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the family of 

Each compact, thin, in-plane panel is packed with features 
that keep your cost down : MOS compatibility, low cost asso­
ciated ·circuitry (in some cases direct interface to MOS), de­
sign flexibility, long life and low display power (under 5 mw 
per segment). All PANAPLEX II panel displays offer you 
Burroughs' assured reliability. If your products 
use numeric displays, specify the 
PANAPLEX II panel d isplay. 

TM 

PANEL DISPLAYS 

Now there's more reason than ever for you to specify 
Burroughs' PANAPLEX II panel displays. We've taken our 
years of experience and come up with the best numeric 
display to fit your application . They're low priced, as low as 
$1.00 per digit *. They're small in size , with a var iety of 
character heights including .25", .411

, and the new .2" and 
.70". Our PANAPLEX II panel displays offer you maximum 
application versatility in 8 to 16 digits of numeric readout. 
The 7-segment characters are bright and readable. 

You 'll get the best readout at the best price, tailored for 
your application from Burroughs, the leader. 

For additional information , write Burroughs Corporation, 
Electronic Components Division, P.O. Box 1226, Plainfield , 
New Jersey 07061 ; or call our special applications assist­
ance number, (201) 757-3400. 

·so,ooo tube quantity, 12-digit panel; even less per digit, 16-digit panel. 

Burroughs m 
See us at IEEE Show Booth #2709-2717 
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THE MOST COMPLETE LINE OF 

DUAL·INLINE-PACKAGED REED RELAYS 

Magnecraft is proud to announce its new DIP (dual­
inline-package) line of 8 and 14-pin reed relays. These 
new relays are designed not only to be compatible with 
the standard packaging developed for integrated cir­
cuits, but to offer Magnecraft quality at a low cost. This 
unique design gives further savings by offering the 
user the optimum in automated insertion and other 
economical installation techniques associated with 
printed circuit applications. 

These fantastic new epoxy molded reed relays are ideal 
for use in circuits where high density packaging is essen­
tial. The 5VDC IC compatible versions of these relays 
will operate directly from TTL or DTL circuits. 

Other standard coil voltages are available from stock 
in 6, 12, and 24VDC as well as contact configurations 
in 1 form A, 2 form A, 1 form B, and 1 form C. Most 
versions are also offered with a choice of an internal 
clamping diode. 

Magnec.ztaFt~eLecTR•c coMPANv 
5575 NORTH LYNCH AVENUE• CHICAGO . ILLINOIS 60630 • 312 • 282 ·5500 • TWX -910 221 5221 

FREEi 

DIP 
CATALOG 

This 12-page catalog offers the most complete listing 
of DIP reed relays in the entire industry. Including four 
all new position-free mercury wetted types; plus eigh­
teen others. Specifications, dimensions, prices, and all 
other pertinent data necessary to specify is given. 

SEE US AT IEEE, BOOTH 1 523 
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Atmosphere. That intangible social, professional 
or creative influence that you have been a part 

of since you started your working career. We 
don 't have to tell you how important the right 
working atmosphere is. Nor do we have to tell 

you how often it's maligned in recruitment 
propaganda through gross exaggeration. It's 

an important part of packaged promises 
designed to get you onto the payroll. We at 
Fairchild don't discount the importance of 

atmosphere. But, at the same time, we aren't 
going to make any false claims about the 

Fairchild atmosphere. Collectively, we are a 
multi-division company comprised of thousands 
of highly-skilled professionals. But, individually, 

we are people. And as people we react 

differently to different situations. Challenge to 
some may be frustration to others. Some need 
regimentation. Others won't tolerate it. Some 
must lead, others cannot. Some companies can't 
understand this. Fairchild can. That's the 
Fairchild atmosphere. A place for the highly­
skilled. But still a place for people. If you 're 
interested, we would like to talk to you. Call 
or send us your resume. Employment Oppor­
tunities, Fairchild Semiconductor Components 
Group, Dept. 20, 465 National Avenue, Mountain 
View, California 94040. (415) 962-3401. 

An Equal 
Opportunity FAIR CH I LC 
Employer M/ F. 

A Fairchild career. .. more than a pretty package. 
CHECK NO. 5 

2 E D N MARCH 2 0, 1 9 7 3 



If you're not really 
serious about designing 
power supplies, then this 
kit will cost you 
$25.00 

nt technical 
, papers, excerpts from a 

forth coming t -page brochure on designing switch­
ing regulators, and full descriptive material on CDE's new UFT 
Low Inductance Aluminum Electrolytic Capacitor. 

Write on your company letterhead to Cornell-Dubilier Elec­
tronics, 150 Avenue L, Newark, New Jersey 07101 - if you 
can 't wait, call (201) 589-7500. 

If you are 
serious­
it's FREE! 

CORNELL­
DUBILIER 

313 lCDE) 

3 



.. 

4 

W-J is on the Market 
with 

EBS (Electron Beam Semiconductor) AMPLIFIERS 
Four years of research and development have resulted in Watkin~·Johnson offering four 
entirely new electron devices to perform a variety of power amplification and control 
functions. 

These devices make use of a modulated energetic electron beam to control the current in 
a semiconductor, a technique which provides performance not found in existing solid 
state or electron tube devices. They are described below. 

1) WJ-3650 is a video pulse amplifier, capable of 
producing ±125 volts pulse output into a 50 ohm 
load with pulse risetimes less than 1.5 nanosec­
onds. Efficiencies as high as 50% have been mea· 
sured for this device, making it perfect for ampli­
fication of low-voltage, fast-risetime pulses. It is 
especially suited for rapid modulation of CRTs 
and electro-optic modulators. 

2) WJ-3652 is a grid-controlled, short-pulse modulator which will produce 100 amperes 
into a load impedance up to one Qhm with approximately 2 nanosecC?n4s risetime. It can 
be used in any application where high currents with very fast risetimes or very short pulses 
are desired, and it is particularly suited for use as a high speed pulser for injection lasers. 
Maximum duty cycle is 0.05 percent. 

3) WJ-3653 is an ideal high-voltage switch for pulsing high­
power grid controlled microwave amplifiers such as TWTs or 
klystrons. It produces 400 volts output with a 3-nanosecond 
risetime into 100 ohms and a 10-nanosecond risetime into 100 
ohms in shunt with 30 picofarads capacitance. It also provides 
a total delay from the ten percent poi~t of the input waveform 
to the corresponding point on the output pulse of Ip s tl)an 3 
nanoseconds. It can be operated up to two percent <_lufy factor. 
These unique features make this device desirable for use in 
deception repeater, pulsed radar or dual-mode ECM systems. 
... . ~ 

4) WJ-3660 is a pulsed linear RF power amplifier with a low pass bandwidth. Two versions 
are available: a) 150 watts peak power from de to 160 MHz wi th 25 dB gain and b) 50 watts 
peak power from de to 320 MHz with 20 dB gain. Maximum duty cycle is 2 percent. 

~ 

See Us at the Barbizon-Plaza 
Studio G During INTERCO.N/IEEE 

Further details are available lrom our Field 
Sales Office/Representative in your area or from 
Watkins-Johnson Appli~ations Engineering. 

WATKINS-JOHNSON 

3333 HILLVI EW AVE., STANFORD INDUSTRIAL PARK, PALO ALTO, CALIF. 94304 • (415) 493-4141 
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The only 
1c1i1lo1 catalog 
with a bu.llt--ln 
capcdilo1. 

SKT electronics, inc. 
208 S. LaSalle Street 
Chicago, Illinois 60604 
312. 372-1465 
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Hard-boiled hermetics ... 
Tl's rugged 1-amp glass rectifiers. 
Tl's 1-amp glass rectifiers are 
tough, high-performance units you 
can depend on. 

They're proven through exten­
sive high-reliability testing-like 
168 hours in a pressure cooker at 
15psi, 120°C (no failures). This high 
reliability is achieved by combin­
ing the best processing, construc­
tion and packaging technologies. 

The silicon mesa oxide-passi­
vated structure has additional ni­
tride and glass passivation over the 
junction. Double-plugconstruction 
provides highest mechanical integ­
rity. Matched coefficients of expan­
sion of the glass case and dumet 
leads provide hermeticity under 
widely varying temperatures (-65° 
to 175°C max operating range). 

Glass hermetic package, 
double-plug construction. 

Designated 1N4001 through 
1N4006, the 1-amp devices offer a 
reverse voltage range of 50 to 
800V. Repetitive peak forward cur­
rent (10 cycles, 75°C or below) is 10 
amps. Peak surge current is 30 
amps. Static reverse current is 10 
microamps at 25°C and 50 micro­
amps at l00°C. 

For more information 
For price and delivery, call your 
local TI sales office or authorized 
TI distributor. For complete data 
sheet covering the 1N4001-1N4006 
1-amp glass series, circle 251 on the 
reader service card. Or~ 
write Texas Instru-

0 

men ts Incorporated, iJ 
P.O. Box 5012, MS 308, 
Dallas, Texas 75222. 

TEXAS INSTRUMENTS 
INCORPORAT E D 84088 



This problem should take you 
about 17 minutes to solve. 

Four shapes make a perfect square.t So do five. 
As an engineer, you should solve th is in 17 mi nutes.* 

With P&Bs Reed.:friggered Triacs you solve 
critical switching,longevity and mounting problems. 

Controlled and isolated by a reed 
relay, these solid state AC switches 
provide a modern means for inter­
facing DC logic signals and AC­
powered loads such as motors, re­
lays, solenoids and lamps. Expected 
life exceeds 1 million operations so 
they are especially suited to highly 
repetitive applications. 

Switching capabilities range from 
1.7 to 20 A rms, 60 Hz depending 
upoh type of package and mounti:ig 
method. All have a 1 Form A (SPST­
NO) " contact" as well as an internal 
RC network that provides dv/dt sup­
pression. All feature the inherent 
long life and the ability to switch 
high inrush loads that characterize 
thyristors. 
ECT Series. Steady-state rms current 
ratings (at 25 °C) range from 2 to 20 
amperes depending upon the method 

Immediately. 

of mounting. Coil voltages are from 
5 to 48V DC. Power requirements 
are 290 mW for 120V, 60 Hz opera­
tion and 450 mW for 240V, 60 Hz. 
.250" qu ick-connect terminals are 
standard with .187" and .205" also 
available. 
EBT Series. The solid-state " con­
tact" is designed to carry a maxi­
mum load current of 7A rms, 60 Hz 
at 25 ° C ambient. This series pro­
vides the convenience of octal plug­
in terminals and may be mounted in 
a socket having screw terminals. 
JOB Series. This fully-encapsulated, 
low-profile (.350" height) hybrid will 
switch 1.7 A AC loads. It is being 
used in modern machine tool con­
trols, food packaging equipment and 
similar applications requiring DC in­
put and AC out-put switching. 
EKU Series. Rated at 7 amperes, 60 

Solving switching problems is what we're all about. 

t "Madag11car Madne11" . Copyright Behavi oral Sc iences, Inc. 
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EBT 

Hz at 25°C, the EKU is housed in the 
versatile KU-style case and has . 187" 
quick-connect terminals. It may be 
mounted direct to a chassis or in a 
socket hav ing screw, solder or 
printed-circu it terminals. A wide 
variety of P&B relays and solid state 
time delays are housed in this same 
case. 

For complete information , call 
your local P&B representative or 
Potter & Brumfield Division AMF 
Incorporated , Prin ceton , Indiana 
4 7670 . 812 385 5251 

* Like to try your hand at solving the 
puzzle shown above? Ask your P&B rep­
resentative for one. 

Potter & Brumfield 



EDITORIAL 

Try it doctor . . you may like it 
Hea lth in the United States is b ig busi ness, w ith bi ll ions spent annuall y 
on direct medica l ca re and even a greater amount on peri pheral areas 
related to hea lth . 

To the dismay of the electronics industry, only a mi ni scule portion of 
these vast su ms is spent on electronic, or related, equ ipment. Some com­
panies, of course, are doing quite w ell in the fie ld of medica l elec troni cs. 
But for everyone of these there are probab ly four or f ive w ho are either 
now struggling or who didn' t make it. 

If we assume that the fi eld of e lectronics can, indeed, make a sub­
stantial con tribution to the hea lth and med ica l f ields- an assumption 
whi ch we firml y be lieve to be true-what then is the solution? How can 
the full potenti al of electronics be rea li zed ? 

We don ' t even pretend to know the answer to such a complex prob lem. 
Certain thin gs, though, do stand out. Foremost among these is the fac t 
that the major stumbl ing block is the indiv idual (the doctor) and not the 
institution (the hospital). Thi s is in contrast to electronics in educa tion, 
where the stumbling block is the institution (the schoo l) and not the in­
dividual (the teacher). 

Hospitals are moving into the worl d of electroni cs on an ever-increas­
ing sca le. Electronic equi pment in in tensive-care units, cardi ac-care 
units and operat ing rooms is commonplace. And more and more hospi­
ta ls are employing engineers to eva luate, se lect and mon itor it. 

Indiv idual doctors are another matter. Progress in convinc ing them to 
investigate and use electronic devices is pai nfull y slow. They plead lack 
of fami liari ty, lack of confidence and lack of time. If th is is the case, w hat 
can be done to accelerate things? Probab ly very little w ith present phy­
sic ians. But fo r medica l students, how about one o r more courses in 
principles and appli cations of electronic instrumentati on? 

W e don't mean a course devoted exc lusively to present medica l in­
strumentation, but one covering va rious types of instruments, the fields 
they serve and the benef its their use has brought about. It cou ld also 
cover the prob lems and interac tions that occur w hen con necting in­
d iv idual instruments into systems. Such a course wou ld provide a per­
spective agai nst w hich the students, as practi c ing phys ic ians, wouid later 
make judgements on electronic equi pment and its use. 

Although such an approach would not insure confidence in medica l 
electronics on the part of th e doctor, it might replace much of the ap­
prehension that now exists w ith an equa l measure of open-mindedness . 

.r~r 
Editor 
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Now! All you need! 
OTS 111111.ITURI 
TTL COllPATIBLB BYBRI 
CRYSTAL OSCILLATORS I/' 

NEW CTS T0-8 crystal oscillators 
eliminate one of your biggest 
design headaches ... size . . . 
they're in a compact .07 cu . in. 
package. They feature a coldweld 
enclosure and reliable hybrid 
circuitry. Frequency range is 500 
KHz to 25 MHz. Available as 
complimentary, multiple binary 
related outputs capable of driving 
5TTL. Temperature stability: 
± 25 ppm 0° C to 70°C. 
(sine wave outputs optional ) 

10 

(Optional:± 100 ppm - 55°C to 
125°C.) Excellent long term 
stability. 

Prototype units are immediately 
available with minimal start-up 
time for production quantities. And, 
these new oscillators are low in cost. 
Interested? Call or wri te : CTS 
Knights, Inc., 222 Reimann Ave., 
Sandwich, Illinois 60548. Phone : 
(815) 786-8411 . 

CHEC K NO. 9 
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Assign your "clockwatching" to specialists: 
the Guardian Angel and 

GUARDIAN TIME DELAY RELAYS 
Need a time delay relay that counts parts of a second ... or one that counts 

half an hour? From 25 milliseconds to 2,000 seconds, Guardian 's got them all . 

In your choice of electromechanical, hybrid or pure solid state. In standards that 

come right off the shelf or in custom designs. In just about any size, shape, form. 
or delay range your application can demand. Isn 't it time you get all the facts 

on Guardian Time Delay Relays? Send today for specs and application data. 

GUARDIAN® 
GUARDIAN ELECTRIC MANUFACTURING CO. 
1574 West Carroll Avenue, Chicago, Illinois 60607 

In a hurry? Call your Guardian Distributor. 

CHECK NO. 10 



The inside story 
on Spectrol trimmers ... 

Cp.s. they're a bargain!, 

High quality/low prices 
Don 't let the high quality of ou r Spectrol trimmers 
fool you . . . check our prices - they 're competit ive ! 

Broad line/ all types 
Rectangular, square, round , cubic , or T0-9 
packages, wirewound or cermet elements, 
ihdustrial or MIL-Approved models - we've got 
them all ! 

Local stock/ off-the-shelf 
Looking for products in a hurry? Try your local 
Spectrol distributor . . . there are over 75 

authorized outlets in the United States and 
Canada, and we have factories in England 
and Europe as well . 

Get a Spectral quote before you buy! 
Break that careless habit of sole-sourcing your 
trimmer buys - or that dangerous habit of buying 
on price alone . .. demand high quality as well as 
low prices - get a Spectrol quote before you buy! 
Contact our local distributor or call us directly. 
(The reader service card will get you our Short 
Form Catalog.) 

spectrol 
SPECTROL ELECTRONICS GROUP 

UNITED STATES Spectrol Electronics Corporation 17070 E. Gale Avenue , City of Industry , Cal if. 91745, U.S.A . • (213) 964-6565 •TWX (910) 584-131 4 

UNITED KINGDOM Spectrol Reliance Ltd. Drakes Way , Swindon, Wi ltshire , Eng land • Swindon 21351 • TELEX : 44692 

ITALY SP Elettronica spa Via Carl o Pisacane 7, 20016 Pero (Milan) Italy • 35 30 241 •TELEX: 32242 

CHECK NO. 11 
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Switching, 
plain and not so plain 

The hybrid time delay relay featured below (at d) is a busi­
ness-like combination of modern electronics with a reliable , 
inexpensive electromagnetic· relay. A single package wraps up 
the whole deal. It is for places where you want a switching 
delay of from I to 120 sec. repeatably accurate to ± 3% , fixed 
or variable; and prefer not to provide the timing elsewhere. 
The idea is neither original nor recent. Sigma does it more 
compactly, reliably and cheaper. 

I 0 ,000 volt switching doesn't sound like a subject that be­
longs on this page. It wouldn't under common circumstances , 
but item c is an elegant means of grounding the high voltage 
in an office copier when somebody has to reload it. Would you 
believe it ' s an internally illuminated photoconductive element 
dropping open circuit resistance of I 0'2 ohms to I OOk? 

Light controlled photoconductor relays in standard pack­
ages were brainchildren of a Sigma division specializing in 
solid state photoconductors. Great merit and flexibility re­
sults from use of these Datacels® as we call them : viz. total 
isolation of input from output or outputs (I to 4)-with out­
puts passive and nearly as compatible as resistors . The latest 
variety was invented by our lady physicist and is imaginatively 
known as a "Ladybug." 

A Ladybug-relay combination solved a recent delayed 
alarm problem for a Sigma customer. By using a Neon light 
source for control , the Ladybug imposed no load on the timing 
circuit , operated directly from 120 volts with lock-on alarm. 
It makes quite a time delay device-up to 60 sec. after opening 
a control circuit. Ladybugs and Datacels® have the flexibility 
of three alternative internal light sources: Incandescent, Neon 
and LED. 

Savvy switching is a worthwhile specialty to know about 
when you can use it. Sigma has it and has had it since the late 
thirties. 

If you ' ll circle No. 12 on the beano card, you 'll get a fistful 
of poop. If you write on a specific question , we'll answer it 
carefully along with the poop ; and if you make it a personal 
letter to relay marketing chief, Stu Knapp , with your problem 
and project laid bare , the action will be sudden and substantial. 
Write Sigma Instruments , Inc., 170 Pearl St. , Braintree, Mass. 
02185 . Telephone 617-843-5000. 

SIGM~ 
INSTRUMENTS INC 

CHECK NO. 12 
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THE SMALLEST 
5AMP 
GENERAL PURPOSE 
RELAY 

Available now, Teledyne's 
new Mini-T. 

This industrial, heavy-duty 120 
volt 5 amp relay features a life 
expectancy of over 10 million 
dependable operations. The 
space-saving 2PDT Mini-T with 
transparent dust cover has a 
full line of complementary 
sockets and hold down clips 
for P.C. board or chassis 
mounting. This Teledyne relay 
employs an unusual shaded 
pole design that permits direct 
AC operation without the need 
for rectifying diodes. Available 
with either AC or DC coils and 
demonstrating cost 
effectiveness that's hard to 
beat, the United States­
manufactured Mini-Tis truly 
worth its one-half ounce 
weight. The Mini-T ... another 
finely-crafted relay from 
Teledyne. Call our nearest 
distributor today. 

3155 West El Segundo Boulevard 
Hawthorne, California 90250 
Telephone (213) 679-2205 

~"' 
TELEDYNE 
RELAYS 
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4 filters in 1 
Model 3202 offers two independent low-pass or high-pass channels or 

single channel band-pass or band-reject from 20 Hz to 2 MHz. 

For only $795, Model 3202 provides the flexibility essential for 
complex frequency or time domain measurements. 

FUNCTIONS: Low-pass - direct coupled with low drift. 
High-pass - upper 3 dB at 10 MHz. Band-pass - continuously 
variable. Band- rejection - variable broad band or sharp null. 

TWO RESPONSE CHARACTERISTICS: (1) Fourth-order 
Butterworth or (2) simple R-C (transient free) . 

ZERO-dB INSERTION LOSS: All-si licon amplifiers provide 
unity gain passband response. 24 dB per octave slopes per 
channel extend to at least 80 dB. 

90-dB DYNAMIC RANGE: Low hum and noise (less than 100 
microvolts) eliminate costly preamplifiers. 

For fast action, call the Wavemakers at: (617) 491 -3211 
TWX: 710-320-6583, Krohn-Hite Corporation, 
580 Massachusetts Ave., Cambridge, Mass. 02139, U.S.A. 

.------------------- -·- - - - - -

1·10K~ 
I .1K 

LOW ~ 
PASS 

L :, 

U"l....JKROHN-HITE n.i-1 CCJ APCJAA. TICJN 
SALES OFFICES: ALA., Huntsvi lle (205) 534-9771 ; CAL, Santa Clara (408) 243-2891, Inglewood (213) 674-6850; COLO., Littleton (303) 795-0250; CONN., Glastonbury (203) 633-0777 ; 
FLA., Orlando (305) 894-4401; HAWAII , Honolulu (808) 941-1574; ILL, Des Pla ines (312) 298-3600; IND., Indianapolis (317) 244-2456; MASS., Lexington (617) 861-8620; MICH .. Det roit 
(313) 526-8800; MINN., Minneapolis (612) 884-4336; MO .. St . Louis (314) 423-1234; N.C .. Burl ington (919) 227-2 581; N.J ., Bordertown (609) 29&-6700; N.M .. Albuquerque (505) 
255-2440; N.Y .. E. Syracuse (315) 437-6666, Rochester (716) 32&-2230, Wapp ingers Falls (914) 297-77 77, Vestal (607) 785-9947, Elmont (516) 48&-2100; OHIO, Cleveland (216) 
261-5440, Dayton (513) 426-5551; PA., Pittsburgh (412) 371-9449; TEX .. Houston (713) 46&-3877, Dallas (214) 356-3704; VA., Springf ield (703) 321-8630; WASH., Seattle (206) 762-2310 ; 
CANADA, Montreal, Quebec (514) 636-4411 , Toronto, Ontario (416) 444-9lll , Sti ttsvi lle, Ontar io (613) 836-44 11 , Vancouver, British Columbia (604) 68&-2619. 
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NOY( 400V & 600V 
DARI INGIONS FROM 
E Delco Electronics 
DIVISION OF GENERAL MOTORS CORPORATION , KOKOMO, INDIANA 

SAFE OPERATING CURVES 

o.015 L...J ~1'=-o ----''---'---'--"--'--'-'-1!±:00--'-----''"""'"400~&00 
COLLECTOR-EMITTER VOLTAGE (vohs) 

0.01 L.....L.J....J..J...J-_'----L----'-L.....L.J....LI.-'-----.__,__'--' 
5 10 100 325 400 

* 
COLLECTOR-EMITTER VOLTAGE (YOtt1) 

* "Reverse Bias Required 

TYPE VeEo le Vrno 
(Cont.) (Max.) 

DTS-4040 400V 15A 20V 

DTS-4045 400V 15A 20V 

DTS-4060 600V 15A 20V 

DTS-4065 600V 15A 20V 

Delco's new DTS-4000 series Dar­
lingtons with Vcrn·s of 400V and 
600V are triple diffused mesa units 
built for rugged duty. They come to 
you with a practical 15 Ampere rat­
ing that you can depend on all the 
way up to the high voltage require­
ments of ac motor speed controls, 
for instance-or the 1.5 kW switch­
ing regulator in the illustration. 

And they offer new possibilities 

in circuit design where de drive 
conditions may have created awk­
ward problems when using SCR's. 

Our new Darlingtons can save 
you space and give you more design 
flexibility. The high energy capa­
bility of the DTS-4000 series is 

VeEo(sus) hFE @ le tf Po(max.) (com. base) 

325V 250/ 3A 0.25µs lOOW 

325V 500/ 3A 0.25µs lOOW 

400V 250/ 3A 0.25µs lOOW 

400V 500/ 3A 0.25µs lOOW 

N PN-Triple diffused Darlington transistors packaged in sol id copper T0-204MA (T0-3) cases. 
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HIGH ENERGY 
THE KOKOMOANS. 

backed by safe operating curves 
up to 600 volts, as shown at left. 
And to further aid your circuit de­
sign hFE is plotted continuously 
from 15mA to the maximum col­
lector current rating of 15A. 

As you expected , the new DTS-
4000 's are in stock and ready for 
delivery. Contact us or your nearest 
Delco distributor for complete de­
tails. Ask for Application Note 52 
on the switching regulator. 

Now available from these 
distributors in production quantities: 
ALA., BIRMINGHAM • Forbes Distributing Co., Inc. 
(205)-251-4104 
AR IZ., PHOENIX • Sterling Electronics (602)-258-
4531 
CAL ., LOS ANGELES • Kierulff Electronics, Inc. 
(213)-685-5511 • Radio Products Sales, Inc. (213)-
748-1271 
CAL., PALO ALTO• Kierulff Electronics, Inc. (415)-
968-6292 
CAL. , REDWOOD CITY • Cramer /San Francisco, 
(415)-365-4000 
CAL .. SAN DIEGO • Radio Products Sales, Inc. 
(714)-292-5611 
CAL., SAN DIEGO • Kierulff Electronics, Inc. (714)· 
278-2112 
COLO., DENVER • Cramer/ Denver (303)-758-2100 
CONN., NORWALK • Harvey/Connecticut (203)-
853-1515 
FLA., MIAMI SPRINGS • Powell /Gu lf Electronics 
(305)-885-8761 
FLA., ORLANDO • Powell/Gulf Electronics (305)-
859-1450 

I LL ., ROSEMONT (Chi cago) • K1e1 ul ff fl ect ron ics 
(312) -678-8560 
ILL., SKOKIE (Chica~o) • Bell Industries (312)-
28?-5400 
IND., INDIANAPOL/5 • Graha•-n flec-h nn1cs Supply, 
Inc. (317) -634-820? 
MD., BALTIMORF •Radio Flectnr Service Co. (301) -
823-0070 
MASS., NEEDHAM HEIGHTS • Kierulff Electronics, 
Inc., (fi 1 7) -449-3600 
MASS ., NEWTON• The GrPPrl!' Shaw Co .. Inc. (617) -
969 -8900 
MICH ., FARMINGTON• Harvey-Michigan (313) -477 -
1650 
MINN ., MINNEAPOLIS • <>tark Electronics Supply 
Co . (6! 2) -332-13?5 
MO., NO. KANSAS CITY • I rOMP Kansas City, Inc 
(816) -?? 1-2400 
MO., ST. l ()l/IS • I COMP 5t l ou1s Inc. (314) -647-
5505 
N.J ., Cl IFTON • fastPrn R•rl io Corporation (201) -
365-2600, (212) -244 8910 
N.Y. , RINGHAMTON • Harvey.'Federal (607) -748 -
8211 
N.Y., EAST SYRACUSE • CramPr/ Syracuse (315) -
437-6671 
N.Y. , ROCHfSTER • Cra mer/Rochester (716) -27 5-
0300 
N.Y. , WOODBURY • Ha rvey/NPW York (516) -921 -
8700, (212)-582-2590 
OHIO, CINCINNATI • United Radio, Inc. (513) -76 1-
4030 
OHIO, CLfVELAN D • Pattison Supply (216) -441-
3000 
OHIO, DAYTON • Kierulff fl ertronics (513) -278-
9411 
PENN ., PHILADELPHIA • Almo Electronics (215) -
676-6000 
PENN ., PITTSBURGH • RPC' E'lertronics (412) -782-
3770 
S.C., COLUMBIA • Dixie Radi o Supply Co., Inc 
(803) -?53 -5333 
TEXAS, DALLAS • Adleta flectronics Co . (214) -741 -
3151 
TEXAS , FORT WORTH • AdlPta Flectroni cs Co. 
(817) -336-7446 
TEXAS , GARLAND • Kierulff E'le<'t ronics. Inc . (214) 
271 -2471 
TEXAS , HOUSTON • Harrl'on Eq uipment Co ., Inc. 
(713) -224-913 1 
UTAH , SALT LAKE CI TY• Cramer/ Utah (801) -487-
3681 
VA., RICHMOND • Merirl ia n flertronics , Inc ., a 
Sterling Electroni cs Company (703)-353-6648 
WASH ., SEATTLE • Ki erulff Fle <'trorncs . Inc . (206)-
763-1550 
CANADA, ONT. , SCARBOROlJG~ • I ake Engineering 
Co., Ltd (416)-751 -5980 

ALL OVERSEAS INQUIR IFS 
General Motors Overseas Operat ions 
Power and Industrial Produrts Dept 
767 Fifth Avenue, New York , N Y 
10022 Phone: (212) 486 3723 

Kokomoans ' Regional Headquarters 
Union, New Jersey 07083 . Box 1018, Chestnut Sta ­
tion , (201) 687-3770. 
El Segundo, Calif . 90245, 354 Coral Circ le, (213) -
640-0443 . 
Kokomo , Ind . 46901, 700 E. Firmin , (317) 459-
2 175 (Home Office) 

CHECK NO. 15 
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DES IGN NEWS 

Force-Switchable Diodes (FSDs) offer 
possibilities for low-cost solid-state 
switching 
A new so lid-state switch that is 
actuated by a predetermi ned force 
and is capable of handling a maxi­
mum of lA at 120V ac or de has 
been developed by Innovation 
Labs of Altadena, CA. 

The new devices, ca ll ed Force­
Sw itchable Diodes (FSDs), have 
the characteristic of providin g a 
virtual infinite res istance with no 
load and ava lanching to near zero 
resis tance when a predetermined 
force is applied. 

Potential applications of FSDs 
range al l the way from simple 
ON-OFF switches to arrays with 
up to 86 line-per-inch reso lution 
for encoding written data or read­
ing embossed ca rds. 

Switching threshold a 
controlled parameter 

The symbol used for FSDs by In­
novation Labs and construction of 
c1 typical eva luat ion-proto type unit 
c1re shown in Fig. 1. Two or more 
opposed diodes in series block cur­
rent flow at voltages up to 120V as 
long as no force is applied to com­
press the se miconductor film . 
When force is app li ed to the push 
rod or pressure is exerted on the 
silicone diaphram sea l, the semi­
conductor fi lm is compressed. At a 
certain force level determined by 
manufacturing parameters, the 
ava lanche effect occurs and con­
duction begins. In most designs, 
th is effect is symmetri ca l. 

One of the interesting charac­
teristics of the device, however, is 
that it may be manufactured so that 
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PUSH ROD /SHUNT DISC 
CENTER ING "SPIDER" 
(INSU LATING) 

TUBULAR METAL CASE 
(GROUNDED) 
3/8" O.D. 

FORCE 

--------PUSH ROD 

- ----- SILI CONE SEA L 
& DIAPHRAM 

EPOXY ASSEMBLY BOND 
& SP IDER SEA L 

.. t--- CONDUCT IVE SHUNT DISC 
::::II== OPPOSED SEMICONDUCTOR 

Fl LMS GROWN ON SHUNT 
DISC & PRI MARY 
ELECTRODES "A" & " B" 
HELD IN FI RM CONTACT 

ELECTRODE BED OF 
LOW-SHRI NKAG E 
EPOXY 

T YPICAL ASSEM BLY OF PROTOTYPE " FORCE-SW ITCHABLE DIODES" (FSDs) RATED 120 V 
(AC or DC) . DEVICE EXHIBITS SYMMETR ICA L SWITCHI NG CHARACTERI STI CS IN OPPOSITE 
DIRECTIONS, WITH THE AVALANC HE EFFECT OCCURR ING BE LOW 16 OUNCES OF APPLIED 
FORCE . 

UNIT MAY ALSO BE SW ITCHED BY FLUID PRESSUR E APPLIED TO SILICONE DIAPHRAM. 

Fig. 1 - Electrochemically grown films on conductors form opposing diodes that block 
current flow. When a predeterm ined force is applied, compression of the films creates an 
avalanche condition a 1 lowing current to flow in either direction. 

one diode avalanches before the 
other. The result is that at one fo rce 
level, half-wave rectificat ion is 
achieved. As more fo rce is applied, 
the other diode ava lanches, pro­
viding a virtua l short circuit for 
cu rrent flow in both directions. 

A certain amount of hysteresis is 
characteristic of the standard de-

vice, as shown in Fig. 2. Deswitch­
ing is sa id to occur typ ica ll y at 80% 
to 90% of the force at ava lanche. 
Thi s prevents deliberate or acci­
dental " teasing" of the switch. Ul ­
timate switching times have not 
yet been estab li shed under best 
conditions, but have been ob­
served at less than 100 nsec. For-
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ward voltage drop when the de­
vice is switched on is less than 1 V. 
Deswitch ing occurs when force 
is released to the appropriate va lue, 
independent of the voltage leve l 
across the device at that time. 

FSDs have been made with var­
ious maximum voltage ratin gs and 
a wide range of force ratings. As 
voltage across the sw itch is re­
duced from the ma ximum rat ing, 
the force required to actuate is in­
crea sed as indi ca ted by Fig. 2. The 
manufacturer states that theoret­
ically, switch life should also be 
extended with reduced voltage, but 
to date the only fa ilures that have 
occurred have been the result of 
grea tly exceeding the current or 
voltage ratings. When currents 
larger than 1 A have to be handled, 
FSDs could be used in Tri ac, SCR 
or power tran sistor gat ing circuits. 

By controlling the manufactur­
ing process, a given load-bearing 
area can be made to avalanche at 
forces rangi ng from a fraction of an 
ounce to hundreds of pounds at a 
given voltage. It is not possible at 
this time to produce sw itches with 
prec ision avalanche points, but by 
combining a low-force switch with 
an adjustable spring, a precision 
assembly could be made. For ex­
ample, an FSD with a 2 oz. ± 1 oz. 
switching force could be used to 
make a 50 pound pressure switch 
with a 1 oz. actu ating tolerance by 
back-bi as ing a "static" loadi ng dia­
phram or bellows with an adjust­
able spring to 49 lbs. 14 oz. Switch­
ing would then occur between 49 
lbs. 15 oz . and 50 lbs. 1 oz . 

Innovation Labs prefers to grow 
a film for a higher force than that 
ultimately needed and then me­
chanica lly bias the FSD to the de­
sired operating range. It is c laimed 
that this will extend switch li fe and 
that there is less likelihood that 
shrinking of the potting compounds 
wi II tri gger the device when this 
approach is taken . 

The switches have a slight nega­
tive temperature coefficient of 
change in force and an upper 
operating temperature I im it of 
100°C. No observable changes in 

TYPICAL CHARACTERISTICS OF "FORCE· SW ITCHAB LE DIODES" (FSDs) AT 50 mA LOA D 
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COM PRE SS ION FORCE (IN OUNCES) 

LEGE ND: 

A= Typ ical FSD/ 36 switch with direct force, at 24 VDC operating voltage. 
B =Same as "A" except operated at 36 VDC. 
C =Same as "A" except with 9 ounces bias pre - load force applied. 
D =Special 6 -VDC sensitive switch for operation by pressure wave 

created by "starting gun" or air jet. 

Fig. 2 - Typical switching characteristics of FSDs shows difference in sw itchi ng and dl' 
switching force levels. Voltage drop in the ON cond ition is less than 1 V and climini >h<•, 
vi rtu ally to zero as additiona l force is applied. 

character ist ics with time have 
been reported as long as the film s 
are sea led to eliminate moisture 
contamination. 

Electrochemical process 
means low cost 

While the exact nature of the 
FSD sem iconductor film has not 
been disclosed, it is known that the 
fi lm is grown on conductors by an 
-e lectrochemical process on which 
patents are sti ll pending. 

The films are presently being 
grown with prototype production 
equi pment under laboratory con­
dition s. In production quantities, 
the developer anticipates that 
nominal-accuracy individual FSD 
ba rriers could ultimately be pro-

duced for a few cents each. 
Total displacements required to 

ava lanche an FSD are in the ra ngl' 
of normal stress/strain relation­
sh ips of sol id materials. Becau~e 

di splacements are in the micro­
inch category, a wide ran ge of 
loading methods could be used, 
such as: static diaphram~, clamped 
bi-meta Is, piezo-ceram ic trans­
ducers, thermally expanded pel ­
lets, magneto-stricti ve devices, etc. 
The extremely smal I displ acements 
invo lved also perm it stacking of 
FSDs in mechanica l seri es for ac­
tuation by a single transducer. In 
this case, individual elements 
could be connected either in series 
or parallel. 

To date, app li ca tions that have 
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been either developed Or LOll ­
sidered include. FSD re ld y~ ac ­
tuated by tiny ' 'bender" ceramic 
tran~d u~er~ latching ~witLhes, bin 
level indiLator~ , electronrc key­
boards, elec troni c tablets, static 

float ~w itches , p r es~ ure switches, 
multr -output encod ing switches, 
burgldr -alarm sensors and traffic­
actuated light sw rtc he~ in buildings. 

f-SOs are presentl y avai lable in a 
24V or l 20V, or 50 mA eva luation 

prototype unit that measures 3/8 in. 
O .D. by 5/8 in . long including the 
push rod. For more information, 
contact Innovation Labs., PO Box 
1 76, Altadena, CA or circle Read­
er's Servi ce No. 252. -AS o 

20th ISSCC provides exciting 
glimpses of future LSI devices 

Philadelphia - Many of the dev icb 
µresented dt IEEE's lnternationdl 
Solid Std! - Lircu it Conference rn 
the past have been tho~e nearing 
the µroductron phase. If the sarne 
holds true for the device~ di s­
cussed thi~ year, there w rll be a 
cornucopid of exci tin g new ~em1 -

conductor devrces ready to ~pew 
forth. 

The first two rnorn ing ses~ ions, 

D-to-A and A-to-D conversion dnd 
FET memories, qu ick ly aroused the 
intere~t of those attending. In the 
convers ion ~ess ron no less than 
three 1 O-b1t monolithic DAL~ were 
described . As you can see from the 
performance characteristics in 
Table I , Precision Monolith1cs 
(Santa Clara, Calif.) Analog De­
v ices (Norwood, Mass.) and Signet­
ics (S unny va le, Calif.) have taken 
three independent paths to reach a 
sim il ar goal, and at nearl y the same 
time. Since their~ is a pre-produc­
tion dev ice, Analog Devices de­
clined, understandably, to re led~e 

performance figure~ for their DAC, 
but it ~ems to be in the same 
league a~ the DACs from Precision 
Monol1th1cs and Signetics. Ifs in­
teresting to note, too, that the 
superior sheet resistivity of ion im­
planted rb1stors , as used by ig­
netics, didn' t seem to give them the 
overa ll advantage in chip size that 
rrnght have been expected . In fact, 
they ended up with the largest chip 
of all. rhe sma llest chip, that of 
Ana log Devices, was achieved by 
depos1t1ng thin -film resistors on top 
of the glass-passivation layer. 
Techni ca ll y, this may not be an 
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s, 

A, 

SYSTE M 
CLOCK 

SYSTEM 
CONTROL 

Fig. 1 8dsic CMOS A/D converter patented by General Elec tri c uses a VCO and count ing 
circu its to achieve conversion. The technique is reported to provide accuracy of ± 0.05% 
± I /2 LSB, and can be integrated into a monolithic CMOS IC. 

' 'on-chip" resistor technique, but 
it has such obv ious advantages for 
reducing chip area, capac itance 
and res istor variation , that it may 
well become a standard practi ce in 
the nea r future. 

A new A/ D technique 
The conversion sess ion also re­

vea led a tru ly fresh approach to 
analog-to-digital conversion de­
veloped by M.C. Kidd of GE. While 
most manufacturers have been try­
ing to develop a monolithic DAC 
first, with the idea that an on-chip 
comparator and some control 
logic could later be added to pro­
vide A/D conversion , Mr. Kidd has 
patented a technique, shown in 

Fig. 1, that ca n be readily inte­
grated on a single CMOS ch ip. Mr. 
Kidd's pa tent has been ass igned to 
GE, who is negotiating li censing 
arrangements with several semi­
conductor manufacturers. 

Single-transistor cells 
A year ago, Inte l reported on a 

4k-bit MOS/RAM . This year, three 
designers from the Phi Ii ps Re­
sea rch Laboratories, Eindhoven, 
Holland, presented a paper de­
scribing their one-transistor per bit 
4k-RAM. R. Proebsting and N . 
Green of Mostek Corp., Carrollton , 
Texas revea led thei r one transistor 
and one capacitor memory ce ll , 
shown in Fig. 2, from which they 
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have assembled a 4k-bit RAM. Thi s 
N-channel RAM, operating at 2.5 
MHz, consumes only 60 µ,W/b it. 

Microsystems Internation al, Ltd , 
of Ottawa, Ontario, Canada, who 
was the first to announce a com­
mercially ava il able 4k-bit RAM late 
in 1972, displayed more of their 
LSI prowess in R. F. Harland 's pa­
per describing an Bk-bit shift regis­
ter. Their N-channel , si licon-gate 
array consumes only a 2 mil 2 area 
per bit, operates from a single + 5V 
supply and has a data rate of 10 
Mbits/sec (if operated at +BV). The 
device which contains an unbe-
1 ievab le 49,32B transistors is 
packaged in a standard 22-pjn DIP. 

More memory power 
From IBM's W atson Research 

Center, at Yorktown Heights, NY 
came the report of Messrs Yu , 
Dennard, Chang and Hatzakis de­
scribing experimental work on 
high-density memory fabri cation 
using electron-beam lithography. 
Thi s technique has already al lowed 
them to fabricate an experimental 
memory array with densities of B 
bits/mil2 ! Thi s represents a 10:1 
improvement over today's photo­
graphic techniques and is certain 
to play a major part in fu ture LSI 
break-th roughs. 

IBM's coup was an Bk-bit RAM , 
shown in Fig. 3, using a single FET 
per memory ce ll. 

Fabricated using a P-channel 
se lf-a li gned poly-silicon gate (P­
SAG) process, the chi p measures 
145 by 201 mil s, and is internally 
organi zed 128 words by 64 bits. 

The si ngle cell area is 1.B4 
mils2 -about half that of a conven­
tional three-tran sistor unit. 

In addition, the ch ip contai ns al l 
the support ci rcuitry needed to 
operate it. On-chip ci rcuitry in­

. eludes: data reg isters, address in­
verters, decoders, word l ine bias­
ing, phase drivers, input biasing 
and chip select. 

