


Introducing the best DC power supply catalog in the world. 
Forty-two informative pages . Specifi 
cations . Drawings . Photos . Prices . 
Three-day shipping guarantee . Or
ganized for quick selection of the 
best model for your application . In
cluded are : 

Mini-modules with reg 
ulated single or dual 
outputs. Save space and 

improve reliability by mounting them 
directly on printed circuit boards . 
$30 up . 

Standard modules with 
• . : ratings to 3? amps. 
~ Choose from single and 
;;;=HJ~ dual output regulated 

• • models and single out-
put unregulated . $60 up. 

Low-profile modules to 
4 .0 amp from a package 
only 1.68" thick . $75 up. 

~- Plug-ins with single or 
dual outputs , for com 
mercial or MIL-Spec . 
use , regu lated or unreg
ulated , high isolation , 
fixed or adjustable. 
$45 up . 

Acopian also offers rack mounting 
power systems, designed to meet 
specific multi -output power needs. 
Shipping time for these fully wired , 
fully tested systems is only 9 days 
from your order . 
$150 up. 

For your copy of the world's best 
power module catalog, write or call 
Acopian Corp. , Easton , Pa. 18042. 
Phone : ( 215) 258-5441. The power 
modules you order from it will be 
shipped with (you'll happily agree) 
the world 's best tag . . . 



Varian's new 
Plesa™ tuning diodes. 

Only the price is reduced. 
With Plesa passivated tuning diodes, you get all the performance and 

reliability you expect from Varian at substantially reduced prices. And leakage 
currents are low across wide temperature ranges: 20 nA at 25°C and 

2 µA at 150°C. Diodes with even lower leakage current values and stability are 
available for applications requiring excellent frequency or phase stability. 

Standard tuning diodes are available with reverse breakdown voltages of 
45, 60 or 120, with total capacitance as low as 2 pF at 0 volts bias - specials even 

lower. Standard minimum Q to 2000 are featured - with specials above 4000. 
Capacitance tuning ratios correspond to a nearly perfect abrupt junction law. 

The combination of large capacitance variation and high Q makes Plesa 
diodes ideal for oscillators tuned over a broad bandwidth into Ku-band 

frequencies. Plesa varactors are well suited for AFC applications, 
filter or cavity tuning, phase or frequency modulators. 

For complete details, contact Varian, Solid State Division, Salem Road, 
Beverly, Massachusetts 01915. Or any of the 30 Electron Tube and Device 

Group Sales Offices throughout the world . 

@varian 
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urs. 
Small. Very small. In fact, the smallest. 
We call them our Series 1400. They're hermetically 

sealed and have better specs. Ideal for HI-REL military/aerospace 
applications. Ask about our MIL STD 883 capability. 

MODEL 1412 mini-chopper. Unique. Gives you 
unbelievable flexibility in solving critical packaging problems. 
High performance. Like, ± 25 µ V max initial offset, 0.25 µ V /°C drift, 
and 30 pA bias current, 2 pA/°C drift. Price: $104 in lOO's. 

MODEL 1414/10. Fastest FET op-amp in a DIP 
package. 65 V/µsec slew rate. Settles to .01 % in800 nsec. 20 pA 
bias current, 25 mA output current. Price: $45.50 in lOO's. 

MODEL 1402 micro power FET op-amp with 0.5 mA 
quiescent current, ±4 V to ±24 V supply range, 15 pA typ bias cur
rent, and 10 µ V /°C drift. All this, and more, in a T0-8 case. Ideal for 
pollution-monitoring devices, oceanography, and portable test 
equipment. Price: $44 in 100' s. 

A small price to pay for the best. And we can prove it, 
with evaluation samples. Off the shelf shipment from the industry's 
largest selection of linear circuit modules. 

Get full details from your local Philbrick representative 
or Teledyne Philbrick, Allied Drive at Route 128, Dedham, 
Massachusetts 02026. For toll-free ready data dial (800) 225-7883. 
In Massachusetts, (617) 329-1600. 

Packages shown actual size. 

Philbrick 
T 

inear Microcircuits. 
e good ones. 
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TRW LVA diode ••• 
the sharpest knee 

beloVI 10 Volts. 

The current saver. 
No other zener can approach TRW's LVA perform
ance below 10 volts . Available for operation down 
to 4.3 volts, TRW LVA diodes minimize power con
sumption in portable-battery operated equipment. 
They're also ideal for instrumentation, where, as 
reference elements, they draw as little as 50 µAmps. 

TRW LVA's are available in various package config
urations, including passivated chip form for hybrid-

compatible packages. If you have a need for a low 
current voltage regulator or any other product that 
demands low current consumption, you should 
check out TRW LVA zeners. When it comes to cur
rent, they're really misers! 

For product information and applications assistance 
write TRW Semiconductors , 14520 Avi ation Blvd., 
Lawndale, California 90260. Phone (213) 679-4561. 
TWX 910-325-6206. 

TRW 
SEMICONDUCTORS 
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ADS23. This one has the lowest bias cun-ent 
of all high perfonnance l.C. operational amplifiers. 

The AD523 is our new 
series of J-FET input 
operational amplifiers. 
It's the first linear l.C. 
to guarantee 0.25 pico
amp of bias current 
under operating cond i
t ions. At either input 
terminal. And in a low 
leakage case. 

And you know what 
that means. 

Th is amplifier is more 
charge-sensitive and an 

Even ours. Especially theirs. 
order of magnitude 
more current-sensitive 
than other linear l.C.'s. 
And with 15 ,uV/"C of 
offset voltage drift, 
90 dB of CMR, and a 
slew rate of 5 VI .usec. 

We did a number of 
important things to give 
you th is performance. 

Like combining 
matched small geom
etry FET chips with a 

specially designed 
monolithic thin-film 
chip. And mounting 
them in T0-99 can with 
high resistivity glass 
insulation and a guard 
pin connected to it. 
So you can minimize 
surface leakage cur
rents, power supply 
induced input noise, 
and capacitive pickup. 

You can evaluate a 
package of five AD523's 
at the hundred piece 
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price if you order right 
now. 

You can see all the 
things we make to solve 
more of your problems 
better than anyone else 
by sending for our 1972 
Product Guide. 

Analog Devices, Inc., 
Norwood, Mass. 02062. 
Tel. (617) 329-4700. 

r.ANALOG 
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COVER 
Cover photo, courtesy of Intern ational 
Rectifier Corp., El Segundo, Ca lif., 
shows the company's new 50A, 20V 
Schottky d iode. For deta i Is on the de
vice, see story on p. 54 . 
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Everybody wants your 
components business. 

But were doing 
6 things to earn it. 

I 
Better components. From 
ER through industrial, from 
precision through general 

purpose -we give you documented 
reliability. You'll find our metal film 
resistors outperform other metal 
films (including glazed), wire
wounds and carbon comps. And our 
Glass-K'" capacitors outdistance 
monolithic ceramic capacitors 
on all counts. 

2 Better prices. And this 
extra reliability costs you no 
more. The fact that we've be

come the country's largest supplier 
of metal film resistors says clearly 
that we're more than just 
competitive. 

3 
Better delivery. Our dis
tributors can give you off
the-shelf delivery from an 

inventory of over 50,000,000 

components. And you'll find our 
"ball parks" are the most accurate 
and dependable in the industry. 
You benefit in reduced expediting 
and inventory costs. 

4 Better QC. Enough better 
so that many of our custom
ers find they can totally 

eliminate incoming QC testing of 
our parts. Couple this with our 
unique product configurations that 
cut component insertion costs and 
you'll find it costs you less to do 
business with Corning even when 
our per unit price is the same. 

5 Better new products. Our 
CORDIP'"Component Net
works let you replace most 

of the outboard discretes you can't 
design into an IC. With a pretested, 
dual-in-line package of up to 23 
discrete resistors/capacitors/diodes. 

Our FAIL-SAFE'"flame proof 
resistors give you an economical 
replacement for non-inductive and 
semi-precision power wirewounds. 
But ours open - never short
under overload. 

6 
Better support. We've built 
the largest technically
trained field force in the 

industry. And have contracted 
with the 30 most competent and 
service-oriented distributors in the 
country to give you in-depth 
assistance whether your needs are 
big or small. 

Just let us prove it. Write 
for full details to: Corning Glass 
Works, Electronic Products Divi
sion, Corning New York 14830. 
Or call: (607) 962-4444. Ext. 8381 

CORNING 
ELECTRONICS 

Resistors &Capacitors 
for guys who can\ stand failures 
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• The first 4-channel programmable op arrip. With more application 
possibilities than we could possibly list on this page. 
HA-2400/ 2404/ 2405 
Take a good look at this new I inear 
building block. It's unique and so 
versatile we keep discovering more 
and more applications for it. 

Each PRAM contains four 
preamplifier sections, one of which 
is selected through the DTL/TIL 
compatible inputs and connected to 
the output amplifier. The selected 
analog input terminals and the output 
terminal form a high performance 
operational amplifier for just about any 
use you can dream up. And we hope 
you 'll dream up some. If you do, send 
them along to us and we'll see what we 
can dream up by way of a reward. 

Features. 
Offset current 
Voltage gain 

Slew rate 
Av =+ 1 
Av =+ 10 

5nA 

150K 

± 15V/ µS 
± 50V/ µS 

Gain Bandwidth Product 
Av =+ 1 8MHz 
Av =+ 10 40MHz 

DTLmL compatible 

0° to + 75°C 
- 25°Cto + 85°C 
- 55°C to + 125°C 

100-999 units 
$10.45 
$15.95 
$23.65 

For more details on the PRAM contact 
your Harris representative or 
distributor. 

A mpl ifier, non- inve rti n g 
progra m mable gai n 

Analog mul t iplexe r 
wit h bu ffered input and o ut put 

Integrator/ ra m p ge n e rato r 
with initial condition reset 

More challenges: 
The foregoing diagrams show just 
three of many applications we've 
designed using the PRAM . The 
following lists other possibilities we 
haven't had time yet to prove out. Why 
don't you try your hand at designing 
them or any other ideas you come up 
with, and send them to: 
E. Fernandez 
P.O. Box883 
Melbourne, Florida 32901 . 

A to D converter, Dual Slope 
Integrating 

Active Filter, State Variable Type with 
Programmable Frequency and/ or 
Programmable "Q" 

Amplifier with Programmable D.C. 
Level Shift 

Chopper Amplifiers 

Crossbar Switches 

Current Source, Programmable 

F.M. Stereo Modulator 

F.S.K. Modem 

Function Generators, Programmable 

Gyrator, Programmable 

Monostable Multivibrator, 
Programmable 

Multiplier, Pulse Averaging 

Peak Detector with Reset 
Resistance Bridge Amplifier/ 

Comparator with Programmable 
Range 

Sense Amp/ Line Receiver with 
Programmable Threshold 

Spectrum Analyzer, Scanning Type 

HJ 
HARRIS 
SEMICONDUCTOR 

A DIVISION OF HARRIS - IN TERTYPE CORPORATION 

P.O. Box 883, Melbourne, Florida 32901 
(305) 727-5430 

DISTRIBUTORS: Schweber Electronics: Westbury, New York (516) 334-7474; Rockvil le, Maryland (301) 881-2970; Hollywood, Florida (305) 927-0511 I Harvey/ A & D Electronics: 
Lexington. Massachusetts (617) 861-9200 I Semiconductor Specialists, Inc.: Chicago (312) 27g.1000; Detroit (313) 255-0300; Minneapolis (612) 884-8132; Kansas City (816) 452-3900; 
St. Louis(314) 428-6100; Dallas (214) 358-5211; Indianapolis (317) 243-8271 ; Pittsburgh (412) 781-8120; Dayton (513) 278-9455 / R.V. Weatherford Co.: Albuquerque (505) 265-5671; 
Anaheim (71 4) 547-0891; Austin (512) Enterprise 1443; Dal las (214) 231-6051; Denver (303) 427-3736; Glendale (213) 84g.3451 ; Houston (713) Enterprise 1443; Palo Alto (415)321-5373; 
Phoenix (602) 272-71 44; Pomona (714) 623-1261; San Diego (714 ) 278-7400; Seattle (206) 762-4200. HARRIS SALES OFFICES: Wellesley, Massachusetts (617) 237-5430; 
wayne, Pennsylvania (215) 687-6680; Palos Heights, Il linois (312) 597-751 O; Melbourne, Florida (305) 727-5430; Palo Alto. California (415) 321-2280; Norwalk, Connecticut (203) 853-3646; 
washinglon, D.C. (202 ) 337-4914; Dallas. Texas (214) 231-9031; Scottsdale, Arizona (602) 946-3556: Long Beach, Calilornia (213)426-7687. 
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Editorial 

What kind of an engineer are you? 
Engineers, like just about everything else, come in an almost end less variety. 
There are long ones, short ones, heavy ones, thin ones, black ones, white ones, 
and on and on. There are even, unfortunately, good ones and bad ones. And we 
say unfortunately because it wou ld be nice if all engineers were good at the ir 
jobs. 

What is it, though, that makes an engineer either a good one or bad one? We 
would be presumptuous if we tried to answer the question on an absolute basis , 
of course. But based on our observations over the years, we offer the fo llowing 
profile of a good engineer: 

He's very competent technica ll y, hav ing a thorough grou nding in eng ineeri ng 
fundamentals and modern technology. But he's willing to keep learning, be
cause he rea li zes the inexorab le nature of technological change. 

He's innovative in hi s approach to des ign problems, not being satisfied with 
the obviou_s or traditional tack. But he's not frivolous or wasteful in his efforts. 

He's thorough, from the start to the finish of any project, pay ing carefu l atten
tion to all facets of a design effort , not just those that he likes the best. But he 
doesn ' t get bogged down in details or lose perspective- he finishes projects on 
time. 

He's cautious in spec ify ing and usi ng new devices and eq uipment. But he's 
not afra id to sti ck his neck out and app ly state-of-the-art products where he feels 
they' re appropriate. 

He's dedicated to engineering and its goa ls, rewards and accomplishments. 
But he rea li zes there is more to life than just engineeri ng, and as a result he has 
well-rounded interests. 

And last, but not least, he rea lizes th at engineerin g as a profession has prob
lems and limitations, particularly in times like these. But he doesn' t waste hi s 
time bad-mouthing the profession or bemoaning his fa te. 

There it is then: Our profile of a good engineer. How do you stack up? 

EDITOR 
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Helipot delivers 
voltage regulators ... 
fast! 

Pick an off-the-shelf voltage regulator from Helipot 
for your application. 

DC Voltage Regulators Fully sealed, miniature hybrid cermet thick-film devices: 
Series Output Voltage. Output DC Line and 

No. Fixed Adjustable Range (VDC) Current Load Regulation 
801 x +9 to + 21 Up to 0.5 am p + 0.05% 
802 x " 
851 x -9 to -21 '" '" 852 x " 
803 x +21 to +32 
804 x +20 to +32 '~ 853 x -21 to -32 
854 x -20 to -32 ±0.05% 
805 x +3 to +9 ±0.1% 
806 x " '~ " 
855 x -3 to -9 " 
856 x " l.!j:l_to 0.5 amp " 
807 x +30 to +60 0.150 amp ±0.05% at - 20° to +125° C 

±0.1% at -55° to -20oc 
808 x +60 to +120 " " 
809 x +5 to +28 0.75 amp 0.003%/mA 
859 x ~5 .to -28 " " 
828A x +5 to +30 500mA Line: ± 0.01%/V 

Load : +0.01% 
838A x -5 to - 30 " " 
844 Dual Line : ± 0.005%/V 

±12 to ± 20 0.3 amp Load : ± 0.005% 
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Price 
(1·9) 
$30 

~ 
~ 
~ 
~ 
~ 

30 
35 
30 
35 
30 
35 

30 
30 
8.95 
8.95 

50 
50 

20 

Low Cost Series 809 and 859 
voltage regulators are smal l (1" x 0.5 11 

x 0.170" high), complete, fully sealed 
and compatible with flat pack and dual
in-line packaging. The 809 and 859 
circuits consist of a series pass stage, 
an error amplifier with built-in refer
ence, and a precisely adjusted output 
voltage sense divider. In addition to 
being complete voltage regulators, the 
Series 809 and 859 have the following 
add-on capabilities: current limiting, 
load capability to over 10 amps, and 
adjustable output. 

For off-the-shelf voltage regulators, 
call your local Helipot Sales Represen
tative today. 

Beckman· INSTRUMENTS, INC. 

HELIPOT DIVISION 
2500 Harbor Blvd., Fullerlon, Col1f. 92634 



NBS breakthrough yields frequency 
measurements at 88 THz 
Scientists at the Boulder, Colo. facility 
of the National Bureau of Standards 
have successfully measured the abso
lute frequen cy of a helium-neon (infra
red) laser. This, according to Dr. Lewis 
M. Branscomb, the Director of NBS, 
will have far-reaching effects for space 
sc ientists, astronomers and physicists. 

The measured frequency w as found 
to be 88,376,245,000,000 Hz, which 
is only a factor of five lower in frequen
cy than visibl e li ght. How significant 
this achievement really is was explain
ed by Dr. Branscomb: " Ever since Al
bert Einstein showed that time can be 
considered the fourth dimension of the 
space in which we live, sc ientists have 
looked forward to the possibi I ity of 
using one gage-one 'yardsti ck' so to 
speak- not only for the three dimen
sions of space but for the fourth di
mension of time as well. To inter
change clocks and rulers scientists 
must know the speed with which light 
travels, whi ch is equal to its w ave
length times its frequen cy. With thi s 
demonstration th at both the space 
(wavelength) and time (frequency) di
mensions of a single light source can 
be measured with prod igious accuracy, 
thi s goal is now wi thin o ur grasp. 

Major benefits forecast 
" A 30-fo ld more accurate determi 

nation of the speed of li ght should be 
possible," Branscomb sa id, "suggest
ing that this universal constant of na
ture might some day be assigned an 
arbitrary number, with only one stan
dard used for both len gth a,·,d time 
measurement. " 

" Many . .. groups will benefit di
rectly from this breakthrough," Dr. 
Branscomb continued, "and all of us 
will benefit indirect ly. Manufacturers 
should achieve finer accuracy in their 
instruments and other precision equip
ment. Environmental scientists will find 
that improved control of precisely 
tuned lasers will permit new progress 
in the study of minute qu antiti es of 
pollutants." 

12 

Three other lasers-hydrogen cyanide (R), water vapor (under Dr. K. M. Evenson's chin) 
and C0

2 
(not shown)-formed the chain used to link the NBS frequency standard to the 

He-Ne laser whose frequency was measured. 

Thi s hi ghest frequency measurement 
yet made by man represents a 100-fold 
increase in the span of frequency mea
surements over the last 4 years. Prior 
to this measurement, frequencies this 
high had to be calculated by dividing 
the speed of light by the measured 
wavelength. However, frequency-mea
suring techniques are more than 
1 0,000 times more accu rate than wave
length-measuring techniques. 

Development and accu rate measure
ment of superstable laser osci ll ators at 
frequencies approaching those of visi
ble li ght - about one million times 
higher than the frequencies now used 

in FM radio and TV-opens up possi 
bi Ii ties for a w hole new frequency 
range for telecommunications , an in
crease of 200-fo ld over current ly
employed frequency bands. 

In the past, the most accurate speed
of-l ight measurement was made by 
measuring the wavelength and fre
quency of relatively low-frequency 
radio waves. The measurement of 
wavelength, an essentia l step in the 
procedure, was limited at these low 
frequenc ies to an accuracy of some 
300 parts per billion. At high infrared 
frequencies, however, the measure
ment of wavelength will be limited 

Large physical size of the lasers used for the measurement breakthrough is evident in this 
lengthwise view toward the end at which their output is focussed on the metal-contact 
detector. 
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only by the accu racy of the length 
standard itself (about 1 0 parts per bi I
I ion). Thus, a 30-fo ld increase in the 
accuracy of the speed of light should 
be attainable. 

The frequency measu ring technique 
developed by NBS sc ienti sts K. M . 
Evenson, J. S. Wells , G. W . Day, and 
L. 0. Mullen is quite simil ar to that 
used in the input stages of a common 
radio rece iver. The He-Ne laser fre
quency (wavelength of 3.39 µ.m) is 
measured by using a specia lly con
stru cted metal-contact " detector" as a 
harmonic generator and mixer. The 

detector multiplies accurately-known 
lower frequencies (from other lasers 
and mi crowave generators) to obtain 
a signal th at is approx imately equal to 
the unknown frequency being mea
sured. The same detector then mixes 
in the. unknown frequency, and pro
duces a signal equal to the difference 

· between the unknown and known 
freq uencies. Thi s low frequency dif
ference (of a few mi 11 ion hertz) is 
then measu red using well establi shed 
methods. 

The detection device that accom
plishes this harmonic generation and 

mixing physica lly resemb les a micro
scopic version of the catwh isker diode 
used in the early days of rad io. Only 
one ten-thousandth of an inch in di
ameter, the sharpened tungsten-wire 
catwh isker touches a nicke l su rface to 

form the detector, and the whisker wire 
itself is the antenna for the radiation . 

One of the team of scientists, Dr. 
K. M . Evenson, noted that whi le some 
of the lasers used for the breakthrough 
are large in phys ical size, their power 
output is in the 100 milliwatt region . 
Thus, working with them does not pose 
any great hazard to personnel. 

Feedforward amplifier technique 
reduces noise and increases usable bandwidth 
An old circuit design technique, feed
forward co rrection, is the subject of 
renewed interest thanks to recent ex

periments conducted at Be ll Telephone 
Laboratories. 

The technique, origi nall y advanced 
in 1924, may hold the key to reducing 
distortion .and substantia ll y increas ing 
the message-ca rry ing capac ity of future 
microwave radio-relay and coaxial
cable communicati ons systems. The 
recent experiments were carried out 
by Haro ld Seidel , working at different 
times with Henry R. Beurrier, Charl es 
H. Bricker, and Allen N. Friedman of 
Bell Labs, Murray Hill , N. J. 

Feedforward differs from the more 
conventional feedback technique in 
that an ampli fier is not required to re
process or recirculate a signa l once it 
has passed through the system. It is 
this " loop-gai n" of the reprocessed 
signal in the feedback amplifier that 
sets a lim it on stabi lity and requi res 
very large device bandwidths. 

The feedforward technique which 
permits engineers to design amplifiers 
in which the output signal and a sam
ple of the input signal can be com
pared and corrected repeated ly to any 
desired degree of accuracy, is said to 
have three main advantages over con
ventional feedback: 

1. It does not substantial ly reduce 
amplifi er ga in. 

2. Gain-bandwidth is consumed 
entirely within the band of interest. 

3. It is independent of the magni
tude or shape of the ampl ifier delay. 

The technique uses two parallel 

wavepaths -one for the main signal 
and one for the error signal. The main 
path includes one or more signal am
plifiers and operates in the normal 
manner. The error-s ignal path accumu
lates the error components (noi se and 
distortion) that develop in the signal 
trave ling along the main path. Errors 
carried on the second path, synchro
nous with the first, can be injected into 
the main signal to cancel the error 
components in the main signal. 

In the first experiment with a vhf 
amplifier in 1968, a 108-dB dynami c 
range was obtained. More recently, in 
a second experiment, feedforward con
trol was app lied to a hi gh-perfo rm ance, 
baseband, feedback amplifier used in 
carri er systems. With the addition of 
feedforward control, al l intermodu la-

INPUT 

tion distortion products in th is ampli
fier were reduced by about 40 dB over 
the entire range of 0 . S to 20 MH z. 

In the third experiment, feedforward 
w as applied to a traveling-wave tube, 
such as that used in the TD3 micro
w ave radio system. The laboratory 
setup produced greater th an a 40-dB 
intermodul ation redu ction over a 20-
MHz channel at 4 GHz, using a sing le 
correction stage, and more than 50 dB 
using a second stage. 

Circuit complexity in the latter two 
demonstrations was roughly double 
that of a conventional amplifier, but 
integration methods avail able at both 
vhf and mi crowave frequencies sug
gest that there will be no major diffi
culty in accommodating much of thi s 
increased hardware. 

.----, OUTPUT 

SIGNAL INPUT 
COUPLER 

ERROR 
DETERMINING 

COUPLER 

ERROR SIGNAL 
INJECTION 

COUPLER 

ERROR 
SIGNAL PATH 

In the feedforward sys tem, the input signal is divided into two paths by the input coupler. 
The error, or reference, signal is then delayed an amount of t ime roughly equa l to the transi t 
time through the signal amplifier. This delayed reference is compared to the output of the 
ampli fier in the error-determining coupler to determine the error signal. The error is then 
removed from the main signal in the error inj ection co upler, after necessary amplitude, 
and time changes have been made. 
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IEEE-INTERCON technical sessions feature over 275 papers 

Are you goi ng to New York this month for IEEE's annual 
get-together - this year ca lled IEEE-INTERCON? To help 
you decide, here is the techn ical program subdivided into 
techni ca l specia lities. 
If you w ill be at the Show, be sure to stop in and see us 

at Booth 1532. There w ill be an editor there at all times. 
Stop by, get acq uai nted and maybe we can even ta lk you 
into writing a techni cal article fo r publi cat ion. Even if we 
can't, it's a good opportuni ty fo r ed itors and readers to get 
together and exchange ideas. 

Technical papers are grouped under the following categories: 
Communications 
Components 
Computers 

COMMUNICATIONS 
Monday-2:00 PM to .J :3 0 PM 

CATV Network vi a Satellite, J. V. 
Charyk, Comsat Corp. 

CA TV - Subscriber, Supply and De
mand, H.J. Schlafly, Teleprompter 
Corp . 

CATV and Regulation , D. Burch , FCC, 
Video Conferencing, A.O. Williams, 

J. D uncanson, Bell Telephone Labo
ratory. 

New Techniques in Connection with 
the Use of Cable and Home TV to 
Revolutionize Communications, 
W.F. Mason, Mitre Corp. 

Transmission of a Holomicrogram 
Over a Limited Telemetry Chan
nel, R.F. van Ligten, J.A. Levitt/ 
J.T. Winthrop, American Optical 
Corp. 

Monda y-2.·3 0 PM lo 5 ·00 PM 

Electronic Map Compilation, P. 
Rosenberg, Paul Rosenburg As
sociates. 

Electronic Multiimage Analog Digital 
Processor and Color Display, R.K. 
M oore. P.N. Anderson, G.W. Dalke, 
R.M . Hara li ck, G. L. Kell y, Univer
sity of Kansas. 

Tuesday- 9:30 AM to 12 Noon 

Contro l and Communication Systems 
for Personal Rapid Transit Vehi
cles, T. Trex ler, Bendi x Systems 
Div. 

Hybrid-Ci rcuit Appli cations in Port 
able Communications Equipment, 
M.L. Topfer, Motorola Inc. 

Tuesday- 9:30 AM to 12 Noon 
Contro l and Communication Sys

tems for Personal Rapid Transit 
Vehicles, T. Trex ler, Bendi x Sys
tems Div. 

H ybrid-Ci rcuit Appli cations in Port
ab le Communications Equipment, 
M.L. Topfer, Motorola Inc. 

Tuesday-2 :00 PM lo 4 :3 0 PM 
Canadian Data Communications, 
• W . I. Inkster, Bell Northern Re

search. 
Bell System Data Transmission Plans 

in the U.S., P. E. Muench, AT&T. 
Serendipity of Digital Communica

tions, C.R. Fisher, Datran. 
Western Union Data Transmission 

Planning, J. E. Cox, Western Un ion 
Telegraph Co. 

Plans for the Japanese Domestic 
Satellite Sys tem, F. lkegami, S. 

Displays 
Instrumentation 
Microelectronics 

munication System, J. 
Telesat Canada. 

Almond, A High-Performance, Thi ck-Film At

Regional Communication Services 
via Intelsat Satellites, J. L. Dicks, 
Comsat Corp. 

A Systems Approach to Ci ty Com
munications, R. P. Gifford, Gen
eral Electri c. 

Community Reaction to Communica
tions Technology, G. Heningburg, 
Newark Urban Coa lition. 

Tuesday-2:30 PM to 5:00 PM 

Communications Applications of 
Minicomputers, T. C. Stockebrand, 
Digital Equipment Corp. 

Wednesday-9:30 AM to 12 Noon 

Mobile Communications for ·u rban 
and Interurban Use, J. Engel, BTL. 

Wedne,day-1:00 PM to 4 :30 PM 

900 MHz - A New Horizon in Land 
Mobi le Communications, a Panel 
Discussion. Paneli sts: M . Cooper, 
Motoro la Inc. H. A. Jones, RCA. 
G. R. Peterson, General Electri c. 
R. E. Spence, FCC. J. B. Keane, 
AT&T. 

Algorithmi c Formulat ion of Com
munication Prob lems, M . Schwartz, 
Polytechni c Institute of Brooklyn. 

Thursday- 10:3 0 AM to 12 Noon 

High-Power CW Gunn Oscillator for 
Communication Applications, A. L. 
Reynolds, ITT. 

Microwave Technology in Gigabit 
PSK Modulation and Demodu lation 
for Communication, C. L. Cuccia, 
Phil co-Ford . 

A 19-G Hz Transmitter and Receiver 
for Exper imental High-Speed Digi
tal Transmission, W. J. Schwarz, 
R. W . Kordos, R. W. Judkins, BTL. 

Technological Considerations fo r 
High-Speed Digi tal Radio Repeater, 
R. D. Sil verthorn , Bell -Northern 
Research. 

COMPONENTS 
Monday-2:00 PM to 4 :30 PM 

M iniaturized Active RC Filters, G. S. 
Moschytz, Swiss Federal Institute 
of Technology, C. F. Kurth, BTL. 

M iniaturized Crysta l Fil ters, D. F. 
Sheahan, GTE Lenkurl Electri c Co. 

M iniaturized Digital Filters, S. A. 
White, North Ameri can Rockwell 
M icroelectroni cs Co. 

Tuesday-9:3 0 AM 10 12 Noon 

tenuator, T. Zanborelli , A. Antes, 
Hewlett -Packard. 

Wednesday- 2:00 PM to .J.·30 PM 

Latching Ferrite Technology, J. Pip
pi n, Electrom agnetic Sciences, Inc. 

Recent Advances in Ferrite Limiters, 
R. Kal va itis, H. S. Maddix, Vari an 
Associates . 

Tai loring Ferri tes for Microwave De
vices, R. G. W est, A. C. Blanken
ship, Trans Tech Inc. 

Thursday-9:30 AMlo 12 Noon 

Linear Wide-Band Ampli fers Using 
Transferred Electron Devices, B. S. 
Perlman, C. L. U padhyayula, RCA. 

Transmiss ion-Type ADAs, T. A. Mid
ford , H. C. Bowers, Hughes. 

Turnable Locked ADOs, S. F. Paik , 
C. W . Lee, Raytheon Co. 

Thursday- 10:30 AM to 7 :00 PM 

Solid Aluminum Capacitors, F. R. 
Kunnen, N. V. Phil ips. 

COMPUTERS 
Monday-9:30AMlo 12:00Noon 

Memory Hierarchies - Fact and Fic
tion, R. L. M attson, I BM. 

Appl ications of Program Modeling to 
Hierarchies, P. J. Denning, Prince
ton University. 

Memory Hierarchies: Economic Con
siderations and Future Prospects, 
W . R. Beam, Consultant. 

Hardware/Software Interfaces, J. 
Mekola, B. Rosenbaum, Honeywell. 

Monday-2 :00 PM lo 4:30 PM 

Computer Television - W hat Works 
and What Doesn' t Work, P. Klein, 
Computer Television Corp. 

Microprogram Cont rol for Minicom
puters, W. H. Roberts, Consultant. 

The W ide Range of 1/0 Capabilities 
in a Microprogrammed Minicom
puter, T. M ulder, D. Sav itt, Mi cro
data Corp. 

