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FOREWORD

The voltime of data from physical and chetriical experimentation being
analyzed by means of electronic, computers is constantly growing. Reasons
for this trend are the. production of large volumes of experimental data,

the availability of sophisticated computer routines for treating previously
obscure, details, and the prospect of freeing scarce technical maupov/er

for more creative work. Between the experiment and the computer, however,
tiiere is an equipment gap that must be bri.dgen before the fiill potential
of computer analysis of data can be realized by the scientific community.

The equipment problem is complicated by the diverse reouirements of

scientific laboratories with -respect to the types, acquisition rates,
measurement precision, display, and ultimate use of the data to be obtained.
In addition, not all projects V7ith data handling problems can affoi'd, or

efficiently use al], of the automatic equipment that could be applied to
their particular activities.,

, The fundamental problem is to achieve a sufficiently high degree of

versatility of data handling equipment to permit, its use in meeting many
different requirements of scientific laboratories. The solution to this
problem would permit a large variety of measuremexit problems to be solved
with a minimum investment in equipment, and 'will tend to minimize the
problem of equipment obsolescence,

A promising approach to the accomplishment of tliis objective is based
on a set of compatible electronic modules developed at the National Bureau
of Standards, These modules are engineered for flexible interconnection,
/They operate xinder the asynchronous control of a supervisory module,
equipped with a patch board to govern the control program, /Each module
contains its o\<n power supply, indicator lights, pluggable printed-circuit
logic c^rds, and standard connectors for control a,nd data signals, Tnis
permits the ready assembl}^ of data legging systems tailored to the particu-
lar requirements of individual experiments.

This report describes the printed-circuit logic cards.

11



I

%

\

J



ACKNOWLEDGEMENTS

The author x.’ishes to express his gratitude to che members
of the Measurements Automation Section for their assistance in

the preparation of this report, and especially to Don R. Boyle

and Alfred L-. Koenig for original design work on the new circuits
incorporated in this series.

We are also grateful for the many constructive suggestions
tendered by other users, both active and potential, in the

hope of further improving the utility and applicability of the

packages.

iii



t V

I '

jj.

«

.•V*--

•i



ABSTRACT

A fourth family of etched-circuit logic cards has been develope
at the National Bureau of Standards. It closely parallels the de-
sign criteria and philosophy embodied in previous work, but differs
in many respects. Each circuit description is separated physicall^^

from the others to facilitate use as an application manual. Speci-
fications, typical uses, graphic symbols, ai;d reliability are dis-

cussed in brief.
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TRAILS ISTORIZED BUILDING BLOCKS

FOR DATA INSTRUFJENTATIGN

by

Philip G« Stein.

Measurements Automation Section
Information Technology Division
National Bureau of Standards

1. INTRODUCTION

National Bureau of Standards Technical Notes 68 and 168 (May 1960 and
April 1963, respectively) describe a series of etched-circuit transistor
packages for use in construction of small“tO“medium sized data acquisition
and data processing systems, A related group at NBS has been occupied
with design of a series of modules that can be readily assembled into
small“scale data acquisition systems. These modules are specifically
suited for this purpose, and are therefore not readily applicable to con-

struction of larger machines such as store deprogram, data processors.

The construction of these modules is different from that described in

Notes 68 and 168. Instead of the drawer s'tyie used in previous designs,
the new devices are built around a card-cage in which 19 printed-circuit
logic packages may be raountedy along with a self-contained regulated power
suppl}^ to provide all necessary operating voltages.

Early m.odules utilize series 3 packages as described in Note 168,
with rn.iVi.or modifications. Late in 1963, it became obvious that use of
these cards was very wastefvil of space, since they filled only two-thirds
of the available volume in ,a 5-1/4 inch high cage. In addition, experience
with series 3 packages indicated that a fev/ logical functions perfo'.cmed

by series 3 were superfluous for data-logger design, and that the addition
of soiae others would be advantageous. Gars was taken in the physical
layout of the cards to insure max'im’um density of components, and therefore
maximum number of circuits per card,

Inicluded in this report is a digest of the new logic symbols approved
by the American Standards Association in 1962, These symbols are used
throughout this report, which also includes a separate logical diagram
and applications information on each of the packages.

. \ „
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2. SPECIFICATIONS

1) All systems constructed from these packages may be operated at a

frequency of up to 5 0kc<. Individual cards have higher capabilities.
These are noted vzhere applicable.

2) Ambient operating tem,peratures may be betxceen 0*^0 and SO'^C.

3) Power supply voltages are:

“12 volts (careful filtering to eliminate high frequency transients
in this line is needed),

+ 12 volts.

These are the nomi.nai values for the voltages. Plus or miinus three
volt tolerances a,re permissible in extreme cases, but in any case
this voltage, whatever it is, should be reasonably well regulated.

4) Pulse specifications are:

More positive level: within 1 volt of ground (0 volts).

More negative level at least “6 volts, at most “12.

Duration of at least 5 microseconds,

R.ise slope of at least 6 volts per microsecond.

(Note: Most applications of these packa,ges in data acquisition utilize
on dc levels or changes in them, rather than pulses per sec. For
this reason, the limit on pulse duration is not a severe restriction.)

Each package is Cvonstructed on a plug~in, etched circuit wiring board
with a 35 pin herm^.phroditic connector integrally •'mounted, and with test
points to accommodate phono-tip probes m.ounted directly on the card. These
test points are connected to the circuit terminals of gieatest interest
for trouble“shooting.

Tne basic tra.nsistor in use for general pur-poses is a 2N404. For
complementary N?N use, a 2N1302 is satisfactory. For high current applica™
tions, a 2N659 is used for. very high current, a 2N1039, and for high
voltage, a 2N398 are used. The 1 ox\t current, low voltage diodes are type
DR.435. The high current, high voltage diodes are type 1N2069.

Circuit cards of previous series have required external jumpers or
external components to effect m,ost logical functions. A large nTjmher of
these have been el-imlnated, soro.e important ones have been, retained, and
several new ones which promise to be useful have been added.

- 2 -
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In general, the circuitry used in the ne\<! series is quite similar to

that in series 2 and 3. There are enough differences, though, to warrant

a complete re-description of the line. In addition, there are several
completely new circuits, and extensive modification of a few others.

The series is designated MAD-1 (Measurements Automation Devices).

3. GRAPHIC SYMBOLS FOR LOGIC DIAGRAMS

The module development group has been using logic symbols v/hich

conform to the /unerican standard v;hich was approved by the American
Standards Association on September 26, 1962. The distinctive shape
s>mibols are used as shown below.

.
a. Input - Output Symbols

Logic levels are indicated as shown below:

JA'
1-state at the more positive poten-
tial (current) level.

1-state at the less positive poten-
tial (current) level.

1-state indicated by positive poten-
tial (current) transition.

1-state indicated by negative poten-
tial (current) Transition.

Analog inputs are indicated by a plain arrow:

b. Labeling

Card position is indicated insi.de the symbol.

Pin numbers are indicated outside the symbol and adjacent to respec-
tive line.

- 3 -
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b . Labeling

Card position is indicated inside the symbol.

Pin numbers are indicated outside the symbol and adjacent to respective
line.

c. AND/OR Inverter
"and" function v?ith three inputs

"or" functioii with five inputs

T input

Note: A flip-flop contains a "1" when the 1 output line is in the "1" state

- 4 -
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R-S inpuL (connection directly to transistor base)

e. One Shot

Normal connection

Note; The normal (inactive) state of the ONE-SHOT output is the

0- state. VJhen activated, the output changes to the indicated 1- state
remains there for the characteristic time of the device, and returns
to the 0- state.

f. Amplifier (inverting)

g.

Special Purpose-Circuit

q ONE
1 SHOT

CIRCLIST
NAME
OR

ABBREVIATION
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MECfTANICAL SPECIFICATIONS

Below is 3 drawing showing the physical dimensions of all cards in series MAD-lb except
the ripple/shift and ripple/shift spacer cards. The latter have the same width and connector
tongue cutout, but are 10-1/2 inches long. The circles shown are pads for connector mounting,
and are uniform for all cards.

Further mechanical specifications are given in the procurement inform,ation, wh ic h follows

.
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3. FROCUREMENT SPECIFICATIONS FOR ETCHED-CIRCUIT PACKAGES

5.1 Packages shall be constructed from l/16th inch copper clad
laminate, clad either one side only, or both sides as re-

quired, with one ounce of copper per square foot. Completed
boards shall be 5-7/32 inches by 4-1/2 inches, except for

the ripple register card, which is 10 inches by 4-1/2 inches.
7ill dimensions shall be within plus- or-minus l/32nd of an
inch. Boards shall be made from flame-resistant fiberglass-
epoxy type material,

5.2 The etched-circuit conductors should be covered by an electro-
plate or immersion tin plate before assembly.

5.3 Eyelets shall be installed on all double-clad cards wherever
it is necessary to make connections from one side of the board
to the other. The eyelets are to be installed and soldered
on both sides prior to assembly. Where an eyelet is to be

installed without a com.ponent
,
the center hole of the eyelet

should not be filled with solder in this process, unless
specifically stated in the card description,

5.4 Semiconductors designated in the drawings should be equivalent
in all respects to the ones available from the following vendors:

2K404 Texas Instrument or RCA
2N398 RCA (Radio Corporation of America)
2N1302 TI (Texas Instrument)
2N1039 TI
2N659 TI

DR435 General Instrument

It should be noticed that even though many manufacturers produce
a given type of transistor with supposedly identical character-
istics, in some cases the control of the spread of these character-
istics is extremely inadequate,

5.5 All resistors shall be 5 percent tolerance, carbon composition type,
and shall be 1/2 watt size except where shox-m differently on
drav/ings

,

5.6 The potentiometer on packages requiring them shall be Bourns Trimet
Type 275, or equivalent.

Capacitors of small values may be of mica, ceramic or mylar if

their dimensions are compatible v?ith spacing on the etched-
circuit boards-Sprague Series 192? preferred, when possible.