The memory chip was developed 
by IBM's Sys tem Products Divi sion 
Laboratory at Essex Junction, Ver­
mont, and was described by Wi I­
I iam K. Hoffman and Howard L. 
Kalter. 

Actual scan using RL512 array. Scan rat e, 2 MHz; Resolution, 6 mils; 4 bir AI D conversion 
provides 16 gray levels. Pholo is court esy of Recognition Equipment, Incorporated. (see 
Nore) 

ANNOUNCING 
THE FIRST 

PAGE READER 
ON A CHIP 

You can read a standard BVi' ' wide page at 16 mil 
resolution with only a single RL-512 self-scanned array. 
With only two of the 512 element devices aligned you 
ca n improve resolution to B mil on paper and still read 

at up to 10 MHz scan rates. 

The Reticon RL-512 array offers 512 photodiodes on 1 mil 
centers self-scanned by on chip shift registers and 

multiplex switches. The device offers high sensitivity, 
charge storage mode operation, scan rates from 10 KHz 
to 10 MHz and operation on 15V supply. O ptical quality 

quartz window seals the 18 pin standard ceramic D IP. 

Other applications include OCR, facsimile, surveillance, 
industrial control, size and edge monitoring, laser 

detection and many others . 

This and other devices of 16, 64, 12B, 256 elements are 
available from inventory. 

450 E. MIDDLEFIELD ROAD 
MOUNTAIN VIEW, CA 94040 

(415) 964-6800 
Note : The IH E Sid 167.i·1971 High De11m11on ~~cs1m1le Te~I Ch,m w~s rep1oduced by perminmn of the lnm1u1e of fle-ctr1ol ;md Elecuomcs Engmee,~. Inc .. 
J..4S Casi 47th St•eet. New Yori.. , NY 10017. 

CHECK NO. 16 
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Fig. 2 - Mostek's 4k-RAM uses one FET and one ca pacitor for storage of each bit. Sense 
ampli fier techniques, shown here, provide a read-access time of less than 300 nsec, and a 
µower consumption of 601-tW/bit al 2.5 MHz. 

Evening sessions are lively 
When the lectures begin at 9 AM, 

it really takes something worth ­
while to draw a crowd at 8 PM, but 
ISSCC's evening sessions have al­
ways been well attended , and thi s 
year was no exception. There were 
informal di scuss ion groups con­
cerned with cal cu la tor readouts , 
fast auxiliary memories, auto elec­
tronics, D/A and AID converters, 
bipolar vs FET for microwave, low 

Mostek attempted to add some 
sa nity to the MOS vs bipol ar ar­
gument when he pointed out that 
the technology that wins out in any 
particular area may not win on its 
own technologica l merits. He fee ls 
th at such variables as inertia in the 
marketplace (i.e. PMOS) or com­
pany management may have more 
to do with the victory than will 
technical arguments. Mr. Craw-

ford's stra ightforward answers are 
very refreshing; for instance when 
the rest of the panel , especially the 
bipo lar advocates, were trying to 
field a question from the aud ience 
on how many devices compri se an 
"equivalent gate", Crawford re­
sponded " I' ll define a gate as one 
load res istor, rega rdl ess of whether 
there is one or twelve transistors 
tied to it." Not a perfect answer, 
perhaps, but a good place to start. 

At the readout session R. D . 
Webb of Sigmatron, Santa Barbara, 
Ca li f. amazed the audience with 
the sheer beauty of a large I ight­
emitting-fi Im display. The bright 
ye llow di splay is undoubtably the 
most v isually attract ive thing avail ­
able, but the 650V p-p drive re­
qu irements are very hard to pro­
vide in hand-held ca lculators. Dis­
cussion also covered LEDs, gas 
discharge, liquid crysta l and ther­
mal printing displays. 

The automotive session all owed 
itself to get sidetracked on ca talyti c 
converters, elec tri c cars, propane 
fuels and other topi cs for a long 
time before getting into the field of 
electronics. There was a grea t deal 
of concern about the capabi liti es of 
semiconductor manufacturers to 
supply both Detroit and the ir tra­
ditional customers. Even the De­
troit representatives seemed a I ittle 
worried, but several manufacturers 
were very strong in their insistance 
that they could supply Detroit's re­
quirements without hurting other 
customers. This is a gnawing prob­
lem, and only time wil l tell whether 

' power digital ci rcuits, amp li fier 
frontiers , microwave diode power 
amplifiers and charge-coupled 
devices. 

Table I - Comparison of 10-bi t 

The low power logic sess ion 
nearly turn ed into a FET vs bipolar 
argument and really seemed to boil 
down to the fact that MOS de­
vices are ga ining on bipolar in 
speed, and bi polars are ga ining on 
MOS in density. Si li con-gate 
CMOS/SOS seems capable of op­
erating at 100 MHz at about 1 /4 
the power of the ECL c ircuits that 
are available today. R. Crawford of 
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Chip size (mi ls) 

Linearity (%) 

Sett ling time (µsec) 

Output slew rate 

Transistors (qty) 

Diodes (qty) 

Capacitors (qty) 

T ota l resistance (kn) 

Resistor type 

Power dissipation (mW) 

monolithic DAC design and performance. 

Precision Analog Signetics 
Monolithi cs Devices 

82 x 148 75 x 90 113 x 124 

0.05 N/A 0.05 

1.5 N/A 2 

40 N/A 20 

182 77 140 

33 o 25 

6 1 0 

280 1500 530 

diffused thin film Ion implant 

300 250 
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fig. 3 - Bk-bit memory chip size reference, shows an amoeba .(dark area), a one eel I or­
gani sm w hich is as large as 40 of the one- transistor memory ce ll s 1n IBMs new device. 

the electronics industry will suffer 
from the semiconductor-automo­
tive industry t ie- in th at is presentl y 
under way . 

Informal di scuss ions w ith several 
semiconductor manufacturers were 
quite revea ling. Most informed EON 
that they were keeping a very close 
eye on their customer li sts and 
would not allow themse lves to be­
come over committed to any one 
market segment, whether that seg­
ment was mi litary, automoti ve or 
anything else. Some expressed 
concern that Detroit wants custom 
M SI and LSI devices rather than ' 
assemblies of more standard units. 
The d irection shown by Motorol a 
and National Semiconductor with 
thei r famil y of low-cost quad amp-
1 ifiers and comparators offers the 
auto makers both des ign versatility 
and ready-made second suppl y 
sources that aren ' t so easy to 
achieve in custom units. On the 

other hand, they offer the semicon­
ductor manufacturer a prod uct line 
that is very attracti ve to a broad 
base of customers. 

CCD's cause a stir 
Charge-coupled devices drew 

considerable attention thi s yea r, 
accounting for six papers and one 
evening sess ion. The adva nces 
have been astounding and justify 
a separate report whi ch will appear 
in the next issue of EON. 

Digest of papers 
Digests of the technica l papers 

delivered at the 2011' ISSCC are 
ava il abl e to IEEE members fo r $15, 
and to nonmembers fo r $20 from: 

ISSCC 
Philadelphia Section IEEE 
Moore School of Elec trical 

En gineering 
Univ. o f Penn. 
Philadelphia, PA 19174 

-B F D 

7261 SL 7 2 63 72 64 7265 

Giga-Trim ® (gigahertz-trimmers) 
are tiny variable capacitors which 
provide a beautifully straigh t for­
ward technique to fine tune RF 
hy brid circuits and MI C's into 
proper behavior. They replace 
time consuming cut-and-try ad­
justment techniques and trim­
min g by interchange of fixed 
capacitors. 

Applications include impedance 
matching of GHz transistor cir­
cuits , series or shunt "gap-trim­
ming" of microstrips , external 
tweaking of cavities, and fin e 
tuning of crystal oscillators. 

CHECK NO. 17 
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BUNDLE WITH 

TY-RAP® 
CABLE TIES 

T-193 Tool 

Cut Costs at Each Step of Harness Fabrication 
1. Tying a large variety of bundfe diameters? The new 
WT-193 tool gives you an improved level of control and 
convenience. The accurate preset tension control makes 
tying uniformity the responsibility of the tool rather than 
of the installer. The narrow nose and long slim body 
reaches in, cinches the TY-RAP® tie to a preset tension 
and trims it evenly ... even in those tough high-density 
areas. 

2. Repetitious tying in large 
quantities? The new TR-300 
high-speed tool gives you sev­
eral benefits. In 8/ lOth of a 
second, it installs a TY-RAP 
tie around a bundle up to %" 
diameter, cinches and trims 
evenly. 

3. Here's the most impor­
tant reduction benefit ! The 

,. 

ultimate key to savings is the locking device in the cable 
tie. Only TY-RAP ties give you a "grip of steel." A pat-

for 9 inch bundles. It is used in virtually 
every modern aircraft, communicaiton, busi­
ness machine and electrical equipment ap­
plication ... in general wherever wire is used. 

4. Tired of the 
recurring 

costs of harness boards? 
Our new modular harness 
board is designed to substan­
tially reduce costs while pro­
viding convenience. It is constructed 
of polyethylene foam sandwiched 
between two metal screens - the nails 
can be pushed in by hand. It's reusable. 
It's reversible. It's modular - boards interlock in seconds 
to produce any size board needed. 

Write for new catalog, The Thomas & Betts Company, 
Elizabeth, New Jersey 07207 (201) 345-4321. In Canada, 
Thomas & Betts Ltd., P. Q. so9 

ented, non-magnetic, stainless steel locking wedge is em- Sold Only THOMAS & BETTS 
bedded in the nylon cable tie. It's in every self-locking tie, Through 
from the miniature 3 inch for 1/ 16" dia. to the ::;o inch tie T&B Distributors C ivis ion of T'honul.9 & Betts Carparaticn 

CHECK NO. 18 



Most companies crank out a 
couple of different MOS 
RAMs and leave it at that. 
That's good business for them, 
but not so good for you. At 
AMI, we want to solve all 
your RAM problems. So 
we've more than doubled our 
product line, our production 
and the number of our distrib-

Mostek's 4006, with an access 
time of less than 400 ns. As well 
as the slightly slower S4008. 

Soon we'll be introducing a 
4K N-Channel RAM thqt will 
knock the industry on its ear. 
We also have a 1024-bit static 
RAM in the works, and we've 
run some of the first C-MOS 
high-density RAMs. 

utors. 
Right now, we can cover 90 

percent of 1024-bit MOS 

So instead of jumping 
~'ve just doubled the odds around from source to source, 

in your favor. 
why not let us fill all your 

RAM applications right off the shelf. Only one 
other company even comes close. And nobody 
else can build RAMs using any one of five 
different processes. 

Besides our 2103, a pin-for-pin replacement 
of the 1103, we have some really fast numbers. 
Our 3103, for example, is almost twice as fast 
at 180 ns. Then we have the S4006 quasi-static 
read/write memory, which is pin-for-pin with 

RAM needs? It's a sure way to circuit 
compatibility. And it will save you time and 
aggravation, too. 

Our distributors throughout the country are 
well stocked with our standard RAMs. Write 
us to find out the name of the one nearest you, 
as well as complete details about our products. 

American Microsystems, Inc., 3800 Home­
stead Road, Santa Clara, California 95051. 

AMERICAN MICROSYSTEMS, INC. 

First with the MOS. 
CHECK NO. 19 
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If you thought our first 
l.C. multiplier solved a lot 

of your problems, 
take a lool< at this one. 

ADS31. The first programmable 
XY/Z Multiplier/Divider. 
From $20 in 100's. 

If you have anything to do with l.C. multipliers, you 
know our two-year-old AD530 line of monolithic 
multiplier/dividers has become the industry standard. 

That kind of reputation we like. And we know our new 
AD53 1 will keep it going nicely. 

The AD531 has our proven high performance design 
of a differential transconductance multiplying element, 
stable reference, and output amp I ifier combined on a 

single chip. And we've added a variable scale factor 
which al lows you to set any fixed value of a .Z by an 
external resistor, or to dynamica lly vary the value of Z by 
an externally controlled simple reference circuit. 

Plus a differential Vx input with 75dB of common 
mode rejection. All this makes a lot of complex applica­
tions very simple. Like automatic gain control. 

True RMS-to-DC conversion. Absolute value. 
Vector summation. 
You can use the instrumentation amplifier input to 

reject common mode noise. Or to subtract two input 
signals prior to further processing. 

Or you can use the AD531 just to multiply, divide, 
square, or square root. 

The AD531 will help you do all of this and more with 
an error guaranteed to be less than 0.5%. 

The package is the T0-116 14-pin ceramic OIL for 
high reliability and handling ease. You can choose from 
three accuracy versions (J ,K,L) for operation over the 
0°C to + 70°C temperature range, and one for - 55°C to 
+ 125°C operation(S). 

For the next 60 days we're offering five evaluation 
samples of any version of the AD531 at the 100-piece 
price. 

Call for complete applications and price information. 
We'll also tell you about two other additions to our l.C. 
multiplier line. The AD530L, the highest accuracy addi­
tion to our AD530 line: 0.5% maximum error. And the 
availability of the AD530 in a ceramic 14-pin OIL 
package. 

l.C. multipliers are just another of the unique solutions 
we bring to more of your problems. 

Analog Devices, Inc., Norwood, Massachusetts 02062. 

r.ANALOG 
111111111111 DEV ICES 

Call 617-329-4700 
for everything you need to know about multipliers. 

CHECK NO. 20 
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having trouble 
deciding which 
semiconductor 
to use? 
Visual Search Micro Film 
(VSMF), the modern technical 
data retrieval service, helps you 
decide qu ickly - helps you 
choose the one semiconductor 
that 's best for your design . 

The VSMF Service Is Called 
Parameter Retrieval. It lists 
devices by increasing values of 
important characteristics, letting 
you know what's avaiiable 
before you start your design . 

To Locate Your "Best" 
Semiconductor, you turn to the 
family of devices that meets 
your most important parameter 
needs. There you ' ll find other 
major parameters also listed in 
increasing order of 
performance value. 
Quickly, you satisfy your 
design needs. You also find 
second sources, and local 
sales offices to speed up 
getting parts for test 
and evaluation. 
VSMF Keeps Engineers 
Up-To-Date. Hundreds of 
people back at Information 
Handl ing Services ' Denver 
Headquarters gather, sort, 
organize, index and microfilm 
all this semiconductor 
product and suppl ier 
information , handling thousands 
of pages daily. Parameter 

Retrieval is one of the many 
services that emerge from th is 
effort, providing frequent 
updates to keep you current 
with the fast-chang ing world 
of semiconductors. You no 
longer need to be concerned 
about out-of-date catalogs, or 
incomplete and inefficient 
f iling systems. 

Price? VSMF costs less than a 
file clerk, and takes up no 
more space than an office 
desk. If you would like more 
information about this modern 
data retr ieval system, or a 
demonstration at your off ice, 
fill out the coupon and mail it 
today. Or, call (303) 771-2600. 

Information Handling Services, Dept. ED-1 
Denver Technolog ical Center 
P.O. Box 1154 
Englewood, Colorado 80110 

Please send more information about : 

D Design Engineering Service & Parameter Retrieval 
0 MIL/FED Spec 's and Standards Service 
0 All other VSMF Services 
D Please call me for an appointment 

Name: ___________ _ 

Title : ___________ _ 

Company: __________ _ 

Address: __________ _ 

Phone: ___________ _ 

See us in Booth 1304 during the IEEE show, 
March 27-30 in New York City. 

• Information Handling Services 
An Ind ian Head Company 

CHECK NO. 22 
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MODEL 
3339 

• ' . 
the smallest low-price multi-turn potentiometer on the market. 
You can be four times as sure of balancing critical 
circuitry with this cermet trimmer, Model 3339. 
Why? An ingenious drive mechanism (patent 3,614,-
703) gives you four mechanical turns to traverse the 
element. 

f.i.Ul!lllllEDC!lElimmJI Cermet provides the temperature 
coefficient (+-100 ppm/°C) and total resistance 
stability you need for temperature extremes (-55° 
to+ 150°C if need be). Choose your resistance-10 
to 2,000,000 ohms. Count on quality. Model 3339 has 

a high temperature plastic housing, sealed for extra 
protection. 

(Side-adjust style Model 33S9W ; a few cents more) 

Call, or write, your nearest Bourns sales office for 
more data on this multi-turn in a single-turn pack­
age. (Top-adjust size: .30" dla. x .25" high. Side­
adjust size: .31" x .32" x .38" high) 

BOURNS, INC., TRIMPOT PRODUCTS DIVISION • 1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507 
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MODEL 245, ACTUAL SIZE 

You can't match Data Precision 's Model 245 for price/per­
formance, size, reliabi li ty and usability. 

PERFORMANCE: .005% RESOLUTION, .05% BASIC ACCU­
RACY FOR 6 MONTHS, MEASURES ACV, DCV, DC AND AC 
CURRENT, AND RESISTANCE WITH 100% OVERRANGING. 

DC Volts, 1 vo lt to 1000 volts full scale, 100 µV resolution. 
AC Volts, 1 volt to 500 volts RMS full scale, 100 pV resolu­
tion, 30HZ-50kHZ. 
DC Current, t ma to 1A f.s. , 1 µ.A resolution. 
AC Current, 1 ma to 1A f.s., 1 µ.A resolution , 30HZ-50kHZ. 
Resistance, 1 Kn -10Mn full scale, 100 milliohms resolution. 
Calibration guaranteed 6 months minimum. 

PRICE: $295 COMPLETE 
Includes rechargeable battery module, line cord/ recharger, 
fused input probes, carrying case and strap, complete soft­
ware and test documentation, full Data Precision calibration 
Instruction Manual and separate Operator's Manual , and 
one year warranty. 

RELIABILITY: 
Proven LSI P-MOS and C-MOS Components plus our im­
proved autozeroing Tri-Phasic™ conversion, lsopolar™ 
reference, Ratiohmic™ resistance provide reliability nor­
mal ly found in instruments costing 3 to 4 times as much. 

s295.oo 
COMPLETE 

USABILITY: IDEAL FOR LAB, PRODUCTION OR FIELD USE. 
Tru ly portable, pocket size 13,l,i" x 31/2" x 51/2" packaged in 
a rugged impact resistant case, rechargeable 6 hour battery 
for in-spec operation and line recharge. 

To get your hands on this remarkable instrument, phone 
you r local sales representative. 

AL (205) 883-2530 
AZ (602) 946-7252 
CAIN) (415) 321 -7323 
CA1s1 (714) 540-7160 
co (303) 449-5294 
CT (203) 527-1245 
FL1MI (305) 241-4445 
FL1s1 (305) 563-8056 
GA (404) 457-7117 

IL (312) 286-6824 
IN (317) 253-2087 
MA (617) 273-0198 
MD (301) 588-7790 
Ml (313) 482-1229 
MN (612) 781-1611 
M01e1 (314) 426-2331 
M01w1(913) 236-6600 
NC (919) 787-5818 

NJ (215) 925-8711 
NM (505) 265-6471 
NY1NJ (315) 446-0220 
NY1s1 (516) 482-3500 
OH 1Nt (216) 243-7430 
OH1s1 (513) 298-3033 
TX1NI (214) 234-4137 
TX1s1 (713) 461 -4487 
WA (206) 767-4330 

Data Precision Corporation 
Audubon Road Wakefie ld, MA 01880 

(617) 246-1600 

~-~ATA PRECISION 
.. years ahead 
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MECL and MECL 10,000 are trademarks of Motorola Inc. 

offers 
the logical way to go. 

MECL designs add much more 
than speed. Flexibility is achieved 
in many ways; wire "OR"ing and 
multiple levels of gating yield sav­
ings in gate and package count, 
and complementary (OR/NOR) 
outputs add to further cost reduc­
tion. 

Programmable Counter 

Program Input = N 

1) Fowt =ljt 
2) F .... = 110 MHz (typ.) 

MECL circuitry has been pro­
viding answers to instrumentation 
problems for years. Now, MECL 
10,000 and MECL III permit 
further expansion of design poten­
tials. Standard MSI functions 
such as MECL 10,000 counters 
and the MECL III 500 MHz flip­
flop offer new ways of measuring 
rapidly increasing frequencies and 
da,ta rates. 

Designing with MECL is no 
mystery. And to prove it we have 
prepared the MECL Instrumenta­
tion Design File - a compilation 
of application notes and design 
tips. For your copy, write to Moto­
rola Semiconductor Products Inc., 
P. 0. Box 20912, Phoenix, AZ 
85036 and ask for "MECL Design 
File #2". 

500 MHz Input Amplifier 

470 

0.1 10 
500 MHz (0)--)1--.-_,,,,w----.-------<Ji 
50 !} +. 

50 

MBD502 

220 
330 

75 v .. 

I O.Cl 1.0 k 

~ +5.o v o-----'WY-____,,.,.,_~ 
100 100 

For speed where it counts ... count on MECL. 

CHECK NO. 25 
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Two decisive 
differences! 

The aRerture-time 
uncerta1nt~ 

The feed-thru . 

See us at IEEE 
Booth 1607. 
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............ -,, 
_.. ..... / ~ ',~ 

__ ___,_.. .. ··~~o~ ',,," Aperture-Time Uncertainty-the tolerance of 
/ -"F ~~ ~', the delay between a hold command and the 
~~0 "",, actual opening of the hold switch, i.e., 

.~"('\ <;,~::<5'~~,e"' the repeatability of the aperture time. 
'('ii :x-dl .-Fr. .r . ~~e· Feed-thru-the e11 ect o1 input on output 

<;,~ when in the hold mode, usually a function 
of input signal level and frequency. 

Our Model 4853 high speed sample-hold ampli­
fier boasts a low aperture-time uncertainty (± 1 nsec) 

to ensure high accuracy in data acquisition systems even 
with rapidly changing input signals. And the 4853's exceptionally low 
f eed-thru ( 1 m V for a 20V step) means you can multiplex during conversion, 
increasing thru-put. 

Other features provided by our proprietary circuit design 
include an exceptionally fast settling time with minimum sample-to-hold 
offsets and "glitches", excellent linearity, low acquisition time, and low 
cost. All in a low profile module. 

Ask your local Philbrick representative for the 4853 data sheet. 
It tells the whole story. Or write, Teledyne Philbrick, Allied Drive at Route 
128, Dedham, Massachusetts 02026. For toll-free ready data, dial 
(800) 225-7883. In Massachusetts ( 617) 329-1600. 

Philbrick Circuit Modules. 
The best makes the difference. 

CHECK NO. 82 
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Cinch Dura-Con 
0.050" centers 
ependable. Available. 

Now you have an effective source for your micro­
miniature connector needs. Cinch can produce and 
deliver these rugged reliable connectors on a 
timely basis, with size 24 contacts on 0.050" centers. 

These connectors utilize the proven pin-socket 
contact system, where the pin , made from a pre­
cision spring cable, is the spring member. The 
seven cable strands are fused in a hemispherical 
weld, resulting in a strong flexible shock and vibra­
tion resistant contact with assured alignment and 
no discontinuities. 

The Dura-Con pin is available in five sizes of Dura-

Con D-configurations as well as single row strip 
configurations. It can also be supplied in custom 
insulators. 

The size 24 contacts with 0.050" centers are sup­
plied factory terminated, with pigtail or wire leads. 
Size 22 contacts, on 0.075" and 0.100" centers, are 
crimp removable. 

Cinch Dura-Con Micro-Miniature Connectors are 
described in Bulletin PBC-174, available from Cinch 
Connectors, an Electronic Components Division of 
TRW Inc., 1501 Morse Avenue, Elk Grove Village, 
Illinois 60007, (312) 439-8800 cM-7305 

TRW CINCH CONNECTORS 
CHECK NO. 27 



IEEE INTERCON '73: 
''Solid State Shapes the Future'' 
Once again , this year's IEEE lntercon Convention 
and Exhibition , which is expected to draw 30,000 
people, is heavily emphasizing the practical in its 
59 technical sessions , all being held in one place 
at the Americana Hotel. Each session consists of 
an average of three to four papers , compared to 
tour to five last year, as a result of an effort to 
concentrate more specific papers into each tech­
nical session . 

The sessions cover topics in optoelectronics , 
computers , instrumentation , communications , 
medicine , marketing, consumer electronics and 
urban technology . Two topics that dominate the 
sessions are semiconductors and the growing 
energy crisis and what to do about it. 

Approximately 40% of the technical sessions 
are devoted to semiconductors. These range from 
advances in solid-state imaging, memories for 
computers, MOS/LSI !Cs, power semiconductors 
and consumer electronics to the use of solid-state 
devices in microwave circuits . There is even an 
interesting session on utilizing bipolar !Cs in LSI 
form for high packing density. 

The heavy concentration of papers on semicon­
ductors comes on the heels of the transistor's 
25th anniversary . In fact , the first floor of the 
exhibitor's area will have a special SIAC (semicon­
ductor innovations and applications center) ex­
hibit consisting of a large corridor lined with 
booths related to the transistor's development. 
There will also be a multi-media full-color film 
presentation on the impact the transistor and ICs 
are having on electronics. 

THE TECHNICAL SESSIONS IN REVIEW 

Four sessions on energy focus on practical 
methods of energy utilization as ways to relieve 
future energy shortages. These sessions are being 
held by some of the most notable energy experts 
in the country. The energy crisis is receiving so 
much importance this year that for the first time 
in the IEEE's history, two sessions, a highlight 
session on the energy crisis and a keynote session 
on society's limits to growth featuring a general 
discussion of energy's relevance to future 
growth , will be open to the general public free of 
charge . 

The exhibits , which should number about 200, 
down by about 10% from last year, are designed 
to parallel the technical sessions in content and 
will on ly use two floors of space in the Coliseum , 
something walk-weary individuals of previous 
IEEE shows are certain to appreciate . 

For the first time , show attendants will be able 
to experience an actual pc-board line fabrication 
process from beginning to end in a first floor area 
designated for printed circuits . This will not be a 
demonstration by someone else , but an attempt 
by anyone who desires to actually make a pc 
board on the spot , all by himself. 

One noticeable change this year is the drop in 
foreig n exhibitors , who make up only about 8% 
of the total number of booths. One IEEE spokes­
man felt that the new and growing European 
Common Market may be the reason for this; 
foreign exhibitors are diverting their attention 
toward the European continent. 

Semiconductors : Branching out in all kinds of directions 

The continuing progress in solid-state device 
performance is reflected in papers which report 
the many different applications of these de­
vices-mass memories for computers , micropro­
cessors , microwave amplifiers and oscillators and 
many consumer applications such as TV and the 
automobile . 

One session (23) devoted to MOS/LSI circuits, 
seeks to enhance the awareness of their present 
and projected future capabilities by presenting 
illustrative LSI circuit examples with improved 
performance. 

Discussed will be the pros and cons of n­
channel MOS, CMOS and iso-planar MOS . In 
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addition , the design and performance of MOSFET 
circuits fabricated on silicon-on-insulating sub­
strates will be discussed . The analysis of a 
MOSFET read/write memory using this process 
combined with the n-channel process will be 
presented. 

As an example of advances in MOS circuit 
design , T. De Franco, H. Bodio and W. Jordan of 
Intel Corp. (session 2) will describe the hardware 
and system design of a 1-million byte mainframe 
memory module using MOS dynamic memory for 
add-on use in IBM 370/155 and /165 computer 
systems. 

IC designers would not want to miss one very 
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important session (30) entitled "High Packing 
Density Bipolar Technology for LSI." The five 
papers that make up the session will be devoted 
to discussions on how to produce bipolar circuits 
in LSI form. 

Because LSI circuits are moving into promi­
nence, with some dual-in-line package circuits 
utilizing more than 24 pins, the problems of 
packaging, reliability and servicing ICs are given 
attention in a session (50) on IC packaging. 

Several proposed packaging schemes will be 
explored. One paper by Ron Boger and Jack 

Norrie of Amp, Inc. , discusses several of the 
newer IC packaging techniques in detail as 
evidence that packaging technology is indeed 
keeping pace with IC technology. 

For the consumer, papers will discuss the role 
new ICs are having in television . Described will 
be digital AFC circuits that facilitate quick and 
easy digital pushbutton TV channel selection, and 
a single chroma-processing IC that combines 
several TV circuit functions into one package. 
CMOS watch circuits and a miniature IC transmit­
ter will also be reported (session 51) . 

Electro-optics: charge coupled devices lead the way 

Charge coupled devices (CCDs) are indeed 
coming into their own. They are now finding 
applications in image sensing, analog signal pro­
cessing and digital shift-register memories. 

Papers will be presented detailing CCD use in 
TV cameras as self scanned image sensors (ses­
sion 1). In addition , the use of electron beam 
scanned silicon mosaic targets and photodiode 
arrays for scanning images in TV cameras will also . 
be detailed. 

Although magnetic storage dominates the 
mass-memory field at this time, much of the 
research effort is oriented toward optical , elec­
tro-optical and beam-recording technologies. 
These latter approaches will be examined and 
evaluated in the session (9) on archival and mass 
memories using optical devices. 

The use of the hologram and a photodichromic 
color center as mass memories are presented in 
separate papers. A review is also given on 
recently proposed and potential future electron­
beam mass-storage systems. 

How to display graphic and alphanumeric 
computer data best has always intrigued design­
ers. Many techniques have emerged in recent 
years to challenge the conventional CRT display. 
These include dot-matrix LED arrays , ac plasma 
displays , digitally addressed flat-panel CRTs and 
gas-discharge panel displays, all to be reviewed in 
session 33. 

Light-valve projection-display systems with the 
compatibility of operating in real time at TV rates, 
for both color and black-and-white systems, will 
be the subject of a session (26) on projection 

display systems. Reviewed will be the status of TV 
projection devices, which include the CRT­
Schmidt systems, the laser projector and light 
valves. 

Probably, one of the best applications where 
optoelectronic devices have been used is in 
circuit control. The phenomenal growth rate of 
optoelectronic couplers can easily attest to thi s. 
The se devices are more dependable and cost less 
than alternate means. The use of optoelectronic 
couplers in industrial interface applications, in 
the field and in the factory, will be carefully 
sc rutinized (session 31 ). 

Only three tiny charge coupled devices (CCDs) make up the 
image sensors for this solid-state color TV camera. Developed 
by engineers at Bell Telephone Laboratories, it is expected to 
lead to a new generation of color TV cameras that are much 
lighter , sma ller and less expensive than conventional cameras 
using cumbersome vacu um-tube and electron-beam-scan­
ning systems. 

Energy: a growing maior crisis in need of fast solutions 

Without a doubt, the growing fuel shortages of 
the world are causing scientists and world leaders 
grave concern . A session (6), devoted to ways of 
alleviating this , discusses several possible sources 

for virtually unlimited, and nearly pollution-free , 
energy. 

Three basic themes will be covered: nuclear 
fusion by both magnetic confinement and lase r 
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energy, solar power utilizing both ground based 
and sate llite systems, and energy produced from 
water by either electrolytic or chemical injection 
of energy to produce hydrogen. 

Although the concepts discussed may be de­
cades away from commercial large-sca le applica­
tion, they are by far the most promisi ng prospects 
for the future for satisfactory so lutions to the 
problems posed by our all-too-finite rese rves of 
fossil and nuclear-fission fuels. 

Getting the most out of present power systems 
is the subject of a session (13) on energy storage. 
The general design , role and value of a Swedish 
air-storage gas turbine power station that makes 
use of compressed air for operating the turbine is 
discussed as a way of increasing power-system 
efficiency. Superconducting inductors and elec­
trochemical energy are discussed in two papers as 
other means for storing electric power system 
energies. 

A sess ion (20) on power system control shows 
different approaches for computer control of 
power . Varied papers cover new equipment for 
on-line simulation , a centralized approach for 
controlling a multiple-area system and a discus­
sion on the existing CEGB power system in 
England, with respect to its organization and 
expected developments. 

A highlight session open to the general public 
on the energy crisis will present the viewpoints of 
the academic world, the power industry and the 
professional power societies on this matter . 

Another keynote sess ion, also open to the 
general public, will explore the role of the 
engineer and engineering in today's and tomor­
row's societies. Does new technology necessarily 
mean a better world? Could an anti-technology 
attitude grow amongst the public? How can 
technology best se rve us with our limited resour­
ces? These and other questions will be debated in 
this " Limits-to-Growth" keynote session. 

A 10.6 µm laser amplifier operates at 1 k J for 0.1 nsec pulse 
lengths . A prototype unit for 10·1- j laser system is now in 
design at the Los Almos Scientific Laboratory, University of 
California. 

Communications: improving transmissions via satellite to extend our horizons 

Satellite communication is no longer a distant 
dream, but an everyday reality. Methods to im­
prove these communications are constant ly being 
looked at and evaluated. Heavy communications 
requirements have resulted in the development 
of multiple-access transmission techniques start­
ing with single-channel into multiple-channel 
schemes. 

A session (5) will examine the multiple-access 
route as the key to effective satellite communica­
tions . In particular, communications networks 
having central control will be compared to ones 
with autonomous local control. Time-division 
multiple-access (TOMA) of the lntelstat satellite 
system and for the defense satellite communica­
tions system (DSCS) will be explored. Various 
multiple-access techniques planned for the Cana­
dian domestic satel lite communication network 
will also be presented . 

A specific session (12) on satellites will review 
four of the new system applications likely to be in 
operation during this decade: the Telesat system 
for domestic communications, the Navy's Fleetsat 
system, a commercial Maritime system for ships 
at sea and a potential satellite system for U.S. 
postal communications. 
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A panel session (47) on the significance of 
satellite telecommunications for developing 
countries provides an international outlook with 
the participation of represe ntatives from Algeria 
and Brazil , together with two panelists from the 
Comsat Corp. and one from Teleconsult, Inc., of 
Washington, DC. 

Wideband Trapatt amplifiers, such as the microstrip (top) and 
an experimenta l lumped-element unit (bottom) from the 
Sperry Rand Research Center, shou ld find app li cations in 
phased-array radars and point-to-point communication sys­
tems. These 2-terminal , circulator coup led devices operate on 
a negative-resistance principle, induced by the application of 
an external sinusoidal signal whose amplitude exceeds a 
critica l value . 
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State-of-the-art microwave devices, needed to 
fulfill th ese communication s requirements, will 
be loo ked at (session 48) . Devices discussed 
include Trapatt d iodes, Transfe rred-Electron and 
lmpatt amplifi ers and GaAs FET and silicon bipo lar 
power transistors. Such perfo rm ance parameters 
as pow er o utput , ga in , effi ciency, bandwidth and 
no ise w ill be di scussed and compared . 

Televisio n communicati o ns will be · explo red 
(session 39). A video recordin g system th at 
utilizes a pressed disc whi ch is read o ut o pti ca lly 
will be explained . So will meth ods fo r improv ing 

cable TV broadcastin g. 
Di scuss ions are not necessarily limited to 

communication s via the airwaves. A sess io n (10) 

o n interi o r information transfer using multiplex­
ing is planned . A generalized tim e-divi sio n mul­
tipl exed (TDM ) loop network is first described 
fo ll owed by two papers describin g the appli ca tio n 
of multiplex ing to two spec ifi c sys tem s- a space 
statio n and the B-1 bomber aircraft . A fi nal paper 
addresses itse lf to th e problem of th e proper 
se lecti o n of a multiplexin g sys tem 's control 
element-often a ve ry criti ca l decisio n. 

Bio-Engineering: a new hope for the visually handicapped 

M odern medici ne, safe ty standard s and hyg ie­
nic conditio ns have do ne much to redu ce th e 
incidence of blindness th ro ugho ut th e world . 
Neverth eless , with all of th e miracl es of medicin e, 
a sizable num qer o f blind people had no hope fo r 
surgical o r o th er meth ods o f co rrect io n. But there 
is ho pe now, thanks to sophi stica ted electro nic , 
bi o logica l and computati o nal meth ods bei ng 
employed in a va ri ety o f ways to all eviate thi s 
age-o ld p robl em . 

Four interes tin g papers (session 37) will be 
directed at implementin g elec tro nic devices to 
aid th e visuall y handicapped . Jo nath en A llen of 
MIT's Research Laborato ry of El ectro nics and 
Dept. o f Elec tri ca l Engi neerin g w ill p rov ide a 
hi sto rica l rev iew o f aids for th e blind , fro m th e 
earli es t devices up to current research effo rts. 
Th e recent evolution of devices is th en compared 
to these requirements, and future t rends are 
predicted . 

Two authors, Edward Snow o f Reti con Corp . 
and Carter Co llin s of the Smith -Kettl ew ell In sti­
tute of Vis ual Sciences, will team up to descr ibe a 
so lid -s tate image-sensor sys tem th at uses tac til e 
image perceptio n fo r visual pros th es is. 

Snow will repo rt o n a 32 X 32 self-scannin g 
pho todiode matri x used for image percepti o n by 
th e blind . Co llins will di scu ss a 32 -line , 3-mm 
mo no l ithi c TV camera that electroni ca lly im­
presses o nto a blind person 's skin its images, 

po int-fo r-point , with an array o f 1024 elect rodes. 
Blind subjects can locate, recognize and retri eve 
ob jects, read graph s, meters and oscill oscopes, 
and can even distin guish co lo rs. 

A fin al paper o n stimulation of th e human vi sual 
co rtex by F.T. Hambrecht o f th e U .S. Dept. of 
Health , Educati o n and W elfa re will talk abo ut 
w o rk bein g do ne o n th e evaluati o n o f po tent ial 
b iomateri als, th e electrochemical , h isto path o­
log ica l and neuro pathologi cal effects of lo ng­
term elec tri ca l stimulation o f neural ti ss ues and 
results fro m human v isual co rfex stimulati o n 
studies. 

-Blind seeing aid uses a miniature camera and tac til e stimu la-
tio n to aid the bl ind to loca te, recogn ize and retri eve objects; 
read graph s, meters and oscill oscopes and also to distin gui sh 
colors. The cam era was developed by th e Smith-Kett lew ell 
Institute fo r Vis ual Sciences an d th e 32 x 32 -element 
self-scanni ng photodiode matr ix was developed by Reti con 
Corp. 

Computers: taking on bigger and bigger roles in all fields 

A glance at some of th e techni cal sess ions will 
show that computers are to be found every­
wh ere-in manu fac turing , in des ign, in market­
in g, in management and in decis io n makin g, to 
oame ju st a few areas. And they' re gettin g 
inte rn ational in character, be in g in stall ed in mo re 
and mo re countri es o f th e wo rld . It is gettin g so 
that large computer sys tems are creatin g th eir 

own set o f pro blems-how can th ey be managed 
effec t ive ly? 

Th e computer's ro le in marketin g is full y 
explo red in one sess ion (4). Looked at will be its 
ro le in market research , surveys, pl annin g, mod­
el ing and informati o n systems. Anoth er sess io n 
(8) will examin e computer appli cation to th e 
manufacturin g environment. Three papers will 
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explore the use of analysis in the manufacturing 
design phase, and limitation of hardware and 
software in present advanced computer systems. 

How can the computer help the designer? Two 
sessions should provide the answer. One (27) 
illustrates the interaction of the computer from 
the standpoint of the engineer's needs , and 
provides several examples of how he can use this 
means to enhance his effectiveness. Another (18) 
documents specific cases where the computer 
has helped in scientific and engineering studies 
for analyzing and evaluating designs , understand­
ing and optimizing processes and analyzing 
human factors. 

The legal considerations that must be weighed 
when using computers in public systems, as in 
cases of automatic monitoring and recording of 
filed access data, are examined in a special 
session (4). Another session (22) will analyze the 
current and future status of the electronic data 
processing (EDP) industry from the viewpoints of 
an economist, a venture capitalist and two EDP 
experts. This session will analyze the problems 

and potentials of EDP as a business opportunity. 
On the hardware side, a session (19) on bus 

organized interconnection techniques includes a 
discussion by proponents of both microwave and 
optical means of bus interconnections. The 
multiplexed bus organized interconnection 
scheme is needed where many portions of large 
computer systems must communicate with each 
other using a minimum number of hard wire 
interconnections. 

The full capabilities of minicomputers will be 
detailed in a workshop panel session (15). The 
panel will attempt to define the areas where a 
minicomputer should be used as a most effective 
tool. The uses and abuses of the minicomputer 
will come under careful scrutiny.• 

It has been said that the state of computing 
outside the U.S.A. is "two years behind" in 
application, equipment and market development. 
This assumption will be examined in a session (25) 
that · provides an overview of world market 
development and the status of the computer in 
foreign countries. 

Instrumentation : sophisticated automatic testing is the byword 

With IC devices reaching new highs in com­
plexity, the need for high-speed automatic testing 
is becoming more and more necessary. But 
automatic test systems are not without problems, 
not to mention the expensive price tags they 
carry. 

Just how does a computer controlled test 
system save money? What is its economic justifi­
cation? How should resources be reallocated 
when it is used? What job can it do best? Should a 
designer build a system from the ground floor 
up-or buy and integrate its pieces-or purchase 
a "turn-key" system? These and many other 
questions will be answered at a session (52) on 
applying computer controlled test systems. 

The unique aspects of testing extremely func­
tional and analog devices , such as computers on a 
chip and voltage-to-frequency converters, will 
also be exp lored. Jim Cunningham of Systron­
Donner Corp. provides a refreshing step-by-step 
guide in acquiring computer controlled automatic 
test systems. 

A session (38) devoted to instruments for 
computer controlled test systems describes the 
testing problems and limitations of available 
equipment. How bench instruments can serve 
and survive in a system's environment will also be 
discussed . One paper presents a new method for 
interfacing the many instruments that make up an 
automatic test system. 

As an example of how sophisticated test 
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systems can be , Ernst Forster of PRO Electronics 
presents a paper (session 38) on automatic 
complex-waveform analysis. He will discuss how 
such systems can analyze complex video-signal 
parameters ranging all the way from nanoseconds 
to seconds. 

One major headache of computer controlled 
test systems has alway!> been the software. Four 
papers (sessio n 45) will deal with this subject. Two 
of them describe computer languages designed 
to make it easier for the noncomputer oriented 

Sophisticated automatic computer controlled test systems will 
become more and more an economic necessity as IC and 
other devices become more complex. Shown above is PRD's 
new CAST system which can automatically analyze th e most 
complex video waveforms ranging from nanoseconds to 
seconds. 
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user to write his own test program s. Two other 
papers are addressed to current problems and 
present ach,ievements in automatic tes t-program 
generation . 

A look at new d evelopments in signa l gener­
ators (session 34) will examin e the latest in signal 

generation techniques using direct digital meth ­
ods and phase locked high-freque ncy oscillators. 
Newly deve loped test m ethods for instrument 
performance and new app li cat ions due to im­
provements made in signal generators will be 
hea rd .o 
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"\Ou dotit have to 
settle for homely 
circuit breakers 
anymore. 

Toggle handles in white. Rocker handles in 
white, gray, black, or custom colors. Rectangular 
pushbuttons, lighted green for ON, white for OFF. 
Cylindrical pushbuttons, not lighted at all. An 
environment-protected model with a sealed bat 
handle. A model for fast snap-in mounting. 

Our Type J line. 

Circuit breakers have never looked 
so good before. 