M icroprogramming- Real App lica
tions in M inicomputers, D. Arch
dale, Interdata, Inc. 

Monday-2 :3 0 PM lo 5:00 PM 

Computer-Controlled Stereo Plotters 
for Mapping Purposes, U. V. He· 
lava, Bendix Research Labs. 

Geographica l Information Retrieva l 
System, J. L. Pfaltz , University of 
Virginia. 

Morimoto, Nippon T & T Publi c Precision Thick-Film Resistors for Tu esday-9:30 AM lo 12 Noon 
Corp. High-Voltage Dividers, J. E. Turn - Computer Control of Urban Vehicu-

Canadian Domest ic Satellite Com- baugh, Tekt ron ix, Inc. lar Traffic; A. Cimento, Sperry 
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Rand. 

Microwaves 
Optoelectronics 
Process Control 

User Requirements for Large-Capa
ci ty Memories, J. Jaffe, IBM. 

Optical Mechanical Design Param
eters for a Laser Recorder M ass 
M emory, B. French, Precision In
st rument Co. 

Holographic Optical Memory, R. D. 
Lohman, RCA Labs. 

Des ign of an Optical Disk Memory, 
J. Aseltine, Oranic Memories, Inc. 

M asstape - A Systems Approach to 
M ass Storage, D. G. Rankin , J. 
Haines, Grumm an Data Systems. 

Tues day -2:00 PM to 4:30 PM 

The Cost of Developing Software, a 
Panel Discussion. Panelists: R. W. 
Wolverton, TRW; V. La Bolle, Dept. 
of W ater and Power; T. E. Climi s, 
IBM; R. E. M erwin, Safeguard Sys
tems Office. 

Tuesday- I 0:3 0 AM lo 7 :00 PM 

The M inicomputer as a Subsystem 
Component, L. Seligman, D ata 
General Corp. 

Simple Processors: The Interface Link, 
S. Mintz, Hewlett-Packard. 

Interfacing the M inicomputer in 
Dedicated Industrial Appli cations, 
P. Secooli sh, D. E. W. Archdale, 
Interdata, Inc. 

Tu es day-2:30 PM to 5.· 00 PM 
Evaluation of Software for Industri al 

Mi nicomputer Appl ications, M . 
Mensh, Foxboro Co. 

Applications of Minicomputers in 
Signal Processing, T. Storer, Time 
Data Corp. 

Minicomputers Applied to Computer
Aided Design, G. D. Hornbuck le, 
App li con Inc. 

Wednes da) -9:30 AM lo 12 :00 Noon 

Core M emories in the '70s, A. L. 
Friedman, Electronic Memories and 
Magnetics. 

MOS Storage - A Revolution in M ain 
Memory, G. Moore, Intel Corp . 

Bipolar Memory - The Technology 
for the Future, J. Ri cci, lntersi I 
Corp. 

A Surface Acousti c-Wave Digital Re
ci rculating M emo ry, H. Matthews, 
Sperry Rand. 

Data Processing fo r Earth-Resource 
Sensors, P. Wintz, Purdue U ni ver
sity. 

Processing of Scient igraph ic Bio
medical Images, D. Chesler, Massa
chusetts General Hospital. 

Trends for Small Systems, K. H. Olsen, 
Digital Equ ipment Corp . 

Trends in La rge Syslems, J. Bertram, 
IBM. 
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\ Vec/nesday-2 :00 PM lo~ : 30 P,\ I 

Effects of Computers and Automa
tion, E. Katze nbach, Nova Uni 
versity. 

Problem-Oriented Computer lan
guages, a Pane l Discussion . Panel
ists: J. Sams, IBM; S. Fe nves, J. 
Moline, University of Illinoi s, 
D. Roos, M.l.T. 

Some Developments in the Digita l 
Processi ng of Images and SOUND, 
T. G. Stockham , Jr., University of 
Utah. 

linear Programming Methods in the 
Design of Digital Filters, L. Rabiner, 
BTL. 

Wednesda y- 10:30 AM to 7 :00 PM 

Economic Analysis of Computer-Con
trolled Test Systems, or Items the 
Supplier Failed to Mention, R. G. 
Roge rs, Gene ral Radio Co. 

Software Considerations in Auto
matic Test System Integration , R. E. 
Co lgan, RCA Electromagneti c. 

The Computer in the Environmental 
Test lab, C. L. He izman, Time/Data 
Co rp. 

Plug-in Measurements Come to the 
Computer, R. P. Ande rson , Gene ra l 
Radio Co . 

Wednes da y- 2:30 PM to 5 :00 PM 

Building High-Performance Memory 
Systems with Dynamic MOS Mem
ory Components, G. Larkin , Ad
va nced Memory Systems, In c. 

Applications for OCS/MOS Mem
ories, J. R. Obe rman , RCA. 

Static and Dynamic Control Memory 
in Microprogrammed Minicom
puters, R. Genke, Inte rd ata, Inc. 

A Case for Intelligent Memories, W. 
Brunna, D. Duckman, Electroni c 
Me mori es, In c. 

Thursday - 9:30AMto 12:00Noon 

Throughput Analysis in Serial Pro
cessing, G. Amdahl , Amd ahl As
sociates. 

Multiprocessors with Shared Re
sources, M. J. Fl ynn , Johns Ho pkins 
University. 

Second Thoughts on Parallel Pro
cessors, J. Shore, Naval Resea rch 
Lab. 

Multistream Processors - An Example 
and Some Further Thoughts, W . J. 
Watson , Texas Instrume nts In c. 

DISPLAYS 
Tuesda y- 9: 30 AM 10 12 :00 Noon 
A Survey of 3D Displays, J. F. Butte r

field , Ste reotroni cs Te levision . 
Three-Dimensional Displays Based 

upon the Sequential Excitation of 
Fluorescence, C. M. Verber, Bat
tell e Columbus Labs.; J. D. Lewi s, 
Battelle Development Corp. ; R. B. 
McG hee, Ohio State Uni versity. 

A Computer-Generated Holographic 
3D Display, J. D. Le wi s, Batte lle 
Deve lopme nt Corp.; R. B. McG hee, 
Ohio State Uni versity; J. R. Shewe ll , 
Batte lle Co lumbus Labs. 

Tuesday-2:00 PM to 4:30 PM 

liquid Crystals - An Overview, G. H. 
Heilme ier, Office of the Director 
of Defe nse; A. Sussman, RCA Labs. 

Display- Applications of PLZT Ferro
electric Ceramics, J. R. Maldo nado, 
BTL. 

light-Emitting Diodes, M. R. Lore nz, 
IBM. 

Phosphors for Display Applications, 
J. D. Kings ley, Gene ra l Electri c. 

Photochromics for Information Dis-

play, G. K. Megia, Co rnin g G lass 
Research Labs. 

low-loss Optical Glasses for Optical 
Fiber Waveguides, A. D. Pea rson, 
BTL. 

INSTRUMENTATION 
Monda y-2: 00 PM to 4: 30 PM 

Portable Visual Performance Instru
mentation, P. W . Dav is, De pt. of 
Transportatio n. 

Tuesday- 10.·30 AM to 1 :00 PM 

Building a Marketing Organization in 
the Systems Business, J. A. Prest
ridge, Teradyne, In c. 

Building a Marketing Organization in 
the Instruments Business, P. Ma
calka, General Radi o. 

Wednesda y- 7 0:3 0 AM to 1 :00 PM 
Plug-in Measurements Come to the 

Computer, R. P. Ande rson, Gene ra l 
Radi o Co . 

Measuring Transfer Functions Using 
Noise, P. Roth , Hewlett-Packa rd . 

Computers in Instrumentation - Mea
suring the Unmeasurable, L. A. 
O ' Ne ill , B)"L. 
Wednesday -2:30 PM to 5:00 PM 

Digital Testers : What 's Available? At 
What Cost? Who Needs Them? 
S. Sampson , BTL. 

How to Talk to a Digital Tester: Is 
There a Universal Language! , S. D. 
Sadtler, Jr., Hewlett-Packard. 

Automatic Test-Program Generation: 
What It Is; Where To Get It ; How 
To Use It, R. McC lure, C. Oua lline, 
Te lpar Corp. 
Thursda y- 10:30 AM to 7 ·OO PM 

Comparison of Techniques for Test
ing Hybrid Electronics Circuits, 
P. Jackson, Instrume ntati on Engi
nee rin g. 

Techniques for Single-and Multiple
Fault Analysis of MSI Digital logic 
Arrays, R. Wooste r, Weste rn Elec-
tri c. 

MICROELECTRONICS 
Monday - 9:30AMto 12:00Noon 

A· Micropower Phase-locked loop, 
G. W . Ste ude l, RCA. . 

Triple-Diffused Vertical p-n-p Adds a 
New Dimension to Complementary 

· Micropower Integrated Circuits, 
W. R. Harden, R. C. Ga ll agher, 
D. W . Willi ams, Westingho use. 

Computer-Aided Design of Digital 
Integrated Circuits, R. Ro hrer, Sof 
Tech Inc. 

Monda y-2 30 PM to 5:00 PM 

Microelectronics Environmental Con
trol, L. C. Rogers, Motoro la Semi 
co nductor. 

Tues day - 2:00 PM to ~ :30 PM 
Ion Implantation Equipment for Semi

conductor Processing, S. Harri son, 
KEV El ectroni cs Corp. 

Ion Implantation and Radiation 
Enhanced Diffusion in Semicon
ductors, J. F. G ibbons, Stanfo rd 
Uni ve rsity. 

Applications of Ion Implantation to 
Semiconductor Manufacturing, R. J. 
Paluc k, Mostek Corp. 

Tu es day-2:30 PM to 5.00 PM 

How to jump into MOS Without 
Drowning, E. Berez in , Red actron. 

A Test System for Detecting and Iso
lating Faults on Four-Phase MOS/ 
LSI Printed-Circuit Boards, D. Par
ke r, Nati onal Cas h Registe r Co. 

MOS IC Reliability Considerations, 
G. L. Schn able, RCA. 

Monolithic Gating-Circuit Tech-
niques for Power Control, A. P. 
Ferro, J. D. Harnden, J. R. Mull a ly, 
D. L. Watro us, Genera l Electri c. 

Power Hybrid Circuit Technology 
and Applications, S. W. Lefcourt, 
J.C. Pilecki , RCA. 

High-Power Hybrid Control Circuits, 
B. J. Bixby, L. R. Ca rver, D. Cooper, 
Internatio na l Recti fier Corp. 

Wednesday - 9:30 AM to 12 :00 Noon 
MOS Storage - A Revolution in Main 

Memory, G. Moore, Inte l Corp. 
Bipolar Memory - The Technology 

for the Future, J. Ricc i, ln tersil 
Corp . 

Trends in Semiconductors, R. Noyce, 
In tel Corp. 

Partitioning D/A Converter Circuits 
for Implementation in Monolithics, 
R. Stata, Ana log Devices, Inc. 

The Impact of Precision large-Scal e 
D/A ICs on AI D/A Co nverter De
sign, M. B. Rudin , Prec isio n Mono
lithi cs, Inc. 

Wednesday - 10 :30 i\l'v/ to 1 :00 PM 

Microwave Integrated Circuits- An 
Overview, F. Sterzer, RCA. -

A Perspective on lumped vs. Distrib
uted Microwave Integrated Cir
cuits, 0. Pitza lis, Jr., U.S. Army 
Electroni cs Command. 

Application of Bulk Semiconductor 
Control Components to Microwave 
Integrated Circuits, A. Armstrong, 
P. E. Bakeman, W. C. Taft, R.P. 1. 

Packaging of Microwave Integrated 
Circuits for Systems Applications, 
R. J. Bauer, Westingho use. 
Wednesday - 2 :30 PM to 5:00 PM 

Building High-Performance Memory 
Systems with Dynamic MOS Me m
ory Components, G. Larkin , Ad
va nced Memo ry Syste ms, In c. 

Appli cations for COS/MOS Memo
ries, J. R. Oberman, RCA. 

Thursday - 9:30 AM to 12:00 Noon 
Computer Aids in the l ayout of large

Scale Integrated Circuits, I. Sc hi s
cha, B. W ilner, IBM. 

Benefits and Problems of CAD in IC 
layout, M. M. Go ldman, Motorola 
Inc. 

Interactively Aided IC layout with a 
Minicomputer System, F. K. Ric h
ardson, App licon, In c. 
MICROWAVES AND LASERS 
Monday - 2 .30 PM to 5 :00 PM 

High-Speed laser Trimming of Film 
Resistors, T. Cha ndler, Teradyne, 
In c.; R. Law ler, Boein g. 

laserscribing - The Modern Wa y To 
Separate Semiconductor Die, H. P. 
Manley, Quanlron ix Corp. 

Perforating Rubber with a C02 l aser, 
R. Scherer. Photon Sources. 
Wednes day- 2:00 l' M to 4 :30 PM 

latching Ferrite Technology, J. Pip
pin, Electro magnet ic Sc iences, Inc. 

Recent Advances in Ferrite Limiters, 
R. Kalva itis, H. S. Madd ix, Vari an 
Associates. 

Tailoring Ferrites for Microwave De
vices, R. G. West, A. C. Blanken
ship, Trans Tec h In c. 
Wednesday - I 0:30 AM to I :00 PM 

Microwave Integrated Circ uits - An 
Overview, F. Ste rzer, RCA. 

Why Not Strip line?, H. Howe, Jr., Mi
crowave Assoc iates In c. 

A Perspective on lumped vs, Distri
buted Microwave Integrated Cir
cuits, 0. Pitza lis, Jr. , U.S. Army 
El ectro ni cs Comma nd. 

Application of Bulk Semiconductor 
Control Components to Microwave 
Integrated Circuits, A. Armstrong, 
P. E. Bakeman, W. C. Taft, R.P. I. 

Packaging of Microwave Integrated 
Circuits for Systems Applications, 
R. J. Bauer, Westinghouse. 
Wednesday - 2:30 PM to 5:00 PM 

The Application of Cylindrical Ar
rays to Microwave landing Guid
ance Systems, R. Ka lafus, U.S. 
De pt. of Tra nsportation. 

A New Cylindrical Electronic Scan 
Antenna for Air Traffic Control, 
P. W. Ha nn an, J. H. Gutman, R. J. 
G iannini , Haze ltine Corp. 

Application of the Doppler Scann ing 
Beam Concept to Microwave land
ing Systems, H. W. Redl ien, Haze l
tin e Corp. 

Cost Effective Microwave Systems for 
Railroad and Automobile Safety 
Applications, J. B. Hopkins, F. R. 
Ho lmstro m, U.S. Dept. of Trans
porta tio n. 

A Millimeter-Wave Sensor and De
tector for Clear-Air Turbulence, 
G. G. Haroules, W. E. Brown, G. W. 
Wagner, U.S. Dept. of Transporta
tion. 

Th ursda y- 10:30 A1\I to I :00 l'M 
linear Wide-Band Amplifiers Using 

Transferred Electron Devices, B. S. 
Perl a mn , C. L. Upad hyayul a. 

Transmission-Type ADAs, T. A. Mid-
ford , H. C. Bowers, H ighes. 

Tunable loc ked ADO•, 'i. F. Paik, 
C. W. Lee, Raytheon Co. 
Thursda y- '!:30A1\ I to l l:OONoon 

High-Power CW Gunn Oscillator for 
Communication Applications, A. L. 
Reyno lds, ITT. 

Mic rowave Technology in Gigabit 
PSK Modulation and Demodulation 
for Digital Communication, C. L. 
Cucc ia, Phil co-Ford. 

A 19-GHz Transmitter and Receiver 
for Experiemental High-Speed Di
gital Transmission, W. J. Schwarz , 
R. W. Kordos, R. W. Jud lins, BT L. 

Technological Considerations for 
High-Speed Digital Radio Repeat
er, R. D. Si lverthorn, Bel l-Northern 
Researc h. 

OPTOELECTRONICS 
Monday-2:00 PM to 4 :3 0 PM 

Hybrid Optical Processing, A. Van-
der Lugt, Radi at io n, In c. 

Transmission of a Holomicrogram 
Over a limited Telemetry Channel , 
R. F. van Li gten, J. A. Levi tt, J. T. 
Winthrop, American O pt ica l Co rp. 

Tues da y- 10:30 AMto / ·00 PM 
Characterization and Application 

of Photoconductors - A Practical 
View, J. G. Rabi nowitz, Clairex 
Electro ni cs. 

New light-Emitting Devices, K. Law
ley, Monsa nto Co. 

Display Circuits That Reduce User 
Cost, L. Po nd, Sperry Rand Corp. 

liquid Crystal Displays Can't Be 
THAT Good! , G . Lefler, Optel Corp. 

IVednc1day - 9 :JO AM to 12 :00 Noo n 
Silicon Imaging Devices, R. W. Red

ington, Gene ral Electri c. 
Negative Electron Affinity Imaging 

Tubes, E. D. Savoye, F. R. Highes, 
R. E. Simon, RCA. 

A Silicon-Diode-Array Camera Tube 
with Electronically Controllable 
Responsivity, E. H. Stu pp, B. Si nger, 
J. Kos te lec, M. H. Crowe ll , North 
Ameri can Ph ilips Corp. 

Recent Advances in Charge-Coupled 
Imaging Devices, W. J. Bertram, 
D. A. Sea le r, C. H. Sequ in, M. F. 
Thompsett, BTL. 

PR9CESS CONTROL 

Monday-2 .·00 PM to 4:30 PM 

The Role of Cycloconverters in Solid
State Power Conditioning for AC 
Drives, W. S. Chow, J. D. Duck
worth , G. Hausen, J. A. I. Yo un g, 
Canad ian Gene ral Electric. 
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Our new 9616 EIA triple line driver 
provides simple, low-cost solutions to EIA 
applications. Our new 9617 EIA triple 
line receiver complet.es the set. 
Our new 9616 Driver and 9617 Receiver meet all 
EIA-232-C/ CCITT V.24 specs. And more. Together 
they provide the simplest low-cost solution to 
problems at the interface in data terminal 
equipment and data communications. 

Unlike conventional EIA drivers, which are imple
mented by a positive NAND function, our 9616 is 
implemented by an And/ Or/ Invert function . With 
this logic configuration, you can perform the 
inhibit function without any external gating. 

In addition, the 9616 incorporates internal slew 
rate control. No need for an external capacitor for 
each driver. Result: significant savings on board 
space, components, assembly. 

In meeting RS-232-C recommendations our 
9616/ 9617 feature: 

9616 EIA Line Driver 
• All inputs TTL compatible 
• Each driver is output protected 

CONVENTIONAL 

DATA 1 i;;;;;;;;;;;;;;;;; 
DATA 2 <;;;;;;;;;;;;;;;;;;; 

INHIBIT r;;;;;;;;;;;;;;;~~~~ 

FAIRCHILD 9616 

3 2 

DATA1 ~--~~o 
OATA2: ~~~~ 
INHIBIT , = L/,"---------"" 

• Symmetrical driver output voltage levels and 
current limits 

• Supplies are+ 12V and- 12V la> -+-10% regulation 

9617 EIA Line Receiver 
• 3 to 7K S"l input resistance 
• Inputs protected to ± 25V 
• Each Receiver operates in fail-safe mode 
• Controllable slicing or hysteresis operation 
• Individual response pins to increase AC noise 

immunity 
• Outputs TTL/ DTL compatible 
• +5V supply operation, -+-5% regulation 
Both the 9616 Driver and the 9617 Receiver are 
available from distributor stock. Design-in quan
tities available now; production quantities in late 
March. The 9616 la> $4.50 and the 9617 la> $3.50 in 
quantities of 100-999. 

Other Fairchild Drivers & Receivers 
9614 Dual Differential Line Driver 
9615 Dual Differential Line Receiver 
9620 Dual Differential Line Receiver 
9621 Dual Line Driver 
9622 Dual Differential Line Receiver 
SN75107-108 Dual Line Receivers 
SN75109-110 Dual Line Drivers 

INHIBIT 

DATA 1 

INHIBIT 

OUTPUT = 
>=---~ 

FAIRCHILD SEMICONDUCTOR, A Division of Fairchild Camera & Instrument Corp., 464 Ell is St., Mountain View, Ca. 94040. (415 ) 962-5011. TWX : 910-379-6435 

CIRCLE NO. 12 
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Analog circuit modules offer 
advantages in industrial systems 
By using modules , a designer can concentrate on improving his company's 
systems instead of diluting his efforts by extensive circuit design . 

Tom Cate, Function Modules Inc. 

If you design electronic equipment and ?YStems for indus
trial use you have three alternatives open to you: design 
with discrete components and ICs, design with those plus 
analog c ircuit modules, or buy complete electroni c sys
tems. Today's economic conditions are a factor, too, for 
they practica ll y force you to put econom ic and marketing 
considerat ions in the fo refront. 

Three design approaches and how they compare 
Designing with discretes and ICs, the first approach, 

often leads to minimum materi al cost for any industri al 
ci rcuit. For circuits of modest complexity and perfor
mance, you just can' t beat the low materi al cost inherent in 
using a few discrete components and some monolithi c or 
hybrid ICs. For example, assume that you need a si ngle
ended amplifier circuit with 1 kD input impedance, a 
gain of -10, an output range of ± 1 OV, and accuracy of 
± 1 %. A single 74 1 IC op amp with two metal-film resistors 
will do an exce llent job for the price of approx imately $1. 

When you get into hi gh-performance. circuits of greater 
complex ity, though, -such as analog-to-d igital converters, 
low-drift instrumentation amplifiers and accurate analog 
multipliers - the design ball game changes. Here the mate
ri al cost still may be reasonable, but the cost of design 
time becomes hi gh and the cost of labor for assembling 
and testing these circuits becomes very sign ifi cant. 

One danger inherent in des igning complex industrial 
circuits from the discrete component level is that your 
company will sink too many dollars into rei nventing o ld 
circuits. 

The second design approach - incorporating discretes, 
ICs and analog circui t modules - has growing popu larity 
among industrial/commercial companies. 

Today, many industri al designers are making extensive 
use of such ana log circu it modules as instrumentation 
amplifiers, multipliers, square-rooters, rms-to-dc convert
ers, log amps, A/D converters, and D/A converters in or
der to reduce total system-des ign time. In addition, the 
increased market for analog circuit modules has led to 
significant breakthroughs in price and performance. 

It is often true that the industri al system designer can 
buy state-of-the-art performance at very reasonable prices 
compared with in-house costs. And, as the companies 
making analog circuit modules have grown, their respon
siveness to customized requirements has also improved. 
Standard modules are ava il ab le today to implement a 
wide range of mathemati ca l functions (XY/10, X2/10, 
Y lOX, 10sinX, A log X, etc.) . Also, spec iali zed combina
tions of these modules often can be developed for the in
dustrial OEM designer. 

Although a function module is generall y committed to 
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performin g a spec ific function , such as the conversion of a 
signal from one form to another or an operation on an 
analog signal, module circuits often can be adapted to re
lated functions at surpri singly low cost. 

The third approach-s imply specifyi ng a total elec
troni cs package- has been used successfully by some 
industrial systems companies, but it has two big dangers: 
First, your "va lue added" may not be significant, so your 
supp lier may bypass you in the future and se ll directly to 
your customer (for example, some compan ies making 
minicomputers are putting considerable effort into reach
ing such end-user markets as schools and hospi tals). Of 
course, if your company's sa les and service organization 
dominates the end-user market you may not have to worry 
about being bypassed. 

The second danger is that you may not end up with a 
competitively priced system. You 've got the cost of defi n
ing and spec ify ing a complex electroni c system , and your 
vendor has the expense of designing a customized system 
for you. Thus, the approach of buying a complete elec
troni cs system package is most viable where the elec
troni cs portion represents only a smal I fraction of the total 
system cost. 

·These three approaches to the electronic des ign of in 
dustria l/commercial systems and equipment are funda
mentally d ifferent, but there is considerable interplay and 
overl ap. Very often, a number of discrete parts are com
bined with analog circuit modules, digital IC c ircuits, and 
various pieces of mechanica l hardware to be so ld as a 
customized system to some industrial company. It, in turn , 
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combines thi s with some specia l packaging and nonelec
tronic parts to make up a total system package. This total 
package is then marketed to the end-users, who may range 
from sophisti cated researchers to recording studios search
ing for new effects in rock-music recordings. 

As the needs increase for better control of our environ
ment, for more efficient producti vi ty, and for more enter
tainment, we will see expanded usage of electronics to 
meet them. But these needs w ill only be served by design
ing and marketing systems using electronics to satisfy the 
needs themselves, and not by continua ll y developing elec
troni c c ircuits to se ll to other electronic companies. W e 
must all concentrate on our own area of marketin g exper
tise. There is no longer any economic justifi cation for rein
venting circu its where the same circuit function is readil y 
ava ilable off-the-shelf in low-cost module form. 

Members of the analog circuit module family 
Analog circu it modules can, in general, be divided into 

three categories: instrumentation amplifiers, nonlinear 
functi on modules and converter modules. 

Modular instrumentation amplifiers. Instrumentation 
amplifiers provide the funct ion of accuratel y amplifying a 
low-leve l signal up to a hi gh leve l, generall y from the mi I
ii volt leve l up to a full-sca le range of ±lOV. They must 
have high input impedance, low drift, good linearity, and 
accurate ga in. Most modular instrumentation ampl ifiers 
are differential-input, and are designed to reject common
mode inputs. A lthough they genera ll y lack the built-in 
power supp lies and hi gh common-mode voltage range of 
their larger rack-mounted ancestors, the pri ces are now 
down into the $20 to $150 range, and the electri ca l per
formance is excel lent. 

Most of the commonly-used modular instrumentation 
amplifiers have several features in common. Among these : 
(1) They operate from ± 15V supp lies, and are designed for 
an input and output range of ±lOV (the common of the 
+ 15V and - 15V supplies must be connected to the am
plifier common). (2) The gain is set by one external resis
tor. Perform ance as a function of ga in setting is normally 
specified, and unlike with op amps, the linearity and sta
bility of the gain is specified. (3) Provision is sometimes 
made for externally trimming input offset, output offset 
and CMR. 

In the near future, we can expect to see on the market 
severa l modul ar instrumentation amplifiers with complete 
isolation between input and output. There may also be 
units with hi gher common-mode input-voltage ratings. 
O ne new, chopper-stabili zed instrumentation amplifier 
with built-in track/hold capab ility has recently been intro
duced by Function Modules, Inc. Also, amplifiers with dig
itally-programmable gain have been developed for use 
with minicomputers. 

As might be expected from the similarity in technology, 
the design and manufacturing of modular instrumentation 
amplifiers has been done best by peop le from the world of 
modular op amps. Of course, the designers of monolithic 
ICs would like to make a complete instrumentation ampli 
fier on a single chip, but they are fi ghting the inherent 
problem of maintai ning ti ght control of both voltage drift 
and gain stability. Some very-low-drift IC op amps, such as 
the 725, have been des igned for instrumentation use, but 
their overall performance is very dependent on the exter-

R, 

COM'v10N 

NOTE: EcM is the common·mode input vo ltage, and Ed is the differenti al· input 
voltage. The external 15V power supply must be referenced to Common. 

E1 = Ee M + Y, ( 1 + 
2:~ ) Ed 

Therefore, E0 = ( 1 + ~) Ed 

Fig. 1 - Commonly-used (simplified) circuit for a modular instru
mentation amplifier. Cr it ical factors are the choice of ICs and of 
the gai n-setting resistor networks. 

nal ga in-setting network and the particu lar ci rcuit configu
ration used. Also, some hybrid IC units have been de
signed, but these tend to either be less flexible in applica
tion than modular instrumentation amp li fiers, or inherently 
lower in performance. 

A typica l circuit used in modular instrumentation ampli 
fiers is shown in simpli fied fo rm in Fig. 1. Key factors in 
the design choice are the IC components, parti cul arl y for 
input sections, and the resistor networks for setting ga in. 

Many new modular instrumentati on amplifiers with 
exce llent perform ance are on the market today. Amp li fiers 
w ith input voltage drifts of ±3 to ±1 µV/°C; over 100 dB 
CMR; and input noise levels of 10 µV rms to 3 µV rms are 
ava ilable in the $29 to $59 range. 

Nonlinear function modules. The most important non Ii -

ANALYSIS : V fJ E1+ Vp e2 - V /J E4 - V fJ E3 = 0 

If 0 1 , 0 2 , Q 3 and 0 4 are matched and fJ s are large, then 

mKT 
109 il = o But log 1= 0 

q 13 1, so 1, 1, = 13 1, 

i 1, i 1, + 1, 

o, o, 

• • 
CURRENT SOURCES 

Fig. 2 - Basic transconductance amplifier is the modern replace
ment fo r diode shaping circu its that previous ly implemented most 
multiplier-re lated functions. 
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near function module of today is the multiplier; And it has 
many relatives- modules for squaring, square-rooting, di
viding, and even for correcting pin-cushion distortion in 
CRT displays. There are also modules for converting the 
true-rms level of an input voltage to a de output level. In 
the late 1960s, diode-shaping circuits were used to imple
ment many of these multiplier-related functions, but now 
they can best be done by the more sophisticated circuits 
based on semiconductor transconductance effects. 

A simplified transconductance multiplier circuit, with 
biasing problems ignored, is shown in Fig. 2. Techniques 
for converting the input voltages, usually referred to as X 
and Y, into currents will vary between designs. But trans
conductance multipliers generally use this basic configu
ration to create the product of the currents. The output 
current is then converted into voltage form, which is 
scaled to make the output voltage XY/10. Therefore, the 
output will be a maximum of ±lOV as X and Y each vary 
between ± 1 OV. 

The following functions are easily implemented, either 
by changing pin connections on a multiplier or by mod
ules using the transconductance effect that are committed 
to these functions. 

E
0 
=~where 0 < X ,;; + lOV 

E
0 

= ( 1 /1 0) X2 

E
0 

= 1 0 Z/Y, where Z/Y ,;; 1 
E

0 
= 1/2 (X2 + Y2

) 

E
0 

= A log BX, where A and B are externally-adjustable 
sca le factors and - 1 OV ,;; E

0 
,;; + 1 OV 

Trigonometric functions are another type of nonlinear 
operation that's sometimes needed. These functions can 
be generated using diode or transistor shaping circuits that 
make segmented straight-line approximations, or by using 
multipliers to generate a power-series approximation. The 
specific app lication often determines the best combination 
of modules to obtain a particular trigonometric function, 
and the applications engineers of module companies can 
often give you some useful design guidelines. Also, cus
tomized versions of nonlinear function modules can often 

INPUT 
VOLTAGE 

EI n--~AA."-----l 

REFERENCE 
VOLTAGE 

NOTE : Variations in R0 , C0 , fc and comparator offset 
do not affect accuracy of conversion. 

benefit both the customer and the supplier. The module 
designer can optim ize the design for the specific nonlinear 
function needed, and in OEM quantities this can mean 
significant cost sav ings. 

Converter modules. Modules that convert a signal from 
one form of representation to another can also be classi
fied as function modules, or analog-c ircuit modules, if one 
of the signals is in analog form. In the late 1960s there was 
explosive growth of minicomputer usage in industrial sys
tems. So it isn't surprising that there has also been a steep 
growth in the sales of modular analog-to-digital and digit
al-to-analog converters of all types. These converters are 
used to couple the digital world of the computer to the 
analog world of transducers, controls and displays. 

Most of the measurable parameters of the physical 
world are analog. Temperature, flow, stress, pressure, pH , 
and the like are inherently analog variables. The conver
sion from analog to digital may take place inside the trans
ducer, or back at the computer. Economics, reliability, 
current practice in industry, safety, and the nature of the 
process or system are some of the factors that determine 
where the conversion interface shou ld take place. Al
though most of the modular A/D converters have single
ended analog inputs of ±1 OV range and parallel outputs 
of TTL logic, there are also some modular A/Ds with low
level , differenti al- input front ends. Also, some A/Ds feature 
serial output. 

