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Cutaway view of integrated c ircuit  mounted i n  1 4- lead flat pock. 

Linear Integrated Circuits : 

What's Available? 
A sun•e\·  of whnt the uariou .� 111 <111 11/ar.t/lr�rs are H O H' o/J<'ring, arrrmged 
by cirr11it a1111licatio1 1 .  The article disc11s.�es idwre /C's can be usl'd, 
th eir S/11'< '.�, what t hey cost, an d h o w  tlu•y are desiµ.11ed into circu its. 

THE big h reak t h ro 1 1 gh has arrin•cl. Linear i megrated 
l'irC'1 1 i ts  are fi nally d ist ributor s tol'k i tPms, ancf the\· 
a re available toda :· i 1 1  a wide variety of siz.e5, per

forn 1al ll'C' le\·els, and l'irl'u its from at least a half-c lnzt· 1 1  
1 1 1a jor 1 1 1 a n 1 1 fal'l mers.  � l anv l inC'ar lC"s arC' n o w  qu ite low 
i11 l'ost, with ma1 1:·  dt·vil'l'S i 1 1  t i l l' 8:2 to $ 1 2  cad: pril't' 
range. 

For i nstance. a ('Omplete T0-.5 can s ized i . f. strip for a 
television set or F i\ 1  receiver l'an be purchased for $ 2 .f'l.5. 
1\ hearing-aid-sized audio ampli fier can be obtained fur 

Fig. 1 .  The c ircuit  of the Westi n g h ouse W C I  8 3 ,  a c l a ss-8 oYdio am
pl if ier  IC which combines h igh g a i n  and up lo 1 00-mW output. 

3 8  

8 10  . . 50.  One r.f .  amplifier costs 8-4 .-tO ,  a set'ond 8-1. .50. and 
a t hird 8-4 .80. Other l i near in tegrated cirl'uits are st i l l  vPry 
l 1 igh-pril'ec l .  h 1 1 t  these frequently o ffer performance ach-a 1 1 -
tages unavailable in a n y  o t h e r  form of circuitrv.  

Let's takC' a dos er look at some of the n iore notewort hv 
l inear i 1 1 tegrateds. E\'(:>r\' thing to be described is 1101i; dis
tributor s tock and available for immediate 1 1se.  Prit'C's i 1 1  
parentheses are approximate si 1 1 gle-q1 1 a1 1 t i tv l'ost at  the t ime 
of publication . Sources of data sheets and distrib u tor l is ts 
a rc indic a ted in Table 1 .  

A u d i o  Ampl i fiP-rs 
The Tr.>:<1s l1 1stru11 1c1 1 ts Sl'\ 1 :2:20 ( $ 1 6.20 ) is a linear IC 

c lC'sig1 1ed specifically for heari n g  aids but also usefu l  for a 
wiclc \·ariel\·  of \'er\·-low-level, high-gai 1 1  audio applica
tions.  The frequency response h<tS he<'n optimized for voicl' 
applications.  �'laximum 01 1 tp 1 1 t  power is three mill iwatts 
a t  a .5% distortion l evel, anti total ,·oltage gai n  i s  1 6,000 
( 8-4 d B ) when the device is powered ln· a s ingle 1 . . 5-rnlt,  
-1-mil l iarnpcre l'el l .  T he ten-IC'ad Aat pack used has pro
,· isio 1 1  for an external gain co1 1 t rnl .  Either an output tra 1 1s
former or a cen ter-tapped earphone is norma lly required . 
The si nglP-cell opera tion is a most i 1 1 1 portant  ach-.m tage 
for s 1 1 h1 11 in iature hearing aids as Wl'll as orbital satel l i te 
applica ti<>1 1s .  

i\ l ore audio power is offered hy the '\!cst i11glw11sc \\"C l8:3 

( 8 10 .50 ) ,  the circui t  of which i s  s ! tow1 1 i n  Fig .  1 .  Avail
able either in a ten-lead flat pack or a twelve-pin T0-.5 
s t vle l'an ,  this l inear IC is ahle to produce as much as 1 00 

1 1 1 i l l i\\'<l t ts of audio output with a voltage gain of O\'Cr 
:30,000 ( 90 d B ) .  Frequt'n C'\' response is flat from .50 Hz to 

bcvond :20 k I Iz, and reasonable audio quality rnay be ob

tai
.
ned a t  low output Je,·els. Alt hough 6 volts is required 

for 1 1 1axi 1 1 1 1 1 1 1 1  gain and outp11t ,  the \VC 1 8.'3 will also operate 
with a s ingle 1. .5-volt cel l .  Jn this  mode, a \'!Jltage gain of 
1000 ( 72 d B )  is  rnmbi ned with a three-milliwatt output .  
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Fig . 2 .  Frequency respon•e a long witn a number o f  typical  circuit a p p� ications f o r  t n e  W C I  8 3  integrated c i rcuit. 

