o2 N1 —:>)— P
H2 —-D)— J2 s2 _} T2
POWER
<« A2 +5v
€«—-C2,T1 — GRD

Sixteen lInverters with inputfoutput connections as shown.
Input: Each input presents one unit load.
Output: Each output can drive up to ten unit loads.

M111 — $22
Power: +5 volts, 87 ma. (max.) _S_



NOR GATE
M112

M
SERIES

Al L1

] N1
Bl M1
o L2

F1 N2
E1 M2
D2 L

F2 s1
E2 R1
H1 P2

K1 32
H R2
H2 T2

K2 V2
J2 uz

POWER
«—— A2 —» 45V
«— C2,T1—> GRD
+3V €«— U1, Y1 —> UNUSED INPUTS

The M112 contains ten positive NOR gates, each performing the function
A + B. Pins Ul and V1 provide 43 volts, each capable of holding High
(Logic 1) up to 40 unused M-Series inputs.

Input: Each input presents ane unit load.
Output: Each output can drive up to ten unit loads.

Power: +5V at 50 ma. {max.)

M112 — $35
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NAND GATES
M113, M115, M117, M119

SERIES

|E

o

=

S0

m

ssjo

Ht P2
52
J R2
HZ2 TZ
K v2
Jz Uz
POWER: |
-—— A7 +5v
-—C(C2, T{——GRD

+3v

U1, ¥1—=UNUSED INPUTS

M113 2-INPUT NAND GATES

a1 - o2
a1 o1 E2 H2
ct Fe
£1 Jz
Ft J KZ M2
HI L2
Kt N2
L1 N1 P2 ] 52
M1 R 1
Pl T2
R u uz Al
S1 vz i
POWER:
-— A7 +5Y
w— (2, TI——GRD

M115 3-INPUT NAND GATES
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I B Al E2 2=
C et o — 42
] Hz

F1 K2
i — L2 T
F —— L1 M2 P2
K| ] N2
Nt ML 52 2]
Py — 31 T2 T vz
[ A — uz —————
FOWER
-— A2 +5Y
-— C2,T1—— GRD
+3 VOLTS ——— LH,V1 —= UNUSED INPUTS

M117 4-INPUT NAND GATES
at F1 M1
B1 Hi N1
] J1 M
4} Kl R1

Jz i a4 v2
D2 Kz ard
E2 ) L2 52
Fz__ | M2 T2
H2 NZ uz
POWER:
-— i +5v
-—C2, T GRD
+3 VOLTS s U1, ¥1——— UNUSED INPUTS

M119 8-INPUT NAND GATES

These modules provide general-purpose gating for the M Series, and are
most commonly used for decoding, comparison, and control, Each module
performs the NAND function A » B--------- N, depending upon the number
of inputs.




M113—Ten, two-input NAND gates that also may be used

as inverters.
M115—Eight, three-input NAND gates.
M117—S8ix, four-input NAND gates.
M119—Three, eight-input NAND gates.

Unused inputs an any gate must be returned to a source of logic 1, for
maximum fnoise immunrnity. in the M113, M117, M119, M121, M617 and MG27
modules, two pins are provided (U1 and Y1} as source of 43 volts for this
purpose. Each pin can supply up to 40 wunit loads.

M103, M111 and MOOD2 provide additional sources of logic 1 level.
Typical propagation delay of M Series gates is 15 nsec.
Inputs: Each input presents one unit load.

Qutputs: Each output is capable of supplying 10 unit loads.
Power:

M113: 71 ma.
M115: 41 ma.
M117: 41 ma.
M119: 19 ma.

+Max. current at 5 volis.

Mil3 — $18
M115 — $18
M117 ~~$12
M119 — §18




AND/NOR GATE M

M121 SERIES
Al D2
Bl E2
El J2
%) F2
[} H2
F1 K2
H1 L2
L1 P2
Ji Mz
K1 N2
M1 R
K1 52
51 V2
P T2
Rl uz
POWER:
-— A2 + 5V
+—1C2, TI—— GRD

+3v

Uy, W1 ——= UNUSED INPUTS

MI21 AND/NOR GATES

The M121 module contains six AND{NOR gates which perform the function
AB 4 CD. By proper connecticn of signals to the AND inputs, the exclusive
OR, coincidence, and NOR functions can be performed.

Typical propagation delay of an M121 gate is 15 nsec.
Inputs: Each input presents one unit load to the driving module.
Qutputs: Each cutput is capable of driving up to 10 unit loads.

Power: J-5volt at 50 ma. {(max.)

M121 — $23
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INPUT NAND GATES : M
M133 SERIES

A — Ll - :

ci N1
Bl —— M) —-
Dy —— L? —

Fi N2
E1 M2 -]
p2 i [JQe—

F2 s1
€2 — Rl —
H1 — \ P2

K3 s2
M — R? —
H2 — T2 —

K2 va
Jza — Uz ——f

POWER
AR —— 5V

+—(C2,T1—GRD

This module provides general purpose high speed gating for the M-Series.
Maximum output propagation delay to a fogic 1 or 0 is 10 nsec. The high
speed characteristic of these gates frequently wilf solve tight timing prob-
lems in complex systems., Unused inputs on any gate must be returned to a
source of logic 1 for maximuin speed and noise immunity.

Inputs: Each input presents 1.25 unit lcads.
Outputs: Each output is capable of driving 12.5 unit loads.
Power: +5V at 160 ma. (max.}

M133 — %27
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NAND/OR GATES M
M141 SERIES
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M141 NAND/OR GATE

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 js 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. Propagation
defay through these gates is a maximum of 70 nsec.

The NAND/OR gates are arranged in four groups consisting of 4, 4, 3, and 1
two input NAND gates respectively. The outputs in each group are connected
together which provide a wired OR for low levels, The function of these gates
can be shown as:
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AB+CD+EF

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

Inputs: Each input presents one unit foad.

OQutputs: Four gate outputs, each capable of driving 7 unit loads. The load
resistor of each output presents 2 unit lcads when connected tc another
output. For example, four groups are connected together, therefore 3 groups
present two unit loads each to the fourth group, totalling € unit loads. This
leaves 1 unit Joad capability. Each inverter output is capable of driving up to
10 unit loads.

Power: 45 volts at 117 ma. {max.)

Midl — $29
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AND/NOR GATE
M160

M
SERIES
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M160 AND/NOR GATES

The M160 module contains three general purpose AND/NOR gates which

perform functions simitar to the M121

. By connecting signals to the AND

inputs, these gates can be used to select and place on a single output any

of several input signals.

Typical propagation delay of an M160 gate is 20 nsec.

Inputs: Each input presents one unit loa

d

Outputs: Each output is capable of driving 10 unit lcads

Power: 5 voit at 30 ma. (max.)

M160 — $33
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BINARY TO OCTAL/DECIMAL DECODER M
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M161 BINARY TO OCTAL/DECIMAL DECODER

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 & 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
are the outputs of flip-flops such as FF2° (1), 1 ocutput side; and FF2° (0), O
output side,

The 2% input may be of decimal vatue 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 typicaliy 55 nsec in the binary-
to-octal mode, and 75 nsec in the BCD-to-decima! 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.

Inputs: 2° through 2%, 1 unit load each; ENABLE 1 through ENABLE 3, 2 unit
loads each.

Outputs: Each positive output is capable of driving 10 unit loads, and each
negative gutput, 9 unit loads.

Power; 5 volts at 120 ma. (max.)
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PARITY CIRCUIT M

M162 SERIES
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The M162 is a parity detector and contains two Parity Circuits. Each circuit
indicates whether the. Binary Data presented to it contains an ODD or EVEN
number of ONES. The DATA and its complement are required as shown.

Indication of ODD PARITY is given by a High level of pins K1 and U2 respec-
tively. Pins L1 and V2, when High, indicate EVEN PARITY or no input.

Input: Each input presents four unit loads.

Qutput: Pins L1 and V2 can each supply up to ten unit loads. Pin K} and U2
can each supply up to six unit [cads.

Power: 45 volts at 102 ma. (max.)

M162 — $63
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GATING MODULE M
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M169 GATING MODULE

The M169 provides a generaf gating function, and may be used as a four-
output multiplexer, Raising High a DATA INPUT and selecting a corresponding
INPUT ENABLE line, generates a High at the appropriate ENABLED OUTPUT,
Al, K1, M1 or V2, Any of the ENABLED QUTPUTS may be enabled directly
through an M121 or M160 AND/NOR gate, used as an NOR Expander. Max-
imum input to output propagation delay for any circuit is 45 nsec,

Inputs: Each DATA INPUT pin and EXPANSION INPUT pin presents one unit
load. Each INPUT ENABLE pin presents two unit loads,

Outputis: Each cutput can drive up to ten unit loads.

Power: +5 volts at 50 ma. {max.)

M169 — $33
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TRIPLE J-K FLIP-FLOP M
M202 SERIES
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The MZ202 contains three J-K flip-flops augmented by multiple-input and
gates. For general use as gated control flip flops or buffers.

Logical operation of the J-K flip flops used in this module is identical to those
flip-flops used in the M207 (described in detail) except clock, J-K inputs, in-
puts, direct clear, direct set and both output lines for each flip-flop are
independent.

Inputs: All gate inputs represent 1 uﬁit load. The dc set and clear input each
represent two unit loads. Clock inputs represent two unit loads.

Qutputs: Each output will drive 10 unit loads,
Power: -}-5 v at 57 ma. (max.)

M202 — $29
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8-R/S FLIP-FLOPS M
M203 SERIES
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M203 8-R/S FLIP-FLOPS
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The M203 is made up of 8 R/S type flip-flops. Each fiip-flop is made up of two
2-input NAND gates whose outputs are cross coupled. RfS flip-flops provide
an inexpensive method of storage but care must be taken to inhibit placing
the Set and Reset inputs low at the same time. In this case, the last of the
inputs to be removed will control the final state of the flip-fiop.

The propagation delay of the M203 is approximately 30 nsec.
Inputs: Al} inputs present 1 unit load.
Outputs: All outputs are capable of driving 9 unit loads.

Power: +5 volis, 35 ma. (max.)

M203 — $26

57




GENERAL-PURPOSE ' M

BUFFER AND COUNTER
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M204 GENERAL-PURPOSE BUFFER AND COUNTER

The M204 contains four J-K type flip-flops, augmented by multiple-input
AND gates, for general use as gated control flip-flops or buffers. The gating
scheme permits the formation of counters of most moduli up to 16, by sim-
ple connector wiring. Clock, trigger and input tines for each flip-flop are
independent. A comman CLEAR input is provided.

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 dc set inputs.
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Inputs: The “C' inputs present two unit loads each to the source, The dc
set (“'8"") inputs present two unit loads each. The common CLEAR line pre-
sents 8 unit loads. All other inputs present one unit load to the source.

Outputs: Each output, before interconnecticn as a counter, is capable of
driving 10 unit loads.

Power: -5 volts, 74 ma. (max.)

M204 — $34
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GENERAL-PURPOSE
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M206 D TYPE FLIP-FLGPS

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

Provision is made on the printed c¢ircuit 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 (Al) CLEAR Z {(K2)

DELETE JUMPER ADD JUMPER

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

4.2 FFO &1 FF2,3,4,&5 Al {o FF2 K2 1o FF2

5-1 FFO FF1,2, 3,4, &5 Al to FF2 K2 to FF2
Al to FF1 K2 to FF1

&0




Information must he present on the D input 20 nsec (max)} prior to a stan-
dard clock pulse and should remain at the input at least 5 nsec {max} after
the clock puise leading edge has passed the threshold voltage. Data trans-
ferred into the flip-flop will be stable at the output within 50 nsec, maximum,
Typical width requirement for the clock, dc reset and dc set pulses is 30
nsec¢ each.

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.

Inputs: D inputs present 1 unit load each. C inputs present 2 unit loads
each. CLEAR lines present 3 unit loads per connected flip-flop. § inputs
present 2 unit loads each.

Outputs: Each output is capable of driving 10 unit loads.
Power; -1-5 volts, 87 ma. {max.)

A common clear for all six flip-flops can be cbtained by wiring pins Al and
K2 together exiernally. CAUTION: The loading of each clear line is calculated
on the basis of 3 unit loads per flip-flop. For example, the 4-2 configuration
results in 12 unit loads at input K2 and & unit leads at input AL.

M206 — $30
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GENERAL-PURPOSE FLIP-FLOP M

M207 SERIES
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M207 J-K FLIP FLOPS

The M207 contains six J-K type flip-flops which ¢an be used as buffers, con-
trol flip-flops, shift registers, and counters. A truth table for clocked set
and reset conditions appears below, Note that when the J and K inputs are
both high, the flip-flop compiements on each ¢lock pulse,
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STARTING CONDITION

RESULT AT END OF
STANDARD CLOCK PULSE

(QUTPUT) INPUT CONDITION (OUTPUT)
1 0 J K 1 0
L L L N¢ change
L H Na change
H L H L
H H H L
H L L L No change
L H L H
H L No change
H H L H

Application of a jow lavel to an R input for at least 25 nsec resets the flip-
flop .unconditionally. Two CLEAR inputs are provided, with jumper termi-
nals for optional ciearing in groups of 3 and 3 (standard), 4 and 2, 5 and

I, or 6 and O.

J and K inputs must be stable during the leading-edge threshold of a stan-
dard 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 nsec (typical) of the clock pulse trailing edge threshold (negative going

voltage).

Provision is made on the printed circuit board for changing the configuration
of the two CLEAR tlines to the flip-flop. All M207 modules are supplied with
the 3-3 configuration, but the grouping can he changed as follows:

CONFIGURATION CLEAR 1 (A1) CLEAR 2 (K2) DELETE JUMPER ADD JUMPER
3-3 FFG, 1, &2 FF3,4,&5
4.2 FFO &1 FF2, 3,4, &5 Al to FF2 K2 to FF2
51 FFO FF1,2,3, 4, &5 Al to FF2 K2 to FF2

Al to FF1 K2 to FF1

Inputs: J or K inputs present 1 unit load each. C inputs present 2 unit loads
each. CLEAR lines present 2 unit loads per connected flip-flop.

Outputs: Each output is capable of driving 10 unit loads.

Power: 45 volts, 96 ma. (max.)

M207 — $33
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The M208 is an internally connected 8-bit buffer/shift register. Provisions
are made for gated single-ended parallel load, bipolar pareilel output, and
serial input. The shift register is divided into three segments:

Bits O through 3: Serial input to bit 0, bipolar outputs from bits 0 through 3.
Bits 4 through &: Serial input to bit 4, bipolar outputs from bits 4 through 6.
Bit 7: Serial input to 7, bipolar cutputs from bit 7.

Each of these groups shares a common shift line (the ORed CLOCK 1 and
CLOCK 2 inputs) and a common parailel load line {LOAD ENABLE). To form
a 6-bit shift register, Jor example, the true output of bit 3 is connected to
the serial input of stage 4. A shift register of 8 bits may be constructed from
a single module. Modules may he cascaded to form shift registers of any
desired length. A few additional stages may be formed more economically
from NAND and AND/NOR gates plus a D-type flip-flop. A representative
stage of this type is illustrated. -

Two ciock inputs are provided so that individual Load and Shift clock sources
may be used. Care must be taken that the clock inputs remain in the high
state in the off condition because either input going to the low state will pro-
duce a positive edge at the output of the NAND gate and trigger the D type
flip-flop. Data shifted or parallel loaded into the M208 will appear on the
outputs within 55 nsec (max) of the clock pulse leading edge threshold.
Load of Shift Enable levels and parallel data must be present at least 50
nsec prior to a clock pulse. Propagation delay from the leading edge of a
CLEAR pulse to the cutputs is 40 nsec max.

Inputs: Serial data, ‘dc set, and enable inputs present one unit load each to
the source module. Each clock input presents 214 unit loads. The CLEAR
input presents two unit loads.

Outputs: Parallel outputs are capable of driving 10 unit loads each.

Power: 5 volts, 184 ma. {max.)

M208 — $80
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BINARY UP/DOWN COUNTER M

M211 SERIES
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M211 BINARY UP{DOWN COUNTER

The M211 is a & bit binary UP/DOWN counter. It can switch counting mode
(UP or DOWN) without disturbing the contents of the counter. Maximum
count rate is 10 MHz, SET/RESET inputs are available for each bit. Maximum
carry propagation time is 80 ns per bit.

Enable Line: The Enable input must be negated 100 nsec. prior to an UP/
DOWN leve! command.

The Enable input must not be negated earlier than 500 nsec. after the
leading edge (positive going voitage) of the clock pulse.

The Enable input must be asserted at least 60 nsec. prior to the first count.
UR/DOWN Control Line: A logical 1 on this line will yield an up count.

A logical O on this line will yield a down count.

Carry Out: The Carry Qut will yield a positive level change whenever a
carry or borrow occurs.

Inputs: Count In—positive transition or pulse with less than 400 nsec rise-
time. Count In presents 2 unit loads. Reset—Each reset input presents 3
unit loads. Set—Each set input presents 2 units loads. All other inputs
present 1 unit load.

Outputs: Each flip flop output {1 or O} can drive 8 unit loads. Carry Qut can
drive 10 unit loads. Each inverter output can drive 20 unit loads,

Power: -+-5.0 volts, 217 ma. (max.) M211 — $69
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BCD UP/DOWN COUNTER M
M213 SERIES
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The M213 can be used to construct muiti-digit synchronous counters for
upf{down counting in binary coded decimal. The maximum counting rate is
5 MHz. The counting direction is controlled by enabling the up or down con-
trof gate inpufs. For maximum noise immunity, the up and down control
lines should be kept low until counting is desired. Clock pulses that occur
while the up and down lines are both low will not change the contents of the
counter. Unpredictakle operation will result if both the up and down lines
are high at the same time. Positive clock pulses should not occur sooner
than 50 ns after any change in the up or down contraol lines.

The “1" side of each flip-flop output is available directly for controlling
nearby logic or through an isolation resistor when decoding displays are
being driven at the end of long lines.

The counter may be preset by first resetting the counters and enabling
the preset line. The clock input should then be pulsed once with a positive
pulse to transfer data from the lead inputs into the flip-flops. The up and
down control lines must both be low for correct preset operation.

Counter Construction: The up and down input gate wiring for cascading
M213 modules makes it possible to construct the hardware for fixed decimal
point counters so that additionat digits to the left or right ot the decimal
point can be added later as cptions. If the sockets are wired initialiy for a
larger counter than is thought {o be required, the unused high order digits
may be left blank. Unused low order digit sockets should have pins AD2
and BD2 connected to +3 volts. When it is found that additicnal counter
capacity or accuracy is needed, M213 modules can be plugged into the
blank sockets on either side of the decimal point as required.

The diagram below shows how to connect three M213 counters for upf
down counting. Notice that all the counters are clocked at the same time,
but that a counter will not count unless the counters of lower significant
digits all contain 9's for up counting or 0's for down counting, All unused
module inputs should be connected to 43 volts.

o oy

ici=1e el eie1eis

ENABLE

1O
R
5
—15

CLOCH
RESECT
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Inputs: The input loads presented are:

CLOCK — Eight unit loads
RESET —-— Eight unit loads
PRESET ENABLE — Four unit loads
All other inputs — One unit lcad
Pulse widths required:
CLOCK POSITIVE . > 20 nsec
RESET NEGATIVE > 25 nsec
OQutputs: Output drive ability:
FLIP-FLOP 1 or 0 — Seven unit loads
FLIP-FLOP 1 (Resistor) — Five unit loads
(Total load on a 1 output is 7 unit loads.)
CARRY OUT —- Eight unit loads
BORROW GUT _ ~—— Eight unit loads
Cascade Outputs;
9(1), 5 (M
0(1), 0 Ten unit Joads

Power; +5 volts at 16¢ ma. {max.}

M213 — $86
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-Discrete components for DIGITAL Modules are positioned and
crimped in place at rates up to 2,200 per hour on pantograph con-
trolled inserting machines. Board layouts are placed in rows, mini-
mizing the effort required to follow the template. Several templates
for each module type are generated by numerically controfled mitl-
ing machines,
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DUAL DELAY MULTIVIBRATOR M

M302 SERIES
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The M302 contains two delays (one-shot multivibrators) which are trig-
gered by a level change from high to low or a pulse to low whose duration
is eqgual to or greater than 5G nanoseconds. When the input is triggered, the
output changes from low to high for a predetermined length of time and
then returns to low. The basic DELAY RANGE is determined by an internal
capacitor. 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 he con-
nected for fine delay adjustments within each range or an externzl resist-
ance may be used. If an external resistance is used, the combined re-
sistance of the internal potenticmeter and the external resistance should be
limited of 10,000 ohms.

The fall time of the input trigger should be less than 400 noncseconds.

The delay time is adjustable from 50 nanoseconds to 7.5 milliseconds using
the internal capacitors and can be extended by adding an external capacitor.

Care should be exercised in the selection of external capacitoré to assure
low leakage as leakage will affect the time delay.
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Recovery time is determined by the size of the capacitance used. The mini-
mum recovery time of this module is 30 nanoseconds when not using any
additional capacitance. Recovery time with additional capacitance can be

calculated using the formula:

T.=300C

~ Where T. is in seconds

Cis in farads

Recovery time is defined for this module as follows: Recovery time, T, is the
minimum time interval which must exist before each trigger with all inputs
high and the output low. The figure shown below illustrates these conditions:

INPUT

QUTPUT

Interconnections Required

Delay Range Capacitor Value

Delay 1 Delay 2

50 nsec-— 750 nsec 100 pf (internal) None None
500 nsec — 7.5 usec 1000 pf (internal) Dl —1L12 N1l — 82
5 usec-— 75 usec 0.01 uf (internal) H1 — L2 s8I — 82
50 usec— 750 usec  0.10 uf (internal) J1 — L2 Uyl —s2
500 usec — 7.5 msec 1.0 uf {internal)} El1—1L2 Pl —$2
Above 7.5 msec Add external F1—1L2 R1 — 32

capacitors between
specified pins

Adjustable Delays: connect pins to add in- D2 —E2 V2 —RZ

ternal adjustment potentiometer. Without a
potentiometer, the delay will not recover. An
external potentiometer of less than 10KQ can
be used by connecting it between E2 or R2
and ground pin C2. Use of an external adjust-
ment resistor will cause some increase in
jitter. it is recommended that leads 1o an ex-
ternal potentiometer be twisted pairs and as
short as possible.

inputs: Each input presents 2145 unit loads.

Outputs: Each output is capable of driving 25 unit loads.

Pawer: -+-5 volts, 166 ma. (max.)

73

M302 — $46




INTEGRATING ONE SHOT M
M306 - SERIES

H2 o—r _ f————o T2
J2 o——— % O—o 52
‘%EE %DZ %LZ %ME :

EXT TIMING EXT TIMING
RESISTOR CARACITOR
POWER
— sz +5v
+—C2 GND
— K2 UNUSEL INFUTS

The M306 contains cne integrating monostable multivibrator mounted on a
single fiip-chip ™ module.

TIMING CAPACITORS

Course adjustment of the integration period is accomplished 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
M2, Two split lugs are also 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 accomplished by a multiturn
potentiomater 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 electrica! noise into the
module. The maximum resistance of the timing resistance, 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.

TIMING PERICD
The operation of the M306 is illustrated in the timing diagram shown below:
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Input applied 41 5v /) +1.5V
to pin HZ

1
b | {
or JA i | |
| {Tppy |
—1I — }
| | | :
. b | ¥
! Vasy | N+1.5v
Qutput at | |
pin T2 : |

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~ B7{(R+700M(CH+ 175x 10" F)
where R is in chms and C is in farads. The width of the input pulse is inde-
pendent of the integration time, An input pulse of 30NS will trigger the M306.

STABILITY
The inherent temperature stability of the M306 is normally —.06% °C,
exclusive of the temperature coefficient of the timing. capacitor.

Inputs: Each Input represents 1.25 unit loads
Qutputs: Pin S2 will supply 12,5 unit loads. Pin T2 will supply 11 unit loads.

Pin K2 is a source of Logic 1" used to return unused inputs. It will supply
10 unit loads. The minimum pulse width is 225NS and maximum pulse width
is limited only by capacitor leakage {40sec is a typical maximum)

TPD1 — 40NS Max.
POWER: |5 volts at 120 ma. {max.)

M306 ~— $27
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DELAY LINE ' M
M310 SERIES

J2OKZ L2 M2 N2

HZ Ve

P2 Rz 52 Tz U2

POWER
82— +5
+—C2, TI—GRD

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.

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

The pulse amplifiers are intended to be used to standardize the outputs of
the delay line. The output of the pulse amplifier is a positive pulse whose
duration is typically 50 to 200G nancoseconds. These amplifiers are not in-
tended to be driven by TTL IC logic.

inputs: Pin H2 represents 2.5 TTL unit load.
Qutputs: Pin F1 and J1 outputs can drive 3C unit loads. -
Power: 45 volts at 89 ma. {max.)

M310 —$58
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VARIABLE DELAY M
M360 SERIES

wARIABLE OFy &Y — W3E0
+5

RFOWER

e 1

L1
o 07— GRO-

The M360 contains an adjustable delay line with a standardizing amplifier.
The delay is adjustable between the limits of 50 nanoseconds to 300 nano-
seconds by means of a slotted screw which is accessible from the handle end
of the module. The resolution of the delay adjustment is approximately 1
nanosecond. The output consists of a positive pulse whoese width is nominally
100 nanocseconds and the leading (positive going voltage) edge of which, is
delayed with respect to the leading (positive going voltage) edge of the input
by a length of time as determined by the setting of the delay line adjustment.

Inputs: Pins P and R represent one TTL unit foad. Pin U represents two TTL
unit loads.

Outputs: Pin 5 can drive 27 TTL unit loads. Pins T and V are outputs con-
sisting of open collector NPN transistors and can sink 30 milliamperes to
ground. Voltage applied to Pins T and V must not exceed 420 volts,

Power: 4-5 volts, 50 ma. {max.)

M360 — $68
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VARIABLE CLOCK ' M
M401 SERIES

K2 E2
Ma0 O—
ENABLING TRUT
INPUTS Y 2 INT. pz (* QUTRUTS
cap CAP,
COMM, i,

I J

le 1

R2
M2z N2 s2 P2
POWER:
-——— A2 +5v
-— (2, TI~———GRO

M401 VARIABLE CLOCK

The M401 variable Clock is a stable RC-coupled mﬁltivibrator which pro-
duces standard timing puises at adjustable repetition rates.

The module is intended for use as the primary source of timing signals in
a digital systern, 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 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 nsec is
required to enable the clock.

Enabling inputs to output E2 is 50 nanoseconds.

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 pfd) N2 — 82
1.75 KHz to 17.5 KHz (0.1 pfd) N2 —T2
175 Hz to 1.75 KHz (1.0 pfd) N2 — P2

Fine Frequency Adjustment:

Controlled by an internal External capacitor may be
potentiometer. No provision addeda by connection be-
is made for any external tween pin N2 and ground.

connections.
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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
hoard revision “E” or later. The voltage applied to Pin M should be limited
to the range of 0 volts to +10.0 volts. This voltage swing will allow the fre-
quency 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 ufd, If the voltage
applied to Pin M is D.C. or low freguency (below 1 KHz), Fin M will appear
approximately as a +1.0 volt source with a Thevenin resistance of 800 chms.
Modulating the M401 with a 10V P-P signal about a center frequency, as de-
rived by the application of a mean voltage of 45 volts to Pin M, will yield a
typical frequency excursion in excess of 159, about the center frequency.
Typical frequency excursions which may be obtained are shown below:

Voltage CAPACITOR
applied to
Pin M 1.0 ufd. 0.1 ufd. 0.01 ufd. 001 ufd.
0 1.000 10.00 100.0 1000
+1 1.054 10.49 104.6 1036
42 1.1 10.94 109.2 1071
+3 1.147 11.39 1136 1108
+4 1.193 11.83 118.0 1142
+5 1.238 12.26 122.2 1181
46 1,282 12.69 - 1264 1271
47 1.325 13.1¢ 1304 1295
-+8 1.268 13.50 134.2 1312
-+9 1.408 13.87 137.7 1322
-+10 1.443 14.20 140.9 1323
Qutput frequency
in KHz

Inputs: Each enabte input represents 1 unit load. Fin M, refer to text above.

Outputs: The output pulse width is 50 nsec. The positive output can drive 10
unit Ioads: the negative output, @ unit loads.

Power: +5 volts, 80 ma. {max.) using printed circuit board revision HE"
or later.

M401 — %55
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CRYSTAL CLOCK M
. M405 SERIES

M40%5
CLOCK

‘_K_Q_l |-- JHZ
c

POWER
A2 +5
+— (2 ——GRD

The M405.clock employs a.series resonant crystal oscillator to obtain a
frequency stability of .01 9% of specified value between 0°C and +55°C. The
clock frequency may be specified anywhere in the range of 5§ KHz to 10
MHz by the customer.

Qutputs: Qutputs at pins D2 and E2 are respectively positive and negative
going 0-+3 voit 50 nsec pulses. Pin D2 can drive 10 unit loads while E2
can drive only 9 unit loads. Pulses at pins D2 and E2 are time shifted by
one- gate delay with negative pulse at pin E2 leading the positive pulse at
D2 by a maximum of 20 nsec. The output pulse width can be modified by
the addition of an external capacitor between pins K2 and H2. This capacitor
will increase the output pulse width by approximately 1 nsec per 2.5 mmfd
of additional capacitance,

Power: 45 volts, 50 ma. (maximum)

Drderlng Information: When ordering the M405 always spemfy frequency.
Allow six weeks for delivery.

Standard Stock Freguencies: 1.333 MHz, 2.000 MHz, 5.000 MHz.

M405 — $100
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DEC's PDP-14 is designed to be more reliable, more flexible and, in
most cases, less expensive than any other electrical system now
available for control of machines and systems utilizing two state
devices such as limit switches, pushbuttons, motor contactars and

solenoids.
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'REED CLOCK M
M410 SERIES

Je
fo Hz
Ke o hz
)

CLOCK

L2 M2 N2

POWER
- 42 —— +5V
-— (2 —— GND

The M410 is a free-running contactless-resonant-reed-tuned clack which pro-
vides stable timing signals for a system using the M706 and M707 teletype
converter modules. Overall frequency stability of the outputs is better than
.19 in the temperature range 0°C-70°C. Available clock frequencies are
listed below. A pulse amplifier is provided for the generation of nominal
150 nsec pulses.

Available Frequencies: (fo in HZ) = 400 (50 baud), 550, 600 (75 baud), 750,
880 (110 baud), 1200 (150 baud), 1800, 2000, 2200, 2400 (300 baud).
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Inputs: The puise amplifier input presents one umt load.

Qutputs: Pin J2 drives 30 unit loads at fo. Pins N2 and M2 drive 9 wnit loads
at fo/2. Pin L2 drives 9 unit loads at fo/4. Pin K2 drives 30 unit loads at
fo/4. Pin R2 drives 10 unit loads with a norminal 150 nsec positive output
pulse. Under normal operating conditions, pins L2, M2, N2, are used as
test points.

Power: +5 volts at_ 85 ma. (max.)

M410 — $70
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VARIABLE CLOCK M
M52 SERIES

'—'—| >O—J2 880 HZ

CLOCK
~——«[:>053220Hz
L2 M2 N2
P2 Fa> R2
-
POWER
- ME—— Y —
< c2 GRD

The M452 is a free running clock which generates the necessary timing sig-
nals for the PDP 8/| teletype control. Frequency adjustment of this module
is fimited to less than 59 and the overall clock stability with respect to
supply voltage and temperature variations is about 1%,. The available cut-
put frequencies are 88QHz, and 220Hz. A puise amplifier is provided for the
generation of neminal 150 nsec pulses. .

Inputs: The pulse amplifier input presents cne unit load.

"Qutputs: Pin J2 drives 30 unit loads at 880Hz. Pins N2 and M2 drive 9 unit
lpads at 330Hz. Pin L2 drives 9 unit loads at 220Hz. Pin K2 drives 30
unit loads at 220Hz. Pin R2 drives 10 unit loads with a nominal 150 nsec
positive output pulse. Under norma! operating conditions, pins L2, M2,
N2, are used as test points.

Power: 45 volts, 77 ma, (max.}

M452 — $40




NEGATIVE INPUT POSITIVE M

OUTPUT RECEIVER
M50 SERIES
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-—p2
,—CZ

+5V
=15V
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The M500 module is used to convert negative input signals to positive output

signals. Each card contains 8 converters and is pin compatible with the M510
positive receiver card,

A ground input at D2 will yiekl a 43 at D1 and ground at C1. The propagation
delay is 40 nsec. Do not conrect to pin £2 (used for manuf. test only).

Inputs: 1 ma. at ground; 0 ma. at —3 voits

Input switching level is normally —1.5 volts. The maximum input voltage is
~—3 volts. '

Output: Each oufput is capable of driving 10 unit loads.

Power: 45 volts at 160 ma. (max.}; —15 volts at 64 ma. (max.)

M500 — $55




- SCHMITT TRIGGER M

M501 SERIES
+5v
b4 .
F2
: D-—
SWITCH INPUT AND - <
TIME CONSTANTS EXPAND P2 3 SCHMITT
INPUT * TRIGGER OUTPUT
52 ™ Bl E?
-
uz N2
3.5 M3 Ic on o Rz 3
680 | 120 | 230
. EXPAND ) \
= L2 M2
POWER 1
—A2—— +5Y +5v
+—C(Z—GRD UPPER LOWER

THRESHOLD %

Basically a Schmitt Trigger with variable thresholds, the M501 is used as a.
Switch Fiiter, Pulse Shaper and Threshold Detector. Complementary posi-
tive logic levels are provided as cutputs.

The INPUT on PIN R2 is compared with the thresholds set on PINS L2 and
M2, Upper and Lower respectively. AND and CR EXPANSION may be per-
formed on PINS P2 and N2. Module RO0O1 and ROOZ provide the diodes re-
quited, 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 52 result in a
7 m sec TIME CONSTANT, to PIN U2, 3.5 m sec.

The Upper and Lower threshold are preset at 1.7 volts and 1.1 volts., They may
be modified by the addition of resistor combination in parallel with the
internal network. However, the upper threshold must not exceed 2.0 volts or
the lower threshold fall below 0.8 v,

Rx PARALLEL R2 — THRESHOLD CLOSER
R PARALLEL RI — UPPER RISES
Rx PARALLEL R3 — LOWER FALLS
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F2
R2 N2 &
MEQ1 E2
P2
+5v
2.7K

Connecting a resistor from QUTPUT PIN F TO INPUT PIN R with PIN T tied
to PIN R forms an oscillator.

+5v

3000
MAX x R2 P2 2

T

F2

M501

Inputs; Input signal swing on PIN R2 is limited to =20 volts.
Input Pin R2: 2.7 K@ 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 msec

Pin U2—RC SWITCH INPUT Filter 3.5 msec

Pin L2, M2—Available for threshold modification.

Qutputs: PIN F2 goes to GROUND when the input on PIN R2 rises above
the UPPER threshold, having been below the lower threshold.

PIN F2 rises to 43 volts when the input on PIN R2 falls beiow the LOWER
threshold, having been above the upper threshold.

PIN E2 is the complement of the PIN F2.

PIN E2 can drive ten unit loads.,

PIN F2 can drive eight unit loads.

Power: +5 volts at 31 ma. {max.)

M501 — $25
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NEGATIVE INPUT CONVERTER M

M502 SERIES -
100 E2 100 P2
[—Mw— (NOTE 1) . |—«M¥
Hz |0 +3| bz rz |0 +3| uz
INPUT M502 ouTPUT M502
POWER: NOTE
—az +5v 1. CONNECT TO OUTPUT WHEN
B2 Ry NOT DRIVING 92chm COAX.
“~— (2, M2—GRD
Flad
A

e \

— |+— 20nsec TYPICAL BETWEEN THRESHOLDS
Fd

—a tr =Bnsec NOMINAL

M502 NEGATIVE INPUT CONVERTER

INPUT OUTPUT
Ov +3v
—3v Ov

The M502 contains two non-inverting high-speed signal converters which
interface standard negative {(—3v and ground) DIGITAL logic levels or pulses
with M and K Series positive logic mocules. These converters provide suf-
ficient current drive at a low output impedance for system interconnections
by means of terminated 92-ohm c¢oaxial cable. The converters operate at
frequencies up to 10 MHz, with typical output rise and fall times of 8 nsec.
Propagation times for output rise and fall are typically 20 nsec.

Inputs: Input loading is equivalent to a 3 ma. clamped load.

Outputs: Each output can drive terminated 92-ohm coaxial cable, and sup-
ply an additional 30 ma. at +3 volts or sink an additional 30 ma. at ground.
Cutput 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.

Power: +5 volts, 49 ma. (max.); —15 volts, 92 ma. (max.}. Add 44 ma. for
each 100 ohm resistor connected to cutputs,

M502 — $26
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"NEGATIVE INPUT CONVERTER M

M506 SERIES
A1 p= K2
M2
D! El Nz P2
+5Y +5v
= B1 = 1e
D2 M1
F
i 2 . 51
+5v +
= E2 =Y N1 3V
Fi R2
) L b2 vz
+5v
L o I - +5v
FOWER
“—— A2 —— 5V
«— B2 —— —15V
«— C2,T1—GRD
~3in=>Q OUT
Qin=>+3 0UT

The MS506 contains six non-inverting signal converters which can be used
to interface the negative logic ievels or pulses of duration greater than 100
nsec to M and K Series positive logic leveis of +3 volts and ground. These
converters operate at frequencies up to 2 MHz with typical rise and fall
propagation time of respectively 70 nsec and 40 nsec.

In addition, to the negative level inputs, each converter circuit has three
additional NOR inputs for positive logic levels of 43 volts and ground. Cne
of these inputs is tied to 43 volts sc that unused inputs can be tied to a
source of logic 1.

Inputs: All negative level inputs (Al, B2, . . . R2) present a 10 ma. at

ground load.

Inputs B1, E2, . . . S2 present five TTL unit loads and can drive seven TTL
unit loads at logic 1 if not used as an input.
Alt other inputs present 1 unit load.

Outputs: Each output can drive 10 TTL unit loads.

Power: +5 v at 81 ma. {max.}; —15v at 115 ma. {max.).

M506 — $52
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BUS CONVERTER

M507 SERIES
o] 2]
INPUT & ﬂ QUTPUT
-3 +3
Hz {© ol r2
-3 +3
K2 0 0 J2
-3 +3
M2 0 ¢ L2
-3 +3
P2 0 0 N2
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g2 0 © R2
-3 +3
POWER
< B2 — 4 5V
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=~ L2 —— GRD
INPUT : OUTPUT
GRD GRD
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The M507 contains six inverting level shifters which will accept —3 volis
and GRD as inputs. The input to each level shifter consists of a 10 ma.
clamped lcad and is diode protected against positive voltage excursions.

The output consists of an open collectar NPN transistor. The output of
each level shifter will sink 100 ma. to GRD. The maximum voltage which may
be applied to the output is 420 vaolts. The output transistor is protected
against negative voltage excursions by a diode connected between the col-
lector and GRD. The cutput rise is delayed by 100 nsec, for pulse spreading.

The principle use of this module is to convert negative voltage logic levels
or pulses of duration greater than 100 nsec.

Inputs: Input loading is equivalent to a 3 ma. clamped load.

Qutputs: Each output can sink 100 ma. to GRD. Maximum voltage applied to
any output is +20 volts.

Power: 45 voits, 42 ma. {max.}; —15 volts, 115 ma. (max.).

M507 - $45
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{/0 BUS RECEIVER

M510 SERIES
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- A2 +5v

~— (2 ,F2,J2— GND
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The MB510 is a positive input/output receiver card for use with the PDP15.
It contains 8 high input impedance circuits of at least 27 K2 and input switch-
ing thresholds of about +-1.5 volts. Each receiver has two outputs, one of the
same polarity as the input, the other, the inverse of the input. The receiver
card can be used anywhere on the /0 Bus, but power (B+) must be applied
at all times, since the input impedance drops to 1 K2 when power is off. Do
not connect to pin EZ2 (used for manuf. test only). :
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Inputs: The input impedance is 27 { (min.). Each input load current is B0 ma.
{max.} and the threshold switching level is 1.4 to 1.6 volts.

- Qutputs: Output 1 fan out = 9 unit loads., Output #2 fan out = 10 unit
loads, Gutput #2 delay = 50 nsee (from input)

Power: +5 volts at 170 ma.-{max.)

M510 — $51
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PULSE AMPLIFIER M

ME02 SERIES
PA 1
H2 i
TRIGGER J2 Fe
INPUTS @ ME02 [O—— outPuT
€2 ‘ o2
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OaRD PULSE WIDTH 15 530 NSEC
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The M&0Z contains two pulse amplifiers which provide power amplification,
standardize pulses in amplitude and width, and transform level changes into
a standard pulse. A negative pulse output is produced when the input is
triggered by a fransition from high to low. Propagation time between input
and output thresholds is 30 nsec maximum. An internal capacitor is brought
out to pin connections to permit the standard 50 nsec output pulse to he
increased to 110 nsec (nominal), Recovery time is equal to that of the cutput
- pulse width, The input must have a fall time (109 to 909 points) of less
than 400 nsec and must remain below 0.8 volts for at least 30 nanaseconds.
Maximum PRF is 10 MHz.

Inputs: Each input presents 214 unit loads.
Outputs: Each output is capable of driving 30 unit Joads.

Power: +5_ volts, 213 ma. (max.}

Me02 — $28
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DEC's Module Assembly inserts rivets and eyelets into printed cir-
cuit boards before heginning component insertion production.
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PULSE GENERATOR M
M606 - SERIES
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The M60C6 contains six pulse generators. Each circuit will produce a pulse to
ground upon the application of a jevel shift from high to low to the input.
The time duration of the output pulse will be at least 30 nsec. but no longer
than 100 nsec. Each circuit contains an inhibit input. The output will be
inhibited when the inhibit input is grounded. If this input is not used, it should
be tied to a logic 1 level.
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The M&06 may be used for setting or clearing of flip-flops by apptying the
cutput of the M606 to the direct clear or set inputs of up to 14 flip-flops.

Inputs: Pins D1, F1, J1, N1, and R1 represent two unit loads. Pins E2, H2,
K2, M2, P2, and 52 represent one unit load.

Qutputs: All outputs may drive 28 unit loads and consists of a ground lavel
with a time duration of af least 30 nsec. but not greater than 100 nsec, Pin
VY1 is a source of logic 1 and may supply ten unit loads.

Power: 4-5 volts at 188 ma. {max.)

MG606 — $43
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FOUR-INPUT

POWER NAND GATE

M617 - SERIES
a1 Al D2
cy B— Ed F2 (- S— Jz
<) He ]
t Fi K2
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py Mt T $1 - S— v2
RI ————— Yz ———
POWER
—— AP — + 5y
+— C2,T1 — GRD
+3 VOLTS —— U1,v1 —= UNUSED INPUTS

M617 POWER NAND GATE

Each input presents 1 unit load.

+5 volts, 97 ma. {(max.).

Qutputs: Each output is capable of driving 30 unit loads.

98

The M617 contains & four-input NAND gates each capable of driving up to
30 unit loads. Typical gate propagation delay is 15 nsec. Physical configura-
tion and logical aperation are identical to the M117.

M617 —— $26




DEC thoroughly tests all finished modules, performing 100 ac and
dc tests in less than 5 seconds. Most testing is done automatically
on one of three computer-operated test stations like this one,
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The M622 contains eight 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 680 to 5.0 volts (supplied on M910) must be tied to
the output a2nd the last device should terminate all lines to ground with a
680 resistor (supplied on M909).

Inputs: Each input presents 1.25 TTL unit loads,

Outputs: The maximum voltage applied to the output transistor must not
exceed 420 volts and the collector current must not exceed 100 ma. The
propagation time is 25 nsec,

Power: +5 volts, 210 ma, {max.) excluding output current.

M622 — $45
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BUS DRIVER M

M623 SERIES.
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The M623 contains twelve two input AND gate bus drivers for convenient
driving of the positive input bus of either the PDP-8/| or PDP-B/L. Each
driver can sink 100 ma. at ground and allows a maximum output voltage of
~-20 volts. The output consists of an open collector NFN transistor.

. 102



Inputs: Input levels are standard TTL levels of O volts and 2.4 volts. Data
inputs Al, B1, F1, H1, M1, NI, D2, E2, K2, L2, R2, and S2 each present one
TTL unit load. All other inputs present two unit loads.

Outputs: A driver output will be at ground when both inputs are at ground.
Output rise and fall {TTT) are typicatly 30 nsec when a 100 ma. resistive load
is connected to a driver output. Cutput voltage must not exceed |20 voits.