There are many different techniques of A/D conversion 
in common use. Two standard techniques for converting 
are successive approx imation and integrati ng, or averag
ing. In successive-approximation converters, the input 
voltage is compared with an analog voltage that is derived 
from a DAC that monitors the digital output. A sequence 
of comparisons is made, one for each bit of resolution , 
and the digital output "success ively approximates" the 
input. The converter first decides whether the input is 
greater or less than half of full-scale, then 1 /4 of full-sca le, 
and so on down to the least significant bit. Since an n-bit 
converter only needs n clock cyc les to resolve n bits, suc
cessive-approximation converters can be very fast. Total 
conversion times of 10 to 20 µsec are common. 

E Voll 
v 

~ T, _.._.~ T ---1 

1 / T' 
Ro Co 

0 

E
1
dt 

UP-DOWN LOGIC 

20 

CLOCK GENERA TOR 

Fig. 3 - Dual-slope integrating A/D converter is 
slower than successive-approximation types, but 
provides better noise rejection and lower cost. 

COUNTER 

LSB MSB 
~ 

DIGITAL 
OUTPUT 
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Averaging-type converters integrate the input voltage 
over a fixed time interval. A digital count of the time nec
essary for the integrator to discharge to zero at a constant 
rate is proportional to the average value of the input vo lt
age. This "dual-s lope" technique of averagi ng, where the 
integrator input is switched between the input voltage and 
a reference voltage, is often used. A basic block diagram 
of a dual-slope converter is shown in Fig. 3. Integrat ing
type converters are inherently slower than successive-ap
proxi mation types, but they have better noise rejection 
and are generally less expensive. 

Modular D/A converters accept parallel TIL-level in
puts, but the analog outputs may be in the form of voltage 
or current. A very wide range of codes is now availab le in 
modu lar D/As. The terminology isn't standardized, and 
some D/A converters can accept severa l different codes by 
varying external pin connections. 

Some other types of modules used in data conversion 
are sample/hold modules, multiplexers, voltage-to-fre
quency converters, and spec ial types of D/As, such as 
multiplying D/A converters (MDACs or ac DACs). The 
sample/hold modules have two modes of operation - they 
track an analog input voltage, then hold the voltage upon 
command of a logic input. This means that they can mem
orize an analog voltage at a selected point in time. 

There is now a broad spectrum of D/A and AID convert
er modules on the market that use a mix of monolithic
and hybrid-IC components with discrete parts to reach an 
optimum combination of price, performance and size. 

No one manufacturing technology has yet dominated 
the scene. Monolithic D/As will certainly lead in the 6- to 
8-bit category. For the 10- to 12-bit range, a mix of tech
nologies is being used. DACs using hybrid and/or mono
lithic technology generally have the edge in minimizing 
size, while discrete techniques usually have the edge in 
price and performance. Most 10- to 12-bit modules use a 
mix of IC and discrete component technology. In the low
drift 12- to 14-bit range, the long-term stability of wire
wound resistors is generally required, and the reference 
diodes are carefully aged and selected. 

There is constant pressure to optimize the cost, size, and 
performance of modular D/As and A/Ds. There are also 

constant changes in price and performance of the key 
components used in these modules. So it appears certain 
that there will continue to be price/performance break
throughs in the early 1970s, and that converter modules 
wi ll continue to use a mixture of technologies. 

Using analog modules in industry 
If these analog circuit modules are to be more than in

tellectual curiosities, they must offer economically attrac
tive so lutions in the design of industrial equ ipment and 
systems. To be sure, each system design problem has its 
own pecu liar design contraints. But some examples that 
show how modules were used to solve typical system de
sign prob lems may help tri gger ideas as to how to use 
them in you r next system design. 

To simpli fy the circuit d iagrams and explanations, 
±1 SV power supply connections are generally not shown. 
Most of these modules requ ire + 1 SV and -1 SV power 
referenced to their own common, wh ich also serves as the 
electri ca l common for both inputs and outputs. Many of 
the AID and D/A modu les also require +SV power. With 
these poi nts in mind, let's take a look at some typical uses 
of analog modules in practical ci rcu its. 

Instrumentation and computation uses 
Systems for instrumentation and computation probably 

make the most use of analog circu it modules. Instrumenta
tion ampl ifiers are used to raise the signal leve ls, and the 
nonlinear function modules are used to perform opera
tions on these signals. The data conversion modules con
vert the analog signals to digital form. Fol lowing are some 
typical appl ications of modules in instrumentation. 

Measuring photometric absorption in analytical instru
ents. Many analytica l instruments, such as UV detectors 
for liquid chromatography, require an output that is direct
ly proportional to the absorbance. But the absorbance is 
proportional to the logarithm of the ratio of two cu rrents. 

To understand the problem, consider the basic pri nciple 
in photometric absorption measurements: A beam of light is 
alternate ly caused to shine through a reference liquid that 
doesn 't contai n any of the absorbing substance, and a 
sample liquid. A vibrating shutter is normally used to alter-

Vo1wqe Sa mp IP 
S1mpl<> 

VIBRATING 
SHUTTER 

PHOTOMULTIPLIER 
OR 

PHOTODIODE 

LOGARITHMIC 
AMPLIFIER . 

R, 

-AlogBl
0 

SAMPLE/ HOLD 
CIRCUITS 

-A log Bl
5 

OUTPUT 

* I FMI 31 OJ or equi v.) 

Fig. 4 - log amplifier circuit for computing photometric absorp
tion in analytical instruments. Key feature is the cancellation of er
rors that results from alternate samp ling of reference and sample. 

21 



PHOTODETECTOR 
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ELECTROMETER 
AMPLIFIER 

SA. I L' .. A1 18~A Tt 

/ A\r 

R:.:=8: _,_ --hlll D 

) -< 11\..i ~(AL >RA N X ~ 

\FT>R ~E ' "~ lur. x Kil 

MULTIPLIER 
(FMI 551 OR EQUIV. ) 

* SET V, TOK, {J, -;-

WHERE K, IS DESIRED GAIN. 

":" 

Fig. 5- Automatic-gain-control circuit for photometers. Input to 
the photodetector is alternately from a reference lamp and the 
signa l light source. 

nate the light. The transmitted light is detected by a photo
multiplier tube or so lid-state photodiodes. If the photocur
rent through the reference liquid is ca l led 1

0
, and the pho

tocurrent through the sample containing the absorbin g 
substance is called 1

8
, then the absorbance is log'° (Vl.J. 

When signal levels are hi gh enough, the photocurrents 
can be fed directly into a log amp, but if they are too low 
it may be necessary to preamplify them. Also, if the dy
nami c range of both 1

0 
and 1. is very wide, it may be des ir

ab le to normalize the output by dividing the absorbance 
by the sum of log 1

0 
and log 1 •. A block di agram of a circuit 

that co mputes absorbance is shown in Fig. 4. 
A key feature of this des ign approach is that long-term 

variations in light and intensity, photodetector sensitivity, 
and log-amplifier drift are effectively cancelled out by the 
technique of alternately sampling between a reference and 
the sample being measured. 

Linearizing temperature sensor outputs. M any sensors 
have nonlinear outputs that must be linearized and multi
pliers can be used for this. For example, multipliers can be 

R, 
10 s rn w t 

INPUT 

1 
"'o = Rac o 

9 = - 2 Arctan 

used to compute the power series AX + BX2 + CX3 + DX4
. 

Automatic-gain-control circuit for photometer use. In 
some photometric systems, a method of automatical ly cal
ibrating the gain of a photodetector and amplifier combi
nation is needed. Light input to the photodetector is 
switched mechanica lly between a reference lamp and the 
signal light source. When the photodetector is illuminated 
by the reference li ght, the output of a multiplier is com
pared with a reference voltage to develop a ga in-error sig
nal. The gain-error signal drives an integrator, and the in 
tegrator output is used to vary multiplier gain. 

The circuit is shown in Fig. 5. The output of amplifier 
A 1 is KBr volts when the reference lamp is illuminating the 
photodetector, and KB. volts for the signal. K is the overall 
ga in through the photodetector and amplifier A 1, and B is 
the light intensity. At reca libration time, the integrator is 
gated ON and the output of A2 w i ll vary until 

1/lO (KBrY - Vr) = O,orY = lOV) KB ,. 

The integrator is then gated OFF, and the value of Y is 
held constant while the signal KB

8 
is transferred through 

the multiplier at a sca le factor of Vr/KBr. Reference voltage 
V,. is set equal to the desired value of gain, KrB,., so the 
actual scale factor will be K,./K. The signal voltage KB

8 
is 

multiplied by Kr/K, so ga in variations in the photodetector 
and amplifier A 1 are eliminated and the output voltage E

0 

will be the desired K,.B •. 
The practical dynamic range of the circuit is limited by 

the linearity of the multiplier. For example, a range of 100: 
1 (Y varying from 10 to 0.1 V) is feasible when using Func
tion Modules Model 551 multiplier, which has max imum 
nonlinearity of ±0. 1 % of full sca le. 

A frequency discriminator. Combining a 90-degree 
phase-shifting c ircuit with a modular multi plier will form a 
low-cost frequency discriminator. With it, the frequency 
deviation of an ac input from a nominal center frequency 
is converted to a proportional de output voltage. Such a 
device is very useful for speed control or for frequency 
monitorin g. The circu it for it is shown in Fig. 6. 

Nominal center frequency, w
0

, is set by the time con
stant R

0
C

0
. The phase-shifting c ircu it has unity gai n and a 

phase shift angle, 0, of 

O = -2 Arctan w/w0 

The multiplier computes the product of 10 sin wt and 
the phase-shifted signal 10 sin (wt + 0). Low-pass filtering 
of the product in order to extract the de component pro
portional to cos 0 can be performed by the output amplifier 

E - V I 

~ -15V l: -- SET TO - 2V 

140kr! 

1µF OUTPUT 

Eo 

E0 =5 (cos 9 -0.394) V 

________ _, MUL IP .R 

FMI oo OR ECUIV 

Fig. 6 - Frequency discriminator. Frequency deviation of an ac input from its nominal value is converted to a proportional de output useful 
for speed control or for frequency monitoring. 
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E - ( 10 + 200k ) E where w - Ro o , 

DIGITAL 
INPUT D

5 

0 TO 999 

Fig. 7 - Electronic weighing system with 
digita l input is used for mu ltiplying the 
weight by some digital setting (s uch as 
unit price per pound). 

lOO's { 

lO's { 

of the Model 551 multiplier. The cos(} term is related to 
frequency deviation w/w

0 
by: 

1 - (w/w )2 

cos(}=---~-
1 + (w/w

0
)2 

This is linear from an w/w
0 

of approximately 0.25 to 
1.1 -a 4:1 range. An output offset can easily be summed 
into the multiplier to make the output symmetrical about 
zero. With peak input of ±lOV and with an output offset 
of about -2V, the output will vary between ±2.44V for 
w/w

0 
of 0.25 to 1.1 . 

Instrumentation circuit for weighing systems. Elec
tronic weighing systems generally use bonded strain-gage 
load cel ls to develop a voltage proportional to the weight 
of some load. Modular instrumentation amplifiers are usu
ally needed to amplify the load-cell signal, wh.ich may 
have a full-scale output of as little as 5 mV. The amplified 
signal is often converted into digital form for use in a digit
al computer or for displaying the weight digitally. 

Sometimes there is an extra system requirement that the 
weight be multiplied by some digital setting. This digital 

DAC 

EXTERNAL 
REFERENCE INPUT 

FMI 
415-12 or 

EOUIV, 

REFERENCE 
INPUT 

ANALOG INPUT 

ADC 

FMI 
104-BCD-P 
OR EOUIV. 

COMPLETION OF <>----~ 
CONVERSION 

} l OO's 

} lO 's 

} 1 's 

input might be a unit price/pound of the item being 
weighed, or it might be some useful calibration factor. The 
capability of multiplying the weight by a digital number 
will probably be of most use where many different items 
or materials are being weighed under control of a digital 
computer. 

The product of a digital setting 0
8 

and the weight w. 
can be computed by the circuit shown in Fig. 7. Here the 
load-cell bridge impedance is unbalanced by the weight 
of the load under test, such that ~R/R11 is proportional to 
the weight. This generates a differential voltage E

8 
that is 

the product of the bridge unbalance ~R/R11 and bridge 
excitation voltage Vw 

With the modular instrumentation amplifier shown, gain 
is set by an external resistor R

0
. The amplified load-cell 

output is fed into the external reference input of a DAC 
that is designed to accommodate a reference variation of 0 
to -lOV. This DAC can be used as a one-quadrant multi 
plying-DAC. The DAC output, E

0
, will be proportional to 

the product of the analog input Ew and the digital input 0
8

• 

In this application, the output will be positive for a nega
tive reference input. A BCD-coded input (1-2-4-8 per digit) 

0<E
1
< +10V 

0<E2< +1 0V 
Y2 R1 

.---.NV'---. - \2(E 1 + E2) 

~ 
RMS-TO-DC CONV. E, 
FMI 590 OR EQUIV. 

ACOUSTIC TMNSDUCERS (MATCHED) 

SIGN~ 
RMS-TO-DC CONV. 

BANDPASS FILTER FMI 590 OR EOUIV. 

Fig. 8 - Differential acoustic-energy level measurement sys tem is 
based on true rms level as a measure of energy. The large dynam
ic signal range usua lly cal ls for norma lization of the difference 
signal. 

E2 
R, 

'l2(E1 -E2) 

Z MULTIPLiER CONNECTED 
.---M-UL-T-IP-Ll-ER-""\. /TO DIVIDE E

0
=101.. 

(divide mode) X 

FMI 551 OR EOUIV. Ea 
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is shown, but the input could be binary coded if des ired. 
A dual-s lope integrating A/D converter converts the an

alog product (out of the DAC) into a di gital output. The 
particular AID converter shown can be operated in a ra
tiometri c mode by app lying an extern al reference voltage. 
Then the d igital output from the AI D converter is propor
tional to the ratio of the analog input vo ltage E

0 
to the ref

erence input vo ltage V8 . 

Usi ng the load-ce ll bridge exc itation vo ltage as an exter
nal reference to the A/ D converter w ill save some dol
lars - for the bri dge vo ltage no longer has to be accurate 
or stable. Beca use the amplifier output is direct ly propor-

x 

testing audio communications equipment. The dynamic 
signal ran ge is often large, so the difference signal is usu
ally normali zed. If we des ignate the rms level of Channel 
1 as E, and Channel 2 as E2 , then the normalized differ
ence signal E

0 
will be 

E0 = (E, - E2)/(E, + E2). 

A simpli f ied circuit di agram for computing thi s normal
li zed differential function is shown in Fig. 8. 

Information display uses 

In addition to their use in instrumentati on and computa-

ERROR SIGNAL 
TO MOTOR 

SCR MOTOR DRIVE 
AMPLIF IER 

Fig. 9 - Continuous proportioning system for automat ic weighing app li cations. Belt speed is con tro lled to maintain a constant mass flow 

rate of the materia l. 

ti ona l to V 8 , and the A/ D converter output is inverse ly 
proporti onal to V,3' the net effect of va riations in V 8 is 
zero. This means that we can now use a low-cost bridge 
exci tati on vo ltage and the A/ D converter doesn't need an 
expensive internal reference c ircu it. Using the mod ules 
shown, an overall system accuracy of ±0.1 % of full -sca le 
is feas ible. 

Differential acoustic measurements. In acousti c mea
surements, the energy leve l of an echo is usuall y the param
eter of interest. A computati on of true- rms level w ill pro
vide such a meas ure of energy. Also, in some systems, 
such as monopulse sonar receivers, the difference in rms 
level between the echos received by two transducers can 
be used to obtain vector informati on. 

Differential rms measurements are also very usefu l in 

10-BIT 
INPUT 
FROM 

COMPUTER 

24 

MSB 

LSB 

DAC 

FMI 
41 1-10-V 

OR EQU IV. 

POllER COMMAND VOLTAGE 

ti on devices, there also is need for analog circuit modules 
in many display systems. AID converters are frequently 
used to convert analog signals into digital BCD format for 
driv ing digital disp lays. This is fine, but human operators 
may also want to see trend information , particularl y for 
process control systems. 

Even in direct d igital contro l (DOC) systems, there is a 
need for DACs that convert computer outputs to records 
on a chart recorder, readings on an analog meter, or to a 
CRT di splay. In general, the more dynamic the vari able of 
interest the more need there is for an analog display. 

Nonlinear function modules, particularly multipliers, are 
very useful in CRT display systems. The resolving of coor
dinates, the rotation of a d isp lay, and the correction of 
geometri c distorti on in fl at-faced, magnetica ll y deflected 

Fig. 10 - Measurement of electrical power. Power into 
the motor is set by computer. A multiplier module com
putes the instantaneous power by sensing the current 
through, and vo ltage across, a load. 

MECHANICAL 
LOAD 

ACTUAL POWER 

E =_!_ [< 1 o+200kfl)R pl VJ 
o 10 Ro s L ' 

MULTIPLIER 

FMI 551 
OR EOUI V. 

Eo=~ 
10 
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RMS LEVEL COMMAND VOLT AGE 

10-BIT 
INPUT 
FROM 

COMPUTER 

DAC 

FMI 
411-10-V 

OR 
EQUIV. 

SCR 

~ \ I \ 
'' TIME -

RMS-TO-DC 
CONVERTER 

FMI 591 
OR EQUIV. 

ACTUAL RMS LEVEL 

Fig. 11 - Servo system for control of rms load takes its leve l 
commands from a compu ter cJnd c.ontrols the rms vo ltage level 
from a SCR ampli fier. 

CRTs all require the use of multi plicati on c ircuitry. Squar
ing and square-rooting are commonly needed. 

Control systems uses 
Analog circuit modules also are extensively used in in

dustri al contro l systems, where DACs and analog multi
p liers are particul arl y useful. Here are some contro l sys
tems that put these modules to work. 

Continuous proportioning system. Automati c continu
ous weighing is becoming more preva lent in many indus
tries, and particu larl y so in food process ing. W eigh feeder 
systems are used to proportion foods, prim aril y so lids, that 
can be be lt fed. The purpose of these systems is to contin 
uously control the mass fl ow rate of a materi al into some 
process . To do th is, the weight of materi al per linea l foot 
of feed belt is multip lied by the be lt speed. The product is 
a weight per unit time. For example, 3 lbs/ft of materi al 
t imes a belt speed of 2 ft/sec is"a flow of 6 lbs/sec. 

Belt speed can be converted to an analog vo ltage by a 
de tachometer on the pulley, and the weight can be 
sensed by a suspended platform with weighing bridge in 
contact with the belt. The electri ca l signals should be 
amplified up to a full -sca le range of ± 1 OV. The amplified 
signals, Ew and E,, are then multi p lied to compute their 
product. The actual mass flow (Ew times E,) is summed 
with a setpoint vo ltage - V, and integrated to obtain an 
error signal E

0
. The motor speed is made proportional to 

the error vo ltage E
0

• If the weight of the materi al varies or 
the system is di sturbed in any manner, the motor will 
change speed to make E, E,J l 0 equal to the setpoint v •. 

Such a system di agram is shown in Fig. 9. 
Measurement of electrical power. Mu lti pliers, and re

lated circuits such as rms-to-dc converter modu les, are 
very useful in computing power di ss ipation . The current 
through a load and the voltage across it are sensed and 
scaled up to a full -sca le range of ± 1 OV. To compute pow
er, the voltage representing current is multiplied by the 
load voltage. The multiplier provides instantaneous power, 
so for average power you simply " \ow-pass filter" the mul 
ti pli er output. A motor drive system that uses a multiplier 
for computing power is shown in Fig. 10. The power into 
the motor is set by the computer. 

The true-rms va lue of a waveform is sometimes the de
sired parameter for control. A circuit for contro lling the 
rm s vo ltage from an SCR amplifier is shown in Fig. 11 . 

The des ired rms level is set by a digital computer, and a 
rms converter module senses the actual rms level. 

Future developments 
This sampling of typi ca l applications demonstrates how 

valuable analog circuit modules are in systems and instru 
ments for industr ia l use. While many of these applications 
may appear ve ry speciali zed, the des ign approaches often 
can be applied to totally different problems. 

Using analog c ircuit modules can help a des igner to 
separate the circuit des ign problems from the system de
sign problems. With them, he often can take a more so
phisti cated and effective des ign approach to his system 
problem. He may even find that the addition of c ircuits 
that compute and feed back information may increase the 
electronics portion of the system cost, but reduce total sys
tem cost. 

Concepts deve loped during the late 1960s- parti cularl y 
in adaptive control and optimi zati on theory-can now, 
with low-cost analog circui t modules, be economi ca ll y 
appli ed to industr ia l systems and instruments. 

Who is FUNCTION MODULES, INC.? 
Although the electronics industry w as depressed in 

1970, Tom Cate elected to found a new company, 
Function Modules, Inc., to manufacture analog cir
cuit modules. Here is the reasonin g that led to such 
an apparently risky commitment. 

" Large module companies have excellent tech
nica l capability, but are spreading their resources 
over a broad spectrum of products and manufactur
ing technologies-everything from monolithic IC op 
amps to sophisticated instruments. This diffusion of 
resources makes it difficult for them to respond to the 
needs for their analog circuit module customers. On 
the other hand, several relatively small companies 
have specialized in serving narrow segments of the 
analog circuit module business. Some have chosen 
nonlinear function modules, and others have focused 
on A/D and D/A converter products." 

Tom believes that neither the large companies with 
their diffusion of resources, nor the smaller specialists 
with their limited lines offer what is really needed by 
many users of analog circuit modules. The new com
pany's aim is to develop a complete line of analog 
circuit modules, with emphasis on instrumentation 
amplifier modules, nonlinear function modules, and 
data conversion modules, such as ADCs, DACs, and 
MDACs. They will also be responsive to the needs 
for customized versions of these modules. o 

Author's biography 

Tom Cate, now V.P. of engineer
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Modules, Inc. of Irvine, Calif., is 
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Twice: 

How will you choose 
)Our next portable scope 
... on faith, or on fact? 

Forget everything you ever knew 
about portable scopes; today's por
tables are something else entirely. In 
the last year, both major scope man
ufacturers have brought out com
pletely new lines. So, choosing a new 
portable on "blind fai th" in your old 
make is about as sensible as marry
ing a girl you've never met, just be
cause her second cousin was Miss 
America in 1967. 

The only rational way to choose a 
new portable today is to make a 
head-on comparison between our 
scopes and our competitor's. And 
this means more than just a quick 
look at price tags and specs. It means 
a thorough investigation of total 
acquisition cost. Be sure you check 
these specific points: 

Initial purchase price . Are you 
getting the best price available? 
HP's Portables are priced as much 
as $200 below the competition, 
with special purchase agreements 
available. 

Ease of Use. Are the controls 
simple and logical? Or are they a 
jungle of tightly packed knobs. Ten 
minutes a day, spent in needless 
tinkering, can add up to hundreds of 

dollars a year in wasted man-hours. 
Fieldworthiness. Some scopes have 

such high power requirements that 
battery operation is impossible. HP 
feels that a portable scope should 
have "go-anywhere" capabilities, so 
our Portables all use low-power
requirement designs which permit 
battery operation. Low power re
quirements also mean lower heat, 
which prolongs component life. As 
a result, only HP's Portables elimi
nate the need for fans , or dust
admitting vent holes. 

Calibration and Service. H ave you 
considered how much your scope 
will cost you after you 've pur
chased it? For example, HP Por
tables are quickly calibrated -
requiring approximately half the 
time required to calibrate our com
petitor's portable scope. This could 
save you hundreds of dollars over 
the life of your scope. And are you 
going to have to deal with one manu
facturer for scope service, and an
other for your voltmeters, signal 
sources, etc.? Or can you save time 
and money by limiting your deal
ings to one company? And don't for
get training aids ; HP offers live 

CIRCLE NO. 13 

demonstrations, video tapes and 
literature to simplify conversion 
problems. 

Look into all these points, and we 
think you'll find that you'll save a lot 
of time, effort, and money - and 
avoid a lot of frustration - by choos
ing HP's Portables. But don't take 
our word for it; make the compari
sons yourself. 

For a revealing package of infor
mation on HP's new Portables, send 
for a free copy of our "No-Nonsense 
Guide to Oscilloscope Selection." 
Or contact your local HP field engi
neer for a demonstration. Check be
fore you choose. Hewlett-Packard, 
Palo Alto, California 94304. In 
Europe: 1217 Meyrin-Geneva, 
Switzerland. 

Scopes Are Changing; 
Think Twice. 

002/ 2 

HEWLETT fl PACKARD 

OSCILLOSCOPES 
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Test op amps the easy way 
with simple step-by-step methods 
A few general-purpose circuits are all that are needed. Precautions are provided 
to avoid pitfalls commonly encountered when testing high-performance op amps. 

E. R. Hnatek and L. Goldstein, National Semiconductor Corp. 

Meaningful testing of op amps has become a controversial 
issue: test methods and usefulness have been questioned . 
Test circuits shown in MIL-STD-883 were originally de
veloped for hand testing the first generation of op amps 
such as the 709. These circuits are not suited for automatic 
test equipment due to the large number of circuit changes 
required in a test sequence and because they are mostly 
for ac testers. Satisfactory testing of present-day op amps 
such as the 108, 1 OBA and 725 for de characteristics is not 
possible with MIL-STD-883 test circuits. 

This article discusses the common pitfalls encountered 
when testing op amps and presents several general-pur
pose test circuits for measuring the performance of today's 
op amps that work both for bench testing as well as for 
automatic test equipment. 

Why test an op amp? 
There are two basic reasons for testing an op amp : 
1. to verify that is is functional; 
2. to find out if it meets its data sheet specification limits. 

10M 

'.'.I: 0.01 µF 

2k 

lOM 

1M 

7 7 

Fig. 1- Simple functional testing of an op amp is possible with 
this basic circuit. It ensures that the amplifier is operational. 

If the de characteristics are not critical, a simple circuit 
such as that shown in Fig. 1 may be used. This circuit sim
ply ensures that the device operates and that it will perform 
its required function . Complete de testing however requires 
a more sophisticated test circuit than that of Fig. 1. Such a 
circuit is shown in Fig. 2. Table 1 provides a detailed step
by-step " cook book" approach, using a 741 op amp as an 

example, to be used in measuring and calculating the data 

28 

100 

ALL RESISTOR TOLERANCES ARE 0.1 % 
' MATCHED TO 0.0001 %. VALUE DEPENDS ON DEVICE BE ING TESTED 
" RESISTOR RATIOS TO 0.02% 

Fig. 2-Complete op amp testing for de characteristics can be 
achieved with this test circuit. Table 1 should be used in conjunc
tion with this circuit. 

sheet electrical parameters using the circuit of Fig. 2. 
The de parameters listed in Table 1 are by no means the 

only ones by which to judge an op amp's performance. 
Slew rate and noise are two important op amp characteris
tics that can be tested by Fig. 3 and Fig. 4 , respectively. Fig. 
3a depicts a circui t suitable for measuring slew rate, small
signal reset time and overshoot. To minimize phase shifts 
that alter amplifier rise time and overshoot, a small capaci
tor is added across the feedback resistor. This capacitor 
compensates for the simulated inductance across the input. 
For example, the commonly used c ircuit shown in Fig. 3b 
has a faster rise time and more overshoot than the one in 
Fig. 3A. A 1 00-pF capacitor is added across the 1 0-k feed
back resistor, in Fig. 38 for a more accurate measure of 
slew rate, rise time and overshoot. 

Fig. 4 shows the schematic diagram for a genera l-pur
pose op amp noise-test circuit that can measure both noise 
currents and " popcorn" noise. Note that this circuit is only 
a slight modification of the one in Fig. 2. 

To produce low-cost op amps, IC manufacturers keep 
device handling at a minimum through the use of automatic 
test equipment. Ac parameters such as gain and phase mar
gins and input and output impedances can be bench tested 
in specially fabricated test fixtures . However, the added 
handling time and the special test fixtures required here 
escalate the device cost. 

In some applications the input impedance is important. 
For de applications, however the input bias current (118 ) is 
the limjting factor and is easily measured. As a result, it 
makes more sense and costs less to measure an op amp's 
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Table 1. Measuring data sheet parameters 

1. Input offset voltage at zero common-mode voltage 1 

a. Measure: Vtesti with +Vs= + l SV, -Vs= - l SV, V0 = OV (G ND), SI and S2 closed; V1 •• 12 with 
+Vs= +lSV, -Vs = -lSV, V0 = OV (GND), Sl and S2 open 

b. Ca lcu late: V10 (Rs = 100!1 ) = ~ O~~ V10 , (R8 = 1 Ok!1) = ~ O~~ 
2. Input offset current at zero common-mode voltage 1 

a. Meas ure: Vtesti with +Vs= +lSV, -Vs= - lSV, V0 = OV (GND), SI and 52 closed; Vtest z with 
+Vs = +lSV, -Vs= - lSV, V0 = OV (GND), SI and 52 open 

I 
Vtest I - Vtest 2 

b. Calcu late: 10 = (lOOO) (10k!1) 

3. Input bias current at zero common-mode voltage1 

a. Measure: Vtesti with +Vs = +lSV, -Vs = -lSV, V0 =0V (GND), 51 closed, 52 open; V1e,12 with 
+Vs= +l SV, -Vs= -1 SV, V0 = OV (GND), 51 open, S2 closed 

Vies/ 2 - Vies/ I 

b. Calculate: 1111 = (2000) (lOk!1) 

4. Common-mode rejection ratio 

a. Measure: vtest I wi th +vs= +3V, -vs= -27V, Vo= +12V, 51 and 52 open; v/es/ 2 with +vs = +27V, 
-Vs= -3V, V0 = - 12V, Sl and 52 open 

Vtest 2 - Vtest I 
b. Calculate: CMRR (dB) = 20 log10 ( 24v) (l OOO ) 

5. Supply-voltage rejection ration 

a. Measure: vtest I with +vs= +sv, -vs= -sv, Vo= ov (GND), Sl and S2 open; vtes/ 2 with +vs = +20V, 
- Vs= -20V, V0 = OV (GND), Sl and S2 open 

Vies/ 2 - Vies/ I 
b. Ca lculate: PS RR (dB) = 20 log10 ( 30V) ( l OOO) 

6. Positive-gain and positive-output swing 

a. Measure: V
1
est 1 with +Vs = +lSV, - Vs= -lSV, V0 = OV (GND), 51, S2 and 53 closed and S4 open for 

RL = 2k!1 (S3 open and 54 closed fo r RL = 10k!1) ; vies/ 2 with +vs= +lSV, -vs= -lSV, 
· Sl and 52 closed, V 0 = - lOV, 53 closed and S4 open fo r RL = 2k!1 

or V 0 = + 12V, 53 open and 54 closed fo r RL = 1 Ok!1 

b. Ca lcu late: pos it ive gai n = ( + 12V) (lOOO) for R = 10k!1· 
Vies/ 2 - Vtest I /, 

1 

or pos itive ga in = (+lOV) (lOOO) fo r R = 2k!1 
vtest 2 - vtest I L 

7. Negative-gain and negative-output swing 
a. M eas ure: Vtesti with + Vs = + 15V, -Vs = - 15V, V0 = OV (GN D), 51, 52 and 53 closed and 54 open fo r 

R1, = 2k!1 (S3 open and 54 closed fo r R1, = 10k!1); Vtestz with + Vs = + 15V, -Vs= -15V, 51 
and 52 closed, V 0 = + lOV, 53 closed and 54 open fo r RL = 2k!1 

o r V 0 = - 12V, S3 open and S4 closed fo r RL = 1 Ok!1 
. . (-12V) (1000) 

b. Ca lcu late: negative ga in = V _ V fo r RL = 1 Ok!1; 
test I test 2 

or: negative gain = (- lOV) (lOOO) for R = 2k!1 
V ies/ I - V ies/ 2 L 

Note 1: To measure V10 , llO or Im at common-mode vo ltage (Fig. 2), the power supplies are mani pul ated as fo llows: 
fo r + 12 V common-mode vo ltage, fo r - 12 V common-mode vo ltage, 
+ Vs = +3 V, - Vs= -27V, V0 = + 12V +Vs = +27V, -Vs = - 3V, V0 = -12V 
Calculate: V10 , llO o r lw as illustrated above in the examples given for zero common-mode vo ltage 
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V OUT 

2k I 100pF 

-: -: 
(a) 

10k 

V OUT 

2k r·' (b ) 
-: -: 

Fig. 3 - Slew rate, risetime and overshoot can be measured with 
either of these circuits. Stray capacitance wil l have li tt le influence 
on (a l, resulting in better correlation between test fi xtures than (b ) 
fo r small -s ignal ri setime and overshoot tests. To measure op amp 
slew rate accurately, use (b). It has faster ri setime and more over
shoot due to amplifier phase shift. 

input bias cu rrent, input offset vo ltage (V10) and input offset 
current (1 10 ) at common mode ex tremes th an to measure de 
input impedance. 

