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FOREWORD

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

The Products

Two of our major module lines are featured in this edition: M Series TTL
integrated circuit modules and K Series low-speed noise-immune logic. The
M Series line has now been expanded to over 60 modules. In addition to a
comprehensive array of basic logic and functiona! modules, the general-
purpose M Series line now offers seven new computer interfacing modules
to augment its already broad interfacing capabilities. The K Series product
offering has also heen expanded, and now comprises nearly 60 modules, all
compatible with M Series. Complementing its basic logic, expanded K Series
offers specialized functional modules such as senscr converters, communica-
tions interfaces, 120 V ac interfaces, drivers for sclenoids and motors, and
logic level converters for tying either high-speed or noise-sensitive logic to
other devices.

Fifteen A Series analog/digital modules are also described, including seven
functionally complete digitai-to-analog converter modules.

As the cost of the logic itself decreases, it becomes increasingly important
that efficient, reliable and inexpensive hardware be available to keep total
system costs down. DIGITAL provides this hardware. Mow, from a few to
thousands of modules can be connected, wired, mounted, power and enclosed
efficiently with the lowest cost per function in the industry.

DIGITAL's complete line of power and hardware accessaries provides every-
thing needed to put your designs into action, from connector blocks to
mounting cabinets. Seven power supplies, six connector block variations, ten
mounting panels, twelve blank module configurations and five types of con-
nector cards are among the well over 100 different hardware and accessovy
items described in this edition of the Logic Handbook.

Over 35 applications notes and dozens of useful design notes have been in-
cluded to belp you easily design custom systems, making this one of the
most informative electronic handbooks available. The application information
is accessible through subject index in the back or by using the thumb index
on page iif. .

- The Company

In a little over ten 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 mare than 3,000 people
with over one million square feet of floor space in a dozen buildings around
the world. From its beginnings as a manufacturer of digital modules, the com-
pany bas now grown to the point where it is the world’s largest manufacturing
supplier. of logic modules and the fourth largest computer manufacturer in
the industry.



DIGITAL's rise as a leader in the electronics industry 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’ com-
puters. A year later, DIGITAL introduced its first computer, the PDP-1, The
PDP-1 heralded a new concept for the industry—the small, on-line computer,
And the PDP-1 was inexpensive—it sold for $120,000 while competitive
machines with similar capabilities were selling at over $1 million. But the
PDP-1 was more than a data processor; more than just a tool to manipulate
data. It was a system that could be connected to all types of instrumentation
and equipmeént for an-ling, real-time monitoring, control and analysis, It was
a system with which people and machines couid interact.

Also, in 1958, DIGITAL intraduced the Systems Module, a high-quality, fow
cost solid state digital logic circuit on a single printed circuit card, Today,
slectronic modules, like the ones DIGITAL introduced, are used in most elec-
tranic equipment, from computers to television sets.

In 1965, DIGITAL announced the first of the FLIP CHIP modules lines. These
highly retiable modules include cards for internal computer Ioglc. interfacing,
control and analog-to-digital conversion.

About a year ago, DIGITAL announced the newest additions to the FLIP-CHIP
family: M Series high-speed integrated circuit modules and K Series noise-
immune modules.

This year, DIGITAL introduced the PDP-1's grandson, the PDP-8/L. i is a
small computer with far greater capabilities than the PDP-1 and a price tag
of only $8,500.

DIGITAL preduces almost two million modules a year, making it the world's
largest manufacturing supplier of Jogic modules, DIGITAL sales engineers in
over 50 offices around the world and our applications engineering staff at
the home office are ready to help you with your more difficult or complex
: appllcatlons They are all listed on the inside back cover. Give us a call.

March, 1969

Vi
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WARRANTY

WARRANTY 1. B, R, W, M, K, AND A MODULES — Ali B. R. W, M, K, and A
modules shown in Catalogs C-105, or C-110 as revised from time to time,’
are warranted against defects in workimanship and material under normal 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 madules

found to be defective in workmanship or material within ten years of ship- -~

ment for a handling charge of $5.00 or 109, of list price per unit, whichever
i$ 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 normal use service for a period of one year fram
date of shipment. DEC will repair or replace any of the above items found to,
be defective in workmanship or material within one year of shipment. Han-
dling charges will be applicable from one year after delivery with handiing
charges varying depending on the complexity of the circuit.

The Maodule Warranty outside the continental U.S.A, is limited to repair of the
module 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. DEC will select the
carrier, but by so doing 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 all units to:

-Digitat 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 Mumber {RA#).

All shipments are F.0.B. Maynard, Massachusetts, and prices do net include siate ¢r local taxes.
Prices and speafu.atmns are subect to change without notice,
QUANTITY DISCOUNTS
$5.000 — 3% - 310,000 -— 5%, $20,000 — I0%; $40,000 — 15%;
©OFF0,000 —~ 18%; $100,000 — 20%; $250,000 — 224, $500,000 — - L4
Discounts apply to any combination of FLIP CHIP Modules
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INTRODUCTION

The development of monolithic integrated circuits has had an impact an the
design of digital module systems. Advantages of small size and high oper-
ating speeds made these circuits initially attractive. However, a lower pricef
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 CCRPORATION undertock a study of both types of
logic, their performance in large and smatll systems, and their ease of use in
system design. The result of this study is the M Series Integrated 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 logical 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 have re-
sulted 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) integrated circuits which provide high speed,
high fam out, large capacitance drive capability and exceilent noise margins.
The M Series includes a full digital system complement of basic modules
which are designed with sufficient margin for reliable system operation at
fraquencies up to 6 MHz. Specific modules may be operated at frequencies
up to 10 MHz. The integrated circuits are dual in-line packages. -

The M Series printed circuit boards are identical in size to the standard
FLIP CHIPTM modules. The printed circuit board material is double-sided pro-
viding 36-pins in a single height module. Mounting panels {H910 and H211)
and 36-pin sockets (H803 and H808) are available for use with M Series
modules. Additiopal information concerning applicable hardware may be
found in the Power Supply & Hardware and Accessories section of this
handbook,

M Series moadules 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. '

OPERATING CHARACTERISTICS
Power Supply Voltage_:: 5 volts £ 59
Operating Temperature Range: 3" 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 he oper-
ated at higher frequencies as indicated by the individual module specifica-
tions. ' '

Noise Immunity: Typical DC noise margin is 1 volt at either the logic 1 or the
logic O level. Worst case noise margin is 400 millivolts at either level when
full fan-out is employed. Reduced fanout will generally enhance the noise
margin,

Logic Levels: Logic levels, unless otherwise specified, are as follows:

: Outputs Inputs
Logic 1 or High (H} > +2.4 volts < +2.0 volts
Logic O or Low (L} < 40.4 volts = +0.8 volts

The above is consistent with the loading specifications far M Series modules.

Input and Output Loading: The input loading and output drive capability of
M Series moduies are specified in terms of a specific number of unit Joads.
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 cutput 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 Jogic O state, one unit load requires that the driver be able
to sink 1.6 milliamps {maximum) from the load's input circuit while main-
taining an output voltage of equal to or less than +0.4 volts. In the logic 1
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micreamps (maximum) while maintaining an output voltage of equal to or

state, one unit load requires that the driver supply a leakage current 40
greater than --2.4 volts.

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

TTL NAND GATE

The basic gate of the M Series is a TTL NAND gate. Operation of the TTL gate
is similar in many respects to the familiar DTL {diode-transistor logic) NAND
gate. The two circuits are compared in Figure 1.

+Veoo

OUTPRUT
. a
INPUTS
B

OTL HNAND

+Vee

OQUTPUT

TTL NAND

Figure 1. Schematic Comparison of DTL and TTL NAND gates

Both appreaches provide the NAND function, in which the cutput, C, is low
when hath inputs (A and B) are high, ’

Logic Levels: Operating from a power supply voltage of 45 vdc =59, the
TTL NAND gate develops the following nominal logic levels at the loading ex-
tremes: ’



Logic Level Voltage, No Load Voltage, Full Load
1 (High) (H) 4-3.6 +2.4
0 (Low) (L) 0.1 +04

Circuit Operation: The input element of the TTL gate is a multiple-emitter
transistor which performs the same basic function as the input diocdes of
the DTL pate. When both inputs are high, the collector of transistor QI is
high, turning on the phase-splitter, Q2. The phase-splitter turns on output
switching transistor Q3, which permits the flow of lcad current. During the
power driving state, the output is clamped near ground potential, Transistor
Q4 is turned off during this state and is effectively out of the circuit.

When either of the inputs returns to the low level, the collector of the input

transistor goes low, turning off the phase-splitter. The output transistor Q3,

iz turned off, ending the load current drain, and transistor Q4 is turned on to

return the output line rapidly toward Vecc. Leakage current through the emit-
ter of the driven gate is supplied by Q4 during the off state.

Quiput recovery time is speeded by the “‘totem pole’ output circuit, which
provides a practical output impedance of about 100 ohms compared to the
typical DTL “pullup’” resistor of 4 to 6 K ohms. This feature significantly re-
duces noise pickup through capacitive or inductive coupling.

NAND Logic Symbol: Logic symbology used to describe M Series modules is
based on widely accepted standards. Logic symbols and a truth table for the
NAND gate are shown in Figure 2.

a ] B v
} ouTEUT a 6 OUTPUT
g AB [ H

L H I H

A H L H
OUTPUT i .
B A+B H H L

Figure 2. NAND Gate Logic Symbbl and Truth Table

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

TTL AND/NOR GATE

With a few modifications, the basic TTL NAND gate can perform an AND/
NOR function useful in exclusive OR, coincidence, line selection and NOR
gating operations. The modified circuit is shown in simplified form in Fig-
ure 3, ’ :



;-4

g

o

; O +ige
z
[«1"}
: Ql - a2 OuTPUT
a ‘%

Figure 3. 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 Symbaol: The logic symbols for the AND/NOR gate are shown
and defined in Figure 4.

A
& QUTPUT
a TPUT
. 575 efc| o ourpy
Hlwk any L
D ENY [ H | H
) ) . LfHiu |~
A:@ Llntw|t H
| QUTPUT I Il B
i Hlu]o}H
c B+ E+D
s>

Figure 4. AND{NCR Gafe Logic Symbols and Truth Table

NOR Configuration: The AND/NGR gate can perform a straight NOR function
if the AND gate inputs are tied together as shown in Figure 5:

7



. .
A
oUTRPUYT ¢ QUTPUT
A 8 .

AND/NOR INPUTS TIED RESULTING NOR SYMBOL

Figture 5, NOR Connecti_on of AND/NOR Gate

NAND GATE FLIP-FLOPS
RS Flip-Flop: A basic Reset/Set flip-flop can be constructed by connecting
two NAND gates as shown in Figure 6.

PREVIOUS INPUT
seT STATE CONDITION RESULT
! 1 o SET  RESET 1 0
L H L H H L
R L H L . H
L H H H MO CHANGE
H L H H NG CHANGE
H L L H ‘MO CHANGE
o L H H L NG CHANGE
RESET . H . L ) L%
H L L L H H¥*

Ambiguous state:. In practice the inpul that stays low longest will assume control.
Figure 6. RESET/SET NAND Gate Flip-Flop

CLOCKED NAND GATE FLIP-FLOPS
The Reset-Set flip-flop can be clock-synchronized by the addltion of a two-
input NAND gate to both the set and the reset inputs. {See Figure 7.) One of
the inputs of each NAND is tied to a common clock or trigger line.

SET

CLOCK

RESET

Figure 7. Clocked NAND Gate Flip-Flop
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A change of state is inhibited until a positive clock pulse is applied. The
ambiguous case will result if both the set and reset inputs are high when the
clock pulse occurs.

M SERIES GENERAL-PURPOSE FLIP-FLOPS

Twa 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 flip-flop is a true leading {positive going voitage) edge triggersd
flip-flop and the D input s locked cut until the clock input returns to low. The
symbol to indicate this function will be as follows;.

|

DTYFE FLIPFLOP CLOCK

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

T

JE TYPE FLIP FLOP CLOCK

D Type Flip-Flop: The first of these is the D type flip-flop shown in Figure 8.
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 OfF—

I

LOGIC SYMBOL




S [DC SETY

ICLOCK} I

R (DC RESET)

NAND GATE EQUIVALENT

SIMPLIFIED NAND GATE EQUIVALENT

Figure 8. D Type General Purpose Flip-Flop

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

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

A characteristic of the. D type flip-flop which is not illustrated in the
NAMND 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 ciock has been passed. The D input is not uniocked until the
clock input threshold voltage of the trailing (negative going voltage) edge
has been passed. . )
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“MASTER-SLAVE J-K FLIP-FLOP"

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

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

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

FRLT.I

p— | CUTRUT

CLDoR

b— O QuTRUT

]

KOHPUT

Figure 9. Master-Slave-J-K Flip-Flop
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Figure 10 shows a functional block diagram of a master slave J-K flip-flop
using NAND gates. Gates C and D are the master flip-flop. Gates G and H are
the slave flip-flop. Gates A and B are the steering network of the master
flip-flop and the steering network for the slave flip-flop is comprised of gates
E, F, and 1. The 1 cutput of the master flip-flop is point X, The operation of the
Hip-flop will be studied by examining the 1" to 0" transition of the flip-
flops, with both the J and the K inputs enabled with a HI leve! before the
clock pulse. When the leading edge of a HI clock pulse occurs, gate B will be
enabled with three HI inputs. This will provide a RESET signal for the master
flip-flop which will then go to the “Q" condition, The slave flip-flop remains
in the "1 condition whiie the clock pulse is HI because gate | is providing
a LD signal to both gates £ and F, thereby blocking inputs to the slave flip-
flop. When the trailing edge of the clock pulse occurs, gate F will be enabled
with a HI level at both its inputs and a RESET signal will be provided to the
slave flip-flop, which wiil then go to the “0" condition. The next ¢lock pulse,
with both the J and K enabled, would cause the master flip-flop to go to the
“1'" condition on the leading edge of the clock pulse and cause the slave-
flip-flop to go to the 1" condition on the trailing edge of the pulse. Figure
10 is a truth table for the J-K flip-flop showing all eight possible initial con-
ditions. .

INITIAL CONDITIONS FINAL CONDITIONS
CUTPUTS . INFUTS OuUTPUTS
1 0 J K 1 0
Lo Hi Lo Lo LO HI
LO HI LO Hi Lo - Hl
LO HI Hi LD Hi LO

LO HI Hi Hi
Rl LO Lo LO
HI LO LO ]|
Hi LO Hi LO
Hi LO HI HI

Figure 10. Master-Slave J-K Flip-Flop Truth Table
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UNUSED INPUTS (GATES AND FLIP-FLQOPS)

Since the input of a TTL device is an emitier of a multiple-emitter transistor,
care must be exercised when an input is not to be used for logic signals.
These emitters provide excellent coupling into the driving portions of the
circuit when left unconnected. To insure maximum noise immunity, it is
necessary to connect these inputs to a source of Logic 1 (High}. Two methods
are recommended to accomplish this:

1. Connect these inputs to a well filtered and regulated source of +3 volts.
Fins Ul and ¥1 are provided on the M113, M117, M115, M121, M&617, and
M627 for this purpose,

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

Connection of unused inputs to the supply voltage, Vcc, is not advisable,
since power supphies 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 11.

Ty=T,=15ns52c, NOM.
Tp=30nses, NOM. (M40, ME02)
=10nsec, NOM. (MEQZ OPTION}

+30 208V — —
90%

I I

1 I

I - - - -

I 1 ?

| p o H15V NOMINAL
ag *o ! | TN

-ooy T T T T T T 1 T -

Figure 11. Standard Pulse
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NAND Gate and Power Amplifier Propagation Delays: The standard pulse
(Figure 11} 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 fiip-flops, requiring the use of a lacal inverter. Ordinarily,
a NAND inverter is adequate. Where high fan-out is necessary, a M&1l7
Power NAND is preferred.

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

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

Delays introduced by inverting gates and power amplifiers are illustrated
in Figure 12, {Delays are measured between threshold points.)

| 1
STAMDARD
FULSE

| ! DELAY (NANOSECONDS)

. [P R— }“‘—‘off"q ton Tare
NAMD DR BOWER I = L Fre | omax | TvR | max
NAND GATE I Ao %
T oo i 5 29 [ 15
(. b Tari o
. J— f—ton 1 |' .
POWER | .
AMPLIFIER | !
ME27? 7 | i\
o I ! iR 7 - 501 =

Figure 12. NAND Gate and Power Amplifier Delays
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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 thresheld point. Data on the D input must be seftled 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 13 illustrates this situa-
tion. '

Flip-Fiop Propagation Delays: D type flip-flops ttigger on the-leading or rising -

INSEC NSE

- 2 () et —— 50——01
<
1

D TYPE
FLIP FLOP
QUTPUT

‘Figure 13. 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 4.

J AND K INPUTS MUST BE
STABLE BY THIS TIME

L
|
1
|
|

TRIGGER
PULSE

i :‘1—' 35 nsac {TYFICAL}
i
1

FLIP-FLOP OUTPUT

Figure 14. J-K Flip-Flop Timing
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When using the dc Set or Reset inputs of either flip-flop type, propagation
deiays 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 {onger than the maximum propagation delay of a single
stage. This will ensure that a slow flip-flop does not introduce a faise transi-
tion, which couid ripple through and resuit in an erronecus count.

One-Shot Delay: Calibrated time delays of adjustable duration are generated
by the M302 Delay Multivibrator. When triggered by a levei change from a
logical one to a logical zero, this module produces a positive output pulse
that is adjustable in duration from 50 to 750 nsec with no added capacitance.
Delays up to 7.5 milliseconds are possible without external capacitance.
{See M302 specification,) Basi¢c timing and the logic symbol are shown in
Figure 15. 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}

p— 50 TO 750 nses ————@
]

OQUTPUT !

(TYPICAL} L - TIMING

[
I
!
I
I
|
i
i

100
A
B oS, OUTPUT
c .
1 T
L4
LOGIC SYMBOL :
|
Cot
i tr ™
[ ] A |
) . | 1
INPUT —— ——- 50 nsec MIN. :
] |
I
! |
. It
—  bg—— 50 nsec TYPICAL - |
1
1
|
|
|

Figure 15, One-Shot Delay Timing and Logic Symbot

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

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

3. Two gate-pair delays of 30 nsec each are assumed. (A gate-pair consists
of two inverting gates in series.) Two gate-pair delays are usually re-
quired to perform a significant logic function with a minimum of parallel
operations, The two gate-pair delays total 80 nsec.

The time necessary to perform these aperations hefore the next occurrence of
the clock pulse is the sum of the delays; 50 4+ 35 4+ 60, or 145 nsec. Allow-
ing 20 nsec for variations within the system, the resulting pericd is 165
nsec, corresponding to a 6 MHz clock rate. This timing is demonsirated in
Figure 16.

GATE GATE
CLOCK F¢F PA&IR P&IR
WIDTH DELAY  OELAY DELAY IDLE
50 P 30 a0 20
nsec nsed nSed nse: nse:

p——
I I
| 1
I 1
CLOCK

u]
1

e
|
|
I
1
|
)
|
1

JK FLIP-FLOP

o]
1

e
[
[
I
|
1
1
|
[
[
[
[
[

GATE PALR ¥

a
|

GATE PAIR 2

o]

Figure 16. Delays Determining System Operating Frequency

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

Preparation of a timing diagram that considers delays introduced by all logic
elements will aid the designer in achieving predictable system performance.
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DIGITAL's home office and main manufacturing facilities are located in this
former woolen mill complex in Maynard, Massachusetts. We have 900,000
square feet here, about 100 times more than when the company started
producing digital modules eleven years ago. We also manufacture at three
other locations.
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LOGIC 1 SOURCE M
MO02 ' SERIES

— D2

,—EZ

— J2
— K2
— L2
MO02 |— M2

— P2

— 52
— T2
— u2
— w2

POWER
«— A2 —~ 4BV
«— C2 —GRD

To hold unused M-Series TTL gate inputs high, the MO02 provides 15 outputs
at +3 volts {Logic 1), on pins D2 through V2. Up to 10 unused M-Series gate
inputs may he 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: 4-5 v at 16 ma. {(max.)

MO02 — 310
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SOLENQID DRIVER M
_ M040 | SERIES

02

E2

F SOLENOID R2
DRIVER

HZ S

v2

Jz
:; SOLENOHD § 32
Wz DRIVER :

POWER:

-— A2 +5v
-— B2 —15v
-— 2 GRD

M040 Sclenoid Driver

These high current drivers can drive relays, salencids, 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 joad device should be connected to the external power source, 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 so that
the drivers will be protected from the back voltage generated by inductive
loads. If the wire to the power supply is more than 3 feet long it may have
to be by-passed at the module with an electrolytic capacitor to reduce the
short over-shoot 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 |
be decreased at a sacrifice in maximum drive voltage capability. Maximum
rated supply voltage less actual supply voitage should be divided by load
current to find the maximum safe resistance. When bhoth 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 foad.
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Outputs: The M0O40 has maximum ratings of —70 volts and 0.6 amp. Typical
delay for the circuit is 5 nsec. No more than two circuits should be paralleled
to drive loads beyond the current capabilities of single circuits.

‘Grounding: High current loads should ke grounded at pin €2 of the M040.
—15 yolt at @ ma. (max.) ‘

Power: -|-5 voit at 47 ma. (max.)

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

MNote:
Refer to K Series driver modules for increased current drive, increased valtage
breakdown ar AC current drive capability.

MO40 — $39 -
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. 50 MA. INDICATOR DRIVER M
MOS0 SERIES
Dz —O — D! L2 —Q —— L1 E2 —O — Ed
M2 —Q B M oF2 Q3 —— F{ Nz —OF — N1
k2 —Q — H1 P2 —(J — FP1 J2 —O — J1
Rz —| —— R1 KZ;Q — Ki $2 —Q3 — S!
POWER

A2 +5V

+—p2——-ISV

GRD

. +——C2
- MO50 INDICATOR DRIVER

The MO50 contains twelve transister inveriers 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 4918
indicator boards (See the Hardware Section.) A low levei on the input of the
driver causes current te flow in the output.

inputs: Each input presents two unit loads.

Outputs: Each output is capable of driving 50 ma. into an external load
connected to any voltage between ground and —20 voits.

Power: +5 volt at 47 ma. (max.)
—15 volt at 16 ma.-{max.)
Note: For those applications requiring the sinking of current, refer to K Series.

M0O50—$31
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LEVEL CONVERTER | M

M051 SERIES
P2 —O) L b1 L2 —O 11 2 —O) N—
Mz —Q — M1 F2 —( J—F1 N2 O — N1
He —Q) — Ht P2 —Q L p1 g2 —Q S——
re — - | R1 k2 —Q L k1 52 —Q = st
POWER

«—Aa2 +5V

—B2——— |5V

-2 GRD

The MOS1 contains twelve level converters that can be used to shift M and K
Series logic levels to negative logic levels of ground and —3 volts. A grounded
input on the driver generates a grounded output.

Inputs: Each input presents two TTL unit loads,

Gutputs: The output consists of an open collector PNP transistor and can
drive 20 ma. to ground —6Y maximum may be applied to the autput.

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

MO51—$§31
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BUS DATA INTERFACE
M101

M

SERIES

C1

Al

1]

F1

J¥

Ll

N1

Ri

bl

slojsjulslslale

Y YYYYUL

*-—
Bl
E2
1
E1
H2
*-—
H1
K2
»—
K1
M2
~—
M1
P2
|
P _
52
1]
vz
U1
POWER
«—— A2 — +5V
“«— C2, Tl — GRD
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The MI101 contains fifteen, two-input NAND gates arranged for convenient
data strobing off of the PDP8/1 or PDFS/L positive bus. One input 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 be used as
inverters or a data multiplexer. All data inputs are protected from a negative
of more than —0.8 volts.

Inputs: Each data signa! input presents one TTL unit load. The common line
input presents fifteen unit loads.

Outputs: Each output can drive ten unit loads.
Power: L5V at 82 ma. {max.)

M101—%$24
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DEVICE SELECTOR M
M103 SERIES

K1
J1 —

OPTION SELECT

vz M1
. M1 —
©
o
M (D2 —
w | E2 — OPTION
m SELECT
- Fz —
B Yz — Ve
3 | Y2
2 (k2 —
% Lg —
5 NZg —
0 .
+—
A1
pr 0P 1
B
|
. ¢l
R2 10F 2
s3]
E1l
52 10F 4
Fi
~ POWER
€« AZ +5V
— C2, T1 — GRD
+3v - W1 UNUSED INPUTS

The M103 is used to decode the six device hits transmitted in complement
pairs on the positive bus of the PDP8/1 and PDP8/L. Selection codes are
obtained by selective wiring of the bus signals to the code select inputs
D2, E2, F2, H2, J2, and K2, This module also includes pulse buffering gates
for the 10P signals found on the positive bus of the above computers. Two
two-input NAND gates are also provided for any additional buffering that is
required. ) .
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Inputs: All inputs which receive positive bus signals are protected from
negative voltage undershoot of more than —0.8V. .

The following inputs each present one TTL unit ioad D2, E2, F2, H2, 12, K2
H1, J1, L1, and M1. Inputs P2, R2, and 52 present 2,5 TTL unit loads. {nputs
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.

Qutputs: Gate outputs K1 and N1 can each drive ten TTL unit loads.

Pulse huffering outputs Al, B1, Ci, D1, E1 and F1 ¢an each drive 37 TTL unit
loads.

The Option Select ocutput can drive 16 TTL unit loads.

Power: +5 volts at 110 ma. (max.}

M103—$50
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INVERTER
M111

M
SERIES

Al

1

bt

F1

E2

J1

H2 ——

L1

Sixteen Inverters with input/output connections as shown.

J

YYYYYY

Bt K2
D2 T
E1 Mz
H1 . R1
F2 P2
K1 vi
J2 ' s2
M1 uz
POWER
“«— AP —
—C2, 71 —

Input: Each input presents one unit load.

wielelv

A

+5V
GRD

Outpul: Each output can drive up to fen unit loads.

Power: +5 voits, 87 ma. {max.}

2B

-
n

=
n

e}

0
mn

—
(a3

-
m
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NOR GATE

M112

Al Lt —

et N
Bl M1
D1 L2 -

F1 N2
E1 M2
b2 P

F2 51
E2 R
H1 P2

K1 52
o1 R2
H2 T2

K2 y2
42 uz

POWER

SERIES

€— A2 ——> 5V
«— 2,71 —> GRD
+3V <— U1,¥} —> UNUSED INPUTS

The M112 contains ten positive NOR gates, each performing the function
A 4 B. Pins Ul and V1 provide -2 volts, each capable of holding High
{Logic 1) up to 40 unused M-Series inputs.

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

Power: +-5V at 50 ma. {(max.}

M112-—3%37
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NAND GATES
M113, M115, M117, M119

SERIES

I

j=d

|

[az]

|

o

|

m

|

Sesis

[y

-

2

z
=z

e

H

el

51
A
P2
s2
Jt Rz
M2 T2
K e
g2 uz
" POWER:
E —p +5v
— 2, TI——GRD

+3v

U1, VI——= UNUSED INPUTS

MIE3 Z-INPUT NAND GATES

R
o[y

oW

ulo

oz

-
L35}
our

-
: falrag
w w

POWER
-— Az +5v
-+ CZ, Tl ——GRD

M115 3-INPUT NAND GATES
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Al D2
81 £1 52__{ J2
c1 F2
o1 ; o A ——
F1 K2
H1 L2 =
H L M2 p2
K1 N2
»
Mt R2
NY T sz ——]
P St 12— v2
RY uz i
POWER:
-— a2 + 5V
-~ 2, T1— GRO
+3 VOLTS —— Ut,¥1 —e UNUSED INPUTS
ML117 4 INPUT NAND GATES
A F1 M1
Bt H1 ) Nt
ct J P
24} .
ol 1’ LA B2 Y2
D2 K2 | RZ
£2 L2 . s2__| s
F2 M2 T2
HZ Nz u2
POWER'
—n2 +5v
T GRD

+3 VOLTS e—— U1, Vi UNUSED INPUTS

M11%S 8-INPUT NAND GATES

These modules provide general-purpose gating for the M Series, and are
most commoenly 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, .
MI15—tight, three-input NAND gates.
M117—Six, four-input NAND gates.

M119—Three, eight-input MAND gates.

Urnused inputs on any gate must be returned to a source of logic 1, for
maximum noise jmmunity. In the M113, M117, M119, M121, M617 and M&27
modules, two pins are provided (Ul and V1) as source of +3 volts for this
. purpose. Each pin can supply up to 40 unit loads.

M103, M111 and MODZ provide additional sources of logic 1 level.
Typical propagation detay of I Series gates is 15 nsec.
inputs; Each input presents one unit load.

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

Power: .
M113: 71 ma,
mii; : f{i ::2:‘ +Max. current at 5 volis.

M11S: 9 ma.

M113—3%20

M115---$20
M117-—3%21
M119—%20
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AND/NOR GATE M

M121 SERIES
21 o2
B E2
4 2t
c1 F2
m HZ
F1 K2
H1 LS
1 P2
Ji M2
K1 '
Mt R2
M s2
31 R
P T2
A U2
FOWER
-— Az +5v
-—i2, T GRO

+ 3

UY, W1——e UNDSED INPUTS
M121 AND/NOR GATES

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

Typical propagation delay of an M121 gate is 15 nsec.

Input-s: Each input presents one unit load to the driving module.
Outputs: Each output is capable of driving up to 10 unit loads. -
Power: 4-5volt at 50 ma. (max.)

T MI21—$25
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INPUT NAND GATES
M133

~ SERIES

Al

81

o

E1

bz -

E2

H1

J

H2

Jz

— L1

€1 )

— : M1

— L2
Fi

— : M2

— P1
F2

) . R1

— P2
K1

— . R2

— T2
K2

e . uz

FOWER
A2 —— 45V

4+—C2,T1—GRD

1]

e

|

N1

N2

51

s2

Wz

This module provides general purpose high speed gating for the M-Series.
Maximum gutput propagation delay to a logic 1 or O is 10 nsec. The high
speed characteristic of these gates frequently will solve tight timing prob-
lems in complex systems. Unused inputs on any gate must be returned to a

source of logic 1 for maximum speed and noise immunity.

Inputs: Each input presents 1.25 unit loads.

Qutputs: Each output is capable of driving 12.5 unit [oads.

Power: 45V at 160 ma. {max.)

34

M133—%29




LA

i
A ¥ /‘/f}f
AL g S
e /,-'/;-;f./;‘

The printed circuit board layout is a crucial step in module produc-
tion. Tolerances are checked to within 1{5000 of an inch,
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NAND/OR GATES

M141 SERIES -
4z Az 4z
+5v %
£ % N2_| 1 Ly
B Ay Ky
o] Pt e ]
£ g e
DD D e
T 2 Lo
4w
Ja Ry vz
.
O T b
o
>

Ez

bz

POWER :
w——az +5Y
+—Cl, T1———GRD

M141 NAND/QR 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 is that
of a wired OR for low logic fevels. 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
delay 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 cutputs 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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By using one of the two inverters provided, a true ANDJ/OR function can be
realized. A maximum of four groups of gates can be connected together.
Conneaction is made by merely connecting output pins together,

Inputs: Each input presents one unit load.

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

Power: +5 volts at 117 ma. (max.)

M141-—%30
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AND/NOR GATE M
M160 SERIES

POWER
- A2 +5v
b czn GROD

M160 AND/NOR GATES

The M160 module contains three general purpose AND/NOR gates which
perform functions similar to the M121. By connecting signaig to the AND
inputs, these gates can be used to select and place on a single cutput any
of several input signals.

Typical propagation delay of an M160 gate is 20 nsec.
[nputs: Each input presents cne unit ioad
Outputs: Each output is capable of driving 10 unit loads

Power: B volt at 30 ma. (max.)

M160-—3$35
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BINARY TO OCTAL/DECIMAL DECODER M

ENLBLE Y -—5"? . D2
. a L 11 —
EHARLE 2 Gl D
17| Dooe o
enmiLE § — T E2
T
S
z Eal
. HE
EACL U
" Fe
q 2 —
2E ] al Fi1
L F)
o sl m
-
'S e
b —J2f m[
.z
r Ll
B
Bl Fr
[~ 82
%1 R
—
POWER
BT —— 5

+—0g, T1—GRD

M161 BINARY TO .OCTAL}' DECIMAL DECODER

The M161 is a functional decoding module which can be used as a binary-to-
octal or hinary-coded decimal (8421 or 2421 codes) to decimal decoder. In
the binary-to-octal configuration, up to eight M161’'s can be linked together to
provide decoding of up to six bits. Three ENABLE inputs are provided for
selective enabling of modules in decoders of more than one digit. In the octal
mode, the bit 2% input is connected to ground, which automatically inhibits
the 8 and 9 outputs. Connections for a 5-bit binary/octai decoder (4" mod-
ufes) are shown below. The figure assumes that the inpuis to the decoder
are the outputs of flip-flops such as FF2° (1), 1 output side; and FF2° (0), O
output side. .

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

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

lnputs: 2" through 2%, 1 unit lpad each; ENABLE 1 through ENABLE 3, 2 unit
loads each.

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

Power: 5 volts at 120 ma, (max.)
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ENABLE DECOOING
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PARITY CIRCUIT M
M162 - SERIES
DATA IN
I il
Et ‘ Fi i Hi ‘ K|
1 2 [3 B ——— K1 PARITY QDD
. M162 .
] 2 4 B D— L1 PARLTY ODO
Al ‘ Bl | s | o1 »
\ vl
DATA N
DATA IN
Ve a3

P2‘ R2| 5?_[ T2|

1 2 4 8 H-— U2 PARITY QDD
M162
1 2 4 B jo— vz PaRITY 00D
KEI L2| M2‘ Nzl
A -
DATA IN
POWER
“«~— A2 —— +5V
«— 2,71 — GRD

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
nurmber 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 fespec-
tively, Pins L1 and V2, when Hl'ghi indicate EVEN PARITY or no input.

[nput: Each input presents four unit loads.

Output: Pins L1 and V2 can each supply up to ten unit ioads. Pin K1 and U2
can each supply up to six unit loads.
Power: +5 volts at 102 ma. {max.}

M162 — $68
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GATING MODULE | M
M169 SERIES

HOR [ UPANSION
INPYTS

e
T

ur

EMaBLED
DUTPUTS

w1

FOWER
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M169 GATING MODULE

Tt.e M169 provides a general gating function, and may be used as a four-
output multiplexer. Raising High a DATA INPUT and selecting a corresponding
INPUT EMABLE 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 EXPANSICN INPUT pin presents one unit
load. Each INPUT ENABLE pin presents two unit loads.

Outputs: Each output can drive up to ten unit locads.

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

M169 — $35
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TRIPLE J-K FLIP-FLOP : M
M202 _ SERIES
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The M202 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 identicai 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 unit load. The d¢ set and clear input each
represent two unit loads. Clock inputs represent two unit loads.

Outpuis: Each output will drive 10 unit loads.

Power: +5 v at 57 ma. (max.)

- M202 — $30
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8-R/S FLIP-FLOPS
M203

M
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MZ203 8-R/S FLIP-FLOPS
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The M203 is made up of 8 R/S type flip-flops. Each flip-flop is made up of twa
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-flop.

The propagation delay of the M203 is approximately 30 nsec.
Inputs: All inputs present 1 unit load.

Outputs: All outputs are capable of driving 9 unit loads.
Power: 5 voits, 55 ma. (max.)

M203 — $28
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GENERAL-PURPOSE M

BUFFER AND COUNTER
M204 SERIES
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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 bufters. The gating
scheme permits the formation of counters of most moduli up to 16, by sim-
ple connector wiring. Glock, trigger and input lines for each flip-flop are
independent. A common CLEAR input is provided. '

tnput information is transferred to the outputs when the threshaold point is
reached on the trailing {negative going voltage) edge of the clock puise.

Logical operation of the S-K flip-flops used in this modufe is identical to the
M207 (described in detail) except for the addition of dc¢ set inputs.
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set ('S7) inputs present two unit loads each, The common CLEAR line pre-

Inputs: The “C" inputs present two unit loads each to the source. The dc
sents 8 unit loads. All other inputs present one unit load to the source.

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

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

M204 — $36
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GENERAL-PURPOSE FLIP-FLOPS M

M206 SERIES
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M206 D TYPE FLIP-FLOPS

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

Provision is made on the printed circuit board for changing the configuration
of the two CLEAR lines to the flip-flops. All M206 modules are supplied with
the 3-3 configuration, but the grouping can be changed as follows:

CONFIGURATION

CLEAR 1 (A1) CLEAR 2 (K2) DELETE JUMPER ADD JUMPER

3.3 FFO, 1, & 2 FF3,4, &5
42 FFO&1  FF2, 3.4, &5 Alto FF2 - K2 to FF2
51 FFO FF1,2 3,4, &5 Al to FF2. K2to FF2

AltoFFl K2 to FFI
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Information must be present on the D input 20 nsec {max) prior to a stan-
dard clock pulse and should remain at the input at least S5 nsec {max) after
the clock pulse leading edge has passed the threshold voltage. Data trans-
ferred into the flip-flop will be stable at the cutput within 50 nse¢, maximum.
Typical width requirement for the clock, de reset and de set pulses is 30
nsec each.

Information present on the D input is transferred to the output when the
thrashold is reached on the leading {positive going voltage) edge of the
clock puise.

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

Qutputs: Each ouiput is capable of driving 10 unit loads.
Power: 5 volts, 87 ma. {max.)

A commen clear for all six flip-flops can be obtained by wiring pins Al and
K2 together externally. CAUTION: The loading of each ciear line is calculated
on the basis of 3 unit joads per flip-flop. For example, the 4-2 configuration
rasults in 12 unit loads at input K2 and & unit loads at input Al.

M206 — $36
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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 can be used as buffers, con-
trol flip-flops, shift registers, and counters. A truth tabie for ciocked set
~and reset conditions appears below, Note that when the J and K inputs are
both high, the flip-flop complements on each clock pulse.
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RESULT AT END OF
STARTING CONDITION STANDARD CLOCK PULSE

{OUTPUT) INPUT CONDITION (OUTPUT)}
1 0 J K 1 0
_L i H L L Mo change
L H Mo change
H L H L
H H H L
H L L L No change
L H L . H
H L Mo change
H H L H

Application of a low level 1o an R input for at least 25 nsec resets the flip-
flop unconditionally. Two CLEAR inputs are provided, with jumper termi-
nals for optional clearing in groups of 3 and 2 (standard), 4 and 2, 5 and
I, or & and 0. i

J and K inputs must be stable during the ieading-edge threshold of a stan-
dard clock input and must remain stable during the positive state of the
cleck. Data transferred into the flip-flop will be stable at the autput within
30 nsec (typical} of the clock pulse trailing edge threshold (nepative going
voitage).

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

CONFIGURATION  CLEAR 1 (A1)

CLEAR 2 (K2)  OELETE JUMPER ADD JUMPER

3.3 FFO, 1, &2 FF3,4, &5
4.2 FFO & 1 FF2, 3,4, &5 Al to FF2 K2 to FF2
) 5-1 FFO FF1,2, 3.4, &5 Al toFF2 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 ocutput is capahble of dri'\.ring 10 umit loads.

Power: +5 volts, 96 ma. {max.)

M207 — $36
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The M20B is an internally connected B-bit buffer/shift register. Provisions
are made for gated single-ended parallel load, bipolar parelel 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 6: Serial input to bit 4, bipolar outputs from hits 4 through 6.
Bit 7: Serial input to 7, bipolar. outputs from bit 7.

Each of these groups shares a common shift line (the ORed CLOCK 1 and
CLOCK 2 inputs) and a common paraliel load line {(LOAD ENABLE). To form
a 6-bit shift register, for 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 be 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 clock inputs are provided so that individual Load and Shift clock sources
may he 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 wil! pro-
duce a positive edge at the output of the NAND gate and trigger the D type
flip-flop. Data shifted or paralle! loaded into the M208 will appear on the
outputs within 55 nsec {max) of the ciock pulse leading edge threshold.
Load of Shift Enahle levels and parallel data must be present at least 50
nsec prior to a clock pulse. Propagation delay from the leading edgé of a
CLEAR pulse to the outputs 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 lcads.

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

Power: +5 volis, 184 ma. (max.}

“M208 — $84
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BINARY UP/DOWN COUNTER | M

mM211 - 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 Epable input must be negated 100 nsec. prior to an UP/
DOWN level command.

The Enable input must ot be nepated 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.
UP/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 CQut will yield a positive level change whenever a
carry or borrow oceurs.

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

Outputs: Each flip flop output {1 or 0) can drive 8 unit loads. Carry Cut can
drive 10 unit loads. Each inverter output can drive 30 unit loads.

Power: 4-5.0 volts, 217 ma. {max.) : M211 — $75.00
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BCD UP/DOWN COUNTER M
M213 SERIES
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The M213 can be used fo construct multi-digit synchronous counters for
up/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-
trol gate inputs. 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. Unpredictable 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 control lines. '

The *1" side of each flip-flop output is available directly for controlling
nearby logic or through an isclation 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 load 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 additional digits to the left or right of the decimal
point can be added later as options. If the sockets are wired initially for a
larger counter than is thought to be required, the unused high order digits
may be left blank. Unused low order digit sockets should have pins AD2
and BD2 connected to 43 volts. When if is found that additiona! counter
capacity or accuracy is needed, M213 modules can be plugged into the
blank sockets an either side of the decimal point as required.

The diagram below shows how to connect three M213 counters for up/
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 alf contain 9's for up counting or 0's for down counting. All unused
module inputs should be connected to 43 volts.

uF —y

Do '_l:;_ ‘.'ii . ‘ HLD“

o . zll I - E]
B rcieicigm s roeividiigi cTerere

ENABLE f

) 1
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]

cLoce 1 _ -
RESET - .
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Inputs: The input loads presented are;

CLOCK — Eight unit lpads
RESET — Eight unit [oads
PRESET ENABLE — Four unit loads

All other inputs — One unit load
Pulse widths required: .

CLOCK FOSITIVE
RESET MEGATIVE

Qutputs: Output drive ability:
FLIPFLOFP I or O
FLIP-FLOF 1 (Resistor)
(Total load on a 1 output is 7 unit loads.}
CARRY OUT
BORROW QUT

Cascade Outputs:
9 (1.9 (™ :
0 (1), O (0} Ten unit loads

Power: --5 volts at 160 ma. {max.)
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— Seven unit loads
— Five unit loads

— Light unit loads
— Eight unit loads
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DEC thoroughly tests all finished modules, performing 100 ac and
dc tests in |ess than 5 seconds, Most testing is done automatically
an one of three computer-operated test stations like this one.
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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 equal to or greater than 50 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 additionaf
capacitance which is available by connecting various module pins or by the
addition of external capacitance. An internal potentiometer can be con-
nected for fine delay adjustments within each range or an external resist-
ance may be used. if an external resistance is used, the combined re--
sistance of the interna! potentiometer and the external resistance should be
limited of 13,000 ohms.

