\\ USING

price and have many nses oniside of computers. Here

are technigues and eirenits for these new 1C deviees,

HERLE are two myths prevailing in regard to todav’s
integrated cirenitry. “Too expensive” and “only good

for special coniputer cirenits.” are the e and ey of

many who simply do not vet realize the tremendous po-
tential of in-stock integrateds applied to evervday cirenits.
The facts are the exact opposite. Today there are very few
basic circuits that cannot he fullv integrated while sub-
stantially reducing the total cost, complexity, and assemhly

Fig. 1. Internal circuit of the three IC's described in text.
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A pair of the new epoxy IC's. Units
have eight leads and are about the
same size as a TO-5 transistor case.

NEW LOW-COST
INTEGRATED
CIRCUITS . oo« wocssre

Some of the new integrateds have come way down in

time. haproved reliability, temperature performance, and
ruggedness are gained in the bargain. For instance, abont
S1.60 spent at a distributor’s will buy the equivalent of three
or four 2N 708 transistors and five or six resistors, which sepa-
rately: might cost over five dollars, not counting the extra
assemblyv time. For the same price, vou also get an all-silicon
circuit fully guaranteed and tested to operate over a specified
temperature range into fully specified loads. This eliminates
a large measure ot the normal environmental testing, “burn-
g in” of compenents, marginal resistance values, and expen-
sive testing.

Of the twenty or so major integrated-circuit (IC) manu-
facturers, six have widely distributed, low-cost lines. Of
these, the epoxy micrologic series of Fairehild Semiconductor
lends itself well to our purpose of developing a nnmber of
basic integrated circuits that can be used for both commercial
and experimental purposes. By obvious changes in supply
voltages. impedance levels, and pin connections, these same
basic cirenits are pretty much applicable to other manufac-
turers’ 1C lines.

The Fairchild series consists of three integrateds packaged
in cight-lead epoxy packages, the same size as a TO-5 case
transistor, As a family, the units may be directly connected
to cach other. One supply voltage of + 3.6 volts is specified,
but anv voltage from 3 to 4.5 should suffice for many applica-
tions. The latter is easilv obtained from two or three pen-
light cells.

The pin connections are numbered counterclockicise from
the top, with a color-coded dot directly beside lead 8. The
units are specified over a +15° to +35° C interval, useful for
both room temperature and laboratory environments. Identi-
cal, wider-temperature units are available at premium cost,
Althongh sockets are readilv obtainable, the breadboarding
technigue shown in the photo is a good means of mounting
experimental circuitrv. This technique makes all connections
readilv accessible and well separated. To mount the IC, eight
Teflon press-fit terminals are pressed into holes forming a
circle #” in diameter. The leads of the 1C are all bent radially
ontward and soldered directly to the tips of the terminals.
Printed cirenits are impractical with integrateds unless two-
sided or multi-laver board is used; otherwise too many jump-
ers are required.

Rather than specify an inpnt requirement as so many ohis
or so many ma.. and output requirements similarly, a much
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easicr inethod is nsed on this IC line. Both input requirements
and output drive capability are specified as so many “uuits,”
as indicated in the circles in the circuit diagrams. Any com-
bination of imputs can be driven by an output whose drive
capability exceeds the sum of the inpnt imits required. For
instance, we will see that a «LY14 reqnires “37 units of drive
at an input and delivers * 16”7 nnits of drive at an ontpnt. Thns
one #1914 ontput can drive five «L914’s inputs, with “17 to
spare. All other requirciments are determined in a similar
nranner, simply adding np the loads and keeping the load
units equal to or less than the drive capability.

The three 1C's we compared in FFig, 1. The «LY00 (abont
$1.60 cach) is a buller element designed to provide inversion
and a high drive capabilityv. This cirenit finds nse whenever
a large nmmber of inputs (up to a load factor of "SO™ units)
is to be driven from a single civeuit or when a low-impedance
outpnt is required for external circuitry. This three-transistor,
five-resistor circuit operates as a switch. Ground the inpnt and
the top transistor saturates, connecting the ontpnt load to

3.6 volts which is tied to lead 8. Connect the input to a posi-
tive voltage between 1 and 3.6 volts and the top transistor
goes ofl and the bottom two saturate, connecting the load to
gronnd (tied to lead 4) through a low impedance.