Where input impedance coes become important is for 
frequencies above 1 kHz. Here it is more desirable to add a 
voltage fo llower such as the LMl 10 to the amplifier's in
put than to test its ac input impedance. 

Output impedance depends on closed- loop gain. For 
most modern op amps, the low-frequency unity-ga in 
closed-loop output impedance is less than 0.01 n. For ap
plications w here the c losed-loop gain is less than 40 dB, the 
output impedance can be neglected. Remember that most 
op amps incorporate output short-c ircu it protection , where 
the output decreases as the load current increases. For inte
grator app li cat ions, the maximum outpu t current is normal
ly limited by the short-ci rcu it-current limi t rather than by 
the output impedance. 

Common test-circuit problems 
All to often, op amps that show up as bad devices at a 

user's receiving inspection station or in actual use are in 
reality good devices because of the test circuits employed 
and the manner in which they were tested. 

To prevent these test-circuit problems, use the test c ir
cuit Fig. 2 and follow the precautions listed below: 

1. Check for osc illation of the test loop. Incorrect 
compensation of the buffer amp li fier will cause osc ill a
tions which show up as excess ive offsets, low ga in, high 
supp ly current, or as oscillations. A capac itor, Cc in Fig. 2, 
will normally stabili ze the loop. 

2. When check ing input voltage, take care not to cause 
the inputs of the op amp to break down, as this w ill de
grade input characteristi cs. Thi s is particularly important 
when testi ng devices like the 709 and the 725 which have 
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low input breakdown vo ltages of 6V. 
There are two ways of measuring maximum input volt

age. The first method makes use of a current which is 
forced through the inputs. The subsequent breakdown 
voltage is measured. Thi s method however is not recom
mended s i nee it causes reverse base - emitter breakdown 
of the input transistors and degrades input performance. 
With the second method , a voltage is applied to the inputs 
and the resultant current is measured. This method is a 
much safer one in that it does not degrade the op amp. 

3. Check the tolerances of the ci rcuit components. 
Incorrect tolerances of the circuit resistors can produce a 

100k 

150pF 

• R CHOSEN FOR DESIRED BANDWIDTH 

Fig. 4 - Measurement of op amp noise currents and " popcorn" 
noise is easil y achieved with small vari ations of Fig. 2 . 

sign ifi cant measurement error. For example, if the com
mon-mode rejection ratio (CMRR) is being tested by vary
ing the input voltage as shown in Fig. 5, resistor matching 
must be such that the error (twice the resistor match) is 
small compared to the measured value. If CMRR is to be 
measured to 80 dB , the resistor match should be at least 
100 dB or 1 part in 1 05 - a 0.001 % match. 

When using source resistors (R5 ) , they must also be 
matched to minimize the error due to bias-current change 
with input vo ltage. This is also necessary when using the 
ci rcui t in Fig. 2. During the era of the 709 op amp, a resis
tor match of 0.02 % was sufficient. For modern op amps, 
such a match of 2 parts in 104 is twice the magnitude of 
the error that you ' re trying to measure. This w ill either add 
to or subtract from the CMR error of the op amp. 

+V
5 

100k 

Fig. 5- Resistor tolerances can produce significant errors in the 
measurement of on op amp common-mode rejection ratio 
(CMMR). The va lue of the source resistors Rs depends upon the 
type of amplifier under test. 
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4. Minimi ze thermal effects when performing de tests. 
Thermal effects are parti cularly noticeable when making 
gain measurements-especially where negative or infi ni te 
ga ins are often measured . Thermal effects can be mini
mized by pulse testing with a very short duty cyc le of less 
than 5%. In this way the instantaneous and time-depen
dent effects can be observed. With these tests1 and even 
with tests where the junction temperature of the device 
varies a small amount, the difference between the instan
taneous and the final val ues is dependent on the loop re
sponse time. For relatively slow devices such as the 725, 
the loop response combined with thermal response may 
be greater than 30 seconds for certai n tests. 

5. Input and output vo ltages must not exceed either the 
supp ly vo ltages during usage or testing. Transients that 
occur when the power supp ly is turned ON and OFF often 
result in a hi gher input voltage than supply voltage. This 
condition can cause a catastrophi c op amp fai lure. The 
negative supply vo ltage or ground should always be ap
plied first or simultaneously with the positive supply to 
avoid " latch-up" or device destruction. Some op amps 
can be destroyed when an input vo ltage is applied to the 
op amp and both supp lies are turned OFF. This turns ON 
the co llector-base diode of the input transistors and 
grounds the positive power supply whil e it is OFF. 

Dev ice inputs can be degraded if a de vo ltage is placed 
on the output of an integrator or on the input of a sample
and hold ci rcuit and the posit ive supply is aga in OFF. If a 
large capaci tor is used the inputs may be destroyed . 

A high-voltage diode inserted in each power supply 
lead will prevent fa ilures cuased by transients and power
supply reversa ls. Additiona ll y, a resistor inserted in each 
input wi ll limit the input current caused by high transient 
vo ltages. Both of these configurations are shown in Fig. 6. 

What to expect from an op amp tester 
An op amp tester should be capab le of checking an op 

amp's performance over the entire guaranteed operating 
range. Common-mode rejection ratio (CMRR) must be 
checked over the entire input voltage range. CMRR de
grades at the common-mode extremes. Testing CMRR over 
a 30V input range provides a large range of measurement 
accuracy particularly when testing op amps with greater 
than 100 dB of common-mode rejection . 

For dev ices such as the LMl 01 A and LMl 07 whose pa
rameters are specified over the entire common-mode range, 

Fig. 6 - To protect an op amp from power-supper trans ients and 
high input vo ltages, a pair of diodes and two res istors are used. 
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Fi g. 7 - Op amp open-loop gain should be measured at de to 5 
Hz, si nce the ga in of most ampli fiers begins to ro ll off beyond 5 
Hz. Frequency response shown is typical for an amplifier with 
single-pole compensation. 

input off-set voltage, input offset current and input bias cur
rent must be tested at the input vo ltage extremes. The test
ing of input offset cu rrent at the common mode extremes is 
particularly important because it can detect channels in the 
input transistors as well as high-temperature fa ilures. 

At least one parameter shou ld be tested at the minimum 
specified supply vo ltages- power-supply rejection ratio 
(PSRR). It should be measured by varying both power sup
pli es simultaneously from minimum to maxi mum va lues. 
As with CMRR, a larger voltage excursion permits greater 
test accuracy. 

Gain should be measured either at de or at low-fre
quency ac (5 Hz or less) since the gain of most op amps 
begins to rol l off at about 5 Hz (Fig. 7). o 

Author's biographies 

\ 
Larry Goldstein (L) is manager of linear test systems at 
National Sem iconductor, where he has been for 2-1 /2 
years. Before joining National, he was with Autonetics. 
Larry earned a BS in physics from New Mexico State. 
Eugene Hnatek (R) is military/aerospace product market
ing manager, and is responsible for all Hi -Rel products at 
National. He was formerly with Lockheed Miss iles and 
Space Co., where he was power systems project manag
er. Gene has a BSEE and MSEE from Bradley University, 
and a PhD from MIT. 

FOR A FREE COPY OF THIS ARTICLE, CIRCLE L62 

31 





You're looking at the world 's 
smallest and least expensive 
3112-diglt panel meter. 

Ours. Our AD2001. The DPM 
that's a component. 

It's just under 8 cubic inches 
in volume. $89 in lOO's. And 
we're delivering it now. 

This simple, reliable meter has 
a few other things going for it too. 

We made it with fewer com
ponents. Eliminated multi-level 
power supplies. Used long-life 
RCA Numitron display tubes. 
And bu i It in over voltage pro
tection . 

(actual size) 

attention. 
It provides 0.05% accuracy. 

Has a temperature coefficient 
of ± 50ppm/°C. And all the inter
facing signals are standard. 

The two critical analog com
ponents are made by us. Analog 
Devices. Which is an interesting 
point. 

We're the world's largest maker 
of analog to digital converters. 

That's why our digital panel 
meter is something else. We put a 
I ittle experience into it before we 
made it. 

Each meter is burned-in for 
7 days prior to shipment and war-

ranted for one full year. You can 
send for our complete brochure 
and order an evaluation sample 
right now. 

Watch for the appearance of 
our 2112 and 41/2 digit DPM's. 
With the same performance and 
reliability as this one. At a size 
and price worth more of your 
attention. 

Analog Devices, Inc., Norwood, 
Mass. 02062. Tel. (617) 329-4700. 

r.ANALOG 
WDEVICES 

AD2001 DIG ITAL PANEL METER. SIZE: 3" wide.!'%" high, lW' deep. Overall volume just under 8 cubic in. DISPLAY: Auto Polarity. Overrange. Out-Of-Scale indication. 
Automatic zero. Programmable decimal points. DATA PROCESSI NG SIGNALS: External Trigger and External Hold,,_ 3-0igit BCD outputs, Overrange, Out-Of-Scale, and Polaritv 
signals are all standard. INPUT: Bias Current less than lnA. Impedance- lOOOM!l Over Voltage Protection. AC1.,,URACY: 0.05% reading. Temperature Range-O"C to 60"C 
operating. Temperature Coefficient-:!:50ppm/°C. POWER: Single power source. +5VDC input. 
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Don't be confused by IC 
switching time specifications 
A full understanding of such specs is necessary in order to properly design an 
MSl/LSI sys tem. This step-by-step analysis will help to eliminate the confusion . 

John Springer, Advanced Micro Devices 

IC data sheets are supposed to help rather than hinder the 
designer, thus there is no reason why switching time specs 
shou ld be confusing and misunderstood. These ac specs 
are obviously very important, but before they can be un
derstood, c lear, simple definitions of what they mean must 
be formulated. A good place to start is by looking at an 
ordinary TTL, J-K fli p-flop. An analysis of this device 
shou ld cover most ac specs. Once th is is accomplished, 
the same techniques can be used with a simple MSI sys
tem. What thi s will yield is- (1) a set of consistent defini 
ti ons for switching delays and (2 ) a method of analyzing 
ac delays in a large system. 

Ground rules for the analysis 

The J-K flip-flop used in Fig. 1 assumes edge-triggered 
operation; therefore, the data on the input is transferred to 
the output when the c lock goes from LOW to HIGH. The 
Cd input is an active LOW direct clear, whi ch resets the 
flip-flop regardless of any other inputs. It will be further 
assumed that the flip-flop is an " ideal" (zero del ay) flip
flop, and has delay lines on all the inputs and outputs. 
This allows us to analyze all the delays involved (Fig. 1 b). 

o- - ---- o 

CLOCK ----- c. 

K ------f K o ie------ a 

TYPICAL JK FLIP-FLOP CLEAR l a 

Fig. 1- A typical J-K flip-flop is used to analyze delays listed in IC 
data sheets. 

Each delay element ( ~J, ~K , ~C,,, etc.) has some specific 
delay for HIGH to LOW transitions and another delay for 
LOW to HIGH transi tions. However, in a rea l flip-flop 
everything is usuall y referenced to the clock signal. There
fore, it is convenient to subtract the c lock delay (~C,) from 
all other input delays and then add it to the output delays, 
thus leaving no delay in the c lock line. This new delay on 
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the J input ( ~J *) is then ~J - ~C,, ; the delay on the output 
(~Q* ) is ~Q + ~C,, ; and so on (Fig. 1 c). 

ilJ 

Q 

Cp--+---1 Cp 

K --t---1 K Q 

ii K 

MODEL OF FLIP-FLOP WITH DELAYS c;; 

11J* 

0 

Cp Cp 

K K 0 

II K• Cd 

a c d· 

CLEAR 

NEW MODEL WITH CLOCK DELAY REMOVED 

IDEAL FF 

40 

REA L FF 

lb 

i10* 

110· 

le 

Since it is possible for the c lock delay to be longer than 
an input delay, the new input delay can be either positive 
or negative. A negative delay simply means that the input 
can change after the clock changes, yet sti 11 get to the ide
al flip-flop before the c lock does. 

Output delays are easiest 

The simplest delays to analyze are the delays to the out-
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put, designated tpd + and tpd -, as illustrated in Fig. 2a. 
Thi s shows the behavior of one parti cu lar fli p-flop. How
ever, since every fli p-flop w ill be slightl y di fferent, a large 
sample of devices w ill show the delays fa lling w ithin some 
range (Fig. 2b). The co lored areas ind ica.te regions of un
certainty, o r the spread in signal changes for a large sam
ple of devices. 

0------1 

CLEAR.-------------

2a 

cd--------------~1 

2b 

Fig. 2- Timing diagram (a) illustrates delays to the output of a 1-
K flip-flop. Assume that J-K is HIGH, so the fli p-flop is toggling. At 
some time following the clock edge (tpd-), the Q output will go 
LOW. Following the next clock edge and after tpd+ , the output 
will go HIGH. Also illustrated is the operation of the direct clear, 
C,r W_!ien this input goes LOW, then the output clea rs after delay 
tpd -(Cd). The first clock fo llowing the remova l of th~ clear com
mand will set the fli p-fl op, providing that at least tree (Cd) (recovery 
time) has elapsed. Th is time is due to the LiCd + delay in the mod
el. Output delays for a group of fli p-fl ops is shown in (b). 

A data sheet for this fli p-flop should li st both the typica l 
and maximum values for the three tpd 's shown. A lthough 
minimum tpd's are rarely spec ified, sometimes it is impor
tant to have them. 

Input delays are a little less c lear, and can lead to much 
confusion. One of the pri nc iple difficulti es is that the spec
ifi cations for input timing are often given as the require
ments for an input forc ing function rather than the device's 
response to a change at its input. Consider, for example, a 
set-up time specification. The set-up time can be thought 
of as the time required for the dev ice to respond to data at 
its input, in whi ch case it is max imum. Altern atively, set
up time may be thought of as a system requirement whi ch 
must be met, and then it is a minimum time. M aximum 

delays in a device will therefore determine the mi nimum 
ti ming for a system, as w ill be shown later. In order to 
ma inta in consistency in the analys is, all delays expressed 
w ill be device delays rather than system requi rements. 

Inpu t tim ing spec ificati ons are generall y designated as 
" input set-up time" and " input release time." For a fli p-flop 
to respond to input data, the idea l fli p-flop must see the 
data before it sees the c lock transi tion. In the model wi th 
no delay in the c lock line, the input signal is delayed by 
.:ij* (or .:iK*) from the clock, so for a given dev ice an input 
applied after .:iJ * w ill not be sensed. 

The delays .:ij * and .:iK* are defined as the set-up times 
for the J and K inputs to the fli p-fl op; however, they may 
be di fferent for LOW to HIGH changes than for HIGH to 
LOW changes. The delay for a change from LOW to 
HIGH on the J input is des ignated '\HU)''. The delay for a 
HIGH to LO W change on the K input is des ignated '\L(K)". 
(Ordinaril y only a single set-up time is spec ified, the longer 
of t

8
H and t

8
L. 

Fig. 3 shows a timing diagram, incl uding set-up times, 
for a single fli p-fl op. No distincti on is made between 
HIGH's and LOW's; however, t

8
(J ) is assumed to be differ

ent from t
8
(K). 

Q I \ I 
.-v- --- --J = 1, K= O J= O, K=1 J =1 , K= l J= O. K= O 

Fig. 3- Flip-flop timing diagram shows importance of set-up 
times. Note that at the fourth clock pul se, the K input comes up 
after t,; therefore, it is not detected. 

Agai n, for a sample of devices the set-up times wi ll !a ll 
within some statisti ca l range. Therefore, when a number of 
dev ices are c locked simultaneously, there is some peri od 
of time pri or to the clock during which each devi ce will 
sample its inputs. Thi s region of time is defined by the 
maxi mum and minimum set-up time limits. In order to 
guarantee that a devi ce will respond to an input signal, 
that input signal must be present before the c lock by at 
least t, max. Moreover, the signal must not change unti I 
after t, min. 

Some devi ces require as long as t
8 

max. to propagate a 
signal through .:i) *, and some require onl y t, min. The min
imum set-up time is often ca lled the " release time," as it is 
the time after which a signal change is guaranteed not to 
be detected. If t, min. is negative, indicating that input 
changes may be detected even after the c lock edge, then ts 
min. is often ca lled a " hold time." 

Reli able operati on of a sequential device requires that 
inputs be steady at all times between t, max. and t, min . 
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Note that if t
8
H and t

8
L are separately spec ified, then a 

HIGH must be maintained between t.H max. (s lowest re
sponse to a HIGH) and t

8
L min. (fastest response to a 

LOW). Similarly, LOW's must be maintained between t
8
L 

max. and t,H min. For example, the switching limits in 

the table at the ri ght tells us that to detect a HIGH on ) or 

CLOCK :!: :!: 

Parameter 

t, H(J,K) 

t
8
L(J,K) 

Definition 

HIGH data set-up time 

J and K inputs 

LOW data set-up time 

J and K inputs 

I 

min. max. Units 

0 15 ns 

-5 10 ns 

_Q_ I J:,_ I _6_ _ii_ 

INPUT { O 
ADDRESS 1 

AoDA c e SLE '--I Ao DA Ce SLE 
'-- AoDA Ce SLE ......, A~A Cp SLE 

A, .........., A, .____ A, """---i A, 
A2 ....__ A2 

.....__ 
A2 ,______, A2 

AM 9338 AM 9338 AM 9338 AM 9338 
Bo 8 BIT Bo 8 BIT Bo 8 BIT Bo 8 BIT 
B, MULT IPLE B, MULTIPLE B, MULTIPLE B, MULTIPLE 

.---- B2 PORT .---- B2 PORT .---- B2 PORT r-----1 PORT 
REGISTER REGISTER REGISTER 

B2 
REGISTER 

OUTPUT ADDRESS { 
FOR A OPERAND 

0 
1 
2 

( 1 OUTPUT ADDRESS 
FOR B OPERAND 

....---- Co ....---- Co 

r-- c, r-- c , 
r- C2 

Zs Zc 
r- C2 

,.--- Co .-----I c o 
r-- c, ,.....-.., c , 

...- C2 Zs Zc 
~ C2 Zs Zs Zc Zc 

....___, 

6_ 
Ao Bo 

So S, FU NCTION ARITHMETIC 

L L SUBT RACT FUNCTION 

H L ADD SELECT 

L H EXCL USIVE OR So 

H H AND s, 
SHIFT LEFT INPUT 

u EW DATA 
INPUT 

N 

Xo _.,._ 
SEE OPERATION 
SELECT TABLE 

{ (SHIFT 
ENABLE) X1 ....,...+---

RATION X0 X, OPE 

L L LOAD 
H L NO SH 

L H SHIFT 
H H SHIFT 

NEW DATA 
IFT 

LEFT 
RIGHT 

~ CG.1 
CP. 1 

~ CG.2 
CP.2 

-0 CG.3 

So 

s, 

l 
loa I, a l2a l3a lob 1,b l2b l3b 

So AM 9309 

S1 DUAL 4 INPUT MULTIPLEXER 

z. z. zb zb 

9 9 

Fig. 5- MSI system is used to illustrate how speed calculations 
are applied. The Am 9340 arithmetic logic unit adds, subtracts, 
AN D's, or EXCLUSIVE OR's two 4-bit operands, A

0
.
3 

and B0_3 . The 
result, F

0
_
3 

goes to a mult iplexer and then to the inputs of Am 
9338 multiple port registers, which are 8-bit synchronous memo
ries. Because it is synchronously controlled by a clock input, its 
outputs can be fed in a loop back to its input without race condi 
tions occurring. A cyc le is initi ated by a clock pu lse on the Am 
9338's, followed by three addresses, which define sources for the 
two operands, and the location for the stored resu lt. Operation 
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Fo 

y 

l l -1 
A1B1 A2B2 A,B, COE 

AM 9340 ALU 

4 ·BIT 
CG p-
CP p-

F, F, F, 

1.: TO NEXT 
MULTIPLEXER 

lJ 
f--FROM F4 

1 
loa l1 a 12a l3a lob 11 b 12 b 13b 

...----1 So 
AM 9309 

.--1 S, DUAL 4 INPUT MULTIPLEXER 

z. z. zb zb 

Cf Cf 

OUTPUTS 

codes are applied to the select inputs of the Am 9340 arithmeti c 
logic unit and to the select inputs of the Am 9309 multiplexers. 

The two operands come out of the register following the two 
read addresses and a delay (tpd, address to output). The result 
appears at the F 

0
_
3 

(ALU) outputs after another delay through it 
and fina lly arri ves at the multiple port register input, subsequent 
to the multiplexer delay. This resu lt must be at the register input 
for a fu ll set-up time before the register can be c locked to store 
the data and begin a new cyc le. Minimum timing ca lcu lations 
would be qu ite difficult without the system in Fig. 6. 
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TIME (ns) 0 

Cp 

ADDRESSES 
AND SELECT 
CODES 

ZB, ZC 
FROM 9338 

Fo-3 
FROM 9340 

D INPUT 
TO 9338 

I 

_J 
25 50 

I I 

. . 

75 100 125 150 175 
I I I I I 

- I 

. ' .. 
DEVICE PARAMETER DESCRIPTION MIN. MAX . UNITS KEY TO TIMING DI AGRAM 

tpd (BC· Z) Delay from B and C 12 
addresses to Z out puts 

Am9338 ts (D) Data set-up time 3 

tpw CPL Minimum c lock LOW time 16 

Am9340 tpd (AB - F) Delay from A or B 10 
input s to F outputs 

Am9309 tpd ID· Z) Delay from data 8 
input s to outputs 

Fig. 6- A timing diagram like t his will dete rmine minimum tim
ing fo r the system shown in Fig. 5. 
1. Assume a c lock LOW to HIGH transition at T = O nsec initi at

ing a cycle. 
2. Also, assume that addresses and operation codes are derived 

from the same clock and arrive at the devices 20 nsec after the 
c lock pulse. (For this sys tem this is an arbitrary ass umption , 
since it hasn' t been indica ted where these signals come from.) 

3. After the B and C addresses are stable, delay tpd (BC-Z) max. is 
required before the register output is stable, bringing T to 85 
nsec. Note that shortly after the B and C addresses appear, the 
outputs of all the circu its begin to change because the 9340 
select code is also changing, as wel l as that to the mu ltiplexer. 

Cp ----., 

or 

'// / //, LOW TO HIGH CHANGE PERMITTED 

~ HIGH TO LOW CHANGE PERMITTED 

Fig. 4 - Variations within a la rge number of devices require that 
close attention be pa id to minimum and maximum set-up times. 
The colored areas show where input trans itions will not effect sys
tem performance. Thus, differences in set-up times from device to 
device can fall only in the shaded areas. 

K, the leve l must be app lied 15 nsec before the c lock and 
cannot be removed until 5 nsec after the c lock. A LOW ca n 
be applied 10 nsec before the clock and can be removed 
coincident with the c lock. The timing di agram in Fig. 4 
indi cates the regions during which data can change. 

An example demonstrates the technique 
In order to better understand how these speed ca lcu la

tions and analysis are applied in an MSI system, consider 
the arithmeti c processor illustrated in Fig. 5. Parameters 
required to define minimum timi ng for thi s system are 
li sted in Fig. 6. By using these numbers, the system timing 
diagram can be constructed. 

Such an analysis is quite simple and can be used to de-
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Will Be 
Steady 

Will Be 
Changing 
From H to L 

Changing 
State 
Unknown 

4. Following delay tpd (AB-F) max., the 9340 output is steady. 
This bring us to T = 125 nsec. 

5. Multiplexer output is steady at T = 150 after tpd (D-Z), and 
good data finally reaches the multiple port register input. A 25 
nsec set-up time is required, so a new c lock LOW to HIGH 
transition can occur at T = 175 at the earli est. 

6. Since the clock to the Am 9338 must be LOW at least 16 nsec, 
it must go LOW at T = 175 - 16 = 159 nsec. It may go LOW 
earlier, but it shou ld not go LOW until the output of the regis
ter has reached a steady state (T = 85). This is because the 
9338 is a master-slave type device, and when the clock goes 
LOW, the output latches up. 

termine the max imum operating frequency of any system. 
The type of diagram developed in Fig. 6 is absolutely es
sential to the design of a reliable memory system or of any 
system which is fed back upon itself. Semiconductor 
manufacturers are generally qu ite conservative when they 
speci fy maximum ac del ays for their devices; therefore, a 
system designed around data sheet limits should operate 
reliably, w ith room to spare. 

Minimum delays through dev ices , which are important 
in " pipel ined" systems, can be assumed to be 50 percent 
of typ ica l delays if they are not spec ified. The distribut ion 
of delays through IC's is not " normal Gaussian." It is " in
stead, log normal," with a steep slope on the low side of 
the peak and a long tai l on the high side. Thus, most IC 
devices will have delays between 20 percent less and 50 
percent more than the typi ca l listed value. o 
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A CAMBION® Double "00" Product Line 

Coils with high " Q " values have always been 
available from CAMBION. You 've probably 
come to expect them as a matter of course. 

What you may not have known, is that they are 
available, off-the-shelf, in substantial quantit ies, 
with identical performance characterist ics to the 
prototype units you may have purchased for 
design development. Making quality co ils avail
able in quantity is the CAMBI ON Double " Q " 
approach. 

You can be choosy, too. Large fam ilies with over
lapping inductance ranges or EIA nominal 
values can satisfy your individual circuit needs. 
Shielded or unshielded units for chassis or 
printed circuit mounting. Variable inductances, 

fixed chokes, L-C filters, balun transformers, 
toroids, micro-miniature types as small as .075" 
x .170" (1 /10th the size of a T0-5 transistor) . All 
come with fully guaranteed rati ngs. 

We've got a catalog full of 'em. It's yours for the 
asking. And if, by chance, you can 't find just the 
right one, we'll custom design one fo r you and 
guarantee to deliver addit ional identical units 
in quantity. That's just one more way CAMBI ON 
shows that the quality stands up as the quantity 
goes on. Cambridge Thermionic Corporation, 
445 Concord Avenue, Cambridge, Massachu
setts 02138. Phone : 617-491-5400. In Los Angeles : 
8703 La Tijera Boulevard. Phone : 213-776-0472. 

At Cambion, coils 
have a Double" '' 

Standardize on 

CA.mo•® 
The Guaranteed Electronic Components 
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ANOTHER MYTH DESTROYED. 

Myth: National doesn't make FET op amps. And, even if they 
did, they probably wouldn't be as good as bipolar 
devices. And, besides, everybody knows that FET op 
amps have lousy offset voltage and drift specs. 
And, FETop amps are too expensive. And, anyway, why 
not just go to a module house in the first place ... 

Fact: National does make FET op amps. A "family" of five 
devices, to be exact. Including the super precise 
new LH0052 (with an offset voltage of O.lmV, an offset 
voltage drift of just 5 µV/°C, and bias current of less 
than lpA); the LH0022 (high performance good general 
purpose FETop amp); the LH0042 (lowest cost FETop 
amp on the market with even better performance than 
cheap module designs); the LH0033 (at 1500V/µS, the 
fastest voltage follower available anywhere); the LH0032 
(a 500V/µS device); and coming soon: The precise
and-speedy new LH0062 (slew rate, 80V/µS; bandwidth, 
15MHz; settling rate, 800nS). Significantly, each of 
the above was designed and manufactured completely 
in-house using a special chip construction technique 
combining the best of J-FET and bipolar technologies. All 
of which goes to show that FET op amps are, indeed, 
alive and well at National Semiconductor Corporation, 
2900 Semiconductor Drive, Santa Clara, California 
95051. Phone (408) 732-5000. TWX: (910) 339-9240. 
Cable: NATSEMICON. 

NATIONAL. 
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Bob Fillingham and Carlos Chong of Nemonic Data Systems 

speak out on plated-wire memories 
Cores, semiconductors, plated-wire ... where is each best? How will they 
divide the huge memory market of the mid-70's? Here are some answers and predictions. 

Plated-wire memories will soon account for a major por
tion of the random-access memory market. The independ
ent (non- IBM) computer market for 1973 is projecte~ 
about $2.5 bil lion. Of that $2 .5 billion, approximately 
$625 million will be spent on high-speed random-access 
memories. Plated-wire memories will account for over 
$1 70 mi 11 ion, or more than one-tenth of the 1973 market. 

The weak markets of 1970 and '71, while slowing the 
growth of all memory makers, have actually put plated 
wire into a very sound position for growth. 

All but one or two semiconductor-memory makers have 
lost vast sums of money. Some of them are no longer in the 
market place at all. The core-memory houses are not all in 
the same serious loss positions but have been forced into 
alarming price and profit-erosion si tuations. Plated-wire 
manufacturers have not escaped unscathed; no one has. 
But the plated-wire compan ies that survived have managed 
to show promising expansion and have not genera lly been 
forced into the cost cutting that has been so injurious to the 
sem iconductor and core manufacturers. The reasons for 
plated wire's exce llent position are the very reasons that 
the core and semiconductor manufacturers have been hurt. 
First, the slowdown or stoppage of large capital expendi
tures by many major users have given them ti me, and 
reason , to take another hard look at various random-access 
memory technologies . 

Many large orders that would by default have gone to 
core memories 2 years ago, will go to plated wire next 
year. 

Secondly, many users who would have purchased semi
conductor memories have been forced into a " holding 
posit ion" by the cont inuing evolvement of technology and 
price. This industry is literally boiling, and until some stan
dardization and stabil ity is established, many potential 
users will go elsewhere. Many of these customers will se
lect plated-wire memories. 

The semiconductor-memory manufacturers are sti ll in 
for a few more hard years because main-frame manufac
turers, who have typically gone out-of-house for about 60 
percent of their memories, will change this policy as they 
shift to semiconductors. Most of them will, as IBM already 
has, bring their semiconductor capability in-house. All 
indicators seem to point to a reduction in the number of 
semiconductor-memory manufacturers in the next few 
years. Paradoxically, this will occur when the dollar vol
ume of their industry is making a significant increase. 

40 

Make no mistake though; semiconductor memories are 
for real. They will, in time, account for a healthy portion 
of the high-speed random-access memory market. 

Core memories have continued to dominate the market 
by sheer momentum. It's hard to believe that core memo
ries cou ld dominate the field as long as they have, but this 
cannot continue. The speeds already attained by semicon
ductor and plated-wire memories are totally beyond the 
capabi lities of core. More important is the difficulty of 
automating core-memory fabr ication. Both sem iconductor 
and plated-wire technologies are readily automated, and 
eventually this will force core out of it' s last stronghold 
mass-storage memories. Plated-wire memories can already 
meet core prices head-on from about 16K words up. Half
mi Ilion-bit plated-wire memories are now being delivered 
at a shade over 0.1 cent per bit. 

Five-mi llion-bit plated-wire memories in reasonable 
quantit ies (say 10 to 20 units) could be delivered today at 
around 0.7 cent per bit. 