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

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 bhe exercised in the selection of external capacitors to assure
low leakage as leakage will affect the time delay.
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mum recovery time of this module is 20 nanoseconds when not using any
additional capacitance. Recovery time with additional capacitance can bhe
calculated using the formula:

T.=300C

Recovery time is determined by the size of the capacitance used. The mini- -

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:

T .
INPUT —rt QUTPUT
!
. Interconnections Required
Delay Range Capacitor Value —— - e
Delay 1 Delay 2
50 nsec — 7éD_nsTe_c 100 pf (internal) None None
500 nsec — 7.5 usec 1000 pf (internal) D1 — L2 N1 — 52
5 usec — 75 usec 0.01 .uf (internal) HI — L2 51 —52
50 usec — 750 usec  0.10 uf (internal) J1—L2 Ul —s2
500 usec —- 7.5 msec 1.0 uf {internal} El — L2 P1 —S2
Above 7.5 msec Add external F1 — L2 R1 — 52
capacitors between
specified pins
Adjustabie Delays: connect pins to add in- pz2 —E2 ¥2 — R2

ternal adjustment potentiometer. Without a
patentiometer, the delay will not recover, An
external potentiormeter of less than 10K! cap
be used by connecting it between E2 or RZ2
and ground pin C2. Use of an external adjust-
ment resistor will cause some increase in
jitter. It is recommended that leads to an ex-
ternal potentiometer be twisted pairs and as
short as possible.

Inputs: Each input presents 2145 umit ioads.
Outputs: Each output is capable of driving 25 unit loads.

Power: +5 volts, 166 ma. (max.)
M302 — $46
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DELAY LINE M
M310 ' SERIES
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The M310 consists of a tapped delay line with associated circuitry and two
pulse amplifiers. The total delay is 500 nanoseconds with taps available at
50 nanosecond intervais.

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 vielding the minimum delay and the tap V2
yielding the maximum delay.

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

tnputs: Pin H2 represents four unit load.
Qutputs: Pin F1 and J1 cutputs can drive 30 unit loads.

Power: 45 volts at 89 ma. {max.)

M310 — 358
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VARIABLE DELAY M
M360 SERIES

¥ARIABLE DELAY — M360
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The M360 contains an adjustable delay line with a standardizing ampli-
fier. The delay is adjustable between the limits of 50 nanoseconds to 300
nanoseconds by means of a slotted screw which is accessible from the
handle end of the module. The resolution of the delay adjustment is ap-
proximately 1 nanosecond. The output consists of a positive pulse whose
width is nominally 50 to 200 nanoseconds 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 adjustmént.

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

Qutputs: Pin S can drive 27 TTL unit loads. Pins T and V are outputs con-
sisting of open collector NPN transistors and can sink 30 milliamperes tc
ground. Voltage applied to Pins T and ¥ must not exceed +20 volts.

Power: -5 valts, 50 ma. {max.)

M360 — $68 -
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VARIABLE CLOCK M
M40l SERIES
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M401 VARIABLE CLOCK

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

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

If the input is derived from the output of TTL logic and propagation time is

- 50 nanoseconds, as measured from the 1.5 volt point of the negative going
voltage edge of the input to the 1.5 volt point of the negative going edge
of the output at pin E2. ’

Frequency Range Interconnections Required
1.5 MHz to 10 MHz (100 pf} NOCNE
175 KHz to 1.75 MHz (1000 pfy N2 — R2
17.5 KHz to 175 KHz (.01 nfd) N2 — 52
1.75 KHz to 17.5 KHz (0.1 nfd) N2 —T2
175 Hz to 1.75 KHz S (1.oufd) N2—P2
Fine Frequency Adjustment: o
Controlled by an internal External capacitor may be
potentiometer. No provision added by connection bLe-
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 voitage to
pin M. This feature is available only in M401 modules using printed circuit
board revision “‘E” or later. The voltage applied to Pin M should be limited
to the range of O volts to +10.0 volts. This voltage swing wiil 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 frequency (below 1 KHz), Pin M will appear
approximately as a + 1.0 volt source with a Thevenin resistance of 800 ohms.
Modulating the M401 with a 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 of —0O in excess of =159, about the center fre-
quency. Typical frequency excursions which may be obtained are shown
helow:

Voltage CAPACITOR
applied to
Pin M 1.0 ufd. 0.1 ufd. 0.01 ufd. 001 ufd.
4} 1.000 10.00 100.0 1000
+1 1.054 10.49 104.6 1036
+2 1.101 10.94 109.2 1071
+3 1.147 11.39 113.6 1108
+4 - 1.193 11.83 118.0 1142
+5 1.238 12.26 122.2 1181
-6 1.282 12.69 126.4 1271
+7 1.325 13.10 130.4 1295
+8 1.368 13.50 134.2 1312
49 1.408 13.87 137.7 1322
+10 1.443 14.20 140.9 1323
Qutput frequency
in KHz

'Inputs: Each enable input represenis 1 unit load. Pin M, refer to text above.

0'utp|..|ts: The positive output can drive 10 unit loads; the negated output, 9
unit loads.

Power: +5 volts, 80 ma. (max.).

M401 — %55

65




CRYSTAL CLOCK M
© M405 'SERIES

Dz

M405

CLOCK :
5 E2

I.sz-l I._ JHZ

c
POWER
-+ A2
-0z

+5
GRD

The MA05 clock employs a series rescnant crystal oscillator to obtain a

frequency stability of .019; 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.

Outputs: Outpuis at pins D2 and E2 are respectively positive and negative
going 0-4+-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
b2 by a maximum of 20 nsec. The cutput 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 2.6 mmfd
of additional capacitance. CQutput pulse width should not exceed 100
nsec between MHz and 10 MHz and 10%; of the period at any other frequency.

Power: 15 volts, 50 ma. {maximum}

Ordering Information: When ordering the. M405 always specify frequency.
Allow six weeks for delivery.

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

M405 — $100
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VARIABLE CLOCK M
M452 SERIES

————[:>OiEBBDHZ
————[:yoﬁgzzonz

CLOCK

]

L2 M2 N2
P2 b R2
L]
POWER
< AZ +5
< c2 GRD

The M452 is a free running clock which generates the necessary timing sig-
nals for the POP 8/1 teletype control. Frequency adjustment of this module
is limited to less than 5%, and the overall clock stability with respect to
supply voltage and temperature variations is about 19%. The available out-
put frequencies are 880Hz, and 220Hz. A pulse amplifier is provided for the
generation of nominal 150 nsec pulses.

Inputs: The puise amplifier input presents one unit load.

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

Power: +5 volts, 77 ma. (max.)

 M452 — $40
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SCHMITT TRIGGER M

M501 SERIES
+5v
. g F2
D_._
SWITCH INPUT AND < .
TIME CONSTANTS - EXPAND P2__ % SCHMITT
INEUT ~ TRIGGER ouTPUT
THME Ly - o-o—P Ee
T2 R2Z
uz Nz
3,5 M5 ———— I on - @ 3
EXPAND 680 | 120 | 230
g e
POWER 1
——AZ—— 45V +5v
+—C2——GRD UPPER LOWER

THRESHOLD *

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

The INPUT on PIN R2 is compared with the thresholds set on PINS L2 and
M2, Upper and Lower respectively. AND and OR EXPANSION may be per-
formed on PINS P2 and N2. Module ROCI and ROO2 provide the diodes re-
quired. An integrator is provided on the input, allowing SWITCHES to be
connected to the Schmitt Trigger with contact bounce effects eliminated.
Two switch TIME CONSTANTS are provided. Inputs to PIN S2 result in a
7 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
interngl network. However, the upper thresheld must not exceed 2.0 volts or
the Jower threshold fall below 0.8 v,

Rx PARALLEL RZ — THRESHOLD CLOSER
Ry FARALLEL Rl — UPPER RISES
Rx PARALLEL R3 — LOWER FALLS
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F2 !
R2 N2 M5
5 E2
P2
+5V
2.7K

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

F2

"M501

1

Inputs: Input éignal swing on PIN R2 is limited to =20 volts.
Input Pin R2: 2.7 KQ to -5 volts or 1.8 ma. at ground.

Pin P2—AND EXPAND input

Pin N2—OR EXPAND input

Pin 52—RC SWITCH INPUT Filter 7 msec

Pin U2—RC SWITCH INPUT Filter 3.5 msec

Pin L2, M2—Auvailable for threshold modification,

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

PIN F2 rises tc 43 volts when the input on PIN R2 falls below the LOWER
threshold, having been zbove 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 €2 00 P2
|——-w— INOTE 1) r—«/w—
Hz |o +3] o2 Rz |o +3] w2
INPUT Ms02 —— OuTPUT — M502 ——
- o - o
POWER! NOTE
—az +5V 1. CONNECT TO OUTPUT WHEN
- 82 -15v NOT DRIVING 920hm COAX.
~—C2, M2 ——GRD

fond

AT

—] j+— 20nsec TYPICAL BETWEEN THRESHOLDS
I

—a| — t 2Bnsec NOMINAL

M502 NEGATIVE INPUT CONVERTER

INPUT " OUTPUT
Ov +3v
—3v i Ov

The M50Z2 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 fogic mocules. These converters provide suf-
ficient current drive at a low output impedance for system interconnections
by means of terminated 92-ohm coaxial 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 equivatent to & 3 ma. clamped load.

Qutputs: Each output can drive terminated 92-chm coaxial cable, and sup-
ply an additional 30 ma, at +3 volts or sink an additional 30 ma. at ground.
Qutput 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 ohrn resistor to the output.

Power: +5 volts, 49 ma. (max.); —15 volts, 82 ma. {(max.). Add 44 ma. for
- each 100 ohm resistor connected to outputs.

M502 — $26 -
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NEGATIVE INPUT CONVERTER M

M506 SERIES
AL py K2
M2
D1 E1 N2 P2
+5v +5v
= 81 = Le
02 - M1
P1
H2 42 2] 51
+35Y
£ E2 L N1 +sY
F1 R2
J1 T
K L1 U3 vz
+5V
I r I ~ +5v
POWER
- 82 — +5v
. «— B2 —— -5V
«—€2,T1—GRD
~3in=> 0 OUT
Oi => 43 OUT

The M506 contains three non-inverting signaj converters which can he used
to interface the negative logic levels or pulses of duration greater than 100
nsec to M and K Series positive logic levels of +3 volts and ground. These
converters operate at frequencies up to 2 MHz with typical rise and fall
propagation fime of respectively 70 nsec and 40 nsec.

In addition, ta the negative level inputs, each converter circuit has three
additional NCR inputs for positive logic levels of +3 voits and ground. One
of these inputs is tied to 3 volts so that unused inputs can be tied to a
source of logic 1.

Inputs: All negative fevel inputs. (Al, D2,
ground load.

Inputs B1, E2, . 52 present five TTL unit loads and can drive seven TTL
unit loads at Ioglc 1 if not used as an input.
All other inputs present 1 unit lead.

. R2) present a 10 ma. at

"Qutputs; Each output can drive 10 TTL unit loads.
Power: +5 v at 81 ma. (max.}; —15v at 115 ma. (max.).

* M506 — $53
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BUS CONVERTER

M507 SERIES
0 )
npyT E2 - 22 output
-3 +3
Hz | Ol re
-3 +3
k2 |° °f b2
-3 +3
we |° o L2
-3 +3
L o 0 N2
-3 +3
s2 |° °l re
-3 +3
POWER
<n A2 —— + 5V
“«— B2 — 15V
<— 2 — GRD
INPUT QUTPUT
GRD : GRD
—3V +3v
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The M507 contains six inverting level shifters which will accept —3 volts
and GRD as inputs. The input to. each leve! shifter consists of a 10 ma.
clamped load and is diode protected against positive voltage excursions,

The output consists of an open collector NPN transistor. The output of
each level shifter will sink 100 ma. to GRD. The maximum voltage which may
be applied to the output is +20 wolts. The output transistor is protected
against negative voltage excursians by a diode connected between the col-
lector and GRD, The output 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.

Outputs: Each output can sink 100 ma. to GRD. Maximum voltage applied to
any output is 420 volts.

Power; 45 volts, 42 ma. (max.); —15 volts, 115 ma. (max.).

M507 — $45
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PULSE AMPLIFIER M

M602 SERIES
Pa 1
HZ
TRIGGER g2 F2
INPUTS Ko MEO2 O—— QUTRUT
EZ 0z
INTERNAL CAPACITORX
) PA 2
P2
M2 L
Meo2 o
M2 .
' ‘ RZ ‘ s2
POWER: * JUMPER E2-D2 OF R2-%2 FOR
—p +8y 110 N3EC PULSE WIDTH. STAN-

DARD PLULSE WIDTH I3 50 NSEC.
+— 12, T1—GRO

The M602 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 transition 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 53 nsec output pulse to be
increased to 110 nsec (nominal)., Recovery time is equal to that of the output
pulse width. The input must have a fall time (109, to 809% points) of less
than 400 nsec and must remain below 0.8 volts for at least 30 nancseconds.
Maximum PRF is 10 MHz.

Inputs: . Each input presents 214 unit Ioéds.
Outputs: Each output is capable of driving 30 unit loads.
Power; 4-5 volts, 213 ma. {max.)

M602 — $28
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M617

FOUR-INPUT POWER NAND GATE

M
SERIE

B1
ci1
D1
Hi
41
Ki
Ki
PA
R1

F1

M1

B gz 22
E1 F2 —4 J2
H2 {
L2 k2|
N2
52 B2
S T2 VZ2
. ug !
POWER:
-— A2 +5v
- C2.T1— GRD
+3 VOLTS —— Ui, V1 — UNUSED INPUTS

Mel7 POWER NAND GATE

The M617 contains 6 four-input NAND gates each capable of driving up to
30 unit loads. Typical gate propagation delay is 15 nsec. Physical configura-
tion and logica! operation are identical to the M117.

Inputs:
Outputs:

Power:

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

Each input presents 1 unit load.

Each output is capable of driving 30 unit loads.
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BUS DRIVER M
M624 SERIE
BUS DRIVER
Ay —+Q e —d
By Fp
¢i—e+g +
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O =e
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Py T2
Jb—q 02 E—— .
R1 O N s
*~O '
v, ——Ol ' '
Up Vo
—O
' POWER
-— A2 —
-— C2,T1 —

The M624 contains fifteen bus drivers intended for convenient driving of the
positive input bus of either the PDP-81 or PDP-8L. Twelve of the drivers have
a common gate line and would be vsed 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:

Qutputs:

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 ocutputs can sink 100 ma. to ground. Voltage applied to the
output should ke equal to or less than 420 volts. The output con-
sists of an open collector NPN transistor. Output 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
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NAND POWER AMPLIFIER M
M627 SERIES
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M&e27 NAND POWER AMPLIFIER

The M627 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-typicaily
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 ccnnected to the 43 wvolt
pins provided. -

Inputs: Each input presents 2145 unit loads,
Outputs: . Each output is capable of driving 40 unit loads.

Power: +5 volts, 136 ma. (rmax.}
M627 — $32
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NEGATIVE OUTPUT M

CONVERTER
650 SERIES
J2
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NEGATIVE OUTPUT CONVERTER

QIN=>=3V
+3 N> O OUT

The M&50 contains three non-inverting signal converters which ¢an be used
to interface the positive logic levels or pulses (of duration greater than 100
nsecy 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
s0 that unterminated cables or wires can be driven with a minimum of ringing
and reflections. o

The converters operate 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. i any
input is at ground the converter outputis at —3 volts.

Inputs: Each input presents 1 unit load.
Outputs: Each output is capable of driving ma. at ground and at —3 volis.

Power; +5 volts, 37 ma. {(max.}; —15 volts, 29 ma. {max.)
- M650 — $25
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NEGATIVE QUTPUT CONVERTER M

M652 SERIES
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The M6E52 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 volts and ground. These
converters provide current drive at a low output impedance so that system
interconnections can be made using terminated 92-ohm coaxial cable. The
conerters 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. The slope of the output transition can be decreased by grounding
an irternal RC network, to avoid ringing on exceptionally long lines. The
converter then operates at frequencies up to 1 MHz. .

Inputs:

Qutputs:

Power:

Positive logic levels of 0 and 43 volts {nominal). Input loading is
2 unit loads. Input signals more positive than -6 volts wi)l damage
the circuit. ) .

Each output can drive terminated 92 obm coaxial cable and supply
an additional 20 ma. at ground or sink an additicnal 20 ma. at —3
volts, Qutput rise and fall times are dependent on the length of.
coaxial cable driven. When coaxial cable is not driven, switching
speeds will be increased by connecting the 100-ohm resistor to the
output. :

=+5 volts, 122 ma. {(max.); —15 volts, 202 ma. {max.)
MB52 — $26
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POSITIVE LEVEL DRIVER M
M660 SERIES
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The ME60 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.
Outputs: M Series logic levels with 50 ma. drive current at Jogic '*1" or "'0"".
Power; +5v, 71 ma. {max.)

M660 — $25
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POSITIVE LEVEL DRIVER M
M661 SERIES
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The M661 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 lcad.

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

Power: 4-5v, 111 ma. (max.)

Me6l — %15

82



TELETYPE RECEIVER

M706 SERIES
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The M706 Teletype Receiver is a serial-to-parallel teletype code converter self
contained on a double height module. This module includes all of the serial-
to-parallel conversion, buffering, gating, and timing (excluding only an external
clock necessary to transfer information in an asynchronous manner between
a serial data line or teletype device and a parallel binary device). Either a
5-bit serial character consisting of 7.0, 7.5, or 8.0 units or an 8-bit serial
character of 10.0, 10.5, or 11.0 units can be assembled intc parallel form
by the M706 through the use of different pin connections on the module.
When conversion is complete, the start and stop bits accompanying the serial
character are removed. The serial character is expected to be received with
the start bit first, followed by bits 1 through 8 in that order, and completed
by the stop bits. Coincident with reception of the center of bit eight, the
Flag output goes low indicating that a new character is ready for transmission
inte the parallel device. The parallel data is available at the Bit 1 through
Bit 8 outputs until the beginning of the start bit of a new serial character as
received on the serial input. See the timing diagram of Figure 1 for additional
information.

In addition to the above listed features, the M706 includes the necessary
logic to provide rejection of spurious start bits less than one-half unit long,
and half-duplex system operation in conjunction with the M707. Device
selector gating is also provided so that this module can be used on the
positive /0 bus of either the PDP8/1 or the PDP8/L. To obtain additional
applications inforimation 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 onty between the time the Flag output goes to ground and a new char-
acter start bit is received at the serial input. When not used this input should
be tied to a source of 3 volts.

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

Code Select Inputs: When a positive AND condition occurs at these inputs
the following signals can assume their normal control functions—Fiag Strobe,
Read Buffer, and Clear Flag 1. Frequently these inpuis might be used to
muitiplex receiver modules when a signal like Read Buffer is common to
many modules. The inputs can also be used for device Selector inputs when
the M706 is used on the positive 1/ O bus of the PDP8/] or PDP8fL. The code
select inputs must be present at least 50 nsec prior te any of the three
signals that they enable. If'it is desired to bypass the code select inputs,
they can be left open and the Enable D.S, line tied to ground.

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

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

Read Buffer: A high level or positive pulse at this input while the ccde select
inputs are all high will transfer the state of the shift register to outputs Bit 1
through Bit 8. Final parallet character data can be read by this input as soon

as the Flag output goes to ground. Output data will be available a maximum-

of 100 nsec after the rising edge of this input. See the timing diagram of
Figure 1 for additional information.

Reader On: A fow level or ground at this input wil! turn the internal reader
#lip-flop on. This element is turned off at the beginning of a received char-
acter start bit. This input can also be pulsed by tying it to one of the signals
derived at output pins AE2 or BE2.

Serial Input: Serial data received on this input is expected to have a logical
zero (space) equal to +3 volts and a logical 1 {mark} of ground. The input
receiver on the M706 is a schmitt trigger with hysterisis thresholds of nom-
inally 1.0 and 1.7 volts so that serial input data can be filtered up to 109,
of bit width on each transition to retnove noise. This input is diode protected
from voltage overshoot above 4-5.9 volts and undershoot below —0.9 volts.
Input loading is four unit loads.,

Qutputs: All outputs can drive ten unit loads unless otherwise speci'ﬁed.

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

Active (0): This output goes low at the beginning of the start bit of each
received character and returns high at the completion of reception of bit 8
for an 8-bit character or of bit 5 for a 5-bit character, Since this signal uses
from ground to -3 volts one-half bit time after the Flag output goes to
ground, it can be used to clear the flag through Clear Fiag 2 input while the
Flag Output after being inverted can strobe paral[el data out when connected
to Read Buffer.
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If an M706 and M707 are to be used in half duplex mode, this output should
be tied to the Wait input of the M707 to inhibit M707 transmission during
M706 reception. Output drive is eight unit loads.

Flag: This output falls from 43 volts to ground when the serial character
data has been fully converted to parallel form. Relative to serial bit positions,
this time occurs during the center of either bit 8 or bit 5 depending respec-
tively on the character length. If the M706 is receiving at a maximum char-
acter rate, i.e. one character immediately follows another: the parallel output
data is available for transfer from the time the Flag output falls to ground
until the beginning of a new start bit. This is Stop bit time plus one-nalf bit
f time.

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

Reader {1): Whenever the internal reader flip-flop is set by the Reader ON
input, this output rises to -3 volts. It is cleared whenever a starf 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 outpui can drive a 20 ma at
+0.7 volts load. The common end of the lpad can be returned to any
negative voltage not exceeding —20 volis.

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

Pin BE2: This output is brought from -3 volls 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.

+3 Volts: Pin AD1 can drive ten unit loads at a +3 volt level,
Power: +5 volts at 400 ma, (max.).

M706 — $175

&7



TELETYPE TRANSMITTER
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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 (exciuding only an
external clock) necessary tot ransfer information in an asynchronous manner
between a parallel binary device and a seria! data line or teletype evice.
"Either a 5-hit ar an 8-bit parallel character can be assembled into a 7.0,
7.5, or 8.0 unit serial character or a 10.0, 10.5, ar 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 hits
{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 hits 1 through 8 in that order, and completed
by the stop bits. Coincident with the stop bit being put on the serial line,
the Flag output goes low indicating that the previous character has been
transmitted and a new parallel character can be lpaded into the M707, Trans-
mission of this new character will not occur until the stop bits from the
previous character are completed. See the timing diagram of Figure 1 for
additional information.

In addition to the above listed features, the M707 includes the necessary
gating so that it can be used in a half-duplex system with the M706. Device
selector gating is also provided so that this module can be used on the
pasitive bus of either the PDP8/1 or the PDP8/L. To obtain additional appli-
cations information on the M707 write for Applications Note AP-M-Q13.

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

Clock: The clock frequency must be twice the serial ocutput 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 outpui. When a 5-bit code is used, bit inputs 1 through 5 should
contain the parallel data, bit & should be considered as an Enable, and bits
7, 8 and Enable should be grounded.

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

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 leval. A ground on this line will not prevent a new character from
being loaded intc the shift yregister. This line is normally connected to Active
{0) on a M706 in half duplex two wire systems. When not used, this line
should be tied to 43 volts.

Code Select Inputs: When a positive AND condition occurs at these inputs
the following signals can assume thair 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 PDP3/1 or PDP8/L. The
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code select inputs must be present at least 50 nsec prior to any of the three
signals that they enable. If it is desired to by-pass the code select inputs,
they can be left open and the Enable DS line tied to ground.

Clear Flag 1: A high level or positive pulse at this input while the code select
inputs are all high, will clear the Flag. When not used, this line should be
grounded. Propagation delay from input rise until the Flag is cleared at the
Flag cutput 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 pu]se at this input will clear the Flag.
When not used this inpet should be tied to +3 volts, The Flag will remain
cleared if this input is grounded. Propagation from input fall to Flag output
rise is a maximum of 80 nsec. If it is desired to clear the flag on a load
buffer pulse, Clear Flag 2 can be tied to pin AR1 of the module,

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

1/0 Clear: A high levei 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 durmg 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 Joad the shift register buffer with the character to be
transmitted. If the Enable input is high when this input occurs, transmission
will begin as soon as the stop bits from the previous character are counted
put, If a fevel is wused, it must be returned to ground within one bit time
(twice the period of the clock).

Qutputs: Al outputs present TTL {ogic levels except the serial gutput driver
which is an open coflector PNP {ransistor with emitter returned to 45 volts.

Serial Qutput: This open collector PNP transistor output can drive 20 ma into
any load returned to a voltage between +4 volts and —15 volts. A logical
output or mark is 45 volts and a logical 0 or space is an open circuit. If
inductive [oads are driven by this output, diode protection must be provided
by connecting the cathode of a high speed silicon dicde 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 wvolts and logical 0 as ground.

Active: During the time period from the occurrence of the serial start bit and
the beginning of the stop bits, this output is high. This signal is often used
in half duplex systems to obtain special control signals. Output drive is eight
TTL unit loads.
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Flag: This output falls from 43 voits to ground at the beginning of the stop
bits driving a character transmission., The M707 can now be reloaded and
the Flag cleared (set to 4-3 volts). This output can drive ten TTL unit loads,

Strobed Flag: This output is the NAND realization .of the inverted Flag output
and Fiag Strobe. Cutput drive is ten TTL unit loads.
-3 volts: Pin BJ1 can drive ten TTL unit loads at a 43 volt level.

Power: +5 voits at 375 ma. (max.)

M707 — %175
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These pantograph-controlled insertion machines position and crimp
pre-tested compenents o,’nto four module boards at a time. A press
will cut the modules apart after assembly is completed, rnmlmlzmg-
handling up to that point.
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BUS INTERFACE M
TYPES M730 & M731 SERIES
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The M730 and M731 interface modules provide extremeiy flexible interface
control logic to connect devices, systems, and instruments to the output half
of the programmed /O transfer bus of either a PDP8/! or a POP8/L positive
hus 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 fines, and operate at a data
transfer rate of less than 20 KHZz. 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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Functionally, these modules contain five distinct sections which are as follows:

1.

Device Selector—This logic network copverts the buffered memaory buffer
{(BMB) signals and IOP timing pulses 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 jurmpers, this unit can

supply variahle width pulses or synchronous control levels at amplitudes
specified in section 5 below.

Storage Register—This 12-bit flip-fiop buffer register provides output data
storage for information to be transmitted to the interfaced device.

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

Level Converters—All level converters from the starage register or timing
generator are open—collector 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 420 volts and the M731 has pnp
drivers which can interface loads returned to a maximum negative supply
of —20 volts. Level converters which input control signals to the Flag
control ¢an receive signals of the same polarity and magnitude as the
output drivers can sustain.

Threshiclds 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 Digitat Sales office.
Application Note AP-M-017 contains useful information concerning the use
of the M730 and M731.

M730 — $185
M731 —$185

i ———————
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CONTROD

EIGNALS FLAG CONTROD
LEVEL FLAG

FROM _— SIGNALS

INTERFaCE /| CONVERTERS CONTROL | 76 compuTER

DEVIGE

TIMING TIMING
GENERATOR | SIGNALS
[INCLUDING | TO

LEVEL INTERFACE

BME aND 10P SIGNALS DEVICE F_" CONVERTERS)| DEVICE
FROM COMPUTER SELECTOR

—
OaTA

12 BUFFERED
SiGNaLS LEVEL 12-8IT | pata s1GNALS
FROM converTers [ | STORACE | 1o mus oRivER
INTERFACE REGISTER

TYP 4
DEVICE YPE W62

The M732 and M733 interface modules provide extremely fiexible interface
control logic to connect devices, systems, and instruments to the input half
of the programmed 1/O transfer bus of either a positive bus PDP8/I or
PDPB/1. computer. Peripheral equipment which operates either asynchro-
nously or synchronously to a computer and expects to transmit data to that
computer, can to a large degree be interfaced by either the M732 or M733.
Basic restrictions on the device or system to be interfaced are simply that it -
transmit data in parallel, provide one or more control lines, and operate at
a data transfer rate of less.than 20KHZ, Complete interfaces to such periph-
eral gear-as card readers and other repetitive devices is possible using the
M732 and M733; however, part of the controlling functions such as counting,
et¢., must be performed by computer software.
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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 pulses 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 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,

Fiag Control—Provisions for generation of IfO Skip and Program Inter-
rupt signals for the computer are made in this area.

Leve! 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 positive sup-
ply of +20 volts and the M733 has pnp drivers which can interface to a
maximum negative supply of —23 volts. Level converters which input
control and data signals to these modules can receive signals of the same
polarity and magnitude as the cutput 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
voitage 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 — $185.00
M733 — $150.00
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The M732 is a double height, single width module and is a three word multi-
plexer used for strobing twelve-bit words on the positive voltage input bus;
usually the input of the PDP8/| or the PDPB/L. Device selector gating is pro-
vided. The data ocutputs of the M734 Multiplexer consist of open collector
npn transistors which allow these outputs to be directly connected to the bus.
All inputs present one TTL unit lpad and function as follows:

Cade select Inputs: When a positive AND condition occcurs at these inputs,
the pulse inputs I0P1, 10P2, and 10P4 are enabled for use in strobing input
data. The code select inputs must be present at Teast 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 scurce of -3 volts (Pin ALZ). These inputs are all
clamped so that no input can go more negative than —0.9 volts.
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spectively 12-bit words A, B, and C into the bus driver. All three lines are

10P1, 2, 4: These three 50 nsec or longer positive pulse inpuis strobe re-
clamped so that no input ¢an 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
ahove. Bus driver oufput lines correspond numerically (0-11} to the selected
word input lines (0-11). A high data input will force a bus driver cutput to
ground during a data strobe. Inputs must be present at least 30 nsec prior
to issuance of IOP 1, 2, or 4.

Bus driver: These open collector npn transistor bus driver outputs can sink
30 ma at ground. The maximum output voltage must not exceed +20 volts.
Each driver output is protected from negative undershoot by a diode clamp.
When this module is used with the PDP8/1 or PDP8/L, these outputs would
he connected to the accumulator input lines of the IJ0 bus. Typical rise and
fall TTT at these outputs with a 30 ma resistive load are 100 nsec.

Data Strobes: Pins AAl, ABl, and ACl can each drive 18 TTL unit loads.
These outputs appear coincident with IOP1, 10P2, and 10P4 respectively aonly
if the code sefect inputs are all high,

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

Power: -5 volts at 290 ma. (max.).

M734 — $110.00
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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 If/C bus of either
a PDP8{| 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 as nofed in the
functional descriptions below:

Code Select Inputs: When a pasitive AND condition occurs at these inputs,
the pulse input gates for I0P1, I0P2, and |0P4 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 enahle. If all select inputs are not re-
quired, unused inputs must be tied to a source of 43 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/! or PDP8/L these inputs would be connected
to BMB outputs 3-8 to generate.a device code. Where required in discussions
below, this &6-bit device cade will be referred to as code XY.

i0P1, 2, 4, BMB9(1) and BMB10(1): These three IOP's 50 nsec or longer
positive pulse inputs, in conjunction with control level inputs BMB9(1)} (Pin
AAY and BMB10O(1) (Pin AB1} provide all of the necessary signals for opera-
tion of this module. Table 1 below indicates the recommended use of these
pulses and levels. A“1" or "0" in this table indicates the presence or
absence respectively of a pulse (an 10F) or the logic level at pins AAL or ABL.

The M735 module operation as associated with the various mnemaonic 10T
codes is quite explicit with the exception of I0TXY5. This code {IOTXY%9)
would be used to load zeros into the M735 with 10TXY1 and then to load
into the AC the data present at the data inputs of the bus driver when
10TXY4 occurs. In this particular operation the. AC has been effectively
cleared as the content of the AC was zero during IOTXYL thereby allowing
the transfer of data into the AC without the use of the AC clear command
usually generated by I0T2.

ICP{IOP| IOP|BMB| BMB | - PDP/8 Module
4 1 2| 1]9(1) 10(1Y Mnemonic Operation

gl0| 1 0 0 ICTXY1 —+3V = OV output pulse an pin BR1
used for skip function.

olj1{o0] O 1 10TXY2 +3¥ = OV output pulse on pin
BS1, bus driver. output on BPY
puised to ground and is used for the
AC clear function.

0111 0 1 10TXY3 Load output register from accumu-
. lator cutputs on I0OPl execute
10TXY2.
1100 1 0 10TXY4 Data inputs strobed onto accumu-
tator inputs. _
1|01 1 4] ICTXYS Load cutput register on I0Pl, Exe-
cute 10TXY4,

110 1 1 IOTXYE Execute 10TXY2, and 10TXY4,

11111 1 1 10TXY7 Execute 10TXY3, and - 10TXY4,
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Although it is not implicit from Table 1, BMBS{1) and BMB1{(1) inputs are
gated in a positive OR circuit, so that when the M735 is not used on a
PDP8/1 or PDP8/L I/O bus one of these inputs can he grounded and the
other used for control. They must appear at least 50 nsec prior to an I0OP
pulse, If the M735 is used with one of the above computers, these inputs
must be tied to the corresponding 1/Q bus lines. The input load on IOPL is
two TTL unit loads. All five inputs are clamped so that no input can go more
negative than —0.9 volts.

Data Inputs: Each data input when at ground, enables the corresponding bus
driver output to be pulsed to ground during I0TXY4. A high input witl inhibit
the bus driver from being strobed. Since each input is ANDed with 10TXY4,
any change of data after this strobe begins will change the bus driver output.

Accumulator Inputs: The input level presented to these inputs will be the
same as that assumed by the buffer outputs after executing inputs strobes
I0TXY , 5, or 7. Input data must be present at least 50 nsec prior to an IOP.
Each fnput is protected from negative undershoot by a diode clamp..

Reset Register Pin AL2: A positive pulse of 50 nsec or longer at this input
sats all buffer outputs to ground, When high, this input overrides any data
loading from the accumulator inputs, The output register will he cleared
within 70 nsec from the rising edge of this input. Diode input clamping is
provided to limit negative undershoot to —0.9 volts. '

Outputs:
Pin BR1: This output can drive ten TTL unit loads and has a propogation de-
lay of less than 20 nsec. See Table 1.

Bus Driver: These open collector npn transistor bus driver outputs, including
pin BP1, can sink 30 ma. at ground. The maximum ocutpuf voltage cannct ex-
‘ceed 20 volts and each driver output is protected from negative undershoot
by a diode clamp. When this module is used with the PDP8/I or PDPE/L,

output pins BAI-—BN1 wouid be connected to the accumulator input lines
and pin BP1 to the clear accumulator line of the |/ O bus. Typical rise and fall
TTT of these outputs with a 30ma resistive load are 100 nsec.

Buffer Qutputs: Each output can drive ten TTL unit loads.
Power: -5 volts at 385ma. {max.}

M735 — $140
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The computer-controlled, semi-automatic wire wrap automatically
locates the correct pin and helps position the wire wrap tool for
complex back panel wiring. This operation makes it possible for
DEC to wire wrap all of its systems with great speed and accuracy
and pass on a substantial savings to its customers,
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PRIORITY INTERRUPT MODULE M
M736 | SERIES

The M736 is used in conjunction with the PDP8/l or B/L to provide the
capability of assigning priorifies to various 1fO devices connected to the IO
bus of the computer. The M738 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 M738 modules for each additional group of
four devices. All M736's in a particular priority system would utilize the same
device code.

THEORY OF QPERATION

Basically the M736& module consists of the following:
1. The M103 device selector function.

2. A Bit Time State-3 (BTS-3) input.

3. Four priority input lines.

4. Priority enable line, input and output..

5

. Five groups of six gates, each of which is capable of being hard wired to
provide address information to locate subroutings to service the various
devices associated with the priority interrupt system. The output of each
of these gates is strobed onto the accumulater input bus on lines AC(8)
thru AC(11).

SEQUENCE QF OPERATION

The external device activates its skip andfor interrupt FLAG flip-flop, The
activation of the FLAG causes two things to happen; (a} The computer’s in-
terrupt request line is pulled to ground. This tells the computer that an ex-
ternai devices requires service and requests the computer to jump to an /O
priority interrupt service subrouting as soon as the computer completes its
present cycie. (b) The external device FLAG pulls to ground the appropriate
hard wired pricrity line connected to a "0’ flip-flop in the M736.

A Bit Time State-3 (BTS-3) pulse fream the computer is applied to the clock
input of the D" flip-flop to which the activating device flag is connected, as
mentioned in section 1b above, and causes this flipflop in the M736 to set.
If more than one priority devices called to be serviced at the same time, all of
the associated priority ‘D'’ flip-flops in the M736 would be set at this time.
The outputs of the priority flip-flops in the M736 are connected to a priority
gate structure which is arranged in such a manner that only cne output line
will be activated and that line will be associated with the external device with
the highest priority.

This activated output of the priority gate structure is applied to one group of
six two-input gates which make up the address gate. The other input of each
of the six itwo-input gates of the addrass gate is hard wired to provide a dis-
crete address which will correspond to the starting location of the particutar
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subroutine associated with that priority request. Each of the six cutput lines
of the activated address gates is applied to one 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 selection code corresponding to the hard
wired device selection code assigned to the M736 priority interrupt modules.
This device selection code will pre-enable the I0P gates of the M736 of
M736's.

The computer now issues an I0OP-1 pulse to the IOP-1 gate of the M736
module. The cutput of the IOP-1 gate now produces an IGT-1 pulse which
causes the ““Clear the AC™ line of the /O bus to be pulled to ground, and
thereby clears the AC,

The computer issues an IOP-2 pulse to the I0P-2 gate of the M736 module.
The output of the 10P-2 gate produces an 10T-2 pulse which is applied to the
strabe 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 lings
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 | O device to be serviced.

The computer now refuses to accept any further interrupt requests and jumps
to the subroutine with the particular starting address which was loaded into
the AC. The service routine of the particular priority device containg an in-
struction to clear the interrupt flag flip-flop of the particular 1/ O device and
at the end of the subroutine issuves the M736 device selector code with an
IOP-4 which clears the priority flag flip-flops ‘of the M736. The computer now
turns on the priority interrupt system capability which allows the computer to
service any future interrupt requests.

USING THE M736 PRIORITY INTERRUPT MODULES

1. Assign a device selection code to the M736 priority system and connect
the device selection inputs of the M736 to the proper device selection
lines to assure decoding for that code. If more than one M7326 is used
connect the device selection lines for each M736 in exactly the same
manner, Each M736 will use the same device selection code.

These inputs are: BT2, BS1, BR1, BP!, BN1 and BS2,

Connect the enable input, BN2, of each M736 to GRD.
Connect the ICP-1 input, BM2, to the IOP-1 bus line.
Connect the |0P-2 input, BJ1, to the JOP-2 bus line.
Connect the IOP-4 input, BL2, to the IOP-4 bus line,
Conﬁect the BTS:3 input, BL1, to the BTS-3 bus line.

ook L

Connect the outputs of the external I} O device flag flip-flops to the pricrity

MOTE: In normal operation, 10P-4, is not required as the flag flip-flop in the external pri.

arity 1/0 device is cleared by the subroutine servicing that device. When the flag in the
10 device is cleared, the next BTS02 pulse will Ipad the disabled flag outpu tinto its

fr'ltlas;;:lecti\.re priority flag flip-llop in the MZA36 effectively clearing the priority flag flip-tlop.
ip-flap.
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of the M736 to GRD when the device flag is activated. These inputs are

inputs in such a manner as to pull the corresponding priority input line
as follows: .

1st priority BH1 . v " ”
2nd priority : BF2 " " "
3rd pricrity BK1 2nd " "
4th priority BJ2 o "
5th priority BH1 . " "
6th priority BJZ Ist M736 module

etc. carry on for additional priority interrupt devices.

8. Assign starting address to the subroutines which will service each priority
interrupt device attached to the priority interrupt system. Also assign 2
starting address for the subroutine to service non-pricrity devices. Hard-
wire the various starting address of the service routines as follows:

AC(6)  AC(TY AC(8) AC(®)  AC(I0) AC(l1)

Priority 1 BD1 BRI AP1 AR1 AHL AFZ
Prigrity 2 ALZ AS1 AN1 AK1 AF1 AA]
Priority 3 AT2 AR2 AMZ AL2 AEl AB1
Priority 4 BA1 AS2 ALZ2 AM1 AD1 AC1
NON-Priority BC! BE1 BF1 AP2 Al AHZ

NOTE: If more than four external 1/O devices require priority assignments,
the NON-priority address inputs BC1, BEL, BF1, AP2, AJ1 and AH2 of the
M736 module used for the first four highest priorities, must! be con-
nected to GRD. If more than two M736 modules are required all of the
NON-priority address lines of each module except the last M736 contain-
ing the lowest priorities, must be connected to GRD. The NON-Priority
address is hardwired to the NON-Priority address inputs of only the lowest
priority M736 module. All un-used priority address inputs must be
grounded. Logic 1 level for address may be obtained from module pin
BVZ of each M736 module. Lower priority addresses would be hardwired
on succeeding M736 modules in the same order hard wired to the second
M736 module as follows:

AC(B)Y AC(T) AC(S) AC{9} AC(10) AC(1l)
Priority 3 BD1 BBI AP1 AR1 AHI AF2
Priority 6 ALZ AMZ AKZ2 AD2 AlZ AEZ2

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

ACBY  AC(7)Y  AC(B) AC(9) AC(10} AC(l1l1)
Module Pinsg AV2 AHZ AKZ ~ AD2 Al2 AE2

10. Connect the Prigrity Enable input line BE2, of the M736 with the highest
priarities, ar the only pricrities, to ground.

11. If lower priorities of 5 or more are assigned, connect the Priority output
of the module with the higher priorities, Pin BD2, to the next M736&
module {with the next following four lesser pricrities) Priority enable in-
put pin BEZ2.

12. Last, but not least, connect the INITIALIZE input, BL2 to the Initialize line
of the computer 1/ 0 bus.

M736 — $130
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LOGIC APPLIQUES

M
SERIES

For Conve’nien.t 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 APPLIGQUE TYPE
12 Ziinput NOR, M101, M113 DRT-1-47
12 2-input NAND K113, M141
10 2-input NAND, M112 DRT-1-03
10 2-input NOR
8 4-input NCR, M117, M&17, DRT-1-35
8 4-input NAND M627
10 B-input NOR, M119 DRT-1-51
10 8-input NAND
9 4-input AND/NOR M121, M160 DRT-1-25
2  4-input NOR/AND
3 Binary to Qctal{ Decimal Decoder M161 DRT-1-20
24 JK Flip-flops M203, M206, DRT-1-23
M207
16 JK Flip-fleps with gates M204 DRT-1-22
3 8:-bit Buffer{Shift Register M208 DRT-1-41
18 Level Converters M502, M&52 DRT-1-3%
10 NOR Leve! Converters M506& DRT-1-52
10 NAND Level Converters
7 MNOR Pulse Amplifiers M602, ME50 DRT-1-34
7 AND Pulse Amplifiers
[ 2 12-input AND/NOR M160, M302 DRT2-21
2 1Z-input NOR/AND M401
2 Timers, 2 clocks
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FLEXPRINT CABLE CONNECTOR
Moo1 -

FLEXPRINT <
CABLE

0 A
o— 0B
O———0
O—————0 D1
Oo—0E|
o—0F]
o——OHi
O3
oO———OK1
O |
o0 M1
o———OoNT
4—aF|
o—0 R
O————0351
0Tt

o—rrn—0 A

LO—'VW—OVI

FLEXPRINT <
CABLE

O3 A
O—ANA—— B 2
O——O[Q7
o———0E2
O———0F2
o———OHZ
o———0J2
O—OaK?2
Oo—aL e
o———oM2
o——ON2
o opp
C)——OR‘E
o——052
o——0T2
o——ouz

o—0 V2

PL-G27g

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.

