


The square vs. the bulbous. 
The story of the shrinking film capacitor. 

As you can see, ten Siemens 
.22µF ± 5%/250V metallized stacked 
foil polycarbonate capacitors fit in 
the same space as six competitive 
.22µF± 10%/200V units. 

The Siemens capacitors are 
designed for automatic PC board 
insertion. Their ± 5% tolerance is 
standard. And they cost less. 

All of this is possible because 
of Siemens unique stacked foil 
construction. 

We can show you equally 
impressive advantages in our 
other capacitor lines. 

Join the growing number of 
engineers who specify Siemens 
capacitors. Call us for film and 

CIRCLE NO. 1 

metallized film with dielectrics 
of paper, lacquer, polyester, 
polycarbonate, polypropylene, and 
polystyrene; tantalum and aluminum 
electrolytics. Contact Ken Liddane, 
Siemens Corporation, 
186 Wood Avenue, So., 
lselin, N.J. 08830. 
Call 201-494-1000. SIEMENS 



WE'VE GOT THE 

FOR YOUR APPLICATION ... in all shapes, sizes, and 
timing ranges. Time Delay Relays with slow operate or 
slow release and time repeat accuracy to ± 1 %. At 
Magnecraft we take great pride in the broad line of Time 
Delay Relays available from stock for immediate delivery 
and even more on special order. 
Solid State Hybrid , Solid State-Static Output, Air Dash­
pot, Copper Slug are some of the types to name just a 
few. Features such as plug-in , surface mount, printed 
circuit , screw terminals, solder terminals, quick connect 
terminals, panel mount, power switching , remote pot, 
knob adjust, screwdriver adjust, alien head adjust, open 
type , dust covered , hermetically sealed , economy, man­
ual ly actuated , multiple contacts, auxiliary output, ex­
tended voltage, special purpose ... the list is almost 
end less. 
Maybe you don 't need contacts rated to 100 amperes or 
timing repeatability to ± 1 % but we have them available 
just in case. That's where a broad line can save you 
money, you don't have to take more than you need. We 
have just the one to fit your needs ... and if we don 't , 
we 'll make it. 

Magnecitart~LECTR•c coMPANv 
5575 NO RTH LYNCH AVEN UE . CHIC AGO !LLI NOIS 60630 . 3 12 . 282 5500 . TWX 910 ?21 sn1 

FREE! 
TIME DELAY 

RELAY 
HANDBOOK 

Do you know how to properly specify a time delay relay? 
We have a dandy 92-page handbook that can help you . 
It describes applications you 've never thought of. It 
offers suggestions on how to specify, testing procedures, 
comparisons of one type to another, principles of opera­
ti on, and a glossary of terms. This is yours for the asking. 
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Teradyne's L100 Automatic Circuit 
Board Test System speaks for itself. 

2 

If you test circuit boards, you get the 
message. The L 100 doesn 't just tell you a bad 
board is bad. It helps you find out why. And in a 
fraction of the time you 'd usually spend trouble­
shooting. We'd like to send you a brochureful of 
reasons why the L 100 is the most money-saving 
system you can buy. 
Write: Teradyne 
183 Essex Street 
Boston , Mass. 02111 
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Reduce Custom Power Supply Time and Cost 
With a handful of Powercube's new Cirkitblock™ 
modules and a few clip leads, you can quickly synthe­
size a virtually infinite variety of supplies covering 
the gamut of required voltage and current ratings. 

Cirkitblock modules have demonstrated capability 
to meet most design needs and are packaged within a 
1" x 1" x 2" basic building block so you can assemble 
supplies of any complexity to any form factor you 
need in building block fashion . 

Design time to operable prototype can be reduced 
by more than half because conventional breadboard­

Cirkitblock modules use space technology, but are 
specified and priced for industrial applications. They can 

Original Powercube Module® 

substantially reduce the "as installed" 
power supply cost in instruments, 
calculators, computer peripherals, 
process control equipment, and com­
munications gear. 

Cirkitblock functional modules not 
only save design time and money; they're also a lot of fun 
to work with. Circle reader service number to learn more 
about Powercube's Cirkitblock functional modules. 

ing is eliminated. Your quickly assembled 
" breadboard" of Cirkitblock modules 
becomes your operable prototype. Breadboard 

Custom Power 

l 
I .__ 

Supplies In 
Minutes 

I 
I 

POWERCUBE c6RPORATION (., 
214 CALVARY STREET, WALTHAM, MASS. 02154 CS17l 891-18:30 
SUBSIDIARY OF UNITROOE CORPORATION 
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This Combination 
Integrated circuit ~. CORDIP' "' Component Network 

; ~i. 

Integrated circuit plus 23 discrete resistors, capacitors, and diodes 

Corning's new CORDIP"" component Large orders or small. 
networks take in much of what IC's leave out- And we can make prototypes quickly for 
outboard discretes. you, with almost any combination you specify. 

Unlike screened thick/thin film networks, CORD IP component networks are 
CORD IP component networks give you ready to plug in and are fully compatible with IC 
custom combinations of discrete resistors, sequencing and insertion equipment. 
capacitors, and diodes in a dual in-l ine package. CORD IP component networks. You'll 

With combinations of up to 20 com- ··,save a lot of board space and production costs; 
ponents in a standard 14-pin package. Up to 23 ' you 'll gain a lot more reliability and flexibility. 
in a 16-pin package. Call o r send us your circuit requirements. 

With virtually unlimited circuit complexity. Corning G lass Works, Electronic Products 
With all inter-connecti ons inside the pretested Division, Corning, New York 14830. 
package. (607) 962-4444 Ext. 8684 . 

. Which gives you greater reliability and 
fewer productio n losses. 

Combinations of resistors, capacitors 

SPECIFICATIONS 
Resis tors 

Range 10!1-150K l 0-27,000 pf 

Tolerance 

Low 
Signal and diodes with different tolerances, temperature 

coefficients and ratings are available in one 
package. TC 

from 1 % from 5% 
Silicon 

from 50 ppm + 2%, -10% Planar 

Which makes it possible to give you 
almost any custom combination you specify. 

Ratio > 15,000:1 > 2,700:1 Types 

CORD IP™ COMPONENT NETWORKS 
From 

CORNING 
ELECTRONICS 
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New hybrid modules from Function 
Modules, Inc., combine multiple c ir­
cuit functions in a si ngle package. For 
the complete story, see page 

cp ~.:I •b~a I 
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Everybody wants your 
components business. 

But were doing 
6 things to ea1n lt. 

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

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

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

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

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

inventory of over 50,000,000 

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

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

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

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

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

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

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

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

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

CORNING 
ELECTRONICS 

Resistors &Capacitors 
for guys who can't stand failures 
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TEKTl=IDNI><® 
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TEKTRONIX 7,904 
l 

featuring extended performance or general purpose use, from one 
mainframe and a family of plug-ins. 

Extended Performance - 20 kHz to 1 GHz 
Plug in the 7A21N and install a simple vertical amplifier bypass to directly 
access the CRT. The bandwidth - 1 GHz, and risetime - 350 ps. Less than 
4 V/div driving signal required - single ended or differential. Sorry - no 
CRT READOUT- vertical amplifier bypassed. 

General Purpose - DC to 500 MHz 
Plug in the 7A19 - 500 MHz bandwidth at 10 mV/ div, 7B92 - delaying sweep 
rates to 500 ps/ div, 7014 - direct counting to 525 MHz. As your applications 
and measurement requirements c~nge, choose from 24 plug-ins for : • sam­
pling • TOR • spectrum analysis • curve tracing • digital multimeter • 
etc., etc . TEKTRONIX 7904 . . . A product of technical excellence. 

For further information or a demonstration call your nearby TEKTRONIX Field 
Engineer or write: Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005. 
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lllif• M.MH TIUGGflllltO 

I.Ml . - - _, 

r.:;;·~ ii w ' 
.~ •it i . ...... ; 

-~· i'i i • . 

8 x 10 cm display 
CRT READOUT 
8 cm/ns writing speed 

1A19 Amptlfier 
500 MHz @ 10mV/div 

7014 Digital Counter 
525 MHz direct counting 

7892 Dual Time Base 
500 ps/dlv 

OR ... 

choose from 24 com­
patible 7000-Series 
plug-ins for virtually 
any measurement 

7904 Oscilloscope . . . . . . . . . . . . $2900 
7904 Oscilloscope, without readout $2500 
7A19 Amplifier . . . . . . . . . . . . . . . $500 
7A19 Amplifier, with variable delay $700 
7D14 Digital Counter . . ... . . . . $1400 
7892 Dual Time Base . . . . . . . . $140P 
7A21N Direct Access . . . . . . . . . $350 

U.S. Sales Prices FOB Beaverton , Oregon 
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EDITORIAL 

Mirror, mirror on the wall 
We've always felt that a magazine should maintain perspective and 
never let its own image of itself cause it to lose track of reality. And 
when a magazine can do this under trying circumstances, we think it's a 
cut above most. 

Such a case occurred recently with one of the American Medical As­
sociation's specialty journals . This particular journal is for dermato lo­
gists. It seems as if the editors accepted an advertisement from the FBI 
describing one of the 10 most-wanted crimina ls on the FBl's list. 

The fugitive suffered from very severe acne, of a type that frequently 
requires medical attention. So the thesis was to alert those physicians 
who might likely be sought out by the fugitive. Little did the editors real ­
ize that by performing what they thought was a public service, they 
would unleash on themselves a storm of protest and criticism from both 
their readers and some in the higher echelons of the AMA. 

Most of the criticism centered around medica l ethics and the doctor/ 
patient relationship. And some just complained that it wa s not in keeping 
with the professional image and tone of the journal. 

Try as we may we can't find justification in such criticism, so we were 
pleased to read where the top editor said he cou ldn't either, and would 
do the same thing if he had it to do over again. 

We saw a somewhat similar notice a few weeks ago in a national 
magazine aimed at amateur and professional photographers. This one 
asked anyone who had taken pictures at last year's Ita lian-American 
Appreciation Day parade in New York where Joseph Co lombo was shot, 
to please contact the New York City Police Department. 

As far as we know, thi s hasn't started any flood of criticism. So it 
would appear that either photographers are more public spirited than 
doctors or that doctors are more ethical than photographers. Or maybe 
it is just a case of some people tripping over their own image. 

That brings us to our main point. Everyone has his own image of him­
self and hi s company, and engineers are no exception. Such self impres­
sions are valuable insofar as they can boost self esteem and provide 
motivation. But when they begin to undermine one's job execution or 
relations with others , they are a decided handicap. Have you tripped 
over yours late ly? 

JI~~ 
Editor 
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New Miniature 
PC Board 

BABCOCK CQ~~[Q) RELAYS ... 
More Reed Combinations, 

Low Cost, 
Drlj or Mercurlj-Wetted Reed. 

Order this miniature, 
fully-encapsulated , 
low cost reed relay 
series with from 1 
to 12 reeds-or in 
combinations - and 
a large assortment 
of options for your 
PC board 
applications. Both 
dry reed and 
mercury-wetted 
versions are 
available, with low 
power requirements 
and life expectancies 
to 100,000,000 
operations. Dry reed 
units are rated at 4 
and 10 watts, 28 to 
250 voe, at 0.25 
and 0.50 amp.; 

mercury-wetted 
relays are rated at 
50 watts, 500 voe, at 
1 amp. The many 
optional features 
include magnetic and 
electrostatic 
shielding , switching 
speeds to 250 µs., 
operating 
temperatures of 
-65°C to +125°C, 
and provisions for 
magnetic or electric 
latching. 

And there's fast 
delivery - off-the­
shelf for standard 
models, and a 
short 2-week wait 
for specials. 

Mercury-Wetted 
MIL-R-6106 MIL-R-5757 Timers/Sensors and Dry Reed 

Write for detailed 
technical data on 
these miniature 
Babcock PC board 
reed relays today 
from Babcock 
Control Products , 
Babcock Electronics 
Corp., Subs. of 
Esterline Corp ., 3501 
No. Harbor Blvd ., 
Costa Mesa, Calif. 
92626 - or better 
still, call 
(714) 540-1234. 

2A Industrial 20A Industrial 

~I---_ BA_B_co_c_K___. 
A UNIT OF ESTERLINE CORPORATION 
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There's not much sense in using cheap 
wirewound or carbon trimmers anymore. 
Not when the new Hel i pot Series 91 Cermet 
Trimmers are available off-the-shelf for a 
few cents more. 

These single-turn, 3/e ",covered trimmers 
come in 10 different mounting styles and 
19 standard resistance values from 10 

contamination . Which means, in addition to 
cermet stability and better resolution, you 
get long-term dependable performance. 

The breakthrough price is just 35¢ each 
in the 50,000 piece quantity, and they're 
equally well-priced in other quantities. 

Send now for complete data on the 
Series 91 Trimmers ... the finest of their 

ohms to 2 megohms. Covered 
construction helps protect 
against moisture, corrosive at­
mospheres, dust, oil and other 

Beckman® 
class. We've made them for 
your projects where the budget 

INSTRUMENTS, INC. may be tight, but you don't want 
HELIPOT 01v1s10N to compromise performance. 

Fullerton. Coliforn10 

HELPING SCIENCE AND INDUSTRY IMPROVE THE QUALITY OF LIFE 

INTERNATIONAL SUBSIDIARIES AMSTERDAM CAPE TOWN GENEVA (',iFNRQTHES SCOTLAN[) MFXICO CITY MUNICH PARIS STOCKHOLM TOKYO VIENNA 
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1,500,000 Indicator lights? 

Talk to the specialists at Dialight first. 
You won't have to talk to anyone else. 

Permutations on the indicator lights shown here (and others 
not shown) give you 1,500,000 different ones to choose from . 
This is no mere mathematical exercise. Thousands are available 
from stock; any other can be quickly made up for you . Just 
specify the size, shape, color and type of illumination (incan­
descent, LED, neon) you want. If you need a specialty-oil-tight, 

flashing, MIL spec . . . whatever- order it. You'll get what you 
asked for. Promptly. Because we and our distributors stock 
more varieties of indicator lights than anyone else. Our Selector 
Guide shows you how to find your way quickly to the indicator 
light you need . Send for your free copy and see how easy it is 
to find the one best suited to your needs. 

DIALIGHT CORPORATION, A NORTH AMERICAN PHILIPS COMPANY • 60 STEWART AVENUE, BROOKLYN , N. Y. 11237 • (212) 497-7600 

CIRCLE NO. 41 
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MLED50 Red LED 
Shows Big Performance 

• 1 med luminous intensity 
• PC-board mountable 
• Wide viewing angle 

Cl RCLE NO. 73 

MLED55 LED Turns 
Red from Any Angle 

• 140° viewing angle 
• New diffusing lens 
• 600 11cd luminous intensity 

Cl RCLE NO. 74 

MLED600 Mini-T* Gives MLED610 LED Offers 
High-Visibility Red High-Density Reliability 

• l, 100 fl brightness • Tiny, metal "pill" design 
• Economical plastic • l, 100 fl brightness 
• Unique, molded lens • Easy, PC-board mounting 

TRADEMARK MOTOROLA INC 

Cl RCLE NO. 75 Cl RCLE NO. 76 

See Us Speak 
In Our 

Everybody talks about optoelectronic capability but 
nobody documents anything about it. 

Nobody but Motorola. 

DOCUMENTATION # 1: 

Motorola opto products are made on the same machines 
that turn out millions of plastic transistors each week. 
The same machines made Motorola the unquestioned 
production leader in this field in a few short years. 
Same stripline, leadframe stamping machines ... same 

Plastic IR LEDs Do Invisible 
Things@ 9,000 'A 

• Spectrally-matched to silicon 
• 350 or 550 µW output @ 

50 mA 
• Naturals for card/tape 

reading 

CIRCLE NO. 81 
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Metal IR LEDs Emit 9,000 A, 
Small or Large 

• Tiny "pill" or T0-18 case 
• 150 to 650 µW output 
• Hermetically-sealed 

Cl RCLE NO. 82 

automatic die and wire bonders . . . same molding 
encapsulation processes. All tuned to instantaneous 
production of opto devices. Optomation. 

DOCUMENTATION # 2: 

Lower-cost, highly-available opto products are final­
tested on fully-automated and computerized semicon­
ductor test equipment. You get Motorola's traditional, 
fast factory turnaround on all your factory orders. 
Optomation again. 

MRD500/510 PIN Photodiodes 
Respond In Nanoseconds 

• 1 ns typical response 
• Convex or flat lenses 
• Sensitive through visible/ 

near IR range 

Cl RCLE NO. 83 

Plastic Photo Darlingtons 
Offer Economical Sensitivity 
• 40-cent, 100-up prices 
• typical sensitivities to 

4 mA/mW/cmz 
• Ideal for high -volume 

insertion 

Cl RCLE NO . 84 
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MLED630 Shines Out 
From T0-18 Package 

• 120° field-of-view 
• 1, 100 red fl 
• Panel indicator 

Cl RCLE NO . 71 

MLED650 Lights Up 
Panel Indicators 

• Wide viewing angle 
• Mounting hardware available 
• 200 mil bright viewing 

surface 
ADVANCE INFORMATION 

Cl RCLE N O. 78 

Plastic Photodetectors 
For All Arrangements 

• High (MRD150) or moderate 
(MRD450) mounting 
densities 

• Low-as-75¢, 100-up 
• Sensitivities to 

0 .2 mA/mW/cm2 
Cl RCLE NO. 79 

Metal Photodetectors 
Are Fast And Rugged 

• T0-18 or "pill" -cased 
• Microsecond switching 
• Curved or flat lenses 

Cl RCLE NO. 80 

Volu111es 
Living Color 
DOCUMENTATION #3: 

Motorola's huge investment in in-house, IIl-V raw 
material facilities including crystal-pulling and epi­
taxial deposition will ensure unparalleled wafer sup­
plies to satisfy any and all high-volume requirements. 
Motorola, the production house of the industry. 

DOCUMENTATION #4: 

The largest factory and distributor sales organization 
in the semiconductor industry - over 750 trained 

technical salesmen and engineers - in 96 U. S. and 
Canadian locations - is ready to serve your prototype 
or production needs. Right now. 

MOTOROLA OPTO 
L et There 8 e LI g h t 11 11 11 11 11 11 

Custom Display Panels 
Count Up, Spell Out 

Available with or without 
decoder drivers 

• Any combination of alpha 
• or numeric digits 
• Ultra-reliable 0 .7" digits 

ADVA N CE INFORMATION 

Cl RCLE NO. 85 

Opto Couplers Isolate 
Interfacing Perfectly 

• 1,500 V dielectric isolation 
• 60 % transfer ratio -

phototransistor 
• Phototransistor or 

photodarlington 

Cl RCLE NO. 86 

MORlO Excellent Character 
For New Readout Role 

• 0.120" character light 
• Wide angle, single plane 
• Straight or spread leads 

Cl RCLE NO. 87 

• MDP70 Displays 7 /10" 
Readouts Through BCD Inputs 

• Readable to 20 feet 
Compatible with PL 

• Easy insertion to connector 
ADVANCE IN FORMATION 

Cl RCLE NO. 88 
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DESIGN NEWS 

Floppy discs begin to enter the 
• • m1n1-mass-memory arena 

Yet another form of moving-medium 
magneti c memory is joining the com­
petition for the low-cost mini -bul k­
memory market. Thi s is the " floppy" 
disc. It will contend with the Philips 
cassettes and new tape cartridges fo r 
such appli cations as data-entry buff­
ers, program loaders and mini compu­
ter mass memori es. 

The floppy disc is physica ll y a lot 
like the cheap fl ex ible versions of 
45 rprn audio records. They are just 

7- 1/2- in sheets of mylar, several mils 
thick, coated w ith magneti c ox ide. 
The lowest-cost floppi es are even 
housed in cartrid ges that look like 
pl asti c versions of the cardboard jack­
ets 45 rpm records are sold in. The 
fl oppies, in thei r cartridges, are 
pushed into their record/ pl ayback 
drives li ke a co in is pushed into the 
slot in a modern pay telephone. A 
motor in the drive rotates the floppy 
inside its cartrid ge while a head con-

lntelface 
& 

House· 
keep mg 
Logic 

tacts the tracks through a hol e in the 
cartridge. 

Companies who now offer fl oppies 
include: M emorex Corp. and lomec, 
Inc. both of Santa Clara, Ca li f., Centu­
ry Data Systems, Anaheim, Calif. and , 
of course, the originator, IBM, San 
Jose, Cali f. In addition , Potter Instru ­
ments Co., Inc., Plainview , N. J., to ld 
EON it is hard at work on a floppy that 
it expects to have on the market soon. 

The appea l of these fl opp ies is that 

/ Cartmlge 

Opernng in cart ridge 
for head. 

Mul t i Track Disc 

Top V1r.:w 

Disc 

Air Bea ring Plate 

Lead Screw 

Head Carriage 

Low-Speed Flo~y Disc 
Mennrex Version of IBM 

Linear l'vbtor 

At Speed] 
At Rest Disc 

High-Speed Floppy Di sc 
lcxrec 

Floppy disc memories come in both high-performance and low­
performance versions. The very high-performance lomec " seri es 
one" fl oppy (photos and bottom cross section view) is being of­
fered initially as a two-d isc system, but the drives w ill be sold in-

di vidually as O EM components. The lower-performance M emo­
rex " 650" is an upgraded version of the ori ginal IBM floppy. O ne 
has to actually have one of these plasti c-sheet products in his 
hands to truly appreciate just how floppy they are. 
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they have high performance-to-cost 
ratios. They can have the hi gh data 
transfer rates and relati ve ly low access 
ti mes of discs, yet be in the same price 
ball park as cassettes. The floppy car­
tri dges, it is pred icted, wil l se ll at less 
than the $5 of a Philips cassette, once 
the volume ri ses (a Century spokes­
man sa id $2!). The drives w ill se ll at 
roughly the $300-to-$500 leve l of a 
medium-to-high performance cassette 
drive, w ith volume. The total memory 
capac ity w ill not equal the max imum 
obtai nable with cassettes and certainly 
not that obtainable with some of the 
new 1 /4" tape cartridges; but fo r 
many applications, large capac ity is 
not needed. 

IBM started it all 

The concept of a floppy was kicked 
off by IBM when it introduced its large 
3330 disc file system just about a year 

or so ago. The 3330 used floppies for 
loading the micro-program into the 
contro ller. This original fl oppy was a 
slow, 90-rpm unit w ith an in -contact 
head and 1600 bpi density. Century 
Data Systems brought out an almost 
identica l fl oppy as part of its plug-to­
plug repl acement for the 3330. But 
when Memorex was des igning its ver­
sion of the 3330, that company decid­
ed that the floppy concept had 
enough potential to warrant improve­
ments. So Memorex increased the rpm 
to 375 and the density to 2337 bpi. 

The sketch of the Memorex system 
indicates how these discs are driven 
despite their floppyness. The cartr idge 
is slid in and held like a PC card in a 
card cage. An idler cone forces the 
center of the floppy disc aga inst a ro­
tating drive hub plate, and this rotates 
the disc inside the fixed cartridge. This 
is possible because the inside of the 

cartridge is lined w ith a sil icone-lu­
bricated bearin g materi al - like a 
" KemWipe" tape c leaner. The read­
write head is brought up to an open­
ing in one side of the cartridge and a 
pressure pad brought up from the 
other. The head is moved from track 
to track by a lead screw driven by a 
stepper motor. 

Memorex says the head li fe and 
data reli ab il ity of its disc is much su­
perior to cassettes. They say they onl y 
have to use a light, 5 gm, pressure on 
the head and the wi ping action of 
the silicone-i mpregnated lining gives 
them error rates as low as 1010, com­
pared to th e 107 error rates for cas­
settes. 

The as-yet-to-be-unveiled Potter 
floppy can be expected to be similar 
to IBM's, as Potter is also deve loping 
its floppy as part of a program to bring 
out a 3330 replacement. 

Rough comparisons of various low-cost moving-magnetic-medium memories 

Data transfer 
(kbit/ sec) 

Cost, cartridge 
($) 

Cost , drive 
($) 

Average access time 
(msec) 

Storage capacity 
(Mbits) 

Disc dia. 
(in.) 

Disc speed 
(rpm) 

Recording density 
(bits/ in) 

Recording speed 
(in / sec) 

In contrast to these IBM-insp ired 
flopp ies , lomec's fl oppy is more like a 
high-performance main-memory disc. 
It has the same 7-1 / 2- in dia., and the 
same several-mi ls-thick mylar base 
materi al, but there the sim ilarity ends. 
lomec spi ns its floppy at high speed -
1800 rpm - so that centri fugal force 
ho lds it out. The disc is further stabi ­
li zed by being spun aga inst a fl at alu­
minum plate in the middle of the car­
tridge. The aerodynamic forces be­
tween the floppy and thi s pl ate ho ld 
the disc so prec ise ly pos itioned that a 
" fl ying" or no-contact head can be 

Floppy Discs Mini-Tapes 

IBM Memorex lomec Cassettes Cartridges 

33 200 1200 10 560 

2-5 5 12-1 8 5-9 2-10 

300-500 500-900 1600 100-500 100-1 000 

800 200-300 60 10,000 1,000 

0 .64 1. 5 2 5 30 

7Y2 7Y2 7 Y, ---- ·---

90 375 1800 --- ----

1600 2337 3300 1600 3200 

30 120 500-600 10- 10-80 

used. The head carri age rides in a slot 
in the plate and ho lds the head 80 µ,in . 
above the ox ide coating on top .of the 
fl oppy. This head, then, has no wear 
and never has to be cleaned. 

Due to the much higher rotati onal 
speed and, to a lesser extent, lomec's 
higher bit densi ty, thi s fl oppy system 
achieves data transfer rates as high as 
1200 kbits/sec. This compares favor­
ably w ith those of large tape transports 
that operate in parallel. 

The head is moved from track to 
track by a linear motor that consists of 
a "voice co il " piston operating inside 

a cylinder composed of two fair ly 
large permanent magnets. Optical 
feedback is used to servo position thi s 
head drive over the tracks on the disc. 

The price is higher cost 

The lomec floppy system is more 
bulky and expensive than the lower­
speed in-contact floppi es. The car­
tridge is almost an inch thick and it is 
ri gid. The drive is larger and more 
complex. The cartridges are expected 
to cost $1 2 apiece even with large 
volume, and the min imum single­
drive system will cost $1600. D 
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Think Twice: 
Extra contribution is one way 
to the top. Specifying HP scopes 
will help you, too. 
Here's why. 
You're an engineer on the way up. 
Your ideas, your designs, your work 
all reflect the extra contribution 
you're making. (You might even slip 
back to "the shop" after dinner and 
on weekends.) Rewards won't be 
long in coming. 

There's one more thing you can 
do for yourself and your manage­
ment. Show them a way to cut 
operating expenses and boost prof­
its . How ? By being critical and 
downright hardnosed in making 
your cost/performance comparisons 
on instrument purchases. 

Scopes Have Changed. 
Take laboratory oscilloscopes for 

instance. In the past several years, 
scope design and performance have 
changed - for the better . Many 
companies, maybe yours, are in the 
process of replacing older scopes, 
to take advantage of the extra capa­
bility these new models offer. To 
get the best buy now, you're going 
to have to do more than look at the 
name tag and spec sheet. Plug-ins 
are not compatible. Calibration is 
completely different. Controls and 
operations have changed radically. 
It's a whole new ball game. Little that 
you learned or used on older scopes 
-whether theirs or ours -can be 
transferred to the new models. You 
need new techniques, new training 
materials, new parts. Here are three 
specific reasons why you should 
investigate the HP 180 Series ... why 
you should think twice. 

HP Scopes Cost Less To Buy 
Analyze your total measurement 

needs, then ask both manufacturers 
to submit prices. On latest model 
plug-in lab scopes, you'll find that 
HP can consistently save you money 
- lots of it. For example on a 75 
MHz non-delayed sweep, plug-in 
system, ours is 24% less (with de­
layed sweep, 18% less); at 100 MHz, 
ours is 16% less; for 1 GHz sam­
pling, you'll pay 54% less if you 
buy ours. 

HP Scopes Cost Significantly 
Less To Operate 

Because scopes have changed, 
training, operation, calibration, and 
repair are expenses that you'll have 
to contend with - no matter which 
make you buy. HP's new scopes are 
supported by simplified operation 
and live or videotaped training and 
repair sessions that can substantially 
cut your start-up and overall operat­
ing costs. 

Calibration? We've cut the num­
ber of adjustments by 50%-and 
eliminated interactive adjustments. 
Therefore, when you're comparing 
oscilloscopes be sure to include in 
that comparison the cost of cali­
brating each manufacturer's unit. 

Our users are reporting shorter 
training periods, faster, surer mea­
surements, and savings up to 50% 
on calibration time and costs. Some 
companies buying Hewlett-Packard, 
cite this as the main reason. 

CIRCLE NO. 13 

HP Technological Leadership. 
More Performance. 
Fewer Problems. 

HP innovations in general pur­
pose lab scopes include: the first 
scope with a real time bandwidth of 
> 250 MHz; the first 18 GHz sam­
pling scope; the first 100 MHz vari­
able persistence and storage scope; 
and the first and only 100 MHz 
scope with a "big-picture" CRT 
(8x10 div, 1.3 cm/div). These are 
meaningful, functional innovations 
that boost your performance, not 
your costs. 

Think twice! Once you make the 
comparison, we 're certain you ' ll 
choose HP. Many engineers like 
yourself - engineers on the way up 
-have already made the switch. For 
more information on how you can 
help your company boost profits and 
how you can help yourself make 
faster, more positive measurements, 
write for our free "No Nonsense 
Guide To Oscilloscope Selection." 

Hewlett-Packard, Palo Alto, Cali­
fornia 94 304. In Europe : 121 7 
Meyrin-Geneva, Switzerland. 

Scopes Are Changing; 
Think Twice! 