The \\'C l 83 is particular! �· suited to experimental uses, 
some of which arc suggested in Fig. 2. S ufficient a1 1dio 
power is ;11·ailahle for Iow-Je,·el recorder monitors,  in ter
coms for low-nois<:' areas. and similar applications. 

Higher Power A u d i o  I C's 

The RCA CA'3007 ( i!iG .00 ) is an audio d 1-i\'er that may 
he combined with a n  output stage and transformer to pro
d u ce 300 mill iwatts or m ore of audio power. This twelve
pin T0-5 style package p rov ides a power gain of 1 60 ( 22 
d B )  and is supplied with p1 1s l 1 -p 1 d l  input and output. I t  
serves n icely as a transformerless phase splitter a n d  driver 
for class-B audio-output stages. Feedback is easi ly pro
dded to automatically hold the output stage bias levels a t  
optimum values. 

I l igher power audio IC's are still sc.1rcc and expensive, 
owing to the heat pro h b n s  associated \\'ith S l lbstantial sig
nal levels .  1\fotorola".s· �tC I.'524 is  one 10-pin T0-5 style can 
l inear IC that can supply one watt of audio-output power. 
I t  i s  orien ted toward s a 1 1 1 i l ih11'\' transccin•r market a 1 1 d .  
a s  such, h a s  a mil ihH,. reliahilit;, and a 1 1 1 i l i tan· price tag 
( S70 ) . A hybrid constructio1 1 technique is  used in whil'h 
the lower le\·el circuitry is f 1 1 l ly  integratc·d. wh ile the out
put stage consists of d iscrete transistors. A photo of the 
unit  is shown on page 4L 

l 1 1cidentally.  for those with a mi l i tary budget, t h i s  am
pl ifier is strictly hi-fl. It h as a voltage gain of 1000 ( GO 
d B )  and can provide !:JOO mill iwatts of audio output with 
less than 0.6% harmon ic distortion. Frequency response 
is  Hat from 20 Hz to over 300 kHz. Dual 6-volt supplies 
are required. 

Low-cost, high-power audio integratcds are sti l l  well 
around the corner and will stav there unt i l  a better means 
of heatsinking !C's becomes 

. 
practical or else unt i l t he 

switching-mode audio-ampl ifier sche1 1 1cs become more ful l �· 
de\'l·loped . .:\ASA lras rcct•ntly dcn 1ons t rated a one-watt 
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switching-mode ( dass- D )  audio ampl ifier that may readily 
be integrated. This is an important step towards solution 
of the high-power a1 1c l io-IC problem . 

R.F. and I.F. A mpli fiers 

R.f .  and i . f. amplifiers form ti re appl ica tion area where 
the majority of low-cost linear integrateds have recently 
been i n t roduced. Fairchild'.1, ," A703 ( S4 . . 50 ) is  an interest
ing entry. This 8-pin T0-.5 style package functions as a 
self-l i 1 1 1 i t i 1 1 g  i . f .  amplifier witl1 up to .J I  decibels ( 1 1 :2 :  1 )  
of volta,l!;e gain and may be oper;1tl'cl either sin gle-ended or 

Tobi e l .  Sources of l inear IC 's  covered in tne text. 

FA ! RC H I L. D  S E M ICON DUCTOR 
3 1 3 Fai rc h i ld D ri ve • 
M o u n ta i n  V i·eW, Ca l i fo rnia 

GENE:iAl I N ST RU M EN T  SEMICONDUCTOR 
600 West John Street 
H k ksv i H e ,.  N ew York 

GENER'AL- M !C RO ElECTRO N I C $  I N C .  
2 9 2 0  S 1i n  Ysidro Way 
Sa n la "C l a ra , Ca l iforn ia 

MOTOROL A SEM lCONDLJGTOR 
Box 955 
Phoenix, A r i,?ooa 8500 l 
RA D W  CO R PO RAT I O N  O F  AM E R l CA 
E l ectro n i c Components and Devi r;�$ 
l·fa r r i so,n, New Jersey 
TEXA$ I N ST R U M ENTS P.O. Box 5012. 
Da l la s. Texas 

WEST I NGHO U S E  M O LECU LAR ELECTRONICS Box 7737 
E l k ri d.ge, M a ry land 2 1 227 
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Fig. 3 .  A C i ti1ens Band receiver using four W C l  1 4 6 wide-band integrated-circuit a m plif iers.  

push-pu ll . The limiting action is symmetric and non-satu
rating, rnaki1 1g the ti.A/03 excellent for h igh-quality F\l i .f . 

strips. (S<'c the art icle "An l11tegrated Circuit for Co11.1· 1 1 1 1 1er 
Products" i11 011r Octo/Jcr issuc.-Editors) For non-i .f. ap
pl ications,  this IC also serves as a wide-band a111plifier, a 
voltage-control led osci llator, or an Ft--1 m ixer useful ahoYe 
100 \l l lz. 