M901 — %16
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FLEXPRINT CONNECTOR

M903 SERIES
Al — N Az
NOT USEQ

Bl —/———— B2
cl—— 2 —9——
o -4 p2 ———o-

— —
E{ —/—— E2 ————
Fi —g— Fg ———
H1 H2 ———

>-—
Jt & FLEXPRINT y2 —g—— | FLEXPRINT
Ki — CABLE Kz —] CABLE
L —— L2 ———

—
Mt —— Mz —|—
N1 —1»—— NE —p———
Pl —f—- Pz —|——
Rl —p——— R? ———
81 44— 52 ———

—
H—— T2 +—
ul Uz —4——
NOT USED
Wi Ve ——
J

The M903 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:  Bl, D1, E1, H1, J1, 11, M1, P1, S1
D2, E2, H2, K2, M2, P2, 52, T2, V2

Common Ground: Al,Ci F1, KL, N1,R1, T1
C2,F2, )2, L2, N2, R2, U2
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COAXIAL CABLE CONNECTOR M

Ms04 ‘| SERIES
Al —p—— ) A2
. NOT USED

Bl —4—— B2
c1 c2 —— )
ol ———— 02—

— -—
El —+——— E2 —f——
Fi{ ———— F2 —¢—
HY —f——— HZ ———

-— -
S| —— \ COAXIAL J2 —— \ COAXIAL
K —4- CABLE K2 —| CABLE
R — L2 —4——

~—
M —— M2 —f———
N ————— N —g——
Pl —f— P2 ———
Al —— R ———
51 —4/—— g2 ——

L e
T —— T2 ——0o
V3] uz —e—
NOT USED

W1 V2 ——p——

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, 82, T2, V2

Common (ground): Al, C1, F1, K1, N1, R1, T1
C2,F2, 12,12 N2, R2, U2

M904 —$14



CABLE TERMINATOR M
M206 SERIES

Food ot ad ud
dad wd wd ad el
Fond o ad

The M906 cable terminator module contains 18 lbad resistors which are
clamped to prevent excursions beyond 43V and ground. It may be used in
conjunction with M&623 to provide cable driving ability similar to MB61 using
fewer module slots.

T2

The MS06 may be used to terminate inputs. In this configuration, M906 and
M111 are a good combinaticn.

Inputs:

This module is normally used standard M-Series levels of O and 43V 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 be driven from-at least an ME&17 type
circuit, or preferably a cable driver.

The foIIowing'pins MUST be grounded:  Al, C1, F1, K1, N1, R1, T1
C2,F2, )2, 12, N2, R2, U2-

Power: 4+-5V¥ @ 440 ma. (max.) {all lines grounded).

M906 — $20




DIODE CLAMP CONNECTOR M
M907 SERIES

Al B1 Ct Df ET FU HY J1 KT Lt M1 NI P1 RT S1 TI

BESSEESEERENEE

+3 43

ur v
C2 D2 E2 F2 H2 J2 K2 L2 M2 N2 P2 RZ S2 T2 U2 v2

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

The MI07 also provides 43V for clamping 25 unused inputs. Diode clamps
appear on signal leads used in double-sided alternate ground H O cables.

Dicde clamp: B1, D1, E1, H1, J1, L1, M1, P1, 51,
D2, E2, H2, K2, M2, P2, 52, T2 V2

Ground: Al, C1, FI, KI, NI, R1, T1,
G2, F2, J2, L2, N2, R2, U2

Power: 4+-5v at 10.2 ma. (max.)

Mad7 — $16
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RIEBON CONNECTOR M

M308 SERIES

- -
e——OC Al O—ra—B A2
®————OB1 O—a—@ P2
e———0CH o——oC2
&————0 D4 o———02
@——OFE1 O @E2
a———OF| O———aF2
e———OH1 O————@H?
e e S I | O—-a&J42
RIBBON ) & OK! RIBBON j O ®KZ
CONNECTOR | o oy CONNECTOR | g« - @L2
&———OoMm1 o——aM2
—ON1 o——@N2
@————OP O——ap2
—ORH{ 10— #R2
&———Ost o——a52
0T o——aT?2
S— A0 : o=z
S—AA—O V) : : o——aV?2

b
\——SPLIT |=1|\19.~---~——————/|

The M908 cable connector consists of a single sized; double. sided board
which containg thirty-six split pins which allows the connection of. thirty-six
separate wires. All connections are made on the component side of the
module. 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 — 318
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POSITIVE LEVEL CONVERTER W
w512 SERIES

[
e
L=
a

"+0 Bv
l POWER |
- A — 410V
v .
*+— B —— — 15V
+— C —— GRD
INPUT OUTPUT
+ —3V
GRD GRD

W512 POSITIVE LEVEL CONVERTER

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

Input threshold voltage toc each converter is normally 1.6 volts for compati-
bitity 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 voltages 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 thresholis by at least 0.4 wolis for full switching with
minimum neoise rejection.

Outputs: Each output can supply up to 8 ma at ground. Grounded inputs pro-
vide grounded outputs and positive inpuis provide negative outputs. Output
rise and fatl TTT are less than respectively 70 and 200 nsec.

Pawer; 10v (A)/104 ma: 15v (B)f'30 ma.

w512 — $25
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POSITIVE LEVEL AMPLIFIER w

w603 SERIES
+HOV +IOV +igy
2.2K0 22K 2261
-—b—o v v ——o v
eo—0+{ _+H—op H F Ko——_ _—l—ay
+HOV +IOV +IOV

s2.2K0

——O R

2.2KA0 POWER .
-+ b — + {0V
v
u T “+— B — -—-15v
— C —— GRD
INPUT OUTPUT
- —3 . +
GRD GRD

w603 POSITIVE LEVEL AMPLIFIER

Positive logic systems such as those using RTL, DTL, or TTL monolithic inte-
grated circuits ¢an be driven from FLIP CHIP systems through the W603.
Clamped load resistors at the cutput of each circuit permit output levels to
he adjusted to the type of circuit being driven. This clamp voltage is common
to all seven converters on the module.

Inputs: 1 ma at ground, .

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

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

Power: +-10(A)/35 ma. — 15(B}/7 ma.

When the W603 is used to drive M or K series modules, the modﬁle pins V
and A may be tied to the {5 volt logic power supply. The following drive
capability will result:

Each ouvtput will supply one M series unit load, or two K series unit foads.

W603 — $23
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INTRODUCTION

Control system complexity and demands on reliability are rising with ever-
increasing automation. More and more, contro! system designers are looking
to solid state electronics for new answers to the old problems of reliability,
complexity, and economy. Some of the answers are provided by solid-state
digital logic designed for the industrial environment, and solid state analog-
digital conversion to link analog senscrs and actuators to digital control.

Why Solid State?

The time-honored way to do control logic is with the deceptively simple-
looking relay. The metal-to-metal contact area sees physical and chemical
actions of remarkable complexity. Even the mechanical-magnetic interactions
are involved encugh to cause problems now and then. Still, relays sometimes
respond beautifully to simple maintenance, If the contacts stick, force them
apart; if they are dirty, clean thenw.

Railway signaling relays, operating perhaps & hundred times a day, accumu-
late 25 years and a million operations without failure. And modern sealed-
contact relays can da 10 billion operations under the right conditions without
wearing out. So why abandon well-proven, reliable components? Only because
it is necessary. And it is necessary in a growing number of applications.

Reliability

As profit margins grow tighter, and maximum process efficiency becomes a
necessity rather than an ideal, control systemn reliability assumes greater
importance. Faulty operation and machine downtime can swiftly and disas-
trously cut into the profit picture. With a highly complex control system,
. check-out can easily become a very costly and time consuming operation.
Many factors affect the reliability of a control system. A major consideration
is the speed at which the logic control elements must operate. At 1KHz, near
the maximum rate for dry reed relays, 100 million operations accumulate in
about 30 hours, Longer-ived mercury-wetted contacts operating 100 times
per second, accumulate 10 billion operations in about four years. Even if a
four year component life is enough, there are applications where 100 opera-
tions per second are not. Solid state logic, with nothing to wear out, stick, or
corrode, can operate almost indefinitely at 100,000 operations per second.

Complexity is another factor. Demands for more automation, more efficiency,
more safety, more accuracy all result in increased control system complexity.
As a result, the sheer numbers of logical decisions demand component relia-
bility far greater than that acceptable in a small system. Solid state {ogic pro-
vides the degree of reliability needed in a large system, at reasonable cost,
Size '”"

Even the tiniest-contact reed relay coil is enormous alongside a transistor, or
a conplete integrated circuit. And most smali cantrol systems are not built
with reed relays: to get the advantage of ruggedness or standardization,
usually all the relays used are built to 300 volt or even 600 volt specifications
whether they drive external loads or just relay ¢oils. But a single small printed
circuit board can easily accommeodate a half dozen or more relay equivalents
in logic capability, in a small fraction of the space of one 300 volt relay.
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Computer Tie-In

There are several levels of computer involverment possible, extending from
incorporation of a computer as a part of an individual control system to the
use of a central computer to monitor the performance of many independent
control systems. Regardless of the level at which the computer interacts, its
presence demands an interface between solid-state circuitry and the con-
trolled machine or process. If such an interface is forced into existence by
the present or projected future use of a computer, why not put solid state-
control logic behind it and gain the benefits of solid state speed, compact-
ness, and reliability through the entire system?

Also solid-state logic can communicate with existing analog sensors and
actuators through solid-state analog-to-digital (A/D) and digital-to-analog
{D/A) converters,

All of these factors tend to make sclid state control systems increasingly
attractive, particularly as their costs come down. :

Who Should Be Designing For Solid State Controls?

Broadly speaking, the decision between conventional refay controls and the
new solid state controls, like most engineering decisions, hinges on compara-
tive overall costs. Where three or four or a half dozen relays can do the whale
job, the cost of a solid-state interface will seldom be justified unless high
speeds are required. Very farge or computer-oriented systems leave little
justification for the use of relays.

For intermediate systems, the comparison is more complicated. The tabula-
tion below can serve as a framework for a systematic review of factors you
should consider before you specify your next control system,

Considerations

Factors Suggesting Relays

Factors Suggesting
Solid State

Reliability

Contral system failure causes
no panic. Temporary manual
control acceptable. Simple
systern, easy to trouble shoot.

Downtime cuts quickly into
process profitability. Quick
check-out of entire system
in case of trouble desirable,
instead of on-the-spot check-
ing. Lives and property might
be endangered by failure.

Cost

Low cost relays acceptable.
Maintenance costs need not
he considered. Personnel
training costs important. Sys-
temn failures will not cause
significant secondary costs.

High quality relays used for
comparison. Costs of failure
high.  Installation  space
costly. Cost of future modi-
fications must be considered.
Maintenance costs over life
could be important.

Complexity

Small systems, perhaps a
half dozen relays or fewer.

Complicated systems, which
would require fifteen or more
relays to implement.

Sophistication

Traditional performance still
acceptable,
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Considerations  Factors Suggesting Relays Factors Suggesting

Solid State
Fémiliarity Controls that must be serv- Environmentis already include
iced by electricians who can  other solid-state components
not be retrained. ar they will soon be added,

Also, rmulti-system installa-
tions where a few controls
technicians will cover a lot
of equipment,

Growth No foreseeable use of com- Added performance or safety
puters. Little likelihood of features may be wanted later
important modifications. without tearing the systern

down. Computer tie-in might
become desirable or s
planned already.

Size Plenty of space available. Relay equipment might re-
quire separate balconies,
restrict raintenance of ma-
chinery, or block aisles.
Features added later must fit
original enclosure.

Speed Cantrol system delays of tens Compatibility with  pulse
of milliseconds acceptable. tachometers, photoelectric
Operating rate is |ow, relay pickups, electronic instru-
wearout no problem. ments required. Closed-loop
stability demands quick re-
sponse. ‘High repetition rate
that would cause wearout of
maoving parts.

Why Digital?

Relays, solenoids, switches, fuses, locks, counters, annunciators, panel lights
and panic buttons all have one thing in common: they are digital. All these
devices (when working properly} are up, down, on, off, in, out; but never in-
between. Sfrictly speaking, of course, you cannot get from on to off without
passing through in-between. But digital devices pass through in-between at
rmaximum speed, and without waiting around for doubt to creep in,

Non-digital devices like panel meters, potentiometers, and slide rules work in
the “in-between™ area, producing outputs that are proportional to the input.
The angular position of a panel meter pointer is the analog of the magnitude
of the electrical input. A potentiometer’s voltage output is the analog of
mechanical shaft position. In a slide rule, position is the analog of magnitude.

In a slide rule, accuracy is limited by the thickness of the calibrating marks
and the difficulty of estimating values between them. Each space is an area
of uncertainty. The same kind of uncertainty exists in avery proportional
electrical system, in the form of noise. In all but the most expensive analog
equipment, the amount of noise, like slide rule error, lirmits accuracy to two
or three significant figures.
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Naise taken in this broad sense affects every proportional device. Noise is a
major reasan for the dominance of digital computers over analog computers
where complex calculations are required. Small amounts of noise contributed
by each analog input or computing element add up to degrade the accuracy
of the answer. In digital circuits, the noise can be disregarded as long as it is
below an “"off"" or ‘on” threshold level.

Analog controllers and servo systems, chart recorders, panel meters, and
smaill analog computers are often simpler and cheaper than their digital
equivalents, and should be used wherever they can do the job. But since so
many commaonly used control devices {from refays to panic buttons) are
digital anyway, all-digital control is convenient. For complex control situa-
tions, digital methods can deliver accuracy and perform types of control be-
yond the ability of an analog systemn at any cost, And using solid state digital
cantrol, analog and digital devices can work together through A{/D and D/A
conversion. Better still, noise-free direct digital senseors and actuators can be
used in the design of new process equipment.

Noise Immune Control Modules

Because of their high sensitivity and speed, solid state components can
respond to noise that relays would safely ignore. To use solid state logic with
freedom from noise problems in the neighborhood of arcing contacts, brushes,
welders, etc. requires special design considerations. )

Unlike analog devices, digital circuits have a noise “threshold’™ above which
a noise or signal must rise to cause any change in the output of the circuit.
It is this threshold that accounts for the superiority of digital circuits in proc-
essing information through complex manipulations without loss of accuracy.
In the design of sold state logic for industrial use, this basic threshold
feature of digital circuits can be exploited. By adding external capac:tance,
the speed, and thus the sensitivity, of the circuit can be lowered.

Noise

Suppose that on the basis of the above, you find you should be using
solid-state digital fogic. But will the system ‘“‘drop bits,’" or otherwise go
haywire in your environment? How well can noise trouble be anticipated,
and what measures should be taken? How can you compare the noise
immunity of competing manufacturers' circuits? These guestions need some
kind of answer hefore you can feel confidence in taking the step.

A logical starting point is the noise itself. What is its amplitude? [ts frequency
distribution? How does it vary with time? With temperature? How many pico-
farads of coupling capacitance between the noise sources and the logic
wiring? How many nanohenries of shared inductance in the logic and noise
ground return paths?

Right away you suspect these questions are goin_g' to be difficult to answer.
You may be able to say that typica' noise source voltages are "measured in
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kilovolts” and are '‘strongest in the Megahertz frequencies.” But going
beyond such hazy estimates will require detailed knowledge of the physical
conditions that interact to produce electrical noise. You'll need to know the
materials used in all metal-to-metal contacts, and the condition of the contact
surfaces. You'll need the inductance and capacitance of the wires connecting
them. And the inductance and capacitance of the loads they drive. And the
gases in the atmosphere surrounding the contacts. Even the exact- routing
of the wires will have to be examined.

Is solid-state out of the question after all, because analysing the noise
environment s impractical? No, sclid-state is not impractical: provided you
use circuits designed specifically for noisy environments, where the focus
is on qualitative rather than quantitative factors.

Engineering For the Unknown

Engineers prefer to deal in quantities: “how big,”" "how many,” and “how
much.” Success in dealing with noise requires a different approach because
very few if any accurate numbers about noise will be ferthcoming. Quali-
tative considerations, those that affect the overall character of cireuit
behavior rather than specific numerical details, are central to this approach,
We can group the qualitative toocls available for dealing with electrical noise
into two groups: those that keep noise out of the solid-state |ogic, and those
that minimize the influence of noise that gets in. Keeping noise out is
cheaper than electrically rejecting it, since primarily mechanical and packag-
ing considerations rather than electronic aspects are involved. Here are
some of the ways you can keep noise aut:

1. Segregate logic wiring from field wiring. Don’t design input converters and
output drivers so field wiring goes through the same connectors used to
carry logic signals. Arrange to use opposite ends of printed boards for
logic and field wiring connections, and never allow the two kinds of

~wiring to lie side-by-side or he bundled together.

2. Don't mix logic ground with field ground. This doesn't mean logic ground
should float; on the contrary. But heavy currents should not pass through
the logic ground system on their way back to a power supply. An excellent
scheme is to switch the AC line with isolated triacs. DC solenoid drivers
might seem difficult to isclate, but judicious use of ground isolating
resistors and auxiliary chassis tiepoints can force most of the load current
outside of the logic-ground system,

3. Use high-density packaging. Computer type modular construction mini-
mizes lead lengths in the logic, minimizing the capacitive coupling
between logic wiring and nearby field wiring. Dense packing also cuts
resistance and inductance in the logic grounding system, minimizing
interference from any residual noise currents that may flow there,

4, Where logic and power circuits must be adjacent, use shielding. For
example, a group of printed boards carrying field circuits can be shielded
from general purpose logic modules simply by inserting un-etched copper
clad boards in the sockets that separate the two groups. {(Logic power
must skip these sockets to avoid shorting the supply.) A single ground
connection to the shield board is perfectly adequate, since the noise
currents it carries will be limited by the small capacitance invelved.
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5. Filter the line voltage where it enters the logic power supply, or at supply
output terminals. Suppiies for panel lamps should also be filtered, if their
wiring approaches logic wiring. Do not use fogic power for any other
function or carry supply output wires into the field for any reason.

The above five measures may suffice to allow even fast, computer-speed
logic to be used in the vicinity of severe npise. Often, however, some for-
gotten loophole in the noise exclusion plan will spoil the dependability of an
cotherwise noise-tight system. All it takes is one such leak to cause real head-
aches if the logic itself is sensitive to naise. A good belt-and-braces approach
will include not only these noise isolation qualities, but several noise de-
sensitizing qualities as well:

1. Slow speed of response. Noise is usually most intense at high frequencies
{in the Megahertz). Metal-to-metal contacts are nearly ideal step gen-
erators, and wiring resonances often dictate high-frequency noise peaks.
A circuit that can't be switched for five microseconds is deaf to all but
the biggest and slowest of noises, and usually wifl he entirely undis-
turbed. But be careful to use discrete capacitors, not sluggish semicon-
ductors to obtain circuit slowdown. Semiconductor manufacturers “'im-
prove' their products regularly, often by increasing their speed.

2. Good current threshold and wvoltage thresholds, By '‘good” is meant
“measured in milliamperes and volts.” The bigger the better, but guard
against falling in love with numbers. A factor of two in voltage threshold
means little if you can't predict noise amplitudes to the nearest order
of magnitude.

3. Risetime independence. Circuits that don't care what risetime you feed
them give you an important insurance policy. If all else fails, you can
hang a capacitor to ground at any troublesame point, without worrying
about the effect this has on risetime. Even more than the other qualities,
risetime independence is a prime example of engineering for the unknown.

4. Special care in timer and flip-flop design. These are the circuits that
stretch a noise spike to damaging length. A system that has noise-
immune, risetime-independent flip-flops and timers will for most purposes
be as noise immune with ultra-fast gates as with slow gates.

Looking Ahead .

Many of the factors listed above cost nothing more than forethought. All are
applicable regardless of choices between discrete components, integrated
circuits, or a ¢combtnation. As the gualitative approach to noise avoidance is .
more widely understood and applied, solid-state logic will become maore
accepted, more universal. Fears will disappear. Should your next control
system he solid-state?
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K SERIES
CONTROL MODULES

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

Either English {non-inverting) logic or NAND/MNOR logic is compatible with
K Series. The hardware for this series is specifically designed for standard
NEMA enclosures. FLIP CHIPTM mounting hardware can likewise be used for
rack-mounting, inasmuch as K-Series modules fit standard DEC sockets.

Proven FLIP CHIPTM connectars, used for years in applications from steel mills
to lathe controls, provide modularity. Even the connection between terminal
strips and electronics can be plugged for installiing the logic after field wiring
is complete, and removing it quickly for medifications or additions.

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

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

K SERIES SPECIFICATIONS

SUMMARY

Frequency range: DC to 100 KHz. Control points on each module allow reduc-
tion to 5 KHz for maximum ncgise immunity for critical functions.

Signal levels: Ov and 4-5v, regardless of fanout used.
Fan-out: 15 ma available from all outputs; typical inputs 1-3 ma.

© Waveforms: Trapezoidal. No fast transients to cause cross talk. Fxternal
capacitive loading affects speed only; no risetime dependence.
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Temperature range: —20°C to --65°C, using all-silicon diodes, transistors,
and monolithic integrated circuits (0° to 150°F). Limited to 0°C on four
module types.

Noise immunity: False '"1'":20 ma at 1.6v for 1.5 psec typical. False 0’3 ma
at 3v for 1.5 psec typical. Time thresholds can be increased by a factor of 20
for critical points by wiring the slowdown control pins.

Simple power requirements: Single voltage supply, 4+5v £10%,. Dissipation
typically 120 mw per counting or shifting flip-flop, 30 mw per control flip-flop,
25 mw per two-stage diode gate.

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

Mounting provisions: Standard NEMA industrial ehclosures. May also be used
in 19" electronics cabinets.

GENERAL SPECIFICATIONS

Construction Features :
K-Series modules include the quality features of older lines of FLIP CHIF

modules: flame-resistant .epoxy-glass laminates, all-silicon semiconductors,
gold plated fingers and solid gold connector contacts. Thorough testing of
each module is by computer operated automatic tester for most modules, or
by specialized equipment for those which are not amenable to automatic test.
A test specification sheet or data sheet is packaged with each module, includ-
ing a circuit schematic for that type. Monolithic or hybrid integrated circuits
are included wherever they can improve the performance-cost ratio. Versatile
mounting hardware imposes as few physical constraints as practicable.

Logic Signals

There are no ulira-fast transients at any K Series output. Logic signal 1"
and *Q" levels are essentially independent of fanout. Rise and fall transitions
have controlled slopes which are not strongly influenced by normal changes
in fanout, lead length, temperature, or repetition rate. The fastest K Series
trapezoidal logic signal can be fully analyzed with a 500KC oscilioscope.
Logic 1" or *true” is 4-5 volts and logic ‘0" or "'faise” is zero volts except
where redefined by logic designs. Counters and shift registers advance on
the 1" to “0" transition and are cleared by a "0" level. Any unused input
may be left open relative to noise considerations.

M Series Compatibility

M Series outputs can drive K Series logic gates and output converters K604
and K644 directly, and any K Series input after passing through a ¥ Series
gate, provided they meet timing requirements. See Applications Notes.

Fanout and Fanin

- K Series fanout capabilities are sufficient to relegate fanout calculations to
the final checking phases of logic design. Logic cufputs from any module type
can drive up to 15 milliamperes. Logic gate inputs consume 1 milliampere
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per input. Other loadings range from 1 to 4 milliamperes as indicated by the
loading numbers enclosed in squares on each specification diagram.

[ ) 15]
7] N
DRIVING

INPUT LOADING
1 MA PER INPUT CAPABILITY

FANIN AND FANOUT

Expandable gates give K Series a fanin capability well beyond typical logic
requirements. The most restrictive fanin limitation in K Series logic concerns
the wired AND configuration, for which several logic outputs are simply wired
in common: the wired AND fanout capability is reduced to three milliamperes
when the maximum of 5 outputs are tied together. The second level of logic
{the OR node) within K113 and K123 gates is limited to less than 10 OR
inputs to preserve cutput falltime control. The input AND gates of K113 or
K123 modules may be extended with KOO3 expanders up to a maximum of
100 inputs, well beyond any practical requirement.

Operating Temperature

K-Series modules are designed for operation in free-air ambient temperatures
between —20°C and 4-65°C (0"F to 150°F) except the following types which
are restricted to 0°C (32°F) minimum: K202, K220, K230,

Speed

Many applications for K Series modules involve operation at rates lower than
relay speeds. Even at speeds many times faster than relay capabilities, timing
need not be considered unless the logic includes a “loop™. A fiip-flop con-
structed of logic gates is such a loop, in which the output at a given point
feeds back to influence itself, thus demanding input durations longer than
total loop delay. Proper operation of such loops shouid be verified by caleu-
lation using the specifications below. For a complex loop an experiment
should be made if pessible to look for flaws in the calculations.

When anticipated repetition rates will be of the same order of magnitude as
rated logic frequency, more care is required in timing design. K Series circuits
are intentionally slowed to the maximum extent practicable for 100 KHz
operation, and the resulting propagation delays can limit complex logic sys-
tems to 50 KHz or even 30 KHz repetition rates. In addition, timing loops
must be examined just as carefully in fast logic as in slow. If K Series speed
appears rnarginal or insufficient for the job at hand, use M Series high speed
logic modules.
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K-SERIES TIMING

Timing Characteristics for K113, K123, K202, Time {usec)
K210, K220, K230 Min. Typ. Max.
Logic Gate Propagation. Detay, Output Rise (OV

to --5V) 0.5 2.0 3.0
Output D only, when connected {o pin B 7.5 40 180
Logic Gate Propagation Delay, Output Fall (4-5V

to 0V) 0.3 1.0 6.0
Output D only, when connected to pin B 4.5 20 180
Count{Shift Input Propagation Delay, Output

Rise 2.0 5.0 9.0
As above, but pin B grounded to pin C 10 30 100
Count/Shift Input Propagation Delay, Qutput

Fall 1.0 4.0 9.0
As above, but pin B grounded to Fin C 10 30 100
Rise time, ail unsiowed outputs : 2.0 5.0 9.0
Fin D outputs only, when connected to pin B 30 100 240
Fall time, all unslowed outputs 0.5 1.0 4.0
Pin D outputs onily, when connected to pin B 7.5 20 120
Minimum time between successive input transi- 4

tions on any module which has one or more

Count/Shift inputs

As above, put pin B grounded to pin C 10

Exceptions:

Input transitions at gins | and K may follow other input transitions with delays down
to zere; Fer characteristics not listed above, see timing information on individual data
pages.

NOTE: Caunt Shift inputs are included in types K202, K210, K220 and K230

Noise Immunity

Two properties of electrical interference often overiooked in evaluatmg logic
noise irmmunity are its source impedance and its frequency distribution,
Unless the digital logic is spread over several feet or yards so that high
potentials ¢can be induced in the ground system, most noise will be injected
via very small stray capacitances and hence will have a high source imped-
ance. The voltages at the noise source itself are usually measured in thou-
sands of volts. Conseguently, vcltage thresholds alone cannot provide
adequate noise rejection. The noise appears to come from a current source,
so that logic circuit current thresholds are also an impertant measure of
noise immunity.

Capacitance-coupled interference is strongest at the highest frequencies,
Logic circuits which respond slowly can reject high frequency interference
peaks that exceed de current and voltage thresholds. K Series modules
get their outstanding noise immunity from a balanced combination of
current voltage, and time thresholds.

Impartant as good noise thresholds are, practical noise environments are
only vaguely predictable, so that the following design features are probably
still more important:
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1. All field wiring is isolated from K Series logic wiring pins.

2. Logic power is not transmitted outside the logic environment for
contact sensing, ete.

3. W994 electrostatic shields may be pfugged in to further isclate pilot
circuit noise: see Construction Recommendations {Applications Mote)

4. Plug-in module compactness keeps logic wiring short, to reduce ngise
injection capacitance, and confines the ground mesh for reduced
ground noise.

5. Ewvery third logic gate has optional slowdown control, ample for slow-
down of all control flip-flops.

6. If all else fails, lack of risetime dependence permits any K Series out-
put to be loaded with 0.01 mfd to ground to further reduce impedance
and speed of response. Each KOO3 diode expander has such a capacitor
availabie at pin B.

K Series Typical Noise Thresholds

To be falsely interpreted as a high level, a low (zero volts} K Series logic level
waould- have to be raised 1.6 volts and held there for 1.5 microseconds; to do
this would require 20 milliamperes to be supplied somehow from the nopise
source to the K Series output in question for this period of time. To be falsely
interpreted as a low level, a high {+5V) K Series logic level would have to be
reduced 3 volts and held there for 1.5 microseconds; to do this would require
3 milliamperes to be supplied somehow from the noise source to the K Series
output in guestion for this period of time,

Power Requirements

A simple 5 volt supply operates any K Series system. Tolerance at room
temperature: —10%,. K Series regulators K731 and K732 have a built-in
temperature coefficient of approximately minus 1% for 3"C(5°F) to obtain
full logic famout over a wide temperature range and to minimize the tem-
perature coefficient of K303 timers. Both regulators run frem a nominal 12.6
volt center-tapped transformer secandary, with hash removed, See Construc-
tion Recommendations for information about alternate sources of logic power.
Legic power is not used for contact sensing; 120 VAC is specified to provide
full compatibility with silver contacts and noisy environments. .

133




GATE EXPANDERS K
K003, K012, K026, K028 SERIES
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These inexpensive gate expanders offer great logic flexibility and versatility
without a proliferation of module types. Logic functions performed by
expanders are illustrated in combination with the K113 and K123 gates in
several pages that follow the data sheet for the gates themselves.

K003 — %4

K012 — $7
K026 — $6
KO28 — $7
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LOGIC GATES K
K113, K123, K124 SERIES

Together with the KO0O3, K012, K026 or K028 expanders, these gates perform
any desired logic function, including AND, OR, AND/OR, NAND, NOR,
exclusive OR, and wired AND.

Logic gate type K123 is an ANDfOR non-inverting gate subject to expansion
at either the AND or the OR node. Logic symbols and equivalent schematics
are compared in the following illustrations. Typical pin connections are
shown. )

The AND input can be expanded up to 100 inputs total. The OR input can be
expanded by any of the expanders, up to 9 inputs total. More OR inputs can
be added if faster fall times are acceptable.

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

The K124 provides a convenient way to implement non-inverting gate control
flip-flops, exclusive ORs, and two term OR logic equations without the need
for expanders. The module is electrically the same as a K123 gate with a
K002 expander.

All three gate types include a slowdown capacitor that can be connected
to the output of ope circuit to increase its noise rejection when gates are
interconnected to make control flip-flops. Use of this capacitor increases
‘rise and fall time by approximately a factor of 20.

K113 — $11
- K123—3%12

K;[24 .- 514
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LOGIC SYMBOL SIMPLIFIED SCHEMATIC
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K003 OR EXPANMSION
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The basic types of logic function obtainable by expansion are shown below
for the K123 non-inverting gate. Logic functions for the expanded K113
inverting gate are identical except for inversion of the output. Letters refer
to logic signal names rather than module pin numbers.

—
A A /3
AR AB+CO4EF
B B K123
L I AND/OR
BASIC NON INVERTING GATE 3 E XPANSION
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LOGIC FUNCTIONS WITH GATE EXPANSION
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NAND, NOR, EXCLUSIVE OR
The K113 inverting gate performs the NAND function directly, and performs
the NOR function when combined with a KOO3 expander.

With proper input connections, the K124 non-inverting gate performs the
exclusive OR function.

o=
=)

o]

NAND FUNCTION OF BASIC INVERTING GATE

Y A | B |B9B
o 1o |1
o | s |o
B — 1 oo
_ 1 1] 0

UNUSED INPUTS
ACT AS ONES

NOR FUNCTION OF BASIC INVERTING GATE
WITH EXPANDER

& ADB
A clolo
B : o 1
A ADE 1 0 1
B 1 1 o

EXCLUSIVE CR USING THE K124 GATE
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WIRED AND
Wired AND functions ¢an be obtained by connecting K123 cutputs to other

K124, K123 or K113 outputs as shown below.

A
B —

E —

[ J—

[ J— - -
% EBICDEF: e__--T-- A e

_ r - ABITDEFI
- |

WIRED AND EXAMPLES

SUMMARY OF GATE-EXPANDER
LOGIC COMBINATIONS

FOR ZERO VOLTS DEFINED AS FOR ZERO VOLTS DEFINED AS
LOGIC ZERO 1OGIC ONE
standard definition (inverted definition)
MNo. No.
Logic of Logic of
Function} Inputs| Expanders Gates Function|inputs| Expanders Gates
AND| 2 none 1{3 K123 AND| 2 1/3 K003 | 1/3 K123
35 | /3 K003 | 1/3 K123 or
6-8 | 2/3 K003 | 1/3Ki23 1/3 K012
35 | 1/3 K012 1/3 K123
CR | 2 | 1/3KOO3| 1/53K123 69 | 2/3K012| 1/3 K123
or :
1/3 K012 OR 2 none 1/3 K123
35 [ 1/3KOL2 | 1/3 K123 3-5 | 1/3KOo03| 1/3 K123
69 [ 2/{3KD12| 1/3Ki23 68 | 2/{3 K003 1/3 K123
NAND 2 none 1/3 K113 NAND 2 | 1/3 KOO3 | 1/3 K113
35 [ 1/3KO03 | 1/3KIl13 or
5-8 | 2/3 K003 | 1/3 K113 1/3 Ko12
35 [1/3K012) 1/3 K113
NOR| 2 1/3 K003 | 1/3 K113 69 2?3 KD12 1ﬁ3 Kil3
or
1/3 K012 NOR| 2 none 1/3 K113
35 [ 1/3 K012 | 1/3 K113 3-5 | 1/3 K003 | 1/3 K113
69 | 2/3KO12| 1/3 K113 68 | 2{3 K003 1/3 K113
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CONTROL FLIP-FLGPS FROM GATES
Control flip-flops can be formed by interconnection of gates as shown below.

RESET - a
1 QUTFUT — 1| OUTRYUT
SET A

strs —1 )

SET & —

# USE  SLOWDOWN
CONNECTION It
FLIP -FLOPS

SET B —

NON-INVERTING GATE CONTROL FLIP-FLGP

The output of the flip-flop above is set to a ONE when the two SET inputs
are both ONEs. A ZERO at the RESET input returns the output to ZERO,
provided at least one of the SET inputs is alse ZERO.

| QUTRUT 1 OUTRUT

O QUTPUT O OUTPUT

RESET & B

# USE SLOWDOWN
CONNECTIONS M
FLIP=FLOPS

INVERTING GATE CONTROL FLIP-FLOP

The flip-flop above, made from two inverting gates, provides complementary
I and O outputs. A truth table is shown below.

TRUTH TABLE

SET RESET 1 OUTPUT | 0-QUTPUT
0 0 1

0 1 o

1 0 0

1 1 NO CHANGE
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INVERTERS K
K134 SERIES

@,
O

K134 INVERTERS

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

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

K134 — $13
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INVERTERS K
K135 SERIES

=

]

K135 INVERTERS

The K135 module was designed primarily for the K725 /O box, but it may
be used in applications that require inverters with “CGR" expandability. A
comrnon input at pin K can force all four outputs high regardless of the
“OR" gate inputs. This feature is useful if a K161 decoder is used for multi-
plexing K138 modules, since all ouiputs for the same hit can be wire
“AND"ed together,

The loading on pin K is initially 6 with no “OR’’ expansions and increases by
“1™ unit lpad for each "OR" input that is added to the module. For example,
if a KOI2 expander was added to each of the four inverters, the tctal pin K
load would be 22 unit loads.

KOO3 expanders can be used for AND/OR expandability. The number of AND
inputs on a given OR input does not affect the loading of pin K,

K135 —$13
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BINARY TO OCTAL DECODER K
K161 SERIES

CONNECT TO S5LOW
DOWN ZERC QUTPUT
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K161 DECODER

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

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

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

K161 - $25
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DIGITAL COMPARATOR K
K174 SERIES

25 5

1 o|1 ol1 ol'. o.;
1
1 011 0|1 o_[_ o] INPUT F

ROM

K COMPARATORS
OUTPUTS TO QF LESSER
LCOMPARATORS SIGNIFICANCE
OF GREATER OR FROM KOO3
SIGNIFICANCE
OR TO K113 OR
K123 "OR"
EXPANSION NODE

K174 DIGITAL COMPARATOR

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

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

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

If more than four bits are to be compared, several comparators may be
cascaded as shown below. Note use of KOO2 as if expanding an "OR™ to
control the state of the output for the case of equal input numbers.

8 4 2z 1 : 8 4 2 1
K210, ete. K210, gtc. Qéga

OUTPUTS HIGH 1 o1 ol1elto 1010t ol1e
IF K210 elc ARE W T R N W T R N
gRE»Et\gER T-Fléw Vv WT whR O§N YV 9T YR yi
R EQUAL

ojr o1 oh o 1 01 o1 o]t o
THUMBWHI

UMBWHEEL Ki7a K174 !

v olt o1 o1 @ 100101010 \

il A i A T

oUT
KOO3, 0UTPUT
k58! WOULD BE
LOW OR
THIMEBWHEEL THUMBWHEEL | EQuALITY
SWITCH , SWITCH

TWC DIGIT COMPARISON OF THUMBWHEELS AGAINST K210, ETC.
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If the numbers being compared are not multiples of 4 bits then one of the
inputs on each unused comparitor position must be connected to 15 and
the other one to ground.

The K174 can also be used to abtain three independent outputs for full-
greater-than, equal-to, less-than capability. The application below takes ad-
. vantage of the fact that if A is equal to B, K will go high if J goes high and
K will go low if J goes low. By inverting the output at pin K and feeding it
back to pin J, the K174 will oscillate if A = B. If the timers are adjusted
for a delay longer than the period of oscillation, the three possible cutput
states can be obtained (High for assertion). With the values shown, the
frequency will be approximately 50 KHz. Outputs respond to new conditions
in 100 psec.

] 4 2 1
K210,K220, efe. NUMBER 8
1 Dt [ 0|1 0|1 0
v T G N
Y T 3] N
J v |
. X m 5 5 W
MORE
STAGES MAaY K134
BE ADDED FOR 7
LARGER
NUMBERS
v T R N
] o oft o[ S
K210, K220, efc. NUMBER A .
) 4 2 I
/3
L xi23
@.Olmfd.
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Kao3
>>— A>B
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149



RATE MULTIPLIER K
- Kisa SERIES

FF

FF D

FF

FF

ARARARA
!

If the four ocutputs of K210 counter are wired to K184 “F'" inputs, and a four-
hit bhinary fraction presented in reverse order to the corresponding "G
inputs, a pulse train is emitted at an average rate equal to the product of the
K210 input rate and the binary fraction. Each transition from 0" to "'1" at
an FF input produces a 5 psec output pulse to ground, if the corresponding
*“G" input has been high for 5 microseconds or more. Inputs are not rise-
time sensitive. Quiputs from several rate multipliers may be combined to
give any desired precision.

Rate multipliers are primarily useful in numerical control -applications, such
as those described in the following magazine articles:

“Linear Interpolation” Control Engineering, June '64, p. 79. -
“Curvilinear Interpolation*’ Control Engineering, April '68, p. 81.

“Many Digital Functions Can Be Generated With A Rate Muttiplier'" Electronic
'Design, Feb. 1, "68, p. 82. '

In addition, the K184 can provide several other useful functions that take
advantage of its internal complexities.
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FLIP-FLOP ' K
K202 SERIES

K202 flip-flops do shifting, complementing, counting, and other functions
beyond the capabilities of simple set-reset flip-flops built up from logic gates.
They also may be used to extend K210 counters or K230 shift registers,

When the output of the clock gate falls from high to low, the information at
the OR input (pins D-J, L-P) is transferred into the flip-flop. Pin J {or P) is
CORed with the pin D (or L} input. Like pins J and P of a logic gate, these pins
can be driven only frem a K003, K012 or K026 expander.

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

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

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

COMPLEMENTING PULSES | | I—-l | l

[ [ ! [
| | I 1
| | l |
I I i I
I I I I

& o

_'\

K202 COMPLEMENTING

ouTPuT

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

shifting.
SHIFT PULSES I—-l I—I l—-l H
)

e————————

gL
i
oAy

8] 1

O

]
!
1
i

]

OUTPUT ' 1
S ———

K202 2-STAGE SHIFT REGISTER

Note: In older systems of logic, most flip-flop functions had to he performed
by general-purpose fiip-flops like the K202, The K Series, however, includes
functional types K210, K220, and K230 which are both less expensive and
easier to use than the K202 for most applications. Think of the K202 pri-
marily as a complementing control flip-flop and register extender.

K202 — $27
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FLIP-FLOP REGISTER K

K206 SERIES
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K206 FLIP-ELOP REGISTER

The four set-reset flip-flops in the K206 are arranged for convenient address-
ing from the outputs of a K161 Binary to Octal Decoder. The flip-flop outputs
can then be wired to control and maintain the state of corresponding output
drivers, providing addressabie output conditioning from teletypes, computers,
or fixed-memory sequence controllers. .

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

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

K206 — $20
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All DEC modules are exhaustively inspected and tested, both visu-
aliy and electronically. A typical module undergoes a printed circuit
board inspection procedure that consists of over 70 individual
steps. ’

155



COUNTER ' K

K210 : SERIES
15/0
SLow B W T R N EI F .
o 1o rjo 1] -{3]
CLEARE—KOE‘ 4l2|‘—< H . COUNT
9 |ket0 3]

The K210 is a binary or BCD counter that can be wired to return to zero after
any number of input cycles from 2 to 16, Count-up occurs when the COUNT
gate output steps to zere. Decimal counting logic is built in; when pin D is un-
used, the counter resets to zero on the next count after nine. When pin D is
grounded, the counter overflows to zero, after a count of 15. (Pin D is not
intended for dynamic switching between binary and BCD counting.}

The counter is reset by grounding the clear input for 4 microseconds or more.
A positive level at the J input from a K003 expander atso resets the counter
on the next high to low transition of the COUNT gate output for counts other
than 10 or 16.

Wire the KOD3 as a decoder to detect one count less than the desired modu-
lus. {Detect 5 for a count-of-6 counter, etc.)

B8 34 2 1
0 . — INPUT
J
IR o Lolpoliolte
\‘ ,

1/3
KOO3.

—6 QUTPUT <=

K210 CONNECTED FOR COUNT OF &

For counts ahove 10, ground pin D. Combine two K003 expanders as shown
below, where three counter outputs must he sensed (to divide by 12, 14,
or15). - :
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1/3
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K210 CONNECTED FOR COQUNT OF 15

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

Larger counters are obtained by cascading K210's or adding K202 flip-flops.
To cascade K210 modules, wire the most significant output of one counter
to the input gate of the next. Inputs to the least significant stage can be
either pulses or logic transitions to ground,; risetime is not important.

Any transducer such as a switch, photocell, pulse tachometer, thermistor
probe, or others compatible with K508 or K524 input converters can generate
the signal which is to be counted. The lack of input risetime restrictions may
allow transducer outputs to drive K210 counters directly if damaging tran-
sients can be avoided, as when the transducer shares the logic system
environment.

For visual readout of binary-coded decimal counters, the four outputs from
each K210 may be connected to corresponding input pins on a K671 de-
coding driver and display.