Core manufacturers are hard pressed to meet such prices, 
and the inherent speed advantage of plated wire will 
swing many users away from core memories. 

"Most really big semiconductor manufacturers aren't pushing 
memory technology. They are just keeping up now, but once the 
industry stabilizes, they' ll make a drive of their own, force most of 
today's technologi ca l and price leaders out of the market, and 
walk off with all the marbles." 
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"Fabrication techniques used in plated wire give us an enviable 
jump on semiconductor yie lds. We mon itor the magnetic charac
teristics of the wire con tinuous ly as it comes from the plating 
tanks. When an anomaly occurs, we only lose a few inches of 

wire. We have practica ll y a 99.99 percent yield from raw ma
terial , and better than 70 percent on a time-produ ctivity basis." 

If core memories have one feature that makes them at
tractive, it is nonvo latility. Loss of line power does not af
fect data stored in the memories. Plated wire shares this 
feature, but sem iconductors do not. In general, power loss 
means data loss in a semi conductor memory. Thi s, no 
doubt, is one of the areas that semiconductor makers are 
worki ng on ri ght now. They will probably so lve thi s prob
lem, but the so lution will add greatl y to their cost. For this 
reason, we feel that it will be a long time before sem icon
ductor memories make any strong inroads into the bulk
storage market. 

Plated-wire memories have only recently begun to pen
etrate the mainframe market in this cou ntry. The United 
States has lagged behind Japan and Europe in this respect. 
Japanese and European manufacturers cou ldn 't se ll a tech
nology that was "just as good", and were look ing at cost
effectiveness more objective ly. They came to the same 
conclusions that are now being reached in this country; 
that plated wire is the next step in high-speed random
access memory technology. 

One of the most difficult obstacles for any new technol
ogy to overcome is "old-thinking" on the part of engi
neers and managers. 

For some reason, "o ld-thinking" can begin at any age. 
There are engineers today who are sti ll designing new sys
tems around core memories. They are doing this because 
they desi gned with cores when they were 21 years o ld and 
are very comfortable with core des igns. It doesn ' t matter 
whether they are 25, 35 or 85 today. If cores work well for 
him, the "old-thinker" is unwilling to change until he is 
forced to. The "old-thinking" manager is a little easier to 
understand, especial ly if his background is nontechnical. 

It is very had to convince someone who has no scientific 
bent that a millionth of a second is really much slower 
than a billionth of a second. They just can't relate. 

Further, a large segment of management tends to put a 
heavy bias on the cost portion of a cost-effectiveness anal
ys is. One legitimate factor which has helped the " old
thinkers" sti ck to cores is a nearl y 20-year documented 
reli ability history. Fortunately for the newer technologies, 
there are " new-thinkers" of all ages in both engineering 
and management who are willing to learn new techniques 
and who rea lly understand cost-effectiveness. Plated wire, 
by now, has achieved a good history of reliability as have 
semiconductors - if not as components of IC memories, at 
least in other IC confi gurations. Finally, the outright price 
advantage of core is all but gone. 

One area that wil l greatly aid the growth of plated-wire 
memories is the booming minicomputer market. As more 
and more minis are placed in the " hostile" environment of 
factori es, in the process-contro l roles for which they are 
ideally su ited, the demand for plated-wire memories will 
increase. Plated wire is uniquely qualified for such app li
cations because of its speed and nonvolati lity. 

Several other technologies such as bubbles and opticals 
are on the horizon. Neither have shown their true poten
tial yet, and it may be years before it is rea li zed. One thing 
that seems apparent at thi s time is that the next generation 
of memory technologies will be much more specia lized. 
They probably w ill not even have the capabil ity to fulfill 
the entire spectrum of memory applications that today's 
technologies have. There are reasons why you wouldn't 
want to - but could-design an entire computer today 
with buffer, main store and bulk store memories using all 
plated wire, or all semiconductor, or all ferrite core. Thi s 
ab ility very li kely wil l not ex ist in the next generation . 
Bubb les seem destined only for mass ive bulk storage ap
plications, competing with tapes and discs. Optical mem
ories, thus far, have found their way into only a few read
only memories. 

Evolution in the near future, for plated wire, seems to 
point to "mini-wi re". Presently most plated wire is 5-mi l 

ii. 

"Magnetic-core memories have been around too long already. 
Their share of the market w ill , within a few years, be divided 
among plated-wire and sem iconductor memories, and perhaps 
one or two very specialized new techno logies." 
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Fig. 1- Plated wi re consists of a magnetic film electrodeposited 
,iround a cylindrica l substrate. Presently, 0.005-i nch diam beryl
lium-copper wire is the most commonly used base materia l. To 
eli minate surface defects, the wire is po li shed and plated with cop
per prior to the deposi ti on of the memory element, which is a 
zero-magnetostri cti ve nicke l-iron composition of approx imately 
81 percent nicke l and 19 percent iron. Plated wire has a non-iso
tropiL magneti c structure that has an easy axis in the circumferen
tial direction resting in either clockwise or counter clockwise 
sense. Th is represents the bi nary form of the stored information. 
Each in tersection of a plated wire and a word strap is a storage 
ce ll for a bit. 
In writing, the plated wi re serves as its own bit wire. At the same 

diam but min i-w ire systems now being introduced use 2-
1 /2-mil or smal ler wire. 2-1/2-mil is about the limit of to
day's techno logy because the lack of ri gidity in smaller 
sizes makes the wire very hard to handle in the assembly 
operations. The advantages of mini -wire are read ily appar
ent. Packing density (b its per in2) is more than doubled. 
Drive current is reduced to 40 percent, providing better 
compatibility with low-power IC drivers. The net result 
will be even lower in it ial pri ces, smaller packages, and 
lower power di ss ipati on. 

Today a des igner has the cho ice of three technologies. If 
you can live w ith 750 nsec to 1 µ sec or slower, and if 
pri ce is very important, you may buy a core memory. 
There are so many standard core memori es that you can 
probabl y find an off-the-shelf one that w i ll suit your pur
pose. If you need much higher speeds, if vo latility is not a 
problem, and if pri ce is not of prim ary importance, you 
w ill want to take a hard look at semiconductors, espec ially 
for smaller size memories, say SOK-bit and under or for 
short production runs. If you need non-vol a ti le i nforma
ti on storage, if pri ce is important, and if you can make use 
of the speed and savings in assoc iated circuitry that ac
company a non-destructive readout, you will find a p lat
ed-wire memory very attractive. W elcome to the c lub! o 

time that the magneti zati on vector is parti ally rotated by a word
current field, a sma ll current is dri ven through the bit wire. This 
current generates a circumferential fie ld that orients the magneti
zation in the proper direction. In other words, wri ti ng is a coinci
dent-current operati on in which the bit current must be large 
enough to switch the film under the word strap, but sma ll enough 
not to disturb the fi Im under the inactive word straps. 
In reading, the plated wire serves as its own sense line. Word cur
rent creates a field that switches the fil m's magneti c vector 45 
degrees at the intersection. Thi s change causes a flux change to 
induce a positive or negati ve vo ltage, depending upon the infor
mation stored in the line. When the word cu rrent is removed, the 
vector returns to the ori ginal ori entati on . 
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Bodine FHP motors and gearmotors 
Bodine's K-2 line has a history of dependability, long life, 
and consistent motor-to-motor performance. You get 
greater economy in the long run. Ball bearing rotors and 
individual run- in are standard. Performance options include 
high starting torque for inertia loads, low inertia rotor for 
fast response in servo applications, dynamic braking 
capability, torque motor application, and reluctance syn 
chronous operation. Two new 
bulletins from Bodine covering 
K-2 motors and gearmotors are 
now available. Get both from ... 
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Don't neglect the solid-state switch 
Now that the driver is contained in the same package as the analog switch, this 
versatile component should be a standard item in the circuit designer's bag of tricks. 

Dave Fullagar, lntersil, Inc. 

The analog switch performs the same function as a reed 
relay. It is remotely contro lled and has sets of contacts 
which can operate as single-throw or doub le-throw 
switches. A total comparison with reeds is misleading, 
however, si nce the solid-state analog switch is capable of 
usage in many appl ications where reeds cannot be consid
ered. They are much faster, smaller, and more reliable 
than their mechanical counterparts. And prices are low. 
Most important, ana log switches are easy to use. 

Despite all the advantages of the analog switch, many 

v 
Ou t 

8 

Fig. 1. Simple drivers can be used when the analog switch is 
placed at the summing point of an op amp (a). When the swi tch 
FET sees the full analog signal swing, more elaborate drivers are 
required (b) . 

designers appear reluctant to make fu l l use of their poten
tial. This is probably due in large part to bad experiences 
with do-it-yourself driver designs. As many designers 
found out, it is by no means simple to ensure that the FET 
switch stays off when it is supposed to be off, and remains 
on when it is supposed to be on. The problem is com-

ANALOG 
INPUT 

Fig. 2. For simple applica tions of the Fig. 1 type the analog 
switch circu it may be just an FET and a diode. 

pounded when ± 10 volt analog signa ls are being handled. 
The introduction of complete switch/driver combi na

tions in one package has eliminated these uncertainti es. 
The control-s ignal logic leve ls are TTL compatible, and al l 
the necessary circuitry to ensure correct operation of the 

Fig. 3. The high on-resistance of P-channel FETs can be cancelled 
by using an identical FET in series with the op amp feedback re
sistor. 
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+ 15V !1 0VOLT 

DRIVER 
INPUT 

R, 

ANALOG INPUT 

Fig. 4. The dri\l~ r mu>t hold the N-lh.111nel J-FET 111 the correct 
>t.ite for the :±: 1 OV input signals. 

FET or MOSFET switches is conta ined within the integrat
ed circuit. 

It isn ' t necessary to understand the design details of the 
driver portion of an analog switch/driver combination to 
use the complete IC, but some appreciation of the circu it 
operation may help in quickly selecting the most appropri
ate part for a given application. 

DRIVER 
1 / P 

Fig. 5. For a MOSFET switch the driver switches the MOSFET 
between the + 1 OV and -20V supply lines. 

Two types of drivers are used 
For J-FETs, two types of driver designs are in use. The 

simplest is suitab le for all applications where the switches 
are placed at the summing junction (v irtual ground point) of 
an operational amplifier (Fig. 1 a). For app licat ions where 
the FET sees the full analog signal swing, Fig. 1 b for exam
ple, a more universal driver design is used. 

,----,IH5002 ~ 
I I _ OUT 

IN 1 -'i 1 1 om 141 ------<o 
o ,"I~+ 

I I :I: 
1 

1

1 
- 0.1µF I • 

' ' 
~ONTROL [_I -s 
~ ":" 

Fig. 6. low-cost sample and hold circuit uses the IH5002 , which 
is a SOD on resistance J-FET driver/switch combination packaged 
in an 8-lead plastic DIP. Swi tching time at 25°C is guaranteed to 
be < 1 µ.sec. The decay rate in the hold mode is dependent on the 
741 input current, and is typically 800µ.V/msec. 

E D N/E E E M A R C H 1, 1 9 7 2 



The virtual ground concept is important since the signal 
amplitudes appearing at the switch are small, even though 
Y;,. and V

0111 
(Fig. 1) may be large. This greatly simpli fies the 

circu it design of the analog gate; each channel simply con
sists of a P- channel FET and a diode (Fig. 2). Costs as low as 
$1 per channel are realized with the lntersil IHS009/S010 
family using this approach (Ref. 1 ). A recent market survey 
has shown that more than 70 percent of analog switching is 
performed at a virtual ground point. 

The finite on-resistance of the P- channel FETs may be 
compensated for by using an additional FET in the feedback 

CHANNEL SELECT 

Fig. 7. Low cost 4-channel multiplexer makes use of the extra FET 
in series with the feedback resistor, effectively cancelling the 
switch resistance. The 301 A hooked up as shown will slew at 
about lOV/µ.sec, and the overall multiplexer settles to 0.1 % in 
about 1 . 5 µ.sec. 

loop (Fig. 3) . As an example, an extra FET for this purpose is 
included in the IHSOl 0 package. The R05 (onl of this FET 
is guaranteed to be within SOU of the other FETs in the 
package. Selections down to SU match are available. By 
this means, the effective switch resistance can be reduced 
by a factor of 30, from 1 son to sn. 

Typical J-FET and MOSFET drivers . 
In applications where the switch sees large analog sig

nals , or where lower on -resistances are required, an N
channel J-FET is used. In these cases the driver must en
sure that the FET remains in the correct state for ± lOV 

~ 
:::> 
O
z 

"' '3 
..: z 
..: 

SAMPLE/ HOLD 

,---------

SELECT --~ CHANNEL SELECT 

CF 

0.01 "F 

Fig. 8. In this 3-channel multiplexer with sample and hold, three 
out of the four switches are used to perform the mu ltiplexing. The 
final sw itch controls the sample and hold . The signal decay rate 
in the hold mode is determined by C,., and the worst-case leakage 
of the 1 H5009 (200 pA). · 

------------, 
IH5009/ IH5010 I":" 

100kn 

1MP. 

Fig. 9. A typical gain-programmable amplifier is shown. This one 
shows a current-to-voltage converter using J-FET switches and an 
8007 FET input amplifier. 

input signals. A simpl ifi ed schematic of such a driver is 
shown in Fig. 4 . 

When 0 1 is off, 0 2 is off and the FET gate is held at 
- 14.3V. For Vv < 4V, the FET will remain off for ± 10 
inputs. When 0 1 is turned on, 0

3 
is turned on momentar

i ly. The time is arranged to provide the optimum charge at 
the FET gate to switch it from the off to the on state. When 

CENTER FREOUENCY .fc 
1 

= 2 • JR, C1 R2 C2 
1 

=----
BANDWIDTH 

Fig. 10. Tunable bandpass active-filter features independent con
trol of cen ter frequency and Q. The analog switch in the negative 
feedback loop determines the value off c' while that in the posi
tive feedback loop programs the Q. 

a MOSFET is used, the driver simply derives - 1 9V to 
+ lOV from the 0 to +SY TTL input. A circuit such as that 
shown in Fi g. S does the trick. 

Applications show advantages 
A cross-section of the many possible circuit app lications 

for solid-state ana log switches is shown in Figs. 6 through 
11 . D 
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Solid-state 1 OOW am pl if ier 
operates from a 12V source 
This linear power amplifier for 558 applications uses only four transistors 
and spans 7 .5 to 30 MHz with less then -30 dB of intermodulation distortion. 

Don Schultz, TRW Semiconductors 

A linear 1 OOW rower amplifier for SSB transmitter app li 
cations can be designed with only four transistors. The 
wideband amplifier operates from a 12V sou rce and 
covers the frequency range of 1.5 to 30 MHz. It features 
intermodul ation distortion of better than - 30 dB and is 
capab le of withstanding open and short-c ircuit load condi
tions at full output. 

The all -so lid-s tate design approach offers users and 
manufacturers of HF/SSB eq uipment several advantages 
over a vacuum-tube design. These inc lude improved reli a
bility, small size, hi gh effi ciency and an instantaneous 
bandwidth. 

Amplifier design 
Four TRW Sem iconductor type PT57 41 transistors are 

used in the amplifier (see Fig. 3). Each transistor exhibits a 
load impedance of 2.4!1 and an effective junction-to-case 
thermal resistance of 2.5° C/W. Each is rated for 30W of 
output power dissipation. 

A push-pull configuration is used since the object is to 
design an untuned amplifier covering five octaves of band
width, and harmonics are of major importance. The Class B 
amplifier has harmoni cs in its output which are a function 
of the ratio f,.,,l f (cu toff frequen cy to operating frequency) 
and the se lecti v ity of the output matching network. Even-

COMPONENT 

c, 
c,. c, 3· c, 5 
C3, C8 . C1., C1 6 

C4, Cs. C9. C, o 
C6 • C1. c,,. C, 2 

C, 7, C1s 
L, 
R,. Rs 
R, . RJ. R • . Rs 
R1 

INPUT 

VALUc 
62 pF 
1000 pF 
0.1 µf 50V 
0.01 µF 50V 
0.001 l'F 50V 
25 1<F 35V 
2.2 µH (molded) 
100 !:l1 / 2W (carbon ) 
1.0 n 1 /2W (ca rbon ) 
100 n 2W (carbon ) 

L, 

R, 

0 1 , 0 2. 03.and 0 4 are TRW trans istors type PT5741 . 

Fig. 1- This 1 OOW linear power amplifier for SSB transmitter appli
cations operates from a 12V source. It uses only four transistors in a 
push-pul I output coniiguration to operate over a frequency range of 
1.5 to 30 MHz. The amplifi er tolerates a wide range of operating 
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order harmonics 40 dB down are eas ily achieved with thi s 
design, while off-order harmonics can be conven iently fil
tered. 

The amplifier is shown schemati ca lly in Fig. 1 . The two 
pairs of PT5741 transistors are operated in a push-pull con
figuration and then combined with zero-degree hybrid 
transformers T, and T8 to convert the nominal 50!1 source 
and load impedance to two 100!1 ports which are in phase. 
Any amp I itude or phase unbalance causes power to be 
dumped in res istors R

6 
and R7. 

Impedance matching 

Transformers T2 , T
3

, T
6

, and T
7 

employ two ferrite-loaded 
brass tubes each, which form center-tapped, U-shaped 
w indings. The high impedance winding is threaded , in con
tinuous turns , through the brass tubing until the desired 
turns ratio is achieved and is determined for the collector as 
follows: 

(1) 

where : 

~c 
":" c, 7 

Ts .OUTPUT 

T1 

temperatures, bias, load VSWR and overdrive conditions with a 
min imum of control circu itry. Its intermodulation distortion is bet

ter than - 30 dB and it can wi thstand both open and short-ci rcu it 
load condit ions. 
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ZL' = summing-port impedance (1 oorn 
P

0 
= combined output power fo r the pa ir of transis

tors (SSW ) 
Vee = co llector supply voltage (13.6V nomin al) 

V sat = rf saturation voltage (1.SV) 

The turns ratio of the input transformer is determined by: 

where: 

Z; ,, = summing-port impedance (1000 ) 

z,,o"' = zLFzl/F 

(2) 

(3) 

The quantiti es ZLF and Z11F are the complex input imped
ance of the transistors at the low (l .S MHz) and high
frequency (30 MH z) extremes, respectively. For the PTS7 41 , 
these values are: 

ZLF = (6.3- j0.8S)O = 6.40 
(5) ZHF = (0.9S- j0.8S) O = 1.60 

(4) 

The ca lculated turns ratio for the output transformer 
agrees with that chosen for the finished amplifier. The input 
transformers, however, are found to be more optimum with 
a S: 1 turns ratio, which improved the match at the high end 
of the band. 

Gain vs frequency response and the input match are tai 
lored by the addition of L" R" and C1 at the amplifier input. 
If should be noted that no extensive effort has been made to 
improve the input match and gain-frequency characteris-

11) (3) 

12) 14) 

W inding Detai ls 
Twi sted pair, #18 enameled copper wire, 5 twists per inch (not 
criti cal) 

T, and T8 are identica l to T, and T5 but are not mounted on PC 
frames. 

ti cs . A more complex network would certainl y y ield im-' 
proved results. In the circu it, C1 compensates, at hi gh fre
quencies, for some of the leakage inductance present in T

2 

and T3 . As the frequency decreases, the inductive reactance 
X1, 1 decreases and res istor R1 is allowed to absorb a portion 
of the input driver power. 

Collector feed network 
The co llector feed transformers T

4 
and T

5 
combine with 

the output matching transformers to form a modified 180° 
hybrid combiner. The usual ballast res istor, which would 
normally be 1.20 , is repl aced by a de buss. Due to the 
modified combiner, differences in phase or amplitude that 
would otherwise ex ist at the collectors are now minimized 
by allowing the difference current to be by-passed to 
ground. The resulting output currents in T

6 
and T

7 
are hi ghly 

balanced and provide exceptional se~ond-ha rmonic rejec
tion . 

Detai Is of the transformers ' constructions are shown in 
Fig. 2. The ferrite material used has an initial permeability 
of 800 and remains about 200 at 30 MHz. Losses in the fer
rite are quite low and the ferrite temperature ri se is typica ll y 
less than 20°C at cw output. The Curie temperature is 
l S0°C minimum (l 6S°C typi ca l). 

One of the most demanding aspects of linear power am
plifier design is the bi as network and assoc iated tempera
ture stability. Three major factors are important: 
1. Large-s ignal rf amplifiers will generally rectify a portion 

of the input signal. If the base-emitter res istance is hi gh, 
the amplifier will be biased Class AB for small signals, 
but will se lf-bi as to Class C operation under large-s ignal 
conditions. The shift in operating point serious ly in 
creases intermodulation distortion. The bi as source re-

(4) 

15) 

W inding Detai ls 
1-3: One turn, consisting of 2 pieces of brass tubing, 0. 190" 

0.0 .. T2 and T3 use 0.80" long tubes. T6 and T, use 
1.375" tubes. 

4-5: T2 and T3 use 5 turns of #18 enameled copper wire. 
T6 and T7 use 4 turns of #18 enameled copper wire. 

All ferrite beads are CN-20, type C- 1-2 (Ceramic M agneti cs, Inc., Fairfi eld, NJ . L = 0.190" , O.D. = 0.380", l.D. = 0.190". 

Fig. 2- Assembly and winding details. The left photo is that of 
tr.imformers T,, T5, T" and T7 , while the right one shows T, and 
T". EJch transformer is constructed of co lumns of ferrite beads 

stacked atop one another (4 co lumns for T.,. T,,, T6 and T, and 2 
columns for T, and T,). Si ngle-sided G-10 epoxy-fibergl ass l 'C 
boards are used on the ends. 
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sistance must therefore be kept very low, usually in the 
order of O.S to H1. 

2. Intermodulation distortion is usua ll y minimum over a 
relatively narrow range of quiescent collector current. 
The boundaries are estab lished by cross-over distortion 
and by the de safe operating current. The transistors 
used in this design have safe operating currents of 6A at 
13V and therefore have wide ranges of quiescent cur
rents for wh ich there are no measureable changes in in
termodulation distortion. 

3. Under small-signal conditions, the transistor dissipation 
is low, and the junction temperature will be quite close 
to the heat sink temperature. During periods of peak 
power dissipation , however, the junction temperature 
will rise. Reca lling that we have essentially a constant
voltage bias source, and that the temperature coefficient 
of the emitter-base voltage is -2 mV/°C, we can easily 
foresee a potential for thermal destruction. Si nce the 
junction-to-case thermal time constant is in the order of 
microseconds, a dangerous situation can ex ist with 
changes in either peak power output, load VSWR, or 
ambient temperature. 

Factor number 3 is most important. If thermal equilibri 
um cannot be maintained, destruction is rapid and com
plete. A criterion for thermal equ ilibrium can be derived as 
fol lows : 

d(le) = gm dV/J (6) 

d(le)Vee = g,,. Vee dVB (7) 

d(Pdiss) = g,,. Vee dVB (7a) 

d(Pdiss) eT = gm Vee er dVB (8) 

d(T) = gm Vee er dVa (8a) 

d(T) = g,,, Vee er (8b) 

We know that the normal variation of V 8 with temperature 
is -0.002V/°C. Thus: 

dT . 
_:___.i_ (critical ) = S00° C/V 
dV 11 

and any condition which causes dT/dV 8 to exceed S00° 
C/V will induce thermal run-away. 

Equation 8b gives quantitative insight into thermal sta
bility and is an exce llent guide to both the circuit and 
transistor designer. The transistors employed in the design 
embody improvements in each of the factors contained in 
equation 8b: 

g,,, The transc;onductance of the PTS741 is typically 
2 mhos and is essentia ll y constant at currents up 
to SA. This is achieved by extensive use of emitter 
ba llast resistors at each emitter site. 

Vee Since the transistor is designed to operate at 12V, 
there is a 2.3:1 improvement in thermal stabi lity 
compared to 28V types. 

er The transistor employs a sing le chip with a num
ber of thermally isolated ce ll s. Heat build-up due 
to thermal interaction is prevented and improved 
thermal impedance is achieved. The maximum 
eJ-C is 1.7S° C/W. The thermal stability factor is : 

= 2 x 12 x 1.7S = 42 

Furthermore, the ampl ifier is tolerant of both open and 
short-circu it load conditions at fu l I-power output. It is par
ticularly significant that the load mismatch is non-destruc
tive even though there is no external temperature compen
sation and the total amplifier dissipation exceeds 200W 
under short-circuit conditions. 

Amplifier performance 
A number of linear power amplifiers have been con

structed of the type shown in Fig. 3. They exhibit power 
transfer characteristics that are nearly linear under cw con
ditions at about 28MHz, with each amplifier terminated in 
a resistive SO.fl load. Sudden removal of the rf drive does 
not result in therma l hot-spotting. 

Fig. 3- In the layout of lOOW linear power amplifier positioning 
of the four output transistors (located between the two rows of 
transformers) is critical. For example, at 30 MHz an extremely 
small value of 6 nH of inductance (which can be caused by an ex
tra twist of wire) contributes about 1.2!1 of inductive reactance in 
the transistor's collector circuit. This would double the amount of 
resistance normall y found in the collector output ci rcuit to ground, 
and would contribute to output phase imbalance. 

The uncompensated power gain is about. 2S dB at 1.S 
MHz and drops off almost linearly to 1 S dB at 30 MHz. 
Uncompensated ga in is achieved by removing L, , R" and 

C,, but is corrected for reflected power. With compensation, 
the amp lifier's power gain smooths out to about 20 dB over 
9 to 14 MHz (17 dB at 1 .S MHz and 1 S dB at 30 MHz.) 

Third-order products of intermodulation distortion char
acteristics are predominant while 11th order products are 
typica ll y down by more than-SS dB (when referenced to 
one of two equal tones.) D 
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INTHE DARK 
OVER SWITCHES? 

Let Maxi-Switch shed some light on the subject. Ask for free 
literature on 1600/1800 Series keystrips, numeric blocks and 
encoded keyboards. Al so avai lable: 1200/1400 
Series keys trips and panel assembli es. 

3121 WASHINGTON AVE . NO . • MINNEAPOLIS, MINNESOTA 55411 

See Maxi in EEM 
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Flex ibi lity of the unique design of these new Bord-Pak components 
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~ 
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Circuit Design Awards 

PUT oscillator has 4-decade frequency range 
Herb Cohen 

Electret Corp. New York N.Y. 10023 

A simple PUT relaxation oscill ator, as shown in (a), has a 
tendency to " latch up" when the current in P1 exceeds the 
valley current of the PUT. Thi s severely limits the com
ponent va lues and voltages for the design of wide range 
oscil lators. 

The addition of a single transistor, as shown in (b), will 
prevent latch ing. When the PUT fires, 0 1 goes into satura
tion , caus ing C, to be shorted out. O, acts as a shunt path 
for the PUT and reverse biases the anode and cathode of 
the PUT momentari ly, thereby assuring turn-off of the PUT. 

An added benefit of C, discharging through 0 1 is that 
0, has a lower saturation voltage than the PUT. The dif
ference va ri es from a few millivolts for some transistors 
to 1 .5 vo lts for many PUTs. When considerin g tempera
ture stab ility, thi s difference allows much greater design 
flexib ility. The freq uency ran ge of this circuit is 7 Hz to 
23 kHz. D 

(a) (b) 

R3 

3 meg 5.6k 
P, 

PUT R, c , 
15k 

c, 
0.005 R, 0.005 

470!1 

The usual approach to PUT oscill ator design (a) offers limited fre
quency range, and often suffers from " latch-up. " The addition of 
Q, across C, (b) prevents latch-up and permits an operating fre
quency range of 4 decades. 