7 „
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These capaxitors shall be within ± 10 percent of the specified
values. Capacitors of large values

j
such as the 2-microfarad

capacitor in the one- shoe package may he of aluminum or

tantaluiri electrolytic type^ or otiier equivalent type to fit

the spacing provided. These capacitors shall be within a

tolerance of -15 / o -r 100 ,/o of values specified. All
capacitors shall have a minim.um. working voltage rating of

20 volts d-c.

5.8 Mounting pads (Milton Ross Metal Com.pany ’*Tra,nsipad'*, or equal)
shall be used between the transistors and the etched- circuit
board. All other components shall be ro.ounted directly on the

board on the side opposite the etched-circuit conductors,

5.9 Both sides of all cards are to be thoroughly cleaned to rem.ove

all traces of rosin and foreign m.aterial. Ultrasonic cleaning
shall not be used for this operation,

5.10 On each card is mounted a m_ale printed circuit connector,
supplied by the contractor, Eleo Ko„ 00-7022-035-000-001
(no substitutions). At least three of the pins should be

staked to the board by splitting and spreading them, but this

must not be done in siicli a manner so as to break the pla.stic

cover of the connector.

5.11 Test jacks indicated are AMP 3-582118-0, 1, 2, etc.

PERFORIIANCE

P.l All transistors and diodes shall be given a simple check prior
to installation for the purpose of rejecting open or shorted
circuited com.ponents. It is only necessary to determ.ine that
the transistor exhibits tra7\sistor action and that the diodes
rectify. Diodes should be checked for ccmpliance with manu-
facturer's specifications concerning operation with an inverse
peak voltage of 20 volts,

P.2 The contractor shall replace without cost to the Government, in-

cluding transportation, all packages which contain defective
components, breaks', or defects in the etclied- circuit conductors,
or are defective for reasons of poor workm.anship

.

P.3 The entire order will be rejected by NBS if raore than 10 percent
of the etched-circuit

'

packages are found to be defective by
reason of defective components, breaks or defects in the etched-
circuit conductor, or for poor worknianship

.

- 8 -



t

i

%

. 1 ‘

i

f

A ii

•I

A



4. SERIES MAD- IB CARDS

Recent advances in semiconductor technology have made possible
significant improvements in the performance of series MAD-1 cards

c

The 2N404j long an industry standby because of its low cost and
universal availability, was still undesirable because of poor beta
spread and poor high-temperature performance.

The 2K404 is, of course, germanium. The announcement of a

silicon PN? transistor -with the same characteristics, better beta
spread, and same economy prompted a series of experiments. We have
tentatively concluded that the 2N3638 transistor will operate as

well as the 2N404 in all of our applications. Its higher current-
carrying capacity and low niake it possible to use it in

place of the high cost 2N659 as well. Full acceptance of this
device must await large statistical samples. Over 100 packages have
been either delivered or ordered, and they are being incorporated into
systems as they are received. A separate report on the eventual out-

come of these tests will be published after their completion.

Similar tests are also being carried out on the 1N270 gold-
bonded germanium, diode, which costs half as much as the previously
specified DR435

,
and V7ill also operate at a higher temperature.

Other semiconductor substitutions have been made in the interests
of economy, size reduction,, or improved characteristics. The changes
are summarized in the table below.

MAD-1

2N404
DR435
2N659
2N1302

2N2926

1N2069

MAD- IB

2N3638 (Fairchild)
1N270 (Trans itr on)
2N3538
2N3641 (Fairchild-still under

2N3641
consideration)
(Fairchild-still under

1N4005
consideration)
(Motorola)

The above m.anufacturers cooperated in the. developm.ent of series
MAD- IB, and the statistical studies mentioned above are being carried
out with components manufactured by them. As more suppliers become
available, they will be incorporated into the testing.

Use of high- temperature components as above has enabled us* to
rate series MAD-lE as operable at 85° Celsius. The coil driver card
has not been changed, and is still rated as 50'"C.

- 9 -
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5, SERIES MAD-1 LOGIC CARDS

The following sections are self-contained descriptions of each
of the cards. They are designed for use either individually or

collectively as application, instruction, maintenance and construc-
tion manuals. They each follow the format given below.

Logical Function . A brief description of the general uses to which
the card i.s put.

Circuits per Card . Very often, more than one logical unit is con-

tained on one card. This indicates how many there are.

Input Load . Each card is designed to present a uniform load to the

circuits preceding it. These loads are specified as follows; one

standard logic gate - 3900 ohm sink to ground in parallel with 220
picofarads; one standard pulse gate - ,001 microfarads to ground.
Cards may present integral multiples of these standard loads to the

circuits preceding. This section of the description tells how ma.ny

and what kind of loads are presented.

Fan -out . Tells how many standard loads may be wired in parallel
across the output of each circuit.

Power R.eauirements . Describes the load on each of the power supplies
presented by each circuit.

I. o g i c D 1a g r aias . Shows the logic diagram used for each circuit, in

conjunction with the pin numbers for each connection.

Logical Application . A detailed description of the logical functions
that can be performed by the card.

In pu t Signal Requirements . Lists voltage levels, impedances, currents,
and rise-and-fall times associated with. the card output.

Output Signal Characteristics , Lists voltage levels, impedances, currents,
and rise -and -fall times associated with the card output.

Circuit Description . Referring to the schematic diagram, this section de-
tails the actual operation of the card.

Trouble Shooting . Som.e brief hints, plus an insight into the troubles
most usually encountered in actual use,

Constr uct ion Information . Contains printed circuit artwork, component
layout, a parts list, and a photograph.
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and/or Invertera o

Logical Function^ Each circuit will perform either the NOR function or

the NAND function, depending upon the choice of voltage levels to repre-
sent logical '*1'' and "0".

Circuits per Card . Four two-input gates.

Four four-input gates.

Input Load . One standard logic gate.

Fan-Out . Five standard logic gates and four pulse gate loads.

Power Requirements . -12 volts: 20ma for each output at 0 volt; lOma for

each output at -6 volts.

d-12 volts: none.

Logic Diagrams . Figures 1 and 2 show the logic diagram and pin numbers.

Logic Application. This is used for virtually all logical gating functions
It will perform eitiier the NOR function, or the NAND function, depending
upon the choice of voltage levels to represent logical "I*' a.nd ’‘0”, as

shown in the table below.

Function Input Levels Output Leve Is
IS] M iro'< M] n "0”

NAND (Sheff er Stroke) Pos. Neg. Neg. Pos .

NOR (Pierce) Ne g

.

Pos. Pos

.

Neg.

The fact that this circuit can operate in either mode is a consequence of

DeMorgan’s theorem of Boolean algebra, which states:

AB = (A + B)

Or, in words: and AND function with levels of one polarity is mathematically
equivalent to the OR function with levels of the other polarity.

Input Signal Requirements . Positive level: 0 volts to -0.2 volts

Negative level: -6 volts to -12 volts

Imput impedance : 3900 ohms sink to ground
shunted by 22 0 pf.

- IT
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Ou tput Si gaal Characteristi cs, Positive level: 0 volt to -Q.2 volts at

approxi-mately 10 oluns

(saturated transistor)

.

Negative level: -12 volts at 620 ohms»

Minimuui dv/dt: 6 volts per microsecond
(with same rise and fall
on input signal).

Circuit Descript ion. The circuit diagram is shown in Figure 3 and is

essentially the same as that employed by series 2 and 3 cards. The input

diode configuration was chosen to optimize utilization of all components

on the card. No provisions were made for increasing the fan-in of these

gates, since that function can be duplicated more effectively with a matrix

card

,

The circuit consists of a simple amplifier preceded by several diodes

connected with their anodes in common at the input. If any of the input

diodes is energized with -6 volts, that diode will be forward biased and

the transistor V7ill b.e driven into saturation. Consequently, the output

terminal will be held to ground via the saturation resistance of the trans-

istor, If all of the input diodes are either open-circuited or held within
0.2 volt of ground, the transistor will be in cut-off and the output termina

will be connected to -12 volts via 62Q ohmSo

The 220 pf input capacitor serves to speed up the turn-on of the trans-
istor, The 620 dim base shunt to ground serves to speed up the turn-off by

providing a discharge path for the base-emitter diffusion capacitance; and
to hold the transistor in cut-off by providing a path for the collector-
base leakage current (I , ).

cbo

Trouble Shooting, The following table lists some troubles that may be en-
countered and suggests probable causes and remedies.