INPUT
€ 2 D
K202

% B8 4 2
K210
1 0]1 0o/t ©]1 O

K210 AUGMENTED WITH K202 FOR COUNT OF 32
K210 — $27
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UP/DOWN COUNTER K
K220 SERIES

COUNT

v T R 3
) a N F
SLOW  —— o 10 1 0 1 0 1
K 8 4 z 1 v
K220 L COUNT
CLEAR g}@ up
u s; ] Pi | M

O e

{DOUBLE-SIZE BOARD)

Four flip-flops and all the gates needed for binary-coded decimal up count-
ing, down counting, presetting, and clearing are built into the K220. Up-
down counters are useful for many digital peosition readout and feedback
applications. ' ’

The direction of counting is established by the signal at pin L, high for up
counting and low for down counting. Pin L count direction changes should
finish no later than 4.0 psec before next count input.

When K220 counters are cascadéd, a single connection from the "8 output
of one K220 to the count input gate of the next estabiishes both carry and
barrow prapagation.

TQ
NEXT
STAGE v v

Q1 01 01 D1 01010101G|NPUT
g a4 2 1 g 4 2 1 PULSES
L K220 £

| l UP=+5Y

ON=0¥

K220

CASCADED K220 COUNTER
K220 — $52
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Up-counts occur when input makes the transition from high to low (45 v to
0 v), as in K210 and K230, Down-counts, however, take place on the transi-
tion from low to high (0 v to 45 v}. Thus both carry and borrow signals
propagate via the simple connection from 8-weight cutput to 10-weight input.

ONEs present at readin gate pins U,5,P, or M are read into the respective
flip-flops when pin D makes the transitions from low to high, The transition
at pin D should finish not later than 4.0 psec before next count input, Transi-
tion from low to high at pin D should also begin no sooner than 4.0 usec after
any previous transition at pins D,M,P,S, or U. Ground any unused readin gate
inputs to prevent readin of undesired ONEs.

Grounding pin J or K forces all flip-flops to zero for as long as either ciear in-
put remains low.

Time Is required for flip-flops, counting logic, or readin gates to adjust to new
inputs. Except clear inputs, ne counter input may be changed within 4 psec
of a transition at any other input (Refers to logical output of count gate).
When pin B is grounded for slowdown, allow 50 psec.

All connections are made on the upper connector, except two: binary Up/ Down
counting may be obtained by grounding pins D and E on lower connector,

Below is shown a means for accepting up and down pulse-trains from two
separate sources. For this application input pulse spacing should be at least
20 psec and input pulse width should be at least 10 usec.

’ ]
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—
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SHIFT REGISTER K
K230 SERIES

g T R L] Iy

SLow ———d 5 1 5 (0 1 0 | SHIFT
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K230 L SERIAL

{DOUBLE-HEIGHT BOARD, ALL
CONNECTIONS ARE TO UPPER SOCKET)

information presented to pin L of this four stage Rip-flop register is shifted
toward pin V with each transition from “1” to ‘0" at the shift input gate.

ONEs present at readin gate input pins M,P,S, or U are read into the respec-
tive flip-flops when pin D makes the transition from low to high. The pin D
transition should finish no later than 4.0 usec before the next count input.
Transition from low to high at pin D should also begin no sooner than 4.0
usec after any previous transition at pins D,M,P,S, or U. Ground any unused
- readin gate inputs to prevent readin of undesired ONEs.

Grounding pin J or K forces all flip-flops to zero for as long as either clear
input remains low.

Shift registers of any length can be formed by tying pin ¥V of one K230 to pin
L of the next, and operating all shift gates together. Supply all shift pulses
from the same device to maintain synchronism. The propagation delay of even
one gate is too large a difference between two shift inputs on the same
register. For every 20 bits that are required, duplicate the last stage of the
. shift-generating togic and tie the outputs in parailef to all K230 shift gate
inputs.

Time is required for fiip-flops, shifting logic or readin gates to adjust to new
inputs. Except clear inputs, no register inpist may be changed within 4 psec
after a transition at any other input. (Refers to logical cutput of shift gate).
When pin B is grounded for slowdown, allow 50 psec.

K230 — 336
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RETENTIVE MEMORY K

K273 SERIES
| o Pm
S 7
o @
Sl
m_—’ (QOUALE THICKNESS MOOULE]

" Three magnetically latched mercury wetted contact relays in the K273 follow
logic-ievel input information at rates up to 100 Hz, when pin E is grounded,
Normally the OK Level output from a K731 source module drives pin E. When
a line voltage faiiure is detected, pin E rises and each relay mechanically
stores the last valid input data until fuli power returns.

K273 — $72

FIXED MEMORY ' K
K281 || SERIES

FELEELEE

K281 FIXED MEMORY

The K281 is designed fo be used with the K161 (Binary to Octal Decoder),
the K681 (8-30 ma drivers) and the K134 (4 inverters), to build a read-only
memeory. Each K281 initially contains eight four-bit words consisting of anly
©1's"”. The user selects the codes he desires by cutting out diodes in the bit
positions that are to be “0's”. Additional X281 and K134 modules may be
added to the system to generate more words and longer words. See Applica-
tions Notes for diagram of memory configuraticn. —
K281 — $8
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CODING THE K281 DIODE MEMORY

When the K281 is used 1o build a K-Series Read Only Memory, the codes are
stored by cutting out diodes where zeros are desired. The diode map below
shows the physical location of the diodes on the K281 and how they are con-
nected 1o the module pins.

E, H, K, M are the four
output pins.

D,F,JLLNRT,Vare
the eight drive lines.

Component side up
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K303 WITH K373 AND K378

SMALL K-SERIES CONTROL INSTALLED IN NEMA 12 ENCLOSURE
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TIMER AND CONTROLS K
K303, K371, K373, K374, K375, K376, K378 SERIES

K303 timers provide time delays from 10 microseconds to 30 seconds and

can be interconnected to form clocks with periods covering the same inter- -
vals. Fixed or adjustable delays and frequencies are obtainable. Calibrated

controfs are available (K371 through K378) for mounting directly on the

K303. Remote controls can be added, if desired. A simplified schematic of

the K303 is shown below. Note that the comparator has hysteresis, increas-

ing the rejection of false “1’'" noise peaks at the input.

+5v |

}_1.85( 12K
b2

%

="y

CONNECTIONS
FOR K374, ETC.

K303 7—'; =

B

K303 TIMER SIMPLIFIED SCHEMATIC
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when a K303 input gate steps to zero, the uninverted output falls after a con-
trolled interval, while the inverted output rises. The interval can be as little
as 10 psec or as long as 30 seconds, depending on the size of the R and C
connected to pin J,P, or V. Recovery begins when the input gate rises to 1.
Allow recovery time of at least 0.3% of the maximum delay obtainable from
the capacitor, in order to guarantee 959 repeat accuracy in the delay.

RECOVERY TIME %lﬂ( /_‘lj

:*E'—O?RC —
]

173
¥303

NOTE
R K374, K3ITG , K378 PROVIGE
., FOR
¢ G7ka To 2sokmy  TMING COVPONENTS Fo

= 1/3 K303 AS OFF DELAY

A positive step at the input gate resets the K303 timer outputs. If the step
occurs before a timeout is complete, the timeout is terminaied and no
change appears at the outputs. This property is sometimes convenient for
establishing a pulse repetition rate threshold (Frequency Setpoint}.

A built-in 2.2 nancfarad timing capacitor assures adequafe noise rejection
when external capacitors are mounted several inches from the timer, Time
threshold for resetting is always several percent of rated recovery time, so
that noise rejection time increases in proportion to the size of the timing
capacitor. Remote rheostats and timing capacitors may be used, but noise
rejection will be degraded. If several timing capacitors will be switch selected,
wire in the smallest near the module and switch the others in parallel with it.

Variable or fixed timing resistors used with K303 timers may be any carbon
composition, film, or wirewound rheostat or potentiometer, Delay time is
linearly proportioned to resistance from Z250K{: down to a few thousand
ohms, falling to zero (reset inhibited) below a few hundred ochms. Momentary
shorting to ground of contrel pins will not cause damage, but a padding re-
sistor of at least 3002 in series with variable controls is advisable both to
prevent continuous grounding and to avoid confusion which may arise if re-
setting is inhibited.

Timing capacitors may be any ardinary mica, paper, ceramic, or low leakage
electrolytic type. For delays above a few seconds, wet slug tantalum electro-
Iytic capacitors are advisable to avoid leakage-induced drift at high tempera-
tures. Temperature coefficient of delay has been optimized for the carbon
composition potentiometers and tantalum electrolytic capacitors used in the
controls described below, and is typically less than ﬂ:l% in 5°C {9°F) using
K731 and K732 regulators for power.
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PROVIDES TIMING COMPOMENTS
FOR OPERATION OF 3/3 K303

AS CLOCK FROM ZO0Hz o GKMz

K373
K375

PROVIDE TIMING COMPONENTS
FOR QFPERATION OF 2/3 K303
AS CLOCK:

K373: B0DHz to 20H2

K375 80Hr to 2H:

K374
K376
K378

PROVIDE TIMING COMPONENTS
FOR INDIVIDUAL (1/3)K303
DELAYS:

K374: 0.01 to 0.3SEC

K376 0. to 3.0SEC

K378: 1.0 1o 305EC

Calibrated controls for timers and clocks are available in several ranges. They
mount to the K303 module by two screws per circuit, providing both mechani-
cal and electrical connections. Each control includes a logarithmic potentiom-
eter for easy settling over the full 30:1 calibrated range. Calibrations are
approximate, meant for guick setup and easy control identification. Accurate
time settings require the use of an oscilloscope, stopwatch, or other reliable
time standard. These controls are intended for use at the end of K941

mounting bars.

Note: Time delay fitter is proportional to supply voltage ripple if times of the
order of 1 msec are selected. For critical applications, use light loading on

separate K731 or use H710 supply.
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TIMER K303

Two K303 sections can he interconnected to make a free-running oscillator
if one of the timing capacitors is about 100 times smaller than the other.
The circuit with the larger capacitor will predominantly control the frequency.
The diagram below shows the interconnections.

HOTE:

K373, K375 PROVIOE
TIMING COMPONENTS
FOR THIS CIRCUIT

R {4 7KL to 250 KA}

{CONTROLS INTERPULSE PERIOD) $18.00 i
Plus: 2 resistors

2 capacitors

2{3 K303 AS CLOCK BELOW 1 KHz

The 100 to 1 ratio of timing capacitors required limits this method to fre-
gquencies to 1 KHz or less, due to the 2.2 nanofarad capacitor built into each
circuit. Three K303 circuits may be connected together for higher frequencies,
as shown on next page.

K303 — $27
K371 —$8
K373 — $8
K374 — $7
K375 — $8
K376 — $7
K378 — $9
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NOTE:

CONTROL K371 PROVIDES
TIMING COMPONENTS
FQR THIS CIRCUIT

[
—D‘ —10 us

1
OUTPUT 07RC 'ﬂ

3/3 K303 AS CLOCK ABOVE 500 Hz

Longer delays than 30 seconds using large electrolytic capacitors would
suffer from increased drift due to capacitor leakage. Moreover, there are some
applications in which moisture and contamination cannct reliably be excluded
from the electronics environment, making 250K timing resistance imprac-
tical due to Jeakage along board surfaces. For either situation, two techniques
are available; either cascade several timer circuits, or combine a clock-
connected K303 with one or more K210 counters, The clock may be gated
off at an unused input fo aveid synchronizing errors. The diagram below
shows both techniques combined, using one K210 and ali three sections of
a K303 to obtaln a 22-minute delay.
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ONE SHOTS - K
K323 SERIES
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K323 one shots provide output pulse widths from 10 microseconds to 30
seconds with either fixed or adjustable delays. Calibrated controls -are avail-
able (K374, K376 and K378} for mounting directly on the K323. Remote
controls can be added, if desired.

When the K323 input gate steps to zero, the uninverted output rises and
stays positive for the controlled interval time. The puise width is controlled
by the value of R and C connected to pin J, P, or V. The one shot recovery
begins when the input gate rises to 1. Allow a recovery time of at least 0.3%
of the maximum delay obtainable frorn the capacitor, in order to guarantee
959 repeat accuracy in pulse width.

K323 — $35
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A positive step at the input gate forces the uninverted output low, If the step
occurs before a time out is complete, the timeout is terminated and the
pulse width will be unknown. This premature resetting can be eliminated by
connecting the inverted output of the one shot to one of its AND inputs. This
will make the one shot insensitive to input transitions during the time out
period.

A positive pulse does not terminate the timeout .

REGOVERY TIME e

et — ML

feum TRC —]
@70 TO )
250K A} “T T ¢

The K322 circuit is simiiar to the K303 Timer and uses the same techniques
of noise rejection. For further information on resistors, capacitors and con-
struction recommendations for external pulse width controls, please refer to
the K303 module.
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SCHMITT TRIGGERS K

K501 SERIES
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The K501 can be used with the K580, K581, or K578 to provide simultaneous
true and complement signals with full K series drive. Built in hysteresis and
slowed outputs insure reliable operation in noisy signal environments, .

Schmitt Triggers can also be used to speed up signals with very slow rise or
fali times for input into pulse formers or logic circuits where timing con-
siderations are critical.

The K501 is not designed to be connected directly to unfiltered contacts or
other noisy signal sources,

- KbB0il — %20
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ACCESSORIES CONTAINING ELECTRONICS
On the following pages is a broad selection of interface modules. To help you
get acquainted with the range of capabilities they offer, here is a summary
table. Grouping by type of use to aid selection is not rigid. Maximum com-
patibility has heen preserved to permit any combination of modules to be put
together in the same system.

Compatible
Accessories
Logic-to-Interface Module Type K716| K724] K782 | K784
Connecticn and Type Intes-| K725 Thru |Dicdg
face |Shellq Ter- | Ter-

of Use Block minal|minal
Integral 30" Flat 120 VAC input: K508 X
cable connecteor, For 120/ 240 YAC cutput: X X
small controls with K604 :
heavy-duty field Transducer input: X X
wiring K524

2.5 Ampere DC Driver: X X

K&44
Integral Terminals 120 VAC input: K578 X
for larger systems 120240 VAC output: X

K614

280 Volt DC Driver: X

Kabhe

4 Amp Driver: X

K658
Solder Lugs with Transducer Input: K522 X
strain relief. For Dry circuit switch X
indicators, control filter: K580
panels, and nearby Inverted switch filter:
transducers K581 X

Low power indicator

driver: K681 X

Indicator/ Relay

driver: K683 X
Integral 12" flat Decimal Display: K671
cable with NIXIE®
tubes
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AC INPUT CONVERTER K

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 to ieave the logic output in the
1" state in spite of skips lasting up to 100 milliseconds.

K538 cutput circuits have hysteresis, so that no intermediate output state
can result from an ill-defined input condition. No separate Schmitt-triggers
are required. Qutputs are at ground for 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 K322 Sensor Converier can take signals from photoceils, thermistors,
and other variable-resistance sensors and convert them o logic levels, Its
built-in 41.8 volt reference, programmahble hysteresis, and noise cancelling
ability make it simple to use. The K522 does not, however, provide the toler-
ance to high level noise or accidental application of line voltage which is
obtainable from the K524, The table bhelow should help in deciding between
the two types.

CHARACTERISTICS K522 K524
Number of circuits ’ 2 4
Module size single : double
Input connections solder cable
lugs connectar
Inputs accessible at module connector yes no
DC differential mode possible no yes
Provision for adding transducer biasing yes yes
trimpots in predrilled holes on board
MNoise cancellation range (commor mode)} =1 volt +7.5 volts
Maximum + input range for correct output | 0 to 4-5Y 30V
Tolerance to overvoltage (no damage) =3 volts 140 VAC
Minimum hysteresis (deadband) 10mv 10mv
Maximum hysteresis 160myv 10mv
Maximum switching rate 50KH:z 25KHz

K522 — $22
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Minimum transducer resistance 40080 4000
{at threshold) :

Maximum transducer resistance 20KR 100Ka
(at threshold)

Moise Cancellation ratio at 14:1 10:1
Line Frequency {CMR)

Noise Cancellation ratio at 1 KHz 20:1 20:1
Temperature Coefficient of Threshold *+1mv/°C *lmv/*C
(typical) (0.1%) (0.29)

Mote: Qutputs are high when + inputl is high.

In general, the K522 is suited to laboratory and light machinery use where
transducers are nearby and there is little danger of high voltage being 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 Jogic 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 a8 maximum of 160
mv by connecting one or more programming pins to the output.

Below is a table of pin connections for programming the hysteresis of each
circuit.

Value when wired fo coﬁverter output 10mv | 20mv | 40mv | 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 mvy hysteresis to the basic 10 mv hysteresis for a total
of 40 mv hysteresis, connect pins E and F or L and M to the circuit outputs.

177



K 522 APPLICATIONS

—M{v— +3.5¥

TRIMFOT ADDED ON
MODULE BOARC

+ LOGIC
& K522 LEVEL
GuT

PHOTOGELL, THERMISTOR, OR
/ OTHER VARYING RESISTANCE

K522 WiTH NEARBY SENSOR

The diagram above shows how a sensor located a few feet from a KE22 can
be connected by a simple twisted pair of wires if the environmental noise is
not too severe. Differences in potential between logic ground and chassis

~ ground at the sensor are not likely to exceed *1 wvolt in such a case, so
the noise cancellation ability of the K522 circuit would be adequate to main-
tain a consistent threshald. Since the built-in reference in the K522 is hatf the
voltage on the trimpot, and the switching threshold is half the voltage on the
trimpot; the switching threshold will be near the point where the sensor and
trimming resistances are equal, if 3.5v is used for bias,

If the sensor is ungrounded, a ground return must be provided af the module
by tying pin T and/or pin ¥ to ground. The simplified equivalent circuit below
shows the AC coupling capacitor which makes this necessary.

TRIM PCT
NT— +35¥

COMPARATOR
WITH
HYSTERESIS

SENSOR

\ i
/ ’ \
MUST BE GROUNDED INTERMAL

SOMEWHERE TO SINK REFERENCE
SENSOR CURRENT

K522 EQUIVALENT CIRCUIT

The K322 can also be used with a self-generating sensor such as a tach-
ometer pickup, just as the K524 can. ’
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OFTHER MODULES HAVING SCLDER LUGS AND STRAIN RELIEF HOLES
LIKE THE K522, SHOWN ARE K681, K580, AND K&683.
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SENSOR CONVERTER K
K524 SERIES
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Basically a noise-refecting, 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 thresholds.
The differential amplifying technique permits flexitle grounding and shielding
methods to accommodate floating signal generators and minimize noise.

The K524 Sensor Converter senses voltage transitions or resistance thres-
holds by noise-rejecting differential amplification. A choice of AC or DC
coupling is provided.

Output transitions occur when input voltage differentials are within 0.3 volts

or less. When the 4" input is more positive, the output s a ONE. When the

33 LI H H h H Z 0' ety
+'" input is more negative, the cutput is a ZER K524 — $98
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K524 APPLICATIONS
Below is shown a K524 circuit used in the same application as the K522
above, but where longer sensor leads and hence more noise is expected.

NOISE -FILTERING

PHOTO CELL,THERMISTOR, OR CAPLCITOR ON BB
OTHER VARYING RESISTANCE CONNECTOR BOARD TRIMPOT ADCED
1 ON MODULE
B0ARD
| —_ = "r - |
- \ | ||+ LOGIC
[f ‘} \} l @—(l < | Ksza LEVEL
ouT
L [ I OKTIE | J: |
LA | =
/;7 K782 | ’F |
1
/J7 T @_<I [
SHIELDED | WY |
TWISTED CHASSIS
PAIR CABLE GROUND

K524 WITH DISTANT SENSOR

Switching occurs at equality between sensor and bhiasing resistance when
+5 volts is used for bias. Pin BB (pin 8 on lower connector} must be con-
aested fo an indesendent bias supply, such as a separate K731 ozerated
from a separate transformer, to insure against damaging currenis 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 or
K&44 output converters, since inadvertent 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 sensors.

Since low-frequency noise injected by the chassis ground connection goes
directly to the — input but is attenuated by the bias network at the + input,
some loss of noise rejection will result. One way to restore full rejection would
be to return the bias supply itself to the same noise source. If a K731 is used,
this means both ts transformer winding centertap and its pin C connections
must be cannected to ground only at the point where the cable is grounded.

Because of the more complex input network in the K524, allowing true DC
differential operation if desired, one additional connection is required. The
simplified schematic below shows that the inverting input fo the internal
comparator must be connected either to the DC-coupled or to the AC-coupled
input attenuator via the module conector pins.

BB .

TRIM POT
+
1pet
- COMPARATOR
WITH
HYSTERESIS
&8K 6aK
BE BF ap
IBK, BP,BV! (BL, BR, BV} {BJ, BN, BT}

K524 EQUIVALENT CIRCUIT
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Below is shown another way to use the K524, this time with a self-generating

transducer.

PULSE TACHOMETER OR

OTHER‘?ETIC PICKUP

DAMPING RESISTOR
O CONMECTOR BOARD

R R
—— | LOBIC
l‘ ;1 5 A< Y ksea LEVEL
I-lé ouT
N— — o — iokvie |
] OR I ] -
| x| |
SHIELDED | N
TWISTED
PAlR CABLE CHASSIS l_ -

GROUND

Here is a table showing the auxiliary pin connections on the lower module
connector for the various applications of the Kb24.

APPLICATIONS COUPLING PIN CONNECTIONS
As low performance analog :
comparator, for comparing two DC BD to BE, Bl to BK,

photocells ete., or wherever
reference is supplied externally.

(K524 only)

BN to BP, BT to BY

Photocells, thermistors, puise
tachometers, pressure teansducers
or wherever it is convenient to

use the internal 2.5 volt

reference.

AC
(see also
K522}

BD to BF, BJ to BL,
BN to BR; BT to BV

Signals up to 25 KHz, suitable for counting by K210 or K220 counters, can
be obtained with symmetrical input signals having at least 1 volt excursions
past the switching point. Maximum output rates can be limited to approxi-
mately 5KHz by tying together pins AM and AN, AP and AR, &tc.
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DEC provides a series of seminars to educate its customers on
DEC's module products. Here, Willilam G.- McNamara, Module Mar-
keting Manager, is explzining digital logic.
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120 VAC INPUT CONVERTER
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K578 SERIES
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The K578 input converter, when mounted in a K724 or K725 interface shell,
provides logic levels from 120 VAC signals from limit switches, relays etc.
The 1¥A reactive load provided by the K578 isolation transformers insures
sparking at pilot contacts. Together with the ample circuit voltage used, this
reactive load assures maximum contact reliability.

Electrical noise riding on pilot circuit wiring is attenuated hoth by the input
transformer 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 ihe 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 occurred in a given period.

Gating circuits equivalent to four K026 sections are included for contact
scanning appfications using the K161, or to facilitate forming the logical OR
of many inputs. Direct outputs are from circuits similar to the K580, and
may nat be wired together.

Clamp-type terminals on the K578 take two wires up to size 14. Neon indi-
cators are included. The K578 can also be used in the K943 mounting panel,
however some mechanical means of support must be provided tc hold the
K578 in its socket if vibration is a consideration.

K578 TERMINAL $TRIP CONNECTIONS FROM
LEFT TO RIGHT ARE NUMBERS 1 TO 9
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DRY CONTACT FILTERS K

. K580, K5_81 SERIES
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These filters convert sighals from dry circuit or wiping contacts to logic
levels. Primarily they are used with gold contacts such as the new encap-
sulated reed limit switches, thumbwheel switches, and the like, Those push-
buttons or slide switches that provide good wiping action will also operate
refiably with these filters, but silver contacts designed for long life on heavy
duty loads are likely to give trouble. For them, use interfaces designed for
such application like K508-K716 or K578, or at least switch a high voltage.
(see K580 voltage table.)

Access to K580 and K581 inputs is by solder lugs only. Strain relief holes
are provided in board (near handle) for a 9-wire cable. The avoidance of
contact connections on the logic wiring panel combined with heavy filtering
guarantees noise isclation and protects modules by preventing accidental
short circuits. Below is 2 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 5V low 20msec 20msec

{Time delay figures above are nominal, and assume connection to the input
of a standard gate such as K113 or K123.)

The contact current for the K581 comes from the logic supply, making it very
important to assure freedom from accidental high voltages on K581 inputs,
which could damage many logic modules by getiing through to the system
power supply. This hazard is not preseni with the K580, which uses an
external source of 410 wvolts or mere. The fable belows shows how ex-
ternal dropping resistors may be added to provide higher voltage operation.

TABLE OF K580 VOLTAGE DROPPING RESISTANCES

CONTACT :
SUPPLY 10 12 15 24 28 48 90 100 | 120
VOLTAGE :

Dropping
Resistance |0 | 820 | 2200 | 6200 | 8200 | 1.BKQ | 3.6K0Q | 3.9KQ | 4.7K2

Dissipation] —| 0.05W| 0.11W | 0.3W | 0.4W | 0.85W| 1.8W | 2.0W | 2.5W

When using dropping resistors and higher voltage supplies, total tolerance of
resistors and supply should be +=109%, to insure high levels between +4V
and -6V at the logic. Also observe that a handful of droping resistors in
90V or 120V 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 environment.

Note that these circuits may not be paralleled 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 noise and coniact 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
+0.5V.

Sea application note for thumbwheel register multiplexing using K581,
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EIA INPUT CONVERTER K

K596 SERIES
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Any bipolar input signals with amplitudes between *3 volts and £25 voits
will he transformed by this non-inverting converter into standard K-Series or
M-Series logic signals with driving capabilities of 5 ma or 3 unit loads, re-
spectively. Load for paralleling (wired OR): 1 milliampere. Input impedence
stays between 3KG 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 handied.

QOpen-circuit inputs will produce low (zero-volts) outputs on the lower three
circuits. The cutput 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 outputs high. This last provision allows type 33 or type
35 current switching teletypes to be 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.

Piease observe that noise and interference can enter a digital system through
any wires that pass through a noise field. K596 modules should be !focated
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,

K596 — %16
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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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Operating in conjunction with the K716 Interface Block, the K604 permits AC
operated valves, solenoids, small motors, motor starters and the like to be
controlled directly from K Series logic. Each circuit can handle up to 250
volt-amperes continuousiy. Total for any module, however, shoutd not exceed
500 volt-amperes averaged over one minute, Ratings belaw include maximum
horsepower based on use of Allen-Bradley type K, motor starters. Less sensi-
tive starters or relays may have significantly reduced capacity.

K604 — $82
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Maximum Capacity, each K604 circuit (120 v AC lines)

Continuous| Inrush Motor Type K | 208/220 | 480/600
Condition WA, V.A. Direct Starter | Max. H.P.| Max. H.P.
With Fuse 250 600 | 1{20 H.P. Size 3 30 50
No Fuse 250 1800 | 3/10 H.P. Size 4 80 100

Littelfuze » type 275005 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 only, and operation without fuse
protection cannot be recommended. Circuits cannot be paralleled to increase
ratings.

AC switch turnon takes place within 500 migroseconds 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-voit breakdown rating. Shunt
capacitor and shunt clipping devices inhibit false triggering on line transients.

where very small devices such as pilot lamps, Jight duty relays, or AC input
converters constitute the sole load, an auxiliary load such as a 12K0 2 watt
resistor may be reguired to absorb sufficient holding current for full voltage
output.

Two special precautions are made necessary by the presence of AC line
voitages on the K604 module, First, always disconnect the ribbon cable
connector before inserting or removing a K604 or an adjacent module, to
avoid shocks or component damage. Second, WS93 copperclad boards
{$4 each) should be installed beiween K604 modules and all other types
except K508 or K644, With the pin A connection cut away, on either the
hoard or the socket, the W993 copper clad hoard acts as an electrostatic
shield. If this added interface protection is later found toc be unnecessary,
the sockets reserved for shield boards can be used to add logic features,
modifications, etc. Refer to Construction Recommendations.

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

For 240 volt operation, refer to the application note on this topic.

TERMINALS TN
K716 OR K782

LOGIC

SIGNAL — |4 AC

K&l4 A SWITCH

LAMP
WITHIN
KTi&

LAMF RETURN
TERMINAL
[KT16 QNLY]

K604 CIRCUIT IN USE
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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 or K725 interface shell. Accord-
ingly the K614 has built-in clamp-type terminals for wires to size 14, Neon
indicators, and output ratings boosted to 500 VA per circuit by the larger
heat sink area availzble in this configuration. However, total for any module
must not exceed 750 volt-amperes averaged over any one minute.

See Applications Notes for information on 240 volt operation.
K614 — 88
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K614 TERMINALS AS VIEWED LEFT TO RIGHT ARE NUMBERS 1 THROUGH 2
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Operating through the K716 Interface Block, the K644 DC Driver permits
stepping motors, de¢ solenoids, and similar devices rated up to 2.5 amperes
at 48 volts to he driven directly from K serigs logic. Built-in clamping diodes
protect switching transistors from transient over-voltage.

Total output circuit current for the K&44 module must not exceed 4 amperes
averaged over any 1 minute period. The ribbon connector should be un-
plugged hefore inserting or removing a K644 module.

Moving the parts of a magnetic device changes 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 volts. Whether re-
sistance is added or not, these clamp return terminals must be connected to
the load supply to protect the module from overvoltage during turnoff.

The K644 may be used with a K782 instead of a K716 to obtain the screw
terminals needed for connecting heavy duty field wiring.

See applications section for logic diagrams of several stepping-motor applications,
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DC DRIVER K

K656 SERIES
oxs
-
DC
AH ) DRIVER . @ 1
E —w\,—@—ql @ 2
@ fﬂM
o
AN ) DRIVER _@ 3
E '}——Mw——-—@—l' @ 4
auTPuUT
AT : r " TERMINAL
E oc
AU ) DRIVER @
E —rn—i ¢ @ 6
DC D1
BH DRIVER
© ()4 @ 8
"y
{DOUBLE-SIZE BOARD) " )
. POSITIVE
SIDE OF
(TRIPLE THICKNESS MODULE) LOAD SUPPLY

Keb6 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 necn  indicator lamps.
(Lamps are effective only at 90 volts and above.} This driver module is
designed to be used with K724 or K725 interface shells, Positive side of load
supply must be connected to protect output transistors from damage during
turnoff transient,

KE56 — $80
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DC DRIVER K

K658 SERIES
AF
;
DC
@ DRIVER —D
—n—E 0 @ 2
—o— | =
. AM
n oc @ 3
E AN DRIVER
u—MN—@—() @ 4
S QUTPUT
py 1 TERMINAL
DC
R ) DRIVER —Ds
—n—( 0 @ 6
BF — :
B Dc D7
pY BHI DRIVER
+—v—( )4 @ a
J
(DOUBLE-SiZE BOARD) . =
. POSITIVE
ITRIPLE THICKNESS MODULE} —@ SIDE OF
LOAD SUPPLY

KE58 4 AMP DRIVER

Each cireuit of this versatile driver can deliver up to 4 amperes at up to 125
volts. Like the K578, K656 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 or
K725 interface shells, Positive side of load supply must be connected to pro-
tect output transistors from damage during turnoff transient.

Ké58 — 5128
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K656 AND K578

Modules with terminal strip output connections may be used in the K724 and
K725 interface shells or they can be used in the K943 mounting panels.
K578, K614, K656, and K658 are all triple thickness modules.
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DECIMAL DECODER AND NIXIE DISPLAY K

K671 SERIES
N _
o (— (3\
@0 e 1
T DECODER 12" CABLE
(¢} [1}—— wiTH DRIVERS
Y
@) [ }—

This module has two parts separated by a 1-foot ribbon cable. Ope part plugs
into any module socket, the other contains a side-viewing Burroughs type
B-5440 long life NIXIE glow tube on a mounting board. Four connections to
corresponding module socket pins of a K210 or K220 binary-coded decimal
counter completes 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 6 digits long can be stacked on each
K771 supply. Stacked digits have 0.8” mounting centers. See Construction
Recommendations before assigning module locations.

K671 — $43
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LAMP DRIVERS

K

K681, K633 SERIES
S‘N]_ﬂ o 81 -
ol oc Ol oc

GH DRIVER] ! U oriver !
E-—#— E——
Fl Dc F| pc

EHorver o2 O omver 0z
H———M— H-—-Hj_o
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B, DRIVER Q3 Cl DRIVER 3
K——— K ——m
L[ oc L[ oc

G orver 04 Uoaiver 04

SOLDER SOLDER

™ »t L 95/ Lues M—®— 95/ lugs
N[ OC N oc

Gl DRIVER 08 m_DRIVER 06
P — —
R| oc Rl pC

3 oriver o7 (" oaner 7
§——— S— o
1] ©OC T oc

BHener o8 [ orner 08
U —p— u—--—
v|] oc v| bc

G orwver _ 09 [ orver 03

K681 LAMP DRIVER

K683 LAMP DRIVER

{DOUBLE-SIZE BOARD)

These eight-circuit modules drive external loads through S-conductor cable
soldered to split lugs at handle end by user. Strain relief holes, prepunched
in board. Ground input to turn off, -5V to turn on.

Pin connections via diodes to cutputs faciiitate production automatic module
testing while isolating system wiring from high voltages. Circuits are nof
slowed, and these connections are not recommended as output tiepoints
unless exceptional care is taken to prevent noise and damaging voltages from
degrading system reliability. {See Fixed Memory application note.}
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OUTFPUT RATINGS

T

MODULE _ TINGS
TYPE | RESISTIVE | INDUCTIVE INCANDESGENT LAMPS
K681 18V, 30ma | 18V, 30ma Lamps rated 18Y, 40ma

with suppression operated at 12V to reduce

diodes (K784) current to 30 milliamperes.
K&83 55Y, 250ma | 55V, 250ma Larmps rated 40ma, to 48V;

with added Lamps rated 60ma, to 28Y;

suppression
diodes (K784)

Lamps rated 80ma, to 18Y,;

Lamps rated 100ma, to 12V

Note greatly reduced ratings on tungsten leads. Lamp filaments draw typically
ten times more current at turnon than when hot, resulting in very high tran-
sistor dissipation if supply voltage is high. Series current limiting resistors or
shunt preheat resistors could be used to limit suwrge in certain cases, but
ratings above assume this would be awkward or impractical.

K681 MODULE
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EIA OUTPUT CONVERTER K
K696 SERIES

p| Eta 7
CONV.

T

I
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LOGIC < .

EIAOR
- INPUTS CCITT OUTPUTS

T
:

T
g

T
:

EIA OUTPUT CONVERTER K696

This bipolar 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 VAC=109%, 60Hz on pin B for EJA levels (at least
*+5 volts) or 9.0 VAC*=109%, S0Hz on pin B for CCITT levels (at least *£6
volts). Limited output current capability results in risetimes of several micro-
seconds for capacitive lcads 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 rmore than a few inches. A high impedance
probe may be used to monitor the half-wave rectified and filtered negative
internal supply at pin T (5 K12 series resistance).

K696 — $44
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In addition to being a set of noise.immune logic, the DIGITAL K Series offers
a versatile system of modular instrumentation and control hardware. On the
following pages you will find a variety of equipment for mounting, wiring,
powering, etc, The table below may help you get acquainted.

FUNCTION PRODUCT

Accessories for Interface K716 Interface Block

Modulaes (K5XX, K6XX) K724 Interface Shell, Power wiring only
K725 Interface Shelt, Prewired for scanning

w782 & Terminals
K784 8 Terminals with Diodes

Power K731 1 Amp Regulator
K732 2 Amp Slave Regulator
K741 2 Amp Transformer
K743 3 Amp Transformer with
Auxiliary Winding
K771 NIXIE Supply

Mounting Hardware and Ke40 Mounting Foot for K941
Connectors K941 Mounting Bar
KS43 &4 Maodule 19" X 514"
Mounting Panel
Kag0 End Brackets
1907 Held-Down and Cover
HOO1 Cover Supports
H300 &-Connector Block
H802 Single Connector
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INTERFACE BLOCK K
K716 SERIES

An important hardware feature of the K Series system is
the K716 Interface Block, which permits field wiring to be instalied at ordinary
screw terminals by electricians, The logic modules interconnect to the K716
by plug-in ribbon cables.

10
vaC
.._J I__. KL
SILVER -
contacts l :gr::;:‘;m
SELE KEP CONTRGL
GENERATING LoGIC
WMAGNETIC —™ SENSOR —
PICHLIP CONVERTER _
FROTOCE PTYY) LONGIE DECISIONS
1L _
THERMISTER, O AND, OR, NAND .
OTHER VARY —" SENSOR M  woR, excLusive
NG RESISTANGE Krm CONVERTER O, DECODING,
INTER COMPARISN
FACE
VOLTAGE (ETC ek K524
T FREQUENCY |- SENSTR —
COMVERTER CONVERTER

SEQLENCING COUMTING

K524
CONTROL FLIF FLOPS

LU vOLTAGL -

AL OR DG SENSOR ™ pnav, boo

CONVERTER UPIDLAN COUNTERS
COPERATED SHIFT REGISTERS
VALVES, TMERS
SOLENDIDS, %E0d
WOTORS, RATE MULTIPLIEAS
MOTOR ‘_| ISGLATED
STARTEAS, AC SWITCH DISPLAYS
HEATERS. BLHLT [N HIXIE
LIGHTING B¢ DOISPLAYS

MEMOAY

DC OPERATED LATCHING RETENTIVE
STEPPING o FIXED MEMORY
MOTOAS,
SOLENDITS, — oc —
MOTORS, DRIVER
ALTIATORS,
INDICATORS

TYPICAL CONTROL APPLICATIONS FOR K SERIES MODULES
INTERFACED BY K716

Contacts: Ordinary silver contacts of the kind found in limit switches, pressure
switches, and pushbuttons work best when operated with healthy levels of
both line voltage and load current. The sparking that results prevents buildup
of contact surface contamination. To assure reliable switching, isclation
transformers in the K716 provide a reactive load for switched 120 vac pilot
voltages. The K508 AC Input Converter ignores contact bounce. Hash filters
in the module, and attenuation in the isclation transformer built into the
K716, reduce electrical noise. Built-in indicators permit gquick maintenance
checks.

The K716 Interface Block serves as an interconnection interface for those
K Series modules that communicate with external equipment. External field
wiring terminates at a 24-terminal screw connection block that accepts plain
stripped wire up to 14 gauge. No separate crimped or soldered terminals are
required.
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K716 INTERFACE BLOCK
SCHEMATIC

Ribbon cables from the K Series interface modules connect ta printed circuit
board sockets on the K716, This allows the K716 terminal block to mount on
the rear panel of a NEMA enclosure for the convenience of electricians, while
the digital system itself mounts on the door for easy access to both modules
and logic wiring. The ribbon cable makes neat, 5|mple wiring layouts and easy
flexing at the hinge.

The three sockets in the K716 terminal block contain the same module
connector systern used for the modules themselves, permitting quick discon
nect of the entire logic system without affecting reliability. This arrangement,
together with the K940-K841 mounting hardware, allows initial check-
out of control systems away from the site, as well as minimizing downtime in
case of failure. (See Construction Recammendations.) The cable sockets have
the same reliable gold contacts as K Series module sockets.,

Socket B, for use with the K508 AC input converter, is fed by eight isolation,
stepdown and contact loading transformers contained within the atuminum
shell of the K716, The transformer primaries receive 120-volt pilot signals
from external contact ¢tlosures, Each input is monitored by a neon indicator.

Sockets A and € are for use with K524, K604, and K644, Neon indicators are
provided to monitor the cutputs of the K604 isolated AC Switch module.

K716 — $90
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REGUIRED had 4 >

K716 INTERFACE BLOCK
FRONT VIEW

The drawing above shows approximate dimensions of the K716. Mounting
slots clear no. 10 screws and allow compensation for mounting screw loca-
tion tolerances. See first Application Note “Construction Recormmendations.”
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All neon indicaiors are located within the K716 shell, visible at the rear of
associated screw terminals.

Socket D, normally terminated by a shorting plug runs all return lines from
connector C to a common point. If the shorting plug is removed, indepen-
dent wiring of connector C return leads for K524 or K604 modules is possi-
ble. A W033-06F-WO033 cable connector (315) must be installed between
socket D and socket A. An extra 2-inch clearance is required by this connector
beard. Independernt wiring provides ccnnections for four two-wire circuits
instead of 8 circuits with bussed returns.

Below is a recommended mounting pattern for combining many interface
blocks. This paitern can be extended provided the 307 reach of ribbon is
not exceeded.

WIRING TROUGH

L ] 24
17
1
A /|
RIBBON
CABLES
LeGIC 1 E*::-cf__ [ |
24 '
) Ve |
\\\( Y1 l/
LOGIC L ><-~_ |

LOGIC |

\_/
7
Y
A

A

. / ot

i}
ooon-——l—-bnnzl. ( 24 +

WIRING TROUGH

K716'S IN INDUSTRIAL ENCLOSURE
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INTERFACE SHELLS K
K724, K725 SERIES

Unlike the K716 interface block pictured on the next page, these shells do
not contain any electronic components. Instead, they provide the connectors
and the mechanical support for self-contained interface modules K578, K614,
K656, and K&658. Up to four such-modules may be instailed, with eight mod-
ule sockets remaining between them for simple logic functions. Convenient
wiring channels are obtained between units if they are mounted on 127
centers vertically and 6% centers horizontally. This way a total of up to 32
input converters and 16 output converters fits in one square foot of panel
space, along with up to 16 logic modules.

The K724 provides only logic power connections between sackets. It is pri-
marily intended for very simple logic systems or for large systems where all
input and output logic fevels are connected to a separate logic unit by
connector cabies, i

The K725 uses a printed backplane to make most of the connections required
in a remotely scanned system. In this type of system, a few address lines
transmitted to the interface shell on a single connector cable are decoded by
a K161 decoder within the shell either to sample one particular K578 input,
or glse to set or clear a K206 flip-flop which in turn controls the state of
one of the output converters. This type of system is convenient 1o use with
a computer, and also lends iitself fo situations requiring remole contact
sensing and switching at several scattered locations.

J I
8 ) ksts K8 | ier 8 y o :
K206 | 4 ) et:;.‘ KN
J
8 Y keos [ F
£ 4
KGld,
= LBJ B elc, 4 )
8 4 kste [ @ L KTB —l
— [ s ]
v T R N, L o B
A A/
INPUT ADDRESS
K725 Signal Flow
K724 — $55
K725 — %82 -
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K206 Returns:
K578 Returns:

K206 Enable:

K206 Clear:
K135 Enable:

Address, Pin N:

K725 CONNECTIONS
AT W023 SOCKETS

Low if addressed output flip-flop

‘holds a *f1."

Low if addressed input has 120VAC
applied.

If high, ciears addressed output flip-
flop or, if pin N is high, sets the
flip-flop.

If low, clears all output FFs.

If low, forces both K206 return and
K578 return high to allow wired OR
of returns from up to sixteen K725
assemblies,

Least significant bit of input address;
if K206 Enable is high, seiected flip-
flop forced to the state of pin N. Far
sampling the K206 state, pin N must
ke low because there are only &
flip-flops,
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K206 returns
Ground
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K206 enable
spare

K206 clear
spare

K135 enable
spare
Address, LSB
spare
Address
spare
Address
spare -
Address, MSB
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SOURCE MODULE K

K731 SERIES
12 BvCT
TRANSFORMER
120 C A
\.IAC -I—' —= +5VDL, 1 AMPERE

b
RECTIFIER ang  [->—# TURN ON
R — REGULATOR .
K73 () OK LEVEL
F
O I LINE SYNG

5

SENSING QUTPUT
ITO KT32)

[TRIPLE THICKMESS MOQULES

The K731 supplies +5 volt dc power to pin A of all K Series modules and
provides several specialized once-per-system control functions. Any source of
center-tapped 12.6 v {50 or 60 Hz} allows the K731 to deliver up to 1 amp dc,
which is sufficient to operate most typical control systems of up to 32
modules. The K731 is short-circuit proof.