RCA's i . f. amplifier, the CA3002 ( $4.40 ) ,  is  similar in 
purpose but has the added feature of a 10,000 : 1  ( 80 dJ3 ) 
ele<:tronic gain control ( a .g.c. ) range . A push-p ul l input 
is combined with a single-ended output, and an internal 
coupl ing capacitor is provided for direct interstage coupl ing 
in the 1- to 1 0-\lliz range. Add itional capacitance or trans
former coupling may be used at lower frequencies .  Voltage 
gain is typically 10 : l ( 20 dB ) .  Th is same IC is also useful 
as a product detector, a Schm itt trigger, or a wide-band 
amplifier. 

\\'C'sti11glio11sc's candidate is the \VC 1 146 ( $ 10 . . 50 ) ,  a 
un iYersal direct-coupled, two-stage negative-feedback am
pl ifier that may be used for Yirtual l y  any r.f.  or i .f .  applica
tion below 100 I\IHz.  For instance, Fig. 3 shows a high
quality Citizens Band receiver which uses nothin g but the 
\\'C l 146's throughout. One serves as an r.f. stage, followed 
by an osci l lator-m ixer, an i.f. stage, and finally a detector 
and aud io-output stage. An input antenna transformer, a 
ceramic filter, a crystal , and several capaci tors co111p lete 
the circuit .  Each IC is capable of a high -frequency gain of 
0: 1 ( H i d B ) . and automatic gain control is available . 

Excellent high-frequency perform ance is obtainable in 
the .' 1 otornla \IC l J I ( ) ( �2.5 ) ,  an emitter-coupled amplifier 
good to 300 :\!Hz.  The five-lead T0-5 style can JC oHers a 
power gain of -!00 ( 20 d B )  at 100 M H z, with a typical noise 
figure of on ly -! dB. The t-.lC l l  10 operates over a -.55 to 
+ 1 2.5°C range and is well suited for front-end,  r.f., and 
i .f. applicat ions in  high-quality communications gear. Typi
cal is  the radar 00-\lHz i .f . strip shown in Fig. 4 which 

40 

Fig. 4. A 60-MHi radar i . f. a m plifier using four M C l  1 1 0 I C's .  
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offers a power gain of 80 dB with a 6-MHz bandwidth 
and a fi-dB noise figme. Four IC's are needed. 

RCA'.1· CA3004, CA.300.5, and CA300() ( 8-t.40, $4.80. and 
$6.80 ) round out the r.f. and i .f. linear-IC picture. These 
consist of a differential input stage and an internal con
trolled-current source. The ampl ifiers may be operated 
either in a differential or a cnscode m an ner. .'.\lo collector 
resistors are provided, as these !C's are normally used in 
transformer-coupled applications where interstage trans
fonners determine the over-all frequency response. The 
three !C's differ in  input offsets, gain , and linearity. All 
are potentially useful from d .c. to 100 \Hlz and have a 
very good a.g.c. capabil ity.  Important app lications include 
use as detectors , m ixers, l imi ters, modulators, and as cas
co<le r.f .  ampl ifiers . 

D i /Tercntial Amplifiers 
It is sometimes desirable to compare two input signals 

against each other and produce an output proportional to 
the difjer!' 11ce between the two. This is often done in d .c. 
ampl ifying systems, ser\'O loops, error detectors , and regu
lated power suppl ies . 

A differen tial amplifier is normally called on in these 
applications. Formerly, this meant expensi\'I, matched 
transistors, critical heatsinking , and perhaps external stabili
zation circuits to obtain good d.c. performance . Linear 
integrateds eliminate all  of this .  The transistors in  an IC 
are practically identical in size and makrial . Due to their 
proximity, they must be at the same temperature, so the 
transistors track beautifully oyer wide temperature ranges . 

Several companies manufacture l inear- IC differential am
plifiers . The Westi11gho11se \VS l l.5T ( 810 . . 50 ) offers some 
interesting performance features. It consists of four Dar
lington-connected differential emitter-followers combined 
with an internal controllable current source. Input imped
a nce is  typical ly half a megohm and the frcque1H:)' response 

Close-up of an i n tegrated c ircuit in well of  a flat pack. 