Symptom Can s e Remedy

Output will not change state Shorted transistor Replace

Open input diode Replace

Interferes with operation of

other cards wired to its input - Shorted input diode Replace

Construction Information. Figure 4 shows the component
and the table below lists the required components.

layout of the

Quanti^ Item
~8 2N404
24 DR435
10 Test Jaqks
16 620ohm Resistors
8 3.9k Resistors
8 22 0pf (or 200pf) Capacirors

,

Trans ipads and Circuit Boards.
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b. Flip“Flop

Logical Fun.ctio:i o Each circuit can function as an R-S Flip-Flopj
J-K Flip-Flop, T Flip-Flop, or shift register stage.

Circuits per Card . Four

Input L oad. One pulse gate.

Fan-Out . Four standard logic gates and four pulse gate loads.

Power R-equirements . -12 volts: 92 ma per card.

+12 volts: 2.5 ma per card.

Logic Diagrams . Figures 6 through 9 shov? the logic diagrams and
pin numbers for various configurations.

Logical Application. A flip-flop is a logical binary storage element
with two stable, states, called 0 and 1. It can have several different
types of inputs, the purposes of v.+.ich are to change it from one state
to the other. These conf j.gurations are:

J-K: A change from a logical 0 to a logical 1 on the J input
V7ill put the flip-flop in the 1 state regardless of

its previous state. A change from a logical 0 to a

logical 1 on the K input vjill put the flip-flop in the

0 state, regardless of its previous state. A change
from a logical 0 to a logical 1 on both inputs simultane-
ously will cause the flip-flop co change to whichever
state it V7a.s not in originally. A change from a logical
1 to a logical 0 on either input will l;ave no effect.

I: A change from a logical 0 to a logical 1 on the T input
changes the state of the flip-flop. A change in the
other direction has no effect.

.R-S: The R-S connection is not normally used without attaching
external pulse gates as described below. Not doing so

results in a direct connection to the base of the tran-
sistors, and m.ay result in damage to them.

Gated: The input gate to the set and reset functions of the flip-
flop has two inputs. One of these is sensitive to a

logic level, the other only to a positive-going change
in level. They perform a delayed AND function no, as
follo\.'S: If the level input is at logical 0, nothing
happens. If the level input is at logical 1, and the
"change of level" input experiences a change from logi-
cal 0 to logical 1, th-S gate produces an output no, wiiich will

- 18
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cliange the state cf the flip-flop if it is not already in tb.e

scare oeing energi 2.edc A special feature of tlirs gate is that
it is not necessary for the "level” input to hold its value
while the pulsed input is changing, but rather the gate responds
to the value of the "level” input about 5 microseconds before
the gate was pulsed. Additional gates (up to 5) may be paral-
leled at the Base inputs to the flip-flop. These gates are not
on cha flip-flop card, but are available on the pulse gate card.

When the circuit is in the state called 0, the 0 output line

will have a logical ”1”, and the 1 output line will have a

logical "0”. When the circuit is in the state called 1, the

0 output line will have a logical ''0” and the 1 output line

will have a logical ”1”.

_

0 volts to -0,2 volts.

-6 volts to -12 volts,

0.001 uf to ground

6 volts per usee., posi-

tive slope to trigger.

Output Signal Characteristics. Positive level: 0 volt to -0.2 volts
(saturated transistor
to ground).

Negative level: -12 volts through 620
ohm s

.

Minimum dv/dt : 6 volts per usee,, (with

proper input signal)

.

Circuit Desc r iption. The circuit diagram is given in Figijre 10.

Consider the flip-flop itself. Assume that is in the cutoff
state. The voitage drop across its collector resistor V7ill be small,

since no current is flowing through Q^. For this reason, the voltage
at the collector of will be very near -12 volts.

On the base of , there is a voltage divider from the collector
of

, through the 3.yk resistor to the base of
,
and then through

the 33k resistor to +12 volts. If the collector of is at -5 volts
(or more negative), the base of will be carried far enough negative
to saturate . Since the current in a saturated, transistor is limited
only by the ctTllector load resistor, moat of the voltage drop will appear
across the load resistor of

,
and 1^

2
'^ collector v/ill be onj.y a few-

tenths of a volt below ground. This, in turn, makes it possible for

the 33k resistor connected to the base of from the positive bias

Input Signal Reouirem.ent s , Positive leve 1

:

Negative level:

Input impedance

:

• Minimum dv/ dt :

- 19
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supply to hold Q, ir. the cutoff state
5

v/here it tx'.es assumed to be^

The circuit is therefore in a stable stare ^ Symmetry considera-
tions make it obvious that a state with Q-|

"on” and Q., ''off" is

similarly stable. In order to effect a transition from one stable
state to another

5
it is only necessary to drive tlie "on" transistor

into cut-off by applying a positive pulse to its base* This immedi-
ately turns the transistor "off", and the positive pulse may be re-

moved, leaving the circuit stable again* The means of forming this
pulse and gating it will be discussed*

A transistor in the cutoff state has the base-emitter junction
reverse biased* The charge carriers have set up an interface across
the junction, and the only transfer of, charge occurs because of

minority carrier leakage* hhien the biasing of this junction is re-

versed suddenl}^, a smiall time is required for the majority carri.ers

t:o leave their previous position and migrate to the junction. The
effect behaves like a capacitance. Since the time required to "charge"
this capacitance measurably affects tlie response timie of the flip-flop,
we put a. small "speed-up" capacitor across ttie 3.9k base resistor in

each leg. This allows the impulse to be .tranismitted through a capaci-
tive voltage divider, thus reducing propagation timie.

The series KAD-1 flip-flop have attached permanently to each input

a pulse gate or steering gate. The diagram below shows the circuit
and wave forms for these gates. Note that the steering gate will re-
spond only to the coincidence of a logical "

1 " on the resistor input
and a positive-going transition on the capacitor input* The resulting
output is sufficient to cause a flip-flop to transfer states.

Using these gates, it is possible to construct flip-flops in various
configurations common in the literature*. Most of the modifications are
made by adding jumpers to the connector* These cozifigurations are:

The J-.K Flip Flop* If the resistor of a steering gate is connected
to the output of the same side of the flip-flop, the R input is changed
to a K input; and the S input to a J input. These inputs have the pro-

perty of gating themselves. If the flip-flop is in the 0 state and the
vT input is energised, the J gate fires, aiid the trigger pulse causes a

transition* If the flip-flop is in the 1 state and the J input is erier-

gised, tlie J gate does not fire, and no trigger pulse gets through. If

now both inputs are energised at once, only the gate whose correspond-
ing transition is "on" will transmit a turnoff pulse. The other will
not respond. The result is that ambiguity of the R-S type of circuit
is elim.inated*

The T circuit is wired by conxiecting the c.apacitors from, the J a.nd

K inputs together. The resulting action is that a po.sitive-going transi-
tion on this connection will transfer the

. flip- flop from wiiicb-ever state
it is in to the other state. This is especially useful in counter circuits.

-20
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flip-flop collectors, but instead is wired to the collector of a

flip-flop adjacent to it in a chain of similar circuits, a pulse

on tlie capacitor of this gate will cause the flip-flop to assume
the state of the previous member of the chain. Since the opera-
tion of the gate, does not depend on tlie immediate state of the
resistor input, but rather on the recent history (whether or

not the capacitor is charged), it is possible to pulse all of the
capacitors in tlie chain at once, thereby causing the contents of

the chain to *'move over" one posi.tion. This is called a shift
register

.

This gate is the one referred to in the logical applications
section as being useful for performing external logic functions.'

Trouble Shooting. The following table lists some troubles that

be encountered and suggests probable causes and remedies..

Symptom

Will not change state

i) i; n

II II :i II

Changes state at wu'ong

t Ime

II II II II

Will not operate fast
enough

II II II II

Cause Remedy

Qf ^2 .Replace (Orimmeter check
will disclose)

Iiasuf f icient input
dv/dt or amplitude

Check driving circuits,

check dc beta of transistor

Output loading fcr Use output buffer ampli-
one side too great fiei.

"logical spikes" on

inputs
Check with Scope. Redesign
Logic to elitTiinate

Ina d.eo 1.

1

a 1

6

n OT.70 r-

supply filtering
Decouple all high current
and inductive devices from
power bus

Gate resistor dis- Jumper on card connecter
connected

"Speed-up" capaci- Replace
tors v/rong value

Cons

t

rnet i on In f

o

rm.a t i on . Figure 11 shows the component layout of the card,
and the table below lists the required components.

Q uant ity Item

8

8

6

2N404
DR435
Test; Jacks
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Item

620 ohm Resistors 1/2 w 57o

33k Resistors
3»9k P.esistors

5»lk Resistors
200 pf or 22 0 p£ Capacitors
0,001 uf Capacitors
Trarsipads and Circuit Board
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Pulse GateC c

Logical Function , Each circuit will perforin the AND function for

one steady logic level and one pulse consisting of a change of

level from 0 to 1,

Cir cuits per Card . Ten,

Input Load . One standard pulse gate.

Fan-Out . To drive one flip-flop.