They're hydraul ic-magnetic, 
of course, and therefore offer you 
exceptional performance capabilities : precise, 
temperature-stable current ratings and trip points ; 
a choice of time-delay characteristics (or non­
time-delay operation); the option of a half-dozen 
special-function internal circuits. 

All are available for operation on any of the 
commonly used DC or AC voltages (60Hz or 400Hz) . 
In any current rating from 0.020 to 30 amp. 

All are reasonably priced. Even in modest 
OEM quantities. 

We'll be glad to send you detailed techn ical 
literature. Just tell us to whom and to where. 
Heinemann Electric Co., 2626 Brunswick Pike, 
Trenton, N.J. 08602. 

~HEiNEMANN 
CHECK NO. 26 
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IEEE PRODUCTS 

5-1 /2-digit DPMs offer resolution 
down to 1 µV de 
Data Precision has taken its recent 
2540A 1 digital multimeter and 
stripped it down to a 5-1 /2-digit 
DPM line known as the Series 
3000. Thus, the new DPMs have 
become the highest resolution 
units on the market with the most 
accuracy. There are no other 5-1 /2 -
digit or even 5-digit DPMs avail ­
able at the moment. 

Aimed at industrial instrumenta­
tion and control markets where sig­
nals from small transducers can 
range down to microvolts, the 
series consists of five standard 
models offering full-scale ranges of 
±0.100000, ± 1.00000, ± 10.0000, 
± 100.000 and ± 1000.00V de for 
resolutions of 1 µ,V, 10 µ,V, 100 µ,V, 
1 mV and 10 mV, respectively. The 
five models are the 3001 ($695), 
3002 ($645), 3003 ($645) , 3004 
($645), and 3005 ($645), in order 
of decreasing resolutions. 

The dual-slope integrating DPMs, 
which include Triphasic conver­
sion and lsopolar reference cir­
cuits, feature 20% overranging (ex­
cept for the Model 3005 ), autopo­
larity indication, bipolar, floating, 
true-differential and guarded inputs 
that are fully isolated from the out­
puts, and automatic zero settings. 

Accuracy over 6 months at 23°C 
± 5°C for the 1-µV DPM (Model 
3001) is ± 0.008% of reading, 
± 0.004% of full scale, ± 1 least 
significant digit. For all others, it is 

1-µV de resolution is what this 5-1/2-digit DPM will deliver, the onl y one of its type on the 
market. 

± 0.007% of reading, ± 0.001 % of 
full scale, ± 1 least significant digit. 
Temperature coefficient over the 
range of 0°C to +S0°C is ± 0.001 % 
of reading ±0.001 % of full scale 
per °C (Model 3001 1-µ,V DPM), 
down to ± 0.001 % of reading 
± 0.0002 % of full scale per °C for 
all others. Input impedance for the 
1, 10 and 100-µV units is 1000 
MD and 1 0 MD for the 1- and 1 0-
mV units. 

Other feJtures inc lude Nixie 
tube readouts, 160-dB CMR R (dcl 
and 120 dB (50/60Hz), 1,0-dlJ 

NMRR, a reading rate of 3/sec (in­
ternal trigger), and up to 4/ sec (ex­
ternal trigger), 1-2-4-8 BCD output 
and 10W power dissipation from 
either 105 to 125V ac or 210 to 
250V ac, 47 to 430 Hz. 

Dimensions are 3-in . high by 
8-in . wide by 11-in. deep, and 
weight is 3-1 /2 lbs. Numerous op­
tions are available. 

Data Precision Co. , Audubon 
Rd ., Wakefield, Ma 01880. Phone 
(61 7)246-1600. 
Booth No. 2628 Check No. 100 

5-function lab instrument sets new concept 

Look into any enginnering labora­
tory and you' ll probably find a 
minimum number of basic instru­
ments consistin g of at least a power 

supply, frequency counter, scope, 
multimeter and a signal source. 
Each instrument has usually had to 
be purchased separately at a cost 

of a few hundred to a few thousand 
dollars. 

With the introduction of the 
Versatester I from Systron-Donner' s 
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Datapulse Div ., a new concept has 
begun in laboratory instruments. 
This instrument houses five in­
dividual instrument functions in 
one metal case : It's a function 
generator, a pulse generator, a 
frequency counter, a mu I ti meter 
and a power supply - all fora price 
of only $1 2SO. 

Here's what the Versatester I can 
do. It generates sine and square 
waves from 20 Hz to 20 MHz with 
an accuracy of ± 0.1 % of setting. 
The sine wave is flat to within 
±0.2S dB and has distortion less 
than 0.S% to SOO kHz , -40 dB 
down to 2 MHz and - 30 dB down 
to 20 MHz. Output is 3V rms, into 
selectable SO or 6000. The square 
wave has 9S % time symmetry , 
S-nsec rise and fall times and com­
plement outputs provided from 
son sources, from - s to + sv. 

As a pulse generator, the Versa­
tester I features a repetition rate 
that spans 20 Hz to 20 MHz, delay 
and width from 20 nsec to 20 msec 
and S-nsec rise and fall times. Ac­
curacy is ± 0.19% of setting. Out­
put is - S to + SV from SOO sources. 
Positive pulse, as well as comple­
ment outputs, are provided. The 
pulse generator portion also has 
external triggering from de to 20 
MHz, a sync output and pulse 
pairs up to 10 MHz. 

As a frequency counter, the auto­
ranging Versatester I measures 
frequencies from 20 Hz to 20 MHz 
using a 4-digit display at 100-mV 
sensitivity. Input impedance of the 
counter is 1 MO and time-base 

Five instruments in one for $1250. It is a 20-MHz si ne- square-w ave and pulse generator; 
a 20-MH z frequency counter; a SOOV ac and de voltmeter; an ohmmeter and a power 
supply. 

stability is ± 1 part in 106• 

The multimeter section measures 
ac and de voltage from O.S to SOOV 
full scale in four ranges at a 0.1-mV 
resolution. Accuracy is ±0.1 % of 
reading ±1 count for de and ± 3% 
of reading to 1 MHz and ±7% of 
reading over 1 MHz for ac. Input 
impedance is 10 MO (de) and 1 
MO shunted by 2S pf (ac) Polarity 
(de) is displayed automatically. 

The multimeter can also mea­
sure de resistance. It does this in 
four ranges from S kO to S MO ful I 
scale at a resolution that extends 
down to 10. Accuracy is specified 
as ± O.S% of reading ±1 count up 
to 500 kO and ± 0.1 % of reading 
± 1 count up to S MO. 

As a power supply, the new in­
strument supplies outputs of + 5V 
to lA, +lSVand -15Vto200mA 

each and ±30V by the proper ex­
ternal grounding of the floating 
± 1 SV outputs. Ripple is S mV for 
the + SV output and 10 mV for the 
others. All outputs are stable to 
within ± 1 % and feature current 
limiting. 

The Versatester I also has some 
capabilities not usually found in 
many laboratory instruments. For 
example, the frequency of pulses, 
sine and square waves may be pre­
cisely set on its 4-digit counter 
readout. Output levels of each can 
also be precisely set on its multi­
meter readout. 

Datapulse Div. of Systron-Don­
ner Corp., 10150 W. Jefferson 
Blvd ., Culver City, CA 90230. 
Phone(2 l 3)871-0410. 
Booth No. 2326 Check No. 101 

Ultra- linear 16-bit D/ A converter with 1.5 ppm/°C TC 
D/A converters with 16 bits of res­
olution are devices that yield reso­
lutions of 1 part in 6S ,OOO, call­
ing for ultralow nonlinearities to 
be effective. One such device is 
Datel ' s new DAC-HRl 6B which 
offers an excellent linearity er­
ror of ± 0.0001 S%, accuracy of 
±0.0001 S% of full scale and an 
astoundingly low tempe·rature co­
efficient-just 1.S ppm/°C! And at 
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a price to beat - just $49S. 
Such accuracy and stability is 

said to be due to a precision thin­
film ladder network which tracks 
to within ±0.S ppm/°C, an oven 
controlled zener reference with a 
TC of only ±0.2S ppm/°C which is 
current controlled within a high­
gain servo loop and the use of four 
highly uniform monolithic quad 
switches whose betas track to-

gether, both initially and with 
temperature. 

Output settling time of the DAC­
HR 16B is 200 nsec to 0.02S % of 
full scale, and 1 µ,sec maximum to 
0.0001 S% of full scale. The set­
tling time includes switch delay, 
nonlinear slewing time and final 
exponential decay time. The con­
verter may be used either for uni­
polar or bipolar operation . 
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For unipolar applications, full 
scale output is 0 to -2 mA; and 
for bipolar operation, it is ± 1 mA 
at a maximum voltage compliance 
of ± 1 V. Provisions are provided 
for the user to connect an extra op 
amp for scaling, sign inversion, 
voltage or current ampl ification 
and impedance transformation . 

Terminating, feedback and bi­
polar offset resistors are included 
internally. These resistors have 
TCs matched to the ladder net­
work. The values of the internal 
feedback and bipolar resistors are 
set to produce a unipolar (0 to 
+ 1 OV) or bipolar (±5 or ±10V) out­
put from the externa l amp lifier 
which should be selected to suit 
particular appli cations. 

Input digital coding is straight 
binary for unipolar output and off­
set binary for a bipolar output. All 
digital inputs are compatible with 
standard TTL/DTL logic levels and 

TC of 1.5 ppm/'C and 0.00015 % linearity characteri ze this 16-bit D/A converter. The 
full y repairable enca psulated unit has a 1-µ sec max imum settling time to 0.00015% of full 
scale. 

are positive logic. Input power 
requirements are ± 15V de at 
± 35 mA. 

To compensate for long-term 
drifts, offset and gain adjustments 
are provided . The 2 x 4 x 0.4 in. 

encapsulated converter module is 
fully repairable. 

Datel Systems, Inc. , 1020 Turn­
pike St. , Canton , MA 02021 . Phone 
(617)828-6395. 
Booth No. 2609 Check No. 102 

A 12-bit A/D converter with 3.5-µsec conversion time 

Hybrid Systems has introduced a 
new high-speed $395 12-bit AID 
converter known as the Model 
ADC592-12 . It features a maxi ­
mum sampling rate of more than 
30,000 samples/sec, converting 
all 12 bits of input data in under 
3.5 µ,sec. 

The ADC592 -12 features an ac­
curacy vs. temperature of 50 
ppm/°C over an operating temper­
ature range of 0°C to 70°C. Linear­
ity vs. temperature is specified as 
30 ppm/°C. 

The high speed/accuracy com­
bination is said to be the resu It of 
a precision DIA converter used in 
conjunction with a proprietary var­
iation of the successive-approxi­
mation conversion technique. This 
is c laimed to allow the D/A con­
verter to settle in 50 nsec with an 
accuracy of 0.0125 %. 

Complete with all references, 
logic and timing circuits, the 
ADC592-12 accepts input signals 
in three different ranges : 0 to + 1 V, 
0 to + 1 OV and ±5V. Range selec-

This 12-bit A/D converter features a 3.5-µsec conversion time. Packaged in a D IP-com­
patible module, the 50-ppm/°C unit requires no trimmin g or ex ternal components. 

tion is through a simple pin inter­
connection . The output coding is 
binary and is fully compatible with 
TTL/ DTL logic levels. 

For packaging conven ience, the 
new A/D converter has dual-in­
line pin spacing for plugging into 
standard IC socket cards, and is 

availab le in a 2 x 0.4 x 0.8 in . 
module. It operates on ±15V and 
+ 5V. No trimming or external 
components are required . 

Hybrid Systems Corp., 87 Sec­
ond Ave. , Burlington , MA 01803. 
Phone(617)272-1522 . 
Booth No. 2632 Check No. 103 
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Portable lightweight 2-MHz function generator. 
Model S600 portable function generator is 

a li ghtweight unit (onl y 7 lbs inc luding bat­
tery pack) that ca n be operated from a bat­
tery as well as the ac line, and provides sine, 
square and triangular waveforms over a 
frequency range of 0.002 Hz to 2 MHz. The 
instrument's internal rechargeable batteri es 
are rated to operate continuously fo r up to 
10 hrs. 

Priced at $39S ($70 fo r the battery kit), 

Low-cost 50-MHz pulse-generator pair 
Both the Phillips $76S PMS71 S and $S7S 
PMS7 12 offer pulse repetition rates from 
1 to SO MHz w ith a vari able output 
amplitude from 200 mV to 1 OV. A separate 
fixed-amplitude auxil iary output on each 
unit prov ides full TTL compatibility w ith­
out any adjustments. The de baseline 
is vernier controlled (the PM S7 1 S has a 
±2.SV range; and the PMS7 12, a range of 
-S to +2V). 

The PMS7 1 S offers variable transit ion 

ti mes from 6 nsec to SOO nsec while the 
PMS7 12 offers a fi xed 4-nsec transition 
time. Each has independently settabl e pulse 
delay and duration v ia se lector switches and 
verniers from 10 nsec to 100 msec. Select­
able operating modes inc lude external tri g­
ger, gated output, single and double pul se, 
and square wave. Test & Measuring Instru ­
ments, Inc., 224 Duffy Ave., Hicksville, NY 
11 802 . Phone(S 16)433-8800. 
Booth No. 2108 Check No. 1 05 

50-MHz pulse generators with constant duty cycle 

Rechargeable standby " super-power" batteries 
The rechargeable line of Solid-Ge l (patent 
pending) leakproof batteri es are sa id to be 
"super-power" batteries that are specifi ca l­
ly engineered to provide reliable standby 
power. Avail able in either 6 or 12V ver­
sions, they are reported to have long shelf­
life and can be connected in series or paral­
lel and operate in any position at tempera­
tures from - 40°F to + 140°F. 

Spec ific ratings and prices (depending on 
quantity) foll ow : 6V, 3 AH, from $S.SO to 
$11 .2 1; 6V, 4.S AH , $6.SO to $12.9S; 6V, 
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the Model S600 provides both a son single 
ended and 600n ba lanced output at either 
1 SV p-p or 30V p-p, respecti ve ly. The out­
put is controlled by a 3-position attenuator 
and amplitude vernier. An additional 1 V 
auxiliary output is provided. The tuning 
dial features a 1000: 1 tuning ratio. Kron­
Hite Corp., S80 Massachusetts Ave., Cam­
bridge, M A 02 139. Phone(6 17)49 1-32 1 l . 

Booth No. 2427 Check No. 104 

The P23 and P2S pulse generators feature 
constant duty cyc le modes that allow the 
setting and mai ntaining of an established 
tim ing relationship between pul se width 
and period that is not affected by changing 
frequencies. Both instruments cover 1 Hz 
to SO MHz and provide simultaneous ± 1 OV 
pulses into son , as well as their positive 
and negati ve complements. 

The P23 offers 3.S-nsec rise and fa lltime 
pulses, and the P2S offers independentl y 
adjustab le ri se- and fa lltimes down to S 
nsec. Repetition-rate, ri se/fall , delay and 
w idth contro ls fo r both units feature a con­
tinuous, 2-decade operati ng range. An 
extra 10: 1 coarse/ fine control is incl uded 
for fi ne tun ing. $62S (P23) and $99S (P2S). 
Interstate Elec troni cs Corp., 707 E. Vermont 
Ave., Anaheim, CA 92803. Phone(7 14) 

Booth No. 2617 Check No. 106 

7.S AH, $7 to $14; 6V, 8 AH, $7 to $14; 
12V, 4.S AH, $10 to $17.9S ; 12V, 8 AH, 
$12.SO to $24.14. In view of their leakproof 
characteri sti cs, the Soli d-Gel batteries are 
reported to be approved for shi pment with ­
out precautionary packaging by the U.S. 
Posta l Service. El power Corp., 211 7 S. Anne 
St. , Sa nta Ana, CA 92704. Phone(7 14) 
S40-6 1 SS. 

Booth No. 1625 Check No. 107 
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Ac/de/ohms 4-1 /2-digit microvoltmeter for $895 

- -
4-bit A/D converter with 25-MHz conversion time 
Model ADC-4B-25MHz is a 3- in . wide by S­
in. long by 1-in . hi gh module that ca n per­
form 4-bit conversion in 40 nsec (throu gh­
put rate of 25 MHz). Costing only $1250, it 
utili zes a parallel/seri al/ parall el conversion 
scheme and boasts ±0.8% accuracy and 
differenti al linea rity. The temperature co­
effi cient for differenti al linea rity is ±50 
ppm/°C and ±25 ppm/°C of reading for full 
sca le and ga in . 

Specified accuracy for 4 bits of resolution 
is maintained over an operating temperature 
ra nge of 0°( to + 70°C. A larger opera ting 
ra nge of -25°( to +85°C is ava il able at 
extra cost. O utput is straight binary and 
TTL/ DTL compati b le. Input is 0 to -2.SSV 
and long-term stability is ± 0.4%/_yea r. 
Date! Systems, Inc., 1020 Turnpike St. , Can­
ton, M A 02021. Phone (617)828-6195. 

Booth No. 2609 Check No. 109 

Frequency agile phase locked signal sources 
Units in this seri es of signal sources are 
ava il able to cover two bands of frequencies: 
4.5 to 4.8 GHz and 4.5 to 5.3 GHz (Models 
461-FS-001 and 502-FS-002, respectively), 
with approx imately + 10 dBm of output. 
The input reference may be provided either 
by a switched crystal bank or a frequency 
synthes izer. 

Each unit's source w ill track a sweepin g 
input signal, or if switched to a new input 

signal, lock it to w ithin 0. 1 sec. Output 
VSWR is 1.5: 1; res idual FM is 55 Hz rms in 
any 3-kHz slot between 10 and 100 kH z 
away from the ca rrier; spurious rf output is 
75 dB down (in band) and 50 dB down 
(out of band). Narda M icrowave Corp., 75 
Commercial St. , Pl ainv iew, NY 11 803. 
Phone(S 16)433 -9000. 
Booth No. 2426 Check No. 11 O 

High-accuracy microwave power meter 

The 435A power meter/8481 A power sen­

sor sys tem measures power over a 55-dB 
dynamic range (300 nW to 100 mW) from 
10 MHz to 18 GHz. The sensor's SWR is 
under 1.2 from 30 MHz to 12.4 GHz, and 
under 1.3 from 12.4 to 18 GHz. The system 
consists of the power sensor whi ch con­
tains the thermocouple and a FET chopper 
stabilized amplifier and the power meter 

w ith a built-in rf ca libration source. 

Features inc lude over a 300-mW thermo­
couple burnout level, a prec ise 1.00-mW 

Keithley's Model 171 digital multimeter for 
$895 fea tures 1-µ,V de and 10-µ,V ac reso lu­
tion, and ac and de current plus res istance­
meas urement capabi liti es . It measures 1 µ,V 
to 1 kV de full sca le in 6 ranges at ± 0.02% 
accuracy, and the same vo ltage span for ac 
in 5 ranges from 40 Hz to 100 kH z, at 
± 0.3% midband accuracy. 

Ac and de current are both measured 
from 1 µ, A to 2A full sca le in seven ranges. 
Res istance measurements ca n be made in 
seven ranges from 1 kD to 2 MD full sca le. 
Input res istance is as hi gh as 1000 MD, and 
line-noise rejection is 70 dB. The Model 
171 may have its input c ircu it fl oa ted up to 
±SOOV with respect to chassis ground . 
Keith ley Instruments, Inc., 28775 Auro ra 
Rd. , Cleveland, O H 44139. Phone(2 16) 
248-0400. 

Booth No. 2309 Check No. 1 O~ 

I 

SO-MHz ca libration source, remote power 
monitoring, sensor ca libration data that 
consists of a chart di spl aying ca libration 
fac tor vs. frequency on each sensor plus 
co mputer ca libration magnitude and phase 
data at 17 frequenc ies and automati c push­
button zero ing. $350 (sensor); $550 (meter); 
and $1 00 (optional battery). Hewlett­
Packard Co., 1501 Page Mill Rd ., Pa lo A lto, 
CA 94304. Phone(41 5)493-1501. 

Booth No. 2400 Check No. 111 
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Recorder/converter system for live TV images 

Dry rf load handles 0.5 kW of power 

--:-:1' 
The Mode l 843 1 Terma line rf load res istor 
has a continuous input power rating of 
SOOW in the horizontal posi tion and 600W 
standing verti ca ll y. The new load is used 
for terminating son transmission systems 
during design, measu rement and mainte­
nance operations. It has a high-conducti v ity 
ceramic substrate. 

Spec ifications inc lude low VSWR of 1.1 

14-pin DIP delay line offers delays to 1 µsec 

LC DIP is a tiny 14-pin dual-in-line tapped 
lumped-constant delay line th at offers de­
lay times up to 1 µ.sec. It incorporates 10 
equal delay taps and is ava ilable in standard 
units with ti me de lays from 1 0 to 1000 
nsec. These units are ava i I able in time­
delay-to-rise-time rati os of 5: 1. 

Because of the dual-in-line packaging of 
the LC DIP and its low silhouette, it is com-

pati ble w ith semiconductor and other as­
semblies w here circu it boa rd height is re­
stricted. Each uni t has a working vo ltage 
of 50V de and is epoxy encapsulated. Cost 
is approximately $20 in small quantiti es. 
Allen Av ioni cs, Inc., 224 E. 2nd St. , M ine­
o la, NY 11 SOl. Phone(S 16)248-8080. 
Booth No. 1722 Check No. 114 

4-digit DMM features a 2-speed clock 

/ 

Live TV images are stored in a storage tu be 
and later reprinted on demand in 45 sec or 
transm itted over dial-up phone lines and 
pri nted out as permanent hard-copy records 
on a frame-by- frame bas is at vo ice-ba nd 
speeds. The system incl udes an Alden 400 
or 600 "push-to-print" recorder interfaced 
to a scan converter. 

Two systems are avai lable: one wi th a 
reso lution of 1300 TV lines/diameter at SO% 
modulation orthagonal read right (80 char­
acters/l ine) and another w ith 7SO TV lines/ 
diameter at SO% modulation orthagonal 
read right (50 characters/l ine). From $79S 
to $2SOO (without converter). Alden Elec­
tronic & Impu lse Recording Equipment 
Co., Inc., Alden Research Center, Westboro, 
MA 01S81. Phone(617)366-88Sl. 

Booth No. 251 9 Check No. 112 

from de to 1 GHz, 1.2S from 1 to 2.S GHz, 
continuous power di ss ipation of S00/600W 
in ambients from -40°C to +4S°C and 
SOD impedances . The Model 843 1 is nor­
mally supp lied wi th a female N connector 
and costs $250. Bird Electronic Corp., 
30303 Aurora Rd., Cleveland, O H 441 39 . 
Phone(2 16)248-1200. 

Booth No. 2509 Check No. 11 3 

•• 
"' 

Model DMM-40 clock increases conversion 
speed wh i le maintaining high accu racy and 
high noise rejection. An additional feature 
of thi s digital mu ltimeter is an overrange 
capability that ex tends up to 140%. The 
Model DMM-40 autoranges over all 20 
ranges of its f ive measurement fu nctions. 
These functions inc lude ac and de voltage, 
ac and de current and res istance. The pri ce 
for the basic unit is $69S. Lea r Siegler, Inc., 
714 N . Brookhurst St., Anaheim, CA 92803. 
Phone(7 14)774-1010. 

OtGITAL MULTIMETER DMM 40 0 1 

· 0 5950 ' ; 
LI> 

@·~ ~ ~ "' -

Booth No. 2302 Check No. 11 5 - -
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14-Bit DAC's troms95 

LOW COST 14-BIT DAC's-The new ZD300 Series include ten new models that offer excellent linearity, fast 
settling, current and voltage outputs, bipolar and unipolar coding, slaveable reference, and two quadrant multiplica­
tion. Prices range from $85 to $179 in single quantities. 

FAST SETTLING Tl MES ( 1 us)-Settling times as fast as 1 us for current output models and 2 us for 
voltage output DAC's makes the ZD300 Series useful in a variety of data conversion applications. 

UNIPOLAR, BIPOLAR OUTPUTS-Unipolar and bipolar operation is specified at 0 to ±lOV, and ±10V, 
respectively. Current output models are rated at 0.2 mA. Voltage output models also feature current output 
capability as well as two-quadrant multiplication-up to 100 kHz. 

LINEARITY 0.005%-High performance units feature linearity error of only 0.005% of full scale. Moreover, the 
extremely low linearity temperature coefficient of only 0.0005%/°C ensures high resolution accuracy. 

SMALLEST 14-BIT DAC's-The ZD300 Series modular DAC's measure only 1.96 x 1. 76 x 0.40 inches high-less 
than 1.4 cubic inches in volume. Low profile, DIP pinning compatibility and interchangeability of models make 
the series highly desirable for OEM usage. 

APPLI CA Tl ONS-The versatility of the ZD300 Series makes them an excellent choice for use in process-control 
systems, automated test equipment, servo/synchro/resolver systems, and biomedical instrumentation. 

Multiplying capabilities further enhance their use for CRT character generation, digital modulation, and 
polar-to-rectangular coordinate conversion. 

IZlelfe.,NC. LEADERS IN DATA CONVERSION TECHNOLOGY 

CALL or WRITE TODAY for detailed data on these and other ZELTEX Conversion and Linear products. 
1000 CHALOMAR ROAD • CONCORD, CALIFORNIA 94518 • (415) 686-6660 TWX 910 - 481-9477 

CHECK NO. Bl 



You can get expert help with your 
designs if you know. where to look 
An EON editor relates his experiences with his supplier's applications 
engineers and how they helped him with a new small system design. 

Robert H. Cushman, Special Features Editor 

The process of design often seems like a race 
against one's stupidity. You may know your goal 
and have some pretty good initial ideas about 
how to get there, but as your design progresses, 
you find there are so many little (and big) details 
that are just beyond your knowledge and exper­
ience. You wonder how you can ever get the 
product out on schedule and be confident in its 
performance . 

There is one place you can go for help- to the 
savvy experts among your suppliers. These guys 
know the details of the components you're using 
a l9t better than you, and they are motivated to 
help you. It is their job, and besides , many of 
them have gravitated into their jobs because·they 
enjoy helping people. There are a few who will 
put you down with a haughty sneer at the pathetic 
quality of your design, but we found the majority 
of these fellows bend over backwards to politely 
and patiently hear your problem out, carefully 

CMOS GATES AS 
OSCILLATORS 

Thermistor 

COUNTER 

Fig. 1-Breadboard proved that the system would work and 
that the power supply was adequate. The author likes to first 
mount all the ICs on small 2x 1-1/2-in . carrier boards that bring 
all the IC terminations out to standard positions , regardless of 
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examine your circuits, and then freely and 
ungrudgingly give of their own hard-won exper­
tise. In fact , we've found the more they are truly 
experts, the more likely they are to want to 
sincerely help you. 

Our case history 
To prove our point , we want to give you a 

running account of the help we've received from 
specific application engineers-and we'll be nam­
ing names-on a design project that seems 
important to us. This was the digital transducer 
system shown in breadboard form in Fig. 1 and 
circuit diagram form in Fig. 3. The basic concept 
was described briefly at the end of a previous 
article (Ref . 1), and this version's operation is 
explained in terms of the waveforms in Fig. 4. We 
think it might provide a widely needed building 
block for industrial systems. It's a self-contained 
unit complete with its own power supply. It needs 

CMOS GATES 

ASSEMBLY 

TRANSFORMER 

OP AMP 
BUFFER 

POWER 
SUPPLY 
REGULATOR 

the IC pinouts . Then these carriers make the whole pc 
resemble a block diagram which helps troubleshooting and 
visualization of sys tem improvements. 
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less than 50 mW power and will provide up to 8 
bits resolution (only 4 bits are shown in Fig. 3 to 
save space) . We see it as especially useful for 
remote monitoring of analog variables over 
telephone lines . 

The complexity of even a seemingly small and 
simple system like this in these days of high levels 
of component integration is one reason why you 
should have your thinking reviewed by outside 
experts. For example , even though our system 
consists of just a half dozen or so DIP packages, 
as can be seen in Fig. 1, each of these DIPs 
represents a whole little system in itself. There are 
a total of about 500 transistors in the circuit shown 
in Fig. 3, and our final design will probably grow 
another DIP or two to include 1000 transistors. 

Furthermore, quite a few different technologies 
are contained in the half dozen DIPs, each with its 
own sphere of know-how, as you can see from 
Fig. 3. The 4029 counter is an MSI unit with nearly 
100 internal gates. The two op amps must have all 
the elegant design and processing that produces 
low input leakages, wide input voltage ranges and 
operating-point stability . Even the passive com­
ponents as in the ladder and thermistor demand 

CARRY 

IN 

" ~ 
(CLOCK 
ENAB LE) 

--

a, 

CARRY 
OUT 

l I 

Fig. 2-The 4029 CMOS has considerable internal complexity: 4 master-slave FFs, 10 inverters, 8 OR gates and 22 AND gates. This 
complexity need not concern the user, as long as he obeys the logic and timing rules for using the device. One internal feature 
that is important for the user for this DIA application is that all the Q outputs are buffered. Buffering helps insure that the 4029 
outputs will provide relatively low impedance drives for the DIA ladder. 
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Fig. 3-Complete circuit for the digital temperature trans­
ducer: the aim was to produce a self-contained building block 
that would convert variable-voltage (and therefore also 

considerable supplier technical contribution, for 
they must have accurate and predictable charac­
teristics over a temperature range, and be in­
terchangeable . This circuit places unusual de­
mands on its power supply also, for the power 
supply must serve as balanced precision refer­
ence for the analog "front end" and the DIA 
converter. 

The communication steps 
Before launching into a component-by­

component account of the help we received , I'd 
like to summarize the procedure I think best for 
getting the most out of these outside experts: 

First, you must break your system down into 
the regions that will be of interest to various 
suppliers . You can only expect a given application 
engineer to feel justified in commenting on those 
parts of your system of potential sales interest to 
his employer. He won 't mind if you are not using 
his product in your initial design, as long as it is a 
"socket" his product could fit into. 

Second, you must be willing to show your 
design to him. If company secrecy prevents you 
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- 10V SENSOR BUFFER COMPARATOR 
THERMI STOR 
GULTON 51 PA1 & 2 
(look @ 25°c l FAIRCHILD 735(776) 

variable resistance) signals into digital form . The four main 
sections are shown here left to right, the power supply, the 
transducer , the AID and the control. 

from doing so, you will end up only talking in 
generalities and you won't really have him 
zeroing in on your problem. 

Third , you should listen very , very carefully to 
everything he tells you. It may seem like he is 
rambling, but later , if you 've taken careful notes 
(and I personally like to tape record their verbal 
comments), you'll find out he was, in fact, givi ng 
you pearls of wisdom that you just did not 
understand or appreciate. 

Finally, you should not be upset if the back­
and-forth communication takes time , because in 
the end , it will save you embarrassment, and your 
company's money will be catapulted towards 
dependable perfection much quicker. It is a 
matter of taking time to save time. 

Now for some of the comments we sought out 
and received in each of our component areas . 

Help from CMOS supplier 
The DIA calls for a CMOS counter to also serve 

as the analog switches that feed the 0 and 10V 
precision reference voltages to the ladder. The 
concept is to put the clean rail-to-rail output 
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switching of CMOS logic gates to work and thus 
simplify the system. We chose the 4029 counter 
because of its flexibility, versatility and ex­
pandability. It is a 4-bit "slice" of a counter that 
can be "programmed" by logic levels to count up 
or down and to count in binary or BCD (fig. 2). 
There are carry-in and carry-out terminals that 
permit 4029s to be cascaded for higher counts . It 
even has presetting inputs that, when tied to 
ground (as in Fig. 3), can be used to reset the 
counter via a preset-enable input. 

Our first concern about the 4029 was whether it 
was the best choice among the growing number 
of counters in the 4000 family. Dick Funk of RCA, 
after reviewing our design and our statement of 
its purpose, assured us the 4029 was an accept­
able choice, but that for our information there 
were others. He suggested longer counters like 
the 7-bit 4024 or the 12-bit 4040 (which would give 
spare counts we might use for timing purposes). 
He shot down our thought that we might use the 
4017 because , he explained , internally it uses 
Johnson coding and that would be incompatible 
with our standard binary weighted ladder-to his 
knowledge nobody was using Johnson counters 
in D/As. 
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Dick agreed that we could use the Motorola 
4510 and 4516s, which are specialized versions of 
the 4029 with essentially the same pinouts. (We've 
found we can sometimes plug them into a 4029 
socket.) 

Our next concern was whether the 4029s' 
output resistances would be low enough to 
accurately drive the ladder. The specifications 
and our measurements have shown this to be 
under 1 k and satisfactory for our high-resistance 
(R =75k) ladder, but what safety margin would our 
design have over all the variables of alternate 
counter types, production spreads , operating 
voltage changes , temperature, etc.? It had come 
to .our attention that Otto Schade of RCA had 
written an application note (Ref. 2) on just that 
subject, so we showed him a copy of our design . 
Otto set our mind at ease saying that he had 
found little difficulty in building up 8-bit systems 
of this sort with 1% metal-film resistors selected 
from the parts bin . He al so opinioned that he 
thought we might be overly concerned about 
tempco 's, unless we intended our system for the 
full military temperature range . 

Dick Funk came along with the best suggestion 
of all , and one we plan to try as soon as we can. 
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Fig. 4---Circuit waveforms for points (A) to (I) in Fig. 3. Slow clock output (A) periodically releases 4029 counter and starts fast clock 
whose buffered output (B) causes counter to count up. Outputs of counter (D,E,F,G) drive ladder positive , and when ladder 
counteracts unknown negative input (C) and pulls comparator input (H) up through system ground, comparator flips and its 
output (I) stops the fast clock. Counter holds state until slow clock output (A) again resets it. 

"If you are worried about the fact that regular 
CMOS devices don't have as low an output 
resistance in their ON state as you'd like, why 
don't you drive the ladder via our recently 
announced 4041 quad buffer. This has both true 
and complementary outputs, and the true out­
puts are made with large area, symmetrical 
inverters that have specified ON resistances of 
1000, and typically run as low as 500 at the 10V of 
your circuits." 

The more we think about this option, the more 
we're glad it is there in case we need it. We can 
use it in two ways. We could lower the ladder 
resistance from our present R=75k to, say 10k, 
and impose less of a performance penalty on our 
comparator op amp (as will be discussed later on) 
and have faster conversion speed. Or we could 
use it to raise the accuracy margin of our present 
system and possibly extend our system to 9or10 
bits. 

We don't think we will want to be too hasty to 

54 

lower our ladder resistance because that would 
raise the power consumption of our system, and 
this is one of its unique attributes-the basic AID 
needs only 10mW. However, we definitely want 
to evaluate whether we can raise our accuracy 
reserve. A side benefit from using the 4041 will 
come when the application calls for taking the 
output off the counter in parallel. Then we can 
use the complem.entary outputs from the 4041 for 
added logical flexibility in driving readouts . Some 
of the BCD-to-7-segment display drivers we've 
been looking at need this signal inversion, and it 
would be nice to know that our display drive was 
not loading our ladder switches . In other situa­
tions, we can use the availability of both true and 
complementary outputs to simplify following 
decoding logic. 

Help from ladder supplier 

We really got concrete help from Corning. It 
was in the most tangible form of three custom DIP 

EON MARCH 20 , 1973 



Table 

Cost comparisons: d iscretes vs. DIP assembly 

(Corning AO 1276 for EDN) 

Quantity 100 pieces 1000 pieces 

Approach Discrete DIP Discrete DIP 

Components 100 @$3.15 = $315. 1 k @ S1.70=$1700 

R-NA55 1200 @$0. 11 = $132 

D-IN914 200 @ so. 17 = s 34 

Insertion 1400 @ S0.06 = $ 84 100 @ S0.06 = $6 
cost 

Total $250 $32 1 
cost 

Sav ings? DIP costs $7 1 or 28% more 

ladder assemblies for 4, 6 and 8 bits (Fig. 5). We 
got involved with Corning because we had been 
using their RNSSD 1% metal-oxide fi lm resistors 
in our earliest discrete-resistor ladders . Mark 
Slifkin of Corning, who is on the marketing side, 
but quite knowledgeable, and who has a team of 
application design engineers, told us that Corn­
ing's investigations had shown that 1% metal-film 
resistors with 100 ppm/°C tempcos would handle 
8-bit ladders " without any problem," but that 
"they just can't make it at 10 bits. " 

Mark then asked us whether we had con­
sidered using these resistors assembled in Corn­
ing's CORDIP1m component network packages 
and volunteered to make up several samples to 
our designs. We jumped at this opportunity 
because it had been one of our goals all along to 
put as much of the circuitry as possible into DIPs . 
Though it might be said that Mark did this only 
because he knew his product would be getting 
publicity in this article, we got the distinct 
impression that Corning will make up custom 
samples without charge for any designer whose 
plans seem serious . Corning seems very proud of 
the way they can turn out these custom CORDIPs 
on short notice . 

When you go custom , you owe it to yourself to 
learn as much as you can about your supplier's 
method of fabrication. Then you can optimize 
your use of hi s technology. In the case of this 
component , we had the opportunity to visit "our 
supplier" at his factory and let him show us his 
technology firsthand . Mark first showed us Corn­
ing's discrete resistor production line, and then 
took us step by step through the process by 
which they design and assemble their resistors 
and other components (note in Fig. 3 and 5 that 
there are also diodes in our 4-bit network and , in 
addition , Corning can put their ceramic and small 
tantalum capacitors into DIPs). We saw for 
ourselves how Corning's investmeAt in assembly 
automation for these packages cou ld provide the 
savings that Mark had calculated for our design at 
the 1000-piece level (see table in Fig. 5). 

Just like it helps communication if the expert 
sees your circuit, so it helps if you can see his 
process. 

16 

12k @ $0.088 = s 1056 

2k @ $0. 1 0 = $200 

14k @ S0.06 = S840 lk @ S0.06 = $60 

$2096 $1760 

DIP saves S336 or 16% less 

15 14 13 

10k 

10k 

2 3 4 

12 11 

5 6 
R = 75k 

10 9 

2R 

2R 

8 

Fig. 5--The Corning custom DIP network contains a 4-bit 
ladder and some neighboring circuitry (note the diodes) . A 
feature of this configuration that was appreciated later was the 
fact that so many of the network nodes are brought out to 
pins . This made it easy to investigate design modifications 
during breadboard phase and yet have a compact DIP 
package. It suggested flexible patterns for the final production 
DIPs . 

Corning is of course not the only supplier 
making custom DIP networks. Sprague, Dale, 
Allen-Bradley, Beckman, Centralab, CTS, Mepco, 
etc. , are among the many others (Ref. 3). What we 
like about Corning at this initial stage of our 
product's evolution is that their construction has 
such quick turnaround and allows such easy 
changes. 

Corning puts small discrete components into a 
"Swiss Cheese" matrix (like pegs in a pegboard) 
and then machine molds a plastic case around 
them. Your final part looks like any other DIP, but 
as it is composed of discrete components, you 
can readily ask for changes in component values . 
Further, Corning's clever manner of printing the 
cured-silver plastic conductive patterns (not 
epoxy) on the top and bottom surfaces of the 
Swiss Cheese matrix allows them to make up new 
circuit interconnections in hours. 

The one question a designer always has about 
getting help from a supplier is, "how long does it 
take?" We sent Corning the circuit diagram of Fig. 
3, in which we indicated the discrete components 
we wanted in the 4-bit CORDIP by the dashed 
line. Within two weeks they sent back the quote 
that specified their CORDIP, of which the circuit 
and pricing is shown in Fig. 5. Then after we gave 
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them the go-ahead , they delivered the samples 
within two to three weeks. 

When we put the DIP networks into our 
breadboard, we found out that through a mistake 
on our part, we had called for a 1 R rather than a 
2R resistor in the final tail of the ladder going to 
the comparator. We called Mark on this, and he 
told us it could be fixed by simply dropping the 
correct resistance value in the next lot. Mean­
while, we began to find some other unexpected 
virtues in our supplier's product. The Corning 
method of construction forces them to bring 
many circuit nodes out to DIP pins. At first , this 
struck us as not too elegant, but we soon found it 
very helpful. For example , as will be described 
more fully later in the section on the comparator, 
we began to have doubts as to the utility of the 
clamping diode in the comparator op amp's 
feedback . Because of the access to circuit nodes, 
we found it easy to wire this out of the circuit. 
We've found similar unexpected flexibility in 
using the 6- and 8-bit ladder DIPs. 

The point is sometimes there is no communica­
tion quite like that which you get from the 
supplier's product itself. There may be designers 
so smart they never need this interchange, but 
one doubts it. 

Help on ladder details 

So far as the ladder circuitry itself was con­
cerned, we had a little fallout of luck in going to 
the DIP assembly. We had originally planned to 
use an R= 100k ladder to be sure of not loading 
the 4029. But Mark told us Corning could not 
make the miniature resistors that would fit into 
their CORDIPs with values greater than 150k­
there just wasn't room to machine the long, fine 
spirals needed to make higher values . This meant 
we could not use an R greater than 75k. 

But this limitation has turned out to be a 
blessing, because it now appears that R= 75k is 
about as high in ladder resistance as you can go 
before you ask too much of a moderately priced 
comparator and also start to limit your system 
operating speed. At R= 75k, you are at the upper 
limit of source resistance that any bipolar op amp 
should be looking at, and you are getting into the 
region where you ought to be using one of the 
more expensive FET-input op amps. 

Another happy accident was that in drawing our 
dashed line (Fig. 3) to show what the DIP should 
include, we had encircled the 100k resistor on the 
unknown input side of the comparator input. We 
now see that it makes a lot of sense to have this 
resistor also "locked" into the DIP because then it 
is certain that this resistor will be made by the 
same factory and by the same process that made 
the rest or the ladder, and so this whole analog 
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network that governs the system accuracy will 
temperature-track better . We asked Mark about 
our thinking here, and he agreed. He said that 
while the resistors themselves were individually 
good to just 100 ppm/°C tempcos, they would 
track each other to 50 ppm/0 C. Now we are 
thinking that perhaps we ought to try to make this 
resistor on the negative side, 3R or 225k, to match 
the value seen looking back into the ladder, and 
thus obtain even better tracking. However, as we 
mentionned earlier, Otto Schade of RCA said he 
thought we were letting ourselves become overly 
concerned with tempcos, for after all , we are only 
shooting for 8 bits resolution. 

More to come 
In a following issue we'll go on to the 

comparator, buffer, power supply and thermistor 
sensing sections of the design . We'll tell you of 
the help we've received from experts at Silicon 
General, Victory Engineering, Signal Transformer 
and other companies. 

But by now you should be at least partially 
convinced that there is expert help out there; you 
only have to go after it in the right manner. 
Consider what it has done for our humble design. 
Just think how much more uncertain we'd be 
about it now if we had not had it looked over and 
commented upon by these experts. 

Why go it alone when such help exists? o 

Any comments other suppliers or readers may 
have about the process of obtaining help from 
experts or about this design example will be 
greatly appreciated. We would like to work such 
comments into future parts of this "rambling saga 
of a design 's progress." 