This module is normally plugged into one of the innermost sockets on a K941
mounting bar, where its large components occcupy space otherwise unused.

The turn-on output goes to ground during the power-up transient, and remains
at ground until after the supply voltage has fully reached its quiescent value.
It may be used to initialize fiip-flops to a known starting condition.

The OK level cutput goes to ground when the supply voltage reaches 902 of
its final value, and returns positive when less than 909 of full voitage is
available. It is normally used as an enabling input to the K273 Retentive
Memory module,

The line sync output allows a2 K113 or K123 gate to switch in synchromsm
with ac supply zero-crossings. This permits the line frequency to drive a real-
time 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 fan-
out is limited to 1 ma (for high fanout, use K113 or K123 for distribution).
MNone of the K731 logic outputs may be used to obtain the OR function, and
they may not be wired to any other output.

K731 delivers up to 1 ampere when used with a 12.6 volt transformer rated
for 105-130 volt line. Far 39 input voltage reduction (12.0 V transformer or
100 volt ling) the ouiput current capability decreases 109%;. Cutput voltage
temperature coefficient is typically minus 0.1%/ C. See sumimary of module
current consumption following K732 data, and K741-K743 transformers on
following pages.

See power supply section for photos. .

K731 — $24
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SLAVE REGULATOR = K

K732 SERIES
12 BVAC
cT v A +5VDC, 3 AMPS
j_ = (TG PN 4,
* _ ALL MODULES)
120 ;l; ¢ K731 [——8 TURN ON
WAC E
v [—1—#= GK LEVEL
»
s
;E _ SENSING I———b- LINE SYNC
LEVEL GROUND
- & {TC PIN €,
e s ALL MODULES)
u A
| I— —
¢ K732
SLAVE
REGULATOR
. v
¥ HASH FILTERS

ISEE CONSTRUCTION
RECOMMENDATIONS)

IFOUR MODULES THICK)

This module is normally tied to correspanding pins A,C,5,U, and V 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.

In high-current systems, use short heavy wires for transformer secondary
connections, Loss of 5% of secondary voltage in either ground return or
transformer outpuf feads will reduce regidator current ratings more than 109;.
Tabs near the handle end of the K732 may be connected to K741 or K743
transformers by using convenient 914 Power Jumpers, Then by wiring pins
U and V to corresponding pins on K731, AC connections are provided through
the K732 to the source modufe. To avoid loss of regulation, do not connect
a K732 until enough modules have been plugged in to draw a reasonable
current {several hundred milliamperes).

For self contained low-ripple supplies see H710 and H716.

CAUTION:
These modules lack overvoltage protection, and may damage M-Series mod-
ules in case of a supply failure. Not recommended for use with M series
medules.

K732 — $27
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After all the components have been attached to the board, the
module is degreased to remove contaminants in preparation for
flow soldering,
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POWER TRANSFORMERS

K

K741, K743 SERIES
-~
BLK/WHT
—Q
240VAC BLK g 12 6 veT
~FOR KT3I,
J m%\:ﬁ RED(WH‘I% K732

K741 TRANSFORMER WITH FILTER

2 s

12 VAC 2 AMPS

126 VCT FOR
K731, K732

K743 TRANSFORMER WITH FILTER

These hash-filtered, 50/60 Hz transformers supply K731 Source and K732
Slave Regulator modules. The K743 also provides an auxiliary winding for
use with K580 Dry Contact Filters and K681 or K683 Lamp Drivers (requires
additional bridge rectifier). Type 914 Power Jumpers are convenient for
connecting to tab terminals on these transformers and on the K732 and
K843. Both transformers have holes at the corners of the chassis plate for

meunting on K980 endplates:

PLATE DIMENSIONS

HOLE CENTERS

MATCHING K880 Ctrs,

K741
K743

314" x5
5" x 5"

21/2N' x 3%”
4" x3%"

215"
4"

The K741 is sufficiently light in weight to be mounted on one side only, as at

the end of a K943 mounting panel.
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The table below shows how to obtain various currents. Line voltages within
*109% from nominal and short, heavy secondary wires are assumed. One
K731 is required in each case. .

60 Hz 50 Hz K732 TRANSFORMER
0.1-1A 0.1-0.8A 0 K741 or K743
0.5-2A 0.4-1.6A 1 K741 or K743
1-3A 0.8-2.4A 1 2 K741s or K743
2-4A 1.6-3.2A 2 2 K741s or 2 K743s
358 | 24 aa 2 3 K741s or 2 K743s
4.6A 3.24.8A 3 3 K741s or 2 K743s
5-7A 4-5.6A 3 4 K741s or 3 K743s

K741 — $22
K743 — %38 -

K743 WITH K980
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DISPLAY SUPPLY ' K

K771 SERIES
LT
¥
¥+ +
A AN e
—z 3 ——|

[3HOWN WITH 3 KETY'S}

Shown above from the viewing side, the K771 supplies power and a conveni-
ent two-screw mounting for up to 6 K761 dispiay tubes. Display tubes are
stacked to the left, the first tube board being attached to the K771. The
- second tube hoard attaches to the first, and so on. Board mounting screws
provide both mechanical mounting and electrical power connections. The two
panel mounting screw locations dimensioned above have no. 6 steel threaded
inserts., Several 1" holes 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 befween display and mount-
ing surface. Power 120 VAC enters the supply from a terminal strip at the
rear. Total depth behind mounting surface: 4. .

K771 —$26

TEST PROBE K
K791 ' SERIES

PROBE

E]:—\_| ! )::- HIGH
q !

-
l
K73 Uy — )- LOW

BLACK
ANY PIN ¢ &—8— 1

K791 TEST PROBE

This pochket test probe contains two pulse-stretching lamp drivers for visual
indication of both transient and steady-state conditions. Neither indicator
lights on an open circuit. A built-in test point illuminator adds convenience,
The probe introduces negligible loading of the peint under observation. The
bBlack wire connects to any pin C. The red wire gets ac power from the system
supply transformer, pin U or V of K731, Probe is hollow and fits unwrapped
end of H800OW pins for hands-off use if desired.

K791 — $27
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TERMINALS K

K782, K784 SERIES
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CHASSIS GROUND

K782 K784

These two doubie size modules offer an alternative to the K176 for obtaining
field wiring connections in K series systems. The K782 has straight-through
connections for use with K524, K580, K604, or K644 madules. The K784
includes 60 v ¢lamp diodes for protection of K681 or K683 modules driving
inductive leads. Strain relief holes and split lugs on both boards adapt them
for such modules as K580 and K683 where 9-conductor ribbon or individual
wires will be used.

Connecter pins are also provided, so the connector board of types like K524

or K604 can be plugged into a shared H800-F block and bussed connections
used.

The photo at right shows one way that these modules may be mounted, by
bolting through the holes provided and mounting on K980 brackets. The
attachment of a K743 transformer to the K880 is also shown here.

K782 — %12
K784 — §$17
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SUMMARY OF MODULE K

CURRENT REQUIREMENTS SERIES
LOGIC MODULES OTHER MGDULES
K003 3 ma K508 65 ma
K012 12 ma K522 Transducer bias plus 25 ma
K026 6 ma K524 Transducer bias plus 35 ma
K028 8 ma K578 0
Kil3 17 ma K580 {Uses separate supply)
K123 18 ma KB81 Per contact closed 22 ma
K124 21 ma K596 30 ma
K134 23 ma K&x4  All circuits off 40 ma
K135 22 ma additional per circuit on 20 ma
K161l 45 ma
K174 12 ma K614 All circuits off 40 ma
K184 56 ma additional per circuit on 20 ma
K202 120 ma K644 Al circuits off 10 ma
K206 50 ma additional per circuit on 160 ma
K210 150 ma K656  All circuits off 10 ma
K220 220 ma additional per circuit on 160 ma
K230 150 ma K658  All circuits off 10 ma
K273 50 ma additional per circuit on 350 ma
K231 0 K&71 13 ma
K303 30 ma K681 16 ma
K323 35 ma K683 160 ma
K501 45 ma K696 (Also requires 6.3vac 7 ma
60 Hz or 5.0 vac 5C Hz)
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This flow-scldering machine solders all component leads to the
board and makes all solder runs in one fast, exceedingly reliable,
aperation.
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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 hackground,
but with a limited exposure to analog technclogy. The equaticns presented
are not exact, but are good engineering approximations, which are accurate
enough for most applications. It is hoped that this simplified discussion will
provide more insight into the uses and limitations of operational amplifiers
than a more rigorous approach.

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

Il. GENERAL CHARACTERISTICS

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

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

When an op amp is working in the linear region, two approximations can be
made to help in the analysis of the circuit configuration. First, the 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 ampiifier. Assume the
Minus Input is O volts, the same as the Plus fnput, 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
equai to +R. --R:. An easy way to remember this is to think of the two

resistors as forrﬁing a tapped divider network.

1. 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 fellowing section will give some brief descriptions of what some
of the specifications mean.
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Settling time. This is the time it takes the output to get within and stay
within a certain amount of is final value, after the input has received a step
input, see Fig. 4. This parameter is important when an amplifier is used in
front of an A/D converter, since the A/D should not begin its conversion until
the amplifier has settled.

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

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

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

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

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

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

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

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

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

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

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

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

V. REFERENCES

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

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

3. “Linear Integrated Circuits Applications Handbook'"
Fairchild Semiconductor, Mountain View, Califarnia

4, “Applications Manua! for Operational Amplifiers™
Philbrick{ Nexus Research, Dedham, Mass.
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Fig. 3, Non-Inverting Amp!ifier
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227




Yoot _ _ Re

i we | Ry

Ry = Ry
GAIN STABILITY
vouT DEPENDS ON THE

'——3 INFUT AND FEEDBACK
RESISTOR, AND GAIN
TRIM POTENTIOMETER.

Re3  SeLEcT Rs = — 2 FoR
P~ R, +Rf
= CURRENT DRIFT COMPENSATION,
TYP VALUES

Ry 1K TO 10K .

Re 1K TO 100K THE USE OF Cg REDUCES THE

TENDENCY OF THE OP AMP
fp 5000 TO 5K TO OSCILLATE

Fig. 7, Adjustable Gain and Current Compensation

Re
A N——————
_
y+in
YouT
—0
Re Re
Yout = — vm(?‘] + [_"’OFF (E:‘]
\____v____J
OFFSET

Fig. 8, Offsetting

228



— A A——————
Re
L'X] Ri
O——pA -
: YouT
W
v Ra NON - 1NV
+ GAIN
R Rg+ R R
R 3 F 1 F
3 YouT = ¥32 (m“T) - {R—‘)
. ATTENUATION INV GAIN
FACTOR

Fig. 9, Differential Gain

229



POSITIVE LOGIC MULTIPLEXER A
TYPE A123 SERIES

=
o

GU6C
iy o

1

0 W

INPUT [OUTPUT TERMINALS

+3V CONNECTED
ov OPEN

The A123 Multiplexer provides 4 gated analog switches that are controlled
by logic levels of Ov and 43v. The module is equivalent to a single-pole,
4-position switch, since one cutput terminal of each MOS FET switch is tied
together. If all three digital inputs of a circuit are at +3v {or not connected)
the two output terminals are connected together. If any digital input is at Ov,
the switch terminals are disconnected. Two switches should not be on at
the same time. The analog switch can handle signals between 4 10v and
—10v, 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 excursion of the analog signal.
The negative power supply must be between —5 and —20v, and at least 10
volts more negative than the most negative excursion of the analog signal.
The voltage difference between the two supplies must not be more than 30v.
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SPECIFICATIONS

Digital Inputs
Logic ONE: +2.4v to +5.0v
Logic ZERO: 0.0v to +0.8v
input loading: 0.5 ma at 0 volts
Analog Signal
Voltage range: +10v to —10v
Current (max.): 1 ma

Output Switch

On resistance, max.: 1000 ohms
On offset: 0 volts
Off leakage, capacitance; 10 na, 10 pf
Turn gn delay, max.: 0.2 psec
Turn off delay, max.: 0.5 usec
Power
+5v (pin A} 45 ma
+v {pin D) 18 ma {for +10v)
—v {pin E}: 50 ma {for —20v)

Al123—3%58
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OPERATIONAL AMPLIFIER
TYPE 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 also provided for input and feed-
back metworks, and rolloff capacitor. The module is a double width board.

OPEN LOOP GAIN:

RATED OUTPUT

Voltage:
Cuirrent:

FREQUENCY RESPONSE

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

Overioad recovery:

INPUT VOLTAGE OFFSET (Adjustable to Zero)

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

INPUT CURRENT OFFSET:

Average vs. Temperature:
Average vs. Supply voltage:

INPUT IMPEDANCE

Between inputs:
Common mode:

INPUT VOLTAGE

Maximum: .
Maximurn common mode:
Common mode rejection:

POWER
Voltage:
Current at rated load:

*REFER TO ASS0 FOR CONNECTIONS

232

2x108

*1lv
20 ma

10 MHz

300 kHz
30v/usec
200 psec

20 wf°C
15 nvf9%
10 pv/day

%2 na

0.4 na/°C
0.15 naf%;

6 megohm
500 megohm

*+15 volts
+=1¢ volts
20,000

+15 volts
35 ma

"A200 — $130



All incoming cumpbnents are 1009 tested. Here, diodes are being
tested automatically.
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OPERATIONAL AMPLIFIER A

A206 SERIES
Zi Zy
A
s ] 4 A N
g‘ R ] NOTE 1
R ,"” . ."’— \\\
O St O A = =
AUX. i
Pyt T
u i ! 'l' ==
1 )
[s Spup— A Y N R 1].,..\,\,\,1.@ .\!,\,_‘
H GAIN
GUARD O———— BAL 1K

N OUTPUT
+INPUT o -
(NON-INV.)

ANALOG GND

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

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

The A206 Operational Amplifier features extremely fast settling time (2 us to
within 1 mv), making it especially suited for use with Analog-to-Digitai 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 A/D converters. All other normal
operaticnal 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—AL 25°C, unless noted otherwise.

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

Frequency Response

DC open loop gain, 670 chm load, min; 100,000

Unity gain, small signal, min: 10 MHz

Full output voltage, min: I MHz

Slewing rate, min; 100v/ usec

Overload recovery, max: 0.5 nsec
Output

Voltage, max: *10v
Current, max; *15% ma

Input Voltage

Input voltage range, max: *=10v
Differential voltage, max: +15v
Commaon mode rejection, min: 7,000

laput Impedance

Between inputs, min; ' 10" phms

Common mode, min; 10" ohms
Input Ofiset .

Avg. voltage drift vs. temp., max: 430 pyf °C

Avg. volt. drift vs. supply volt.; max: 420 pvf %

Initial differential current offset, max: 0.03 na

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

4 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 — $150
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OPERATIONAL AMPLIFIER
A207

A
SERIES

A
e N I

K
[+ “-‘.r‘r:-
R -7
CE Dot 0 s
AUX.
nPuTs Yy T

% T P

+iNpUT P
{NON-INV.)

ANALOG GND

NOTE 1. Mounting heoles are pmwded an the module so0 that input and feedback
components ¢an be added, Components shown with dashed lines are not

included with the maodule.

NOTE 2. This jumper comes with the module. It may bLe removed

requirements.

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

QUTPUT

The A207 is an economical Operational Amplifier featuring fast settling time

{5 us to within 10 mv), making it especially suited for use with Analog-to-
Digital Converters. The A207 can be used for buffering, scale-changing, off-
setting, and other data-conditioning functions required with AfD Converters.
All other normal operational amplifier conflguratlons can be achieved with

the A207.

The A207 is supplied with a zero balance potentiormneter. 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—AL 2_5”0, unless noted otherwise.

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

Settling Time*

Within 10 mv, 10v step input, typ: 3 psec 6 psec
Within 10 mv, 10v step input, max: 5 usec 8 usec

Within 1 mv, 10v step input, max: 7 usec 10 psec

Frequency Response

DC open loop gain, 670 ohm load, min; 15,000 100,000
Unity gain, small signal, min: 3 MHz
Ful! output voltage, min: 50 KHz
Slewing rate, min: 3.5v/usec
Overfoad recovery, max: 8 psec
Output
Voltage, 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
Common mode, min; _ 5 M ohms

Input Offset
Avg. voltage drift vs, temp, max; 60 wv/°C 30 wvi°C
Initial current offset, max: 0.5 pa
Avg. current drift vs. temp, max; 5 naf°C

" Temperature Range _ 0°C to 4+80°C

Power
+15v {pin D), quiescent: 6 ma
—15v {pin £}, quiescent: 10 ma

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

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

A207 —$45
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SAMPLE AND HOLD A

A404 SERIES
GAIN TRIM

o - -

B anercs

L .
ANALDG I\
WP ® { ]’ ouTeUT

FINS AH B AJ SHOULD
HE CONNMECTED TOGE THER

L1
USE OMLY | OF
THE 2 TRACK
INPUTS
TO IMPROVE SETTLING TIME,

Bav 1,
HOWEVER FAAAMETERS SUCH
. ) 45 DRIFT ANO DPEN LDOR
au - SBL BN DEN GEN BAIN ARE DEGRAGED
: T T T T A
BF
Téacw conTRoL &
P51
COARSE
Bt GFFseT
HQ
raackcoaTRoL B
[NES
FINE
1 oreser

o[ L ke Ulla [T)e

hy [
ol "‘ A OROOE  PEQESTAL

JUMPER CONNECTIONS TO OFFSET QUTPUT

MCDE Positive Negative

PIN TRACK (sample); HCLD AlU to B) AU to BJ

BF (p_n:us) +3v or open Ov BL to AD
BD {neg) —3v or open Ov BM to AE

BK to AF BN to AF

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

The A4Q4 Sample & Hold has an acquisition time of & psec for a 10 volt
signal to within 10 mv (0.19%;). 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 Control (sample) inputs 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
hoth digital signails will cause no damage to the circuit.

Potentiometers are also provided for zero balancing, gain trim, and offset ad-
justment {(up to =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: 6 psec
Wwithin 2.5 mv, 10v step input, max: 11 psec

Aperture Time, max: 0.2 usec
Gain —1.000 (adjustable £0.2%,)
Input
Voltage range, max: *10v
Impedance: 10 K ohms
Output
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
Broop
nitial droop: Adjustable to Jess than 5 mvfms
Droop variation vs. temp, max: - 2 mvims/°C

Track Control

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

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

+Difference in output valtage when changing from Track to Held mode.

A404 — $130
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12.BIT DAC

A613 SERIES
OPTIONAL
RESISTORS BV
o—00 )
]
AK O———O0-\ ' 0———& l_l \
\
AL & O 4O —Ahy AN — 1
!
1
21 o [imsm) 40
2 2 AR E Y
-2 AR |
-3 o I}\ 1
279 o— b QUTPUT
AM BN
2-4 o—|
AS SWITCHES
275 o— 8E
AP F————0
2-6 s
] BK .
2-7T o— _C(\
AU ~
>-8 ‘o I
BD
>-9 AR : BJ
BP S
2-10 o -
BL BM #
2-” O] ——"Cf\
-2 BF ~.
2 (LSB) M PIN CONNECTIONS
l l l BINARY | BCD
BK to BE | BK to BD
+|5$D il g BM fo BJ | BMto BH
AE REF. SAF @ ac BV to BN
-15¥  ANALOG DIGITAL
: GND GND

ANALOG GNO [PIN AF) B DIGITAL GNO (PIN AC)
MUST BE CONNECTED TOGETHER AT ONE
POINT IN THE SYSTEM.
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The A613 is a 12-bit Digital-to-Analog Converter for moderate speed applica-
tions. The modute is controlled by standard positive logic levels, has an out-
put between Ov and +10v, and will settle within 50 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 A613 requires a —10.0v reference that can supply negative current,
such as an A704. Provisions are made for adding up to 3 extra resistors to
implement offsetting functions. Potentiometers are provided jor zero bal-
ancing, and gain trim. The A613 is a double height board.

An input of all Logic 0's produces zero volts out; all Logic 1's produces close
to +10v out. The operational amplifier output can be shorted to Ground
without damaging the circuit.

SPECIFICATIONS

Inputs :

Logic ONE; +2.0v to 4-5.0v

Logic ZERO: 0.0v to +0.8v

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

Standard: Qv to --10v

Optional, (requires

Positive REF) 10v range between —10v and ++10v

Settling time, (10v step): 50 wsec

Qutput current: 10 ma

Capacitive loading: Q.1 pf (without oscillation)

Binary Dig. In. Analog Out BCD (8421) Analog Out
Q00 — 00 0.0000v 014]4] 0.000v
000 —01 +0.0025 001 +0.010
106 — 00D +5.0000 050 4-0.500
111 —11 +9.9975 500 +-5.000

. 999 +9.990
Accuracy Binary BCD
At +25°C: *+0.0159% of ful' scale +0.059%, of full scale
Temp. coef: *0.001%/°C +0.002%/(°C
{plus drift of REF) {plus drift of REF)
Board Size

1 double height board, single moduie width

Ternperature Range
+10°C to 430°C

Power
+15v at 35 ma
—15v at G0 ma
4+ Bvat 60 ma
—10.0v REF at —7 ma (reverse current)
If the Dutput is accidentally shorted to Ground, the cutput amplifier will not
be damaged.

} at max. load

AB13 — 3250
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10-BIT D/A CONVERTER ' A

SINGLE BUFFERED
TYPES A618 and A619 SERIES

10 IFATA LINES

WE AF  AH &M A3 AT BD RE BH  8) %

pESIROOITY!

MEE AMELIFIEH LaGI
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LOAD BAC O—r—i . WHT HEGI1EE S
v [ TR AR ALY
) ‘ ' b l l l b l 15 L] 15 15 N
EARF 5 BA e
BINARY WEIDHTED NETHORK B5 Yy ANALOG
ouTkut
AMALUG GHD [/ BT (e ¥
1
v

|_- A T T T ;FSE_'ﬂm
AMNALTG INTERNAL |
Gho IYREF |

|
| = EXTEHRAL
| abEFD - ¥ REF |

FOR acau |

The AB18 and the A619 Digitai to Analog Converters {DAC) are contained on
cne DEC double Flip-Chip™ Meodule. These modules are also double width in
the lower {B section) half. The converiers are complete with a 10-bit buffer
registers, level converters, a precision divider network, and a current sum-
ming amplifier capable of driving external loads up to 10 ma. The reference
voltage is externally supplied for greatest efficiency and optimum scale
factor matching in muiti-channel applications.

The AB09 DAC output voltage is bi-polar while the AG18 DAC output voltage
is uni-polar,

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

TABLE 1

Analog Qutput (Standard)
Binary tnput AB18 AG19
00005 Qv —10v or —5v
04003z +2.5v —5v or —25v
100035 +5.0v 0 volts
1400¢ +7.5v +5v or +2.5v
1777¢ 410.0v , +10v or +5v
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QUTPUT:

Voltage: (A618 — Standard) 0 to 410 valts
Voltage: (A619 — Standard) =5 or =10 volis
Cusrent: 10 ma MAX.
Impedance: <0.1 ohm
Settling Time:

(Full scale step, resistive load) <5.0 usec

(Full scale step, 1000 pf) < 10.0 nsec
Resolution: 1 part in 1024
Linearity: +0.05%, of full scale
Zerp Offset: 5 mv MAX.
Temperature Coefficient: <0.2 mvf*C
Temperature Range: 0to 50°C
INPUT:
Level:'1 TTL Unit load.
Pulse: (positive}

Input loading: 20 TTL Unit load

Rise and Fali Time: 20 to 100 nsec

Width: ~ 50 nsec

Rate: © 108 Hz max,
Timing:

Data lines must be settled 40 nsec before the “LOAD DAC" pulse {transi-
tion) occurs.

POWER REQUIREMENTS:

Reference Power; ) —10.06 volts, 60 ma
Amplifier Power; 4=15 yolts, 25 ma {plus output loading)
Logic Power: +5volts, 135 ma

—15 valts, &0 ma

MOTES:
*Voltage — A619: Full scale voltage {+5 or £10) must be specified at time
of purchase,

Price: Price stated is for standard cutput voltage and current, Other output
characteristics are available on request. .

ABl18 — $350
AB19 — $375
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10-BIT D/A CONVERTER A
DOUBLE BUFFERED

TYPES A620 and A621 SERIES
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The A620 and the A621 Digital-to-Analog Converters (DAC) are contained on
one DEC doubie 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, level converters, a._precision divider network, and a current sum-
ming amplifier, capable of driving external ioads up to 10 ma. The referance
voltage is externally supplied for greatest efficiency and optimum scale-factor
matching in multi-channel-application.

The AB21 DAC output voliage is bi-polar while the A620 DAC output voltage
is uni-polar.

The double-buffered DAC's are offered to satisfy those applications where it
is imperative to update several analog output simultaneously. 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 AG20 AB21
0000g Qv —10v or —5v
0500z 4+ 2.5y -—5v or —2.5v
10005 +45.0v —0 yolts
1500 +7.5v —+5v or 4-2.5v
17778 +10.0v +10v or +5v
QUTPUT:
Voltage: (A620 — Standard) O to 10 volts
Voltage: (AG21 — Standard™} *=5 or =10 volts
Current: 10 ma MAX.
Impedance: < 0.1 chms
Settling Time:
{Full scale step, resistive Load}  «5.0 usec
(Full scale step, 1000 pf) <10 usec
Resolution: 1 partin 1024
Linearity: +0.05%, of full scale
Zero Offset: =5 mv MAX.
Temperature Coefficient; <02 mv/"C
Temperature Range: 0to 50°C
INPUT:
Level: 1 TTL Unit load
Pulse: (positive)
Input loading: 20 TTL Unit [oad
Rise and Fall Time: 20 to 100 nsec
Width: > 50 nsec
Rate: 10% Hz MAX. .
Timing:

1. Data lines must be settled 40 nsec before the “LOAD DAC"” pulse
(transition) cccurs.

2. The “Update DAC" pulse must occur more than 100 nsec after the
“LOAD DAC" pulse.

POWER REQUIREMENTS:

Reference Power: —10.6 volts, 60 ma
Amplifier Power: 1-15 volts, 25 ma (plus output loading)
Logic Power: ) -+ 5 volts, 190 ma

—15 volts, 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.
Cther output characteristics are available on request,

A620 — $400
A621 — $425
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REFERENCE SUPPLIES

TYPES A702, A704
(DOUBLE HEIGHT)

A
SERIES

REF
SUPPLY

F—0C AT +SENSE

—0 AV -SENSE

| 12

aM
TEST POINTS

AM

il

—‘-LRC

REF
SUPPLY

—C AT +3SENSE
———0 Av - 5EMNSE

——2 AE =OUTPUT”

BE  AC
-QuUTPUT
Module) ; Ripple
Output Current Temperature Coefficient| Regulation | Peak to
Type Peak
A702 |—10v| =60 ma lmv/“C 30mv, no | 10 mv
|load to full
load
a70A | 10w |00 tn 1LA0 ma 1 mwiR hrs 0.1 mv. no | 0.1 mv
1 mv/157 to 35°C load ta full
4 mv/0® to 50°C load
\ Module Adjustment Input U Cutput
Type | Resolution Power se Impedance
A702 5 mv —15v{100 ma toad with 500 uf O.SElms
+10 v {B}/10 ma |at load. May also
be preloaded if desired b
A704 0.0l mv [—15 *2 v/250 ma| See helow for sensing | 0.0025 chms
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 to the
load voltage at the most critical location provides maximum regulation at a
selected point in a distributed or remote load. When the sense terminals are
connected to the Ioad at a relatively distant location, a capacitor of approxi-
mately 100 uf should be connected across the load at the sensing point.
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Preloading; The supplies may be preloaded to ground or —15v to change the
amount of current available in either direction. For driving BEC Digital-Analog
Converter medules, —125 ma maximum c¢an be obtained by connecting a
270059, 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 piﬁ 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, with Type 932 bus strip used to bus pins E and pins
F together on all converter modules. In an analog-digital converter, the com-
parator should he mounted next to the converter module for the bits of most
significance. The reference supply modules should be mounted nearby, and
if the A704 is used, its sense terminals should be wired to pins E and F of
the most-significant-bits converter madule. The high quality ground 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 neces-
sary to power supply transformers or other sources of fluctuating electric or
magnetic fields.

A702— % 58
A704 — $184
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10 BIT A/D CONVERTER A

A811 SERIES
F—
BY AH
ANALOG CONTROL
N RFUs O~ COMPARATOR Logie | [€—— START PULSE
—> A/D DONE PULSE
BM
0 TQ A DIGITAL
CONVERTER K——] ADC DIGITAL REG!STER oLTenT
REFERENCE
BIT 1 (MSB}| AE
2 |_AD
3 AN
3 AM
5 aL
6 BR
AB11 10-BIT ANALOG- TO- DIGITAL CONVERTER i BK
9 65
10 {LSBY | BT

A811 10-BIT ANALOG-TO-DIGITAL CONVERTER

The A-811 is a~complete, 10-bit successive approximation, analog to digital
converter with a built in reference supply. The complete converter is con-
tained on ane DEC double FLIP CHIPT™M logic module. Conversion is initiated
by raising the Convert input to legic 1 (44 volts). The digital result is avail-
able at the output within 10 microseconds. An A/D Done Pulse is generated
when the result is valid. The A-811 uses monolithic integrated circuits for
control logic, output register, and comparator.

The A811 requires 2 vertical connectors and the top section (connector A)
requires 2 connector widths.
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100

NANOSECONDS
LT~ —
BIT 1D ﬂ; _ .
L1
|~
10 {3 ———————————
L~
' ]
RT =1
“hise ] F
ey
ol Done 1
PULSE
BIT v ]2l 2a|4is]|s|7]8]|s|rw]
TIMING
SPECIFICATIONS:
Max. Min.
Convert Pulse tnput:
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 Qutput:
Logical 0" 4-0.4v Ov
Logical “1" +-3.6v +2.4v
Output Current Q" 16 ma
Output Current 177 —0.4 ma
Input:
Input Voltage 01to +-10v
Input Impedance 1000 ohms
Resolution: 10 bits
Accuracy: 0.1%, of full scale
Temperature
Coefficient: 0.5 mv/"C
Operating Temperature:
0°CtoBO°C
Conversion Rate: 100 KHz MAX.
Output Format: Parallel Binary Uni-polar
Power:

+15 volts £194 20 ma {pin BW)
—15 volts =19% 160 ma (pin AV)
<+ 5 wolts 2194 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 included. The impedance of the converter with sample
and hold is 10,000 chms. Both options may be included simultanzously if
high impedance and narrow aperture are both required.

AB11 —3$450
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AMPLIFIER BOARDS : A
TYPES A990, A992 SERIES

Many types of commercially available operational amplifiers can be mounted
in the holes provided on these predrilled etched boards. Mounting holes and
printed wires provide for balance 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 +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 hynass rapacitnrs osed with enma high
frequency amplifiers.

Trimming: Mounting hales on 1* centers at the handle end accept wirewcund
potentiometers for balance and feedback (gain) trimming. Gain rheostat
may be connected in series with feedback components to allow precise ad-
justment of gain using inexpensive 19 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.

Types accepted -
by A990

Types accepted by

Amplifier Supplier A992 (boosters too)

Analog Devices
Burr-Brown*
Data Device Corp.
Nexus

Philbrick

Union Carbide .
Zeltex

101, 102, 104, etc.
1500-46, 1500-68

: Casé KorCasel

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 W3S94 or other blank module may be used to mount non-
standard configurations.

F & F

DIFFERENTIATING A ™ bMGH ~F REQUENCY
! CAPACITOR “l |~ ROLL-CFF HETWORK
) L & G \ M DIFFERENTIATNG
W LIMITCR - 147N
oI+ 5 i 1_ S RESISTOR
VOLTAGE FOLLOWER INON-INVERTING) —a v
T u P a—
GAIN TRIM .
(OPTIONAL < o F
CIFFERENTIATOR WITH DOUBLE BAND STORS
W
[ Y-S e

INVERTING AMPLIFIER
G LIFIE T

= < F U e—A—

) fo o F
. R oV FOUR-INRUT SLUMMER
o— |

MON-INYERTING AMPLIFIER

MATCHING TRIMMER CAN BE
WSED TO OPTIMIZE COMMON -
MOQE REJECTION  &L5C
AFFECTS GAN

INTEGRATOR F & F
SUBTRACTOR AND COMMON-MODE REJECTOR

A990 — $4
A992 — 34

251



Twenty module boards are drilled simultanecusly from a computer-
genefated coordinate tape. Other pantograph-controlled machines
drill up to 200 boards simultaneously from a computer-generated
template.
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PART Il

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 @re 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 bhasic
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 Digifals 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 below 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 fotlowing 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 pane! 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) Ali other ground wires, Always use the neatrest pin C above the pin to be
grounded, unless a special grounding pin has heen 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-point wiring is strongiy urged.

The recommended wire size for use with the H200 mounting blocks and 1943
mounting panel is 24 for wire wrap, and 22 for soldering. The recommended
size for use with H803 biock 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. Sciid wire and a heat resistant spaghetti (Teflon) are
easiest to use when soldering.

Adequate grounding is essential. In addition to the connection between mount-
ing panels mentioned above, there must be continuity of grounds between
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‘cabinets and between the logic assembly and any eguipment with wh|ch the
logic communicates.

When soldering is done on a mounting panel containing modules, a 6-v (trans-
former) soldering iren should be used. A 110-v soldering iron may damage
the modules.

When wire wrapping is done on a mounting panel contzining modules, steps
must be taken to avoid voltage transients that can burn out transistors. A
battery- or air-operated tcol is preferred, but the filter built intc some line-
operated tools affords some protection.

Even with completely isolated 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 techniques are utilized. Every user of FLIP CHIP modules
benefits from the extensive investment in high-production machinery at
Digital, but some can go a step further by taking advantage of programmed
wiring for their FLIP CHIP digital systems. .

While the break-even point for hand wiring versus programmed wiring de-
pends upon many factors that are dlfflcult 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.

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 ifself 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, reliability predictions, and ava|lablllty 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 Sales Manager, Sales Department.

COOLING OF FLIP CHIP MODULES

The low power consumption of K and M series modules results in a total of
only about 25 watts dissipation in a typical 1943 Mounting Panel with 64
modules. This allows up tc six panels of modules 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 mounting ;ﬁanels stacked together must be reduced without
forced-air cooling. In general, total dissipation from all modules in a convec-
tion-cooled system should be 150 watts or less.

~ The regulating transformers used in most DEC power supplnes 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 cutput power. |f power supplies are mounted below any of the modules
in a convection-cooled system, this dissipation must be included when check-
ing against the 150 watt limit.

STANDARD MODULE SIZES
SINGLE-WIDTH FLIP CHIP MODULE

CONDUCTIVE COMPONENT LiMIT 5,

¥ NONCONDUCTIVE COMPONENTS g max. l

* +L'_ T 5 ] 1
6 MAXIMUM HEIGHT —— GOLD-PLATED CONTACTS

OF SOLDERED :
COMPONENT LEADS ETCHED WIRING SURFACE

SINGLE-HEIGHT FLIP CHIP MODULE

-
"

"b'fg—h-

7
2 ,-"16 2.240 ——._

.
e

oy —— 57

050 — 812 -+ J
. f
-

e 5Y% : -
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DOUBLE-WIDTH FLIP CHIP MODULE

CONDUCTIVE COMPONENT LIMiTS '3/

0 056"

2?/32 max ‘
NONCOMDUC TIVE ’
COMPONENTS

11
\—— GOLD-PLATED CONTACTS T

DOUBLE-HEIGHT FLIF CHIF MODULE

o7s
— 050

3‘/‘6 _+ - 812 J

) 1
- ] /16 -
b 5 './2 ; R
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All incoming integrated circuits underge computer controlled test-
ing, with 40 d¢ 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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DUAL POWER SUPPLY POWER

H704, H707
+15 Volts 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 H320 drawer, taking the space of two connector
blocks.

MECHANICAL CHARACTERISTICS
DIMENSIONS: 314 x 334 x 5 in. height (H704)
DIMENSIONS: 47 x 5" x 514" height (H707)
CONNECTIONS: All input-output wires must be soldered to octal socket at
the base of the power supply.
OPERATING TEMPERATURE: —20 to +-71°C ambient

H704 — $200
H707 — $400
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ELECTRICAL CHARACTERISTICS

INPUT VOLTAGE: 105 to 125 vac; 47-420 cps.

QUTPUT VOLTAGE: floating =15v

OUTPUT YOLTAGE ADJUSTMENT: = 1v each output

REGULATION: 0.0524 line, 0.1% load for hoth 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.

JF REMOTE SENSING 1S NOT USED, CONNECT: 21‘3;

=18Y SENSE

+153v SENSE —15v QUT
+15v OUT + 18y OUT
105=115 vald +15Y SEMSE
NS -125 vaC =15V SEMSE
AC-COM =13y GUT
IF REMOTE SENMSING 15 NOT USED COMNECT! § TO 4
& 0T
B TOS
10 TON

WIRING: Digital/analog and analog/digital converters perform best when
module locations and wiring are optimized. All Digital-Analog Converter mod-
ules should be side-by-side, with Type 832 bus strip used to bus pins E and
pins F on all converter modules. In an analog-digital converter, the com-
parator should be mounted next to the converter module for the bits of
most significance, The reference supply module should be mounted nearby,
and if the A704 is used, its sense terminals shouid be wired to pins E and F
of the most-significant-bits converter module, The high quality ground must
be connected to the common ground only at pin AC of the reference suppiy
module, and this point shouid alsa be the commeon ground for analog inputs
to analog-digita! converters. Do not mount A-series modules closer than
necessary to power supply transformers or other sources of fluctuating
electric or magnetic fields.
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POWER SUPPLY POWER
H710 SUPPLY

The H710 power supply is ruggedly built, low cost, regulated, floating output,
five volt power supply that can be mounted in an H920 chassis drawer or
used as a free standing unit. Remote sensing to correct for loss due to long
lines is provided, When shipped from the factory, the remote sensing inputs
are jumpered to their respective outputs. Especially useful in sysiems that
require maximum repeatability from K303 timers in the millisecond region.

INPUT VOLTAGE: 105-125 VAC CQUTPUT VOLTAGE: P-P RIPPLE:
: or 210-250 VAC 47-63 HZ 5 vdc, _ Less than 20 mv.

OUTPUT CURRENT:
(-5 amps. shirt-circuit protected for parallel supply operatlon

LINE AND LOAD REGULATION:
The cutput veltage will not vary mere than 50 mv over the full range of load
current and line voltage,

OVERVOLTAGE PROTECTICN: )

The output is protected from transients which exceed 6.9 Volts for more than
10 nsec. However, the cutput is not protected agalnst long shorts to voltages
above 6.9 Volts,

POWER CONMNECTIONS:

Input power connections are made via tab terminals which fit the AMP
“Faston” receptacie series. Output power is supplied to solder lugs. All
reqmred mounting hardware is supplied with this unit. See 914 power
|umpers

Length: 8" Height: 6"
Width: 5” . Finish; Chromicoat
H710 — %200
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POWER SUPPLY POWER
H716 SUPPLY

Type H716 provides 45 volts at 4 amperes and —15 volts at 1.5 amperes
with over voltage protection for 45 volts. This dual voltage power supply is
designed to 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 HO21, therefore the right end plate cannot be
used when a Type H716 supply is mounted, The supply takes 2 connector
blocks of Type H80Q, HB03, or HB08. This provides 48 module slots with
Types HB00 and HB03, 24 slots with Types H800 and HB803 and 24 slots
when Type 808 is used.

MECHANICAL CHARACTERISTICS

Maximum Dimensions 514 x 414 x 12 deep

Power input via Amphenol 160-5 or equivalent connector with an Ampbenaol
1560-5 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 velts change transformer tap connections.

Output 1: +5v, adjustable from 4.5 to 5.5 volts at 4 amperes maxi-
mum. Line-Load-Ripple total regulation £39.

Cutput 2: —15v *59% at 1.5 amperes, maximum. Line-Load-Ripple
total regulation =504,

Temp. Range: Above specifications are over a range of 0-50°C,

H716 — $130

.~ 263



Quality of plated-thru holes is checked in our new electrochemical
facility before boards go to the module assembly area.
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POWER SOURCE MODULE
K731

SLAVE REGULATOR
K732

HARDWARE

One K731 plus up to 3 K732 can provide from 1 to 7 amperes at +-5v.
- Consult K Series text for additional characteristics and hook up information.

K731 — $24
K732 — 327

265



POWER TRANSFORMERS POWER
K741, K743 SUPPLY

12.6 VLT
>FOR K731,
K732

BLK/WHT
240vac @ BLK %
% RED/WHT.
T OI20VMAC .
RED

ORANGE — -~
E_ ¥ 12 VAC 2 AMPS
T OR )
120VAG
i GN

126 VCT FOR
K731, K732

—_—

Gy

These hash-filtered, 50/60 Hz transformers supply K731 Source and K732
Slave Regulator modules. The K743 also provides an auxiliary winding for
use with K580 Dry Contact Filters and K681 or K683 Lamp Drivers (requires
additionat bridge rectifier). Type 914 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 K880 endplates:

PLATE DIMENSIONS HOLE CENTERS MATCHING K980 Cirs.

K741 31/2" x 5::_. 21211' X 33/8" 21/2"
K743 5% x 5" 4" x 334" 4"

The K741 is sufficiently light in weight to be mounted on one side only, as at
the end of a K943 mounting panel. .

K741 — $22
K743 — $38
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DISPLAY SUPPLY POWER
K771 SUPPLY

" asm"

L]

{SHOWN WITH 3 KB71'5)

" Shown above from the viewing side, the K771 supplies power and a conveni-
ent two-screw mounting for up to 6 K761 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 mouning screws
provide both mechanical mounting and electrical power connections. The two
pane! meounting screw locations dimensioned above have no. & steel threaded
inserts. Several 1” holes 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
mounting surface, Power 120 VAC enters the supply from a terminal strip at
the rear. Total depth behind mounting surface: 4",

K771 — }26
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CONNECTOR BLOCKS
H800-W, H800-F

HARDWARE

This is the 8-module molded socket. assembly used in FLIP CHIP mcunting
panels. Aside from its function as a replacement part, there may be times
when a special mounting fixture with one or more H80D blocks must be
made by a manufacturer who wishes to fit a few modules into a confined

- or ifregular space. The drawings below show the pertinent dimensions.