HEWLETT. PACKARD 

OSCILLOSCOPES 
082/6 
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PRECISION MONOLITHICS 
Delivering tomorrow's linear technology today, including ... 
• The only complete monolithic DAC - monoDAC-01 
• The lowest noise, lowest drift op-amp - SSS725 

• The fastest precision comparator - monoCMP-01 

• The lowest input current, most precision comparator - monoCMP-02 

• The lowest cost high speed op-amp - monoOP-01 
• The highest performance 741 and 747 - SSS741 and SSS747 

• The complete 10-bit fast current output DAC in a 16 pin DIP - aimDAC-100 

LID\[]'" PRECISION 
MONOLITHICS 
INCC>RPC>R·ATED 

1500 SPACE PARK DRIVE, SANTA CLARA, CALIFORNIA 95050 
TEL . (408) 246-9225 • TWX 910-338-0528 • CABLE MONO 

The Prices Will Surprise You! 
Call TODAY - 408-246-9225 

SEND FOR NEW 
CONDENSED CATALOG 

• monoDAC 01 HS (0°C to + 70°C) 
$8.25 @ 100 pcs, $6.95 @ 2500 pcs 

CIRCLE NO. 14 
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P9WERTEC 

DC POWER MODULES 

medium and 
high power 

from $108.00 

(with OVP) 

A new design for greater performance. 
Improved regulation as well as relia­
bility and maintainability. Lower cost at 
the higher quantity price breaks. Select 
from 32 different outputs in four basic 
case sizes. 

EXCLUSIVE FEATURES: 
• 30% to 40% smaller than competi­

tive models. 
• Over voltage protection standard on 

all models. 
• Computer grade components 

throughout. 
• Full rating to 55°C, derated to 71 ° C. 
• All models deliverable in 24 hours. 

SPECIFICATIONS: 
• Input: 115 VAC ±10% 47 to 440 
Hz ; • Outputs: From 5 to 28 VDC, Cur­
rent to 35 AMPS ; • Ripple: 1 mv RMS ; 
• Response : 20 to 50 µsec . typical ; 
• Foldback current limiting overload 
protection . 

The best power/cost ratios in the in­
dustry .. . consistently from Powertec. 
Write or call for our new catalog. 

P OWE R TEC, INC. 
An Airtronics Subsidiary 

9168 DeSoto Ave., Chatsworth , Ca. 91311 
(213) 882-0004 •TWX (910) 494-2092 

P9WERTEC 
Cl RCLE NO. 1 5 
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Check these other flame 
retardant materials. 

"SCOTCH" BRAND TAPES. 
No. 69 - glass cloth, thermosetting 
silicone adhesive. 
No. 66 - vinyl, UL recognized 105°C 
meets MIL-1-7798-A. 
No. X-1264 - epoxy web solvent­
resistant wire and cable ID tape. 
"Temflex" Brand No. 2585 - non­
adhesive vinyl plastic, flexible, self­
extinguishing. 

"SCOTCHCAST" BRAND RESINS. 
No. XR-5192 - arc and track-resistant 
130°C, liquid epoxy. 
No. XR-5126 - room-curing two-part 
epoxy, 130°C, semi-flexible. 
No. 255 - thermal and mechanical 
shock-resistant, 130°C, meets MIL-
1-16923E. 

TUBINGS. 
"3M" Brand 3001, 3002, 3003 , 3008 
- extruded vinyl , general purpose, 
105°C rated . 
"Scotchtite" No. 3028 - heat shrink-

Dielectric materials ~ m 
E Sgstems Division .-;JcomPANY 

CIRCLE NO. 29 

able, clear or colors, thin wall. UL 
recognized 105°C, meets MIL-1-631 
and MIL-1-23053B. 
COPPER CLAD. 
" Cuflex " Brand Flexible Laminate 
6540 - copper-clad epoxy polyester 
web for printed wiring . 
MICA. 
" lsomica" Brand - silicone bonded 
mica for high temperature use. 

For complete information, write : 3M 
Co., OM&S Div., 224-64, St. Paul, 
Minn. 55101. 
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Your computer will find a 150 "easy to talk to" 
The 150 automatic pulse generators were engi­
neered with your test system and its many variations 
in mind, resulting in an all-around flexibility which 
permits you to choose a 150 that FITS your specific 
system requirements. Choose from the following 
standout features and FIT a 150 into your system: 

• Se!ia! by 12-bit character programming (using 
~u1lt-m pulser memory) or parallel programming 
1f your system has memory capability 

• BCD format, DTL/TTL compatible programming 
inputs 

• Positive or ground true logic 
• With or without manual control capability 

And . . . even if your system isn 't computer con­
trolled , there 's a 150 that FITS. Automatic , semi­
automatic or manually controlled , your system will 
like a 150 . . . so will your budget! 

150 means quality pulses to fit the most exacting 
requirements 
The 150 outputs match the flexibility of the program­
ming inputs with the finest pulses available - from 
any pulse generating equipment : 

• Every repetition rate to 50 Megahertz 
• Delay and width from 10 nanoseconds to 10 

milliseconds 

• Voltage levels (pulse top and baseline) indepen­
dently settable from -1 O to + 1 O volts 

• Linear transition times independently settable 
from < 5 nanoseconds to 10 microseconds 

• Internal/external triggering 
• Normal/pulse pair output 
• Synchronous/asynchronous gating 
• Normal/ complement output 

And, every one of these parameters is completely 
programmable. 

To learn how the remarkable 150's FIT into your 
pulse testing program, contact your nearby Scien­
tific Devices man, or call us direct . . . today. Data­
pulse Division, Systron-Donner Corporation, 10150 
W. Jefferson Blvd., Culver City, Calif. 90230. Tel: 
213/836-6100. TWX: 910-340-6766 Telex: 67-3219 

OR, IF YOU NEED A COMPLETE TEST SYSTEM 
but don't need the problems of doing it yourself call 
Jim Cunningham at Systron-Donner Computer 'sys­
tems, (415/682-6161 - ext. 355) . . . He'll put to­
gether a complete system to FIT your particular 
test requirements. 

BYSTRON E J ® DONNER 

Cl RCLE NO. 10 
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SEMTECH NEWS 
Published from time to time by SEMTECH CORPORATION • 652 Mitchell Road, Newbury Park, California 91320 I Phone : (805) 498-2111 

METOXILITE RECTIFIERS SET INDUSTRY STANDARDS 
Metoxilite, the material that pushed Semtech to the forefront of the industry for sub-miniature 
medium power silicon rectifiers, now makes its debut in a whole new spectrum of 
"state-of-the-art" devices. Metoxilite (metal oxides) is fused to the metallurgically bonded 
junction-tungsten pin assembly forming a "tough" sub-miniature package. Designed to 
electrically approach the theoretical, the Metoxilite rectifier, introduced in 1969, is the 
result of years of applied research and extensive testing. You'll see them used in stringent 
military and space environments as well as industrial and commercial applications. JAN and 
SIN parts available in most types. 

PRESENT STANDARDS THE WORK HORSE 
The Metoxilite 3-amp series is the first family 
introduced by Semtech. Supplied in an axial 
leaded package, it filled the product gap in the 
industry between the lower current axial leaded 
rectifier and the higher current stud packages. 

3-AMP METDXILITE RECTIFIERS 
!6-AMP /MIL-STD-75Dl 

MEDIUM RECOVERY !Trrl 2 µs 
Peak Inverse Volt.: 200. 400 600, 800 & lOOOV 
Reverse Current @ 25°C: 1.0 µA; @ 100°C: 20 µA 
Forward Voltage @ 3A, 25°C: 1.0 to 1.1 V 
Single Cycle Surge: I50A; Recurrent Surge: 25A 
Body Dimension: .165" D x .165" L 
Types: 1N5550-54 

FAST RECOVERY !Trrl I50.250 ns 
Peak Inverse Voltage: 50, 100, 200, 400 & 500V 
Reverse Current @ 25°C: 1.0 µA; @100°C: 20 µA 
Forward Voltage: @ 3A, 25°C: 1.1 V 
Single Cycle Surge: I50A; Recurrent Surge: 25A 
Body Dimension: .165" D x .165" L 
Types: IN54I5-I9 CIRCLE NO. 20 

RECTIFICATION EFFICIENCY 
IMPROVED 

=------====Ql~====== 

The Metoxilite LO VF rectifiers open the door 
previously barred to the designer who required 
high efficiency rectification with ultra fast re­
covery times. These units are ideally suited to 
today's power supply design technology. 

LO-VF WITH FAST RECOVERY (lrrl 100 ns 
Peak Inverse Voltage: 30 and 50V 
Reverse Current @ 25°C: 1.0 µA; @100°C: 20 µA 
Forward Voltage @ 3A, 25°C: 0.9V 
Single Cycle Surge: I50A; Recurrent Surge: 25A 
Body Dimension: .165" D x .165" L 
Types: 3L03 & 3L05 CIRCLE NO. 21 

RADIATION RESISTANT 
RECTIFIERS 

Specifically designed to operate in a radiation 
environment. Now available in Metoxilite. Ex­
tremely rugged part is ideally suited for missile 
and space applications. 
Peak Inverse Voltage: 100, 200, 300 & 400V 
Average Rectified Current: IA 
Forward Voltage @ IA 25°C: l.2V 
Reverse Current @ 25°C: I µA; @ 100°C: 25 µA 
Single Cycle Surge: 30A; Recurrent Surge: 6A 
Reverse Recovery : ITrrl 300-1000 ns 
Body Dimension: .070" D x .165" L 
Types: RI, R2, R3 & R4 

CIRCLE NO. 22 
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The Metoxilite I-amp rectifier family introduced 
with the 3-amp family has since become the 
workhorse of the industry. Utilizing the .060" 
diameter die, it offers more capability than the 
similar devices now available in the industry. 

1-AMP METDXILITE RECTIFIERS 
!3-AMP/MIL-STD-75Dl 

MEDIUM RECOVERY (lrr) 2 µs 
Peak Inverse Volt.: 200, 400 600, 800 & IOOOV 
Forward Voltage (a! IA. 25°C: l'.2V 
Reverse Current @ 25°C: 0.5 µA; @l00°C:25µA 
Single Cycle Surge: 50A; Recurrent Surge: lOA 
Body Dimension: .065" D x .165" L 
Types: IN56I4-22 

FAST RECOVERY (lrr) I50-500 ns 
Peak Inverse Volt.: 200, 400, 600, 800 & lOOOV 
Forward Voltage @ IA. 25°C: l.2V 
Reverse Current @ 25°C: 0.5 µA; @ 100°C: 25 µA 
Single Cycle Surge: 25A; Recurrent Surge: 6A 
Body Dimension: .065" D x .165" L 
Types : IN56I5-23 CIRCLE NO. 23 

NEW GENERATION 1N645 
Our new V2-amp Metoxilite rectifier is small 
enough to replace the unrel iable whisker type 
devices (1N645-7l. This rectifier is now available 
in the Metoxilite non-cavity case with a high 
temperature metallurgically bonded internal as­
sembly. 

NEW %-AMP METOXILITE RECTIFIER 
MEDIUM RECOVERY !Trrl 2 µs 

Peak Inverse Volt.: 200, 400, 600, 800 & l OOOV 
Average Rectified Current: 0.5A 
Reverse Current @ 25°C: 100 nA ; 100°C: 7 µA 
Forward Voltage @ 0.5A, 25°C: 1 V 
Single Cycle Surge: 25A; Recurrent Surge: 5A 
Body Dimension: .070" D x .165" L 
Types M2, M4, MS & MO 

FAST RECOVERY (lrrl 150 ns 
Peak Inverse Voltage: 100, 200, 400 & 500V 
Average Rectified Current: 0.5A 
Reverse Current @ 25°C: 250 nA; @ 100°C:I5 µA 
Forward Voltage @ 0.5A, 25°C: IV 
Single Cycle SU.rge: I2.5A; Recurrent Surge: 3A 
Capacitance @ 4V: 20 pF 
Body Dimension: .070" D x .165" L 
Types: Fl , F2 , F4 & F5 CIRCLE NO. 24 

LO-DYNAMIC Z-ZENERS 
g 

Semtech's new Metoxilite low dynamic impedance 
zeners offer voltages of 30 to I20 volts for 1, 
3, and 5 watt applications. This new series of 
devices offers VJ lower dynamic impedance when 
compared at the same operating current to those 
presently available. As an added plus, the device 
is radiation resistant. The zener body measures 
.165" long {max.J and is .110" in diameter (max.). 
Types SX30-I20. CIRCLE NO. 25 

FOR VOLTAGE MULTIPLIERS 
Introducing the Ministac in Metoxilite, multi-chip 
high voltage rectifier, particularly adaptable for 
high frequency applications such as voltage 
multipliers. 

NEW METDXILITE MINISTAC 
MEDIUM RECOVERY !Trrl 2 µS 

Average Inverse Voltage: 2, 3, 4, & 5 KV 
Average Rectified Current: I25 mA 
Reverse Current @ 25°C: IOO nA; @100°C: 7.0 µA 
Forward Voltage @ I25 mA, 25°C: 5V 
Single Cycle Surge: 7A; Recurrent Surge: l.25A 
Body Dimension: .070" D x .2I5Jf L 
Types: M20, M30, M40 & M50 

FAST RECOVERY !Trrl 250 ns 
Peak Inverse Voltage: 1.5, 2.0, 2.5 & 3 KV 
Average Rectified Current: 100 mA 
Reverse Current @ 25°C: 100nA; @l00°C:7.0µA 
Forward Voltage @ 100 mA, 25°C: 5V 
Single Cycle Surge: 5A; Recurrent Surge: l.25A 
Body Dimension: .070" D x .2I5" L 
Types: FI5, F20, F25 & F30 CIRCLE NO. 26 

SUB-MINIATURE HIGH VOLTAGE 
METOXILITE RECTIFIERS 

A sub-miniature high voltage rectifier obtained 
by Semtech's unique technology. A multi-junction 
device high temperature metallurgically bonded 
and fused in a non-cavity Metoxilite case. This 
small device is designed to solve packaging prob­
lems where size and environmental criteria are 
critical. 

MEDIUM RECOVERY !Trrl 2 µsec 
Peak Inverse V: 1000, I500, 2 000, 2500 & 3000V. 
Average Rectified Current: 250 mA 
Forward Voltage @ 100 mA, 25°C: 3.5V 
Reverse Current @ 25°C: I µA; @ 100°C: 20 µA 
Single Cycle Surge: I4A; Recurrent Surge: 2.5A 
Body Dimension: .110'' D x .2I5" L 
Types : 1N3643-47 & SM20, SM25 & SM30 

FAST RECOVERY ITrrl 300 ns 
Peak Inverse Voltage: 1500, 2000 & 2500V 
Average Rectified Current: 250 mA 
Forward Voltage @ 100 mA, 25°C: 4V 
Reverse Current @ 25°C: 1 µA; @ 100°C: 20 µA 
Single Cycle Surge: lOA; Recurrent Surge: 2.5A 
Body Dimension: . llO" D x .215" L 
Types: Sl5F, S20F & S25F CIRCLE NO. 27 

f S~~o!~~NH 
652 Mitchell Road ; Newbury Park, California 91320 
(805) 498-2111 , (213) 628-5392/TWX: 910-336-1264 

CHICAGO - 140 N. La Grange Road , 
La Grange, Illinois 60525 -
(312) 352-3227 /TWX: 910-683-1896 
DALLAS - 402 Irving Bank Tower, Irving, 
Texas 75060 - (214) 253-7644 
TWX: 910-860-5906 
FLORIDA - 2304 Aloma Ave ., Room 2, 
Winter Park, Florida 32789 -
(305) 644-5404 
NEW YORK - 116-59 Queens Blvd., Forest 
Hills, N.Y. 11375 - (212) 263-3115 
TWX: 710-582-2959 
PHILADELPHIA - 209 Chester Ave ., 
Rm. 5, Moorestown, N.J. 08057 -
(609) 234-1244 
SAN FRANCISCO - 941 E. Charleston, 
Suite 10, Palo Alto, Callf. 94303 -
(4~5) 328-8025 
EUROPEAN SALES - Bourns A.G. 
Baarerstrasse 8, 6301 Zug, Switzerland -
(042) 2 32-242 
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Helipot's one-piece money saver 
saves time and space, too. 

To keep working with discrete standard resis­
tors just isn't log ical. Not when there are 
ceramic DIPs available that do the same jobs 
in less space - quicker, easier and cheaper. 
Whether inserted automatically or by hand. 

(Check the specs.) No wasted time while 
they're " made to order," unless you want custom 
modifications, which we can do fast. 

And remember, ceramic. Ceramic reliabil ity 
at plastic prices. 

Stocked locally for immediate deliv­
ery, too. At " on the board" cost-saving 
prices, in small or large quantities. 

Beckman® 
Why wait? Call your local Helipot 

Representative now for applications 
IN STR u MENT s , iNc. assistance or more information. 
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MODEL SERIES 899-1 
Resistance Values (ohms): 100, 150, 
220, 330, 470, 680, 1K, 1.5K, 2K, 2.2K, 
3.3K, 4.7K, 6K, 6.8K, 10K, 15K, 22K. 
Common Applications : Digital pulse 
squaring ; MOS/ ROM pull-up/ pull­
down ; "wired OR" pull-up; power 
driver pu ll-up ; open collector pull­
up ; TTL input pull-down ; TTL 
unused gate pull -up ; high-speed 
parallel pull-up. 
Standard Toleran ce: ± 2.0% 
Pricing: 1-99 

100-499 
500-999 

$1.45 
1.12 
0.97 

HELIPOT DIVISION 
Fullerton, California 

MODEL SERIES 899-2 

BR 

Resistance Value (ohms): 10K 
Common Applications: Inverting 
operational gain ; potentiometric 
gain; differentia l gain; non inverting 
gain; gain adjustment. 
Standard Toleran ce: ± 2% 
Pricing: 1-99 

100-499 
500-999 

CIRCLE NO. 17 

$2.75 
2.15 
1.86 

MODEL SERI ES 899-3 
Resistance Values (ohms):·68 , 100, 
110, 150, 220, 330, 470, 680, 1K, 1.5K 
2.2K, 3.3K, 4.7K, 6 .8K, 10K, 15K, 22K. 
Common Applications: Line termi­
nation ; long-line impedance balanc­
ing; power gate pull-up ; ECL output 
pull-down resistors ; LED current 
limiting ; power driver pull-up ; 
" wired OR" pull-up; TTL input 
pull-down. 
Standard Tolerance: ± 2% 
Pricing: 1-99 

100-499 
500-999 

$1.25 
0.99 
0.86 



Don't forget the optical isolator 
when solving your coupling problems 
This easy-to-apply device combines the speed and reliability of a semiconductor 
and the electrical isolation of an electromechanical rela y. 

Mike Bottini, Monsanto Commercial Products Company 

The fie ld of solid-state optoelectronics is providing today's 
designer with a wide range of extremely useful devices 
and design techniques. And nowehere is this more evident 
than in the area of opto-isolators. These versatile devices, 
which are also known as optical couplers, can provide 
convenient replacements for electromechanical compo­
nents such as reed relays or pulse transformers in applica­
tions where the requirements of long life or severe envi­
ronmental conditions are critical. 

The basic opto-isolator (Fig. 1) consists of a gallium-

LED 

Fig. 1. The basic opto-isolator consists of, within a single pack­
age, a GaAs light-emitting diode optically coupled to a photosen­
sitive detector. 

arsenide (GaAs) infrared light-emitting diode (LED) optical­
ly coupled to a photo-sensitive silicon detector, which 
may be a diode, a transistor or an SCR. Both the light­
emitting diode and the detector are contained in the same 
package. Attractive characteristics of the opto-iso lator in­
clude: 

•The electrical isolation of an electromechanical relay 
•The speed of a semiconductor 
•The reliability and long life of a semiconductor 
In addition, new packaging techniques and high-volume 

production are rapidly bringing the price of opto-isolators 
down to the point where they now compete with coupling 
devices like pulse transformers and reed relays. 

The following examples show some of the typical appli­
cations where opto-isolators are well suited because of 
their unique characteristics. A conceptual rather than a 
"cook book" approach is used in the examples, since the 
purpose is to show typical capability rather than detailed 
design. 

Digital signal isolation 

The coupling of data loggers, card punches, typewriters 
and other peripheral equipment into a computer system 
genera lly creates intolerable problems with the computer. 
These problems present themselves as ground loops, noise 
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spikes, and other common impedance problems. The elec­
tromechanical approach to solving these problems is 
shown in Fig. 2. Th is approach, however, has the following 
disadvantages: 

•The transfer rate of information has been sharply re­
duced because of slow reed-relay speeds. 

•Bouncing reeds can cause problems in the computer. 
•Diodes must be added across each relay coil to prevent 

destruction of the drive gates and terminations. 
•Resistors must be added across the coil to prevent the 

COMPUTER DATA LOGGER 

Fig. 2. The electromechanical coupling of peripheral devices into 
a computer system generally involves reed relays. This technique 
suffers drawbacks caused by the slow speed and mechanical na­
ture of the reeds. 

coaxia l cable from ringing. 
•Maintenance costs are high. One intermittent reed relay 

can keep the system down. 
Using opto-isolators, a data logger is connected to the 

computer as shown in Fig. 3. This design employs a bal­
anced line driver at each generator terminal and a balanced 
line receiver at each input terminal. The generator and re­
ceiver are interconnected using 300-ohm twisted pair. 
Diodes D, and D2 ba lance the line receivers. These diodes 
can be visible LEDs and can be used to indicate the logic 
level of the receiver. 
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TWISTED 
PAIR 

MCT2 
CJ'TCHSOLA T<ll 

Fig. 3. Opto-isolator coupling of peripheral devices into a com­
puter system eliminates many of the problems inherent in the use 
of electromechanical coupling. 

Triggering SCRs 
Many applications involve the triggering of high-voltage, 

high-power SCRs from low-voltage, low-power logic cir­
cuits. Electrical isolation between the logic and the SCR is a 
requirement in such a scheme. One way of doing this is 
shown in Fig. 4a. In this arrangement the photosensitive 
element, which is an SCR, must support the full system volt­
age. Blocking voltages avai I able with photo-SCR type opto­
isolators range from 200 to 600V. The current required to 
trigger the power-SCR is adequately handled by the photo­
SCR, which has 1 /8A capability. 

Another method for triggering an SCR, using a photo­
transistor as the photosensitive element, is shown in Fig. 

CJ'TO-ISOLA T<ll n-- ----... - - --,.-_,_,_-()-.., 

(b) 

Fig. 4. High-power SCRs can be triggered conveniently from logic 
circuits by opto-isolators. Either a photo-SCR (a) or a phototransis­
tor (b) can be used as the photosensitive element. 

4b. In this example a floating power supply is used to bias · 
the transistor. This would be economical if many SCRs 
were being triggered. Note that the phototransistor does 
not "see" the SCR blocking voltage, inasmuch as it is trig­
gering at the gate-cathode portion of the SCR. 

Triggering triacs 

Using opto-isolators for triggering triacs is similar to trig­
gering SCRs, in that isolation from the logic source is of 
absolute importance. One method of optically triggering 
triacs is shown in Fig. 5. With this method it is possible to 
control BOA, 600V triacs with as little as 20 mA at 1.3V via 
the light-emitting diode! The diode bridge is used to con­
vert the ac signal to de for the photo-SCR. Whereas the ac 
would turn the SCR on and off, it is desired that the SCR be 
controlled only by the light-emitting diode, not the ac line. 

Patient isolation in medical electronics 
As the medical electronics market looks to an ever-ex­

panding patient monitoring market, the interest in in­
creased safety and reliability in this equipment continues to 
grow. In these applications the patient is used as the signal 
generator. The signal produced must then be transmitted to 
monitoring equipment, which must be electrically isolated 
form the patient. Optical isolators can be used to perform 
this task (Fig. 6). 

Solid-state relays (for power applications) 
The term solid-state relay is frequently misused and mis­

understood. It has meant anything from FET switches to 
reed-triggered triacs. Since the term solid-state grew out of 
semiconductor technology, it would seem proper that the 
term "solid-state" be confined exclusively to the descrip­
tion of devices that are 1 00 percent semiconductor. In this 
more precise use of the term a reed-triggered triac would 
not be a solid-state relay. 

At the other end of the definition spectrum, what criteria 
determine that a device be considered a "relay"? The fun-

SINGLE CONTACT CIRCUIT 

Fig. 5. The triggering of tr iacs with opto-isolators is accomplished 
relatively easily. The diode bridge converts the ac to the de re­
quired by the SCR. 

OPTO-ISOLA TOR r----, 
·=====$ i 

L--- .J 
I 10kV I 
ISOLATION 

MEASUREMENT 
CIRCUIT 

_J 
Fig. 6. Excellent isolat ion between patient and monitoring equip­
ment can be achieved by opto-isolators when used in medical 
electronic applications. 
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damental feature of a relay is the total electrical isolation of 
the control circuit from the driven circuit. Relay iso lation is 
normally characterized by a minimum of 500V at 1010!1 of 
isolation between coil and contacts. Yet, many "so lid-state 
relays" sold today do not have over 50V of electrical isola­
tion. 

Within the strictest definition the opto-isolator allows 
one to construct a 100 percent semi conductor, totall y iso­
lated, (to 1 O,OOOV if necessary) so lid-state relay (fig. 7) . 

At this point in time the most economical so lid-state relay 

14--- ELECTRICAL ISOLATION 

2500 vdc @ 101 0n 

Electrical Specifications: 
Coil: V1N -Can be anywhere from 1.5V to 50V 

1 
J 

depending oo choice of RL !could be ac as well as de). 
Control current - 10-20 mA. 

Output: Contact resistance -

Open contact rating - to 600V 
Contact current - to BOA 
Contact voltage drop - 1.5V 

Cai I to contact isolation - 1500vdc to 1 O,OOOvdc 

Switching - zero - crossing triggering could be incorJXlrated 

Fig. 7. A 100% solid-state relay can be bu ilt using an opto-isolJ­
tor. Iso lation to 1 O,OOOV is possible with such a unit. 

relative to electromechanical rel ays is the SPST. It is possi ­
ble, however, to construct so lid-state DPDT rel ays, al­
though the economics are not appealing. In time, though, 
the traditional semiconductor cost-volume curves will 
undoubtedly bring solid-state relays into direct price com­
petition with electromechanical types. 

Solid-state relays (for logic applications) 
The reed relay has ga ined wide acceptance in app li ca­

tions requiring a high degree of electrical isolation from coil 
to contact and a very low "on" resistance. Signals switched 
are generally below 125 mA. 

In some cases the electromechanical task the relay per­
forms can be performed better with an opto-isolator. Equiv­
alent opto-isolator circuits for two popular types of reed 

,-----, r-----, 

Lr---+--11 ~tLI :nl 2Q:I I I I I 
I I I I 

LJ---f"I ______ I L _____ J 
FORM .. A .. REED FORM .. A .. OPTO-ISOLA TOR 

Fig. 8. Form A (SPST) re lays can be of the reed type or the opto­
isolator type. 

r---, 
V1N+] I ~I I I c 

I I , 

I __ ~ 00MCA2 
OPTO-ISOLA TORS 

FCRVI .. C.. .----..... 

~ 
~ 

FCR\11 .. C" OPTO-ISOLATOR 

Fig. 9. Form C (SPDT) relays can also be constructed in either 
reed or opto-isolator form. 

relays are shown in Fig. 8 and 9. Comparative characteris­
tics of the form-A reed and opto-isolator types when used in 
de app lications are given in Table 1. 

In app li cations where an "offset" contact voltage can be 
tolerated , the opto-isolator approach offers a reliable solu­
tion. An example might be a relay that is used to trigger in­
di cator li ghts. Other applications where an analog signal 
need not be transferred are the already mentioned triac trig­
gering and digital signal isolation areas. 

Table 1. Typical de relay characteristics 
Parameters Opto-isolator Reed-type 

Open-contact withstand 

voltage . 

Contact load rating 

Closed-contact voltage drop 

Operate time with 1 OOD load 

Release time with 1 OOD load 

Turn-on voltage 

Turn-on current at rated 

contact load 

Dielectric strength , contacts 

to coil 

1,olation res istance, contact 

to coil 

Author's biography 
Mike Bottini is product man­
ager for optical isolators at 
Monsanto Commercial Prod-
ucts Co., Cupertino, Calif., 
where he has been employed 
for three years. He was pre­
v ious ly with the Hybrid Cir­
cu its Dept. of Fairchild Semi­
cond uctor. Mike received a 
BSME from the University of 
Santa Clara and an MBA from 
the University of California, 
Berkeley. He lives in San Jose. 

50V 200V 

125 mA 500mA 

1.0V 10 mV 

10 µsec 1.0 msec 

20 µsec 0.5 msec 

1.3V 6V 

50mA 30mA 

2000V 800V 

10011n 1012n 

FOR A FREE COPY OF TH IS ARTICLE, CIRCLE L61 
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Crystalonics 
solid state relays 
in a TV studio? 
That's right. 
The best doesn't cost 
any more anymore. 
Our TV studio customers formerly used reed relays to 
switch video signals from various cameras during recording 
sessions. The reed relays weren't fast enough to operate 
during the blanking times, so dead spots and image 
carry-over resulted. Our solid state relays switch video 
signals 1000 times faster than the reed relays, as well as 
adding solid state reliability at comparable cost. 

Crystalonics solid state relays are also upping 
performance and holding the line on costs in process . 
controls, telephone multiplexers, automatic testers, 
oceanographic research equipment, programmed lighting 
controls, input/ output multiplexers for computers, 
medical electronic equipment, music synthesizers, and 
audio recording studios. 

Let our applications engineers help you to apply today's 
solid state technology to your needs. Crystalonics' 13 years 
of technological leadership in solid state switches, fotofets, 
and varactors is available now, off the shelf, and the best 
doesn't cost any more anymore. 