Power: |5 volts, 71 ma. {max.) plus external load.

M&23 — $40
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BUS DRIVER M
M624 SERIES
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The M624 contains fifteen bus drivers intended for convenient driving of the
positive input bus of either the PDP-8i or PDP-8L. Twelve of the drivers have
a common gate line and would be used for DATA. There are three additional
drivers, two of which share a common gate line and the third without a gate
line. These three additional drivers were intended to accommodate the func-
tions of “‘Program Interrupt'”, 10 Skip” and ‘'Clear AC".
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Inputs:

Outputs:

Power:

Pin C1 presents 12 TTL unit loads.
Pin D2 and U2 present two unit loads.
All other input pins present one unit load.

All outputs can sink 100 ma. tc ground. Voltage applied to the
output should be equal to or less than 420 volts. The output con-
sists of an open collector NPN transistor. Qutput rise and fall TTT
are typically 30 nanoseconds when a 100 ma. resistive load to
+5.0 volts is connected to a driver output.

-+5 voits, 89 ma. (max.). (Driver outputs not connected).

M624 — $45

1056



NAND POWER AMPLIFIER 1 M
M627 SERIES
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M627 NAND POWER AMPLIFIER

The M&627 combines power amplification with high-speed gating, specifically
for high fan-out of clock or shift pulses to expanded counters and shift
registers. Propagation time between input and output transitions is typically
6 nsec, To utilize the timing accuracy of this module, wire runs of minimum
length are recommended.

The module may also be used as a four-input NAND gate. In the pulse
amplifier application, unused inputs should be connected to the +3 volt
pins provided,

Inputs: Each input presents 214 unit loads.
Outputs: Each output is capable of driving 40 unit loads.
Power: +5 volts, 136 ma. {max.)

M627 — $29
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Digital’'s expansion of manufacturing is well underway with plants
under construction in Westfield and Westminster and production

already in progress at the new pifot plant in Leominster., Shown
above is the module production area at the Leominster plant.
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The M632 contains eight, two input AND gate bus drivers for convenient
driving of the negative bus.
Inputs: Each input presents 1.25 TTL unit loads,

Outputs: The output is internally clamped to keep it between —3 volis and
ground. The output current must not exceed 100 ma.

. The propagaticn delay is 50 nsec. (Max.}

Power: +5 volts, 175 ma, {max.); —15 volts, 40 ma. {max.), excluding aut-
put current

M632 — $55
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NEGATIVE BUS DRIVER
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The M633 contains twelve 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 transistar. It is pin compatible with the M623 positive voltage bus driver.

Inputs: Input levels are standard TTL tevels. Data inputs Al, B, F1, H1, M1,
NI, D2, E2, K2, L2, R2 and S2. Each present one TTL unit load. All other
inputs represent two unit foads.
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Outputs: Open collector PNP transistor capable of supplying 20 ma. from
ground. Voltage applied to the output should not exceed —6 volts.

Conversion: Logic Diagram: An active voltage is a True State, i.e., —3 v, or 3’
v. = "1.", A ground is a True State. Grounded inputs will yield grounded
outputs.

Fropagation Delay: 40 nsec, iyp.

Power: -5 volts at 100 ma. {max.}; —15 volis at 40 ma, (max.)

M633 — $50
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The M&50 contains three non-inverting signal converters which can be used
to interface the positive logic levels or pulses {of duraticn greater than 100
nsec) 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 he driven with a minimum of ringing
and reflections.

The converters coperate. at frequencies up to 2 Mc with maximum rise and
fall total transition of respectively 75 nsec and 115 nsec. 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
frequencies up to 500 KHz with typical rise and fall total transition times of
500 nsec.

A positive AND condition at the input gate produces a ground output, lf any
input is at ground the converter gutput is at —3 volts.

Inputs: Each input presents 1 unit load.

Outputs: Each output is capable of driving 20 ma. at ground and at —3 volts.
- Power: +5 volts, 37 ma. {max.}; —15 volts, 29 ma. {max.)

M650 — $25
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NEGATIVE OUTPUT CONVERTER M
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The Me52 contains two non-inverting 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 wolts and ground. These
converters provide current drive at a tow output impedance so that system
intercennections can be made using terminated 92-ohm coaxial cabie. The
conerters operate at frequencies up to 10 MHz with typical output rise and
fall times of 8 nsec. Propagation times for cutput rise and fall are typically
20 nsec. 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 valts {(nominal). Input loading is
2 unit loads. Input signals mare positive than -}-6 volts witl 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, Qutput rise and fall times are dependent on the length of
coaxial cable driven. When coaxia! cable is not driven, switching
speeds will be increased by connecting the 10C-0hm resistor to the
output.

Power: +5 volts, 122 ma. (max.); —15 voits, 202 ma. {max.)
M652 — $26
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- POSITIVE LEVEL DRIVER M
M660 SERIES
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The M&60 Cable Driver consists of three circuits each of which will drive 100
ohm terminated cable with M Series levels or pulses whose duration is greater
than 100 nsec.

Inputs:  Each input represents 1 unit load.
OQutputs: M Series logic levels with 50 ma. drive current at Jogic “'1" or “0™.

Power: +5v, 71 ma. {max.}

ME60 — $25

114



POSITIVE LEVEL DRIVER M
M661 SERIES
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The MEE61 contains three circuits which may be used to drive low impedance
unterminated cable with M Series logic levels or pulses whose duration is
100 nsec or greater.

Inputs: Each input represents 1 unit load.

Outputs: M Series logic 1" af 5 ma.
M Series logic "0 at 20 ma.

Pawer: +5v, 111 ma. {max.)

M661 — 315
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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 alt 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 maodule.
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 hits. 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 I 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-half unit long,
and half-duplex system operation in conjunction with the M707. Device
selector gating is alse provided so that this module can be used on the
positive 1/O bus of either the PDP8/I or the PDP8/L. To obtain additional
applicaticns information on the M706, write for Applications Note AP-M-013.

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

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

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

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 controi functions—Flag Strobe,
Read Buffer, and Clear Flag 1. Frequently these inputs might be used to
multiplex receiver modules when a signal like Read Buffer is common ‘to
many modules. The inputs can also be used for device Selector inputs when
the M706 is used on the positive I/ O bus of the PDP3/1 or FDP8{L. The code
select inputs must be present at feast 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, independert of the
state of the code select inputs, will clear the Flag. All other characteristics
are identical to those of Clear Fiag 1.

Flag Strobe: If the Flag is set, and the code select inputs are all high, a
positive putse at this input will generate a negative going pulse at the Strobed
Flag output. Propagation delay from the strobe to output is a2 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 Filag output goes to ground. Output data will be available a maximum
of 100 nsec after the rising edge of this input. See the timing diagram of
Figure 1 for additional information.

Reader On: A low level or ground at this input will turn the internal reader
flip-flop on. This elernent is turned off at the beginning of a received character
start bit. This input can also be pulsed by tying it to ane of the signals derived
at output pins AE2 or BE2. A low output will exist at pin BEZ 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
Ctear Flag 2 (pin BD1} is high.

Serial Input: Serial data received on this input is expected to have a logicai
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 dicde protected
from voltage overshoot above +5.9 volts and undershoot below —0.9 volts.
input loading is four unit loads.

Qutputs: Afl 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. ¥ 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 cutput 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 §-hit 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. Qutput drive is eight unit loads.

Flag: This output falls from 43 volts to ground when the serial character
data has been fully converted to parallel form. Relative to serial bit positions,
this time occurs during the center of either bit 8 or bit 5 depending respec-
tively on the character length. If the M706 is receiving at a maximum char-
acter rate, i.e, one character immediately follows another; the parallel output
data is available for transfer from the time the Flag output falls to ground
until the beginning of a new start bit. This is Stop bit time plus cne-haii 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 4-3 volts. K 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 Ilcad can be returned to any
negative voitage not exceeding —20 volts.

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

fin BE2: This output is brought from 43 volis 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.

4-3 Volts: Pin AD1 can drive ten unit loads at 2 +3 volt level.

Power: +5 vaits at 400 ma. (max.).

M706 — $150
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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 anly an
external ¢lock) necessary tot ransfer information in an asynchronous manner
between a parallel binary devicé and a serial data line or teletype device.
Either a 5-bit or an B-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 compieted
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 paralle! 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 compieted. See the timing diagram of Figure 1 for
- additional information.

In addition to the above listed features, the M707 includes the necessary
pating 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. To obtain additional appli-
cations information on the M707 write for Applications Note AP-M-013.

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 twicé the serial cutput 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 hits
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 Mi6l
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 +3 volts.

Code Select Inputs: When a positive AND condition occurs at these inputs
the following signals can assume their normal control functions—Flag Strobe,
Load Buffer, and Clear Flag 1. Frequently these inputs might be used to
* multiplex transmitter modules when signals like Load Buffer are common
to many modules. These inputs can also be used for device selector inputs
when the M707 is used on the positive bus of the PDP8{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 epable. If it is desired to by-pass the code select inputs,
they can be left open and the Enable DS line tied to ground.

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

Clear Flag 2: A low level or negative pulse at this input will clear the Flag.
When not used this input should be tied to 43 voits, The Flag will remain
cteared if this input is grounded. Propagation from input fall to Flag output
rise is a maximum of 80 nsec. If it is desired to clear the flag on a load
buffer pulse, Clear Flag 2 can be tied to pin AR1 of the module.

Flag Strobe: If the Flag is set, and the code seléct 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. .

11O 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 he
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 periad 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 Qutput: This open collector PNP transistor cutput can drive 20 ma-into
any load returned to a voltage between +4 volts and —15 volts. A jogical
output or mark is 45 volts and a logical O or space is an open circuit. If
inductive lgads are driven by this output, diode protection must be provided
by connecting the cathode of a high speed silicon diode to the output and.
the diode anode to the coil supply voltage.

Line: This output can drive ten TTL unit loads and presents the serial output
signal with a logical 1 as 43 voits and logical O as ground.

Active: During the time period from the occurrence of the sertal start bit and .
the beginning of the stop bits, this cutput is high. This signal is often used
in half duplex systems to obiain special control signals. Output drive is eight
TTL unit loads.
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Flag: This output falls from 43 volts to ground at the beginning of the stop
bits driving a character transmission. The M707 can now be refoaded and

the Flag cleared {set to +3 volts). This output can drive ten TTL unit loads.

Strobed Flag: This cutput is the NAND realization of the inverted Flag output
and Flag Strobe. Output drive is ten TTL unit [oads.
+3 volts: Pin BJ1 can drive ten TTL unit loads at a 43 volt level.

Power: -5 volts at 375 ma. (max.)

M707 — $150
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BUS INTERFACE | M

TYPES M730 & M731 SERIES
N
CONTRED ]
IGNA
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INTERFaCE /| FONVERTERS CONTROL ! 10 compuTER
DEVICE L
TIMING | TIMING

GENERATOR | SIGNALS
{INCLUDING { TQ
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12-BIT T2 DATA LEVELS
|
ShaLS STORAGE CDNLVEJRE'I!_ERS TO INTERFAGE
REGISTER DEVICE

COMPUTER

LTI

The M730 and M731 interface modules provide extremely flexible interface
control Jogic to connect devices, systems, and instruments to the output half
of the programmed |f Q. transfer bus of either a PDP8{I or a PDP&/L paositive
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.
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Figure 1
BUS INTERFACE — M730 (POSITIVE OUTPUT)
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BUS INTERFACE — M731 (NEGATIVE QUTPUT)
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Functionally, these modules contain five distinct sections which are as follows:

1.

Device Selector-—This logic network converts the buffered memory buffer
(BMB) signals and IOP timing puises from the computer into internal
module control pulses.

Timing Generator—Through the use of device selector signals, control
signals from the interfaced device, and module jumpers, this unit can
supply variable width pulses or synchronous control levels at amplitudes
specified in section 5 below.

Storage Register—This 12-bit flip-flop bufier register provides cutput data
storage for information to be transmitted to the interfaced device.

Flag Control—Pravisions for generation of |/ G Skip and Program Interrupt
signals for the computer are made in this area.

Leve] Converters—All ievel converters from the storage register or timing
generator are open—coilector transistor types which can drive 30 ma
at ground. The M730 has npn drivers and can interface loads returned
to a maximum positive supply of 4-20 volts and the M731 has pnp
drivers which can inierface loads returned to a maximum negative supply
of —20 volts. Level converters which input control signals to the Flag
control can receive signals of the same polarity and magnitude as the
output drivers can sustain.

Threshoids on the input converters are +1.5 volts and —1.5 volts for the
M730 and M731 respectively, All positive voltage levels are compatible with
K and M series and all negative voltage signals are compatible with R, B and
W Series. )

For additional information, technical specifications and applications assist-
ance, a Digital module specialist can be contacted at any Digital Sales office.
Appiication Note AP-M-017 contains useful information concerning the use
of the M730 and M731.

M730 — $160
M731 — $160
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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/I or
PDF8/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; hawever, part of the controlling functions such as counting,
etc., must be performed by computer software.
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BUS INTERFACE -— M732 (POSITIVE INPUT)
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Functionally, these modules contain five distinct sections which are as
follows:

1.

Device Selector—This logic network converis the buffered memeory buffer
{BMB) signals and IOP timing pulses from the computer into internal
maodule control pulses.

Timing Generator—Through the use of device selector signals, control
signals from the interfaced device, and module jumpers, this unit can
supply variable width pulses or synchronous control levels at amplitudes
specified in section 5 below.

Storage Register-—This 12-bit flig-flop buffer register provides input data
storage of information received from the interfaced device. Information
is loaded into this register by a control line from the peripheral.

Flag Control—Provisions for generation of 1/O Skip and Program [nter-
rupt signals for the computer are made in this area.

Levei Converters—All level converters from the timing generator are open
collector transistor types which can drive 30 ma at ground. The M732 has
npn drivers and can interface loads returned to a maximum pasitive sup-
ply of 420 volts and the M733 has pnp drivers which can interface to a
maximum negative supply of —20 volts. Level converters which input
control and data signais to these modules can receive signals of the same
polarity and magnitude as the output drivers can sustain. Thresholds on
the input converters are +1.5 volts and —1.5 volts for the M732 and
M733 respectively. ’

All positive voltage levels are compatible with K and M Series and all
voltage signals are compatible with R, B, and W Series.

For additional information, technical specifications and applications assist-
ance, a Digital module specialist can be contacted at any Digital Sales Office.
Application Note AP-M-018 contains useful information concerning the use of
the M732 and M733.

M732 — $160
M733 — $165
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The M734 is a double height, single width module and is a three word mudti-
plexer used for strobing twelve-bit words on the positive voltage input bus;
usually the input of the PDP8/! or the PDP3/L, Device selector gating is pro-
vided. The data outputs of the M734 Multiplexer consist of open collecior
npn transistors which allow these cutputs to be directly connected to the bus.
All inputs present one TTL unit load and function as follows:

Code select Inputs: When a positive AND condition occurs at these inputs,
the pulse inputs IOF1, IOP2, and |0P4 are enabled for use in strobing input
data. The code select inputs must be present at least 50 nsec prior to any of
the three signals that they enable, If all select inputs are not required, unused
inputs must be tied to a source of 43 volts {Pin AL2). These inputs are all
clamped so that ro input can go more negative than —0.9 volts.
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IOP1, 2, 4: These three 50 nsec or longer positive puise inputs strobe re-
spectively 12-bit words A, B, and £ into the bus driver. All three lines are
clamped so that no input can go more negative than —0.9 volts,

Data inputs: Bit 0-11 on words A, B, and C are strobed in 12-bit words as
above. Bus driver output lines correspand numerically (0-11} to the selected
word input lines {0-11). A high data input will force a bus driver output to
ground during a data strobe. Inputs must he present at least 30 nsec prior
to isseance of IOP 1, 2, or 4.

Bus driver: These open collector npn transistor bus driver outputs can sink
100 ma at ground. The maximum output voltage must not exceed 20 volts.
Each driver ocutput is protected from negative undershoot by a diode clamp.
When this module is used with the PDP8/1 or PDP8/L, these outputs would
be connected to the accurmulator input lines of the 1/0 bus. Typical rise and
fall TTT at these outputs with a 100 ma resistive load are 100 nsec,

Data Strébes:- Pins AAl, ABI, and ACLl can each drive 18 TTL unit loads.
These cutputs appear coincident with I0P1, I0P2, and [OP4 respectively only
. if the code select inputs are all high.

" +3¥ — Pin AL2 can drive 19 inputs at a high logic level.

Power: =5 volts at 325 ma. (max.)

M734 — $105
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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 [/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.
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Inputs:
All inputs present one TTL unit load with few exceptions a5 noted in the
fanctional descriptions below:

Code Select Inputs: When a positive AND condition occurs at these inputs,
the pulse input gates for IOP1, LOP2, and 10P4 are enabled for use as de-
tailed below. The code select inputs must be present at least 50 nsec prior
to any of the three signals that they enable, if all select inputs are not re-
quired, unused inputs must be tied to a source of +3 volts. These inputs are
all clamped so that no input can go more negative than —0.9 volts. When this
module is used with the PDP8/1 or PDP&/L these inputs would be connected
to BMB outputs 3-8 to generate a device code, Where required in discussions
below, this &-bit device code wili be referred to as code XY.

10P1, 2, 4, BMBS(1) and BMB10(1): These three I0P's 50 nsec or longer
positive puise inputs, in conjunction with control level inputs BMB2(1) (Pin
AA) and BMB10O(1} (Pin ABL) provitde all of the necessary signals for opera-
tion of this module, Table 1 below indicates the recommended use of these
pulses and levels, A"1" or “0” in this table indicates the presence or
absence respectively of a pulse (an 10P} or the logic level at pins AAL or ABL.

The M735 module operation as associated with the various mnemonic 10T
codes is quite explicit with the exception of I0TXYS. This code (IOTXYS)
wouid be used to load zeros into the M735 with IOTXY1 and then to load
into the AC the data present at the data inputs of the bus driver when
ICTXY4 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 LOT2.

IOP[10P| IOP|BMB | BMB PDF/8 Module
21 1|91 10{1)} Mnemonic Qperation

ojofl1l1] 0 0] 10TXY1 43V = OV output pulse on pin BR1
used for skip function.

0110 ] 0 1 I0TXY2 4-3¥ — OV ocutput pulse on pin
BS1, bus driver output on BP1
pulsed to ground and is used for the
AC clear function.

oj171)] 0 1 10TXY3 Load cutput register from accumu-
lator outputs on IOP1l execute
10TXY2,
1,00 1 0 10TXY4 Data inpuis strobhed onto accumu-
' lator inputs.
11011 1 0 10TXYS Load output register on 10P1, Exe-
cute 10TXY4,

1(110] 1 1 10TXY6E Execute 10TXY2, and 10TXY4.

11171, 1 1 I0TXY7 Execute 10TXY3, and 10TXY4.
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Although it is not implicit from Table 1, BMB9(1) and BMBI1Q(1) inputs are
gated in a positive OR circuit, so that when the M735 is not used on a
PDP8/1 or PDPS/L IO bus one of these inputs can be grounded and the
other used for contrel. They must appear at least 50 nsec prior to an 10P
pulse, If the M735 is used with one of the above computers, these inputs
must be tied to the corresponding 1/0 bus lines. The input load on I0PT is
two TTL unit loads. All five inputs are clamped so that ne 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 10TXY4. 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 tc these inputs will be the
same as that assumed by the buffer outputs after executing inputs strobes
I0TXY , 5, or 7. Input data must be present at least 50 nsec prior to an 10P.
Each input is protected from negative undershoot by a dicde clamp.

Reset Register Pin AL2: A positive pulse of 50 nsec or longer at this input
sets all buffer outputs to ground. When high, this input overrides any data
loading from the accumulator inputs. The output register will be cleared
within 70 nsec from the rising edge of this input. Diode input clamplng 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 colliector npn transistor bus driver outputs, including
pin BF1, can sink 100 ma. at ground. The maximum output voltage cannot
exceed 120 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
PDPE/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.
Power: -5 volits at 425 ma. (max.)

M735 — $135
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PRIORITY INTERRUPT MODULE M
M736 SERIES .

The M736 is used in conjunction with the PDP8/1l or 8{L to provide the
capability of assigning priorities to various 1/O devices connected to the 1/ 0
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 pricrity system would utilize the same
device code.

THECRY 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 ocutput.

P oW

Five groups of six gates, each of which is capable of being hard wired to
provide address information to locate subroutings to service the various
devices associated with the priority interrupt system, The output of each
of these gates is strobed onto the accumulator input bus on lines AC(®)
thry AC(11).

SEQUENCE OF OPERATION

The external device activates its skip and/or interrept 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 IO
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 ciock
input of the “D" flip-flop to which the activating device flag is connected, as
mentiened in section 1b above, and causes this flip-flop in the M736 {o 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 cutputs of the priority flip-fleps in the M736 are connected to a priority
gate structure which is arranged in such a manner that only one oufput line
will he 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
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sutbroutine associated with that priority request. Each of the six output lines
of the activated address gates is applied to cne input of a two-input gate of
the AC input strobe gate.

The computer now has had time to jump to the priority interrupt service
routine and now issues a device seleciion code corresponding to the hard
wired device selection code assigned to the M736 priority interrupt modules.
This device selectlon code will pre-enable the I0P gates of the M736 of
M736"s.

The computer now issues an JOP-1 pulse to the 10P-1 gate of the M736
module. The output of the I0P-1 gate now produces an 10T-1 pulse which
causes the ““Clear the AC” line of the |/Q bus to be pulled to ground, and
thereby clears the AC.

The computer issues an I0OP-2 pulse to the I0OP-2 gate of the M736 meodule. -
The output of the IOP-2 gate produces an 10T-2 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/ QO 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
[OP-4& which clears the priority flag flip-flops of the M736. The computer now
turns an the priority interrupt system capability whlch 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, BS51, BR1, BP1, BN1 and BS2.

Connect the enable input, BN2, of each M738 to GRD.
Connect the 10OP-1 input, BM2, to the |[OP-1 bus line,
Connect the IOP-2 input, BJ1, to the 10P-2 bus line.
. Connect the 10P-4 input, BL2, to the IOP-2 bus line.
Connect the BTS-3 input, BL1, to the BTS-3 bus line.
Connect the uufputs of the external 1/O device flag flip-flops to the priority

L

MOTE: In normal operation, I0P-4, is not required as the flag flip-flop in the external pri-
arity /0 device is clearad by the subroutine sarvicing that device. When the flag in the
I/O device is cleared, the next BTS03 pulse will load the disabled flag outpu tinto its

frles?IeCtNE priority flag flip-flop in the M/36 effectively clearing the priority flag flip-flop.
ip-flop
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inputs in such a manner as to pull the corresponding priority input line
of the M736 to GRD when the device fiag is activated. These inputs are
as follows:

1st priority BJ2 1st M736 Module
2nd priority BH1 . " ” "
3rd priority BF2 " " "
4th pricrity BK1 " " "
Sth priority BJ2 2nd " "
6th priority BH1 " " "

Carry on for additional priority interrupt devices.

8. Assign starting address to the subroutines which will service each priority
interrupt device attached to the pricrity 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(8) AC(7) AC(B) AC(S) AC(10) AC(i1)

Priority 1 BDi BBI AP1 AR1 AH1 AF2
Priority 2 . AUZ AS1 AN1 AK1 AF1 AAl
Priority 3 AT2 ARZ2 AM2 ALZ AEl ABl
Priority 4 BAl AS2 AL2 AM1 AD1 ACl
NGN-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, AJl and AHZ 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 M7386 contain-
ing the lowest priorities, must be connected to GRD. The NON-Priority
address is hardwired to the NON-Priority address inputs of anly the lowest
priority M736 modute. All un-used priority address inputs must be
grounded. Logic 1 level for address may be obtainred 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
M7356 module as follows:

AC(6) AC(7) AC(8) AC(9) AC(10) AC(1l)
Priority 5 BD1 BB1 AP1 AR1 AH1 AF2
Priority 6 AUZ AHZ2 AKZ2 AD2 A2 AE2

9. Connect the AC input bus gate outputs to the AC bus as follows:

AC(6) AC(7) AG(B) AC(S) AC(I0) AC(1D)
Module Pins AV2 AHZ  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 pricrities, Pin BD2, to the next M736
module (with the next following four lesser priorities) Priority enable in-
put pin BE2.

12, Last, but not least, connect the INITIALIZE input, BL2 to the Initialize line
of the computer |/ O bus.

M736 — $125
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These pantograph-controlled insertion machines position and crimp
pre-tested components onto four module boards at a time. A press
will cut the moduies apart after assembly is compieted, minimizing
handling up to that peint.
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12-BIT BUS RECEIVER INTERFACE

M
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The M737 12-Bit Bus Receiver Interface is completely contained on a double
‘height, singte 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 M738 Counter-Buffer Interface, the
M107 Device Selector, the M108 Flag Module, and the 12-Bit Bus Paneloid
E1Q0. The 12-Bit Bus Receiver interface, M737, consists of three basic sec-
tions: device selector, flag, and buffer register section,

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 (OT 1 which is used internally to test the flag. The cutput 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. 10P 2 is used for two
purposes. It is internally connected in such a manner as to clear the flag and
1o 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-fiop’
may be sei by a level shift from low to high (a positive going voltage) applied
to the set input at pin AS2. The output of the fiag is connected to the P. 1.
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 10P2
applied to pin AN2 gr by initialize pulses applied to Pin AL2.

Buffer Register Section

Data from the bus is applied to the inpuis 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 seciion, 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.

nputs: All inputs which receive positive bus signals are protected against
negative voltage undershoot. AEL, BY1 represent 1.25 TTL unit loads. These
two Inputs need not be tied_ to a logic 1 source when not used.

AMZ, ANZ2 represent 2.5 TTL unit loads.
AS2 represents 2 TTL unit loads.
All other inputs represent 1 TTL unit foad.

Outputs: BS1, BR1 will sink 25 MA to ground. Voltage applied to these outputs
must not be aliowed 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 unif loads.

Power: 45 volts, 300 ma {maximum).

M737 — %120
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COUNTER-BUFFER INTERFACE M
M738 _ SERIES

" CILDCK }
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BHZ —— BA 1
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BE2 — BC 1
L —— ap
B2 BE 1
- S— e

EE— - BH 1
2] R — | BJ T
s ~ BK 4
T2 — —— BL Y
AU ——e. | BM 1
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STROBE DATA IN A5Z
OYERFLOW BEZ

CLEAR CTR/BUFFER BDZ
STAOBE DATA OUT AUZ

_— A2, BAZ +5

AC2, BO
‘_‘{nn L&Tif GHD

The M738 Counter-Buffer Interface is contained on a double height, single
width module. )

The M738 was designed primarily to strobe twelve paraliel bits onto the
positive bus of the PDP-8/F or PDP-8/L. This module consists of three basic
sections: 1) A twelve bit bus driver, 2) A twelve bit Up Counter which is
presetable by jam transfer, and 3) A clock input gate circuit twelve bit bus
driver.

The twelve bit bus driver is used to strobe the contents of the buffer counter
ontc the bus when a logic O {gnd) is applied to the *'Strobe Data Out’’ pin
A2, The ocutput of the bus driver consists of an open collecter NPN tran-
sistor which allows the data outputs of other M738 modules to be parallel
in a collector OR 1o ground fashion,
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These outputs can sink 225 MA to ground and are protected against negative
voltage undershoot in excess of — . 9v.

The input to the "“Strohe Data Out” pin AU2 would neormally be an 10T pulse
derived from a M103 or M107. .

Tweilve bit up counter-buffer: .
The twelve 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 jam transferred into the counter by the application of a logical
zero of time duration equal to or greater than 250 n seceonds to the “Strobe
Data In'" pin AS2. This input could be an 10T pulse from a M102 or M107.

The contents of the counter may be cieared by the application of a logical
zero of time duration equal to or greater than three micro-seconds applied
to the ‘clear counter/buffer” input pin BD2. The requirement of a three
micro-second pulse precludes the direct use of an 10T pulse for clearing the
counter. If it is reguired fo clear the counter by the command of an 10T
pulse, a M302 dual delay multivibrator could be used to stretch the [OT
pulse length. At times, it may be desirable ta. connect fwo or more M738
module counters in tandem. This may be accomplished by connecting the
“gverflow’” output pin BE2 of the first M738 to the “clock” input pin AV2 of
the next M738. The clear pulse time duration should be an additional 3 micro-
seconds for each M738 added in tandem; Le. 24 bits would require a &
micro-second clear pulse.

Clock Input Gate

The clock input gate circuit contains a storage flip-flop which serves to gate
a clock pulse applied to the “Clock’ input, pin AVZ, into the counter buffer.
This flip-flep may be initialized by the application of a logic one pulse {+ volt-
age pufse) to pin ALZ2 or by a logic zero (ground pulse) applied to the "Stop™
input AT2. When the flip-flop is initialized, clock pulses applied to the clock
input, pin AY2, will not be counted. Clock pulses may be counted by setting
the flip-flop with the application of a logic zero pulse to the "“Start Clock”
input AR2. The four inputs, clock, start clock, stop and initialize require a
minimum pulse width of 50 nanoseconds and therefore could use 10T pulses
derived from the device selectors M103 or M107.

Inputs: AS2 3TTL Loads
AUZ 12TTL Loads
All cther inputs 1 TVL Load
(See text for timing considerations)

Outputs: BE2 10TTL Loads

All other outputs consist of open collector NPN transistors
which are capable of sinking 25 MA to ground, Voltage ap-
plied to these outputs must not exceed 20 volis. The
outputs. are diode protected against negative voltage under-
shoot in excess of —.9 volts.

Power; +5v at 250 MA {maximum) — no strobs onto bus,
370 MA (maximum) ~— during bus strobe.

M738 — $105
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LOGIC APPLIQUES

M
SERIES

For convenient drawing of neat block diagrams, to supplement the DEC
drawing template, self sticking matte-surface appliques lift from backing with
a sharp knife.

DIAGRAMS MODULES APPLIQUE TYPE

12 Z.input NOR, M101, M113 DRT-1-47
12  2-input NAND K113, M141
10 Z-input NAND, M112 DRT-1-03
10 Z-input NOR

2 4-input NOR, M117, M&17, DRT-1-35

8 4-input NAND Me27
10  B-input NOR, Ml19 DRT-1-51
10  8-input NAND

9 4-input AND/NOR M121I, M160 DRT-1-25

9  4-input NORfAND

3 Binary to Octal{Decimal Decoder M161 DRT-1-20
24 JK Flip-flops M203, M206, DRT-1-23

M207 :

16 JK Flip-flops with gates M204 DRT-1-22

3 8-bit Buffer/Shift Register M208 DRT-1-41
18 Lleve} Converters M502, Me52 DRT-1-39
10 NOR Level Converters MB06 DRT-1-52
10 NAND Level Converters

7 NOR Pulse Amplifiers M602, M650 DRT-1-34

7 AND Pulse Amplifiers

2 12-input AND/NOR M1&0, M302 DRT-1-21

2 12-input NORfAND M401

2 Timers, 2 clocks
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FLEXPRINT CABLE CONNECTOR M

Ms01 SERIES

- - .
O A O—AAA— O AR
o—————oB1 ' O—AN—GC B2
o————-o0¢CH o——o5(C2
o——oD o—————Qp2
o—OE| o———GE2
O——OF/( o——0oF2
OO H{ o—OH2
o—-a0 N O—2a0J2
FLEXPRINT ) O °Ki FLEXPRINT ) &——°K2
CABLE o——o| 1t CABLE o— o2
oM O————OM2
o———ON{ O0——aN2
o——oPH1 o——0Pp2
o——OR1 o——0R2
o—— 05y o052
o—o0TH o—0T2
O-—wne—0 U1 o—o2
\o—iwv--—-ow Lo—-——ovz
pL-D272

This module allows 36 lines to be used as signals and{or grounds. The 100
ohm resistors connected in series with the modules pins A2, B2, Ul and V1
are provided to afford some measure of protection in the event that these
pins are inadvertently connected to a source of supply voltage.

Input: Recommended current per line is 100 ma. maximum.

MO01 —$15
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FLEXPRINT CONNECTOR M

M303 SERIES
At —— ) AZ
NOT USED

Bt ————— B2
1 ——— cz ——— )
M D2 —J—————

— —
E{ 54— E2 —4—
Fl ———— Fp ——
Hl ——— H2 —pm—

lP—
J| —_— L FLEXPRINT J2 —— LFLEXP‘RINT
K| —t CABLE K2 —| CABLE
L —— L2 — 99—

-—
M My ——
Nl ——— NEg ————
Pl —— P2 ———
Rl ——— Ry ———
Y 44— 5§28 —f—

l'_
TI——1D———~J T2 ———
ut Uz ——
NOT USED

W1 V2 ————

The M303 connector is a single sized, double sided board.

This connector provides high density cable connections using two single flex-
print cables. Eighteen signal leads and grounds are used as listed below.

Signal: B1, DI, E1, H1, J1, L1, M1, P1, 51
D2, E2, H2, K2, M2, P2, 52, T2, V2

Common Ground: Al,Cl1l,F1, K1, N1, R]1I, T1
C2, F2, )2, L2, N2, R2, U2

M903 — %12
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COAXIAL CABLE CONNECTOR M

M904 : SERIES
Al ——— ) : a2
NOT USED

Bf ——— B2
o —— cz—4—— ™
Dy 4— D2 —4——

— j}—
El —/——— E2 —1—
i —1»— F2 —p——
Hl ——— H2 —4—o

— _J
1 ———— L coaxiaL J2 ———— | COAXIAL
Ki —4 CABLE Kz —| CABLE
L = L2 ————

»—
M — M2 —/———
N{ ———— N2 ———
P ——— P2 —|——
Rl ————- R ——
8 —1T 5§72 ——

—
T —— T2 4—
Ut ' g ——
NOT USED

Vi V2 ———

The M904 connector is a single sized, double sided board.

This connector provides high density cable connections using coaxial cable.
Provisions are made for connection of two nine-conductor coaxial cables to
this connector. Eighteen signal leads and grounds are used.

Signal:  B1, D1, E1, H1, J1, L1, M1, P1, S1
D2, E2, H2, K2, M2, P2, 52, T2, V2

Common {groung): Al,C1,Fl, KI, N1, R1, Tl
C2,F2,J2, 12, N2, R2, U2

M904 — $14
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CABLE TERMINATOR M

INE R S B S B
wd a3 e wed wd wd
U S SO O S B

The M906 cable terminator module contains 18 load resistors which are
clamped to prevent excursions beyond 43V and ground. It may be used in
coenjunction with M623 to provide cable driving ability similar to M661 using
fewer module slots.

The M206 may be used to terminate inputs. In this configuration, M906 and
M111 are a good combination.

Inputs:

This module is normally used standard M-Series levels of 0 and 4-3V to par-
tially terminate 100 ohm cable. It presents a load of 22.5 ma or 14 TTL unit
loads at ground, and therefore, must he driven from at least an ME17 type
circuit, or preferably a cable driver.

The following pins MUST be grounded: A1, Cl1, F1, K1, N1, R, T1
C2, F2, )2, L2, N2, R2, U2

Power: -5V @ 440 ma. {max.) {all lines grounded).

MS06 — 320
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DIODE CLAMP CONNECTOR M
M207 { SERIES

Al Bt C1 D1 E1 F1 HY J1 K1 LT MY N1 Pt RI 5! TI

EIETACENETA RN

+3 +3

Ul vt
Cz D2 E2 F2 HZ2 J2 KZ L2 M2 N2 P2 R2 S2 T2 U2 va2

The MS07 is used to provide proper undershoot ground clamps for PDP8/I1
positive bus signals not using M103 or M101 inputs. -

The M207 also provides -3V for clamping 25 unused inputs. Diode clamps
appear on signal leads used in double-sided alternate ground /0O cables.

Diode clamp: BIl, D1, E1, H1, J1, L1, M1, P1, S1,
D2, E2, H2, K2, M2, P2, 82, T2, V2

Ground: Al, C1, F1, X1, N1, R1, T1, .
C2, F2, J2, L2, N2, R2, U2

Power; +5v at 10.2 ma. {max.}

Ma07 — %16
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RIBBON CONNECTOR

M08 SERIE
-

e—o0 Al O—rar—@ A2
&——O0BI1 O—vA—BB2
&——0C! OB (2
&———0D} o——oD2
&—OE1 o— ——®E2

- @———0OF| O——8F2
e——OHY O———#H2

G—0 O———aJ2

. RIBBON e——CKi1 RIBBON o—ak2
CONNECTOR | g — o4 CONNECTOR | o @1 2
—OMI oO———aMm2

e—O N1 O———&N2

e———O P O——®P2
e——OR1 O———BR2
——051 o—— 52

@——0 T o——®T2

B—A—0 U1 o——=au2

G—rA—O V1 o——&v?2

N -7
SPLIT PINS

The M908 cable connector consists of a single sized, double sided board
which contains thirty-six split pins which allows the connection of thirty-six
separate wires. All connections are made on the c¢omponent side of the
maodule. The 10 ohm, 14 watt resistors connected in series with module pins
A2, B2, Ul and V1 are provided to afford some measure of protection in the
event that these pins are inadvertently connected to a source of supply
voltage.

The M908 is primarily intended for use with ribbon cable and is normally
supplied with a ribbon cable clamp unless otherwise specified.

M908 — 518
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TERMINATION CARD M

M909 'SERIES
6801
B1 O AA——
o2 O AAte
D1 O
£2 O
El O
H2 O AN——
H1 O
N A
K2 O ANA
L1 O | A
M2 O AN
M O AA—
F2 O
P O AN
52 O
O Ay
T2
vz O

= GROUND
AL, C1,C2,F1,F2, 02, K1
L2 ,N1,N2,R1,R2, T1,U2

The M909 module contains 18 680 resistors. All 18 resistors are tied to
ground through a common bus.

This module is used in conjunction with the M910 to form 14 of the biasing
circuitry used in the driving network of the M622.

MoGS — $14
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PULL UP RESISTOR M

M910 SERIES

680

AP Fo¥:1
A Qo2
A oD
A OE2
QE!
A —OH2

—w OHi
e oK2
Q1
oMz
" _out
A OM1
Or2

—A OFi
AN osz
oS
otz
AN ov2

+5v GROUND PINS!
A2 A1, €1, C2,F1,F2,J2 K9

L2,81 ,N2,RI,R2, T1, U2

The M910 module containg 18-68% resistors. All resistors are ted to a.
common -5 voits bus.

This module is used in conjunction with the M309 to form 14 of the biasing
circuitry used in the driving network of the M622.

M910 — $14
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POSITIVE LEVEL CONVERTER W

ws12 -SERIES
2ma 2mg
H F K Jd M L
P N 3 R U T
+0 By
l POWER:
- A—— +10V
v
“+— B —— — {5V
-— C—— GRD
INPUT QUTPUT
+ —3v
GRD GRD

W512 POSITIVE LEVEL CONVERTER

Positive logic systems, such as those using monolithic integrated circuits, can
‘use the W512 to make available standard DEC levels of —3V and greund to
accessory modules in the W and A series.

Input threshold voltage to each converter is normally 1.6 volts for compati-
bility with DTL and TTL levels. This threshold can be set at 0.8 volts by
grounding pin V for RTL level conversion.

Inputs: Input current 1 ma or less for input veltages between 0.3 volts and
the threshold. 100 pa for inputs above the threshold. Input voltages must
not exceed 6.0 volts with pin V open, or 5.3 volts with pin V grounded. Inputs
must exceed nominal thresholds by at least 0.4 volts for fuli switching with
minimum noise rejection.

OQutputs: Each cutput can supply up to 8 ma at ground. Grounded inputs pro-
vide grounded outputs and positive inputs provide negative outputs. Output
rise and fall TTT are tess than respectively 70 and 200 nsec.

Power: 10v (A)/104 ma: 15 v (B)/30 ma.

 W512 — $25
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POSITIVE LEVEL AMPLIFIER - W
w603 SERIES

+10V +10v +10W

2.2KN 22k g22Kn

f

E o H ko—H—{ _F—ou
+lov +iOV +10V
2.2K0 2.2K0 T2zn
v ¥ L0 v
M L P N so— }—or
+lov
2.2K0 POWER '
y -— A—— +10V
U T +— B -—— -—-15Y¥
-+ C — GRO
INPUT OUTPUT
_3 +
GRD GRD

W603 POSITIVE LEVEL AMPLIFIER

Positive logic systems such as those using RTL, DTL, or TTL monolithic inte-
grated 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. This clamp voltage is common
to all seven converters on the modute.

Inhuts: 1 ma at ground.

Outputs: Each output can supply up‘to 5 ma at ground. Drive capability at
the positive output voltage is provided by internal 2200-ohm resistors re-
turned to 410 volts. The upper positive level will be no more than 0.8 volts
above the clamp voltage.

Grounded inputs provide grounded outputs; negative inputs produce positive
outputs. Cutput rise and fall TET are less than respectively 100 and 150 nsec.

Power: +10(A)/35 ma. — 15(B){7 ma.

When the W603 is used to dri\fe M or K series modules, the module pins V
and A may be tied to the 15 volt logic power supply. The following drive
capability will result:

Each output will supply one M series unit load, or two K series unit loads.

WE03 — $23
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This subassembly process depicts the scldering of bussing‘ strips.
A high current passes through the bus strip.to evenly distribute all
solder,
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K SERIES
INTRODUCTION

K Series modules were designed to be used in control applications. Their
unique characteristics of slow speed (100 KHz maximum) and high noise
immunity make them ideal for many industrial applications. Some K Series
modules are compatible with the M Series line previcusly described. In the
following pages a brief summary will be made of each K Series module. More
elaborate descriptions will be made of those modules which are M Series -
compatible or which are new to the K Series module line.

Further information on all K Series modules may be obtained by filling out a

form provided at the rear of this book; ask for a free copy of Digital's
*Control Handbook™,
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COMBINING K WITH M-SERIES MODULES

There are several types of applications in which a combination of M and K
Series modules is better than either one alone, such as interfacing a K Series
system to a computer or interfacing an M Series systern to electro-mechanical
devices. Here are-the things to consider and recommended designs for hoth
pulses and leveis in each direction.

TIMING

Timing considerations are important, but unfortunately are not reducible to
simple rules; as in any other logic design task, interfacing K with M Series
modules requires adherence to all timing constraints of the output device, ~
the input device, and the logic loops (if any) as a whole, As a minimum,
M Series signal driving K Series circuits must last long enough (at least 4
microseconds even if no propagation within the K Series is required) so that
the K Series will not reject it as if it were noise; and as a minimum, K Series
signals driving M Series circuits must be received by M Series inputs that will
not be confused by ultra-slow risetimes.

K TO M SERIES LEVELS

K SERIES " d . To any u

SIGNAL UNSLOWED - ) - ' GATE e et

(NO PIN B 5LOWDOWN] SERIES INPUY
s

=

MINIMUM OF 2 GaTES

K TO M-SERIES LEVEL CONVERTER
Note: Total lead length connected to input of first M Series gate should
be less than 6 inches, to minimize any tendency toward oscillation
while active region is being traversed, Do not use slowed K Series
levels. If noise still gets through, a .001 capacitor from M Series input
pin to ground can be added.

M TO K SERIES LEVELS

1. Diode gate inputs (K113, K123, etc.) and drivers with flexprint
cabtes {KB04, K644, K671} may be paralleled freely with M Series
inputs.

2. M Series outputs should not be paralleled (wired AND) with K Series
outputs.

3. K303 inputs, K220, K230 readin gate inputs, and K135 and K161
inhibit inputs require the full 5 volt K Series swing, and normally
should not be paralleled with M Series inputs. Also in this category
are clear inputs to K202, K210, K220, and K230. M Series gate out-
puts will rise all the way to -5V if no M Series inputs are paralleled
with these points, except the K1&1 inhibit input.

4. Other K Series inputs generally may be driven directly, but in some
cases heavy capacitive loading will slow the transitions.
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K TO M SERIES PULSES

200 ns
NORMAL 150%
{100 KHz)
K SERIES RISE
{2ma LOAD

Mote: Same input restrictions as K to M Series level converter. M113
may be replaced by M602 circuit if desired.

M TO K SERIES PULSES

Use a type M302 delay multivibrator set for at least 5 usec (capacitor
pins H1-L2 or §1-52), Observe same restrictions on K Series inputs to
be driven as listed above under "M to K Series levels.”

Loading ) )

Driving M from K Series modules, each risetime-insensitive input
should be regarded as a 2ma K Series load, and K Series inputs may
be freely mixed with M Series inputs up to the total K Series fanout
of 15 milliamperes. M Series inputs could be regarded as 1.6 ma each
if more complicated rules and gualifications concerning use with K303
timers and reduction in low-output noise rejection were established,
but the 2 ma equivalence is simpler and safer.