.. 
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is p;ood from c l . c. to 1 50 kl Jz. Drift is typically 10 m i( 'ro
volts per degree C, which means that m·er a 1 00 °  C operat
ing range, an 

.
. extra" mil liYolt ! l lay appe;ir at one input 

with respect to the other.  For wide ten1perature opera
t ion,  input signals as small  as 1 0  n1 i l l i\·olts 1 1 1a�· he pro
cessed with l itt le error. Limited temperaturl' r;rnge circuits 
will allow the d.c. processing of I 00-1nicron>lt  input signals. 
The \\'C I I .ST off1·rs a ,·oltage gain of .SO and comes in an 
eight-lead T0-.5 style can . 

J\lotorola has a whole Ltmilv  of in tegrated d i fferential 
an 1pl i fiers. Tia· most ,·ersa tik� is perhaps the \ !C l .5 HJ 
( $.50 ) ,  as 11-11-11  input  transistors are combined with com
plementary 1 1 1atched 1 1-1 1-p outp1 1t  transistors. This 11-p-11 - I 
1 1- 1 1-p configuration al lows a \·ari ety of interco1 1ncctions. all  
of which readilr track oYer ;t  wide te!llperature range. A 
gain of 4.500 is combined with a 1 - \ ! I l z  bandwidth in the 
ten-le:1d T0-.5 type package. 

The .\ !otorola \ ! C l .52.5 through -' l C l.'528 devices make up 
a fa1 1 1 i l �· of nwdi11 1n -priced di ffer!'n t ial  amplifiers, aYailahlc 
either as all p-11-J> or all 11 -J>-ll. with or without Darlin gton 
inputs .  An 11-p-11 a n d  11-1 1-p IC may be cascaded for ex
treme! �· l1 igh gain and excellent temperature track ing. 

One of Tr·.ws 111strr1111c1 1ts' di fferential amplifier JC's is 
tlw Sl\72.3 ( 827 .GO ) .  Housed in a 1 4-lead Hat pack, this 
partic u la r  IC: offc·rs a voltage g;tin of 1 800 ( (i.S d B ) ,  a 1 50-
k l l z  bandwidth, and a 2.50-ohm output impedance. The 
S)'l.;72:3 normally uses dual 1 2-n>lt  power snpplies. 

Opera t ionaJ Am pli fi e  rs 

An operational arnplifier is any high-gain d.c.-coupled 
bipolar am plifier with low offset. Its u nique performance 
feature is th.it the gain may he precisely contro l led hy 
external resistors and capacitors. Operational amplifiers 
have long lwc·n used in analog computers,  hut hecause low
cost l inear IC opt•ratio1 1al  amplifiers are now available, 
this h;1sic ;1mplifier is beginning to find very wide use. 
Once again, linear IC's el im inate many of t l 1e  templ'rature 
and tracking problems that formerly plagued the discrete 
tube and transistor circui ts .  External stabi l ization is  1 1ow 
only ,·ery rarely required, thanks to the performance capa
bilit ies of today's linear IC's.  

J m port;rnl operational-amplifier applications are in pre
cision Wa\·eform gf'nf'ration, controllable gain and band
width ampl ifiers,  d.c . -coupled amplifiers, and actiYe net
work syntlwsis. The latter is a new way of using resistors, 
cap;icitors. and operational a1nplifiers to simulate i nduc
tance and LC filt1·rs witho u t  using coils or transformers. 

A complex I C  shown here along with some grains of rice. 

One-watt audio power amp lifier using hybrid I C  technique.  

RCA 's CA.'30 10 ( $ 1 2 )  is one of the lowest priced opera
tional a1nplifiers available today. It offers a voltage gain 
of 1000 ( 60 dB ) , a .'300-k H z  hand width, and a 1wak-to
peak output swi Ill!; of seven \'OI ts.  The C:A30 I ( ) is hou sed 
in a 1 2-lead T0-.5 style case. A second IC, the CA3008, 
is the iden tical ci rcui t  in a Hat package a t  a slightly higher 
cost. 

Motorola offers four 01wrat io11al  amplifiers, the �dC 1 430, 
.\ ! C l ..t3 1 ,  .\ ! C l. 5:30. and \ ! C l.53 1 ( $ 1 8  to $30 ) ,  which d iffer 
mostly in input impedan ce and operating tcmpera tme 
r;rng<'S. Darlington inputs are supplied 011 the \ !C l..t.3 1 a nd 
\ I C I. 5 3 1 .  