Send now for information on our solid state relays to 
Teledyne Crystalonics • 147 Sherman Street· Cambridge, 
Mass. 02140 ·Telephone: 617-491-1670 . 

..._ TELEDYNE 
CRYSTALONICS 

CRYSTALONICS SALES REPS AND AGENTS 
U.S. & CANADA : (201) 835-0332 / (203) 932-5656 / (205) 883-0140 / (206) 454-7422 
<213) 466-6201 / <213) 469-5871 / (214) 231-6891 / (216) 221-0450 I (219) 485-0805 
(301) 823-3603 / (303) 771-4920 / <305) 622-1383 / (312) 359-9599 / (314) 542-3657 
(315) 458-4775 / <319) 363-6425 / (415) 964-5454 / (505) 268-0928 I (513) 299-4144 
(514) 684-7755 I (516) 593-2628 I (602) 273-7387 I (609) 983-6660 I (612) 488-0201 
(617) 731-0858 I (716) 342-1413 
OVERSEAS: AUSTRALIA - 790-22846 / BELGIUM - 846-21169 
DENMARK - 855-5052 I ENGLAND - 851-23894 I FINLAND - 857-121676 
FRANCE - 842-62193 I GERMANY - 841-524506 I HOLLAND - 844-54512 
ITALY - 843-34424 / JAPAN - 781-4419 / NORWAY - 856-18625 
SWEDEN - 854-10338 / SWITZERLAND - 845-52042 
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Programmable-modulo up/down 
counter makes a flexible timer 
Take a fast race-through clock and a programmable up/down counter, and make 
yourself a straightforward and versatile counting system. 

Eric G. Breeze, Fairchild Semiconductor 

Fig. 1-Modulo 6 up/down counter requires a high-speed clock 
from either a previous stage clock or a high-frequency source 
within the system. This fast clock is gated through only for unde-

MASTER 
RESET 

TRUTH TABLE 

0 0 0 0 0 
1 0 0 0 1 
2 0 0 1 0 
3 0 0 1 1 
4 0 1 0 0 
5 0 1 0 1 

6 0 0 
7 0 1 I Mcr THROUGH 
8 0 0 0 STATES 
9 0 0 1 

OUTPUTS 

sired count states : counts six (0110) through nine (1001 ), or nine 
through six. If codes for six or higher are loaded into the parallel 
inputs, the counter races either to zero or to five. 

1 O'S MINUTES 

10'S 

UP/DOWN 
CONTllOl 

MINUTES MINUTE 
........_~~~~~~~~~-==-=~~~~~--~~~~~~~~~~~~~~---..,,,/ 

Fig. 2 - Programmable up/down digital timer uses programmable 
modulo 6 counters for simplicity of logic and for system flexibility. 
The seconds, minutes and tens-of-minutes counters count to ten ; 

When a normal logic approach is taken to alter the modu­
lo count of current IC up/down counters, it becomes diffi­
cult and cumbersome to retain such features as parallel 
load, BCD code output and terminal count. This is be­
cause most counter systems are only concerned that each 
counter section provides the correct functions to its neigh­
bor, rather than what the actual function of the individual 
counter section is. 

These difficulties can be eliminated by using a pro­
grammable modulo up/down counter, such as the modulo 
six shown in Fig. 1. In this counter, the count is decimal, 
even in the modulo-six stages. However, for any other 
state not required, the counter will run at high speed up to 
zero in the "up" mode, or down to five in the "down" 
mode. In order to make such a system work, the high­
speed clock frequency must be at least six times higher 
than the normal clock input. 

Such a system can be made to work in other modulo 
counts by changing the decoding network. For example, 

however, if hours were to be indi cated, the tens-of-minutes counter 
would be decoded in the same manner as the tens-of-seconds. The 
timer as is counts to 99 min, 59 sec. 

the programmable up/down digital timer in Fig. 2 decodes 
one counter stage at the modulo-six count, while the other 
stages are allowed to count to ten . 

This method of using a fast race-through clock can be ap­
plied to a number of other counting systems, such as bina­
ry-to-BCD or BCD-to-binary code converters. o 

Author's Biography 

Eric Breeze is a senior engineer for 
digital applications at Fairchild Semi ­
conductor, Mountain View, CA. Prior 
to this he worked at Kaiser Aerospace, 
MVR Corp., and Ampex International 
in Switzerland. He graduated from Sal ­
ford Technical College, England and 
is a member of IEEE, SMPTE and SID. 
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Bourns LOW-COST FAMILY was designed specifically 

to fill the requirements of cost-conscious ·industrial 

users - so were the prices! Imagine how they reduce 

on large production-run quantities. As a bonus, you 

get Bourns TRIMPOT potentiometer quality, reliability 

and performance. 

AVAILABILITY 

All models shown are stocked in depth RIGHT NOW, 

so delivery is off-the-shelf from the factory or your 

local Bourns distributor. 
Complete data on all models of the LOW-COST FAMILY 

Is available upon request. Just write, or call, your local 

Bourns Sales office, representative, or distributor. 

"1 000-piece price Model 3389, U.S. dollars , F. O.B., U.S.A. 

BOURNS, INC., TRIMPOT PRODUCTS DIVISION • 1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507 
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Thinking flexible etched cable? 
Think AMP. Our capabilities are unique. 
And complete. 
Imaginative design is our specialty. We like to 
tackle . .. and solve . . . knotty problems like the cable 
illustrated here. We can control impedance from 50 
to 125 ohms. Build a shield plane on one side of the 
circuit. Create performance values you 've been 
reach ing for but never before attained. 

Long lengths. We can manufacture cont inuous lengths 
of cable, with repeat patterns up to 50 feet long. 
Widths to 22 inches. 

Reliable termination. Our insulation displacement 
crimp technique assures interface with proved en­
vironmental stability, with the cost savings of auto­
mated application. 

New economy. AMP solderless interconnection 
method lets us use lower temperature insulating film, 
eliminates costly complications. 
Complete capability. We can supply you etched cable 
with all connectors assembled , ready to plug into your 
equipment. Let's start thinking together. For a con­
sultation , write or call AMP Incorporated, 
Industrial Division, Harrisburg, Pa. 17105. 

AIVIP 
INCORPORATED 

Manufacturing and direct sa les facilit ies worldwide : Barcelona , Brussel s, Buenos 
Aires, Frankfurt , London, Mexico Ci ly, Pam , Puerto Rico, Sao Pa ulo, 
s'Hertogenbosch (Holland), Sydney , Stoc kh olm , To kyo, Toronto, Turin, Vienna. 
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Only one OEM xy recorder is cast for the role. 

Ever try to find an xy recorder de­
signed to adapt to your OEM system? 
We've built a totally new cast alumi­
num recorder because you've been 
buying modified laboratory machines 
for OEM applications. And paying for 
them in more ways than one. 

HP's 7040 won't force you into buy­
ing anything you can't use. An OEM 
machine from the ground up, it 's de­
signed around a one-piece, die-cast 
aluminum mainframe ... a rugged plat­
form for the modular features you se­
lect. But only the features you select. 

A complete cast of options lets you 
specify exactly what you need to do 
the job. Everything from a control 
panel (shown above) to rear connec­
tor. Nearly 40 independent options 
in all. 

You get standard features that make 
sense in any OEM application. Things 
like Autogrip electrostatic holddown, 
IC circuitry, a long-life hybrid poten­
tiometer , disposable pens and more. 
All the things we learned while pio­
neering the development of xy record­
ers for two decades. 

A rugged die-cast mainframe. A 
complete cast of options. HP's new 
7040 is the only OEM xy recorder cast 
for the role. Get specifications and 
discount data from Hewlett-Packard , 
16399 West Bernardo Dr. , San Diego, 
California 92127; Europe : 1217 
Meyrin-Geneva , Switzerland. 

HEWLETT"' PACKARD 

GRAPHIC RECORDER S 

111-04 
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Pump your 
paramp with 
Varian's stable 

Gunn source. 
Now you can build 

sensitive parametric amplifiers 
without bulky, expensive 

klystron power supplies . 
Gunn-effect signal sources 

delivering 100 milliwatts of stable 
power all the way up to 50 GHz 

are available from 
Varian Solid State West. 

And Varian does the 
packaging . Standard sources 

include a low-noise Gunn-effect 
osc illator, a load isolator, and a voltage 

regulator. Anything else you need can be 
added. All you supply is 1.5 amps of 12 to 

28 volts de regulated within ± 10% . 

But the real story is stability. Varian's 
VS0-9035 , which produces 75 mill iwatts at 42 GHz, features power 

stability of 0.01 dB /° C and frequency stability of 1.0 MHz/° C in any 10°C 
range from 0° C to 65° C. Higher power models with stability characteristics equally as 

good are available at any frequency between 3.5 and 50.0 GHz. 

All of Varian 's expertise in the design , manufacture and application of klystron 
pump tubes has been applied to perfecting these Gunn-effect devices for parametric 

amplifier service. To get the details , contact Varian , So lid State West, 611 Hansen Way, 
Palo Alto , California 94303 . Or any of the more than 30 Electron Tube and Device 

Group sales offices throughout the world . 

@varian 
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Intel's 
second 
computer 
onachipl 

This one's a data expert 
In December Intel introduced the industry's first monolithic 

general-purpose CPU , a 4-bit processor oriented to arithmetic 
and control operations. Now Intel announces an 8-bit central 
processor designed especially to handle large volumes of data. 
Combined with any combination of Intel RAMs, ROMs and shift 
registers, the new Type 8008 CPU forms the MCS™-8 micro 
computer system , a system which can directly address and 
retr ieve as many as 16,000 8-bit bytes stored in the memory 
devices. 

Intel 's 8008 CPU is a P-channel silicon-gate MOS chip con­
tain ing an 8-bit parallel adder, six 8-bit data registers, an 8-bit 
accumulator, two 8-bit temporary registers, four flag bits and 
eight 14-bit address registers . It operates under a powerful set 
of 45 instructions, has interrupt capability, operates asynchron­
ously or synchronously, and can perform as many as seven 
nesting subroutines. , 

All inputs, including clocks , are TTL compatible . All outputs 
are low-power TTL signals. Using standard TTL packages, the 
CPU may be interfaced with Intel 2048-bit ROMs (Types 1301 , 
1601 and 1701 ), with Intel 256-bit and 1024-bit RAMs (Types 
1101 and 1103) and with Intel single and dual 1024-bit SRs (Types 
1402, 1403, 1404, 2401 and 2405). A complete functioning 
computer system may be built with one CPU , one ROM and 20 
standard TTL devices. 

Like Intel 's 4-bit Type 4004 CPU , Type 8008 CPU combines 
with Intel memory devices to provide complete computing and 
control functions for test systems, data terminals , bill ing ma­
chines , scientific calculators , measuring systems, numeric con­
trol systems and process control systems. Which CPU performs 
most efficiently depends upon the specifics of your application . 
We encourage you to consult Intel applications group before 
you make a choice. 

For immediate delivery of Type 8008 phone your local Intel 
distributor: Cramer Electronics, Hamilton Electro Sales, Industrial 
Components or Electronic Marketing . In the U.S., contact your 
local Intel representative for technical information and literature. 
In Europe, contact Intel at Avenue Louise 216 , B 1050 Bruxelles, 
Belgium. Phone 492003. In Japan , contact Intel Japan , Inc ., Han­
ei 2nd Bldg . No. 1-1 , Shinjuku-Shinjuku-ku , Tokoyo 160, Japan . 
Phone 03-354-8251 . 

Intel Corporation now produces micro computers , memory 
devices and memory systems at 3065 Bowers Avenue , Santa 
Clara, Calif. 95051 . Phone ( 408) 246-7501 . 

in~er 
delivers. 
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Simple linear PLL demodulator 
uses discrete components 
Flexibility, simplicity and low component cost mark this 
discrete phase-locked loop (PLL) demodulator. 
Thomas Mollinga, Hengelo, The Netherlands 

Phase-locked loops are not new. What is new, though, is 
the increasing recognition of their potential as highly effi­
cient and sensitive detectors. In part this has come about 
because inexpensive integrated circuit versions are avail ­
able, though these sometimes are not as flexible as might 
be desired. 

Here, then is a PLL made with discrete components. It 
costs little, and can readily be adapted to many uses. The 
circuit is a practical working version of that shown in 
block form in Fig. 1 (See box), which has the ideal output 
waveforms and conversion characteristic as shown in Figs. 
2 and 3. The actual circuit is shown in Fig. 4 . 

Voltage controlled oscillator (VCO) 
This oscillator consists of Q1 through Q4 , plus their asso­

ciated components. Basically an emitter-coupled multivi­
brator, it provides two significant advantages: (1) a single 
capacitor or resistor can be used for rough timing and (2) 
high operating frequencies are possible because all transis­
tors operate unsaturated . 

Q, and Q2 are current sources for Q3 and Q4 , supplying 
currents i, and i2' respectively. Suppose that Q4 has just 
turned ON. The current i, + i2 then flows through Q4 , and 
the collector voltage of Q4 jumps from V2 to (V2 - /:;. V) . Q3 

is reverse biased by /:;. V, which equals (i 1 + i) x R, . The 
voltage across c, decreases linearly, so the emitter' voltage 
of Q

3 
decreases for a time interval, ti , equal to C, x t:.V/ i,. 

Q3 then becomes forward biased and regeneratively turns 
ON again. 

The base voltage of Q
3 

jumps from (V
2 

- t:.V) to V
2

, and 
this voltage step is· transmitted through C, to back bias Q4 

by t:.V. The current (i
1 

+ i
2

) is now supplied to Q
3

. The 
capacitor charging current, i2 , reduces the back bias on Q4 

until Q4 turns ON (after a time interval , t, , equal to 
C, x /:;. V/ i) . The resulting voltage step turns off Q3 , thereby 
completing the cycle. 

The VCO's frequency is thus 

f = l /(t, + t) = i1i)(i 1 + i2 )
2 R,C, 

and the duty cycle is 

Evidently frequency and duty cycle are determined by 
the ratio of the currents and not by their absolute values. 
Therefore the current ratio, k = iJi2, is introduced as a 
convenient circuit parameter so that 

(1) 

and 

s = 1 / (1 + k) (2) 

Eq. 1 is illustrated in Fig. 5, and because the objective is 
to modulate f as linearly as possible by varying k, we see 
that the point of inflection of the curve is a good choice for 
locating the center frequency f

0
• By taking the second deriv­

ative of Eq. 1, we find that t.his point is located at k = 2, and 
f0 = 2/(9R 1C1), while S = 1 /3 . Thus, modulation can be 
accomp lished by varying i, (that is by varying the base volt­
age Ve of Q,J , and the rate of change is found by differen­
tiating Eq. 1: 

df/dil = (df/dk) x (dk/di,) = -f.J6i2 

and since 

we find for the grad ient, G, of the VCO: 

G = df/dVe = (-f0)/3Veo (3 ) 

where v •• is the emitter vo ltage of o,· and 02 at balance. 
In the circuit of Fig. 4 , the current ratio of 2 is set by ad­

justing the 500!1 potentiometer R2 for zero voltage between 
the emitters of Q, and 02. 

Phase detector, amplifier and filter 
The phase detector is the parallel chopper, Os, which 

chops the input signal at a rate determined by the VCO fre­
quency. 

The chopped input signal is inverted and amplified by 
Q

6
, the collector current of which provides the control volt­

age, Ve, at the base of Q, . This control vo ltage is filtered by 
the RC network consisting of R3 plus part of R2 and C2. 

The operation of the phase detector is not as simple as 
Fig. 2 might suggest, which is because of the input block­
ing capacitor, C3 . In Fig. 6 the idealized waveforms at the 
collector of Q5 and at point P are shown at the low-fre­
quency side of the lock range. The chopping waveform 
has a duty cycle of 1 /3. The average de level at the co llec­
tor of Os is indicated by V. Ignoring Rs, we see that no de 
current passes through R4 , so the average de level at P is 
also V. 

From Fig. 6 we find 

V = -l/2mE + 1/2 (1 - m)E (4a) 

If the input signal at the collector of Os is attenuated by b, 
because of the input impedance of Q6 , we also have 

V = -l/2mbE + 1/6 (1 - m)bE 

from which we find 
-b 

V=EX --- -
2(3 - 2b) 

(4b) 

(5) 
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Controlled 

osc. 
Fig. 1- Basic PLL elements. 

How a PLL works 

Phase-locked loops have been known variously as 
phase demodulators, product demodulators, coher­
ent detectors and synchronized detectors. Despite 
the multiple name tags, however, they are basically 
quite simple, as shown in Fig. 1. 

The input si gnal and the signal from a voltage­
controlled oscillator (VCO) are compared in a phase­
detector (PD), the output of which is an error voltage 
proportional to the phase difference of the two sig­
nals. The signal from the PD is filtered in a low-pass 
filter, amplified and then used to control the frequen­
cy of the VCO. 

Numerous papers have contained a mathematical 
analysis of PLL operation , so it will only be discussed 
here on a qualitative basis. Fig. 2 shows voltage 
waveforms of the phase detector output. Note that 
both the input waveform and that of the VCO signal 
are assumed to be symmetrical square waves. 

In Fig. 2a the input frequency is the same as the 
free-running frequency, f

0 
of the VCO, and the con­

trol voltage is zero. This implies that the two signals 
have a 90° phase difference. If the input frequency 
then decreases from f0 to a lower frequency, f1, the 
phase of the two signals changes. This change pro­
duces a control voltage, Ve' that shifts the VCO fre­
quency to f1 (Fig. 2b). 

Fig. 2c shows conditions that exist with the lowest 
input frequency that will permit the VCO to remain 
synchronized. Here the control voltage has its maxi­
mum value and the phase-difference is zero. A fur­
ther decrease of input frequency tends to decrease 
the control voltage (Fig. 2d) , thereby increasing the 
VCO frequency. As this is an unstable situation, the 
VCO desynchronizes and its frequency returns rapid-

~ Wf~ 
I 

I • ' I 
I I 
I o I I 
I I 

Ve L r-
vco 

Input frequency equals f0 A 

IN I 
--i-

o I I 
I 

Ve I 
r 

vco 
Input frequency is less than f 0 . B 

Lock Range 

Fig. 3- Conversion characteristic of an ideal linear PLL 
demodulator. 

ly to f
0

• 

When the VCO is locked to the input frequency, 
there exists a span of input frequencies centered 
around f

0 
over which the VCO will track the input 

signal frequency. This frequency span is ' called the 
lock-range. Also, when the input frequency ap­
proaches f

0 
from outside the lock-range the VCO will 

track the input frequency over a certain range. This is 
called the capture-range. It can be shown that the 
capture-range is always smaller than the lock-range. 

When the VCO's voltage-to-frequency conversion 
is linear, its control voltage, Ve, represents (follows) 
the modulation of the input frequency, and the cir­
cuit acts as a frequency demodulator. Fig. 3 shows 
the conversion characteristic of an ideal demodulator. 

The response of the PD is expressed in volts/ radian 
of phase shift, and denoted by K1. Similarly the VCO 
response is expressed as frequency deviation per volt 
or rad/sec/volt, and denoted by K2. The K1 K2 product 
is called the gain factor, and is the frequency devia­
tion in rad/sec per radian of phase shift. When the 
total phase change over the lock-range equals B radi ­
ans, the lock-range equals BK, K~ r;id/sec. 

De amplification in the loop has the desirable ef­
fect of increasing the lock-range. This can be ex­
plained as follows: Because the VCO frequency is 
locked to the input frequency (requiring a certain 
control voltage Ve), less phase shift between the two 
signals is required to produce this control voltage. 
Consequently the lock-range is increased by the gain, 
A, of the amplifier, and the total lock-range is 
L = ABKIK2. 

The low-pass loop filter determines the maximum 
modulation frequency. 

': r~- 1 r= 
Ve I I I I 

I I I I 

"\iCol r--c 
Input frequency has its minimum value 

for the VCO to lock. 

~--~-- --!--1----+F-vt I I I I 
I I I r--.o.. 

--, I 
vco 

Unstable situation . Input frequency is less than 
minimum value for VCO to lock. VCO frequency 
increases causing desynchronization . 

Fig. 2- Phase detector output voltage waveforms. Shaded areas 
are averaged by the loop filter. 
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Fig. 4 - Complete ci rc uit of phase- locked demodulator. For the 
va lues shown, f

0 
= 20 kHz. 
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Fig. 5- Conversio n cha racterisic of voltage-cont ro lled oscillato r. 
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---i II Waveform at base 
L___J L__ of 05 . 

Fig. 6- Ideali zed waveforms that show operation at the low-fre­
quency side of the lock ran ge. 

The phase at th is po int has shifted 60°, or rr/3 radians, 
from the center position. When A is the low-frequency 
ga in of Ow we obtain for the conversion ga in of the phase 
detector K, = 3V/rr x A vo lts/radian . And, since K2 = 2 
rrG rad/sec/V (Eq. 3), we have K1K2 = 6 VAG, w here G is 
the gradient of the VCO. The lock range covers a tota l of 
2rr/3 radians, so it is 2rr/3 x 6 VAG rad/sec- or L = 2 
VAG Hz. 

Substitution of Eq. 5 gives L = EAG (b/3 - 2b) (6) 

The relative lock range, L *, is thus 

EAb 
L * = L/f0 x 100 = 3V x (3 _ 2b) x 100 

eo 

(7) 

Distortion 

Returning to Eq. 1 and Fig. 5, we expect the tangent of 
this curve at k = 2 to be a good approximat ion of the volt­
age-to-frequency conversion. Fig. 7 shows the expanded 
area around k = 2, with the tangent drawn as a solid line 
and the points on the curve as· circles. It is apparent that the 
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Fig. 7- Re lative frequency deviatio n, S, vs c urrent ratio, k, around the va lue k = 2. 
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Fig. 8- Relationship between distortion and frequency deviation. 
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Fig. 10- Relative lock range, L *,vs pk-pk input signa l vo ltage, E. 
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Fig. 9- Demodulation curve for the PLL of Fig. 4. Plotted points a re measured va lues. 

error is very small over a large range of k va lues. Fig. 8 
shows H2 , H3 , H4 and THD for va lues of S up to 10%. 

Calculations and measurements agree 

With the component va lues shown in Fig. 4 , the low-pass 
filter cu t-off frequency is about 340 Hz, so 340-Hz sine­
w ave modulation of the input signal is attenuated by 3 dB 
after demodul ation. 

The gain, A, of 0 6 is about 2.7 , and an emitter voltage V,
0 

of 1 .25V was measured at ba lance. Ca lcul ations yielded 
the fol lowi ng data: from Eq. 1; f0 = 20.2 kH z, and from Eq. 
3; G = 5.38 kHz/V. 

Taki ng the input impedance of 0 6 as 15 kf1, the co llec­
tor signal of 0

5 
w i 11 be attenuated by b = 15/ 16. Hence, 

from Eq. 5, V = 0.4 17E. 

Thus the gain factor is 

rad/ K1K2 = 6(0.4 17) (2.7) (5.38) E = 36.3 E- rad 
sec 

the lock range, L, = 12 .1 E 
and the relati ve lock range is 

L * = E x (2.7) (0.834) x _ 
, 

3
(1 _25

) 1 00 - 60E. 

Measurements gave an f
0 

of 23.64 kH z, and a G of 7 .36 
kHz/V, making S = 31.2 %/V and L * = 62 E. 

Measured va lues of Sand L *are shown in Figs. 9 and 10, 
respectively. O bservation of Fig. 9 shows that good lineari -

ty was obtai ned over about 6% of f0 , in agreement w ith 
Fig. 7. 

D ifferences between ca lculated and measured data can 
be attri buted to a subtractive error term in the denominator 
of Eq. 1 - a term that results from the base-emitter thresh­
o lds of 0 3 and 0 4 . This error term becomes less significant 
w hen a larger va lue of (i, + i) R, is se lected. 

Working at higher frequencies 
. The circuit of Fig. 4 can be sca led up in frequency to be 

used as a demodulator for commercial FM . W hen sca led to 
an f

0 
of 10.7 MHz, the lock-range is about 300 kHz for 

stereo reception, and the low-pass filter should be designed 
for cut-off at 100 kHz. 

In practi ca l use, the PLL should be preceded by an IF 
amplifier with about 80 dB of ga in , and the recovered 
modul ati on, Ve, should be amplified by about 30 dB. D 
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m:roducllna 
Super· OS. 
hefaaea 

full· I 
sh~ffreaBeers 
oucanb 

Now, from Monolithic Memo­
ries - an advanced silicon gate 
technology that gives you product 
features you can't find anywhere 
else. Like shift registers with a 
guaranteed data rate of 60 Hz to 10 
MHz at only 50µW per bit. Operating 
temperature range from -55° to 
+125 °C. And full MIL-spec design in 
seven DTL/ TTL-compatible con­
figurations from dual 100 up to 1024 
bits in standard packaging. In fact, 
we even have a shift register which 

38 

doubles bit density and 
speed in the same package. 

Our MMI 3412. It's a pin-for-pin 
replacement for the 1405. In fact, MMI 
gives you pin-to-pin compatibility 
with any of the 1400 series you 
may be using now. 

But don't take our word. Com­
pare for yourself. That's why we've 
included the handy chart. It just 
goes to show we're not in MOS to be 
a me-too company. Even when it 
comes to price. 
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Proof: 
DataRate 

Register Temp. Typical 
Organization Range Min. Max. 

1402A Quad 256 0 to 70°C 10 Hz to 10 MHz 
MM3402 Multiplexed Oto75°C 5 Hz to 20 MHz 
MM2402 output -55 to +125·c 5 Hz to 20 MHz 

1403A Dual 512 o to 70°C 10 Hz to 10 MHz 
MM3403 Multiplexed o to 75°C 5 Hz to 20 MHz 
MM2403 output -55 to +125·c 5 Hz to 20 MHz 

1404A Single 1024 o to 70 °C 10 Hz to 10 MHz 
MM3404 Multiplexed Oto75°C 5 Hz to 20 MHz 
MM2404 output -55 to +125·c 5 Hz to 20 MHz 

1406 -55 to +125·c 10 Hz to 3.5 MHz 
MM2406 Dual 100 -55 to +125·c 2 Hz to 8 MHz 
MM3406 Open Drain o to 75°C 2 Hz to 8 MHz 

1407 -55 to +125·c 10 Hz to 3.5 MHz 
MM2407 Dual 100 -55 to +125·c 2 Hz to 8 MHz 
MM3407 20K Oto75°C 2 Hz to 8 MHz 

1405A o to 85°C 8 Hz to 2.5 MHz 
MM3405 512bit o to 75°C 2 Hz to 6 MHz 
MM2405 Recirculating -55 to +125·c 2 Hz to 6 MHz 

MM2412 1024 bit -55 to +125·c 2 Hz to 6 MHz 
MM3412 Recirculating o to 70°C 2 Hz to 6 MHz 

Get your SuperMOS today. 
Your distributor or rep will ship what you want 
before he locks up tonight. Any quantity. 

Guaranteed 
Min. Max. 

500 Hz to 5 MHz 
60 Hz to 10 MHz 
60 Hz to 10 MHz 

500 Hz to 5 MHz 
60 Hz to 10 MHz 
60 Hz to 10 MHz 

500 Hz to 5 MHz 
60 Hz to 10 MHz 
60 Hz to 10 MHz 

500 Hz to 2 MHz 
30 Hz to 5 MHz 
30 Hz to 5 MHz 

500 Hz to 2 MHz 
30 Hz to 5 MHz 
30 Hz to 5 MHz 

200 Hz to 2 MHz 
30 Hz to 4 MHz 
30 Hz to 4 MHz 

30 Hz to 4 MHz 
30 Hz to 4 MHz 

Power Unit 
@ Price@ 

1 MHz lOOQty. 

100 µ. w /bit $8.10 
50 µ. w /bit 9.00 
50 µ. w /bit 18.00 

100 µ. w /bit 7.20 
50 µ. w /bit 8.00 
50 µ. w /bit 16.00 

100µ.W/bit 7.20 
50 µ. w /bit 8.00 
50 µ. w /bit 16.00 

400 µ.W /bit 2.25 
200 µ. w /bit 5.00 
200 µ. w /bit 2.50 

400 µ. w /bit 2.25 
200 µ.W /bit 5.00 
200 µ.W /bit 2.50 

300 µ.W /bit 3.60 
100 µ.W/bit 4.00 
100 µ.W /bit 7.20 

75 µ. w /bit 14.00 
75 µ.W /bit 7.00 
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Simple IC meter amplifier circuit 
measures 100 nanoamps, full-scale 
A programable op amp, a handful of components and two flashlight batteries 
are all you need to make ultra sensitive voltage and current measurements. 

Marvin Vander Kooi, National Semiconductor Corp. 

Meter amplifiers normally require one or two 9V transistor 
batteries. Due to the heavy current drain on these sup­
plies, the meters must be switched to the OFF position 
when not in use. The meter circuit described here operates 
on two 1.SV flashlight batteries and has a quiescent power 
drain so low that no ON-OFF switch is needed. A pair of Ev­
eready #950 "D" cells will serve for a minimum of one 
year without replacement. As a de ammeter, the circuit 
will provide current ranges as low as 100 nA lull-scale. 

The basic meter amplifier circuit shown in Fig. 1 is a 
current-to-voltage converter. Negative feedback around 
the amplifier in,ures that currents I;" and If are always 

equal, and the high gain of the op amp insures that the 
input voltage between pins 2 and 3 is in the microvolt re­
gion. Output voltage V

0 
is therefore ec}ual to -lfRr Consid­

ering the ±1.SV sources (±1.2V end-of- life) a practical 

1, -
+1.5V 

-1.5V 

METER 

Fig. 1- Basic meter amplifier circuit is a current-to-voltage con­
verter. The external bias-current setti ng feature (at pin 8) of the 
programmable op amp allows the use of a large value for resistor 
R,,, to hold quiescent current drain to 600nA total. 

value of V
0 

for full scale meter deflection is 300 mV. A 
unique feature of the LM4250 type programmable op amp 
is the provision for an external master bias-current setti ng 
resistor (R

8
) at pin 8. With this resistor set at 1 OM!1, the 

total quiescent current drain of the circuit is 0.6 µ,A for a 
total power supp ly drain of 1.8 µ,W. The input bias current 
required by the amplifier at this low level of quiescent cur­
rent, is in the range of 600 pA. 