Driving K from M Series, each milliampere of K Series load should be
regarded as one M Series unit ioad.

For computer interfacing and other M-Series applications where K Series is
used as a buffer to keep noise in the external environment fram reaching
high-speed logic, beware of long wires between the M and K Series porifons.
For full noise protection, all signal leads penetrating the noisy environment
normally must have K-series modules at hoth ends. EIA converters. (K596,
K696) or lamp drivers may offer a helpful increase in signat amplitude or de-
crease in allowable line impedance for long data links, In any case, use all the
slowdown connecticns or slant capacitors that the required data rates permit.
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MODULE SUMMARY

GATE EXPANDERS K
K003, K012, K026, K028 SERIES

K003 — AND Expander: three triple input expanders which may be connected
. to the AND expansion node of any K Series module.

AND/CR Expander’'s: three dual input AND gates whlch may be connected
to the OR expansion node of any K Series module,

K012 — OR Expander: three four input OR expanders which may be connected
to the OR expansicn node of any K Series module,

K026 -— AND/OR Expander: three sets of dual input AND gates which are
OR'ed into an OR expander gate. The resulting OR’ed output may then be
connected to the OR expansion node of any K Series module,

K028 — AND/OR Expander: eight dual input AND gates which are OR'ed into
an OR expander gate, The resulting OR'ed output may then be connected to
the OR expansion node of any K Series module,

K003 — $5
K012 — %8
K026 — $8
K028 — $8
LOGIC GATES K
K113, K123, K124 SERIES

K113 — Inverting Gate: three dual input gates which perform the NAND func-
tion. Both AND and OR expansion connections are available,

K123 — Noninverting Gate: three dual input gates which perform the AND
function. AND and OR expansion ncdes are provided.

K124 — AND/OR Gate: two circuits where two dual input AND gates are
OR'ed together, This module provides a convenient method of implementing
exclusive OR's, control flip-flops, and two term boolean "OR' equations. It
is not expandable,

K113 —$11

Ki23 —§12
K124 —$14
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INVERTERS ' K
K134, K135 SERIES

K134 — Inverting Gate: four inverting gates with a common enable input.
These gates may anly be AND expanded.

K135 — Inverting Gate: four inverting gates with a common enable input.
These gates may only be OR expanded,
K134 -—$13
K135 — §13

K161 — Binary to Qctal Decoder: Takes a three bit binary number and pro-
duces one out of eight lines high.

K161 —§25

K174 — Digital Comparator: This module makes a numerical comparisen
between two binary numbers and tells which of the two quantities is larger.

K174 — $24

K184 — Rate Muitiplier: Module emits a pulse train at an average rate equal
to the product of counter and binary fraction inputs.

K184 — $25
FLIP-FLOPS K
K201, K202, K206 SERIES

K201 — Flip-Flop: dual set-reset flip-flops for low speed (1 KHz maximum}
operation in highly noisy surroundings.

K202 — Flip-Flap: two D type flip-flops whose outputs go to the state of
their data inputs when their clock inputs fall from high to low,

K206 — Flip-Flop Register: four set-reset flip-flops with a commeon read-in
enhable and direct clear input.

K201 — $39
K202 — $27
K206 — $20
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COUNTERS : K
K210, K211, K220, K230, K271, K273, K281 SERIES

K210 — Counter: a four bit binary or BCD up counter. With expansion gates,
it can be connected to count anywhere from 2 to 16.

K211 — Programable Divider: a binary counter which can be wired to produce
a high to low output transition after any number of input cycles from 2 to 16.

K220 — UP/DOWN Counter: a binary or BCD UP/DOWN Counter which can
be parallel loaded.

K230 -— Shift Register: a four bit shift register which can be parallel loaded.

K271 — Set-Reset Retentive Memory: a magnetically fatched mercury wetted
contact relay flip-flop which can follow important data in a2 system and retain
that data should a power failure occur.

K273 — Retentive Memory: three magnetically latched mercury wetted con-
tact relays which can follow 3 bits of information, and retain that data should
a power failure occur. :

K281 — Fixed Merﬁory: diode matrix which can code eight four-bit words,

K210 — %27
K211 — %20
K220 — $55
K230 — $40
K271 — 340
K273 — §B5
| K281 — $10
TIMERS K
K301, K303, K323, K333, K371,
K373, K374, K375, K376, K378 SERIES

K301 — Basic Timer: timer circuit which can provide delays ranging from 10
microseconds to 30 seconds. It may be used as an OFF delay, or ONE shot.

K303 — Timer: three delay circuits which provide delayé from 10 micro-
seconds to 30 seconds. Delay circuits may be connected to form clocks, with
frequency ranges hetween 2Hz and 6KHz.

K323 — One Shot: three one shot circuits which convert an input transition
(high to low) to an output pulse from 10 microseconds to 30 seconds,
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K333 — Pulsers: three pulse circuits which produce pulse widths above 10D
microseconds. Pulse widths can be varied by adding capacitance {o connec-

tions provided.

K371 -— Timer Controls: Full complement of timing component
K373 boards which bolt directly on timing
K374 modules. These timing component boards
K375 contain calibrated controls for setting
K376 the time required.
K378
K301 — %15
K303 — %27
K323 — $35
K333 — $23
K371 — §11
K373 — %11
K374 — $15
K375 — %11
- K376 — %15
K378 — 15
MANUAL CONTROLS K
K410, K420, K422, K424, K432 SERIES
K410 — Indicator Lights: five indicator lights which can be used to monitor

logic level outputs.

K420 — Switches: three manual switches with built in switch filters.

K422 — Thumbwhee! Encoders; dual 10 position thumbwheels with circuitry

to produce BCD outputs.

K424 — Thumbwheel Decoders: dual 10 position thumbwheels with circuitry

to detect any BCD digit.

K432 —- Timer Contrels: various timing components to be used with K3XX

Series modules.
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K420 — $33
K422 — $27
K424 — $27

K432 — $33



INPUT CONVERTERS K
K501, K508, K522, K524, K531,
K578, K580, K581, K596 SERIES

K501 — Schmitt Triggers: four circuits which may be connected to naisy
signal sources to prevent false triggering. Built in hysteresis and slowed out-
puts insure reliable operation.

K508 — AC Input Converter: operating through a K716 interface block, this
maodule converts 120 VAC input voltages to logic levels.

K522 — Sensor Converters: two comparator circuits which convert resistance
changes and small voltage variations to logic levels.

K524 — Sensor Converters: four comparator circuits which convert resistance
changes and small voltage variations to logic levels.

K531 — Quadrature Deacoder: quadrature decoder that provides the proper
direction and count controls for a K220 UP/DOWN counter register.

KB78 — 120 VAC Input Converter: eight circuits which convert 120 VAC
inputs to logic levels. The inputs to the converter are through transformers
which provide sufficient reactive load to keep contacts clean.

K580, K581 — Dry Contact Filters: these filters are used with wiping type
switches and provide a voltage divider to convert high DC voltages to logic
{evels.

K596 — EIlA Input Converter: transforms any bipolar input signal with ampli-
tudes between £3 volts and =25 volis into standard K Series or M Series
logic signals.

K501 — $25
K508 — $44
K522 — $25
K524 — 398
K531 — %70
K578 — $80
K580 -— $28
K581 — $20
K596 — $20
OUTPUT CONVERTERS K
Ke04, K614, K615, K644, K656,
K658, K671, K681, K683, K696 SERIES
K604 — Isolated AC Switch: four switching circuits, which allow fogic levels

to control AC devices, such as, sclencids, AC valves, small motors, and motor
starters. Each switch can handle 250 volt amperes.

‘K614 — lsolated AC Switch: four switching circuits which allow logic levels
to control AC devices, such as, solenoids; AC valves, small motors, and motor
starters. Each switch can handle 500 volt amperes.
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‘K615 — Isolated AC Switch: four switching circuits which allow logic levels
to contro! AC devices, such as, solenoids, AC valves, small motors, and motor
starters. Each switch is rated at 500 VA and provides a fail-safe against acci-
dental removal of modules or cut wires that connect directly to the AC
switch input.

K644 — DC Driver: four switching circuits used to switch stepping motors,
DC solenoids and similar devices rated up to 2.5 amperes at 48 volts,

K&56 — DC Driver: four switching circuits used to. switch stepping motors,
DC solenoids and similar devices rated up to 1 ampere at 250 volts,

K&58 — DC Driver: four switching circuits used to switch stepping motors,
DC solencids, and simitar devices rated up to 4 amperes at 125 volts.

K&71 — Decimai Decoder and NIXI Display: contains a side viewing Burroughs
type nixi glow tube, and a~decimal decoder. One K771 power supply is needed
for each 6 nixi displays.

K681 and K683 — Lamp Drivers: eight circuit modules which can drive
external resisiive and inductive loads. They are used primarily to drive incan-
descent lamps. .

Ke96 — EMA Output Converter: six hipolar non-inverting driver circuits which
convert standard logic levels to either American EIA or European CCITT signals
for data transmissicn.

K604 — $110
K614 — % 88
K615 — % 92
K44 — % 66
K&56 — % 8O
K658 — $128
K671 — % 55
K681 — % 15
K683 — % 30
Ke96 — 3 44
INTERFACE HARDWARE K
K716, K724 SERIES
K716 — Interface Biock: 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 gauge.

K724 — Interface Shell: shell which provides the connectors and mechanical
support for self-contained interface modules, K578, K604, K614, K615, K656
and K658.

K716 — $75
K724 -—— $55
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POWER K
K730, K731, K732, K741, K743 SERIES

K730 — General Purpose Module: the K730 can be used with any 45 VDC
power supply tc generate the turn on and power OK 5|gnals It also rectifies
12.6 VDC to approximately 16 VDC and 10 VDC.

K731 — Source Module: supplies +5 VDC power to pin A of ail K Series
modules and provides several specialized once-per-system control functions,

K732 — Slave Regulator: this moduie is normally tied to pins of a K731
source. For each unit of current emitted by the K731 the K732 emits two. Up
to three K732 slaves can be controlled by a single K731 for a total system .
current of 7 amperes.

K741 and K743 — Power Transformers: these hash-filtered, 50/60 Hz trans-
formers supply K731 source and K732 Slave Regulator modules. The K743
also provides an auxiliary 12 VAC winding for use with K902, K508, K&81,
K683 and K730 modules,

K730 — §19
K731 — $30
K732 — $27
K741 — $30
K743 -— %45

K771 — Display Supply: the K771 suppiies power and a convenient two screw
mounting for up to six K671 dis_play tubes,

K771 — $35

K782 and K784 — Ternminais: these modules offer an alternative to the K716

. for obtaining field wiring connections in K Series systems. The K782 has
straight-through connections for use with K508, K524, or K644 moduies. The
K784 includes 60 v clamp diodes for protection of K681 or K683 modules
driving inductive loads.

K782 — %12
K784 — $17

K791 — Test Probe: pocket test probe contains two pulse-stretching lamp
drivers far visual indication of both transient and steady-state conditions.

K791 — $40
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K940 and K341 — Mounting Hardware: K940 is a mounting support that
attaches to the enclosure. K941 is a removable bracket that mounts up to
four H8Q0 connector blocks.

K940 — 34
K941 — §6

K943-R- and K943-5-19” Mounting Panel: these 19" panels have sixty-four
18 pin connector sochkets with either wire-wrap (R) or sclder fork (S) con-
tact pins.

K943-R- — %96
K243-5- — $96
K950 — Modular Panel Hardware: the K950 provides a convenient way to

build control panels containing lights, toggle and push button switches, timer
controls and thumbwheel switches, The lower connector balf of the controi
modules, K410, K420, K422, and K432 are plugged into the upper connectors
across a K943 mounting pane! and the manual controls protrude through
the K950 panel frame. .

K950 — $39

K980 — End Piates: pair of plates for supporting 1907 cover to hold modules
in K943 panel under shock and vibration. '

K980 — $6

K982 — Mounting Panel: the K982 is a predrilled 19" mounting panel on
which can be mounted up to three separate power transformers (K741
or K743).

K982 — §10-

K990 — Timer Compenent Board: the K990 is a predrilled etched module for
mounting up to six RC networks for K301, K303 or K323 timer controls.

K990 — $4
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NEW K SERIES PRODUCTS

CABLE CONNECTOR K
K080 SERIES

FLEXPRINT | o———0 K
CABLE < ’
CONNECTION | &———@ L

The KOBO cable connector consists of a single height, single thickness board
on which can be mounted a 19 conductor flexprint cable. Each module comes
with a cable clamp for customer convenience.

K080 — %3

176




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 surrcundings 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
pulsed at the same time, The input minimum noise rejecting time thresholds
are 100 gs. Successive input transitions must not be closer than 400 gs.

Grounding pin J causes pins T and V to go high and pins S and U to go low,
regardless of the state of any other input pins.

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

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

K201 — $39
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PULSERS K
K333 SERIES

SPUT LUGS

J U

0 U O

04

58 3% 99

The K333 Pulser circuits are designed to produce pulses from low to high
level transitions. The length of a pulse is determined by the capacitance
connected to split lugs conveniently mounted on the module.

Without a capacitor connected to the split lugs, the K333 Pulser circuits give
a 10 to 15 microsecond pulse. For each .001 pf capacitor connected to the
split lugs, the pulse width increases by approximately 10 microseconds. A
minimum recovery time (T} of 2000C seconds, where C is the value of the
capacitance used, should be allowed to ensure 959%, repeat accuracy in the
output pulse width. All inputs to these circuits must be longer in duration
than the output pulse widths desired. Complimenting outputs are also pro-
vided on each circuit.
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Typical outputs for a given input are shown below:

o £ L [ | i
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PiN E

Tp = PULSE WIDTH
Th = 2000 C

PIN D _l_ I_

Hysteresis at the inputs makes it possible to use the outputs of the K578,
K580 and K581 medules as inputs. The AND expansion node may be used
with a K003 to generate pulses from a counter. Even though each pulser
may have a different timing capacitor, it is recommended that all circuits be
given the same width on all modules so that modules may be interchanged
without creating logic timing problems.

K333 — $23
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ISOLATED AC SWITCH K
K615 SERIES

E’j‘_
El AF e - .® 1 SUPPLY
. [ @ z LoAD
! AN _"“_O_I
E AM e ] ) 3 surPLY
e \ » —F) 4 LOAD
o]
E AU pr——,
m {:;] {68 A , —@ 5 suPPLY
I + {2 & LOAD
[ BH ’—W‘—QJ
II' aF e ] D 7 suepLY
" 1 + —{@ 8 LoAD
NOTES L_“‘_Oj
(25eav) @ ° 35
REVERSED M SOCKET : TRPLE THIGKNESS

K615 AC SWITCH

The K615 uses the same switching circuits as the K614, The difference
between the K614 and K615 is in the input circuits. One input on each circuit
of the K615 (AF, AM, AT, and BF) normally assumes the logic ''0" level when
it is open circuited. This is contradictory to all other K Series inputs which
normally assume a high level when ne input is connected.

Because the switch turns on when both inputs are high, this feature provides
an additicnal fail-safe against the accidental removal of modules or cut wires
that connect directly to the AC switch input. If the protected input is unused,
it must be wired to pin A.

The KE€15 has built-in clamp-type terminals for wires to size 14, interchange-
able indicators, and fused outputs rated at 500 VA per circuit. Fuses are 5
AMP Littlefuse type 275005.
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: TERMINAL
LOGIC 144 ) AC FUSE

GIGNAL KE15 WITCH
SUPPLY
TERMINAL LOAD
AC
LINE
&
SUPPLY
RETURN
K615 CIRCUIT IN USE
K615 — $92
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GENERAL PURPOSE MODULE K

K730 SERIES
12.6Y APPROX.
TRQNSFORM‘R 16 vDC FAST-ON TABS
SOLDER LUGS
FasT: DN 10 vhe |
TABS RECTIFIER
AND .
SENSING ———— LINE SYNC
CIRCUITS
K730 E ok Level
-t TURN ON

The K730 is a general purpose module that can be used with any +5 volt
power supply to generate the turn on and power OK signals that are normally
provided by the K731.

If an external 12.6 volt transformer is connécted to the fast-on tabs at the
handle end of the module, a 2 amp diode bridge power supply and a line
sync will also be available.

The line sync cutput on pin F allows a K113 or K123 gate to switch in
synchronism with ac supply zero-crossings. This permits the line frequency
to drive a realtime clock, or serve as the standard in a phase-locked loop with
K303 timers, where higher frequencies must be synchronized with the line,
Line sync fanout is limited to 1 ma (for high fanout, use K113 or K123
for distribution),

The bridge power supply has two separate fused outputs, The direct output
is fused for 2 amps and the diode string output is fused for 34 amps. The
dicde string output may be used with the K580 switch filter as a source of
-+10 volts for contact sensing. Space is provided on the board for an electro-
lytic capacitor to be added if a filtered supply is desired. All supply outputs are
brought out through fast-on tabs at the handie end of the module. The
auxiliary winding on the K743 transformer may be used, however, any 12.6
VAC transformer may be used as fong as it does not have a grounded
center tap. '

The turn-on output on pin D goes to ground during the power-up transient
and remains at ground until a2t least & ms after the supply voltage has
reached its quiescent value. [t may be used to initialize flip-flops o a
. known wvoltage,

The OX level output (pin E) goes to ground when the -5 ¥DC supply voltage
at pin A reaches 4.5 volts, and returns positive when jess than 4.5 volts is
available. It is normally used as an enabling input to the K273 Retentive
Memory module,
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12.6 VAC
FAST-ON TAB
CONNECTIONS

EIGHT
SILICON
DIODES
2 AMP IN4OOI ETC 2/4 AMP
1voc
APPROX
16 VDL
GETTING APPROXIMATELY +16 VDC AND +-10 vDC
FROM K730
K730 — %19
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MOUNTING PANEL K
Kogz - SERIES

The K282 is a predrilled 19" mounting panel on which can be mounted up
to three separate power transformers (K741 or K743).

Transformers can be mounted using either the K980 end brackets for exposed
transformer connections or HOO2 setback brackets for unexposed trans-
former connectlons

K82 — $10



M SERIES
COMPATIBLE MODULES

INDICATOR LIGHTS K
K410 .| SERIES

NE)EEDEE)E-nIDAC)
NIPEC)EaIDNC)

The K410 indicatar lamp module provides a convenient way to build binary,
decimal, octal, or bi-quinary displays. Lamps and lamp drivers receive their
supply voltage through fast-on tab connectors. Any 12.6 V c. t. transformer
may be used as a voltage supply provided the center tap is grounded.

x

-

B i

N &

The K410 may be used in a K343 mounting panel with or without the K950
panel hardware, Inputs are located on the B connector half of the module. Two
modules plugged side by side on 14 inch centers provide 10 lamps for decimal,
octal, or bi-quinary displays. More modules may be plugged in to provide five
horizontal binary registers, Lamps turn on when both inputs are high or left
unconnected.

K410 — %18
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SWITCHES K
K420 SERIES

I
T Tpme

The K420 uses three 3-position Toggle switches, Only when the Toggle is in
the center position will pins B, K, and R be high, The switch acts like a SP5T
Toggle in one direction and a spring returned push button in the other direc-
tion. Built in switch filters and Schmitt Triggers remove all switch contact
bounce. Both inverted and uninverted outputs for each switch can drive 15
unit loads, Qutputs are unslowed and may be used to drive M Series inputs
directly.

The K420 may be used in a K943 mounting panel with or without the K950
modular panel hardware. All connections are made on the B connector half
of the module.

M—_

B

—_

K420 —$33
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TIMER CONTROL K
K432 SERIES
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The K432 Timer Control module used with a K301, K303, or K323 allows timer
delays to be adjusted from a front panel by rotating a knob-pot. Timing ranges
are selected by connecting the desired capacitor as shown in the table below
either with wire wrap or 913 grip clip patch cords.

The board is predrilled and etched to provide space for a screw driver adjust-
able trimpot and capacitor to be mounted to obtain a third timer control. Each
capacitor on the board may only be connected to one RC timer circuit at a
time, however, any capacitor or resistor may be connected to form an RC.

The capacitor on pin |. may be used with either the upper or lower knob-pot to
obtain a range of 1 to 30 seconds.

Pins J, P, or V are connected to the RC time pins on the timer modules.

Connect to RC Time Range
PinJorV¥ Min, Max,
None 10 ps 300 gs
DorR 100 ps 3ms
Eor$S 1ms 30 ms
ForT 10 ms 300 ms
Horu 100 ms 3 sec
L 1 sec 30 sec

Pin connections for selecting time ranges.

The K432 is designed to be used with or without the K950 modular hardware
panel. All connections are on the B connector half of the module.

K432 — $33
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SCHMITT TRIGGERS : K

K501 SERIES
'IL@ IJ_@
B ey
o3 o3
1BE 15
- G-
O}l@ QL@

The K501 can be used with the K580, K581, or K578 to provide simultaneous .
true and complement signals with full K series drive, Built in hysteresis and
stowed outputs insure reliable cperation 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 K801 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. Minimurn hysteresis between
upper and lawer Thresholds is ¥ volt. -

A logic "' level at pins E, K, P and U forces pins DB, 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.

K501 — $25
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This subassembly process shows the placing of components and
iumpers on a specially prepared terminal strip.
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AC INPUT CONVERTER

TYPE K508 SERIES
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The K508 AC input converter, operating through the K716 interface block, is
designed for use with ordinary silver contacts in limit switches, pressure
switches, pushbuttons and the like. Each input terminal presents a reactive
load of 1 volt-ampere, which together with an external 120 volt AC pilot cir-
cuit voltage inhibits contamination buildup at the contact surface.

Electrical noise riding on pilot circuit wiring is attenuated in the input trans-
formers and by hash filters at the K508 module. Contact bounce filtering is
designed to respond to the first signal, and fo leave the logic output n the’
1" state in spite of skips lasting up to 100 milliseconds.

K508 output circuits have hysteresis, so that no intermediate output state
can result from an ill-defined input condition. No separate Schimitt-triggers
are required. Qutputs are at ground far no input, at +5 volts when energized.
All connections use upper connector.
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SENSOR CONVERTER K
K522 SERIES
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K522 SENSOR CONVERTER

The K522 Sensor Converter is basically a voltage comparator that compares
an unknown variable input voltage against a fixed internal threshold voltage
{(+1.8 v). This module ¢can also be converied to a resistance sensing device
by mounting a three prong trimpot in the predrilled holes provided in each
circuit,

Voltage Sensing — This circuit bas a built-in reference voltage of +-1.8 volts,
programmable hysteresis and noise cancelling ability. The K522 does not,
however, provide the tolerance to high leve! noise or accidental application
of line voltage which is obtainable from the K524,

If the unknown voltage applied to the K522, is higher than the reference
voltage, the comparator output will be a logic 1. If this applied voltage,
however, is less than the reference (4-1.8 v) the output will be a logic 0.

The minus input to each converter is AC coupled to the internal --1.8 volt
reference o provide common mode noise rejection {CMR). In order to be
effective, it must be connected to the same ground point to which the
Transducer is connected, Twisted pair wiring should be used between the
Transducer and Converter to help insure that any noise pick up will be the
same on both wires (this is common mode noise}.
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CHARACTERISTICS K522

MNumber of circuits 2
Module beight and thickness single
Input connections solder

lugs
Inputs accessible at module connector ¥es
DC differential mode possible no
Provision for adding transducer biasing yes

trimpots in predrilled holes on board

Noise cancellation range {common mode) *=1 volt

Maximum - input range for correct output | O to 45V

Tolerance to overvoltage (no damage) +3 voits
Minimum hysteresis 10my
Maximum hysteresis 160miv
Minimum transducer resistance 4000
{at threshold)

Maximum transducer resistance 20K
(at threshold)

Noise Cancellation ratio at 10:1
Lina Frequency (CMR)

Noise Cancellation ratio at 1 KHz . 20:1
Temperature Coefficient of Threshold =1mv/°C
{typical) (0.1%%)

RESISTANCE SENSING — With a trimpot mounted, the K522 becomes a
resistance sensor. The circuit automatically provides a --3.6 volt bias to the
trimpot. The resistance of the trimpeot can be adjusted to equal the transducer
resistance at the desired sensing point. Only when the resistance of the
transducer is greater than the resistance of the trimpot will the sensor con-
varter output go high.

In general, the K522 is suited te laboratory and light machinery use where
transducers are nearby and there is little danger of high voltage heing applied
to them accidentally. This is especially important when low resistance trans-
ducers are used with board mounted trimpots, since the trimpot provides a
path from the transducer leads back to the logic supply. (If high voltage such
as 120 VAC) were to get to the logic supply, all modules in the system would
be destroyed,

The hysteresis of each K522 circuit can easily be selected in increments of
10 mv from a minimum of 10 mv (no connection) to a maximum of 160
mv by connecting one or more programming pins to the output.
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Below is a table of pin connections for programming the hysteresis of each
circuit.

Value when wired to converter outEJt 10mv | 20mv .—EOI"I"IV 80mv
Circuit 1 (Pin D) E F H J
Circuit 2 (Pin K) L M N P
Table of Hysteresis Programming Pins

Example: To add 30 mv hysteresis to the basic 10 mv hysteresis for a totai
of 40 mv hysteresis, connect pins E and F or L and M to the circuit outputs.

K522 — §25
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All DEC modules are exhaustively inspected and tested, hoth
visually and electronically. A typical module undergoes a printed
circujt board inspection. procedure that consists of over 70 indi
vidual steps.
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SENSOR CONVERTER K

K524 SERIES
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Basically a noise-rejecting, threshold sensing differential voltage amplifier,
the K524 is readily adapted to sensing threshold points in DC analog signals,
AC signals, and pulses. It can also be biased to sense resistance ihresholds.
The differential amplifying technique permits flexible grounding and shielding
methods to accommeodate floating signal generators and minimize noise.

VOLTAGE SENSING — The K524 provides a choice of gither AC or DC coupling
for voltage sensing.
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K524 EQUIVALENT CIRCUIT

The following table shows the auxiliary pin connections on the [ower module
connector for thg various applications of the K524,

APPLICATIONS COUPLING PIN CONNECTIONS
As low performance analog

comparator, for comparing two DC ED io BE, B} to BK,
photocells etc., or wherever 8N to BP, BT to BY

reference is supplied externally,

Photocells, thermistors, pulse

tachometers, pressure transducers AC ED to BF, BJ to BL,
or wherever it is convenient to BN to BR, BT to BY
use the internal 2.5 volt

reference.

This module has an internal reference voltage of +2.5 volts. If the voltage
swings of the unknown voltage applied to the K524 at its (4} input do not
go above the internal reference supply voltage of the sensor, an external
reference supply will be needed, This reference is applied to the (—) input.
DC coupling should also be connected. If the unknown voltage does not go
helow the internal reference voltage, voltage divider technigues will have
to be used.

Output transitions occur when input voltage differentials are within 0.3 volts
or less of the reference supply. When the 4" input is more positive, the
coutput is a ONE. When the “*-|-"" input is more negative, than the reference,
the output is a ZERO.

Signals up to 25 KHz, suitable for counting by K210, K211 or K220 counters,
can be obtained with symmetrical input signals having at least 1 volt excursions -
past the switching poini. Maximum output rates can be limited to approxi-
mately SKHz by tying together pins AM and AN, AP and AR, etc.
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RESISTANCE SENSING — The K524 may be used to sense resistance by
mounting a trimpot in the predrilled mounting holes provided. When trimpots
are used, pin BB must be connected to an independent 45 VDC bias supply,
such as, a separate K731 operated from a separate transfermer, to insure
against damaging currents through the bias circuits to the logic in case of
accidental high voltages at K524 inputs. This precaution is most essential in
systems containing K604 ar K644 output converters, since inadverstent use of
the wrong K716 socket is possible, This problem does not arise with self-
generating sensors or where bias is supplied externally to variable-resistance
58Ns0rs. ’

When the réistance of the transducer is greater than the resistance of the
trimpot the output of the sensor converter will be high. The outputs of the
sensor converters will go low when the transducer resistance drops below
that of the trimpot.

K524 SENSOR CONVERTER
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CHARACTERISTICS

K524

Number or circuits 4
Module size double
Input connections cable
connector
inputs accessible at module connector no
DC differential mode possible yes
Provision for adding transducer biasing yes
trimpots in predriiled holes on baard
Noise cancellation range (common mode) + 7.5 volts
Maximum -+ input range for correct output =+ 30V
Tolerance to overvoltage (ne damage) 140 VAC
Minimum hysteresis 10mv
Maximum hysteresis 10mv
Maximum switching rate 25KHz
Minimum transducer resistance 4000
(at threshold)
Maximum transducer resistance 100Kg
(at threshold)
Noise Canceilation ratio at 10:1
Line Frequency (CMR)
Moise Cancellation ratio at 1 KHz 20:1
Temperature Coefficient of Threshold *1mv/°C
{typical) (0124
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120 VAC INPUT CONVERTER

K

K578 SERIES
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The K578 input converter, when mounted in a K724 interface shell, provides
logic levels from 120 VAC signals from limit switches, relays etc. The 1 VA
reactive load provided by the K578 isolation transformers insures sparking
at pilot contacts. Together withh the ample circuit voitage used, this reactive
load assures maximum contact reliability,

Electrical noise riding on pilot circuit wiring is attenuated both by the input
transfarmer and by RC filtering. Bounce filtering is designed to pick up by
the end of the first full cycle of contact, and to drop out (return to “zero’”
output state) by the end of three full cycles after the input is removed.
{About 50 milliseconds.) This speed of response is desirable in large sequen-
tial scanning-type control systems, even though occasionally a heavy contact
may be observed to produce more than one output transition due to very
long bounce duration. If necessary, response speed may be cut in half by
tying 150 mfd from the offending logic output to ground. However since no
Schmitt triggers are included in the K578 (unlike the K508), a K184 or K501
must be used as described in the applications notes if it is important to know
exactly how many contact closures have occcurred in a given period.

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 circuits similar fo the K580, and
may not be wired together.

Clamp-type ferminals on the K578 take two wires up to size 14. Neon indi-
cators are included. The K578 can also be used in the K843 mounting panel,
however some mechanical means of support must be provided to hold the
K578 in its socket if vibration is a consideration.

K578 TERMINAL STRIP CONNECTIONS FROM
LEFT TO RIGHT ARE NUMBERS 1 TO 9
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DRY CONTACT FILTERS

K580, K581 SERIES
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These filters convert signals from dry circuit or wiping contacts to logic levels.
Primarily they are used with gold contacts such as the new encapsulated reed
limit switches, thumbwhesal switches, and the lke. Those push-buttons or
slide switches that provide good wiping action wil! also operate reliably with
these filters, but silver contacts designed for long life on heavy duty Ioads
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 an 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 board (near handle) for a S-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 Cutput for Time Delay | Time Delay

Current Voltage | Contact Closed | on Closure | on Opening
K580 22ma See Table high 10msec 30msec
K581 22ma Y Jow 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 accidentaf 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 axternal
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 1% 24 28 48 90 100 | 120
VOLTAGE

Dropping
Resistance | 0 | 82q | 2200 (620¢ | 8200 | 1.8Ka |3.6KE [3.9Ka ! 4.70

Dissipation | — [0.05W |0.11W | 0.3W | 0.4W | 0.85W | 1.BW | 2.0W | 2.5W

When using dropping resistors and higher voltage supplies, total tolerance of
resistors and supply should be 109, to insure high levels between 14 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 system,
and must be located so as not to cause excessive temperature rise in the K
series enviropment,
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Note that these circuits may not be paraileled to obtain the wired OR or wired
AND function, and that fanout is limited to 2 milliamperes 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 milliamperes if
some hoise 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 K582 and K581, the solder lug
connections are numbered 1 to @ from pin end. to handle end.

K5BO — $28
K581 — $20
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Any bipolar input signals with amplitudes between *3 wolts and =25 volts
will be transformed by this non-inverting converter into standard K-Series or
M-Series logic sighals with driving capabilifies of 5 ma or 3 unit loads, re-
spectively. Load for paralleling (wired OR}; 1 milliampere. Input impedance
stays between 3K and 6K« for full capability with both the American EIA
and the European CCITT standards for data transmission. Built-in noise filter-
ing causes transition delays of several microseconds, limiting the maximum
baud rate that can be handled.

Open-circuit inputs will produce low (zero-volts) outputs on the lower three
circuits. The output stage of the first three circuits if inputs are open is con-
trolled by pin B, which must be grounded for outputs low or connected to
pin A (+5 volts) for gutputs high. This last provision allows type 33 or type
35 current switching teletypes to he converted and wired ORed with modem
interfaces. Pin B must be connected either to pin A or pin C: if it is left open,
there may be crosstalk between circuits.

Fin B
Input Connection Pins D, F,J Pins L, N, R
Open C ¢
Circuit A +5
+3to +25v AorC +5 +5
—3to —25V AorC i 0
ov AorC - 0 i

Please observe that noise and interference can enter a digital system through
any wires that pass through a ncise field. K596 modules should be located at
the edge of the system, and communication wiring should not be allowed to
lie ¢close to logic wiring for more than a few inches.

K596 — $20
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ISOLATED AC SWITCH K

K604 SERIES
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Operating in conjunction with the K782 or K716 interface Block, the K604
permits AC operated valves, solenoids, small motors, motor starters and the
like o be controlled directly from K Series logic. Each circuit can handie up to
250 volt-amperes continuously. Total for any module, however, should not
exceed 500 volt-amperes averaged cover one minute. Ratings below include
maximum horsepower based on use of Allen-Bradley fype K* motor starters,
Less sensitive starters or relays may have significantly reduced capacity.

Ke04 — $110

206



Maximum Capacity, each K604 circuit (120 v AC lines)

Cantingous| Inrush Motor Type K| 208/220 | 480/600
Condition V.A. VA, Direct Starter | Max. H.P.| Max. H.P.
With Fuse 250 600 | 1/20 H.P. Size 3 30 5%
No Fuse 250 1800 | 1/10 H.P. Size 4 50 100

Littlefuse® type 2750085 5 amp fuses provide fault protection for the triac
output circuits. The fuses are mounted by clips on the connector board for
easy replacement. Without the fuses, short circuits will destroy the module.
The no-fuse information above is for reference aonly, and operation without
fuse protection cannot be recommended, Circuits cannot be paralleled to
increase ratings.

AC switch turnon takes place within 500 microseconds after input logic gate
goes high, Turnoff takes place at zero crossings of the current. Maximum
“off”" leakage; 10 ma RMS at 140 VAC, Line voltage rating: 100 to 140 VAC,
50 to 60 Hz. Each triac output circuit has 400-volt breakdown rating. Shunt
capacitor and shunt clipping devices inhibit false friggering on line transients,

Where very small devices such as pilot lamps, light duty relays, or AC input
converters constitute the sole load, an auxiliary load such as a 12K 2 watt
resistor may be required to absorb sufficient holding current for full voltage
output.

Two special precautioris are made necessary by the presence of AC line
voltages on the K604 module. First, always disconnect the ribbon ecable
connector before inserting or removing a K604 or an adjacent module, to
avoid shocks or component damage. Second,” W9593 copperclad boards
{$4 each} should be installed between K604 modules and all other types
except K508 or K644. With the pin A connection cut away, on either the
board or the socket, the W993 copper clad board acts as an electrostatic
shield. If this added interface protection is later found to be unnecessary,
the sockets reserved for shield boards can be used to add logic features,
modifications, ete. Refer to Construction Recommendations.

If desired, a K782 terminal beard instead of the K716 may be used to obtain
connections to field wiring. No indicators are provided by the K782, however.

TERMINALS OM

€716 OR K782
LosIC a4 AC FUSE TERIAL
GIGNAL | KED4 ITCH

Pt

SUPPLY
TEAMINAL

AL
LINE

\'\_
LaMP RETURM
TERMINALS (K716 ONLY]

K604 CIRCUIT IN USE
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ISOLATED AC SWITCH K
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K614 AC SWITCH

This module uses the K604 circuit and behaves in most respects the same.
However, the K614 is designed to fit a K724 interface shell. Accordingly
the K614 has built-in clamp-type terminals for wires to size 14, interchange-
able indicators, and output ratings boosted to 500 VA per circuit by the larger
heat sink area available in this configuration.

The outputs of the K614 are also fused for 5 amps like the K604,
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AC
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A ——
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RETURN Kel14 — 388
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DC DRIVER K
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Operating through the K782 or K716 Interface Block, the K644 DC Driver per-
mits stépping motors, dc solencids, and similar devices rated up to 2.5
amperes at 48 volts to be driven directly from K series logic. Built-in clamping
diodes protect switching transistors from transient over-voltage.

Total output ¢ircuit current for the K644 module must not exceed 4 amperes
averaged over any 1 minute period. The ribbon connector should be unplugged
hefore.inserting or removing a K644 module.

Moving the parts of 2 magnetic device change the winding inductance. To
equalize magnetic field turnoff and turnon times, the ratio of inductance to
total circuit resistance must be held constant, This demands more resistance
in the circuit during turnoff, when the inductance is higher. Resistance may be
inserted between K716 terminal 15 {or 16) and the load supply to achieve
this, provided the K644 output voltage will not exceed 55 voits. Whether
resistance is added or not, these clamp return terminals must be connected to
the plus side of the load supply to protect the module from overvoltage during
turnoff.

The K&44 may be used with a K782 instead of a K716 to obtain the screw
terminals needed for connecting heavy duty field wiring.
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K656 250 VOLT DRIVER

Each circuit of this versatile driver can deliver up to 1 ampere at up to 250
volts, making it ideal for driving heavy-duty brakes and clutches or for high
- speed operation of other inductive loads. Like the K578 and K614, 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, Pogitive side of load supply must be
connected t¢ protect output transistors from damage during turnoff transient.

Ke56 — $80
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DC DRIVER K

K658 SERIES
AF
[ -
DC
EAH ) DRIVER D 1
—aA—f 9 % 2
E AM
DC
py Ll ) DRIVER @3
: S —E ¢ @ 4
OUTPUT
AT r TERMINAL
E DeC
LY ) DRIVER Qs
' —w—i ¢ @ 6
ois
: DC
@ BH ) DRIVER D7
1»——%——-@—4' @ -]
-
{DOUBLE-5IZE BOARD) ™ .=
: POSITIVE
ITRIPLE THICKNESS MODULE} SIDE OF
LOAD SUPPLY

K658 4 AMP DRIVER

Each circuit of this versatile driver can deliver up to 4 amperes at up to 125
volts. Like the K578, K656 and KE14, this module has integral clamp-iype
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 supply must be connected to protect output
transistors from damage during turnoff transient.

K658 — $128
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DECIMAL DECODER AND NIXIE DISPLAY K

K671 SERIES
N
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v

e [

This module has two parts separated by a 1-foot ribbon cable. One part plugs
into any module socket, the other contains a side-viewing Burroughs type
B-5440 iong life NIXIE glow tube on 2 mounting board. Four connections to
corresponding module socket pins of & K210 or K220 binary-coded decimal
counter compleies the input wiring. The display tube board attaches with two
screws to a K771 supply for both mechanical mounting and power supply
electrical connections. Displays up to & digits long can be stacked on each
K771 supply, Stacked digits have 0.8” mounting centers. See Construction
Recommendations before assigning module locations. A Burroughs Type
B-5442 NIXIE 4+ and — glow tube can also be used in the K671, Ground pins
N and V. Let pin R float and put input on pin T. Pin T is high for +, low for —.

K671 — $55
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LAMP DRIVERS K
K681, K683 SERIES
;] S 8—— '1
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& ¢ o
DRIVER o8 CRIVER 08
U —— u—-—
v[ oc v[ oc
GHomwer 09/ - oaver 09
K681 LAMP DRIVER K683 LAMP DRIVER

{DOUBLE-SIZE BOARD)

These eight-circuit modules drive external loads through 9-conductor cable
soldered to split lugs at the handie end by the user. Strain relief holes are
prepunched in the beoard. Logic ‘0" turns the driver off, “1'" turns it on.

Pin connections via dicdes to outputs facilitate production automatic module
testing while isclating 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 systemn reliability.
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CGUTPUT RATINGS:

MODULE
TYPE RESISTIVE | INDUCTIVE INCANDESCENT LAMPS
K681 |18V, 30ma 18V, 30ma with Lamps rated 18V, 40ma
added suppression | operated at 12V to reduce
diodes {K784) current to 30 milliamperes
K683 |55V, 250ma | 55V, 250ma Lamps rated 40ma, to 48Y;
with added Lamps rated 60ma, to 28Y;

suppression
diodes (K784)

Lamps rated BCma, to 18V;
Lamps rated 100ma, to 12V

Note greatly reduced ratings on tungsten loads,

Larap filaments draw typically

ten times more current at turnon than when hot, resulting in very high tran-
sistor dissipation if supply voitage is high. Series current limiting resistors or
shunt preheat resistors could be used %o limit surge in certain cases, but
ratings above assume this would be awkward or impractical.

Solder lugs on both the K681 and K683 shown above are numbered 1 to 9

from left to right.

K681
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EIA OUTPUT CONVERTER K
K636 SERIES

-~

o] Eia 7
03 cony [ °E

T

_OH

I
l

LOGIC <

|>_ EIAOR
INPUTS CCITT QUTPUTS

5
;

T
|

7
;

EIA OUTPUT CONVERTER K&96

This bipalar non-inverting driver converts standard logic levels to either the
American EIA or the European CCITT standard signals for data transmission.
Power can either be 6.3 VACx=109% 60Hz on pin B for ElA levels {at least
*5 volts) or 9.0 VACE109% 50Hz on pin B for CCITT levels (at least 6
volts). Limited cutput current capability results in risetimes of several micro-
seconds for capacitive loads of a few thousand picofarads, limiting the
maximum baud rate to 5K baud. One ampere of AC can supply up to 32
K696 modules. Keep AC leads short to maintain voltage.

Please observe that noise and interference can enter a digital system through
any wires that pass through a noise field. K696 modules should be located
at the edge of the system, and communications wiring should not be allowed
to lie close to logic wiring for more than a few inches. A high impedance
probe may be used to moniter the half-wave rectified and filtered negative
internal supply at pin T (5 K& series resistance).

TKE96 — $44
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MODULAR PANEL HARDWARE K
K950 SERIES

The K950 Magnetic modular panel hardware provides a convenient way to
build control panels containing lights, toggle and push button switches, timer
controls, and thumbwheel switches. The lower connector half of the contro!
modules K410, K420, K422, K424, and K432 are pfugged into the upper
connectors across a K843 mounting panel and the manual controls protrude
through the K950 panel frame. The K410, K420, and K432 modules are sup-
plied with a precut panel piece that fills the panel space for the module, The
K422 and K424 modules do not require a pane! piece. Since each module is
covered independently of the next module, any module type can be plugged
into any one of the available 32 panel socket locations. All panel hardware is
supplied painted black, however, panel pieces may be individually repainted
to give coler coded meaning to panel controls, Thumbwheel modules are black
plastic and can not be painted.

A control module can be inserted into any socket except the one directly to the
left of a K422 or K424 thumbwheel module, For this reason it is recommended
that all thumbwhee! registers be grouped together in the same section of the
panel to conserve panel locations. Metal spacers of single or double module
width are available to cover unused panel locations,

The frame and panel pieces are made of steel and are held together with rivets
and flexible strip magnets. The frame is mounted in a standard 19 inch rack
directly above a socket mounting panel. After the control modules have been
inserted into their chosen socket locations, the steel panel pieces are snapped
into place to cover the modules and unused loactions, After the panel is
completely filled, a steel bezel is snapped into pface over the panel pieces and
the panel is complete.

The panel hardware can be disassembled at any time to allow controls to be
added or removed.

When the panel is completely assembled, most of the magnetic lines of force
are closed through the steel panel pieces. However, steel dust particles and
filings will still be attracted to the panel surfaces, The magnetic force from the
panel is not strong enough to darmage a watch worn by the user. Each K950 is
supplied with 8 single and 8 double spacers to cover up to 24 unused panel
Jacations. The K950 is 314 inches in height. e EE—

K950 — $39.
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The Module Assembly area has shifted emphasis from velume pro-
duction to complex experimental work, The above process is a spe-
cial sub-assembly of an indicator light board designed for a control
unit.
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NOTES ON OPERATIONAL AMPLIFIERS

I. INTRODUCTION

This article describes some of the basic characteristics and uses of opera-
- tional amplifiers. it is written especially for people with a digital background,
but with-a limited exposure to analog technology. The equations presented
are not exact, but are good engineering approximations, which are accurate
-enough for most applications, It is hoped that this simptified 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 digita! circuits such as Schmitt triggers,
gates, and flip-flops. When used with A/D and DfA converters in data proc-
essing work, op amps perform such functions as scale changing, offsetting,
and isolation between source and load.