Power Requirements . None,

Logic Diagrams . Figure 13 shows the logic diagram. Figure 14 shows
how up to 5 may be connected to the R or S input of a flip-flop up

to five pulse gates.

Logical Application . This circuit is usually used when a simple gate
is needed to allow a flip-flop to be either triggered or not triggered
when an input pulse appears. It also allows data to be transferred into
a flip-flop or group thereof synchronously with some event, as might be

encountered in the loctding of an entire register at once.

Input Signal Requirements , Positive level: 0 volts to -0,2 volts

Negative level: -6 volts to -12 volts

Input impedance: 0.001 uf to ground when
connected to a flip-flop.

Output Signal Characteristic s.. Short positive voltage spike for trigger-
ing flip-flops.

Circuit Description . The diagram for the circuit is given in Figure 15

.

Assume that the voltage at the input to the resistor R is -6 volts, and
that the input to the capacitor C is being held at -6 volts. The
capacitor will not charge. When the input to C experiences a positive
transition from -6 volts to ground, the common terminal follows the

capacitor to ground. This is still not sufficient to forward-bias the
diode, so the gate does not conduct. When the input to R is at ground,
the capacitor charges to 6 volts, with the negative side being the
capacitor input terminal. When the input to the capacitor does go to
ground the common terminal of the gate also goes up by 6 volts,
forward biasing' the diode and emitting a short positive pulse, sufficient
for triggering a flip-flop.

Trouble Shooting , The following table lists some troubles that may be

encountered and suggests probable causes and remedies.

- 31 -
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Cause FveinedyS ott.

flip-flop triggers on Diode shorted Replace
either positive or

re ga t ive - going si gr.a 1 s

C o r, 5 1 r oc t i on I:c f orna t i on , Figure 16 shows the coirponant 1

card a,nd the table below lists the required c-rxponents „

itein

10

10

10

DR435
0,001 uf Capacitors
5.1k ohm Resistors
Circuit board
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d. Reed Relays

Lexica 1 Fuuc.t ion « Each circuit, upon receipt of a proper conmaridj

will ir.echanically close two shielded, isolated circuits.

Ci rcuite per Card . Four.

Int)ut Load . One standard logic gate.

Fan- Cut . Mechanical contacts capable of switching 125 milliamps, non-
inductive .

Power Requirements . -12 volts: 50 ma standby, 48 ma for each relay
energized.
-fl2 volts : 3 ma

.

Logical Diagrams . Figure 18 shows the logic diagram and pin numbers.

Logical Application . This is used in an analog scanning system v/here

several voltages in sequence must be sv/itched (for example) into one

analog- to-digital converter. It is also used where it is impossible,
to con:;.8ct some common point between the circuit in question and the

logic circuits.

Input Signal Requirement s. Positive level: 0 volts to -0.2 volts.

Negative level: -6 volts to -12 volts.

Input impedance: 3000 ohms sink to ground.

Output Signal Characteristics. Contact closure, tw^o par circuit. Maxi-
mum load 125 ma non-inductive. Bounce: less than 1 millisecond at any
operating speed. Vibration noise; 10 millivolts for two milliseconds.

Circuit Description . The diagram is shoTwn in Figure 19.

This package contains four double-pole, single throw dry reed en-
capsulated relays with an estimated life greater than 10.000,000 opera-
tions under a contact load less than 10 iria. The relays are capable of
being operated at m.ore than 1,000 Hertz, and at that speed will have
less than 500 microseconds of bounce.

In order that low-level signals may be accommodated by these relays
all of the conductors on the card that carry such signals are shielded.
This is accomplished by adding guard bands (grounded conductors) on both
sides of the lead in question, and by using a double-clad board -with the
copper on the other side left intact and grounded.

The package contains all of the necessary circuitry to drive the re
lays, and requires only standard logic levels to activate them. A posit
level on the input closes the contacts. A two- input AND gate is built i

to simplify synctir onizat ion of multiple circuits.
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Installation . Because of the size of the reed relays, it is not

possible to reount these cards with the connectors on 5/8” centers,

as is customary. By alternating them, v/ith other cards, however,
there i\rill be sufficient room, to use 5/8” centers.

Trouble Shootin g. The following table lists some troubles that
may be encountered and suggests possible causes and rem.edies.

Sympton Cause Remedy

Relay contacts remain closed Shorted 2N659 Replace

Contacts welded
closed by large
current pulse

Replace - insure

that relay is oper-
ating v/ith in its

ratings

Relay contacts remain open Shorted 2N404 Replace

Contact Resistance Large

(> 1 ohm)

Relay at end of Replace
life

Construction Information . Figure 2 0' shov/s the component layout of the
card and the table be lot/' lists the required components.

Quantity Item,

4
/

8

4

8

8

10

4

2N65 9

2N404
DR435
IN2069
3 » 9 k. P-ti 5 1 s t o?r £

Ik Resistors
33k Resistors
100 ohm 5 percent 1 watt

P.es is tors
Eyelets, installed
Reed Relays
Trans ipads & Circuit Board
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6o Pulse Gate Driver

Logical Function ^ This circuit is used to extend the drive or fan-out
capabilities of a circuit card.

Circuits per Card . Four.

Input LoacU Two standard logic gates.

Fa n-Out . 25 standard logic gates and 25 pulse gates.

Pov/er Requirements . -12 volts; Maxiyiuci of 60ina per circuit, depending
on loading.

+12 volts: 2.5ma.

Logic Diagrain. Figure 22 shows the logic diagram and pin numbers.

Logical App l ication . In general, v/hen pulse gates are used to synchro-
nize a large number of simultaneous operations, as in shifting of regis-
ters, all of the gate capacitors are connected to a single line. This

line must be held at -6 volts or -12 volts, and then brought to ground.
When this transition takes place, a large amount of current flows, much
more than a standard card can handle. This circuit is especially designed
to drive a large itumber of loads.

Input Signa 1 Reg u ir emen

t

s . Positive level: 0 to -0,2 volts .

Negative level: -6 volts to -12 volts.

Input impedance: 2000 ohms sink to ground
shunted by 440pf.

O f“0 t-a ^O uw ^ %/Oj- w-o

through a saturated
transistor

.

Negative level: -12 volts at 200 ohms.

Circuit Description . The circuit is shown in Figure 23.

Although similar to the circuit described in Technical Note 168, the
output transistors of this package have been changed to a type with an
extremely low RCE (SAT). The circuit operates by connecting the output
either to the minus 12 volt line, or to ground. Both paths are through
saturated transistors

,
-and therefore ones with low saturation resistance

are more desirable.

It v;as found necessary in some applications to limit the output swing
of the package to the region between -6 volts and ground, rather than
allowing it eo go all the way to -12 volts. A resistor to accomplish this

Chara c t e r rs i ’osicive : 1 :
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has beer. broughL cue to the cor.n.ector « To limit the output to 6

volts, this must he jirmpered to the adjacetit pin., which is ground.

When the input signal is negative, the 2N404 transistor is

saturated, and the collector is at ground.. This turns off the

upper 2N659. The lower 2N659 is on because it is also connected
to the negative input. This effectively'’ shorts the output ter-

minal to ground through the saturated lower 2N659. The 2N659 is

a transistor with special characteristics designed so that the

collector saturation resistance is very low, on the order of 300
milliohm.s „

When the input is positive, the 2N404 is cut off, as is the

lower 2N659. The upper 2K659 is on, and the output is shorted to

the -12 volt supply through the upper 2N659. To limit the negative
level of the output to -6 volts, connecting the low side of the
resistor shown prevents the voltage at the base of the upper 2N659
from exceeding -6 volts, thereby limiting the collector.

Trouble Shooting . The following table lists som.e troubles that may
be encountered and suggests probable causes and remedies.

Symptom

Output remains at ground
n If u n

Output remains negative

Cause Remed y

Shorted 2N659 (lower) Replace
Shorted 2N404 Replace
Shorted 2N659 (upper) Replace

Con s t r u c t i on iKformation . Figure 24 shows the component layout of th

card and the table below lists the required components.

Quant ity

8

4

5

8

8

4

8

8

Item

2N659
2N404
Test Jacks
1.5k Resistors
33k Resistors
200 Ohm Resistors
4.3k Resistors
390 pf Capacitors
Trans i pads and Circuit Board
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fo Oae-Shot

Logical Function ^ This circuit is used as a timing or delay
element. Two circuits may be connected as an oscillator.

Circuits per Card . Two

Input Load . One pulse gate.

Fan-Out . Four standard logic gates and five pulse gates,

Po\-^er_ 11 e q ,i iir_eroe.D.t.S- . -12 volts: 60 ma per circuit.

-fl2 volts: 2 ma per circuit.

Logic Diagram. Figure 26 shows the logic diagram, and pin numbers.

Logical Application . This circuit is used wherever a certain fixed
time must be marked off, either to stop an operation after a certain
time, or to start one after a delay. Two may be wired to sequentially
start each other after their 'inherent delay has ended, thus making an

oscillator. Basically, it consists of a standard flip-flop which is

set by external logic circuitry, and which resets itself at the end of

its characteristic time. This time may easily be varied externally.