References 

1. "Elementary A/D Converters Can Be Efficiently 
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further developed in this article. (The final 2R resistor in 
that figure should be labeled 50k rather than 100k, and 
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resistors for CMOS-driven ladders up to 9 bits. Also 
described is a novel voltage-follower op amp that 
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• • 
NEW UES 500 ·SERIES GIVES YOU 

HIGHER CURRENT HANDLING CAPABILITIES­
UP T050A. 

It's another good reason to believe in ESP. 
We're continually expanding and 

improving the line to help you design with 
more Efficiency, Speed and Power. 

Packaging is now industry-standard with 
the 50A series in the 00-5 and the 20A 

series in the 00-4. The advantage is that 
Unitrode provides up to twice the current 

output of other devices in the same packages. 
Recovery time is the fastest available in a 

power rectifier -typically 15 to 25nsec in any 
circuit. Voltages to 150V in all four series. And 

leakage is low even at high temperatures. 
They're designed to operate over the full 

military range of -65°C to + 175°C and they are 

radiation tolerant. ESP rectifiers are also 
available in high efficiency assemblies as 
center tap rectifiers, bridges and higher 
current modules. 
Check the table/coupon below for details 
on standard ESP rectifiers. They're on the 

at your local Unitrode distributor. 
you don't need ESP to locate him. You 

can find out by simply dialing (800) 645-9200 toll 
free, or in New York State (516) 294-0990 collect. 
For immediate action on any specific problem, 
call Sales Engineering collect at (617) 926-0404, 
Unitrode Corporation, Department 6 z. 
580 Pleasant Street, 
Watertown, Massachusetts 02172. 
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0 IN5806 
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Unllrode Corporation, Dept 6Z, 580 Pleasant Street. Watertown, Mass. 02172 
Please send complete technical information and prices on the following ESP Rectifiers: 
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See EEM Section 4800 And EBG Semiconductors Section for more complete product hstong 



''We're at the state of 

"We're using close to 
10,000 MM I 1024-bi t 
P.ROMs a week, now. Went 
to P.ROMs over a year ago, 
when a lot of other companies 
opted to go with RAMs. It 
was a happy decision for us. We 
use almost 500 different patterns 
in our systems, and there's a long 
debugging time inherent in new 
equipment. The MMI 6300 P.ROM is 
a logical intermediate step on the way to 
low cost masked ROMs. This step has 
saved us tons of junked ROMs. 

"About the only serious problem we had 
with P.ROMs was delivery. And MMI has 
solved that for us." 

Thanks, Jim. Rest assured. MMI delivers P.ROMs 
IN QUANTITY. In point of fact, we are the largest 
supplier of P.ROMs in the industry. We developed 
and marketed the lK and 2K P.ROMs a year earlier 
than any other supplier. As a result we have the 
product knowledge and production capacity to 
deliver to many companies like ITEL/ ISS that 
have volume requirements. 

the art, and we 
got there by using 
proven, available 

parts like MMI 
P.ROMs!' 

... JIMLEARD 
Manager, Electrical Purchasing 

ITEL/ISS 

Now: How about those 
of you who are still hung up 

about P.ROMs? We've got 256-bit, 
1024-bit, and 2048-bit parts on our 

distributors' shelves. Send a P.O. 
Need programming? No problem, either. Ask us 

or your distributor to help. Or do it yourself. 
(2 to 10 seconds per IK part) on our Model 530 

Programmer. Our Model 531 tape reader 
makes it even easier. 

Proven, available MMI P.ROMs 
MMI P.ROM CHOICES Access Unit Price 

P. ROM Size (nsec) Output @ 100 Qty. ROM MATE 
MM 6300 256x4 60 Open Collector $ 35.00 MM 6200 
MM 5300 256x4 60 Open Collector $ 57.00 MM 5200 
MM 6305 512x4 90 Open Collector $ 72.00 MM 6205 
MM 5305 . 512x4 90 Open Col lector $100.00 MM 5205 
MM 6330 32x8 50 Open Collector $ 12.00 MM 6230 
MM 5330 32x8 50 Open Collector $ 20.00 MM 5230 
MM 6331 32x8 50 Tristate $ 12.00 MM 6231 
MM 5331 32x8 50 Tristate $ 20.00 MM 5231 
MM 6330N 32x8 50 Open Collector $ 9.00 MM 6230N 
MM 6331N 32x8 50 Tristate $ 9.00 MM 6231N 

If you need parts, call, TWX, or write Dale Williams today. 

Monolithic Memories, Inc. W 
1165 East Arques Avenue, Sunnyvale, CA 94086 • (408) 739-3535 •TWX : 910·339-9229 ...... IUllcl emor es 

~ C 0 • •O • • T Etl 

Representing your best buy in memories : ALABAMA , Huntsville (205) 539-1771; ARIZONA, Phoenix (602) 264-7971; CALIFORNIA, Los Angeles (213) 398-6239 ; San Diego (714) 
747-3015 ; Palo Alto (415) 369-4671 ; COLORADO, Denver (303) 623-8713 ; CONNECTICUT, North Haven (203) 239-9762; FLORIDA, Orlando (305) 423-7615 ; ILLINOIS, Chicago 
(312) 455-5100 ; INDIANA, Ft. Wayne (219) 744-4331; Indianapolis (317) 844-3241 ; IOWA, Cedar Rapids (319) 362-8155; KENTUCKY, Louisville (502) 893-7303 ; MARYLAND, 
Baltimore (301) 825-3330 ; MASSACHUSETTS, Boston (617) 653-3158; Needham (617) 444-2484; MICHIGAN , Detroit (313) 358-2020; Grand Rapids (616) 451-8901 ; MINNESOTA, 
Minneapolis (612) 929-6721; NEW JERSEY, Teaneck (201) 692-0200 ; NEW YORK, N.Y.C./ L.I. (201) 692-0200 ; Utica (315) 735-5566 ; NORTH CAROLINA, Raleigh (919) 834-6591 ; 
OHIO, Cincinnati (513) 521-2290; Dayton (513) 298-9546 ; Columbus (614) 888-9396; Cleveland (216) 228-7525; OKLAHOMA, Tulsa (918) 627-4159; OREGON, Portland (503) 
292-5656; PENNSYLVANIA, Willow Grove (215) 674-3850 ; Pittsburgh (412)242-0100 ; TEXAS, Dallas (214)239-9148 ; Houston (713)721-1054; WASHINGTON, Bellevue (206) 455-277R 

CHECK NO. 40 CHECK NO. 41 
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This is the EJ , an extended life ver­
sion of our famous "J" pot. Same de­
pendable performance. Same power 
handling capability Same quality 
throughout, but with a tremendous 
difference in rotational life. One good 
turn after another for more than 
1,000,000 cycles (under normal use 

EC72- 18 C 1972 Allen- B radley 

within ratings per Publication 5230). 
Specify the EJ for electronic organs, 
I ift trucks, automotive and process 
control applications . Hot molded 
composition, 2.25 watts. Resistances 
from 50 ohms to 5.0 megs. Usable 
from - 55°C to + 120°C. Five stan­
dard tapers. Single or dual sections. 

CHECK NO. 31 

Request Publication 5230 . Allen­
Bradley Electronics Division , 1201 
South Second Street , Milwaukee, 
Wisconsin 53204. Export: Bloom­
field , New Jersey 07003. Canada: 
Allen-Bradley Canada Limited , Galt, 
Ontario. United Kingdom : Jarrow, 
County Durham NE32 3EN. 

Allen-Bradley 
Milwaukee. Wisconsin 53204 



Butt.erfly 
Diurnal insect of the order Lepidoptera, charact.er­
ized by clubbed antenna, a slender body , and large, 
broad, oft.en conspicuously marked wings . Oft.en 
found fluttering about the design engineer' s stomach. 

Our Bugs 
'"11 get rid of your 

Butterflies 
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Dependable Beckman ECL terminator 
networks are specifically designed for, and 
compatible with, the following Emitter 
Coupled Logic families: 

•Motorola MECL 10,000 Series 
• Signetics 10,000 Series ECL 
• Fairchild 95K and FlOK Series ECL 
• Texas Instruments Series 

SNlOOOO ECL 
• National Semiconductor 10,000 

Series ECL 
Each Beckman ECL terminator net­

work utilizes thick film resistor materials 

with layouts specifically designed for low 
inductance and the high speed require­
ments of ECL systems. Where possible, 
the terminator networks include 0.01 µ.F 
decoupling capacitors. 

Each network is capable of operating in 
a + 85 °C still air environment at standard 
ECL voltage levels and tolerances without 
heat sinking. 

For complete technical data, contact 
your local Beckman/Helipot representa­
tive or write to Beckman Instruments, Inc., 
Helipot Division, 2500 Harbor Blvd., 
Fullerton, Calif. 92634. 

Beckman " 

HELIPOT DIVISION 

CHECK NO. 32 
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Getting to know capacitors better 
with a simple C/V display circuit 
Here's a circuit that allows you to display 
capacitance vs. voltage interactions on an oscilloscope. 

Jerald Graeme, Burr-Brown Research Corp. 

If you are dealing with a capacitance that is voltage 
sensitive, the output voltage waveshape displays a 
capacitance vs . voltage (C/V) response. By being able 
to display this response readily on an oscilloscope, 
one can examine varactor diodes, measure voltage 
sensitivities of fixed capacitors or monitor MOS oxide 
purity. 

For examp le, representative C/V responses for 
these three applications are illustrated in Fig. 1. 
From the varactor response, the capacitance variation 
that will be produced by a given drive voltage can 
be seen . The C/V display for a fixed capacitor per­
mits prediction of filter detuning by signal voltage, 
and also prediction of the resultant distortion. The 
third C/V response illustrated is representative of 
MOS capacitors used in monitoring monolithic 
fabrication processes. Ions in the MOS oxide are 
detected by observing bias induced sh ifts in the 
transition point of this response. 

Three op amps do the trick 
Low-frequency capacitance measurement with a 

capacitance vs. voltage display is provided by a 
three op-amp circuit. A measure of fixed capacitance 
is provided by the de output voltage from the circuit. 

To make both the capacitance measurement and 
the C/V display, only a ramp generator and a dif­
ferentiator are needed, as in Fig. 2, followed by a de 
voltmeter or an oscilloscope. 

When the capacitance to be measured is inserted 
as the differentiating capacitor, an output voltage is 
developed that is a measure of the capacitance. This 
output voltage is 

e = - RC der 
0 dt 

Since the slope of the ramp, der/dt, is a constant 
other than during reset, the above voltage is directly 
proportional to the capacitance C. If C is independent 
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of voltage, the output is a de level interrupted only by 
short reset pulses. A de voltmeter then serves as a 
capacitance readout. If C is voltage sensitive, the 
output voltage wi 11 vary as the ramp changes the 
capacitor voltage. The ramp produces a linear rate­
of-change in capacitor voltage, so the output wave­
shape is l inearly related to the C/V response. 

Using two op amps to generate the ramp, the com­
plete circuit can be realized as in Fig. 3. A gain-

w 
u 
z 
<( .... 
u 
<( 
0.. 
<( 
u 

FIXED 

VOLTS 

VARACTOR 

Fig. 1-C/V displays oi va rac to r respo nses, vo ltage sensitivities 
of fi xed capac itors and MOS C/V response shifts caused by 
ox ide ions. 

limiting resistor, R1, is added to the differentiator 
shown to control transient response. This resistor is 
chosen to eliminate ringing following reset transients 
when measuring the lowest intended capacitance. 
To generate the ramp, a comparator with hysteresi s 
is connected as feedback to an integrator. When the 
comparator output is positive, positive feedback thru 
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c R 

de 
e =-RC _::_ 

0 dt 

Fig. 2--Response of a differentiator to a ramp input voltage is 
linea rl y related to the capac itor since <he slope of the ramp is 
essentia lly constant. 

R_5 shifts the trip point. This sets the ramp vo ltage 
peak at 

where Vz is the zener voltage. However, when the 
comparator output is negative, D2 disconnects the 
positive feedback, and the integrator output alone 
causes switching when it crosses zero. The result is a 
unipolar ramp, as is sometimes convenient for 
varactor diodes where one ramp polarity would 
simply forward bi as the diode. For a bipolar ramp, 
D2 is not used. 

The frequency of the ramp is set by the zener level 
and the integrator response. By means of D 1 and R:1, 

the time durati on of the pos iti ve output integration 
is made much shorter than that of the negati ve 
integration . Thi s propuces a ramp instead of a tri­
angle wave, and makes the signal frequency es-

D, 

R'" 
2 

'e,p ADJUST 

c, 

'"e OFFSET ADJUST 
' '· < ADJUST 

R· 
4 

Fig. 3-0nly three op amps are needed to form thi s ca pacitance 
measuring, C/V response-generating circuit. 

senti ally determined by the slower integration. In 
developing the greatest di ffe rence in integration 
times, a time delay produces an amplitude error that 
must be corrected by selecting a bypass capacitor 
for R4 . When thi s is done, the frequency of the ramp 
train will be 

f = (R5) (-1 ) 
r R4 R2C1 

From thi s frequency and the previously defined 
amplitude e .. r , the slope of the ramp is 

!le .. =~ = Vz 
Llt 1 /f.. R2C1 

The resulting differentiator output, e0, defines the 
ca pac itance by 

C = Rzeo C 
R7VZ I 

Errors associated with thi s c ircuit are primarily due 
to the de errors of the di ffe renti ator and the response 
limitations of all three op amps. During the reset 
time of the ramp, the di ffe rentiator output is mo­
mentaril y interrupted . Thi s reduces the average out­
put voltage measured by a voltmeter readout, unless 
thi s interruption due to amplifier response limits is a 
negli gible fraction of the ramp period . A low­
frequency ramp reduces thi s error but simultaneously 
makes de errors greater. With general purpose op 
amps, a 100-H z ramp frequency is a good com­
promi se fo r errors limited to 1 %. o 

References 
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Take DVMs for example ... 
Today you can buy more performance for your dollar with 
HP's new "Self Test" 3490 and "Snap-On" 3470 . Both 
have the features you ' ve told us you wanted, and both were 
designed to make them easy on your budget. The key is 
HP's advanced technology. Look what your dollars will buy 
with these four quality members of HP's DVM family . 

Self-Test 3490 makes double use of its internal ICs to bring 
you HP' s exclusive ''Self-Test'' capability without extra cost. 
The basic 5-digit 3490, ready to measure AC, DC and Ohms 
sells for only $1,650 (and at low added cost you can have 
isolated BCD output and isolated remote control, or the 
highly-useful remote control with ASCII bus) . Compare the 
3490 with any other multimeter in its class and you ' ll find 
an unusual blend of features and performance for the money . 

Snap-On 3470 provides you with an economical 4-digit LED 
display unit that you can equip to meet your exact measure­
ment needs. Get DC only for $475 total , AC/DC/Ohms for 
$600 total , or DCV /DCA/Ohms for $875 total (5-digit 
versions are $700, $825 and $I, I 00). Add on a battery pack 
center for $200, BCD output center for $175 or an exclusive 
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HP "Self Test" accessory for only $50. You end up with 
a modern custom-tailored system for very little money. 

Multi-Mode 3450 lets you add up to 12 modes of high­
accuracy measurement capability to your automated system. 
You can have true-rms, 4-terminal ratio, 4-terminal ohms 
and the unique limit test in addition to the usual functions . 
The 3450 is both fast and accurate, with 15 readings/sec. 
and accuracy to (0 .008% of reading +0.002% of range) . 
Prices start at $3 ,300 for the 5-digit DC volts and Ratio 
model, go to $5,900 for total 12-mode capability . 

+·• 0 19 ,9 ,5 2 ' ~ 

G.l .• • .. :"''' 
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Speed Star 3480 is systems oriented, but fine for the bench 
as well . This 4-digit, ±0.01 % unit delivers an unmatched 
1,000 readings/sec . Get the exact capability you need by 
selecting plug-ins . For example, you can have DC, Ohms 
and true-rms AC for $2 ,900 (isolated BCD output and isolated 
remote control are low-cost options) . You can even tum the 
3480 into an inexpensive A-to-D converter with a sample 
and hold option that also lets you take peak readings or do 
transient analysis. Or, add data storage that stores up to 50 
readings or do transient analysis. Or, add data storage that 
stores up to 50 readings at the 1000/sec. rate and employ 
a low-cost printer to output the data. 
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Check your DVM measurement needs. You'll find that HP 
can fit them closely, whether they call for state-of-the-art 
performance or real economy . For more information on the 
entire HP family of DVMs and multimeters, contact your 
local HP field engineer. Or, write Hewlett-Packard, Palo 
Alto, California 94304 . In Europe: HPSA, P .O . Box 85, 
CH-1217 Meyrin 2, Geneva, Switzerland. In Japan: 
Yokogawa-Hewlett-Packard, 1-59-1, Yoyogi , Shibuya-Ku, 
Tokyo, 151 . 

Send for our 70-page Application Note 158, Rs____n___. 

HEWLETT"' PACKARD 

DIGITAL VOLTMETERS 

093/42 

CHECK NO. 33 
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Singer is here 
to Servo you. 

SERVO MOTORS. SERVO AMPLIFIERS. 
Kearfott offers you a complete line to fit just about any 
application. From a ¥4" diameter motor with an ac­
celeration of 150,300 rad / sec' to units such as the 7" 
diameter 1 HP Servo Motor shown above. 

Choose from 1.4 watt output amplifiers to the new 2200 
watt unit above. Only 10" long and weighing just 7 lbs., 
the XA-2200 is a highly-efficient solid-state amplifier 
that furnishes output required by 1 HP motors. 

PRECISION POWER SERVO DRIVES. SERVO PACKAGES. 
Our broad line of Servo Motors (to 1 HP) are the 
primary drive source for our Power Servo Drives. Typi­
cal units give you : accurate positional feedback informa­
tion; low backlash; highest performance/pound. 

We can give you the " tightest" job, the lowest price 
and meet your delivery dates. How? We make thousands 
of Servo components, from motors to clutches. We de­
sign and build all associated electronics, from Servo 
amplifiers to switching networks. 

We can meet almost any Servo 
requirement you may have from a 
single source-Singer's Kearfott 
Division . 

For nearly 30 years Kearfott has 
been a pacesetter in the development 
of small motors and their associated 
electronics. Today we can offer 
you a wider variety of Servo 
components than any other single 
supplier. 

All components are built to the 
highest order of precision, both in 
concept and construction . In 
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addition , we'll design and produce 
units to your special requirements. 

To learn more about Kearfott 
Servos and capabilities, mail the 
coupon now, for our information­
packed 24-page brochure "Servo 
Motors". We'l l rush it to you. 
The Singer Company, Kearfott 
Division , 1150 McBride Avenue, 
Little Falls, New Jersey 07424. 

SINGER 
AEROSPACE & MARINE SYSTEMS 

CHECK NO. 34 

I The Singer Company, Kearfott Division 
1150 McBride Avenue I Little Falls, New Jersey 07424 

I 
I 
I 
I 
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I 
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Gentlemen: 
Please send me your 24-page booklet on 
Servo Motors. 

Title ____________ _ 

Company __________ _ 

Address ___________ _ 

City ______ state ___ Zip __ 
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Send for this new Cherry Handbook and Guide 

For everything you could possibly want to know about Cherry Thumbwheel and 
Leverwhee! Switches, this new catalog is just what the doctor ordered . You'll find 
details and specs on nine series of Thumbwheels and Leverwheels-available in 
hundreds of variations. You'll find truth tables ... cross-indexed product listings 
... application data ... specials ... and more. You 'll also find never-before­
published "inside'' information on Cherry's Thumbwheel Switch total in-house 
manufacturing capabilities: Including printed circuit, precious metal plating, silk 
screening, metal stamping and plastic molding operations. All in a handsome, 
new, easy-to-use 72-page format. And it's yours for the asking: Just TWX 

~I .... 
:II 

® 3622 Sunset Ave ., Waukegan, Ill. 60085 

Cherry affiliates worldwide: Hirose Cherry Preci sion Co., Ltd., Tokyo • G. W. Engineering Pty. Ltd., Sydney 
Cherry Electrical Products (U.K.) Ltd .. St. Albans, Hens • Cherry Mikroschalter GmbH, 8580 Bayreuth, Bavaria CHECK NO. 35 



Designers Guide to: 

Fractional-horsepower 
motors (Part 1) 
There's m ore than meets the eye to choosing the right motor for a 
given application. Here's a rundown on the things to consider. 

Engineering Staff, Bodine Electric Co. 

Proper application of any small motor requires 
careful preliminary selection considerations. The 
factor which most often determines the success 
or failure of the motor-driven device is the initial 
care exercised in matching load characteristics of 
the machine to be driven with performance 
characteristics of the motor to be used as the 
driving member. A motor too large or too 
complex is unnecessarily expensive , while a 
motor too small might fail to drive the load under 
abnormal operating conditions . 

The characteristic chart shown in Fig. 1 pro­
vides a good preliminary guide for selecting the 
proper type of motor for a given set of application 
characteristics. Many other factors though must 
also be taken into consideration before the final 
selection is made. The most important are: 

•Matching motor to machine 
•Cost 

Matching motor and machine 
The first step in motor selection is to fully 

define the characteristics of the device to be 
driven as they relate to the motor parameters. 

Power source: The power available for a motor 
is , in most cases, a fixed factor . Hence, it must be 
known if ac or de current is tc be used and the 
line voltage or voltages available . Furthermore, if 
the source of power is ac, the frequency and 
phase must also be known . Sometimes there is a 
choice of currents and voltages ; and in other 
cases, unusual or fluctuating voltages or fre­
quencies must be contended with. It is essential , 
therefore , that the power source be fully defined 
and understood before proceeding with the next 
step in the solution of the problem . 

M achine: An analysis of the requirements of 
the machine to be driven must precede any 
consideration of the various types of motors. 

One way of doing this is to start by preparing a 
detailed chart listing in sequence the various 
operations of the machine. In some cases, there 
would be only one operation-i.e. , a shaft 
turning at constant speed under a steady load ; in 
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other cases, it would be a constantly changing 
pattern with no cycle quite the same; in others, 
there would be changing conditions of, say, load 
and speed, but a definite cycle as to stopping and 
starting . In many applications , reversing would be 
required . The variables making.up the operation­
al pattern would be direction of rotation, speed , 
load , length of the operation, continuous or 
intermittent duty and mechanical factors. 

Speed : Here it should be known if it is 
desirable that speed remain constant with load or 
if a variable speed is desirable or permissible . 
Also , the amount of variation allowable and the 
necessity for adjusting the speed while the motor 
is running or while standing still should be 
determined. 

Directio n of rotat ion : Is unidirectional opera­
tion sufficient or is reversing required? And if 
reversing is necessary, must it be while the motor 
is running or standing still? 

Horsepower : What horsepower is required to 
operate the machine? In what manner is the 
power to be applied? Will the torque required be 
maximum during starting , running or accelera­
tion? Will the torque applied to the shaft stay 
constant or will it fluctuate at different points 
during the operation of the machine? Will the 
machine run at constant speed or will it be 
required to run at different speeds under varying 
conditions of operation? 

One of the most important considerations in 
regard to the above is an analysis of the starting 
conditions. In some machines, the initial load is 
primarily one of friction: as speed increases, the 
power requirements increase rapidly. In other 
applications the motor is brought up to speed 
before a load is imposed. Here, friction and 
inertia comprise the initial load. If the motor is of 
sufficient capacity, no trouble is likely to be 
encountered in meeting the requirements of the 
working load. 

Some applications require a motor that is 
equipped to handle a heavy starting torque. The 
heaviest demands on the motor are therefore 
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during starting and acceleration . After full speed 
of the rotating member is achieved , less power is 
needed to keep the unit in operation . 

Length of the duty cycle: Is the machine to be 
operated continuou sly over long periods of time 
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without shutdown? Or is the machine to be 
operated intermittently? 

Mechanical factors: Meehan ical factors to be 
considered are : space available for the motor, 
w e ight limitations , coupling requ i rement s, 
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Fig. 1- The characteristics o f a particular motor type determine whether or not it is suited fo r a specific appli catio n . The most 
impo rtant moto r characteri stics are show n here as they relate to specific motor types. 
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mounting requirements, changeability of posi­
tion, exposure, climatic and atmospheric condi­
tions, ambient air temperature surrounding the 
motor, requirements as to quietness of opera­
tion, provisions for lubrication, end thrust on 
shaft, restriction of shaft end play, vibration of 
machine or effect of motor vibration on function­
ing of machine, safety requirements and other 
mechanical requirements such as terminal leads, 
connectors , cords , plugs and switches. 

Motor drive: Once the power source and 
driven machine have been fully defined, it is time 
to investigate the types of motors available and 
their characteristics . The broad categories to 
consider are ac vs . de, speed reducers vs. 
nonspeed reducers and constant speed vs. vari­
able speed motors . 

In all cases, a motor must be selected with 
sufficient capacity to do the job without overload­
ing it . Overloading may result in the motor being 
heated beyond safe limits. The safe allowable 
temperature rise, of course, varies depending 
upon whether the motor is an open frame or a 
totally enclosed motor. Excessive motor tempera­
ture al so plays havoc with good lubrication 
causing friction and shorter life . 

Where a reduction in speed is needed , built-in 
speed reducer motors should be considered . By 
combining the motor and speed reducer in one 
unit, all cumbersome and complicated speed 
reducer transmissions are eliminatea. In selecting 
the proper gear ratio, due regard to the strength 
of the gears and their adaptability for the 
application intended must be carefully con­
sidered. Where conditions specify and strength 
warrants, laminated or molded nonmetalic gears 
may be used to achieve quietness in operation . 

Cost considerations are subtle 
The cost consideration s involved in selecting 

small motors are extremely important , particu­
larly because of the subtle nature of many of 
them. Purchase price is the first , but by no means 
the only, cost. Frequently it is a lesser factor than 
some of the associated costs. Some important 
economic considerations in motor selection are : 

•Life expectancy 
•Associated components required 
•Installation cost 
•Cost of rejections 
•Cost of incorrect application 
•Cost of servicing 
•Pu re has i ng pol icy 
•Special motor features 
Life expectancy: Some machines are expected 

to operate quite continuously for a number of 
years with very little servicing. Others operate 
infrequently and are used for a rather limited 
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time . An example of the former would be the 
motor for an on-line chart recorder , while the 
latter could be the motor for a one-shot experi­
mental set-up. You would pay top prices for a 
motor you could expect to give a number of 
trouble-free years of service in a chart recorder, 
but it would be poor economy to invest in any 
other but a low priced unit for an experimental 
set-up which will be discarded after operating 
only a few months. 

Associated components: Adapting a motor to a 
machine always requires the use of one or more 
other components such as a coupling, belt and 
pulleys , chain and sprockets, gears, brake, 
clutch, mechanical or electrical speed control 
device, limit switch , etc. These components are 
obtainable from different sources. Most of them 
are also obtainable as part of the motor drive. 
Some of these components represent a consic!er­
able initial investment. Whether to purchase a 
motor which incorporates them within itself or to 
purchase separate units requires a comparison of 
the following factors: 
1. Package price vs. sum of prices of separate 

components. 
2. Cost of one purchase order vs. several. 
3. Assembly cost of package vs . assembly and 

adjustment of individual components. 
4. Guaranteed performance of one unit vs . a 

number of components. 
5. Cost of designing around a standard package 

vs. flexibility of combining individual com­
ponents to best advantage. 

The decision on these points may be dictated 
by other than economic factors; but when 
economic factors predominate , the number of 
machines produced usually enters into the con­
sideration. ~conomy generally favors a packaged 
unit where production quantities are limited , and 
separate components where the quantities are 
sufficient to support a single-purpose design. In 
the latter case, of course , the manufacturer ofthe 
end item must possess the required engineering 
and specialized manufacturing facilities. 

Installation cost: The time and precision re­
quired to install a packaged unit is usually 
insignificant compared with assembling and ad­
justing components. Frequently separate com­
ponents mean extra precision machine work on 
parts of the driven machine, as well as extra 
supporting parts such as castings, brackets , 
bearings, shafts , gears , enclosures , etc. Special 
motor features, such as special shaft extensions, 
flanged end shields and special machined sur­
faces, often reduce installation time. Usually, 
however, it is less costly to adapt to standard 
motor features where only a few machines are to 
be built. 
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PERFOR MANCE PA RA METERS ADVERSE LY 
AFFECTED BY NAMEPLATE DEV IATI ONS 

STARTING 
DEV ICES 

NAM EPLATE ~ TORQUE SPEED TEM PERATURE NOISE VIBRATION THERMAL 0 / L CURRENT CENTRIFUGAL CAPACITOR MOTOR 
RATIN GS PROTECTORS SENS ITIVE CUT - OUTS LI FE LI FE 

VOLTAGE • • • • • • • • • 
FREQU ENCY • • • • • • • • • • 
TORQUE (HP, RPM) • • • • • • • • 
TEMPERATUR E RISE • • • • • • 
CAPACITOR • • • • • • • • 
DUTY • • • • • • 

Fig. 2-Deviation from the nameplate ratings of a motor can seriously degrade the motor 's operating performance. 

Rejections: Rejectio ns of delivered mo to rs can 
be cau sed by marginal performance in matching 
motor to machine, by critical tolerances o n 
dimensions, by vibration , no ise, etc., o r by loose 
production control o f motors o r machine ele­
ments, o r bo th . Rejection s can be mo re costl y 
than one might expect and can se riou sly reduce 
the profits from the fin al product. 

Applicatio n : As noted previou sly, fa ulty o r 
marginal appli cation of motors can result in costl y 
rejecti o ns. It al so results in more fuss iness than is 
ju sti f ied in the as sembly and adjustment of t he 
drive n machine. Thi s affects the labo r compo nent 
of cost , and reduces effi c iency and o utput. 
Probably th e most se ri o us effect o f misapplicatio n 
is the cost o f servi cing th e end produ ct o n 
locati o n. Th e greates t insurance against thi s is to 
take a littl e extra tim e gettin g into full p roduct ion 
by f irst producing a pil o t run o f machines fo r f ie ld 
testin g. 

Servicing : Cost of se rv ic ing is reduced by 
tho rou gh and conse rvative mo to r applicatio n 
enginee rin g, by se lection of all compo nents 
(including the moto r) so that they meet expecta­
ti o ns of durability and reliability, and by moto r 
and machine des ign whi ch accommodates re­
pl acement and adjustm ent o f compo nents. Fo r 
instance, commutato r-type moto rs sho uld be so 
located in t he machine that brushes ca n be 
replaced witho ut removin g th e motor o r any of 
th e other components. Wh en standard mo to rs 
are used , location of se rv ice station s affects 
se rvi ce cost. Special motors usually require 
factory attention . Se rvice cost is redu ced in the 
case o f special mo to rs, and tim e is saved , by 
including extra moto rs with quantity productio n 
o rd ers. 

Purchase policy : Purchas ing po li cy mu st of 
course be tuned to the particular nature of a 
business. It is difficult , especially in a large 
operation , to maintain adequate control of th e 
purchas ing fun ction , yet keep it fl ex ible eno ugh 

to take advantage of the savi ngs o btainable 
th ro ugh most effective use of the supplier 's 
faci lities . Good sales fo recastin g and invento ry 
contro l ca n res ult in considerable savin gs. Where 
the nature of a business permits settin g a 
p rod uct io n pattern , it sho uld be integrated into 
th e motor suppl ie r 's pri cing stru cture to o btain 
th e most favo rable moto r p r ice . Where spec ial 
moto rs are used , it is poor econo my to ri sk 
runn ing o ut of stock. On the other hand , it is fa lse 
economy to overo rder just to f it into a pri ce 
b racket. Th e planning of moto r purchases sho uld 
also incl ude an all ow ance fo r the motor manufac­
turer' s lead t ime. In add ition , consideratio n 
sho uld be given to th e economy o f including th e 
q uantity of moto rs required fo r se rvi ce replace­
ments in the p roductio n run o rd er . 

Special motor features: Fo r the purpose of thi s 
discussion , a special moto r is def ined as o ne 
w hich embodies compo nents the supplier does 
not manu factu re fo r use in hi s standard units, or 
o ne w hose compo nents are assembled in an 
oth er than standard o ri entatio n . Such a moto r 
may inco rpo rate o nly a ve ry mino r spec ial fea­
t ure, or it can be ent ire ly spec ial as to bas ic 
des ign . Somewhere betwee n th ese two extremes 
li es t he most econo mical specia l moto r fo r a 
pa rti cular machine appli catio n . In some in ­
stances , a standard moto r may prove to be the 
most econo mical, even fo r a spec ial appli cati o n . 

W hen sho uld spec ial motor features be con­
sidered ? The premium cost of producing special 
moto rs va ri es with the quantity o f the p roductio n 
run and wi th th e degree o f o ff- standard modi f ica­
t io ns. Econo mically, th e added cost of a spec ial 
moto r ove r that of a standard mo to r sho uld be 
considered o nly where the additi o nal cost is 
offset by associated econo mies, such as tim e 
savings or eliminatio n of additional mach ine 
operatio ns. A feature w hich is considered a mino r 
modi f icati o n by o ne moto r manufacturer could 
be considered a majo r o ne by another . It all 
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depends on the nature of his facilities . 
The following modifications are sufficiently 

common to be considered minor by those motor 
manufacturers who regularly produce special 
motors . They can usually be produced in mini­
mum quantities somewhere between ten and one 
hundred . 
1. Special winding 

•for increased or reduced output 
for odd voltage 

• for special performance 
characteristics 

2. Special rotors to modify performance 
(limited) 
3. Special shaft extensions 

•diameter 
• length 
• special material 
• hardened 
• drilled and/or tapped 
• milled flat 
• keyway (rectangular or woodruff) 
• groove or shoulder 
• threaded 
• pinion or spline (using available 

tools) 
•tapered 
• square or tongue 
• worm or spiral groove 

4. Special terminal leads 
• number 
•length 
• material 
•cord sets with or without plugs and 

switches 
• with eyelet or spade terminals 
• terminal box 

5. Off-standard bearings (including end 
thrust provisions) 
6. Special end shields (designs already 

tooled and produced in limited quantities) 
7. Special stator housings (designs already 

tooled and produced in limited quantities) 
8. Special mounting features and bases 

(designs already tooled and produced in limited 
quantities) 
9. Special machine work on motor frames 

(operations which utilize existing tools and 
gauges) 
10. Special oilers , seals and hardware 
(only items readily available and practical to 
assemble) 
11. Thermal overload protection 
12. Special lubricant (limited) 
13. Dynamic balance to special limits 

Major modifications are those which usually 
require extensive engineering and/or tooling or 
those which require manufacturing facilities that 
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lend themselves to only large quantity produc­
tion . Major modifications are generally economi ­
cally practical for the machine manufacturer as 
well as the motor supplier only when production 
quantities are in multiples of 1000. A customer 
shou ld expect to pay tooling charges for major 
modifications. When the special features involve 
basic motor design (requiring special lamination 
punching dies or casting dies), it is generally 
advisable to anticipate ordering quantities of the 
nature of 10,000, and assure steady production for 
at least several years . 

Some special motor features which are gener­
ally considered major modifications are: 
1. Special rotors (involving special tooling and/or 

extensive engineering) 
2. Special end shields not produced before 
3. Special stator housings not produced before 
4. Special mounting features and bases not 

produced before 
5. Special machine work requiring new tools , 

fixtures and gauges 
6. Some forms of climatic and/or high-voltage 

protection 
7. Special finishes 
8. Special gear ratios 
9. Completely new special purpose motor frame 

10 . New basic motor design 

Importance of nameplate ratings 
A primary purpose in placing a nameplate on a 

motor is to convey sufficient information to the 
user to assure that it will be applied and operated 
in accordance with its design criteria . In general, 
the criteria used by reputable motor manufac­
turers is based upon established motor industry 
standards and recognized safety standards. 

Satisfactory running performance of a motor 
will be achieved within the normal expected line 
variations of ± 10% of nameplate voltage and 
± 5% of nameplate frequency even though other 
nameplate values may not be met. The hazards of 
operating motors at other than nameplate values 
do not apply with the normal variations in voltage 
and frequency, but rather to abnormal values 
such as those created by uncondoned and 
deliberate deviations taken in adapting a rnotor to 
an application .(Fig. 2). 

Original equipment manufacturers can avoid 
such hazards by seeking the assistance of the 
motor manufacturer. 

The purpose of the following paragraphs is to 
create an awareness of the effects of deviations 
from nameplate ratings on the performance of 
both alternating and direct current motors. Judg­
ing from problems commonly encountered , 
some of these effects are often overlooked by 
design engineers . 
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HORSEPOWER WATTS FU LL LOAD TORQUES IN . DZ. 

1-1/ 2 FULL 3/4 1/2 1125 1725 3450 4000 5000 6000 
FR ACT ION DECIMAL LOAD LOAD LOAD LOAD RPM RPM RPM RPM RPM RPM 

1/ 200 .005 5.59 3.73 2.79 1.86 4.47 2.91 1.45 1.26 1.01 0 .85 

1/ 100 .010 11.19 7.46 5.59 3.73 8.96 5.84 2.92 2.52 2.01 1.71 

T -
1/90 .011 12.42 8.28 6.21 4.14 9.96 6.49 3.24 2.80 2.24 1.90 

1/80 .012 13.98 9.32 6.99 4.66 11.19 7.29 3.64 ~ 2.52 2.13 
---4 

1/70 .014 15.97 10.65 7.98 5.32 12.80 8.35 4.17 3.60 2.88 2.44 

1/60 .016 18.63 12.42 9.31 6.21 14.94 9.74 4.87 4.30 3.32 2.85 
__L 

1/50 .020 22.38 14.92 11.19 7.46 17.93 I 
11.69 5.84 5.04 4.02 3.42 

r-- -
5.0~:;;-1/40 .025 27.97 18.65 13.98 9.32 22.38 14.61 7.30 6.30 

1/30 .033 37.29 24.86 18.64 12.43 29.88 T 19.47 9.73 8.60 6.65 I 5.70 

1/ 20 .050 55.95 37.30 27.97 18.65 44.82 29.18 13.6 1 12.60 10.08 8.55 

1/ 10 .100 11 1.90 74.60 55.95 37.30 89.64 
l 

58.46 29.23 25.21 20.17 17 .10 

Fig. 3---Torque and wattage ratings are shown for various horsepower motors . 

Do not operate motors at other than ± 10% of 
nameplate voltage. Higher voltages produce ad­
verse effects on motor temperature , noise, vibra­
tion , operation of cu rrent-sensitive starting re­
lays, motor life and capacitor life , and could result 
in nui sance operation of thermal overload pro­
tectors. Lower voltages create sta rtin g problems 
with current-sensi tive sta rtin g relays and could 
cause thermal overload protectors havi ng internal 
heater coi ls to operate at winding temperatures 
which exceed the maxi mum allowable lim its as 
specified in U. L. Standard #547. 

Do not operate motors on nominal power 
source frequencies other than specified on the 
nameplate! With the exception of brush type 
motors, it is a well recognized fact that the motor 
speed will vary directly with frequency. The use of 
a motor on more than o ne frequency is an 
understandable goal of origi nal equipment de­
sign engineers. Often overlooked , however, is 
that a change in operating speed wi ll have an 
adverse effect on the operation of centrifugal 
cutout switches (when present) . 

At high frequencies, output torque is reduced, 
current-sen si tive starting relays may fai l to engage 
the auxi li ary winding , capacitor vo ltage ratings 
may be exceeded (resu lt ing in shorter capacitor 
li fe) and fan noise may become objectionab le. 
Additionally, the amount of noise and vibration 
emanati ng from a motor will generall y change 
direct ly with frequency. These changes could 
create undesirable levels of noise and vib ration if 
the freq uency is coi ncident with the natural 
resonant freq uency of the moun ti ng surface, or 
enclosure , or fal ls within a more sensitive hearing 
range of the human ear. 

At lower frequencies , motor winding tempera­
ture wi ll increase with corresponding decrease in 

motor life, and nuisance " trip-outs" could be 
expected from thermal overload protectors. 

Do not overload motor in excess of nameplate 
output rating! Where nameplate ratin g is in 
horsepower, the rated output torque can readily 
be determined from Fig. 3 or from the following 
equations relating speed , torque and horse­
power . 

27T R x N x W 
HP = 33,000 

T (in . -lb.) x N 
63 ,025 

HP = T (in . -oz .) x 9.917 x N x 10-7 

=(approx.) T (in . -oz.) x N x 1 o-6 

HP x 746 
P = El x power factor = t ff . mo or e 1c1ency 
T = torque or twisting moment 
N = revolutions per minute 

HP = horsepower (3 3,000 ft -lbs. per min .) 
E = input vo ltage 
I =current in amperes 

P = power input in watts 

In the case of gearmotors, rated torque is usually 
stated directly and is a function of either the 
capacity of the motor portion or th e gearhead 
portion of the gearmotor. Operation at higher 
torque loads will result in lower speeds , higher 
windi ng temperatures, shorter motor , gear , and 
bearing life and nuisance operation of thermal 
over load protectors (if present) . 

At very light torque loads, permanent spl it 
capacitor motors will generally exhibit higher 
winding temperatures, with possible nuisance 
operat io n of th ermal overlo~d protectors and 
could result in improper operation of current­
sensitive starting relays with 2-capacitor start , 
1-capacitor run -type design s. 

Noise and vibration are also a function of 
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Fig. 4- Motor winding l ife is approximately cut in half for 
every 10°C increase in motor operating temperature over the 
recommended hottest-spot temperature limit. The rated 
hottest-spot temperature for the different insulation classes 
are 105°C for class A, 130°C for class Band 155°C for class F. 

torque loading. An in-depth discussion on any of 
the above points would have to be associated 
with a specific motor or gearmotor design. 
Technical assistance should be requested from 
the motor/gearmotor manufacturer . 

Do not exceed nameplate temperatu re rise. 
The temperature-rise rating is based on the motor 
winding temperature when operating in a specific 
ambient temperature in accordance with the 
nameplate parameters, and represents a safe 
value for long motor life. Specifically, the temper­
ature-rise rating represents the number of de­
grees centigrade that the winding temperature 
may safely exceed the ambient temperature and is 
based on a maximum ambient of 40°C. Lack of air 
intake, obstructions to the ventilation flow and 
excessive deviations from the nameplate parame­
ters will result in a higher temperature rise . 

Operation at higher temperatures will reduce 
motor insulation (Fig. 4) and lubricant life and, in 
general, will also result in decreases in motor 
torque and speed. High temperatures could also 
result in nuisance operation of thermal overload 
protectors and motor start failures where cur­
rent-sensitive starting relays are employed. These 
hazards can sometimes be avoided by designing 
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equipment to provide heat sinks (for enclosed 
motors) or adequate air intakes and exhausts (for 
ventilated motors). Assistance should be re­
quested from the motor manufacturer when 
unusual problems arise. Proper selection from 
the wide variety of motor constructions available 
will often solve temperature problems . 

Do not change the value of capacitance indis­
crim inately. This precaution applies mainly to 
permanent split capacitor motors. (Motor start 
capacitors , used with split-phase motors, are 
normally specified to achieve maximum starting 
torque and/or minimum locked current, and 
deviations are not usually made by the user.) 
Deviating to a higher value of capacitance will 
provide increases in starting torque and in some 
instances speed , but at the risk of certain hazards . 
Higher values of capacitance will result in higher 
winding temperatures , shorter motor life, nui­
sance operation of thermal overload protectors 
and increases in the level of noise and vibration. 
The voltage rating of the applied capacitor must 
also be consistent with the voltage across it. 