. 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 permmanently tied to ground, The
op amp is really a difference amplifier, in that it amplifies enly 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 autput
impedance, and a gain that decreases with increasing frequency. Op amps
used without feedback would be cperating cpen loop, a rare situation; but
with feedback the operation would be closed loop. The use of properly applied
negative feedback stabilizes the operation of the composite circuit against
changes in the amplifier, and provides its versatility and usefullness.

When an op amp is working in the linear region, two approximations can be
made to help in the analysis of the circuit configuration. First, the voltages
of the two inputs are the same; and second, no current flows into or out of
the input terminals. Fig. 2 shows a simple inverting. amplifier. Assume the
Minus Input is 0 volts, the same as the Plus Input, and that no current flows
into the Minus Input, called the summing junction. Then i, = 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, 4-R.;. An easy way to remember this is to think of the two

resistors as forn’1ing a tapped divider network,

Ill. 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 AfD converter, since the A/D should not begin its conversicn until
the amplifier has settied.

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 fali time in a digital circuit.
It is 2 measure of how fast the output can change. If an amplifier cutput
could go from O volts to 10 volts in 2 psec, it would have a slew rate of 5
volis/usec.

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

Frequency for unity gain. The open loop gain of an amplifier is equal to
one at this frequency. But the input signal must be restricted in amplitude
such that the maximum rate of change of output (slew rate) is not exceeded.
Usuzlly 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 voitage follower,
an op amp with a common mode rejection. ratic (CMRR) of 10,000 could
have errgr 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 respend to an apparent signal when the inputs are tied
fo ground. For an inverting amplifier, the cutput error due to the input voltage
offset is equal to the offset times the closed lcop 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 sticuld 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 voits 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 cutput. All really useful operational
amplifiers can be shorted to ground without damage, but shorting to a volt-
age will usually destroy some of the circuitry.

I¥. APPLICATIONS

Some common configurations for operational amplifiers are shown in Figs.
5 through 10. The pin letter assignments correspond to the ap amps sold
by Digitat Equipment Corp. If these op amps are used, the jumper between
Pin S and the Minus inpunt 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 prab-
lem, since both inputs are near ground. Large input voltages can be handied
if the Input resistor is made appropriately large. One disadvantage of the
inverting configuration is that the input impedance is relatively low, essan-
tially equal to the input resistor. When @ gain trim potentiometer is used,
the gain accuracy by itself becomes irrelevant. What is important is gain
resolution {mastly determined by the potentiometer), and the gain stability
{mostly determined by the temperature coefficients of the input and feadback
resistarg) The ratio of the closed loop gain to thé 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 couid 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 signais to be

fed back to the inverting tnput (degenerative feedback) with a phase lead,
In the inverting configuration, the output will be 180° out of phase with the
input at low frequencies, and the feedback signal will oppose the input signal.
At high frequencies, these are additional phase lags in the amplifier and
feedhack 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, California

4. “Applications Manual for Operationat Amplifiers"
Philbrick/ Nexus Research, Dedham, Mass.
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Fig. 1, Basic Operational Amplifier Symbol

R _
+ P 'F
YIN A
H ig —0 YouT
Vg
N
ASSUME. vg=0 THEN i, = if
is=0 YIN _ YouT
R, FRe
vour _ _Re
VIN Ry

Fig. 2, Inverting Amplifier

ASSUME! ¥s = ¥IN

Ils =0
iN THEN iy = ia
e ¥s _ YouT~ ¥s
Ry Rg
CYIN _ VouT T YIN
Ry Rz

Yin Rz = vout Ry~ vin Ry
Yoyt + Ra + Ry
YIN Ry

Fig. 3, Non-lnverting Amplifier
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POSITIVE LOGIC MULTIPLEXER A
Al23 SERIES
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INPUT  [CUTPUT TERMINALS)

+3v CONNECTED
ov QPEN

The Al23 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 ferminals are disconnected. Two switches should not be on at
the same time. The analog switch can handle signals between 4-10v and
— 10w, with currents up to 1 ma.

The positive power supply must be between 4+5v and --15v, and at least
equal to or greater than the most positive éxcursion 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.
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SPECIFICATIONS

Digital Inputs
Logic ONE:
Logic ZERO:
Input loading:

Analog Signal
Voltage range:
Current (max.):

Output Switch
On resistance, max.:
On offset:

Off leakage, capacitance:

Turn on delay, max.:
Turn off delay, max.:

Power
--5v (pin A);
+v {(pin D):
—v {pin E):

229

+2.4v to +5.0v
0.0v to 40.8v
0.5 ma at 0 volts

+10v to —10v
1 ma

1000 ohms
0 volts

10 na, 10 pf
(.2 psec
0.5 usec

45 ma
18 ma {for +=10v)
50 ma (for —20v)

A123—g58 -



OPERATIONAL AMPLIFIER
A200

A
SERIES

The A200 is an operational amplifier mounted on an A990 amplifier board.
Provisions are made on the board for the mounting of potentiometers for
gain trim and balance. Mounting holes are alsc provided for input and feed-
back networks, and rolloff capacitor. The module is a double width board.

CPEN LOOP GAIN:

RATED OUTPUT

Voltage:
Current:

FREQUENCY RESPONSE

Unity gain, small signal:
Full output voltage:
Slewing rate:

Overload recovery:

INPUT VOLTAGE OFFSET (Adjustable to Zero)

Average vs. Temperature;
Average vs. Supply voltage:
Average vs. Time:

INPUT CURRENT QFFSET:

Average vs. Temperature:
Average vs. Supply voltage:

INPFUT IMPEDANCE

Between inputs:
Comman maode:

INPUT VOLTAGE

Maximum:
Maximum common mode:
Common mode rejection:

POWER
Voltage:
Current at rated load:

*REFER TO A990 FOR CONNECTIONS

230

2x10¢

+1lv
20 ma

10 MHz

300 kHz
30v{usec
200 psec

20 pvi °C
15 v/ %
10 uv/day

+2 na

0.4 na/°C
0.15 naf %

6 megohm
500 megohm

+15 volts
*10 volts
20,000

+15 volts
35 ma

A200 — $130




After the modules are flow-soldered, they undergo a visual inspec-
tion to insure that all solder points and runs are properly made.
If needed, additional solder is added.
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OPERATIONAL AMPLIFIER A
A206 SERIES
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+wpeuth T
(NON-INV) ©

ANALOG GND

NOTE 1. Mounting holes are provided on the medule su that input and feedback
componhents can be added. Components shown with dashed lines are not
included with the medule.

NOTE 2. This jumper gomes with the module. It may be removed to suit circuit
reguirements.

The A206 Operational Amplifier features extremely fast settling time (2 us to
within 1 mv), making it especially suited for use with Analog-to-Digital Con-
verters. FET's are used in the input stage to provide high input impedance.
The A206 can be used for buffering, scale-changing, offsetting, and other
data-conditioning functions required with AfD converters. All other normal
operational amplifier configurations can be achieved with the A206.

The A206 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 A206 is pin-compatible with the A200 Oper-
ational Amplifier.
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SPECIFICATIONS—At 25°C, unless noted otherwise.

Settling Time*
Within 1 mv, 10v step input, typ: 1.5 usec
Within 1 mv, 10v step input, max: 2.0 nsec

Frequency Response

DC open loop gain, 670 ohm load, min: 104,000

Unity gain, small signat, min: 10 MHz

Full output voltage, min: 1 MHz

Slewing rate, min: 100v/usec

Overload recovery, max: 0.5 psec
Qutput

Voltage, max: *10v
Current, max: *+15 ma

Input Voltage

input voltage range, max: =10v
Differential voltage, max; =15v
Common mode rejection, min: 7,000

Input Impedance

Between inputs, min: 10 ohms

Comman mode, min; 10'% chms
Input Offset

Avg. voltage drift vs. temp., max: £330 wvf°C

Avg. volt. drift vs. supply volt., max: +20 nvf %

Initial differential current offset, max: 0.03 na

Avg. dif. cur. drift vs. temp., max: +0.003 na/°C
Temperature Range . 0°C to 4-60°C
Power

+15v (pin D), quiescent: 15 ma

—15v (pin E}, quiescent: 15 ma

if the Output is accidentally shorted to ground, the amplifier will not be
damaged.

*Gain of 1, inverting or non-inverting configuration.

A206 -—$190

————
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OPERATIONAL AMPLIFIER A
A207 SERIES
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H
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Amplifier CUTPUT

+mpuT P

(NON-INV)

ANALOG GND

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 witk the module.

NOTE 2. This jumper comes with the module. It may be removed to suit circuit
requirements.

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

_ The A207 is an economical Qperational Amplifier featuring fast setfling time
{5 us to within 10 mv), making it especially suited for use with Analog-to-
Digital Converters. The AZ07 can be used for buffering, scale-changing, off-
setting, and other data-conditicning functions required with A/D Converters.
All other normal operational amplifier configurations can be achieved with
the A207.

The A207 is supplied with a zerc 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.
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SPECIFICATIONS—At 25°C, unless noted otherwise.

Pins L & M Differencas with Pins
Connected L & M Not Connected

Settling Time*
Within 10 mv, 10v step input, typ: 3 nsec 6 usec
Within 10 mv, 10v step input, max: 5 usec 8 usec
within 1 mv, 10v step input, max: 7 usec 10 pusec

Frequency Response

DC open loop gain, 670 ohm load, min: 15,000 100,000
Unity gain, small signal, min: . 3 MHz
Full output voitage, min: 50 KHz
Slewing rate, min: 3.5v/usec
Cverload recovery, max: 8 usec
Output
Voaltage, max: = 10v
Current, max: *+15 ma

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
Commeon mode, min: 5 M ohms
Input Offset
Avg. voltage drift vs. temp, max: 60 v/ °C 30 uv/°C
Initial current offset, max: 0.5 pa
Avg. current drift vs, temp, max: 5 na/°C
Temperature Range 0°C to +-60°C
Power
+15v (pin D), quiescent: 6 ma
—15v {pin E), quiescent: 10 ma

If the Qutput is accidentally shorted to ground, the amplifier will not be
damaged.

*Gain of 1, inverting or non-inverting configuration.

A207 — $45
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- SAMPLE AND HOLD A
Aao4 SERIES
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JUMPER CONNECTIONS TO OFFSET CUTPUT

MODE Pasitive Negative

PIN TRACK (sample); HOLD; AU 1o B) Al to BJ

BF {pos) +43v or open Qv BL to AD
BB (neg) --3v or open Ov BM to AE

BK ta AF BN to AF

Analog gnd {pin AF) and digital gnd {pin AC) must
be connected together at one point in the system.

The A404 Sample & Hold has an acquisition time of & psec for a 10 volt
signal to within 10 mv (0.1%). The circuit inverts the input signal, and has -
an input impedance of 10 K. Features of the circuit include potentiometers
to control the pedestal and the droop of the output signal.

Two digital Track Conirol (sample) inpuis are provided: one for negative logic
(Ov & —3v), and the other for positive logic (Ov & +3v). Either input by
itself will perform the necessary control, and the inadvertent application of
both digital signals will cause no damage to the circuit.

Potentiometers are also provided for zero balancing, gain trim, and offset ad-
justment (up to L 10v), If offsetting is desired, connections should be made
according to the table shown with the diagram. The A404 is pin-compatible
with the A400 Sample & Hold.
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SPECIFICATIONS-—AL 25°C, unless noted otherwise, Pins AH & AJ are con-
nected together.

Acquisition Time _
Within 10 mv, 10v step input, typ: 4 psec
Within 10 mv, 10v step input, max: b usec
Within 2.5 mv, 10v step input, max: 11 psec

Aperture Time, max: 0.2 psec
Gain —1.000 {adjustable £0.29%,)
nput
Voltage range, max: +10v
Impedance: 10 K ohms
Cutput
Voltage range, max: +10v
Current, max: 10 ma
Pedestal®
Initial pedestal: Adjustable to less than 1 mv
Pedestal variation vs. temp, max: 0.2 mv/°C '
Droop :
Initial droop: Adjustable 1o less than 5 mv/ms
Droop variation vs. temp, max: 2 mvims/°C

Track Control

Pos. (pin BF) +3v, Track
Qv at 2 ma, Hold
Neg. (pin BD) —3v, Track
Ov at 1 ma, Hold
Board Size 1 double height board, single module width
Temperature Range 0°C to +-50°C
Power
-+15v {pin AD}, quiescent: 22 ma
—15v (pin AE), quiescent: 35 ma

- If the Output is accidentally shorted to Ground, the circuit will not be
damaged.

*Difference in output voltage when changing from Track to Hald made.

A404 — $130
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12-BIT DAC A
A613 SERIES
QPTIONAL
RESISTORS

A OO0y

AK 00—y 00—

AL 00— O—4

bo| bw| b

+15v -0V | _+5V _
AE® REF. 9,F AC
-15¥  ANALOG DIGITAL

GND GND

ANALOG GND (PIN AF} & DIGITAL GND (PIN AC)
MUST 8E CONNECTED TOGETHER AT ONE
POINT IN THE SYSTEM.
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The AB13 is a 12-hit Digital-to-Analog Converter for moderate speed applica-
tions. The module is controlled by standard positive logic levels, has an out-
put between Ov and -+10v, and will settle within S0 psec for a full scale
input change. The input coding can be either straight binary or 3 decades of
8421 BCD with only simple connector jumpers required to take care of the
change.

The AB13 requires a —10.0v reference that can supply negzative current,
such as an A704. Provisions are made for adding up to 3 extra resistors to
implement offsetting functions. Potentiometers are provided for zero bal-
ancing, and gain trim. The AB13 is a double height board.

An input of all Logic 's produces zero volts out; all Logic 1's produces close
to -10v out. The operational amplifier output can be shorfed to Ground
without damaging the circuit.

SPECIFICATIONS

Inputs

Logic ONE: +2.0v to +5.0v

Logic ZERO: 0.0v to 40.8v

Input loading: 1 ma {max.) at O volts
Output

Standard: Ov to +-10v

Optional, (reguires

Positive REF) 10v range between —10v and - 10v
© Settling time, (10v step): 50 nsec

Cutput current: 10 ma

Capacitive loading: 0.1 pf {without oscillation}

Binary Dig. In. Anatog Out BCD (8421) Analog Qut
000 — 00 0.0000v 000 0.000v
000 —01 4-0.0025 001 +0.010
100 — Q0 --5.0000 050 +0.500
111 —11 +-9.9975 500 +-5.000

999 49,990
Accuracy Binary BCD
At 425°C: =0.015%, of full scale +0.05%, of full scale
Temp. coef: +0.001%/°C +0.002%,/°C
{plus drift of REF) {plus drift of REF)
Board Size

1 doubie height board, single module width

Temperature Range
+10°C to 450°C

Power
+15v at 35 ma
—15v at 60 ma
+ Svat 60 ma
—10.0v REF-at —7 ma (reverse current) _
If the Qutput is accidentally shorted to Ground, the output amplifier will not
be damaged.

} at max. load

AB13 — $250
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10-BIT D/A CONVERTER A

SINGLE BUFFERED
A618 and AG19 SERIES

M DATA LINES

A 4F aM AN A3 AT BD € Bn By

[ - o o

g & 0 é & IR

Msa ) AMELIFIER LOGIC
1 BIT REGISTER POWER SoNeR

LOAD DACO——
an

B¢ BT BU ' “&& 4B AC"

—E REF | BR O—i
ANALDG GND [ BT O—t

BINARY WEIGHTED: NETWORK

ANGLDG
95‘} oUTRUT

| anaLos HTERNAL
i o0 OO0 Rer }
ey EXTERNA
| B 4V REF
FOR AE1-9 * |
LENLY N

The A618 and the AG19 Digital to Analog Converters (DAC) are confained on
one DEC double Flip-Chip™ Module. These modules are also double width in
the lower (B section) half. The converters are complete with a 10-bit buffer
registers, level converters, a precision divider network, and a current sum-
ming amplifier capable of driving external joads up to 10 ma. The reference
voltage is extermally supplied for greatest efficiency and optimum scale
factor matching in multi-channel applications.

The AB19 DAC output voltage is bi-polar while the A618 DAC output voltage

is uni-polar.

Binary numbers are represented as shown (right justified) in Table 1:

TAELE 1
Analog Cutput {Standard)

Binary Input AB18 AB19

0000g Qv —10v or —5v

0400z .2 Sy —8v or —2.5v

10008 +5.0v 0 volts

14004 +7.5v +4-5v or 4-2.5v

17775 +10.0v +10v or +bv
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OUTPUT: .
Voltage: (A618 -— Standard)
Voltage: (A619 — Standard)
Current:
Impeaedance:
Settling Time:
{Full scale step, resistive toad}
(Full scale step, 1000 pf)
Resclution:
Linearity:
Zero Offset:
Temperature Coefficient:
Temperature Range:

INPUT
level: 1 TTL Unit Load
Pulse: {positive)

Input {oading: 20 TTL Unit load
Rise and Fall Time:
Width:
Rate:
Timing:

Q0 to +10 volts
=5 or =10 volts
10 ma MAX,
<0.1 chm

< 5.0 psec

< 10.0 usec

1 partin 1024
=0.05%, of full scale
=5 mv MAX,

<0.2 mv/°C

0 to 30°C

20 to 100 nsec
»50 nsec
104 Hz max.

Data lines must be settled 40 nsec before the “LOAD DAC” pulse (transi-

tion) occurs.

POWER REQUIREMENTS:
Reference Power:
Amplifier Power:

Logic Power:

NOTES:

10.06 volts, 60 ma
=15 volts, 25 ma (plus cutput loading)
+5 volts, 135 ma
—15 volts, 60 ma

*Voltage — A6195: Full scale voltage (+5 or £10} must be specified at time

of purchase.

Price: Price stated is for standard output voltage and current. Other output
characteristics are available on request.

AB18 — 3350
ABle — 3375
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10-BIT D/A CONVERTER ‘ A

DOUBLE BUFFERED
A620 and A621 SERIES

10 Data LINES

-

r
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L I o B = N o B » B o1 I oD
Q ¢ ¢ 9 9 0 @0
Lonn oo o B M5B
WWBUT REG.H 10 BIT REGISTER
LI+ B R ¢ SR ¢ S | 1 (L L AMPLIFIER  LoGiC
ap |MSE POWER POWER
URDATE O——H 10 BIT BEGISTER Ty e,
BaAs gy 8T eu AS AR AC
o oo o o o o
a [+ o =] o [s]
+15 COM =15 45 =15 GND

-E REF. | BR O] ‘(J;_:gk_b } ANMLOG
EINARY WEISHTED NETWORK esg
ANALDG o QUTPUT

GND

GFFSET D4
f
| amavos s NTERNAL
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5 EXTERNAL
| FOR 4621 ®F  vREF
e

The A620 and the AGZ1 Digital-to-Analog Converters {DAC) are contained on
one DEC double Flip-Chip Module. These modules are also double-width in
the lower (B section} half, The converters are complete with two 10-bit buffer
registers, laevel converters, a precision divider network, and a current sum-
ming amplifier, capable of driving external loads up to 10 ma. The referance
voltage is externally supplied for greatest efficiency and optimum scale-factor
matching in multi-channel-application. o»

The A621 DAC ocutput voltage is bi-polar while the A620 DAGC output voltage
is uni-palar.

The doubje-buffered DAC's are offered to satisfy those applications where it
is imperative to update several analog output simuitaneously. When DAC’s
deliver input to a multi-channel analog tape system or update the constants
of an analog computer, the double-buffer feature may be necessary to prevent
skew in the analog data.

Binary numbers are represented.as shown (right justified) in Table 1:
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TABLE 1

Analog Output {Standard)
Binary Input AB20 ABZ1
0000z Ov —10v or —5v
0500¢g +2.5v —Bv or —2.5v
1000 +5.0v —0 volts
1500e +7.5v +5v or +2.5v
17773 +10.0v +10v or +5v
OUTPUT:
Voltage: (AG20 — Standard) 0 to 10 volts
Voltage: (AB21 -— Standard®) =5 or =10 volts
Current: 10 ma MAX.
Impedance: <20.1 ghrns
Settling Time:
(Full scale step, resistive Load}  <5.0 usec
(Full scale step, 1000 pf) <10 psec
Resolution: 1 partin 1024
Linearity: *0.059%, of full scale
Zero Offset: =5 mv MAX.
Temperature Coefficient: <0.2mvi°C
Temperature Range: 0to 50°C
INPUT:
Level: I TTL Unit lcad
Pulse: (positive)
Input lcading: 20 TTL Unit load
Rise and Fal! Time: 20 to 100 nsec
Width: = 50 nsec
Rate: 108 Hz MAX.
Timing:

1. Data lines must be settled 40 nsec before the “LOAD DAC™ pulse
(transition) occurs.

2. The “Update DAC" pulse must occur more than 100 nsec after the
*“LOAD DAC'" pulse.

POWER REQUIREMENTS:

Reference Power: —10.06 volts, 80 ma
Amplifier Power: *15 volts, 256 ma (plus output loading)
Logic Power: 4+ 5 volts, 190 ma

—15 volits, 60 ma

Notes:
*Yoltage — A621: Full scale voltage (£5 or =10) must be specified at time
of purchase.
Price: Price stated is for standard output voltage and current.
Other output characteristics are availabie on request.

AG20 — F400
AB2]l — $425
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REFERENCE SUPPLIES

{DOUBLE HEIGHT)

A702, A704

A
SERIES

REF
SUPPLY

N

AT +SENSE

o av -sewse

AN

[1

SUPPLY

i TEST POINTS

T

—1AC

—0 AT  +3ENSE
—©0 Ay —SENSE

[0 AE -0QUTPUT

LE  AC
-DUTPUT
Module] Ripple
Qutput Current Temperature Coefficient] Regulation | Peak to
Type | Peak
A702 =10 v +60 ma 1mv/°C 30 mv, no | 10 mv
load to full
] load
A704 110 v |—90to +40 mal 1 mv/8 hrs 0.1 mv, no { .1 mv
' 1 mvf15° to 35°C load to full
4 myf0° ta 50°C load
Module Adjustment Input U Output
Type | Resolution Power se Impedance
ATOZ2 5 mv —15v{100 ma 1 oad with 500 pf 0.5 chms
10 v (B)/ 10 ma |at load. May alsa
be pretoaded if desired
A704 | 0.01 mvy |15 +2 v/250 mal See below for sensing | 0.0025 ohms
and preloading

Remote Sensing: The input to the regulating circuits of the A704 is connected
at sense terminals AT (4) and AV (—). Connection from these points 1o the
load voltage at the most critical jocation 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 approxi-
mately 100 uf should be connected across the load at the sensing point.

244




Pretoading: The supplies may be preloaded to ground or —15v to change the
amount of current available in either direction. For driving DEC Digital-Analog
Converter modules, —125 ma maximum can be obtained by connecting a
2700+5% 1 watt resistor from the —10v pin AE reference output to pin
AC ground (A704 only}.

Pin Connections: The A704 is a double-sized module. The top pin letters are
prefixed A.

Wiring: Digital-analog and analog-digital converters perform best when module
locations and wiring are optimized. All Digital-Analog Converter modules
should be side-by-side. In an analog-digital converter, the comparator should
te mounted next to the converter module for the bits of most significance. The
reference supply modules shoutd be mounted nearby, and if the A704 is used,
its sense terminals should be wired to the most-significant-bits converter
module. The high quality greund must be connected to the common ground
only at pin AC of the reference supply module, and this point should also be
the common ground for analog inputs to analog-digital converters. Do not
mount A-series modules closer than necessary to power suppply transformers
or other sources of fluctuating electric or magnetic fields.

A702 —§ 58
A704 — $184
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10 BIT A/D CONVERTER A

AB11 SERIES
By conTROL | AH
A0S o—s{comparaTor ToereS le— sTart PuLsE
> 470 DOKE PULSE
M

0 TO A OIGITAL
conveRTER [G—] ADC DIGITAL REGISTER i

REFERENCE

(MSB} | AE
AD
AN
AM

1

2

3

4

S BL
8 BR
7

8

]

BK
gF
BS
t0 LLSBY | BT

4811 10-BIT ANALOG-TO-DIGITAL CONVERTER

A811 10-BIT ANALOG-TO-DIGITAL CONVERTER

The A-811 is a complete, 10-bit successive approximation, analog to digital
converter with a buiit in reference supply. The compliete converter is con-
tained on one DEC double FLIP CHIP™ logic module. Conversion is initiated
by raising the Convert input to logic 1 (+4 volts). The digital result is avail-
able at the output within 10 microsecands. 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.

The A811 requires 2 vertical connectors and the top section {connector A)
requires 2 connector widths, .
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120

NANOSECONDS
BIT 10
f—————— 10 Y SEC
L]
RY ;
CO?SESE l_l [
o
AQ Qone
PULSE
err frlel3]als]s]7]|8]e]w]
TIMING
SPECIFICATIONS:
Max. Min.
Convert Pulse Input:
Input loading 10 TTL unit load
Pulse Width 500 nsec 100 nsec
" Pulse Rise Time 250 nsec  —
A/ D Done Pulse Qutput:
Pulse Width 300 nsec 100 nsec
Digital Output:
Lagical 0% +0.4v Ov
Logical 1" 1.3.6v +2.4v
Cutput Current 0" 16 ma
Output Current 1" —0.4 ma
Input:
Input Voltage 0to +10v
Input Impedance 1000 ohms
Resolution: 10 bits
Accuracy: 0.1%, of full scale
Temperature
Coefficient: 0.5 mvf°C
Operating Temperature:
0°C to 50°C
Conversion Rate: 100 KHz MAX.
Output Format: Parallet Binary Uni-polar

Power;

4-15 volts =194 20 ma (pin B
—15 volts 1% 160 ma (pin AY)
+ 5 volts =12, 300 ma (pin AA)

Options:

The Input 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 inciuded. The impedance of the converter with sample
and hold is 10,000 ohms. Both options may be included simultanecusty if
high impedance and narrow aperture are hoth required.

AS11 —$450
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AMPLIFIER BOARDS A
A990, A992 SERIES

Many types of commercially avallahle operational ampllﬂers can he mounted
in the holes provided-on these predrilied etched beards. Mounting holes and
printed wires provide for halance trim, gain trim, and feedback networks re-
quired to build such common operational devices as voltage followers,
inverting or non-inverting amplifiers, integrators, differentiators, summers and
subtractors. Most amplifiers listed in the table below require =15v regulated
supplies which are readily available from the amplifier manufacturers. Notable
exceptions are Analog Devices' Models 101, 103, and 104 which may be used
with standard DEC 4-10v, —15v supplies at some sacrifice in voltage range
{+5, —10v) and noise.

Power: Positive at pin D, negative at pin E, common at pin F for all types.
Space is provided for mounting bypass capacitors used with some high
frequency amplifiers.

Trimming: Mounting holes on 1" centers at the handle end accept wirewound
potentiometers for balance and feedback (gain) trimming. Gain rheostat
may be connected in series with feedback compenents to allow precise ad-
justment of gain using inexpensive 1%, feedback resistors. Board is etched
to allow for use without gain trimming, and one pointed conductor must be
cut at caret marks to put a rheostat in the circuit. Gain rheostat stray capaci-
tance to ground is driven by amplifier output.

Amplifier Supplier

Types accepied
by A990

Types accepted by
A992 (boosters too)

Analog Devices
Burr-Brown™
Data Device Corp.
Nexus

Philbrick

Union Carbide
Zeltex

101, 102, 104, etc.
1500-46, 1500-68
Case K orCase L

103, 106, 107, etc.

most types, except boosters

Case Q
Case PP
most types
Case A
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“Except Burr-Brown differential output and chopper stabilized types: Per-
forated board W9%4 or other blank module may be used to mount non-

standard configurations.

L
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AS90 — 34
A992 — 34
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All incoming components are 1009%, tested. Here dicdes are being
tested automatically.
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SERIES
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INVERTERS B
Blo4, 8105, B123, B124 SERIES

.Each inverter is analogous to a switch. If the inverter hase is at —3 v and
the inverter emitter is at ground, the transistor is saturated and a conducting
path is established between the emitter and collector of the inverter. If the
base is at ground, or if both base and emitter are at —3 v, the emitter-
collector path 1s open circuited {i.e., will not allow current to flow).

Delay through the inverter is approximately 12 nsec for lightly loaded inverters
driven by a puise.

The B104 contains three standard 10-ma clamped loads and four transistor
inverters, each with its base, emitter, and collectos brought to connector pins.

The B105 has five standard 10-ma clamped !oads and five transistor inverters,
with each emitter grounded, and with each base and collector brought out,

The B123 has three standard 10-ma clamped loads and eight transistor
inverters, The inverters are tied together in series groups of two,

The B124 has three standard 10-ma clamped toads and rine transistor
inverters, each with emitter grounded, and with each base and collector
brought to terminals. The collectors are tied together in groups of three.

B104 — $17
B10% — $21
B123 — $31

B124 — §31

NAND/NOR GATES B
B113, B115, B117, B171 SERIES

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. (Because the rise and fall delays differ, these diode gates may
shorten negative input pulses markedly; see below.)

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 dicde gates,
each with three diode inputs and the collector brought out.

The B117 has two diode gates, sach with six diode inputs and the colfector
brought out. In addition, the emitter of one of the inverters is avaitable,
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The B171 is a singile gate with twelve diode inputs. In addition to the positive
NOR output, ancther inverter has been added at the output; using the inverted
output makes the B171 an OR gate for ground inputs and an AND gate for
—3 v inputs. '

Power: B113: +-10 v(A)/0.7 ma; —15 v(B)/43 ma; B115: +10 v(A) /0.5 ma;
—15 v(B}/42 ma; BI17: +10 v(A)/0.3 ma; —15 w(B)/2.5 ma; B171:
410 v(A)/0.3 ma; —15v(B)/31 ma.
B113 — %23
B115 — $21
B117 — $14
B171 — $18

THREE-BIT PARITY CIRCUIT B
B130 | SERIES

This special logic module has two levels of high speed logic and complemen-
tary outputs. It is designed to compute the parity (cdd or even) of the contents
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 pate.

Delay is {ypically 15 nsec from 509 of the input transition to 50%, of the
output transitions when ouwtput capacitive loading is very small.

Power: 10 v(A}/49 ma; —15v (B)/92 ma. —_—
B130 — $50

HALF BINARY-TO-OCTAL DECODER B
B155 SERIES

The B155 module is used atone 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 combinaticn
results in one selected output held at ground if the decoder is enabled. No
output will be selected if an enable input is held at ground. The decoder
consists of four 4-input diode gates with appropriate input intercennections.
All of the output transistor emitters are connected to pin D, providing a
third enabling point. Also included are four standard 10-ma clamped loads.

Power: +10{A)/0.6 ma; —15(B)/53 ma. —_—
B155 — $21
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FLIP-FLOP - B
B200 SERIES

Most 10 mc registers can be built with B200 buffered flip-flops. The delay
from pulse input to flip-flop output is short, suiting the B200 for unidiree-
tional counting and shifting appiications in which comparators are used to
stop the action. Delayed level inputs are conditional, providing JK character-
istics. Some typical operations the B200 can perform at 10 mc input rates
are: gated shifting, parallel-serial conversion, jam transfer, and simultaneous-
transition counting. Typical delay: 30 nsec. Typical output rise time: 35 nsec.
See "B Series — Logic Configurations” for examples of B200 applications,

Power: +10v(A)/11 ma; —15v(B)/45 ma. —_—
- B200 — %25

FLIP-FLOP B

B201 SERIES .

Some 10 m¢ operations require a greater variety of pulse inputs than the
B200 can provide. For example, read-in from several sources, bi-directional
shifting, and artihmetic cperations ail require the greater flexibility of the
B201.

In order o allow the outputs to be sampled by the same puise that is chang-
ing the state of the internal flip-flop, the buffers include a controlled amount
of delay.

The B201 has nine built-in inverters for accomplishing such operations as
set, clear, jam-transfer, shift, and compiement without the need for additional
gating. The B201 can aiso be used in counters. Logic diagrams for these
operations are shown under ‘B Series Logic Configurations.™

Power: 4-10(A)/5 ma; —15(B)/63 ma. —— —
B201 — %56

QUADRUPLE FLIP-FLOP B
B204 | SERIES

Module B204 contains four bits of unbuffered flip-flop memory. Each flip-flap
comprises two B10S5-type inverters, two 10-ma clamped loads, a common
clear input, and an indicator driver resistor.

Power: +-10(A)/0 ma; —15{B)/94 ma. —_——
B204 — $29
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DELAY (ONE SHOT) B
B301 _ SERIES

A delay (one shot) is a monostable multivibrator. When the input terminal
is grounded, either through the inverter or externally, the level output switches
from its normal ground level to —3 v for a pre-determined, but adjustable,
period of time; then it switches back to ground. Simultaneously with the finat
transition, a standard 40-nsec pulse is generated at the pulse cutput.

The B301 contains three capacitors for delay range selection, and a screw-
driver-adjustable rheostat for fine control. Typical level output duration ranges
are 60 to 700 nsec, 0.5 to 10 gsec, and 7 1o 150 psec using pins J, L, and V
respectively. To increase the range further, connect an external capacitor
between pins J and K. When pins U and P are jumpered together, fine adjust-
memts are made with the internal control. Far external control, a rheostat of
ahout 5000 chms can be connected between pins S and P.

The circuit recovery time using a given timing capacitor is approximately
109, of the maximum delay avaitable with that capacitor. This limits the
maximum input frequency to about 6.5 mc.

A 209, change in power supply voltage will change the delay typically 19%.
Delay jitter (due to power supply ripple) is less than 0.3%.

Power: +10 v(A)/2 ma; —15 v(B)/110 ma.

B301 — $73
DELAY B
B310 Double Height Board SERIES

The B310¢ contains four delay lines, each producing maximum delay of 50
nsec in 12.5 nsec steps. The output of each dine is connected to a transistor
inverter whose emitter is grounded. The coliector terminal is available for
logical gating. The 15 nsec delay through the inverter must be added to the
“delay of the line.

Power: None required,

B310 — $66
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DELAY WITH PULSE AMPLIFIER B
B360 SERIES

The B360 contains a delay line which may be varied from 25 nsec to 250
nse¢, and a standardizing pulse amplifier simifar to one half of a B&02. The
length of the delay is adjusted by means of a slotted screw accessible from
the handle-end of the module. The high resclution of the delay line {approxi-
mately 14 nsec) makes it ideal for high-speed timing chains. By connecting
the delay and pulse amplifier together with suitable logic in a feedback loop,
a stable gateable clock may be obtained (see Application Section),

Power: 10 v(A)/5 ma; —15 v(B}/50 ma.

B360 — $34

CLOCKS B
B401, BA05 SERIES

The B401 Variable Clock produces standard pulses from a stable, RC-coupled
ascillator with a wide range of frequencies. The variable clock is often used
as a primary sousce of timing for large systems. Where very precise timing
is needed, the B4Q5 Crystal Clock, which contains a single-frequency crystal
oscillator, may be used.

The frequency of the B401 is variable from 10 kc to 10 mc. Three capacitors
determine the frequency range, and a potentiometer provides fine control
For lower frequencies, an external capacitor may be used. When terminals
U and P are connected together, the internal rheostat provides fine control.
If desired, an external rheostat can be connected between terminals P and C,
A 209%, change in power supply voltage will change the frequency less than
19%. Pulse-to-pulse jitter is less than 0.3%.

The BAOG 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, Stability is 0.013%; over the temperature
range of ~20 to -55"C.

Power: B401: +10 v(A)/0 ma; —15 v(B}/70 ma. 8405: +10 v(A)/51 ma;
—15 v(B)/25 ma.

B431 — § 57
B405 — $100
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PULSE AMPLIFIER B
B602 SERIES

The B602 contains two pulse amplifiers which are used for power amplifi-
cation, for standardizing pulses in amplitude and width, and for transforming
a level change to a pulse. Delay from the input of an inverter that drives the
PA to the PA cutput is approximately 20 nsec. Input pulses may occur at any
frequency up to 10 me.

Power: 10 v(A)/2 ma; —15 v(B)/75 ma.

B602 — $36

CARRY PULSE AMPLIFIER | B
B620 SERIES

Module B620 supplements the B201 for 10-mc counting applications. It
supplies the circuitry to complement two B201 Flip-Flops and propagate
their carry pulses. One B620 and one B201 can also be combined to form
one bit of an up-down counter. The B620 contains two pairs of inverters for
complementing 10-mc flip-flops with conditional set and clear inputs, and
two standardizing pulse amplifiers each capable of driving three inverter
bases. The propagation delay is approximately 10 nsec. Maximum. pulse
repetition frequency is 5 me for pulse amplifiers.

Power: +10 v(A)/6 ma; —15 v{B)/20 ma.

B620 — $47
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POWER INVERTER B
B681 SERIES

The B681 Power Inverter contains four high current inverters, each with
separate emitter connections. A 20-ma clamped Ipad is permanently con-
nected to each collector. Four additional 13-ma clamped loads are supplied.
Input and output current ratings are double those of a standard inverter.

Power: 4-10 v(A)/0 ma; —15v/130 ma.

B6B1 — $25

BUS DRIVER B

B634 SERIES -

The B6B4 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 approxi-
mately 30 nsec.

Power Unloaded: +-10 v(A)/80 ma; —15v(B}/120 ma,
Power for Load: Current to Dring loads to ground must be added to the total

demanded from +10(A); current to bring loads negative must be added to
the total cusrent from —15(B).

B684 — $52
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DIODE NETWORKS R
ROO1, ROO2 . SERIES

Dicde 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.

RO01 — $4
RO02 — 35
iINVERTER R

R107 SERIES .

The RI1O07 Inverter contains seven inverter circuits with single-input diode
gates. Six of the circuits are used for single-input inversion; the seventh 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.

Power: +10 v(A}/0.7 ma.; —15 v(B)/30 ma.

R107 — $24
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EXPANDABLE NAND/NOR GATE R
R111 SERIES

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 dicdes, a
third is connected directly to the node point of the diode gate. The third
terminal allows the number of input dicdes to be increased by adding external
dicde networks such as the R001 or RO02. External dicdes must be connected

in the sarme direction as the diodes in the R111. Unused inputs may be
left open.

Power: +10 v{A)/0.3 ma; —15 v(B}/18 ma.

" R111 —%14

NAND/NOR GATES R
R113, R121 SERIES

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 R111-type circuits with 2-ma Joads internally con-
nected to each output. This module increases density at the expense of flexi-
bility, since gate expanders RO0O1 and RCO2 cannot be used.

Power: R113: 10 v(A)/0.5 ma; —15 ¥(B)/23 ma. R121: +1¢ v(A}/O;4 ma;
=15 v(B)/20 ma.

R113 — $20
R12]1 —§17
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NOR/NAND GATE R
R122 SERIES

Provides the logical complement to the R121 NAND Gate at some sacrifice
of speed and economy.

Power: 110 v(A)/3 ma; —15vw(B}/31 ma,

R122 —$26

INPUT BUS GATE R
R123 SERIES

This module contains six R111-type diode gates arrayed for convenient driving
of the PDP-8 computer input bus, and for other matrix-like applications.
Clamped lcads are not provided on this module, and must be obtained from
some module in the associated logic.

Power: 4-10 v(A}/.6 ma; —15v(B)/15 ma.

R123 — $19

EXCLUSIVE OR R
R131 SERIES

This module provides a convenient way to compare two hinary 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.

Power: 4-10 v(A)/0.8 ma; —15 v{B}/36 ma.

R131 — $35
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AND NOR GATE R
R141 SERIES

The R141 AND/NGR Gate performs two levels of gating. The modufe contains
a multiple-input diode gate with a transistor inverter for signal amplification.
For negative input signals the R141 is seven Z-input AND gates which are
\NORed together, For ground inputs, it is seven 2-input OR gates NANDed
together. This module is freguently used to. mix multiple inputs to a pulse
amplifier, or to compare the contents of two flip-flop registers.

Power: }10 v(A)/0.5 ma; — 15 v(B)/19 ma. —
R141 — $13

BINARY-TO-OCTAL-DECODER | R
R151 SERIES

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,

Typical total transition times are 75 nsec for output rise and 60 nsec for
output fall.

Power: +10 v(A)/0.9 ma; —15v(B)/32 ma. —
R151 — $33

DC CARRY CHAIN R
R181 SERIES

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 madules.

Power: 410 w(A)/0.7 ma; —15v(B) /26.2 ma.

R181 — $35
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FLIP-FLOP R
R200 SERIES

The R200 is a basic flip-flop for use in set-reset applications. It can be set and
cleared at any frequency up to 2 mc. A set input makes the 1 output go to
—3 v and the 0 output to ground; a clear input makes the 0 output go to
—3 v and the 1 output to ground,

Power: +10 v{A)/0.3 ma; —15v(B)/16 ma. _—
R200 — $5.50

FLIP-FLOP : R
R201 ' SERIES

The R201 Flip-Ftap has direct set and clear inputs and five diode-capacitor-
diode (DCD) gates. Because of this large number of inputs, the R201 can he
used in any of the following applications without additional gating,

1. Any two of the following as well as conditional read-in from an external
source: up counter, shift register, jam transfer buffer, ring counter, and
switch tail ring counter. Down counters or up-down counters can also
be implemented if conditional read-in is not required.

2. BCD counter with read-in from two sources.
3. Buffer register or control flip-flop with read-in from five sources.
4, Special Counts of 2* (27 4+ 1).

Power: +-10 v(A}/0.2 ma; —15 v(B)/27 ma. —_—
R201 — §22

DUAL FLIP-FLOP R
R202 SERIES

The R202 Dual Flip-Flop contains two identical flip-flops. Each has a direct
clear input, a commeon 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.

Power: 410 v(A)/0.5 ma; —15 v(B)/34 ma. | —
R202 — $25
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TRIPLE FLIP-FLOP R
R203 SERIES

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.

Power: +10 v(A}/0.7 ma; - 15 v(B}/40 ma.

R203 — $28

QUADRUPLE FLIP-FLOP R
R204 SERIES

The R204 Quadruple Flip-Flop contains four flip-flops. Each has direct set and
direct clear inputs. Two of the flip-flops share a common direct clear input.
The R204 is used in general control applications. A set input makes the 1
autput —3v and the 0 output ground; a clear input makes the G output —3vw
and the 1 output ground.

Power: --10 v(A) /0.9 ma; — 15 v(B)/42 ma.

R204 -— $28

DUAL FLIP-FLOP - R
R205 SERIES

The R205 contains two identical flip-fiops with a common direct clear input.
Each has three DCD gates, and can be colfector-triggered at either output by a
diode-transistor gate or a diode network. The R205 can bg used in any of the
foliowing applications without additicnal gating: up counter, down counter,
shift register, ring counter, or jam transfer register.

Power: +10 v(A)/0.5 ma; —15 w{B)/36 ma.

R205 — $29
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DELAY (ONE SHOT) R
R302 : SERIES

The R3C2 contains two delays (one-shot multivibrators) 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. The length of the delay is determined by the capacitor and
- potentiometer. External capacitors can be attached between terminals H and
J (or R and 8), J (5} being the more positive terminal. The 20-kilohm internal
potentiometer can be used by putting a jumper betwegen terminals J and
K (or S and T). External potentiometers can be attached between terminals
Jand L (S and U), The total resistance between these terminals must not
exceed 20 kilohm. A 20%, change in power supply voltage will change the
delay less than 29, Delay jitter due to power supply ripple is less than 0.29;.

Power: +-10v(A)/0.6 ma; —15 v(B)/88 ma.

R302 — $44
INTEGRATING ONE SHOT R
R303 SERIES

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 90%, of their final valves 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.

Delay is 3.5 microseconds to 0.7 second. Jitter is less than 1.49% peak-to-
peak. Precision: Delay time wilt change less than 29, for a change of 209,
in supply voltage.

Power: | 10v(A}/6 ma; —15 w(B)/75 ma.

R303 — $45
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VARIABLE CLOCK - R
R401 SERIES

The R201 Variable Clock is a gateback clock that praduces standard 100-or
40C-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 me, Five
capacitors provide coarse frequency control, and a built-in 20,000 ohm
potentiometer permits fine adjustment. Terminals for an external potenti--
omefer or capacitor are availabie. The maximum size of the external potenti-
ometer to be used is 20,000 ohms.

Lower frequencies may be obtained by adding an external capacitor between
pins R and C., A 209% change in power supply voltage will change the prf
less than 19%,. The pulse-to-pulse jitter is less than 0.224,.