The #1911 s called a dnal two-input gate, but is fur more
uscful than the nume implies. It consists of two pairs of tran-
sistors sharing common collector loads. Outside of the snpply
and emitter connections, both hulves of the circuit are com-
pletely separate. Considering one side, in the absence of any
input, both transistors remain oft, and the ontput voltage is
cqnal to the supply voltage (connected to lead 8). If either
(or both) inputs go positive, the driven transistor(s) satu-
rates, and the ontput is conmected to ground (connected to
lead 4) via the low impedance of a saturated transistor. This
IC is the workhorse of the line, for it readily forms all the
logic cirenits, all multivibrators, a host of linear wnplifiers,
level detectors, and some others that we will shortlyv examine.

Fanciest of the three integrateds is the «1.923—at about
$4.00—a full-commting flip-Hop. The IC is the equivalent of
fifteen transistors and seventecn resistors. It singlehandedly
counts by two, automatically steering its own input to the
proper side every connt, even at push-button speeds. This 1C

Fig. 2. Basic inverter and disabling and enabling gates.
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A convenient method of mounting for breadboarding circuits.

is also uselul as a shift register or memory element and re-
places some complicated binary and ring-counter circnitry.

Inverter and Gate Circuits

In all the circuits, we have purposely left out the imner
connections of the IC’s to emphasize the external system con-
nections and the simplicity of using integrated circnitry. To
study the circuits from a discrete equivalent standpoint, refer
back to Fig. 1.

The simplest circuit is the inverter of Fig. 2A. Here a bi-
nary “17 inpnt produces a “07 output and vice versa. Use
this one to invert any digital pulse or generate a comple-
mentary digital signal. The circuit functions on the presence
or absence of hase current in one transistor. A positive imput
signal saturates the transistor and grounds the output. A
grounded input signal turns the transistor off and the output
goes positive. If desired, the other half of the xL914 may be
used elsewhere in the circuit.

Using both inpnts produces the disabling gate of Fig. 2B.
Here the 1C inverts the digital signal on lead 1 onlv if the
input to lead 2 is grounded. A positive input at lead 2 gronnds
the output irrespective of the condition of lead 1, disabling
the cirenit.

If the opposite elfect is desired, an inverter may be added
to the gate input. Now, as in Fig. 2C, a grounded-gate input
prevents any signal inputs on lead 1 from being inverted and
appearing at the ontput. 1f the gate input, lead 3, is made
positive, the inverter stage makes leads 6 and 2 grounded
and thus passes the input signal. This is then an enabling gate.

Logice Circuits

There is alwavs so much confusion over just what con-
stitutes and “and,” an “or,” a “nand,” or a “nor” circuit for,
depending on how things are defined, one circuit can per-
form any twa functions. In binary arithmetic, there are only
two possible system states, the “one” state and the “zero”
state. The rules for logic are simply:

If aniy “one” input produces a “one” output, the <ircuit is
an “or” circuit,

If any “one” input produces a “zero” output, the circuit is
a “nor” circuit.

[f all input “one’s” have to be present to prodnce a “one”
at the output, the circuit is an “and” circuit.

If all input “one’s” have to be present to produce a “zero”
at the output, the circuit is a “nand” circuit.

Note that all the rules are defined in accordance with the
presence or absence of “one” inputs. There is nothing in the
rules that concerns itself with “zero” inputs.

The trouble comes in when a “one” and a “zero” are defined
in a system. Circuit people will usually define a “one” as a
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Fig. 3. Logic circvits along with their various designations.

CIRCUIT ToC

positive input and a “zero” as a grounded input; the computer
people will often do the exact opposite. Four basic logic
circuits are shown in Fig. 3 along with a chart which defines
the logic operations in terms of your choice of what a “one”
or a “zero” is.

Circuit I produces a grounded output if cither input is
positive and a positive output only if both inputs are
grounded.

Circuit II produces a positive output if either input is
positive and a grounded output only if both inputs are
grounded.

Circuit [II produces a positive output if both inputs are
positive and a grounded output if either input is grounded.

Circuit IV produces a grounded output if both inputs are
positive and a positive output if either input is grounded.

Fig. 4. (A) Set-reset flip-flop, latch, or memory. (B} Mono-

stable, delay, or gate generator. {C) Bounceless, noiseless

push-button. (D) Astable oscillator or square-wave generator.