Another side effect is that problems may be 
encountered with safety testing laboratories 
when the applied capacitor is of a different rating 
than that specified on the nameplate. The proper 
approach would be to obtain assistance from the 
motor manufacturer to evaluate the proposed 
deviation with the possibility of changing the 
nameplate rating or developing a more satisfac­
tory motor design. 

Do not subject the motor to duty cycles for 
w hich it was not designed. Continuous (cont.) or 
intermittent (int.) duty as stamped on the name­
plate indicates the designed mode of operation of 
the motor and is generally based on the insulation 
class system of the motor and the watts that the 
motor must dissipate when energized. Adverse 
effects will develop from operating a continuous 
duty motor in an app li cation requiring a high 
frequency of starts and stop. Adverse effects will 
also be encountered if an intermittent duty motor 
is operated continuously or at other than the 
designed mode of operation. 

Generally, an adverse deviation in duty will 
result in higher winding temperatures with a 
shortening of motor life and the poss ibility of 
nuisance operation of thermal overload pro­
tectors. Increased frequency of starts could res ult 
in failure of electro lytic motor start capacitors and 
a reduction in the life of motor starting switches 
or relays. o 

The performance characteristics of the various 
motor types available to the designer will be 
covered in Part 2 of this Designers Guide, to be 
published in the April 5 issue. 
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Only Perkin-Elmer could produce a 12 bit D-to-A converter 
with 1/2 LSB accuracy over the full military temperature range. 
Introducing Varidac™ Multiplying­
Digital-to-Analog Converters from 
Perkin-Elmer. Accuracy at tempera­
ture extremes is only half the story. 
Reliability is the other half. These 
new Varidac Converters deliver long 
term stability of more than 0.001 % 
per year. Perkin-Elmer has added 
input gate protection and infinite 
short circuit protection to . +125°C. 

Varidac Converters are small -
2.32" x 2.87" x .4811 high - and 
weigh only three ounces. All this at 

a low cost-significantly lower than 
any comparable converter. 

This advanced new product won't 
surprise anyone who knows Perkin­
Elmer. Or even knows a few Perkin­
Elmer achievements in science and 
technology. Such as its alignment 
systems for missiles and space plat­
forms. Astronomical telescopes for 
the Copernicus orbiting observa­
tory. Flight guidance and control 

instruments. Atomic absorption 
spectrophotometers. Laser measur­
ing instruments . Precision trans­
formers and ac potentiometers. 

Perkin-Elmer would like to send you 
a data sheet on the new Varidac 
Converters. Write or call Perkin­
Elmer Corporation, Electronic Prod­
ucts Division, Main Ave., Norwalk, 
Conn. 06856. Tel. (203) 762-4786. 

PE,B KIN-ELMER 



A new concept in 
packaged power circuits 

as convenient 
as the TV dinner. 

The International Rect ifier PACE/pak™ is the de­
vice behind this new concept. 

They are power integrated circuits , made up of 
SCRs, diodes, triacs, etc. which give you a complete 
control circuit function in a single package. And like 
the TV dinner, they take most of the shopping and 
assembly times out of the job. 

But that's just the beginning of the benefits they 
offer. 

Smaller size. PACE/ paks (Passivated Assem­
bled Circuit Elements) are electrically isolated up to 
2.5 kV . There 's no need for a separate isolated heat­
sink , so you get up fo 60% reduction in space re­
quirements. 

A better designed system. With the smaller size 
of these power hybrid control circuits you get more 
design and packaging flexibility . And since you don't 
have to spend time designing with discrete compo­
nents, you have more time to make other improve­
ments. 

One-fifth the assembly time. No more do you 
have to assemble five to seven devices for single and 
3-phase functions . With the PACE / pak there is just 
one part to mount, one part to interconnect with push­
on or screw terminals . Your system reliability is high ­
er, too. 

Just think of the other savings you can make in 
testing , inspection and field servicing . 

\ 

lower inventory costs. We estimate a 7-to-1 
reduction in inventory, plus savings in procurement 
time and costs. Standard PACE /pak circuits now 
cover 90% of single-phase power circuit require­
ments, with more in development for 3-phase appli­
cations . 

They are available as standards with 25 or 42.5 
Amp current ratings , in either 120 or 230 Volt RMS 
versions. 

Find out how PACE / paks will revolutionize your 
designs like de motor controls, inverters, chopper 
drives, generator exciters , solid-state circuit breakers , 
battery chargers and variable de power supplies . 

Call your local IR sales office for details or con­
tact the factory: International Rectifier • 233 Kansas 
Street, El Segundo, CA 90245 • (213) 678-6281 • 
TELEX: 67-4666. 

International 
Rectifier 

. .. the innovative power people I I~R I 
CHECK NO . 37 



Think what you 
can do with 
our new 
bi-color and 
AC GaAsLITEs: 

We've taken two light-emitt ing 
diodes and put them in one pop-in 
panel mounting package. Resu lt? 
A tri -state device (red, green, and 
off) that is a nifty nulling circuit 
all by itself. Or a battery 
charge-discharge indicator. Or a 
self-contained polarity meter. 
Or whathaveyou . 

One 
iGaAsLITE, 

t"W"O 
colors. 

ON 
DISTRIBUTORS' 
SHELVES : 
MY 5094 

AC RED 0.8 med 
@ 20 mA (typ .) 

MY 5491 
RED/ GREEN 
1.5 med @ 
20 mA (typ.) RED 
0.5 med @ 
20 mA (typ.) GREEN 

AVAILABLE ON 
FACTORY 
ORDER : 
MY 5591 

RED / YELLOW 
MY 56~1 

YELLOW/ GREEN 
MY 5291 

AC GREEN 
MY 5391 

AC YELLOW 

AC GaAsLITEs 
By putting two red, 
green or yellow 
chips in the 
package, we give 
you the world 's 
first line of AC 
light-em itting 
diodes. Run them 
with up to 110 V and 
a simple resistor. 

MV5094 

No flicker. Prices start at 99¢ 
(1 ,000's) . 
So call your distributor for your f irst 
quantities or the data sheet. 
Monsanto Commercial Products Co. 
Electronic Special Products 
10131 Bubb Road 
Cupertino, California 95014 
Phone : (408) 257-2140 

Distributed by : Al ta Electronics, Elmar Electronics, Hammond Electronics, Kieru lff Elect ronics, Kierulff / Schley, Liberty Electronics , 
Schweber Electronics, Semiconductor Specialists, Wesco Electron ics, Western Radio; Canada: Canadian Dynamics, Ltd ., 

Cesco Electronics, Ltd . 

CHECK NO. 38 
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COMPUTER HARDWARE 

Delta-sigma A/D conversion can 
save $$ in slow-speed applications 
This novel A/ 0 conversion technique has good performance at low speeds 
and medium resolutions, yet only uses three precision components. 

Thomas Harrison, George Hellwarth and Richard Jaeger, IBM Corp. 

There are many analog-to-di gital (AID) conversion 
app li cations where speed is not a significant require­
ment. The designer is then ab le to trade off the speed 
parameter for others, such as resolution and cost. 
The delta-sigma technique of AID conversion is 
ideally su ited to such applications. It provides a low­
cost converter that has good performance at a reso-
1 ution of 10 bits plus sign and a speed of 100 con-

COMPARATOR 

P>"-----1 TYPE 
D 

FLIP­
FLOP 

versions/second. 
A delta-sigma modulator is used as the basis of the 

delta-sigma AID converter (Ref. 1 and 2), which is 
shown in block diagram form in Fig. 1. In the ci rcuit, 
the comparator, switchable reference and filter net­
work form a delta-sigma modulator. The unknown 
vo ltage, V x' is app lied to one input of the filter, and 
a reference vo ltage, either +v, or - V,, is connected 

CLOCK 

STA RT 
,....- GATE 

f s, ,--------
GA IN 

v CA LI BRATION 
x .A_ 

·Nv ./lvv y 
R, 

R, 

I C 

1 
I a.......... GATE 
I +V, 
I SWITCHABLE 

s, REFERENCE 

- V, 

BINARY OUTPUT 

Ne 

GATE 
1--

1--
COUNTER 1..-1------....___. TI MER 

CONV ERSION COMPLETE 
SIGNAL 

Fig. 1- The delta-sigma A/D converter makes max imum use of digital circuits and minimum use of prec ision components. 
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to the second fi lter input. The operation of the delta­
sigma modulator is such that the reference voltage 
se lected will be that w hich tends to force the vo ltage 
on capacitor C, and hence the comparator input, to 
zero. Changes in the reference voltage polarity are 
permitted onl y at fixed c lock times. The number of 
clock periods during which the negative reference is 
used, compared to the total number of clock cyc les 
in the measurement peri od, is related to the unknown 
va lue of Vx. 

In operation , the ci rcu it of Fig. 1 functions as fol ­
lows : Prior to the start of conversion, swi tch S, is 
closed to provide a zero input to the comparator, 
and switch S2 is connected to + V,.. When the ST ART 
CONVERT signal is given, swi tch S, is opened and 
capac itor C charges toward a positive potential at a 
rate determined by the magnitudes of V x' V,., R1, R2 

and C. If V c is positive at the end of the first clock 
cycle, the state of the comparator output ca uses the 
flip-flop to change state which , in turn , causes 5z to 
switch to the reference source -V,.. The clock pulse 
is counted in the timer c ircui t but not the counter. 

At the end of the second c lock interval, the capac­
itor vo ltage, Ve, may be either positive or negative. If 
it is positive, the state of the flip-flop and switch S2 

remain unchanged. The clock pulse is aga in accumu­
lated onl y by the timer. If Ve is negative, the flip-flop 
changes state, caus ing S2 to change sta te to connect 
+V,., and a clock cou nt is accumulated by both the 
timer and the coun ter. 

This cyc le of events continues w ith clock pulses 
being accumu lated in the timer on every occu rrence 
and in the counter whenever switch S2 is in the - V,. 
position. When 2-"+ 1 clock cyc les have occurred , 
where N + 1 is the number of binary stages in the 
timer, the timer overflows, providing a signal that the 
conversion is complete. The overflow signal inhibits 
further clock pu lses from entering either the timer or 
the counter, resets swi tch S1 to the c losed position 
and acti vates the read-out gate of the counter. The 
number in the counter, Ne, at the end of conversion 
is equal to the number of clock cycles during which 
the reference - V,. was used. 

A detail ed analysis of the c ircu it shows that the 
number Ne is rel ated to the circu it parameters by the 
expression: 

Ne = 2"' [R2 ~x + 1] 
R, ,. 

(1) 

From thi s equation , the unknown voltage V x is de­
termined as: 

(
Ne ) R, v-- - 1-

x - 2"' R V,. 
2 

(2) 

Since all va lues on the ri ght side of Eq. 2 are 
know n, V x is uniquely determ ined. Exa mination of 
the express ion also shows that V x will be represented 
by an offset binary coded value of Ne. Thus, the ci r-

cuit provides bipolar analog-to-digital conversion 
with a reso lution of N bits plus sign. 

Two adjustments are required for ca libration of 
the converter. One attenuates either the input volt­
age, Vx, or the reference voltage, V,., to obtain full-

+V 

R
1 

R1 

c, 

c, 
· R

1 
R

1 

- V 

+ 

TO SW ITCH 
DRI VE 

REf.ERE NCE 
VO LTAGE 
OUTPUT 

Fig. 2- 0ne vers ion of the switchable reference circuit uses a 
zener reference biased by a pair of current sources. 

sca le or ga in ca libration . A second is used to adjust 
the symmetry of the modulator w aveform to obtain 
zero or offset ca libration. The counter, timer and gat­
ing c ircuitry of Fig. 1 may be constructed with any 
suitable logic family. 

Application of the signal V x and reference volt­
ages ±V,. to the sa me input of the comparator, to­
gether with starting switch S, , remove the necess ity 
of an initialization interval whi ch would be required 
in the case where V x and the delta-s igma modul ator 
output are applied to opposite comparator inputs 
(Ref. 3). The converter y ields an output which repre­
sents the average of the input during the conversion 
period . The conversion period is fixed and indepen-
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dent of the magnitude of unknown input signal V x · 

What are the performance limitations? 
The prime performance limitation of the delta­

sigma converter is the required adjustment and sta­
ble maintenance of the reference waveform timing 
and symmetry. In order to introduce an offset error 
of less than 1 /2 a least significant bit (LSB), the al­
lowable error, E, in the timing of the changes in po­
larity of the reference voltage is: 

where 

E::: ~ Vfs _T_ 
R2 Vr 22.v+2 

T = conversion period 
E = timing error 

vfs = full -scale input voltage 

(3) 

For a converter with T = 0.01 sec, N = 10, 
R1 = R2 and V18 = V,., the allowable timing error is 
less than 2.4 nsec. This small a timing tolerance can 
be achieved with carefully designed logic and analog 
switching circuits. Conversion rate may be traded 
for resolution, as shown by Eq. 3, for given timing 
errors. 

To insure linearity, several other conditions must 
be met. The bias current of the comparator must be 
negligible with respect to the charging current from 
the switchable reference. There is a minimum size 
for capacitor C, which is determined by the conver­
sion period and resistor R2 • To prevent nonlinearity 
of the converter for input voltages near zero, the 
capacitor ripple voltage developed for zero input 
voltage (a 50-50 duty cycle of +v,. and -V,.) must 
be less than 1 LSB. For zero input, the peak ripple is 
approximately : 

V,. T 
V =-- x - (4) 

2R2C 2·"+1 

Insuring this voltage to be less than LSB requires : 

T V,. c :::- x - (5) 
4R2 V1., 

When operating at a conversion rate of 100 con­
versions per second and a resolution of 10 bits plus 
sign (a clock frequency of about 100 kHz is required 
at this frequency), double buffering of the comparator 

output has been found helpful in reducing nonlinearity 
caused by metastable flip-flop conditions. 

One implementation of a polarity-switchable ref­
erence with accurate timing is shown in Fig. 2. A 
floating reference voltage is obtained by biasing a 
zener diode with a pair of current sources. The refer­
ence potentials are obtained by switching either the 
positive or negative terminal of the floating source to 
ground through inverted complementary bipolar 
transistors. The resistive voltage divider and zener 
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diode are the only precision components used in the 
converter. D 
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And here's a valuable 
design companion to the 
new data book. 
"Designing with TTL Inte­
grated Circuits" covers a full 
range of digital system applica- ...,.......,=-..._...._ _ _, 
tions, as well as design philosophy, economics, 
basic descriptions and electrical characteristics. 
Comprehensive and practical, it is written for 
electronics engineers, computer designers, 
systems analysts and managers who want in­
formation on the best use of these devices. Writ­
ten by Tl's application staff, published by 
McGraw-Hill. 384 pages. $18.50. 

NEW 
only$J95 

The TTL 
Data Book 
Complete specifications on 
industrys broadest IC line 
-more than 320 MSI and 
SSI functions. 
54/7 4 Schottky and low-power Schottky; 54/7 4 
high-speed, standard and low-power; Series 
29000/29300; beam-lead devices; radiation­
tolerant circuits; MACH IV Hi-Rel procurement 
specification; JAN IC data and cross reference 
guide. 

The brand new TTL integrated circuits Data 
Book for Design Engineers offers you the most 
complete, up-to-date and comprehensive design 
information now available. Contains data sheets 
for every TI TTL product, including 140 MSI 
functions, 16 memory functions and more than 
100 Schottky-clamped circuits. 

The 640-page, hard-bound book is indexed by 
both type number and function, and ~ 
includes helpful cross-reference 1J 
guides and a glossary of terms. 

I 
I 

TO: -------------, Texas Instruments Incorporated 
P. 0. Box 3640, M/S 84 Dallas, Texas 75221 

D The TTL Data Book. 
$3 .95 D Designing with TTL Integrated 

Circuits . $18.50 
Enclose check or money order. Books sent postage paid in U.S. 

NAME 

ADDRESS 

-------- -

I 
I 
I 
I 
I 
I 

TEXAS INSTRUMENTS 
INCORPORATED 
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For 
real reliability 

in rolled 
capacitors ~ 

buy 
EXPERIENCE . ..--.""~ 

El-Menco Rolled Capacitor Types: 

• Mylar-paper, dipped (Type MPD) 
• Mylar, dipped , epoxy (Type MDE) 
• Mylar, dipped , epoxy, flat (Type MDEF) 
• Mylar-paper, ceramic tube , epoxy end fill (Type MPCE) 
• Paper, ceramic tube, epoxy end fill (Type PCE) 
• Mylar, impregnated , dipped (Type MDR) 
• Mylar, Mylar wrap, round (Type MWR) 
• Mylar, Mylar wrap, flat (Type MWF) 
• Polypropylene , dipped (Type PPD) 
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The real measure of rolled capacitor relia­
bility ultimately comes down to one critical , 

controlling factor: the capacitor manu­
facturer's experience. And you can measure 

El-Menco's rolled capacitor experience in the 
hundreds of millions. El-Menco's experience in 

design - in improved testing and manufacturing 
techniques - in better quality and reliability 

through closer control of purchased materials 
and manufacturing methods - all combine 

to give you, the customer, experience in 
failure-free equipment in the field . 

Why settle for less than the priceless 
assurance of continuous, trouble-free 

operation? 

A glance at some of the El-Menco rolled types, 
shown here actual size, tells you the space these 

compact capacitor packages can save. They are 
available in several dielectrics, in capacitance 

ranges from .001 to 1.0 mF, in voltage ratings from 
50 to 2000 V, with axial or radial leads, and in 
operating temperatures as low as - 55°C and as 

high as +125 °C. 

Write for comprehensive engineering data 

l-ll-13lll p THE ELECTRO MOTIVE MFG. CO., INC. 
L. ~_J.11iiiiii•-1M.f11.1iH'i11111'1i,lil1•1 Willimantic, Conn. 06226 

West Coast : Collins and Hyde Co. 
Nationwide : Arco Electronic Distributors 

CHECK NO. 39 
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Compact design ideas 
for monitoring things. 

TIME - BILLING 
MAINTENANCE 

You can keep track of a lot of hours, 
minutes or seconds utilizing very 
little space with The A.W. Haydon 
Company's Elapsed Time Indica­
tors. Choose from 21 standard size 
low-cost models or from a wide 
range of smaller units down to 
microminiature devices measuring 
only 37 /64" square. Accurate digital 
readout is assured by precision 
Geneva gearing. These indicators 
operate from a wide range of 
power sources, both AC and DC, 
and are available in many mount­
ing configurations. When you must 
monitor time for billing purposes, 
or maintenance programs such as 
lubrication, overhaul or recalibra­
tion, our indicators will do the job 
using a minimum amount of space. 
Write for complete technical 
information. 

CHECK NO. 28 

FAULT 
ISOLATION 

These microminiature Fault Indica­
tors not only signal a malfunction, 
but they " remember" that it 
happened, too. The electrically 
actuated display latches magnetic­
ally until reset. This "latch 
memory" assures positive isolation 
and indication of both transient 
and continuous malfunctions. The 
The A. W. Haydon Company's 
BITE (Built-In-Test-Equipment) 
Indicators are low power devices 
that operate on pulses of milli­
seconds duration and can be 
mounted directly on PC boards or 
grouped on remote panels. Their 
cost is unusually low for the 
function they perform. 

You can design these BITE 
Indicators into your circuitry, or let 
our engineers design a complete 
fault isolation system for you. 
Write for literature, today. 

CHECK NO. 29 
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EVENTS-BILLING 
MAINTENANCE 

If monitoring how many times 
anything has happened is a big 
problem, you don't need a big 
counter to solve it. This Events 
Counter, illustrated, is only 37/64" 
square x 1.250" deep. Yet, small as 
it is, it provides a 4-digit readout 
of up to 9999 events before 
recycling. Non-resettable, it is ideal 
for both billing and preventive 
maintenance programs because it 
is tamper-proof and provides a fast 
(1,200 cpm) accurate count of 
everything that has happened. 
It requires minimum power, too -
only 2.5 watts max. at 115 VAC 
60Hz. If you need high speed 
totalizing for data processing 
equipment, business machines, 
vending machines or production 
line machinery and operations find 
out about these miniature Events 
Counters. Write for literature. 

CH ECK NO. 30 

A. W. HAYDON CO. PRODUCTS I NORTH AMERICAN PHILIPS CONTROLS CORP. I 
A NORTH AMERICAN PHILIPS COMPANY 

Cheshire, Conn. 0 6410 • (203) 272-0301 
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§[£)~DESIGN AWARDS 

A synchronized phase locked loop 
Robert Bohlken 

Honeywell Inc., Hopkins, MN 

A problem that exists in measuring the frequency of 
short-signal bursts is the long acquisition time of 
phase locked loops. 

Input signals are compared to the synchronized 
VCO at exclusive-OR A, gating of the error pulses by 
gate F and flip-flop G-H allows I or J to drive current 
pulses of the correct polarity into storage capacitor 

C
1

• The voltage correction on C1 is proportional to 
the width of the error pulses and can be controlled 
by the value of R2 and R3 • The voltage on C1 is buf­
fered with a FET input op amp, AD501 , which drives 
the VCO with a constant current inversely propor­
tional to C

1 
voltage. When the control gate is turned 

OFF, 0 3 and 0 4 are turned OFF allowing the VCO 
to run at lockup frequency which is equal to input 
frequency. 

A short time from signal acquisition to phase lock 
was obtained by synchronization of the VCO to the 
input phase. This allows correction pulses to be de­
veloped in the correct polarity only. Lockup times of 
less than 10 cyc les of input are achieved with a 1 to 
10 kHz using an idling frequency of 12 kHz for the 
VCO (PRESET). A high idle frequency is used be­
cause it is easier to slow the VCO from a high to low 
frequency. 

The VCO in provided with a fast discharge time. 
When voltage first appears across R4 , one-shot M 
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Phase locking in less than 10 cycles of the input is achieved by idling a high frequency and " pulling down" the VCO, rather thari the 
more common approach of idling at mid range. 
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turns on 0 1 which dumps C2 much faster than 0
5 

could . The sawtooth of the VCO is synchronized by 
use of pulses derived from the positive edge of the 
input, into the OR gate of one-shot M . The output of 
M is also fed into J-K flip-flop P which is synchro­
nized into the proper state. The output of P is at 
VCO frequency which can be fed into a counter, or 

the analog voltage on C1 can be ultilized. Range of 
frequency can be changed by varying R1• DI' D2 and 
D3 provide limiting VCO voltage. o 

To Vote For This Circuit 
Check 160 

True RMS measurements using IC multipliers 

Karl Huehne and Don Aldridge 
Motorola Semiconductor Products Div. Phoenix, AZ 

Mathematically, the RMS value of a function is ob­
tained by squaring the function , averaging it over a 
ti ma period T and then taking the square root: 

_!_ft v2dt 
T o 

In a practical sense this same technique can also 
be used to find the RMS value of a waveform . Using 
two MCl 594 multipliers and a pair of op amps, an 
RMS detector can be constructed. The first multi lier 

30k 62k 

is used to squa re the input waveform. Since the out­
put of the multiplier is a current, an op amp is cus­
tomarily used to convert this output to a voltage. The 
same op amp may also be used to perform the aver­
aging function by placing a capacitor in the feed­
back path . The second op amp is used with a multi­
plier as the feedback element to produce the square 
root configuration. 

This method eliminates the thermal-response time 
that is prevalent in most RMS measuring circu !b 

The input-voltage range for this circuit is fro r;, 2. to 
1 OV pk. For other ranges, input sca ling can be u ~ed . 
Since the input is de coupled, the output volta~/! in­
cludes the de com onents of the in ut waveform. 

16k - 15V 
11V 

5 9 10 

6 

3 
20k R6 

11 MC1594 20k 

11 I - - \ 30k 

MC1594 
MC1494 

16k 3 6 15 5 14 

ADJUSTMENTS 
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R
1 
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2 
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R
4 
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R
5 
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6 

- OUTPUT OF FSE T L 
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C
1 

lOµF , 

AVERAGING CKT. 

22k 

\ 

• (DEPENDEING ON LOWEST INPUT FREQ.) 

12 

8 15 14 

62k 

6 
10 pF 

SQUAR E-ROOTING CKT. 

This RMS circuit follows math procedures of squaring instantaneous input va lues, averaging over time and taking the square root. 
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The maximum frequency for a sine-wave input is 
about 600 kHz and the accuracy over the input vo lt­
age range is about 1 to 2%. The overal l ca lculation 
of the output vo ltage is 

v = 
0 

1 ft - v711' dt 
RC 

0 

Three ICs monitor pulse width 

Joseph Kish, Jr. 
Diebold Inc. Canton OH 

Very often in pulse circuits, it is necessary to monitor 
pulse width in terms of " greater than" but " less 
than" given specified values. The circuit described 
here measures both limits constantly, and a fault in­
dication will latch until manually reset. 

The 74121 is set to coi ncide with the minimum 
pulse width spec. Should the pulse under observa­
tion fal I to ground before the one-shot recovers, the 
J-K is clocked and the " less than" SCR is triggered. 

The 8601 is set to coincide with the maximum 
pulse width spec. Shou ld the pulse under observa­
tion fal I to ground after the one-shot recovers, the 
second half of the J-K is clocked and the "greater 
than" SCR is triggered . o 

To Volt• For This Circuit 
Check 162 

where R = R3 + 22 kfl 

C = C1 + 10 pF 

To Vote for This Circuit 
Check 161 
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Phase-shifter for phase locked loops 
J. S. Krikorian, Jr. 

W arwick , RI 

Phase locked loops can be utilized as synchronous 
AM demodu lators or tone detectors. Other phase 
locked loop applications require a measurement of 
signal strength or a means of determining si gnal 
acquisition . The quadrature detector illustrated in 
Fig. 1 is employed to obtain such signals. Frequent­
ly, an RC phase-shift network is used to obtain the 
90° phase-shift. An alternate method of phase-shift­
ing can be implemented using logic ci rcuits, as illus­
trated in Fig. 2. The output of this ci rcuit is especially 
suitable for use with FET gate-chopper multipliers or 
hard-limiter logic multipliers, whi le the input is 
compatible w ith a VCO that has a square wave out­
put within its vo ltage limits. 

The logic phase-shift circuit uses a flip-flop to di­
vide the frequency by two. The input, f, and the out­
put, f/2 , of this flip-flop are fed into an equivalence 
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Fig. 1- Logic phase-shifter provides 90° phase-shift signal for use 
by the quadrature detector. 

E D N M A RC H 2 0, 1 9 7 3 



logic c ircuit to obtain a square w ave, f/2-90°, that is 
shifted in phase by 90° wi th respect to the output, 
f/2, of the fli p-fl op. An excl usive-OR in pl ace of the 
equiva lence logic c ircuit would also provide a 90° 
phase-shi ft. To compensate fo r the frequency d iv i­
sion by two, the VCO center frequency has to be 
doubled. 

Because of its in sensitiv ity to frequency changes, 
this c ircuit is useful fo r w ideband phase locked loop 
appli ca tion s. High-frequency accuracy is dependent 
on the speed of logic c ircui try used in the imple­
mentation. A long with the assoc iated c ircuitry fo r 
the quadrature detec tor, the logic phase-shi fter can 
be incorporated into a se lf contained phase locked 
loop IC package. o 

To Vote For This Circuit 
Check 163 

@ 
n---~ FLI P · FLOP t-~.....---------0 

@ 

© 

72 
f/ 2 

Fig. 2- Details of logic phase-shifter showing flip-flop, equiva­
lence circui t and assoc iated signals. 

Simple + 15V regulated supply provides tracking 

Hank Olson 
Stanfo rd Research Inst. , Menlo Park, CA 

A simple ± 1 SV regulated suppl y whi ch prov ides 
trackin g can be built usi ng onl y four semiconductor 
packages. The output current capability as shown is 
100 mA, but thi s can easil y be increased to about 
200 mA using a larger recti f ier-filter sec tion. 

The µ,A78 15 is a pos itive, fixed output regulato r 
with built-in current limiting at about 230 mA. It 
would seem a simple task to use two of these .power 
I Cs to obtain ± 1 SV, but this requires two iso lated 
transformer w indings. The c ircuit shown uses onl y 

---0 

LINE 

TR IAD 
F91X ~----~ 

BLK/WH 

BLK / RED 

500µ F 
25V 

~ 

500µ F 

25V J 

one center tapped transformer winding and an inte­
grated bridge (as two full-wave rectifiers) . By using 
the National LM304 and an outboard current-carry­
ing PN P, and the + 15V from the µ,A78 15 as an ex­
ternal reference, a simple - 1 SV companion regula­
tor is obtained. The LM304 does not even require 
compensation , as do most IC regulators. Depending 
on the application and construction methods, the 
0.2 2 µ,F and two 4.7 µ,F capacitors may not be 
needed. o 

0.22µ F 

µ A 7815 

To Vote For This Circuit 
Check 164 

(OR LM 340 · 15TJ 

'---.---~.....-----------0 +15V 

4.7µ F J 35V 

TANTALYT IC 

2N5 194 

4.7µ F 

i: 35V 
..LANTALYT IC 

Tracking 100 mA regulator provides ± 1 SV and can be boosted to 200 mA output by using a larger rectifier section. 
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Testing 
Is Very Special-

So ls HP's 
8007B Pulser 

80078 PULSE GENERATOR 
11f'WlETT P•CMARO 

r.----------:•ATE (th) PUl>E PERIOO <•I 
'lf ll!rl l( I 

MAN 10n· 11' • 3~ • Im • ),., • 1 

IOOM'. 10 .. • 3111: \Ok ! Jl •lO 

LINE 

OOUlll! 
PUtSE DflAY 

EXT INPUT -----i 
!!iVMAll 

PULSE DELAY I sl 

StOPf..tPOt AR llY 

OH• 

()#f• 

Leading IC manufacturers use it -
and they can't afford to take 
chances in testing. They know that 
the 80078 delivers the pulses they 
need. And they know that the 
$1,750 price is below competitive 
models . 

Look at the specs of this fast pulse 
generator: rep rates from IOHz to 
I OOM Hz, variable transition times 
from 2.0ns to 250µ.s, ±5Y ampli­
tude and ±4V de offset. It's this 
kind of capability that you'll need 
for testing ECL II, ECL 10,000, 
and other comparable families. 

Also note the generator's 50 ohm 
source impedance - mighty impor­
tant for minimizing reflections 
when you're working with fast 
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--· 
ECL. Today' s testing also calls for 
a wide span of linear transition 
times , like the 2.0ns to 250µ.s of 
the 80078. You can really use this 
when you're measuring propaga­
tion delay to a manufacturer ' s 
specs (even test linear devices) . 

In addition to EC L, the 8007 8 
equips you to test most other IC 
families. You can, for example. 
measure the sensitivity of a flip­
flop; or determine the noise immu­
nity of TTL circuits by adding 
pulses onto as much as a 4 V de 
level. These types of tests are made 
possible because of the continu­
ously variable ±4 V offset. 

If your test needs call for even 
higher repetition rates (to 200 

CHECK NO. 83 

,. 
MHz) or faster transition time (to 
I .2ns) , you may also want to look 
into its companion generator, the 
8008A. 

For more information on either the 
80078 or the 8008A fast pulse gen­
erators, contact your HP field en­
gineer. 

For standards 
in pulse generators, 

think Hewlett-Packard. 

083/3 

HEWLETT"' PACKARD 

Sales, Service and support in 172 centers in 65 countries. 
Palo Alto. Ca!1lorn1a 94303 Ot11ces in principa l c1 11es throughout !he US 
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PROC RESS IN PRODUCTS 

Low-cost adjustable T0-8 S/ H amplifier 
is versatile 
PROGRESS IN 
PACKAGED CIRCUITS 

Designed for applications requiring 
a broad range of acquisition times, 
Burr-Brown's new SHC23 sample­
and-hold (S/H) amplifier in a her­
metically sealed T0-8 can have its 
acquisition time adjusted from as 
low as 25 µ,sec with the selection 
of an appropriate external storage 
capacitor. 

A 0.005-µ,F storage capacitor 
provides the 25-µ,sec acqu i.; ition 
time (to 0.01 %) while a ·1-;..1.sec 
storage capacitor allows th'° user 
to hold the output for more than 
15 minutes with less than 1 % error. 

Costing only $31 (100-up quan­
tities) and $45 in single quantities, 
the SHC23 amplifier offers an ac­
curacy spec that is surprising for a 
device in its price class: maximum 
total dynamic nonlinearity from 
input to output is ± 0.01 % for a 

A 25-µsec acquisition time (to 0.01 % ) is 
available from a new $45 T0-8 S/H ampli ­
fi er, and is set by the addition of an external 
capacitor. 

20V step. This is the total nonad­
justable error. 

Droop rate is 20 µ,V/msec max., 
and throughput nonlinearity is 1 
mV. Other characteristics include 
an 80-kHz, 3-dB bandwidth, a 20-
kHz full-power bandwidth and 
output slew rate of 1 V/ µ,sec. The 
maximum aperture time is speci­
fied as 50 nsec. Noise is 100 µ,V 
rms max., and unity gain error is 

De-to-de converter family features 

±0.01 % max. 
Input voltage range of the SHC2 3 

is ± lOV at 100 MD minimum in­
put impedance. Bias current is 30 
nA. The output is ± 1 OV at 5 mA. 
The unit is TTL/DTL input com­
patible and operates over 0°C to 
+ 70°C from ± 15V de at 30 mA. A 
military version that operates over 
the temperature range of - 55°C 
to + 125°C is also available (Model 
SHC23ET) at a slightly higher cost. 

Needless to say, the quality of 
the external capacitor to be used 
should be high , preferably of teflon 
or polystyrene, since it controls the 
length of acquisition time and ef­
fects droop and charge offset. 

Burr-Brown Research Corp. , In ­
ternational Airport Industrial Park , 
Tucson , AZ 85706 . Phone(602) 
294-743 7 165 

triple outputs and low-thermal impedance 
PROGRESS IN 
CIRCUIT MODULES 

Aimed specifically at the commer­
cial and industrial markets, the 
1000 Series de-to-de converters of­
fer the user a choice of single, dual 
or triple outputs. Al I three versions 
of the new series- namely, 1, 3 
and 6W-are available with single 
or dual outputs, while the 3 and 

6W versions can be had with sin­
gle, dual or triple outputs. 

Stock units are available with 
input voltages of 5, 6, 12, 24, 28 
and 48V de, with other input volt­
ages available on request. Output 
voltages available are 3.6 to 24V 
de for single-output units, 10 to 
24V de for dual-output units and 
either 5V de and ± 15V de or 5V 
de and ± 12V de for the triple-out-

put units. 
All units are fully encapsulated 

and have 0.1 % max. line regula­
tion, 0.3% load regulation and 
typical temperature regulation of 
0.007% per 0 C. Short-circuit and 
overload protection is incorpo­
rated, and the converters are re­
verse-polarity protected to 1 OOV 
de, except for the 5 and 6V input 
models. 
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Dia light 
sees a need • • 

(Need: A large 5/s" high LED readout at a low $4.95 * price.) 

See Dialight. 
Each digit in this bezel assembly contains a Dialight light­
emitting diode, decoder/ driver, and resistor network that 
produces a bright, highly visible readout that can be 
easily installed in a panel. The readout display is supplied 
with discrete gallium phosphide or gallium arsenide phos­
phide diodes arrangec; in a seven-segment format. These 
generate a bright, highly legible red character (0.625 inch 

--L__j-
high-the largest size character in the industry) with the 
lowest power consumption for a character of this size. 
Ideal for mounting on a control panel, or in a digital 
clock, meter, credit-card verifier, TV chan nel indicator, or 
hospital room status-board indicator. The contrast ratio 
between the illuminated and non-illuminated segments is 
further enhanced by a one-piece red nonglare window. 



Dialight is a company that looks for 
needs ... and develops solutions. That's 
how we developed the industry's 
broadest line of LED light sources, 
indicator lights and readouts . No 
other company offers you one-stop 
shopping in LED visual displays. And 
no one has more experience in the 
visual display field. Dialight can help 
you do more with LEDs than anyone 
else because we have done more with 
them. Talk to the specialists at Dia­
light first. You won't have to talk to 
anyone else. 

Here are a few products in this 
family: 1. Multidigit readout assem­
bly in 0.205" character height 2. 
Status display module with 6 LEDs 
with adjustable light cells 3. LED 
readout in character height 0.625"4. 
Alphanumeric display complete with 
code generator /driver character 
height 0.300" S. 5 x 7 dot matrix al­
phanumeric display in character 
height 0.300"6. Hexadecimal display 
with logic character height 0.270"7. 
Single digit LED readout module in 
0.125" character height. 8. Numeric 
display with integral TTL MSI circuit 
chip with counter character height 
0.270" 9. Single digit LED readout 
module in 0.270" character height 
(MAN 1 equiv.). • 10001ot quantity 1or130-1003 

Please send data on your LED readouts. 

NAME 

TIT LE 

COMPAN Y 

ADDR ESS 

CI TY STATE 

DIAL/GI-IT 
Dialight Corparat ion , A North American Phili ps Company 
60 Stewart Avenue , Brooklyn , N.Y. 11237 (2 12) 497-7600 

CHECK NO. 42 

.I 

' ' 

Mechanica l ruggedness and elec tri ca l protection features allow the Series 1000 converters 
to be servi ced by inexperienced personnel. The top converter shown d iss ipates 1 W and 
the bottom 6W. 

A unique packaging concept is 
used with the Series 1000. The 
converters are built around an in ­
tegral heat sink, with all heat-pro­
ducing components, such as pass 
transistors and inverter transistors, 
bonded to the heat sink. Thi s keeps 
thermal impedance to a minimum 
within the converters. However, if 
external heat sinking is needed, 
the mounting plate offers an easy 
way to accompli sh it. On the 3 
and 6W mode ls, the heat si nk can 
also be used as a mounting plate. 
All of the 1000 Series converters 
may also be mounted directly to a 
printed circu it board by means of 
pc pin terminals. On 3 and 6W 

units, there are inserts which allow 
the converters to be bolted to either 
a heat sink or a pc board . This 
assures a ri gid mount in high shock 
and vibration applications. 

Delivery of most of the 1000 Se­
ries modules is from stock. Maxi­
mum del ivery is four weeks after 
rece ipt of the order. Pri ces are: 
lW units with single output $44, 
dual output $49; 3W units with 
single output $69, dual output $79 
and triple output $89; 6W units 
with single output $79, dual out­
put $89 and triple output $99. 

Tecnetics , P.O. Box 9 10, Boul­
der Industrial Park, Boulder, CO 
80302. Phone(303)442-3837. 166 
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SEMICONDUCTORS 

AMPLIFIER PROVIDES OUTPUT POWER 
OF + 20 dBm. Optimax Model AH-60 mod­
ular ampli f ier, is designed for direc t inser­
tion into microstrip circuitry and comes in 
a T0-3 package. O perating frequency is 
5-300 MHz and it has a nominal ga in of 9 
dB at +24V de. The amplifier has a no ise 
fi gure of 8 dB and an impedance of 500. 
The amplifier presents economies of time 
and cost to the des ign engineer because it 
eliminates the need for customi zed design 
and deve lopment of a comparable ampli ­
fier. The plug-in model may be used for a 
variety of applications including: ECM re­
ceivers, RF ampli fi ers and test equi pment. 
$75 in quantities from 1-9. Optimax Inc., 
P.O . Box 105, Adva nce Lane, Co lmar, PA 
18915. Phone(2 15)822- 1311. 170 

3 
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IC MULTIPLIER/DIVIDER NEEDS NO EX­
TERNAL COMPONENTS. Model 4203, 
hermetica ll y sea led and intern all y laser 
trimmed in a T0-1 00 package, delivers a 
guaranteed accuracy of 1 % (4203K) . In 
add ition to div ision and 4-quadrant multi ­
plica tion, square-rooting may also be per­
formed. The 4203 has a 1-MHz bandwidth 
and a slew rate of 25V /µ,sec. Unit pri ces in 
1-24 quantities are as foll ows: 4203), 2% 
accuracy, $29; 4203 K, 1 % accuracy, $39; 
4203S, 1 % accuracy, Mil temperature, $5 1; 
and 4203SQ, 1 % accuracy, Mil temperature 
with Mil-Std 883 screening, $63. Small 
quanti ty delivery is from stock. Burr-Brown 
Research Corp., International Airport In­
dustrial Pa rk, Tucson, AZ 85706. Phone 
(602)294-1431. 171 

SIX CMOS ICs JOIN LINEUP. The SCL 
standard 4000A CMO S logic seri es has 
been expanded to inc lude a decade count­
er/7-segment decoder with di splay enable 
(SCL 4026A, $4.71 in 1 k quantities), a 
decade counter/7-segment decoder with 
ripple bl anking (SCL 4033A, $4.65 in 1 k 
quantities) and a quad clocked latch (SCL 
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4042A, $2.70 in 1 k quantiti es). In the 
CMOS SCL 4400A seri es, a pa ir of new de­
v ices are offered. A decade counter/7-seg­
ment decoder w ith di spl ay enable and bi­
po lar outputs (SCL 4426A) and a decade 
counter/ 7-segment decoder w ith rippl e 
blanking and bipo lar outputs (SCL 4433A) 
will be ava i lable at a pr ice of $5.65 each in 
1 k quantities. A CMOS 256-bit RAM or­
ganized 64 words x 4 bits is the new addi­
tion to the company's CMOS LS I product 
line. SCL SSSS D costs $1 9.40 in 1 k quanti ­
ties. So lid State Scientific, 1405 Locust St. , 
Phil adelphia, PA 19102. Phone(2 15)735-
3535. 172 

I 1 J • t I 1 
~ 5'1 IN, l'1~7a SlAOBE, v~, OV'f1 ONO 

DUAL ZERO-CROSSING DETECTOR IS 
VERSATILE INTERFACE CIRCUIT. The 
Model 363 can also be used as a high-sta­
bility one-shot, a bidirectional one-shot, a 
frequency doubler, a stable low-frequency 
oscill ator, a linea r ampli fier and a frequen­
cy- to-voltage converter. The input amplifier 
is referenced to OV and employs tempera­
ture compensation to ensure stable thresh­
olds. Low -level analog w aveforms may be 
converted to digital signals as long as they 
exceed ±30 mV, the input uncertainty re­
gion. Packaged in a plastic DIP, single units 
se l l for $2. 15. Si gneti cs Inc., 811 E. Arques 
Ave., Sunnyva le, CA 94086. Phone(408) 
739-7700. 