Power: 1+ 10v{A}/6 ma; ~15 w(B)19 ma. —
R401 -— $45

CRYSTAL CLOCK ' R
R405 { SERIES

The Type R405 employs a series resonant crystal oscillator, squaring circuit,
and output pulse amplifier. The crystal clock's output frequency remains
within 0.019%}, of specified vaiue between (°C and +55°C. The cfock fre-
quency is specified anywhere in the 5 kc to 2 mc range by the customer and
is stamped on the crystal can,

Power: + 10v{A)/5.4 ma; —15 v_{B}/SO ma.

R405 — 3100

PULSE AMPLIFIER R
' R601 SERIES

The R601 is a pulse amplifier that standardizes pulses in amplitude and
width. OQutputs 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
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be mixed. Input pulses can occur at any frequency up to 2 me for 100-nsec
pulse outputs and up to 1 mc for 400-nsec outputs. Delay through the pulse
amplifier is approximately 50 nsec.

Power: -10v{A)/1.1 ma; —15v(B}/33 ma.

R601 — $25

PULSE AMPLIFIERS R
R602, R603 " SERIES

The R602 and R603 contain pulse ampiifiers for power amplification and for
standardizing puises in amplitude and width, Eack amplifier produces stan-
dard 100-nsec pulses and one section of the R602 can also produce 400
nsec pulses. DCD gates and a single dicde input permit inputs from many
sources to be mixed, Input pulses can gecur at any frequency up to 2 me for
100 nsec pulses, and up to ) mc for 400 nsec pulses. Delay through the pulse
amplifier is approximately 50 nsec,

Power: R602: +10v(A)/2.2 ma; — 15 v(B)/45 ma.
R603: 10 v(A)/3.3 ma; —15v(B}/57 ma.

REOZ — $22
_R603 —9$28
BUS DRIVER R
R650 SERIES

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 b and E (N and P) are the
principal inputs. They form a NAND gate for negative inputs or a NOR gate
for ground inputs. Gate inputs, such as the RO01 or R002, can he added
through the node terminal F (R). Other gating sources may be mixed with the
gate inputs by using collector tarminat L (V).

The bus drivers operate at frequencies up to 2 mc with typical rise and fall
times of 25 nsec. The typical total transmussncn times are 60 nsec for output
rise and 65 nsec for output fall.

Power: +IQ v(A)/50 ma; —15v(B}/81 ma.

R650 — $23
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CLAMP LOADS w
w002, W005 SERIES

The W0O02 conatins 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 WO05 contains 15, 5-ma clamped loads. These can be used for clamping
voltages at the ocutput 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 eguivalent to one B-Series clamped load.

Power: WO02: —15v (B)/46 ma. WO05: —15v {B)/91 ma.

W002 —$13
W005 — $15
CABLE CONNECTORS FOR W
INDICATOR AMPLIFIERS SERIES
wo1s8, wo23

The W018 and W023 provide 18 line ribbon cable connections to FLIP CHIP
mounting panels. In the W18 connection to each pin is through a series low
leakage silicon dicde, The W023 provides unbroken signal lines from the
cable to the connector pin.

When these cables are used with 4917 or 4518 indicators, the WO18 must be
located at the FLIP CHIP panel and the WO023 inserted in the indicator socket
connector. Cables may be ordered with connector modules on both ends or
on one end only, Cable length may be specified in increments of 1 inch,

Care should be taken when using the W023 for other purposes, since the
Power Pins (A, B) are unprotected.

wolg —$% 9
w023 —§ 4

w018 -~ $18

With Cable oo 13

275




SOLENOID DRIVERS w
W040, W043 SERIES

These high current drivers can drive relays, solenoids, stepping motor wind-
ings, or other similar loads. The cutput fevels are- 2 volts and a more negative
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
driver output. There are two drivers per module and both modules use the
same pin connections.

Power: W040; 110 v{A)/0 ma; —15 v{B)/24 ma. The external voltage suppiy
must supply the cutput current of the two drivers (1.2 amp max.)

Power: W043; 110 v(A)/0.25 ma; —15v(B) /6 ma. The external voltage supply
must supply the output current (2.0 amp max.}

Ww040-$36
W043-$35
10 AMP DRIVER w
w042 SERIES

This module has four germanium transistor drivers each capable of pro-
viding up to ten amperes of DC drive at ambients up to 40°C for heavy loads
such as paper tape punches, card punches, hydraulic servo valves, or high-
torque stepping motors like Responsyn (T.M. United Shoe) or Sio-Syn (T.M.
Superior Electric), In 55°C ambients up to 8 amps total current may be ob-
tained. AMP “Faston™ tabs at the handie end of the module provide high
current connections for ground, ES, and the four outputs and external
ground. Due to the fact that this module may dissipate as much as 20 watts
when operated at rated output, special consideration should be given to an
unchstructed flow of coaling air.

Power: +-10v (A)/180 ma; ES/270 ma plus cutput current

W042-$80
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30 MA INDICATOR DRIVER
Wo5s0

W
SERIES

The W0S50 contains seven transistor amplifiers that can drive miniature in-
candesecent bulbs, such as those on an indicator panel. 1t is used to provide
remote indicators for R- or B- Series flip-flops. If the input is at —3v, the out-

put is at —1v.
Power: +10v (A)/1.1 ma; —15v {B)/7 ma.

W050 — $13

100 MA INDICATOR AND RELAY DRIVER
was1

W
SERIES

The WOb1 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 dicde clamped to 15v to prevent over-
voltage 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 microsecond.

Power: +10v (A)/3 ma; —15v (B)/23 ma.

w051 — $22

RELAY DRIVER
w061

W
SERIES

The W061 Relay Driver has four all-silicon 250 ma drivers with gateable
inputs; it can drive relays and solenoids with positive voltage supplies up to

55v. Typical delay for circuit alone: 1 microsecond.

Power: 4-10v (A)/70 ma; —15v (B}/8 ma.
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ISOLATED AC-DC SWITCH w
Wos0 SERIES

This module contains two photon-coupled transistor switches with bridge
rectifiers. ‘Both turnon and turnoff are slow enough to minimize output noise,
Cutput tabs are at handle end of module for maximum isolation, Drives
relays, solenoids, panel lamps, small motors directly. Larger AC loads can be
driven by the use of SCR or Triac* buffers. Far example, one SC45B Triac
with a WOB( circuit tied from gate to anode 2 and a 1000 resistor from gate
to anode 1 can switch AC loads up to one kilowatt. Switching rate must not
exceed 1 hertz. Switching time: 1/10 second.

Power: 10v (A)/60 ma; —15v (B)/0.
“G. E. Trademark

WO0BO-$60
PDP-8 DEVICE SELECTOR w
w103 : SERIES

This module is used to decode the six device selector bits transmitted in
complermnent pairs on the PDP-8 or PDP-8/% 1/0 bus, and it provides standard
pulses to the selecied device. The device cade is selected by cutting one
diode of each pair, BE or BF, etc. off the board. Device coding can also be
accomplished by selective wiring of the bus inputs to the diode pairs.

Power: 4-10v (A)/6.4 ma; —15v (B}/57 ma,

w103 — $52

DECODING DRIVER : w
W108 (DOUBLE HEIGHT) SERIES

This driver provides up to 300 ma bipolar drive currents for use in memory
systems including core memories, such as the H201 and magnetic tape
systems. There are eight drivers on a module, each of which can be selected
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either by one of eight address lines or by using the built-in binary-to-octal de-
coding matrix. The drive current direction is selected by one of two input
select lines and will be the same for all drivers on a module, Drive current
can be varied from 160 ma to 300 ma by adjusting the external negative
voitage reference connected to a tab terminal on the module handle.

Power: —15 (B)/16 ma plus 35 ma per selected driver
—WV¥(TAB)}/maximum of 250 ma per negative current driver used.

w108 — $75

HIGH IMPEDANCE FOLLOWER w
w500 SERIES

High impedance signal sources such as photocells and low current instrumen-
tation amplifiers can drive Schmitt Trigger W501 or logic gates through a
WS00 circuit. The module contains 7 fault-protected circuits, each com-
prising two cascaded emitter-follower amplifiers, Input voltage excursions up
to *30v or short-circuits from output to ground are harmless, Outputs can go
as negative as — 15v with very light loading, hut will not exceed —10v when
driving a W501 input,

Power: 4+10v (A)/18 ma; —15v (B)/35 ma.

W500 — $25
NEGATIVE INPUT CONVERTER w
AND SCHMITT TRIGGER SERIES
w501

The W501 contains a Schmitt trigger circuit which produces standard levels
as a result of some outside activity such as the closure of 2 switch or relay.
A ground level input produces a —3v level cutput, and a negative level input
produces a ground level output. Norminal switching thresholds of —2.2v and
—0.8v are obtained by connecting terminal L to terminal K and terminal
M to terminal N. The switching thresholds can be varied over the range of O
to —2.5v by applying external voltage levels to terminals M and L. Terminal
# controls the lower level threshold, and terminal L controls the upper level
threshold. The module alse contains an integrating circuit to filter contact
bounce when a switch or relay is used to generate the levels.

Power: +-10v (A)/12 ma; —15v {B}/27 ma. w501 — $13
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POSITIVE INPUT CONVERTER W
~ Wslo SERIES

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. By shorting out sections of the diode string, the
switching threshold may be varied to either +2v, +1v, or 0. When the input
is more positive than the switching threshold by lv, the inverter is cut off and
the output is at —3v. When the input is more negative than the switching
threshold by 1v, the inverter is saturated and the output is at ground.

Power: --10v (A)/B.0 ma; —1%v (B)/17 ma.

W510 — $17

NEGATIVE INPUT CONVERTER w
w511 SERIES

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. A separate input diode is also provided. By connecting
the input dicde to various points on the diode string, the switching threshald
can be set at Ov, —1v, —2v, or —3v. When the input is more positive than
the switching threshold by lv, the inverter is cut off and the cutput is at
—3v. When the input is more negative than the switching threshold by lv,
the inverter is saturated and the output is at ground.

Power: +10v (A)/3 ma; —15v (B)/24 ma.

w511 — 317

POSITIVE LEVEL CONVERTER w
ws12 SERIES

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.
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Input threshold voltage to each converter is normally 1.6 volts for com-
patibility with DTL and TTL levels. This threshold can be set at 0.8 volts by
grounding pin V for RTL level conversion.

Power: +10v (A)/104 ma; —15v (B)/30 ma.

W512 — $25

COMPARATOR ' W
W520 SERIES

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-transistor
difference amplifiers which give DEC standard levels at the cutput. The state
of the output is determined by the relative polarity of the input voltages.

Max delay for output fail:
75ns. 50Y%, to 509
Max delay for output rise:
150ns, 50% 1o 50%
Typical rise time 109
to 90%: 25ns
for 200mv square wave
about a fixed reference
voltage

The W520 is tested for 100mv difference minimum. It is not a replacement
for the mare precise AB02.

Power: --10v (A)/37 ma; —15v {B)/32 ma.

W520 — $43
DUAL AC-COUPLED w
DIFFEREN%E%MPL!FIERS SERIES

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 necessary
to amplify information signals in a system using a single sense line per
plane for a memory or per channel for a tape system.

Power: +10v {A)/40 ma; ~15v {B)/40 ma.

w532 — $30
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DUAL RECTIFYING SLICER W
w533 SERIES

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 siicer circuits on each W533. Two input terminals per circuit
permit rectification so that bipolar difference signals can be sliced and
standardized.

Power: --10v {(A)/40 ma; —15v (B)/28 ma.

W533 — $30

IBM N LINE TO DEC CONVERTER w
w590 SERIES

Each of the 5 inverting amplifiers on this module provides input characteris-
tics compatible with three types of IBM N Lines. Input impedance is nominally
300 chms, with 100 ohm impedance available by connecting 150 ohm shunts
provided. Each circuit has a switching threshold near zero volts, with input
biasing included to maintain a definte output state when the input is open-
circuited,

Unshunted inputs will tolerate input excursions up to +4v and —6v, so these
circuits may alsc be used to convert IBM T, D, or Q lines if the IBM circuits
involved can safely drive the WS90 input loads.

Power: 4-10 v (A}/40 ma; —15v (B}/23 ma.

W590 — §26
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NEGATIVE QUTPUT CONVERTER w
w600 SERIES

The W600 contains three inverting amplifiers that convert standard levels to
cutputs 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 dicde networks, such as,
those contained on the ROG1 or RC02, to the node terminal, These inputs
form a NOR gate for ground levels and a3 NAND gate for negative levels. That
is, if any input diode is at ground, the output is at the external clamp voltage:
and if all inputs are at —3v, the output is at ground. Qutput rise and fali TTT
are less than respectively 100 and 200 nsec.

Power: -+10v (A) /0.3 ma; —15v (B)/33 ma.

W00 — $12

POSITIVE OUTPUT CONVERTER W
w601 SERIES

The W60l contains three amplifiers for converting DEC standard levels to
outputs of ground and an externally supplied clamp voitage level, E.. This
external ¢clamp voltage is applied to terminal F (M) and must be between |1
and -20v. Additional inputs can be added by tying diode networks, such as,
the ROO1 ar the ROO2, to the node terminal. These inputs form a NOR gate
for ground levels and a NAND gate for negative input levels, That is, if any
input diode is at ground, the output will be at ground and if all inputs are
—3v, the output will be at E.. A positive supply voltage E, greater than E.
should be tied to terminal V. If E. is less than 4-10v, the 4-10v supply on
terminal A may be used at the supply voltage on terminal ¥. Qutput rise and
fall TTT are less than respectively 150 and }00 nsec.

Power: +10 v{A)/3 ma; — 15 v{B}/6 ma.

We01 — $13
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BIPOLAR OUTPUT CONVERTER w
w602 SERIES

For driving EIA standard communication lines and other applications demand-
ing 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.
To contrel noise on long transmission lines the output rise and fall times
are intentionally slowed to roughly 50 -nsec/v, and at low repetition rates
capacitance may be connected externally from outputs to ground to further
increase rise and fall times. Output upper levels can be setat6v, 3 v, or0 v,
and lower levels can be set at 6 v, 3 v, or 0 v using clamp voltage sup-
plies provided.

Power: +10 v(A)/32 ma; — 15 v(B)/31 ma.

W602 — $40
POSITIVE LEVEL AMPLIFIER LU
W603 - SERIES

Positive logic systems such as those using RTL, DTL, or TTL monolithic
integrated circuits can be driven from FLIP CHIP systems through the WE03.
Clamped load resistors at the output of each circuit permit cutput levels to
be adjusted to the type of circuit being driven, Normally the clamp voltage
at pin V is provided by the logic supply voltage used with the monolithic cir-
cuits, This clamp voltage is common to all seven converters on the module.

Power: --10 v(AY/35 ma.; —15 v(B)/7 ma.
we03 — $2

PULSE QUTPUT CONVERTERS W
W607 AND W640 SERIES

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 WE07 can be useful in setting or clearing B Series unbuffered
flip-flops via inverters such as B104 or gates such as B113.
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CGutputs from these pulse converters are taken from floating pulse-transformer
windings. In addition to allowing data transmission independent of ground
system integrity, this feature permits two or three outputs to be series-
connected for farger pulse amplitudes when inputs are driven simultaneously.

Power: WE07: 310 w(A)/0 ma.; —15 v(B)/35 ma. W640: 410 w(A)Y/0 ma.;
—1% v(B}/25 ma.

TW607 —$42
W640 — $42
DEC TO IBM N LINE CONVERTER W
W650 SERIES

Each of the four inverting drivers on this modwle provides outputs compatible
with the three types of IBM N lines, depending upon what cutput 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 trans-
mission lines.

Cutputs will drive loads returned to voltages as high as +12 volts so this
module will also drive T, D, or Q lines with suitable biasing networks added.

.Power: +-10v (A)/0 ma; —15v (B)/150 ma.

T W690 — $36
SWITCH FILTER w
W700 SERIES

The W700 contains six switch filters for reducing contact closures to standard
levels. The output drive of the switch filter is determined by the voltage to
which the switch coniact is returned.

Power: Terminal D connected to —15v: 410v {A)/0 ma; ~15v {B}/31 ma.
Terminal D connected to 4+10v: -+10v (A)/8 ma; —15v (B)/22 ma.

W700 — $20
POWER SUPPLY (3.6 volt) W
W705 (SINGLE HEIGHT, TRIPLE WIDTH) SERIES

This inexpensive power supply is of primary use in conjunction with the W706
and W707 teletype modules. The ouiput can supply up to 1.5 amps at a
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nominal voltage of 3.6 volts. Voltage regulation for variable loading is pro-
vided and output ripple is less than 40 mv.

Power: 4-10v {(A) /200 ma, plus toad current

W705 — $15

TELETYPE RECEIVER W
W706 (DOUBLE HEIGHT) SERIES

The W706 Teletype Receiver is an integrated-circuit, series-to-parallet
Teletype code converter, self contained on a double-height module, This unit
inciudes all of the serial to parallel conversicn, buffering, gating and synchro-
nizing necessary to transfer information between an imcoming asynchronous
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 B bit serial character of 100, 10.%
or 11.0 units can be assembled into parallel from by the W706 through the
use of selective jumpers on the module,

Power: —15 {B) 12 ma: 43.6 v 550 ma. This power is available from a W705
or any commercial supply that has an ovtput regulation of =10%,.

W706 — $150

TELETYPE TRANSMITTER w
W707 (DOUBLE HEIGHT) SERIES

The W707 Teletype Transmitter is an integrated circuit parailel to serial tele-
type code converter, self contained on a double-hgight module. This unit
includes all of the parallel to seriat conversion, buffering, gating, and timing
necessary to transfer information in an asyacronous manner between a
parallel binary device and a serial teletype line. Either a 5 bit or 8 bit paraliel
charaeter 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.

Power: —15 (B}/3 ma: 1+3.6 v/550 ma. This power is available from a W705
or any commercial supply that has an output regulation of =109%;.

W707 — $150
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TELETYPE INTERFACE
w708

SERIES

W

The W708 provides special gating controls and clock synchronization for tefte-
type and data communications systems when used with the W706 and W707
teletype modules. Such system features as half duplex operation, half unit
start bit spike rejection and single clock operation are possible when W706,
W707 and W708 modules are used in a system. DIGITAL's Application Note

AP-W-001 shows several system interconnections using a W708.

Power: —15v (B)/25 ma; 43.6 v/300 ma. This power is available from a
W705 or any commercial supply that has an output regulation of £109%.

W708 — $55

DIVIDE BY 16/64 COUNTER
W709

SERIES

W

The W709 module provides the count-down circuitry for conversion of stable
crystal clock freguencies to low frequencies common to teletype and data

“communications systems,

Power: —15 (B)/27 ma; -+3.6 {J}/180 ma. This power is available from a
W705 or any commercial supply that has an output regulatior of *109;.

W709 — $30

RELAY
w800

SE

W
RIES

The WB00 Relay consists of two separate Form A reed relays, each with an
aptional protecting circuit. When the protecting circuit feature is desired, N
and P (T, U} should be connected together and the external circuit connected
to P and R (U, V). To use the relay without the protecting circuit, the externai
circuit should be connected between M and R (5. V). The protecting circuit
consists of a capacitor and a parallel combination of an inductor and a
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resistor. The protection circuit slows down current and voltage rise time at
the time of contact closure or apening in order to minimize undesirable effects
on sensitive logic in the vicinity of the relay. The type W800 is used to drive
heavy loads on computer or logic command. The frequency limit is 100 cps.
Maximum relay operating timme is 2 msec.

Power: 15v/124 ma; +10v {A)/0.6 ma.

WB00 — $45
RELAY MULTIPLEXER w
w8g02 (DOUBLE HEIGHT MODULE) SERIES

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 psec.

Power: +10v (A)/2 ma; —15v (B)/20 ma plus 25 ma per energized relay
(220 ma max. for all refays energized).

weoz — 3160

BLANK MODULES | W
_ W970-W975, W590-W995 SERIES

These 12 blank modules offer convenient means of integrating special circuits
and even small mechanical components into a FLIP CHIP system, without
loss of modularity. Both single and double size boards are supplied with
contact area etched and gold plated. The W990 Series modules provide con-
nector pins on only one module side for use with HBOO connector blocks.
W970 Series modules have etched contacts on both sides of the module for
use with double density connectors type H803,

Wwe90 — § 2.50
wo9l —$ 5.00
Wo9z2 — % 2.00
W93 —$ 4.00
w994 — $ 4.50
- W9s5 —$ 9.00
W970 —$% 4.00
Wwe71 -— 3% 8.00
w972 — % 4.00
W973 — % 6.00
we74 — § 9.00
Wao75 — $18.00
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MODULE EXTENDER w
w980 SERIES

The W380 Module Extender allows access to the module circuit without break-
ing connections between the module and mounting panel wiring.

wos0o — $14

SYSTEM MODULE ADAPTER w
woss SERIES

The W985 is an adapter which permits DEC system medules to be plugged -
into a FLIP CHIP mounting panel. It reguires a block of four (two high and

two wide) FLIP CHIP module spaces.

Was5 — $34
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Twenty module boards are drilled simultaneously from a computer-
generated coordinate tape. Other pantograph-controlled machines
drill up to 200 boards simultanecusiy from a computer-generated
template.
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PART I
UNIVERSAL HARDWARE,
POWER SUPPLIES
AND ACCESSORIES
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INTRODUCTION

Digital manufactures a complete line of hardware accessories in support of its
module series. Module connectors are available for as few as one module
and as many as 64. A complete-line of cabinets is available to house the
modules and their connector blocks, as well as providing a convenient means
for system expansion. Power supplies for both large and small systems and
reference supplies are also available.

Coupled with the recent additions to the hardware line, Digital has made every
effort to maintain or improve the high standards of reliability and perform-
ance of its present line. Through the availability of a wide range of basic
accessories. DEC feels that it is offering the logic designer the necessary
building blocks which he requires for complete system design.

50-CYCLE POWER

Because of the demand for Digitals products in areas where 115-v, 60-cps
power is not available, each of the power supplies with a frequency-sensitive
regulating transformer is also available in a multi-voltage 50-cps version. All
50-cps supplies have the same input connections. The line input is on pins
3 and 4. Jumpers should be connected depending on the input voltage. These
connections are shown beiow along with a schematic.

WIRING HINTS

These suggestions may help reduce mounting panel wiring time, They are
not intended to replace any special wiring .instructions given on individual
module data sheets or in application notes. For fastest and neatest wiring,
the following order is recommended.

(1) All power & ground wiring and any horizontally bussed signal wiring. Use
Horizontal Bussing Strips Type 932 or Type 933.

{2) Vertical grounding wires interconnecting each chassis ground with pin C
grounds. Start these wires at the uppermost mounting panel and continue
to the bottom panel. Space the wires 2 inches apart, so each of the
chassis-ground pins is in line with one of them. Each vertical wire makes
three connections at each mounting panel.

{3) All other ground wires, Always use the nearest pin C above the pin to be
grounded, unless a special grounding pin has been provided in the module.

{(4) All signal wires in any convenient order. Point-to-point wiring produces
the shortest wire lengths, goes in the fastest, is easiest to trace and
change, and generally results in better appearance and performance than
cabled wiring. Point-to-paint wiring is strongly urged.

The recommended wire size for use with the H800 mounting blocks and 1943
mounting panel is 24 for wire wrap, and 22 for soidering. The recommended
size for use with HB03 block and H911 mounting panel is #30 wire. Larger
or smaller wire may be used depending on the number of connections to be
made to each lug. Solid wire and a heat resistant spaghetti (Teflon) are
easiest to use when soldering.

Adequate grounding is essential. [n addition to the connection between mount-
ing panels mentioned above, there must be cantinuity of grounds between
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cabinets and between the logic assembly and any equipment with which the
logic communicates.

When soldering is done on a mounting panel containing modules, a 6-v (trans-
former) soldering iron should be used. A 110-v soldering iron may damage
the modules.

When wire wrapping is done on a mounting panel cantaining modules, steps
must be taken to avoid voltage transients that can burn out transistors, A
battery- or air-cperated tool is preferred, but the filter built into some line-
operated tools affords some protection.

Even with completely isclated tools, such as those operated by batteries or
compressed air, a static charge can often build up and burn out semicon-
ductors. In order to prevent damage, the wire wrap tool should be grounded
except when all modules are removed from the mounting panel during wire
wrapping.

AUTOMATIC WIRING

Significant cost savings can be realized in quantity production if the newest
automatic wiring technigues are utilized. Every user of FLIP CHIP modules
henefits from the extensive investment in high-production machinery at
Digital, but some can ga a step further by taking advantage of programmed
wiring for their FLIP CHIP digital systems.

whiie the break-even point for hand wiring versus programmed wiring de-
pends upon many factors that are difficult to predict precisely, there are a
few indications:

1. One-of-a-kind systems will probably not be economical with automatic
wiring, even when the size is fairly large; programming and administrative
costs are likely to outweigh savings due to lower costs in the wiring itself,

L]

2, At the other end of the spectrum, production of 50 or 100 identical
systems of almost any size would be worth automating, not only to lower
the cost of the wiring itself but also to reduce human error, At this level
of volume, machine-wired costs can be expected to be less than the cost
of hand wiring.

3. For two to five systems of several thousand wires each, a decision on the
basis of secondary factors will probably be necessary: ease of making
changes, wiring lead time, reliabitity predictions, and availability of rele-
vant skills are factors to consider.

The Gardner-Denver Corporation, and Digital can supply further information
to those interested in programmed wiring techniques. At Digital, contact the
Module Sates Manager, Sales Department.

COOLING OF FLIF CHIP MODULES

The low power consumption of K and M series modules results in a total of
only about 25 watts dissipation in a typicai 1943 Mounting Panel with 64
modules. This allows up to six panels of maodules to be mounted together
and cooled by convection alone, if air is allowed to circulate freely. In higher-
dissipation systems using modules in significant quantities from the A series,
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the number of mbdntl'ng panels stacked together must be reduced without
forced-air cooling. In general, total dissipation from all modules in a convec-
tion-cooled systern should be 150 watts or less.

The regulating transformers used in most DEC power supplies have nearly
constant heat dissipation for any loading within the ratings of the supply.
Power dissipated within each supply will be roughly equal to half its maximum
rated output power. If power supplies are mounted below any of the modules
in a convection-cooled system, this dissipation must be in¢luded when check-
ing against the 150 watt limit.

STANDARD MODULE SIZES

SINGLE-WIDTH FLIP CHIP MODULE

CONDUCTIVE COMPONENT LIMIT "Y35
_+_ NONCOMOUCTIVE COMPONENTS g max.

W

'\_ & ]
/16 MAXIMUM HEIGHT —GOLD-PLATED CONTAGTS

OF SOLDERED .
COMPONENT LEADS ETCHED WIRING SURFACE

0.056"

SINGLE-HEIGHT FLIP CHIP MODULE

.
A
3z l }‘.se?-|

2?{‘5 2.240 :L.

a50 — e 812 o]
075
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DOUBLE-WIDTH FLIP CHIP MODULE

CONDUCTIVE COWMPONENT LIMITS '37g

27/32 mox.

NONCONDUCTIVE
COMPONENTS

0 058"

_\— GOLD-PLATED CONTACTS

DOUBLE-HEIGHT FLIP CHIP MODULE

075
——.050

i.

{1

2‘240 ———an

A70 yap B3

! =:U
— 1
5%g -

1
546
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POWER SUPPLIES POWER

H701, H701A, 782, 782A
+10, —15 VOLTS SUPPLY

%g D

The 782 and 782A power supplies are ruggedly built, low cost units that fit
into a standard 19-inch rack. The H701 and H701A are identical to these units,
except they can be mounted on a chassis or panel in applications where space
is added to. an existing device, The basic supply can be mounted in various
configurations and is identical to the power supplies used in modeis 700D
and H900. The Types 782A and H701A are Power Supplies with 50 Hertz
transformers.

ELECTRICAL CHARACTERISTICS

‘Input Voltage: H701: 115 v 60 cps. H701A: 112.5, 123.5, 195, 220, 235 v,
50 ¢ps. See 50 cps pawer”

Qutput Voltage: +-10 v, — 15 vdc, floating
OQutput Current: — 15 v: 14 to 3 amp; 410 v: ¢ to 0.4 amp.

Line and Load Regulation: The output voltage remains between —14.5 and
—16.5 v for the —15 output, and within -+9.2 and -+11.5 v for the
—+10 output, when load varies from minimum to maximum and line voltage
varies =109%,.

P-P Ripple: Less than 0.6 v for +10 output. Less than 0.6 v for —15 output:
20% more ripple on the 50-cps type.

Line Frequency Tolerance: & 2%, of line frequency.
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MECHANICAL CHARACTERISTICS
Height: 5-3/4"
Width: 4-15/16"
Ltength: 8"
Finish: Chromicoat

Power Connections: Screw terminals are provided on transformer for input
power conections. Qutput power connections are made via tab terminals which
fit the AMP “Faston™ receptacle series 250, part #41774 or Type 914 power
jumpers. All required mounting hardware is supplied with this unit,

H701 — $116.00
H7C1A — $136.00
782 — $128.00
7824 — $148.00
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DUAL POWER SUPPLY POWER

H704, H707
15 Valts SUPPLY

H704 : H704

These supplies differ only in dimensions and output current capabilities:
400 ma and 1.5 Amperes respectively for the H704 and H707. May be
mounted on the bars in an H920 drawer, taking the space of two connector
blocks. '

. MECHANICAL CHARACTERISTICS
DIMENSIONS: 314 x 334 x 5 in. height {H704)
DIMENSIONS: 4” x 57 x 544" height (H707)
CONNECTIONS: All input-output wires must be soldered to octal socket at
~ the base of the power supply.
OPERATING TEMPERATURE: —20 to 4-71°C ambient

H704 — $200
H707 — $400
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FOWER CONNECTIONS: :
Input power connections are made via tab terminals which fit the AMP
“Faston” receptacle series, Qutput power is supplied to solder lugs. Ail required
mounting hardware is supplied with this unit, See 914 power jumpers.

Length: 8" Height: 6"
Width: 57 Finish: Chromicoat

ELECTRICAL CHARACTERISTICS

INPUT VOLTAGE: 105 to 125 vac; 47-420 cps.

QUTPUT VOLTAGE: flpating 15 v

OUTPUT VOLTAGE ADJUSTMENT: =1 v each cutput

REGULATION: 0.05%, line, 0.19} load for both voltages

RIPPLE: 1 mv rms max for both outputs

OVERLOAD PROTECTION: The power supply is capable of withstanding output
short circuits indefinitely without being damaged. ‘

\F REMOTE SENSING IS NOT USED, CONNECT: gﬁg;
—15Y SENS
+15y SENS —15Y
+15v +15Y
105-115VAC +15% SENS
115425 vaC _1.5V SENS
AC-COM — 15y

POWER SUPPLY 2

The H704 and H707 contain two 15 volt floating power supplies. To get =15
volf supply, connect pins 7 and 8 and use this point as ground, Pin 4 will now_
be at positive 15 volts and pin 11 will be negative 15 volts.
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POWER SUPPLY POWER
H710 SUPPLY

The H71( power supply is ruggedly built, fow cost, regulated, floating output,
five volt power supply that can be mounted in an H920 chassis drawer or
used as a free standing unit.

INPUT VOLTAGE: 105-125 VAC QOUTPUT VOLTAGE: P-P RIPPLE
or 210-250 VAC 47-63 HZ = 5 wvdc. Less than 20 mv.

OUTPUT CURRENT:
-5 amps, shori-circuit protected for parallel suppiy operation.

LINE AND LOAD REGULATION:
The cutput voltage will not vary more than 50 mv, over the full range of load
current and line voltage.

REMOTE SENSING: )

Remote sensing is provided to correct for loss due to long lines. These sensing
inputs should be connected to the most distant point on the 45 and ground
buss systemn. When shipped from the factory, the remote sensing inputs are
fempered to their respective outputs. These leads are especially useful in
systems that require maximum repeatability from K303 timers in the milli-
second region,

OVERVOIL.TAGE PROTECTION:

The output is protected from transients which exceed 6.9 voits for more than
10 nsec. However, the cutput is not protected against long shorts to voltages
above 6.9 volis.

H710 — $200
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POWER SUPPLY o POWER
H716 SUPPLY

Type H716 provides +5 volts at 4 amperes and —15 wvolts at 1.5 amperes’
with over voltage protection for 4-5 volts. This dual voltage power supply is
designed te be mounted at the right end of any mounting panel which in-
corporates the Type HO21 mounting frame. The supply is mounted by using
the four holes in the Type HQ21, therefore the right end plate cannot be
used when a Type H716 supply is mounted. The supply takes 2 connector
blocks of Type H800, H803, or H808. This provides 48 module slots with
Types H800 and H803, 24 slots with Types H800 and HS803 and 24 slots
when Type 808 is used.

MECHANICAL CHARACTERISTICS

Maximurm Dimensions 514 x 434 x 12 deep

Power input via, Amphenol 160-5 or equivalent connector with an Amphenol
160-5 or equivalent, in parallel,

Low voltage connections are by slip on terminals.

ELECTRICAL SPECIFICATIONS

Input: 120/240 vac = 10%,, 47-63 HZ. Normally supplied wired for
120v. For 240 volts change transformer tap connections,

Qutput 1: +5v, adjustable from 4.5 to 5.5 volts at 4 amperes maxi-
mum. Line-Lead-Ripple tota! regulation +3%;.

Gutput 2: —15v *59% at 1.5 amperes, maximum, Lme Load-Ripple
total regulation =59,

Temp. Range; Above specifications are over a range of 0-50°C.

H716 — $130
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POWER SOURCE MODULE

K731 POWER
SLAVE REGULATOR - SUPPLY
K732

One K731 plus up to 3 K732 can provide from 1 to 7 amperes at -L5v.
Consult K Series text for additional characteristics and hook up information.

K731 — $30
K732 — $27
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POWER TRANSFORMERS POWER

K741, K743 SUPPLY
Ty
GRN
BLK/WHT
¥ T
240vaC = 12.6 VCT
: YEL FFOR K731,
120VAC K732
REC SR
T -
" ORANGE — -
E_ 12 VAC 2 AMPS
- OR
120VAC J
Qv GN =52
G/Y 126 ¥CT FOR
K731, K732
5N

These hash-filtered, 50/60 Hz transformers supply K731 Source and K732
Slave Regulator modules. The K743 aiso provides an auxiliary winding for -
use with K580 Dry Contact Filters, K681 or K683 Lamp Drivers (requires
additional bridge rectifier, and the K730 Supply and Control Module, Type
S$14 Power Jumpers are convenient for connecting to tab terminals on these
transformers and on the K732 and K943. Both transformers have holes at
the corners of the chassis plate for mounting on K980 endplates:

PLATE DIMENSIONS HOLE CENTERS MATCHING K980 Ctrs.

K741 315" x 5 214" % 334" 215"
K743 5" x B" 4" x 33" 4"

The K741 is sufficiently light in weight ta be mounted on one side only, as at
the end of a K943 mounting panel.

K741 — $30
K743 — $45

304




K741

K743
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DISPLAY SUPPLY POWER
K771 : SUPPLY

2 349"

je—— 23—

{SHOWN WITH 3 KET1'S5),

Shown above from the viewing side, the K771 supplies power and a conveni-
ent two-screw mounting for up to 6 K671 display tubes, Display tubes are
stacked to the left, the first tube board being attached to the K771. The
second tube board attaches to the first, and so on. Board mounting screws
provide both mechanical mounting and electrical power cannections. The two
panel mounting screw locations dimensioned above hayve No, 6 steel threaded
inserts. Several 1" hcoles using a standard chassis punch may be cut on 0.8
centers for viewing display tubes. To seal opening against dust, a 3" by 3-6”
piece of Lucite® or Plexiglas® may be assembled between display and mount-
ing surface. Power 120 VAC enters the supply from a terminal strip at the rear.
Total depth behind mounting surface: 47,

K771 — $35
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CONNECTOR BLOCKS UNIVERSAL
H800-W, HS00-F HARDWARE

This is the 8-module socket assembly used in Flip-Chip mounting panels,
Because of its 18 pin connectors, it can be used for all modules exéept those
with pins on both sides of the board. Pin dimensions are .031 inches by .062
inches and may be of either a wire wrap or solder fark type. Number 24 wire
should be used with these connectors.

The drawings below show the pertinent dimensions.

WIRE-mRAP TOTaL LEWGTH

M = = o . § B ]

i
CLEARANLE FOR COMPOMEMTS
DN THE MODULE 4 THWS ELdT 1"
— van—-{ . . D
=7 _| —
wIRE
WRAF
TERBIMAL

30167 DRILL = Tty
i 2 385 —— 516" COUNTLRBSRE
T BEER

LOLQER
Faen
TERmNAL
=
= L_..
bt 1 L 2o ——

1007 —ay

wIEW FROM MDCULE S0

SDLDEA FOfe [QTEL LENGIH

AL -agar

REPLACEMENT CONTACTS TYPES H801-W, HB301-F

These contacts are offered in packages of 18 for replacement purposes. In
each package, nine straight and nine offset contacts are included, enough
to replace all contacts in one socket.

H801-W is for wire-wrap connectors; H8C1-F is for solder-fork connectors.

HB00F — $8
HBOOW — $8
HB01F — §2
HB01W — §2
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CONNECTOR BLOCK UNIVERSAL
H802 HARDWARE

jif——— 2594 REF ———————————

1.000

: D
0125 ];_‘l; . f

o (VAL
¥ REF.

0425
REF.

This is an 18 pin connector block for a single FLIP CHIP module. It can be used
te mount all modules except those with pins on both sides of the board. Pin
dimensions are .031 inches by 062 inches and may be of the wire wrap type
onty. Number 24 wire should be used with this connector.

HB02 — 34
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CONNECTOR BILOCK UNIVERSAL
H803, AND H805 PINS HARDWARE
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VIEW FROM MODULE
5I0E

The H8G3 is the 8-module molded Jacket Assembly used in the H910 and
H911 meunting panels. For each of the eight modules, it provides a 36-pin
connector with the wirewrap pins forming a 0.125-inch staggered grid as
shown above. This connector is designed 1o be used with M Series modules;
however, it can also be used with all other series listed in this handbook.

The blocks have the same physical dimensions as the H800 with the excep-
tion of pin length. These blocks are only available with wire wrap pins which
are designed to be wrapped with number 30 wire. Pin dimensions are 0.025
inches square. W&K Series 18 pin modules will make contact with only the
2-side pins (A2, B2, etc.).

H805 is a package of 36 pins {18 left and 18 right) to be used as replace-
ments in H803 blocks. Three types are available depending on the manu-
facturer of Type HB03 whose name or symbol is found on the connector
mounting block.

H803 — %13
H805 — $4

308




CONNECTOR BLOCK
_HB807

UNIVERSAL
HARDWARE

This is a 36 pin single slot connector. It is provided for M-Series modules but
can be used with modules or connector boards in the K and W Series. Uses
inciude mounting in confined or irrcgular spaces. Often the HB07Y is used to
terminate a connector board at a remote location, The HBO? is availabte only
with wire wrap pins. Number 30 wire shouid be used with this connector.

310

H807 — %5

—————r——



CONNECTOR BLOCK UNIVERSAL
H308, H809 PINS HARDWARE
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VIEW FROM MOBULE SIDE

The H808 is a relatively low density connector block for use with all modules
in the catalog. This includes A, K, M, and W Series modules. The connector
provides 4 module slots each having 36 pins. On A, K and W Series modules
cnly the 2 side pins, (A2, B2, etc.) will make contact, This connector adds
a measure of convenience and versatility to the many uses to which these
catalog modules can be applied. The dimensions of the connector pins are
the same as thase for the H800 {.021 inches by .062 inches). Number 24 wire
should be used with these blocks, H800 and HE08 connector bocks can be
mixed for M and A, K, W module mixing purposes. Wire wrapping patterns
can be maintained even though module letter series are mixed because H800
and H808 pin layout s identical. H809 is a package of 36 replacement pins,
18 left and 18 right.

H808—§10

H809—% 4
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MOUNTING PANEL HARDWARE UNIVERSAL
HOO1, H002, H020, HO21, H022 ' HARDWARE

PAIRS OF SETBACK BRACKET: "
HOO1 — 34" standoff used to mount a 1907 over K943 wiring as shown in
the dascription of the K943,

HO02 — 2" setback-used to mount a control pane! with switches, lamps, etc.
This setback brings the control panel up flush with the mounting
rack or cabinet in front of the logic wiring.

MOUNTING FRAMES

HO20 — Mounting frame casting upon which HB0OC, H803, HB08 connector
blocks, power supplies, such as, the H710 and other components
that are adaptable to the frame mounting requirements can be
mounted.

H021 — Single offset end plate which mounts to the HO20. This end plate
provides a rmount for the 1945-19 hold down bar, i required.

HO22 — Single end plate similar to the HO21 on which is mounted a terminal
black assembly for ease of parallel power wiring to adjacent panels.

HOOZ

HOO1-PR — §8

HO02-PR — $8
HO20 — $15
HO21 — $7
H022 — $20
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MOUNTING PANEL UNIVERSAL
1943 HARDWARE

TYPE 1943 MOUNTING PANEL

The 1843 Mounting Panel houses 64 modules. It is designed for mounting
in a standard 19-in. rack. The mounting panel is finished with an aluminum
conversion coating (Chromicoat). Filter capacitors are included on all power
supply lines.

Available options are solder or wire-wrap connectaors, power input via terminal
strip or marginal check switches, and power wiring. The chart below shows
how the options are indicated when ordering.
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BASIC PANEL | POWER WIRING
1943 : OPTION®

i i
CONNECTOR POWER CONMECTION
F — Forked-pin solder type B — Power input via terminal block.
connectors, Both conventional screw conneg-
OR E tions and taper tabs can be used.
W — Wire-wrap connectars. M—Margina]_ check switches on all
voltage inputs allow selection of
fixed or variable power®,

“Additionai charge.

EXAMPLE: If you require a Type 1943 Mounting Panel with wire-wrap connec-
tors, marginal check switches on the power connection, and prewired power,
you would order:

1943 — W — M — P
BASIC PANEL \ POWER WIRING
CONNECTOR POWER CONNECTION

MECHAMNICAL DIMENSIONS: 18 in, wide; 5-3/16 in. high; 6-3/4 in. deep, Tabs
for power connections fit AMP '‘“Faston’’ receptacles, series 250, part 41774 or
Type 914 power jurnpers,

1945-19 HOLD DOWN BAR: Reduces vibration and keeps modules securely
mounted when panel or system is moved, Adds 1/2 in. ta depth of mounting
panel,

1943-F-B — $111.00
1943-W-B  —$111.00
1943-F-B-P — $121.00
1943-W-B-P — $121.00
1943-F-M — $132.00
1943-Ww-M —$132.00
1843-F-M-P — $142.00
1943-W-M-P — $142.00
1945-19 — % 15.00
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MOUNTING PANEL
H910

UNIVERSAL
HARDWARE

315




The dual function maounting panel offers a way to build compiete digital sys-
tems of up to 32 FLIP CHIP modules inte only 514 inches of rack space, More
power is available than is ever likely to be consumed in a 32 module system.
Power in excess of that required for modules can be obtained at the H022
terminal biock which is conveniently located for connection to the input
HO22 terminal block on any adjacent H911 or 1943 mounting panel.

The H910 panels are built from four H803 connector blocks and a 5 volt
regulated supply. Wire wrap connpectors for 30 awg wire only are present on
the H910. The panel will hold 32, 36 pin modules, In addition, the panel is
bussed with 933 bus strips on pins A2, C2, and T1 and all power wiring to
the supply is connected. Power in excess of that required for the 32 modules
can be obtained at the terminal block which is convenient to the input
terminai block on. any adjacent H911 mounting panel, generally used for M
saries modules.

ELECTRICAL CHARACTERISTICS

INPUT VOLTAGE:
105-125 YAC or 210-250 VAC

47-63 HZ
QUTPUT VOLTAGE
Svdc
CUTPUT CURRENT: OVERVOLTAGE PROTECTION:
0-5 amps. short-circuit protected The output is protected from transients
for paralie! supply operation which exceed 6.9 volts for more than
10 nsec. However, the output is not
protected against long shorts to volt-
ages above 6.9 volts,
MECHANICAL CHARACTERISTICS
PANEL WIDTH: 19 in. vided on transformer
PANEL HEIGHT: 5%; in. MODULES ACCOMMODATED: 32
DEPTH: 1624 in. POWER OUTPUT CONNECTIONS:
FINESH: Chromicoat Barrier strip with screw terminais and
POWER INPUT CONNECTIONS: tabs which fit AMP “Faston™ receptacle
Screw terminals series 250, part no. 41774 or Type 912

. pn\mnr }Ilm ners.,

H91G — $280
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MOUNTING PANEL UNIVERSAL
H911-J, H911-K HARDWARE

The H911 mounting panel uses eight HB03 connector blocks and houses sixty
four, 36 pin connectors. Mechanical dimensions are identical to these of
the H910.