WiGE - WRLA TOTAL LENGIH
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|
|
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oW TME MIOULL 1N T s-_cr_.i }._ a
]
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BT BRILL - Ty
— 8187 LUK TEABIRE
314" DEEP

to”

SCLIEQ FOAE MRl L[NGT

o 2o 1

SIEW MG MODULE SDE

- cust

REPLACEMENT CONTACTS TYPES HB01-W, HB01-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; H801-F is for solder-fark connectors.
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HBOOF — $8

HBOOW — %8
H801F — $2

H801W — $2



CONNECTOR BLOCK
1802 HARDWARE

———————————— 2.594 REF ——————l

T

1000
REF.

= -
025 j;_g f

REF. o A5
4 REF,

0.25
REF.

This is an 18 pin connector block for a single flip-chip module. The H802
can be used to fit a single module in a confined or irregular space. Qften
the H802 is used as a connector for a cable at some remote location. The
HB802 is only available with wire wrap pins,

H802 — $4
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CONNECTOR BLOCK HARDWARE
H803, AND H805 PINS '
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« WIEW FROM MODULE
SIDE

The HB03 is the 8-module molded Jacket Assembly used in the H910 and -
H211 mounting 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 to 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 availabie 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.).

HB805 is a package of 36 pins (18 left and 18 right) to be used as repface-
ments in H803 blocks. Three types are available depending on the manu-
facturer of Type H803 whose name or symbol is found con the connector
mounting block. Fer ordering -purpaoses specify letter code as shown below:
H805

A—Amphenel

C—Cinch
S5—Sylvania
H803 — $13
H805 — $4
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CONNECTOR BLOCK ‘ HARDWARE
H807 '

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
include mounting in confined or irregular spaces. Often the H807 is used to
terminate a connector board at a remote location. The HB07 js available only
with wire wrap pins.

H807 ~- %5
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CONNECTOR BLOCK HARDWARE
H808, H809 PINS

WIRE-WRAF TOTAL LENGTH
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WIRE
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|
.

VIEW FROM MOODULE 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 hawng 36 pins. On AK and W Series modules™
only 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. Hand wiring of connector pins ts more easily
~accomplished for M Series prototype work, H800 and H808 connector blocks
can be mixed for M and A, K, W module mixing purposes. Wire wrapping
patierns can be mairtained even though module letter series are mixed be-
calse H800 & HB08 pin layout is identical. HBO9 is a package of 36 replace-
ment pins, 18 left and 18 right.

H808—%10
H809—$% 4
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MOUNTING PANEL HARDWARE

HOOL, H002, H020, HO21, HO22 HARDWARE

Pairs of brackets. HO01 provides 34" standoff to mount 1907 over K943
wiring. HOO2 provides a 2" setback so a control panel with switches, lamps,
etc. can be mounted flush with mounting rack or cabinet in front of logic
wiring.

The HO20 consists of a mounting frame casting. Components which can be
mounted on this frame include, H800, HB03, H808 connector blocks, power
supplies such as H710 and others or customer components that are adapted
to the frame mounting requirements.

The HO21 consists of a pair of offset end plates which mount to the HO20.

These end plates provide a mount for the 1945-19 hold down bar, if required.
HO22 consists of a pair of end plates similar to HO21 but provide a terminial
block assembly for ease of parallel power wiring of adjacent panels.

HOO1-PR — $8 -

HO02-PR — $8
HO20 — $15
HO2} — §7
H022 — $20

————————————
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Checking the appearance of board contacts being gold-plated. Our
100 micro-inch plating is verified by periodic checking on a radia-
tion gauge,
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MOUNTING PANEL
H910

HARDWARE
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This dual function mounting panel offers a way to build complete digital
systems of up to 22 FLIP CHIP modules into only 5L in. of rack space.
More power is available than is ever likely ta be consumed in a 32 module
system. Power in excess of that required for 32 modules can be obtained at
the terminal’ block which si convenient to the input terminai block on any
adjacent H911 or 1943 mounting panel.

The HS10 panels are built from four H803 connector Blocks and a 5 volt
regulated supply. Wire wrap connectors for 30 awg wire only are present on
the HS10. The panel! will hold 32, 36 pin modules. In addition, the panel is
bussed with 933 bus strips on pins A2, C2, and Tl 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
terminal block on any adjacent H211 mounting panel, generally used for M
series modules.

ELECTRICAL CHARACTERISTICS

INPUT VOLTAGE:
105-125 VAC or 210-250 VAC

47-63 HZ :
DUTPUT VOLTAGE:
Svdc
OUTPUT CURRENT: OVERVOLTAGE PROTECTION:
0-5 amps. short-circuit protected The output is protected from transients
for parallel supply operation which exceed 6.9 volts for maore than
10 nsec. However, the output is not
protected against iong shorts to volt-
ages ahove 6.9 volts.
MECHANICAL CHARACTERISTICS
PANEL WIDTH: 19 in. vided on transformer
PANEL HEIGHT: 5%; in. MODULES ACCOMMODATED: 32
DEPTH: 1634 in. FOWER OUTPUT CONNECTIONS:
FINISH: Chromicoat Barrier strip with screw terminals and
POWER INPUT CONNECTIONS: tahs which fit AMP “Faston" receptacle
Screw terminals series 250, part no. 41774 or Type 914

- pOWer jumpers.

1945-19 HOLD DOWN BAR: Reduces vibration and keeps modules securely
mounted when panel or system is moved. Adds 14 in. to depth of mounting
panel.

Consult following table for option and ordering information.
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MOUNTING PANEL
HOL1 ) H911-K. HARDWARE

The H211l mounting panel uses eight H803 connector blocks and houses
sixty four, 36 pin connectors. Mechanical dimensions are identical to those
of the H910. The H911 is available with wire wrap pins only. Power wiring
options are available on the H211. Generally used for M series modules.

933 BUS STRIP—For H911 mounting panel, makes wiring power and register
pulse busses easy,

Consult following table for option and ordering informaticn.

H911J—$151
H911K—$161
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19" MOUNTING PANEL
K943-R, K943-S HARDWARE

These low cost, 197 panels have 64 sockets with either wire-wrap (W) or
solder fork (F) contact pins. Shipped with connector blocks installed and pins
A and C bussed. :

No terminal sirips are included in the KS43, since power regulators K731
and K732 will normally be plugged in to make power connections. If hold-
down is requirad to prevent modules from backing out under vibration, order
a pair of end plates K98Q, These assemble by means of added nuts on the
rear of the rack mount screws. They accept the painted 1907 cover
plate, -making a held-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 K843-5 , K980, 1907, and HOO1.

" K943R—396
K9435—%96
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MOUNTING - PANEL
H913,H914, H916 & H917 . HARDWARE

This panel houses a 5v regulated supply and four low density H808 con-
nector blocks, This allows 16 of either AK,M, or W series modules to be
used. Electrical and mechanical characteristics are like those of type H210.

This panel houses 8 low density H808 connector blacks. The panel will hald
32 of either A/K,M, or W series modules. It can be used for expanding slot
capacity in conjunction with H913 or alone using other options of voltage
supply, e.g. K731 K732 combhinations. Mecharical characteristics are like
those of HS11.

This panel incorporates an HO20 frame on which is mounted an H716 power
supply and & HB03 (green) connector blocks. This provides 48 36 pin module
slots. Although generally used for mixes of M and A series modules K and
W series modules can also be accommodated.

This pane! is similar to H216 except 6 low density H808 connector blocks
are suppiied. With this connector block 24 module slots are available allowing
the use of either of the module series, Electrical and mechanical character-
istics are similar to those of Type H916 with the exception of the connector
block pins.

H913—%270
HS14—$125
H916—%$270
H917—%260
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TABLE OF MOUNTING PANELS
WITH & WITHOUT POWER SUPPLY

NA = Not Available.

AVAILABLE
ORDER NO. VARIATIONS
—1 Fou — - —  PRICE
Order ower
Panel Letter Option F w B P
[ Hoo K v NA X X $280
Holl J X NA X | $151
Hel1l K X MNAa X X $161
Hol3 | L v NA X % X | $270
H914 L X NA X X - §125
H316 M v MNA X X X $270
H917 N v MA X X X $260
K943 R X X X $ 96
K943 s X X X $ 96
FPREWIRED POWER
¥ o NO POWER {extra cost option}
A Omit P if not desired.
¥ = 105-125 VAC
OR 210-250 VAC
 47-63 Mz
CONNECTOR POWER CONNECTION
W—for wire-wrap B—Power input wvia terminal block.
F——for forked solder Eath conwventional screw connec-
connectors tiens and taper tabs can be used.

Example Order; HS11KX
This describes a Type HO20 casting with 8 Type H802 wrie wrap connectors

and ground wired to a terminal block incorporated into the end plate assem-
bly.
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END PLATES
K980

HARDWARE

Pair of plates for supporting 1907 cover to hold modules .in K943 panel
under shock and vibration. (Note: If vibration is anticipated, care must be
taken not to nick logic wires. Use a quality wire stripping device.} Also used

for mounting K741, K743, K782, K784.

K980—$6
COVER
1907 HARDWARE

Blue painted or brown tweed painted aluminum cover with captive screws

to mate threaded bushings in K980 and HOO1. Adds to appearance while

protecting system against vibration and tampering..

282

1907 — $9



MODULE DRAWER AND ACCESSORIES
H920, H921, H923 HARDWARE

" The H920 Module Drawer provides a convenient mounting arrangement for
a complete digital logic system. The drawer has sufficient room. to house up
to 20 mounting blocks in addition to the H710 power supply. The power
supplies not included in the HS20 but must be ordered separately, When

used without the paower supply, there is room for up to 24 mounting blocks.

The drawer accepts both H800 and H803 mounting blocks and fits a standard
197 relay rack and all DEC cabinets. Width of the module drawer is 1634
and depth is 19". When used with the H321 Panel, the height is 634", The
module drawer comes eguipped with a power bracket for distribution of
power within the drawer, to other drawers or to mounting panels. The H820
comes with convenient mounting arrangements for both the H221 front panel
and the H923 slide tracks. The H921 is a front panel designed to be used
primarily with the HS20 Module Drawer. It provides convenient mounting
arrangements for switches, indicators, and other accessories which may be
required in a logic system. The H321 comes pre-drilled and ready to mount
to the H220. Height of the panel is 634" and width is 19”.

The H923 chassis slides are designed to be used with the H920 Mounting
Drawer. These slides allow the user to slide the drawer out of the cabinet or
© rack and tilt the drawer to any angle, H923 tracks may alsoc be ordered
directly frorn Chassis Trak, Inc., Indianapolis, Indiana, part number CTD 120,

H920 — $170.00
H921 —% 5.00
H923 —§ 75.00
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MODULE DRAWER

925 HARDWARE

This enclosure provides ‘mounting space for up to 18 H800 or H303 con-
nector blocks accommodating as many as 144 M or K series modules. The .
HB08 one-half density connector may also be used for an accommedation of
72 M series modules. The connector blocks mount pins-upward for easy
access during system -checkout.

Three axial flow fans are provided and are mounted internally on the right
side of the enclosure to provide cooling air flow across mounted modules and
through the power supply area.

A 334" wide, 734" high, 1834" deep space is provided in the left side
portion of the enclosure for power supply mounting or other purposes. Any
assembly mounted in this space should be designed in such a manner as to
not obstruct the air flow from passing on through the three screened openings
in the left side of the enclosure. Two non-titing siides, similar to Grant type
5§5-168-NT are provided for mounting the HS25. Mounting height should
allow for possible servicing of the enclosure using bottom access.

Cover plates are provided for the top and bottom of the enclosure. The
enclosure also includes an attractive bezel and front sub-panel. The sub-panel
is manufactured of 16 gage material and is intended for the mounting of
front panel controls and other accessories. The hezel allows for the installa-
tion of customer supplied dress panel. The dress panel should be manufac-
tured of L§” thick material which measures 8%" X 1834 with the corners
radiused to 34".
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WIRING ACCESSORIES

913, 914, 915, 917 ACCESSORIES
H820, H821, HB825, HB26 :

: 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
hoxes. Type 913 patcheords 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 #85952-3.

H820. AND HB21 GRIP CLIPS FOR SHIP-ON PATCHCORDS
The type H820 and H821 GRIP CLIPS are identical to slip-on connectors used
in respectively the 913 and 915 patchcords. These connectors are shipped in
packages of 1000 and permit fabrication of patchcords to any desired length.
H820 GRIP CLIPS will take size 24-20 awg. wire and may be purchased from
AMP, Inc. as AMP part #60477-2, H821 GRIP CLiPS will take size 30-24 awg.
wire and are AMP part #85952.3, :

Hg25 HAND CRIMPING TOOL
Type H825 hand crimping tool may be used to crimp the type H8'20 GRl_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 #9018-1,
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914 POWER JUMFERS
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 H807 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 fype 917 Daisy Chain
and wire cutters. These dependahle 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 215" or 57,

917 — 2.5 — blue Also available from:

917 —5 — white Berg Electronics
New Cumberiand, Pa. 17070
Tel. (717) 938-6711

913 — $18.00/ pkg. of 100
914.7 — $4/pkg.
914-19 — $4/pkg.
915 — $33.00/ pkg. of 100
H820 — $48.00/ pkg. of 1000
H821 — $75.00/ pkg. of 1000
H825 — $146.00

- H826 — $210.00
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WIRING ACCESSORIES

932, 933, 934, 935, 936 ACCESSORIES
H810, H811, H812, HB813, 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 mounting panels
using H803 connectors.

933 — %1
934 WIRE-WRAPPING WIRE
1000 ft. roll of 24 gauge solid wire with tough, cut-resistant insulation. (Use -
Teflon insulated wire instead for soldering.)
For use with H800 connectors.

934 — $50
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935 WIRE-WRAPP.ING WIRE
1000 foot roll or 30 gauge insulated solid wire for use with HB03 connectors.

935 — $60

936 19 CONDUCTOR RIBBON CABLE
Use on ‘W Series connector modules or split into 9-conductor cables for use
with K580, K681, K683, etc.

936 — $0.60

HB810 PISTOL GRIP HAND WIRE WRAFPING TOOL

The type HB10 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 tool may also be purchased from Gardner-Denver Co.
{Gardner-Denver part No. 14H-1C) with No. 26263 bit and No. 18840 sleave
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
HBI10A —$ 599
H810B — $150
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H812

_ The Type H811 Hand Wrapping tool is useful for service or repair applications.
It is designed for wrapping #24 sclid wire an DEC Type H800-W connector
pins. This tool may also be purchased 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 also be purchased from Gardner-Denver Co. as
Gardner-Denver Part #£500130..

The H811A and H12A are equivalent to 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: H211A A-20557-29;
H812A 505 244-475, The H813 is a #24 blt HB813A, & #30 bit. The HE14
is a #24 sleeve; M814A, a #£30 sleeve.,

None of the Wire Wrapping Tools will be accepted for credit under any
circumstances. .

H811(24) - — $21.50
HB811A{30) — $21.50
.H812(24) — $10.50
H812A(30) — $10.50
H813(24) — $30
H813A(30) — $30
H814(24) — $21
H814A(30) — $21
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MODULE EXTENDER
W80, HARDWARE

The W9BC Module Extender allows access to the module circuits without
hreaking connections between the module and mounting pane} wiring,

For double size flip-chip modules use two W980 extenders side by side. The
W80 is for use with A, K and W Series 18 pin modules.

Wo80 — $14
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MODULE EXTENDER
W82, HARDWARE

The W382 serves a function similar to the W380 except it contains 36 pins
for use with M series modules. The W382 can be used with all modules in
this catalog. A, K, and W series modules will make contact with only 2 side
pins. A2, B2, etc.

For double size M Series modules use two W982 exienders side by side.

wosg2 -— $18
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BLANK MODULES
W970-W975, W990-W999 HARDWARE

. These 10 blank modules offer convenient means of integrating special circuits
and even small mechanical compenents into a FLIP CHIP system, without loss
of modularity. Both single- and double-size boards are supplied with contact
area etched and gold piated. The W990 Series modules provide connector pins
on only one module side for use with H800 connector blocks, W970 series
modules have etched contacts on both sides of the module for use with
double density connectors Type HB03, and low density Type H808.

Type Pins Description Handle Price

Waso 18  Bare board, split-lug terminals attached $ 2.50
wagl 36 Bare board, split-lug terminals attached $ 5.00
woo2 18  Copper clad, to he etched by user - . separate  $ 2.00
W883 36  Copper clad, to be etched by user separate % 4.00
WS28 18  Perforated, 0.052" holes, 18 with - attached % 4.50

etched lands. The holes are on 0.17
centers, both horizontally and vertically.

Wo99 . 36  Perforated, 0.052" holes, 36 with attached % 9.00
etched lands. The holes are on 0,17
centers, both horizontally and vertically.

W970 36  Bare hoard, no split lugs, similar attached § 4.00
to w990, contact both sides

Wwo71 72 Bare board, no spiit lugs, similar attached % B8.00
to w991, contact both sides :

W972 36  Copper clad, similar to waoz separate  § 4.00

W73 72  Copper clad, similar to W93 separate $ 6,00

W974 36  same as W998, contact both sides " attached $ 9.00

We75 72  same as W999, contact both sides attached $18.00
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BLANK COPPER CLAD MODULES

HARDWARE
Wo92, W993, Wo72, Wo73
" | | 5%
_i__l ! __‘_
O [ O O O O
J_ _L TOUGoe Tox JXzoawi- oo APUOWL T X _FZLE - T
ABUowe T 23 Zod - D ﬁ(-.((ﬁ-u-(dqqquviﬂq-(-tﬁ w:la:ﬂ.aﬁﬂﬁmmﬁﬁmwﬁmﬁr
Wwooz2 ’ Wo93

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 2 minimum of etchable
area. Type WS72 and W973 are equivalent to the above types but have copper
ciad on both sides.

wo72—4%4
We73—%6
wag2—5$2
Wo93—54
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CABINET . HARDWARE

H950
DEC Standard
71-7/16"

Overall Height
—— . Prices

63" Mounting

Panel-Height
Frame 19" Cahinet, 63" Mtg. Panel Height H950-AA $120.00
Full Door {RH) H950-BA 35.00
Full Door {LH} . HS50-CA : 35.00
Mounting Panel Door (RH) H950-DA 35.00
Mounting Panel Door {LH) HO950-EA 35.00
Mounting Panel Door—Skin - HO950-FA 20.00
Short Door (covers 217 Mounting Height) HB50-HA 30.00
Short Door {covers 2234 % Moaunting Height} H950-HB 30.00
Short Door (covers 2614 " Mounting Height) HS50-HC 30.00
Short Door (covers 314" Mounting Height) + HI950-HD 30.00
Short Door (covers 3634 " Mounting Height) -+ H950-HE 30.00
Shart Door (covers 42° Mounting Height) H950-HF 30.00
Short Door (covers 4714 " Mounting Height) H950-HG : 30.00
" Short Daor (covers 52147 Mounting Height} H950-HH 30.00
Short Door {covers 573/ " Mounting Height) H950-HJ 30.00 -

814" Cover Panel (Snap On} H950-PA 10,00
10L4 " Cover Panel {(Snap On}’ HS50-0A 15.00
Filter . H950-SA 2.00
End Panel i H352-A4 35.00
Stabilizer Ft. (Pair) H952-BA 45.00
Fan Assembly . HS52-CA 45.00
Caster Set (4) ) H952-EA 13.00

Leveler Set {4) _ H952-FA 10.00
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ORDERING FI(I)\IIIQ:ORMATION
PREASSEMBLED CABLE

HARDWARE

Standard lengths for preassembled cable are: 3, 5; 7, 10, 15 and 25 feet.

Cable price per foot is as follows:

19 eonductor Ribban cable
9 conductor Flat Coaxial cable $1.00
19 conductor 114" Mylar cable (BC0O8 only) $0.75

Standard charges for connection of cable to each connector is as follows:

$0.60

$ 9.00 per connector side -
$18.00 per connector side
$ 3.00 per connector side

STANDARD PREASSEMBLED CABLES

Ribbon

Coaxial

Mylar

RIBEBCN
Type CONNECTORS

BCO2F-XX W018-w023
BCO2L-XX Wwo21-w021
BCO2M-XX  W021-w021
BCO2P-XX WO022-W022
BCO2S-XX WO023-w023
BCO2W-XX  WO028-W028

To the above prices, add price of cable:

Example: BCO2L-7
1-—BCO2L-XX

7 feet ribbon cable @ $0.60/1t.

Basic
Price
31.00Q
26.00
27.00
28.00
26.00
28.00

$30.20

Type
BCO3C-XX
BCO3D-XX

$26.00
4.20

$30.20

COAXIAL

Basic

CONNECTORS Price
wo21-w021 44.00
Ww021-w021 45.00

A $5.00 service charge will be appllcable to all cable lengths other than 3, 5,
7, 13, 15 and 25 feet.

Example: BCOZL.9
1—BCD2L-XX

9 feet ribbon cable @ $0.60/ft.
non standard length service charge

$36.40

$26.00
5.40
5.00

$36.40




ORDERING INFORMATION
FOR HARDWARE
PREASSEMBLED CABLE

Standard preassembled cables; X shall equal 3, 5, 7, 10, 15 or 25 feet.

STANDARD M SERIES CAELES

M903-mM203 M3a04-mM304

14" Mylar Cable Flat Coax. Cable

BCOBA-3 $41.50 BCOEB-3 $106.00
BCOBA-5 44.50 BCO8B-5 110.00
BCOBA-7 47.50 BCO8B-7 114.00
BCOBA-10 52.00 8C08B-10 120.00
M203-2 WO31 MS04-2 Wo11

114 % Mylar Cable Flat Coax. Cable

BCOSBC-3 $34.00 BCO8D-3 $101.60
BCO8C-5 37.00 BCO8D-5 105.60
BCO8C-7 40.00 BCOBD-7 108.60

BCO8C-10 44.50 BCOED-10 115.60
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CABLE CONNECTORS

FOR INDICATOR AMPLIFIERS
TYPES WO018, w023

W

SERIES

The WOI8 and W023 provide 18 line ribbon cable connections to FLIP CHIP
mounting panels. In the WO18 connection to each pin is through a series low
leakage silicon diode. The W023 provides unbroken signal {ines from the cable
to the connector pin,

When these cables are used with 4917 or 4918 indicators, the WOL8 must be
located at the FLIP CHIP panel and the WO23 inserted in the indicator socket
connector. Cables may be ordered with connactor modutes on both ends or on
one end only. Cable length 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 other purposes, since the
Power Pins (A. B} are unprotlected.

Type Price without Cable

wol8 $9.00
w023 $4.00

CABLE CONNECTORS FOR LEVELS W

AND PULSES

TYPES WO021, W022, W028 SERIES

The WQ21, W022, and W028 provide cable connections to the FLIP CHIP
mounting panel. The cable is a 19-canducter ribbon with nine signal leads and
ten shields. The signal leads are connected to pins D, E, H, K, M,P, S Tand Vv,
The shields are internally connected together and to pins C, F,J,L,N R, and U,

In the v_‘.'02 1, the signal_ leads are connected directly to the signal pins. In the
WO028, jumpers are available for series or shunt terminatars. 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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COUNTER APPLICATIONS \
TYPE M204 APPLICATIONS

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 bardware. The
basic design principle used in these counters is to detect the present state
of the counter and decide whether or not fo 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 noted that the line defined as ‘*Clock’ requires a positive pulse
which is the logical inversion of the standard pulse. One gate of an M117
can be used to perform this inversion. Since each clock input presents two
unit loads to the source, more than 5 stages of counting requires the use
of one gate of an M627. (Refer to the "Timing Considerations’” section of
the Logic Handhook.)
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The modulus 7 counter requires external gating and cannot be implemented
with the M204 alone. '
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Discrete components for DIGITAL Modutes are positioned and
crimped in place at rates up to 2,200 per hour on pantograph
controlled inserting machines. 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
controlled 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 hits of a
detector using M113, M117 and M121 modules. A 4-bit section requires
sixteen two input NAND gates (1 3/5 M113), five — Jour input NAND gates
{5/6 M117), and four AND/NOR 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

Figure 2 shows just the equality detector used_in each bit. The two AND gates
in the AND/NOR gate actual detect Ay{F) B @is exclusive OR) but since the
output section of the AND/NOR gate alSo performs an inversion, the result is
A D) Bu or equivalently Ax = Bx. This result can be verified in the truth table
in Figure 3. If only equality detection is required, the ouvtput 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 t¢ 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. o

4 _
178 A-B
M7
B
Figure 2,
An By A+ By T' By (An 'FN) A (E . BN) AN: Bn
9] 0 Q 0 0 1
¢ 1 o) 1 1 G
1 0 1 0 1 0
1 1 0 Q 0 1
Figure 3.

NOTE: (A, By + (A, « B DA, = By
ALSO: “0" = Low
w1 = High
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ALL BITS EQUAL SO FAR

AN41 7 By 4y Ay g =By !

Ay m—

BN l:®7-

AN"l $

8n-1 :E

NOTE: EQUAL TO N-1
*  THIS GATE WILL BE Ap-2>BnN-2

V6 M117 A3 B3

L]
THIS GATE WILL BE
1710 M113

M LIS GATE WILL BE
/6 MIIT FOR 4 BITS,
1/3 M119 FOR & BITS

FIGURE 1.

EQUALITY AND MAGNITUDE DETECTOR

A»B



THE RELATIVE MAGNITUDE DETECTOR

The relative magnitude detector at bit "N

— receives “'Ay"’, "By, and “(An = Bu)" signals from the equality section,
— receives an “Equal so far'” signal from "N 4 1"
— generates output signals “Equal so far'’ and Ay > By'".

The input signal “Equal so fai"* from bit ‘N 4 1" indicates that all bits more
significant than N are equal if HIGH (ie. 43 volts). Conversely, if LOW
{ground) it indicates that at least one of the mare significant bits is not equal,
The output “Equal se far” from bit “N” being HIGH indicates that all bits up
to and including bit N are equal. A LOW indicates an inequality at or before
bit N. The "Axy > Bu" signat will be LOW if Ax = 1 and B, — Q and all more
significant bits are equal. By conditioning the Ay > B.'" signal with equality
information from more significant bits, it is insured that if By = I and Au
— 0, an “Anx > Bux' signal cannot be enabled to give a false A > B signal
at the output (bit “N-X'" is simply some bit ess significant than bit “N').
Thus only the most significant ievel of inequality is considered if two numbers
are unegual. In addition to the bit schematic of Figure 4, Figure 5 shows
the truth table for the relative magnitude detector part of each bit.

TAN41 "Bt e LBy g "By i3 s —m - - -
All Bire to N-41 are #qual

. A1 8ils bo N-Equal
M1l
AyrB ? iTo N-1 Bit}
HTEN ’ M113
A >B
. N N
&N

Figure 4.

INPUTS TO BIT N OUTPUTS FROM BIT N
Equalto Bit N 4 1 A,; B, “Equal to Bit N | Ay > Bu

0 0 0 0 1
0 0 1 0 1
0 1 O 0 1
0 1 1 0 1
1 0] 0 1 1
1 0 1 o 1
1 1 o 0 0]
i 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.

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 outputs “A > B" and “Equal to bit N-1'". The “A = B" output from
the detector will always come from the least significant bit regardless of the
number of hits 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 hit
sections to feed an extender such as that in Figure 8.

Since equality information must propagate from the maost significant bit to
the least significant bit, 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 bit equality and magnitude detector would have a propagation ’
delay of (16) (30 nsec) 4+ 30 ns — 520 nanoseconds.

DETECTOR OUTPUT SUMMARY .
A>B A = B (at !east significant hit) Output Indication

0 (low)) QO (iow) B > A
Q {low} 1 (high) A—B
1 ¢high) 0 (low) A>B
1 (high) 1 ¢high) impossible
Figure 7
-
FRoM {@ 4> B For Bits 13-16 Dc
1318
M2

A>B For Bits 9-12

MAGNITUDE
DETECTOR <
INPUTS

A8 For Bits 5-8

Mi13
@A)B For Bits 1-4 Dc
\ M3
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 cutput 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 MODLULE QUANTITY TOTAL PRICE
2 Input NAND gates M113 4/{5 $16.00
4 Input NAND gates M117 1/6 3.50
AND/MOR gates M121 2{3 16.60
$36.16
TABLE 2
DESCRIPTION MODULE QUANTITY TOTAL PRICE
2 Input NAND gates MI113 13/5 $32.00
4 Input NAND gates M117 5f6 17.50
AND{NOR gates M121 213 16.66
$66.16
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VOLTAGE CONTROL OF THE M401
VARIABLE CLOCK

APPLICATIONS

The pulse repetition frequency of the M401 may be controlied or modulated
by applying a variable voltage to the base of Ql. This may be accomplished
as follows:

1. Open the connection between the hase of QI and the junction of the
resistor R1 & R2.

2, Insert a 7509, £59%, 14 watt resistor between the base of Q1 .and one
of the unused module terminals, F, H, L or M,

3. W the rate at which the frequency is to be changed ar controlled is not
excessive, add a .01 pfd. disc capacitor hetween the base of Q1 and
ground for neise filtering.

The voitage swing applied to the resistar connected to the base of Q1 should
be limited te £0.25 volts about a center voltage of +1.5 volts. Table 1 shows
the frequency excursions which one might expect when the frequency adjust
potentiometer is adjusted to its full counterclockwise and full clochwise
positions.

CAPACITOR Freq. Adj. Pot, | +1.25V 41,50V +1.75V
No Ext. Cap. oW 12.9Mhz. | 13.1Mhz. | 13.2Mhz.
_ cow 1.02Mbz. | 1.32Mbz. | 1.81Mhz.
001 mifd. cw 2.70Mhz. | 3.37Mhz. | 4.14Mhz
cow 72.8Khz, | 97.4Khz. 142.9Khz.
.01 mfd. cwW 382.6Khz. | 504.5Khz. | 720.4Khaz.
CoW 8.15Khz. 11.04Khz. | 16.42Khz.
0.1 mfd. CW 34.46Khz. | 46.54Khz. | 68.93Khz.
CCW 722hz. 972hz. 1444hz.
1.0 mfd. CW 3.622Khz. | 5.144Khz. | 8.052Khz.
cow 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-
commaodate four lines.
4 LINE ODD PARITY GENERATION

The following condition must exist with four line odd parity generation:

AGBPCOD => P

where(D = the modulo 2 sum.
Also, in general, the following is usually desire.d:
A*B:C*D => P
or
(r@BEC@ED +(A-B*C*D => P -

The M162 connected as illustrated in figure 1 will satisfy the odd parity
generation as per the following truth table:

WOSNOA RWoRNO

HQHOHOHOQ'O -
OORFEOOHROO|
QO R R, =000 0
DO OoOOOoOo | O
HOQHMO=ROO=| 7

Jefc.

It will be noted that the modulo 2 sum of the five bits (4 bits 4 parity) always
yields 0 (an odd number of bits).
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Bvpb———-r"
¢ HY
o J1

(A@RBC@D)+ AvBrC oD :>pP
D1

[of

B ¥lyg———— P

a1

oo

Figure 1.

The odd parity generation with the condition A< B+ C+ D => P will al-
ways yield an odd number of bits in the resulting character,

7 LINE ODD PARITY GENERATION

tn this case the following would be desired:

APBPRCOHDPEPFEG + AB-C*D*E*F G => P

This result may be obtained by connecting the M162 as shown in figure 2.
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ODD PARITY RECOGNITION

Figure 3 illustrates the connections for odd parity recognition and the follow-
ing equation would be valid.

oDD = 1 = ADBPCOHDREDRFPDP)

Mis2
4 a1
B B1
C cH
D D1 i EVEN
_ o]}
A — € —
B Fi
T HA K4
] 41
E K2
F L2
6 — —M2 ve —
P Nz
E P2 vz
F —smd R2
§ ——sz2
P T2

OUT=1:{A@BPCIDPEBFREPP)

Figure 3
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Odd parity generation for a larger number of bits'may he accomplished by
using the P and P outputs as if they were the |, and K, outputs of the M1&2
shown in figure 2. Figure 4 illustrates this expansion.

M162

L1

Kt

va

vz

L34
L1

Figure 4

Decoding for the larger number of bits would be accomplished in exactly the
same manner illustrated in figure 4 with the P output indicating a logic 1 for
odd parity. However, remember that ali unused direct inputs must be
grounded and ail NOTed unused inputs must be connected to -3 volts.
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PROBABILITY GENERATOR APPLICATIONS

This application note deals with the generation of pulses which have & sef
probability of occurring with respect to an input function. 1t is sometimes
desirahle to utilize a device which will emanate a pulse which has a definite
probability refationship with respect to an input. That is to say if an input
pulse is applied to the device there exists a definite set probability that an
output will occur. Figure 1 illustrates one methed in which this might be
accomplished utilizing *M" series logic modules.

APERIODIC J—l._. 50 nsec

iINPUT —29) M302
Signa!
oo b——! SO—— GUTPUT

7

Sigiiol Pulse Generater

0s¢ FF
M401 — m202

fo= 10K Hz

Figure 1

The circuit of figure 1 yields a 509, probability that an output will occour
when an input is applied to the circuit. Two conditions must be met to assure
the set probablllty

1. The pulse width cutput of the flip-flop going to the signaj géte must be

very much greater than the 50 nsec pulse width output of the signal
pulse generator.

2. The input must be aperiodic. (Usually obtained from animal response.)
it is sometimes desired that the percentage probability be altered during the
course of the experiment. Figure 2 illustrates the generation of a variable
percentage probability.
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The two counters represent a complete counter with a modulus of 100 with
a radix of 10. Using a counter with a modulus of 100 will yield a percentage
resolution of 194, A counter with a modulus of 1000 would yield a resolution
of 0.1%, probability. The inputf is usually derived from an animal response,
either human or otherwise, and the minimum time between inputs would be
approximately five to twenty milliseconds. The minimum time between inputs
determines the minimum frequency of the ascillator. A probability resolution
of 1.0%, could be easily accomplished if the oscillator frequency is approxi-
mafely 10 KHz. The stability of absolute frequency is unimportant. The output
of the counter is passed to a M302 "FF set pulse generator' and then to an
inverter as the unconditional set terminals of the flip-flop requires a logical O
to set the flipflop. The flip-flop is reset by the output of the comparator cir-
cuit which emanates a pulse only when the counter flip-flops match the con-
ditions indicated by the switch decades or buiffer register. The buffer register
would be used if it were desired to change the probability by the use of a
computer, The signal gate flip-flop will now have a duty cycle represented by
the set probability and would be expressed in percent.

Application

In behavioral research, probability generated pulses may be used to change
or not change certain stimuli or to reinforce or not reinforce a subject on a
random basis with a set probability.
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ELIMINATING THE EFFECTS OF
SWITCH CONTACT BOUNCE APPLICATIONS
USING M203*

The circuit of Figure ¥ below illustrates cne approach o the elimination of
switch contact bounce. It is a circuit which is commonly used for this pur-
pose. However this circuit has twa inherent disadvantages. In the first case
the current which the switch contacts make or break is limited to a maximum
of 1.6 ma. which is in many ¢ases not sufficient to maintain a low resistance
switch contact surface. The second disadvantage is that one of the gate in-
puts is open at all times. As the input resistance of the typical TTL gate is of
the order of several thousand obms, the inherent noise rejection is minimal.

‘E_O/'JJ . TO M SERIES
—— e

Figure 1

The circuit of Figure 2 provides better noise immunity as the typical resist-
ance of the oufput of a TTL gate in the logic 1 state is of the arder of 70
ohms. The instantaneous contact current of the switch will be between 18
and 55 ma.

TO M SERIES
—_— e

Figure 2

The M908 could be used for interconnection between the switches and flip-
flops; up to 18 switches could be accommodated for each M908 used.

* This application note is of concern to only those persons not requiring the
high noise immunity afforded by "K' Series.
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INTERFACING K AND M SERIES LOGIC
TO NEGATIVE VOLTAGE LOGIC APPLICATIONS

NEGATIVE VOLTAGE TO K SERIES

It is recommended that an output of negative voltage logic be interfaced to
K Series logic via the diode inputs of the K134 inverter module. Figure 1
illustrates one method of interfacing the output of negative voltage logic to
the input of the K Series modules. The K134 will appear to the negative
voltage logic as two unit loads. The W994 perforated blank module could be
used to mount these resistors.

|K134

Pins N, R, T, or ¥
1 Unit Lood

Figure 1

K SERIES TO NEGATIVE VOLTAGE

The output of the K Series may be interfaced to the negative voltage logic
by the use of the MOS0 module. The MO50 has no pull-up resistors and re-
sistors must be supplied and connected to a source of —12 voits. The resis-
tors used as pull-up should have a value of 620 obms with a tolerance of
59,. The W994 perforated blank would provide a convenient means for
mounting these resistors. This arrangement will provide five unit loads of
drive into negative voltage logic.

Woho | wo34 |
—12v
G20 5%
o~ G Unit Loads Of
b = Logie
Figure 2
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NEGATIVE VOLTAGE TO M SERIES

Interfacing the negative voltage logic to M Series would be accomplished
using the circuit shown below in Figure 3. The output of the network should
be passed through two M Series inverters to assure proper rise time required
in M Series logic. The M111 would provide sufficient inverters to convert
eight lines of negative voltage logic. This interface would represent 2 unit
loads to the negative voltage logic.

M1

+5v

=12V |

62041 5% TEKES%

Dicde IN4SE ar
Equivalent

I 1 Unit Load

Figure 3
M SERIES TO NEGATIVE VOLTAGE

This conversion would be accomplished in exactly the same manner as
illustrated in figure 2.
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APPLICATIONS

K-SERIES CONSTRUCTION RECOMMENDATIONS

A high percentage of all fadures in electronic systems result directly from
hasty planning of nonelectronic aspects. Much time and trouble can be saved
by planning mechanical assembly before construction begins. Wiring methods
and lead dress, heat distribition and temperature control, power supply
reliability and line fault contingencies, and the attitudes and habits of people
working near the systemn all merit forethought. Important opportunities far
reliability, maintainability, and convenience will be lost if early and consistent
attention is not given the topics below.

Environment
a. Temperature

Module temperature ratings are —20°C to 65°C (0°F to 150°F) except K202,
K210, K220, and K230 which are limited to 0°C {(36°F) minimum. These
ratings are for average air termnperature at the printed board, and take local
heating by high dissipation components into account. Free, unobstructed air
convection is required for reliable operation; the plane of each module must
be essentially vertical for this reason.

Convection is required not only to remove heat but alse to distribute it, and
movable louvres or baffles used to obtain self-heating under frigid conditions
must not interfere with air movermnent within and around modules,

b. Maotion

Transport or use in trucks or aboard ships can vibrate modules sufficiently to
work them out of their sockets. K273, K604, K644, K731, K732, and K303
muodules with K374 or similar controls attached are most subject to disturb-
ance.

If modules are mounted in a K943 19-inch panel, use K980 endplates and a
1907 cover,

If modules are mounted on the ninged door of an enclosure, position the
K941 so a support boited to the side of the enclosure will contact the
modules when the door is cilosed, taking care not {0 let the support interfere
with ribhon cable on K508, X524, K604, and K644,

Mercury contact reiays in K273 modules should be maintained within 30° of
vertical while operating to insure correct logic output.

Controls such as K374, etc. wil hold their setting in wbrallon but are easily
disturbed by repeated contact with loose wiring, etc.

Finaily, take pains not to nick logic wires if vibration is likely to be encoun-
tered. Use a quality wire stripper. One of the new motor driven rotary types
could easily pay for itself by reducing wiring time and avoiding vibration
induced wire breakage. .

c¢. Contaminants

Sulphurous fumes will attack exposed copper or silver; their presence de-
mands the coating of ribbon connections and K731 heatsink cladding with
suitable insulating vamish or plastic. A combination of high humidity and
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contaminated atmospheres requires such treatment on all printed wiring of
K303 timers and controls, since at maximum setlings even a few micro-
amperes of leakage will affect their timing. Yarnish or coatings are neither
required nor recommended in less hostile conditions, and in any case it is
desirable to exclude contaminants.

d. Convenience

Adjustments should be mounted so the least critical are easiest to reach.
Calibrated controls such as K374, etc. should be positioned in a logical
pattern before 303 sockets are wired. Ruggedness and feel should govern
the selection of remote timer controls fikely to be operated in moments of
preoccupation or alarm.

Pluggable connections to K716, K724-K725, and (optionally) to K782-K784
allow electricians to complete their work while the logic itself is being built
or checked elsewhere. Plan cable routing to simplify installation of electronics
last. Take advantage of the ease with which a K941 mounting bar can be
fastened to a pre-installed K940 foot.

Logic Wiring

a. General Information

Wire wrapping is the most suitable technique for the sockets used with K
sefies modules. Some prefer AMP Termi-Point (trademark) but neither AMP
nor DEC can goarantee full compatibility for this system. Solder fork con-
nectors are optional; wrapped connections may also be soldered. For large
volume repetitive systems using K943 mounting panets, DEC offers a ma-
chine-wrapping service,

Never solder or wire wrap with any tool if there are modules installed, unless
the tool is grounded to the frame to drain static charges, and unless AC
operated devices work from isolation transformers. It is safest to avoid AC
operated wire wrap tools together. Hand-operated pistol-grip wire wrapping
toofs are surprisingly efficient and easy to use. if avtomatic machine wrapping
is contemplated, plan for only two wraps per pin.

b. Wire Types

Teflon (tradermark) insulation over size 22 tinned solid copper wire is best
for soldering. Size 24 tinned sclid copper wire must be used for wrapping
H800 and K943 pins. Teflon (trademark) insulation may be used, but some
prefer to sacrifice high temperature performance by using Kynar (trademark),
to get greater resistance to cut-through where soldering is not involved.

Type 932 bussing strip allows module power and ground pins A and C {o be
connected conveniently, and is also helpful if several modules have common
pin connections.

¢. Procedures

First solder in all bussing strips. Next tie all grounds and grounded pins to-
gether. Finally point-to-point wire all other connections.

Run all wires diagonally or vertically. Do not run wires horizontally except to
adjacent pins or along mounting bar between modules. Horizontal zig-zag
wiring interferes with checking and is prone to insulation cut-through. Leave
© wires a bit slack so they can be pushed aside for prabing. Cabling is definitely
not recommended. Wires shoufd be more or less evenly distributed over the
wiring area.
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When wrapping, avoid chains of top-wrap-to-bottom-wrap seguences which
entaii numerous unwrappings if changes must be made. Properly sequenced
wraps require no more than three wires to be replaced for any one change in
two-wraps-per-pin systems. Never re-wrap any wire, For best refiability, do not
bend or stress wrapped pins, for this may break some of the cold welds. Fol-
low tool supplier's recommendations on tool gauging and maintenance etc. As
a convenience, DEC stocks three Gardener-Denver togls under numbers H810,
H811, and H812. See specifications pages.

Field Wiring

a. AC Pilot Circuits

ANl screw terminals used in the K-Series have clamps so that wires do not
need any further treatment after insulation is strlpped All terminals can take
either one or two wires up to 14 gauge.

K716 terminals have been arranged so AC inputs all go to one end of the
interface block, and AC outputs all go to the other end. The eight terminals
nearest the center are typically connected only to each other and to a few
return and AC supply wires. Input and output leads should be segregated so
they do not block entry to the ribbon connector sockets. If sockets face to
the left, AC inputs will be above and all other connections below. Wires
should be routed down the connector side of K716 blocks to cable clamps or
wiring ducts placed parallel with K716s. (See diagrams on K716 data page.)

Plan the logical arrangement of field wiring terminals and indicators before
module locations are selected to avoid excessive folding or twisting of ribbon
cables. (See recommendations on module {ocations below.)

b. DC and Transducer circuits

DC outputs from K644, K656, K681, and K683 and AC outputs from K604
and K&14 are high level; wiring is noncritical. Low level inputs, however, may
require special treatment to avoid false indications. Low level signals should
at feast be isolated from AC line and DC output signals throughout the field
wiring system, and, as a minimum, individual twisted pairs should be used
for signals and return connections.