2k-BIT SHIFT REGISTER HAS 10-MHZ 
RATE. This multip lexed dynamic shift regis­
ter, HDSR 2048, utilizes ion implantation 
to minimize gate overl ap capacity and 
achieve its high-shift ing rate. The dev ice is 
structured as a dual 1024-bit shi ft register 
and is also avail able as a single 1024-bit 
(HDSR 1024), a dual 512-bit (H DSR 1025) 
and a quad 256-bit (HDSR 1026). Inputs 
can be directl y driven by MOS, TTL, or 
DTL ICs. Both bipo lar and MOS c ircuits 
ca n be driven to the output stages. Power 
di ssipation is typi ca ll y 300 mW at 25°C fo r 
10 MHz operation with 50% duty cyc le 
c locks per 102 4 bits. HDSR 2048 is priced 
at $36 in quantities of 100. Hughes Aircraft 
Co., P.O . Box 905 15, Los Ange les, CA 
90009. Phone(2 13)670-1515. 173 
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9k BIPOLAR ROM PROVIDES HIGH­
DENSITY STORAGE. The MM5260/6260 
is organized as 1024 x 9, offers 120 nsec 
access time and dissipates 50 µ,W /bit. It 
may be ordered as a 7 x 9 font character 

generator and is DTL/TTL compatible w ith 
1/10 of standard TTL input load. Three en­
able inputs are prov ided to permit memory 
expansion. The ROM has open co llector 
outputs and operates from 0° to + 75°C 
(MM6260) or -55° to + 125°C (MM5260). 
The 9k RO M is packaged in a 24-pin ceram­
ic DI P, as is the Bk ROM announced earli er. 
Delivery is from di stributor stock. Pri cing 
for the MM6260 is $65 in lots of 100. 
Mono lithic Memories, Inc., 11 65 E. Arques 
Ave., Sunnyva le, CA 94086. Phone(408) 
739-3 535. 174 

IC FOR AUTO TACH DRIVER. The SW -78 1 
is a special-purpose monostable mu ltivibra­
tor with high-input thresho ld. Thi s makes 
possible its use in electrica ll y noisy auto­
moti ve environments; and the units ex­
treme ly stable pulse output allows it to 
maintain accuracy over automotive tem­
perature ranges and over w ide battery volt­
age ranges. In a typi ca l tachometer appl ica­
tion, trigger pulses are tapped off the di s­
tri buto r using 2 discrete resistors and a ca­
pacitor. The SW -78 1 converts each input 
trigger to a pul se of c lose ly contro lled w idth 
and amplitude. These output pulses are ap­
pl ied to a conventional de meter movement 
th rough a discrete resistor. Stewart-W arner 
Microc ircuits, 730 E. Evelyn Ave., Sunny­
vale, CA 94086. Phone(2 13)370-855 l. 
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DUAL-VOLTAGE TRANSLATORS SPEED 
INTERFACE CHORES. The /.d S7800 is 

rated for -55°C to + 125°C; the µ, IS8800 
operates from 0°C to 70°C. Both units are 
electrica l ly identica l and offer a 31 V max i­
mum output sw ing with normal power di s­
sipation of 1 mW. O peration is from a stan­
dard 5V suppl y and the dual-channel trans­
lators are compati b le wi th all MOS devices. 
Typi ca l appli ca tions for the series inc lude 
analog switching from DTL or TTL logic 
levels and bi polar-to-MOS shift registe

0

r and 
memory interfacing. They are ava i lable in 
a 10-pin , T0-100 package. The 100 lot 
prices are $9 and $6 each. Integrated Micro­
systems, Inc. , 16845 Hicks Rd., Los Gatos, 
CA 95050. Phone(408)268-241 0. 176 

$ / 
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RF POWER TRANSISTOR FAMILY. The 
2N6080, 2N608 1, 2N6082, 2N6083 , and 
2N6084 devices provide 4, 15, 25, 30 and 
40W respectively at l 2.5 V, 150 to 175 
MHz. Des igned specifi ca lly fo r VHF mobil e 
and mari ne transmitter applicat ions, thi s 
series is ava i lable in MT-72 strip line pack­
ages. So litron/Microwave also offers the 
sa me ca pabi lities in a variety of RF pack­
ages fo r ultimate des ign fl ex ibi lity. The units 
are pri ced at $8 each in quantit ies of 1-99 . 
So litron/M icrowave, Solid State Products 
Div., 1440 W . Indiantown Rd ., Jup iter, FL 
33 458. Phone(305 )764-83 l 1. 177 

HIGH-VOLTAGE COMPLEMENTARY SIL­
ICON TRANSISTORS drive gas-d ischarge 
di splays. A line of high-voltage, NPN and 
PNP transistors- des ignated DTN and 
DTP 203, -04, -05 and -06, in pl astic T0-
106 packages are intended for use as gas­
discharge displ ay anode and cathode driv­
ers. They are now in vo lume production 
and are being supplied to ca lcu lator and 

DPM manufacturers. Continuous co llector 
current is rated at 50 mA, w ith a ga in of 40 
or greater at 10 mA. Vo ltage ratings are 
200V for the DTN/ DTP 203, to 125 V for 
the DTN/ DTP 206. Pri ces are 34 to 52¢ in 
1-99 quantiti es ; 17 to 25rt in 10,000 quan­
tities. Dionics Inc., 65 Rushmore St. , W est­
bury, NY 11 590. Phone(5 16)997-7474. 
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FET ANALOG GATES FOR $1 PER 
SWITCH POINT. The 1 H5009 Seri es fea­
ture ON-resistance of less than 150!1. The 
ON-res istances are matched within as c lose 
assn for cr itica l app licati ons, and the un its 
incl ude an extra FET fo r temperature com­
pensa tion of the feedback res istance. These 
gates ca n be dri ven directl y from TTI or 
HNIL logic. IH5009 seri es gates are intend­
ed for shunt or su mming point switching of 
signals up to ± 15V, or seri es sw itching of 
signals under 200 mV. Al l types are ava il ­
ab le in industri al as well as military ver­
sions, and se ll in 100-piece quantities fo r 
approximately $1 per swi tch po int. Tele­
dyne Crystalonics, 147 Sherman St. , Ca m­
bridge, M A 02 140. Phone(6 17)491-1670. 
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EPITAXIAL POWER DIODES FEATURE 
LOW NOISE AND FAST RECO VERY. Max­
imum recovery time of the S6453 Seri es is 
200 nsec with a so ft-recovery curve. Rated 
at 1 OA, with an IFSM of 150 and an 12t of 
135, they are available in PIV ratings of 25, 
50, 75 and 1 OOV. The units are housed in 
D021 hermetica ll y sea led cases, 11 /3 2 in . 
high x 5/8 in . diameter. Sa rkes Tarzian, 
Inc. , Semiconductor Div., 41 5 N. Co llege 
Ave., Bloomington, IN 47401. Phone(812) 
ED2-1435 . 180 

T0-5, T0-18's, T0-99's 
T0-100's and similar 

IC packages 

Mount ing pads and lead 
spreaders help protect sem i­
conductor jun c tions and 
cool devices • Help elimi­
nate top-side solder bridges 
• Facil itate inspect ion , re­
pair, and uniform mounting 
• Nylon pads offer exclusive 
color cod ing (5 colors) to 
speed assembly. Also avail­
able in black OAP. Over 120 
designs to choose from. 

Call your local distributor 
for immediate delivery. 

Free complete 
catalog with 
samples. 

Write for 
your copy. 

~ ~ rJ1111 Thermalloy 
P.O. BOX 34829 

2021 W. VALLEY VIEW LANE DALLAS. TEXAS 75234 
PHONE 214-243-4321 1 TWX 910-860-5542 
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2SWATT 
DC·DC 
REGULATED 
CONVERTERS 
High power 
in a compact, low 
profile package 
FEATURES 

• 25 Watts output (greater than 
1 watt/cu. in.) 

•Triple, dual or single outputs 

•Short circuit protected by 
current limiting 

• Low output impedance by 
post regulation 

•High powered addition to the 
proven 9500 series 

SPECIFICATIONS 

• 28 VDC input, outputs 
available from 5 to 24 VDC 
in single, dual , or triple 
output models. 

•regulation: line, 0.1% 
load, 0.2% 

•meet MIL-E-5400K 
specifications (selected) 

•low profile package 
(4 x 4 x 1.5 inches) 

eoutput impedance: 0.02 
ohms, 0 to 10 kHz 

• EMI : Input filtering 
included 

• MTBF: Calculated per 
MIL-HDBK-217 

Prices: 
Single output, 
Dual output, 
Triple output, 

$240.00. 
$270.00. 
$330.00 

For immediate delivery call 
(303) 442-3837 

tecnetics, Inc. 
Box 9 10 
Boulder, Colorado 80302 

tecnetics 
CHECK NO. 45 
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CIRCUITS 

LOW-COST 12-BIT $39 D/A CONVERTER 
Model MP141 2 features sett l ing times (1 /2 
LSB) of S µsec, 0.012% linearity and rel a­
tive accuracy and a temperature coefficient 
of 1 S ppm/°C. The price of $39 ea ch is in 
quantities of 100. The MP141 2 with MSI 
components has an MTBF of S00,000 hours. 
An internal prec ision reference supply, lad­
der network and output ampl ifier are in­
cluded. The MP141 2 is pac kaged in a 2 x 
2 x 0.4- in . MODUPAC encapsu lated case 
and is designed to operate over the 0°C to 
+ 70°C range. Ana logic Corp. , Audubon 
Rd., Wakefield, MA 01880. Phone(6 17) 
246-0300. 181 

A/D CONVERTER Model IAD 32000-00 is 
a 3- 1 /2-digit precision unit on a standard 
4-1/2 x 6-1 /2- in . card . The accuracy of the 
converter is w ithin O.OS% of the reading 
± 1 count. The display (0.6 or 0.2S-in. LEDs) 
plugs directly into the card or can be posi ­
tioned remotely using 3M Scotchflex cable. 
The card ca n be mounted in a ca rd cage or 
as part of a module. The unit provides BCD, 
7-segment and reset outputs, conversion ­
on-process, print-command, overrange and 
polarity signa ls for data processing. $210. 
QCI, Inc., 2908 Scott Blvd., Santa Clara, CA 
9SOSO. Phone(418)2 47-234S. 182 

LED ARRAY for continuous line and bar­
graph applications. The ARL-18 is a com­
mon-cathode, 8-diode array with 7S-m il 
lead spac ing and 100-m il centers between 
lights. Any number of arrays ca n be placed 
end-to-end to provide a continuous line of 
light sources. The output of each diode is 
100 ft L. An 8-diode array requ ires only 16 
mW of power per diode. It is used for indi ­
cating status on pc boards since it only 

stands 0.1 OS-in. high and directs its l ight 
parallel to the board. Available at $S.1 O 
(100-999) or $3.9S (1000 units). Litronix , 
Inc. , 1900 Homestead Rd ., Cupertino, CA 
9S014. Phone(408)2S7-7910. 183 

LOW-PROFILE POWER SUPPLY Model 
108 is a regulated de supply which utilizes 
high-effic iency sw itching techniques to 
provide 6 to 12V de of adjustable output at 
3A. Input is 11 SV ac, SO to 70 Hz. 230V 
ac units are ava ilable. The unit is only 1. 72 
x 3.S x 7.9 in. and fea tures continuous 
short-ci rcuit and overload as well as crow­
bar over-voltage protection, factory set at 
14V. Regulation is ±1 mV fo r a ± 10% 
change in input line voltage, and 2 mV 
max. for a zero-to-full - load change. Rippl e 
is 2 mV p-p max. From $99 down to $8S at 
the 100-piece level. RO Assoc iates, Inc., 
370S Haven Ave., Menlo Park, CA 9402S. 
Phone(41 S)322-S32 1. 184 

COMPACT VIDEO DELAY MODULES for 
drop-out compensation or image-enhance­
ment appli cations, range in price from $2SO 
for 1 modu le to $1 SO each in quantities of 
1000 or more. Because the modules, which 
use glass delay lines, are provided complete 
with interfaci ng electronics, they fit easi ly 
into video recorder designs. Inputs and out­
puts are both at v ideo frequencies. Spec ifi ­
cations are time delay of 63.S µ sec nomin­
al, a 3-dB bandwidth of 4.S MHz min., a 
signal-to-noi se ratio of SS-dB p-p/rms and· 
differenti al phase of less than 2.S 0

. Time de­
lays can be provided from 60 to 64 µsec 
±2S nsec. Corning Glass Works, 3900 
Electronics Dr., Raleigh, NC 27602 . Phone 
(9 19)828-0S 11 . 185 
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FAST-SETTLING 12-BIT D/A CONVERTER. UNIVERSAL ACTIVE FILTER section Model 
Model ZD442 features a 5-µ,sec settling 
time, 0.05% (0.002%/°C) sca ling error, zero 
offset error and 0.01 % (0 .002%/°C) linear­
ity. Input coding is offset binary or uni polar 
binary and the output code ca n be selected 
from 0 to + l OV or ±5V. All digital inputs 
are DTL/TTL compatibl e. Packaged in a 
standard Zeltex Microverter case (patent 
pending), the unit includes a built-in refer­
ence. $65. Zeltex, Inc., 1000 Chalomar Rd., 
Concord, CA 94518. Phone (4 15)686-6660. 
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WIDEBAND MIC AMPLIFI ER OPERATES 
TO 6 GHz. The AMT-6005M operates over 
4 to 6 GHz. Housed in a minature (2 .3 x 
1.3 x 0.6 in .) hermetica ll y sealed, stain less­
steel case, it features min. ga in of 28 dB, 
max . ga in va ri ation of ± 1.5 dB, a max. 
noise figure of 10 dB and max. VSWR of 
2.0 : 1, in and out. Power output for 1-dB 
ga in compression is + 10 dBm min. The 
unit is powered by + l 5V de at 150 mA. 
Price in small quantities is under $4700. 
Ava ntek, Inc., 298 1 Copper Rd ., Sa nta 
Clara, CA 9505 1. Phone (408)739-6 170. 
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DIGITAL DELAY MODULES. Designed for 
precision DTL/TTL timing applications, 
these modules eliminate the need fo r ex­
ternal components. A built-in interface al­
lows for direct plug- in without the need fo r 
additional components. Modules with total 
delays from 50 tiJ 250 nsec with 5 equally 
spaced taps are ava ilable from stock. Seri es 
20330 through 20332 units feature 4-nsec 
ri setimes that are independent of delay 
time. They are ava il able in 16-pin DIP­
compatible units. Pulse Engineering Inc., 
Box 12235, San Diego, CA 92 11 2. Phone 
(7 14)279-5900. 188 

µ,AR2000 is a universal acti ve resonator 
designed for oscillator, timer, active filter 
and other appl ica tions. The µ,AR2000 oper­
ates from ± 12 to ± 15V supp lies and pro­
vides an output swing of ± 1 OV from de to 
10 kH z. It contains a state-vari able acti ve 
resonator plus a fourth, uncommitted op 
amp. When used as a filter, the center or 
corner frequency is set by the addition of 2 
external res istors. A third resistor determines 
the filter Q. Packaging is in a 16-pin ce­
ram ic and metal DIP. The 100-lot pri ce is 
$12.85. Integrated M icrosystems, Inc., 
16845 Hicks Rd ., Los Gatos, CA 95030. 
Phone(408)268-24 10. 189 

A/D CONVERTER has lowest pri ce, small est 
package and a choice of 4 models. The 
Model 104 famil y of integrating A/D con­
verters inc ludes converters that are com­
plete units hav ing their own internal refer­
ence, but ca n also operate from an external 
reference. There is also a choice of O to 
+ lOV or 0 to - 1 OV inputs and binary or 
BCD coding. Conversion times is 20 msec 
for binary coded units and 8 msec fo r BCD 
coded units. Packaged in a module that j s 
onl y 2 x 2 x 0.4 in ., each unit costs $59 in 
100 quantities. Function Modules, Inc., 
2441 Campus Dr., Irvine, CA 92664. Phone 
(7 14)833-8314. 190 

TRUE-rms-TO-dc-CONVERTER. This unit 
all ows any de meter to accurately measure 
true rm s. It w ill increase the sensitivi ty, fre­
quency response and accuracy of any mul­
timeter or DVM. The unit converts any wave 
shape to a de output, has an accuracy of 
0.3%, a bandwidth to 500 kHz and its own 
input ranging amplifier of 1 mV to 150V. 
The converter is portable, 3 x 4 x 6.5 in ., 
and sells fo r $198. UFAD Corp., Box 96, 
Ada, Ml 49301. Phone (6 16)676-9000. 
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TELEFORM 
MAGNETIC 
SHIELDING 
TECHNIQUE 
KEEPS 
INTRUDER 
SIGNALS 
AND NOISE 
AWAY. 

Advanced forming techniques developed 
by Telcon Metals, Ltd ., make it possible 
to produce magnetic shie lding with mini­
mal deg radation of metal properties dur­
ing shaping and fabrication . Des ignated 
Telform , the deep drawn shield has fewer 
seams and conforms more closely to com­
p lex shapes than conventional sh ielding . 

The fewer seam concept means better 
attenuation of spuri ous signals for any 
sc ient ific eq uipment or component in a 
system. It prevents transients , noise and 
other intruding signals from penetrating 
to cathode ray tubes for osc il loscopes , 
spectrum analyzers , medical and .related 
electronic and laboratory equi pment. 

Al so consider the valu e ofTelcon Metals 
shielding for ... 

• tubes 
• reed relays 
• navigational 

instruments 
• cables 

• transformers 
• small motors 
• video cameras 
• sensitive 

instruments 

Th e following shows a typical d. c. 
p erme ability / flux density cu rve for 
Telcon 79 ~heet. 

rnm 

> 5 160000 
rJ 

• ~ 120000 

~ 90000 

IT I 
1-0 ( Teol•) 

FLU X DENSITY 8 

Telcon Metals Ltd. has complete control 
of the shielding manufacturing process. 
Th at means 100% supervision of eve ry 
phase of prod uction from melting an d 
rolling the raw material to fabrication and 
annealing. Te Icon provides 100% quality 
control from start to finish . 

Call us for a quotation or send your 
prints to ... 

• TELCON METALS, LTD. 

THE 
INTER­

TECHNICAL 
GROUP, INC. 

P.O. BOX 23 
IRVINGTON, NEW YORK 10533 

TEL. 914-591-8822 I TWX 710-564-0802 

CHECK NO. 44 
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A LITTLE IMPROVEMENT 

This is our answer to the population explosion 
in instrumentation . The kind going on in 
medical and nuclear electronics front panels . 

Like our bigger BNC type connectors , our 
high density connector is quick connecting , 
quick releasing . It's called K-Loc . " K" for 
Kings, "Loe " for positive locking . It has a crimp 
design; assembly time 's as fast as the 
BNC's. Once mated (excuse the expression) 
it has a minimum retention force of 40 lbs. 

Something else. It 's part of a growing family . 
There's K-Loc straight plugs, angle 
plugs, strdight jacks, bulkhead jacks, bulkhead 
receptacles, adapters, terminations and 
attenuators. Family resemblance is striking . 
They're all little; materials and 
specifications are . . . unmistakably Kings . 

Looks like our answer to the population 
explosion has started one of our own . 

~l<INGS ELECTRONICS CO , INC . 
40 Marbledale Road I Tuckahoe, New York 10707 
(914) SW 3-5000 I TWX 710-562-0110 I TELEX 13-7 449 

CHECK NO . 84 
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OP AMP WITH EXTENDED VOLTAGE 
RANGE CAPABILITIES. Model 1034 op 
amp provides a modular solution to prob­
lems requiring a high common-mode volt­
age range or a high output-power-drive 
capabi lity. Specifically, the unit features a 
full ±20V common-mode vo ltage capabil­
ity and an output which will deliver a min. 
of ±20 mA at ±20V. Other specifications 
include 25-nA bias current, 1-MHz min. 
bandwidth, 6V/µ,sec slew rate and 86-dB 
min. CMRR. The package is low-profile 
(1.5 x 1.5 x 0.4 in. ) module from $30 in 

100 quantities. Teledyne Philbrick, Allied 
Dr. at Rte 128, Dedham, MA 02026. Phone 
(617)329-1600. 192 

A NEW THERMAL CONNECTOR. Design­
ers and producers of power circu its can now 
provide their customers with plug-in mod­
ules that disconnect thermally as well as 
electrically with a new therma l connector 
which provides a quick disconnect between 
heat-producing components and the heat 
sink. Power-supply and power-output cir­
cuits traditionally have been hard mounted, 
ca using long MTTR (mean time to repair) 
and comp I ications. Now external case coo l­
ing has become considerably more prac­
tical, thus simplifying evironmental and 
EMI sealing. Electro-Module, Inc., 2855 
Metropolitan Pl., Pomona, CA 91767. 
Phone (7 14)593-3565. 193 

VERTERS. Series UHM-600 converter units 
are available in 2-1 /8 x 4 x 3/4-in. epoxy 
modules that contain internal references, 
clocks, conversion logic, comparators, 
switches and nickel-chromium thin-fi lm 
ladder networks. Input voltage swings 
of 5, 10 and 20V can be obtained. The 
digital output is 8, 10 or 12 bits bi nary, 
offset binary, or BCD. The rated operat ing 
temperature range is 0°( to + 70°( or 
-25°( to +85°C. Sprague Electric Co., 
Marshall St., N. Adams, MA 01247. Phone 
(4 13)664-44 11 . 194 

E D N MA R C H 2 0, 1 9 7 3 



MODEL L14c,D,E 

:< l HL. to < 30 k!L~ .• 0 . 57 " H 

in thisl 
e 14 p in du al in- lin e pac kage p lugs inl o 1 IC soc ke1 
e Any fixe d frequ ency 1 Hi lo 30 MH z 

• Frequency to lerance: 

L1 4 C ± .001 %, 0°C to + 50°C 

L14D ± .00 25%,0°C to + 65°( 

L14 E :I: .00 5%, -25°C to + 75°( 

CHECK NO. 46 

New PM 
The people at Bodine have 
a new permanent magnet 
field D-C motor line: The 
42A. Powerful and compact: 
Only 4 .3" in diameter with 
continuous duty ratings of 
1/ 8, 1/ 6 and 1/ 4 hp at 2 500 
rpm , 115V D-C. Plus parallel ­
shaft gearmotors in ratios up' 
to 300:1. Output torques to 
350 lb-in. 

r 
/ 

/ 

/ !1 I 

Delivers : exceptionally con­
sistent output; high starting 
torque; low-speed operation ; 
self-braking; surprising con­
trol capabilities ; cool and 
quiet operation ; outstand ing 
brush life. Write for bulletin. 

1,1.1.m11 
Hhii;ii+ 
13•1&1#,#M 
BODINE MOTORS 
G E A A MOTOR S 
SPEED CONTROLS 

Bodine Elect ric Co .. 2512 W . Bradley Place , Chicago. Illinois 60618 

CHECK NO . 47 

A CAMBION® Double "QQ" Product Line 

Not every design engineer will opt for putting his IC's in 
separate sockets, but an increasing nu·mber are doing 
it every day. 
And for three good reasons. 
First, serviceability. IC's are easier to service and 
replace. 
Second, protection. A DIP should not be subjected to 
elevated temperatures of pin soldering. 
Third, reliability. Wire-wrapping requires true position 
and precisely formed contacts for hand or automatic 
wiring. 
You know the reasons for socketing. Now, let's tell you 
why the CAMBION Double "QQ" line of sockets will serve 
you better. 
First, quality. In both design and manufacture, CAMBION 
controls the body design and materials, contact plating, 
contact retention, profile and durability. 
Second, quantity. In body design and variety, CAMBION 
has 8, 14, 16, 18, 22, 24, 28, 36 and 40 pin sockets, 
either Wire-Wrap* or solder. 
These add up to· the CAMBION Double "QQ" approach: 
traditional CAMBION quality in quantity. With CAMBION 
Sockets, the quality stands up as the quantity goes on. 
To be plugged in, get the full CAMBION Socket story 
by asking for our Callout and latest Catalog #99. 
They're both tree. Cambridge Thermionic Corporation, 
445 Concord Avenue, Cambridge, Massachusetts 02138. 
Phone: (617) 491-5400. In Los Angeles, 8703 La Tijera 
Blvd. 90045. P.hone: (213) 776-0472. 

Three basic reasons 
for socketing IC's 

Standard ize on 

Cit.BIO#® 
The Guaranteed Electronic Components 

CHECK NO . 48 
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the only printed 
circuit Relay 

.____~rt~n•~~, 

[?J[f0[Jl]f®~ 
MAGNETIC ~~r.f.rl~~H~~g RELAYS 

The only relay designed to make 
full use of pri nted ci rcuit technology. 
Unlike others adapted with terminal 
pins or sockets for solder mounting, 
Printact pl ugs directly into your mod­
ule. Precious metal plated PC pads 
mate with shorting bar contacts on the 
pivoting armature, which is the sing le 
moving part. Held by a permanent 
magnet, it el iminates return springs, 
pigtai ls, electrical and mechan ical 
connections-assuring reliability fo r 
mill ions of cycles. 

Inherent Custom Features incl ude: 
Low Therm al EMF, Lo w Contact 
Bounce, Impedance Match ing, 45-60 
db Isolation, Bifurcated Contacts, and 
Encapsulated Coil- all at low cost ! 

Send for Test Sample and PC Board 
Preparation Aids to simpl ify design 
and production of your module. 

For action write or call 212-EX 2-4800. 

PRINTACT RELAY DIVISION 
P.O. Box 1430 DN 

LONG ISLAND CITY, N.Y. 11101 

CHECK NO . 50 
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CIRCUITS 

.. . ___ _ 

PRINTED THIN-FILM RESISTORS. The 
networks are reportedly half the cost of the 
least-expensive thick-f ilm resistors avai l­
able. The hybrid-res istor systems are based 
on the use of organo-metallic compounds. 
At present, the range of the res istor line is 
limited. However, the manu facturer is ex­
ploring the low-cost marketpl ace in the 
electronic f ield to see if requirements ad­
vise broadening this economica l line. Engel­
hard Industr ies, A Div. of Enge lhard M in­
erals & Chemica ls Corp., 23 1 NJ Rai lroad 
Ave., New ark, N J 07 1 OS. Phone (201)242-
2700. 195 

VOLTAGE CONTROLLED AMPLI Fl ER 
Model 202 prov ides a 130-dB linea r con­
tro l range. The modular unit provides a 

From the world 's largest 

linear vo ltage-per-dec ibel ga in range from 
~1 00 to +30 dB with excellent lineari ty 
and unit-to-unit tracking. Input noise is 
6 µ,V, yet peak signal may be as high as 
1 OOV. Frequency response is fl at to 20 kH z 
and distortion products do not exceed 
0.07%. The unit is packaged in a 1 x 2 x 
1 /2- in . ca n with 1 /8- in . gold plated pc 
pins. $47. DBX, Inc., 296 Newton St. , 
Waltham, MA 02 1 S4. Phone (6 17)899-
8090 196 

MODEL SG71 STRAIN-GAGE AMPLIFIER­
POWER SUPPLY is both a signa l cond ition­
er and a power supply for strain-gage br idge 
c ircui ts. Each SG71 provides buffered short­
c ircuit proofed de exc itation to a bridge 
c ircuit and ampl ifies the output to a leve l 
suff icient to operate most data -gathering 
sys tems and tape recorders. Each has 2 out­
puts. Output A provides ± 1 OV de from as 
low as 1 mV/V output from the bridge c ir­
cuits. Output B provides ± 10 mA into SO!l 
to operate oscillograph ga lvanometers. A 
1 S-turn screw-dr iver contro l balances the 
bridge c ircuit. Validyne Engineering Corp., 
19414 Londe lius St. , Northridge, CA 9132 4. 
Phone (2 12)886-8488. 197 

manufacturer of -----High Voltage --------

Diffused Silicon 
Rectifiers 
For industrial applications re­
quiring high reliability at eco­
nomical cost. 
Typical applications include 
microwave ovens, RF trans­
mitters, CRT power supplies, 
electrostatic copiers and pre­
cipi tators. 
Special configurations are avail-

able for X-Ray applications. 
Six versat ile series are avail­
able in wide range of minimum 
sized packages. 
Ratings from 1 KV to 40 KV 
(PRV) and 5 mA to 2A (l o). 
All are available with fast re­
covery characteristics. 

Design us in; we'll stay· there VARO 

VARO SEMICONDUCTOR, INC. 
P.O . BOX 676, 1000 N. SHILOH , GARLAND, TEX . 75040 , 214 / 272 -4551 , TWX 91Cl·860 ·5178 

Distributed by: 
ALLIED ELECTRONICS, Chicago, Il l. 31 2/ 421·2400. THE ALTAIR CO., Richardson, Tex. 
214/ 23 1-5166. BELL ELECTRONICS, Menlo Park, Ca l. 415 / 323-9431. BLUFF CITY DIST. 
CO., Memphis, Tenn. 901 / 725-9500. BRIDGEFIELD SUPPLY, Twinsburg, Ohio 2 16/ 425-4209. 
CRAMER ELECTRONICS, Nationwide; Newton, Mas s. 617 / 969 · 7700; Rochester, N. Y. 
716 / 275-0300. ELECTRONIC PARTS CO., Denver, Colo . 303 / 266-3755. FARWEST, INC. 
Bellevue, Wash. 206/ 747-1515. MERQUIP ELECTRONICS, Skokie, Ill. 31 2/ 965-7500. MERRILL 
ELECTRONICS, Chicago, Ill. 312/ 286-2525 . MILGRAY ELECTRONICS, Freeport, N. Y. 
516/ 546-6000. WESTATES ELECTRONICS, Chatsworth, Calif. 213 / 341-4411. 
In Canada : 
ELECTRO SONIC, Toronto , Ont. 416/ 924-9301. R. A. E. IND. ELECTRONICS, Vancouver, B. C. 
604/ 687-2621. WESTERN RADIO SUPPLY, Hamilton, Ont . 416/ 528-0151. 

CHECK NO. 49 
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Cahners Books 
89 Franklin Street, Boston , Mass. 021 10 

Gentlemen: 

Please send me __ copies of NOMOGRAPHS FOR ELECTRONICS 
@ $27 .50 ea. I understand that if I am not complete ly satisfied, I may 
return the books within 15 days for a complete refund or credit. 

D Bill me D Bill company D Payment enclosed (Cahners pays postage) 

Company _____________________ _ 

Addre ss ______________________ _ 

City/State / Zip - -------------------­
(Massachusetts residents add 3% sales tax.) 

L--------------------------~~~~-
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COMPUTER PRODUCTS 

WORD-PROCESSING UNIT PERMITS CRT 
EDITING. The Videotype-1 tex t processor 
is des igned for those w ho need easily edit­
ed, qui ckly reca lled copy. As text is typed 
it appears on a disp lay screen to permit 
editing before hard-copy production by the 
printer/ logic console. Simultaneously, the 
data is recorded on a cassette tape in the 
conso le. Each cassette ho lds up to 30 pages 
of copy. " Edit," " delete," " insert" and 
similar command keys permit rapid editing 
& arrangement of text. $16, 000 o r leased 
for $375 per month. Lexitron Corp., 9600 
De Soto Ave., Chatsworth, CA 91311 . 

220 

LOW-COST FUSIBLE ROM PROGRAM­
MER. The PR-23A allows manual program­
ming of the Signeti cs 8223 256-bit fi eld 
programmable ROM in the fi eld by un ­
skilled personnel. To program a dev ice, the 
operator places a blank F-RO M in the test 
socket, se lects the appropri ate oc tal word 
address and presses one of 8 output push­
buttons to open the selected fusib le link. 
Program sequence is automatic and inde­
pendent of operator timing to ensure uni ­
form program conditions. A typi ca l pa ttern 
can be programmed in about 5 minutes. 
Eight indica tor lamps provide a continuous 
di splay of output states. A slot at the rea r 
of the instrument ho lds the truth table in 
proper alignment w ith panel markings. 
$199.50. Curtis Electro Devices, Inc. , Box 
4090, Mt. View , CA 94040. Phone (41 5)-
964-3 136. 221 

CASSETTE TERMINAL OFFERS ON-LINE 
AND OFF-LINE CAPABILITIES. In its on­
line mode, the 345 CMTT ties in directl y 
with all major mini computers. As an off-

100 

line device it permits seri al modem-to­
modem communica tions at transfer rates 
of 110 and 300 baud, (10 and 30 cps) . It 
incorporates logic for remote control (off­
line) by transmi ss ion of standard ASCII con­
tro l characters from serial devices. When 
operating in an on-line mode, the CMTT 
allows communication between the at­
tached seri al devices and the computer. It 
is supported by an extensive library of cas­
sette-operating system software. $3300. 
DICOM INDUSTRIES, 715 N. Pastori a Ave., 

Sunnyva le, CA 94086. Phone (408)732-
1060. 222 

FLEXIBLE DISKETTE SYSTEM SPEEDS 
COMPUTER DATA ENTRY. The 3740 in­
corporate fl exible diskettes for ca pturing 
data. They reseml:ile small phonograph 

records yet ca n hold as much information 
as 3000 80-co lumn punch cards and are 
reusable. They are oxide coated Mylar de­
v ices with 48 tracks/ in., sea led in 8-in . sq 
protecti ve pl astic envelopes. With a density 
of 3200 bpi, each has a capacity of 5078 
8-bit bytes/track and 39 1,006 bytes/disk­
ette. A new drive unit spins the diskette at 
360 RPM, and a read-write head accesses 
the di skette through a slot in the pl as ti c 
enve lope. Data rate is 250,000 BPS, and 
track-to-track access time in 50 µ.sec. In­
ternational Business M achines Corp., 11 33 
Westchester Ave., Wh ite Pl ains, NY 10604. 
Phone (9 14)696- 1900. 223 

111111 
FULL-GRAPHICS CAPABILITY AVAILABLE 
FOR MINICOMPUTERS. The BP-72 1 inter­
face converts any X-Y osc illoscope or larger 
X-Y display into a full -graphics display 
terminal. The unit, with its internal semi ­
conductor refresh memory, enables the 
minicomputer user to plot points, lines, 
alphanumeri cs and rea l-time dynamic dis­
pl ays. Software is supplied fo r programming 
with simple BASIC language commands. 
Install ation, w hich requires no hardware 
modi fication, is accompli shed by insertin g 
it into a vacant minicomputer slot and con­
necting to the X, Y and Z inputs of the os­
c illoscope. Interfaces fo r all Data General 
NO VA seri es mini computers are available. 
$1095. Megatek Corp., 1526 W . 240th St. , 
Harbor City, CA 907 10. Phone (2 13)530-
0654. 224 

MEMORIES COMBINE MINI-DISC AND 
DRUM TECHNOLOGIES to provide OEM 
manufac turers with a large data base in a 
10-in. package weighing only 25 lbs. Stor­
age capac ities range from 16k 16-bit words 
to 262k words. Five models are offered: 
4-, 8-, 16-, 32- and 64-track versions. Each 
has a 4096 words/track recording density. 
Word transfer rate is 122 kHz . Designed 
for terminal applications Series 55 processes 
data in a bit-seri al stream at a rate of over 
2-million BPS. Cost/bit ratios are attractive, 
particularl y for applications such as point­
of-sa le-systems and inventory control sys­
tems. $1 55 0 for 16k-words to $2950 for 
262k. Datum, Inc., 170 E. Liberty Ave., 
Anahei m, CA 92801 . Phone (7 14)879-

3070. 225 

KEYBOARDS FEATURE MOS ENCODING 
AND Bl-PAC SWITCHES. A series of TTY-
33 keyboard s, featuring redundant contact 
Bl -PAC switch modules and a 40-pin ceram­
ic MOS chip for encoding 4 mode ASCII 
code, and offering N-key rollover, is avail ­
able for interactive computer printing, di s­
pl ay terminals and related ASR-33 compat­
ible applications. The encoder design reli ­
ably maintains sequential key outputs even 
at maximum " burst" typing speeds. MOS 
chip operation also requires less than 200 
mA power consumption. The +5 to - 12 
output is Tri -State or TTL compatible. 
Price: $125 in 1-25 quantity; $59 in 5000 
quantity. Controls Research Corp. , 21 00 
S. Fairview, Santa Ana, CA 92704. Phone­
(7 14)557-7 161. 226 

PRINTERS INTERFACED TO SYSTEM 7. 
The controller can interface 2 Centronics 
printers, 1 located loca ll y at the System 7 
site and 1 containing a modified RS-2 32 
interface board located up to 1000 ft away. 
Under software control , data can be trans­
mitted to either or both printers. The con­
troller receives a parallel 8-bit input from 
the CPU and transmits this data in parallel 
to the local printer and serially t6 the remote 
printer. Baud rate for the remote printer is 
se lectable up to 9600. $975 . Centron ics 
Data Computer Corp. , 1 Wall St., Hudson, 
NH 03051. Phone(603)883-0111. 227 
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TIME 
SHARE 

YOUR TEST 
EQUIPMENT 

WITH 

contacts. 
Specify Series 
901 T-Bars, with 
bifurcated 
DATA-RITE 
contacts, for 
high reliability. 

For informati on, write 
or phone T-Bar. refer 
to distributor catalog 
or eem. 

Off-the-shelf from 
• CRAMER • NEWARK 

• ALLIED • HOLLYWOOD 

..---------=--.SWilChinu 
T·Bar como~9,!m! 

INCORPORATED 
SWITCHING TECHNOLOGY 

141 Danbury Road / Wilton , CT 06897 
telephone : 203 / 762-8351 

4621 

CHECK NO. 55 

DATA ENTRY AND DISPLAY TERMINAL 
IS TELETYPE COMPATIBLE. The Model 
440 TTY-Plus provides 3 x 6 in. w indow 
throu gh w hich the v iewer ca n observe 80 
characters/row and up to 8 rows. The key­
boa rd is v irtuall y identi ca l w ith that of a 
standard teletypewriter so that retraining 
of operators is minimal. It is des igned to 
repl ace impact-type teleprinters where hard 
copy is not a requirement. It can operate in 
a block transit mode; data ca n be prepared 
off-line and transmitted in a block wi th onl y 
1 keyboard and can be switched at standard 
line rate from 11 0 to 9600 baud . Less than 
$1000 in large quantities. Conrac Div., 600 
N. Rimsdale Ave., Cov ina, CA 91722 . 
Phone(2 13)966-35 11 . 228 

MULTIPLEXER CONTROLS SELECT ANY 
SEGMENT OF CHANNEL ADDRESS. In­
tended fo r use in data acqui sition systems 
to exa mine a se lected group o f channels, 
the Model GMC logic control system per­
mits choice of !he first and las t channel s 
from front panel switches. Any number of 
sequenti al channels ca n be se lected with 
thi s system. It is useful in process control , 
automatic production testin g and scientifi c 
data analys is systems where the A/D con­
verter and its displ ay can be used as a time­
sav ing measuring device. A separate con­
trol permits se lection of either continuous 
re-cycling, or " single-shot" starts of each 
scan sequence. Prices start at $755 for a 
32-channel system. Pres ton Scienti fic, Inc., 
805 E. Cerritos Ave., Anaheim, CA 92805. 
Phone(7 14)776-6400. 229 

REAL-TIME PROGRAMMERS SEQUENCE 
PROCESS OPERATIONS. These solid -state 
units control 10 to 30 operations in any se­
quence. They provide up to a 16.5-hr. range 
and have an accurate electronic c lock 
w hi ch ca n se lect dow n to 1 /4-sec intervals 

Reduce Car 
Maintenance 

Increase 
Engine 

Performance. 
Put a Mark Ten Capacitive 
Discharge Ignition (COi) 

System On Your Car. 

Even Detroit finally recognizes that elec­
tronic ignition systems dramatically in­
crease engine performance. Chrysler is now 
putting them on their new models. The Mark 
Ten CDI, the original electronic ignition 
system, has been giving increased perfor­
mance with lower maintenance to hundreds 
of thousands of satisfied customers for 
over eight years. Install a Mark Ten CDI on 
your car, boat or truck and eliminate 3 out 
of 4 tune-ups. Increase gasoline mileage up 
tp 20%. Enjoy improved engine perfor­
mance. Or put a Mark Ten B on your car. It 
was especially designed for engines with 
smog control devices. By reducing combus­
tion contaminants, the Mark Ten B restores 
power losses caused by these devices. 
Equipped with a convenient switch for 
instant return to standard ignition, the Mark 
Ten B is applicable to ANY 12 volt negative 
ground engine. Both systems install in 10 
minutes with no rewiring. Order a Mark 
Ten or Mark Ten B CDI today. 
Mark Ten (Assembled) $44.95 ppd . 
Mark Ten (DeltaKit) $29.95 ppd. 

(Kit available in 12 volt only, 
positive or negative ground.) 

Mark Ten B $59.95 ppd. 
(12 volt negative ground only) 

Superior Products at Sensible Prices 
Mfg. in U.S.A. 

r------------ -1 

: 2SJ DELTA PRODUCTS, f N CE.oN 

I P.O. Box 1147 / Grand Junction , Colo. 81501 
(303) 242-9000 

I Please send me free literature. 
I Enclosed is$ __ D Ship ppd. D Ship c.o.o. 

I Please send: 
_ Mark Ten B @ $59.95 ppd . 

I __ Standard Mark Ten (Assembled) 
I @ $44.95 ppd . 

for process control. Rea l-time operati on __ 6 Volt : Neg. Ground Only 
time interva ls ca n be programmed directl y I __ 12 Volt : Specify 
in hr, min and sec. Time icterva ls ca n be I __ Positive Ground __ Negative Ground 
altered by simply remov ing or adding pins I __ Standard Mark Ten (Deltakit " )@ 

$29.95 ppd. 
on the front panel without affecting other I (12Volt Pos itive Or Negative Ground Only) 
time interva ls. All time interva ls are accu- carYear __ Make _______ _ 
rate and repeatable to ±0.25 sec. $2500 to I Name _____________ _ 
$4900. Hugle Industries Inc., 625 N. Pas- I Address. ___________ _ 
tori a Ave., Sunnyvale, CA 94086. Phone- I City/State _______ Zip ___ _ 

(408)738- 1700. 230 I L - - - - __ _J 
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COMPUTER PRODUCTS 

DIGITAL CASSETTE IS COMPATIBLE 
WITH STANDARD INTERFACES. The 1000 
Series provides a cassette (storage) record 
and playback system which is directly plug 
compat ible w ith any teletypewriter, ter­
mina l, modem, acoustic coupler, or com­
puter w hich is equipped with standard EIA 
RS232C in terfaces. The incremental feature 
of this series allows data to be recorded at 
keyboard rates and later read at maximum 
rates and played back 1 character at a time 
to eli minate the need for ex ternal buffering. 
Two models are presently avai lable; Model 
1113 operates up to 60 cps (at baud rates 
up to 600 baud) and Model 1173 operates 
up to 120 cps (at baud rates up to 1200 
baud). Mode l 1113: $1395, Model 1173: 
$1595. Memodyne Corp. , 369 Ell iot St. , 
Newton Upper Fall s, MA 02 164. Phone­
(6 17)527-6600. 231 

1/0 INTERFACE BOARD FOR NOVA 
MINIS. The interface board contains al l 
necessary circuitry to connect the user's 
logic to the 1/0 bus of any Nova series mini­
computer. Provision is made for multiple 
control lers on a single board . It can mount 
up to 105 14- and/or 16-pin wire-wrap 
sockets with al lowances for mounting of 
24- to 40-pin sockets. User logic is con­
nected to the 1/0 logic by a set of wire-wrap 
posts dividing the 2 sections. The interface 
is packaged on a 15 x 15 in . board with 2 
100-pin connectors and can be mounted 
directl y in a single slot of the Nova com­
puter chassis. The user has the option of up 
to 4 16-bit registers, a data-channel inter­
face and counter logic for zero word count 
detection. $250. MOB Systems, Inc., 981 
N. Main St., O range, CA 92667. Phone(7 14) 
639-7238. 232 

A ~ electrocube ... new series of 
~" metallized poly-

NEW 
LINE ••• 
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carbonate capacitors are offered in a min­
iature package, smaller than conventional 

units, with exce llent performance characteris-
tics over a wide temperature range. D Choose 
from more than 1100 different Series 650 mod­
els, in si x case sty les, with capac itances from 
0.0010 to 50.0 mfd. and 50, 100, 200, 400 and 
600 VDC rat ing s. Order small quantities from 
stock, with onl y a short 4-5 wee k wait for pro­
duct ion runs. D Get more information today 
from Electrocube, 1710 So. Del Mar Ave ., 
San Gabriel , Calif. 91 776, or call (213) 
283-0511 ; TWX: 910-589-1609. 