To Vote For This Circuit 
Circle 150 

Linear signal compressor has 
wide dynamic range 

Ri chard Karwoski 
Raytheon Co. Sudbury, Mass. 

~~~~~~~~ 

Here is an unu-, u<il and flexib le w ay to compress or limit 
signals linearl y and over a wide dynamic range. 

Specifi c app licat ions for thi s type of circuit occur in 
high-qua lity sound recording or other si tuati ons where 
sma ll -amplitude aud io signals must be compressed or 
limited to prevent overdrive. M ost conventional limiting 
systems have drawbacks. Either they use nonlinear de
vices which distort the signals or they provide an inexact 
compress ion region which usuall y involves some sort of 
ca libration procedure and always involves tri al-and-error 
adjustments. 

With the circuit shown in Fig. 1, amplifier A
4 

produces a 
de control vo ltage. The audio input signal is amplified by 
A

3 
and rectified by CR, to provide the de input for A4 • 

The main signal path is from input to output via A 1• The 
local feedback around A, allows compress ion and gain 
adj ustments. With Rf shorted, the control circuitry has no 
effect and the system becomes simply a linear voltage fol
lower. The gain eq uati on: 

(1) 

50 

reduces to e
0 

= e; 
The system shown in Fig. 1 is adjusted to provide unity 

gain with an input of 100 mV, regardless of the setting of 
Rr No additional ga in a.djustments are needed even if the 
limiting is readjusted. 

The limiting mechanism is based on the following equ a
tion for the configurati on shown : 

(2) 

For small values of X, the equati on degenerates to Y = X, 
which is equivalent to one-to-one compression. For large 
values of X, the output is asymptotically limiting. 

Note the similarity between Eq. 2 and the well-know gain 
formula of Eq. 3. 

Ae; 
1 + A/3 = e. (3) 

In the limiter circuit, the feedback element f3 is an analog 
multiplier, the conductance ::if which depends on the con
trol voltage from A4 , which in turn i's proportional to the in
put amplitude. 
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·fig. 1 - Signal-compression circuit uses analog multiplier as 
gain-control element. Input signal is rectified and applied to 
multiplier which determines feedback to A, . 

The transfer function for the complete circu it is as fol
lows: 

~= 
e; [ 1 + Rf (R, + Rn) ] 

R, R,, 
(4 ) 

A suitab le value of R,, can be selected so that the 100-mV 
unity gain poin~ remains the same for any setting of R1 
Then, with respect to this initi al setting, one can adj ust 

> 1oo t-~f-lt-t--::;;;~~~;;_~--
E. 
>
~ 75+-~-l-.fC-~~-¥-~--~ 
=> 
0 

"" ~ 50 +--l-'*-~~~-+-~-+--

o. 1 / 1 NO COMPRESSION 

0 25 50 75 100 

PEAK INPUT lrnV) 

Fig. 2- Various input-output characteristics for different set
tings of R1 in the circuit of Fig. 1. Circuit is initiall y adjusted so 
that it provides unity ga in with a peak input of 100 mV. 

compression without affecting gain. Fig. 2 shows various 
compression characteri stics that can be obtained with the 
component values shown in Fig. 1. 

Any suitable analog multiplier can be used in this cir
cuit. A Teledyne Philbrick Type 4452 was used in the 
prototype version and it prov ided the required perfor
mance. o 

To Vot e For This Circuit 
Circle 151 

Simple op amp relaxation oscillator 
generates linear ramp output 

Jerry Graeme, 
Burr-B rown Research Corporat ion, Phoenix, Ari zon a 

The common relaxation osci ll ator shown in (a) employs a 
unijunction transistor (UJT), and provides a timing pulse 

train and a crude ramp output. A fa irly precise timing pulse 
rate can be achieved by appropri ate bias of the UJT to re
move temperature sensi tivity. However, the zero tempera
ture-coeffici ent bias varies widely between UJTs of the 
same type, making consistent low-drift bias imposs ible 
w ithout trimming. In addition, the ramp generated by the 
relaxation osci llator generall y has serious limitations. 

Poor ramp linearity and output offset are two of these 
limitations which can be overcome with the op amp ci r
cuit shown in (b). The dischargi ng action provided by the 
UJT is now provided by 0 1 and Ov and the capac itor cli arg
ing current through R, is now controlled by the op amp. To 
insure a constant chargi ng current to C,, the op amp feed
back holds one end of R1 at ground leve l. The voltage on 
R, is then constant, and the charging current is independent 
of the capacito r voltage. Thi s results in a linear ri se in out
put voltage. 

The output-vo ltage rise continues until O, and 0
2 

turn 
on, as initi ated by the em itter-base breakdown of 0

2
. Break

down results from the inverted connection of 0
2 

and pro
v ides a low output-vo ltage limit. Since the co llector-base 
junction of inverted 0 2 is forward biased, its voltage drop 
is that of a forward biased junction. 

This peak voltage is temperature stable because the 
typical 2.6 mV/C sensitivity of -BV E IJ is largely cancelled 
by the -2mV/C variation in V8 E. As a result, the tempera
ture coefficient of the output peak V,, is around 0.01 %/0 C. 
Because the signal is a linear ramp, frequency drift is also 
0.01 %/°C Frequency, as set by the integration time, is : 

f = v-. _1_ 
V,, R, C, 

Once the emitter-base junction of 0
2 

breaks down, a 
base cu rrent is supplied to O,. Then O,, in turn, supp lies 
base current to 0 2 and discharging current to the capaci
tor. As the capac itor vo ltage drops below the breakdown 
point, 0, and 0 2 (because of their positive feedback) re
main on, to continue discharging C,. Discharging con-
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0.1 µ F 
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Frequency drift and nonlinearity of conventi onal relaxat ion oscill ator (a) are removed by compensating junctions and lineari zing of 
the operational amp lifier feedback (b). 

tinues until the capacitor vol tage will no longer susta in 
VBE" At thi s point the capacitor voltage equals V8 E and the 
output er

111
i

11 
is zero. The cancelling voltage provided by VJ 

removes any output offset. 
With thi s op amp ci rcuit, the ramp-train frequency is 

limited only by the slewi ng rate of the op amp se lected. 
Ramp linearity is limited by leakage from Q, and Ov the 
sensitivity of VJ toe,., and the op amp input-overload-recov
ery fol lowing discharge. Leakage from Q, and Q2 is limit
ed by R

3
, which also prevents thi s leakage from turning 

the transistors on. A stray turn-on current is also created by 
capacitance coupling from the output, which means that 
the se lected value of R3 is also frequency dependent. 

Linearity errors from variations in VJ are a result of the 
change in the diode current as e,. changes the drop on diode 
bias resistor R

2
. Nonlinearity from all of these effects is 

rarely more than 3% . D 

To Vote For This Circuit 
Ci rcle 152 

Single-digit BCD adder uses 3 ICs 
Dennis W. Wood 

The Boeing Co. Seatt le, Wash. 

A single-d igit BCD adder can be implemented with only 
three dual in -line packaged ICs. If more digi ts are required, 
bas ic single-d igit c ircu its can be cascaded, with the carry 

out from one stage connected to the carry in of the next 
stage. 

As can be seen in the schematic, a single-digit BCD ad
der uses two 4-bit binary full adders and a multiple-input 
AND-OR gate. 

The two BCD digits at the input are first added together in 
IC,. If the su m of the two d igits and the carry in is :!S9, there 
is no need for a carry to the next stage, and the binary out
put of IC, is simply the BCD sum. 

The B inputs to IC2 are wired such that IC2 adds a count of 
zero to IC,'s output if there is no carry, and adds a count of 
six if there is a carry. 

)2 

If the sum of the two inputs and the carry in is :;;. 10, the 
circuit must generate a carry out to the next BCD-digit 
stage. The multiple AND-OR gate, IC3 , detects the speci 
fied input conditions and generates the required carry out 
signal. 

The necessary input conditions for producing a carry 
out are sati sfied whenever one of the followi ng states oc
curs for IC,: 58 and 52 are true, or 58 and 54 are true, or the 
carry c4 is true. 

Because the output of IC, is a binary sum instead of a 
BCD sum, a further correction is needed. This involves add
ing an extra count of six to the output of IC, , thus forcing 
the binary counts of 10 through 19 to a count of 0 through 
9. The procedure is summarized in the table. 

Using similar techniques, it is poss ible to build a BCD
di git subtractor instead of an adder. Also, the rad ix of the 
adder can be changed to allow the addition of BCD min
utes and seconds instead of straight d igits. In this case, the 
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4 BIT 4 BIT 
BINARY BINARY 

FULL FULL 
INPUT ADDER ADDER OUTPUT 
DIGITS DIGIT 

X1 
10 A, L: , 9 s, 10 A, 

X2 
8 A2 L.:: 2 6 S2 8 A2 

X4 3 A3 L.:: 3 2 s, 
3 A3 

XB 1 A, L: , 15 Sa 1 A, 

L: , 9 
Z1 

· L.:: 2 6 
Z2 

L.:: 3 2 
Z4 

L: , 15 
ZS 

IC 1 IC2 

SN7483 SN7483 

Y1 
11 s, IC3 11 B, 

Y2 7 B2 SN74H52 7 B2 
Y4 4 BJ 4 BJ 

12 
YB 

16 B, 16 B, 13 
8 

CARRY IN 
13 Co c, 14 13 Co c, 14 NC 

(FROM PREVIOUS 
DIGIT) 3 ":" 

4 
5 ~----------n CARRY OUT 

(TO NEXT 
":" D~rn 

Simple BCD adder stage uses two 4-bit binary full adders and a 
multiple-i nput AND-OR gate for each stage. Further digits can be 
accommodated by cascading stages. 

ci rcu it should force a ca rry at a sum of six or greater and the 
output of IC, should be corrected by adding a count of ten 
to it. D 

Generating a carry 
SUM OF 
INPUTS 
AND 
" CARRY IN" 

0 

1 

2 

3 
4 

5 
6 
7 
8 
9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

ADDER 1 ADDER 2 
OUTPUTS OUTPUTS 

c4 ~8 ~4 ~2 ~I ZB IZ4 IZ2 IZ, 
0 0 0 0 0 0 o~p 
0 0 0 0 1 0 0 0 1 

0 0 0 1 0 0 0 1 p 
0 0 0 1 1 0 0 1 1 

0 0 1 0 0 0 1 op 
0 0 1 0 1 0 1 0 1 
0 0 1 1 0 0 1 1 0 
0 0 1 1 1 0 1 1 1 
0 1 0 0 0 1 0 0 0 
0 1 0 0 1 1 0 0 1 

0 1 0 1 0 0 0 0 0 

0 1 0 1 1 0 0 0 1 

0 1 1 0 0 0 0 1 0 

0 1 1 0 1 0 0 1 1 

0 1 1 1 0 0 1 0 0 

0 1 1 1 1 0 1 0 1 

1 0 0 0 0 0 1 1 0 

1 0 0 0 1 0 1 1 1 

1 0 0 1 0 1 0 0 0 

1 0 0 1 1 1 0 0 1 

To Vote For This Ci rcuit 
Ci rcle 153 

"CARRY OUT" 
TO 

NEXT DIGIT 

0 

0 

0 

0 

0 

0 
0 
0 
0 
0 
1 
1 
1 

1 

1 

1 

1 

1 

1 

1 

CDA monthly winners : October 1, 197 1 
to go in March 1, 1972 issue 
October 15, 1971 
November 1, 1971 

Your vote determines this issue's w inner. All cir
cuits published win a $25 U.S. Savings Bond. All 
iss ue winners receive an additional $50 U.S. Sav
ings Bond and become el igi ble for the annu al 
$1000 U.S. Savings Bond Grand Prize. 

Vote now, by c ircling the appropriate number on 
the reader inqu iry ca rd. · 

Submit your own circuit, too. M ail entries to Cir
cuit Des ign Program Editor, EDN/EEE, 22 1 Colum
bus Ave., Boston, MA 02116. 

Readers have voted: 

Leonard Accardi winner of the October 1 Sav in gs 
Bond Award. His winning circu it was ca l led, "Super
stab le reference-vo ltage source" . Mr. Accardi is 
with Kollsman Instrument Corp., Elmhurst, N.Y. 

Charles A. Herbst winner of the October 1 5 Savings 
Bond Award. His winning c ircuit was called, " Di gi
tal Phase-locked loop with loss-of- lock monitor." 
Mr. Herbst is with Comfax Communications, Garden 
City, N.Y. 

Robert I. White winner of the November 1 Savings 
Bond Award. His winning circuit w as ca lled, "Gated 
60 Hz clock avoids glitches." Mr. White is with the 
University of Wisconsi n, Madison, Wi s. 
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PROGRESS IN PRODUCTS 

New 50A Schottky diode achieve long-term stability 
A new SO-ampere, 20-vo lt hot-car

ri er Schottky barri er diode with an ex
tremely low forward-voltage drop 
achieves exce llent long-term stab ility 
through the use of a proprietary barri
er-metal li zat ion technique, and oxide
nitride pass ivation. The unit, the Inter
national Rectifier 50HQ020, can be 
app lied effic ientl y in the 20-40 Hz 
region. 

Use of the ox ide-nitride pass ivation 
technique is signifi ca nt; w ithout it, 
impurity ions such as ubiquitous so
dium can migrate to the surface of the 
sili con near the edge of the barrier. 
Thi s causes surface inversion and in 
creased leakage. 

Improved stability for Schottky de
vices is a sought after parameter since 
it affects eq uipment reli ability and 
device utili zation . For example, in 
low-voltage appl ications using less
stable power devices, leakage current 
can increase with time; thi s can cause 
a condition where the reverse power 
losses become signifi cant compared 
with the forward power losses. The 
resultant increase in junction tempera
ture will further increase the reverse 
power losses (due to an increase in 
leakage current, which is temperature 
dependent). Thi s in turn can produce 
a positive feedback condition , causi ng 
a catastrophi c device fa ilure. Im
proved stability of the new IR Schottky 
markedly reduces the possibility of 
thi s type of fa ilure. 

An additional major feature of the 
new device is a reduction in the ef
fects of temperature on leakage cu r
rent - a change of only 2: 1 is exhibit
ed when the temperature moves from 
25 degrees C to 1 00 degrees C. Pre
vious devices on the market can 
change by as much as 5: 1. The re
duced sensitivity to temperature fur
ther improves overall device reliability 
with time and temperature. 

The combined effect of improved 
stability and reduced temperature sen
sitivity means that designers can now 

5.J 

achieve reliable performance over 
device lifetime and at c lose to full -rat
ed specification s, without conservative 
derating to ensure reliability. 

Although high-power Schottkys rep
resent a m;ijor new concept in power 
rectification , the Schottky diode for 
signal use has been around for years. 

In the Schottky, which is essentiall y 
a metal-to-semi conductor su rface bar
rier rectifier, the rectification takes 
place at the interface between the 
semiconductor material and the metal. 
It is a majority ca rrier device and does 
not have a PN junction like conven
tional alloyed or diffused silicon recti -

verse swi tching current generated in a 
Schottky device is a very low capac i
tive displacement cu rrent. 

Si nee the Schottky barrier units es
senti ally eliminate the current spike, 
there is little reverse recovery energy 
loss, which is one factor accounting for 
the improved swi tching effic iencies of 
the riew units. 

The lack of reverse recovery losses 
is also the reason for the Schottky's 

improved operation at higher frequen
cies. For example, at a frequency 
where a PN junction device has re
verse recovery losses equal to or 
greater than the forward losses, the 

r 1111 1I1 I \ 1 1 \ \I11\\1\\\1\\\ 1 I 1 \ 1\t1I , I1\\\ 1\ , I1 I ~\1, ,, 1, \ \ 1\ 1, pr 1I1\1 

The 50HQ020 Schottky diode is supp lied in a rugged industrial preferred D0-5 package, 
and weighs about one ounce. 

fier dev ices do. 
The Schottky behaves somewhat 

ana logously to the more fa miliar PN 
junction rectifier, but has a substan
tially lower voltage drop. Because it is 
a majority carrier device, it does not 
have the stored minority carri er 
charge found in the typical PN junc
tion devices. Thi s means that the 
Schottky switches more rap idly from 
forward to reverse - th at is, it switches 
very rapidly into a blocking mode. 

By contrast, in a PN junction de
vice, minority ca rriers are stored in the 
base region. When the device is 
switched into the reverse mode, the 
store charge is swept out, resulting in 
a reverse current spike. The onl;y re-

device can be operated at or less than 
half the rated forward power. But at 
the same frequency, the reverse losses 
in the Schottky are sti 11 low compared 
to the forward losses, so there is less 
need to derate the Schottky as a fu nc
tion of frequency. 

The lower forward voltage drop of 
the Schottky, 0.65V at 1 OOA peak in 
the case of the IR device (versu s 1 to 
1.SV for a PN juncti on device), is ob
tained because the potential drop (or 
barrier voltage) at the metal -to-semi 
conductor barrier is rou ghly half that 
of a PN junction ; as well as because 
of the use of a thin si l icon epitaxial 
layer in conjunction with an extreme
ly low resistance silicon substrate. The 
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substrate acts as a series resistance in 
the forward direction. 

Because of vo ltage capabi lity limita
tions the new device is only suitable 
for low-voltage rectification. How
ever, since its forward voltage drop is 
only about half that of a standard PN 
junction devices's drop, the Schottky 
can dramatically improve system effi 
ciency. For example, consider the 
case of a 5V, 1 OOA square-wave in
verter power supply using a standard 
diode with a forward voltage drop of 
1.15V, and requiring an input to the 
rectifier of 6.15V at 1 OOA. This is 615 
watts in and 500 watts out, or an effi 
ciency of 81 percent. For the same 
system using a Schottky, the input to 

the rectifier would be 5.65V at 1 OOA : 
565 watts in for 500 watts out, or an 
efficiency of 88.5 percent. 

The extremely low switching losses 
of the SL hottky make it especially suit
able for high-frequency rectification. 
In addition to reducing the size of 
tran, iormers and filters by using high
frequency conversion, the new Schot
tkys can improve the effi c iency of the 
rectifier section twofold - by reduced 
reverse-recovery losses and by low 
forward-voltage drop. 

The 50HQ020 can typically be 
used in converter circuits at frequen 
cies in excess of 20 Hz, compared 
with a general limit of 5 Hz for l'N 
junction diodes. 

Other characteristi cs of the 
50HQ020 include: 
·Max. peak one cycle, non-repetitive 
surge current . . .. . . ...... 800A 

·Max. 12t (non-repetitive for 5 to 8.3 
msec) ....... . . . . . . 2650 A2 sec 

·Max. non-repetitive peak reverse volt-
age . ...... . .. ... .. . .... . 24V 
·Max. repetitive peak reverse volt-
a~ ......... . ..... . .. .. 20V 

·Max. operating junction temperature 
range ...... . .. -65 to 100 deg. C. 

Pri ce in 100-lot quantiti es is $9.00, 
and delivery is four weeks. 

Semi conductor Divi sion, Interna
tional Rectifier Corporation , 233 Kan
sas St. , El Sequndo, CA 90245. Phone 
(2 13) 678-6281 . 314 

Fully programmable synthesizer sets standards in sophistication 
Frequency synthesizers fall into two 
categories: low-cost, moderate-per
formance types (about $2500) gener
ally used in automatic-testing applica
tions, and more expensive ones ($5000 
or more) that offer greater sophistication 
and hi gh-quality outputs needed in 
communication systems. 

One of the most sophisti cated syn
thesizers is one introduced by Hew
lett-Packard. The automatic Model 
3330B uses built-in ROMs that allow 
the instrument to be fully programmed 
(amplitude and frequency) from the 
front panel via an upward-ti/table 
keyboard, thus eliminating the need 
for a computer for sweep control. 

The synthesizer uses seven digitally 
controlled phase-locked loops to pro
vide a 0.1 Hz to 13-MHz range with a 
constant resolution of 0.1 Hz and a 
stability of ± 1 x 10- 8 /day. A ± 1 x 
10- 9 /day option is also available. Ad
ditionally, the 3330B can be locked to 
any external source with a ± 1 x 
1 o- "/ year optional reference. 

While this completely program
mable $6000 instrument offers fairly 
good harmonic distortion rejection 
down to -60 dB, its spurious re
sponse of - 70 dB, is lower than that 
of other high-cost synthesizers. 

However, it offers a host of features 
that put it in a class by itself. Its output 
of 0 to ± 13.44 dBm (1 .05V rms into 
500) is level to within ± 0.5 dB. LED 
displays show both the frequency and 
amplitude (nine digits for frequency 
and four digits for amplitude). 

As a sweeper, the instrument uses 
digital sweeping for linearity. Either 
single or continuous sweeps may be 
set up. Frequency parameters are en
tered from the keyboard or remotely. 
The size of the step can be as small as 
0.1 Hz. Parameters such as center fre
quency, frequency step, time per step 
and the number of steps go into the 
memory, and are then exec uted by 
pressing a single button . The ROM 
operates the sweep unti I t" lrl to stop. 

Many of the sweep parameters can 
be changed while the instrument is 
sweeping. The 3330B sweeps ampli 
tude in steps as small as 0.01 dB, and 
the amplitude can be stepped at the 
end of each frequency sweep cycle to 
produce a family of curves. 

All necessary status and control 
lines required for interfac ing are stan
dard . Each control has a spec ifi c 7-bit 
parallel ASCII code assi gned to it. An 

addressing feature allows operation of 
several units in parallel. Onl y one 
programming devi ce or interface ca rd 
is needed to fully program multi 
ple units. Hewlett-Packard 's 32 60A 
marked-card programmer is avai I able 
as a programming accessory. 

Model 333 0B can also be ampli 
tude modulated using an ex tern al sig
nal of up to 1 00 kH z. 

A less-expensive version (Model 
33 30A) is avai I able at $5100. It does 
.not contain the keyboard entry of 
amplitude parameters, cannot be am
plitude swept and does not display 
amplitude values. It has a manual 
amplitude control and its output is 
level to ± 0.5 dB. Otherwi se it is iden
tical to the Model 3330B. 

Delivery of both i\ .ind B ve r~ ion s is 
60 days. Hewlett-Pack.ml Co. , 1501 
Page Mill Rd ., Palo Alto , CA fl .n04 . 

Phone (41 5) 493-1501. 315 

Using bu i l t~i n ROMs, Hewlett-Packard 's Model 333PB synthesizer allows complete ampli 
tude and frequency programming from an upward-tiltable keyboard on the front panel. 
The instrument ranges over 0.1 Hz to 13 MHz at a c;:mstant resolution of 0.1 Hz. 
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REFERENCE D IODES offer multi-current 
range. Operating current range is 1.0 to 3.0 
mA for IN461 l family, 3.0 to 7.0 mA for 
IN461 2 family and 7.0 to 13.0 mA for 
IN461 3 family. All units are ava ilable in 
hermeti ca ll y sea led D0-7 or · micro strip 
package. Price: $2.65 (100 pieces). CODI 
Semiconductor Div., Computer Diode Corp
oration, Pollit Drive South, Fair Lawn, N J 
0741 0. Phone (201) 797-3900. 170 

PROGRAMMABLE SHIFT REGISTERS fill 
the need fo r registers with odd lengths 
and tap locations. The MM4007/MM5007 
mask-programmable dual 100-bit dyndmic 
MOS register ca n be programmed from 20 
to 1 00 bits long. The MM4019/MM5019 
dual 256-bit register ca n be 40 to 256 bits. 
National Semiconductor Corporation , 2900 
Semiconductor Drive, Santa Clara, CA 
9505 1. Phone (408) 732-5000. 171 

LOW-POWER LED DISPLAY, requires only 
7 milliwatts per digit. The HP 5082-7405 is 
a fi ve-d igit cluster, passivated monolithic 
seven-segment indi cator. The self-magnifier 
enlarges each digit of the display c luster to a 
height of 0. 11 2 inches. The five-digit cl uster 
is 0. 75 inches w ide. Pri ce is $17.50 each in 
orders of 100. Hewlett-Packard Company, 
1601 Ca liforni a Avenue, Palo Alto, CA 
~3~. 172 
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MULTIPlCXtNG llNf MEMORY REGISTERS AT JMH1 DATA RATf 

MOS STATI C SHI FT REG ISTERS are bipo
lar-compatible. The dual 128-bit model 
252 1 V register and the dual 132-bit model 
2522V are P-channel enhancement mode, 
sili con-gate devices in 8-pin miniature dual
in- line packages. When ordered in a quanti
ties between 250 and 999, the 252 1 V and 
2522V sel l for $5.00 each. Signeti cs, 811 
East Arques Avenue, Sunnyva le, CA 94086. 
Phone (408) 739-7700. 173 

TTL SHIFT REG ISTERS feature de couplin g. 
Designated the SN54/74 l 78 and 179 the 4-
bit shift registers are functional rep lace
ments for the 8270 and 8271 currentl y on 
the market. The 179 shift register has a di
rect clear input, the 178 does not. Prices 
begi n at $2 .00 each in orders of 100 pcs. 
Texas Instruments Inc., 13500 North Cen
tral Expressway, Dallas, TX. Phone (214) 
238-374 1. 176 

LI S TERMI NAL TRANSMITTER, the LSI D ATA RECEIVER converts serial data to 
MC2257L, provides versa tile data transfer 
for com muni cat ions data terminals. This LSI 
device replaces 30 TTL packages used in 
o lder transmitter design. Information is en
tered in parallel and stored until transmitted 
in seri al form. Price is $20.40 in single 
quantities. Motoro la Semiconductor Prod
uct<; In c. P.O. Box 209 12, Phoenix, 
AZ85036. Phone (602) 273-6900. 17 4 

THE FET MULTIPLEXER CAM601 is a 6-
channel device featuring a 60-ohm max. R

0 11 

and break-before-make action. Off-channel 
iso lation is enhanced by ac grounding of the 
FET gates. Internal reference res istors assure 
track ing of ± 10 volt ac signals without c lip
ping or R

011 
modulation. Teledyne Crysta

Ioni cs 147 Sherman Street, Cambridge, MA 
02 140. Phone(617)526-735 1. 175 

parallel form. The MC2259 L receiver ac
cepts digital data from a MODEM, and pro
vides this data in parallel form. It operates 
over the range of de to 1 Ok bits per second 
in a divide-by-64 mode, or 200 k bits per 
second in a divide-by- 1 mode. Price is 
$27. 90 each in small quantities. Motorola 
Inc., Semiconductor Products Di vision, 
P.O. Box 20924, Phoenix , AZ 85036. 
Phone (602) 273-6900. 177 

• ~ -r=r 

O PTOELECTRONIC COUPLERS use three 
di ffe rent techniques. H 1OA1 LED-photo
transistor coup ler offers 3 µsec turn on. 
HlOl Bl LED-photo Darlington offers cur
rent transfer ratios of 500%. H 1 OCl LED
light activated SCR offers 1-amp output with 
15 mA input. Prices start at $3 .95 each in 
1000 piece quantities. General Electric 
Company, Electroni cs Park , Syracuse, NY 
13201. Phone(315 ) 456-202 1. 178 
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ULTRA LOW NOISE OP AMPS, 108LN and 
308LN are pin-for-pin replacements fo r 
101 A/301 A amplifi ers. Both feature max. 
input referred voltage no ise of 70 nV/ Hz at 
10 Hz and popcorn noise transition ampli 
tude (2 R, = 1 OOK) of 25µ,V max. The 
108 LN is pri ced at $36.00 each and the 
308LN at $5 .95 each in orders of 100. lnter
sil Corp., 10900 N. Tantau Ave., Cupertino, 
CA 95014. Phone (408) 257-5450. 179 

MOS 7 SEGMENT DECADE COUNTER, 
designated HCTRO l 77, drives LED or liq
uid crystal di spl ays. Thi s resettable up
down counter is a counter/ latch/decoder/ 
driver in one 16-pi n package. Power dis
si pation is 350 mW , and the units may be 
cascaded. Hughes Microelectronic Products 
Div. , 500 Superior Ave. , Newport Beach, 
CA 92663. Phone (213) 670-1515. 180 

HIGH-VOLTAGE TRANSISTOR CHIPS for 
hybrid appli cations have V crn ratings from 
175 to 225V and a minimum operating fre
quency of 50 MH z. The chips measure 19 
mils square and 6 ± 1 mi Is thi ck, and were 
designed specifi ca ll y to drive plas ma and 
gas-discharge di splay devi ces. In orders of 
1000, prices range from 22 to 27¢ each. 
Dioni cs, Inc., 65 Rushmore St. , Westbury, 
N.Y.1 1590. Phone(5 1 6)9'1~ -.i~.J. 181 

HIGH VOLTAGE TRANSISTORS feature 
Vceo ratings from 400 to 800V. Avai lab le in 
both NPN and PN P versions, these transis
tors have hfe = 25 to 300 and VCt'(sat) = 

l .OV max. In quantities of 1000, the 400V 
units are pri ced at $3.00 each, the SOOV 
units at $4.00 each, the 600V at $5.00, 
700V at $6.00, and the 800V transistors 
are $7.00 each. lndustro Transistor Corp., 
35-1 O 36th Ave. , Long Island City, N.Y. 
111 06. Phone (5 16) 466-65 11 . 182 

MICRO POWER O PERATIONAL AMPLIFI 
ER, the CA3078AT, has a power supp ly 
range from ± 0.75 to ± l SV and requires 
only 12nA input bias cu rrent. Maximum 
input-offset vo ltage is 3.SV, input-offset cur
rent is 2.S nA, and open- loop vo ltage ga in is 
92 dB. Price in 1000 unit orders is $4. 95 
each. RCA So lid State Div., Box 3200, Som
ervi lle, N. J. 08876. Phone (201) 722-3200. 
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4-BIT MSI BINARY COUNTER, Type Hl 56, 
is a high-level logic device featu ri ng a mini 
mum fan-out of 25. It is a synchronous pre
set and reset, and operates from supply vo lt
ages between 8 and 20V. The Hl 56 is the 
14th device to be introduced in the Hll MSI 
seri es. Societa Generale Semiconduttori , Via 
C. Olivetti , 20041 -Agrate Br., Mi lan, Italy. 
Phone (039) 63541. 184 

The reason Federal makes the 
real -time spectrum analyzer 
you should use is that we also 
make a lot you shouldn't use. 

Federal Scientific has the biggest, broadest, most 
varied line of low frequency real-time spectrum analyzers 
on the market. 

We have 5 big , complicated Ubiquitous® Analyzers to 
do big , complicated jobs, and 3 simpler Mini-Ubiqs™ to do 
simpler jobs ... or anything in between ... with a wide range 
of averagers, displays, machine signature adapters, range 
translators , and computer add-ons. 

Get in touch with us. We can tell you all about our 
spectrum analyzers you shouldn't be using ... and also the 
one you should . 

Write for free 24-page Monograph #3 , "Real Time 
Signal Processing in the Frequency Domain ," and our con
densed catalog . 

Federal Scientific Corporation , 615 West 131 st Street, 
New York, N.Y. 10027. --"'--_....... _. ti... I 
(212) 286-4400. 'B'f Wf'fitlf3P9lfP ~ ,.AA,,,.~~ 

SUBSIDIARY OF €;] ELGIN NATIONAL INDUSTRIES, INC. 

ORIGINATORS OF THE FAMOUS UBIQUITOUS® FAMILY. 
CIRCLE NO. 22 

Highest 
Speed 
A/D 

in Its 
Class! 

(2 J/S for 12 bits) 

Designed to provide an excep· 
tional speed/performance ratio, 
units in Phoenix Data 's new ADC 
900 Series offer fast, accurate, 
successive · approximation con· 
version with excellent repeat· 
ability , linearity , and mono · 
tonicity. 

FEATURES: 

High Speed Conversion 
2 Microseconds for 12 Bits. 
1 Microsecond for 10 Bits. 
800 Nanoseconds for 8 Bits. 

Accuracy 
±0.025% of Full Range - ADC912. 

Versatility 
Binary, pin-compatible with 700 
and 70 series. 

Self-Contained 
Including precision reference voltage. 

Repa irable 
No potted active circuitry. 

Call or write today for the complete 
ADC 900 Series story. 

PHOENIX DATA,INC. 
3384 West Osborn Road 

Phoenix, Arizona 85017 

Ph. (602) 278-8528. TWX 910-951-1364 

CIRCLE NO. 23 



COMPONENTS 

CHIP CAPACITORS employ multil ayer 
monolith ic construction . Type ULA chips 
w ith 25-, 50- and 100-vo lt ratings are now 