For lower signal tevels or longer wiring runs, shielded pairs may be required,
with the shield grounded only at one point, preferably at the logic system end
unless one side of the transducer is unavoidably grounded. Conduit which may
be grounded indiscriminately is not an effective substitute for shielded,
insulated wiring.

All signals except line voltage AC inputs use the straight-through connections
of K716 terminals 15 through 24. Within the K716, leads are shortest to
terminals 15, 17, 18, 19, and 20; use these terminals for minimum noise on
K524 low level signals.

329




Module Locations

a, End Sockets (K941}

The first sockets to assign are those for K731 and K732 regulators, and for
K303 timers. If possible, mount regulators nearest the foot of a K941 mount.
ing bar, so their extra bulk projects into the space between the mounting
surface and the first H800 block on the bar. Controls mounted on the same
mounting surface opposite K731 source modules may be as much as 54"
deep without touching modules. )

Sockets at the outer end of K941 mounting bars are the only locations where
K303 timers can have integral controls mounted., Even where the use of
K370-group controls is not initially planned, assignment of K303 modules to
these outer Ilpcations is recommended. Alsa, these sockets should be the first
reserved as spares if any unused locations are avaifable. This way maximum
flexibility will be preserved for possible design changes or additions.

h. Inferface Modules

AC and DC interface modules such as K508, K524, K604, and K644 should
be assigned locations that simplify cabling. Ribbon cables can be twisted by
a succession of 45° folds, but a neat installation should be planried. Assign
-the focation and position of K716 interface blocks first. Consider such features
as logical arrangement of indicator lights for trouble shooting, ease of rout-
ing and tracing field wiring, and directness and length of ribbon cable runs
back to the logic modules.

After K716 locations and assignments have been selected, assign socket
positions for interface modules (K508, ete.). The order should be ccordinated
sp the combined ribbon cables will lie flat together. Excess ribben cable can
be easily and neatly folded away. Lengths other than 30" are not available
since these modules cannot be tested and stocked untit cables are cut and
soldered. This should cause no difficulty if module locations are assigned
thoughtfulty.

c. Display Modules

If K671 decade displays are required, select their locations after regulator and
interface modules have been assigned sockets. The 12" cables on these
modules are oriented for convenient assembly of displays above logic mod-
ules, to be viewed from cutside the door or enclosure in which KS40 and K941
hardware is mounted. Used this way, the digits of lower significance have
cables below those of more significant digits.

For neatest cabling and quickest module wiring, counter and display modules
should be arranged so the counter input will be nearest the K940 mounting
surface. Notice that pin connections on K671, K210, and K220, and K230
modules are coordinated, so that a side-by-side pairing of flip-flop and associ-
ated K671 modules will result in short, neat, easy wiring. Ribbon cable passes
easily between modules, so it is not necessary to restrict K671 modules to
the topmost row, However, the limited cable length will usually restrict them
to the top mounting bar in systems using more than one K941,

Do not fold or arrange ribbon cables 50 that they lie flat on the upper edges
of modules, as this will restrict the flow of cooling air,
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System Power

a. Supply Transformer
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Any filament or ‘“control’” transformer rated at 12 v or 12.6 v RMS on
nominal 120 v line voltage may be used to supply power to K series logic.
However, use of a 12 v instead of a 12.6 v transformer reduces maximum

current ratings from K731 and K732 by 15%,, as does a 5% voltage drop
from any other cause such as resistance in secondary wiring or line voltage
below the norminal 109, tolerance.

—y
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Transformer current rating should be for capacitor-input filter, about 509%
higher than the rating required for resistive loads. Thus a single K731 1 amp
regulator requires a centertapped transformer with 24 ampere rating on
resistive loads at 12.6v, or with two 6.3v windings rated 34 ampere each.

These transformer selection considerations can of course be eliminated by
using K741 or K743 transformers with noise filtering built-in.

b. Nofse Filtering

Hash filter capacitors of 0.1 mf each are recommended from each side of the
power transformer secondary to chassis ground. [n environments where the
AC line may carry unusually large amcunts of noise, line filters such as
Sprague Filterols (trademark) are advisable. K series systems must not share
12 volt power with any electromechanical device, since the transformer itself
is the primary filter for medium-frequency line noise rejection,

c. Power Wiring

In systems not requiring full use of the quick-change features of the K716
and K940, transformer secondaries can be wired directly to pins U and V of
regilator modules. If power connecticns are to be removed with maximum
speed, a WO21 connector board may be used to bring 12 VAC power into the
systern. It is best to limit current through any pin to about 2 amperes, so in
large systems several WO21 pins are needed for each side of the secondary.
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d. AMternate Power Supplies

Any source of 3 VDC + 10%, may be used for K series systems at ordinary
room temperatures, provided noise, hash, spikes, turnon-overshoot, etc. are
reasonably well controlled. K series modules are far less sensitive to noise
on power lines than computer-speed circuits, but it is still possible to cause
malfunction or damage if extreme noise is present.

Temperature coefficient of the K731 regulator is selected to compensate for
that of timers and other circuits, so operation over temperature extremes with
constant-voltage supplies involves a sacrifice in timing consistency. Output
fanouts are also degraded if constant voltage supplies are used at extreme
low temperatures, Derate linearly from 15 ma at room temperature to 12 ma
at —20°C (0°F) for constant-voltage power supplies.

e, Line Failure

When unscheduled shutdown of a K-series system cannot be tolerated in
spite of AC power failure, some form of local energy storage is required, To
withstand short-term failures it is possible to add extra capacitance from pin
A to pin C. However, manual grounding of pin D (turnon level) may be re-
quired to start the system, since the external capacitance will appear to the
regulator as a short and output current will be limited to a low value. For each
ampere millisecond of dc¢ power storage beyond the rise of K731 OK level,
10,000 mfd is required. The supply itself provides one half ampere-millisecond
internally. K732 slave regulators each provide one ampere-millisecond
internally. However, these survival times are only avaiable when regulators
are operating at or below 759, of their nominal ratings.

A 5 volt battery, or a 6 volt battery with series diode{s} to drop the voltage ta
5 volts, may be used as an alternate source of power in case of line voltage
failure. In very small systems {with some types of batteries) it may be prac-
tical to use the battery itself as a shunt regulator, charging it through a
simple full-wave rectifier and dropping resistor circuit from the same kind
of transformer used with K-series regulators. Unless the current is very low
with respect to battery size, however, somé means of switching the battery
connection will be required. Below is shown a circuit which can be used for
current requirements to 1 ampere. The same principle can be extended to
larger systems with slightly more complex circuitry.

& VOLT BATTERY
+

IN4GH

FROM
PN E
OF K731

POWER FAILURE SWITCH FOR EMERGENCY BATTERY
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APPLICATIONS

K SERIES SEQUENCERS — GENERAL

A fundamental part of many K Series systems is a sequencer that controls
the progression from one state or operation to the next state or operation.
Four fogic elements are available to define the state or operation currently
in effect, and there are a2lso several choices of method for moving from each
state to the next, and for deriving output signals that include any arbitrary
set of states. This note considers each sequencer in a general way, so that
their overali merits can be compared before starting detailed design with
the 1 or 2 most appropriate. The simplest sequencer of all, consisting of
logic gates alone, is not mentioned here; but of course if AND and OR func-
tions by themselves can do the job, splendid.

1. TIMER SEQUENCER

Several independent K303 timers connected in cascade form a very
flexible, completely adaptable sequencer. If each timer input is driven by
the direct (non-inverted} output of the previous timer, removing logic 1"
trom the first will cause all the outputs to fall like hesitant dominoes. A
pushbutton, limit switch, etc. can then reset all timers by restoring *'1" at
the first until the next cycle is wanted. Cr by connecting the timers in a
loop with an odd number of inversions a self-recycling sequencer can be
obtained.

The complete adjustability of timer sequencers can be a disadvantage in
some applications. When more than 3 or 4 steps are needed, the sheer
number of knobs to twiddle begins to lead toward possible confusion and
perhaps “provocative maintenance."

2. COUNTER SEQUENCER

One K210 counter provides up to 16 seguence states, and many more
are obtainable by cascading. The counter may he stepped along by a
fixed-frequency source such as the line frequency, or by a K303 clock, It
is also possible to penerate stepping pulses by completion signals from
the processes being sequenced. K184 rate multipliers ¢can be conveniently
used to produce such pulses. Counter sequencers recycle without external
aids at 9 or 15 (BCD or binary connections) and may be set to recycle
at other steps as shown in K210 specifications.

Counter sequencers offer the most discrete states for the money, and
the entire sequence can be scaled up or down in time simply by adjust-
ing the input stepping rate. However, if many different cutput signals
are to be derived from a counter sequencer, the gating can become com-
plex unless the signals required happen to fit those available from K161
octal decoders or frorm the .counter directly.

-3. SHIFT SEQUENCERS

K230 shift registers can be connected as ordinary ring counters aor as
switch-tail ring counters. Specialized shift sequencers such as Barker
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code {pseudo-random)} sequencers are alsc possible. The most generally
useful type is the switch-tail {Johnson code) ring counter, in which the
last stage is fed back inverted into the first, This provides two states far
every flip-flop, or 8 states if all four flip-flops in 2 K230 are utilized. The
pattern achieved is the same falling-domino behavior abtained with the
non-recirculating timer sequencer, except that the “dominces’” fali up
one-by-one after they have finished falling down. Either fixed frequency
or event-completion signals can be used to step a shift sequencer, just
as for counter sequehcers. )

Shift sequencers cost mare per state than counter sequencers. Their only
advantage lies in the fact that any state or any collection of contiguous
states can be detected by asimple 2-input gate. Not only does this feature
simplify the derivation of many overlapping output signals, but it also
offers excellent flexibility for modifications after construction. The need
for only two connections to generate any once-per-sequence signal to
start and end at any arbitrary state even permits practical patch-panel
programming of output signals.

4. POLYFLOP SEQUENCERS

If the state or operation in progress is to be determined in many cases
by a combination of external facters, instead of primarily by the
sequencer itself, a polyflop may be the best solution. A polyflop is simply
a multi-state circuit which will remember the last state into which it was
forced until the next input comes along. Polyflops can have any number
of states, though the practical limit is probably 8 or fewer. Set-reset
flip-flops are a very common special case of the polyflop, having 2 states.
If you want a2 name for the next six types you could call them tripflop,
quadraflop, pentafiop, hexaflop, septaflop, and octaflop.

The general polyflop is built fram as many K113 inverting gates as there
are states required, each with input AND expansion sufficient to gate
together all outputs by the one that gate controls. Thus any one low
cutput will force all other outputs high. Polyflops do not establish any
fixed order through the possible steps as the other three sequencers do,
and so perhaps should be called state memories rather than state se-
quencers. However, there are some situations in which a polyflop is
found to be a superior replacement for one of the ordered sequencers,
such as where several different outside signals must be able to force the
control into corresponding specific states immediately without passing
through the normal sequence.

SUMMARY
] Modification
Sequencer Type | Relative Cost per State Flexibility Other Features
Timer highest easiest Can be self-stepping

Best for many states,

Counter low-rmed fair few outputs

. . . Suitable for patch
Shifter medium good panel setup
Polyflop medium fair States may be forced

in any order
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APPLICATIONS

TIMER SEQUENCERS

The simplest and most obvious way to sequence operations or states on a
machine or in a control system is to use several timars in cascade Below
is shown a simple three-state timers sequencer.

RESET

Ty

haTz

b1y

A pushbutton, clock, or another sequencer can provide signal A that resets
all timers and begins the sequence. Any number of timers may be cascaded,
but if many steps are needed one of the less flexible sequencers should be
considered as a means of reducing the number of adjustments and the cost.

Outputs other than those available directly from the timers can be obtained
" by a two-input gate connected to appropriate direct or inverter timer outputs.
For example, a signal true during both T, and T, can be obtained by ANDing
output D with the inversion of output B. The possibility of deriving any once-
per-cycle cutput from this type of sequencer with two-input gates only is a
virtue shared with switch-tail shifting sequencers.
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The inverted output from the last timer in the chain may be used to provide
the initiate signal resulting in self-recycling. However, sufficiently large timing
capacitors must be in use to allow the initiate signal to rise all the way to
-+5 ¥ if normal relations between timing RC and time delays are to be main-
tained. :

Three inversions, or any odd number
of inversions must be contained within a self-recycling loop.

Many variations are possible by combining timer sequencers with other types,
_ of sequencers, branching to auxiliary sequencer chains, gating timer inputs
{rom external devices, etc.
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APPLICATIONS

COUNTER SEQUENCERS

Counter sequencers offer the largest number of discrete steps for the money,
since for N flip-flops up to 2N states are obtainable. A single K210 counter,
for example, offers up to 16 states for $27.

A source of timing signals, such ax the “line sync” owvtput from the K731
or a K303 clock may be used to advance a counter sequencer at uniform
increments of .time. In addition, event completion signals may be used to
gate, augment, or substitute for the vniform time signal. One way to sub-

b= EVENT COMPLETION SIGNAL
K210
1ot opt o e he — UNIFORM TIME SIGNAL

Event completion signa! gates the time signal if the latter is a
normally low, relatively higher frequency sighal. Event completion
signal avgments the time signal if the latter is a normally high,
relatively lower frequency signal.

stitute for time signals is to use a K184 Rate Multiplier as if it were four
separate differentiating pulse generators with ORed outputs.

GATE GATE GATE GATE
a

\11/14 "Ttp Is \i{u

K210 e K184
to[t o1 oo

AR P
; Y i
EVENT EVENT EVENT EVENT
1 2 3 4

USING K184 TO GENERATE EVENT COMPLETiOﬂ PULSES

The principal disadvantage of counter sequencers is gating complexity, if
many outputs must be derived which are not simply the flip-fiop outputs
themselves. Counter sequencers are most suitable for high-resolution
sequencing of relatively few outputs whose relationship to sequencer siates
is unlikely to be modified after construction.

A crosspoint matrix offers reasonably low cost and good flexibility for devel-
oping counter sequencers with large numbers of states. For example, the 64
state. sequencer shown here costs about $100 before any 2-input state
detectors are added.
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The desired states may be detected one-by-one using any two-input AND gate
such as those of gates K113, K123, or K134, or two-input gates on other
modules like K210 counters, K230 shift registers, K303 timers, KE04 or K614
AC switches, K644 or K656 DC drivers, etc. Or several states may be com-
bined by ORing the outputs of several two-input AND gates as shown below.

Yo /3 QUTPUT HIGH
FOR COUNTER
x@ K123 STEPS 0,7 AND 42

Y7

Xe 1/3
¥z K026
x5
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APPLICATIONS

SHIFTER SEQUENCERS

An aiternate to the Counter Sequencer for generating many outputs, espe-
clally where some of the output sequences may be revised after construction,
is the switch-tail shift ring.

sres

sam 8 ' z H 4 1 . . B '

Any one state can be detected by a single 2 input gate. For example, state
2 is true if B is high and C is low; state 4 is true if A and D are both high,
etc. Morecver, any contiguous array of states may be detectedt by a gate of
only two inputs. For example, state 2, 3, and 4 can be combined by a two-
input gate that looks for A and B both high, This convenient characteristic
net only reduces the cost and complexity of output gating, but also makes
last minute changes easy since no new gates have to be added to modify
the steps to which a given output gate responds, so {fong as they are con-
tiguous, Also, notice that state O is on an equal footing with the others so
that “contiguous™ states may inciude or span the zero or home state,

The two input gating rule could be exploited to permit patch-panel coding of
a general-purpose sequencer. One possible arrangement for suech a panel is
shown here, for a four flip-fiop sequencer, In use, one would simply AND
start and finish signats that span the desired state or states.

START &4 8B ¢ D & 8 € D
® @& @ & 86 & @ ©

FINISH & B ¢ D & & ¢ 0
O] @ @

STATE vz 3 4 5 & 1 o

For the special case of four states to be spanned, only one connection is
required. Observe -that to span more than half the available states, it is
necessary to detect their complement and invert.

Switch-tait shift rings can be driven from all of the same sources as counter
sequencers, and may be extended to as many states as desired. If N is the
number of shift register flip-flops, 2 N states will be cobtained in the
sefguencer. )
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APPLICATIONS

POLYFLOP SEQUENCERS

Just as a flip-flop can he set to one of two states and remember it, 2 logic
circuit that has three, four, or more states will remember the last of its
several states to which it has been set.

The fundamental principle of the polyflop is that each inverting AND gate
must have an input from all other outputs but its own.

MODULE:
POLYFLOP K113 K003 COST
TRIFLOP 1 0 $11.00
QUADRAFLOP 1-1/3 1-1/3 $20.00
PENTAFLOP 1-2/3 1-2/3 $25.00
HEXAFLOP 2 2 $30.00
SEPTAFLOP 2-1/3 4-2/3 $44.33
OCTAFLOP 2-2/3 5-1/3 $51.00
NONAFLOP 3 6 $57.00

The table above shows the components needed to build polyflaps in the =
practical range of sizes. Module cost fipures refer only to module sections
actually used, and there is a significant amopunt of wiring required for the
larger polyflops. Nevertheless, there will be circumstances in which a poly-
flop is more efficient than either a more conventional sequencer or a collec-
tion of ordinary set-reset flip-flops. Through the OR-expansion capability of
K113 gates, external signals can be readily gated into a polyflop using low
cost pate expanders. Selected output is low; all others high.
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APPLICATIONS

USING K303 TIMERS AS ONE-SHOTS

By itself, 2 K303 timer goes to the one state when its input goes high and
waits there, not starting to time-out until the input returns low. Sometimes,
however, it is convenient to start the entire cycle on an input change from
low to high, without waiting for the input to return low. This behavior is that
of the “one-shot"” (afso called single-shot or monostable multivibrator).

A K113 gate with a capacitor tied from its OR expansion node to ground can
he used to obtain the necessary differentiating action. This capacitor should
be the same size as the timing capacitor being used on the associated K303
circuit,

QUTPUT

K303 AS ONE-SHOT

The K113 delay is about 3% of the maximum defay obtainable when using
the same capacitor with a 250 K&t timing resistor on the K303. The delay

~ of the K113 is fixed, so the minimum K303 delay obtainable in this use is
larger than normal.

The input must remain high for this same 3%, interval, and should dwell in
the fow state at least twice this long for good repeatability.
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APPLICATIONS

USING K303 TIMERS FOR FREQUENCY SETPOINT

A K303 timer will reset to the start of its timing cycie when its inputs become
high regardless of its previous state. This feature can be exploited to dis-
tinguish two pulse repetition rates; to detect a missing pulse in an otherwise
continuous pulsetrain, or to close a frequency-regulating feedback |oop.
{Note: Where critical requirements are placed on K303 timing consistency in
the millisecond range, consider the use of a low-ripple supply such as H710
to minimize modulation of the timing period at the ripple frequency.

INPUT

nnnnnnn

S — | 1
K303 ! |
SETTING : !
OUTPUT ]__! ]_
: MISSED END OF
PULSE PULSETRAIN

Input signal can be a square wave or pulses of any width down to 0.3%; of
the maximum delay available with the timing capacitor used. (Pulsewidths
down to 0.1% orf less may be used if timing consistency can be sacrificed.)
Timer delay would normally be set 309%4 to 509 longer than the nominal
pulse repetition rate to detect missed pulses in a train, or at the geometric
mean between two pulse periods which are to be distinguished.

By cascading timers, pulses as short as 300 nanoseconds may be stretched
to any length needed. However, pulses less than several microseconds in
length do not produce consistent or predictable time delays from the K303,
and are only recommended for pulse-stretching (using built-in 0.002 mf
timing capacitor}.
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APPLICATIONS

ESTIMATING K303 TIME JITTER

Repeat accuracy in the K303 can deviate as much as 89 of base.time or
frequency or even more if sufficient ripple is present on voltage supply line.
Jitter is related to frequency or time setting and may be estimated by the
graph showing maximum jitter from a K731 power supply at 759 of its
maximum output. (i.e. 1 ms. period @ 500 mv. supply ripple yields 894
jitter.) Jitter at a given frequency is also proportional to supply ripple.

Reduction of ripple in applications reguiring high accuracy may be accom-
plished by using a separate, lightly loaded K731 or by using the H716 or
H710 Power Supply. Recovery times less than .3% will be additive to supply
jitter. When used as a clock the timer controls K371, K373, or K375 will pro-
vide the praper recovery times.

If peak-to-peak ripple is held to 100 mv, 959% repeat accuracy may be ex-
pected from the K303 at all the settings.

109,
K303
5of |- PERCENT OF
JITTER V5. FREQUENCY
500mv input ripple on supply
19’0 B
8%+
1 %.l [
D50, -
019% | | | | |

10ps  100us lms 10ms 100ms 1lsec 10sec
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APPLICATIONS

COMBINING ¥ 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 arn M Series system to electro-mechanical
devices. Here are the things to consider and recommended designs for both
pulses and levels 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 a2 minimum, K Series
signals driving M Series circuits must be received by M Series inputs that
will not be confused by ultra-slow risetires.

K TO M SERIES LEVELS

K SERIES 9 w TO ANT M
SIGNAL UNSLOWED . [—---- GaTE SERIES IMPUT
{HG #IH @ SLOWDOWN) v

N

MINIMUM OF 2 GaTES

K TO M-SERIES LEVEL CONVERTER

-MNote: Total lead length connected to input’of first M Series gate should

be less than & inches, to minimize any tendency toward oscillation
while active region is being traversed. Do not use slowed K Series
levels. If naise 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
cables (K604, Kbd4, K671) may be paralieled 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 velt 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 45V if no M Series inputs are paralleled
with these points, except the K161 inhtibit 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

o

-
NORMAL
{100 KH2)
% SERIES RISE 10KN
{2ma LOAD

23
}
200ns
150%
200 pf
T

Note: Same input restrictions as K to M Series level converter. M113
may be replaced by M&G2 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 $1-82). 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 1.6ma each if
mote complicated rules and gualifications concerning use with K303
timers and réduction 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 load.

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

COMBINING K WITH A SERIES MODULES

The voltage breakdown ratings of K series gate module inputs {K113, K123,

K134} is high enough to withstand the % 10 volt output swing of an amplifier

such as A207, with correct gate output leveis. This fact aliows the A207 to

be used not only as operational amgplifier, but aiso as a comparator. A 12 bit

slow speed anailog-to-digital counter-type converter is made possible by using
- the A207 output directly as a logic signal.

ANALGG INFUT -

AZOT ATO4

coMp A613 Dat SUPPLY
‘.L o—= DIGITAL DUTPUT
K303
KZ2tD COUNTER
CLOCK—)‘ GATE 210 COUNTES

BASIC COUNTER CONVERTER FEEDBACK LOOP

In operation, the counter starts at zero and counts up until the D to A
converter output just exceeds the analog input. As the comparator inputs
reverse their polarity relationship, the comparator output switches and
inhibits the clock. The counter is left holding a number representing the
analog input voltage.

The 20 microsecond recovery time of the A207 used as a comparator
restricts operation to below 50 KHz, In the system shown here, the com-
parator “done’ signal forces the clock output to the high state. Operation is
re-started by clearing the counter or by an increase in the analog voltage.
If a.control flip-flop were added between the comparator and the gate, action
could be halted regardless of input voltage change untit a new "start’ signal.
. Maximum conversion time is 4095 times 30 microseconds, or about 120
milliseconds,. (The extra 10 microseconds allows for counter carry propaga-
tion time and the time required for the A613 output to change one small
step).
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APPLICATIONS

COMBINING K WITH R SERIES MODULES

For conversion from R series or other zero-and-minus levels to K series
levels, the W603 (seven circuits, $23) may be used. When driving gate
module or timer inputs, and most other K series inputs as well, pins B and
V may be left open if desired (no -+10 V supply). For conversion from K
series to R series levels, use W512 (seven circuits, $25). For 2 more com-
plete description of these FLIP CHIP modules, ask fer the DIGITAL LOGIC
HANDBOOK C-105.

There are two modules in the R series which can be used directly in the
K series: The ROO1 and R0O02 gate expanders. The ROO1 is convenient for
adding one extra input to a K-Series expandable AND gate, while the R0O02
can facilitate multiple inputs to several expandable AND gates from the
same logic signal.

OUTPUT INPUT
oG
F
E
OUTRUT INFUT "
D O——o0¢€ :: : k—o K
FO—P—o0Hn J

o b,
R O :O‘_: :: }—os
TO———ou

DERE Y

ROC1 DIODE NETWORK RO02 DIODE NETWORK
ROOL — $4

ROOZ — 35
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APPLICATIONS

PULSE GENERATOR

An effective pulse generator is formed by adding a capacitor to the OR node
of a K113 inverting gate, as shown below. The circuit converts positive level
transitions to putses for clearing flip-flops, etc. Pulse width is slightly
greater than 1000 C: 1.0 microfarad produces 1.0 to 1.5 millisecond pulses,
(.01 microfarad produces 10 to 15 microsecond pulses. The input must
remain low for several times the pulse width for reasonable pulse width
consistency.

INPUT OUTPUT

—I— - ABOUT 1000C |—|

PULSE GENERATOR

Each KOO3 gate expander module includes a 0.01 mf capacitor from pin B
to ground, suitable for use in this circuit to obtain pulses approximately ten
microseconds wide. This is essentially the same scheme used to obtain
ane-shot behavior with K303 timers.

Inverted output pulses for clearing flip-flop registers, etc. may be obtained
by substituting 2 K113 for the K123 gate shown.
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. . APPLICATIONS

USING K210s FOR LONG ODD-MODULUS COUNTERS

The pulse generator shown on the previous page can be incorporated with
K210 counters to obtain counts at non-binary meoduli above 16, the limit for

a single K210, Below is shown a8 modulus 24 counter, as would be required
for a digital clock.

a]

] 4 A |

wann INPUT
1oplojrapl o ONCE PER HOUR
[ MUST OWELL
HIGH FOR SEVERAL
TIMES THE CLEARING

PULSE WIDTH ]

|—|a

C

O en) @0 200 10
K210
I U| 1 OI ] O] 10

DUITPUT
ONCE PER DAY

=

=

CLE&#R PULSE

LOW WHEN [NPUT 15 HiGH
FYERRIDES IF LOUNTERS HMOLD 23
NEGATIVE INPUT
MO, 24

The basic principle involved is to detect the largest number to be permitted,
and to generate a clear pulse when it disappears due to the reception of one
more count. The same method may be extended to counters of any tength,

provided the clear pulsewidth is wide enough to override any possible carry
propagation.
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APPLICATIONS

Shaft Angle Pickup Quadrature to Puise Converter

Photoelectric shaft-angle transducers generate signals A and B in quadrature.
Where maximum resolution and/or two-way counting is desired, the scheme
below can be used to interface the amplified transducer outputs to the:
counter control shown on K220 data pages.

LoUNT
CWN

QO3Sml

-J/—l

K184

E(E|x|(r-{ = Sfwla| F 2|+~ =

10 ps —ieey

H | p

4 plg o @ |2 o = 2 @ lg ;oo 2 o la

COUNT

359



APPLICATIONS

ANNUNCIATORS

In the simplest type of annunciator, a single alarm device is triggered by
any abnormal occurrence, and a lamp is lighted by the occurrence to identify
it. An inexpensive annunciator of this type can be built by taking advantage
of the four Schmitt triggers and differentiators in the K184 module as indi-
cated below. If silver contacts are to be sensed, auxiliary load and higher
voitage must be used, preferably 120 VAC with K604-K716 or Kbl4. Any
number of inputs may be handled by ORing K184 outputs (wired OR
possible for up to 5 K184s). The normal 5 psec K184 pulsewidth should be
stretched to 140 gsec for use with a slowed-down alarm flip-flop by putting
a 0.1 mf capacitor from each K184 pin J4 to ground.

]B ! aLaim 1C WM NG
HIB4 FriR-Tore [

N H M
G ' o
1

- WM | .. o .
! 1
i I

i

o
- SwiTCH ! i
S T S o
boe ©
i .
fee (0

|

. i

- SMITIH HI— L
T -nurn = LRI H

f— ——

.
L]l L1 L AMPS

SIMPLE ANNUNCIATOR FOR FOUR DRY CONTACTS

In larger systems or where an abnarmal occurrence may be too brief ta be
identified from a simple direct driven indicator, flip-flop memory must be
added to each line to set up this sequence of operations:

ANNUNCIATOR
ALARM STATUS LAMP STATUS
1. No Alarm Off
2. Alarm — Unacknowledged Flashing {2Hz}
3. Alarm — Acknowledged Steady
1. No Alarm — Memory Cancelled O

The Flash Supply is generated atr a suitably low frequency by a K303 Clock
with K375 Timer Control. This supply is available for distribution to other
similar stages in a system.

The Alarm F.F. is set with an Alarm input at Logic 1, the K580 controls the
Alarm O to 1 response time. (See K580 data sheet) This aliows the Lamp
to flash. The Alarm F.F. is not canceiled, should the Alarm Input return to
Logic O. The initial Alarm must first be acknowledged manually before the
Alarm F.F. is reset. Acknowledging the Alarm changes the Lamp from Flashing
to Steady, and prepares the Alarm F.F. for Reset by the Alarm Input return-
ing to Logic 0.
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K Series Modules per Annunciator

NUMBERS OF COST

MODULE TYPE NUMBER REQUIRED CIRCUITS USED  PER LINE
K003 1@$ 4.00 30f3 $ 4.00
K113 1 @ $11.00 lof3 $ 3.60
K123 1@ $12.00 303 $12.00
K134 1 @ $13.00 1o0f4 $ 4.33
K580 1 @ $20.00 1of8 $ 2.50
K681 1 @ $15.00 1oi8 $ 1.80

TOTAL $28.23

The cost of common iterns, K303, K375, Power supplies etc., must be spread

equally over the number of Annunciators in a system to get the true cost
per stage.

AL ARM

ALARM

INUT -
o5 [TE

ALARM - .
ACKNOWLEDGE <ec

1/3K303
WITH K375
2Hr CLOCK

Iy

_¥__

FLASH!
SUPPLY

TG OTHER
ANNUNCIATOR
STAGES

+ LAMP SUPPLY “xff"‘\/’

K

. ANNUMNCIATOR
LAMP
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Where more than one or two thumbwheel registers are needed it may be
economic to multiplex several digits through the same K581 circuits as shown
below. This scheme requires dicdes to be mounted on the switches, as pro-
vided for by all of the types listed above. IN40O1 diodes may be used.

Digitran part number 8788 offers two 8000 series switches with diodes
mounted on a printed circuit board like- a single-height FLIP CHIP module,
and several of these may be connected to provide multiplexed registers as
shown. Each such Digitran B788 takes one module slot, but one extra socket
per register pair is required to accept the exira thickness of the most sig-
nificant digits.

SECONT
REGISTER

THIRD

REGISTER

KE83
Ou TPUT.
STAGES

15 T 2nd pigIT

To sequence through the registers, it is necessary to turn on cne K683 cir-
cuit at a time; this can be done by a K161 binary to octal decoder. Since no
BCD decade can draw mare than 60 milliamperes, as many as four decades
can be handled an any one K683 switch. Circuits may be paralleied for Iarger
registers.

Notice that K581 outputs will be one diode drop above ground in the “low"”
state: This restricts multiplexing to use with K220 or X230 readin gates, or
to K113, K123, or K134 inputs at 1 milliampere only. If the diode outputs
{connector) on K683 are used, noise rejection will be reduced to levels that
would normally be unacceptable. Direct {solder lug) connections are definitely
recommended.
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APPLICATIONS

THUMBWHEELS AND MULTIPLEXING THEM WITH K581

Binary-coded decimal thumbwheel switches of many sizes and types are
availahle to provide convenient manual data entry into K220 and K230 readin
gates via K580 switch filters, Below are listed some of the many types that

can be used this way:

MANUFACTURER'S TYPE PANEL CUTOUT HEIGHT WIDTH PER DIGIT*

Digitran 315 1.380%
Digitran 13015 2.000"
Digitran 715 0.980"
Digitran 8015 0.980"
Digitran 9015 ' 1.375"
EECo 53058 0.960"

"Mote: Additional “'zero digits'' width generally required in p

0.500"
0.500"
0.500"
0.500"
0.600"
0.500"

anel cutout.

The simplest hookup uses one K580 for every two decimal digits as shown

here.

- ' 1

D |

D] s
1]

Y kABD

Power for the unmultiplexed system can be obtained from a 10 volt DC power
supply or by using the circuit shown here with the auxiliary 12.6v winding on

the K743 transformer.

|
., F1DV TD
' i LT
] il
| EIGHT SILICON DIODES
E__TL | EN4OD, ETC
|
I |

OBTAINING + 10V FROM K743

363




¥og

HILYIAROD TVLIDIO OL 9OTVYNY 118 21

a q FE
Ko I
I (

28 64 17 16
K210
|
C04B1024 512 256
K210
I
|AT |nn |n~ Jm 85 [ap [av |su er s [oL |oF
an
4613

en| [mv

NO AGDED
COMPONENTS
REQNRED

BJ ‘_[EIM 8K l_l BS

3O ¥Hz CLOCK

ANALOG INFUT
[0 TO W)

“auaArod Jo adfy uvonew|xcsdde-amssaddns e

Buipling Aq Jo ss21unod umop/dn Buisn j|ing 2q os|e ABLM J8HSAUOD JIISE} Y



APPLICATIONS

FIXED MEMORY USING K281

Switch repisters such as those shown on the preceding page may be con-
sidered as memory devices. Very often a system that needs thumbwheel
memory (or fiip-flop memory) can also bhenefit from memory that is not
‘readily changed. By using a K281 board with diodes cut out where “‘zero”
is to be recorded, many types of sequence or character {symbol) codes may
be permanently stored in a digital system.

K134 INVERTER

L ] la o 3 - T
F F Ig F
| -l [
_1_ - H
Kigt | LbokES |, L} owzEa
laINERY 18- 3wwe LA
TG D vERSH DIIDE 5 ' )
onTaL (M N M NfcuT To
DECOOERY — "1 CaDe) [k
DaTa
reaM— L L. 4 JuTRUT
h TP 5
WORT | F T r’ 5 T * — —, H
.\IDL‘RESS) 20— " [l
i3 A4 w v v
\ & o—— - L
L WO— —— U
u Y
K
Variations

More 4-bit words: .

a) Use pin K inhibit an K134s to select 8 words

by Duplicate K281 and K134, tying K134 outputs together

¢} Usesame K161 and K681

d} Up to 40 4-bit words may be obtained {fanout down to 3)

For more 4-hit wards use longer words and gate outputs

Longer Words:

a) Use same K161 and K681

b) Duplicate K281 and K134, two for 8 bits, three for 12 bits, etc.

¢} Single K681 capable of word lengths to 28 hits

d) Get more than 8 words as in getting more 4-bit words
Serial Scanout:

a} Connect word address lines to scanning counter

B} Tie together K134 outputs

c] Select word at K134 pins N, R. T, V.

d} Second K161 can select word at K134 inputs

) Scanning and word-address K161s may be swapped

f}  This system is expandable in two dimensions also

into all of the general-purpose K-Series logic modules. Far this reason it is
important to take advantage of congruent pin assignments by assigning adjacent
module slots to K161, K681, K281, and K134 mocdules used in memory applica-

Mate: The K681 Lamp Driver lacks the noise immunity and output slowdown designed
tions. .
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APPLICATIONS

PARALLEL COUNTERS

The counters shown elsewhere in this handbook are “serial’” counters: that
is, the input to a counter module of high significance is the simple output
of the next less significant flip-flop, resulting in a time difference between
groups of outputs (within a given K210, K220, or K230 module all outputs
switch essentially simultaneously).

If a long counter is driving a large decader, or if flip-flop cutputs from differ-
ent parts of the counter are being gated together for any purpose, carry
propagation time down a serial counter can give rise to false transients last-
ing several microseconds from the decoder or gating., In effect, the carry
propagation time causes the counter to pass through cone or more wrong
counts on the way to the correct state.

The solution is to feed count pulses in parallel to all moduies simultaneously,
but gating the pulses to modules of high significance with the 1" outputs
from all bits of lessér significance. Observe that modules of higher signifi-
cance would need input gates expanded to 9, 13, or 17 inputs for 12, 16, and
20 flip-flop counters respectively.
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APPLICATIONS

JAMMING DATA INTO K220, K230

The “clear” and “‘read ones" inputs on these modules may be combined to
obtain the effect of a “jam.” That is, completely new data may be stored in
a single operation regardless of previous flip-flop states. However, the “read
ones' {pin D) input must wait to rise at least 4 microseconds after the clear
input rises, to give the clearing action time to die away. A simple way to

accomplish this delay is shown below,
Fl 13
KO3

E g o
1 :]-
1] S P M
D
JAM K loF
INpUT & 4 2z 1 e
J H
1 61 0/1 ot o F——
vl T R| N L
— lg—100us OR
MORE

DIODE AND CAPACITOR IN KOO3 AS RISE DELAY

This circuit gives about 10 microseconds of rise delay. The K003 capacitor
discharges on jam input fall through the K003 diode, but the diode opens to
force the pin D locad current alone to recharge the capacitor, which takes
time. The delay may be reduced if desired to about 5 microseconds by con-
necting another one milliampere pull-up {pin b to pin E on the KOO3 shown
above).

Several ‘'read ones' inputs may be driven from a single K003 section, pro-
vided the capacitance is multiplted by the same number. However, the heavy
capacitive loading may cause slow falltimes on the jJam input Jine. Pin D in-
puts on K220 and K230 may he regarded as 1 milliampere loads in this
applicatian.
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APPLICATIONS

K220 READIN ON DOWN-CQUNT

Because of the simple one-wire cascading feature built into the K220 up/down
counter, a restriction is placed on the readin capability to prevent “borrow'"
from propagating erroneously. ’

If a ‘1" is read into the most significant flip-flop of one K220, the next more
significant K220 module will receive a low-to-high transition at its count in-
put. If this madule has zerc volts at its pin L, it will regard this low-to-high
transition as a borrow signal and will accordingly count down one step.

To prevent such erroneous down-counts, it is necessary to raise the count
direction line to a logic “1' (count up) for at least 4 psec hefore and 4 usec
after the tow-to-high transition at the readin gate, pin D. The diagram below
shows how this may be accomplished, using the same delay technique shown
on the preceding page.

COUNT
DOWN

. 173 173
READ IN ®113 KOO3
E B o]
l . | 10us MIN. =
COUNT
MRECTION I | J_ED N

L
K220 (
v oft ojtojr o

Xz20
1 a1 o]t oo
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m 1 ks e s B
DEC Module assembly lines combine automated manufacturing
steps with visual inspection and computer controtled testing.
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APPLICATIONS

K184 RATE MULTIPLIER

The K184 Rate Multiplier accepts an input pulse frequency f,, via a Binary
Counter, multipiies this by a Binary Fraction F, and emits a pulse train, with
average frequency f, = 1, X F. Note that f, is always less than f,, also that
the Counter and Fraction are Binary; the Fraction being presented in reverse
order to the K184, FIG 1a shows how a K184 with the Binary Fraction preset
on switches, generates the product frequency f,.

i-—l—l—l—o+\¢" SWITCH SUPPLY

SET BINARY FRACTION, £
(0000 = 1141}

S

B 4
KSBO
SWITCH —
FILTER X
U 3 P M
8 4 ¢ ! AVERAGE
K184 = QUTPUT
172 104 .1/B Y ) FREQUENCY
5 [ R T v to=fy aF
= N R T V
MPUT T olr or o o
PULSE k230 ) | .
FREQUENCY
h = {2z 4 s

Since this frequency is average, and not periodic, some digital smoothing
may be added; f, can then be presetected, to control Hydraulic or Pneumatic
Valve opening and closing rates, Stepping Motor velocities etc.

Kig4 -

AYVERAGE 1 2 4 8
QUTPUT K210

FREQUENCY

ts 1 0| 1 Ol 1 0] 1 4]

SMOOTHED QUTPUT
- =
FREQUENCY = 1o

4

The resolstion of the system is increased by cascading K184 modules and
Counters. The K184 outputs, f,, are simply commoned in this case.
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BINARY FRACTION

[ — T T
[ .
U'i’ 5‘2, P L) u 3 R L
e &4 5 " [ 4 ] [
L3121 K184
132 144 /B 1716 1732 184 14129 17238
TN A T T || M 2 TT ¥
i —1
e
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T o]l G olxo-l m—— ralv o] oJva
=

ouTEgT

INFUT RATE AATE

8 BIT RATE MULTIPLIER

BINARY-CLOCK COUNTER QUTPUTS GENERATED BY f,

PRINCIPLE OF K184 OPERATION

As shown above, the input clock frequency f, generates a binary sequence
in the Clock Counter. The 1, 2, 4, and 8 Counter outputs, when connected
to the K184 Clock inputs, generate pulses in the K184 on 0-»1 transitions.
Note that no two O—21 transitions are ever in coincidence. Also notice that
of all possible pulses, all but one are obtainable if each O—1 transition is
allowed through; but when all bits simultaneously return to the zerc state,
ne pulse is available. Thus the maximum output rates for 4, 8, and 12 bit
rate muitipliers are 15/16, 255/256, and 4095/4096 of the input rates.
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Uncritical loads, where spurious conduction for several milliseconds
could not be damaging or hazardous. Since the other components are
rated for 240 volt service already, simply remove the transient-clipping
varistors. These are axial-lead-devices with a black body and metal .end-
caps, about 2 cm long and 8 mm diameter. Lamp return voltage may be
supplied from the load common (240 volits) if a rectifier diode is pro-
vided to obtain half-wave operation. In a system containing both modified
and unmodified circuits segregate and mark them. Use of unmodified
units with 240 volts directly will destroy them by grossly overheating the
varistors. '
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APPLICATIONS

RATE SQUARER

This circuit shows one of the many fascinating and useful tricks possible
with rate multipliers. Here the output rate varies as the square of the input
rate, so that, for example, a flywheel rotation rate could be read out in vnits

of stored energy, etc.
s

¥ T R N

1286 84 3z 16 |0 s 4 z 1 |° INPUT
K210 K210 L~ FREQUENCY 1,
: 10 TO 50 kel

ol ol o e TRANSFER
|yu us :.I;P IMM SEU ]5:3 w 3:M ONES
®230 K230
U _¥s P Ym U _¥Ss P ¥M |
i
K184 K184 QUENCY F
8 (< fo, f0 IS5
A FRACTION}
N R TT v N MR OMT v
4 2 a & 6 32 63 428,

FROM CORRESPONDING K240 DQUTPUTS

SEQUENCE OF OPERATION

0. K230 holds previous rate number; K210s cleared

1. Gate fp to K210 counter for fixed period

2, Stop counter at end of internal; clear K230s and read in
3. Clear K210 and return to step 1.

MODULE COST
2 K210 @ $27. $ 54.00
2 K230 @ 36. $ 72.00
2 K184 @ 18. $ 36.00
TOTAL excluding $162.00
control

NOTE: f, is regarded as a fraction, where 1.0 is that frequency which just
fills the counter during the count interval. Average ouiput rate is the
product of current count rate times the average rate in the previous
interval.
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APPLICATIONS

K184 AS A DIGITAL INTEGRATOR
If the fraction F, to a K184 is derived from a Counter also incremented by
the input frequency f, f, increases, on average, in a linear fashion.