CHECK NO. 57 

GENERAL-PURPOSE COMPUTER SYSTEM 
STRESSES MAINTAINABILITY. The 530, 
designed for both scientific and commerica l 
applications, is priced in the minicomputer 
range while offering many capabil ities us­
ual ly avai lable on ly wi th larger computers. 
These include the ability to enter and re­
trieve information w ith a minimum of com­
putation interruption, advanced methods 
for interrupting normal computation to take 
ca re of high-priority items and a capabil ity 
for computer trouble-shooti ng via long-d is­
tance telephone lines. $21,700. Xerox 
Corp., Stamford, CT 06904. Phone(203 )-
329-871 l. 233 

HIGH-SPEED ADD-ON MEMORY AVAIL­
ABLE FOR PDP-11. Computer users can add 
the Model SG-11 sem icond uctor memory 
sys tem to PDP-11 co mputers in the fi eld . 
The se lf powered memory unit is contained 
in its own enc losu re and is full y hardware 
and software compati ble. It cables directly 
to the Unibus con nector block and operates 
with a cycle time of 650 to 750 nsec. It is 
fu ll y wi red for expansion to 28k or memory 
pa rity avai lab le as an option. The basic 4k 
system costs $2200 and a fu ll 28k memory 
bank $7300. Signa l Galaxies, Inc., 6955 
Hayvenhurst Ave., Van Nuys, CA 91406. 
Phone(213)988-1570. 234 

SWITCHLESS CALCULATOR FEATURES 
PRESSURE-SENSITIVE KEYBOARD, The 
Model 370 8-d igit calculator adds, sub­
trac ts, d ivides, mu ltiplies and performs 
chai n and mixed ca lculations. Add itional 
featu res include credi t ~ lance, 4 function 
constan t, floating decimal, automatic bat­
tery life extender, storage power of 10- 20 

to 1 O"' and low battery indicator. It meas­
ures 5-7/8 in. x 3 in. x 3/4 in. and weighs 
6-1 /2 ozs. Melcor Electron ics Corp., 1750 
New Highway, Farmingda le, NY 11 735. 
Phone(5 l 6)694-5570. 235 
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Naw ... 
a fully packaged 
SPERRY display 
laranly $15 
a decade* 

lhereal 
bargain is 
IDI 
reliability. 
These bright, clear displays will even 
look good to the guy who signs the 
checks! The flat , .6" characters are 
readable from 40 feet...at 130° view­
ing angle ... in the brightest of ambi ent 
light! Completely packaged in heavy ­
duty extruded aluminum case with 
easily customized bezel ; 3 to 8 digits ; 
optional built-in power supply . Read­
outs have life expectancy of 100,000 
hours. 

FOUR MAJOR VERSIONS ... decode 
display , un i- and bi-directional coun ­
t er display , all with or without 
memory ... M!_y packaged shipped 
frQm UQ.!;k .. . and a complete line of 
compatible digital printers and power 
suppl ies in a wide range of extremely 
versatil e configurations. 

•RD Series Decode Display , 50 
decades . 

SEE WHAT KELTRON 
HAS TO OFFER ... 

IOI/INSTRUMENT DISPLAYS DIVISION 

KELT 

25 

CHECK NO. 85 

only 
from 
Vero 

The ULTIMATE PC CARD FRAME 

• Except ional Strength • Precision Al_uminu m Ext rusion 
Guide Rai ls • Concea led Guide Mount ing • lden t1f1 cat1on 
Strip Standard in Front - Optional in Rear • Noryl Guide 
Temp Range -60 + 125 C • Selecti on of Guide Lengths 
• 4" & 41;2

11 Wide Guide Blocks Wi th .5" Ca_rds Spac i_ng for 
Fastest Assemb ly Guides Sl ide Into Extru sions • lnd 1v1dual 
Variable Spaced Guides from .411 Ava ilabl e .• Combine 
Guide Lengths fo r Extra Length Ca rd s With . Special 
Cent er Extru sion • Un ique Ext ruded Connector Rails Allow 
Connector Mount ing at any Point and Id entification of 
Connect o r Pos ition. 

Vero Electronics Inc. 
171 Bridge Road, Hauppauge, N.Y. 11787 
Tel.: 516-234-0400 • TWX510·227-8890 

CHECK NO. 58 

CHECK NO . 59 
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EQUIPMENT ------
AM/FM FUNCTION GENERATOR WITH 
BUILT-IN MODULATION SOURCE. Mod­
el 129 contains 2 independent generators, 
1 of wh ich prov ides the carrier frequency 
and a second w hich provides the AM or FM 
modulating signals. Both offer sine, triangle 
and square-wave outputs from the internal 
generators. The carrier generator covers 
0. 1 Hz to 5 MHz. It can be tri ggered (s ingle 
cyc le) or gated (tone burst, pul se burst) 
from either the internal AM/FM generator or 
an external source. Carrier output leve l is 
1 OV p-p into SO!l and 20V p-p open c ircu it. 
The AM/FM generator produces frequencies 
from 1 Hz to 1 M Hz. $795. Exact El ectron­
ics, Inc. , Box 160, Hillsboro, O R 97 123. 
Phone(503)648-6661. 198 

10-MHz SCOPE FOR ONLY $425. Model 
53 10 ca n be ac or de coupled and uses 
digital ci rcuitry for stable tri ggering to 15 
M Hz. Verti ca l ranges are from 10 mV/cm to 
SOV/cm in 12 calibrated ra nges and accu­
racy is ±3% . An unca librated continuously­
va ri able control increases sensitivity to 
5 mV/cm. Sweep ranges are from 0.5 µ,sec/ 
cm to 0.2 sec/cm in 18 ca librated steps and 
linearity is 1 % through the full hori zontal 
sweep. The 53 10 has an 8 x 10-cm display. 
A 2.5-kV acceleratin g potenti al and P31 
phosphor produce a c lea r, high-contrast 
trace. Hickok Electri ca l Instrument Co., 
105 14 Dupont Ave., Cleveland, O H 441 08. 
Phone(2 15)541 -8060. 199 

TWO FREQUENCY COUNTERS IMPROVE 
RECEIVER TUNING ACCURACY and sta­
bility by employing digital automatic fre­
quency control (DAFC). Designated the 
DR0-3 15 for 1 OO-kH z-to-500-MHz cover­
age, these units provide a receiver tuned 
frequency lock to within ± 1 kHz as long 
as power is applied. The counters have 
selec table presets of 8, 10, 21.4 and 60 
MHz and 1 optional preset se lected at the 
time of order. Both counters provide LED 
di splays and each requires onl y 1-3/4 in . 
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of vertica l space in a standard 19- in . rack. 
W atkins-Johnson Co., 6006 Executive Blvd ., 
Rockvill e, MD 20852. Phone(301 )881 -
33 00. 200 

4-1 /2-D IGIT DMM/COUNTER WITH 

GATED FREQUENCY COUNTING to 200 
MHz includes 5 ranges of de and ac volts 
w ith 10-µ,V resolution, 5 ranges of de and 
ac current w ith 10-nA resolution, 6 ranges 
of res istance w ith 10-M!l reso lution and 5 
ranges of true frequency counting. The 
counter's w ideband frequency multiplier 
option allows low-frequency signals to be 
measured virtuall y error-free in 1/1 00 of 
the normal time, independent of zero-cross­
ing distortion. A 10-Hz signal can be re­
solved to 0.001 Hz in 10 sec. Basic ac­
curacy fo r de vo lts and frequency is 0.01 % , 
0.02% _for res istance and 0.1 % _for ac volts. 
$590. Valhall a Scientifi c Inc., 7707 Convoy 
Ct., Sa n Diego, CA 92 111 . Phone(ll 4)277-
2732 . 201 

LOW-COST LAB STATION. The EU -99A 
lab station inc ludes such instruments as the 
EU-70A 15-MHz dual-trace scope and the 
EU-8 1 A 1-Hz-to- 1-MHz function generator. 
Digital instrumentation includes the EU-
801 A A/ D des igner (a system that allows 
in vestigation of virtuall y any analog or digi­
tal circuit) and the additional plug- in logic 
circui t cards necessa ry to convert it to a 
computer logic training sys tem. As the need 
ari ses and the budget permits, additional 
instrumentation and components may be 
added. Teaching/lea rning software is in­
c luded and requires no prior electronics 
background . $2035. Heath/Schlumberger 
Scientific Instruments, Benton Harb9r, Ml 
49022. Phone(616)983-3961. 202 

ELECTRONIC VOLTMETER Model 2425 
features true-rms, average and peak indica­
tions. Other features incl ude a linea r fre­
quency range from 0.5 Hz to 500 kH z, sen­
sitivities from 1 mV to 300V full sca le, cali ­
brated amplifi ca tion 60 dB and ac and de 
outputs. A hold function for peak measure­
ments and a provi sion for a vari abl e-meter 
time constant are inc luded. Two built-in 

meter time constants, interchangeable me­
ter sca les and line or battery operation are 
other fea tures. B& K Instruments, Inc., 5111 
W. 164th St. , Cleveland, O H 4414 2. Phone­
(2 16)267-4800. 203 

32-MHz AUTOMATIC COUNTER features 
a counting range from 5 Hz to 32 MHz, a 
crystal controlled c lock, a 5-digit long-life 
LED display and automati c ranging for full 
resolution. Decimal po ints are automati ca l­
ly positioned as is the display of units of 
measurement and non-s ignificant zeros are 
automatica ll y blanked. Operating from the 
ac line or an optional battery pack, the 
Model 150A has a built- in test position and 
an overrange indicator in the manual mode. 
$475. The optional 10-hr NiCd battery 
pack, inc luding charger and carrying case, 
costs $200. United Systems Corp., 918 
Woodley Rd ., Dayton, OH 45403. Phone­
(5 13)25 4-625 1. 204 
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1024-LINE REAL-TIME SPECTRUM AN­
ALYZER. Model DSA-2 004 covers a cen­
ter-frequency range of de to 40 kHz for 
use in radar and son ar signal process ing, 
acousti c spectrum-level measurement, and 
noise and vibration analysis. It fea tures digi­
tal circuitry fo r translation , filtering, Fourier 
analys is, post process ing and storage. The 
unit, which has modular construction and 
built- in se lf-test capabilities, provides reso­
lutions selec table from 0.01 to 40 Hz and an 
analys is bandwidth of 10 Hz to 40 kH z. The 
DSA-2004, with an internal simultaneous 
multi -channel process ing capability, pro­
vides linea r and logarithmic outputs for 
electrographic recorders, X-Y chart record ­
ers, CRT di splays and scopes. Sanders As­
socia tes, Inc., 95 Canal St. , Nashua, NH 
03060. Phone(603)885-5875. 205 
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De RESISTANCE BRIDGE Model 1666 will 
measure both SOO µ,n and 7 x 109n to an 
accuracy of better than 1 % , and less ex­
treme resistance va lues to an accuracy of 
better than 0.02%. Four ±0.02% bridge 
ci rcu its and 6-d igit reso lution give it a total 
measurement range from 1 µ,n (1 o- i;n ) to 

1 teraohm (1010n ) It easi ly measures both 
open (leakage) and c losed (contact) res is­
tance of relays and swi tches, plus forward 
and reverse diode res istances. It also mea­
sures transformer winding resistance, insu­
lation conductance and resistance thermo­
meters, and dielectrics. Compa ri sons be­
tween si milar res istances ca n be made to a 
resolution of 2 parts per million . $9SO. Gen ­
eral Rad io, 300 Baker Ave., Concord, M A 
01742. Phone(617)369-4400. 206 

20-MHz FUNCTION GENERATOR Model 
420 features fequency modulation with a 
range of better th an 200: 1, a 1 OV p-p out­
put into son through an 80-dB attenuator 
(20V p-p open circuit), a ± 1 OV de offset, 
trigger and gate modes. The generator in­
c ludes sine, square and tri angular wave out­
puts with sine wave distortion under 0.S% 
to 200 kHz and square wave aberration of 
S%. The generator's frequency range is from 
2 Hz to 200 MHz in 7 decades at ± 2%-of­
reading accuracy (to 2 MHz) and ± 10% to 
20 MHz. $78S. Systron-Donner Corp., 
Datapulse Div., 101 SO W. Jefferson Blvd. 
Culver City, CA 90230. Phone(2 13)836-
6100. 207 

FUNCTION GENERATOR Model S700 pro­
vides a balanced 600n output over 0.002 
Hz to 2 MHz. Thi s low-cost instrument 
(onl y $29S) provides sine, square and tri ­
angle waveforms with a frequency accuracy 
of ±S% of reading for the entire 1000:1 
tuning range of the dial. The output is con­
trolled by a 2-position dB step attenuator 
and amplitude vernier, providing both a 
son si ngle ended and a 600n balanced 
output. The outputs provide 1 SV p-p and 
30V p-p, respect ively. A 1 V auxili ary out­
put is also supplied. Krohn-Hite Corp., S80 
Massachusetts Ave. , Ca mbridge, MA 021 39. 
Phone(617)49 1-32 11. 208 

~udebrod 

~Dept DN1, 

Bros_ Silk Company, Inc_ 

Glcfronicj ';J)iuijion 

12 So uth 12th Street, Philadel p hia, Pa. 

CHECK NO. 60 

Now get a 
firm grip on your 

lead-mounted semi's and 
heat problems, too 

IERC retainers I heat si nks 
hold lead-mounted semi 's 
while controlling heat to im­
prove reliability or let you operate at 
higher power levels. Our TXB's for Mil­
spec environments are excellent retainers 
on p-c boards or serve as efficient ther­
mal links between case and heat sink . BeO 
washers are available for electrically-hot­
case applications. Use our staggered-fi nger 

LP Series for power in­
creases of 7 to I in still 

air and J 2 to I in forced a ir 
with no increase in junction tem-

perature. And , if your semi 's are already 
mounted, slip on a Fan Top and get hi gher 
wattages for just pennies. Send for catalog. 
IERC, 135 W. Magnolia Bl vd., Burbank , 
Ca lif. 9 1502, a sub sidiary of Dynamic s 
Corporation of America. 

i IERC 1~1 Heat Sinks 
CHEC K NO. 61 
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The most respected name in electro-acoustic capab ili ty 

COLLINS 
ANALOG COMPONENTS 
Pioneering of advanced circuit development for 
more than 40 years backs Collins complete line 
of frequency select ion and frequency control 
devices. Hundreds of standard designs of me­
chanical filte rs, crystal devices, and magnetic 
products fulfill the requirements of most new 
communicat ion equipments. Tell us what you 
need. Chances are good it's available f rom 
stock. If it 's not , we may already have bu ilt it 
and can now quote you an advantageous pro­
duction price. 

Mechanical Filters 

Standa rd symmetrical bandpass, ~~ 
SS B and voice mult iplex sideband , ~ 
types avai lab le off t he shelf i n 
frequencies from 60 to 600 kHz, 
with 60 to 6-dB shape factors as low as 1.3 to 
1, and bandwi dths from 0. 1 to 10%. Examples: 
new LF narrowband mechanica l filters with fre ­
quencies from 3 to 50 kHz and bandwid ths of 
0.2 to 2%: new hig h performance SS B mech­
anical filters with an audio frequency response 
from 300 to 3150 Hz and 20-d B ca rrie r rejec-

Call or wri te your Collins rep or 

Collins Radio Company 

t ion : and new low cos t mechanica l filters with 
nomina l bandwidths from 500 Hz to 6 kHz, 6-dB 
insertion loss and only 2-dB ripple. 

Crystal Devices 

Ma ny standard and custom de- •• 
signs for c rysta ls and crysta l fil -
te rs f ro m 1 O kHz to 30 MHz 
uti li zing Butterworth , Tchebycheff , 
linear phase, ellipti c fu nction and othe r pre­
scribed transfer fu nct ion techniques. Example : 
new monoli thi c 2-reso nator crystal fi lters f rom 
stock at 5.5, 9.0, 10.7, and 21.4 MHz. 

Magnetic Products 

An extensive l ine of toroids, LC 
wave fil ters, magneti c amplifiers , 
saturab le reactors and other phase 
or amplitude responsive networks . 
Example: new hybrid transform er has 600 or 
900-ohm 2-wi re , to 600-ohm 4-wire netwo rk , 
audio 'reque ncy rang e wit h re s ponse o f 
± 0.25 dB, 300 to 4000 Hz and 40 d B at 20 Hz. 

~ 
COLLINS 

Components Divi sion, Newport Beach, CA 92663, Tel 714-833-0600 ~ 
CHECK NO. 62 

NOW! 
A REAR-PROJECTION DISPLAY 

FOR UNDER $6 
IEE introduces the Series 1100 Readout, 
the first Rear-Projection display under $6. 
Series 1100 costs far less than equiva­
lent Rear-Projection models, yet packs 
all the similar features. We' re talking 
of a .6" character displaying bright, 
crisp messages, numerals , symbols or 
colors, easily read from 20 feet. The 
total plug-in package (12 po­
sitions per readout) offers quick 
front panel removal for lamp 
and film servicing. Series 1100 
accepts 5, 14 or 28 volt lamps 
compatible with DTL/TTL input 

with a light output of 100 ft-L. Equally 
inexpensive is the mating Driver De­
coder, the long life Series 7800. 
The Series 1100, low cost ... high re­
liability ... from the world leader in 
Rear-Projection displays. Give us a call. 
Industrial Electronic Engineers, Inc., 
7740 Lemona Ave. , Van Nuys, Ca. 91405, 

Telephone: (213) 787-0311 . 
TWX 910-495-1707. Our Euro­
pean Office: 6707 Schifferstadt, 
Eichendorff-Allee 19, Germany, 
Phone : 06235-662. 

• 1 n quantities of 1000 

CHECK NO. 63 
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EQUIPMENT 

TWO OEM 1 AND 2-PEN STRIP-CHART 
RECORDERS fea ture more than 50 options 
that let the user customize these 10-in . 
units fo r spec ific applications at low cost. 
Designed to allow a user to choose spans, 
speeds and other options, the si ngle-span 
Model 7130A/B (2-pen) and the Mode l 
713 1 A/B (1-pen) un its ca n be ordered w ith 
one of 6 available chart speeds from 6 in ./ 
min to 1 in ./hr. Options are available fo r 
adding a second speed; 4 or 8 speeds plus 
an ex tern al input. One of 6 input spans 
from 1 mV to 1 DOV per channel ca n be spe­
cified. Input is si ngle ended and fl oating, 
w ith 1 MO resistance on al l spans. Price is 
$1250 (7 130A/ B) and $850 (7 131 A/ B). 
Hew lett-Packard Co. , 1501 Page Mill Rd ., 
Pa lo A lto, CA 94304. Phone(4 l 5)493- l 501. 

209 

FIELD-EFFECT LIQUID-CRYSTAL-DISPLAY 
DPMs include 2-1/2-, 3-1/2- and 4-1/2-
digit models w ith pri ces starting as low as 
$47 each (2-1 /2-digit unit in 100 quantit ies). 
The T A300 Seri es fea tures custom MOS/LSI 
ICs, and a proprietary Poly-Tek A/D con­
version technique. It includes 39 different 
models w ith plug-in vo ltage and current 
range modules, bipolar operation, a shield­
ed-transformer power suppl y, all -metal 
cases and optional full y isolated pa rallel 
BCD output. Each DPM requires l .SW of 
input power. 1/0 signals are provided fo r 
external digital linea ri za tion, curve fitting 
and sca le factor contro l and serial BCD out­
put is standard. Tekelec, Inc., 31829 W. La 
Tienda Dr., Westlake Village, CA 91361. 
Phone(2 l 3)889-2 834. 21 O 

THREE-IN-ONE VOM/TRANSISTOR TEST­
ER Model HM-3 10 combines all the fu nc­
tions of a VOM w ith the added capab il ity 
of measuring capacitor and transistor pa­
rameters. The self contained unit fea tures 
100!1/V, an impedance taut-band move­
ment, a 3- in. mirrored sca le and burn-out 
protect ion. Measurement capab ilities are: 
ac and de vo ltage, resistance, ac and de 
cu rrent, dB, capacitance, and transistor 
alpha, beta and leakage current. 2-1 /2 x 
5-1 /6 x 6-1 /2 in . $59. 95 . HM Electronics, 
Inc., 10975 San Diego Miss ion Rd ., San 
Diego, CA 92 108. Phone(714)280-6050. 

211 
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INKLESS-WRITING SERVO RECORDER. 
The Speed Servo II 10-in . strip-chart re­
corder uses thermal-sensitive chart paper 
and an electrically heated stylus. This pro­
vides advantages of convenience use in ap­
plications with excessive osci llation of the 
writing element, very slow-changing input 
signa ls, slow chart speeds and continuous, 
unattended long-term recording. The user 
gets a long sty lus life (8700hr min. ), the abil ­
ity to tilt the recorder to any position and no 
limitation of recorder response. The record ­
er can be converted easily to throw-away 
ink-pen cartridges. Warm-up time is a nom­
inal 10 sec. Esterline Angus, A unit of Es­
terline Corp., Box 24000, Indianapolis, IN 
46224. Phone(3 17)244-76 1 1" 212 

REGULATED LAB POWER SUPPLIES. With 
only 100 µ. V of ripple, the PSR series of de 
power supplies also feature load regulation 
of 0.01 %. Other features offered are over­
load protection , an accurate D' Arsonval 
meter ca librated for voltage and cu rrent, 
and cu rrent-limiting burnout protection. 
Two models are available: Model PSR 12-
25 whose output is 0 to 25V de at 500 mA 
and Model PSR 1 2-50 with an output of 0 
to 50V de at 250 mA. Both operate from 
105 to 125 V ac, 50/60 Hz. Dimensions are 
5-1 /4 in . high x 3- 1 / 2 in. wide x 9-1 /8 in . 
deep. EPSCO, Inc., 920 Westwood Ave. , 
Addi son, IL 60101. Phone(3 12)5 43-0410. 

213 

GRAPHIC-DATA DIGITIZING SYSTEM 
USES MAGNETIC CARDS and featu res digi­
tal display of the X-Y coordin ate va lues and 
a stylus to digiti ze the points. Data from 
graphics, patterns, layouts, X-ray negatives, 
photographs, templates and drawings is 
recorded on a magneti c stripe on standard 
tab cards. Storage capacity up to 26,000 bits 
combines the data density of magneti c 
tape with the convenience of ca rds. Vi sual 
informat ion may be typed, stapled or w rit­
ten on the ca rds and filed for future use. 
Pri ce of a comp lete system is $6995 . AM 
economy model with only Teletype and 
RS-232 outputs costs $3600. Elcomp Gen­
eral, 1937 Kilmer Dr. , Placentia, CA. Phone­
(7 14)540-4412. 214 

DOUBLE BALANCED 

MIXERS 
ECONOMY WITH NO COMPROMIS E ON QUALITY 

•Guaranteed Performance 

• 100% Parameter Tested 1' r-
SUMMIT 

750 
SERIES 

il~il 
Rf If l 0 

•Designed for Optimum PCB Layout 

•All Schottky Barrier Diodes 

•Absolute unit to unit uniformity 

•Fast Delivery 
OUTLINE DIMENSIONS --- SCHEMATIC ----' 

LO & RF 
MODEL FREQUENCY MIN. ISOLATION 

LO TO RF 
MIN. ISOLATION 

LO TO IF 
MAX. CONVERSION QUANTITY 

750 

751 

753 

755 

757 

759 

IF 

.002-30MHz 
DC·JOMHz 

.01 · 100MHz 
OC-100MHz 

.4-400MHz 
DC-400MHz 

.05·200MHz 
DC·200MHz 

.25-300MHz 
OC·200MHz 

1·500MHz 
DC-SOOMHz 

50db: .002·20MHz 
40db: 20.30MHz 

50db: .01 -lOMHz 
40db: 10.50MHz 
35db: 50-1 OOMHz 

35db: .4·100MHz 
2~b: 100-400MHz 

50db: .05-10MHz 
40db: 10.lOOMHz 
35db: 100-200MHz 

50db: .25-10MHz 
40db: 1Q.100MHz 
35db: 100-300MHz 

50db: 1·50MHz 
40db: 50-200MHz 
35db: 200-SOOMHz 

45db: .002-20MHz 
35db: 20-JOMHz 

45db: .01 -lOMHz 
35db· 1 Q.SOMHz 
30db: 50-1 OOMHz 

30db: .4-1 OOMHz 
20db: 1 OQ.400MHz 

40db: .05-1 OM Hz 
35db: 1().100MHz 
25db: 100-200MHz 

45db: .25-1 OM Hz 
30db: 10.lOOMHz 
25db: 100-300MHz 

45db: 1 ·SOMHz 
35db: 50-200MHz 
25db: 200-SOOMHz 

LOSS ISSB NF) 500 

6db: .010-20MHz 
8db· 002·30MHz 

6 5db: . 1·50MHz 
Bdb: .0 1·100MHz 

7db: 5-1 OOMHz 
10db: .4-400MHz 

6.5db: .2·100MHz 
Bdb: .05-200MHz 

6.5db: .5--150MHz 
Bdb: .2&-300MHz 

6.5db: &-200MHz 
9db: 1-SOOMHz 

$13.20 

$12.00 

s 9.10 

$12.00 

$12.00 

$12.00 

All spec1f1cat1ons apply in a 50 ohm system with LO 
input level of 7dbm Maximum Peak input power 
50mw Maximum Peak input current 50ma Stor 
a~e temperature 6b to 125 C Operational Tern 
perature 54 to 100 C 

OlhJ SUM MIT 
0 [~ ENGINEERING 

LJ CORPORATION 

CHECK NO. 64 

BOX 938 BOZEMAN, MONTANA 69716 
PHONE (406} 687-0636 T.W.X. (910) 976-1950 

Houdaille's versatile 
new n/ c systems 
offer pluggable circuits, 
countless options -­
and unbelievably 
low cost! 
2- or 3-axis systems. Options 
include computer-assisted tape 
preparation , sophisticated con­
touring capability. The low cost is 
standard . So is Houdaille's nation­
wide factory service. Request 
information, and learn how to 
custom-automate economically 
with Houdaille. Electronics 
Division , Houdail le Industries Inc. 
9034 Wehrle Drive /Clarence, N.Y. 
14031/716-632-8412. 

ELECTRONICS r.:JouDAILLE 

CHECK NO. 65 
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EQU IPMENT 

TOM-MODEM TEST SET Model 1310 is 
designed to test and analyze all di gital data­
communication systems which may contain 
low-speed asynchronous or high-speed 
synchronous modems, and time-div ision 
or frequency div ision multiplexers. Part of 
the Range Rider line, the Model 1310 gen­
erates and analyzes pseudo-random data 
sequences in the form of sta rt-stop asyn­
chronous characters. 5-, 6-, 7-, or 8- leve l 
data characters with odd, even or no parity 
and 1, 1.4 or 2 stop bits may be se lected 
fo r analys is. It ca lculates and directl y di s­
plays bit, character or block error rates and 
mark -to-space transitions. Three pseudo­
random pattern s, alternate, mark , space, 
R, Y and as terisk, and U sequences are also 
generated and analyzed fo r errors. $2 150. 
International Data Sciences, Inc. , 100 Nash­
ua St. , Providence, RI 02904. Phone(401 )-
274-5 100. 215 

AUTOMATIC DIGITAL-CIRCUIT TESTER 
Model 72 1A provides verifi ca tion of truth 
tab les and de parametri c spec ifi cations of 
d igital circuits having up to 16 pins. Opera­
tion is accompli shed by simpl y inserting a 
device program ca rd and selecting the ap­
propri ate timits fo r the fa mily being tested. 
Model 72 1A may be readi ly used as a c las­
sification tool , an inc;oming- inspection tool , 
a high-speed wafer test tool , or an automat­
ic di gital test tool used in conjuction with 
a circuit hand ler. It can run a typi ca l device 
test sequence in approxi matel y 20 msec­
performing thousa nds of combined func­
tional and parametri c tests to -an accuracy 
of ± 1.5% . $4950. Computes! Corp., 3 
Computer Dr., Cherry Hil l, N J 08002. 
Phone(609)424-2400. 216 

NEW GIANT 
CONOMYCARD 

Up to 70 IC's per card 

Larger card provides easie r 
maintenance , yet packs over 
1000 IC's in a 7" H x 9 V2" D 

card cage. 

for more efficient func, t.~io;,n~a~l~~&;l~~ililiilill partitioning , lower ~ 
manufacturing 

costs. 

Delive ry 1-2 wee ks fo r 
hardware, just 5 wee ks 
for wrapped, debugged 
and documented systems 
from your logic d iagrams 
with our automati c 

14-pin to 36-pin sockets 
available to handle any 

logic up to LSI. 
Discretes easily 

. .,.--....... ::.1-- inc luded in wire-wrap 
' schedule. 

Test points brought 
out to card edge for easier 

checkout. 

Free We can save you time and money in desig n, 
production and maintenance with the world 's largest 

selection of plug-i n IC hardware. Our IC Packagi ng Pac kage 
tells all. Send for it today an d save a bund le. 

~~©~IC PACKAGING 
EECO, 1441 E. Chestnut Avenue, Santa Ana , Ca li fo rn ia 92705 · Tel: (714) 547-5651 

CHECK NO. 66 
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30 DISPLAY AND CONTROL FOR REAL­
TIME SPECTRUM ANALYZER . Model SAl-
503 generates and contro ls a 30 display 
of spectral data derived from the Honey­
well /Saicor rea l-time spectrum analyzer. It 
interfaces with standard storage displ ays 
and scopes . The 30 rea l-time d isplay­
spectrum amplitude vs frequency vs time 
- is obtained by di spl ac ing successive fre­
quency scans vertica lly and horizonta lly to 
form an isometri c pattern . The SAl -503 op­
erates in 4 modes: continuous, single, trig­
gered and 20 . Other fea tures inc lude sim­
ple controls for X, Y, and Z-ax is positioning 
and scaling, a threshold control that elim i­
nates background noise and automatic or 
manual display erase. $900 when pur­
chased with Sai cor rea l-time analyzer. 
Signal Analys is Operation, TIO, Honeywell , 
Inc., 595 Old Will ets Path, Hauppauge, 
NY 11 787. Phone(5 16)234-5700. 217 

FLOATING DIFFERENTIAL AMPLIFIER 
FEATURES 1-µV FULL SCALE. The X-MOD 
706 features input iso lation of 10 G igaohms 
(10 10) and 20 switch-selectable input 
ranges from 1 µ,V to 1 V full sca le. Fu ll scale 

output is ± 1 OV at 10 mA and is short-circuit 
proof. A center-sca le null meter permits 
rapid system ca libration and adjustment. 
Any of 3 bandwidths -0.1, 1 and 10 Hz 
can be se lected by a front-panel switch. 
Long-term stability is 0.1 % for 6 months, 
and temperature drift is onl y 0.1 µ, V /°C. 
CMR is 120 dB from de to 60 Hz. $695 . 
Preston Sc ientific, Inc., 805 E. Cerritos 
Ave., Anaheim, CA 92 805. Phone(7 14)776-
6400. 218 

LSI MEMORY TEST SYSTEM. Spartan 770 
" Bit Rider" for tes ting semiconductor mem­
ori es fea tures a modu lar des ign that allows 
each customer to customize his Spartan to 
meet individual requ irements. It includes 
32 memory channels, 15 dri vers and a high­
speed, 1 OA resolution comparator. The un it 
offers 1-nsec timing reso lution with 1-ppm 
c lock stabi lity. A microprogrammable RAM 
allows for test pattern storage and pattern 
generation at 5 MHz to test effi c iently both 
recursive and random logic c ircuits. The 
Spartan offers a diagnost ic panel for device/ 
program trouble shooting. $59,770. W est­
ern Digital Corp., 19242 Red Hil l Ave. , 
Newport Beach, CA 92663. Phone(7 14)-
557-3550. 219 
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Statham 
Zeroes • 1n ••• 

On your 
Test Chamber 
requirements I 

They may range from 300° below zero to 600°F 
above. 

Because we zero in on your requirements, we can 
provide a test chamber to fit them. 

One of Statham's high-performance test chambers 
is the SD60, a bench·top model with push-button 
temperature control and an adjustable visual 
front-panel failsafe that can be set to any desired 
range between + 100° and +600°F. Your test 
specimens, and the test chamber itself, cannot be 
damaged. 

But we don't stop there. Statham also builds test 
fixtures, custom-designed to solve your temperature­
testing problems. 

Statham can meet any test chamber requirements. 
If yours are really far out, we will build a new test 
chamber to meet them. 

You provide the target - Statham will hit it! 

Write or call today. Statham can help you. 
Statham Instruments, Inc., Industrial Division, 
2230 Statham Blvd., Oxnard, CA 93030 
(Area Code 805) 487-8511 

stay with 
Statham 8 

CHECK NO. 76 

Tansitor 
means Tantalum 

Capacitors. 

TANSIJOR 
Ct53Cl32UN 
320MFD-75VOC 

9 11·72 

We're the specia li sts. The firm 
th at offers you a full line of 
wet, fo il and miniatu re so lid 
tantalum capacitors. The rig ht 
capacitors for your spec ifi ca­
ti ons ... at the right pri ce for 
your budge t . . and the right 
de live ry sched ul e . Fo r tantalum 
capacitors that meet yo ur 
ex pectati ons .. . cou nt on your 
first choice. Tansito r. 

For more info rmation call your 
Tansitor Rewesentative o r co ntact : 

DIV ISION OF AEROT RON , INC 

West Rd , Bennington, Vt. 05201 • Phone: (802) 442-5473 • TWX: (710) 360-1782 

CHECK NO. 53 

All-in-one-card RAM. Very fast access 
time: 125 ns. Very fast delivery: right off 
the shelf. Contains memory address regis­
ter, decoding, storage sense amplifiers, 
write amp I ifiers, output buffers-every­
thing needed for complete memory func­
tion. Up to 18K on a single card. For more 
words by more bits, just wire the cards to­
gether. Power consumption is less than 
one milliwatt per bit. Price is lower than 
any other card memory in this speed range. 
Give us a call. We' ll quote price on the 
phone and ship one to you on a memoran­
dum receipt that gives you a Free Thirty 
Day Trial Period. 

All this from the people who know mem­
ories. Electronic Memories 
& Magnetics Corp. Phoenix -.. ... .-~. 
Semiconductor Facility, 
3883 North 28th Avenue, 
Phoenix, Arizona 85017. 
Phone: (602) 263-0202. 

CHECK NO. 54 
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COMPONENTS/MATERIALS 

VARIABLE CAPACITORS HAVE BEAM 
LEADS. The Seri es 940 1 trimmers feature 
Qs of > 10,000 at 100 MHz and lead con­
fi gurations perfect for stripline, hybrid c ir­
cuit and pc mounting. They are uniquely 
su ited as replacements for many chip ca­
pacitors and prov ide a means of easily and 
reli ab ly trimming wi thout cu t-a nd-try ad­
justment techniq ues using ab ras ives. Appli­
cations include impedance matching and 
trimming solid -state c ircu its, balancing 
sem iconductors and microwave compo­
nents, VHF-UHF coup ling, as well as equal­
izing fixed capac itors. The seri es inc ludes 
5 models having capac itance ranges from 
·0.2 to 4.0 pF wi th addit ional models ava il ­
ab le up to 50.0 pf . Al l models have test 
vo ltages of 500V de. 951! each, in volume . 
Johanson Mfg. Corp. , 400 Rockaway Va lley 
Rd. , Boonton, N J 07005. Phone(201 )33 4-
2676. 236 

TEMPERATURE COMPENSATED UNIT 
COMPARES WITH OVEN OSCILLATORS. 
Model K1098A crystal osci llator has none 
of the inherent drawbacks of oven oscil ­
lators such as wa rm-up time or on/off power 
surges for hea ting. The elimination of the 
oven and its thermostat eliminates the ma­
jority of reliability problems. Stability is 
±1 x 10- 7 over the temperature range of 
0°C to 55°C. It is we ll suited fo r applica­
tion in frequency counters and in laboratory 
instruments such as synthes izers and signal 
generators. Motorola Communica tions and 
Elect ronics, Inc. , 130 1 E. A lgonquin Rd ., 
Schaumburg, IL 60172 . Phone(3 12)358-
7900. 237 

INDUCTOR REPLACES DEVICES, 10 
TIMES LARGER. The magnetica ll y shielded, 
transfer molded chi p inductor measures 
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just 0. 160 x 0. 125 x 0. 125 in . and fea­
tures an inductance range from 0.1 J.LH to 
1000 J.LH , with a " Q " facto r as high as 80. 
(Typica l Q characteristic is 75 min . at 56 
J.LH and 2.5 MHz test frequency. ) Com­
pletely compatible in size and mechanical 
confi guration with chip resistors, diodes and 
capacitors, the micromini ature chip induc­
to r is suitable for reflow so ldering tech­
niques and for automati c chip insertion 
equipment, w hile its size permits ex tra high 
density packaging. The " SUPER Q " meets 
or exceeds the requirements of MIL-C-
15305 and operati ng temperature range 
from -55°C to 125°C. Vanguard Electron­
ics, 930 W . Hyde Park Blvd ., Inglewood, 
CA 90302. Phone(2 13)678-7 161 . 238 

LONG-LIFE, WOUND-TYPE FLAT MO­
TOR. Thickness is about 1 /3 to 1 /4 of con­
ventional motors. Previously, fl at motors 
used a printed rotor - the coi l being printed 
on a res in disc to form the rotor. Conven­
tional printing techniques limited the num­
ber of flat motor w indin gs, and made the 
motor unsuitable for hi gh-voltage opera­
tion. This is an improved vers ion of the 
co mmutator motor. Motor life is 2 to 3 times 
longer than conventional commutator mo­
tors and efficiency is about 20% higher. It's 
capacity ca n be increased to 800W , and it 
ca n be operated on household current by 
using a diode. Matsushita Electri c Corp. of 
America, Pan Am Bldg., 200 Park Ave., 
New York, NY 1001 7. Phone(2 12)973-
4980. 239 

MICRO ARRESTER IS FIRST TO USE 
CERMET CONSTRUCTION. It protects 
high-frequency c ircuits from damage by 
high-vo ltage pulses caused by transients 
and lightning. It is designed to edge mount 
in a minimum of board area. A sea led-glass 

cover permits periodic inspection of the 
spark gap for transient damage. Radioac­
tive gas inside the arrester's sealed cover 
perm its maintenance of breakdown vo ltage 
at a constant level and insures low-peak 
breakdown voltage. The arrester is capab le 
of withstanding 20 pulses of 1 OOOA peak. 
Breakdown voltages available are 350, 500, 
800 or 1 OOOV. Price (in 100-piece quanti­
ties) is $1.99 each. Dale Electroni cs, Inc., 
P.O. Box 609, Columbus, NB 68601 . Phone 
(402)564-3131 240 

LEDs PROVIDE FULL-FLOOD VIEWING. 
The RL-4403 and RL-4440 conta in a ga l­
lium-arsenide-phosphide LED in a newly 
designed red -diffusive molded package. 
The viewing area extends 0.140 in . beyond 
the face of the mounting c lip allowing wide 
angle viewing. The radiating area is 0.2 in. 
in diameter and presents an ideal visual dis­
play for indicating functions on instruments 
and con trol panel s. For easy installation, 
the leads are 0.025 sq for wire-wrapping, 
soldering or pc board mountings. In addi­
tion , these devices operate on on ly 1.7V at 
20 mA. The RL-4403 is rated at 0.8 MCD 
min . at 20 mA, and 1.2 MCD typical. The 
RL-4440 is a lower brightness, lower-cost 
version of the RL-4403. The RL-4403 , 65¢ ; 
RL-4440, 491!. Litronix, Inc., 19000 Home­
stead Rd. , Cupertino, CA 95014. Phone 
(408)257-79 10. 241 

HIGH-PERFORMANCE HEAT SINKS COST 
ONLY A PENNY. The Penny Pincher heat 
sink duplicates the most effective heat 
transfer methods now in use, such as fin 
tubing. It uses any number of stackable fins , 
depending on the heat dissipation needed 
and is made of anodi zed aluminum for cor­
rosion protect ion and high thermal conduc­
tivi ty. Avai lable in type T0-18 and T0-5 
with a 1-sq. in . radiation surface per fin , 
they can be used with silicone grease com­
pound to further reduce the thermal im­
pedance between the semiconductor case 
and the heat sink . Carb idex Corp., 1 Ca rbi­
dex Rd ., Southgate, M l 48195. Phone(313) 
2137-8600. 242 
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CHIP INDUCTOR. The MAGNA-CH IP 
measures 0.080 x 0.080 in . with a maxi­
mum thickness of 0.080 in ., dependent up­
on value. Thi s chip inductor is supplied 
with palladium-gold termin ations usable 
with a w ide asso rtment of attachment ~ nd 
bonding techniques. The inductance range 

is 0.2 to 5 µH , w ith a current rating of up 
to 1 A. Q is a min imum of 20, dependent 
upon the inductance va lue. Typica l T.C. is 
150 ppm/°( over temperature range of 
-55°( to + 125°(. Series res istance is typ i­
cal ly 0.2 to 0.30 for values less than 0.5 
µ.H and up to 10 at the 5 µ.H leve l. Stan­
dard to lerance is 20%. $2.50 to $5 in 1000-
piece quantities. San Fernando Electri c 
Mfg. Co., 1509-35 First St. , P.O. Box 351 , 
San Fernando, CA 91341. Phone(213)365-
94 l l . 243 

THERMISTOR IS INDIRECTLY HEATED.· 
The K365 unit features a combination hea t­
ing element and thermistor bead enc losed 
in a glass bu lb and is unaffected by changes 
in ambient conditions. When power is ap­
plied directl y to the thermistor bead, the 
magnitude of temperature change is based 
on a temperature increase of 1°C per each 
0.015 mW (nominal ). Applied power of 
0.04 mW (nominal) to the heater element 
wi ll ca use the element to indirectly heat the 
thermistor bead, resul ting in a temperature 
increase of 1°C and changing its res istance 
on a typica l heater power vs. bead resis­
tance curve from so,oooo to 15,0000 . 
Fenwal Electronics, 63 Fountain St. , Fram­
ingham, MA 01701. Phone(6 l 7)872-884 l . 
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FREQUENCY OF UNIVERSAL ACTIVE 
FILTER EXTENDED. Utili zati on of multi ­
loop negati ve feedback allows simultaneous 
highpass, lowpass and bandpass transfer 
functions. Independent tuning of ga in, cen­
ter frequency and Q is accomplished with 
the addition of external res istors. Qs as high 
as 1000 can be obtained at frequencies 
be low 100 kHz. The FS-30 is in a 14-pin 
DIP configuration measuring 1.5 x 0.5 in . 
Operating temperature range is 0°C to 70°C, 
and power consumption is 156 to 225 mW 
at ±15 to ±20V. Kineti c Technology, Inc., 
3393 De La Cruz Blvd ., Santa Clara, CA 
95050. Phone(408)296-9305. 245 

Which Of these 
General Electric lamps 

can help you most? 
New Green Glow lamp! 