Input Signal Requirements. Positive level: 0 volts to -0.2 volts.

Negative level: -6 volts to -12 volts.

Input impedance: 0.001 uf to ground.

Minimum dv/dt: 6 volts per microsecond.

Output Signal Characteristics . Positive level: 0 volts to -0.2 volts
through saturated tran-
sistor.

Negative level: -6 volts to -12 volts.

Circuit Description . The diagram, is shown in Figure 27.

Ttiis circuit is identical to the m.odified one-shot described in

Technical Note 167J. Since our applications involve changes of level,
rather than pulses, the trigger output has been left off. Times from
5 microseconds to 5 m.illiseconds are available using capacitors on the

card, and times up to several seconds may be generated with external
capacitors, provided that they are low leakage types. An integrally
m.ounted potentiometer is used for fine control of delay time.

Initially, transistors Qp and Q 5 are conducting, all others are
cutoff. If the input flip-flop is wired as a normal J-K. and a positive-
going pulse is applied to the J input, the flip-flop cl-anges state, cutting
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off Qj^, and turning on
,
which cuts off . This allows which-

ever timing capacitor is wired in to charge towards a terminal

voltage determined by R
2

,
and to a small extent the Ik po-

tentiometer.

When the voltage across the timing capacitor exceeds that

at the emitter of (set by the trimpoc), the base-emitter
junction of is suddenly forward-biased, and Q 3

begins to con-
duct .

then turns on its complement transistor Q^, which turns
on Q3 ,' clamping the collector of to ground, thereby resetting
the flip-flop.

Triggering diodes CRl and CR2 from both the timing circuit
and the discharge transistor Q, help achieve faster switching of
the threshold circuit. These diodes enable the circuit to switch
rapidly even when a large tim.ing capacitor is being used.

The restart mode of operation permits the capacitor to be

discharged and the timing cycle restarted without resetting the flip-
flop.

The timing cycle may be ended synchronous to aii external pulse
train by leaving out the jumper from pin 5 to 17 or 21 to 33, and by

attaching the pulse train to pin 15 to 31,

Trouble Shooting . The following table lists some troubles that may be

encountered and suggests probable causes and remedies.

Symptom Cause Remedy

Flip-flop will
when comm.anded

not

•

change state Shorted Qj or Q.^ Replace

Flip-flop sets
reset itself.

but will not No jumper from 5 to

17 or 21 to 33.

Include

Flip-flop sets
reset itself.

but will not Shorted Replace

Flip-flop sets
reset itself.

but will not No capacitor wired
in

Wire one in
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2

.0

2

2

4

6

2

4

8

6

4

4

2

6

6

4

4

2

2

2

Item

2N404
2N1302
DR435
1N2069
Ik ohm Trimpot Series 275
Test Jacks
3.9k 1/4-watt Resistors
3.9k 1/2-watt Resistors
33k l/4~watt R.esistors

620 ohm 1/2-watt Resistors
5.1k 1/4-watt Resistors
4.7k 1/4-watt Resistors
2.7k l/4-V7att Resistors
10k 1/4-watt Resistors
.001 uf Capacitors
150 pf Capacitors
200 pf or 220 pf Capacitors
2 uf Electrolytic Capacitors
.018 uf Capacitors
0.018 uf Capacitors
Jumpers
Trans ipads and Circuit hoard
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g- Indicator /Amplifier

7.,-oglcal F-’in:ticnc This card is used as a buffer ainpl.ifier to isolate

two circuits, or to provide sufficient drive from a logic level to

light a small indicator lamp.

Circuits per Card » Sixteen.

Input Load . One-half standard logic gate.

Fan-Out . When used as an amplifier: Five logic gates and/or five

pulse gates.

When used as an indicator driver: One No. 344 incandescent

lamp

.

Power Requirements . ~12 volts: 20 ma for each output at ground.

10 m.a for each output at -.6 volts.

+12 V olts

:

5 ma -

Logic Diagrams . Figure 30 shows the logic diagram and pin numbers for

use as an amplifier.

Figure 31 shows the logic diagram and pin num.bers for

use as an indicator driver.

Logical Applic 3.tion . Used as a buffer amplifier with an inverted output.

Useful for logical inversion and circuit isolation^ its application is

more suited for indicator work, since the high impedance amplifier is

m.ore noise-free.

Input Signal Requirements . PositiA/e level; 0 volts to -0.2 volts

NegatiA-'C IcA^el: -6 volts to -12 volts.

Input impedance: 8200 ohm sink to ground.

Output Signal Charact eristics . Positive level: 0 volts to -0.2

volts through sat-

urated transistor.

Negative level: -12 volts through
external load resistor
or light from one No.

344 or 1869 incandes-
cent lamp.

Circuit Description. The schematic diagram is shown in Figure 32.

This is a simple transistor inverter. (NOTE: COLLECTOR LOADS
SHOUT.,D NOT DRAW MORE TiLAN 15 ma. At any higher current, the transistor
may not be saturated).
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Tr ouble Shooting . The following table lists some troubles that may be

encountered and suggests probable causes and remedies.

SiSIEt om Cause Remedy

Light remains lit. Shorted transistor. Replace

Light v/ill not go on Insufficient drive. Check input
level; if OK,

replace transis-
tor with higher
beta unit.

Construction Informat ion. Figure 33 shows the parts layout. The follow-
ing table lists components necessary for construction.

Quantity Item

16 2N404
16 8,2k 1/2-w'att Resistors
16 33k l/4“watt Resistors

Trans Ipads and Circuit Board.
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h. Universal Counter

Lo,g;icaI Function , Counts input pulses in any radix (number base),

up to 15 and stores the count.

Circuits per Card . One

Input Load . Two pulse gates for data, one pulse gate for reset input.

Fan-Out . From register storing count: Three logic gates and/or five

pulse gates.

From reset/carry line: Five logic gates and/or twenty-five
pul.se gates.

Power Requirements, -12 volts: 120 ma.
+12 volts: 5 ma.

Logic Diagram . Figure 35 shoves the logic diagram and pin numbers.

Logical Application , Most counter cards are set to count in only one

radix or number system. A decimal card, for example, will count to 9

and then reset. This card v/ill count to any number up to 15 before
resetting, and the number can be set with jumpers on the card. At the

end of the count, a 4-microsecond long pulse with a fan-ouH of 25 gates
is emitted from the ’’carry out" line. A reset input permits premature
resetting of the stored count. In addition to the reset output, the

contents of the count register are also available. Multi-stage counters
are simplified by the presence of the special carry line for cs.-S.cading.

Input Signal Requirements . Positive level: 0 volts to -0,2 volts.
' Negative level: -6 volts to -12 volts

Input impedance: ,001 microfarad to ground.

Minimum dv/dt : 6 volts per microsecond.

Minimum pulse v.Mdth: 4 microseconds.

Positive level: 0 volts to -0,2 volts.

Negative level: -6 volts to 12 volts.

Outptit impedance: Positive level:

Through saturated
transistor to ground.

Negative level: 620
ohms to -12 volts,

- 64 -
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' II. Reset/carry line

Positive level:

Negative leve 1

:

Pulse duration:

Pulse polarity:

Minimum dv/dt:

Output impedcince

output; Pulse

0 volt to “0.2 volt.

- 12 volts

.

4 microseconds

.

Positive going from the negative line

Rise: 60 volts per usee.
Fall; 6 volts per usee.

0.3 dims to ground.

leve 1

.

Circuit Description . The schematic diagram is shown in Figure 36.

This is a simple, four stage binary counter consisting of four T- input

flip-flops, wired in cascade. A gate circuit on the pulse input looks at

the contents of the counter. When these contents reach the value set by

the patching on the rear connector, the next pulse is prevented from reach-
ing the counter input, and is instead diverted to trigger a four mdcrosecQnd
one-shot which resets the counter by grounding the collectors on the ”0'* side

of each flip-flop through suitable isolating diodes. This output is avail-
able to trigger flip-flops or other counters. An extra input directly to
the one-shot allows resetting of the counter at any time.

Applicat ion Notes . To set the radix of the .counter, jumpers should be

placed on the rear connector as .shown in the logic diagram. Figure 35. An
output frofli'each counter stage representing the binary value of the counter
is available on the pins shown. THESE OUTPUTS SHOULD NOT BE USED FOR ANY
LOGIC EXTERNAL TO THE COUNTER CARD. Subtract one from the binary value of
the desired radix and patch this into the pins labelled "AND gate inputs".

Trouble Shooting . The following table lists some troubles that may be
en.coi.intered and suggests probable causes and remedies.

Symp tom

Counter will not count.

Counter will not count.

Counter will not count.

Cause

Reset pulse occurring on
every input pulse.

Reset pulse occurring on
every input pulse.

Insufficient input dv/dt.

Remedy

Check "AND" gate
patching.

Shorted gate trans-
istor - replace.

This card is more
susceptible to this
problem than many.
Increase dv/dt with
com.parator card or

high- impedance am-

plifier .
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C or.strvc'zio'~'- Inforvi^.tio'^ a Fig’-ixe 37 shows the component; layout,

toilowing table lists the parts necessary for construction,.

Quantity Item

10

1

19

7

9

1

9

11

].