+3.6V, oUTRUTS
R

OUTRUTS 4
+1.5

o +36V.

MAXIMUM DISTORTIONLESS
DUTY CYCLE =35%

N TRIGGER
INPUT

(8)

+3.6V. ‘ 0 -4\5—5/_\_

OUTPUTS
+

Lyl

ROINARY FOR MORE POWER OR SQUARER OUTPUT,

O
PUSHBUTTON FOLLOW WITH yL 900
(c) o)

52

Thesc logic circuits are the very basis of all digital com-
puter circuitry and other areas where particular sequences
or coincidences must be detected.

Multivibrators

All the conventional multivibrators (flip-flops) are easily
built using the counections of Fig. 4. In 4A, the output of
one half of a xLL914 is connected to one input on the other
half and vice versa. The two remaining inputs, one on either
side, are brought ont for external connections. This produces
a bistable mnltivibrator or a set-reset flip-flop. A momentary
set pulse consists of « positive signal briefly applied to lead 1.
This momentarily grounds lead 7, the output of the set in-
verter. The grounding of lead 7 grounds lead 3 which lets
lead 6 go positive. The positive output of lead 6 is connected
to lead 2 which holds the multivibrator in the set state after
the input trigger disappears. A reset pulse applied to the op-
posite input will transfer the output to the reset side, again
holding itself in the new state until the next arrival of a set
pulse. This circuit is useful as a latch or memory as well as
a gate or interval generator.

If one of the feedback connections is broken and a ca-
pacitor and recharging resistor are inserted in its place, the

"ON" TIME -MILLISECONDS

To .02 05 .2 5 1 2 5 10
C-MICROFARADS

Fig. 5. Performance of the monostable circuit in Fig. 4B.

monostable multivibrator of Fig. 4B results. Here a sct or
trigger input pulse changes the state of the flip-flop, but it
changes state back again after a time delay determined by
the recharging time of capacitor C. When the input trigger
arrives, lead 7 immediately goes to ground. The charge on
C cannot instantaneously change, so C drives lead 3 negative,
turning off the other side of the flip-flop and providing feed-
back to hold the output in the set state. R then slowly re-
charges C, muking lead 3 more and more positive until finally
lead 5 is positive enough to turn on its transistor and revert
the state of the monostable back to normal. The net effect
is a constant time interval or delay, in the form of a rectangu-
lar pulse, produced every time an input trigger pulse arrives.

Fig. 5 includes a family of curves that lets vou choose
values of C and R for required time delavs. Varving R with a
potentiometer gives control over the delay interval. The de-
lay is largelv independent of the supply voltage. The circuit
will only operate on a 75% maximum duty cvcle, and the duty
cvele should be held to less than 30-35% if timing accuracy
is important. For instance, a 300-microsecond multivibrator
must have at least 100 microseconds to recover. If timing
accuracy is important. it should have at least 700 microsec-
onds; otherwise the earlier (Continued on page 80)
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arrival of new trigger pulses will affect the timing interval.

One example of a monostable application is the noiseless
push-button circuit of Fig. 4C. Ordinary push-buttons ure
both bouncy and noisy. In the first few milliseconds of con-
tact, the contacts may alternately make and break as many
as several hundred times. This is detrimental to any high-
speed electronic circuit that faithfully follows every input
pulse. With the monostable, the first bounce triggers the

Using Integrateds
(Continued from page 52)

Hi-Performance
Space-Saving Twins
from

-BI-RNBAGH-

Amazing features, sophisticated solid state design

Compact Transistor
Audio Amplifier

e 5Transistors and 1 Thermistor

e Shielded Input Transformer
with 2 PRIMARY WINDINGS ...
50 ohms and High Impedance

e Qutput Transformer with 2
SECONDARY WINDINGS . . . 8
ohms (for speakers), 500 ohms
(for modulation and high imped-
ance loads)

e Volume Control included and
mounted on Circuit Board

e Low Distortion ... 300 Milli-
watt Push-Pull Output

e Extremely high gain . . . 80 db!
Handles low level mikes, phono
pickups, telephone pickups, etc.
e Sturdy Printed Circuit Board
only 5¥2” long x 13" wide

e Weighs only 32 ounces

e Power Supply: Any 9 Volt DC

source.
s9.9 5 each*

Compact
RF Transmitter
e No license required for opera-
tion
o Full 100 milliwatt output

e Pie Network — loads into al-
most any antenna

e Crystal controlled oscillator
transistor, buffer transistor, final
amplifier transistor

e Heat sink on final RF amplifier
e Solid state, printed circuit

e Plug-in crystal (not supplied)

e Solder lugs for all connections

e Effective range of Y2-mile
radius

e Standard 90-day warranty
e 9 Volt Power Supply
e Only 2” x 5”