Finally, a broad spectrum bright green 
glow lamp from General Electric, that 
gives you greater design flexibil ity 
than ever before. It emits green and 
blue light with su itable color filters. 
It is called G2B. 

What's more, the G2B is directly 
interchangeable electrically and 
physically with our high -brightness 
C2A red /orange/ yellow glow lamp. 

cu 

Actual 
Size 

So you can use the G2B alone for 120 
volt green indicator service. Or to ­
gether with the C2A to emphasize 
multiple functions with color. For 
example : for safe / unsafe functions, 
dual state indications and to show 
multiple operations in up to 5 colors. 

And remember. Both the G2B and 
C2A save you money because of their 
low cost, small size and rugged con ­
struction. 

T UllUt 
SWITCH 

o------..--iP'ILL 

o-----.- +---tWASH 

o---.---+-+---i RINSE 

- - 1---+--+--tDOY 

New Sub-Miniature Wedge Base Lamp. 

If space for indicator lights is your in the same relation to the base. It 
problem, this new GE T-1% size all - won 't freeze in the socket, which 
glass wedge-base lamp is your solu - virtually ends corrosion problems. 
tion. It measures less than % " in And like its big brother - the T-3% 
diameter. wedge base lamp - it features a 

The filament is always positioned simplified socket design. 

Three Potent Infrared Solid State Lamps (LEDS). 

~ 
\ \ ~ ~ 

Get more than twice the useful out­
put of other GE solid state lamps 
with GE SSL- 54, SSL-55B and 
SSL-55C. 

The increased energy concentrated 
in a narrow 20° cone allows you to 
use less sensitive detectors. Or to 
operate the lamps at lower current. 
Or to space lamps and detectors 

farther apart. 
All are excellent matches for GE 

photodetectors and can be used in 
many photoelect ric appl icat ion s. 
They're also particularly useful in 
applications demand ing an infrared 
source capable of w ithstanding 
severe shock and vibration . 

To get free techn ical information on any or all of these lamps, just w rite: 
General Electric Company, M iniatu re Lamp Products Department, Inquiry 

Bureau, Nela Park, Cleveland, Ohio 44112. 

GENERAL fl ELECTRIC 
CHECK NO. 67 
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Five 
Reasons 
Why It 
Makes 

Sense to 
Specify 
Ultron1x 
Power 

Resistors: 

Oz PRICE : Available for under 
20c in large quantity lots. 

~ ON-TI ME-DELIVERY : 
:..J Two to four weeks standard . 

:::> WATTS : .5to12wattrange. • 
~ ENCAPSULATION : 
z 
0 
a: 

Coated Silicone 

RESISTANCE : .iu to 275ku 

~ Meets and exceeds MIL-A 26 

:::> 
• 
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a: 
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• 

requirements. 

ULTRONIXUINC . 

TECHNOLOGICAL LEADERSHIP IN 
PASSIVE COMPONENTS 

461 North 22nd St ., 
Grand Junction , Colo . 61501 

(303) 242-0610 

Dept. EON 
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COMPONENTS/MATERIALS 

TEST SOCKETS OVERCOME BURN-IN 
PROBLEMS. The sockets for LCDs and MOS 
packages feature gas-tight elastomeric con­
tac ts which allow tes ting of delicate pack­
ages without degradation of metalli zed 
contact areas. These sockets ca n be ob­
tained in integrated multiple stations which 
ca n be interconnected and/or multiplexed 
utilizing Chomeri cs' ability to produce 
mu ltil ayer c ircuitry on a res ilient, noncon­
ductive su rface. There are few limitations 
on configurati ons, and custom designed 
te>ting circui t pads are ava ilab le. The sock­
ets are continuous-duty rated at from -55°C 

to + 125°C; contact res istance is typically 
0. 1 n, and contac t center di stances are 
ava ilable clown to 0.025 in . Chomeri cs, 77 
Dragon Court, Woburn, MA 01801. Phone 
(6 17)935-4850. 246 

MINI-MOUNT USED FOR BREADBOARD­
ING LSI PACKAGES. Without drilling holes, 
you can assemble your circuit prototype 
on any fl at surface. Pressure-sensitive ad­
hesive on the back of the LSl -42 MINI ­
MOUNT holds it in place while intercon­
necting wires are install ed. The mounts ca n 
be moved or exchanged as the circuit de­
velops, yet will remain firmly in place in 
the finished assembl y. Th is breadboarding 
sys tem provides a fast and fl exible method 
of assembling high-perform ance electroni c 
c ircuits- including ana log, digital and RF 
circuits from de to the GHz region, without 
restraining you to a fixed-grid pattern. They 
come in different confi gurati ons to fit 14-
and 16-pin DIPs, 6- to 12-pi n T0-5 style 
ca ns, transistors, inductors, res istors and 
other components. Cri sti ansen Radio, Inc., 
303 4 Nestall, Laguna Beach, CA 9265 1. 
Phone(714)497-1506. 247 

YOKE MINIMIZES CIGARING ON AL­

PHANUMERIC DISPLAYS. The L Y91 6 
position-write yoke eliminates the need for 
electrostatic deflection pl ates. It is a high­
speed high-Q ferrite-core deflec tion yoke 
featuring fast posit ion and write and is ex­
cellent for resonant circuits. It has 0.25% 
perpendicularity and 0.1 % max imum resid ­
ua l magnetism. The L Y916 is for 90° de­
flection angle on a 1-7/16- in. CRT neck 

diameter. (Also ava ilable for 52° and 70° 
deflection angle.) CELCO/Constantine En­
gineering Labs. Co., 70 Constantine Dr., 
Mahwah, NJ 07430. Phone(714)621-2662. 

248 

THUMB SIZED XENON LAMP DELIVERS 
200K cp. An arc lamp that measu res only 
2 cu in . is the read ing light for optical char­
acter reading machines for computers. It 
provides an exceptionally consistent white 
li ght, ideally com patible with ex isting inks 
and papers formulated for use with OCR 
machines. It is the first arc-type light source 
in which the electrodes, reflector and lens 
are sea led into a single, pressurized unit. 
The lamp's eff iciency is 3 to 4 times that 
of previous high-i ntensi ty arc li ghts, but the 
unit is only a tenth as large. The X6207 is a 
150W unit whose light is virtually identica l 
to sunli ght. It ca n be operated in any posi­
tion. EIMAC Div. of Varian Assoc., 30 1 
Industrial Way, San Carlos, CA 94070. 
Phone(415)592-1221. 249 

RADIAL LEADED MONOLITHIC CAPACI­
TORS ARE EPOXY COATED. CLOVER CAPS 
are electrica ll y and physically interchange­
able wi th all popular leaded capaci tors. 
They are ava il able in 6 phys_ical sizes with 
capaci tance rangi ng from 2.2 pF to 4.7 mF. 
Fifty and 1 OOV configurat ions are standard 
in 3 ceramic formu lations. The Ultra-Stable 
seri es insures complete stability of capaci­
tance w ith variations in temperature, fre­
quency and voltage and also where low 
loss and/or hi gh Qare necessa ry. The Semi­
Stab le series is designated for app li ca tions 
w here moderate va ri at ions in capac itance 
may be to lerated. The General Purpose 
series is used in ci rcuits where w ider vari­
ations in capacitance are acceptable. Vara­
clyne Capacitor Div., 2110 Broadway, 
Santa Monica, CA 90404. Phone (2 13)829-
2984. 277 

FREQUENCY REJECTION FILTER. The 

filter has the characteri sti cs of the Twin "T" 
R-C filter and is most su itable for applica­
tions where the pass frequencies lie outside 
of the 0.4 to 2.5 fn range. It produces opti ­
mum attenuation at 25°C (:t l 0°() with the 
rms input vo ltage less than 1.4V and de in­
put vo ltage less th an 1 OV (de) . The fi lter has 
a minimum of 38 dBV attenuation when 
tested at 25°(, 0.7 Vrms input at the re­
jection frequency. Source and load imped­
ances are 600!1 max. and 100 kl1 min ., re­
spectively. Price (in 100-500 quantities) is 
$8.35. Dale El ec troni cs, Inc., Dept. 860, 
P.O. Box 609, Columbus, NE 68601. Phone 
(402)564-3 131. 254 
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PRECISION 
RESISTANCE 

TEMPERATURE 
DEVICES 

THERMISTORS 
• Range - 80° 

to + 150° C 
• ± 0.1 ° or ± 0.2° C 

ab!iolute accuracy and 
i ntercha ngea bi lity 
combined 

• 100!! thru 1 meg!1 
values 

• ± 0.1% linear 
thermistor devices 
also available 

PLATINUM 
• Range - 100° 

to + 600° C 
• ± 0.25° C absolute 

accuracy and inter­
changeability 
combined 

• 0.00385 and 0.003915 
ohms/ohm /°C tem­
perature coefficient 

• lOOf! , 200f! and 500!1 
units 

Tell us your application . Now that we offer both pre· 
cision thermistors and platinum thermometers we can 
recommend the best solution . All units delivered off· 
the-shelf. 

SEND FOR LITERATURE. 

H. E. SOSTMAN & co. 
SUBSIDIARY OF YELLOW SPRINGS INSTRUMENT CO, INC 

941 BRIGHTO N STREET. BOX F, UNION. NEW JERSEY 07083 VSI 
S 0 S 1 "'"- N 

CHECK NO. 69 

CHECK NO. 70 

Our story is 
doubly shocking! 

Hot on one side - cold on 
the other. 

A double shock - that's what our Thermal Shock 
Chamber, Model 620-1, gives you . 

One compartment tests components at temperatures 
as high as 205°C. The second compartment tests down 
to -73°C. This gives you double the capacity of 
conventional shock chambers. And because the test areas 
rotate automatically, manpower time is cut appreciably. 

You don't see many around like that - outside of 
Statham. 

Of course, we offer several models of rotating shock 
chambers. The SD620-1 model features : 
• Precise ±0.28°C accuracy 
• A recovery rate of only two minutes, meeting 

Ml L-STD 883, Method 1010 for 10 pounds 
aluminum with 2 feet of surface area using 
mechanical refrigeration and LN2 boost 

• Solid-state controllers with multiturn dials 
• An ambient stop between hot and cold, available at 

operator option 
• Chamber ports which permit electrical power to the 

test specimens during cycling 
Offering many of the 

same features, our com­
pact Model SD555 is a 
rotating, 4-compartment, 
thermal shock chamber 
that fits a floor space only 
2 feet square. 

And for high-volume 
testing, there's our 
SD678 - the big one. 

Any questions? 
We'll be happy to an­

swer them. Write or call 
Statham today. 

Statham Instruments, 
Inc., Industrial Division, 
2230 Statham Blvd., 
Oxnard, CA 93030. (B05) 
487-8511 . 

CHECK NO. 71 
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LITERATURE 

MAGl"tECRArT 
TElf PHONE TY Pf 

RELAYS 

TELEPHONE-TYPE RELAYS. This 60-pg. 
catalog is a complete guide to app li ca ti ons 
and se lection of telephone-type relays. The 
wide variety of relays inc lude un itized sub­
miniature, miniature, small and medium 
size re lays. A lso contai ned in thi s catalog 
are spec ial features, accessori es, enc losures, 
complete spec ifications, photos, d imension­
al line drawings, relay definitions, standard 
contact forms and ordering in formation. 
Magnecraft Elec tric Co ., 5575 N. Lynch 
Ave. , Chicago, IL 60630. 255 

BULLETIN DETAILS EXPANDABILITY IN 
CMOS LOGIC GATES. The bul letin ou t­

lines SSS I method of emp loying added 
buffer stages and is complete with dia­
grams on the configurations possible. Also 
ca rried are tables on dynamic and output 
drive characteri st ics as well as ci rcuit capa­
bi lities and overall performance character­
istics. Those interested in obtaining the 
detai ls on CMOS EXPANDABLE GATES 
should address their requests, spec ifying 
Bu lletin AN-102 , to Solid State Sc ientific, 
Inc., Montgomeryvi lle. PA 19102. 257 

ANALOG PANEL METERS. Thi s 6-pg. bro­
chure describes APl's line of analog panel 
meters. Shown are Ser ies 7000 panel meters 
w hich feature adva nced styling with a 3-
way cho ice of mounting (front, bezel or 
lens) and slide-out sca les. Taut-band move­
ment and 1 % tracking are standard in most 
popu lar de ra nges. Prices and dimensions 
are li sted. LFE Corp., 1601 Trapelo Rd. , 
Waltham, MA 02154. 262 

PHASE AND AMPLITUDE RESPONSE OF A 
VARIABLE ELECTRONIC TIMER is the 
title of a 16-pg. application note that de­
scribes a simple, genera l method fo r de­
termi nation of phase and amplitude re­
sponse of hi gh-pass, low-pass and bandpass 
fi lters for 4-pole Butterworth and Bessel 
filters. Tab les and normalized plots of 
phase and amplitude response of hi gh-pass, 
low-pass and commonly used bandpass 
settings are provided. A complete set of 
data inc luding cutoff frequenc ies, cen ter 
frequency, bandwidth, noi se bandwidth 
and fi lter ga in is tabula ted for any band­
pass setting. Ithaca, Inc., 735 W . Clin ton 
St., Ithaca, NY 14850. 266 

114 

A/D AND D/A CONVERSION DEVICES. A 
comprehensive 3- ring binder catalog con­
tains detai led electri ca l and mechani ca l 
information on a line of data-conversion 
modules subsystems and systems. Products 
described are A/D and D/A converters, 
sample-and-hold modules, digital panel 
meters, de power supplies and data acqui­
sit ion systems. Date I Systems, Inc., 1020 
Tu rnpike St., Canton, MA 0202 1. 268 

MEASUREMENT AND CONTROL HAND­
BOOK. The 288-pg. book begins wi th an 
introduction to measurements and de­
scr ibes in deta il elementary transducer ele­
ments through design considerations of 
complete measurement systems. It is w ritten 
in a manner w hich permits the information 
to be readily understood by a w ide ra nge of 
readers. Mathematical discuss ions are min­
imi zed in favor of description , illustrations 
and other graphic presentations. Free to 
transd ucer and control s instrumentation 
designers. $7.95 to others. Sc haevitz En­
gi neering, P.O. Box 505, Camden, N J 
08101. 258 

MINIATURE NEON LAMPS. The 127-pg. 
book, Min iature Neon Lamps: Elements of 
Electronic Versatility, gives detai led infor­
mation on aspects of construction and ap­
plications as indicators, in vo ltage regula­
tion and reference, and as electronic ci r­
cuitry components. A handy reference to 
the character isti cs of most ava ilable neon 
lamps also is inc luded. G lowlite Corp., 
Sub. of El-Tronics, Inc., Pau ls Va lley, OK 
73075 264 

CATALOG LISTS DA TA FOR SNAP ACTION 
SWITCHES. Included in the ca talog are 
complete product list ings, engineering 
drawings, specifications, operating charac­
teristics, and technica l data on general 
purpose panel-mount pushbutton, low­
torque, subminiature, open type, and stan­
dard gold "crosspoint" contact switches. 
A handy sw itch selec tor- locator gives in­
stant access to the entire I ine, and makes 
findi ng the right snap-action switch fo r 
any appli cat ion just a matter of seconds. 
Cherry Electri ca l Products Corp., 3600 Sun­
set Ave., Waukegan ,' IL 60085. 273 

4-1 /2-DIG IT DMM. Perfo rmance characte 
istics, des ign features and complete spec i­
fications of the Data Prec ision Model 245 , 

4-1 /2-digit, low-cost, portable digital multi ­
meter (DMM) are presented in an 8.pg. 
brochure. Model 245 is a $245 portabl e 
instrument that packs the performance of 
expen sive laboratory instruments into a 
pocket sized unit. Data Prec ision Corp., 
Audubon Rd. , Wakefie ld, MA 01880. 276 

OPTO DEVICES AND DISPLAYS. A 48-
page "So lid-State Display and Opto­
electronics Designer's Catalog" contains 
data sheets for all of HP's line of opto de­
v ices and so lid-state di splays. The four sec­
tions of the cata log contain detai led operat­
ing characteri sti cs of photodetectors, iso­
lators, LED lamps and LED di splays. Each 
section has a se lection guide hig h-lighting 
character istics of each device important 
to the designer. Hewlett-Packard, Inquiries 
Manager, 150 1 Page Mill Rd ., Palo Alto, 
CA~3M. 256 

SEMICONDUCTOR FUSE HANDBOOK. 
It deals w ith fast-acting fu ses, fuse character­
istics, coordinating fuses with semicon­
ductors and other applicat ions. Copies 
of the 100-pg. handbook, HB-50, are avai l­
able by writin g on company letterhead to 
International Rectifi er Corporation, Semi­
conductor Di vis ion, 233 Kansas Street, El 
Segundo, CA 90245. 

THE 1973 INSTRUMENT CATALOG. In­
strumentation covered in the 232-pg. cat­
alog includes power, sweep, noi se, AM/ FM 
synthes ized and programmable signal gen­
erator ; prec ision terminations; fixed-vari­
ab le and programmable attenuators; wave 
analysers and selective microvoltmeters; 
f ield-strength meters; spectrum analyzers; 
wideba nd microvoltmeters and power 
meters; impedance and reflec tion measur­
ing equipment; R, L, C and Q meters; diode, 
transistor and IC testers; TV measuring 
equipment; and sound-leve l meters. Rohde 
& Schwarz Sa les Co. (USA), Inc., 111 Lex­
ington Ave., Passaic, NJ 07055. 275 
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HAN DBOOK SPEEDS SO LUTIONS TO 
D ESIG N PROBLEMS. Nomographs offer 
a way to get fast, accurate answers to de­
sign problems, and it is a rare engineer 
indeed who hasn't wished he could reach 
into hi s file to get just the nomograph he 
needs. Filling this wish is the just publish'ed 
book Nomographs fo r Electronics: Instant 

Ca lculations for Designers by R. L. Peters, 
Ph .D. (Cahners Books, Boston , 32 0 pp., 
$27 .50). The author has assemb led a co l­
lect ion of nomographs coverin g areas 
from basic electrical circuitry to supporti ng 
systems components such as motors and 
generators into an easy-to-use desk top 
directory. Cahners Books, Div. of Cahners 
Publishing Co., Inc., 89 Franklin St., 
Boston , MA 021 10. 260 

VOLTAGE VA RI AB LE CAPACITOR GU IDE 
AIDS SELECTION. A 4-page se lection 
guide, with design selection parameters 
for over 350 vo ltage variab le ca pacitor 
diodes presents the important design para­
meters of capaci tance-Q- PIV - and 
device type. On the fourth page of the 
literature, another important des ign tool a 
nomograph, is incl uded. By using thi s 

Do you think you can 
construct this circuit 
in 17 minutes*? 

YOU CAN 

NC ,.LAlCH 

'---4-----~----,----'*Clrcult constructed by EL 
Instruments Engineering 
Dept. , using standard 
components and Elite-3 
in 17 min utes, 8 seconds. 

W •lth the "I IT" • •.)BREADBOARDING Ill ~ Ill •-. DESIGN SYSTEM 
If time is valuable, the versatile ELITE-3 is a 
must for your lab. Test, design, layout any 
component combination, /Cs, discretes, etc. 
without soldering! Eliminate expensive jumpers, 
use #22 gage solid wire. All components are 
reusable. The ELITE-3 includes independent 
circuit monitor logic lights, isolated toggles and 
pushbuttons, universal component acceptance, 
plus more . . . and costs only $350. 

Interested? Write or phone today for 
complete literature on ELITE-3 and other 
inexpensive, quality EL circu it design aids. 

QllQ EL INSTRUMENTS, INCORPORATED 
61 First Street, Derby, Connecticut 06418 
Telephone: 203/735·8774. 
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nomograph, the des ign engineer can quick- , _____________________ ___________ _ 

ly determine the capacitance ratio be-
tween two operating vo ltages V1 and V, 
and/or the capacitance at v, when the 
capac itance at V, is known. Codi Semi ­
conductor Di v. of Computer Diode Corp., 
Pollitt Dr. South , Fai r Lawn, NJ 0740 1. 272 

WAVEFORM GENERATORS are described 
in an 8-pg. catalog. The F200 Series are 
sa id to prov ide the most versatile and com­
prehensive features ava il able. Complete 
specifications are prov ided as well as how­
to-do- it information fo r generating a variety 
of waveforms All TECH, 19535 E. Walnut 
LJr. , Ci ty of Industry, CA 91748. 259 

MICROCIRCU IT DESIGN HANDBOOK. 
Thi s 24-pg. publication features compre­
hensive guidelines fo r converting discrete 
component circuits into thick-fi lm micro­
c ircuits. It offers complete sections on 
microci rcuit applications, designing by 
plan , production and product reliability. 
Among des ign considerations discussed 
are definitions of current performance and 
packaging requirements, and eva luations 
of component power di ss ipation, density 
and compatibility. Helipot Div., Beckman 
'instruments, Inc. , P.O. Box 11866, Santa 
Ana, CA 92711 . 267 

For price, delivery, quality 

look to wabash 

For DIP reed relays 

look to wabash 
New 814 series 14-pin dual-in-line relay 
for high density packaging is epoxy­
molded, automatically insertable, fits IC 
sockets. Comes as standard product in 
Form 1 A with nominal coil voltage of 5, 6, 
12 or 24 V. Options available in 2A, 1 B 
and 1 C (true form) packages. For fast 
delivery, competitive prices, call today. 

SPECIFICATIONS 

Current (switch) 0.110 amps 
Voltage 28v D.C. 

For all relay types 

Power (D.C.) 3 watts 
Life up to 50 X 10 6 Operations 

Configuration .100 X .300 pin centers 

look to wabash 
NPE/ New Product Engineering, Inc. 
a subsidiary of Wabash Magnetics, Inc. 

First and Webster Streets, Wabash, Indiana 46992 
Phone 219 / 563-2191 TWX 810-290-2722 

• RF SWITCHING & MERCURY WETTED RELAYS • SUBMINIATURE REED SWITCHES 
• DIP REED RELAYS • SSA MODULES • STANDARD & MINIATURE REED RELAYS 
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TEMP·R-TAPE: 
GREAT ELECTRICAL 
PROPERTIES 

PLUS 
MOST ANYTHING 
ELSE YOU MIGHT 
WANT IN A TAPE. 

Like high tensile or tear 
strength ; excelle nt abrasion, 
the rmal, and ch emical 
resistance; exceptional 
dimensional stab ility; 
excellent conformability ; and 
a low-friction, easy-re lease 
surface. Because 
Temp-R-Tape® is a complete 
tape " family " avai lable in a 
va riety of materia ls like 
polyester, polyester /rope 
paper laminate , Teflon*, 
Kapton*, and fiberglass. 
Supplied with thermosetting, 
sil icone, or acrylic pressure­
sensitive adhesive. 

Find your CHR d istributor in 
the Yellow Pages under 
" Tapes, Ind ustria l" or in 
industrial directories. Or 
write for details and sam ple. 
The Connect icut Hard Rubber 
Company, New Haven, 
Connect icut 06509 . 

*T. M. of DuPo nt 

'""co 
0 0

•'"" ' I CH R I. 
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LITERATURE 

TAPE TRANSPORT INTERFACING. A 90-
pg. O EM users manual prov ides the system 
des igner with a comprehensive descrip­
tion of designing an interface fo r any of 
Pertec's synchronous digital magnetic­
tape transports. The manual covers mot ion 
contro l, PE writing and readin g, NRZI 
writing and reading, read-only and mul ­
tiple transport configuration s as well as a 
descri ption of NRZI and PE tape fo rmats. 
$2.75. Pertee Corp., Dept 735, 10880 W il ­
shire Blvd., Los Angeles, CA 90024. 265 

RELAY CATALOG describes 740 items. 
This 32-page, 2-color catalog completely 
descri bes stock relays fo r custom applica­
tions. Inc ludes photos, dimensional draw­
ings, specifica tions, prices and orderin g 
in fo rmation. Many new items have been 
added to thi s yea r's edition which inc ludes 
genera l purpose, power, reeds, coax ial, 
telephone type, time delay, so lid state, 
and mercury di spl acement relays. Magne­
craft Electric Co ., 5575 N. Lynch Ave., 
Chicago, IL 60630. 269 

ELECTRONI C INSTRUMENTATION CAT­
ALOG. Thi s 52-pg. ca talog prov ides de­
tailed descriptions and specifica tions fo r 
the complete Heath/Schlumberger line of 
design and lab instrumentation. Inc luded 
is a series of vhf counters that can prov ide 
capability to 600 MH z for as little as $795, 
and a complete line of osc il loscopes, gen­
erators, power supplies and digital vo lt­
meters. Di gita l instrumentation inc ludes 
the lowest cost patchable minicomputer 
interface system on the market, complete 
digital systems fo r des ign, resea rch and 
teaching, individual modu les and a w idE 
variety of p lug-in ci rcui t cards for functions 
in both the analog and digital domains. 
Heath/Schlumberger Sc ientifi c Instruments, 
Benton Harbor, Ml 49002 . 263 

EPOXY B REPORT. This 16-pg. booklet 
describes the properti es and test res ults of 
a new semiconductor IC package materia l. 
The report inc ludes background in fo rmation 
on the deve lopment of Epoxy B and the re­
sults of various studi es conducted on de­
vices made with Epoxy B. The test data is 
based on thermal intermittent studi es, oper­
ations life tests, mo isture res istance tests 
including humidity at hi gh temperature and 
sa lt atmosphere, and other considerations. 
National Semiconductor Corp., 2900 Semi ­
conductor Dr., Santa Clara, CA 9505 1. 271 

LED PRODUCT SELECTOR GUIDE. The 
72-pg. guide is divi ded into nine product 
categories- Li ght Sources; Ultra-Minia­
ture Ind icators; 0.625-in. Readouts and 
0.205- in . Readouts; 0.300-in . Readouts; 

Decoder/ Drivers; Switches and O pto­
lsolators. All the units described work wi th 
or contain LEDs. For each product cate­
gory, complete spec ificat ions, curves, ap­
plicat ions and mounting detail s are given. 
Dialight Corp., 60 Stewart Ave., Brooklyn, 
NY 11 237. 270 

SU B-M INI/SOLID STATE LAMPS Cata­
loges inc lude the Miniature Lamp (3-6253) 

in w hich the bulb sizes are given in in. 

and metri c equiva lents. Thi s is the first 
time fo r any GE lamp cataloge. O thers in­
c lude the Sea led Beam Lamp (3-6251); 
the Sub-Miniature Lamp (3-6252) ; So lid 
State Lamps (3-6254) and an Index (3-
6255) w hich lists all lamps and the specific 
cataloge in whi ch they appear. Please 
identi fy cataloge number. Inquiry Bureau, 
General Electric, Nela Park, Cleveland, 
O hio441 12. 

APP NOTE DETAILS OPERATIO N O F 
COUNTER TIME-BASE IC. The versati le· 
low-power divider chain contained in the 
MK 5009 replaces eight TTL decade div id­
ers, as well as other logic. Note describes 
these useful appli cat ions for the M K 5009 P, 
un iversal time-base circu it: A low-power 
frequency counter; w ide range pul se gen­
erator; th umbw heel programmed timer. 
Also inc luded is descripti ve info rmation 
about the 5009's on-chip osc illato r c ir­
cuit. A long with frequency counters, the 
5009 is useful in a variety of other instru ­
ment, timer and clock applica tions. Mostek 
Corp., 1215 W . Crosby Rd., Ca rro llton, TX 
75006. 261 

LINEAR SHORT-FORM CATALOG is a 
guide to all of Ph i lbrick' -; latest deve loo­
ments in analog technology. Specially 
featured is Phil bri ck's 142 1, 1422. 1424, 
1425, 1426, 1428 and 1429 Seri es of econ­
omy FET microc ircuit op amps; Model 1324 
fast-settling monolithic op amp; the 1028, 
1029, 1030, 1702 and 1703 discrete op 
amps; and the 1423 and 1427 microc ir­
cuit uni ts. A section of nonlinear function 
modules and low-cost modular power sup­
plies completes the product descriptions. 
Teledyne Philbri ck, Allied Dr. , at Rte. 128, 
Dedham, MA 02026. 27 4 
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NOW 
Available 
Without DELAY 
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Exclusive from Pulse Engineering 

DIGITAL DELAY MODULE 

actual size 

Designed specifically for TTL and DTL 
compatibility. 

Built-in interface allows direct plug-in 
without additional components. 

Module load incorporation reduces 
number of required components for 
specific delays, offering your most eco­
nomical approach to precision digital 
timing. 

Valuable board space saved because 
all drivers, buffers, terminations con­
tained in the DOM. 

PE No. Delay Time Delay/Tap No/Taps Rise Time 
20330 50ns lOns 5 4ns 
20331 lOOns 
20332 250ns 

SPECIFICATIONS 
Supply Voltage Vee 
Logic 1 Input Current 
Logic 0 Input Current 
Logic 1 Vout 
Logic 0 Vout 

Drive Capabilities: 
Logic 0 Output 

Logic 1 Output 

Pulse 
Engineering 

Inc. 

20ns 5 
50ns 5 

+ 4 .5 to 5 .5 V DC 
50 µ,a Max .. 
-2 ma Max. 
2 .4V Min . 
0 .4V Max. 

4ns 
4ns 

10 TTL Loads/Tap Max. 
(20 TTL Loads/Unit Max.) 
20 TTL Loads/Unit Max. 

A Varian Subsidiary 

Pulse Engineering, Inc. 
P.O. Box 12235 • San Oiego, Calif. 92112 
Phone 714-279-5900 •TWX 910-335-1527 

CHECK NO. 77 

DC to DC POWER SUPPLIES 
.... NEARLY 1,000 STANDA RD 

MODELS TO CHOOSE FROM 

.... HIGH VOLTAGE-LOW 
VOLTAGE 

.... METAL CASE-EPOXY CASE 

..... PRINTED CIRCUIT PINS­
SOLDER TERMINALS 

..... UP TO 20 WATT PACKAGES 

.... REGULATED-UNREGULATED 

..... UNITS QUALIFIED TO 
MIL SPECS. 

..... DELIVERY FROM STOCK TO 
2 WEEKS 

a.\ SEND FOR FREE CATALOG 

!!.!!: e EL':_~~~?A~IC0~:.'NC. 
617-453-4142 

CHECK NO. 51 

Evaluation kits @ $25 in stock. 
Standard parts on 2 weeks delivery, or less! 
Custom parts 4 to 6 weeks delivery! 

MINI/BUS The low-cost, noise attenuating, 
high packaging density, power distribution system for 
PC boa rds. Ask for data. 

Rogers Corporation / Chandler, Arizona 85224 
West: (602) 963-4584 East: (203) 774-9605 
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how ID bUY 
a resistor. .. 

~---~ 
Our new Catalog tells you what to look -· / 
for in carbon composition, carbon and .. f 
metal film fixed resistors. In addition to 
specifications of the broad range of - f 
Shigoto resistors , it contains data on · .: 
EIA tolerances and ratings . And it ~ 
proves why Shigoto resisto rs offer .....,. .,.._, ...,, 
more. In consistent quality. In reliabil ity. In ~, .. 
performance. In breadth of values. In construction. 
And in unique features that make Shigoto your best quality­
price value. The Catalog is yours, free on request. 

() Shigoto Industries Ltd. 
Empire State Bldg ., 350 Fifth Ave., N. Y. 10001 

(212) 695-0200 / Telex 224219 
One of the World 's Larg est Manufacturing Importers 

CHECK NO. 78 

Introducing 
the expensive 
dual-trace scope 
that doesn't 
cost a lot. 
The B&K Precision Model 1470. 

The compact 5-inch solid-state 1470 is 
specially designed to meet 80 % of all your 
scope applications. 

It has DC to 10 MHz bandwidth with 10 mV I cm 

~~~:~~~~~tT;~r~r~:gered$-'wiBspee9ds ra9&nge 

input signals as low as SmV. 
Sound good? Our prices 

become even more 
remarkable once you -

·see our specs. 
Call your B&K 

distributor. Or write 
Dynascan Corporation . 

Very good equipment 
at a very good price. 

/s t:I 
Product of 
D_ynascan Corporation 
Hl01 West Belle Plaine Avenue, Chicago, Ill inois 6061 3 
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INDEX TO ADS, PRODUCTS AND LITE RATU RE Use card for free product informat ion . 

l.R. PG. l.R. PG. l.R. PG. 
NO. NO. NO. NO. NO. No. 

CIRCUIT MODULES/CARDS De Resistance Bridges 206 105 CRT Yokes 248 112 
Active Filters 189 95 Digital-Circuit Testers 216 109 Crystal Oscil lators 237 110 
A/D Converters 182 94 Digital Multimeters 24 31 ECL Terminator Arrays 32 60-61 
A/D Converters 190 95 Digital Voltmeters 33 64-54 Filters 254 110 
A/D Converters 194 96 DMMs 276 114 Inductors 238 110 
A/D and D/A Converters 268 114 DMMs 201 104 Inductors 243 111 
D/A Converters 181 94 DPMs 210 106 Mica Capacitors 80 119 
D/A Converters 36 75 Frequency Counters 200 104 Miniature Capacitors 17 23 
D/A Converters 186 95 Frequency Counters 204 104 Power Resistors 68 112 
Delay Modules 188 95 Function Generators 198 104 Resistors 21 27 
Delay Modules 77 117 Function Generators 207 105 Resistors 3 Cov. IV 
Double Balanced Mixers 64 107 Function Generators 208 105 Resistors 7 6 
14-Bit DACs 81 49 Function Generators 14 15 Resistors 78 118 
Graphic Display Interfaces 224 100 Heath Catalo~s 263 216 Tantalum Capacitors 53 109 
LED Arrays 183 94 Instrumentation Amplifiers 218 109 Trim Pots 11 12 
Microwave Amplifiers 187 95 Instruments 275 114 Trimmer Potentiometers 23 30 
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True-rms-to-dc-Converters 191 95 Strip-Chart Recorders 212 107 Power Supplies 184 94 

Video Delay Modules 185 94 10-MHz Scopes 199 104 Regulated Converters 45 94 
Test Systems 219 109 Strain-Gage Power Supplies 197 98 
Voltmeters 203 104 

COMMUNICATIONS EQUIPMENT VOMs 211 106 
Analog Components 62 106 Waveform Generators 259 115 SPECIAL PRODUCTS 
Microwave Amplifiers 187 95 CD Ignition Systems 56 101 

Multiplexers 229 101 
MATERIALS/HARDWARE Terminals 228 101 SPECTRAL DEVICES Analog Components 62 106 
Breadboard Systems 72 115 Displays 85 103 

DATA HANDLING EQUIPMENT Buss System Kits 76 117 Indicator Lamps 67 111 
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Computer Memories 234 102 Circuit Mountings 247 ' 112 LEDs 38 77 
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Mass Memories 225 100 Plug-In IC Hardware 66 108 Cassette Terminals 222 100 
Multiplexers 229 101 Magnetic Shielding 44 95 Computer Memories 234 102 
Minicomputer Interfaces 232 102 Monitoring Devices 28-30 83 Data Cassettes 231 102 
Numerical Control Systems 65 107 Neon Lamps 70 113 Data Entry Systems 223 100 
Printer Interfaces 227 100 SC Mounting Pads 43 93 Electron Beam Amplifiers 6 4 
PRO Ms 40 83 Pc Card Frames 58 103 Field Programmers 221 100 
Terminals 228 101 Snap-Action Switches 35 67 Graphic Display Interfaces 224 100 
Word Processors 200 100 Test Sockets 246 112 Mass Memories 225 100 

Toroidal Cores 59 103 Minicomputer Interfaces 232 102 

DISCRETE SEMICONDUCTORS 
Trimmer Potentiometers 23 30 Multiplexers 229 101 
Wire Harnessing Materials 60 105 Numerical Control Systems 65 107 

Darli n~ton Arrays 15 16-17 Printer Interfaces 227 100 
Glass ectifiers 251 7 Real Time Programmers 230 101 
High Voltage Transistors 178 93 MICROWAVES Terminals 228 101 
LEDs 241 110 Microwave A1 nplifiers 187 95 Test Systems 219 109 
Opto Electronic Devices 256 111 Video Delay Modules 185 94 Word Processors 220 100 
Power Diodes 180 93 
Rectifiers None 57 
Rf Power Ti 3nsistors 177 93 MONOLITHIC/HYBRID ICs TEST EQUIPMENT 
Sil icon Rec1ifiers 49 98 Analog Gates 179 93 Analog Panel Meters 262 114 

Bipolar ROMs 174 92 Data Digitizers 214 107 

ELECTROMECHANICAL COMPONENTS CMOS ICs 172 92 De Resistance Bridges 206 105 

Circuit Breakers 26 42 CMOS ICs 257 114 Digital-Circuit Testers 216 109 

DIP Reed Relays 73 115 Counter Time Base ICs 261 116 Digital Multimeters 24 31 

General Purpose Relays 13 14 Darlington Arrays 15 16-17 Digital Voltmeters 33 64-65 

Microminiature Connectors 27 35 ECL ICs 25 32-33 DMMs 276 114 

Motors and Gearmotors 47 97 IC Mu lt ipliers 171 92 DMMs Counters 201 104 

Pc Re lays 50 98 IC Multipliers 20 26 DP Ms 210 106 

Reed Re lays 4 1 IC Tach Drivers 175 92 Frequency Counters 204 104 

Relay Products 12 13 Modular Amplifiers 170 92 Freq uency Counters 200 104 

Relays 269 116 Monnl ithic Page Readers 16 21 Fu ncti.on Generators 198 104 

Relays 55 101 MOS RAMs 19 25 Function Generators 207 105 

Servo Components 34 66 Op Amps 274 116 Function Generators 208 105 

Switches 273 114 Power ICs 37 76 Function Generators 14 15 
PRO Ms 41 83 Heath Catalo~s 263 216 
Reed Triggered Triacs 8 8 Instrumentation Amplifiers 218 109 

ENGINEERING AIDS Shift Registers 173 92 Instruments 275 114 
Books 260 115 Voltage Translators 176 93 Lab Power Supplies 213 107 
Breadboard Systems 72 115 Zero Crossing Detectors None 92 Lab Stations 202 104 
Employment Opportun ities 5 2 Modem Test Sets 215 109 
Filter Tables 266 114 Oscilloscopes 79 118 
Information Retrieva ls 22 28-29 PASSIVE COMPONENTS/NETWORKS Real-Time Spectrum Analyzers 205 104 

Active Filters 245 110 
Spectrum Analyzers Displays 217 109 
Strip Chart Recorders 212 107 

INSTRUMENTATION Capacitors 236 110 Strip Chart Recorders 209 106 
Ana log Pa nel Meters 262 114 Capacitors 57 102 10-M,Hz Scopes 199 104 
Counters 201 104 Capacitors 39 82 Test Chambers 71 113 
Data Digitizers 214 107 Capacitors None 3 Voltmeters 203 104 
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Thenerfect 
comtiination. 

A synthesizer/signal generator that sets a new standard 
in RF performance-all the way to 1300 MHz! 

The new HP 8660B Synthesized Signal 
Generator has all the precision and 
stability you'd expect from a synthesizer. 
Plus performance features, operating 
functions and ease of operation far 
surpassing what you would normally 
find in a signal generator. 

The keyboard, plus its 10-digit LED 
display, gives you error-free fingertip 
control of operating frequencies. For 
example, enter your center frequency and 
then the frequency increment cor­
responding to channel spacing. Now you 
can change the frequency up or down 
by that precise increment just by pushing 
the STEP button. Similarly you can enter 
sweep width for precision swept 
frequency testing. For total operating 
flexibility you can also tune the gener­
ator manually over its entire frequency 

range. In all these modes you get 
accurate signals with. synthesizer stability 
and spectral purity. 

The instrument's modular concept 
allows for great flexibility in both fre­
quency coverage and modulation . Two RF 
plug-in units have these outstanding 
characteristics: 0.01 to 110 MHz or 
1 to L 300 MHz frequency coverage, 
settable in 1 Hz steps; -80 dB spurious; 
< 1.5 Hz residual FM; 3xl0-8/ day 
stability; +10 to -1 46 dBm calibrated 
output. Precision AM and FM modula­
tion capability, available as an option, 
greatly increases the 8660's versatility. 

The 8660B keyboard-entry main­
frame is $6000. RF plug-ins, 0.01 to 110 
MHz, $1975; 1to1300 MHz, $4800. 
Modulation plug-in, $900. A lower 
cost unit ideally suited for remote pro-

CHECK NO. 1 

gram applications is the 8660A 
mainframe. The variety of modular 
options makes it possible for you to 
"custom-tailor" a system to your exact 
needs, with prices for a complete 
system starting at $5875. 

Ask your field engineer for complete 
information about the immensely 
versatile 8660 Synthesized Signal Gen­
erators. Or write Hewlett-Packard, 
Palo Alto, California 94304; Europe: 
1217 Meyrin-Geneva, Switzerland. 

04204 

HEWLETT ?P PACKARD 

SIGNAL GENERATORS 



50,000 Volts 

1,000,000,000 Ohms 

1,000,000 pieces 
RL20 ... 3~ 

Save selection time ... send for and use Dale's 
helpful and complete Guide to Film Resistors. 
Circle Reply Number for your free copy. 

For long-term continuous loading, Dale Type 
F film resistors provide working voltages to 
14 KV, pulse voltages to 50 KV with less than 
1 % change after 2,000 hours. Lead and/or 
threaded cap terminations. Write for Bui le­
t in M7C. 

Fill ultra-high resistance requirements with 
Dale Type M and MH film resistors. Minia­
ture sleeved or glass enclosed models with 
values from 60 Meg. to 1 KM. Excellent stabil­
ity (0.5%/yr.). Tolerances as low as 1 %. Write 
for Bulletin HVSC. 

RL07 and RL20 needs can be swiftly met with 
a choice of two materials-metal film (Type 
CM) and metal oxide (Type F) . Fast delivery 
in quantity. Cal I for detai Is. 

DALE ELECTRONICS, INC., 1300 28th Ave., Co lumbus, NE 68601 
A subsidiary of The Lionel Corporation • In Canada Dale Electronics Canada, Ltd . 
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