avai lable in over 150 capac itance va lues 
per EIA-RS 198 and MIL-C-55681 ranging 
from 1 pF through 1 µF, w ith to lerances from 
1 % to 20% . They are also ava il able in chi p 
arrays in 14- and 16-pin DIP packages. 
Aerovox Corporation, New Bedford, M A 
02741. 185 

SUB-MINIATURE THERMISTOR PROBE 
features ex tremely fast time response and 
length sli ghtl y over 1 /4 " . The "sub-mini 
probe" consists of a thermistor bead sea led 
in a glass tube. Standard probes are avai 1-
able in nominal res istances of soon to 300 
kfl , and can be used at temperatures up to 
300°C. Fenwa l Electroni cs, 63 Fountain St. , 
Framingham, M A 01701. Phone (617) 872-
884 1. 186 

PROTECTIVE SCR CROWBARS provide a 
complete transient protection micro-circuit 
in a si ngle package. Capable of handling 
overvo ltage transients in 50 nsec and volt
age surges of up to 40A for 10 msec. Stan
dard tri p points are from 5 to SOV de. Pri c
ing ranges from $5 .00 to $12.00 in small 
qua ntiti ~s . Transtector Systems, 532 Monte
rey Pass Road, Monterey Park, CA 91754. 
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TURN COUNTING DIALS, seri es DFA, are 
des igned to be small enough to conserve 
panel space, yet provide easy readability. 
The 1.1 inch di a. allows mounting densities 
of 99 units/ft 2

• A gr~ rl u~terl vern ier dial inte
gral with the knob indi cates tenths and 
hundredths, providing setting accuracy of 
one part per 1000. Ampheno l Controls Di 
vision, 120 South M ain Street, Janesville, 
WI 53545 188 

METAL FILM RESISTORS, the RLR 07, RLR 
20 and RLR 32 styles, are full y qualified to 
MIL-R-39017. Power ratings are from 1 /4 W 
to 1 W at 70C. Res istance range is 4.3fl to 
3. 1 MEGfl. Delivery is 6 weeks ARO. Sam
ples are avail able. Mepco/Electra Inc., Co
lumbia Road, Morri stown , N J 07960. 
Phone (201) 685-5000. 189 

THIN FILM LADDER NETWORKS are avail
able in 8, 10, 12, and 14 bit R-2 R versions. 
All four networks feature a tracking charac
teri stic of less than 1 ppm/°C. Transfer lin
ea rity for the 8-bit network is 0.5%, 10-bit 
0.03%, 12-bit 0.01% and 14-bit 0.005%. 8 
and 10-bit networks are packaged in a stan
dard 16 pin DIP, and the 12 and 14 bit net
works are in a 20 pin DIP. Hybridyne, Inc., 
J 150 Pullman St. , Costa M esa, CA 92 627. 
Phone (7 14) 540-5935 . 190 

RUGGED MERCURY-WETTED SWITCH 
eliminates the dangers of mercury leakage 
and handling problems associated with 
glass switches. Logcell II sw itches are com
parable to conventional mercury-wetted 
switches, prov iding bounce-free c losures 
and up to a billion operations. Price ranges 
from $1.00 to $2.00, depending upon 
quantity. Fifth Dimension Inc., Box 483, 
Princeton, N j 08540 191 

SOLDERING INSTRUMENT has internal 
temperature adjustment from 500 to 750°F. 
Temperature sensing, control amplifier and 
SCR power control ci rcuit are all contained 
within ihe clear plastic handle of the LON
ER precis ion soldering tool . Price of the in
strument with bench-rest and spare tips is 
$35.00. EDSYN, Inc., 15954 Arminta St. , 
Van Nuys, CA 91406. Phone (2 13) 989-
232 4. 192 

LOW-COST KEYBOARD SWITCH offers a 
life rating in excess of 10 million operations. 
Des ignated 601-M 11 A, the switch has an 
operating force of 2.5 ounces, ± 0.50 
ounces and mounts directl y to printed cir
cuit board s. Button pretravel is 0.100 in . 
minimum; stroke is 0. 187 in. total. Am
phenol Contro ls Division, Switch Opera
tions, 41 9 South Arch Street, Janesville, WI 
535 45. 193 
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SU B-MIN IATU RE REE D SWITCH designat
ed MAAC-2 switches lamps or other hi gh
inrush loads. Maximum recommended 
lamp loads are 12V de at 0.210A or 120V 
ac at 15 W. Physical dimensions: 1.775 in . 
length; 0.800 in glass length; 0.105 in. glass 
diameter. Hamlin, Inc. , Lake Mills, WI 
53551. Phone(414)648-2361. 194 

ARGON LAS ER, Model 2000A, is the first 2-
watt laser with automatic self-aligning op
tic s. "Auto-tune" continuously aligns the 
mirrors so that their axes are always main
tained coaxial with the plasma tube bore. 
This resu lts in a constant power level and 
stabilized beam position. Optical Data Pro
cess ing Inc. , 38 Vitti St., New Canaan, CT. 
Phone (203) 966-8731. 195 

MINI ATURE THUMBWHE EL SWITCHES 
snap together. The series 545 switches 
mount on 5/16 inch centers to provide any 
number of desired decades. Character 
height is 3/16 inches and switching func 
tions inc lude decimal - 10 position , 1 or 2 
pole binary with complements or binary 
without complements. Dialight Corp., 60 
Stewart Ave., Brooklyn, NY 11237. 196 

PROTECTI VE COATIN G, "Anti -Heat," acts 
as a heat si nk in welding, brazing and sol
dering operati ons. It is easi ly removed by 
w iping off the excess and washi ng the sur
face with plain water. Tempil 0 Division , 
Big Three Industries, Inc. , Hamilton Blvd. , 
South Plainfield, N J 07080. Phone (20 1) 
757-8300. 197 

PHOTOCELLS FEATURE COLO R-COD
ING. The color-coded bases correspond 
with three peak spectral response areas
green, orange or red (5 15, 575 and 625 
nm). "On" resistance typical ly is 500, 
1500, and 3000 !1 when measured at 10 fc. 
"Dark" resistance values are typically 
above 10 MO. Price is $0.39 each in 2500 
quantities. Allen-Brad ley Co., 1201 S. Sec
ond St., Milwaukee, WI 53204. 198 

SERIES TUNAB LE CAPAC ITO RS, Models 
7263 and 7283, are designed for critical 
"tweak ing" of micro-stripline circuits. They 
are designed to mount across gaps in strip
line ci rcu itry. Capacitance ranges are 0.3 to 
1.2, 0.4 to 2.5, and 0.5 to 4.5 pF. Prices are 
from $7.85 to $4 .25 each. Johanson Manu
facturing Corp., 400 Rockaway Valley Rd. , 
Boonton, N J 07005. Phone (201) 334-
2676. 199 

find who said- High.Speed 
Analog to Digital Converters are 
supposed to be expensive? 

Dynamic Measurements has off-the-shelf 
9, 11, 13 Bit and 3 digit BCD units 
avai lable at the lowest possible prices. 

FEATURES : 
• 500 nanosecond/bit conversion speed 
• Temperature stability with Internal 

Reference to 1 2 ppm/° C 
• Variable Word length 
• Unipolar on Bipolar Input@ ±5 or 

±10Volts 
• Para llel and Serial Output 

Plus many more .. . 

Check this price ... 
Nine bit A to D Converter ( 1-9 
quantity) .. $295.00 

Write or call for more information 
6 Lowell Avenue, 
Winchester, Mass. 01890 
Tel: (617) 729-7870 Cable: DYMECO 

Manufacturers of Precision Operational Amplifiers. 
Data Conversion Products. Instrumentation Amplifiers. Sample/Hold Amplifiers ... 

CIRCLE NO 24 

SUPER IN SU LATION minimizes thermal 
losses. Developed to provide maximum 
thermal efficiency for containment of such 
ultra-cold cryogeni c fluids as liquid helium 
(-452°F) and liquid hydrogen (-423°F), 
"Super Insulation Systems" have demon
strated thermal conductivities from 10 to 
200 times lower than conventional insula
tion. Insu lation is contained in an annular 
space between inner and outer container 
shell s under hi gh vacuum. Union Carbide 
Corp. , Linde Division, 270 Park Ave., New 
York, NY 10017. Phone (2 12) 551-4512. 
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FREE SAMPLE- Plastic handles for printed 
circuit ca rds require no mounting hardware. 
Models 10035 and 1003 7 have molded 
clips which mate to pre-drilled holes in the 
PC board. The third serie<. Model 10036, 
mounts by means of two screws or rivets. 
Price for 1000 pieces is $0.21 each. Vero 
Electronics, Inc., 171 Bridge Road, Haup
pauge, NY 11 787. Phone (516) 234-0400. 
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LOW TEMPERATURE-CU RE COATI NG, in 
powder form, simplifies processing of com
ponents. The epoxy base powder, ECCO
COAT 721, overcomes. one of the major 
objections of coating powders, which re
quired the item to be coated to be pre-heat
ed to a temperature of 350°F. It is now nec
essary to pre-heat the part to only 180°F. 
Price is $2 - $3 per pound. Emerson & Cum
ing, Inc. , Canton, MA 02021. Phone (617) 
828-3300. 202 

MOISTURE BA RRIER S l ll~ONE stabili zes 
sem iconductor junctions and surfaces. MBS 
is a single component sys tem espec ially 
processed from highl y purified siloxane 
compounds, with self-catalyz ing properties 
and cu res to form a tough silas ti c protective 
coating impervious to moisture. It's operat
ing temperature range is - 65°C to +275°C. 
Material is available from inventory, priced 
from $12.00 per pound. Transene Compa
ny, Inc. , Route 1, Rowley, MA 01969. 
Phone (61 7) 948-2501. 203 

ELECTRICALLY CONDUCT IVE, copper 
based paint can be applied and cured at 
room temperature. Designated CBRC, it has 
a cured resi st ivity of about one ohm per 
sq uare at 2-3 mil s thickness and can be ap
plied by brushing, spraying, or rolling. It can 
replace higher cost, precious metal paints in 
many applications. Available from stock at 
prices from $45.00 per gal lon . Conshoh
ocken Chemicals, Inc., 130 S. Easton Road , 
Glenside, PA 19038. Phone (2 15) 887-
4471. 204 

MINIATURE FILTERED LAMPS are embed
ded in colored silicone rubber. The upper 
portion of the unbased T-3 /4 or T-1 lamp is 
covered with a rubber filter and the base is 
potted to prevent li ght leakage. These as
semblies are stocked in red, light blue, 
green , blue and ye llow. For samples and 
add itional data ca ll or write: APM-Hexseal , 
44 Honeck St., Englewood, N J 07631. 
Phone (201) 569-5700. 205 
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CIRCUITS 

8-BIT D/A CONVERTER 371-8 features cur
rent-output performance for under $10 in 
single quantities. Reportedly the smallest 
discrete-component d/a converter on the 
market, it plugs into a single IC socket. Fea
tures include a built-in reference, DTL/TTL 
compatibi lity, 950-nsec settling, ±1/2-LSB 
linearity and temperature coefficient of 100 
ppm/°C. Hybrid Systems Corp. , 95 Terrace 
Hall Ave., Burlington , MA 01803. Phone 
(617)272-1522 207 

THERMOCOUPLE AMPLIFIER OMNI-AMP 
I is a self-powered portable microvo lt unit 
that boosts thermocouple signals up to 100 
times. It can be placed directly at a thermo
couple output jack or between any standard 
thermocouple quick-disconnect. Gain is 
avai lable in 7 fixed choices plus a variable 
ga in , and frequency response is de to 10 
kHz. Amplifier, batter ies, jacks and adapters 
cost $85. O mega Engineering, Inc., Box 
4047, Stamford , CT 06907. Phone (203) 
322- 1666. 208 

12-BIT D/A CONVERTER Model MN312 
fits into a 16-pin hermet ic DIP. The unit 
incorporates monolithic amplifiers and 
planar chips and a preci sion 1 :1 -bit ni 
chrome ladder network. It provides an out
put range of 0 to ± 1 V and settles to 0.01 % 
of its final value in less than 0.5 µ,sec. Price 
is $79 (1 to 24) and $45 (250). Micro Net
works Corp., 5 Barbara Lane, Worcester, 
MA 01604 . Phone (6 17) 756-4635. 209 
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LED PHOTOTRANSISTOR ISOLATORS, 6-
lead DIP 1 SOOV types, feature minimum 
transfer ratios of 20% to 600%. Model CLl -
2 has transfer ratio extremes of 30% and 
100%, and ri se and fa ll times into 1000.of 5 
µ,sec. Model CLl -3 has 20% at 1 mA and 
100% at 10 mA. Rise and fall time is 5 µ,sec. 
Model CLl -5 has rise and fa ll times of 2 
µ,sec. into 1000.. Minimum transfer ratio is 
20% at 20 mA. Clairex Corp. , 560 S. Third 
Ave., Mount Vernon , NY 10550. Phone 
(9 14) 664-6602. 210 

OP AMP Model 1421 packaged in a T0-99 
case features 10-pA bias current, 1 0,000 
CMRR, ± 12V CMV and 10 mA of output 
current. The 1421 is directly interchange
able with the popul ar 741 and 740 op amps, 
is " latch up" proof, and incorporates output 
short-c ircu it and input fau lt protection. Its 
unity-gain bandwidth (f1) is 1 MHz. Cost 
(100 to 249) is $8.50. Teledyne Philbrick, 
Allied Drive at Route 128, Dedham, MA 
02026. Phone (6 17) 329-1600. 211 

TONE ENCODER, thi ck-film hybrid Model 
ST-85 1, spans 20 Hz to 3 kH z with a fre
quency stabi lity of ± 0.5% over a tempera
ture range of - 30 to + 1 00°C. Power re
quirements are 12.6V de at less than 4 mA, 
nominal. The unit wi ll function to speci fi ca
tions from 11 to 30V de. The output is ad
justable to 2.SV rms. Rise time is 10 msec. 
Alpha Electri ca l Services, Inc., 8431 Mon
roe Ave., Stanton , CA Phone (7 14) 821-
4400. 212 

BINARY-TO-DECIMAL DECODERS con
tain built-in memory PC-board re lays to per
form a variety of switching functions. They 
use no relay sockets or solderi ng but p lated 
conductors as the fixed contacts. Units con
vert any 6, 12, or 24V bin ary de logic from a 
computer or any other instrument to deci 
mal information. Price is $25 and delivery is 
2 to 4 weeks. Printact Relay Div. , Execu
tone, Inc., Box 1430, Long Island City, NY 
111 01. Phone (2 12) EX2 -4800. 213 

SCANN ING MEMORY for use with a con
ventional scope provides a steady, fli cker
less image of very-low-frequency signals. 
The SM-101 holds 5 sec of data in storage 
and updates and recircu lates it 200 
times/sec for scope presentation. A hold 
circui t prevents updating and permits obser
vation of the stored data without degrada
tion . Price is $485 and ava il ability is within 
60 days . Memox, Inc., 15904 Strathern St. , 
Van Nuys, CA 91406. Phone (213) 994-
9029. 214 

MULTIPLEXING A/D CONVERTER, multi
channel system Seri es AN5800, provides up 
to 64 multiplexed 8 to 15-bit channels in 
the master control /display chass is, and ex
pansion capability without limit in compat
ib le expansion chassis. Price for an 8-chan
nel multiplexer, samp le and hold, 12-bit a/d 
converter with power supp ly, chass is and 
all interconnects is $1260. Delivery is 2 to 6 
weeks. Analogic, Audubon Rd., Wakefield, 
MA 01880. Phone (6 17) 246-0300. 206 
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CIRCUITS 

DC-TO-DC CONVERTER Model PS-2402 is 
rated at + 5V input and ± 1 SV output at 150 
mA and features dimensions of 2 by 2 in. 
and a low profil e of only 0.375 in. It can be 
used on PC boards with 0.5- in. spac ings 
and is rfi shielded. Its effic iency is 60%, iso
lation is 1012!1 and breakdown is 2SOOV 
rms. Cost is $69 and delivery is stock to 4 
weeks. Stevens-Arnold , Inc., 7 Elkins St., S. 
Boston, M A 02127. Phone (617) 268- 11 70. 

215 
OEM REGULATED POWER SUPPLIES pro
vide 15 different output vo ltages from 4 to 
28V de with current ratings of 6 to 1.7 A. 
Built- in features of the O LV-30 Seri es in
c lude: 0.1 % line and load regulation , 0. 1 % 
ripple and noise, remote sensing and fo ld
back current limiting as well as electrostati 
ca lly shielded transformers. Prices start from 
$44. Elexon Power Systems, 18651 Von 
Karman, Irvine, CA 92664. Phone (7 14) 
883-1717. 216 

CRYSTAL OSCILLATOR, vo ltage-controlled 
JKT0-85, features low power consu mption 
of only 20 mW. Housed within a hermeti 
ca ll y sea led co ntainer measuring only 0.75 
cu bi c in. , it is designed for any center fre
quency between 17.5 and 22.5 MHz with a 
frequency deviation of at least ± 0.1 % for a 
modulation input of ±2V (peak), de to 20 
kHz. Price in 100-unit quantities is $200 
each. CTS Kni ghts, Inc., Sandwich, IL 
60548. Phone (815) 786-8411 . 217 

FREQUENCY-TO-DC CONVERTERS, Seri es 
200 Tach-Trol , are designed for measure
ment and contro l of rpm, linea r flow or 
speed. They accu rately convert frequencies 
into hi gh-level output currents or voltages 
which are linearly proportional to the input 
signal. Standard current ranges of 1 to 5, 4 
to 20 and 10 to 50 mA are fi eld se lectab le. 
Airpax Electronics/Controls Di v., Box 8488, 
Fort Lauderdale, FL 333 10. Phone (305) 
587-1100. 218 
VOLTAGE-TO-FREQUENCY CONVERT-
ERS in a family of twelve models cover full 
sca le frequency ranges from 25 Hz to 100 
kHz and feature 0.01 % linearity. Input im
pedance exceeds 100 M!l and zero and 
fu ll -sca le settin gs are adjustable by indiv id
ual trimmers. The modules are designed to 
be powered from an external ± l SV de. Unit 
price for all models is $145 and delivery is 
stock to 30 days. North Hills Electronics, 
Inc., G len Cove, NY 11 542. Phone (5 16) 
67 1-5700 219 
POWER SUPPLY operates from either 98 to 
132V ac or 196 to 264V ac at line frequen
cies of 47 to 63 Hz. Model SEl -5-6K-E pro
vides an output vo ltage of 5V de at 0 up to 
6A continuous. The output voltage adjusts 
to ±0.SV. Line regulation is ±0.02% and 
load regulation is ± 0.05 %. Price is $64.50 
(100 pieces) and incl udes a 5-year warran
tee. Salient Electroni cs, Inc., Rexford, NY 
12148. Phone (5 18) 393-4590. 220 

Improve your CRT displav 
and save money doing-itl 

Dynamic Measurements has off-the-shelf 
High Speed , "Glitchless" Digita l to Analog 
Converters, 200 AD series, t hat feature improved 
performance at " less t han the going rate." 

FEATURES: 

• 150 nanosecond up-date rate 
• ±11 volts@ ±40 MA output 
• 3 mV Peak Transients@ 8 MHz 

Bandwidth 
• ALL steps un iform to 0.01 % of F .S. 
• 8, 10, 12 & 13 Bit Resolution 

avai lable 
Check the pri ce ... 
For example: our 10 Bit Model in 1-9 
quantities is $335.00 complete. 

Write or call for more informa ti on ~flv+.. I A AA re 
6 Lowell Avenue, ~ ! ~~ ~ 
Winchester, Mass. 01890 
Tel : (617) 729-7870 Cabl e: DYMECO co ~ 
Manufacturers of Precision Operational Amplifiers, RP ~ 
Data Conversion Products, Instrumentation Amplifiers, Sample/Hold Amplifiers ... 
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QUADRATURE SINEWAVE OSCILLA
TORS feature 0.04% distortion-buffered 
quadrature outputs (90° ±0. 1 °) whi ch track 
to better than 100 ppm/°C, frequency drift 
to 100 ppm/°C and output amplitudes ex
ternally adjustable from 2 to 20V pk-pk with 
a resistor or vo ltage. They are avai I able as 
fixed-frequency models (0. 1 Hz to 20 kH z) 
or tuneab le models whi ch can be varied 
over a 1000: 1 range. Frequency Devi ces, 
Inc. , 25 Locust St. , Haverhill , MA 01830. 
Phone (6 17) 372-6930. 221 

SAMPLE/HOLD AMPLIFIER ZD45 1 fea
tures sample accu racy of ± 0.01 % of full 
scale range, 1 O"!l input impedance and a 
settling time of 7 µ,sec for a O-to-1 OV input 
step. O ther features inc lude user se lect ion 
of inverting or non-inverting operation, 50-
nsec aperature time and user se lectable ga in 
of + 1 to + 100. It is priced at $39 (100 
quantities). Zeltex, Inc., 1000 Chalmar Rd ., 
Concord , CA. 94530. Phone (41 5) 686-
6660. 222 
INSTRUMENTATION AMPLIFIER Type 
MSIA-1 uses three selected 74 1 op amps in 
a 14-lead fl atpack that are connected in a 
c lass ica l three-amplifier, differential- input, 
single-ended output confi guration. A built
in res istance network provides inherent 
closed- loop ga in of unity in the 3/8 by 3/8 
by 0.067-i n. package. CMRR is 94 dB, drift 
is 5 µV/°C and noise is only 3.5 µ,V rms. 
Pri ce is $35. Mini-Systems, Inc., David Rd ., 
Box 429, N. Attleboro, MA 02761. Phone 
(6 17) 695-0206. 223 

SOLID-STATE RELAY Type SLS-2500 fea
tures 1 OOOV ac (pk-pk) 1/0 isolation, sps t 
normally open contac ts, 1 A at 8 to 32V de 
contact rating and drive-co il TTL compati
bility. Coi l operates from 2.4V de at 1.6 mA 
maximum through - 55 to+125°C and may 
be subjected to 32V de continuous ly with 
out damage. Contacts feature snap-act ion 
w ith hys teres is. Sterer Engineering and Mfg 
Co., 4690 Colorado Blvd. , Los Ange les, CA 
90039. Phone (213 ) 245-7161. 224 

TRUE ZERO-CROSSOVER ELECTRONIC 
SWITCH a"ures true zero-volt switching by 
forming an electrical cushion between the 
signal input and load power. Seri es 6500 
module has a solid-state output switching 
circuit that is iso lated from the input sig
nal through a long- life reed relay. Guard
ian Electric Mfg Co., 1550 W. Carroll 
Ave., Chicago, IL 60607. Phone (31 2) 
243- 1100. 225 

DC POWER SUPPLY for powering linear 
I Cs supplies ± 1 SV at 200 mA from 2 by 3 
by 1-in. module. Model BPM-15/200 wi th 
an input iso lation transformer has output 
load regulation of ± 0.1 % and line regu la
tion of ± 0.05 %. It can power up to sixty 
741 op amps, features 65 % efficiency and 
has 100-M!l iso lation. TC is ±SOpp/°C and 
output stability is ±0.05% over 0 to +71°C. 
Pri ce is $69. Datel Systems, Inc., 1020 
Turnpike St. , Canton, MA 02021. Phone 
(6 17) 828-6395. 226 
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COMPUTER PRODUCTS 

FIR<;T WRITABLE CONTROL STORE and 
PROM writer for minicomputer users allows 
them to tailor the HP2100 instruction set to 
meet the unique needs of differin g appli ca
tions. Writable control store (WCS) has 
2S 6 24-bit words of RAM plus address and 
read/write circuitry on one card . The PROM 
writer converts microprograms deve loped 
with W CS to ROM . Hewlett Packard , 1 SOl 
Page Mill Rd ., Palo Alto, CA 94304. 
Phone: (41 S) 493- 1 S0 1. 227 

TWO NEW LOW COST CALCULATORS 
feature high speed printers. Model 21 S is a 
printing multiplier and the Model 217 print
ing ca lculator has addition, subtraction, 
multiplication, division and squaring capa
biliti es. Up to 10 di gi ts can be entered, w ith 
answers up to 11 digits. Model 21 S is pri ced 
at $249, and the Model 217 at $32S . Busi
ness Machines Div. , The Singer Co., 23SO 
W ashington Ave., San Leandro, CA 94S77. 
Phone: (41 S) 3S7-6800. 228 

CARD READER SYSTEM is a peripheral to 8-
and 16-bit ALPHA and NAKED MINI com
puters. The system incl udes a Bridge 8000, 
300 card/ min card reader in a table confi g
uration , and an interface contro ller whi ch 
plugs into a standard prewired 1/0 slot in 
the computer's mother board . System cost 
is $38SO. Computer Autom ation Inc., 89S 
W est Sixteenth St. , Newport Beach, CA 
92660. Phone (714) 642-9630. 229 

ELECTRONIC PRINTING CALCU LATORS. 
Four models range from P-2S3, with fo ur 
fun ctions and one accumulating register, to 
P-2S6, with three accumulating registers, 
item counter, square root and percentage 
functions and sign control . All feature a 
14-digit mosa ic printer, float ing input and 
fixed output decimals, and direct positi ve 
and negati ve accumulation registers. Phili ps 
Business Systems, Inc. 37 W . S7th St., New 
York, NY 100 19. Phone (2 12) 7S l -6670. 
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CASSETTE DIGITAL MEMORY SYSTEM. 
The 2-channel MT-S stores two-million bits 
at a packing density of 800 bpi . Capstan 
drive system provides a tape speed of 7.S 
ips with start and stop times of less than 
2S msec. Two models are avail able: the 
MT-SW for " write only" and the MT-S R for 
" read only" appli cations. Pri ce is $S9S. 
TEAC Corp. of America, 7733 Telegraph 
Rd ., Montebello, CA 90640. Phone: (213) 
726-0303. 231 

DISK STORAGE SYSTEM provides random 
access storage for any HP 2100 Seri es 
computer equipped with DMA (Direct 
M emory Access). It uses the IBM 23 1 S type 
disk cartridge in single o r multiple disk 
drive configurations and provides 1.22 m 
words of storage. Three operating systems 
are avail ab le: Rea l Time Executive, Di sk 
Operat ing System, or Disk Based Au xili ary 
Memory System. Daconi cs Corp. , 92S 
Thompson Pl. , Sunnyva le, CA 94086. 232 

READ-AFTER-WRITE CASSETTE HEADS 
have precision-machined track locations 
that require no adjustment before mountin g. 
The single-track Model A284A and two
track Model A-280A magneti c heads fea
ture a crossfeed rejection of no less than 
20 DB with a write ri se time of 2µ,sec and 
can be used for virtuall y any di gital appli ca
tion. Arvin Magneti cs, 69SO W ashington 
Ave., S. Eden Prairie, MN SS343. Phone 
(6 12) 94 1-6700. 233 

DIGITAL PRINTER, DM-SOO series, prints 
3 lines/sec and up to 21 co lumns. It can be 
suppl ied minus case and power suppl y, or 
w ithout pri nt mechanism. The latter in
cludes one pc board with all drive elec
troni cs and power suppl y. An opti onal 
internal clock provides day of month , hours, 
and minutes. Pri ce for 21 co lumns with case 
is $720 ,ind $62S w ithout c,ise. Keltron 
Corp., 22-1 Crescent St. , W,i ltham, M A 
021S4. Phone (6 17) 894-0S2S 234 

VARIABLE SPEED LINE PRINTER. Model 
246 prints full 132 column lines at 200 
lines/min , or speeds up to 400 and 600 
lines/min utili zing 96 and 48 columns, 
respectively. Model 306 prints full 132 
co lumn lines at 300 lines/min or at 600 
lines/min when utili zing 96 columns. Both 
models have 64 ch aracter drums and 8 
channel VFU . Model 246 price is $SS OO 
and Model 306 is $6100. Data Printer 
Corp., M sgr. O ' Brien Highway Cambridge, 
MA 02 141 . Phone: (61 7) 492-7484. 235 

MINICOMPUTER FAMILY EXPANDS: The 

model SPC-16/40 shown and five other 
SPC-16 sisters (/4S, / 60, /6S, /80 and /8S) 
are pri ced from $39SO to $8SS O. They fea
ture large four-layer pc boards with buried 
power and ground planes for low noi se. 
The /80 and /8S models, use Schottky
c lamped TTL to achi eve 800 nsec cycle 
times. General Automation , Inc., 1 OSS 
S. East St. , Anaheim, CA 9280S. Phone: 
(7 14) 778-4800. 236 

FAN FOLD TAPE READER, TRF9300B, 
features LED li ght sources, self cleaning 
read heads and bipol ar logic compatibility. 
It can stop on character at 300 char./sec 
and handle tapes having up to 60% li ght 
transmi ss ivity without adjustment. Reader 
is 19 inch wide x 7 inch high and has fan 
fold bins with 1 SO ft. tape capacity. Elec
troni c Engineering Co. of Ca lifornia, Elec
troni c Products Div., 1441 E. Chestnut 
Ave., Santa Ana, CA 92701. Phone (7 14) 
S47-5S01. 237 

PAPER TAPE SYSTEMS convert GRAF/Pen 
data input to punched paper ta pe. Systems 
201 2 and 201 3 operate in either binary or 
BCD mode and include a GRAF/Pen stylus, 
14 x 14 inch tabl et, control units, and the 
paper tape punch. The latter pun ches up to 
7 5 char./sec and is avai I able in S-to 8-
track models. Pri ces for System 201 2 start 
at $S99S and for System 201 3 at $6 29S. Sci
ence Accessories Corp. , 65 Station St. , 
Southport, CT 06490. Phone: (2 03) 2S5-
1 S26. 238 
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9 x 7 DOT M ATRIX LINE PRINTER. The 
101 A low cost impact printer prints at 
speeds of 1 65 characters/sec. Standard 
features are: paper run away control , single 
line spacing, full 64-character set, hardware 
code selector, and 50 or 60 cycle multi 
vo ltage operation. Pri ce is $41 30 for single 
units. Centroni cs Data Computer Corp. , 
One W all St. , Hudson, NH 0305 1. Phone: 
(603) 883-01 11 . 239 

MICROPROGRAMMED MINICOMPUTER 
fo r general-pu rpose and business appli ca
tions. Hardware features microprogrammed 
are: a seria l 1/0 contro ll er, a bootstrap 
loader, and a high speed Direct Memory 
Ch annel b lock 1/0 feature. The CIP/2200 
includes memory addressing to 32K bytes, 
1.1 mi crosecond full cycle memory speed, 
8- or 9-bit memory bytes and 16 general
purpose 8-bit fi le registers. Process Con
tro ls Di v., Cincinnati Milacron, Lebanon, 
OH 45036. Phone (5 13) 494-1200. 240 

DIGITAL MULTIPLEXERS, ca lled MultiTerm 
1, can utili ze as many as 16 computer 
terminals on a single telephone or com
muni cations line. The terminals may be 
located up to 4000 ft from the Mult iTerm 1 
and are operational at speeds of up to 
9600 baud. Provis ion fo r built-in modems 
has also been made. Pri cing begins at 
$750. Delta Data Systems Corp., Wood
haven Industria l Park, Cornwells Heights, 
PA 19020. Phone (2 15) 639-9400. 241 

BRAIDED WIRE ALTERABLE ROM. The 
1K x 16 ROM runs from a +5.0V suppl y, 
has system access times of 200 nsec and 
cyc le times of 500 nsec, and is fu ll y de
coded inc luding data registers. Up to eight 
memori es ·may be paralleled. Dimensions 
are 5.2 x 8.5 x 1 .25 inches. The ROM is 
plug compatible with the PD P- 14 and 
PDP-16 and is pri ced at under 2¢/bit in 
OEM quantiti es. Datapac Inc., 18872 
Redhill Ave., Santa Ana, CA 92707. Phone 
(7 14) 546-7781. 242 

lntrodocing the best 
prke/~formance ratio 
1n the deck of DACS. 

Dy namic Measurements has off- t he-shelf High Speed Mul ti ply ing 
D/ A Converters, 200 AM Series, offering a pr ice/perfo rmance 
ratio never before available. 
FEATURES : 

• Settling t ime fo r Digital input change of 1 MSB 
500 nanosecond to with in ±1 LSB 

• Sett ling time for 0 to 10 vol t analog input change 
1 microsecond to ± 1 LSB 

• 8, 10 and 12 Bit Resolution 
• ±10 vo lt output@ ±40 mA. 
• Temperature Stabil ity as Iowas 17 ppmf Cof F.S. ~IA AAi( 

Unit pri ce fo r 12 Bi ts (Model 203 AM) $195.00 M~ 1 ~~~A-..... ,...,..,,,_ 
Wri te or ca ll fo r more information / ' ~U-<L/~\tl~ L..:J 
6 Lowell Avenue, Winchester , Mass. 01 890 r;::..RP ~ 
Tel : (617) 729-7870 Cable: DYMECO \..U · ~ 
Manufacturers of Precision Operational Amplifiers, 
Data Conversion Products, Instrumentation Amplifiers, Sample/Hold Amplifiers .. . 
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DISC FILE SYSTEM. Model DC-16, in ter
faces IBM 23 11 or single spindle 23 14 
compatible disc drives to non-IBM com
puters. It can hand le up to nine disc drives 
(max imum of eight on-l ine), provides buf
fering and signal timing fo r the memory/d isc 
data transmiss ion, and monitors the status 
of the disc drive and the data transfers. 
Telefil e Computer Products, 17785 Sky 
Park Circle, Box AO, Irvine, CA 92 664. 
Phone (7 14) 549-3329. 243 

REPROGRAMMABLE ROM. Series 1002 
capac itive fi eld-a lterable ROM (RE-PROM) 
has capaciti es from 256 to 26K bi ts per pc 
board and inc ludes input buffering, timing 
and contro l, address decoding, output data 
reg isters and TTL/ DTL interface. It is non
vo lati le, NDRO, and has an access and 
cycle times up to 50 nsec. Full y assembled 
and tested system price is less than 1 ¢ /bit. 
Integrated Memories, 260 Fordham Rd., 
Wilmington, M A 01887. Phone (61 7) 
658-5073. 244 

MODEMS. Seri es 12A line of modems, de
signed for application on the direct-distance 
dialing network, operate at 0-1200 bps. 
They are offered in half duplex with addi
tional versions for 5 bps and 150 bps re
verse channel, with or without automatic 
answer. Both custom-configured modem 
cards fo r OEMS and stand-a lone modem 
packs are provided. Di gital Communica
tions Dept. , Sanders Associates, Inc., Daniel 
Webster Highway Nas hua, NH 03060. 
Phone (603) 885-28 17. 245 

ADD-ON PLATED-WIRE MEMORIES. 
Model NM-83 16 (16K x 16) and NM08332 
(32 K x 16) feature partitionable memory 