The H911 is available with wire wrap pins only, and is generally used for M
Series moduies.

The unit is a combination of the foilowing parts:
H20 — Mounting frame
HG21 — Standoffs
H803 — Connector blocks
933 — Bussing strips {optional with H022 standoff)

The H211} is not prewired or bussed far power.
The H911K does have prewired power.

933 BUS STRIP — For H911 mounting panel, makes wiring power and register
pulse busses easy,

Consult following table for option and ordering information.

H911J) — $151
H911K — $161
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MOUNTING PANEL UNIVERSAL
H913, H914, H916 & HO17 HARDWARE

H913 —

H914 —

H916 —

H917 —

This panel houses a 5v regulated supply and four low density H808
connector blocks. This allows 16 of either A, K, M, or W Series
modules to be used. Electrical and mechanical characteristics are
like those of type H910,

This panel houses 8 low density H808 connector blocks. The panel
will hold 32 of either A, K, M or W Series madules. it can be used
for expanding slot capacity in conjunction with H913 or alone using
other voitage supply options, e. g. K731 and K732 combinations.
Mechanical characteristics are like those of the H9I1,

This pane! contains an H716 power supply and 6 H803 (green)
connector blocks. The unil provides for forty-eight, 36 pin module
slots. Aithough generally used for mixes of M and A series modules,
K and W series modules can also be accommaodated.

This panel is similar to the H316 panel except & low density H808
connector blocks are supplied instead of H803 blocks. With these
connector blocks, 24 module slots are available, allowing the use
of any module series. Electrical and mechanical characteristics are
similar to those of type H916 with the exception of the connector
hlocks.

H913 — $270
H914 — $125
H916 — $270

H917 — $260
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TABLE OF MOUNTING PANELS
WITH & WITHOUT POWER SUPPLY

oRDER N0 AVALABIE —
PANEL | ORDER | x | v | ¢ w e | P |
H910 K " $280
H911 J * $151
HO11 K = b $161
HO13 L . = | . g270
HO14 L $125
H916 M : s s $270
H917 N x $260
K943 R " = » $ 96
K943 s « $ 95

\

X = NO POWER

V¥ = POWER OPTION
105-125 VAC OR
210-250 VAC
47-63 Hz

P — PREWIRED FOR POWER

F— SOLDER FORKED B — POWER INPUT VIA TERMINAL
CONNECTIONS SLOCK. BOTH CONVENTIOMAL

W — WIRE WRAP SCREW CONNECTIONS AND
CONNECTIONS TAPER TABS CAN BE USED

Example Order: HO11KX

This describes a Type HO20 casting with 8 Type HBO3 wire wrap connectors
and ground wired to a terminal block incorporated into the end plate
assembly.

"
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COVER UNIVERSAL
1907 - HARDWARE

Blug painted or brown tweed painted aluminum cover with captive screws
to mate threaded bushings in KS80 and HOQ1l. Adds to appearance while
nrotecting system against vibration and tampering.

1907

1507 — $9
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MODULE DRAWER UNIVERSAL
H920 . HARDWARE

The HS20 Module Drawer provides a convenient mounting arrangement for a
complete digital logic system. The H920 has space for 20 mounting blocks in
addition to an H710, or H716 power supply, or 24 mounting blocks without
a supply. It accepts H800, H803, and H808 mounting blocks and fits standard
197 racks, Width of the H920 is 1634", depth is 19" and height is &34"
including an H921 front panel. The H920 is equipped with a bracket for dis-
tributing power within the drawer, or to other drawers or mounting panels.
Mouniing arrangements are provided for the H921 front panel and H923
slide tracks.

The H921 front panel is designed for use primarily with the H920 Module
Drawer. It provides mounting space for switches, indicators, etc. The H921 is
pre-drilled and ready to mount on the H920, Height of the H921 is 634",
width is 197,

H923 chassis slides are intended for use with the H220 Module Drawer, The
H923 allows the user to slide the drawer out of the rack and tilt the drawer
for easy access.

H920 — %170
H%21 —% 10
H323 — % 75
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MODULE DRAWER UNIVERSAL
H925 HARDWARE

The H925 Module Drawer provides mounting space for HB0O, H803, and
H808 connector blocks to accommodate up to 144 modules. The connector
klocks mount pins upward on the H925 for easy access during system
checkout,

The right side of the HS25 is provided with three axial flow fans {300 ¢fm)
which are mounted internally. They provide cooling air flow across the
meunted modules.

for power supply mounting in the H925 cabinet, omit 4 connector blocks
thereby deleting 32 module slots, when using the HS800 or H803 connector
biocks, [f the HB08 blocks are used, 16 module slots are deleted. Mount the
power supply externally if all logic mounting space is required.

For ease of mounting, the H925 i provided with two non-tilting slides, similar
to Grant type 35-168-NT. Considering possible servicing, the H925 should be
mounted with encugh height for using bottom access.

The H325 includes top and bottom cover plates along with an attractive bezel
and front subpanel. The subpanel is made of sturdy 16-gauge metal for mount-
ing front panel controls and accessories. The Bezel is designed for installing
a customev-supplied dress panel. The dress panel should have a thickness of
14", The H925 fits al! DEC 19" racks,

H925 — $250
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19”7 MOUNTING PANEL FRAME
H941AA

UNIVERSAL
HARDWARE

This rugged steel frame holds four 197 x 514" mounting panels. A quick-
release pin snaps out to allow the two-piece frame to swing open for easy
access to the back panel wiring and connections. The construction of this
frame allows sufficient rigidity for vertical or horizontal mounting. The Black
Tweed finished aluminum cover affords mechanical protection for the circuitry
as well as a neatly finished appearance for your digital logic system. The
cover attaches to the frame with two thumb-release, positive-grip fasteners.

The H941 AA holds up to 32 H800, H303 and H808 Connector Blocks. It
provides up to 256 module slots with H800 and H803 Connector Blocks and
128 slots with the HB808's, The frame is designed to accept K943, H911,
H914, 1943 Module Panels and H300, H910, HI13, H916, H917 panels with
power supplies. These panels attach to the pre-tapped frame with 10-32 x 15"

machine screws.

Frame Height: 23"

Frame Width: 24"

Qverall Depth (Cover and Frame}); 8"
Frame Mounting Hole Centers: 12 x 2215"
Frame Mounting Bolt: 14" dia.

Weight (Cover and Frame): Approx. 25 |bs.
Cover Material: .093" Sheet Aluminum
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HS41 BA, H941 AA

Includes Cover and

Two Piece Frame
$175.00
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19” MOUNTING PANEL UNIVERSAL
K943-R, K943-S BARDWARE

These low cost, 19" panels have sixty four, 18 pin connector sockets with -
either wire-wrap (R) or solder fork (S) contact pins. Shipped with connector
blocks installed and pins A and C bussed.

No terminal strips are included in the K943, since power regulators K731
and K732 will normally be plugged in to make power connections. If hold-
down is required to prevent modules from backing out under vibration, order
a pair of end plates K980. These assemble by means of added nuts on the
rear of the rack mount screws. They accept the painted 1907 cover plate,
making a hold-down system that contacts the module handles and can allow
flexprint cables to be threaded neatly out the end. Rack space: 514", See
photos showing K943-8, K980, 1207, and HOO1.

K943R — $96
K943S — $96
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CABINET UNIVERSAL
H950 HARDWARE

Front view of H950 frame. Rear view of H950 frame.
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Digital Equipment Corporation manufactures a standard 19" mounting frame
assembly that offers the customer complete flexibility in selecting hardware
to design the cabinet. It is a complete enclosure designed to house module
racks, power supplies. computer, systems, and peripherals.

The HS50-AA frame assembly, which includes a filter cover, is designed for
sophisticated computer systems. It is constructed of rugged 12 and 13 gauge
steel. The two pairs of frame uprights have 9/32" holes drilled at standard
ElA spacings (% — %4 — 14) the full length of the 63" mounting panel height.

FRAME
(HB50-A4)

PANEL
MOUNTING
HEIGHT
63

71-7418"

FILLER STRIF /
{H952-GA)

SOEABEG0000

\
(H352-BA)

STABILIZER FQOT
{TW0 REQ.)

&

MOUNTING HOLES 18-5M6"

[HI52-EA)
CENTER TO CENTER ALL SIDES

CASTER

(T40ETE2) KICKPLATE
{H952-FA} LEVELERS
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OPTIONAL PARTS UNIVERSAL
H950 HARDWARE

The H952-EA caster set (4) and H952-FA leveler set (4) are needed for
the HI950 frame to provide mobility and balance to the cabinet.

The fan assembly H952.CA is mounted to the top pan of the H950-AA
frame, When ordering, please specify the direction of air flow, up or down.

H952-AA end panels are standard gray and are easily mounted to the
frame,

The frame identification panel (LOGO} H950-LA is avadable with colored
adhesive inlay strips of brown/yellow or dark blue/light blue,

The HI950-P or -Q bezel cover panel is available in heights of 514" and
105" with a 19" panel width. It is used as a cover panel or filler for the
front of the cabinet. The customer can select any combination of bezels
to fill the cabinet's front panel space of 637,

The H950-HA through H95G-HK series of short doors is available for
mounting to the cabinet's front side. A various table of short doors is
listed in the H950 parts list. The customer has the option of completing
the front side of the cabinet with a combination of short doors and bezels,
NOTE: Dimensions of doors listed only cover mounting panel height. Check
speciat considerations section for short door limitations.

The H950-BA (right-hand doory and H-950-CA (left-hand door) are full
doors for rear and front mounting to the H-950-AA frame, See special
considerations section for front mounting.

The rear mounting panel door, also called a plenum door H950-DA or
EA, is for left-hand or right-hand mounting. There is a distinct advantage
to using the plenum door for mounting power supplies, logic racks,
module connector block panels, etc, It offers convenient access for servic-
ing and mounting equipment. it is designed for 19" panels and holes are
drilled to 9/32" at standard EIA spacings (84-—%3—14) the full length
of the plenum door frame. The customer has the option of selecting a
rear mounting panel door skin H950-FA that bolts to the plenum door
or ardering a fuli door. For additional inforrmaticn, see special considera-
tion section,

The filter H950-SA should be ordered only for fans that are to be used
for air flow intake.
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Special Considerations
Before ordering a cabinet, the following should be considered:

1) If a LOGO is used, oniy a short door can be used on the cabinet front.

2) When ordering a cabinet to add to a system, or when joining two or more
cabinets, front and rear fillers H952-G are required.

3) If power supplies with meters or switches are mounted to the plenum
door H950-DA (RH) or H350-EA (LH), a full door HI950-DA (RH) or HI50-CA
{LH} is needed.

4} The mounting panel door skin H950-FA bolts to the plenum daor and is
used in place of a full door when hardware mounted to the plenum door
does not require servicing.

5) All cabinets require power supplies adapted for 19" rack mounting. 17
rack panels can be converted to 19" by using extenders. Up to five power
supplies can be mounted on a side frame.

6) When ordering stabilizer feet, H952-BA (pair) and/or kickplate 7406782,
a short door or full door cannot be used in the cabinet front.

7) I fan assembly H952-CA is required, indicate the direction of desired air
flow (up or down).

8) If using short door, make cettain that the equipment for cabinet instatiation
will not interfere with the door height. ’

9) The inner dimensions of the H950-AA frame on all {4) sides are 18-5/16.
Consequently, it offers flexible panel rack expansion.

Ordering Format (Example)
When ordering H-G50 hardware, use the following format:

1. Frame 19" cabinet ] H95G-AA 1 pc
Fult door — RH ’ H950-CA 1 pc
514 bezel cover panel H950-P Spcs
Fan assembly, air flow upwards H952-CA 1 pc
Caster set {1) H352-EA 1 set
Leveler set H952-FA 1 set

2. Cabinet ADD-ON CABINET
add the following:

5-14" bezel cover panel H950-FP 4 pcs
1G14" bezel cover panel H950-Q 2 pe
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CABINET PARTS LIST

Frame 19" wide, 25" deep, 63" mtg. panel includes cover

fiter and all mtg, hardware
Full door (RH) Front & Rear Door Mounting
Full door (L H) Front & Rear Door Mounting

Mounting panel door (plenum) RH rear mounting

Mounting panel door (plerum?} LH rear mounting
Mounting panel door skin

Short door {covers 21" mounting height)
Short door (covers 2234 " mounting height)
Short door {covers 2614 " mounting height)
Short doar (covers 31145 " mounting height}
Short door (covers 3634 " mounting height)
Short door {covers 42" mounting height)
Short door {(covers 47 14" mounting height)
Short door {(covers 5214 " mounting height)
Short door (covers 5734 " mounting height)
Shert door (covers 83" mounting height)
Frame panel (includes LOGO)

514" bezel cover panel {snap-on)

1015" bezel cover panel {(snap-on}

Fitter (for fan assembly)

End panel (require 2 per cabinet)

Stabilizer feet {pair)

Fan assembly {specify direction of airflow)
Caster set (4)

Leveler set (4)

Filler strip — front & rear (joining two cabinets)
Kick plate

Kick plate {(use with Add On cabinet)
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Parts No.

H950-AA
H950-BA
H950-CA
H950-DA
HY50-EA
HO50-FA
HE50-HA
H950-HB
HE50-HC
H950-HD
H950-HE
HO50-HF
H950-HG
Hg50-HH
HE50-HJ
H950-HK
HO50-LA
H950-P
HE50-Q
H950-8A
H952-AA
H952-BA
H952-CA
HE52-EA
HE52-FA
HO52.GA
7406782
7406793



ADD-ON UNIVERSAL
OPTION CABINET HARDWARE

The Add-on option cabinet uses the same H950-AA frame and parts as listed
in the H950 and H952 parts list. It is designed for customers who want to add
on to a basic cabinet system, It will house peripheral equipment for 19”7
panel rack mounting, especiaily those manufactured by DEC. Among the
mounting opiions are 4K and 8K memaory expansions, multiplexers, magnetic
tape control transports, disk files, analog-to-digital convertars, module racks,
and power supplies, The cabinet is supplied without end panels, HG52-AA,
since the cabinet joins an existing hasic system. The filler strip, H952-GA
front and rear, are |-beams designed for compatibility between two or more
cabinets.

The front part af the Add-on cabinet is equipped with a kick plate. The cus-
tomer must remove the kick plate if a short door is to be used. The customer
must specify what combination of bhezels and/or short doors is needed to
complete the front of cabinet. All parts are additional to quoted net price
of the Add-on cabinet.

The Add-on cabinet includes all of the following:

Part No.

Frame — 19" wide, 63" mtg. panel height includes

filter cover (less filter) HO50-AA
Meounting panel door skin . H950-FA
Mounting panel door (plenum) HI52-EA
Fan assembly — airflow upwards H952-CA
Caster set (4} _ H952-EA
Panel frame (includes LOGO) H950-LA
Kick plate {to be used w/o stabilizer feet} 7406793
Filler strip front and rear {only used when joining cabinets) HI52-GA
Levelers HO62-FA
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Ordering

In order to efficiently assist the customer, we recommend that the customer
specify the type of equipment intended for cabinets. Give the dimensions
whenever possible to ensure exact cabinet configurations.

Before ordering hardware options for existing cabinets, make certain that they
are compatible with the H950-AA standard frame, (overall height 71-7/16"
from floor inciuding casters, 19" wide frame, and 63" of vertical panel space),
Module Marketing Services of Digital Equipment Corporation will assume
responsibility only for parts ordered from the H950 and H952 Parts List.

Color
Basic coler of cabinet hardware is black, Gray is used for end panels and the
bezel of the cover panels.

Color changes will be accepted if customer’s order is for 25 or mare cabinets.
Customer must supply color chips for colors desired.

Shipping

All shipments are FOB Maynard, Massachusetts. Specifications are subject to
change without notice. Special packaging has heen designed to ensure safe
delivery with proper handling,

Assembly

The customer has the choice of cabinet configuration as listed in H950 and
H952 Parts List. The customer must indicate whether the cabinet parts are
to be shipped unassembled or compietely assembled by Digital Equipment
Corporation. See special consideration section.

Discounts
Same discounts that are applied to Modules. See Price List,

COLOR CHANGES
Standard color of cabinets is black with gray end panels,

Customized painting will be accepted with a minimum order of 25 cabinets,
Customer must supply & color chip for color desired. An additional charge of
$20.00 will be added for each cabinet painted.

Order should be sent to Module Marketing Services.

Mo cabinet hardware will be accepted for credit or exchange without the prior
written approval of DEC, plus proper return authorization number (RA#).

All shipments are FOB Maynard, Massachusetts, and prices do not include
state or local taxes. Prices, discounts, and specifications are subject to change
without notice.

Quantity Discounts (Module Discount applies)

$ 5000 — 39 $ 100,000 -— 18%
16,000 — 59% 250,000 — 219%
20,000 — 10% 500,000 — 229,
50,000 — 159% 1,000,000 — 25%,
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Catafog No.

H-920
H-921
H-923
H-925
H-850-AA
H-250-BA
H-950-CA
H-950-DA
H-950-EA
H-950-FA
H-950-HA
H-950-HB
H-950-HC
H-950-HD
H-550-HE
H-950-HF
H-950-HG
H-950-HH
H-950-HJ
H-950-HK
H-950-LA
H-950-P
H-850-0
H-950-SA
H-952-AA
H-952-BA
H-952.CA
H-952-EA
H-952-FA
H952-GA
7406782
7406793

CABINET PRICE LIST MODULE PRODUCTS

Description

Module Drawer

Front Panel

Chassis Slides

Moduie Drawer

Frame

Full Door (RH)

Fulf Door (LH)

Mtg Panel Door (RH)

Mtg Panel Door (LH)

Mtg Panel Door Skin

Short Door (Covers 217 Mig)
Short Door (Covers 2234" Mtg)
Short Door {Covers 2614" Mtg)
Shoert Door (Covers 311457 Mig)
Short Door (Covers 3634" Mtg)
Short Door (Covers 427 Mtg)
Short Door (Covers 47147 Mtg)
Short Door (Covers 52147 Mig)
Short Door (Covers 5734 Mtg)
Short Door {Covers €3” Mtg)
Frame Panel (includes Logo)
514" Bezel Cover Pane!

1044 Bezel Cover Panel

Filter (for Fan Assermnbiy)

End Panel {2 per cab)
Stabitizer feet (pair)

Fan Assembly (specify air flow)
Caster Set (4)

Leveler Set (4)

Filler Strip F & R {joining two cabinets)
Kickplate

Kickplate (for use w/o Stabilizer Feet)

Add on Cabinet Unassembled
Add on Cabinet Assembled

Price

$170.00
i0.00
75.00
250.00
152.00
31.00
31.00
30.00
30.00
21.00
57.00
57.00
57.00
57.00
57.00
57.00
63.50
63.50
63.50
63.50
16.00
10.00
12.00
4.00
39.060
25.50
54.50
14.50
12,50
44.00
4,00
5.50
350.00
400.00

NOTE: Cabinets are shipped unassembled. For cabinet assembly a
$50.00 charge will be added.
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WIRING ACCESSORIES

913, 914, 915, 917 ACCESSORIES
H820, H821, H825, H826

913 AND 915 PATCHCORDS
These patchcords provide slip-on connections for FLIP CHIP mounting panels
and are available in color-coded lengths of 2, 3, 4, 6, 8, 12, 16, 24, 32, 48,
and 64 inches. All cords are shipped in quantities of 100 in handy polystyrene
boxes. Type 213 patchcords are for 24 gauge wirewrap and use AMP Terminal
Type #60530-1. Type 915 patchcords are for 30 gauge wirewrap and use
AMP Terminal Type #85852-3.

H820 AND HB821 GRIP CLIPS FOR SHIP-ON PATCHCORDS
The type H820 and H821 GRIP CLIPS are identical to slip-on connectors used
in respectively the 912 and 915 patchcords. These connectors are shipped in
packages of 1000 and permit fabrication of patchcords to any desired length,
_H820 GRIF CLIPS will take size 24-20 awg. wire and may be purchased from
AMP, Inc. as AMP part #60477-2. H221 GRIP CLIPS will take size 30-24 awg.
wire and are AMP part #85552-3.

H825 HAND CRIMPING TOOL
Type H825 hand crimping tool may be used to crimp the type HS?O GRI'P
CLIP connectors. Use of this tool insures a good electrical connection. This
tool may also be obtained from AMP, Inc. as AMP part #90084.

H826 HAND CRIMPING TOOL
Type H826 hand crimping tool may be used to crimp the type H821 GRIP
_CLIP connectors. This tool is identical to AMP part #9012-1.
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914 POWER JUMPERS
for interconnections between power supplies, mounting panels, and logic
lab panels, these jumpers use AMP “‘Faston' receptacles series 250, Specify
914-7 for interconnecting adjacent mounting panels, or 914-19 for other runs
of up to 19 inches. 914-7 contains 10 jumpers per package; 914-19 contains
10 jumpers per package.
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917 DAISY CHAIN

Type 917 is a continuous length of unbroken #25 AWG stranded wire. 250
gold plated and insulated terminals are crimped at predetermined intervals
on each reel. In conjunction with type H803 or type HB07 connector blocks
and M Series modules, hand patch wiring of prototype systems is easily and
quickly accomplished. All that is required is a reel of type 917 Daisy Chain
and wire cutters, These dependable push on connections are also easily
removeable making this wiring technique ideal in cases where wiring and
unwiring for changing systems needs is required. If ever a third lead is
necessary a type 915 patchcord can be used if placed on the pin before the
Type 917 termination. Two contact spacings available at 214" or 5.

917 — 2.5 — blue Also available from:

917 — 5 — white Berg Electronics
New Cumberland, Pa. 17070
Tel. (717) 938-6711

913 -— $ 18 pkg. of 100

9147 — % 4 pke.
914-19-— 3% 4 pkg.

915 — § 33 pkg. of 100
H820 — $ 48 pkg. of 1000
H821 — $ 75 pkg. of 1000
H825 — $146
H826 — $210
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WIRING ACCESSORIES

932, 933, 934, 935, 936 ACCESSORIES
H810, H811, H812, H813, H814

932 BUS STRIP
Simplifies wiring of register pulse busses, power, and grounds. Same as used

in K943,

932 — $0.60

933 BUS STRIP
Simplifies wiring of power, ground and signal busses on mouniing panels

using H803 connectors.

934 WIRE-WRAPPING WIRE
1000 ft. roll of 24 gauge solid wire with taugh, cut-resistant insulation. (Use
Teflon insuiated wire instead for soldering.}
For use with H800 connectors.

934 -~ $50
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935 WIRE-WRAPPING WIRE
1000 foot roll or 30 gauge insulated solid wire for use with H803 connectors.

935 — 360
936 19 CONDUCTOR RIBBON CABLE

Use on W Series connector modules or split into 9-conductor cables for use
with K580, K681, K683, etc.

036 — $0.60

HE810 PISTOL GRIP HAND WIRE WRAPPING TOOL

The type H810 Wire Wrapping Tool is designed for wrapping #24 or $#30
solid wire on Digital-type connector pins. The H810 Kit includes the proper
sleeves and bits. It is recommended that five turns of bare wire be wrapped
an these pins. This tocl may alsc be purchased from Gardner-Denver Co.
{Gardner-Denver part Ne. 14H-1C} with No. 26263 bit and No. 18840 sleeve
for wrapping # 24 wire. Specify bit #504221 and sleeve # 500350 for wrap-
ping #30 wire. When ordering from Digital specify the sleeve and bit size
desired for # 24 and # 30 wire.

H810(24) — $ 99
H810A — § 99
H810B — $150
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The Type H811 Hand Wrapping teol is useful for service or repair applications.
It is designed for wrapping #24 solid wire on DEC Type H80Q-W connector
pins. This tool may also be purchas>A from Gardner-Denver Co, as Gardner-
Denver Part #£A20557-12.

Wire wrapped connections may be removed with the Type H812 Hand Un-
wrapping tool. This tool may alsa be purchased from Gardner-Denver Co. as
Gardner-Denver Part #500130.

The H811A and H12A are equivalent fo the H811 and the H812 except that
the A versions are designed for # 30 wire. Both tools may be purchased from
Gardner-Denver directly under the following part numbers: H811A A-20557-29;
H812A 505 244.475. The H813 is a #24 bit; H813A, a #30 hit. The H814
is a #24 sleeve; H814A, a # 30 sleeve.

None of the Wire Wrapping Tools will be accepted for credit under any
circumstances.

H811{24) — $21.50
H811A(30) — $21.50
H812(24) — $10.50
H812A(30) — $10.50
H813(24) — $30
H813A(30) — $30
HB14(24) — $21
HB14A(30) — 521
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MODULE EXTENDER
w980,

UNWERSAL
HARDWARE

om0

The WS80 Module Extender allows access to the module circuits without
breaking connections between the module and mounting panel wiring.

For double size flip-chip modules use two WIB0 extenders side by side. The

W98( is for use with A, K and W Series 18 pin modules.

340 .
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MODULE EXTENDER UNIVERSAL
w982, HARDWARE

The W982 serves a function similar to the W9B0 except it contains 36 pins
for use with M series modules., The W9B82 can be used with afl modules in
this catalog. A, K, and W series modules will make contact with only 2 side
pins. A2, B2, ete.

For double size M Series modules use two W982 extenders side by side.

wos2 — $18
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BLANK MODULES
W970-W975, W990-W999

UNIVERSAL
HARDWARE

These 10 blank modules offer convenient means of integrating special circuits
and even smail mechanical components into a FLIP CHIP system, without loss
of modularity. Both single- and double-size boards are supplied with contact
area etched and gold plated. The W930 Series modules provide connector pins
on only one module side for use with HB0OO connector blocks. W970 series
modules have etched contacts on both sides of the module for use with
double density connectors Type H803, and low density_Type H808.

Type Pins Description Handle Price
W990 18  Bare board, split-lug terminals attached $ 2.50
wa9gl 36 Bare board, split-lug terminais attached % 5.00
waaz 18  Copper clad, to he efched by user separate § 2.00
W993 36  Copper clad, to be etched by user separate $ 4.00
W998 18  Perforated, 0.052" holes, 18 with attached $ 4.50
etched lands. The holes are on 0.1"
centers, both horizontalky and vertically.
W999 36  Perforated, 0.052" holes, 36 with attached $ 9.00
etched lands. The holes are on 0.1"
centers, both horizontaily and vertically.
W970 ' 36  Bare board, no split lugs, similar attached $ 4.00
to W90, contact both sides
w971 72  Bare board, no split lugs, similar attached % B8.00
o to W991, contact both sides :
W972 36  Copper clad, similar to W92 separate § 4.00
Wa73 72  Copper clad, similar to W593 separate § 6.00
w974 36  same as W998, contact both sides attached $ 900
Wa75 72 same as W999, contact both sides attached $18.00

Old boards with 0677 holes on .27 centers are no longer avaflable.
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BLANK COPPER CLAD MODULES UNIVERSAL

W92, W993, Wo72, W973 HARDWARE
, L . J
N : !
o} e} Q o O o
B 2 s I S
35 3%
J_'" £ ATUOLL E % JETA T AR o ML OWLIox JEZzacwkeras |

wogz2 ) w993

Type W992 and W993 are single side copper clad boards. The diagrams above
indicate the copper clad area that is usable for etching purposes. The
identifying numbers are etched from the clad using a minimum of etchable
area. Type W972 and W972 are equivalent to the above types but have copper
clad on both sides,

w972 — $4
w973 — §6
wos2 — §2
ws93 — §4
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ORDERING F%*II;ORMAT‘ON UNIVERSAL

PREASSEMBLED CABLE HARDWARE

Standard Iengthé for preassembled cable are: 3, 5, 7, 10, 15 and 25 feet,

Cable price per foot is as follows:

19 conductor Ribbon cable $0.60
9 conductor Flat Coaxial cable $1.00
19 conductor 114" Mylar cable (BCO8 only)  $0.75

Standard charges for connection of cable to each connector is as follows:

Ribbon $ 9.00 per connector side
Coaxial $18.00 per connector side
Mylar $ 3.00 per connector side
STANDARD PREASSEMBLED CABLES
RIBBON . - COAXIAL
Basic Basic
Type CONNECTORS Price Type CONNECTORS Price

BCO2F-XX  WO018-W023 31.00 BCO3C-XX  WO21-W021 44.00

BCOZ2L-XX  WO021-W0D21 26.00 BCO3D-XX  WO021-wo022 45.00
-BCO2ZM-XX  WO021-w022 27.00

BCO2P-XX  WO022-W022 28.00

BCO28-XX  WO023-W023 26.00

BCO2W-XX  WQ28-W028 28.00

To the above prices, add price of cable:

Example: BCO2L-7 $30.20
1—BCO2L-XX $26.00
7 feet ribbon cable @ $0.60/ft, 4.20

$30.20
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Standard preassembled cables are available in Jengths of 3, 5, 7, 10, 15 or 25
feet. The last figure in the part number indicates the cable length. For ex-
ample, BCO8-A-1C is a 114" Mylar Cable 10 feet long with an M903 connector

at each end.

STANDARD M SERIES CABLES

114" Mylar Cable with
M9OG3-MI03 Connectors

BCO8-A-1 $37.50
BCOS8-A-2 - 39.00
BCO8-A-3 40.50
BCCB-A-4 42.00
BCOB-A-5 43.50
BCOB-A-6 45,00
BCO8B-A-7 46.50
BCO8-A-8 48.00
BCO8-A-9 49.50
BCO8-A-10 51.00
BCGB-A-15 58.50
BCOB-A-25 73.50

134" Mylar Cable with
MO03 & 2 WO31 Connectors

BCO8-C-1 $ 34.00
BCO08-C-2 35.50
BCO8-C-3 37.00
BCOB-C-4 38.50
BCO8-C-5 40.00
BCO8-C-6 41.5G
BCO8-C-7 43.00
BC08-C-8 44 .50
BCO2-C-9 46.00
BCO8-C-10 47.50
BCO8-C-15 55.00
BCOB-C-25 70.00
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Flat Coax Cable with
M9a04-M304 Connectors

BCO8-B-1 $ 82.00
BCO8-B-2 84.00
BCO3-B-3 86,00
BCOB-B-4 88.00
BC0O8-B-5 90.00
BCO2-B-6 92.00
BCO3-B-7 94.00
BC(8-B-8 96.00
BCOB-B-9 98.00
BC(3-B-10 100,00
BCO8-B-15 110.00
BC(8-B-25 130.00
Flat Coax Cable with
M904 & 2W011 Connectors
BCO8-D-1 % 77.00
BCO8-D-2 79.00
BCO08-D-3 81.00
BCO8-D-4 83.00
BCO8-B-5 85.00
BCO08-D-6 87.00
BC08-D-7 89.00
BCOB-D-8 21.00
BCO08-D-9 93.00
BC03-D-10 95.00
BC08-D-15 105.00
BCO8-D-25 125.00




CABLE CONNECTORS W

FOR INDICATOR AMPLIFIERS
wolg, woz3 SERIES

The WO018 and WO023 provide 18 tine ribbon cable connections to FLIP CHIP
mounting panels. In the W018 connection to each pin is through a series low
leakage silicon diode. The W023 provides unbroken signal lines from the cable
to the connector pin,

When these cables are used with 4917 or 4918 indicators, the W018 must be
located at the FLIP CHIP panel and the W023 inserted in the indicator socket
connector, Cables may be ordered with connector modutes on both ends or on
one end only. Cable lengths may be specified in increments of 1 inch,

For ordering information, see W021, W022, and W028 on next page.

Care should be taken when using the W023 for cther purposes, since the
Power Pins (A, B) are unprotected.

Type Price without Cable

w018 $9.00
w023 $4.00

CABLE CONNECTORS FOR LEVELS w

AND PULSES .
TYPES W021, W022, W028 SERIES

The WO21, W022, and W028 provide cable connections to the FLIP CHIP
mounting panel. The cable is a 19-conductor ribbon with nine signal leads and
ten shields. The signal leads are connected to pins D, E, H, K, M, P, S, Tand V.
The shields are internally connected together and to pins C, F, J, L, N, R, and U.

In the WO021, the signal teads are connected diractly to the signal pins. In the
WOQ28, jumpers are available for series or shunt terminators. The Type W022
has a 100-0hm shunt terminator from each signal wire to the shield.

W021 — $4.00
W022 — $5.00
W028 — $5.00
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DIGITAL WIRE WRAP SERVICES

The electronics industry has long been aware of the many advantages of wire
wrapping over soldering for interconnecting electronic circuits. Soldering intro-
duces numerous human errors and presents problems of cold selder joints,
flux removal and overheating sensitive components. Automatic, computer-
controlled wire wrapping, however, not only eliminates the problems associated
with soldering but adds many technical and economic benefits unattainable
with soldering. Automatic wire wrap provides extremely high raliability, high
production rates, elimination of human error, long-life connections, simple
mechanical inspection techniques, high densily wiring, rework ability, reduced
labor and reduced inspection time.

Digita! Equipment Corporation has developed an extensive high-production
wire wrapping capability and now offers to its customers the significant cost
savings of automatic wire wrapping. Digital can provide a full wire wrap service
and our “Smooth-Flow'" processing insures maximum control at each step in
the process.

Digital automatically verifies the correctness of the wiring on each panel with
its computer-controlled Automatic Wiic Test equipment, This verification is a
standard part of Digital's wire wrap service and is provided at no charge. The
only restriction is that the size of the panei be limited to four connector blochs
high by ten connector blocks wide. Mo price reduction is given far elimination
of the verification service.

Before a wire wrap order can go into production, Digital needs from the
customer a deck of punched cards for use as input to the wire list program.
If the customer wishes, Digital can provide a keypunching service to prepare
the punched cards. For this service, Digital needs a customer wire listing
prepared on Digital Form DR22. Either the punched cards or Form DR22 must
also be accompanied by a purchase order specifying which mounting panels
are being purchased. In addition, if any special bussing is needed, a copy of
the updated bussing diagram must also accompany the purchase order, lt is
extremely important that a complete wire listing, either punched cards or
Form DR22 mounting panel specification, and complete bussing information
be received with each order, Pricing of a wire wrap order cannot be completed
unti} the source deck has been processed and buss print received. These are
needed to determine wire count and number of points to be bussed.

Special Services

Digital keypunching service is provided at the rate of $0.10 per card. This
service includes customer source input verification.

1f the customer wishes to have a magnetic tape of the listing, DEC will prepare
a tape in card image for $35 per reel. The customer wil) receive one copy each
of the Name Sort and Pin Sort tists. Additional copies of these lists are available
to the customer for $10 each upon his written request,

Digital will perform special bussing where required. The rate for this is $0.10
per point, plus the price of the buss strip (932, $0.60 each; 933, $1 each).
if errors are found in a customer-supplied source deck or wire list, the customer
will be contacted to make the necessary corrections. There is a flat service fee
of $50, non-discountable, for detecting customer-source errors.
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Detivery

The normal delivery time for wire wrap panels is four to six weeks after receipt
of the purchase order, accurate source inputs {card or wire list), and updated
bussing diagram if special bussing is required. In cases where extensive special
bussing is required additional time should be allowed for delivery (approxi-
mately two weeks). If customer-source errors are detected, allow at least one
additional week. -

On repeat orders for the same panels and wiring configuration, normal delivery
time is often reduced to almost half that of initial processing time.

PRICING
24 ga Wire:
Set-up Charges (do not include price of panels)
Dne-time charge for up to four panels $320.00¢
Each additiona$ panef 25,00
Cost per Wire .25
30 ga Wire:
Set-up Charges (do not include price of panels)
One-time charge for up to two paneis 200.00*
Each additional panel : 50.00.
Cost per Wire i : 30
Digital Cardpunching Service, per card 10
Customer-error Detection . : 50.00*
Magnetic Tape of Wire List 35.00*
Additional Copies of Name Sort and Pin Sort List, each 10.60
Special Bussing, per point 10
933 Buss Strip 1.00
932 Buss Strip .60
Automateic Wiring Verification No Charge

*0ne time charges are nat discountable
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The following chart illustrates Digital's wire wrap order processing,

o CUSTOMER ORDER INFORMATION

\

* PURCHASE ORDER
® BUSS PRINTS

{
] ¢ CARD DECK

e WIRE LIST
ON FORM DR22

¥

b
/ | VERIFICATION AND

PREPARATION OF i DETECTION OF
CARD DECK "! CUSTOMER ERRORS

ORDER PROCESSING
& PRICING

y

PANEL COMPONENTS
ASSEMBLED
& BUSSING

r

PANEL WIRE WRAPPED i

F

AUTOMATIC
WIRE TEST

Y

OPTIONAL EQUIPMENT ASSEMBLED
e POWER SUPPLIES
e END PANELS
® CABINET MOUNTING

|

PACKAGED & SHIPPED
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K-SERIES
LOGIC LAB

INTRODUCTION

The K Series Logic Laboratory is designed for use with K Series Modules. It
is a device for building prototype systems for experimentation and proof of
logic design as well as an effective tocol for learning solid state cantrol logic.

It is excellent for training users in digital logic techniques by enakling an
individual to construct logical networks, with a "hands on approach” to
learning control systems for Industrial Apptications.

The K Series Logic Lab is a compietely self contained system consisting of a
power supply, photo cel!, pulse generator, switch controls, indicators, mounting
hardware and a recommended basic complement of logic modiiles necessary
to construct a working system. The system is expandable and can accommo-
date additional K901 patchboard panels for mounting additional logic modules.

EDUCATION AND TRAINING

As a training device the K Series Logic Lab offers the engineer, technician, and
user a step by step approach to building an understanding of various digital
logic functions, such as, AND, OR and the operations of NAND and NOR etc.
The user has the option of using NEMA or MIL spec syimbology when making
logic connections. Symbology cards on basic logic modules for use with the
KS01 patchboard panel are printed with NEMA on one side and MIL SPEC 806
on the reverse side,

BREADBOARDING AND TESTING

The logic laboratory power supply is capabie of supplying 5V-DC for about
100 modules. There is no restriction on the size of a system which can be
implemented, since additional patchboard panels can be ordered and K"
Logic Laboratories interconnected directly.

There is no substitute for actually building the system and verifying the logic,

Some common uses of the Logic Laboratory are listed below. Many of these
are described in detail in the Control Handbook and part [l in the 1969
Positive Edition Logic Handbook.

Timer Sequencers Serial Adder

Shifter Sequencers Stepping Motors Contral
Parallel Counters Pulse Generator

Pulse Rate Multiplier Annunciator
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CONTROL PANEL — POWER SUPPLY K
K900 _ SERIES

The K900 is a combination power supply and input control panel, The input
devices include a photocell, three push button pulsers and timing components
for a K303 clock mounted in a K901 panel, Clock timing components are pro-
vided for frequency steps in ranges of 2Hz to 60Hz and 200Hz to 6K Hz. Wiring
diagrams for properly connecting the clock are shown in the logic and control
tlandbooks (reference K303). The power supply can drive approximately ten
type K301 panels of K series flip chip™ logic. Pulsers consist of a K501 schmitt
trigger with a K581 switch dilter. Power is supplied by K731, K743 and K732
power supply modules.

Electrical Characteristics

Input voltage: Power supply: 115V 50-60 éps
Cutput voltage: +5VDC = 109%
Output current: 3 amp

Mechanical Characteristics

Panel) width: 19~ Power Output connection: Hayman Tab
Panel height; 5%," - terminals which fit AMP *“Faston’ re-
Depth: 12" ceptacle series 250, part 41774 or Type
Finish: black 914 Power Jumpers.

Power Unijt connection: 18/3 AC power cord
KO00 — §185
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PATCH BOARD PANEL K
K901, 911 SERIES

K901 FPATCHCORD MOUNTING PANEL

This panel provides up to ten FLIP CHIP modules with power and patch con-
nections. Space between patching sockets ailows insertion of logic diagrams.
Logic diagrams are printed on all FLIP CHIP module data sheets, More per-
manent plastic diagrams are available for those modules fisted.

PANEL WIDTH: 19 in,
PANEL HEIGHT: 5%, in.
DEPTH: 614 in. with FLIP CHIP modules inserted

FINISH: Black

POWER INPUT CONNEC-
TIONS: Tabs which fit
AMP "Faston™ receptacle
series 250, part 41774,

911 PATCHCORDS

DEC Type 911 Banana-Jack Patchcords are supplied in color-coded tengths of
2 in. (brown), 4 in. {red), 8 in. (orange}, 16 in. (yellow), 32 in. {green), and
64 in. (blue), Patchcords may be stacked to permit multiple connections at any
circuit point on the graphic panels of the DEC K901 Mounting Panel. The cords
are supplied in snap-lid plastic boxes of ten for handy storage.

H901 — $125
911 — $9/pkg. of 10
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INDICATOR SWITCH PANEL K
K902 SERIES

X

K

P
4
i
!
Lo
1

The H902 Panel provides facilities for control and observation of the Logic
Laboratory. It contains eight indicator lights and a lamp driver module, eight
toggle switches and four potentiometers. Connections to these devices are
made with Type 911 Stacking Banana-Jack Patchcords.

INDICATORS: Indicators inputs accepts signals of +5V and ground. An open
circuit input will light the indicator, If the input is returned to ground, the
indicator will not light. The load is 1 ma.

TOGGLE SWITCHES: The toggle swilches are single pole, single throw with
a logic diagram to show the open and closed positions.

"

POTENTIOMETERS: The potentiometers are 250,000 ohms. They may be vused

to control the frequency of delay one-shots or clock circuits in the K901
Mounting Panel.

MECHANICAL CHARACTERISTICS

PANEL WIDTH: 19 in. FINISH: Black
PANEL HEIGHT: 5%, in. POWER INPUT CONNECTIONS: Tabs which fit
- DEPTH: 614 in. AMP “‘Faston’’ receptacie series 250, part 41774.

K902 — $145
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MISCELLANEQUS ACCESSORIES

4913, 914 HARDWARE

4913 MOUNTING RACK

The 4$13 Mounting Rack provides support for a and up to four K901 Patch-
cord Mounting Panels, for a total of up to 40 FLIP CHIP modules ready to be
patched together for experiments. it may alse be used to mount general pur-
pose mounting panels such as the K943, The power supply must be mounted
at the hottom for stability.

Height: 2614 in.

Threads for mounting panels; 10-32

914 POWER JUMPERS

For interconnections between power supplies, mounting panels, and logic lab
panels, these jumpers use AMP ""Faston” receptacles series 260, Specify 914-7
far interconnecting adjacent mounting panels, or 914-19 for other runs of up
to 19 inches. 914-7 contains 10 jumpers; $14-19 contains 5.

4913K — $25
9147 —% 4
91419 —% 4
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BASIC EQUIPMENT LISTS
BASIC LOGIC LABORATORY

1-K301 Patchboard panel 125.00
1-K902 Indicator Switch Panel

{complete with K683 module} 145.00
1-K900 Power Supply and Contrel Panegl

{complete with Power modules) ' 185.00
1 pair — 4913 Mounting Rack 25.00

RECOMMENDED LOGIC MODULES AND PATCHCORDS
FOR USE WITH THE LOGIC LABORATORY

UNIT PRICE  TOTAL PRICE

4-K003 Expander : 5.00 20.00
2-K012 Expander 8.00 16.00
3-K113 Gate 11.00 33.00
3-K-123 Gate 12.00 36.00
2-K134 Inverter 13.00 26.00
1-K161 Decoder 25.00 25.00
1-K174  Comparator ) 24.00 24.00
1-K184 Rate Multiplier 25.00 25.00
2-K202 Flip-flop 27.00 54.00
1-K206  Flip-flop 20.00 20.00
2-K210 Counter 27.00 54.00
1-K220  Up-down Counter 55.00 55.00
1-K230  Shift Register 40.00 40.00
1-K303 Timer : 27.00 27.00
1-K323  One shot delay 35.00 . 35.00
1-K376% Timer Control (0.1-3.0 sec) 15.00 15.00
1-K378% Timer Control {1.0-30 sec) 15.00 15.00
1-K373* Timer Control (20 Hz-600 Hz clock) 11.00 11.00
1-K522 Sensor Converter 25.00 25,00
4 pks. of 10 patchcords {(911-2") 9.00 36.00
5 pks. of 10 patchcords (911-4") 9.00 45,00
2 pks. of 10 patchcords {(311-16") 9.00 9.00
1 pkg. of 10 patchcords (911-16") . 9.00 9.00
26 symbology cards . " .25ea. 6.50

Complete K-Series logic lab with workbook
and madules listed-— H510 $995.00

Asterisk® denotes symhology cards unavailable. Symbology cards for uze with K901 patch-
_beard panel, .25 ea., minimum purchase of $5.00 applies.