Tr·.rns li i .1·t r1 1 1 1 1n1 /s produces o n e  low-cost operati,mal 
amplifier, the Sl\72..t ( 8 Hi .20 ) , and sewral premium units 
which are prirnarily intended for military usage. A l l  arc 
in th<' te1 1- lcad Hat package. 

The '\Fcstil1gho11se l ine consists of half a dozen IC's 
ranging in price from 820 to !b70. One dual u n i t  of l'ers 
t1co independent operntional amplifiers in a sin gle T0-.5 
style package . Since operational amplifiers are often used 
in groups, such a co11fignration results in reduced space 
reqniremen ts and simplified \\• iring. 

Fairch ild snpplics fou r  distributor stock operational am
plifier lC's. the 11A702 and the /•,A709. Each l ias a co111-
mercial "C" version and a 1 1 1 i l i t;11Y "'A" \·ersion as ide ntified 
b,· a suffix ( 8 1 ..t  to $22 ) .  

. 

. 
There are n 1au�' other opera tional amplifiers on the mar

ket , b u t  Il lost of th<:> ones we h a\'e not mentioned are 
premin111  units of l im ited availabil ity.  The choice of which 
operational-amplifier IC shou ld he employed is high ] �· 
dep0ndent upon the spedfic applica tion , and a cardul 
stwh· of the data sht·ets of l ikelv c;rndidates is in order 
befo;·e <I particular de,icc is  selc�t ed.  

Ot her Amp! i fie r s  

The CA.3000 ( $G.80)  is an H CA ten-pin T0-.5 sty I<:> l inear 
IC i ntt"nded for d.c.  amplifier use hut also quite appl ica ble 
to feedback a1nplifiers, crystal osci l lators, modulators, and 
mixers. It consists of four transistors in a di fferential 
Darlington co11figura tio1 1 and a controllable transistor and 
two-diode u1rrcnt source. A 200-ohm input i 1 1 1pedant"e i s  
combined with a vol tage g a i n  o f  50 and a d . c. to :30- \ ! H z  
freque1 1c�· response. 

A Sl'rnnd RCJ\ l i 1 1c;1r IC, the CA.300 1 ( $(i...t0 ) ,  is  in
tendl:'d for video amplifiers and other wide-band amplifier 
applications. Circ1 1 i t r� is  som ewhat sim ilar to the CA:3000 
l'XC<,pt t l 1at  emitter follO\Vl'rS are added for low outp1 1 t  
impedance a n d  i n ternal conpling c;ipacitors are pro,·ided. 
This IC has a push-pull input and 01 1 tput ,  a �) : 1 voltage 
gai n, a 1 1 d  a Hi-\ I Hz frcqtwncy response. The circ1 1 i t  finds 
use in  ,·ideo ampli fiers and other wide-band amplifiers 
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A complete 1 2 0-MHz transceiver bui l t  with l inear I C 's .  

where the balanced, push-pull  configuration serves to keep 
r.f. signals off the power-supply lines, allowing several 
stages to be casc;Hled with a minimum of supply decoup
ling and stability problems. 

The i nternal c'Oupling capacitors are useful from l to 
20 l\·IH z, enabling the IC's to be direct-coupled. A three
stage amplifier with a gain of more than 1000 from 10 kHz 
to 10 :\!Hz is  shown in Fig.  5 .  Here additional external 
capacitors h.1ve been used to obtain the better lower fre
quency response. Still  larger capacitors would allow opera
tion into the sub-audio region, making this particula r circuit 
well suited for oscilloscope prearnplifiers and other wide
band, low-level amplifiers. 

Comparat ors 

Comparators are used to answer the question, "\Vhich 
one is bigger?" when two inputs arc applied . One input is 
often a reference volt;1ge. In this mode, a comparator 
serves as a limit detector, an alarm, an analog-to-digital 
converter, or a sense amplifier for a computer's core mem
ory. By using the output of a comparator as its own refer
ence, a Schmitt trigger with controllable threshold voltage 
and hysteresis, both of which may he made zero, positive, 
or negative, is obtaine<l. This configuration is  of value in 
level detectors, alarms, tachometers, and anywhere else a 
snap-action output is required the instant a slowly changing 
input voltage crosses a critical value. 

Fairchild's 11.A7 J O C  ( 87.7.5 ) offers a comparator with a 
] -mill ivolt resolution and a 40-nanosecond response time to 
changing inputs. It then c01 1\·erts its response into a digital 
signal compatible with digital integrated circuits. The 
voltage gain of the eight-pin T0-5 style IC is 1 200 ( 62 
d U ) . Linear input signals 11p to 5 volts may be accommo
dated. Schmitt-trigger operation is obtained by cross-coup
l ing output and input with two resistors. 