8 4 2z 1 :
K210
o t]e 110 1]0 1
D

K184 2y

FRACTION F ——

b N AR KT AV
= : AVERAGE LINEAR
NIRRT INCREASE UP TO

i

) i 2z 4 8 Fe441
1 K210
v ooft ot o)1 o

As shown befow, if the FRACTION K210 overflows from 1111 to 0000, 1,
will fall to zero and hegin again to increment as befaore. The result is a

Digital Sawtooth generator. 1, against time t is shown here.

FRACTION COUNTER OVERFLOW POINTS

P d N

° t —= SECS

Resolution can be increased by module cascading, If the Fraction Counter
is a K220 UP/DOWN Counter connected for Binary cperation,” then the
slope of f, can be reversed and controlled symmetrically.

#*{Pins BD, BE grounded)
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The output of the K184 shown abave, is on average, a linearly increasing
frequency when the K220 counts UP, and a linearly decreasing frequency on
K220 count DOWN. This facility is of use in controlling Stepping Moctor
Acceleration on K220 UP counts, and Deceleration on DOWN counts. The ~
Fraction Counter must not be allowed to overflow.

Kzag 1
PIN L
ursoown @

t —= SECE

The response of ¥, shown above is average and must be smoothed digitaliy
to remove unacceptably large variations in pulse spacing; which would cause
for exampie a Stepping Motor to change velocity instantaneously during the

Acceleration period. .
For more on rate multipliers, see references on K184 data page.
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SERIAL ADDER

APPLICATIONS

When speed is not paramount, one can sum the contents of two K230 shift
registers bit-by-bit at low cast. The result can go back into one of the source

registers.

Clock output CLK, 1 to O transitions, shift serially the addend and augend
contained in K230 Shift Registers, A and B. The contents of the Registers
are serially surnmed with the Carry th bits from the Carry flip-flop.

Carry Out signals, and CLK signal 1 to O transitions, cause the Carry Out

flip-flop to be Set or Reset, ie Carry or No-Carry.

A8 |carryin | sum|carry out
ofo] o [o 0
110 ] 1 0
of1| o |1 0
111 0 0 1
00 1 )3 0
1|0 1 0 1
o1 1 0 1
1] 1 1 1
| ccock
El?sé?'e'g
g R

SHIFTED
EERIALLY

F

K20z

[

A
-3
a
B ._..-__I_ -
CRRAY
(L]
CARRY
W
T
- .
5
CARRY
FLIP-FLOP

LARRT
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APPLICATIONS

STEPPING MOTORS
INTRODUCTION -

There are two fundamental parts to the design of any stepping motor drive
system: Designing the logic for correct sequencing, and electromechanical
design. Several logic designs are shown on the next few pages; here first is
a brief discussion of electromechanical aspects.

Much of the emphasis in stepping motor system design is on maximizing
stepping rates. There are two components in maximizing stepper speed:
Maximizing the rate of motor current rise and delay, and operating within the
motor's limitations of torque, friction and stiffness during the critical accel-
eration — deceleration phase. Successful design results in accurate stepping
with no missed or gratuitous steps. '

To optimize the response speed of any magnetically operated device, a
minimum requirement is that the ratio of circuit inductance to circuit resis-
tance be less than the desired response time. Thus if response of 1 milli-
second is required in a one henry winding, the total of
winding resistance and series padding resistance should be greater than
1000 chms. If this ratio {L/R or henries-divided-by-ohms) equals or exceeds
the desired response time in seconds, electrical effects tend to be the dom-
inant limitation on speed and override mechanical factors.

The design problem is complicated by the increase in winding inductance as
motion is accomplished. The inductance at turnoff may be many times the
inductance at turnan in efficient devices such as solenoids. However, many
types of stepping motors are designed to achieve maximum performance at
the expense of efficiency, and the inductance of these motors may vary only
a negligible amount (Jess than 109} as rotor position changes. Since induc-
tance ratios are generally unpublished, the best approach may be to start
with equal resistance and then measure the actual current rise and fall
times, increasing the turnoff resistance if necessary later. (In all of this, the
driving transistors are assumed to switch in zero time, as they respond in
rmicroseconds whereas L/R ratios are generally in the millisecond range.}
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Notice that during turnoff the switching transistor experiences a voltage equal
to the supply voltage for the equal case, but larger than the supply voltage if
additional turnoff resistance Rpp is added. Since the voltage rating of the
driver is the limiting factor on the minimum L/R that can be achieved with a
given inductance, the ratio of drive transistor voltage rating to supply voltage
should be adjusted as indicated below for optimum electrical response:

&ZEZRL“I‘RP‘FRP‘E
s = Lon = RI._‘—Rp

Operating within the stepper’s limitations of torque, friction, and stiffness
during acceleration and decelelration is trickier than it looks, especially since
some crucial constant may be omitted from published specifications for the
device. There is often the wish to avoid abrupt (full frequency) starts and
stops to achieve maximum stepping rates. Often only one or two steps need
to be slowed to achieve maximum acceleration error-free. Too gradual change
in stepping rate can actually encourage errors if inertia is moderate and
friction low, caused by an actual resonant reversal of rotation at some
particular step.

All of the logic circuits shown on the next pages can be used with any clock
rate profile. It is best, however, to use an abrupt start-stop system unless
the need for ultimate performance warrants a full study of system dynamics,
including the use of a tachometer on the stepper shaft to observe the effect
of proposed frequency profiling.
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SLO-SYN* STEPPER SEQUENCER

A K202 flip-flop module, connected as shown, forms a reversible switch-tail
‘ring counter. With the “direction” input logic 1, 1 to O transitions on the
“step input"” index a bifilar stepping motor forward. With logic 0 on the
direction input, the direction is reversed.

A d.c. driver controlled by the switch-tail counter provides power for the
stepping motor.

STER
NPT |

WE owdnd 14T K20

T 5 * u

*SLO-SYN [s a trademark of Superior Electric Co.
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RESPONSYN* STEPPER SEQUENCER
This sequencer uses the same two bit shift register with inverted feedback as

the SLO-SYN sequencer, but the outputs are gated to obtain the different
drive pattern required by these motors,

*RESPONSYN is a trademark of Unlted Shoe Machinery Corp.

STER

1
=

DiRECTION
i1 —d ok Sk
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A MOTOR SUPPLY

FUJITSU STEPPER SEQUENCER

FUJITSU Stepper motors can be driven forward and reverse, with the module
arrangement shown. The table describes the stepping sequence required by
a FUNTSU 5 torquer motor (with or without hydrauvlic servo amplifier).

STEP A B c D F

) X X '
X X X

2 X X
3 X X X
4 X X
5 X X X
6 X X
7 X X X
2 X ' X
g X X X
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APPLICATIONS

ANALOG-TO-FREQUENCY CONVERTERS

When a relatively slow-varying or constant analog signal must be transmitted

some distance through noise, some form of current-to-frequency or voltage-

to-frequency conversion is appropriate. There are really two distinct sets of
benefits to be gained: '

1. Analog noise will be averaged, and may be almost entirely nullified even
if it is comparable to the signal in amplitude. Normally the frequency is
sampled for an exact internat number of line-frequency cycles to average
power frequency coupling to zero. High noise frequencies are maostly
averaged out by the conversion device itself.

2. Digital noise will be averaged also, since one or two extra pulses or
missed pulses represent 2 small fraction of the total number. In addition,
the digital form of the measured quantity is inherently noise resistant
since noise less than the switching threshold at the receiver bas truly no
influence whatever.

The improved transmissibility of analog data both before and after the con-

version to an equivalent frequency has to be paid for in reduced speed of

response to changes. (From the viewpoint of an information theorist, such

a transmission mode would be said to deliver high redundancy and low

information rate.) But many sensors on slowly varying processes which are

distant from an associated digital system are ideally suited for this treatment.

The diagram below shows how an operationat amplifier may be utilized to
provide direct conversion from an analog voltage to an equivalent frequency
with errors in the tens of millivolts. This scheme measures how long current
in the input resistor R takes to charge the capacitor C ten millivolts. Each
time this occurs, the output switches to the other state and discharges the
capacitor rapidly.

1N380E

> I}
L Ll
504l & 30R
13
+
-
EIN ‘/"‘\
+1TQ R 08
+10Y
.
Cr
]
= QUTPUT

VOLTAGE-TO-FREQUENCY CONVERTER

Resistance R should be about 1000 to 10,000 chms to -achieve a balance
between error due to wide pulsewidth at high frequency and error due to
the biasing effect of amplifier input current. To minimize the effect of ampli-
fier switching time, capacitor C should be large enough (100 mfd With
R=1000%, for example)} to limit maximum full-scale frequency to around one
kiloHertz. Nearly any quality silicon diode and PNP transistor with at least
30 volt ratings could be used, and the small capacitor with its associated
current limiting resistor is not critical either. Other components should be
selected carefully to minimize drift and temperature coefficient.
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+ K303 clock circuits can be modified by the additional parts shown below to
achieve lower performance conversion at a saving. Basically, a current source
controlted by the input signal being converted replaces the action of the
timing resistor R shown in the Handbook diagrams. Transistors can be any
high gain Silicon MPN type such as 2N2219.

TO K303
PIN J, ETC. NOTE:
CURRENT THE SMALL VOLTAGE
INPUT FOS. DROP (1.5v MAX}

AVAILABLE LIMITS
LINEARITY TO *5%
OR 30 FOR THIS
CIRCNT.

CALIBRATING
RESISTOR
(O TO {5y DROP)

FOR POSITIVE INPUTS

If output frequencies are counted for an integral number of power-frequency
cycles, clock filler will be compensated along with line frequency pickup on
the analog leads.

+5y
TO K303 6BKIQ NOTE: :
PIN J, ETC USE LARGEST PRACTICABLE
VOLTAGE SWING, RESISTOR R
SHOULD BE APPROXIMATELY
IK§ FOR EACH VOLT OF FULL-
SCALE INPUT SWING. LINEARITY
L ) CAN BE IMPROYVED TO ABQUT +1%
OF FULL SCALE BY USING
] INPUT VOLTAGE SWINGS
UPWARDS OF 10 vOLTS.
R CALIBRATING
RESISTOR
CURRENT
O NPUT NES
+5v
T K303 éﬁBKﬂ
FIN J, ETC.
R : L .
o YOLTAGE
INFUT, NEG.

FOR NEGATIVE INPUTS
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APPLICATIONS

USING K604, K614 WITH 240 VOLTS

These isolated AC switches have semiconductors and other components rated
for 240 volt service. However, the Triac switches used were rated primarily
for phase control applications. The difference is that some switching appli-
cations require an "“off” switch to remain substantially off in the presence of
transients and noise, without conducting for even one half of one cycle, Since
a transient voltage, larger than the breakdown voltage of these devices (400
volts) can cause them to start and remain conducting unti! several millisec-
onds later when the load current returns to zero, the K604 and K&14 contain
transient-clipping devices across each circuit which go into conduction
between the peak voltage of a 120 volt line {200 volits) and the Triac break-
over voltage (400 volts). :

Triac switches are not readily available at present with breakdown ratings
above 400 volts. However, K604 and K614 switches can successfully be used
in 240 volt service if two types of application are distinguished:

1. Critical loads: For example, a hydrauiic solencid wvalve controlling the

. liquid metal on a die-casting machine, an ignition- transformer on a
process hoiler, 2 trip solenoid on a punch press; any use involving both
fast response and a potential safety hazard. For such applications, two
circuits should be connected in series, so that any undesired conduction
will be limited toc the actual duration (usually microseconds) of a transient
or noise spike, Wiring K614 outputs in series is simple because two term-
inals are provided on each circuit. To put K604 outputs in series, use
K782 terminals or see K716 data page for connector cable information.
Ncte indicator lamp connections in diagram below.

A
SWITCH p E}

240 VAC

T

LOGIC
INPUT

120vaC
(SAME PHASE)

LAMP RETURN

SERIES CONNECTED AC SWITCHES
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PEC PRODUCT SUMMARY

DIGITAL manufactures a broad line of general purpose computers and offers
a unique line of peripheral equipment and options. PDP-10 is the largest
DIGITAL PDP (Programmed Data Processor} computer. PDP-10 is an industry
" Jeader in multi-program time-sharing with over cne million user hours already
logged and proven software. The 36-bit PDP-10 will time-share, batch proc-
ess, and run hybrid-simulation all simultaneously at an amazingly low price.
The 18-bit PDP-9/1 and 9/L are mediurm sized DIGITAL computers at small
computer prices. PDP-9/1 ofiers extensive processing power, background/
foreground programming, and many real-time capabilities. And the 12-bit
PDP-8 family has made DIGITAL the world's leading manufacturer of small
computers. PDP-8, the all time winner, was the first computer to break the
$20,000 price barrier and then the PDP-8/S broke the $1G,000 barrier. Now,
their faster, more economical and more compact successers PDP-8/1 and
PDP-8/ L. offer TTL integrated circuit module construction. Many manufacturers
have found PDP-8 family computers ideal to build into an integrated system.
DIGITAL, for example, builds PDP-8 family computers into an expanding group
of systems called Computerpacks. These are integrated hardware and soft-
ware packages for furnkey use in a nurmber of computer applications.
DIGITAL has several Computerpacks for the laboratory, others far typeset-
ting, navigation, education, industrial control and outer acq. and small com-
puter time-sharing. Many original equipment manufacturers use PDP-8 family
computers as the centrai processor for their systems.
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PDP-8/1 and PDP-8/L

PDP-8/1 and PDP-8/L are the latest members of the PBP-8 Family of general
purpose computers, They are the faster, smaller and more economical suc-
cessors to the over 3,000 PDP-8 Family computers installed all over the world.

Both PDP-8/1 and PDP-8/L are huilt around the same 4,096-word, 12-bit core
memory and fully parallel central processor. Both have TTL integrated cir-
cuits throughout. Both come with a big software package that is compatible
throughout the PDP-8 Family. And PDP-8/1 and PDP-8/L inherit a world-wide
service organization renowned for its speed and dependability. PDP-8/L is
the lowest cost full scale digital computer available. It comes in a very neat,
small package with a very neat, small price. Just right for plugging into any-
body's integrated system. PDP-8/1 has the same basic capability plus an in-
ternal peripheral control and data break panel for plug-in expansion, The
PDP-8/1 is faster, slightly more expensive, and more flexible than the
PDP-8/L. That's because the 8/l is designed for those who need plug-in
expansion and the 8/L is designed for those who don't.

Both machines are built in the Digital tradition. They are tested and retested
by skilled engineers and sophisticated computerized test equipment,

8/1 Specifications:

Word Length: 12 bits

Memaory: 4096 to 32,768 words,; cycle time 1.5 microseconds

Add Time: 3.0 microseconds

In-Qut Transfer Rates: 7,992,000 hits per second

Standard /0O Device: ASR-33 Teletypewriter with paper tape reader and punch

B/L Specifications:

Word Length: 12 bits

Memory: 4096 to 8126 words,; cycle time 1.6 usec

Add Time: 3.2 microseconds

In-Out Transfer Rates: 7,500,000 bits per second

Standard 1/0 Device: ASR-33 Teletypewriter with paper tape reader and punch
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PDP-9 and 9/L

The PDP-9 is a general-purpose computer designed to handle a variety of on-
line, real-time scientific applications calling for more power and flexibility
than offered by the PDP-8, The basic PDP-9 features 8,192 words of 18 bit
core memaory; a real-time clock; a 300-character-per-second paper tape reader;
a 50-character-per-second tape punch; and input-cutput teleprinter (KSR-33).
Input/Output an be via programmed transfers, data channe) transfers, or
direct memory access. '

Single address instructions are used, with auto-indexing and one ]evel of
indirect addressing permitted. A single memory reference instruction can
directly address any location in a block of 8,192 words of memory., PDF-9
has a Direct Memory Access channel plus four built-in Data Channels.

A comprehensive software package including FORTRAN IV, MACRO Assem-
bler, a monitor system, and diagnostic routines is provided with the basic
machine, With the modular software package, PDP-9 users can program in
a device-independent environment fo take full advantage of configurations
with mass storage devices and central processor options, And with the
PDP-9 hackground/foreground monitor, new software can be tested con-
currently with on-line systerm functions.

The $19,900 PDP-9/L, a smaller vetsion of the PDP-9, is available at a 4096-
word level that fits easily intc a dedicated systems environment. Its basic
software includes COMPACT, a complete programming system for the 4K
POP-9/L, with Assembier, Editor, Math Package, debugging programs (QDT,
Trace), and utility programs, ajl with complete upward compatibifity.
Expanded, the PDP-9/L can take full advantage of the Advanced Software
Systemn developed for the PDP-9,

Specifications:

L]

4096 18-bit words of core memory, expandable to 32,768 words
1.0 microsecend cycle time (1.5 microseconds on 9/L systems)
8 data channels

Up to 256 input/output devices

COMPACT, a complete software systern for the 4K PDP-9/L

s Advanced Software System for larger machines, inciuding FORTRAN 1V
and background/foreground monitor

Options: DECtape, IBM-compatible magnetic tape, displays, A/D converters,
line printers, card readers, plotters, etc,
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PDP-10

PDP-10 is an expandable, 36-bit computer system. All PDP-10 systems begin’
with two basic hardware elements: central processor and core memory. The
same central processor is used in every PDP-10 configuration, but core
memory can be composed of any mix of several modules, The modules vary
in size, speed, and cost.

The PDP-10 includes an extremely powerful processor with 15 index regis-
ters, 1& accumulators, and from 8,192 to 262,144 words of 36-bit core
“memory, a 300-character-per-second paper tape reader, a 50.character-per-
second paper tape punch, a console teleprint, and a seven-level prionty inter-
rupt subsystem. The PDP-10 features an 1/O bus which provides 200K
word/ sec transfer rate; interfaces up to 128 devices with processor. it has
366 instructions, all different and logically complete.

The PDP-10 is designed for on-line and real-time, time-shating, hatch proc-
essing, and hybrid simulation applicaticns such as physics and biomedical
research, process control, as a departmental computation facility, in simu-
lation and aerospace, chemical instrumentation, display processing and as
a science :ceaching aid.

The software package includes realtime FORTRAN IV, BASIC, a conirol
manitor, a macro assembler, a context editor, a symbolic debugging pro-
gram, an 1JO contrcller, a peripheral interchange program, a desk calculator
and library programs. All software systems assure upward compatibitity from
the standard 8,192 words of memory through the multiprogramming and
swapping systems at both the symbolic and relocatable binary level.

PDP-10 features a l-microsecond. cycle time, a 2.1-microsecond add time,
110 transfer rates up to 7,200,000 bits per second and a modular, proven
software package that expands to make full use of all hardware configura-
tions. Memory can be expanded in 8,192 word increments to the maximum
directly addressable 262,144 words.
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PDP-12

Digital's PDP-12 is a general-purpose computer system. It is designed as a
simple to operate, yet uniquely flexible tocl for a wide variety of research
and reai-time data handling applications,

Performance characteristics of the PDP-12 have been optimized around a
complete hardware/software system, rather than an expandable minimum
cenfiguration. The PDP-12 systems concept works to the advantage of users
at all levels of programming sophistication. By simplifying programiming
tasks, the PDP-12 frees users from the mere mechanics of program prepara-
tion to concentrate on the mare creative aspects of their work.

The following is a brief list of some of the PDP-12's outstanding features:

All-new, unified display-based programming system

Automatic program loading from magnetic tape

Built-in program debugging hardware

779" CRT display with graphic and alphanumeric capabilities
Large existing library of applications programs

TTL integrated-circuit modules throughout
LINCtape-addressable, bi-directional program and data storage
Free-standing cabinet and conscle table

Specifications:
o 4096 12-bit words of core memory, expandable {0 32,768 words

1.5 microsecond cycle time i

43 basic instructions including 29 memaory reference instructions

15 auto-index registers :

6 programmable SPDT relays

& sense switches

12 external sense lines

Peripherals including 16-channel A/D converter, DECtape units, and new
7" % 9% display, all fully bufiered

s Software: new unified display-based system; FORTRAMN, FOCAL, BASIC,
mathematical, maintenance, and utility routines

. * 8 8 % &8 &
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COMPUTER LAB

The COMPUTER LAB is a new high perfermance low-cost digital logic trainer,
The COMPUTER LAB uses the same monglithic integrated trans:stor transis-
tor logic circuitry used in DIGITAL's latest PDP computers.

The digital logic fundamentals presented by the COMPUTER LAB constitute
the basic knowledge required to pursue a career in computer technology as
computer technician, engineer, programmer or operator. The COMPUTER
LAB will aiso help the math-oriented student to understand "“New Math"
concepts because computer logic operates with binary numbers according
to Boolean algebraic laws.

Wiring is easy because of the standard logic symbology used on the front
panel and the color coded Patchcords which are easily inserted and removed.
An improper circuit will not damage the COMPUTER LAB The faulty circuit
merely “waits" for correction.

Features:

& Transistor—Transistor logic circuitry as used in BIGITAL's PDP computers
¢ Teaches modern computer fogic '

e Easy to use: MIL-STD 806 logic symbology on front panel

s Portable: Dimensions of 1215”7 x 17" x 314", weighing only 11 lbs.

» Comprehensive Workbook provides:
—Ten detailed chapters
—More than 30 experiments
—0Over 200 hours of laboratory study
—Dozens of tables and diagrams
—An extensive appendix of supplementary information

s Teacher's Guide with answers, additional text, extra problemns, and course
plans.

e Low cost: COMPUTER LAB, Workbook and Patchcord set, ready to use
$445.00
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DEC SUPPLIES

Digital Equipment Cornporation offers a complete line of computer operating
supplies, These supplies are guaranteed to work with all PDP computers. In
fact, DEC equipment performs best when used with DEC supplies! The DEC
Field Service personne!l are trained to make adjustments in accordance with
the specifications of DEC-sold supplies. These ad]ustments differ for supplies
provided from other vendors.

The most important reason for using DEC supplies is their low cost. DEC
supplies are, in some cases, 50%, lower in price than those offered by other
major suppliers. This is of particular significance when you realize how many
of these items you purchase during the year.

DEC now provides fast delivery on all operating supplies because many are
stocked locally at regional offices. All orders will be shipped within 48 hours
to assure you the fastest delivery possible.

Part No. Description Price
74-3860 DECtape $ 7.00 ea.
74-3860-1 LINC Tape 7.00 ea.
36-05363 Fanfold Paper Tape (1" wide) 45.00 case
36-05360 Qil rolted tape 36.00 case
36-05364 Paper Tape Trays (914" x 12") 3.30 ea.
18-09128 Empty DECtape Reels .50 ea.
18-0932-01 DECtape Storage Racks (Cabinets) 9.00 ea.
18-09232-02 DECtape Storage Racks (BDesk} 7.50 ea.
18-09139N Printer Ribbons for DEC Line Printers 15.00 ea..
18-09137 Teletype Ribbon 20.00 box
36-05361 Printer Paper 15.00 box
18058211 Paper Tape Gauge 240 ea.
18-09138 Roll Paper Tape Winders 3.50 ea.

18-02157 ~ PDP-10 Console Cover 75.00 ea.
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WIRE WRAP SERVICE POLICY AND PRICES

Wire Wrap Service Policy and Prices .

As a service to those customers who are building multiple units, we will pro-
vide an automatic wire wrap service, This service will be available to anyene
who has at least five like systems to be wired.

Inputs:

The customers should provide us with a deck of IBM cards for input to the
wire list program. The deck must be prepared in accordance with the Stand-
ard DEC format and procedures. .

ey Punching:

If a customer does not have a key punching facility available, we can provide
punching services at the rate of $0.05 per card when cards have been listed
on our forms DR-22.

One Time Charges:

24 Gauge Wire Wrap:
$320 minimum charge for up to four panels {1943, or equivalent in any other
mounting arrangement) $25 for each additional panel.

30 Gauge Wire Wrap:

$200 minimum charge for up to two panels (H911 or equivalent in any other
mounting arrangement) and $50 for each additional panel.

Cne time charges are not discountable.

File Maintenance Service:

If desired, DEC will maintain on file a magnetic tape record of the original
source information for a period of two years. A service charge of $50, not
discountabie is assessed for this service.

In many cases the customer will want to maintain the magnetic tape in his
own EDP center and DEC will provide him a tape in card image for $35.00/
reel.

Purchase Orders:
A separate P.O. # must be issued to DEC for any Wire Wrap service, This is
necessary for the following reasons.

1. Pricing of the wire wrap job cannot take place until the actual processing
of the source deck has been completed {tc determine wire count and
_ charges for correction and re-run).

2. The module and mounting panels on the same order would he unneces-
sarily delayed by the above because the order could not be entered with-
out complete price information. This could mean several weeks delay to
the customer.

Errors{Corrections:

No ECC work will be performed on wired panels. This means DEC will not
up-date wired frames to incorporate changes that may come intc the house
before shipment of the panel.

In addition, in those cases where errors have been found in a customer sup-
plied card deck, the customer will be contacted to establish corrections. The
customer will be charged a flat fee of $50.00. Correction charges are not
applicable to discount.
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Bussing:

Special bussing will be performed by DEC should it be required. The customer
will be charged at the rate of $0.10 per point for special bussing not includ-
ing the cost of the bus strip. For a charge of $5.00 DEC will provide {o the
customer a vellum of the appropriate mounting panel. Bussing wil! be done
according to an appropriate marked up DEC drawing only. Special bussing
will add at least two weeks to the normal delivery time,

Delivery:

The normal delivery for wire wrap panels is 4 to 6 weeks after receipt of both
the purchase order and an accurate card deck. Additional time should be
allowed for delivery if key punching and{or special bussing is required,

Prices:
The cost per wire for wrapping # 24 wire is 33¢ and for # 30 wire is 45¢.

Both applicable to standard module discount agreements.

Wiring Verification:

At no extra charge to the customer the wire wrapped panel will be verified.
The only restriction being that the size of the panel be fimited to 4 connector
blocks high by 10 connector blocks wide. No price reduction will be allowed
for elimination of the verification service.

Customar Receives:

The customer receives one copy each of the Name Sort, Pin Sort, To-From
and Z level list. Additional copies will be provided at a cost of $10.00 each.
The card deck and Gardner-Denver deck are the property of the customer and
will be shipped to him upon completion of the job.
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Al23
AZ00
A206
A207
A404
A613
Abl8
AG19
AB20
AB21
A7Qz2
A704
AgSI1
A990
A992
HOO1
HOO2
HO20
HO21
HD22
H704
H707
H710
H716
H800
H801
H802
H803
HB05
H807
H808
H809
H810
HE11
H812
H813
H814
H820
H821
H825
H826
H910
H911J
H913
H214
H916
H917
H920

PRIQE LIST AND NUMERICAL INDEX

Positive Logic Multiplexer
Operational Amplifier ......
Qperational Amplifier ...
Operational Amplifier ...
Sample & Hold ...............
12-Bit DfA Converter ... . ...
10-Bit Df A Converter, Single Buffered ... ... ..
10-Bit D/ A Converter, Single Buffered ..............
1G-Bit DfA Converter, Double Buffered . ...
10-Bit D/A Converter, Double Buffered ...
Reference Supplies ..
Reference Supplies ...
'10-Bit A/D Converter ..
Amplifier Board .........
Amplifier Board .. ...
Bracket ...
Bracket ... e,
Frame Casting ... .. ... ...
End Plates ..._...............
End Plate Assembly .. .................
Dual Power Supply ...
Dual Power Supply

Power Supply .. ...

Power Supply -
Connector Block . ... .
Replacement Contacts
Cennector Block '
Connector Block
Replacement Contacts ..................

Connector Biock ...

Connector Black .. ...,
Replacement Contacts ..................
Pistal Grip Wire-wrapping Tool
Hand Wrapping Tool .
Hand Unwrapping Tool
Hand Unwrapping Taol
Hand Unwrappmg Tool
Grip Clip ..
Grip CRp . e
Hand Crimping Tool
Hand Crimping Taool . _...............
Mounting Panel ... e
Mounting Panel ...
Mounting Panel ...
Mounting Panel ...
Mounting Panel ...
Mounting Panet ...
Module Drawer ... e
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Price

% 58.00
130.0C
180.00

45,00
130.00
250.00
350.00
375.00
400,00
425.00

58.00
184.00
450,00

4,00
4.00
8.00
8.00
15.00
7.00

20.00
200.00
400.00
200.00
130.00

8.00
2.00
4.00
13.00
4,00
5.00
10,00
4,00

99.00
- 21.50

10.50

30.00

21.00

43.00

75.00
146.00
210,00
280,00
151.00
270.00
125,00
270,00
260.00
170.00

Page

230
232
234
236
238..
240
242
242
244
244
246
246
248
250
250
274
274
274
274
274
260
260
262
263
269
289
270
271
271
272
273
273
290
291
291
291
291
286
286
286
286
276
278
280
280
280
280
283



H921
HG23
H925
HS50-AA
K003
K012
K026
K028
K113
K123
K124
K134
K135
Klel
K174
K134
K202
K206
K216
. K220
K230
K273
K281
K303
K323
K371
K373
K374
K375
K376
K378
K501
K508
K522
K524
K578
K580
K581
K596
K604
K614
K644
KB56
Ke58
K&71
K681l
Kea3
K&96
K716
K724
K725
K731
K732
K741

Front Panel ......................... TR
Slide Tracks .....cooooooiieiei e
Module Drawer ...,
Cabinet ...
Gate Expander
Gate Expander
Gate Expander
Gate Expander ...
Logic Gate
Logic Gate
Logic Gate
Inverter ................

[MVEIERT o e
Binary to Octal Decoder ... TP
Digital Comparator ...
Rate Multiplier ...
Flip-Flop ..........

Flip-FIop REGISLEr ... oeereore )
Counter ... e
UpfDown Counter .. .........c.ooooiiiei

Shift Register
Retentive Memory ...
Fixed Memory
Timer .....ooooooveee
One Shot .
Timer Control, Clock ................oceeeii
Timer Control, Clock ... ...
Calibrated Timer Control ............................. ...
Timer Control, Clock ..............................
Calibrated Timer Contral ............................
Calibrated Timer Control ... ...
Schraitt Trigger ...
AC Input Converter ... ... ...
Sansor Converter ...
Sensor Converter ...
120 VAC Input Converter ...
Dry Contact Filter ...
Dry Contact Filter .......... ...
ElA Input Converter ...
Isolated AC Switch ...
Isclated AC Switch ...
DC Driver
DC Driver
DC Driver . . T
Decimal Decoder and Nme Dlsplay ..................
Lamp Driver ... e
Lamp Driver ...
EIA Qutput Converter
Interface Block
Interface Shell ...
Interface Shell ......
Source Module ...
Slave Regulator
Pawer Transformer ... ...

158
160
161
161
164
170
166
166
166
166
166
166
172
174
176
180
184
186
186
188
190
192
194
196
197
199
200
200
202
204
208
208
211 265,
212 265,
214 266,



K743
K771

K782
K784
K791

Ko43

Kog0
Moo2
MO40
MOS0
MO51
M101
M103
M111
M112
M113
M115
M117
M119
Mi21
M133
141
M160
M161
M162
Mi68
M202
M203
M204
M206
M207
M208
M211
M213
M302
M310
M360
M401
M405
M452
MS501
Ms02
M506
M507
Me02

M617.

M624
M627
M50
M652
Me60
Me61
M706

Power Transformer ..........coocovveec e
Display Supply ....oooooi i

Terminal ...,

Terminal ..........
Test Probe ...
Mounting Panel .................

End Plates ...............ccoene.

Logic 1 Source .
Solencid Drwer
50 ma. Indlcator Drwer ....................................
Level Converter .........ccccoee e e e
Bus Data Interface .......
Device Selector .........._.
Inverter ......................
NOR Gate ...
Ten 2-Input NAND Gates .......................... .
Eight 3-Input NAND Gates ...............................
Six 4-Input NAND Gates ...
Three 8-input NAND Gates .............................
AND/NOR Gate
NAND Gate ...._..............
NAND/OR Gate
ANDfNOR Gate
Binary to Octal,r Decimal Decoder ...._.................
Parity Circuit ... . ...
Gating Module ..............
J-K Flip-Flop ..... s
8 R/S Flip-Flops ..
General Purpaose Buffer and Counter ................
General Purpose Flip-Flop
General Purpose Flip-Flop ... ...
8-Bit Buffer/Shift Register
Binary Up/Down Counter ..........
BCD Upf{Down Counter ............
Dual Belay Multivibrator ...
Delay Line ...
Variable Delay .............

Variable Clock .........

Crystal Clock ..
Variable Clock ...___...._..
Schmitt Trigger
Negative Input Converter ...
Megative Input Converter
Bus Converter .. .

Pulse Ampltﬁer
4-Input Power NAND Gate

Bus Driver .. .
NAND Pcuwer Amplmer ...............

Negative Output Converter ...,

Negative Qutput Converter ........

Positive Level Driver ..................

Positive Level Driver ..................

Teletype Receiver ...




M707
M730
M731
M732
M733
M734
M735
M736
Ms01
M203
Ma04
M906
M207
M908
w018
W21
WO22
w023
w028
wbl2
We03
Wa70
Wa71l
W72
W73
wa74
Wa75
WSs0
WoB2
Wa90
wWoo1
w992
Wwas3
Wos8
Wog9
913
oi4
915
917
932
933
934
935
936
1907

Teletype Transmitter ... ... ..
Bus Interface . ... . .
Bus Interface ... ... ... ... ...
Bus Interface ... ... ... .
Bus Interface ..................

IO Bus Input Multiplexer ... ... ... ... ..

11O Bus Transfer Register

Priority Interrupt Module . . .

Flexprint Cable Connector

Flexprint Connector ............. ... ... ..
Coaxial Cable Connector ... ... ... ... .
Cable Terminator ... ... e

Diode Clamp Conneactor ...
Ribbon Connector ... .

Cable Connector . . .. .. .. .. .. .

Cable Connector_..._.._.._._..._._.._..._.....: ..............
Cabie Connector ... ...... ... .. N
Cable Connector .................... R,

Cabie Connector ... ... T

Positive Level Converter ........... ....... .. . ...
Positive Level Amplifier ... .. ... ...

Blarnk Madule/36-pins ..

Blank Module/Double Helghtf72 pll’]S o
Biank Module/Copper-cladf{36-pins ... .. .. . .

Blank Module/Double He|ghtf72 pins
Blank Modulef36-pins .. ... .

Blank Madule/72-pins .

Module Extender . ... ... . .. S

Module Extender .. .. ... .. . . .
Blank Medule/18-pins ... . .. . ..

Blank Modute/ 36-pins ... .

Biank Module/Copper-clad/f 18-pins o
Blank Module/ Double Height!36-pins e
Blank Module/ Perforated Board .
Blank Module/Perforated Board .

Patchcords . ... ..
Power Jumper
Patchcords

Daisy Chain .. .. )

Bus Strip .
Bus Strip .. R
Wire- wrappmg Wire .

Wire-wrapping Wire ...

Conductor Ribbon Cable
Caver
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Price

175.00
185.00
185.00
185.00
190.00
110.00
140.00
130.00
16.0C
12.50
14.00
20,00
16.00
18.00
5.00
4.00
5.00
4.00
5.00
26.00
23.00
4.00
8.00
4.00
6.00
92.00
18.00
14.00
18.00
2.50
5.00
2.00
4.00
4.50
2.00
18.00
4.00
33.00
50.00
0.60
1.00
50.00
60.00
0.60

. 9.00

Paga

88
94
o4
96
96

160
105
112
113
114
115
116
117
300
300
300
300
300
118
i19
294
254
295
295
294

294

292
293
294
294
295
295
294
294
286
287
286
288
289
289
289
290
290
282



ALPHABETICAL INDEX

A

Adder, Serial ... 376
Amplifier Boards ... ... 250
Amplifier, )

Differential .. 176-182, 232.237
Amplifier, Operational ... 232.237
Amplifier, Pulse ... 74,150, 359
Analog to Digital )

Converters .. 248, 351, 355
Analog to Frequency

Converters ..................... 382
AND Gate ... 29.38, 134-142
Annunciators ... 360

Appliques, Logic Diagram ... 108
B
BCD (Binary-Coded Decimal)
39, 56, 145-147, 156-1539,

199, 308, 362-365
BCD Up/Down

Counters ... 56, 158, 367-368
Binary Up/Down

Counters .... 55, 158, 367-368
Brake Drivers 194.198, 200
Buffers 46, 52, 83-100, 160
Bus Data Interface 94.100
Bus Multiplexer ....................
Bus Transfer Reglster

Cabinets 283-285, 296
Cables ....112-117, 290, 298-301
Cable Terminators.. 115-116, 300

Clock, Crystal ..................... 65
Clocks, Variable ... 67, 164-166
Clutch Drivers ... 194-198, 200

Comparators,
Analog 176-182, 232-237, 250
Comparators, Digital 33, 136, 148

COMPUTER LAB .................. 394
Computers ... 385-392, 396
Connector Blocks ... 269-273
Connector, Cable . 112-117, 300
Connecter, Diode Clamp ... 116
‘Converter, Bus ... 70-80, 94-97
Converters, Anzlog-to-

Digital .............. 248, 351, 355
Converters, Digital-to-

Analog ... 40-245

Converters, Input
68-72, 118, 174-188, 325

Converters, Output
20-23,79-82, 119,

190-202, 325
Converters, Sensor 176-182
Counters, BCD
56, 156-159, 308, 367-368
Counters, Binary
46, 55, 156-159, 346, 367-368
Counters, Parallel 56, 366.
Counters, Preset
46, 55-56, 158, 367-368
Counters, Switch-Tail
Ring ... 348, 379
Counters, Up/Down
55.56, 158, 367-368, 379
Crystal Clock . . . 65

: D
Becimal Counting
56, 156, 158, 303, 366

Decimal Decoding .. 39, 145, 199
Decimal Display .................199
Decoder, Binary to

Octal ... ... 39, 145, 199
Decoder, Decimal .. 39, 145, 199
Delay Line ..................... 62, 63
Delay, RC

132, 150, 164, 166, 170, 184,
186, 350, 351, 358, 367, 368
Delay Multivibrators
60, 150, 164, 170, 342-344,
350.352, 358
Device Selector ... .. 26
Differential Comparator 176, 180,
226, 229, 232, 234, 236

Digital-to-Analog
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Converters ... 240-244, 355
Discount Schedule .......... ...
Discriminator,

Frequency .......... 64, 164, 351

Discriminator, Voltage 68, 172,
174, 176, 180, 184, 325

Display, Decimai .................. 199
Display Supply ... 216, 268
Drawers, Modufe

Mounting ... ... 283, 284
Drivers, Clutch/Brake ... 194.197

Drivers, Computer But 76, 81, 82
Drivers, DC 20, 22, 200, 194-197
Drivers, Indicator ... 20,22, 200



Drivers, Motor
Starter ...... 190,192, 194-197
Drivers, Relay;Solencud
20, 194-197, 200
Drivers, Stepper Motor .. 194-197
E
Equality Detection
33, 136, 148, 176, 180,
223-226, 232-236, 310
Expanders, Gate 68, 134.135, 356
Extender, Module .. ... 292 293

Filter, Line
Flip-flops, Control (R/3)
44,142, 154, 324, 349, 360
* Flip-flops, General Purpose
43-50, 142, 152.154, 349
Frequency, Reference
64, 66, 164, 166, 211, 265

Frequency, Setpoint ...... 164, 351
G
Glossary ... 398-403
H
Hardware ............ ... 255.259
Hydraulic Valve
Drivers ................ 20, 194-197
|
Indicator
Driver .... 20, 22, 190-197, 200
Input Converters ... 70,71,188
Interfaces, Computer ... 83-105
Interfaces,
Transducer .. 68, 172, 176-180
Interfaces, 120 VAC
174, 184, 190-193, 204
Interfacing K and M Series .. 353
: J
J-K 'Frip Flops ... i1,43
L

Level Converters
23,70-72, 96, 190-200, 325
Limit-Switch .
inputs .. 174, 184.186, 204
M
Memories . ._..... 161, 365
Monostable Muitivibrators
60, 150, 164, 170,
342-344, 350-352, 358
Motor Starters 190-192
Motors, Stepping 197, 377
Mounting Panels 276-283
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Mounting Panel Accessories
274, 269.273, 282, 286-250
Multiplexers, Analog 230

Multiplexers,

Digital . 39, 143-145, 362
Multiplier, Pulse

Rate ... 150, 370, 373, 374

Multivibratars, Delay 60, 150, 164,
170, 342-344, 350-352, 358

N
Noise ............ 4,68, 126-133
174, 184, 186, 324,327

O
Off-Delay ... 164
Cne Shots ... 60, 150, 164, 170,

342. 344 350- 352, 358
Cperational Ampllﬁers

223-228, 232-236

202

Output Converters

P
Parity Circuit ..................
PDP.8
PDP-S
PDP-10
PDP-12 .
Photocell Inputs ... 156, 176, 180
Pneumnatic Valve
Drivers ...
Polyflop Sequencers
Power Supplies
211,212,214, 216, 260, 262,
263, 265, 266, 268, 276, 280
Preset
Counters ...

20, 194-197
349

56, 158, 367, 368

Priority Interrupt ................ 105
Pulse Amplifiers .................. 81
Pulse Generators 60, 62, 63, 74,

81, 150, 170, 350, 358

Q
Quantity Discounts

Rate Multipiier

150, 370, 373, 374
Rate Squarer ...
Reference Supplies 240-249, 260

Regulator, Slave ... .. 212, 265

Relay Drivers .. 20, 194-197, 200

Retentive Memory ... ... . 161
S

Sample & Hold ................... 238

Scanners .. 39, 143-145, 230, 362



Schmitt
Triggers ... 68,150, 172,174
Sequencers ...............- 342-349
Serial Adder ...l 376
Setpoint Control ............ 68,172,
223-226, 232.236
Shifter Sequencers .............. 348
Shift Registers ............ 152, 160
Source Module ....... ... 211, 265
Starters, Motor ... (e 190, 192
Stepping Motors ............ 377-381
T
Teletype Receiver ... 83
Teletype Transmitter ........... 88
Terminals 184, 192, 196, 157

Terminators, Cable 112.117, 300
Test Probe 216

Thermistor Inputs ... 1, 176, 180
Thumbwheel Switches .......... 362
Timers ... 60, 164-170, 350, 352
Timing Considerations :
13-17, 130-132, 164-170, 342,
3562, 353, 367-370

Transducer
Interfaces ... 68, 172, 176-180
Transformers,
Power ... ... 214-216, 266-268
. v
Valve Drivers ... 20, 194-197

Variable Clock 64, 164, 352 355
Variable Delay
60, 63, 164-170, 342-352
w

Warranty ... X
Wire ... SUVUIR 286-290
Wire-wrap ...l 404.405
Wiring Accessories ... 286-290
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MODULES
Describes 60 M Series high-speed TTL integrated logic modules, 57
compatible K Series low-speed noise-immune logic modules. and

fifteen A Series an: 1|r g/ digital modules.

HARDWARE :
Comprises over 100 separate hardware and accessory items includ-
ing power supplies,” connector™ blocks, mounting panels, blank
modules, and connector cards.
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APPLICATIONS . = 4
Contains thirty-five apphcatlons notes and dozens of useful dési e
notes that ‘make this Handbc:ok one of ’the most informative; da il
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