capabi lity wh ich provides software or 
program protection from accidental w ipe
out. The amount of memory to be protected 
may be field programmed. Price is $9873 
fo r NM-83 16 and $ 13,202 fo r NM-8332. 
Nemonic Data Systems Inc., 130 1 W est 
Thi rd Ave., Denver, CO 80223. Phone 
(303) 892-70 12. ' 246 

KEY-TO-DISC SYSTEM, System 1302, of
fers a fu ll -record CRT display at each key
station, and an 1 8,000-record disc capacity 
based on a record length of 1 25 characters. 
Other rec~d lengths are availab le to im
prove data management. M onth ly rentals 
are ava il able. Pu rchase prices are: $31,500/ 
Contro l Unit, $1 200/keystation, and $4800 
for the Expansion Adapter Un it. lnforex, 
21 North Ave., Burlington, MA 01803. 
Phone (6 17) 272 -6470. 247 

INFINITELY ALTERABLE MINI ROM, Mod
el 816, is a non-volatile, NDRO, electrica lly 
alterabl e ROM. It uti l izes a low -threshold, 
square- loop core, arrayed in a 2-core/bit 
mode and is available in a vari ety of con
figurations and storage capaci ties, with a 
max imum storage of 256 bits. Features in
clude i,nfini te alterabi lity, full TTL compat
bi li ty, +5V-on ly operation, and 36-pin 
dual in-line packaging. Q uadri Corp .. 2950 
W est Fairmont, Phoeni x, AZ 85 01 7. Phone 
(602) 263-9555. 248 

63 



AM ERICAN 

Tolerance 

SCHAUER 
1-Watt 

ZENERS 

Kit con tains a 51-piece assortment 
of SCHAUER 1 % tolerance 1-watt 
zeners covering the voltage range 
of 2. 7 to 16.0. Three diodes of eac h 
voltage pac kaged in reusable po ly 
bags. Stored in a handy file box . 
Contact your distributor or order 
direct. 

A $54.57 value for 

ONLY $24fil! 
Semiconductor Division 

SCHAUER 
Manufacturing Corp. 

4515 Alpine Ave. Cincinnati , Oh io 45242 
Telephone : 513/791 -3030 
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COMPUTER PRO DUCTS 

MINICOMPUTER FOR PROCESS CON
TROL. Model 360, a 16-bit mini , can pro
cess 143 instructions consisting of 120 
standard instructions, 8 executive instruc
tions and 1 5 input/output instructions and 
features 3 interrupt levels. MOS or ferrite
core memori es are used for the variable 
main memory with a maximum capaci ty 
of 60 K words (plus 1 K words of ROM). 
Siemens Corp., D-85 20 Erlangen 2, Post
fach 325, Federal Republic of Germany. 
Phone: (09 131) 7-3394. 249 

32-BIT COMPUTER, systems 85, is an 
850-nsec processor with core memory ex
pandable from 8K to 131 K words. Memory 
byte parity and page protection are stan
dard. 1/0 facilities transfer data to and from 
peripherals at up to 1.1 7 million words/sec. 
As many as 16 device controller channels 
can be linked to the 1/0 bus. Prices range 
from under $1 50,000 to over $400,000. 

Systems Engineering Labs, Inc., 6901 W. 
Sunri se Blvd. , Ft. Lauderdale, FL 33313. 
Phone (305) 587-2900. 250 

TAPE CLEANER, the Mark IV, uses a se lf
sharpening, rotating cy lindrical blade to 
remove contaminants on the oxide side of 
a tape and a screen c leaner to clean the 
mylar backing. A vacuum removes con
taminants from both sides. Cleaning at 
180 inches/sec, a two-pass cleaning opera
tion takes 5 min. Price is $2300. Data De
vices, Inc., 62 19 DeSoto Ave. , Woodl.rnci 
H i ll s, CA 91364. Phone (2 13) 887-8246. 
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REED RELAY M ULTIPLEXER, the Reedscan 
Model 3000, is a systems oriented 3-wire 
or 6-wire multipl exer used for sequenti ally 
connecting from 2 up to 100 data sources. 
The scanning capacity can be expanded 
from the bas ic 10 channels up to 100 chan
nels in ten channel increments. Channel 
identification is presented in 1248 BCD 
code. Basic 10-channel pri ce is $995. Pivan 
Data Systems, 6955 North Hamlin Ave. , 
Lincolnwood , IL 60645 . Phone (3 12) 
676-0790. 252 

How do 
you put 
18yearsof 
Microwave 
Systems 

• experience 
in48pages? 

You don't .. _ 
when you're the company that pioneered 
strip transmission line com ponent and 
system tech nology (TR I-PLATE®) ... 
developed computer programmed solu
tions to anten na design ... packaged 
complete functions of all the well-known 
coaxial components into integrated 
sub-system modules (M IM). • 

How can you say it all in one book? 
The very best we could do was to list 
our STANDARD microwave products 
under one cover. It talks to engineers 
and systems designers about CO M
MUNICATIONS, TELEM ETRY, and 
RADAR showing them what they can 
buy NOW w ith eig hteen years experi
ence built in. If you want more innova
tions , you ' ll have to ask! 

Call Mr. Mel Bloom at (603) 669-4615, 
Ext. 447 or write to Grenier Field, 
Manchester, New Hampshire 03103. 

fSATAlMICROWAVE 

~~'.:~~:.:: ... 
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EQUIPMENT 

RF NETWORK ANALYZER Model 1710 
provides precise measurements of transmis
sion and reflection properties (including 
magnitude, phase, group delay, and S pa
rameters) over 400 kHz to 500 MHz. It also 
features 11 5-dB dynamic range, 0.005-dB 

resolution and 50 or 75 !1 operat ion wi thout 
performance degradation . Cost is $6850. 
General Rad io, 300 Baker Ave. , Concord , 
MA 01742. Phone (617) 369-4400. 253 

POTENTIOMETRIC RECORDER Kompen

sograph Ill has 0.25 % accuracy, 0.1 % 
linea rity, 18 ranges of amplifi ca tion and 
capabi lity for forward and reverse record
ing. Availab le as a single or doub le-channel 
recorder, its short response times of 0.25 
or 0.5 sec and interference voltage sup
pression allow its use in many applica tions. 
Kompensograph Ill has 11 se lectable volt
age ranges and 7 current ranges. Siemens 
Corp. , 186 Wood Avenue South, lselin, 
NJ 08830. Phone (201) 494-1000. 254 

VCF/TRIG FUNCTION GENERATOR Mod
el 7050 has a 0.001-Hz-to-11 -MHz range 
and tri gger and gate ca pa bi lity for single
shot and burst waveforms. It produces sine, 
sq uare, tri angle, ramp, pu lse and sync 
waveforms in continuous, single-shot or 
burst modes. Waveform symmetry can be 
continuous ly adjusted from a range of 19: 1 
through 1 : 1 to 1 : 19 for ramp and pulse op
eration . Exact Electronics, Inc., Box 160, 
Hillsboro, OR 97 123. Phone (503) 648-
666 1. 255 

DATA ACQUISITION/CONTROL SYSTEM 
Series 9600 can be confi gured as a stand
alone or a distributed system to automate 
single processes or entire factori es. Central 
to the system is an expandab le mini com
puter with a memory capaci ty of 8192 
to 32,768 16-bi t words. Systems start at 
$22,350 and deli veri es are to begin April 
1972. Hewlett-Packard Co., 150 1 Page Mill 
Rd., Pa lo A lto, CA 94304. Phone (4 15) 493-
1501. 256 

10-MHZ SCOPES, single and dual-trace 
Models 310 ($425) and 320 ($495), respec
tively, feature ca li brated attennuators on 
verti ca l and hori zontal amplifiers and ca li
brated tri ggered sweep. Input impedance is 
1 Mfl, verti ca l sensitivity is 5 mV/div. to 
SOV/di v. and sweep ranges from 100 
msec/div. to 1 µ,sec/div. (p lus SX magnifier). 
Delivery is 60 days. Thorton Associates, 
Inc., 87 Beaver St., Waltham, MA 02 154. 
Phone (6 17) 899-1400. 25 7 
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BIDIRECTIONAL COUNTER Series 7713 
totali zes at 500 kHz. Its universal input cir
cuit accepts sine and square waves or pulse 
signals. It ca n be used as a self-contained 
totali zer, or interfaced with the Veeder-Root 
Series 7700 family to form a complete data 
acquisition system. It comes with 4, 5, 6 or 
7 illuminated decades and a ± indicator 
and operates from 105 to 125V ac, 50/60 
Hz. Veeder-Root, Hartford, CT 06102. 
Phone (203)527-7201. 258 

REAL-TIME ANALYZER for digital correla
tion and probability analysis, Model SA l-
43A, features 400-point resolution at select
able samp ling increments down to 0.2 µ,sec 
(5 MHz). It also provides 800-point pre
computat ional delay. The unit operates in 
three modes- correlation (a uto and cross), 
probabil ity and signal enhancement. Signa l 
Ana lys is Industr ies Corp., 595 O ld Willets 
Path, Hauppauge, NY 11787. Phone (5 16) 
234-5700. 259 

PORT ABLE SCOPE Model 326 is the latest 
addition to the Sony/Tektroni x seri es of 
scopes. Measuring 3. 9 by 8.6 by 13 .6 in. 
and weighing less th an 12 lbs, the battery
operated dual-trace 326 offers bandwidth to 
10 MHz at 10 mV/ div. , or 5 MHz at 1 
mV/div. Sweep rates extend from 1 sec/d iv. 
to 1 µ,sec/div. (to 0. 1 µ,sec/d iv. with Xl 0 
magnifier). Price is $1650. Tektronix, Inc. , 
Box 500, Beaverton , OR 97005. Phone 
(503) 644-0161. 260 

DPM, 4-1 /2-digit Model 305, is avai lable 
wi th BCD for less than $250 in OEM quan
titi es. Prices range from $195 to $375, 
depending on quantity. The 305 is inter
changeable with Weston 's DPMs and fea
tures a Ni xie display. It can make 20 mea
surements/sec or be commanded to take a 
reading and hold it until it is re-tr iggered, 
and has programmable decimal points and 
polar ity signs. Electro-Numerics Corp. , 
296 1 Corvin Dr., Sa nta Clara, CA 95051. 
Phone (408)738- 1840. 261 
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Printed Circuit Terminal Strips are 
Just one of a wide range of terminal 
board types supplied by Kulka. You 
can select from over 65,000 dlfferen 
commercial and mllltary variations. 
With this kind of choice there Is no 
need to compromise. Ask your Au
thorized Kulka Industrial Distributor. 
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DOUBLE & SINGLE ROW 
CIRCLE NO. 44 

EQUIPMENT 

DIGIT AL WA TT METER Model 235 offers 
true-rms power read ings from 20 Hz to 20 
kHz and allows comparative readings at 
reduced accuracy to 150 kH z. Fu ll -sca le 
power readings range from 2W (20V and 
0.1 A) to 20 kW (632V and 31.4A). The cur
rPnt input may float up to the fu ll voltage 
(632V rm s) above the low side of the volt
.ige channel. Price is $2495. Clarke-Hess 
Communication Resea rch Corp., 43 W. 
16th St. , New York, NY 10011 . Phone (2 12) 
255 2940. 262 

FREQUENCY METER/TACHOMETER Series 
2700 features 20-MHz operat ion and LED 
di>plays. Features include automatic trigger
ing with a sensitivity of 100 mV rms, a front
panel sensitivity control, stored display, 
buffered and latched BCD output and a 1-
ppm crystal time base. Ava ilable in 4, 5 or 
6-digit models, units are priced from $360 
to $400. Electron ic Research Co., 10,000 
W. 75th St., Overland Park, KS 66204. 
(913 ) 63 1-6700. 263 

SIGNAL/NOISE GENERA TOR Model 132 
incorporates an oscil lator, square-wave 
generator, sweep generator, FM modulator, 
w ide-band noise generator, and pseudo
random sequence generator in one compact 
unit. Signal-to-noise or noise-to-s ignal 
mode allows se lection of the amount of 
noise to be added to an analog or digital 
signal. Source is from 0.2 Hz to 2 MHz. 
Price is $795. Wavetek, Box 651, San D ie
go, CA 92112. Phone(714)279-2200. 264 

CABLE TESTER known as Maze M aster, has 
automatic search capabi lity, and identifies 
w ire loops in cable harnesses and simpli fies 
production, test and troubleshooting. Each 
press of a button identifies on an LED digital 
display the source and successive termina
tion points of wire loops in cable harnesses 
in less then one second.Cost is under $600. 
Add ison, 11 01 Bristol Rd., Mountainside, 
N. J. 07092. Phone (201 )233-601 0. 265 

VIDEO DIGITIZER for TV signal process
ing, testing and enhancement converts ana
log information into a 4-b it digita l word at 
conversion rates of 20 MHz and an accura
cy of ±3% of full sca le (±0.5 LSB). Desig
nated the IAD-5104N, it offers display delay 
for use in 'on- line digital editing. Price is 
$950 and de livery is 3 to 4 wec>k<;. Inter
Computer Electronics, Inc., Box 507, Lans
dale, PA 19446. Phone (2 15) 822-2929. 

266 

FUNCTION GENERATOR Model 1020 
provides pu lses, square-waves and ramp 
waveforms. Adjustable pu lses, sq uare
waves, AM and sawtooth FM are provided 
from 10 to 10,000 Hz. Pulse widths range 
from 0.2 to 20µ.sec. Price is $475. Polarad 
Electronic Instrument Div., 5 Delaware Qr., 
Like Success, NY 11040. Phone (5 16) 
l2B- I 100. 267 

FREQUENCY COUNTER w ith digital offset 
has six-d igi t LED readout and operates from 
20 Hz to 100 MHz and from 100-mV sig
nals. The displayed frequency may be inter
nally offset from the signal frequency by a 
constant value. This allows displaying re
ceiver frequency by measuring its loca l os
cillator. Model OFC-400 quantity pr ice is 
$550. Micro-Tel Corp., 6310 Blair Hill 
Lane, Baltimore, MD 21209. Phone (301) 
823-6227. 268 

RF SIGNAL GENERATOR, Model 947, pro
vides a printer output of its frequency. The 
generator's output ca n also be fed directly 
to a computer without using an externa l 
counter to convert to BCD. Frequency can 
also be read directly on a 6-d igit display. 
Model 947 has a range of 50 kHz to 80 
MHz and stabi lity of± 10 Hz. The generator 
costs $3150. Logimetrics, 100 Forest Dr. , 
Greenva le, NY 11548. Phone (5 16) 484-
2222 269 

25-MHZ COUNTER Type 460 has a six
decade, 7/8- in .-high seven-segment LED 
display with automatic dec imal point. Sen
sitivity is 0.2V rms up to 10 M Hz. A front
panel switch increases the sens itivity to 20 
mV. It has 4 frequency ranges with gate 
times of 1 msec to 10 sec in decade steps. 
Cost is $375. Thornton Associates, Inc., 87 
Beaver St., Wa ltham, MA 02154. Phone 
(617) 899-1400. 270 

TOTALIZING COUNTER Seri es 7443 fea
tu res a precision-wound ac coi l and avoids 
rectifier problems caused by voltage surges 
common to industri al install ations. The 
coun ter operates at 600 cou nts per minute 
on 115 or 230V ac. It comes in base or pan
el-mounted 6-digit models with lock and 
key, thumbwheel or knob reset. Veeder
Root, Hartford, CT 06 102. Phone (203) 527-
7201. 271 

SOLID-ST A TE CONTROLLER Shawnee 336 
is priced under $90. It is a plug-in, digital 
set, solid-state impu lse count contro ller 
with dpdt instantaneous and dpdt delayed 
contacts. The CO!Jnter is avai lab le in a si ngle 
range to count up to 9999 settable to the 
exact digit. It cou nts up to 4000/minute 
from swi tch c losures or ac line vo ltages. 
Automatic Timing & Controls, Inc., King of 
Prussia, PA 19406. Phone (2 15) 265-0200. 

272 

METER RELAY/CONTROLLERS, contact less 
Seri es 2600, average 25% less cost than 
comparable edgewise controllers. The 2600 
Series feature all solid-s tat< •• " ' 11itry, a wide 
variety of standard ranges .md .ire also 
ava ilable as indi cators only. tv\.inufac turer 
can also supply custom designs. Sigma 
Instruments, Inc., 170 Pearl St., Braintree, 
MA 02185. Phone (6 17) 843-5000. 273 
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LITERATURE 

HONEYWELL COMPUTER JOURNAL pre
sents a new look in editorial content along 
with "an enhanced internat ional flavor". It 
contains what is believed to be a publishing 
first - a microfi che copy of the entire issue 
attached to the inside back cover. Subscrip
tions are ava ilable at $10 per year or $3 per 
copy by writing to A. H. Shriver, managing 
editor, Honeywell Computer Journal , M ail 
Drop B-106, Box 6000, Phoeni x, AZ 85005 . 

275 

NEW KEYBOARD ELECTRONICS PR INCI
PLE. A description of the scanning principle 
behind the Cherry keyboard encoding sys
tem is accompanied by a diagram showing 
interaction between an 8-bit counter, two 
multiplexers and a 4-to-16 line decoder. 
There is also a chart of basic electrica l spec
ificat ions. Cherry Electrica l Products Corp., 
3600 Sunset Ave., Waukegan, IL 60085. 
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NEW FREE CATALOG lists thousands of 
hard -to-find items for industry. Catalog 722 
has 148 pages of over 4000 components: 
lenses, prisms, wedges, mirrors, mounts, 
and all types of accessories. Inc luded in 
Edmund's new line of laser accessories are 
the following: 8X & 20X collimators, spatial 
filters, Brewster windows, photometers, 
universa l connecting bases, and adjustable 
laser carriers. Edmund Scientific Co. , 380 
Edscorp Bldg., Barrington , N) 08007. 277 

68 

UPDATED BROCHURE of inductive com
ponents covers LC-filters, balun transform
ers and toroidal coils. Expanded to 20 
pages, it inc ludes useful design advice on 
the selection of filter types and a modern 
glossary of filter terms, in addition to de
tailed spec ifi cations of each component. 
The brochure is designated #11001 and 
free copies can be obtained by writing to : 
Cambridge Thermioni c Corporation , 445 
Concord Avenue, Cambridge, MA 02 138. 
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DIGITAL PANEL INSTRUMENTS selection 
is simplified with a pocket-size guide. This 
ten-page brochure lists specifi ca tions and 
prices for more than 75 Newport Laboratory 
meter models. Cross referencing of all in
struments in tabul ar form permi ts rapid 
eva luation and compari son. Newport Labo
ratories, Inc., 630 E. Young St. , Santa Ana, 
CA 92705. 279 

·- ---........... -----
A DIGITAL INSTRUMENTS short-form ca
talog covers a line of miniature digital in
struments for industri al controls. The four
page catalog inc ludes a brief description of 
technica l data, electri ca l and mechanica l 
specifications, pri ces and options. It features 
a gate-fold page with template cut outs to 
exact size for determining panel-mounting 
requirements for all instruments shown. 
Electronic Research Co. , 10,000 W . 75 th 
St. , Overl and Park, KS 66204. 280 

DIGITAL CASSETTE DRIVES. A new bro
chure descr ibes operations and spec ifi ca
tions of the Ampex Model TMC digi tal cas
sette drive. Spec ifica lly designed for data 
processing operations, the TMC is a high
performance recorder featuring single- or 
dual-track heads and ECMA-ANSI compati 
bilit y. Request brochure C-2 11 from Ampex 
Corp., Marketing Communications (M S-7-
13), 401 Broadway, Redwood City, CA 
94063. 281 

HIGH VOLTAGE CAPACITOR catalog pro
vi des detai led performance spec ifications 
on high-prec ision , wrap and fill , and her
metic-sealed film capac itors, inc luding the 
new reconstituted mica and metalli zed po l
ypropylene .types. Thi s reference book also 
includes high voltage units up to 200 KV. A 
complete section of engineering application 
notes are also featured. Del Electronics 
Corp., 250 E. Sanford Blvd ., Mt. Vernon, NY 
10550. 282 

ANALOG FUNCTION MODULES are 
shown in a 16-page catalog. Product lines 
covered inc lude CRT display modules, ana
log multipliers-dividers, fast op amps, rms 
operator modules, sa mple-hold modules 
and modular power supplies. lntronics Inc. , 
57 Chapel Street, Newton, MA 02 158. 283 
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LITERATURE 

MINICOMPUTER CATALOGUE. A revised 
20-page catalog listing products and ser
vices, includes Data General 's new Nova 
1210, Nova 1220, and Nova 820 comput
ers, and details new hardware o ptions, in
cluding an BK, 16-bit core memory and a 
turnkey operator's console. Separate sec
tions deal with software, peripheral equip
ment, customer support, and the Nova in
struction set. Write Data General Corp., 
Southboro, MA 01772. 284 

ENERGY STORAGE CATALOG contains 
up-to-date product information, va luable to 
researchers and engineers who require ca
pacitor discharge energy. The catalog, or 
any one of the five sections, are avail able 
free of charge on letterhead request. Tobe 
Deutschmann Laboratories, Inc., 550 Turn 
pike Street, Canton, MA 0202 1. 285 

COMPUTER COMMUNICATION EQUIP
MENT of many types are described in a 16-
page brochure. Equipment incl udes mes
sage switching and communications pro
cess ing computer systems and remote 
communi cations termin als. Systems and 
products discussed are accompanied by 
general descripti ons together with p ic
tures, di agrams and specifi cations. Comput
er Communications, Inc. , 5933 W. Slauson 
Ave., Culver City, CA 90230. 286 

.......,, .""',-~ 
..... _ ............... , .... ~ .. 

SEMICONDUCTOR PACKAGING Catalog 
provides detail s on packaging manufactur
ing, sea ling, and finishing, as well as on the 
company's plat ing fac ility. Half the catalog 
is devoted to the more than 50 d ifferent 
types of semiconductor packages Tl o ffers. 
A bas ic description that inc ludes specifica
tions, package measurements, and recom

mended applications is given fo r each pack
age type. Texas Instruments Inc., 13500 
North Central Expressw ay, Dallas, TX. 288 

A COMPLETE LINE OF PACKAGING SYS
TEMS AND COMPONENTS are introduced 
in an 8-page short-form catalog. Products 
include card files, logic panels, DIP sockets, 
D IP packaging drawers and a complete soft
ware/wiring service. Scanbe M fg. Corp. , 
3445 Fletcher Ave., El M onte, CA 9173 1. 
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ANALOG X-Y RECORDER in formation is 
given in a four-page brochure. Gould lnstru 

ments's Brush 500 recorder for portable use 
or rack mounting is described. The instru 
ment features pressurized-i nk w riting, a 
non-contact pen position feedback system 
that enforces 99.85% linearity and a w riting 
speed of 40 in ./sec in both axes. Gould, 
Inc. , Instrument Systems Div. , 363 1 Perkins 
Ave., Cleve land, O H 44 11 4 . 290 

LED READOUT Bulletin R0505 1 details BCD-TO-SEVEN-SEGMENT DECODER 

seri es 745 solid-state readouts. The GaAsP 
device has a character height of 0.270 inch, 
and comes in a 14-pin DIP. Di splays are 
available with either left or ri ght decimal 
and have sin gle-plane wide-angle v isibil ity, 
and can be driven directly by most TIL and 
DTL c ircuits. Dialight Corp., 60 Stew art 
Ave., Brooklyn, NY 11 237 . 287 

Type 704-1 55 4 is described in a data sheet. 
The device drives Di ali ght's Seri es 745 sin
gle-digit sol id-state numeri c d ispl ay and is 
capabl e of converting four lines of BCD 
code into the appropriate outputs, w hich in 
turn drive the single-digit so l id-state read
out. Di alight Corp. , 60 Stewart Ave. , 
Brookfyn, NY 11 237. 291 

(Adver tisement) 

ADC 700 Series Converters. Convert 12 
binary bits in 6.5 µsec and 8 binary bits 
in 3.5 µsec with up to 0.025% full range 
accuracy and ± 10 ppm I ·c stability. 
Voltage switching attains high conver
sion speed without sacrifici ng accuracy, 
while maintaining linearity. A reference 
generator circuit allows the units to meet 
their specified accuracy with ± 5% regu
lation of the power supplies. Saturated 
bipolar switches help to provide low tem
perature coefficient. Series includes six 
fully-repairable models. Prices start at 
$375 each . Phoenix Data , Inc., 3384 W. 
Osborn Rd. , Phoenix, AZ 85017. Phone 
602/278-8528. TWX 910-951-1364. 

CIRCLE NO. 29 

ADC 1370 Series Converters. Ca pable of 
encoding ± lOV full range inputs into 13 
binary bit s of data with a minimum 
thruput time of 14 µsec. Provides a reso
lution of 1 part in 8 ,191 with an accuracy 
of ±0.015% of full range. Features a 
low temperature coe ffi c ient of ± 5 
ppm/° C; full range input of ± lOV, O to 
+ lOV, 0 to +5V, or ±5V standard; with 
optional 100 megohms input impedance 
amplifier; serial and parall el outputs; 
71,428 conversions on command or con 
tinuous. Prices start at $875 in 1 to 5 
quantities. Phoenix Data, Inc., 3384 W. 
Osborn Rd ., Phoenix, AZ 8 5017. Phone 
602/278-8528. TWX 910-951-1364. 

CIRCLE NO. 30 

ADC 300 Series Converters. Complete, 
fully-assembled , plug-in modules incor
porate all of the functions necessary to 
perform conversions except for power 
supplies. Accurate to within ±0.025%. 
Single card open construction facilitates 
field repair and low profile permits units 
to mount on 0.5" centers. Price of the 
ADC 312 (12 bit) unit in 1 to 5 quantities 
is $300. Phoenix Data, Inc., 3384 W. 
Osborn Rd ., Phoenix , AZ 85017. Phone 
602/278-8528. TWX 910-951 -1364. 
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DESIGN DATA 

Application Notes 

PHYSICAL MEASUREMENT INSTRUMEN
TATION. What type of physical measure
ment would you li ke to make: pressure? 
force? acceleration ? vibration? di splace
ment? strain? temperature? or maybe an en
gine analyzer is what you need? Tektroni x, 
Inc. can show you how to make these 
measurements with an oscilloscope in a 
new 24-page book let. Tektronix, Inc., Box 
500-A, Beaverton, OR 97005. 301 

" TECH TIPS" 1-2 provides formulas for the 
ca lculation of average and RMS currents for 
a half-s ine-wave form, and fo r phase con
trol of a hal f-si ne wave form at 60 Hz. Also 
included are charts which can be used to 
determine peak-to-RMS, average-to-RMS, 
peak-to-average, and reciprocals of the 
current relationships. W estin ghouse Elec
tric Corp., Semiconductor Di v., Young
wood, PA 15697. 303 

DIGITAL FREQUENCY SYNTHESIZERS are 
detailed in ICAN-6716, " Low-Power Digi
tal Frequency Synthes izers Utilizing COS/ 
MOS IC's ." The App note briefly reviews 
digital phase-locked loop fund amental s and 
discusses practical digital loops including 
the use of hetrodyne down-conversion . 
Twenty-five figures inc lude complete logic 
and circuit diagrams, as well as circuit and 
timing waveforms. RCA Solid State Di v., 
Box 3200, Somerville , NJ 08876. 299 

METHODS OF MEASUREMENT for semi
conductor materi als process control , and 
dev ices- quarterl y report April 1 to June 
30, 1971-covers signifi cant accomplish
ments of a program carried out by NBS on 
measurement of resistivity of semiconduc
tor crystals, study of go ld-doped sili con; 
measurement of transit time and related 
carrier transport properti es in junction de
vices. U.S. Government Printing Office, 
SO Catalog No. C13.46:702 , Washington , 
D . C. 20402 . 304 

FET DESIGN BROCHURE, titled " FET De
sign Ideas," Bulletin CB-145 , is 17 pages 
long and covers how to properl y bias FETs, 
describes 26 different FET appli cations, and 
provides a listing of the most popular FETs 
in the industry. A complete listi ng of FET 
appli cation reports currently available from 
Tl is included along with ordering instruc
tions. Texas Instruments Inc. , Inqu iry An
swering Service, P.O. Box 50 12, M S/308, 
Dallas, TX 75222. 302 

MANUFACTURER LIABILITY and related 
problems are discussed in a new leafl et pub
lished by the Hazard Evaluation and Lia
ability Prevention Div. of Associated Test
ing Laboratori es. The leafl et, " Here Is 
HELP," notes that product safety and mini 
mi zi ng the liability potential is of major con
cern to manufacturers, importers, repa irers, 
retailers, adverti sing agencies, insurers and 
attorneys as well as those who are involved 
with industri al education and product 

standards. Hazard Evaluation and Liability 
Prevention Div ., Associated Testing Labora
tories, Inc., Box 408, Wayne, N J 07470. 

300 

Reference copies of the following articles are available without charge: 
R.S. NO. TITLE PAGE NO. 

L61 Analog circuit modules offer advantages in industrial systems ....... . ..... ..... ........... 18 
L62 Test op amps the easy way with simple step-by-step methods .. . ................ . ....... .. 28 
L63 Don't be confused by IC switching time specifications . 'f . ...... .. ..... ... .. ....... . ..... 34 
L64 Bob Fillingham and Carlos Chong of Nemonic Data Systems speak out on 

plated-wire memories ... ............ ..... ................... . . ....... . .. ......... 40 
L65 Don' t neglect the solid-state analog switch .... ....... . ......... ...................... 44 
L66 Solid-state 1 OOW amplifier operates from a 12V source ......... . .... . ................... 46 
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100 MHz-269.95 
New Heathkit 18·1101 Frequency Counter is the one you've been waiting 
for! With full 5-digit readout, 8-digit capability when using the range 
selector and overrange circuitry. The exclusive solid-state circuitry ac
cepts inputs from less than 50 mV to over 200 V, depending on fre
quency, without damage. And the 18-1101 has automatic decimal, 
overrange & gating lights, one megohm input impedance & low input 
capacitance to minimize circuit loading. Stable time-base crystal has 
better than ± 3 ppm from 17°-32° C. You get it all together in an easy 
10 hours. Now that the price is right, why not get a better counter? 
Kit IB-1101, 8 lbs .. ..... . ... .... ..... . . .. . . .. .... ..... . 269.95* 

Your FREE 
'72 Heathkit 
Catalog contains 
the world's 
largest selection 
of kit-form 
instrument values. 

Use this coupon 
to order your FREE 
'72 Heathkit Catalog. 
Now there are more than 350 kits 
to choose from. 

r-------------H~;T; ~;M~;N~.-o:;;.~;:_;- IL1@-0i.GJJ -, 
Benton Harbor, Michigan 49022 
D Please send FREE Heathkit Catalog. 
D Enclosed is $ , plus shipping. 

Please send model(s), _ _____ _ 
Name ____________ ~ 
Address, ___________ _ 

City State--Zip __ 
Prices & specifications subject to change with
out notice. *Mail order prices; F.O.B. factory. 
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Make Waves ... 

HP's 3310A is the function generator 
that gives you seven different wave
forms- in three different modes- in 
one inexpensive package. 

In its basic form, the 3310A gives 
you a continuous output of square 
waves, sine waves, and triangle waves 
- plus positive and negative ramps 
and pulses-for only $595. 

And for only $140 more, you can 
get the 33108, which lets you gen
erate each of these seven waveforms 
in two other modes - single-cycle 
and multiple cycle " bursts. " These 
can be triggered either manually or 

just about any waveform 
you can imagine 

by an external oscillator ; starting
point phase can be varied by ± 90°. 

In either the " A" or " B" version , 
the 3310 gives you a choice of ten 
frequency ranges-from 0.0005 Hz 
to 5 MHz-and an output voltage 
range from 15 mV pk-pk to 15 V 
pk-pk into 50f1 load. De offset of 
±5 V into 50f1 load is also standard . 

Both the 3310A and 33108 can be 
used in frequency-response and 
transient-response testing , as a 
waveform converter, for generating 
phase-coherent waveforms, and as a 
frequency multiplier or divider, 

CIRCLE NO. 2 

among other things. Applications in
clude testing television and com
munications systems, radar systems, 
and analog or digital circuits. 

For further information on the 
3310A and 33108 , contact your 
local HP field engineer, or write to 
Hewlett-Packard , Palo Alto, Cali
fornia 94304. In Europe : 1217 Meyrin
Geneva, Switzerland. 
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