Another Fairch ild u n it, the ,nA7 1 l ,  is  a dual version of 
the 7 10 with an added feature called a "strobe," which 
al lows the outpnt of each comparator to be independently 
enabled or interrogated. One important application is  in 
n 1ag1 1etic-core sense amplifiers, but this IC will find use 
a 1 1vwhere sen•ral comparators would normally be employed 
in related circuits. As with other Fairchild units, both 
pre1 1 1 ium military versions and l i 1 1 1 ite<l-temperature com
mercial Vl'rsions <ire av;1 i lable. 

Com plete l.F. Amplifierti &: Discrimin ators 

Certainly, one of the most impressive low-cost linear 
in tegratl'ds available today is the RC:,.\ CA:30 1 3  ( �2.6.5 ) . 
This ten-pin T0-5 style IC is a co111pletc i . f. and audio 
section for a tcle\"ision -l . .5-:\ I H z  or a high-quality FM 1 0 .7-
:\ I H z  i . f. strip. Inside the can are three self-limiting i . f. 
stages, a discriminator, a dual audio stage, nml a regulated 
power supply. The twelve transistors and twelve diodes 
add 11p to eleven cents per active device, a price tota lly 
unmatched by discrete circuitry. (Refer to "TV Set Uses 
il l f e 'graf<'<i Circuit" i1 1 our ] 11ne fastie.-Editors) 

There are three other similar IC's in t he RCA l ine, two 
without the discriminator and audio stage ( CA30 1 1  an<l 
CA3 0 U )  and one with a higher voltage capability, the 
CA30 1 4. These range in price from $2.00 to $3.6.5 each 
and lend themselves to many non-F l\ I  applications as well. 
Typical would be wide-band limiters and amplifiers often 
found in industrial instnunentation circuitry. 

MOS A n al o g  G a tes 

\\ 'e can concl ude our survey with some remarkable IC's 
using :\!OS ( metal oxide semiconductor) technology. Called 
com1nutators, a nalog gates, or mu ltip lexers, these !C's are 
both linear and digital at the same time. 

The units serve as high-speed selector switches of the 
single-pole, mu ltiple-t hrow variety. The MOS tc:chnology 
offers several unique advantages. Analog or vnrying input 
signals up to ten volts in amplitude o f  either 7)()/arily are 
switched in a tl .c. -couple<l man ner with zero offset, a feat 

Fig. S. A wide-band a m plifier em ploying three CA3001 video-ampl ifier integrated 
circuits. Larger capacitors may be added lo extend response to sub-audio ra nge. 

that no ordinary transistor, IC, or 
vacuum t11be can ever hope to perform. 
Further, there is only insignificant 
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coupling between the signal voltages 
and the input switching waveforms . 
Practical ly  no input switching power is 
required, as the i nput impedance on 
the switching inputs is typical ly several 
thousand megohms. 

Being brand-new devices, they are 
still expensive, but the analog gates are 
already finding wide use in industrial 
telemetry and sampling circuitry as 
well as in radar-image-proc:essing cir
cuitry. 

The Fairchild ,.�13700 ( $62.50 ) is 
a representative sample of the dozen 
or so :\ ! OS analog gates now available. 
It may be used as a single-pole, five
position switch or as a single-pole, 
four-position switch with a n  a l l-channel 
blanking option. Any position can han
dle :±: 10 volts of analog signal . "On" 
resistance is  around 1 50 ohms with 

( Co11 ti11 1 1ccl 011 page 7 6 )  
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THE WORLD'S 
MOST D I ST I N G U I S H E D  
PHOTOGRAPH IC ANNUAL 

AND TH E WORLD'S 
LARGEST SELLI NG  

PUBLICATION  O F  ITS KI ND  
For a lmost 20 years, i n  every corner of 
the world, the n a m e  PHOTOG RAPHY 
ANNUAL ha s mea nt j u st one thing:  photo
graphic excel lence.  The 1 967 edition w i l l  
s how you w hy.  It 's  the best yet. A b r i l l i a n t  
col l ection of the yea r's  m o s t  sti m u lat ing 
photogra phs,  ta ken by the world ' s  most 
gifted photogra phers a n d  pa i n stak i ngly 
selected by the editors of Popular Photog
raphy. 
Over 200 exciting pages of s u perb,  pro
vocative pictu res - magn ificently repro
d uced i n  stu n n i ng color a n d  d ra matic 
black a n d  wh ite-a nd descri bed in ful l  
tec h n ica l deta i l  to help you i m prove your 
photogra phic sk i l ls .  