9

2

10

8

2

11

2N404
2N65 9

DR435
Test Jacks
33k l/4”watt Resistors
33k 1/2 -watt Resistors
620 ohm 1/2-watt Resistors
3.9k 1/2-watt Resistors
3.9k l/4“watt Resistors
5.1k 1/4-watt Resistors

Ik 1/2-watt Resistors
0.001 uf Capacitors
200 or 220 pf Capacitors
500 pf Capacitors
Transipads and Circuit Board
Jumpers

The
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16 X 16 Matrix

res is-

cormec

This

diagram is so designed that copies of it may be used to indicate the com-

ponent layout used in any given application.

Logical Applicgtion . A matrix may. as an example, be used for converting
data from one code format to another. A 16 X 16 matrix, in conjutiction

with amplifiers, may be used to assemble up to 16 characters as unique com
binations of up to 16 lines. In other applications, it may be used to

mount diodes for large AND or OR gates, and an amplifier placed at the

output to restore logical levels.

ircuit Description . Components as desired, are mounted on the board vith
heir major axis perpendicular to the card. Horizontal lines are on the

top of the card, vertical ones on the bottom. The lines on top are br ough
electrically through the board with eyelets, and from there to the connec-
tor. One lead of each component is soldered to the conductor on the top
of the board as the 3.ead passes through. The ether lead is soldered to a
conductor on the bottom of the board.

Tr o';.b le Shoot ing . Solder joints on the bottom of the board sometimmes over
flow the boundaries of the printed coriductor and short to adjacent conduc-
tors. (Some close spacing exists in various places.) Inspection with a
magnifying glass generally reveals otherwi.se mysterious short circuits.

C'jus truer ion Information

.

Figu.re 40 shows the conductor layout of the .hot

tom side of the cards. There are no compenents supplied, as tbe.se vary
with application.

I.?gii:al Fu^'ct icn . This card is a convenient board on which diodes,

tors, or other components may be mounted. It is laid out to permit

ing up to 16 input lines to any, some, or all of 16 output lines.

Car d Layout . Sixteen by sixteen square raatrix.

I.ogic Diagram . Figure 39 shows the logic diagram and pin numbers.
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j„ Coil Driver

Logical Function , The coil driver

current in devices requiring up to

supplied by ordinary logic levels.

ov-n power supply.

Circuits per Card. Five.

provides a means of switching the

1 1/2 amperes of current, with control
The controlled device should have its

Input Load . One standard logic gate.

Fan-Out . Not applicable in the normal sense. See Logical Appli Cci-'L i on.

Po\;er Req u irements . -12 volts; 12ma for each energized circuit.

-i-12 volts; 12ma at all times.

Log i c Diagram . Figure 42 shoTvs the logic diagram and pin numbers.

Logical Appl ication . This package was originally intended for driving the

magnets associated with a paper tape perforator, such as the Teletype BRPE.

It is still used in this application, and has found further use driving
relays and other high current devices. It is also used to control logic
circuits where a line capable of handling large logic currents must be

grounded.

Input Sigpal Requirements . Positive level: 0 volts to -0.2 volts .

Negative level: -6 volts to -12 volts..

Iraput impedance: 3900ohms sink to ground
shunted by 220pf (standard
AND inverter).

0 volt at approximately
0.2 dims (saturated trans-
istor )

Depends on external supply.
Maximum allowed; -60 volts.

capacity to ground:
Absolute maximum; 3.5 ampere
Recommended maximum; 1.5

amperes

Circuit Description . The circuit diagram is shown in Figure 43. A standard
NAND gate is used to drive an intermediate and a power transistor wired in
a modified Darlington configuration.. The 2N1039 transistor is rated for
operation at 3.5 amperes collector current, with a maximum voltage of 60
volts. The heat dissipation facilities on the card in free air are not
adequate to maintain a safe junct’J.on temperature at this current. Therefore

Output Sig nal Characteristics . Positive level:

Negative level:

Maximum current

- 75 -
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recommended current is 3.^5 amperes per circuit. Since considerable power

is dissipated during the transitions from cutoff to saturation and vice-

versa, further derating of current carrying capacity should be done at

frequencies above 1000 cycles per second. Percentage of "on time" (duty

cycle) is not limited.

An arc suppressor diode is brought from the collector of each trans-

istor to a point which should be connected to the common negative terminal

of the power supply if the load contains inductive components.

Trouble Shooting . The following table lists some troubles that may be

encountered and suggests probable causes and remedies.

Symptom Cause Remedy

Output remains grounded. Shorted 2N103 9 or 2N398. Replace and check
1N2069

Output will not go to

ground.

Shorted 2N404. Replace

Interferes with operation Shorted DR435

.

Replace
of other cards wired to it

Construction Information. Figure 44 shows the component layout of the

card and the table below lists the required components.

Quantity Item

5 2N1039
5 2N398
5 2N404
5 1N2069

10 DR435
5 Test Jacks

5 Wakefield NF205 Dissipators, for 2Ni039^
5 10k 1/4-watt Resistors

10 33k 1/4-watt Resistors
5 3k 1/4-watt Resistors
5 3o9k 1/4-x^att Resistors
5 Ik 1/2-watt Resistors
5 220 (or 200)pf Capacitors
5 500pf Capacitors
6 Jumpers

Trans ipads and Circuit Board
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k. Comparator/Gat:e

IiQoical Function . The comparator section sets or resets a flip-flop
depending on vdiether an analog input voltage is more positive or more
negative than a reference input. The gate section is two standard
AND-OR inverter circuits.

C ircuits per Card . Two comparators.

Two three- input gates.

NOTE: detailed information about the gates ma}’-

be found in the section on the AND/OR
inverter.

Input Load . A.nalog voltage input.

Fan-Out . Four standard logic gates and/or five standard pulse gates.

Power Requ i r emen t

s

. -12 volts: 40 ma per comparator, plus
20 ma for each gate output at 0 volt.
10 ma for each gate output at -6 volts.

4-12 volts: 20 ma for each comparator.

Logic Diagrams . Figure 46 shows the logic diagram for the comparator
section. Figure 47 shows the logic diagram for the gate section.

Logical Application. Whenever a non-standard signal, such as a contact
closure or pulse from a magnetic pickup will be used as a logic signal,
this circuit will "square it up" and provide completely compatible
levels and rise-times. For timing applications, it is useful for squar-
ing the output of sine wave oscillators., A reference level is established
either with the internal trimpot or externally. Crossings of this level
by the analog input signal cause a change of state pf the output flip-

flop.

Input Signal Requirements . Analog input: Any voltage between -12 and
-hl2 volts.

Any wave shape.

Any frequency up to 100 kc.

Impedance: 10,000 ohms at dc.

1,500 ohms at 100 kc.

Reference input: Any dc voltage between 4-12

volts and -12 volts.
Impedance: 10,000 ohms.

Input hysteresis: 0.01 volts at dc.

0.06 volts at 100 kc.
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CuLp ut: Signal Character in it ics . Positive level; 0 volt to - 0.2 volt.

Negative level: -6 volts to -12 volts.

Minimum dv/cit: 6 volts per microsecond.

Circuit Description . The circuit diagram is sho\m in Figure 48.

Normally, a Schmitt trigger circuit would be used in this application.
Such a circuit will sometimes display the difficulty that, over a small

region near the transition point, the output follows the input signal.

This would not guarantee a minimum rise time. For this reason, the classic
Schmitt circuit has been modified for this card.

The input signal is resistively mixed with the reference input to
produce a single d-c level. This level is applied to an. amplifier v/ith

a gain of 10 and a d-c reference of -1-4 volts. The output of this drives
a complementary inverted emitter- follov/er for increased current gain.
This stage can either inject current into or rob current from the base of

the first flip-flop transistor, changing its state. Two parallel reversed
diodes provide conduction except around 0 volts, where the impedance of

the combination increases, thus decoupling the flip-flop from the amplifier.

Trouble Shooting . The follovjing table lists some troubles that may be
encountered and suggests probable causes and remedies.

Cause

Input d-c level not crossing
trigger point.

Symptom

Output will not change
state

.

Output will not change
state

.

Circuit oscillates.

Shorted flip-flop
transistor.

Shorted DR435 in decoup-
ling, circuit . .

Remedy

Jumper Ej-^f from
trimpot to refer-
ence input. Adjust
for proper opera-
tion.

Replace.

Replace

.

Construction Information . Figure 49 shows the component layout of the card
and the table below lists the required components.
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Single Glad.

Regular Dimensions

„

Comparator/Gate Card

No Special Instructions

c

Quant ity Item

8

2

10

2

6

2

6

8 •

4
2

2N404
2N1302
DR435
Wakefield NF205 Heat Dissipators (for 2Nl302’s)
Test Jacks
10k ohm Trimpots •

3.9k Resistors
620ohm Resistors
33k l/4-v7att Resistors
2k Resistors

2

2

2

4
2

2

4

15k Resistors
Ik 1/4-watt Resistors
3k Resistors
10k 1/4-watt Resistors
10k 1/2 -watt Resistors
.OOluf Capacitors
200 (or 220) pf Capacitors

2 500pf Capacitors
Transipads and Circuit Board

- 83





?