IF ADDITIONAL K901 PATCHBQARDS ARE ORDERED:

~1911-4" pkg. of 10 patchcords 5.00
1911-8" pkg. of 10 patchcords 5.00
1.911-16" pkg. of 10 patchcords 9.00
1.911-32" pkg. of 10 patchcords 9.00
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K-SERIES INTERFACE MODLULES

Recommended logic modules for input/output functions.
AC Input/Gutput

1-K578 120 VAC Input converter 80,00

1-K614 120 VAC Isclated AC switch 88.00

DC Input/Output

1-K580 Dry Contact Filter 28.00

Listed below are a number of DC cutput drivers that may be used:

1.K644 DC output Driver 66.00
or

1.K656 DC output Driver 80.00
or

1-K658 DC Output Driver 128.00

Each additional K series workbook 5.00

Note: only 3 out of 4 circuits are available when using above 3 modules with the K901
mounting panel.

Reference logic or control handbook for additional module information and selection.
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After all the components have been attached to the board, the
module is degreased to remove contaminants in preparation for
fiow soldering.
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COUNTER APPLICATIONS APPLICATIONS
M204

The arrangement of the J-K flip-flops on the M204 was designed to allow
its use as a general purpose clocked counter with a minimum of external
gating. This note describes configurations up to modulus 10 {binary coded
decimal). In this range only modulus 7 requires additional hardware. The
basic design principle used in these countars is to detect the present state
of the counter and decide whether ar not to complement the flip-flops on
the next clock pulse. -

Other techniques exist for making counters of this type making use of pulse
amplifiers etc., but these usually represent a significant increase in price.

It must be ncoted that the line defined as “'Clock’ requires a positive puise
which is the logical inversion of the standard puise. One gate of an M117
can be used o perform this inversion. Since each clock input presents two
unit loads to the source, more than S stages of counting requires the use
of one gate of an M&27. (Refer to the “Timing Considerations' section of
the Logic Handbook.}
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TELETYPE RECEIVER
706 APPLICATIONS

The M706 converts 5 or 8 hits of serial characters into parallel form and
upon a cohumand signal transfers the data into a paralle! receiving device,

All buffering, gating, and timing, with the exception of the clock (see Clock),
needed for asynchronous operation, device selection, cenversion and data
transfer, are self-contained on this double height maodule.

The M706 has the capability of converting either a 5-hbit serial input con-
sisting of 7.0, 7.5, or 8.0 units or an 8-bit serial input consisting of 10.0,
10.%, or 11.0 units. This can be done by selecting the correct pins on the
socket and tying them together with jumpers on the mating connector.

The serial input must be preceded by a start puise and followed by two (2}
stop pulses (see Timing Diagram), Provision has been made to select the
width of the stop pulse from 1.0 vnits to 1.5 or 2 units long; this also ¢an
be done by selecting the proper pins on the socket {see Figure 1)

Besides the above feature, the M706 is equipped with the necessary logic
to reject any start pulse that is not greater than L4 unit long, thus eliminating
the possibility of false starts. The M706 also provides device selection so
that it may be used on the positive bus of the PDP-8/1 and the PDP-8/L
or an independent teletype transmitter. It can also be used in conjunction
with the M707 TTY Transmitter to make up a half duplex system to com-
municate hetween TTY and computer (see Figure 3).

When the M706 is used as an independent device and not as an interface to
an 8/1 or 8/L, the user must supply the correct levels and pulses to ensure
proper operation.

NOTE: 1. All pulses must have a pulse width of 50 nsec or greater.
2. Al inputs present a cne (1) TTL unit load except when noted.
3. All outputs are TTL logic levels and can drive up to 10 unit loads
unless otherwise noted.

‘The outputs will be at a logical 1.
Figure 1 shows the M706 Teletype Receiver used independently of a computer.

in the example shown, the M706 is used to receive serial data from an
ASR33 teletype and to transmit in 8-bit paralle] code the same data.

The operation of this system starts with a cue pulse” from the ASR33. This
pulse is transmitted via an ‘“OR GATE" to the clear flag 2 input. A high (1) at
this point causes a low (0) at pin AE2. Pin AE2 is tied to the reader on input.
A low {0) at this point causes the reader run driver to hecome active, thus
starting the reader in the ASR33 to read the tape.

On the first start pulse the active output, which is tied to the flag strobe
input, goes low (0), thus causing a high (1) at the strobe flag output. This
is tied to the read buffer input through an inverter. Therefore, as iong as the
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active output is high, no data can be transferred into the receiving device,

On hit 8 of the serial input, the active output goes low {0), causing the read
buffer input to go high (1), thus transferring the paralle! register into the
receiving device.

The K731 Scurce Module is used to clear the M706 on a power up from
the ASR33.

The W994 is used to supply +10 volts needed in the ASR33.

The M401, M405, and the M410 may be used as external clocks (see Logic
Handbook).

If the M706 is used for half duplex operation (Figure 2), active (0) should be
connected to the walt input of the M707.

Power Requirements:

-5 volis, Pin AA2, BA2

Ground AC2, AT1, BC2, BT1

Total Power: <5 voits at 400 ma. (maximum).

370



TLE

AD2

LODE
4 SEL
NOT USED | aF)
LEFT LPEN
ENABLE Dg | AMI
AHE =
Ag2
AFL ENABLE D3

amuﬁo

[LSE WITH DEC
37"? READER :E:DESE EMDDIFIEO AERA3)
DEVICE REAGER
CONTROL
| READER UL
FLAG
FLAG STOBE a0z Br2 | STROBE m_
£y
z uF2 42
WORG DONE LETIVE FLZG | BEZ
CLC4R FLAG 2 g aE2
START BULSE
Bz
EXABLE BF [LH 61
_EMABLE BE | e | et
Fhov a2 BT 2
KTH CONTROL APz BT s |
] a1 @T a4 JPARSLLEL
149 CuEAR_ BFE | T I L
_ REGISTER | psa BT &
i' coce '} ARz BT 7
| BTz AR BT B
| BAUD Bl
N J RiAL
- WPUT FROMW TTW
w333
WOTE A2 r READ BUFFER
TO TELETTRE

10 ag

FROM 011
LINE SIDE OF
POWER SWITCH
AT ASR33,

APPLICATIONS:

Fry CaBLE

Figure 1

M706 AS AN INTE

PIN CONHECTNG

HRZ == HYZ

A 1 TOR TIN
e _-Bre} 2.0 UNITS 5T0R TINE
adE —e AKI .
a2 — gy [ OB CODE

BETWEEN ASR33 AND A PARALLEL RECEIVING DEVICE



cLE

e |
r CLOCK "
| 8xBauD |

RATE

FLAG

M7CT
TRANSMITTER

TTY
INTERFACE
FLAG
JE4
3 |48
RECEIVER CLOCK |5l
RECEIVER CLEAR FLAG wlF
CLOCK ENABLE 25 e
1/0 CLEAR i 1
SERIAL Ole|G| CLEAR
- gzl
> INPUT M706 H I
o RECEIVER g|3
3 N
2 CONTROL
& SIGNALS
wl
© - | eulen| o | w) @ READ
i = = = =
@|o|o|o|5|@l@|m| BUFFER
L e
PARALLEL OUTPUT
DATA
HALF T
oy SERIAL UN)
DEVICE Figure 2

HALF DUPLEX SYSTEM

PARALLEL DATA
INPUT

LOAD

BUFFER
CLEAR 1 TRANSMIT
FLAG PULSE



TELETYPE TRANSMITTER APPLICATIONS
M707

The M707 Teletype Transmitter is a code converter modufe used to convert
parallel code characters into serial code characters and transmit the data
into a serial receiving device.

The buffering, gating, and timing, with the exception of the clock, necessary
for an asynchronous operation is located on this double height module,

The M707 is compatible with the M706, having capability of converting either
a 5-bit or an 8-bit character through the use of different pin connections on
the module. These characters can be assembled into 7.0, 7.5, and 8.0 units for
a 5-bit character, and 10.0, 10.5, and 11.0 units for an 8-kit character.

The serial character is transmitted with the start bit first, followed by hit 1
through bit 8 and completed by two (2) stop bits. Through the selection of
different pin connections on the module, the stop times can be either 1.0,
1.5, or 2.0 units long {see Timing Diagram).

When the stop bit is put on the seria! output, the flag goes low, indicating that
a character has been transmitted and that a new parallel character may be
loaded. .

Another feature included in the M707 is device selection. This allows the
module to be used on the positive bus of the POP-8/1 and PDP-8/L and
provides the necessary logic so that it can be used in a half duplex system
with the M706 Teletype Receiver (see Figure 1),

All inputs present a one (1) TTL unit load unless otherwise noted.

All outputs present a TTL logic level and are capable of driving up to ten
unit loads unless otherwise noted.

All pulses require a pulse width of 50 nsec or greatey.

Clock:

An external frequency source into an input which presents ten (10) unit
loads. The frequency output from the clock must be 2 times baud rate, i.e.,
input bit rate, and may be in the form of ejther a pulse or a square wave
{see M401, M452, M410 in the Logic Handhook).

Code Selector:

Can be used for device selection when the BMB 3 - 8 from the positive bus
of the PDP-8/1 and PDP-8/L are connected to the input. When a positive
“AND™ occurs at these inputs, the sighals flag strobe, load buffer, and clear
flag 1 assume their normal functions. '

If the code selector is not used, their inputs may be left open and the “Enable
b5" line grounded. The input to the code selector must be present 50 nsec
prier to any signal that it controls.

373




Enable D.S.:
Should be high or togic {1) when using the code selector and at graund
when not using the code selector.

Fiag Strobe:

A positive pulse or high level at this input causes a negative going pulse at
the strobe flag out, provided that the flag is set and that the inputs to the
code selector are high. Delay from input to output is 30 nsec maximum.

Clear Flag 1:

A high level or positive pulse at this input clears the flag, provided that all
code selector inputs are high. When not in use, this input should be held
at ground.

Clear Fiag 2: _

When not using the code selector, a negative pulse or low level at this input
clears the flag. When not in use, it should be connected to a -+3.0 volt
source.

Wait:

A ground at this input prior to the stop bits of 2 transmitted character holds
transmission of a succeeding character until this line is brovght high.

If used in a haif duplex system, this line shoutd be connected to the ""Active
(0)" input of the M706. When not in use, it should be held at 4-3.0 volts.

1/0 Clear:

A high level or positive pulse at this point clears the shift register and initial-
izes the state of the -control. Whan not in use or during transmission of a
character, this input should be held at ground. '

Bits 1 through 8:

Contain the S or 8 bits of parzllel code characters to be converted to serial
cutputs. A high level at these inputs reﬂects a logic 1 or mark in the serial
output.

When a 5-bit code is used, bit & is used as an enable and blts 7, 8, and
"Enable' shou!d be at ground.

" Enable:
Provides the control necessary for transmitter multiplexing. When grounded
during a load buffer pulse, it inhibits the transmission of a character.

Serial OQutput: .
In an open collector PNP transistor which can drive 20 ma. into any load
returned to a voitage between -4 volts and —15 volts. A logical 1 or mark
output is 15 voits, and a logical 0 or space output is an open circuit,

Diode protection should be provided for an inducting load. To provide fhis. a
high speed siticon diode is connected from the output to the coil supply voit-
age. (Cathode to output — anode to supply.}

- Active:
During the time period from serial start bit to the beginning of the stop b:t
the output is high, Output drive is 8 TTL unit loads. This output is used in a
half dupiex system to obtain specia) control signals.
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Flag: :
This output goes to ground at the beginning of a stop bit. It drives a 8 TTL
unit loads. . :

" Strobe Flag: _
NAND realization of the inverted flag output and flag strobe. QOutput can

. drive 10 TTL unit loads,

Line:
This output can drive 10 TTL unit loads and present output signals as logical
1 = 43 volts and logical 0 to ground.

-+ 3 volts: Pin BT1 can drive 10 TTL unit Joads at 4-3 volts.

Power: +5 volts at 325 ma. AA2, BA2
Ground ACZ, AT1, BC2, BT1
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BUS INTERFACE
730 APPLICATIONS

Introduction

The M730 is a double height, singie width logic module which provides a
complete positive ocutput interface for the Positive Bus PDP-8/1 or PDP-8/L,
it accepts from the positive bus computer 12 bits of data from the BAC hus,
the device selection code from the MB bus, and JOP pulses frorm the IOP
hus. It will send 2 flags to the computer via the skip bus, and will send two
pulses {pulse 1 and pulse 2) to the external device. The pulses are variable
from 5 - 25 micro-seconds by the use of potentiometers. 1t will accept done
signals from the external device to control the flags, The M730 also sends
12 bits of data to the external device.

Flag Control

Setting Flag 1 or Flag 2 causes an interrupt which comes from an open
coflector NPN transistor to the positive bus computer in the form of a ground
signal. Skip on Flag 1 with 10T 6X¥1. Skip on Flag 2 with 10T 6XY3. 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 cutputs
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 as noted are ground when true, Flag 1
is set by done 1— and done 1+ from the external device. In order to set Flag
1, done 1— must go to ground and -dene 14- must go to at least +2.5 v.
if desired, one can tie done 14 to -4-3VDC and set Flag 1 by issuing a
negative pulse or level at dgne 1—. To set Flag 2 use done 2— and done 2,
the same as Flag 1— and Flag 14+. Flag I and Flag 2 can be cleared by
initialize or by 10T 6XY2,

Signal Logic Level

Device Selector M Series Logic levels (TTL)
Signals ;

12 Bit Storage From Computer to Device (TTL)
Register

done 1, done 2 TTL

Flag 1, Flag 2 TTL

Pulse 1, Pulse 2 Positive

Device Selector Control:

The code selector accepts M Series levels BMB 3-8. When the Code Select
Card Gate is met (depending on the code wired in} the Option Select line is a
+3 v. M Series level. The code select by BMB 3-8 can he bypassed by putting
a ground on the enable line, which will also make the Option Select Line go
to 43 v. The Option Select Line acts as an enable to aliow gating of M
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Series pulses [OP 1, 2, and 4 and M Series levels BMB 9 (1), BMB 10 (1), and
BMB 11 (1) fo issue the 10T’'s listed below depending on which gates are met.

Mnemonic On 10P Operation

6XY1 1 Skipon Flag 1

6XY2 2 Clear Flags ! and 2

6XY3 1 Skip on Flag 2

6xXY4 4 Issue Pulse 1 _

6XY5 4 Clear Pulse 1— and Pulse 14

when jumper A & C are in

6XY6 4 Load the BAC into the 12 Bit
. Storage Register

6XY7 4 Issue Pulse 2

Timing Generator Control:

Upon igsuing 10T 6XY4 Pulse 1— and Pulse 1+ will receive a pulse Note
that Pulse 1— and Pulse 11 are the inverse of each other. Pulse duration
can be from 5 as 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 clamp on the open collector NPN transistor cutput
on the Data Lines.

SPECIFICATIONS:

Inputs )
Pone 1—, Done 1<, Done 2—, and Done 2-4- 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 M Series inputs and each draw 1
unit load (1.6 ma). All other inputs are M Series inputs and draw 2 unit
loads each,

Qutputs

All outputs including computer inputs drive 30 ma non-inductive at ground
with a maximum positive output voltage of +20 volts. The outpuis are
- driven by an open collector NPN transistor. Pulse 1 and Puise 2 outputs are
adjustable from 5 ks to 25 us with a recovery time of 40 as to 250 -us. Note
that data lines and pulse output lines have to be diode protected if driving
an inductive load.

Power Current

+-5v Pin AA2, BA2 500 ma (max.)
Grd Pin AC2, AT1
BC2, BT1

Some care must be taken when using the M730 to avoid overloading the bus.
Narmally, the bus can drive 64 devices or ports. An unbufiered M730 pre-
sents 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 Option Select Line as the enable for the M1C1, In this
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configuration each M730 and M101 combination locks to the bus like 2.6
ports, Use of this method allows 25 M730's on the bus, rather than six.

. On the following few pages are shown a configuration for each method.

. JUMPER NOTES
‘A&Cin — Outputs BD2, BE2 at asserted levels from I0TXY4 until 10TXYS.

A & B in — Qutputs BD2, BEZ2 at asserted levels from 10TXY4 until Flag 1 is
: set by AND of data on inputs AR2, AS2,

D&F — Outputs BF2, AVZ2 at asserted levels from 10TXY7 vntil Flag 2 is
set by AND of data on inputs AT2, AU2.

D&E — Outputs BF2, AV2 at asserted levels as using O & F until Flag 1
is set. :

. Pulse widths presently 5 us-25 us recovery time 40 ps5-250 us.

All units when used on 1/0 bus require M907 or equivalent diode undershoot
protection.
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After the modules are flow-soldered, they undergo a visual inspec-
tion to insure that all salder points and runs are properly made, If
needed, additional solder is added.
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BUS INTERFACE

M731 APPLICATIONS

The M731 is a double height, single width logic module which provides a
negative output interface for the positive bus PDP-8/1 or PDP-8/L., It receives
from the positive bus computer 12 bits of data from the BAC bus, and 10P
pulses from the |OP hus, and sends 2 flags to the computer via the skip bus,
as well as two pulses (pulse 1 and pulse 2) to the external device to control
the flags, The M7231 also sends 12 bits of data to the external device.

Flag Control
Setting flag 1 or flag 2 causes an interrupt which comes from an open
collector NPN transistor to the positive bus computer in the form of a ground
signal, Skip on flag 1 with 1OT 6XY1.* Skip on flag 2 with 10T 6XY3, The skip
- output is also an open collector NPN transistor which, when asserted, sends
a ground signai to the positive bus computer. Both skip and interrupt cutputs
are open collector NPN transistors that can be tied directly to the skip and
interrupt bus of the computer. Flag 1 and flag 2 outputs are available and are
at ground when true. Flag 1 is set by dene I — and done 1 from the external
device. In order to set flag 1, done 1— must be more negative than —2 volts
and done 14 must be at ground. If desired, one can tie done 14 to ground
and set flag 1 by issuing a negative pulse or level at dene 1—. To set flag 2,
use done 2— and done 2 in the same way as flag 1— and flag 14-. Flag 1
and flag 2 may be cleared by Initialize or by IOT 6XY2.

Signal Logic Level

Device selector signals M Series logic levels (TTL)

12-hit storage register input BAC-TTL from computer

12-bit storage register output Data 0-11 {Negative) Open Collector
NOTE: 6XY1 indicates a selected device ﬁode, i.e., 6031, etc. '
Done 1, done 2 Negative

Flag 1, flag 2 ' TTL

Pulse 1, pulse 2 Negative

Skip, Interrupt Reg. Open collector positive

Device Selector Controf .

The code selector accepts M Series levels for BMB 3-8 inputs. When the
Code Select Card Gate input requirements are met (depending on the code
wired in), the Option Select line will be at a +3 v. level. {The code select
inputs BMB 3-8 can be bypassed by putting an M Series ground on the
enable line, which will also make the Option Select Line go to +3 v.} The
Option Select Line acts as an enable to allow gating of M Series pulses IOP
1, 2, and 4, and M Series levels BMB 9 (1), BMB 10 (1), and BMB 11 (1) to
issue the [OT's listed below, depending on which gates are met.
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Specifications
Inputs
Bone 1—, Done 1+, Done 2—, Done 2+
Maximum Minimum

Logical O (Gnd) ' +2v. — 1 w.
Logical 1 (—3 v.} —2v. —20 .
Current reguaired at ground 5 ma.

Threshold voltage — 15w

Code Select, Initialize, & BMB 9-11 are M Series inputs and each line draws
1 unit load (1.6 ma). All other inputs are M Series levels and draw 2 unit
loads each.

Outputs

Data &-11 and pulse ! and 2 outputs drive 30 ma. non-inductive at ground
with a maximum negative output voltage of —20 volts, provided by an open
collector PNP transistor. Pulse 1 and Pulse 2 outputs are adjustable from 5
©ps to 25 ps with a recovery time of 40 us to 250 a5, Computer inputs such as
skip and interrupt can drive 30 ma. at ground through an open collector
NPN transistor. Note that data lines and puise output lines have to be diode
protected if driving an inductive load.

Power Current
-5y, DC = 59, Pin AA2, BA2 500 ma. (Max.) +5 v. DC
—15v. DC =109 Pin AB2, BB2 50 ma. —15v. DG

GRD Pin AC2, AT1, BC2, BT1

Some care must be taken when using the M731 to avoid overloading the bus.
Normally, the bus can drive 64 devices or ports. An unbuffered M731 pre-
sents to the bus a lcad which is equivalent to ten normal ports.

A targe port capability, using the M731, can be realized by buffering it with
the M101 using the Option Select line as the enable for the M101. In this
configuration each M731 and M101 combination looks to the bus like 2.6
ports. Use of this method allows 25 M731's on the bus, rather than six.

Figure 3 and 4 show a configuration for each method which is listed above.

Mnemonic On I10P Operation

6XY1 1 Skip on flag 1

6XY2 2 Clear flags 1 and 2

6XY3 1 Skip on flag 2

6XY4 4 Issue on pulse 1

6XY5 4 Clear pulse 1— and piise 14
when jumper A+C are in

OXYE 4 Load the BAC into the 12-Bit
Storage Register

BXY7 4 Issue pulse 2

Timing Generator Control

Upon issuing 10T 6XY4 Puise 1— and Pulse 1+ will receive a pulse. Note
that Pulse 1— and Pulse 1+ are the inversions of each other, Pulse duration
can be from 5 ps to 25 us depending on the setting of the potentiometer
mounted on the board. The amplitude of the pulse out can be from Ov. to
—20v. depending on the clamp on the open coliector PNP transistor output.
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Issuing 10T BXY7 will cause Pulse 2 and Pulse 24 to receive a pulse, The
same characteristi¢cs hold true here as for Pulse 1 — and Pulse 14,

12-BIT STORAGE REGISTER CONTROL

Issuing of 10T BXY6 will cause the M Series level BAC hits 0 11 fram the
computer to be loaded into the 12-Bit Storage Register, This information is
now on the data lines 0-11, 1t is in the form or levels of negative logic and
thus can readily be interfaced to a negative logic system. The data outputs
are levels from O v. to —20 v. depending on the clamp on the open collector
PNP transistor cutput an the Data Lines.

JUMPER NOTES

A & C in — Outputs BB2, BE2, at asserted levels from 10TXY4 until IOTXY5,
A & B in — Qutputs BD2, BE2, at asserted levels from 10TXY4 until flag 1 is
set by AND of data on inputs AR2, ASZ.

D&F — Qutputs BF2, AV2 at asserted levels from [OTXY7 until flag 2 is set
by AND of data on inputs AT2, AU2.
D&E — Qutputs BF2, AV2, at asserted levels as using D & F until flag 1
i is set.

Pulse widths presently 5 us-25 ps recovery time 40 ps-25 ps,

All units when used on /0 bus require M907 or equivalent diode under-
shoot protection.
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Figure 1. PDP-8/1, PDP-8/L, 1 /0 QUTPUT BUS INTERFACE MODULE TYPE M731 .
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POSITIVE INPUT BUS INTERFACE APPLICATIONS
M732

The M732 is a double height, single width logic module which provides a
complete positive input interface for the positive bus PDP-8/1 or PDP-8/L.
It receives 12 paraliel 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 central, 1t accepts from the positive bus computer the device selec-
tion code from the MB bus, and I10OP pulses from the 10P 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 pu!ses are variable from 5-25 microseconds by the use of potenti-
ometers 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
signat. Skip on Flag 1 with 10T 6XY1. Skip on Flag 2 with 10T 6XY3. The skip
output is also an open collector NPN transistor which, when asserted, sends
a ground signa! to the positive bus computer. Both skip and interrupt cutputs
are open collector NPN transistors that can be tied directiy to the skip and
interrupt bus of the positive bus computer, Flag 1 and Flag 2 ouputs are
available as M Series TTL outputs and as noted are ground when true. Fiag 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 +2.5v.
If desired, one can tie done 14 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 2-, the same
as Flag 1— and Flag 1-}. Flag 1 and Flag 2 can be cleared by Initialize or by
10T 6XY2.

Signal Logic Level

Device selector signals M Series logic levels (TTL)
12-Bit Storage Register _ From computer to device (TTL)
Done 1, Done 2 _ TTL

Flag 1, Flag 2 TTL

Pulse 1, Pulse 2 : IPositive

Device Selector Control

The Code Select Gate accepts M Series levels BMB bits 3-8. When the Code
Select Gate is met {(depending on the code wired in) the Option Select line
is at a +3 volt level. The Code Select Gate can be bypassed by inserting a
ground on enable line. This will also make the option select line go to +3
volts, The Option Select Line acts as an enable to aflow gating of IOP pulses
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1, 2, and 4 with BMB 9 (1}, BMB 10 (1), and BMB 11 (1) to issue the [0T's
listed below depending on which gates are conditioned.

Mnemonic On (OP 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

EXY6 i 2 Clear AC

6XY6 . 4 : ‘Read ACOD-ACI1 from the M&24

: into the accumulatar of the

computer.

oxXY7 4 lssue pulse 2

Timing Generator Control:

Upon issuing 10T 6XY4 Pulse 1— and Pulse 14 will receive a pulse, Note
that Pulse 1 — and Pulse 1-- are the inverse of each other. Pulse duration
can be from 5 gs to 25 us, depending on the setting of the potentiometer
mounted cn the board. The amplitude of the pulse out can be from 0 v. to
—+20 v. depending on the clamp on the open collector NPN transistor output.
Issuing 10T 6XY7 will cause Pulse 2— and Pulse 2-- to receive a pulse. The
same characteristics hold true here as for Pulse 1— and Pulse 1.

12-Bit Storage Register Control:

Upon setting the flag 2 by the done 2 signal, data O through data 11 is read
into the storage register. The positive logic signals being interfaced on the
data lines can be from O v. to +20 v. levels. A ground or O v. levef on the data
line read into the storage register input vields a +3 v. level on the output
(AC), A -}-3 v. 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
register output ACO through AC11 can be read into the accumulator using an
M6&24 Bus Driver madule and the data out strobe 10T €XY6.

SPECIFICATIONS:

Inputs

Alt inputs appear as M Series TTL loads. Inputs present 2 unit loads except
for the following inputs, which present oniy one unit load: Code Select,
Initialize, BMB 9-11, and. data O-11. Data inputs expect a logical 0 of 0, -1,
—3 and a logical 1 of 43, §-17, —1 volts.

Cutputs

All outputs drive 30 ma. at ground through NPN transistors except ACO-AC11,
Sefect (1), Flag 1 {(0), and Flag 2 {0). ACO-AC11 must be connected to the
M&24 module and then will be capable of driving 10G ma. at ground. Seiect
(1), Flag 1 (0), and Flag 2 (3) outputs are normal TTL levels with output
drive capability in unit loads of respectively 1, 7, and 7.
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Power Current
+5v. =59, AA2, BAZ2 500 ma, (max.)
GRD AC2, BC2

AT1, BT1

JUMPER NOTES
A & Cin — Outputs BD2, BE2 at asserted levels from 10TXY4 until FOTXYS.

A & B in — Cutputs BD2, BE2 at asserted levels from 10TXY4 until Flag 1 is
set by AND of data on inputs AR2, AS2,

D&F — Outputs BF2, AY2 at asserted levels from 10TXYY unti! 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 40us-25 ps,

All units when used on 1/0 bus require M307 or equivalent diode
undershoot protection.
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Figure 1. PBP-8/1, PDP-8/L, 1/0 INPUT BUS INTERFACE MODULE TYPE M732 I
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BUS INTERFACE '
M733 APPLICATIONS

The M733 8/1 Bus Negative input Interface Module is a double height, single
width module. It provides extremely flexible interface control logic to connect
devices, systems, and instruments to the input half of the programmed /0
transfer bus of either a positive bus POP-8/1 or a PDP-8/L computer. Periph-
eral eguipment which operates either asynchroncusly or synchronousiy to a
computer and expects to transmit data to that computer car to a large degree
be interfaced by the M733, provided that the information being transmitted to
the computer is a negative voltage. 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 20 KHz,
Complete interfaces to such peripheral gear as card readers and other
repetitive devices are possible using the M733; however, part of the controiling
functions, such as counting, etc., must be performed by computer software.

Flag Control

Flag 1 is set by done 1— and done 14 (either pulses or levels from device
indicating a completion of operaticn). In order to set flag 1, done 1— must
he more negative than minus 2 v. and donre 1-+ must be at ground. i desired,
done 14 can be tied to ground and flag 1 can then be set by receiving a
negative pulse or level at done 1—_ To set flag 2, use done 2— and done 2+,
Flag 1 and flag 2 can be cleared by an initialize signal from the computer
or by |OT 6XY2, The setting of flag 1 or flag 2 causes an interrupt signal
(ground level} to be shipped over the 1/0 bus to the computer, After recog-
nizing the interrupt, the computer can skip on flag 1 or flag 2 with 10T 6XY1
or 10T 6XY3 in that order if the appropriate flag is set. The skip signa! is also
shipped over the /0O bus to the computer. It is also ground for assertion.

Device Selector Control

The Code Select Gate accepts M Series levels BMB bits 3-8. When the Code
Select Gate is met (depending on the code wired in), the option select line
is at a 43 volt level. The Code Select Gate can be bypassed by inserting a
ground on the enable Jine. This will also make the Option Select line go to
-+3 volts. The Option Select ling acts as an enable to allow gating of IOP
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pulses 1, 2, and 4 with BMB 9 (1) and BMB 10 (1) and BMB 11 (1) to issue
the 10T's listed below, depending on which gates are conditioned.

Mnemonic On I0P Operation

6XY1 1 Skip on flag 1

6XY2 2 Clear flags 1 and 2

6XY3 1 Skip on flag 2

6XY4 4 lssue pulse 1

BXY5 4 Clear pulse 1— and pulse 1-}-
when jumpers A & C are inserted

6XY6 2 Clear AC

6XY6 4 Read ACO-ACI1 from the M624
into the accumulator of the
computer

6XY7 4 Issue pulse 2

Timing Generator Control

“Upon issuing 10T 6XY4 pulse 1 — and pulse 14 will receive @ pulse. Note that
pulse 1— and pulse 14 are the inverse of each other. Pulse duration can be
from 5 ps to 25 us, depending on the setting of the potentiometer mounted
on the board. The amplitude of the pulse out can be from 0 v. to —20 v.
depending on the clarmp on the open collector PNP transistor output. Issuing
IOT 6XY7 will cause pulse 2— and pulse 2- to receive a pulse. The same
characteristics hold true here as for pulse 1~ and pulse 1.

12-Bit Storage Register Control

Upon setting of flag 2 by the done 2 signal, data 0 through data 11 is read
into the storage register. The negative logic signals being interfaced on the
data lines can be from o v. to —20 v, levels. A ground or O v. level on the
data line read into the storage register input yields a -3 v. level on the
output AC. A —2 v. signal or larger, up to —20 v., read intc the storage
register input fram 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 appro-
priate data Iine_|_1_a_§ te be at least --2 v. or greater, up to —20 v. The storage
register 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

Done 1—, Done 1+, Done 2—, Done 2--

Data 0 through Data 11 Maximum Minimum
Logical 0 (gnd) +2v, -1 w.
Logical 1 {(—3 v.) —-2v —20w.
Current required at ground 5 ma.

Threshold Voltage _ —15w

All other inputs expect standard M Series levels or pulses and present 2 unit
loads, except for the following inputs, which present I unit load — Code
Select, Initialize, and BMB 9-11.
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Outputs
All outputs drive 30 ma. at ground, Outputs to the input system are open
collector PNP transistors with a maximum output voltage rate of --20 voits.

Power ' Current

+5 v. £59%, : _ 500 ma. (Max.}
—15v. =109, © 125 ma., (Max.)
220

JUMPER NOTES
A & Cin — Outputs BD2, BE2 at asserted levels from [0TXY4 until IOTXYS,

A& B in — Qutputs BD2, BEZ at asserted levels from 10TXY4 until flag 1is
set by AND of data on inputs ARZ, AS2 : '

D&F — Outputs BF2, AV2 at asserted levels from [OTXY7 until flag 2 is
set by AND of data on inputs AT2, AUZ2.
D&E — Outputs BF2, AV2 at asserted as using D & F until flag 1 is set.

Pulse widths presently 5 us-25 a5 recovery time 40 ps-250 pus.

All units when used on 1/0 bus require M307 or equivalent diode
undershoot protection,
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ARZ DONE 1- — ™ FL‘NB
AS2 DONE + ——| b e skiP BSI
INT BRI
AT2 DONE 2- -——ad \ -
AU2 DONE 24+ ———Cf J FL2AG
ALZ INTIALIZE ——— |
AEY ENABLE ———————]
AMZ IOP 1
::: :g:i [ CLEAR AC BPY
DEVICE
AA1 BMBO{1} SELECTOR SELECT ADd
AB1 BMB10(1) D———— DATA QUT BVI
AC1 BMBIILT) STROBE (10T 6XY6)
ADZ AMB 3 ————] Co0E Y
AEZ BMB 4 Z SLCT ‘7
AF2 BMBAS )
AHZ BMBE ~———]
AJZ BMB7? l I
AKZ BMBA * PULSE - BD2
TiIMING > PULSE 1+ BE2
GENERATOR » PULSE 2- BF2
t> PULSE 2+ AV2
BMZ DATA 0 ——— D————— ACO  BAY
BJ2 DATA ) ———— D ac1  pE1
BKZ DATA 2 ——— D——— ac2  BCH
BLZ DATA 3 ——————— D—————— ac3  BDY
BMZ DATA 4 —— 2B [—————— aca BEA
BNZ DATAS ——————a o, [D—————— ACS  BFf
BF2 DATA§ —————— pegisTeR O ACE  BHH
BRZ DATAT — [p—— 4C7 B
B52 DATAS ——— —— 4 D————— Aca BKY
BT2 DATA 9 —— o>————— ACY  BLY
BUZ DATAID —— ———————— ac10 Bmt
Bv2 DATAY ——————— Pp——————— AC11 BN1

M733 8/1 NEGATIVE INPUT INTERFACE
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M734 INPUT MULTIPLEXING FROM THREE

SEPARATE 12-BIT DEVICES, AND P

LOADING OF 20-BIT WORD INTO POSITIVE | | AT LICATIONS
BUS PDP-8/1, 8/L

Figure 1 shows the M734 connected as an interface between two (2) 10-bit
A/D Converters, one (1) 12-bit digital clock, and a Positive Bus PDP-8/1, 8/L.

When an "AND'" condition occurs at the inputs to the code selector by wiring
the proper BMB to form the selected code, i.e., when the BMB inputs are all
high and 10P's 1, 2, 4 are transmitted inte the device selector at their appro-
priate times, 10T's 1, 2, 4 are then generated.

At 10T 1 time the 10 bits of date from the #1 A/D Converter (Word A) are
transferred via the bus driver ontc the positive bus of the PDP-8/1 or PDP-8/L.
From there it is handled under program contro! to be stared in some location
in memory, or acted upon according to the program instructions.

At 10T 2 time the data on word "B registers (¥2 A/D) is transferred in the
same manner onto the positive bus of the computer, and acted upon under
program control.

At 10T 4 time the 12 bits from the digital clock are transferred and controlled
in the same manner as were words "A” and “'B"".

it should be noted that words “A™ and “B' are accepting only 10 bits of
information; therefore, bits 11 and 12 of register A-B should be tied to
ground. This is to ensure that they remain in the low (0) state and not the
high (1} state,

Sample Program
M734 Command Sequences — Figure 1
Load Word A into AC

7200

6XY1

Load Word B into AC
7200
6XY2

Load Word C into AC
7200 -
6XY4

'P:arallel Loading of 20-Bit Word into PDP-8/L — Figure 2
Load 12 bits into AC

7200
6X¥1

Load 8 remaining bits into AC
7200
6XY2
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As seen in Figure 1, the M734 can be used to transfer data from three
external devices. But in each case the amount of data to be transferred
consists of 12 bits or less.

Figure 2 shows how a device consisting of more than 12 bits can be trans-
ferred onto the positive 1/0 bus of a PDP-8/1 or PDP-8/L.

In Figure 2 the data to be transferred consists of 20 hits. As shown in the
example, bits 0 through 11 go to input register A (Word A), bits Q through
11; bits 12 through 19 go to input register B {Word B), bits 0 through 7.

The code selection, |OP's, and transferring of data is done in the same manner
as described in Figure 2.

It should be noted that the unused input of register B and C are tied to ground.
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INTERFACING WITH PDP-8,

PDP-8/1 (NEGATWE BUS) APPLICATIONS

1. CABLES

For the connection of a peripheral device with M-Series logic to any PDP-8
processor with a Negative Bus or to a previous negative option, the following
Y cables have to be used:

BCOBC-XX —- Flexprint, double sided M903 to two single sided WO31's,
or BCOBD-XX — Flat coaxial, double sided M204 to two single sided W011's.
The following cables have to be used between “M-Series Logic" options:

BCO8A-XX — Flexprint, double sided M903 to double sided M903.
or BCOBB-XX — Flat coaxial, double sided M904 to doubile sided MS04.

2. GENERAL RULES FOR INTERFACING
The fallowing rules have to be observed by designing a peripheral device with
M-Series logic and positive/negative bus compatibility:

—15v has to be supplied to pin B2 of each input/Cutput module.
Spare gates on Input/Qutput modules cannot be used for any other purpose.

The two AND gates (M1, J1, K1, and LI, M1, N1) on the M102 can only
be used for INITIALIZE and BTS2 or BTS3. H1 and L1 are negative inputs
(assertion at —3v), J1 and MI are TTL inputs (assertion 4-3v}.

Do not use the inputs L2 and N2 on the M103 (restricted to the use on
PDP-9 peripherals for subdevice selection),

Connect MB-bits 3 to 8, which are in assertion for the selected device, to
pins D2, E2, F2, H2, J2, K2 in the appropriate connector for the M103
and M102 respectively, and connect the complements of MB-bits 3 to 8
(not in assertion) to pins P1, R1, 81, U1, M2, T2,

Never use the M10G without the Enabling Line (pin C1) connected to the
Device Selector. Never use the Enabling Line as a strobe input.
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Discrete components for DIGITAL Modules are positioned and
crimped in place at rates up to 2,200 per hour on pantograph
controlled inserting rachines. Board layouts put like parts in
rows, minimizing the effort required to follow the template. Several
templates for each module type are generated by numerically
controited milling machines.

.
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EQUALITY AND RELATIVE
MAGNITUDE DETECTION APPLICATIONS

INTRODUCTION .
This application describes one method of comparing two binary numbers for
equality (A = B} and relative magnitude (A > B}. Figure 1 shows 2 bits of a
detector using MI113, M117 and M121 modules. A 4-bit section requires
sixteen two input NAND gates (1 3/5 M113), five — four input NAND gates
(5/6 M117), and four ANDfNOR gates (2/3 M121).

Each bit of the comparator functions with two independent circuit sections;
the equality detector and the magnitude detector,

THE EQUALITY DETECTOR

Figuie 2 shows just the equality detector used in each bit. The two AND gates
in the AND/NOR gate actual detect Au(+)Bu @is exclusive OR) but since the
output section of the AND/NOR gate afSo performs an inversion, the result is
Av €D Bu or equivalently Ax = Bw. This result can be verified in the truth table
in Figure 3. If only equality detection is required, the cutput from a group of
these detectors can be NANDed together with one gate of an M117_to give
an “A = B" signal at the output. For expansion to 16 bits, the A = B
signal from four 4-bit sections can be fed into a negative input OR gate
{ie. another gate of an M113) to give an “A — B" signal from each 4 bits
and then NANDed again with an M117 to provide up to 16 bit equality
detection. :

Mit3 .
By, e
] AeB +heB
A [ R [E—
! N L_ __ 1 s A B .
L [ Mi13 L = M7
AP T |
8 e |
‘Figure 2,
An Bn A+Be | A*Bv | (Ae* By A(Ax* By) | Av—=Bn
o 0 a 0 0 1
4] 1 0 1 1 0
1 . 0 1 0 1 o
1 1 0 0 0 1
Figure 3.

NOTE: (A, By + (Ay * By &DA, = By '
ALSO: #0" = Low
"y — High
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THE RELATIVE MAGNITUDE DETECTOR

The relative magnitude detector at bit “N"'
— receives “An”, "Bw’, and “(Aw = Bu)” signals from the equallty section,
— receives an “Equal so far” s:gnal from “N + 1"
— generates output signals *Equal so far” and “Au > Bu'.

The input signal “Equal so far” from bit “N 4+ 1" indicates that all bits more
significant than N are equal if HIGH (ie. +3 volts). Conversely, if LOW
(ground} it indicates that at least one of the more significant bits is not egual.
The cutput “Equal so far” from bit "N being HIGH indicates that-all bits up
to and including hit N are equal. A LOW indicates an inequality at or before
hit M. The “Ax > Bn"" signal will be LOW if Ay —= 1 and By — 0 and all more
significant bits are equal. By conditioning the “Ay > By signal with equality
information from more significant bits, it is insured that if Bn = 1 and Au
=@, an "Aux > Bni’ signal cannot be enabled to give a false A > B signal
at the output (bit “N-X" is simply some bit less significant than bit “N").
Thus only the most significant level of inequality is considered if two numbers
are unequal. In addition to the bit schematic of Figure 4, Figure 5 shows
the truth table for the relative magnitude detector part of each bit.

A1 " By ) 1Ayeg <Ol tApgg g = === -
Al Bits tg N+1 gre aqual

All Bitg to N-Fqual
M3 -
AyrBy {Ter H-1 Bt}
M3
By >B
&y N N
By 1

Figure 4.
INPUTS TO EBIT N OUTPUTS FROM BIT N
Equal to Bit N 4- 1 Ay Bn “Equal to Bit N" Ay > Bu
0 o 0 1
0 0 1 0 1
o] 1 0] 0] 1
0 1 1 0 1
1 0 o 1 1
1 0] 1 0 1
1 1 0 O 0
1 1 1 1 1
Figure 5.
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A true XOR gate may be implemented using four-tenths of an M113, econ-
omizing by one (1) gate over the XOR in figure 3.

D-E

Figure 6.

USING THE EQUALITY AND RELATIVE MAGNITUDE DETECTOR

Figure 1 shows the construction of a two bit section of the detector, There
are two cutputs “A > B" and “Equal to bit N-1, The “A = B" output from
the detector will always come from the |east significant bit regardless of the
number of bits in the detector, Figure 7 summarizes the meanings of the
various possible output signals.

As in the case of the equality detector, the relative magnitude detector can
be expanded to 16 bits by the method shown in Figure 8. It can be expanded
further to as many bits as necessary by using A > B" outputs from 16 bit
sections to feed an extender such as that in Figure 8.

Since equality information must propagate from the most significant bit to
the least significant hit, the propagation delay should be considered in each
application. Each bit has a 30 nanosecond delay and if the extension in
Figure 8 is used there is an extra 30 nanosecond delay for the total detector.
Thus a 16 hit equality and magnitude detector would have a propagation
delay of (16) (30 nsec) -}- 30 ns — 520 nanoseconds. :

DETECTOR OUTPUT SUMMARY

A>B A — B (at least significant bit) Qutput Indication
0 (low)) ) 0 (low) B>A
0 (low): 1 (high) A=—B
1 ¢high) 0 {low) A>B
1 (high) 1 (high} impossible
Figure 7
rgﬁ'né\ {@ 58 For BIiE 13-16 D:
13-16
M3
MAGNITUGE
DETECTOR <

INPUTS

Figure 8
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Table 1 gives the modules and pro-rated cost of a four bit equality detector.

Table 2 gives the modules necessary and the cost of a 4 bit equality and
relative magnitude detector pro-rated according to module range. The gates
required to extend the A > B output for more than four bits (see figure 8)
are available as spare gates on the modules mentioned for each 4 bit section.