N o  wonder  the PHOTOG RAPHY ANNUAL 
becomes a col lector ' s  item a s  soon a s  it  
goes on sale . . .  why it outsells by far  a ny 
s i m i la r  pub l ication in the field . . .  why 
you ' l l  turn to it aga i n  a nd aga i n ,  m o nth 
a fter month, yea r after yea r .  

Order your copy now only $1-50 
Get the H andsome LEATH E R FLEX
COVERED E DITION for j ust $3 P.P. 
PHOTOGRAPHY ANNUAL i s  a l so ava i l
able in a splendid deluxe ed ition. 
Rugged Leatherflex cover provides 
lasting protection yet i s  softly tex
t u red and gold-embossed for the 
look of elegance. A col lector's item 
-a superb addit ion to your Library 
of Photo Classics. And it 's yours, 
for j u st $3 postpaid, when you 
check the appro p riate box on the 
order form. 

- - - - - - - - - - - 
Ziff-Davis Service Division, Dept. PA 
589 Broadway, New York, N. Y. 10012 
Please send my copy of the 1967 PHOTOGRAPHY 
ANNUAL. 
O I am enclosing $1 .50 plus !Sc for shipping and han

d l ing for the Regular Edition. ($2.00 for orders out· 
side U.S.A.) 

O I am enclosing $3.00. Please send me, postpaid, the 
Leatherflex-covered Delure Edition. ($3.75 for orders 
outside U . S . A . )  (Please a llow 3 additional weeks for 
delivery of the Deluxe Edition.) 

name lrLf�st  r1<1 rn) 

address EW- 1 1 6 

city 

state zip code 

- - - - - - - - - - - ·  
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Diode Meter Protectors 
( Co1 1 t i1 1 1 1cd fro 11 1  page 51 ) 

f11sing at /3 in Fig . . '3 B  sidesteps fuse re
sistance probk1 1 1 s  and also protects the 
metC'r sh1 1 1 1 t s .  I f  t l 1e h ighest selel"table i current ra11ge i s  ahove 

'
the fuse rating, 

place· the f i 1sc· at :\ as shown . Fusing at 

1\ requires tha t  tlw fuse r<"sistance he 1 10 

, larger than I ';( of the meter resistance to 
a\·oid C:>.:('essin· dcl'al i l i ra t ion .  

For a ,· .o .rn .  using a l - 1 1 1 i l l ia 1 1 1pc·n". 
1 .S0-0! 1 1 1 1  1 1 1 C' l c·r .  1 1 sc a :; 1 - or t'\·e1 1 l -am-1 pcrc fuse a t  ;\ ,  along with a diode ha\·

ing at least a si:1:-a11 1p(-'re s 1 1 rge rat i 1 1g. 
, Fuse resista1 1c·e is  1 10 prohkm in Fig. i 3C d w: to high meter resista1 1t·e. 

D i ode C l i pp i 1 1 g I D.e.  c 1 1 rrt • 1 1 t s  i n  pulse· a 1 1 c l  1 1 1u l t i ,· ihra
' tor l'i rcuits,  1 1 1 1 fi l ll'red hatterv chargers, 
I a11cl unfiltered d .c. SC:H power supplies 
I oft C'l l  have vnv high peak-to-average 

values. Tvpic:al c l .c .  1 1 1l'lcrs respond to 
a\·erage ,·alucs. llv voltagc·- l im iting ac
tion, the d iode pro l C'dor wi l l  c l ip the 
peaks, msult ing in ,-en- large meter er
ror, particularlv near ful l  sc;1 lc. 

Fig. 4 shows the ,·ol t age wa,·cforms 
ohwrved across the load c:u1-rent meter 
of an unfiltered half-wa,·e batterv cha r�
cr i 1 1  operat ion .  Pe.1k \"C>ltage .( V,. ) to 
a\·eragc ( \.'., , ,, )  is 9 to 1 i n  this case. 
Upon c:onneding the diode, it elippccl 
at voltage \1 1 and in trodu ced a meter 
error of nearlv 50%. ( Compare V,. ,.,, in 
Fig. 4 ll with V,, .. ,, i 1 1  Fig. 4A. ) 

To detect dipping, switch the \ ' .o .m. 
to a h igher current range and compare 
readings .  A large cli fkrcnce indicates 
diode clipping, which can he reduced 
or elim inated by using a higher current 
ra11ge and restricting readings to the 
lower portions of the scale. An effective remech is to connect a 
capacitor across the meter terminals 
which will ad l ike a filter for the a.c. 
components. S izc•s may varv from . 0 1 -
/tF d isc t vpcs to  .50-1-tF transistor elec
trolytics, ckpending upon repetition fre
q1 1encics and meter and circuit resist
ances. To be certain of obtaining the de
sired resu lts, compare meter ind ications 
with the cl iocle remm·ecl, d iode at
tached, and with diode and capacitor 
crnmectecl . A capacitor permanently 
cornH:ded across the meter terminals 
has l ittle or 1 10 effect on the v .o .rn.  a.c. 
ranges but this should be checked for 
the particular i nstrnment being used. 