The complete nanoammeter 

The complete meter amplifier shown in Fig. 2 is a dif-

40 

ferentia l current-to-voltage converter with input protection, 
zero ing and full sca le adust prov isions, and input resistor 
balancing for minimum offset voltage. Resistor Rf (equa l in 
value to Rf for measurements of less than 1 µ.A ) insures that 
the input bias currents for the two input terminals of the 
amplifier do not contribute significant ly to an output error 
vo ltage. The output voltage V

0 
for the differential current­

to-voltage converter is equa l to -21fR_r since the floating 
input current I;,. must flow through Rf and R'f' R'f may be 

1N914 

R' 
f 

+1.5V O>-----,l 

R, 

rl 1.5V 

• S, .:. 1.5V 

-1.5V o~--~J 

RESISTANCE VALUES FOR 

POWER 
SUPPLY 

D.C. NANO AND MICRO AMMETER 

I FULL SCALE R,[ Q] Rj[ Q] 

100nA 1.5M 1.5M 
500nA 300k 300k 

1µA 300k 0 
5µA 60k 0 

10µA 30k 0 
50µA 6k 0 

100µA 3k 0 

Fig. 2-Complete circuit for a de nanoammeter and microamme­
ter uses resistor R'1 on the lower scales to reduce output errors 
caused by low input bias currents when R1 is a very large va lue. 
Th is precaution is not needed when measuring currents larger 
than 500 nanoamperes. 

ED N/ E EE APR I L 1 5, 1 9 7 2 



omitted for Rf va lues of SOOkil or less, since a res istance of 
thi s va lue contributes an error of less than 0.1 % in output 
vo ltage. Potentiometer R2 prov ides an electri ca l meter zero 
by forc ing the input offset vo ltage V

08 
to zero. Fu ll sca le 

meter deflecti on is set by R1• Both R1 and R
2 

only need to be 
set once for each op amp and meter combination. For a 50 
microamp 2Kil meter movement, R1 should be about 4K!1 
to give full sca le meter deflect ion in response to a 300 mV 
output vo ltage. Diodes D 1 and D2 prov ide full input protec­
ti on fo r overcurrents up to 75 mA. 

With an Rf resistor va lue of 1 .SM the ci rcu it in Fig. 2 be­
comes a nanoammeter w ith a full sca le reading capab ili ty 
of 100 nA. Red ucing Rf to 3k!1 in steps, as shown in Fig. 2 

R, 

RESISTANCE VALUES FOR 
de AMMETER 

I FULL SCALE RA[ .Q] Rs[ .Q ] R,[ .Q] 

1mA 3.0 3k 300k 
10mA .3 3k 300k 

100mA .3 30k 300k 

1A .03 30k 300k 

10A .03 30k 30k 

Fig. 3- Ammeter circuit for measurement of currents from 1 mA 
to 1 OA . Diodes D, and 0

2 
from the previous circuit Fig. 2 are no 

longer required, but w i ll not degrade performance, and may be 
left in the circuit on all ranges if a mu lti range meter is desired. 

increases the full sca le deflecti on to a 100 µ A, the max i­
mum for thi s c ircuit configurati on. The vo ltage drop across 
the two input term inals is the equal to the output vo ltage V

0 

div ided by the open loop gain. Assuming an open loop gain 
of 10,000 gives an input vo ltage drop of 30 µ V or less . 

Circuit for higher current readings 
For de cu rrent readings higher th-an 100 µ A, the inverting 

ampli f ier configurati on shown in Fig .. 3 provides the re­
quired ga in . Resistor RA deve lops a vo ltage drop in re­
sporise to input current IA. Th is vo ltage is ampli fied by a fac­
tor eq ual to the rat io of RJ Rw R8 must be suffic iently larger 

R, 

RV 2 

D1 D2 

3 

R' 
c, 

f 0.1 µ F 

VOLTMETER 
-:-

RESISTANCE VALUES FOR A 
de VOLTMETER 

V FULL SCALE Rv [ .Q] R,[ .Q] R;[ .Q] 

10mV 100k 1.5M 1.5M 
100mV 1M 1.5M 1.5M 

1V 10M 1.5M 1.5M 
10V 10M 300k 0 

100V 10M 30k 0 

Fig. 4- Voltmeter conversion of the amplifier circuit is accom­
plished by simply inserting Rv in series w ith the input. Al l other 
connections remain as shown in the circuit in Fig. 2, and the re­
sistor values given permit readings as low as 1 OmV full sca le. 

than RA, so not to load the input signal. Fig. 3 also shows 
the proper va lues of RA, R8 and Rf for fu ll scale meter de­
flections of from 1 mA to 1 OA. 

A 10 mV to 1 OOV full-scale voltmeter 

A res istor inserted in seri es w ith one of the input leads of 
the bas ic meter ampli fier converts it to a wide range vo lt­
meter ci rcuit, as shown in Fig. 4 . This inverti ng amplifier 
has a gai n varying from -30 for the 10 mV full scale range 
to -0.003 for the 1 OOV full sca le range. Fig. 4 also lists the 
proper va lues of R1, , Rf and R'f for each range. Diodes D, 
and D., provide complete amplifier protection for input 
overvoitages as high as SOOV on the 10 mV range, but if 
overvoltages of this magnitude are expected under continu­
ous operati on, the power rating of R" shou ld be adjusted 
accordingly. D 

Authors biography 
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plications engi neer for linear 
/Cs at National Semiconduc­
tor, Corp., in Santa Clara, Ca l­
if. He received his B.S. and 
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Sorensen solutions to 
line voltage problems. 

Whether you have brownout, line noise, or other AC problems, Sorensen has the solutions ... ACR 

regulators and FR conditioners. Both help end costly equipment downtime, or even catastrophic 

failure. D The ACR Series is an amazing combination of price, power, performance, packaging, and 
ruggedness. Eight models cover 

the field . With 0.5 to 15 kV A, 
remote sensing and program­

ming, and full load efficiency to 
95%. D FR's are something else. 

Fast! Response and impulse 
settling time: 50 microseconds or 
less. l 00 decibels of common 
mode rejection. Harmonic dis­
tortion of 0 .2%. Regulation to 
0 .05%. Peak amplitude instability 
of less than 0.0 l %. 2.5 crest 

factor. With FR, you get just what 

you want- pure AC power. D 
Sorensen offers more. Sol id 

state circuitry, conservative 

thermal design, compact packag­

ing. See the table below. For 

more complete data, write 

Sorensen Power Supplies, 

Raytheon Company, 67 6 Island 

Pond Road, Manchester, N.H. 

03103. Telephone(603)668-l 600. 
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ACR Series 

Output Input Voltage Regulation 

Voltage IVacJ Voltage Freq 
Mode l !Settable Rangel VA IVacJ IHzl line load Price* 

ACR500 500 ±0.1 3 ±0.1 3 $ 380 
ACRlOOO 1000 ±0.1 3 ±0.1 3 $ 450 
ACR2000 2000 ±0.1 3 ±0.1 3 $ 575 
ACR3000 110 3000 95 47-53 ±0.13 ±0.1 3 $ 700 
ACR5000 to 5000 to or ±0.15% ±0.15% $ 850 
ACR7500 120 7500 130 57-63 ±0.153 ±0.153 $1 025 
ACRlOOOO 10000 ±0.153 ±0.153 $1450 
ACR15000 15000 ±0.153 ±0.153 $1775 

----1 
FR Series 

Output Input 

Voltage Voltage IVacJ Freq Combined 
Model IVacJ VA !Switch Selectable) IHzJ Regulation Price* 

FR516A ** 115 500 95-115/ 105-125/ 115-135 59-61 ±0.053 $ 925 
FR1016A 115 1000 95-115/ 105-125/ 115-135 57-63 ±0.053 $1500 
FR1015A 115 1000 95-115/ 105-125/ 115-135 47-53 ±0.053 $1500 
FRl 026A 230 1115opt.I 1000 190-230/210-250/ 230-270 57-63 ±0.053 $1650 
FR1025A 230 1115 opt.I 1000 190-230/ 210-250/ 230-270 47-53 ±0.053 $1650 
FR2516A 115 2500 95-115/ 105-125/ 115-135 57-63 ±0.053 $3425 
FR2515A 115 2500 95-115/ 105-125/ 115-135 47-53 ±0.053 $3425 
FR2526A 230 1115 opt. I 2500 190-230/ 210-250/ 230-270 57-63 ±0.053 $3650 
FR2525A 230 1115 opt.I 2500 190-230/ 210-250/ 230-270 47-53 ±0.053 $3650 
FR5016A 115 5000 95-115/ 105-125/ 115-135 57-63 ±0.053 $6800 
FR5015A 115 5000 95-115/ 105-125/ 115-135 47-53 ±0.053 $6800 

**No CM Rejection *USA list rorensen 
.JPOWER SUPPLIES 

CIRCLE NO. 35 
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goes where 
hands can't 

ties in less 
than a second 

adjusts 
automatically 

to bundle 
diameter 

NOW tie 
faster than ever before 

We've eliminated hands from the wire tying and 
harnessing operation-the tool does it all. Now 

the operator simply applies the tool to a wire 
bundle, squeezes the trigger and a nylon 

TY-RAP® Tie feeds itself around the 
bundle, tightens to a preset tension, 

locks securely and the excess nylon 
is neatly snipped off flush to the 
tie's head ... in 8/10 of a second. 

There is no tool adjustment need­
ed regardless of bundle diameter 

from 1/32" to 5/ 8". The tool is car­
tridge loaded with 50 standard ties 

(MIL-S 23190A and MIL-M 20693A). Now 
you can get the reliability of TY-RAP Ties 

with production speed. 

Write for complete information and see how this 
TY-RAP tool will substantially reduce costs. 

The Thomas & Betts Co., Elizabeth, N. J. 07207. 
(201) 354-4321. In Canada, Thomas & Betts Ltd., P.Q. 

Sold only through authorized T&B Distributors 

CIRCLE NO. 36 
489 

THOMAS & BETTS 
Divleion of ThDmas & Bei;ts Carparatian 



Build an ON-OFF timer 
using inexpensive ICs 
The timer has independent ON and OFF modes of operation and provides up to 8 hours 
of control. Accuracy is almost completely dependent on the ac line. 

Carl Brogado, University of Colorado Medical Center 

A relatively inexpensive and highly accurate ON-OFF tim­
er that does not require calibration can be designed and 
built to control any instrument operating from an ac or de 
power source. The timer uses digital techniques and em­
ploys the ac 60 Hz line frequency as its time base. 

It has independent ON and OFF modes, settable by 
means of front-panel toggle switches, and arranged in bi­
nary form (1, 2, 4, 8, 16, etc. ). The toggle switches provide 
ON times from 1 /2 to 31.5 minutes, Settable in 1 /2-minute 
increments. OFF times from 1 minute to 8 hours and 31 
minutes are settable in 1-minute increments. Output of the 
timer to the instrument being controlled is provided through 
a spdt relay. The relay's contacts are rated at SA each. A 
SET-START switch is available to put the timer in a standby 
mode (SET) and to initiate timer control (START). 

How it works 

Fig. 1 shows the basic approach taken to design such a 
timer. No IC numbers are shown because of the many 
equivalent types available. Also, there are many variations 

1 P/ 16.6 M Sec. 
~----1 

COUNT 
_____ ___... INPUT 

.1 µ F 

27k 

" ON" " 
SIDE 

c, 
2 4 8 

1M Sec. 
ONE-SHOT 

OS 

or modifications that can be made to the basic approach by 
using different IC types to produce a different timer than the 
one shown. 

A 11 OV ac step-down transformer is used to trigger a pro­
grammable-unij unction transistor on the positive excursion 
of the 60-Hz input. The PUT then triggers 4-bit ripple 
counters, C, , C2, and C3, every 16.6 msec to provide the 
time-base frequency. The corresponding output lines of the 
counters are summed together in NANO gates A, and A2 to 
give the requi red occurance of time, i.e., (1024 + 512 
+ 256 + 8 = 1800 -;-. 60 Hz = 30 sec.). As a result, a 
1-msec pu lse occurs at the one-shot mu ltivibrator output 
OS, every 30 sec of the ON time. The same logic is used 
to obtain a 1-msec pulse at the OFF side. 

The ON sequence occurs first, since NOR gate O, is 
enabled by the Q output of the J-K flip flop. The output lines 
of counters C

4 
and C

5 
and NANO gate A

3 
are interfaced 

together by toggle switches. These are settable in binary 
form for from 1 /2 to 31.5 minutes. 

At the e'nd of the time set by the toggle switches, A3 is 

c, 
16 32 64 

0 Q 
J-K 

FLIP-FLOP 

CP 

RESET 

C3 

256 512 1 024 2048 

l/ 1 R, 

!\ 1.___.._ 
ONE-SHOT 

DS, 

··off" · 
SIDE 

SET 

SIA 

START 

1P/ 30 Sec. W o--------~ ~--------t'l X 1P/60 Sec . ....... _ __.., 

Fig. 1- Using the 60-Hz line frequency as its time base, the timer 
employs digital techniques to provide vari abl e ON and OF.F times 

-l-l 

RESET 
DRIVER 

for controlling instruments or other devices. The durations of 
tht:. separate ON and OFF modes are set by toggle switches. 
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J 
~ 
0 

"' ' 0. 
-+---I 

MIN. TIME = .5 MINUTE 
MAX. TIME:31 .5 MINUTES 1M Sec. 

ONE-SHOT 
OS3 

SET 
SIB 

Fig. 2- The output of the timer is applied to the instrument or 
device being controlled by means of spdt relay R,. (Note that 

enabled, caus ing a pl use to occur at the output of one-shot 
multivibrator 0\. This pulse serves to reset counters C

4 
and 

C5 and also to change the state of the J-K flip flop by way of 
NOR gate O~ . This disables NOR gate 0 1 wh ile enab ling 
0 0 and the OFF sequence. The sequence of events is the 
sa~e for the OFF side as the ON side. Any time a pulse 
occurs at the output of NOR gates 0 1 or 0 2 , the reset dri ver 
is enabled, resetting counters C1, C2 and C

3
• 

A lamp (L
1

) indicates unit starts in the OFF mode. o 

,.-----, MIN. TIME=1 MINUTE 
1M Sec. MAX . TIME=8 HOURS, 31 MINUTES 

ONE-SHOT 
os. 

leads marked x, y and win this illustration are connections to cor­
responding leads of Fig. 1 ). 

Author's biography 
Carl Brogado is an engineerin g 
techni cian in the bio-engi­
neering department at the Uni­
versity of Co lorado Medical 
Ce nter, Denver , Co l o r ado . 
Carl attends the University 
of Co lorado and is a consul t­
ant for BMK Engineering Lab. 
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e. 
It's called SAV-CON. A double ended con­
nector with a ONE PIECE CONTACT. It inter­
faces between the test cable connector and 
unit connector. Saves your unit connector 
from engaging and disengaging wear and tear 
during equipment test and check out phase. 

Plug in SAV-CON once and leave it there, even 
when the equ ipment is shipped to your cus­
tomer. When all the pluggers and unplug­
gers are through, SAV-CON can be 
removed revealing an UNFATIGUED 
unit connector ready to per-
form with ultra reliability. 

Available for all popular 
cylindrical or 
rectangular 
connectors. 

SAV-CON 

WHERE YOUR SPECIALS ARE OUR STANDARDS 
. -------------------

Unit 
Connector 

• ! 1211 AirWay 
: (213) 247-6000 !~_1}f!:.~!..®.J TWX 910-497-2066 TELEX 67-3485 
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Variable compression 
mica capacitors: 

Small, Inexpensive, 
Wide-range, 
Go-anywhere 
Capacitance 
Packages 

(Try 'em ... you'll like 'em!) 

Do you need a capacitor you can adjust from 1400 
to 3055 pF (or almost any other range down to 0.9 to 
7.0 pF)? As small as 3/a" x 1713211 ? That mounts by any 
method, in any location, including PC applications? 
That has a high Q, smooth adjustment, low induc­
tance, excellent thermal stability and resistance to 
shock, vibration and humidity? 

And that you can buy in quantity, off the shelf, 
typically for 15¢ each? 

It will pay you to look into El-Menco variable com­
pression mica trimmers and padders-the " old 
reliables" whose highly developed characteristics 
and extremely wide line today make them the capaci­
tors of choice in hundreds of state-of-the-art com­
munications, instrumentation, audio and military 
electronics equipment. For example : in RF, oscillator 
and FM antenna circuits . . . HF bias (tape) from 85 to 
95 kHz . .. phase control circuits . . . compensation for 
other components . . . TYPICAt. CAPACfTANCE vs TURN$ CURVE 

SSB 2.0 MHz channel '0
' """ """ " c"""0

" 

strips. And perhaps 
one of these possibil­
ities gives you an idea: 
coax cable line termi- ~ ~ -
nation, pulse transmis- ; ; 
sion , an equalizing/ ~' 
matching network, a ~ ~ 
low-Q tone generator, 
or padding in a TV cir­
cuit, power supply or 
home appliance. 

' ' TURNS FRO M HGIH POSITION 

WRITE FOR COMPREHENSIVE TECHNICAL DATA : 
a recent technical article reprint 
and a 29-page set of data sheets 
are yours for the asking . 
Send request directly to : 

1-u-1a1u14,;y.1 
THE ELECTRO MOTIVE MFG. CO., INC. 
Willimantic, Conn . 06226 

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

CIRCLE NO. 38 

' 

• 

!).SF 111- n 
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Off the shelf from lntersil distributors. 
Now lntersil is producing and delivering the 2500 

Series High Slew Rate operational amplifiers. They're 
stocked and available in a variety of types and speeds. 

Device Slew Flatpack * Price T0-99 * Price 
Type Rate Order P/ N 100-999 Order P/ N 100-999 

2500 30V/µ.s HA9-2500-2 $24.30 HA2-2500-2 $18.15 
2502 30V/ µ.S HA9-2502-2 18.40 HA2-2502-2 12.70 
2505 30V/ µ.S HA9-2505-5 12.55 HA2-2505-5 7.35 
2510 60V/ µ.S HA9-2510-2 26.70 HA2-2510-2 18.15 
2512 60V/ µ.S HA9-2512-2 20.20 HA2-2512-2 12.70 
2515 60V/ µ.S HA9-2515-5 13.70 HA2-2515-5 7.35 
2520 120V/µ.s HA9-2520-2 26.70 HA2-2520-2 18.15 
2522 120V I µ.S HA9-2522-2 20.20 HA2-2522-2 12.70 
2525 120V/ µ.S HA9-2525-5 13.70 HA2-2525-5 7.35 

We're 
delivering 
HA-2500 

·suffix -2 designates -55°to+125°C temperature range. 
Suffix -5 designates 0° to 75°C temperature range. 

Both MIL and commercial-temperature range de­
vices are manufactured to MIL-STD-883, Class C. 
Class B devices are available off-the-shelf and lntersil 
welcomes special orders for Class A devices and DIP 
packages. 

Dielectric Isolation in production at lntersil. 
These lntersil units are electrically and pin identical 

with the Harris 2500 op amp family. They utilize thin­
film resistors and Dielectric Isolation, processes in 
which lntersil is uniquely qualified. We were early in 
the business with Dielectrically Isolated dual NPN 
transistors, and we've been shipping thousands of 
complex custom Dielectrically Isolated circuits for 
more than two years. Over the past 4 years lntersil's 
used th in-fi lm technology in six different low cost 
reliab le linear circuits , two of which sell for under 
$3.00 in small quantities. 

tamilv 
op amps. 

Electrical and pin equivalents 
to Harris 2500 Series. 

High slew rate op amps. 

Dielectric Isolation 
and th in-film 
technologies. 

CIRCLE NO. 39 

Look for 2600 and 2700 op amps. 
Soon. New 2600 Series wideband high impedance 

op amps, and 2700 Series low power op amps. From 
Inters ii. 10900 NorthTantau Ave. , Cupertino , California. 

Get 'em here. 
lntersil stocking distributors. Schweber Electronics ; 
Semiconductor Specialists; R. V. Weatherford Co. 

lntersil area sales offi ces. San Diego (714) 272-6769; 
Los Angeles (213) 370-5766; Boston (617) 359-2701; 
Minneapolis (612) 925-1844; Metro. New York (201) 
567-5585; San Francisco Bay Area (408) 257-5450. 

Representatives in all major cities. 

lntersil 
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Need a job? 
So what else is new? 
Should the need ever arise, a look at the experiences of one recent job hunter and 
his successful approach to job-hunting will save you lots of time and wasted effort. 

A. Nonny Moose (name withheld at author's request) 

If you are near 50 years of age and if your salary is near 
$20,000 per year, you are being watched! Oh yes , you 
graduated at the top of your class and you have been with 
the company 9-3/4 years, with only a few months to go 
toward being vested - or you are near 60 years old and 
nearing retirement, and oh , you have a PhD! So what else 
is new? If you are not a manager or a prolific politician, 
look out (or ahead). This is not to say that all companies 
arbitrarily lay off al I their older engineers. However, it does 
happen, and the shock will be lessened if you realize this, 
and also if you have an inkling of what's ahead as you 
hunt for a new job. 

It is only a matter of time when all the lines of technical 
maturity versus salary (plus future cost-of-living raises) 
converge on a graph to weigh your fate and perhaps, spell 
your disposition. Disposition is a kind word which means 
"you are being turned out to pasture". It may be this or it 
may be just the fact that when budget cuts demand a cut­
back in personnel, it is a lot easier to layoff one high-sala­
ried older engineer vs. two young lower-priced men . In 
any case it all amounts to the same thing, you are out of a 
job. Suddenly, what was once a pleasant place to work, 
looks like hell and that understanding manager bears a 
resemblance to an ogre. What to do? If you panic, you 
may be headed for disaster. Instead you should stop and 
take stock of yourself. You may be surprised at how good 
you look. But before we proceed with a methodical ap­
proach on what to do to secure a new position, let's ana­
lyze the situation and look at what NOT to do. 

1. Don't burn your bridges behind you. Remember that 
your new employer may be investigating you through your 
present employer. 

2. Don't run to the boss' boss and further up the ladder 
unless you have so lid support behind you. You may be 
surprised at how few friends you have when it comes to a 
showdown with the top brass. 

Ask for clarification of the reasons for the disposition . 
You may wish to examine each detail. However, you can 
be asssured of one thing; regardless what the reasons for 
disposition may be and how convincing your supervisors 
may be, it all comes out "Salary and age are too high" . 
Once you are convinced of this fact, your most humble 
approach is " What do you suggest I do?" They could have 
(arrangements made in advance) a resume writer, typist, 
photographer, copier and unlimited te lephone usage at 
your disposal. Some companies carry a placement service 
that you should use to the fullest. But don 't depend on 
them to do all your work . 
Resumes. At this point, it is extremely important to get 
your resume written and in circulation as soon as possible. 
Employment placement officials indicate that it takes an 
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average of six weeks to relocate after the resume is in cir­
culation. Your resume writer will have many good and 
general suggestions about the format, but it is up to you to 
make it effective. Be sure to supervise its design as you 
would a project. Make it your best effort. Remember 
though, you should list your strong points first. On the 
other hand, age should definitely be at the end. Also list 
achievements and awards of all types. This shows that you 
are one who gets things done. Under experience, positions 
held are generally listed in chronological order. In the 
description of duties, be sure to use strong active verbs , 
such as " created" , " designed" , "directed", " specialized 
in", " planned" , "developed", etc. 

Have your resume typed on an " executive" typewriter 
and be sure to duplicate about 30 copies before the origi­
nal is sent to the graphic arts department for reproduction. 
These initial copies can be used for in-house distribution 
and quickie interviews where the gingerbread is not 
needed. Don 't get uptight about letting your associates 
know that you are looking. In fact, you may be pleasantly 
surprised at how helpful they could be in suggesting oppor­
tunities. (My best leads were obtained that way!) 

Tell The Family. It's easier than you think but only you 
will know how to do it. Keeping this information from 
your wife could cause irreparable harm. After you get over 
this blow, be sure to tell your best friends. Your true 
friends will show their colors by suggesting and helping. 
(You may find that you also had some false friends , too! ) 

Personal Evaluation. How long has it been since you 
took stock of yourself? In the beginning while your re­
sumes are being made and some of them are working for 
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you, make a list of jobs you prefer. Dec ide w hether you 
are wi ll ing to leave the c ity, that state, etc. Are you willing 
to trave l? How often and to what extent? Do you want to 
stay w ith your present company, and w hich d iv ision? 

If you dec ide to leave the company, make a list of com­
panies, executives' names and your desires. Be sure to 
reach hi gh. You may even consider a 10 to 20% increase 
in sa lary. Keep in mind that although you many not be in 
good standing with your present company, you may have 
much va luable knowledge to a compet ito r, and it may be 
a better match. O ther considerati ons may be posit ions 
such as teaching, consult ing, sa les, TV and app liance serv­
ic ing, manufacturing, electrica l contracting; or you may 
consider going into business for yourse lf. If so, li st the pos­
sibiliti es, keeping in mi nd the lega l and financia l entangle­
ments invo lved. 

A rev iew of your personal analys is may reveal a " now-l­
ean-do-what- I've-a lways-wanted-to" atti tude. To some, it 
may be a bless ing in disgu ise. Peop le have escaped ulcers 
and heart attacks by hav ing the wi sdom to assume a favor­
able atti tude. 

Keep a running list of your contacts. List the person to 
be contacted, the company, the phone number, the date 
the resume was sent, date of fo llow-up ca ll s and pertinent 
remarks. Stri ve to deli ver resumes in person. M ost resumes 
are set as ide to be " read later". It helps to keep in touch 
w ith the industri al relations head at all t imes. He can be of 
great ass istance or he can be unintentionall y harmful. 

Do not depend on the IEEE. To me, this was a severe 
di sappo intment. After 15 years of membership, they had 

TA6LE I 

nothing to offer a senior member in the way of ass istance. 

The PSPE was much more cooperati ve, and they do have 
an engineering placement ass istance program. 

" How To Be Well - Remembe red - - And Soo n Forgotten !" 

Interviews. The best possib le interviews are those made 
th rough personal fr iendships or through associates and 
fri ends. By unfavorab le compari son, employment agencies 
take the most time, keep you wa iting the longest, and do 
the least for you. 

Be smart in arranging your interv iews. Get as much 
mileage as you can by coverin g as much of the town as 
poss ible during one tr ip. Ti me is of the essence. In a nut-

Item Potential Con- Personal Sincere No. Of Offers As % Offers as % Offers as % 

No. Source tacts Intervi ews 

1 Present Co 78 35 

2 Outside Co 32 15 

3 Empl . Agcy 12 12 
TOTALS 122 62 

TOTALS 1 & 2 Only 110 50 · 

Graph I Con tacts to Job Offers 
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Graph 11 Interview Effectiveness (As % of Tota l Intervi ews) 

0 1 2 3 4 
( 1) Present Co . 

(2) Outside Co. 

(3) Emply. Agcy. ~ 

Graph Ill Average % of Offers Using 1 & 2 Only 

As to: 0 2 4 6 8 

Total Contacts [ --(~J 
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Graph IV Overall Results Using 1 & 2 Totals 

0 10 20 30 40 50 
Total Contacts ' 
Total Interviews JI 
Total Offers J 

shell, the greater the number of interviews, the greater the 
chance for re-employment. 

The best poss ib le interv iew is one made for you by your 
superv isor, or at least with his approva l. It carri es more 
weight if you can say, 'Tm ca lli ng at the suggestion of Mr. 
Dodo, manager of the Mathematics Department". A lso, at 
the end of each interview, ask your interviewer to make 
suggestions as to where you might look next. This does 
two th ings for you. First, his react ion indirectly lets you 
know the va lue of the interv iew and second ly, if he does 
not have exactly the match you need, he may know some­
one w ho does. 

At the interview a number of pointers are worth review­
ing. Above all, be on time and make sure you present a 
good appearance. Find out as much as you can about the 
company and the job beforehand. Then at the interview, 
be attentive, ask pertinent questions and show how you fit 
into the picture. Fina ll y, talk salary, position, benefits, etc., 
for this is the time to settle such things. Either agree or dis­
agree, but don't let it dangle. Remember, employment is 
like a marriage-both sides must have a match. If there is 
no match, ask the interviewer for recommendations and 
names of other companies or departments. You have 
nothing to lose. 

Pause occasiona lly and review your interviews. Is there 
a common denominator that seems to turn your interview­
er on, and/or is there one that closes the show? Make each 
interview an education. 

Closing. By this time, you may have many irons in the 
fi re. Don't relent just because one of your favorites ap­
pears favorable. It can very quickly turn sour. Keep after 
the best matches without becoming a nuisance. When an 
offer is made, don't fall all over yourself. Remain calm. 
This is an ideal opportunity to review all aspects of the job 
and company benefits involved. Although these items are 
normally covered during the initial interview, this line of 
questioning acts as a double check and it shows keen busi­
ness sense. It also assures him that you are seriously in­
terested in the position. Now, you ask for several days to 
discuss it with your family. Ask him to hold it open. This 
short delay allows time for others to come through and it 
gives you time to check with other preferreds. Don't be 
su rprised if they. start coming through at once! 

5 6 7 8 9 10 
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How Did I Make Out? 
My personal batting average is as follows : 
1. Of 78 contacts made within the present company, 35 

resulted in interviews. Five of these were pending offers, 3 
of which became offers. 

2. Thirty-two contacts were made with outside compa­
nies as a result of newspapers and personal contacts; 15 
became interviews; 6 resulted in pending offers and 4 be­
came definite offers. 