$14‘.95 each*

*Add 55¢ per unit for postage and handling
Complete instructions with hook-up diagram sent with each unit.

Use Amplifier for following, or combine with Transmitter for |

wireless:

e PA System

e Hi-Fi System (use 2 for
Stereo)

e Guitar Amplifier

e Surveillance Listening
System

at $14.95 each
Please send me
at $9.95 each

Fill in this order blank and mail to

BIRNBACH RADIO CO., INC.
435 Hudson Street / New York, N. Y. 10014

Please send me_____ (quantity) TR-100 transmitters

_—_____ (quantity) A-300 amplifiers
)

| am including in my check 55¢ per unit for handling and postage
)
)

Electronic Stethoscope
Intercom Amplifier
Modulation for Transmitter
Phono Amplifier

Utility Amplifier

Science Projects

o

(subtotal____

~—

(subtotal
(subtotal_

My check for (grand total

is enclosed. Sorry, No COD's.
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Address
City State Zip
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ELECTRONIC
CROSSWORDS

By JAMES R. KIMSEY

CAnsteer on page 102)

ACROSS

N

To vary the amplitude, fre-
guency. or phase of an oscilla-
tion, usually at a signal fre-
qguency rate.

. The fixed voltage applicd be-

tween grid and cathode ele-
ments of an electron tube.

16. In clectron optics a hole

in a
plate electrode which separates
1wo fields (2 words}.

DOWN
1. Microwave term specifyving the

type of nscillation occurring in
a line, waveguide, tube, or cav-

10. Aerial. ity.

12. A buried object that serves as 2 Term used to indicate that cur-
an anchor for a guy wire or rent is being taken from a volt-
rope. age source.

14. Rodent. 3. Amount of radiant energy emit-

15. Here (Fr.). ted from a source.

16. Hackneyed by constant repeti- 4. Retractory metal used for grids
tion. and plates of power tubes.

17. Switch position. 5. Printer's measure.

18. Dry seed fruit. 6. Regularly recurring pulsation

20. Type of communications system of amplitude resulting from the
tabbr.) . combination of two tones or

21. Didn't work. electric waves of different fre-

23. Timid quencies.

5% PN g ; 7. General term used to signify

24. An inert gas often used in dis- e O . 8
charge tubes and as a lamp fill- lt.lelle],tsnength or value of a cur-
ing. e 9

26. American Indian. - 8. Indefinite article.

27. A system of challenge and re- J- The load, above the normal op-
sponse developed for use with erating rating, to ‘V]“Ch‘.a de-=
radar equipment iabbr.). }1?16 _C‘"m.,b‘f S_‘d'bjemed without

28. A bow of flame formed between al m.e e n{ e
two electrodes. . A three-electrode vacuum tube.

29. Unit of current (abbr.}. 13. Type of current ¢(abbr.).

30. The thing mentioned. 17. Paddle.

31. Electrical current such as usu- 19- Television band tabbr.).
ally supplied by power lines 20 Curve formed by the intersec~
(abbr.). tion of a cone and a plane.

33. Confronted. . A thin, enamel-like insulation

.}5' Some of high tenacity.

36 Crystz'll cut. Used extensively in 22, The seventh letter of the Greek
rf. transmitters from 4300 to _ alphabet.

10,000 kc 5. Southern state tabbr.).

37. Linear measure (abbr.). 30. Mon}cy received from labor or

38. Widening of the volume range SANEES
of an a.f. signal so that weak 32. Crystal cut.
passages become weaker and . Beverage.
loud passages become louder. . Female sheep.

42, L -loss insulator. 39. Place.

44, Shade tree. . 40. Observe.

[T T, compensation, a control Sick
device that compensates for : =
voltage drop due to current . Radioman tslang).
flow. . Part of "to be.”
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