Two diodes in series will double the 
meter's imn 1unitv to diode clipping. It  

will also reduce diode insertion error by 
more than one-half. However, i t  wil l  
donble the on�rload factor by doubling 
the l im it ing ,·oltage. But this is an ac
ceptable compromise for meters ha\"ing 
a low factor a rou 1 1d  :3 X with one <l iocle. 

Diode Selection 
The lower current rated d iodes arc 
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preferred for 1 1 sc· with the more se1 1s i 
t i \ ·e  high-rcsis ta 1 1t·e n wters. This rc
cl1 1 C'es c l ioclc i 1 1 scrt io1 1 errors to a m i 11 i 
n 1um.  The hight·r  ratc·d d iodes are pre
krred for t i !(' ! own resistance meters 
beC'ausc t ! IC'v l 1a\"C! high c1 1rrent-han
cl l ing ahilit\' .  

Ordinarv top-hat and epoxv d iodes 
arc often s 1 1 iL1hlc · for use· as protectors 
but 1 1 1a\' in t rocl 1 1 t ·c• l arger d iocll' i 1 1ser
tion errors t l i .n 1  the l'< > 1 1 1 1 1w1Tial protc·t·
tors. SC'lcl'l t i ! (' 1 1 1 C ls t  s 1 1 i tahlc hv 1 1oting 
the meter C "rrm at  f 1 1 1 l  st·alc on t lw /1 1 1 1:
<'sf t·1 1 1-re 1 1 t  range • .  l ' sc: l \\"o diodes bac:k
to-back for \' .0 . 1 1 1 . ·s .  as i 1 1  Fig. :3:\. 

\\ "he 1 1  thl' 1 1 1 c · te r l'I I 1Tc'1 1 t  range is not 
\"t'I"\" s 1 1 1a l l  t·rnn parc·d with the diode 
ra t i 1 1g.  the diode· is less ahlC '  to earn· the 
major part of  t! IC ' s l 10rt-circ1 1 it current.  
1 1  ighcr ratC'd diodes S l l l'h as stud l\ ·1ws 
can he 1 1 sccl to c· lkct an improvement.  
01 1e exc·eptirn1  is the C"irC"u it of Fig.  :1C 
in which the d iodc a]w;1vs secs a fairlv 
large rc·s ista l l l'l' rl'garc lk.�s or the ra1 1gt·:
switch  sl'tt ing.  1 1  igl1er c 1 1 rr1·nt meters 
arc adcq 1 1a teh- p ro t c:l'lcd with fast
adio1 1  fusing a lo l ll· .  

To t·rn 1cluc le ,  v .0 . 1 1 1 . ' s  should he safe
gnarded b�· a properh· 1 1 1atd tee! cl iodc
fusc l'o 1 1 1b ination for 1 1 1ax inH1m protec
t ion of thl' cost l v  rnt'tt•r. .A 

Linear IC' s :  What's Available 
( Ccn1 l i 1 1 1 1 ( 'd fm111 J>age -1 2 )  

zc·ro c l .c .  offst' l ;  t l 1t· leakage• when the• 
gate is i 1 1  ;u 1othcr position is tvpil'alh
J 1 1anoamperc· . The switeh can safeh· 
pass I 00 mA of curre 1 1 t .  Tu rn-on and 
l u l"l l-off t imes are 0 . . '5 and :?. m ilTo
seco1 1c ls respcctivelv. 

Two other C"ompanies presently offer 
analog gates. These arc General Micro
elcct rn1 1 ics and Ge11cm/ J 11st r11 1 1w11t  
CorJ> .  The latter provides a1 1  c1 1t ire line 
of switches in its :MEi\1:"5000 St'ries, 
ranging from s ix-position single-throw 
through double-pole, double-throw. 
Prices are now in the 840 to $90 rangt'. 
bu t  the cJc,·ices wil l  inc\'itahlv become 
low-cost Ic:'s once ,·olrnne t;sage sets 
in and dc,·elopml•nt costs have been 
returned. A 

" Ttiat replaced Cosgrove . . .  and I can't 
figure out what it does either." 
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