3. Twelve employment agencies were contacted; all 
became interviews resulting in 1 job offer. 

Table 1 shows the entire picture. Assuming that each in­
terview consumes 3 hours including traveling time, the em­
ployment agencies fare the worst. In reality, more time is 
spent interviewing at agencies because there is at least one 
additional hour of waiting and application writi ng. Con­
versely, the least time is spent with the present company 
because appointments are usua ll y on time and there are no 
applications to fill out. Also many interviews can be local­
ized. The averages at the bottom of Table 1 show that by 
eliminating employment agencies, it would change the 
averages only slight ly. On the other hand, it would save 
considerable waiting and travel time. This comparison can 
also be seen in the graphs. If employment agencies were 
ignored, it is esti mated that about a week of job-hunti ng 
time cou ld have been saved without seriously affecting the 
percentage of firm offers received. 

So there you are! Need a job? Send out 110 we ll -written 
resumes, participate in 50 exciting interviews, antic ipate 11 
firm offers and then choose one of the 7 jobs. So what else 
is new? Your well being and a new job! Good luck! o 

AUTHOR'S BIOGRAPHY 

Mr. Moose has spent about 25 years in 
electronics. He has a BSEE and is a 
P.E., among other achievements. To 
this credit, add a number of patents 
and published articles. He is a senior 
member of the IEEE. 
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Out custom philosophy is pretty simple. 
Sometimes you need a custom MOS/LSI or 

hybrid circuit to get the job done. 
We want your custom business too. 
So, we've expanded our very complete stand-

addition to custom chips specially designed for 
hybrid applications. Plus computer-controlled 
laser trimming of resistors and capacitors and 
computer-controlled final test equipment. 

ard circuit design and volume production ''""If/~ 
capability to include a very complete custom ' 

From us, you'll get a great custom circuit. 
And you'll get it fast. For specifics (includ­

ing a copy of our new Custom MOS/LSI or 
Hybrid Capability Brochures), write on 
your letterhead to: National Semiconduc-

circuit design and production capability. 
CUSTOM MOS/LSI We have all the proc-

. esses (metal gate, silicon gate, ion implan­
tation and C-MOS), so we can use whichever 
is most cost-effective for your program. 
We've also got the best designers, com­
puter-aided graphics system and LSI 
testers available. 

CUSTOM HYBRID You name it (Digital, 
Linear, MOS, Transistors and FETs), 
we've got the die capability in-house, in 

tor Corporation, 2900 Semiconductor 
Drive, Santa Clara, California 95051. 
JOIN THE NATIONAL LIBRARY. Ask for your 

official National Library Card and current­
selection bibliography. Your passport 

' to a veritable wealth of Digital, 
Linear, MOS and Transistor/FET 

product, application and design information 
from a single source. 

National 
CIRCLE NO. 40 
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CIRCUIT DESIGN AWARDS 

High-speed circuit detects phase-difference 

John C. Freeborn, Honeywell, Inc., 
West Cov ina, Calif. 

This circuit detects a small relative phase shift between 
two ac signals and generates an output which indicates 
the magnitude and direct ion of the shift. It was designed 
for a metal detector, but other applications are possible. 

Two dual D flip-flops, SN 7474s, are interconnected as 
shown in Fig. 1, so that two seperate outputs are generated 
as a result of the phase comparison between the input sig­
nal s. Characteristics of this dual D flip-flop are: On a posi­
tive going clock pulse to input C the level at input D is 
transferred to Q; on a negative going (c lear) pulse to input 
Cl the Q goes to "ZERO" . As long as the clear input (Cl) 
is maintained at "ZERO," clock pulses are not effective. 

At the beginning of a cycle, all four flip-flops are in the 
reset (a= "ZERO") state . Two ac signals, S, and S2 , are ap­
plied to the two input points of the SN 7474S. If S, leads S2 

in time, an output pulse wil l appear across V, and V,, the 
duration of which w ill be equal to the phase difference. If 
S2 leads S,, an output pulse will appear at V

2 
and V

2
. In 

practice , useful pulse' as narrow as 20 nsec have been 

SN7474 
+ 5V 2 5 
"' 0 0 

+ 1 - - -- 3 6 6 
~ 

t ~Ns14 
c 

cl 

s, -% 
13 

l i2 lOk ~ cl 9 ~ 0 0 ~ 

2 v, 

+~ 
11 c 0 8 _,.., 

I l 
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+ 5V 2 5 "' 0 0 ~ 

3 
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3 c 0 6 

~ 

cl 

-s, cu-: 1 
13 

[ 12 
I 
cl 9 

v, 
0 0 

_,.., 
~ 

4 v, 
- 11 c 0 8 ,... 

[ 
~ 

Fig. 1- Phase shift detector requires on ly 2 ICs and 2 discrete 
components. When input signals at S, and 5

2 
are not in phase, a 

pulse will be present at the output of the lead ing phase. 
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to t, t, 

Cl 0 1 1 0 0 
01 = C2 0 1 1 0 0 
01 = 04 1 0 0 1 1 
C3 0 0 1 1 0 
03 = C4 0 0 1 0 0 
03 = 0 2 1 1 0 1 1 

02 0 1 0 0 0 
04 0 0 0 0 0 

Fig. 2- Timing waveforms and truth table depict ci rcuit operation 
when S, leads 52 in phase. All flip-flops are reset on the negative 
half-cycle; thus, phase detection occurs at the input signa l rate. 

generated. No dead spot or zero phase shift condition has 
been observed, indicating that the circuit's ability to detect 
phase differences is limited by noise and drift rather than 
by response of the circuit. 

The c ircu it compares the inputs at the positive-going 
clock-pu lse threshold level (about + 2.0V) cind requires a 
reset prior to the next expected compari son. In the circuit 
shown, both S, and S2 go negative, and thi s half of the sig­
nal is used through D, to reset the flip-flops. 

The detailed operation of the ci rcuit can be seen from 
the timi ng diagram and truth table of Fig. 2. These show 
signa ls vs time for the case in which S, leads S

2
• Square 

signals are used for c larity. Significant times are labeled t
0

, 

t, , lv t3 . These time symbols are used to separate various 
circuit states in the truth table. The subscripts refer to flip­
flop number assignment (1 through 4) made in Fig. 1. 

Note the addition of a de bias to the input signals will 
influence the apparent de detection level and thus provide 
a means for balancing or zero ing. 

To Vote For Thi s Circuit 
Circle 160 
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2 CMOS gates convert counter into capacitance meter 

Roger Melen Stanfo rd University, 
Stanfo rd Ca li fo rni a 

In many appli cations it is very convenient to have a direct 
di gital readout of capacitance. The c ircuit shown in Fig. 1 
w ill convert any counter into a di gital readout capac itance 
meter with good accuracy for va lues measured between 
1000 pF and 1 0 µ,F. 

Two CM OS gates (A and B) are connected to generate a 
1 Hz squarewave which dri ves the SN 7 41 21 monostable 
multivibrator. The monostab le, when tri ggered, generates 
a pulse, the width of whi ch is determined by the capac itor 
under test. The pul se output of the monostable turns on a 
100 kH z osc ill ator (made up of gates C and D). The out­
put, when a capac itor is being measured, is a 100 kHz 
burst every second. The direct measurement of capac i­
tance is poss ible because the duration of the burst, hence 
the number of pul ses in the burst, is proportional to the 
capacitance under test. 

An ordin ary de vo ltmeter connected to the output ter­
minals can also be used to measure capac itance, since the 
average va lue of the output w aveform is directl y propor­
tional to the capac itance under test. 

/ 1 Hz Square Wave 

__rL__fl_ 

_.....-1 00 kHz Burs ts 

..JU1JLJ1.ruL 
Width determined 

__...-by test capac itor 

__n__n_ 

1 

YiCD4001 

C YiCD4001 D 

--.e>tV'--Q + 5V COMPUTER 

RJ OUTPUT 1 
+ 

Capacitor I II I 
under test-+1\ 

100k 

Fig. 1- Direct readout of capacitance wi th any digital counter is 
a very quick operation with this CMOS ci rcuit. The system is ca li ­
brated with a known capacitance by adjusting R3 so th at one out­
put pulse equals 1 OOpF. 

To Vote For Thi s Ci rcui t 
Circ le 161 

Timer produces time delays from µsecs to hours 

Y. Kurahashi, Exar Integrated Systems, Inc. 
Sunnyvale, Ca lif. 

Commercia ll y availab le one-shot IC's are usuall y limited 
to appli cati ons requiring relatively short delays of a few 
milliseconds or less. By adding several extern al compo­
nents, inc luding one transistor, a one-shot IC can be used 
to generate timing periods of up to one minute. A new 
multi functi on IC, the XR-220, can further simpl ify the ex­
tern al connection and provide greater versatility. 

The functi onal block diagram and bas ic external 
connections fo r timing applicati ons of the XR- 22 0 are 
shown i" Fig. 1. The monolithi c devi ce contains a linear 
current source and reference circuit, voltage comparator, 
flip-flop, timing switch, buffer ampli f ier and a driver .am­
pli fier. The connecti on shown for a timing c ircuit requires 
only three external components: a timing res istor, R, tim­
ing capacitor, C, and load res istor, RL. 

Two outputs are ava il ab le. Terminal 10 is a low-current 
output whi ch is normall y " LOW " and TTL compatible. An 
extern al res istor is required to provide a load for the open 
collector, which is intern all y coupled to the next stage. 

Terminal 12 is norm all y " HIGH," and is al so TTL com­
patibl e. A lthough somewhat slower, it offers a 100 mA 
output capab ility in either " HIGH" or " LO W " states. 

With the component va lues shown in Fig. 1, the circuit 
has a delay period of 30 sec. The period can be extended 
to several hundred seconds by increasing the value of R. 
The practi ca l limits of R range from 3 kn to 1 Mn for a SV 
power supply. The c ircuit is non-retri ggerable. The timing 
cyc le is initiated by groundin g termin al 5 or applying a 
pos iti ve pul se to terminal 6. 

R 
150k 

v+; 5V 

RL 

14 ® 
NC 

BIAS & 
REF . 

CURRENT 
SOURCE 

Output 2 Output 1 

12 ® 
NC 

CHARGE ) n 
DISCHARGE 

NC NC 

0 © 
c 

I l OO µ F Low Level 

":"' Active 
(A) Input 

Ground 

© er 
NC 

XR-220 

Reset 

High -Leve l Act ive 
(B) Input 

Fig. 1- Monolithic multifunction IC, the XR-220, requires only 
three external components to generate timing pulses . In thi s con­
figuration the internal constant current generator is programmed, 

·by R, and charges C linearly until the vo ltage across C reaches the 
threshold of the comparator, ending the cycle. 

SJ 



The amount of the current delivered is dependent on the 
value of R. This yields a timing period of precisely 2 RC. 
The factor of 2 is due to the internal arrangement of the 
reference voltage. When the vo ltage across capacitor C 
reaches the threshold voltage (approx imate ly 2.4V) the 
voltage comparator triggers the flip-flop which returns to 
its previous state. Thus, terminal 1 0 returns to the " LOW" 
state and terminal 12 to the "H IGH" state. To reset the 
timing cycle, terminal 7 is grounded. 

The maximum length of the timing period is limited by 
three main factors: The de leakage current of the capaci­
tor, the input bias current of the internal comparator, and 

the leakage current of the ana log switch . Of the three, 
capacitor leakage is the dominant factor. 

The 100 µ,F aluminum tubular capacitor used in this 
circuit has a maximum leakage of 1 µ,A. This means that 

the value of R can be no greater than 1 M.!1. If a higher 
power supply voltage is available, one can increase both 
the timing capac itor and resistor va lues and generate de­
lays that exceed one hour. 

To Vote For This Circuit 
Circle 162 

IC power supply provides test spikes or level shifts 

Larry Latham, Texas Instruments, Inc. , 
Attleboro, Mass 

There are times when power supply level shifts or voltage 
spikes are needed to check the performance of equipment 
subjected to these varying conditions. The circuit shown 
in Fig. 1 accurately provides these test signals. Spike or 
step width depends directly on the input pulse width, and 
the reference voltage is programmable by means of R2 • 

The component values chosen for the circuit illustrated 
provide a reference voltage range of approx imately 2.0V 
(4.7V to 6.7V). However, a much greater variation in refer­
ence voltage is possible (0 to 18V) if different component 
values are used . 

Amplitude of the spike or step is varied by R5 (for a neg­
ative spike or step). With the components shown, maxi­
mum variation is approximately 5V with respect to refer­
ence. However, this variation can also be increased by 
changing val ues. 

The circuit shown in Fig. 1 can be used in any applica­
tion requiring less than 100 mA of cu rrent. In applications 
requiring less than 20 mA, the circuit configuration shown 
in Fig. 2 can be used, allowing faster spikes. The pulse 
input amplitude required for a negative spike or step out­
put is zero to +3.0V. For a positive spike or step output a 
negative-going pulse from +3.0V to zero is required. 

The circuit is primarily a voltage fo llower with a 

R, 

B.2k 

R2 
2k ~,__~~~~---4t--~--i 

PULSE Y.W 
INPUT 

R, 
51 
RJ 
4.7k 

R• 
51k 

+1 5V 

OUTPUT 

1 

All res istors l'IW. 5% unless otherwise specified 

Fig. 1- Power supply level shifts or vo ltage spikes, for test purpos­
es, can be programmed into IC circuits requiring less than 100 
mA with this circuit. Using the va lues listed, the output reference 

voltage level is 4.7 to 6.7V. 
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PULSE 
INPUT 

02 
2N2222 

OUTPUT 

1 
"':' A l l res istors Y2W. 5% unl ess stated otherw ise. 

Fig. 2 - Low power version of the pulsed power supply eliminates 
Q

2
, and can supply up to 20 mA. Faster test spikes can be gener­

ated with this circuit. Either circuit can provide spikes or level 
shifts of up to 5V. 

switched voltage divider on the input. R7 and R3 set the 
voltage variation range of R2 • A, and Q2 are connected in 
the unity gain voltage follower configuration with resistor 
R8 act ing as an output limiter. Q, acts as a switch, con­
necting resistors R5 and R6 in parallel with the divider re­
sistors R2 and R3 . 

To Vote For This Circu it 
Circle 163 

Rules & Announcements 

Your vote determines this issue's winner. All cir­
cuits published win a $25 U.S. Savi ngs Bond. All 
issue winners receive an additional $50 U.S. Sav­
ings Bond and become eli gib le for the annual 
$1000 U.S. Sav ings Bond Grand Prize. 

Vote now, by circling the appropriate number on 
the reader inquiry card . 

Submit your own circuit, too. Mail entries to Cir­
cuit Design Program Editor, END/EEE, 221 Colum­
bus Ave., Boston, MA 02116. 

Readers have voted: 

Rol and J. Turner winner of the January 15 Savings 
Bond Award. His winning circuit was cal led, "Re­
duce integrator transients with synchron ized gate 
signa ls." Mr. Turner is with RCA Missile and Sur­
face Radar Div. Moorestown, N. J. 
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ct-LINE 
POWER DARLINGTONS 

more types to choose from 
at less cost ... 

and we're only beginning. 
The Unitrode Darlington transistor line is expanding. It now 
includes eight types. New are 5 Amp and 150 V Darlingtons in 
two hermetically sealed metal packages - a lead-mounted 
T0-33 and a chassis-mounted T0-66 - available in power 
ratings up to 25 watts. They're ideal for high gain switching and 
amplifying applications such as print hammer, solenoid , servo, 
and relay drivers and motor controls. The wider choice of 
alternative types available, coupled with an across-the-board 
price reduction , can help you realize savings of up to 50%. 
(For example, U2T301 is $1.25 ea. in lots of 100) They're all 
available off-the-shelf at your local Unitrode distributor. 

For fast action, call Sales Engineering collect at (617) 926-0404 
Unitrode Corporation , Dept. 4 z , 580 Pleasant St., Watertown, 
Mass. 02172 

Application note U64 available on request. 
CIRCLE NO. 18 
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HEWLETT"' PACKARD 

POWER SUPPLIES 
21201 

CIRCLE NO. 42 

Value has always been synonymous with HP 
power supplies, and these new 62000-series 
modular power supplies are no exception. 
They're competitively priced (with quantity 
and OEM discounts) , reliable, systems com­
patible, and available now. Coverage is from 
3 to 48 volts, at up to 200 watts, with per­
formance assured to specifications. Best of 
all , HP offers applications assistance and 
service support before and after the sale. 
It's all backed up with an international 
network of 220 o;iices to serve you. For 
detailed information, contact your local HP 
field engineer. Or, write: Hewlett-Packard, 
Palo Alto, California 94304. In Europe: 1217 
Meyrin-Geneva, Switzerland. 
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MAKE YOUR CONNECTIONS: FAST. With 
Molex standard and miniature connectors. 
They're easier to work with. Simplify wiring. 
Speed production. Save assembly steps. 
Make installation and servicing extra easy, 
too. This is why circuitry idea men every­
where are making connections with Molex. 
From one circuit to 104 or more. Production 
keyed and available in a variety of colors to 
meet design requirements. Molex has the 

connector. Plus the design and engineering 
capability to solve the most complex wiring 
problems ••• fast. For a colorful free sample 
of the Molex connector write: Molex I ncor­
porated, Downers Grove, Illinois 60515. Or 
you can make connections by 
calling (312) 969-4550. 

•. . creating components that 
simplify circuitry 

~ 
n1olex 

CIRCLE NO. 401 '-..../ M158A 



Testing digital IC's? 
801 3A, $625 

AMPLITUDE {Y) 

R.ATE(Mz) PULSE PERIOO{d-~ 

PULSE DELAY (s)-V!:RNIER 

RATE (Hr} PIA.Sf PERIOD (1)---- vUHllff TRAHS!TIOHTIM£'5 ) AMPLJl'UOE{V) .. ... 
' ' ~ ... .. " ' 

l 
" ,,..,. .. .. 

I -· lEAOfNG EOGE TRAIUNG EDGE 

PULSE OE.LAY "1----

EXT. INPUT 

PULSE WIDTH (sJ----'\11.Mflf,ll 

st.OPE/POLAlllTY 

-~~=-=---::.=­
TRIGGER 

Ol/TPt.ll'f+) 

HP's new pulsers give you 
the most capability per dollar 
If digital IC's are your big interest, 
HP's new 8000-Series pulse gener­
ators are for you . You not only get 
versatile capability, but you save 
money as well! These new pulsers 
offer you a choice of price/perfor­
mance packages to meet your needs, 
within your budget-whether you ' re 
working with computers, communi­
cations , telemetry , or any other 
digital system. 

The new 8007A gives you rep rates 
from 1 kHz to 100 MHz, variable 
transition times (2.5 ns to 250 µs) , 
± 5 V amplitude, and ± 2.5 V de offset 
- all for $1600. With the 8007A, you 
can design and test the fastest of 
today's digital devices- ECL IC's 
and bi-polar memories-and have 
" speed to spare" for tomorrow's 
advances. 

If you don 't need 100 MHz, you can 
save. For only $875, you can get the 
new 8012A, which gives you rep 
rates from 1 Hz to 50 MHz. Like the 
8007 A, it offers variable transitions 
from 5 ns to 0.5 s, with ± 5 V ampli ­
tude and ±2.5 V de offset. 

If you don 't need variable transi­
tions, you can save even more. Our 
8013A gives you rep rates from 1 Hz 
to 50 MHz w ith a fixed transition 
time of < 3.5 ns, ± 5 V with de offset, 
and dual outputs - all for $625. 

1 All three of these new pulsers give 
you pulse-shaping capabilities, 
allowing control of NRZ or RZ wave­
form parameters with the output 
width determined by the input wave­
form width . Normal external trigger­
ing and gating are also supplied. 

The 8007A also gives you a double­

CIRCLE NO. 402 

PULSE 
O<JTP\lf 

,,,. .. l'WNT" 

8007 A, $1600 

pulse mode, and all three models 
have square-wave capabilities. And 
the 8013A offers simultaneous posi ­
tive and negative outputs, with ± 5 V 
ampl itude across 50!1 (±10 V open­
circuit or w ith high-impedance in­
ternal source). 

Other HP pulse generators, listed 
in the catalog, begin as low as $225. 

For further information on any of 
these new 8000-Series pulsers, con­
tact your local HP field engineer. Or 
write Hewlett-Packard , Palo Alto , 
California 94304. In Europe : 1217 
Meyrin-Geneva, Switzerland . 
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introducing 
the end of the 
temperature compensating 
oven I 
MIDWEC H44 CAPACITORS 

give you CC. ratings you can 
live with. 

Typical 

CAPACITANCE CHANGE WITH TEMPERATURE 

l5 .4010 ~H4_4A_~~-~----

u~ I : : I : : I 
u -ss"_e. -2s·e. o·e. 2s·e. so·e. ?s0e. as e. 

I ;~~ I... : : I : : I 
~ - ss·e. - 2s·e. ere. 2s·e. sere. 75•e. as·e. 

H44A & H448 
FILM CAPACITOR 

These new film capac itors achieve an almost zero 
temperature coefficient in the smallest possible 
physical size as a result of MIDWEC's exclusive 
design and processing techniques. Uniform 
performance of standard units is inherent because 
of the design and production procedures. Tighter 
TC than is shown in the charts at left can be 
attained on special order. 

H44 capacitors are available in two standard 
TC ranges: H44A, S::!:20PPM/C0

, and H44B, 
~::!:40PPM/C0 • Capacitance range from .01 O 
mfd to 1.0 mfd. 

For complete data sheets, write to: 

MIDWEC CORPORATION 
P.O. BOX 417 

SCOTTSBLUFF, NEBRASKA 69361 
Phone: 308/632-4127 

A Subsidiary of Southweatern Research Corporation 

CIRCLE NO: 403 
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HOW 
TO READ 

A CONNECTOR 
Specifically, Elco 's brand 

new, Series 8219 two-piece 
miniature connector. A state­

of-the-art, high contact density 
connector for your printed 

circuit and input/output 
rack and panel applications. 

Sophisticated. Highly reliable 

The new Varicon™ low 
withdrawal force contact 

(1 -6 ounces per contact pair) 
that makes it easy to assemble 
the connector into your board. 

And provides MIL-SPEC 
reliabi lity as well 

(MIL-C-55302 Type) 

Variations are provided for 
single-sided and double-sided 

p.c. cards, and for parallel 
or perpendicular p.c. 

card mounting 

Contacts on 
.050" staggered 
spacing to help 

you cope with 
the packaging 

squeeze imposed 
by MSI and LSI 

circuitry 

Coming soon! 

Matable 
connectors with 

crimp-type 
contacts for a 

variety of wire 
sizes for your 

tota l system 
requirements. 

Color-coded, 
rugged meta I 
guides to help 
you properly 
orient mating 
connectors 

Series 8219 connectors 
are available rightaaff 
the shelf in six distrete, 
most popular sizes: 18, 
30, 36, 42, 54 anC1 72 
contacts. Also imr11ediately 
available: the Series 8129 
two-piece connector on 
.100" centers in four sizes-
6, 9, 12 and 15 contacts . 
And the Series 8300 
subminiature connector 
with the Bi/Conn.c contact, 
miniature version of the high 
reliability Varicon cbntact , 

High dielectric # 

strength, glass-filled 
diallyl phthalate 
insulators, ideal for 
critical electronic 
applications under 
the most severe 
environmental 
conditions 

If these, or any others of 
our thousands of standard 
connectors don't fit your 
circuit, we can tool up for 
your special in a wink. 
Another service in keeping 
with CONNECTRONICS, Elco's 
Total Connector Capability 

For full details on Elco's 
two-piece connectors, contact: 

Elco, Willow Grove Division, 
Willow Grove, Pa . 19090 
(215) 659-7000 

Elco. Pacific Division, 
2200 Park Place, 
El Segundo, Calif. 90245 
(213) 675-3311 

Operations in USA, Austral ia, Belgium, Canada , Denmark, England, France, Germany, Israel and Japa~ . Sales offices throughout the world . 
In Europe, Elco Beige, 77 Blancefloerlaan , Antwerp, Belgium, Tel. 03-190064. In t he Fa r East, Elco l ntern~t 1onal , TBR Building, 2-10:2 Nagata-cho, 
Chiyoda-ku, Tokyo 100, Japan, Tel. 580-2711 / 5. Copyright © 1971 Elco Corp. All ri ghts reserved. 
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YOU 
helped design ... 

COSTS LESS TO USE 
Fast-150 cps . All electronic. 
TIL compatible . Reads all col­
ors, types , and widths of tapes. 

COSTS LESS TO MAINTAIN 
Only one moving part , a step­
per motor. No adjustments . 
Million-hour LED light sources. 

COSTS LESS TO BUY 
The AR 10 is priced for the 
OEM under $280- about what 
you would pay for a mechan · 
ical reader. 

For more information, 

write or call for Bulletin 302. 

DATA PRODUCTS FOR INDUSTRY 

700 Abbott Drive, 
Broomall , Pa. 19008 

Telephone: (215) 544-6900 
CIRCLE NO. 406 

CH 4 

... a versat i le line of bright GAAsP LED 's for direct panel and 
indicato r applications. 

LAM PS, INC. GAAsP LED 's in red and clear transpa rent and diffused 
lens colorati ons, with opti onal panel mounting hardware, feature im­
proved brightness (1 ,000 's of Ft.-L 's), wide angle visi bi lity and low 
power requirements. Header, axial-lead and T-1 % midget fl ange base 
packages meet a wide range of sing le lamp and array applicat ions. 
Get complete information on these LED products from LAMPS, INC .. 
subsidiary of Oak Electro / Netics Corp ., 19220 So. Normandie Ave , 
Torrance, Calif . 90502 · Tel: (213) 323-7578 • 
TWX: 910-346-7038. 

Cl RCLE NO. 407 

New 
I/ MARCO 
I low-cost 

lighted 
terminal 

keyboard switch matrix 
Greater key array flexibility, millions of noise-free operations at IC levels, 

and front panel lamp replacement are offered in the new Marco Series 
590 low-cost, SPST, illuminated pushbutton switch matrix for special 
data terminal keyboard applications. These V2 amp switches install 
in standard 11 / 16" dia. pane l holes, and offer a choice of V2" sq . or 
truncated key buttons. Available with T-1 % incandescent or LED lamps. 
Learn more about this versatile switch matrix, how it can fit your own 
data terminal design-write or call : 

S u b sid iary of OAK ELECTRO/NETICS CORP. 
P . 0 . Box 4011 • 207 S . Helena Street 
Anahe im, Cali f o rn ia 92803 
Tel. C714J 535- 6037 

Marco-Oak Products are Ava ilable World-Wide 

CIRCLE NO. 408 
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computer hardWare 
EXCLUS IV ELY FOR DESIGNERS OF COMPUTER MAINFR AM ES . PER IPHERALS AND SYSTEMS 

COVER 
Efficient packaging is one of the key ingredi­
ents to make low-cost memories. To see 
what the others are, read " Low-cost core 
memories don' t have to be slow and bu lky" 
on p. CH14. Cover photo courtesy of Am­
pex Corp. , Marina del Rey, CA. 

DIRECTIONS .. ... .......... ... . . . . ..... .... . ..... CH6 

General purpose minicomputer is 
first to get a patent .. . Computer 
improves Los Angeles taxi opera-
tions . . . World's largest sports 
memory provides instant statistics 
for Summer Olympics. 

FEATURES 
Low-cost core memories don't have to be slow and bulky .. .. .... CH 14 

Here is one design approach that yields 
good performance withou t sacrificing econ­
omy and compact packaging. 
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DIRECTIONS 

Patent issued for 
dual-bus minicomputer 
is an industry first. 
A U.S. Patent has been issued to GRI 
Computer Corporation covering the 
basic organization of their genera l 
purpose minicomputers. It is believed 
to be the first patent of this nature ever 
issued. GRI is currently marketing 
these computers as the GRl-909 se­
ries, available in four basic models. 

The Patent specifical ly covers a 
Direct Function Data Processing Sys­
tem employing a Universal Bus Sys­
tem in which a number of functional 
elements are all connected to either 
an input or output data bus or both, so 
as to function as a data source, a data 
user or both. The system also includes 
a programmable data transmission 
link which serves to connect the input 
and output functions. 

Dual bus structure allows all elements of the computer to be connected across the same 
busses. They are then directly addressable by using compiler-type functional language. 

The major characterist ics of a com­
puter organized in this manner are: 

•Multiprocessing: Multiple process­
ing elements may be used within the 

bus system to tailor or expand the 
computer power to fit the application 
for which it is used. The instruction 
repertoire can be expanded to include 
thousands of instructions. Processors 
can be either microprogrammed 
ROMs or logic or a combination of 
•Communications: Since all system 

components as well as computer ele-

Our contribution to the memory [ 
of OEM data systems. 
Our newest twosome. The TEAC cassette digital magnetic tape memory systems. O 
New here. But abroad, already performing in a wide variety of uses in data commu­
nications, point-of-sale, mini-computer and machine tool control operations. O As 
an adjunct to your data system, both units provide a compact, low-cost storage 
capacity of two-million bits per cassette with a packing density of 800 bpi. O The 
capstan drive gives a tape speed of 7.5 ips and start/ stop time of less than 25 ms. 
Rewinding the MT-6 takes no more than a fast 40 seconds. It can be operated by 
either local or remote control, too. D The 4%-pound MT-5 (lower left) can be had 

CH 6 

as a "write only" or "read only" unit. D It meas­
ures just a little over 5" wide x 3" high x 7" deep 

I 
and measures up to almost any order of OEM 
demands. D Powered by 5, 12 and 24 volts DC (the 
MT-6 takes only 5 and 12), both units acclimate 
well to ambient conditions of 41° to 104°F and 
humidity of 20 to 80%. D The 51h-pound MT-6 
(lower right) is just over 5" wide x 51h" high x 7" 
deep. Its double-gap head lets you read or write 
and do read-after-write checks. And input errors 
may be corrected with its bi~directional drive. O 
Both units use Philips-type cassettes. O The 

MT-5, either read or write, is a modest $595. 
O The more versatile MT-6 is $1,025. O For 

OEM quantity orders, price discounts will 

CIRCLE NO. 409 

be arranged, of course. O Just write or 
call Ken Williamson, Director of 
Marketing, Technical P roducts, TEAC 
Corporation of America, 7733 Tele­
graph Rd., Montebello, CA 90640. 
Phone: (213) 726-0303. O Once you 
do, he won't forget you. He's got one of 
the best memory systems in the world 
going for him. 