TABLE 1
DESCRIPTION MCDULE QUANTITY TOTAL PRICE
2 Input NAND gates M113 4{5 $16.00
4 Input NAND gates M117 1/6 3.50
AND/NOR gates M121 2{3 16.60
$36.16
TABLE 2
DESCRIPTION MODULE QUANTITY TOTAL PRICE
2 Input NAND gates M113 13/5 $32.00
4 Input NAND gates M117 5/6 17.50
AND/NOR gates M121 2{3 16.66
$66.16
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VOLTAGE CONTROL OF THE MA401

VARIABLE CLOCK APPLICATIONS

The pulse repetition frequency of the M401 may be controlled or modulated
by applying a variable voltage to the base of Q1. This may be accomplished
as follows:

1. Open the connection between the base of Ql and the junction of the
resistor R1 & R2.

2. Insert a 7508, £59%,, 14 watt resistor between the base of Q1 and one
of the unused module terminals, F, H, L or M.

3. If the rate at which the frequency is to be changed or controlled is not
excessive, add a .01 pfd, disc capacitor between the base of Ql and
ground for noise filtering.

The voltage swing applied to the resistor connected to the base of Q1 should
be limited to = 0.25 volts about a center voltage of +1.5 volts. Table 1 shows
the freguency excursions which one might expect when the frequency adjust
potentiometer is adjusted to its full counterclockwise and full clockwise
positions.

CAPACITOR Freq. Adj. Pot, +1.25v —+1.50v +1.75V
No Ext. Cap. Ccw 12.9Mhz. 13.1Mhz. 13.2Mhz.
CCwW 1.02Mhz. 1.32Mhz. 1.81Mhz.
.001 mfd. Cw 2.70Mhz. | 3.37Mhz. 4.14Mbhz.
CCw 72.8Khz. 97.4Khz. 142.9Khz.
.01 mifd. cw 382.6Khz. 504.5Khz. 720.4Khz.
CCwW 8.19Khz. 11.04Khz. 16.42Khz.
0.1 mfd. Ccw 34.46Khz. 46.54Khz. £8.93Khz.
CCcw 722hz. 972hz. 1244hz.
1.0 mid. cw 3.622Khz. 5.144Khz. 8.052Khz.
CCwW 83hz. 112hz. 167hz.
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PARITY GENERATION

USING THE M162 APPLICATIONS

The M162 consists of two complete parity circuits, each of which will ac-
commodate four lines.
4 LINE ODD PARITY GENERATION

The following condition must exist with four line odd parity generation:

A@QBRC@AD => P

where(T)= the modufo 2 sum.
Also, in general, the following is usually desired:
A*B*C*D => P
or
ADEPCHD +@AEB:T*'D => P

The MIE2 connected as illustrated in figure 1 will satisfy the odd parity
generation as per the following truth table:

Lot WwN=O

HOROFRCORCOHRO] I
QOmHOOH-HOO @
OOrrr,oOOol O
H=oO0oQOoOooQo| O
HOORHOFROO M|

~[ etc.

It will be noted that the moduio 2 sum of the five bits'(d- bits - parity) always
yields ¢ (an odd number of bits}.
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B Fi

L e P
c H1
o 41

{A@BBC@D)+ AsBaCeD=>P
D1

[}

A1 Kip—F

Al

i

Figure 1.

The odd parity generation with the condition A * B + C ) == P will al-
ways yield an odd number of bits in the resulting character.

7 LINE ODD PARITY GENERATION

In this case the following would be desired:
APBOCHOPDEDFEPG) + A*B*C*D+E*F+G) => P
This result may be cbtained by connecting the M162 as shown in figure 2.
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This flow-soldering machine solders all compenent leads to the
board and makes afl solder runs in one fast, exceedingly reliable,
operation.
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INTERFACING TO THE PDP-11 APPLICATIONS

A typical device bus interface as shown in Figure 1 is composed of five
major components: 1), Registers; 2), Bus Drivers and Receivers: 3. Address
Selector; 4), Interrupt Control and 5), Device Control Logic.

Registers

Each device is assighed bus addresses at which the program can mterrogate
and/or load the device status, control, and data registers.

As shown in Figure 1, all information flow between the device logic and
the Unibus is done through the registers. In general, registers are designed
to be both loadable and readable from the bus. This allows the program to
use such instructions as ADD RO, REG, or INC REG. However, registers can
be “one-sided,” either ‘“‘read-only” or “write-only.” Examples of read-only
bits are the DONE and BUSY flags in the device's CSR. These bits are de-
rived from the internal state of the device logic and are not under direct
program control. Write-only registers are used when it is unnecessary to read
back information, Attempting to read such a register would result in an all-zero
transfer. The instructions effective with this type of register are then limited
to those which load the register such as MOY RO, REG, aor CLR REG (as
opposed to ADD REG, RO, or INC REG).

A

[-R3 LY .15

HBSY., INTR :
| S0LK . ZER BUS DRIVERS BUS CRIVEAS BUS ORIVERS BUS DRIVERS
D07 02 mTE:

55N WTEARLPT
COMTROL DEVICE
T 3 LOGIC
TOMMAND
stitos
U
é .| pem
H sbDAESS BUFFER
. SELECTOR REG‘IS;FER
A7 00> utes resiten
L Ll
L

LY 1)

BUS RECEIVERS

Y

Figure 1. Typical Peripheral Device Interface

Bus Drivers and Receivers

To maintain the transmission-line characteristics of the Unibus, special cir-
cuits are required to pass signals to and from the bus, The majority of bus
signals (all except the five grant lines) are received, driven and terminated
as shown in Figure 2.

415




—————" —— = —
| +5 | | +5 |
I ao l az
I | | |
| I { |
| - | RECEIVER ; . |
I | I I
——]
| I : I |
| = [ [ = [
| M930 | | M330 [
L e L .
DRIVER

Ri, R2=180 4L 5% 1/40W
R3, R4 = 39000 5% 1/4W

Figure 2. Typical Unibus Line

Information is received from the bus using gates which have a high input
impedance and proper logic thresholds. High input leveis must be greater
than 2.5 ¥ with an input current less than 160 ga. Low level input must be
less than 1.4 ¥ with an input current greater than 0 pa.

Information transmitted on the bus must be driven with open collector drivers
capable of sinking 50 ma with a collector voltage of less than .8 V. Output
leakage current must be less than 25 pa.

In PDP-11 systems, the bus signals are terminated at both ends by resistor
dividers provided on the MS30 module. Physically, an M930 is located in
the processor; another is located at the last urit on the bus. A bus signal
sits at logical 0" (inactive, or negated state) at a voltage of 3.4 V. A bus
line is at logical ‘1" {active, or asserted) when it is pulled to ground.

Drivers and receivers meeting these specifications are available on the
M783, M784 and M785 modules as shown in Figures 3, 4 and 5,
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M105 Address Selector

The M105 Address Selector as shown in Figure 6 is used to provide gating
signals for up to four device registers. The sefector decodes the 1B-bit bus
address on A <J17:00>> as follows:

+3 rl
o o
T <
a2 P o e 10 o LU = o
[--?omrn [+ -
[
[ o— 0
— orMFD BB D 0 BEBr O
o
Ol MFD
O O
fART sam ) o Bam O 0
-
a— | -
BERY  Jremmmninl} oay P o
o

o 5
ga . - *3 G
q
r— =
BB I -
Jru—
FTURN o P—
Orann ]
EETI + ]

+5 k0 - o 2
Asp <

a2 een o y

i GIMFD

o men ! s 9
o

0 MED q 9

£ wFD . P

]
JEUHUEEEE

—
0y

fr

Figure 4 M784 Unibus Receivers*

*Complete technical specifications and pin assignments will be available April 15, 1970,
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Figure 5 M?785 Unibus Drivers and Receivers®

ADQ is used for byte control. ADI and AQZ are decoded to provide one of
four addresses. A <{12:03>> are determined by jumpers on the card. When
the jurnper is in, the selector will look for a O on that address line-A <{17:137>
must all be 1's-——(this defines the external bank). Other bus inputs to the
setector are C </1:0>> and MSYN. The single bus output is SSYN.The user
signals are SELECT O, 2, 4, and 6 (corresponding to the decoding of AD2 and
AQL, one of which is asserted when A <17:13> are all 1's and A <{12:03>
compare with the state of the jumpers. Other user signals are OUT HIGH
(gate data into high byte), OUT LOW (gate data info low byte), and IN (gate
data onto the bus), The equations for these last three signals are as follows:

QUT HIGH = DATQ 4 DBATOB=AQQ

QUT LOW = DBATO -+ DATOB*AQO

IN = DATI + DATIP
where - means a logical or and “*'' means a logical and.

Use of the M105, drivers, receivers and a flip-flop register is shown in Fig-
ure 7.

*Complete technical specifications and pin assignments will be available Aprif 15, 1970,
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Figure 6 MI105 Address Selector

M782 Interrupt Control®

The M732 Interrupt Control module contains tha nacessary logic circuits to
allow a peripheral device to gain bus control and perform a program inter-
rupt. The three circuits on this card are block diagrammed in Figure 8. Note
that only signals relevant to the user's interface are shown; bus signals SSYN,
BBSY ang SACK have been omitted for clarity.

The Master Control circuit is used to gain bus control, When INT and INT
ENB are asserted, a bus request is made on the request line to which BR
is jumpered. When the processor issues the correponding grant and other
bus conditions are met, the MASTER signal is asserted, indicating that this
device now has bus control. Note that this circuit also can be used to gain
bus control on an NPR line for a device which requests the bus for direct
memory access.

*Complete technical specifications and pin assignments will be avaitable April 15, 1970,
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In addition to two Master Control circuits, a third logic network provides the
necessary signals and gating to perform the INTR bus operation. When either
of the START INTR signals is asserted, the INTR bus signal is asserted along
with a vector address on D <{07:027>. Bits 07:032 are determined by jumpers
on the card. A jumper “in” forces a O in that bit. Bit 2 is controlled by Vector
Bit 2. When the processor responds to the INTR signal by asserting SSYN, the
INTR DONE signal is asserted. This line is used to c¢lear the condition which
asserted INTR START.

INT A
A&
TENB :
A
WASTER
LALLM [yt L
A L}
CLEAR & MASTER
L S y
STERT INTR & ¢ o—h— s w7
& O—f—— B 0296
STRRT_INTR_ 8 o Oo—b——— Bus OS5
QO BUS (34
O O—fp— BUS D93
& O 55 DEE
b——— Bus vTR
vecToR BT @ | INTR INTR ODHE &
w8 CONTROL INTR DOME 8
L)
INT ENE
B
- MASTER &G ot
_aeme | fwtea el
M ®
ih WASTER
CLEZR B peR

Figure 8 M782 Interrupt Control

Figure 9 shows a possible interconnection of the M782 to provide independent
interrupts for two possible conditions in a device: ERROR and DONE. The
ERROR and DOWNE signals shown in Figure 9 are signals from bits 15 and 7
in a device's CSR. Likewise ERROR INT ENB and DONE INT ENB are derived
from the CSR. Both interrupts in this example are tied to the BR4 level; the
corresponding grant line BG4 enters the ERROR Master Control and is passed
on to the DONE Master Control. Thus, ERROR has a slightly higher priority
interrupt level than DONE.

Both MASTER signals are tied te the INTR control. Thus, whenever either
ERROR or DONE gains bus control, an INTR operation is initiated, Note
that Vector Bit 2 is a 1 or 0 as a function of which master control
is interrupting. Also, INTR DONE is tied to MASTER CLEAR to clear the
master conditicon.
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Device Control Logic

The type of control logic for a peripherai depends on the nature of the device.
Digital offers a wide line of general-purpose logic modules for implementing
control iogic.

ERROR INT EWE O ;—

BLS BR4 L

ERROR H o
Bus BE4 N H bl Y hadl
BN L L. . T s
MASTER START TR A L
CLERAR M b MAETER &L O—O——— Bus LaTL
O—O—{3—— aus pda
0= P— BUS 5L
O—0—pD— BUS DR4L
1
OnE T ] STURT WTR B L s Dase
ENE H [r— BU5 D@L
D— enis [NTR L
ECNE H P
WELTOR BIT 2 H INTR OONE & M
MASTER Bus BGa Ut H INTR GORE B W
BG4 N B R CON;RD!.
MASTER ELEAR | MasTER @ L
B H
— O

E:

BUS REQUEST {5 MADE DM LEVEL 4
EARGR" NTEAKRUFTS TQ 104

"DIME” MTERRUWPTS TH 100

TERAOR" HAS HIGHER PAORITY THAN
“DONE" BECAUSE ERRQR' RECEWES
BG4 FIRST

B

Figure 9. Typical Interconnection of M782 Interrupt Control
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Modular Construction

Physically, the PDP-11 is composed of a number of System Units. Each
System Unit is composed of three 8-slot connector blocks mounted end-to-
end as shown in Figure 1. The Unibus connects to the System Unit at the
lower left and at the upper left. Power also connects to the unit in the leftmost
back. A System Unit is connected to other Systern Units only via the Unibus.

UNIBUS CONNECTION
VAN

POWER _F w
N
@™ __
—~ —|— —|— —

N
UNIBUS CONNECTION

Figure 1  Systern Unit

The rernainder of the System Unit contains logic for the processor, memory
or an 1/0 device interface. This logic is composed of single height, double
height, or quad height modules which are 8.5" deep.

The use of System Units allows the PDP-11 to be optimally packaged for
each individual apptication. Up to six System Units can be mounted into a
single mounting box. For a basic PDP-11/20 system, the processor/censole
would fil! 214 Systermn Unit spaces and 4096 words of core memoery would
fill one System Unit space. This leaves 214 spaces for user-designated op-
tions. This would alltow the user to add 8,192 words of addifional core
memory, a Teletype control, and 2 High-Speed Paper Tape Control, or 4,096
words of core memory and six Teletype interfaces. Larger systems will
require a BA11-EC or BA11-ES Extension Mounting Box which contains space
for six additional System Units.

The use of Systemn Units also facilitates expansion of systems in the field
and service. To add an additional option to a PDP-11. system, the proper
Systern Unit is mounted in the Basic or Extension Mounting Box and the
Unibus is extended. Servicing of the FDP-11 c¢czn be done by swapping
modules or by swapping System Units.

.

Biank System Unit (BB11)—The BB11 consists of three 288-pin connector
blocks connected end-to-end. This unit is unwired except for Unibus and power
connections and aliows customer-built interfaces to he integrated easily into a
PDP-11 system. For mounting it requires one-sixth (1/6) of a BA1l Mounting
Box.
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Unibus Module (M920)—The M920 is a double module which connects the
Unibus from one System Unit to the next within a Mounting Box. The printed
circuit cards are separated by 17 for this purpose. A single M920 will carry all
56 Unibus signals and 14 grounds.

Unibus Cable (BC11A)—The BC11A is a 120-conductor flexprint cable used
to connect Systern Units in different mounting boxes or a peripheral device
which is removed from the mounting boxes.

The 120 signals consist of the 56 Unibus lines plus 64 grounds. Signals and
grounds alternate to minimize cross talk.

Type Length
BCI1A-2 2
BCl11A-S 5
BC11A-8A 88"
BC11A-10 16/
BC11A-I5 157
BC11A-25 25

Cable Requirements

When an Extension Mounting Box is used, an external cable, the BCl1A, is
the only signal connection between mounting boxes, This external bus cable
may also be used to connect other peripherals to the PDP-11, The maximum
combined, internal and external, bus cable length is 50°.
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PDP-11 INTERFACING MODULES

Price Summary

TYPE
NUMBER DESCRIPTION PRICE
BB11 Blank Mounting Panel — Wired for bus and power $ 20
(Does not include UNIBUS connector Module — M9320)
For custom interface design and mounting
M783 UNIBUS Transritter Module $ 30
UNIBUS to Device interface drivers (12} drivers
M784 UNIBUS Receiver Module : $ 30
UNIBUS to Device interface receivers (16} receivers
M785 UNIBUS Transceiver Module $ 35
UNIBUS/Device interface drivers and receivers
{8) receivers and (8) drivers
M105 Address Selector Module (4 Addresses) $ 65
M782 Interrupt Control Module (2 interrupt capability) $100
Moz20 UNIBUS Connector Module $ 45

{Jumper module to interconnect System Units)

BC11A  UNIBUS Cable  Length

BC11A.2 2 $ 80
BC11A-5 B $ 90
BCl1A-8A 8’6" $100
BC11A-10 18 $110
BC11A-15 15 $125
BC11A-25 25 5160
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Al23
A200
A206
A207
Ad404
A613
Agl8
A619
AB20
AGZ21
A702
A704
AB11
A990
AG92
B104
B105
B113
B115
B117
8123
B1i24
B130
B155
B171
B200
B201
B204
B30l
B310
B360
B401
8405
B6G2
B620
Beg1
B684
BBE11
BC11A-2
BCl1A-5
BC11A-8BA
BC11A-10
BC11A-15
BC11A-25
HOO1
HO02
HO20
HO21
HO22

PRICE LIST AND NUMERICAL INDEX

PRICES EFFECTIVE MARCH 23, 1970 Price
Positive Logic Multiplexer ... % 58.00
Operational Amplifier ... vemieeeeee. 130,00
Operational Amplifier .................. 190.00
Operational Amplifier............... . 45.00
Sample and Hold ... reiieee. 130.00
12-Bit DAC .. ... e 25000
10-Bit /A Converter Single Buffered ................ 350.00
10-Bit D/A Converter Single Buffered ................ 375.00
1Q-Bit D/A Converter Double Buffered e, 200,00
10-Bit D/A Converter Double Buffered ... 425.00
Reference Supply 58.00
Reference Supply 184,00
10-Bit A/D Converter ... 450.00
Amplifier Boards 4.00
Amplifier Boards 4.00
Inverter ... ... [ETOTOUTPTPP 17.00
Inverter ... 21.00
NAND/NOR Gate 23.00
NAND/NOR Gate 21.00
MAND/NOR Gate : 14.00
lnverter ... ... T 31.00
Inverter ... e 31,00
Three-Bit Panty CII’CLlIt F 50.00
Half Binary to Octal Decoder .................... 25.00
NAND/NOR Gate ... ... ... 18.00
Flip-Flop e UTTTURTUT 25.00
Flip-Flop ... e 56.00
Quadruple Flip-Flop ................ococeieee 29.00
Delay (One Shot) ... ... 7300
Delay . e 66.00
Delay w1th Pulsa Ampllfler 84.00
Clock (Varible) . 57.00
Clock (Crystal) 100.00
Puise Amplifier 36.00
Carry Pulse Amplifier ... 47.00
Power Inverter ... . ... 25.00
Bus Driver ... 52.00
Blank Mounting Panel ......... 90.00
UNIBUS Cable (2' length} 80,00
UNIBUS Cable (5' length} ...........cooovven.. 90.00
UNIBUS Cable (8 6”7 length) ... ... 10000
UNIBUS Cable (107 length) ............................ 110,00
UNIBUS Cable (15° length) 125.00
UNIBUS Cable (25" length) .................... 160.00
Bracket 8.00
Bracket ... 8.00
Frame Castlng 15.00
End Plates . 7.00
End Plate Assernbly e 20000
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228
230
232
234
235
238
240
240
242
242
244
244
246
248
248
263
253
253
253
253
253
253
254
254
253
255
255
255
258
256
257
257
257
258
258
259
259
425
425
425
425
425
425
425
312
312
312
312
312



H701
H701A
H704
H707
H710
H716
H800
H801
HB802
HB803 -
HBOS -
HBOY
HBOS
H309
H810
H811
H812
H813 -
HB814
H820
H821
HB825
HB26 -

- H91C

H911)
H913
H914
H916
H917
H820
H925
H941-AA
H950-AA
K0Q3
K012
K026
KO28
K080
K113
K123
K124
K134
K135
‘K161
K174
K184
K201
K202
K206
K210
K211
K220

Price

Power Supply ..o e, $116.00
Power Supply ................... ... 136,00
~Dual Power Supply ... 200.00
Dual Power Supply ...........ccccco e 400,00
Power Supply ... e 200,00

Power Supply ... 150.00
Caonnector Block .............. 150.00
Replacement Contacts .. . 2.00
Connector Block ... ... 4.00
Connector Block . 13.00
Replacement Contacts . 4.00
Connector Blocks .......... 5.00
Connector Blocks ......... 10.00
Replacement Contacts ... 4,00
Pistoal Grip Wire Wrappmg Tool 99.00
Hand Wrapping Tool . 21.50
Hand Unwrapping Tool 10.50
Hand Unwrapping Tool ... .. e 30.00
Hand Unwrapplng Tool ..., 21.00
Grip Clip . R 48.00
Grip Clip . - 75.00
Hand Cnmplng Tool . e 14600
Hand Crimping Tool ... 210.00
Mounting Panel ... 280.00
Mounting Panel ... .. 151.00
Mounting Panel ... 270.00
Mounting Panel .. . 125.00
Mounting Panel 270.00
Mounting Panel 260.00

Module Drawer ... ... 170.00
Module Drawer . 250.00
-‘Mounting Panel 19” e 175,00
Cabinet ... 152.00
Gate Expander . ... ... 5.00

Gate Expander ... .. 8.00
Gate Expander ... 8.00
Gate Expander . 38.00
Cable Connector 3.00
logic Gate .............ccoccoiiii 11.00
Logic Gate 1200
Logic Gate ... 14.00
Invarter ... 13.00
Inverter ... 13.00
Binary ta Octal Decoder 25.00
Digital Comparator ....................... 24.00
Rate Muitiplier ... 25.00
CFIPFIOP o, 39.00
Flip-Flop ... o . 2700
Flip-Flop Reglster ........ . ’ 20.00
Counter ... O 27.00
Programmabkle Divider 20.00
Up/Dawn Counter ... e, B500
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297
297
299
299
301
302
307
307
308
309
309
310
311
311
337
337
337
337
337
334
334
334
334
315
317
318
318
318
318
321
322
323
326
168
168
168
168
176
168
168
168
169
169
169
169
169
169, 177
169
169
170
170
170



K230
K271

K273
K281
K301

K303
K323
K333
K371

K373
K374
K375
K376
K378
K410
K420
K422
K424
Ka3z2
K501

K508
K522
K524
K531
K578
KE80
K581

K596
K&604
Kel4
K615
H&44
K656
K658
K671

Kegl

K683
K696
K716
K724
K730
K731

K732
K741

K743
K771

K782
K784
K791

K200
K901
K902

Price

Shift Register . ... ... $ 406.00
Retentive Memory . 40.00
Retentive Memory . 85.00
Fixed Memory ... ... 10.00
Basic Timer .. ............... 15.00
Timer 27.00
One Shot ... ... 35.00
Pulser ... .. .. 23.00
Timer Control, Clock 11.00
Timer Control, Clock 11.00
Calibrated Timer Control 15.00

Timer Centrol Clock ... ... 11.00

Calibrated Timer Control 15.00
Calibrated Timer Control 15.00
Indicator Lights ... 18.00
Switches .. 33.00
Thumbwheel Encoder .......................... e 27.00
Thumbwheel Decoder ... ... ... 27.00
Timer Control .. .. UTTTI TR 33.00
Schmitt Trigger .. ... ... 25.00
AC Input Canverter 44.00
Sensor Converter ... 25.00
Sensor Converter . .. ... 98.00
Quadrature Decoder ... ... s UTTTTTO - 70,00
120 VAC Input Converter ... ... 80.00
Ory Contact Filter ... ... ... ... 28.00
Dry Contact Filter ... ... 20.00
EtA Input Converter .. ... .. .. ETTUOTPTTTTOI . 20.00
Isolated AC Switch ... ... . 110,00
Isolated AC Switch ... .. 88.00
Isclated AC Switch .. . .. e e R a92.00
DC Driver 66.00
DC Driver . ... 80.00
OC Briver ... ... 128.00
Decimal Decoder & Nixi Display ... TR 55.00
Lamp Driver ... ... . 15.00
Lamp Driver .. ... ... 30.00
EIA Qutput Converter ... TSN 44.00
Interface Block . ... ... ... ... .. T 75.00
Interface Shell . e, . 55.00
Source and Contrul Mndule ................................ 19.00
Source Module ... v I o . 30.00
Slave Regulator ... ... ... 27.00
Power Transformer . ... ... 30.00
Power Transfarmer ... .. ... ... ... 45.00
Display Supply . ... .. ... ... S 35.00
Terminal . 12.00
Terminal ... .. . 17.00
Test Probe ... . 40.00
Control Panel-Power Supply 185.00
Patch Board Panel ... ... ... .. ... ... 12500
tndicator Switch Panel ... ... ... 145.00
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170

170

170

170

170

170

170
170,178
170

170

170

170
170
170
171, 185
171, 185
171
171
171, 187
172
172
172
172
172
172, 200
172, 202
172, 202
172, 205
172, 206
172, 208
172, 180
172, 209
172, 211
172, 212
172, 213
172, 214
172, 214
172, 216
173
173
174, 182
174, 303
174, 303
174, 304
174, 304
174, 306
174
174
174
352
353
354



K940
K941
K943

K950

K280
Ko82
K990
Moo2

M0o40-

MO50
MO51
M100
M101
M102
M103
M105

M107
M108
M111
M112
M113
M115
M117
M119
M121
M133
M141
M160
M161
M162
M169
M202
M203
M204
M206
M207
M208
M211
M213
M302
M306
M310

M360.

M401
M405
M410
M452
ME00
M501
MED2
M506
M507

Price

Mounting Hardware ... ... $ 4.00
Mounting Hardware . ]
Mounting Pane! ... TP 96.00
Modular Mounting Hardware ... 39.00
End Plates ... ... R 6.00
Mounting Panel ... ... SR 10.00
Timer Component Board ... 4.00
Logic 1 Source ...

Solenoid Driver ....................

S0ma Indicator Driver ... ... e

Lever Converter . . ... ...

Bus Data Interface ... .......... ...

Bus Data Interface ... -
Device Selector ... ... ...
Device Selector ...
Address Selector Module
Device Selector .. ... ... R
Flag Module ... .
Inverter ...
NOR Gate ... ..l
Ten Z-Input NAND Gates A
Eight 3-Input NAND Gates

Six 4-lnput NAND Gates ...... e RETTTTTTTTII

Three 8-lnput NAND Gates ... ... ... ... 18.00
AMD/NOR Gate ... F P 23.00
Input NAND Gates .......... . 27.00
NAND/OR GATES 29.00
AND/NOR Gate ... ..............o.o.... 33.00
Binary to Octai/Decimal Decoder ... ............ 55.00
Parity Circuit ... .. 63.00
Gating Module ... 33.00
Triple J-K Flip-Flop ... ....................on.. 29.00
8 R/S Flip-Flop ... 26.00
General Purpose Buffer and Counter ... 34.00
General Purpose Flip-Flop ..................... R 30.00
General Purpose Flip-Flop ................................ 33.00
8-Bit Buffer/Shift Register . ... 80.00
Binary Up/Dewn Counter .. ... . R 69.00
BCD Up/Down Counter ... ... 86.00
Dual Delay Multivibrator ... ~ 50.00
Integrating Cne Shot . ... ... ... 27.00
Delay Line .. ... . 58.00
Variable Delay ... ... 68.00
Variable Clock ... ... SR 55.00
Crystal Clock 100,00
Reed Clock ............. ... e 70.00
Variabte Clock .. ... TP e 4000
Negative Input Positive Output Receiver ... .. - 65.00
Schmitt Trigger ... 25.00
Negative Input Converter ... ... ... ... 26.00
Negative Input Converter ... 52.00
Bus Converter ... T TR E 45.00
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175
175, 217
175
175, 184
175

21
22
24
25
26
28
30
32
45
34
38
40
41
42
42
42
42



M510
M602
M606
Me17
M6&22
Me23
M&24
Me27
M6e32
M633
Mes0
- M652
M660
M&61
M706
M707
M730
M731
M732
M733
M734
‘M735
M736
M737
M738
m782
M783
M784
M785
M301
MS03
Moo4
MSO6
Ma07
Mge08
Ma09
M&i0
M920
ROO1
ROO2
R107
R111
RI13
R121

R122

R123
R131
R141
R151
R181
R200
R201

Price
1/0 Bus RBCEIVEF ..........ocovvie e, $51.00
© Pulse Amplifier ... . 28.00
Pulse Generator ... 43.00
Four tnput Power NAND Gate ... 26.00
Eight Bit Positive lnput/Output Bus Driver ........  45.00
Bus Driver ... 40.00
Bus Driver ... 45.00
NAND Power Amplifier ... 29.00

Positive Input Negative Output Bus Drr\rer”.-.-_.__.... 55.00
Negative Bus Driver .. ... 50,00
Negative OQutput Converter

Negative Output Converter 26.00
Positive Level Driver ... 25.00
Positive Level Driver .

Teletype Receiver ...

Teletype Transmitter ..o, 150,00
Bus Interface
Bus Interface
Bus Interface
Bus Interface . .
1/0 Bus lnput Mulhplexer
1/0 Bus Transfer Register
Priority Interrupt Module ... ... .
12.Bit Bus Receiver Interface ......................... - 12000
Counter-Buffer Interface ... ...

Interrupt Control Moduate ... ...

UNIBUS Transmitter Module ...

UNIBUS Receiver Module . .......................... :

UNIBUS Transceiver Module ... ... ..

. Flexprint Cable Connector ...................

Flexprint Connector ...................
Coaxial Cable Connector ......................

Cable Terminator ... ...
Diode Clamp Connector .................................
Ribbon Connectar ... ...
Termination Card ... ... ... ..

Puil Up Resistor
UNIBUS Connector Module ........ [T
Diode Network ... . . .. ...
Diode Network .. ...
Inverter ...
Expandable NAND/NOR Gate ...
NAND/NOR Gate ..................coooii i,
NAND/NOR Gate ... ...
NAND/NOR Gate ... ... . ...
Input Bus ...............

Exclusive OR ... ... . .

AND/NOR Gate . 13,00
Binary-to-Octal Decoder 33.00
DC Carry Chain ... 35.00
Flip-Ficp 9.50
Flip-Flop 22.00

136
139, 140
142
146
425
425
425
425
152
153
154
155
156
157
158
159
425

- 263

263

264
264
264
265
265
265
266
266
266
267
267



R202
R203

R204
R205

R302
R303

R401

R40%
R&01

R&02
R603
R&50
w002
W05
w018
w321
wo22
WO023
w028
w040
w42
w043
Wos0
WO51
Wo61
w(a0o
w103
w108
w500
W501
w510
W511
W512
W520
w532
W533
W590
Woe00
W601
w602
w603
W07
W640
Wo20
w700
W705
W706
w707
w708
w709
Wa00
W02

Price

Duat FIp-FIOP oo, $25.00
Triple Flip-Flop ... 2800
Quadruple Flip-Flop ... 2800

Dual Fp-Flop ... . . s 29.00
Dual Delay Multivibrator ... 44.00
Integrating One Shot ................. 45.00
Variable Clock ... . 45,00
Crystal Clock ... 100.00
Pulse Amplifier . 25,00
Pulse Amplifier 22.00
Puise Ampiifier ... 28.00

Bus Dﬁver._.””_”".”T::ii:i::_.”_“”_“””"“. 23.00

Clamp Loads ... 13.00
Clamp Loads ... . 1500
Cable Connector ... ... ... 9.00
Cable Connector ..................... 4.00
Cable Connector 5.00
Cable Connector ... 4.00
Cable Connector ...................... TR 5.00
Solenoid Driver ... - 36.00
10 AMP Driver ... ... ... 80.00
Solenoid Driver .. .......................... T 35.00
30 MA Indicator Driver ... 13.00
100 MA Indicator and Relay Driver ... ... 22.00
Relay Driver ... ... ... .. 35.00
Isolated AC-DC Switch 60.00

POP-8 Device Selector ... ... 52.00

Decoding Driver ............................. e 75.00
High Impedance Follower ... .. .. ... 25.00
Negative Input Converter and Schmitt Trigger ... 13.00
Positive Input Converter .........................ooo 17.00
Negative Input Converter ... 17.00
Positive Level Converter ... 25.00
Comparator ... 43.00
Dual AC Coupled Difference Ampiifier .. 30.00
Dual Rectifying Slicer ............ .............. e 30,00
IBM N Line to DEC Converter ... 26.00
Negative Cutput Converter ........ TR 12.00
Positive Output Converter ....................... e 13.00
Bipolar Output Converter ... ... . T 40,00
Positive Level Amplifier ... 23.00
Pulse Output Converter ... ... .. ... 42.00
Pulse Output Converter ........ ............ L. 4200
DEC to IBM N Line Converter 36.00
Switch Filter ... ... TR 20.00
Power Supply (3.6 Volty ... . 15.00
Teletype Receiver ... ... ... . 150,00
Teletype Transmitter ................................. ... 16000
Teletype Interface ... ... ... 55.00
Divide by %4, converter . 30.00
Relay .. ... e SUPTLTTTUUR PR 45.00
Relay Multiplexer ... ... ... 160.00
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267
268
268
268
269
269
270
270
270
271
271
271
275
275
275, 346
346
346
375
346
276
276
276
277
277
277
278
278
278
279
279
280
280
160, 280
281
281
282
282
283
283
284
161
284
284
285
285
285
286
286
287
287
287
288



W70
Wo71
wa72
Wo73
woa74
wa75
Waso
wogz
Wwosh
w990
Wwool
wog2
woo3
wag4
Wo95
w998
woo9
911
913
914
915
917
932
933
g
935
936
1967
1943
1945-19
4913

. Price
Blank Module/36-pins ...l $ 4.00
Blank Module/Double-height/72-pins ... ... 8.00
Blank Module/Copper-Clad/36-pins ...... UUTUTPTI 4.00
Blank Madule/Double- helght/72 pins ... 6.00
Blank Module/36-pins ............. 9.00
Blank Module/72-pins .. ... 18.00
Module Extender.......................... 14.00
Module Extender ... ... 18.00
System Module Adaptor 34.00
Blank Module/18-pins ........... 2.50
Blank Module/36-pins ... ... 5.00
Blank Module/Copper-clad/18 pins .................. 2.00
Blank Mcdule/Double- helght/36 pins ... 4.00
Btank Modules . 4.50
Blank Modules ... 9.00
Blank Moduie/Perforated Board 4.50
Blank Module/Perforated Board 9.00
Patchcords e . 9.00
Patchcords ... 18.00
Power JUmMpers ... 4.00
Patchcords ... 33.00
Daisy Chain ...
Bus Strip ..
Bus Strip ...
L Wire- Wrappmg ere
ere Wrapplﬁ'ﬁ"’m-w ------

Conductor Ribbon Cable .
Cover ...
Mounting Panel
Hold Down Bar ..o
Mounting Rack ...
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288, 342
288, 342
288, 342
288, 342
288, 342
288, 342
289
341
289
288, 342
288, 342
288, 342
288, 342
288
288
342
342
353
334
334
334, 355
334
337
337
337
337
337
320
312
314
355



Alt DEC modules are exhaustivély inspected and tested, both visu-
ally and electronically. A typical module undergoes a printed circuit
board inspection procedure that consists of over 70 individual
steps. ’
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ALPHABETICAL INDEX

A
AND Gate . . ... 168
AND/NOR Gate ............ 45, 49, 266
AND/OR Gate ... ... 168
Amplifier Boards ... 248
Amplifier, Differential ...... ... 231
Amplifier, NAND Power ... 106
Amplifier, Operational ... 221, 230
Amplifier, Pulse ... .. 94, 257, 258
Appliques, Logic Diagram ... 148

B8
BCD (Binary Coded Decimal) — 170

Blank Modules . ... .. 288, 342
Binary Up-Down Counters ... 67
Brake Drivers ... .. 173, 209-212
Buffers ... . ... 58, 64
Bus Data lnterface ... 26, 126-138
Bus Drivers ... 100, 111, 25%
Bus Gate ... ... ... . 265
Bus Multiplexer ... ... 134
Bus Transfer Register ......... . 136
C

Cabinets ........... ... ... 326-333
Cabinet Accessories ... 328-333
Cables ... .. 344-346
Cable Terminators

(See Terminators) ... 155
Clamp Loads ........ ... ... . 275
Clocks, Crystal ... 80, 257, 270
Clocks, Reed . .. .. . ... ... 82
Clochks, Variable . . 78, 84, 270
Comparators, Analog ................ 281
Comparators, Digital ... .. 169, 281
Connector Block ...... ... 307-311
Connector Cable ... 152-154, 176
Connector, Diode Clamp ... . .. 156
Connactor, Flexprint ........ 152, 153

Connector, Ribbon ... .. 157, 338

Converter, Bus ... 90
Converter, Analag-to-Digital .. 246
Converter, DEC to IBM-N Line .. 285

Converter, Digital-to-Analog 238-243
Converter, EIA ... ... ... . 216
Converter, IBM N Line to DEC .. 282
Converter, Input ......... 88,89 172
Converter, Qutput 25, 112, 113, 283
Converter, Sensor 172, 192
Counter, BCD
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Counter, Binary ................ 67, 170
Counter-Buffer Interface .
{See Interface) . . 58, 146
Counter, Divide by 16/64 . 287
Counter, Parallel ... .. 63
Counter, Preset . 58, 67, 68 170
Counter, Up/Down ... 67, €68, 170
Crystal Clocks ........... 80, 257, 270
D
DC Carry Chain ..................... 266
Decimal Counting ................... 213
Decimal Decoding ........... 50, 213
Decimal Display ... ... 213
Decoder, Binary to Qctal 50, 169,
254, 266
Decoder, Decimal ... 173, 213

Decoder, Digital
Decoder, Quadrature ..
Delay Lines
Delay Muitivibrator
Delay, One Shot ...
Delay, Variable .......... .................
Device Selector ... 30, 32, 34, 278
Differential Comparator 224, 227,
192.197, 172
Didode MNetworks ... ... 263
Discriminator, Frequency ... 78, 170
Discriminator, Yoltage 86, 188, 172,

180-205
Display Decimal ... ... 174
Display Supply ....... ........ 174, 306
Divider, Programable ... ... 170

Drawers, Module Mounting 312, 323,

Driver, Clutch/Brake 172, 209-212
Driver, Computer Bus ... 114, 115
Driver, DC ... 173, 209.212, 276
Driver, Decodlng ...................... 278
Driver, Indicator ........ 24, 173, 214
Driver, Motor Starter ... ... 173
Driver, Relay/Solenoid

22,173, 276, 277

E

EIA Converters .. 172, 173, 205, 216

Encoding, Digital .................. . 171
Equality Detection ... ... 406
Exclusive OR . ....................... 265
Expander Gates ... .. . 168
Extender, Module 289 340



F
Flag Module . .. 38
Flip-Flops, Control (R/S}
56, 169, 177
Flip-Flops, ’
General Purpose ..., 54, 60, 169
Filters, Dry Contact ... .. 172, 202
Filter, Line ............................ 285
H
Hardware .................. 175, 291-357
Hydraulic
Valve Drivers .. 276, 172, 209-212
I
Impedance Follower ... ... .. 279
Indicators ... ... 171, 185
Indicatar Drivers ... 241, 173
Input
Converter .. 88, 89, 172, 190, 280
Interface, Computer ... 116, 140
Interface, Counter-Buffer .... 58, 146
Interface Hardware ... 173, 192-199
Interface, Transducer .. 86, 173, 188
[nterfacing K & M Series ... 166-167
Interfacing to PDP-8/1 ... ... 405

Interfacing 120 VAC
172, 200, 206-208

Interrupt, Priority ........... 139.-142
tnverters ... 40, 168
Isclated AC Smtches ________ 180, 206
1
J-K Flip-Flop ....................... 13, 54
L
Level Converters ........ 25, 160, 284
Limit Switch Inputs ............... 172
Logic Lab-K-Series ... 351-357
M
Manua! Control ... . ... 171
Memaories ... 170
Module Drawers .............. 321, 322
Monostable Muoltivibrators
72,169, 173
Mounting Hardware ... ... 175, 217
Mounting Panels . . 175, 184
Mounting Panel
Accessories ... ... 175, 313
Motor Starters ... 173, 609 612
Motor, Stepping ... .. 173, 609-612
Multiplexer, Pulse Rate .. ... 169

Multiplexers, Analog ............_..

228
Multiplexer, Digital ................ 402 .
Multiplexer, Relay ... .. . 402
Multivibrators, Delay . . 72
Multiplexing, Input .................. 402

N

NAND Gates ............ 42, 46, 98, 253
NAND/NOR Gates ... .. 253, 264
NAMND/OR Gates .. TP ¥ J
NOR Gates ............ 41 253
NOR/MNAND Gates .................... 265
0

Off Delay ...

One Shot, Delay ................ 170, 266
One Shot, Integrating ... 74, 269
Operational Amplifiers .... 221, 230

Cutput Converters
25,112,113, 283

P
Panel Controf ... .. 352
Parity Circuit ................... 52, 254
Parity Generation ... ... 412
Patch Cords ... ... 353
PDF-8 Device Selector ............ 278
PDP-11 Interfacing .. .. ... 415-425
Photocelt Inputs ... 172
Pneumnatic Valve Inputs ..., 173

174, 285, 297-306
58, 67, 68, 170

Power Supply ...
Preset Counters .

Priority Interropt ... 139-142
Pulse Generator ... . 96, 171, 178
Q
Quadrature Decoder ... 172
R
Rate Multiplier ............... ... 169
Receiver, 1/0 Bus ... ... 921

Receiver, Negative Input

Positive Qutput .................. .. 85
Receiver, Teletype .. 116, 286, 369
Reed Clock ..., 82
Reference Supplies ... ... 244
Regulator, Slave ... 174
Refay ... 287

Refay Drivers ... e 173
Relay Multiplexer ... ........ 288
Resistor, Pull Up ..................... 159
Retentive Memory ... . 170
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Sample and Hold

...................... 236

SCANNEIS ..o, 228

. Schmitt Triggers ... 86, 172, 188

Setpoint Control ..... .. 86, 172, 188

Shift Register ... 64, 17G

Slicer, Dual Rectifying ............ 282

Solenoid Driver ................. 22, 276

Source Module ... 21, 174, 182

- Starters, Motor ... L 173

Stepping Motors ............. 173, 276

Switches ... ... 171, 186

Switch Contact Bounce ... 202

Switch Isolated AC ... .. 172, 278
T

Teletype Interface ... ... .. . 287

Teletype Receiver ... 116, 286, 369

Teletype Transmitter . 121, 286, 373

Terminals ... ... . 174
Termipators, Cable ... ... ... 158
Termination Card ... ... .. . . 158
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Test Probe ... ... 174
Thermistor Inputs ... 172, 192-199
Thumbwheel Switches ... 171
Timers ... 170
Timer Component Board ... . 175
Timing Considerations ... ... 222

Timer Controls ...

Transducer Interfaces
172, 192-199, 86, 188

Transformers, Power 174, 304

170, 171, 187

v
Variable Clocks
78, 84, 257, 270, 411
77

Variable Delay ...

Wire

Wire Wrap

Wire Wrap Services ... ... 347
Wiring Accessories ... ... 337-339



WARRANTY

WARRANTY 1. B, R, W, M, K, AND A MODULES — Al B, R, W, M, K, and A
modules shown in Catatogs C-105, or C-110 as revised from time to time,
are warranted against defects in workmanship and material under normat
use and service for a period of ten years from date of shipment providing
parts are available. DEC will repair or replace any B, R, W, M, K, or A modules
found to be defective in workmanship or material within ten years of shipment
for a handling charge of $5.00 or 10% of list price per unit, whichever is
higher. Handling charges will be applicable from one year after delivery.

WARRANTY 2. SYSTEM MODULES, LABORATORY MODULES, HIGH CURRENT
PULSE EQUIPMENT, G, S, H, NON-CATALOG FLIP-CHIP MODULES AND
ACCESSORIES — All items referenced are warranted against defects in work-
manship and material under normai use service for a period of one year from
date of shipment. DEC will repair or replace any of the above items found to
he defective in workmanship or material within cne year of shipment. Handling
charges will be applicable from one year after delivery with handling charges
varying depending on the complexity of the circuit.

The Module Warranty outside the continental U.S.A. is limited to repair of the
medule and excludes shipping, customer's clearance or any other charges.

Modules must be returned prepaid to DEC. Transportation charges covering
the return of the repaired modules shall be paid by DEC except as indicated
in previous paragraph, and will be shipped via Parcel Post. Premium methods
of shipment are available at customer’s expense and will be used only when
requested. If DEC selects the carrier, DEC will not thereby assume any
liability in connection with the shipment nor shall the carrier be in any way
construed to be the agent of DEC. Please ship ail units to:

Digital Equipment Corporation
Module Marketing Services
Repair Division

146 Main Street

Maynard, Mass, 01754

No module will be accepted for credit or exchange without the prior written
approval of DEC, plus proper Return Authorization Number (RA#),

All shipments are F.0.B, Maynard, Massachusels, and prices do not include state or local faxes.
Prices and specifications are subject to change without notice,

QUANTITY DISCOUNTS
. 5000 = 3%

1,000,000 = 25%,

Discounts apply to any combinaticn of FLIP CHIP Moduies. Cabinets listed in catalog are discuunta:hle‘
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