I

J

J

1
f

h

1

i

to
rvi

1

1

•)
1

1

1
}

• J

cr

o
j__

<

<
Cl

o
c
U

/fTTTTF

z z
LU Id

A V
u. u.

UJ UJ
er c:

Ld La.1

1 I
o

1

i

a.

5
o
q
<2

<S

Ld

U-
UJ
g:

Ld

t—
3
O

u.
lu
q: •<•

Id"

-|3^ 1^ f\J

4

- 84 -

I

FIGURE

46.

COMPARATOR

/GATE

SERIES

MAO"!

COMPARATOR

SECTION





1

J

1

i

i

1

J

!

J

1

i

1
j

«
J

i
d

(f>

t
z>
o
E
o

cr:

o
z
LD
<

]

I
- 85 -

1

i

1

,_,4

FIGURE

47.

COMPARATOR

/

GATE

SERIES

iMAQ-i

GATE

SECTION



rv . .

V

• i

i



nGURE48.C0MPARAT0R

/

GATE

SERIES

MAD'



f

>

T

'

j

k-

I



#
\

= L Ci T ,^/.C V-VHiT i£ f-

!'-'0

i ,-.

^\J I»ln.m .

<

'' -) /o"- 0 ,

1

r . U
^ M

<•"'•'
:; r\ {

•
'

'. ) -:f
{<

1
M Ii

'
! ^

\V\ |0 2 /
-<:| \..^o

1 /
; p- ( J »

C'-
Ij

^

i! H 11 aI 1

iV
/“71

ti'K'' ^ '

>’•1 y

“f ri M I REPEAT
I t ^ H IJQ U H I

I '^U I ii ii

I !!0 C"'

f!
H|

^?9 iiNI
‘i 1 1 :i ii ll

.J

,<"X,u
Ii

W W iwi v„-'' ,'

H k
'4

fl I
_

||

ii H f1 ii H //-’V if 4

h h ii ii -/fj ^//f /

|1 H ii
i] ii ffi/i! f/ [s

0M!M m
‘

; ; 1 i

j
^

' \
'

<;

') 066000000 O O V) 00000
T <• 35

-M V.IN PERVISSiHLt SPACE FROM EDGE OF CONDUCTOR TO EDGE Of BOARD

FIGURE 49



(t

(C

I

4

,1





s



1. Ripple Register

I.oc ical Function . This card serves as one stage of a four-bit-per-

character shift register, or as one stage of a se If -shift ing register Knorni

as a ripple register.

Circui ts per Card, One, providing all necessary logical functions, in-

cluding visual indication.

Input Load . Data inputs

par. and ser

also__r£S£^t__C_^ Load_inj5u^

Pulse gates 1 ea . 5 ea

.

Logic gates

Fan-OuJ;^. Data outputs

par, snd_C_out^ ^ense^ ou

Pulse gates 5 5

Logic gates 4 3

Power Requirements, -12 volts;: 140ma

.

+12 volts

:

: 5ma

.

1 inverted

Logic Diagrams . Figure 51 shows the diagram used to symbolize the circuit
when used in applications. Figure 52 shows the internal logic of the card

Logical Application . A ripple^ register is a se If-shif t ing register. Data
may be loaded into any point, and it will automatically shift until it

assumes a position adjacent to previously loaded data. In order that the

register be logically able to distinguish a true data character from an
empty stage, a special control bit is attached to each stage. If this
bit, stored in aii integral flip-flop, is a logical 1, the character is

valid. If this bit is zero, the stage does not contain data, and previous
stages are instructed to shift true data down to fill up em.pty positions.

Input Signal Requirements . Positive level:

Negative level:

Minimum dv/dt

:

Input impedance

:

0 volts to -0,2 volts.

-6 volts to -12 volts,

6 volts per microsecond,

as follows -
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Data inputs

par « and ser»

also C Sense in

3100 ohms 3900 ohms

220 pf

Clock in

3900 ohms

220 pf

Load

0„005 uf
to ground

Reset C

eOCl

to ground

Output Signal Characteristics « Positive levels 0 volts to -0„2 voltSc

Negative level; -6 volts to -12 volts^

Circuit De s cription ^ The circuit diagram is shov/n in Figure 53

»

Data: Four flip-flops on each card are wired in a standard shift-

register configuration. These flip-flops may be loaded with parallel

,

complementary data from, an external source. The gates for this are mount-
ed on the card, A common load line pulses all of these gates at once.

During shifting, other gates (also on the card) receive a shift pulse
from the card's control logic section. These pulses load the data from
the previous stage into the stage in question, thereby producing a shift.

In the collector circuit of each data transistor is a No, 80 Brite-
eye lamp, bypassed with a 220-ohm resistor. This light is mounted in a
black shading bracket at the end of the card. The bracket is designed
to mount flush with the front panel of the module in which the card is

m.ounted, and therefore serves as an indicator shov/ing the contents of the
register. The lamp is rated at 3 volts, 8 ma. The bypass resistor allows
operation to continue unaffected if the bulb ourns out.

The data input and output terminals of the data section are wired
so .that putting groups of these cards in a register is considerably
simplified. A uniform manner of wiring, very simple in production and
trouble shooting, is thereby insured.

Control: One flip-flop is used to store the control bit that indi-
cates to the module logic whether or not the contents of the card are
valid. This bit is set to 1 when a character is loaded. In order to
indicate to the card that a valid character is being loaded, the resistor
labeled SET C is grounded, and the load bus is then pulsed, (If valid
characters will always be loaded, the resistor may be wired to ground.)
This gates the load pulse into the flip-flop, and C is set, A shift
pulse shifts the contents of C, complemented, to the C bit of the next
card down the line, and loads the C bit from the previous card,

A line called the SENSE line goes through each card. The purpose of
this is to report to the card the fact that there are points downstream
in the register where an invalid character is stored. This fact causes
a shift. The sense line coming from downstream is v/ired to the SENSE IN
terminal, where a reversed OR gate (for positive levels) OR's it
with tlie. contents of C. This is then inverted twice (once for logical
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reasons, once to maintain levels), and is then sent out to SENSE CUT to

go to the next card. The next card, therefore, sees a positive sense

line if any car'd domrstream from it is empty.

If the sense line in a given card is positive, it indicates that

a shift is necessary. The sense line is therefore used to open a regular
AND- inverter gate, which allows the next module clock pulse to generate

a shift pulse in the card. Only those cards upstream from an invalid
character will shift at this time.

When the module is being used as a serializing register, it is

necessary to cause a shift after the last character in the register has
been used by the system. This is done by externally pulsing the RESET C

gate of this character. This immediately "annihilates” the character
by making the logic consider it invalid. The register shifts on the

next clock pulse.

Trouble Shooting . The following table lists some troubles that may be

encountered and suggests probable causes and remedies.

Symptom Cause Remedy

Register does not
display proper
contents

.

Burned-out No. 80 lamp. Replace

.

Register does not
display .proper
contents

.

Not loading properly. Check rise-tim.e

of load pulse.

Register does not
display proper
contents

,

Shorted transistor in

data flip-flop.
Replace

.

Register does not
display proper
contents

.

Valid character bit
not loaded.

Ground SET C

term.inal

.

Register . stops
rippling at
defective stage.

Shorted, transistor
in SENSE line.

Replace

.

Register stops
rippling at
defective stage.

Proper negative-
going clock pulse not
arriving at card.

Check and repair

- 91 -
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Construction Information, Figure 54 shows the component layout on the

circuit board. Figure 55 is a mechanical drawing of the lamp bracket

holding the indicators. The table belov7 lists the required component.

Quantity Item

4

14

24
1

14

1

4

22

13

3

4

20
13

Cal“Glo No, 80 Lamp and Brite-Ey-a C Holder
2N404
DR435
Test Jack
33k l/2~watt Resistors
620 ohm. Resistoi's

470 ohm Resistors
5.1k Resistors
3,9k Resistors
Ik Resistors
220 ohm Resistors
0.001 uf Capacitors
220 pf Capacitors
Transipads and Circuit Board
Lamp Bracket1
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m. Ripple Spacer Card

Logical Function . To use a ripple register with fewer than the design
number of stages, certain jumpers must be wired on the connectors of the

omitted cards. In addition, the panel cutout must be filled v;ith a blank
spacer matching the indicator bracket. This card fulfills those functions.

Power Requirements . None

.

Circuit Description . The following pins are jumpered on the card.

3-4
5-6
7-8

9-10
11-12

13-14
15-16
17-18
19-20
32-33

Construction Information . The dummy lamp bracket conforms to the same
mechanical drawing as the proper bracket shown in Figure 55, except that
holes for the bulbs are not drilled. Figure 57 shows the layout of the
etched conductors on the card.





RiPPLE/S^IFT SPACER CARD

FIGURE 57.
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High Impedance Amplifier

Logical Function. Each circuit performs the logical inversion, or NOT
iuncuion, and also acts as a noise-rejecting amplifier.

Cir c;iits ne r__Card . Sixteen,

One-quarter of one logic gate.

fan-Out . Five logic gates and/or five pulse gates.

Tower Requirements . -12 volts: 20ma for each output at 0 volt.

' lOrna for each output at -6 volts.