Remember 

TEAC® 

ments share a common bus system, 
information can be moved directly 
between system devices and computer 
elements including memory. This 
eliminates many " housekeepi ng" in­
structions usually required to move 
data about in conventional computer 
organizations, thus reducing program 
memory requirements and increasing 
computer throughput. It also permits 
certain tests to be performed directly 
on data res iding in peripheral device 
registers without first transferring the 
data to specia l registers within the 
computer proper. 

•Programming: In addition to the nor­
mal logic and arithmetic instructions 
found in conventional computers, GRI 
Direct Function Processors can exe­
cute functional instructions related to 
the system devices themselves. This 
allows programming languages that 
are simple to learn and use, combined 
with the efficiency of machine lan­
guage programming. It is ideally suited 
for real-time app licat ions where com- • 

. 

-- ... ~··· ~ 
"'~ ....... , 
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Refreshing. Books to keep you up-to-date 
in your profession. 
BASICS OF CIRCUIT ANALYSIS 
FOR PRACTICING ENGINEERS 
by Gordon E. Johnson , 
Department of Electrical Engineering , 
India na Institute of Technology 

Treating circuit analysis in a volume of this size 
(260 pages) is made possible by a unique 
approach . Direct current , alternating current 
and complex frequency drive are considered as 
special cases of exponentia lly varying si nusoidal 
drive. A single analysis of exponentially varying 
sinusoidal drive replaces the conventional treat­
ment of each type of drive in turn . This results 
in greatly reduced volumes of text . provides the 
background that gives meaning to Laplace 
transform methods and unifies the subject matter 
of circuit analysis . Although the level of mathe­
matics used does not go beyond that of ele­
mentary integral calculus , circuit theory is 
developed to the level necessary for the reader 
to continue study in related fields such as 
electronics, pulse techniques and feedback 
control theory. Analogue methods are presented 
that make it possible to utilize the electronic 
circuit theory developed to the solution of 
mechanical vibration problems. 

Table of Contents: Electronic Quantities- The 
Three Circuit Elements- Electrical and 
Mechanical Analogues- Mathematics to Simplify 
Circuit Analysis- The Exponentially Varying 
Sinusoid-Steady State Response - The Step 
Function - The LaPlace Transform - Power­
Frequency Response - Two Port Network 
Parameters 258 pages cloth $7.95 
paper $4.95 

APPLI ED ENGINEERING STATISTICS 
FOR PRACTICING ENGINEERS 
by Lawrence Mann , Jr., Mechanical , 
Aerospace & Industrial Engineering 
Department, Louisiana State University 

Contents : Probability- Statistical Parameters­
Distributions-Chi-Square Tests-Analysis of 
Variance - Regression by least Squares Method. 
175 pages c loth $7.95 paper $4.95 

PROBABILITY FOR 
PRACTICING ENGINEERS 
by Henry L. Gray, B.S .. M.S .. Ph .D., 
Professor of Mathematics , 
Texas Technological College 
and Patrick Odell, B.S., M.S., Ph .D.; 
Professor and Chairman of Mathematics, 
Texas Technological College 

Contents : Basic Concepts- Probability, Dis­
tribution and Density Functions-Moments and 
Limit Theorems- Important Probability Density 
Functions-Statistical Estimation - Stochastic 
Processes - Linear Estimation of Stochastic 
Processes. 217 pages cloth $7.95 paper $4.95 

MATERIALS fN ELECTRONICS 
by Charles E. Jowett 

A survey of the problems involved in the use of 
materials in electronics. The essential concepts 
of the nature and behavior of the materials used 
are covered together with a comparison of those 
used in electronics and micro-e lectronics. 
Describes the practices in the application of 
materials to the major types of components and 
examines the purpose of testing materials. 
Useful for design and production engineers. 
Illustrated. 220 pages $24.00 

MEASUREMENTS AND CONTROL 
APPLICATIONS FOR PRACTICING 
ENGINEERS 
by Joel 0 . Hougen , 
Department of Chemical Engineering , 
The University of Texas 

Emphasizes the empirical app.roach to problem 
solution. Because the approach applies to 
existing facilities , the extent to which the 
optimum possible solution approaches the 
ideal is dictated by the performance char­
acteristics of the processing apparatus which 
must be used , the processing techno logy 
employed and the economic factors associated 
with the solution and current operation . 
Available June, 1972 330 pages cloth $10.95 
paper $7.95 

INVENTION PROTECTION 
FOR PRACTICING ENGINEERS 
by Tom Arnold, B.S .. E.E., Ll.B. 
and Frank S. Vaden , Ill , B.S .. E.E .. Ll.B. 

Contents : Fundamentals of the Patent System­
What the Patent Is and Is Not - The Obtaining of 
a Patent - Elements of Patent Exploitation -
Patent Enforcement and Litigation -Avoiding 
Patents of Others - Evaluating a Patent for 
Purchase or Sale-Organization of a Corporate 
Patent Program - Patent Licensing-How to Use 
Your Patent Lawyer - Trends in the Patent Law. 
190 pages clo th $7.95 paper $4.95 

DECISION AND RISK ANALYSIS 
FOR PRACTICING ENGINEERS 
by Melvin W. Lifson , President, 
Valvementrics, Sherman Oaks, California 

The need for visibility and quantification of 
judgemental factors arises not only from a desire 
for logical consistency in the treatment of 
decision elements but also from the need for 
people to communicate. review and discuss 
such factors as part of the total decision process. 
This book develops a decision methodology, 
including explicit quantitative evaluation models 
by adapting decision theory, utility theory and 
Bayesian concepts to the needs and require­
ments of systems decision making . 

SEMICONDUCTORS 
Edited by D. F. Dunster 

The first vo lume in a series of International 
Dictionaries of Science and Technology, thi s 
dictionary was compiled by a team of experts 
from seven European countries and contains 
4,572 entries with definitions and over 5,500 
terms in French , German , Italian , Portuguese, 
Russian and Spanish . There is an abundance of 
detai led technical data with illustrations and 
tables and particular attention has been paid to 
the complex problems presented by signs, 
symbols, measurements and parameters. 
37 pages of tables . 200 illustrations. Ind ices. 
1,383 pages $49.50 

QUANTITATIVE MANAGEMENT METHODS 
FOR PRACTICING ENGINEERS 
by Scott Page, Department of 
Industrial and Systems Engineering, 
University of Houston 

Contents : Quantification- The Scientific Process 
- Decision Theory - Models-Simple but Useful -
Replacement -Congestio n Models-Queuing 
Theory- Networks-CP M - Inventory Methods ­
Programming - Simulation - Forecasting ­
Production Systems-Organizational Models 
-Systems. 186 pages cloth $7.95 paper $4 .95 

THEORY AND TECHNIQUES 
OF OPTIMIZATION 
FOR PRACTICING ENGINEERS 
by Raymond L. Zahradnik , Ph .D .. 
Associate Professor of Chemical Engineering, 
Carnegie-Mellon University 

Contents : Parameter Optimization - Linear and 
Quadratic Programming -Geometric Pro­
gramming - Gradient Techniques- Non-Linear 
Programming -Discre te Dynamic Programming 
- Trajectory Optimization-Continuous Dynamic 
Programming - Maxim um Principle-Approxi­
mate Techniques and Trajectory Approximizatio n. 
260 pages cloth $7.95 paper $4.95 

Available in June 

APPLIED NUCLEAR POWER 
FOR PRACTICING ENGINEERS 
by Knud Petersen, Department of 
Nuclear Engineering, U. of Puerto Rico 
with Donald S. Sasscer, Heriberto Plaza , 
Aviva E. Gileadi, Richard Brown Campos 
and Robert H. Holyoak 

May be used as a quick reference to a particular 
problem in applied nuclear power or may be 
used as a whole to give the reader a well -rounded 
introduction to the topic . Almost every chapter 
treats a subject without depending on the cont.ext 
of the other chapters yet con tinu ity has been 

. provided by treating the same example through­
out. 250 pages cloth $9.95 paper $6.95 

~--------~~~~---------~ Cahners Books Dept. EON _ _ Basics of Circuit Analysis tor Practicing Engineers @ $4.95 
__ Measurements and Control Applications for Practicing Engineers 

. 89 Franklin Street , Boston, Massachusetts 02110 o cloth@$10.95 D paper @$7.95 

Please send me the books I have checked off below. I under­
stand that I may examine them FREE for 15 d.ays. If they meet my 
requirements , I will send you my check. Otherwise, I may return 
them to you in an undamaged condition . 

D Bill Me 
_J Bill Company 
u Check Enclosed (We Pay Postage) 

Name 
Company ____________________ _ 

Address _____________________ _ 

City/ State / Zip ----------------- --

__ Decision and Risk Analysis for Practicing Engineers 
D cloth@ $9.95 D paper @ $6.95 

__ Applied Nuclear Power for Practicing Eng ineers 
D cloth@ $9.95 D paper @ $6.95 

__ Theory and Techniques of Optimization for Practicing Engineers 
D c loth @$7.95 D paper @ $4.95 

__ Invention Protection for Practicing Engineers@$4.95 

__ Probability for Practicing Engineers @ $4.95 

__ Applied Engineering Statistics for Practicing Engineers @$4.95 

__ Quantitative Management Methods for Practicing Engineers @ $4.95 

__ Materials in Electronics @ $24.00 

__ Semiconductors@ $49.50 
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Name your stepper motor needs. 
Chances are we can meet them. 
Off-the-shelf. 
Whateve r your design re­
quirements ... step angle, 
stepping speed, torque, di­
rection of rotation ... yes, 
even price ... you can save 
time and money by ta lking to 
THE Stepper Motor People 
first. The A. W. Haydon step­
per motor line is one of the 
most comp lete, most versa­
ti I e and most economical 
available. 

We offer you a total capa­
bility ranging from the simple 
to the sophisticated ... from 
low-cost 2-phase pulse step­
pers at $5.94 to more com­
plex, 8-phase digital models 
costing up to $67.75 in quan­
tities of 100. Inexpensive logic 
cards, va riable speed drives 

or specially designed systems 
engineered to your require­
ments are also available. 

Step angles? Name them. 
With our pulse steppers, you 
have an unlimited selection. 
As for our digital models, you 
can specify angles of 33/4 °, 7°, 
15°1 30°1 45°1 or 90°1 pu ll-in 
rates to 1200 steps/sec and 
torque to 22 oz-in. 

Mind you , this is all off the 
shelf. So, why shop around? 
Write For Stepper Motor Handbook 

Here's a clear, concise expo­
sition of the why's and where­
fore's of PM stepper motors. 
It's a MUST 
for every sys­
tem desginer. 
Send for it. 

A. W. HAYDON CO. PRODUCTS 

I NORTH AMERICAN PHILIPS CONTROLS CORP. I 
CH 8 

A NORTH AMERICAN PHILIPS COMPANY 
232 North Elm St. · Waterbury, Conn. 06720 · (203) 75b-4481 
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D IRECTION 
pi ler languages may be too cost ly to 
use, or inefficient. 

Saul Dinman, VP of engineering at 
GRI and author of the new patent, 
stated, " Judging by recent trends in 
major competitor minicomputer de­
sign, there is a definite course being 
established and directed along the 
lines of the GRI innovated Universal 
Bus Concept. " One such example is 
the SUE computer recently announced 
by Lockheed Electronics. 

Largest memory­
computer system 
provides instant 
statistics at the 1972 
Summer Olympics. 

The 1972 Summer O lympics in Mu­
nich, Germany, are expected to draw 
over 4000 journalists, 15,000 athletes, 
trainers and guests and many thou­
sands of sports fans. Providing instant 
statistical information on al I the ath­
letes for these people will be a mam­
moth job for any data system. Siemens 
Corp., the German electronics giant, 
has provided the answer with what it 
says is the world 's largest sports mem­
ory-two computers that will give in­
stant information on not only the play­
ers, officials, trainers and guests of 
honor, but also data on all the rules, 
victories, and latest ranking lists and 
on cultural events taking place. His­
to ri cal data on the first six ath letes in 
every Olympic sports event since 
1896 will also be available. 

The information system is based on 
a process for the storage and retrieval 
of information developed by Siemens 
known as GOLEM (a German abbre­
viation for a random-access storage­
oriented inquiry system with list-type 
organization ). This data bank system 
has been used successfully in a wide 
variety of appli cations and was 
changed slightly for the special re­
quirements of the Olympic Games. 

The pair of computers are part of a 
Siemens computer center in the south 
of Munich which handled the evalua­
tion results for the 1970 Wor ld A lpine 
Skiing Championships in Val Gardena, 
Italy. The storage is of the mu lti-spind le 
disk type with two standby magnetic 
card storages and contains around 
150,000 information records. 
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To get some idea of the magnitude 
of the material to be stored, the data 
memorized wou ld fill over four mi l­
lion punched cards. Seventy-two in­
formation stations are linked with the 
computer center via 1 200-bit/sec seri­
al modems. These stations are set up 
in the press centers, at the various 
competition sites and at focal points of 
tourist traffic. Each consists of a data 
display terminal and a keyboard oper­
ated by a specially trained hostess. Fif­
ty of the 72 terminals are connected 
with data printers. A number of con-

Instant statist ics - that's what this CRl 
terminal provides for the upcoming 197 2 
Summer Olympics in Munich, Germany. 
The terminal is part of a two-computer sys­
tem set up at the Olympics by Siemens of 
Germany. The system supplies details of 
practica lly everything connected with the 
O lympic games. 

ventional copying machines are also 
provided for printout reproductions. 

The largest section of the Olympic 
data bank, which numerous Siemens 
employees have been compiling for 
two years, contains the personal data 
on the 10,000 athletes and 5,000 offi­
cials. The system wi ll be ab le to pro­
vide, for example, fu ll name, date of 
birth , nationa lity, heigh t, weight, mari­
tal status, number and sex of ch ildren, 
hobbies, club memberships, best 
events and previous successes and vic­
tori es. The complete rules of all 196 
events of the 21 Olympic sports and 
significant sporting terms in German, 
English and French are also stored. A 
daily summary of the Munich competi­
tion resu lts will be fed into the system 
during the night by means of a specia l 
updating service. 

The particular advantage of thi s 

Another new modem 
from Tele-Dynamics 

Full duplex 300 bps originate-only and 
answer-only versions. Interchangeable low-cost 
replacements for Bell 113A and B. 

Available for delivery now. In PC card version, or with 

mounting bracket, power supply, barrier strip termination 

and adapter cable especially for teletype machines. End­

to-end compatible with all Bell 103 and 113 data sets. Volt­

age levels provided for all common interfaces. Uses Type 

CDT DAA for public telephone network operation. 

Find out about the 7113. And about the 

complete Tele-Dynamics line of 300 to 

2400 bps modems. Send for data sheets. I 

Or call John Jurenko at (215) 643-3900. ~ 

Do it now. 

TELE-DYNAMICS 
D I v I s I D N 0 F I AMBAC I 

525 Virginia Drive, Fort Washington, Pa. 19034 (215) 643-3900 
4T-2100 

CIRCLE NO. 411 
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Voltage transient 
and overcurrent protection 
in one compact package, 
reasonably priced. 

The Heinemann} AJQ® 
crowbar I circuit breaker. 

Thereare many ways to protect semi­
conductor devices, of course. Ours 
has one indisputable adva ntage over 
the others. 

It's availab le now. As a single, 
tested component you can buy from 
a single, reliable source. 

You save thereby a sizab le chu nk 
oftime in getting your prod uct ready 
for market. And reduce your costs as 
well - design costs, procurement 
costs, assembly costs, testing costs, 
and the overhead costs associated 
with all of the foregoing. 

The JA/ Q is broadly app li cab le to 
semiconductorcircuits, whether dis­
crete, IC, or hybrid . Its internal crow-

bar wi II c lamp a voltage transient to 
ground within 500 nanosec, at ±10% 
of the firing voltage you specify. 
Within about 10 millisec, the c ircu it 
breaker sect ion will remove the pro­
tected load from the line. 

The JA/ Q package will also serve 
you as a conventional overcurrent 
protector, with time-delay or non­
time-delay response and the per­
formance accuracy unique to the 
hydraulic-magnetic ci rcu it breaker. 

Our Bulletin 3371 will give you 
detailed specifications on th e JA/Q. 
Have us send you a copy. Heinemann 
Electric Company, 2808 Brunswick 
Pike, Trenton, N.J. 08602 . 

~HEiNEMANN 
5330 
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DIRECTION 

The particular advan tage of thi s 

electronic information system is that 
the desired answer can be obtained 
very quickly from the vast source of 
information using si mple search ques­
tions without spending time referring 
to key-word cata logs. In written form, 
the personal data alone would fill a 
book two-meters thick. The search­
key method permits data and facts to 
be logically combined. In this way it is 
possible to determine in a matter of 
seconds the athletes from a particular 
country who have won a medal in the 
100-meters dash (s ince 1896), or have 
beaten a time specif ied by the inquir­
er, for example. 

And now a taxi by 
computer - for instant 
and more efficient cab 
dispatching 

The Ye llow Cab Company of Los 
Ange les has turned to computers to 
improve taxi operations in the sprawl­
ing Los Ange les area. Computat, as 
the new system is ca lled, is providing 
faster and more reliable service by 
quick ly and accurate ly matching tele­
phone cab requests with the nearest 
availab le taxis. 

The system is built around two NCR 
Century 100 computers linked to 
eight NCR 795 CRT terminals. Hand­
ling up to 10,000 calls a day for the 
700 cabs operated by the company, 
the system works as follows: 

Yellow Cab operators take tele­
phone orders and enter these into one 
of the Century 1 OOs via the CRT units. 
The computer determines in which of 
the c ity's 200 numbered grid areas the 
callers are located and then matches 
the orders with the nearest available 
cabs, displaying the information on 
the CRT screen of the dispatcher who 
then relays the order to the appropri­
ate taxi driver via radio. 

Logs of incoming ca ll s, the dis­
patching of cabs and the times and 
places of pickups and deliveries are 
stored in the computer's magnetic disk 
files. The second computer system is 
used for company stat istica l reporting 
and the processing of payroll and 
accou nts receivable and payable. 
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Call RCA if you 
want to tall< about 

• • 51 
COS/MOS 
Now, for high-reliability types in COS/MOS ICs - for full 
MI L-STD-883 - call RCA.* And let's talk about advanced 
MIL-M-38510 techniques. In RCA's rapidly evolving 38510 
program, high-reliability type product becomes not just the 
result of screening, it will be built in, through procedures 
being developed to the specification: 
•Scanning electron microscope (SEM) 
• Radiographic inspection 
•Product traceability for permanent product control 

• Rigorous operator training to maintain high quality-control 
standards 

The COS/ MOS CD4000A series is available in high-reli ­
ability types now being produced under MI L-STD-883, with 
SEM inspection specified in NASA-Goddard Space Flight 
Center specification G FSC-311-P12A, on special order. 

And , since RCA's COS/MOS production is a single, in ­
tegrated process, process advances that are developed for 
high-reliability product are automatically reflected in the 
commercial type you specify . 

If you want the leader's standard of quality plus volume 
capability and systems cost effectiveness, go COS/MOS. See 
your RCA Representative or your RCA Distributor. Or write, 
RCA Solid State, Section 171 D , Box 3200, Somerville, N.J. 
08876. International: RCA, Sunbury-on-Thames, U.K., or 
P.O. Box 112, Hong Kong. In Canada: RCA Limited, Ste. 
Anne-de-Bellevue 810, Quebec. 
*For information on high-reliability COS/MOS and our MIL­
M-38510 progress, call RCA 's high-reliability marketing 
specialist, Garry Miller (201) 722-3200 Ext. 2805. 

Ren Solid 
State 

products that make products pay off 
CIRCLE NO. 413 

RCA's scanning electron microscope at 1000 X 
magnification shows excellent conformity of 
conductors over wafer contours, assuring conti­
nuity and reliability of metal interconnects. 
This is a dramatic example of process refine­
ments achieved under the RCA high-reliability 
program which are automatica lly applied to 
commercial products. 

6000 X magnification shows excellent metal 
coverage over an oxide step . 
The scanning electron microscope has become 
a major tool in RCA's diagnostic and high­
reli ability procedu res . 
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This is where you come in. 

Right at the back of our 12-inch CRT monitor module. 

You supply a composite video signal between 0 .5 and 1.5 V, and we supply 
the rest-a complete CRT display package designed for alphanumerics 

that is suitable for rack, console or cabinet mounting. 

Of course, you also have to provide a power source, but we've even made that 
easy. Your module comes off-the-shelf for either 120 V AC or 22 V DC operation. 

Despite the fact that our 12-inch display module is an off-the-shelf design, you'll be 
surprised at the number of options available to you. Depending on lighting conditions you 

can have 92 % , 70% , or 55 % light-transmittance filter plates, with or without antireflec­
tion coating. You have a wide choice of phosphor types. All of our tube types 

meet UL requirements for implosion protection. 

If our 12-inch monitor doesn't meet your needs, send us your 
specs and we'll come up with a custom design. 

You take care of the system. We'll take 
care of the display module. 

Because that's where we come in. 

Sylvania Electronic Components, 
Electronic Tube Division, 

Seneca Falls, N.Y. 

(iji~ SYLVANIA 
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This 2.3x 1.8x 1-inch module has tracking 
outputs of ± 15 V @ 25 ma with regulation of 
±0.1% and ripp le of 1 mv. It costs $14.00 in 
1,000 lots and on ly $24.00 for one. Requisition 
Model 015-03. (For ± 12 V @ 25 ma, order 
Model 012-03.) Three-day shipment guaranteed. 

Acopian Corp., Easton, Pa. 18042 
Telephone: (215) 258-5441 

CIRCLE NO. 415 

Profit 
Through 
Quality 

By Sidney Weinberg 

A practical guide to help production and general 
managers analyze quality and reliability policies for 
their companies. The author discusses the basic re­
quirements for a Q and R policy and shows how and 
where to use them to increase profits. 
CONTENTS: Profit in Quality and Reliability ; 
Basic Requirements of Q and R Policy; Human Con­
tribution to Quality; Increasing the Proportion of 
Good Quality ; Standardization and Specification; 
Role of Inspection; Development I: Innovation and 
Improvement; Development II: Increase in Re­
liability; Purchase of Quality. 
Order now. If you are not convinced that this book 
will help improve your company's profits, return 
within 15 days for full refund or credit. 

Illus. 192 pp. $10.95 

Cahners eooK 01v1s10N 
89 Franklin St., Boston, Mass. 02110 

systems provide multi-function 

AIR·POWER 
WINDJAMMER® multi-output systems supply a com­
bination of vacuum and/ or pressure to satisfy the air 
requirements of virtually any machine. These systems 
provide working air for tape-transport vacuum, card 
sorting, vacuum hold-down, cooling, air sampling, etc. 
Noise-reduction shrouds and induction motors with 
balanced components guarantee quiet, vibration-free 
operation. 
Lamb will work with you in .. ...---------. 
developing new systems . . . .• 
prototype to final design. De- ~ 
livery of quantity lots can be ~ ·• 
scheduled to meet your pro- !'"'fi1"1~"'l!... 
duction requirements. ~ • 
FOR DESIGN DATA, Con- B · 
tact: AMETEK/ Lamb Electric, ~ . 
Kent, Ohio 44240. Telephone: L...)w~.l,..·-~4' 
(216) 673-3451. 

AIR FLOW-CFM 

.\METEK /Lamb Electric ,... .. -.. 
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Low-cost core memories 
don't have to be slow and bulky. 
In the past, core memories designed to be compact and fast were also expensive. 
Here is one wa y to improve speed and packaging without increasing cost. 
Joseph A. Lake, Ampex Corporation 

If core memory systems are to remain competit ive w ith 
semi conductor memories through the 70's, then designers 
must become more cost consc ious than ever before. Dra­
matic cost reductions of integrated circui ts now make 
semiconductor memori es more attracti ve. However, thi s 
also lowers core memory costs because semiconductors 
can make up two-thirds of it 's cost. 

Ampex recently des igned a small memory w hose largest 
size module is SK words of 18 bils each and wi th a cycle 
time of 850 nsec. The object was to reduce cost w hile 
achieving at least equal performance to previous systems, 
and wherever poss ib le, improving it. The effect of this re­
newed emphas is on low cost can best be shown by exam­
ining some of the trade-off decisions made during the de­
sign of thi s memory. 

Three wire, 30 is best 
At an early stage, the dec ision .was made to use 3 w ire, 

30 organizati on. O ther possibiliti es were considered, but 
rejected for the fo llowing reasons. Three w ire, 2-1 /20 elim­
inates the need for inhibit driver circu itry, however it is 
costl y since it greatl y increases the number of other selec­
ti on circuits required. Cost tradeoffs can vary widely ac­
cording to the cicuitry used, but 2-1 /2 D generally becomes 
more economica l only at larger capac ities and word sizes 
than those being considered. 

Two-wire, 2-1 /2 0 offers the poss ibi lity of reducing stack 
cost, but requires elaborate sensing circuits to sense the 
signal on a line that is also used for read half se lect currents. 
This increases access time, since the signal cannot be 
sensed until the noise generated by the fi rst read half se lect 
current has recovered to an acceptab le leve l. Even wi th a 
third wire, the access time is greater with 2-1/20 because 
of increased delta noise. 

An argument for a two-wire system is that it offers the 
poss ibility of a full y automated w iring stack. The more 
complicated wiring configurations of the inhibit winding in 
a 3 wire stack normally require that thi s wire be strung by 
hand, even if the stringing of the other two wires has been 
automated. This comparison becomes somewhat academi c 
because automated wiring is still rel ati vely unproven ex­
cept at IBM, where millions of dollars were spent to de­
velop suitable techn iques. Automated wiring of cores 
smaller than 22 mils has not been reduced to practi ce any­
where, and the cost of hand wiring stacks overseas sti 11 

remains competitive to proj ected automated wiri ng costs. 

Transformers still work best in switching circuits. 
Having dec ided on a 3 wire 30 organizati on, the next 

step w as the XY selection circuitry to be used. Here aga in, 
there were no rea l surprises. 

The 2 diode per line switching system shown in Fig. 1 has 
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been used in core memori es for many years and sti 11 offers 
the most economica l altern ati ve ava ilable. To qu ickly re­
view its operation, thi s schemati c represents a matrix of 
eight pa irs of switches on the left and sixteen pa irs of 
switches on the right, connected to 128Y lines. To se lect 
one line and to dri ve read current th rough it, the two diago­
nally opposi te " read" switches (RS) are turned ON. Then 
the " read cu rren t" source is turned O N after the current 
path has been set up by the switches. The procedu re is re­
versed for turning OFF the current, w ith the " read current" 
source be ing turned off first, fo llowed by the " read" switch­
es. Switching of " write" current in the oppos ite di rection on 
the line is accomplished in a similar manner w ith the 
" write" switches (WS) and the " write current" sink c ircuit. 

Some small memories are designed w ithout current 
sources, rep lac ing each current source circu it with one re­
sistor. This has several di sadvantages. The memory be­
comes dependent on the switching characteri sti cs of nu­
merous switch circui ts instead of just one circu it w hich can 
be more careful ly contro lled. A lso, and perh aps more im­
portant, is the fact that power is diss ipated by the element 
which actually turns the current ori and off. If th is ele­
ment is a current source and current sink ci rcuit rather than 
read/write switches, it results in a lower max imum junction 
temperature fo r those switches and thus greater reli abi lity. 

A lthough this is one of many cases where it is difficult to 
show lower cost, improved reli ability may well be enough 

-v 

Fig. 1 Two diode per line switching system provides economi ca l 
selection ci rcuitry. 
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Controlled by one address bit and read / write timing 

-0 
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RS1 WS1 

RS2 WS2 

RS3 WS3 

RS4 WS4 

Fig. 2 One of four switch matrices required in selection circuitry. 

to offset the small cost of the current source circuits. These 
circuits give a more linear ri se time to X and Y cu rrents 
whi ch result in a slightly faster access time and somewhat 
improved margins. They also provide the req uired tempera­
ture compensation for co re current. 

Only one of the eight pairs of switches on the left is ever 
on at any given time. The same applies to the sixteen pairs 
of switches on the ri ght. Thi s suggests that these switches 
should be arranged in some kind of matri x. What is then 
achieved is a matri x of switches driv ing a matri x of diodes 
driving a matrix of cores. In each case, an optimum matrix 
of circuits is the goa l because cost is minimized by hav ing 
as little circuitry as possible at each intersection in a ma­
trix. The 64X lines are driven by separate c ircuitry identi ­
cal to that shown except that it is a matri x of 8 x 8 pairs 
of switches instead of 8 x 16. 

Fig. 2 shows one of the four switch matri ces required. A 
low-cost configuration can be designed by us ing a switch 
which can be se lected and driven by standard low-cost 
integrated circuits. Then the circuitry whi ch must be re­
peated sixteen times can be minimi zed. 

a, 

1 1 

Fig. 3a Low cost transformer coupled switch has fast turn-on but 
suffers from slow turn-off. 

RS5 

RS6 

RS7 

--0 
RS8 wsa 

---0 

One possibility for this switch is illustrated in Fig. 3a. 
The switch itself consists of only four low-cost compo­
nents. The IC gate G1 is a selected TTL c ircuit because 
standard logic ci rcuits cannot guarantee the required out­
put drive in the high voltage state. It costs less than 10% 
extra to test all of these packages. There are two reasons 
why the increased cost is so low: 1) the tested yield is 
high, and 2) all c ircu its which don ' t meet the criteria for 
thi s circuit can be used elsewhere in the system. 

Some designers don ' t like to use transformers because 
the aren't as easy to package as semiconductor dev ices, 
and use of a pulse transformer adds a new list of parame­
ters for circui t designers to worry about. These include 
turns ratio, droop, recovery time and leakage inductance. 
However, in thi s case, it is sti II worth the trouble to use 
transformers. This is because it takes only four components 
to prov ide a swi tch with perfect d.c. iso lation from the driv­
ing source, and primary current variation has almost no 
effect on the current flowing in the floating switch as long 
as Q1 remains saturated. 
The most practi cable altern ative to thi s c ircu it would be 

II 
a, 

Fig. 3b Turn-off is speeded up by adding one more diode. 
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designing with IC's? 
Cambion's expanded "works" 
solve more packaging puzzles 
We 've added extensively to our hot line of IC 
accessories to make your expanding work with 
IC 's easier, faster, and simpler. 
Strip connectors, cable assemblies, integrated 
socket strips, component socket adapters, cable 
cards, and card extenders are but a start. In 
addition, totally new Cambi-Cards®, card files, 
drawers, universal panels with and without pre­
mounted socket strips and power planes, specific 
logic function cards for intermixing with Cambi­
Cards plus the standbys you ' re using of high den­
sity sockets, wire-wrappable Cambi-Cards, logic 
cards, general purpose and discrete component 
cards, and more. 
A complete NC Wire-Wrap* service is available to 
speed economical production of your IC system 
designs. 
Now, you can solve more digital system packaging 
puzzles with CAMBION 's expanded " works". Our 
new catalog 99 tells the up-to-date story. It's got 
40 more peges than its predecessor and we'll 
send it to you free, if you ' ll send us your name 
and address. Cambridge Thermionic Corporation, 
445EDN Concord Avenue, Cambridge, Massachusetts 
02138. Phone: (617) 491-5400. In Los Angeles, 
8703 La Tijera Boulevard, 90045. Phone: 
(213) 776-0472. " R•Ri•lerod Mark of Gardner-Denver Co. 

l ' I Standard ize on 

1 CltMmO•® 
The Guaranteed Electronic Components 
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one of the several IC core drivers now ava ilabl e. Some of 
these cost no more than the components needed for trans­
former coupled switches, however they still have several 
drawbacks. M ost have comparatively low breakdown volt­
ages in the ou tput transistors, and also have interacti on 
between the dri ve and output c ircuits. The latter affects the 
to lerance of th e outpu t current. In addition, most are not 
as fast as the transformer coupled sw itch. If you have an 
in house capab il ity fo r makin g transformers, it is rela­
tively easy to minim ize the cost and to optimi ze the des ign 
of the transformer itself. 

The c ircuit in Fig. 3a has one drawback. While ade­
quate cu rrent can be provided to turn the switch ON fast, 
it is d iff icu lt to tu rn it O FF fast, si nee reverse base current 
is inadequate to remove the stored charge from Q1• 

Several methods have been used to accomplish fas t 
turn-off. O ne way is to des ign the circu it with a low in­
ductance transformer so that the build-up of magneti z ing 
current o r droop res ul ts in a reverse secondary current 
be ing generated at the end of a pulse. Th is however, re­
qu ires more initi al turn-on dri ve and makes a wo rst case 
des ign quite di ff icult for any reasonable temperature 

range. Another way to achieve reverse base current is to 
red uce the va lue of R1 to a point where it conducts 
enough current to rap id ly turn off the switch. Thi s aga in 
req uires increased turn -on dri ve, making the prim ary cir­
cu it design qu ite difficu lt. 

A better altern ative is shown in Fig. 3b. Here, one more 
diode (0 2 ) has been added. Just as before, to turn the 
switch ON, the ouput of IC gate G2 must be in a low vo lt­
age state, and the output of G1 must be in a hi gh voltage 
state in order to de liver prim ary current to the transformer. 
At the end of the pulse, the states of these two gates are 
reversed, and the vo ltage at the output of G

1 
stays very 

close to zero vo lts. If the output transisto r Q1 remains satu­
rated, its base-em itter vo ltage will be approximatel y 0 .5V. 
Thi s vo ltage w i 11 be reflected to the prim ary transformer 
wi nd ing causi ng it's negative end to go to -0.4 or -0.5V. 
The added diode w hose anode is connected to a + 0.5 vo lt 
source w ill then be fo rward bi ased and prov ide a reverse 
current path th rough the primary. The result is a reverse 
current induced in the secondary w inding whi ch contin ­
ues to flow as long as Q1 remai ns' saturated. A reverse cur­
rent of approximately 50 mA can be achieved in thi s w ay 
resu lting in typ ica l turn off times of 20 to 30 nsec. The 
+ 0.5V source is common to the turn off diode (0 2 ) for all 
sw itches, and only 0 2 is repeated in each switch, thus 
adding a very sma ll cost to the swi tch ci rcuit. (0 2 repre­
sents about 1 0% of the switch c ircuit cost. ) 

Sense-inhibit ci rcuits need no transformers 
The next set of trade-offs come w ith des ign of sense- in ­

hi bit c ircui try. Fig. 4 shows three pm, ib le configu rati ons. In 
Fig. 4a the two halves of the inhibit line are dri ven by a 
common switch. A ba lun tra n~fo rmer is usuall y required to 
equa li ze the two currents since the line impedances of the 
two halves are often not we ll matched. The expected sense 
signal, also in Fig. 4a, shows a double peak characteri sti c 
caused by one half of the signal from the se lected core hav­
ing to trave l a longer distance to the sense amplifi er input 
than the other half. Since the two halves do not co inc ide, 
the peak amplitude of the total differenti al signal seen at the 

sense ampli fier is less than the total voltage generated by 
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the switching core. Thi s becomes less important as the 
length of the sense line is reduced, however, it is qu ite im­
portant for systems at 8K sizes or larger. 

The second alternative (Fig. 4b) has terminations at each 
end of .each half of the sense line. This approach removes 
the double peak effect because the half of the core signal 
whi ch propagates away from the sense amplifier is termi ­
nated by the res istors and never reaches it. The core signal 
amplitude in Fig. 4b is equal to one-half the amplitude of 
the signal generated by the switching core. The balun trans­
fo rmer is not necessary in thi s configuration because the 
two res istors guarantee equal currents in the two halves of 
the line. 

(a) 

(bl 

Core Si gnal 
at Sense Amp. 

Core Si gnal 
at Sense Amp. 

Fig. 4 Three possible configurations for sense-inhibit ci rcuitry. 
Fig. 4a has an undes irable double peak. Fi g. 4b eliminates dou­
ble-peak but has onl y one-half amplitude. Fi g. 4c is optimum low­
cost design and has fu ll-amplitude signal. 

Smart Wag to 
Interconnect 
IC Circuits 

motherboards, ~ 1 \ 
backplanes without 
complicated costly IC interconnect 

Connect PC boards,~~ 

crossovers. assemblies ready for 
Specify 3C Controlled p l ~g-in wit.h 1~ or .16 
Characteristics Cable or thi~k '?~thin pin high 

d "bb bl rehab1hty DIP-
stan ard n on ca e- compatible connectors 
any length - with 
twisted pairs, color at one or both ends. 
coding, various Priced less than $1.00 
insulations, sizes each for some versions 
and styles. in quantity. 

~ 
~ 

Excellence in Engineered Wiring 

SPECTRA- STRIP 
Box 415, Garden Grove, Calif. 92642/(714) 892-3361 
Box 6023, Hamden, Conn . 06517 / (203) 281 ·3200 
See us at NEPCON West, Booth 739. 
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Excellence in Engineered Wiring 

~ ~~~!~~~!!7~!~361 ~ Box 6023, Hamden, Conn . 06517 /(203) 281 ·3200 
See us at NEPCON West, Booth 739. 
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The best alternative is the one in Fig. 4c. It is the same as 

Fig. 4b except that terminating resistors at the sense amp 
end of the line have been removed. When a core switches, 
half of the signal propagates away from the sense amplifier 
as before, and is terminated by the remaining resistor. The 
other half propagates toward the sense amplifier input and 
sees a very high impedance there. It is almost doubled be­
cause of the in-phase reflection generated. This results in a 
signal at the sense amplifier approximately equal to the sig­
nal generated by the switching core. The in-phase reflec­
tion then propagates away fron the sense amplifier and is 
absorbed by the other terminating resistor. 

Since this configuration eliminates the double peaking 
effect and still allows the full amplitude of the core signal to 
be sensed by the sense amplifier, a better signal to noise ra­
tio is achieved. This scheme used with 18-mi I cores 
achieved a very acceptable si gnal to noise ratio with a 16K 
sense segment, which is twice as long as that generally ac-
cepted as practical. ·•· 

Core packing density is doubled 
Another reason for the uniformity and good signal to 

noise ratio is the high packaging density achieved in the 
Ampex 18-mi I core stacks. The packaging density in Fig. 5 
is approximately double that normally seen in similar stacks 
using 18-mil cores. This results in shorter lines with less 
signal delay, less inductance, and therefore less noise. A 
module using 16K sensing has been developed for larger 
systems. However in 8K segments, the large sense window 
makes them quite tolerant of voltage and timing variations. 

Noise margins improve without increasing cost 
Noise margins of the memory can be improved further by 

reducing the allowable threshhold spread of the sense am­
plifiers. The threshhold spread specified by the manufac­
turer for the sense amplifier is 11 to 19 mV (an 8 mV spread). 
Reducing this spread to 4 or 5 mV by individual device 
selection could result in a considerable increase in cost. 

Another way to achieve the same result is to have the 
sense amplifiers grouped into three overlapping groups, as 
shown in Fig. 6a. The sense amps can then be color coded 
and guaranteed by the manufacturer so that all threshholds 
for sense ampl ifiers color coded as group A will fall be­
tween 11 mV and 15 mV. Similarly, the other groups are 

Group B 

Group A Group C 

c=t1 
11 12 13 14 15 16 17 18 19 

Threshold (mv.) 

Fig. 6a 

Fig 5 High packing density of 18-mil cores results in good signal­
to-noise ratio. 

specified to have threshholds that fall between the other 
limits shown in Fig. 6a. The result is a high yield with little 
or no increase in cost. These sense amplifiers are then as­
sembled into the memory by specifying a different value of 
resistor in the reference divider (Fig. 6b) for each group of 
sense amplifiers. This effectively shifts the center of each 
group to the same point and the threshhold of all sense 
amplifiers is then held within a total spread of 4 mV. The 
value of the resistor (RA, R8 , Re) to be used for each of the 
three groups is specified on the assembly drawing for the 
printed circuit board. This is an inexpensive assembly pro­
cedure, not a trim procedure, since no measurement has to 
be made at the time of assembly. 

Another way to hold costs down is to use redundant 
cores in the core stack, thus requiring a minimum of rework 
to replace bad cores. 

In very smal I systems it is practical to mount the core 
stack on the same board with the drive and sense circuitry. 
The circuitry and stack can then be tested as one unit, elim-

+V 

Sense 
Input 

1 

Sense 
Input 

2 

V REF 

Fig. 6 Sense amplifier grouping scheme reduces threshold spread without increasing cost. 
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1885 TIMING 

SIC/ SOC 
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-t-------+---
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ADDRESS IN - - ---~- -~i-----+----+----+----+----+----+---~ 

ADD. STROBE 

DI STROBE 
(CW ONLY) 

SA STROBE 
(R-R ONLY) 

DA 

UA 

CIRCUIT TIMING 

X CURRENT 
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Z CURRENT 
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326 384 
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Fi g. 7 Timing diagram for final low-cost memory. The sense amp 
strobe (S.A. ) normall y occurs at 214 nsec. Data available pulse 
(DA) indi ca tes that data out of the memory is good at 326 nsec 
thu, meeting the 340 nsec spec ifi cation for thi , memory. 

The entire cyc le is finished with the inhibit current (ZJ coming 
down before 800 nsec. Other pulses shown are the SIC (start input 
cycle), SOC (s tart output cyc le), Address Strobe (ADD), Data In 
Strobe (DI ) and Unit Availab le (UA). 

inati ng the need for a separate stack test. In larger systems 
however, like the Ampex 1885 (8K by 18), it is still desir­
ab le to have a fu lly tested stack and tested electron ics be­
fore they are mated. 

Delay lines cost less than shift registers 

Timing for the 1885 memory (Fig. 7) uses a delay line 
w hi ch rec ircu lates a pu lse two times during each full cycle. 
Although IC shi ft registers and cou nters are desi rable as 
possib le alternatives, they are stil I too expensive for the de­
sired degree of resolution. The delay line offers good toler­
ance w ith minimum circuit ry. However, a single shot in 
addition to the delay line is needed in order to achieve the 
desired resolution for the sense amp strobe. With some cir­
cu it changes the speed of this unit can be increased to a 
650 nsec cycle time. o 

Author's biography 
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deve lopment and support superv isor 
for Ampex Corp.'s computer products 
division in Marina del Rey, CA. Prior 
to joining Ampex in 1970, Mr. Lake 
held memory engineering pos it ions 
with IBM in Poughkeepsie, NY and 
the General Precision-Kearfoot Divi­
sion of the Singer Co., in Litt le Fal ls, 
N. J. He holds a BSEE from RP I. 

FOR A FREE COPY OF THIS ARTICLE CIRCLE 480 



CONTROL 

CONTROL SIGNALS 

Control - The trend is to use mi cropro ­
grammed ROM techniques to implement the 
control section . By comparison , the MECL 
10,000 control sec t ion cycles four times as 
fast as the TTL version , needs about the same 
number of ICs and board area , uses about l lh 
times the power, and provides a better cost / 
performance rati o. 

Here's life insurance 
for minicomputer 

ARITHMETIC MEMORY 

REG . 
FILE 

SHIFT 

ALU 

ORIVER 

Arithmetic - MECL 10,000 MSI functions 
reduce delay times considerably as this com­
parison illustrates: 

Delay in Nanoseconds 
TYP/Worst Case 

Function TTL MECL 10K 

Access Register File 35 /60 7 / 12 

Load Register A 30/50 3/5 

Access Register File 35/60 7 /12 

Load Regi ster B 30 /50 3/5 

ALU 60 /92 16/21 

Shift/Swap/Select 15/25 4.5/7 

Store Result in Reg. Fi le 30/50 7 /12 

TOTAL DELAY 235/377 47 .5/ 74 

REFRESH 
CONTROL MO~ 

ARRAY, 

AOORESS 

Memory - MECL l 0,000 allows the designer 
to fully utilize current memory technologies. 
As memory speeds increase, logic delays 
become limi ting factors when considering total 
memory system cycle time. TTL delay times 
are almost as long as memory access times 
making TTL unsuitable. By using MECL 10 ,000 , 
memory systems may be upgraded to faster 
types without any change in control logic 
except for clock speed. 

MECL and MECL 10,000 are trademarks of Motorol a Inc. 
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designs ... 
ltllECL ~~,~~~ 

PERIPHERAL 

DEVICE 

CONTROLLER 

CHANNEL 
ADAPTER 

P~ripheral - MECL 10,000 enab les the bus 
to operate at very high speeds by minimizing 
the time required for handshaking. To illus­
trate , the delay path from the output bus , thru 
the line receiver , address compare, channel 
control , multiplexer and line drivers was cal­
culated for both TTL and MECL 10,000. For 
TTL the delay is 133 ns typical, 211 ns maxi­
mum. MECL 10,000 performs the function in 
20 ns typical , 26 ns maximum. 

COMMUNICATION 

MODEM 

TRANSMIT RECEIVE 

Communication - Systems oriented MOS 
functions (MC2257 Terminal Transmitter and 
MC2259 Terminal Receiver) minimize cost , 
size and power. The savings are dramatically 
represented as follows : 

TTL PMOS 

Number of ICs 71 2 

Power (Typ/ Worst Case) 5.1/ 11.5 0.30/1.0 
Watts Watt 

Board Area 1!_10 Sq . In . 3 Sq . In . 

IC Cost $28. 14 $28.20 

To maintain the competitive edge 
in today's minicomputer market, 
designers must effectively react to 
new technologies that increase 
machine capabilities. lIC memories 
with their fast cycle times are 
extending minicomputer perform­
ance . And as memory speeds 
increase, new designs will be logic 
limited unless implemented by high 
speed logic families . 

MECL 10,000 provides the bal­
ance needed between memory speed 
and logic speed for next generation 
minicomputers. We compared a 
typical TTL design and a MECL 
10,000 system utilizing MOS mem­
ories and system oriented MOS 
functions. The result was a dramatic 
improvement in price I performance. 
This improved state-of-art perform­
ance is yours when you design 
around MECL 10,000. 

Get the whole story from our 
comparison study "New Technolo­
gies In -Minicomputer Design." 
Write to Motorola Semiconductor 
Products Inc., P. 0. Box 20912, 
Phoenix, AZ 85036. And after you 
have compared, contact your nearby 
Motorola distributor for off-the-shelf 
evaluation devices. You really won't 
know how competitive your mini­
computer is ... until you evaluate 
what MECL 10,000 can do. 

MECL •~,~~~ eliminates 
the alternatives. Evaluate 

and compare! 

M ·OTOROLA MECL 
for faster computers & systems 
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HOW TO SAVE MONEY ON KEYBOARDS: 

UNLOCK REALLY 
BIG SAVINGS WITH THIS NEW .. . .GOLD "CROSSPOINT" CONTACT KEY 

ACTUAL SIZE 

Gold "Crosspoint" Contacts plus simplified electronics enhance reliability and 
provide long life, low profile, low power consumption and low, low cost. 

HOW TO DESIGN YOUR OWN KEYBOARD: Call or write 

for the new six-page Cherry Keyboard Designer's Specification Sheet 

and the full-color Cherry Keyboard Brochure describing the reliable 

new Gold " Crosspoint" Key Module and Keyboards. 

CHERRY '·-
CHERRY ELECTRICAL PRODUCTS CORP. • ® 
3600 Sunset Avenue, Waukegan, Illinois 60085 • (312) 689 -7600 
Makers of patented Leverwheel/Thumbwheel Switches, Matrix Selector Switches, Snap-Action Switches and Keyboards. 
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PROGRESS IN PRODUCTS 

AID converter module 
has differential input 
Progress In 
Circuit Modules 

A chopper-stabilized instrumentation 
amplifier in module form that has an 
input voltage drift of less than 
± 1.0µ.V/0 C, CMRR of over 130 dB 
and 100 Mfl input impedance is 
worth knowing about, and a 3-1 / 2 
digit integrating AID converter mod­
ule is al so newsworthy. But Function 
Modules, Inc. , has developed a mod­
ule that combines that instrumentation 
amplifier and the AID converter in a 
single package. The result is a unique 
module, the Model 115 differential­
input AID converter. It is a 2 inch by 4 
inch by 0.4 inch module that costs 
less than $100 in OEM quantities, and 
its performance rivals that ·Of many 
expensive DVM's. 

How can you achieve low cost and 
outstanding performance without sac­
rificing quality? The secret is to elimi­
nate redundant circuitry and to simpli­
fy production testing. Since Function 
Modules noted that instrumentation 
amplifiers were often mated with AID 
converters for use in force- and weight­
measurement equipment, DVMs etc. , 
they decided to design an A/D con­
verter module with an integral instru­
mentation amplifier. By joining the 
two circuits, they were able to equal 
the performance of the previously 
used module pairs. Since the output 
function of the amplifier was commit­
ted to the AID converter, it didn' t 
need to be as flexible as a general 
purpose amplifier module. Similarly, 
the converter could be designed to 
operate exclusively in conjunction 
with its amplifier, and the circuits 
could be designed to share several 
common sub-circuits . 

For example, the oscillator drive for 
the chopper stabilizing circuit is de­
rived from the clock oscillator in the 
A/D circuit, thus eliminating an entire 
oscillator c ircuit. The calibration of 
gain and offset is accomplished after 

the module is completed, avoiding 
separate calibration of the amplifier 
and AID sections. The stabilizing loop 

in the input circuit helped minimize 
cost, too. A FET input stage with low 
drift would have required the use of 
premium matched FET's at the input, 
but the stabilizing loop eliminates that 
need. Also, it is expensive to eliminate 
switching spikes in a chopper stabi­
lized amplifier. But if these spikes are 
made to be symmetrical , an integrat­
ing A/D converter will automatically 
eliminate them. So combining a chop­
per-stabilized amplifier with an inte­
grating A/ D converter helps reduce 
amplifier cost. Thus, by tackling the 
total problem of digitizing low-level 
signals in the presence of common­
mode noise, the engineering team 
achieved DVM-level performance in a 
low-cost module. 

Gain - Setting 
Resistor 

Eos 
Offset 
Input 

Logi c Inputs 

RESET 

RECYC LE 

COMPLETE 

Instrumentat ion Eo 

Zero Tra ck 
- - and - Ho ld 

Sect ton 

AID Converter System 

~.Out 

~ .. 1 
..---------( 1-J 

Ref. In 

Amp I i f 1er .--------.A/\/'--0<'.l-4'-' 
Sect ion 

I{ 

I' Control 
Logic 

Cl ock 

Fig. 1 - Internal functions of the Model 115 instrumentation amplifier and a/d converter 
module have been designed to eliminate the redundant fea tures encountered w hen mating 
separate amplifier and converter modules. 
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35Amps. 
Better Specs. 

Better Prices. 
When it comes to price vs. performance trade-offs, 

nobody can beat our new 35H rectifier series. Presump­
tuous statement? Not at all , when you consider all their 
reliability extras and lower costs, that give your systems 
a competitive edge. 

For instance, they handle a full 35 Amps, and they 
directly replace most any D0-5 packaged device - yet 
their smaller can diameters save you space. Their 600-
Amp one-cycle surge rating is roughly 25% more than 
the best offered by others. Provides added protection 
against current overloads. And their low junction-to-case 
thermal resistance reduces junction temperature rise by 
15% (0.85 °C/W vs. 1.0°C/W for a typical competitive 
35-Amp unit) . 

The 35H, which comes in 100, 200, 300 and 400 maxi­
mum repetitive peak blocking voltages, also simplifies 
inventories. Now, one universal series can do the job of 
more than a dozen diverse JEDEC types. 

Find out how you can get more rectifier performance 
for fewer dollars. Call your local IR sales office, distrib­
utor, or the factory. 

from IR ... 
the innovative power people 

INTERNATIONAL RECTIFIER I I\iR I 
Semiconductor Div., 233 Kansas St., El Segundo, CA 90245 • (213) 678-6281 
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The input voltage is low-pass fi l­
tered and amplified by the instrumen­
tation amplifier section. Common­
mode inputs (Ee,,,) are rejected and 
the differential input (Ed) is accurately 
amplified by any gain from 0.1 to 
1000. The gain is set by an external 
resistor, R

0
, selected by ca lcu lati ng 

G = 200 kil/R
0

• The input range is 
:!:: 1 OV, and the output range of the in­
., trumentation ampli fier is also± 1 OV. 

The zero track-and-ho ld sect ion 
stabi li zes the input offset. The ampli fi­
er inputs are periodica ll y switched 
together and the differential signal is 
gated "OFF" so that the track-and­
hold circuit can track the ampli fier 
offset. It then holds the offset after the 
input signal is switched " ON" and 
leeds this offset information into the 
instrumentation ampli fier . This also 
nul ls out the de component of the er­
ror caused by a finite CMRR. Amplifi­
er offset can easily be varied over the 
full ± lOV range by applying an exter­
nal offset vo ltage E

0 8
• The output of the 

instrumentation amp I ifier when the 
input signa l Ed is switched in wil l be: 

E = 200 k E + E 
o Ro d os 

The A/ D converter section col'lverts 
the amplifier output E

0 
to a parallel 

digita l output in BCD form. Full-scale 
(1001-1001-1001) corresponds to 
4.995V at the output of the instrumen­
tation amplifier section . An overrange 
bit provides 100% overranging. The 
converter has two modes of operation: 
" External Reset" and " Recycle. " In 
the " External Reset" mode the conver­
sion takes place only upon external 
command . Total conversion ti me wi ll 
be less than 10 msec. At least 50 µ,sec 
must be allowed between the end of 
one convers ion and the start of the 
next. In the " Recycle" mode, the con­
verter automatica ll y starts another 
conversion approx imately 50 µ,sec 
after the end of the previous conver­
sion . 

This combination of instrumentation 
ampli fier and A/D converter offers a 
new and va luable bui lding block to a 
system designer, and should find use 
in many instruments. 

The Model 115 is pr iced at $159 
each in quantities from 1 to 99, and 
$99 each on orders of 1 00 or more. 
Function Modules, Inc., 2441 Campus 
Drive, Irv ine, CA 92664. Phone (714) 
833-8314. #246 
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Phase tracking Amplitude tracking 

Tl COMP 
transmission lines­

phase track '\Vithin 1 degree 
and ainplitude track 

'\Vithin .1 db. 

Another Times breakthrough in cable technology: new compensated 
cables with phase trimmable connectors! Which means we can phase 
trim assemblies to tolerances of 0.5 degrees at 4 GHz, and 2.0 degrees 
at .18 GHz. And we can trim amplitude within 0.1 db at 4 GHz ... within 
0.4 db at 18 GHz. 

Over a temperature range of -55°C to 85°C, these assemblies phase 
track within 2 degrees at 4 GHz, and 8 degrees at 18 GHz. And amplitude 
track is within 0.2 db at 4 GHz and 0.8 db at 18 GHz. 

TICOMP transmission line performance is available in both TICOMP 
flexib le and semi-flexible cable constructions. 

For test data, evaluation samples, proposal or analysis of your system 
requirements, write or call Manager of Engineering Sales today. 

mTIMES 
mm! WIRE AND CABLE COMPANY 
Wallingford, Connecticut 06492. Tel. (203) 269-3381 
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ST\LL AT 
LOW 
PRICE 

Thermostatic 
DELAY RELAYS 

Offer true hermetic sealing ... 
Assure maximum stability and life. 

Delays: l to 180 seconds* 
Actuated by a heater, they operate on A.C., D.C., or 
Pulsating Current ... Being hermetically sealed, 
they are not affected by al t itude, moisture, or cli-
mate changes ... SPST only - normally open or 
normally closed ... Compensated for ambient tem-
perature changes from -55° to +ao•c ... . Heat­
ers consume approximately 2 W. and may be ope­
rated continuously. The units are rugged, explosion­
proof, long-lived, and inexpensive! 
TYPES: Standard Radio Octal and 9-Pin Miniature. 

list Price, $4.00 
*Miniatures Delays: 2 to 120 seconds. 

All Amperite Delay Relays are recognized under 
component program of Underwriters' Laboratories, Inc. 

for all voltages up to and including 115V. 

PROBLEM? Send for Bulletin No. TR-81. 

AM PE RITE 
BALLAST REGULATORS 

Hermetically sealed, they are not 
affected by changes in alti tude, am­
bient temperature (-50° to + 70°C.). 
or humidity ... Rugged, light, com­
pact, most inexpensive. 

List Price, $3.00 
Write fer 4-p. Bulletin No. AB-51. 
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COMPUTER PRODUCTS 
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NEW HIG H-SPEED RAM SYSTEM. Model 
3333 memory system offers a choice of 
speeds, wide capac ity range, an optional 
test mode panel, and read/write operation. 
It is idea ll y suited to micro-program appli ­
ca tion s. Operating speeds are 200 nsec cy­
cle time; 90 to 130 nsec access time. The 
system contains up to 4096 54-bit words. 
Smaller capac ities are availab le downward 
in 1 K increments and in 9-bit byte incre­
ments. M emory Techno logy Inc. , 83 Boston 
Post Rd ., Sudbury, MA 01776. Phone: (6 17) 
443-9911. 171 

COMMU N ICATIONS TERMINAL has plug­
in tape cassette. The 4100 is plug compat­
ib le to most data terminals and mini compu­
lers. Featured are switch selectab le speeds 
from 110 to 2400 baud, hi gh speed with 
abi l ity to re-wr ite data and to shrink or ex­
pand already recorded data fi les, and auto 
answer for unattended data station opera­

tions. Basic price is $1650. Techtran Indus­
tries, Inc. , 580 Jefferson Rd. , Rochester, NY 
14623. Phone: (7 16) 27 1-7953. 172 

D UAL-CHAN N EL WORD G ENERATOR 
has 1 6-bit word length on each channel. 
Both RZ and NRZ data is ava il able from 
each word output at all times. Two rows of 
data content switches provide the capability 
to se lect a binary " 1" or "O" for each bit of 
both words. First and last bits are ava ilable 
for both words at all times. Price is $11 95. 
Dytech Corporation ., 39 1 Mathew St., San­
ta Clara, CA 95050. Phone: (408) 241 -
4333. 173 

POSITIONER O PERATES FROM MINIS. 

System 500 positioning equipment is de­
signed for rugged industrial control applica­
tions. It achieves positioning speeds up to 
4000 RPM (800 in/min with a five thread/ in 
ball screw) with peak torque ratings from 10 
to 40 in-lbs and is ava ilable in both single 
and multi -ax is configurations whi ch employ 
c losed loop servo drives with integra l DC 
tachometers and di gital encoders. Control 
Systems Research , Inc. , 1811 Main SL, Pitts­
burgh, PA 152 15. Phone: (4 12) 782-4460. 