Oma for each output at -12 volts.

-Fl2 volts; l.lma per circuit.

Logi’c Diagram . Figure 58 gives the logic .diagram and pin numbers.

Logical A pplication. This amplifier is primarily used to generate the

Boolean NOT or inversion function. It is also used as a buffer betv;een

the output of a diode matrix or other passive logic system, and further
logic either active or passive. Its high input impedance, coro.bined with
optimum noise rejection, makes it ideal for this application. For a

seven- input AND gate, for example, the diodes would be m.ounted on a matrix
card or terminal board and the amplifier would be used to bring the out-
put of the gate to standard levels and impedances.

Inpu t Signal Requirements . Positive leve.l: 0 v'olt to -0.2 volt.

Negative level: -6 volts to -12 volts.

Input Impedance’: 16,000 ohms.

Input noise rejection: around ground: 2 volts.
around -6 volts: 3 volts.

Output Signal Character istics : Positive level: 0 volts to -0.2 volts at

approximately 10 ohms.

Negative level: -12 volts at 620 ohms.

Cir c uit De s cription . The circuit diagram is shown in Figure 59. This
consists of a simple grounded collector amplifier feeding directly into
a simple inverter. The circuit constants have been arranged so that the
output will begin changing from -6 volts when the input passes -2.5 volts

- 101





going negative, and will reach 0 volts when the input passes -3 volts.

Trouble Shoot in_g_. The following table lists some troubles that may be

encountered and suggests probable causes and remedies.

Sympton Cause Remedy

Output remains at Shorted input leads. Check with ohmmeter.

-6 volts. repa ir

.

Output remains
ground

,

at Shorted transistor. Replace.

Construction Informat ion . Figure 60 shows the component layout of the

card. Figure 61 shows the etching on the reverse (component) side of

the board. The table lists the required components.

Quantity Item

32

16

16

16

16

16

16

2N404 Transistors
620-ohm, 1/2-watt, 5-percent Resistors.
1000- ohm, 1/4 -watt, 5-percent Resistors,

16.000-

ohm, 1/4-watt, 5-percent Resistors.
2000-ohm 1/4-watt, 5 percent Resistors

10.000-

ohm, 1/4-watt, 5 percent Resistors.-
Test Jacks

.

Trans ipads and Circuit Board.
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Oscillator /One-shoto

.

Logical Function . This circuit is a universal timing device. It can
be used as a free-running pulse oscillator, a keyed pulse oscillator, or

a one-shot time delay generator.

Circuits per Card o Tv^o .

Input Load . Flip-flop inputs: One standard pulse gate.

Oscillator key inputs; One standard logic gate,

Fan-Out . Flip-flop and oscillator outputs: Four standard logic gates
and/or
five standard pulse gates.

3?over Requirement s : -12 volts: 60 lua per circuit.

+12 volts: 9 ma per circuit.

Logic Diagrams . Figures 63 through 65 show the logic diagrams and pin
numibers for all three applications.

Logical Application . When w,ired as a free-running oscillator, it can
be used as a clock for the generation of sync pulses for a module or

system. It rv^ay also be used as a pulse generator for design or trouble-
) shooting procedures. An external terminal is brought out for the varia-
tion of running frequency, and this can be used to operate the card as a

voltage-controlled oscillator (VCO)

.

When wired as a keyed oscillator, it can be used as a clock for

some intermittent or controlled function, whenever a string of pulses
must be turned on and off. A flip-flop built into the card is most often
used to control the oscillator, but logic levels from any source m.ay be
used.

When wired as a one-shot, it can be used for all tim.e-delay and time-
aperture applications explained in the description of the one-shot card.

Input Signal Requirements ;

Positive level: 0 volts to -0.2 volts.

Negative level: -6 volts to -12 volts.

Input impedance: Flip-flop: O.OOlp-f to ground.

-108 -
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r.al Requirements (continue d)

Oscillator control input: 3.9k ohms to

gr ouiid- pos it ive

level suppresses
oscillation

.

Minimum dv/dt : For flip-flop: 6 volts [rsec.

Frequency control input: 10,000 ohms.

J

Output Signal Characteristics .

. Positive level: 0 volts to -0.2 volts at approximately 10 ohms.

Negative level: -12 volts at 620 ohms.

Minimum dv/dt: 6 volts per microsecond.

Circuit Description. The circuit diagram is shown in Figure 66^. One-

i^T?'“TrriTs“i7^t is a standard flip-flop as described elsewhere.
^

There are no internal connections to the other half of the circuit. The

operation of the flip-flop will not be described here.

Consider for the sake of the description that, originally, tne timing

capacitors are discharged (-12 volts on either plate), and that Q3, 4,

5, 'and 6 are all cut off. The timing capacitor charges from the source

voltage (internal or external) towards ground. The capacitor sees 6.2

volts less than applied because of the action of the zener diode, which

is now acting in the reverse direction. This voltage is applied to tne

emitter of the unijunction transistor Q6, which is not conducting. When

the- emitter-base 1 voltage of the unijunction reaches the chaiacceristic

voltace of that device, it begins to conduct, and starts to discnarge

tne timing capacitor. When it conduct's, however, this pulls the base

of Q3 negative, and it conducts. This turns on Q4, allowing Q5 to con

duct. Q5, discharges the timing capacitor much more quickly than Q6 would

be able to do unaided.

When Q3 conducts, it brings pin 17 to ground. If pin 17 is jumpered

to pin 16, giving Q3 a 620-ohm collector load, an output pulse of b to

10 microsecond width and of standard logic levels will be produced.

If pin 15 is grounded, Q4 turns on, turning on Q5 . This low-resist-

ance path appears across the timing capacitors, preventing them from

charging. The circuit therefore does not oscillate. This point t^ye
tied""to%ny logic level for use in keying the oscillator. The flip-flop

on the card is especially useful' for this function, since the oscillator

then be turned on and off by pulses.
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NOTE: The first cycle of the oscillator will he longer than the others

wh.cn it is keyed ”on". When the oscillator is not running, the timing
capacitors discb.arge fully. On the second and subsequent cycles of

operation, however, the unijunction transistor stops the discharging
procedure before completion. The difficulty may be m.inim.lasd by in-

creasing the charging voltage. When this is done, the incomplete dis-

charging is no less, but it is a smaller fraction of the total volt-

age, and has a correspondingly smaller effect. Increasing the charging
voltage is accomplished by shorting out the zener diode, and by making
the timing capacitor smaller.

If pin 17 is connected directly to the collector of the flip-flop,
and the extra load resistor on pin 16 is omitted, one-shot action will
occur as follows

;

If Q1 is jumpered to pin 17 and the flip-flop is in the reset state,

then Q1 will be conducting, and the collector of Q3 will be at grou.nd.

Q4 will therefore be on, and the oscillator stopped. If the flip-flop
is now set, Q1 allows Q4 to turn on and one timing cycle is initiated.
At the end of that cycle, Q3 is turned on by Q6 in the iiormal manner,
and as it.s collector goes to ground, it pulls Q1 with it, thereby re-
setting the flip-flop and preventing further oscillation.

Trouble Shooting . The following table lists some troubles that may be

encountered and suggest probable causes and rem.edies^

1

Symptom

Oscillator vjill not run,

Oscillator will not run,

Cause Remedy

Analog control volt-- Adjust trimipot on card,

age too negative.

Q5 on, shorting
tim,ing capacitor.

Check ext6;rnal control
voltage

.

Make sure pins 15 and
17 are negative, other-
wise oscillator is

keyed '’off”.

j

One-shot jitter or

oscillator frequency
drift, especially at
varying repetition
rates

.

Wide variation of

frequency with
temperature

.

Defective zener
diode

.

Defective zener
diode

.

Replace

.

Replace

.i
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Constr uct ion Information . Figure 67 shoves the coraponents layoi:t
,
and the

list below shoves the required parts.

Quant ity Item

6

4

2

2

10

2

2

6

6

2

2

2

6

2

2

2

2

4

2N404 Transistors
2N2926 Transistors
2N2646 Transistors
1N2069 Diodes
DR435 Diodes

1N1766 Zener Diodes
5 000- ohm Triir.pots

G20-ohm, 5 percent, l/2--watt Resistors
10k ohm, 5 percent, l/2~watt Resistors
2,7k, 5 percent, 1/2-watt Resistors
20“Ohm, 5 percent, l/2--watt Resistors
360-ohm, 5 percent, 1/2 -watt Resistors
3,9k ohm, 5 percent, 1/2-watt Resistors
200-ohm, 5 percent, 1/2-watt Resistors
2000-ohm, 5 percent, 1/2-watt Resistors
5,6k ohm, 5 percent, 1/2-watt Resistors
Ik ohm, 5 percent, 1/2-w^tt Resistors
5,1k ohm, 5 percent, 1/4 -watt Resistors

2, 33k ohm, 5 percent, 1/2-watt Resistors
4

4

2

2

220pf disc Ceramic Capacitors
,001p.f Mylar Capacitors, Sprague 192?

,01pf Mylar Capacitors, Sprague 192P
0„l)i.f Mylar Capacitors, Sprague 192?
Trans ipads and Circuit Board,
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