174 

DIGITAL PRINTER MODULE stores, dis­

plays and prints. Series 7480 di gital printer 
records information from analytical and test 
instruments, production recording, process 
control monitoring, and data acq uisition 
terminal s. This printer has 10 columns wi th 
12 or 16 characters per column . It prints 
more than one l ine/sec from paral led entry 

4-b it bin ary code, and is TTL compat ib le. 
Pri ces start at under $700. Veeder-Root, 70 
Sargeant St. , H artford , CT 06102. Phone : 
(203) 527-7201. 175 

CASSETTE SYSTEM REPLACES PAPER TAPE 
in PDP-8/e m inicomputer. The two trans­
port KYDEK cassette system is p lug to p lug 
compatib le w ith the PDP-8/e and rep laces 
the operations of the paper tape reader and 
punch. The DEC standard programs such as 
the EDIT-8 ed itor, the PAL- Ill assemb ler, 

and FOCAL utili ze the KYDEK as an in­
put/output peripheral without modifications 
to the programs. Price is $3495. KYBE 
Corp., 132 Calvery St., Wa ltham, MA 
02154. Phone: (6 17) 899-0012. 1 76 

BATTERY OPERATED DATA TERMINAL 
provides two-way 103-type modem com­
patible commun ications via standard tele­
phone lines. The data termina l includes 
accousti c coup ler, full alphanumeric ASCII 
coded keyboard , and digital strip printer 
housed in a thermoformed A.B.S. carrying 
case. The total unit weighs less than 20 lbs. 
Dataline Div. , Heller Roberts Instruments 
Corp., 700 Jamaica Ave., Brook lyn, NY 
11 208. Phone: (2 12) 647-4600. 1 77 

ASCII COMMUNICATIONS INTERFACE 
for the mag card Selectric typewriter 
(M CST). Model MCS-3 deve lops 128 ASC II 
code combinations from the keyboard , 
prints 88 characters and responds to stan­
dard X-ON , X-OFF functions for interact ive 

processor use. Switch se lectable speeds of 
10 and 15 characters/sec permit operat ion 
with te leprinter Models 33, 35 & 37 
ASR/ KSR and ASCI I compatib le te leprocess­
ing computers. Price is $3 500. Western Tel ­
ematic lnr . 1507 Pec k Rd. , Arcad ia, CA 
91006. Phone: (2 13) 44 2-1862. 178 
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ADS20. 
This is the world's first and only l.C. instrumentation amplifier. 

To get the kind of per­
formance this instru­
mentation amplifier 
gives, you've had to use 
either a module or two 
or three l.C. op amps. 

And that makes our 
integrated circuit pretty 
unique. 

It's a high perform­
ance, low cost, d ifferen­
tia I instrumentation 
amplifier on a single si Ii­
con chip. In a small and 

A complete system all by itself. 
convenient 14-pin 
package. 

To achieve high input 
impedance at both in­
puts, we designed a 
monolithic two-ampli­
fier system which uses 
forced current feedback. 

It performs both bal­
anced and unbalanced 
differential measure­
ments with high 
common-mode rejection. 

(CMRR=106dB@ Gain 
of 100 from de to 100 Hz 
with source unbalance of 
lkn). 

Gives excellent fre­
quency response. (Small 
signal band width of 120 
kHz at a gain of 100). 

And you can vary the 
gain from 1to1000 by 
adjusting only one 
resistor. 

Our AD520 simplifies 
analytical and process 
instrumentation and 
data acquisition design. 

CIRCLE NO. 46 

And you can evaluate a 
package of five at our 
hundred piece price if 
you order right now. 

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

Analog Devices, Inc., 
Norwood, Mass. 02062. 
Tel. (617) 329-4700. 
r.ANALOG a... DEVICES 
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''RETICON 
announces 
a new dimension 
in solid state 
image sensing" 

A TWO DIMENSIONAL self­
scanned optical sensing array 
is announced by RETICON. 
The device contains 1024 sili­
con photodiodes arranged in a 32x32 matrix. Integrated 
onto the same monolithic silicon chip are the access 
switches and two MOS shift registers for scanning in the 
X and Y directions. The RA 32x32 is functionally equivalent 
to a low resolution vidicon camera tube, but with the 
advantages of higher geometric accuracy, high sensitivity, 
small size, low voltage, low power and all solid state rug­
gedness and reliability. The photodiodes are on 4 mil 
centers, each diode integrating photocurrent for the en­
tire frame time. Frame rate can be varied from 20 Hz to 

5 KHz. The device is packaged in a 
standard 22 lead ceramic DIP or a 3/a" 
square flatpack, each with a ground and 
polished quartz window. 
Typical applications include pattern rec­
ognition, optical memories, surveillance 
and guidance. 

Also available from inventory is a com­
plete line of self-scanned linear arrays 
featuring 64 to 512 elements. 

RE"f ICOt'I TM 

365 MIDDLEFIELD ROAD 
MOUNTAIN VIEW, CA 94040 
(415) 964-6800 
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COMPUTER PRODUCTS 

SIXTEEN MODEMS IN ONE CABINET. The 
330 Series provides space for up to 16 mo­
dems plus a display panel indicating the sta­
tus of four control and two data functions. 
Each modem contains a separate power 
supply, initiate and respond to long-space 
disconnect, lost carrier disconnect, 10-sec­
ond fail-safe disconnect, busy-out and loop­
back by local and /or remote control. Prices 
are $465 for the cabi net with display panel. 
Individual modems are $195. ComData 
Corp., 7544 W. Oakton St., Niles , IL 60648. 

179 

THREE DATA COMMUNICATIONS SYS­
TEMS. The basic data communications sys­
tem, DECcomm 11 D20, consists of a PDP-
11 /20 minicomputer with 8K~ore memory, 
a Teletype, a real time clock, system controJ 
and interface software. The 11 D20 price 
begins at $16,000. The 11021and11D26 
remote job entry systems expand IBM 2780 
RJ E ca pa bi Ii ties. DECcomm 11 D21 begins 
at $22,350 and 11 D26 system at $18,350. 
Digital Equipment Corp., Maynard, MA 
01754. Phone: (617) 897-5111. 180 

PROGRAMMABLE COMMUNICATIONS 
PROCESSOR. MODCOMP I, designed as a 
remote terminal or remote data co llection 
contro ller contains an internal modem and 
contro ller. The asynch ronous, full-duplex 
modem operates at rates up to 9600 baud. 
It is offered with either 800 nsec core mem­
ory or solid state memory. Memory size 
ranges from 512 to 32,768 words. Unit 
price is $6400. Modular Computer Systems, 
2709 North Dixie Highway, Ft. Lauderdale, 
FL 33308. Phone: (305) 563-4392. 181 

DIGITAL CASSETTE SYSTEM for the 8 and 
16-bit ALPHA and NAKED MINI computers 
and CAPABLE Logic Tester as well as Model 
116/2 16 and 108/208/808 computers. The 
cassettes are available in single and triple 
configurations, with two independent tracks 
per cassette. Each cassette stores over 
500,000 bytes of data. Transfer rate is 9600 
bits/sec. The single cassette system is $2950 
and the triple cassette is $4850. Computer 
Automation Inc. , 895 West Sixteenth St., 
Newport Beach, CA 92660. Phone: (714) 
642-9630. 182 
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Slide·out scales. 
Great way 
to cut costs. 

With api Series 7000 panel meters, you 
maintain only a basic stock of meters and 
modify them as needed with slide-out 
scales. And the clean , modern styling fits 
right in with today 's panel designs. 

Choose from: 

• Front mount, bezel mount, or lens 
mount. 

• Flat black , two shades of gray, tan or 
olive front plates. 

• 2 V2" , 31/ 2" , 41/ 2", and 51/ 2" sizes. 

• Wide range of custom dials. 

api Series 7000 panel meters provide 
proven reliability and accurate measure­
ment and display. One percent tracking 
is standard in many popular ranges, one 
half percent tracking is available. api 
Series 7000 panel meters are also avail­
able as pyrometers and VU meters. 

Send for further information and pricing 
on api Series 7000 meters to 
LFE Corporation, Process Control 
Division, 1601 Trapelo Road, Waltham , 
Mass . 02154. Tel. (617) 890-2000 

CORPORATION 

Process Control Division 
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COMPONENTS/MATERIALS 

MULTI-THROW SWITCH MODULES pro­
vide multi-octave frequency coverage. A 
series of switch modules ranging from SP3T 
to SP7T have a 50!1 input and output im­
pedance which makes them suitable for use 
in strip line and coaxia l circuits. The stan­
dard module provides series-shunt diode 
arrangements in each arm, moderate 
switching speeds and moderate isolation 
va lues. Crown Microwave, Inc., 95 Terr­
ance Hall Ave. , Burlington , MA 01803. 
Phone (617) 2 72-4883. 183 

EPOXY TUBING has electrically-conduc­
tive outs ide wall. The new tubing is manu­
factured from a special epoxy-silver com-

pound and is available in 50 different 0.0. 
sizes under 2.0 inches. The tubing is also 
avai lab le with graph ite, carbon, and other 
electri cal ly-conduct ive and non-conductive 
fi llers in the same range of 0.0. sizes. Res­
del Corp., Bldg. 22, County Airport, Rio 
Grande, N J 08242. Phone (609) 886-111. 

184 

SHRINK-LITE provides instant "on-off" in­
fra-red heat to shrink tubes or solder 
sleeves. A table-top sys tem designed to 
shrink tubes or <;older sleeves through the 
heat transfer prov ided by two infra-red 
producting halogen lamps, the unit leaves 
operator's hands free to improve material 
handling time. The units are priced at 
$79.00 each. Spectra Instruments, Inc., 8 
Industry Court, Trenton, N J 08638. Phone 
(609) 882-1860. 185 

MINIATURE ATIENUATORS use thick fi lm 
resistive substrates. The new attenuators, 
Seri es 8120, are rotary types, capable of 
operating over a frequency range of de to 2 
GHz at a power level of 3 W. Three models 
are presently available with attenuation 
ranges of 0 to 100 and 0 to 60 dB in 10 dB 
steps and 0 to 10 dB in 1 dB steps. Telonic 

We've got TRWS number: 1 

Their entire X463UW 1 

64 

• • capacitor series. 

10 If you need their ultraminiature X463UW"s but need 
them fast , ask for E lpac·s HSA-7700 Series instead. 

We'll give yo u th e sam e capac itance values and 
voltage ratings. The sam e to lerances and stabil i ty. 

The same sizes and form factors: full interc hangeability 
w ith 110 deviations. At mo re- than- competitive prices . 

If that"s not good enough, we·ve got a range o f 
ca pac ito rs all our own . Instrument -grade wound-dielect rics 

f rom 0.001-20.00 µF with to lerances as good as ± 1% fo r 
voltages up to 600 Vele. With polycarbonate. polysulfone , 

polyester o r polystyrene dielectrics. All backed by o ur 100% tes tin g. 
national distribution and delivery th at"s usually off- th e-shelf. 

What more could you ask for? 
For free samples. ca ll (7 14) 833-1717. 

ELPAC COMPONENTS 
18651 Von Karman , Irvine, Calif. 92664 

An Elpac division . -fE 
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Industries, Inc., 21282 Laguna Canyon Rd., 
Laguna Beach CA 92752. Phone (71 4) 494-
9401. 186 

CONDUCTIVE PLASTIC FILM elimi nates 
the headaches and expense of designing 
and producing complex non-linear func­
tions, such as a 60-dB log potentiometer. 
Using computer-assisted design techniques, 
RESISTOFILM can meet many comp lex 
requirements at minimum cost w ith maxi­
mum reliability. Pots such as the one pic­
tured are custom-designed and quotations 
wi ll be prepared on request. New England 
Instrument Co., 18 Alpha Rd., Chelmsford, 
MA01824.Phone (6 17)256-3711. 187 

ACTIVE RESONATORS are for use in the 
construction of active filters. The uARl 200 
series has been developed for applications 
requiring a Q of 10 at 15 kHz and by both 
positive and negative feedback networks. 
uAR 1500 series has stable characteristics 
over a wide Q range. The uARl 700 ser ies 
features a Q up to 300 at 5 kHz. Integrated 
Electronics Inc., 16845 Hicks Rd. , Los Ga­
tos , CA 95030. Phone (4081 265-24 1 0. 188 

RF ACCESSORY assortments cons ist of three 
versat ile combinations of attenuators, 
matching pads, terminations, v ideo detec­
tors, bias taps, square-waver/modu lator, 
and de blocks for RF testing covering the 
HF, VHF, and UHF bands to 1 GHz. The 
TECH-PAKs (TM) tover the range from de to 
1 GHz and are generall y appl icab le to RF 
testing and evaluating. American Electroni c 
Laboratories, Inc., P.O. Box 552, Lansdale, 
l'A 19446. Phone (2 15) 822-2929. 189 

O PTICAL FIL HR/DETECTOR is capab le of 
111atching human eye response to ±2%. The 
KllOO LED Photometer has been proven to 
have a variation from the CIE eye response 
cu rve of less than ±2% over the visible 
ra nge. It is ava ilable as a sta nd alone tester 
or may be utili zed in conjunction with ex ist­
ing die sort equipment. Single unit price is 
$3475.00. Kerant Electronics, Ltd., 745 
Harrison, Santa Clara, CA 95050. Phone 
(408) 247-9222. 190 
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STROKE 

At Ledex we shape solenoids to give 
you the exact fo rce arid st roke you need. 

All about oomph ... and where to get it 

The engineer needed a 
2" stroke. Little force 
at the start , then a 
40 lb. wallop in the 
middle. To reduce im­
pact at the end, he 
wanted the force to 
tail off. 

We call our answer 
the solenoid with the 
oomph in the middle. 
Just as the curve 
shows, it 's designed 
so the maximum out­
put comes out near the 
center of the stroke. 

riewtJiings 
~ep 

Jiapperiing 
atLedex 

••• ·llke this 2-in-1 
thick film hybrid 

For other actuating applications, there are over 300 Ledex shelf 
model solutions to choose from. Here are just three examples : 

short 
fast 
stroke ~ ..... 

Move a short stroke load in 5 to 10 
milliseconds with a Ledex flat-face 
pancake shape solenoid . 

long 
linear 
haul ~ 

You can move big loads far with Ledex 
tapered plunger cylindrical solenoids. 

swift 
rotary 
action 

For action in an arc or uniform linear 
movement, or both, consider a Ledex 
rotary solenoid. 

To get the exact force, stroke and speed you need, just describe 
your application to our actuat ing technology people. If you r ex­
act answer isn 't already on our shelf, we' ll design one fo r you. 

·~ t"' It h J J ~2~ ~.~.~ ,' ~,S,; ..:Z?''Mt:• iie tota . ec 1/,0 ogy-peop e Dayton, Ohio 45401 
- ill• •• • (513) 224-9891 

POSITIONING · SWITCHING · MICROELECTRONICS 

•General mlll 
Catalog "'::...=~ --
" ... -.r .. • .... _\:; .. ...... 1:· .. 

:~:;?1~~~:,:~~~:;~:~: 

:~~\:?i:~~~!*~: 

Over 400 ways to tu rn . .. push . .. pull ... 
index ... step ... and switch , plus new 
microelect ronic interface c ircu its. All from 
the shelf. 
Ask for Catalog A-9500 

:t regulatoI..c in , positive or negative 
DC out. Bridge rectifier, cur­

AC 
EXTERNAL IN 

FILTERS 
TO GROUND 

IN 

,---------- -----, 
I (+l 

POWER OUT 
PASS 
( +) 

LMR·11 PLUS-MINUS VOLTAGE REGULATOR 

CIRCLE NO. 50 

rent limiter, and regulators 
are all in a T0-3. 
OUTPUT 
adjustable from - 8 to + 23 
vdc. ± 15 vdc standard. 
CURRENT 
1 ampere per side (Suppl ied 
to meet provisions of MIL­
STD-883 when required .) 

GET THE LMR-11 
from the shelf at 
$74 (1 - 9) , $25 in 
1,000 Jots. 

65 



COM PO NENTS/MATERI ALS 
SWITCH ACTION FUSE BLOCKS are ava il ­
able in nylon and po lypropylene. With 3/4" 
center-to-center spac ing that allows 16 cir­
cuits per foot, these blocks will accept #1 8 
to # 8 AW G wire sizes or equi va lent combi ­
nations. A built-fi n fuse puller is easi ly 
opened and c losed manua ll y. Buchanan 
Electri ca l Products Corp., 1065 Floral Ave., 
Union, N J 07083. Phone (201) 289-8200. 

191 

DUAL 6" EDGEWISE METER, called the 
Seri es 125 1, permits the d isp lay of related 
functions in one instrument. In addition to 
its space-sav ing characteri stics, it is front 
panel removable. Accuracy of ± 1-1 /2% 
F.S. is standard. The Model 125 1 0-1 
DCMA dual version sells for $99 .. 00 in unit 
quantities. Sigma Instruments Inc., 170 
Pearl St., Braintree, MA 02 185 . Phone (617) 
843-5000. 192 

PANEL MOUNT SWITCH assures pos iti ve 
contac t transfer by means of latching on the 
return stroke. This double po le push-push 
swi tch (E79-60A) is actuall y two independ­
ent mechani ca l systems in combination, 
providing re l iab le ~ lt ern.1 t e 'witch ing ~c-

tion. The UL li sted switch features snap-in 
mounting. List pri ce is $2.80 each. Cherry 
Electri ca l Products Corp., 3600 Sunset Ave., 
W aukegan, IL 60085. Phone (3 12) 689-
7600. 193 

BAR SEGMENT DISPLAY is idea l for long­
range viewing. Des ignated the Seri es 1060, 
the new un it displ ays 2- inch high characters 
comprised of c lose-fitting, bar segments that 
are indi viduall y illuminated by inca ndes­
cent lamps. Initi al cost is as low as $9.00 
per decade (minus lamps and mounting 
hardw ard) in O EM quantities. Industrial 
Electron ic Engineers, Inc., 7720-40 Lemona 
Ave., Van Nuys, CA 19405. Phone (2 13) 
787-0311. 194 

MOLDED NYLON PILOT LIGHTS, the " L" 
seri es snap securely into 0.550 x 1. 125 
inch openings. 1-3/4 inch back-of-panel 
depth is required. Lenses are pri smed for 
maximum light refraction and a variety of 
co lors is ava il able. Two bu lbs ca n be pro­
vided for max imum li ght output. Units are 
ava il able with chrome or stain less stee l 
bezed and wire leads, solder lugs or 0.25 0 

OVER 1,000,000 STANDARD 

inch tab terminals. Sorenson Lighted Con­
trols, Inc., 530 Oakwood Ave., West Hart­
ford , CN 0611 0. Phone: (203) 236-3267. 

195 

COLLET KNOBS feature miniature size 
and color coding. The tightening screws or 
nuts in the recessed top of the knob are 
concea led by snap-in, color coded, remov­
able caps. Six basic knob sizes are avai lable 
from 0.350 to 1.41 inch diam. Knob config­
urations include pl ain, lined, wing knob, 
and lined wing knob in colors grey, black, 
and red. Christel Co., 55 0 Live Oak Circle 
Dr., Ca labasas, CA 91302. Phone (2 13) 
346-8036. 196 

THUMBWHEEL SWITCHES are avai lable 
from stock in SO different output codes. The 
2000 Series are offered in either 8, 10, 12 or 
16 positions. Switching is accomplished in 
an enclosed chamber by means of a rotating 
assembly of gold plated bifurcated brushes. 
Electronic Engineeri ng Company of Ca lifor­
ni a, 1601 E. Chestnut Ave., Sa nta Ana, CA 
92701. Phone(7 14)547-5651. 197 

FILTERS llERMISTi~ 
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• 
• BAND PASS 
• LOW PASS 
• HIGH PASS 
• BAND REJECT 

Select any frequency from 
3Hz to 100 MHZ 
2 week delivery for 
Standard Types 

L-C CRYSTAL VHF. 
Flat passband and sharp cutoff types fo r 
te lemetry, sonar, seismi c, modulator, modem, 
spectrum analysis, cue-tone multiplex ing , 
medi cal , SSB and RF system s. 

T TE LECTRONICS, INC. 
2214 BARRY AVE 

LOS ANGELES 90064 (213) 478-8224 

CIRCLE NO. 51 

BY 

llERMf IVETRICS INC. 

Now Your Best Source For 

LOW COST-HIGH QUALITY 
BEADS, PROBES, RODS, PLUS: 

• HI -TEMP UNITS - TO 450° C cont inu o us 

L owest N oise 
• THERMOFLA KES - Fastest Respon se 

I 

/ 

TEM P. COM PENSA TIO N 

M I CROCIRCUITS 

T EMP.S EN S I NG 

FLOW SEN S! NG 

I R DETECTORS 

NON-CONTA CT 
TEMPERAT URE 
MEASUREMENT 

SPECIAL APPLICATIONS INVITED 
SEND FOR D ETA I LS ON EXPE R I MEN T ERS FLA KE KITS 

CIRCLE NO. 52 
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Introducing 
the workingman's 
signal generator. 
It works in Production. 

It works in the Lab. 

It works in the Field. 

It works in the Service Shop. 

In fact it works just about everywhere. 

That's because our new 8654A Signal Generator delivers big performance but 
is small in size - and price. It weighs just -16 pounds and costs only $1135. 
Yet you get all the functions you'd expect from higher priced instruments. 

The 8654A is a l 0 to 512 MHz VHF solid-state signal generator with 
leveled, calibrated output adjustable from +3 to -130 dBm. CW stability 
is 20 ppm/ 5 minutes, and you can AM or FM, internally or externally. A 
look at the front panel will give you an idea of just how easy it is to use. 

For more information about this high-value RF signal generator, call 
your HP field engineer. Or write to Hewlett-Packard, Palo Alto, 
California 94304; Europe : l217 Meyrin-Geneva, Switzerland . 

HEWLETT"' PACKARD 

SIGNAL 

Domestic USA prices CIRCLE NO. 53 
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$66.<1-9) 
SWSA 
COMPUTER 
OEM SUPPLY 

Hard to believe? Then read on. Our ELY Series 
supplies (available in ratings of 25W, 75W, 
125W and 250W) reduce your power costs with 
no reduction in quality. 

Every supply is put together under stringent 
QC with American-made transformers, capacitors, 

semiconductors, !C's and G-10 quality boards. 
Every supply delivers all the power we promise 

with no temperature derating, even with SO Hz input. 
Regulation, ripple and noise are specified by the book. Spike-suppres­
sion and short-circuit protection are standard, OVP optional. And 
deliveries are off-the-shelf for most 
configurations. ELV-25 

And the same is true for all our 
other supplies, open or enclosed, 
single- or multiple-output. 

Output: 

Temp range: 

Line & load reg: 

JV / SA 10 28V / l.JA 
116 models avail. I 

o.ss·c 
0.1 % Check it out today. Call 

(714) 833-2950. Ripple & noise: 0.1 % 

ELEXON POWER SYSTEMS 
18651 Von Karman, Irvine, Calif. 92664 

An Elpac division. -le 
CIRCLE NO. 90 

Through Any Number 

of Starts, Stops, 

Reverses or Revolutions, 

this RESPONSYN® 

Fine Angle Stepping Motor 

will Locate to any 

Step Position 

with an Accuracy of 

-+- 5 Minutes of Arc 

. RESPONSYN® 
Fine Angle Steppers 

Write today for literature 

0 USM Corporation 
Gear Systems Division 

• Route 128, Wakefield, MauachuHt:!• 01880 

CIRCLE NO. 54 

CIRCUITS 

CRYSTAL CLOCK OSCILLATORS are pack­
aged in TO-S cans. These ultra-miniature 
uni ts are ava il able in frequencies from 10 
kHz to 100 kHz and are TIL compatible. 
They can operate over the MIL temperature 
range of - SS to + 12S°C and can withstand 

.shock greater than 1000 g. The three-pin 
TO-S connecti ons are +SV supply, output 
and ground. Pri ces are $84 for single quant­
ities and $11 each for SOOO units. Statek 
Corp. , 1200 Alvarez Ave. , O range, CA 
92668. Phone (7 14) 639-78 10. 198 

ANALOG MUL Tl PLIER/DIVIDER, Model 
M3 10, has a SO µV/°C maximum output off­
set drift whil e sca le factor drift is held to less 
than 0.01 %/0 C. Full sca le accuracy for four 
quadrants is better than 0.1 S% w hile output 
offset vo ltage is less than ±2 mV. The M 31 O 
is completely trimmed internall y to its rated 
' pec ifica tions. It is also avail ab le in a full 
V11 L temperature range version (- SS°C to 
- 12S 0 C). lntronics, S7 Chapel St. , Newton 
MA 02 1 S8. Phone (617) 332-73SO. 203 

FET OP AMP, Model F-41 8, has 1 Q- 15 A 
bias cu rrent and is hermetica lly sealed . The 
new ampl ifier wi l l operate over the full 
temperature range of - SSC to+ 12S C and 
is suppli ed in a 14-pin DIP package. The F-
418 is internall y trimmed to less than 1 mV 
initi al vo ltage offset. Therefore, no external 
trimming adjustments are requ ired. Bell & 
Howell , Contro l Products Div., 706 Bos­
twick Ave. , Br idgeport, CT 0660S. Phone 
(203) 368-67S 1. 202 

VIG-TUNED HARMONIC MULTIPLIER, 
Model YHG 1003 , delivers power output 
over SOO MHz to 12.S GHz. A voltage 
tu ned integrated YI G filter on the output 
'e lects the desired single comb frequency 
output; all others are suppressed by at least 
40 dB. Power of the selected comb tooth 
vari es from +20 dBm minimum at the low 
end to - 2S dBm minimum at 12.4 GHz. 
Price of the TH G 1003 is $17SO, and deliv­
ery is 6 weeks. Advanced Microwave Labs., 
82S Steward Dr., Sunnyva le, CA 94086. 
Phone (408) 24S-S770. 204 
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NEVER-SEEz· 
ANTI-SEIZE AND LUBRICATING COMPOUND 

HERE'S THE ANSWER TO 
COSTLY MAINTENANCE 

• Prevent seizure to 2000 ' F. 
• Eliminate galling, pitting 

and corrosion 
• Reduce repair time 

NEVER-SEEZ is easily applied for uniform parts coverage _to 
assure absolute parts protection. Speeds assembly and dis­
assembly. Available .in 8 oz. brush top cans, 1/4 and 1 lb. ap­
plicator top plastic squeeze bottles, 16 oz. aeroso.1 spray con­
tainer and 1J'4 lb. to 425 lb. standard metal containers. 

WR ITE FOR FREE 16 PAGE CATALOG 

NEVER-SEEZ COMPOUND CORPORATION 
2914-24 S. 18th Avenue, Broadview, Illinois 60153 

CIRCLE NO. 55 

best 
b 

$1195. 

5 1h DMM 
Here's a precision DMM that delivers outstanding per­
formance at a savings of 50%. Our Sh digit Model 2540 
gives you DC Volts, AC Volts , Resistance, Voltage Ratio, 
Auto-Ranging, Auto-Polarity, lsolate:d BCD Outputs, 
Remote Triggering and Remote Ranging. 
Basic accuracy is ±0.001% f.s. ±0.007% rdg. ±1 digit 
guaranteed for 6 months, documented by full test data 
and Certificate of Conformance. All for $1195. 
Choose from eight SY2 digit and 4 Y2 digit models .. C:all 
or write Bob Scheinfein (617) 246-1600, Data Prec1s1on 
Company, Audubon Road, Wakefield , Mass. 01880. 

~-bATA PRECISION 
... years ahead 

A member of the Gordon Group 

CIRCLE NO. 56 

For Op Amps & Companion Logic 
Outputs are ± 15 VDC (tracking) @ 50 ma and 
5 VDC@ 250 ma. All outputs have regulation of 
± 0.1 %, ripple of 1.0 mv, and are short circuit 
protected. Only 3.5"x2.3"x 1.0". Mounts directly 
on a PC board. Order Model 5E25D-Dl5E05. 
Price: $88.00 (For ± 12 and 5 VDC, Model 
5E25D-Dl2E05. Same price. Other voltage and 
current ratings also available.) Shipment: Three 
days. 

Acopian Corp., Easton, Pa. 18042 
Telephone: (215) 258-5441 

CIRCLE NO. 57 

Use it FREE 
for 5 days! 

Design, test, layout and build 
circuits with any combination 

of components and modules ... FREE! 

This advanced concept circuit design test system 
features built-in independent circuit monitor lights, 

built-in isolated pushbuttons, toggle arrays, 
universal acceptance with Ell 's SK-10 , common 

hook-up wire interconnection and unlimited fan 
in / fan out capability. Try it absolutely FREE 

for 5 days. If not satisfied , return it and you won 't be 
billed . Trying is believing! How can you go wrong? 

Don't use the BINGO card ... order now! 

~·~ EL INSTRUMENTS, INCORPORATED 
61 First Street, Derby, Conn. 06418 
Telephone : 203 /735-8774 

Cl RCLE NO. 58 
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Five of our 16 edgewise meter models: 
1. Model 2150, ruggedized 5"-scale type 
in 22% the space of a 6" rectangular 
type. 2. Model 1140, 4"-scale, greater 
sensitivity. 3. Model 2520, shielded dual 
movements, Interchangeable scales . 
4. Model 1122, 1.24" scale, 26 std. ranges. 
5. Model 1136, 2''-scale, Vo the space of 
3 'h" meters. 

Edgewise meters: 
·most sizes 
·dual movements 
· custom designs 
The patented, pivot-jewel flat 
movement used in these integrally­
shielded meters not only allows 
maximum space economy by flush 
stacking, but provides higher 
vibration immunity and greater 
ruggedness as well. Unique dual­
movement models save even more 
space, simplify comparison of 
two variables, have optional inter­
changeable slide-in scales. 
Ruggedized 5"-scale models are 
ideal for adverse military and 
production / process environments. 
Write for data on any of 16 models 
in 40 standard ranges ... or 
movements custom-designed for 
your needs. 

~ INTERNATIONAL 
~® INSTRUMENTS 
DIVISION OF SIGMA INSTRUMENTS, INC. 

88 MARSH HILL RD., ORANGE, CONN . 06477. 

CIRCLE NO. 59 
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CIRCUITS 

DPM-TO-TELETYPEWRITER CONVERTER, 
Model DPT-415 , converts digita l panel 
meter BCD outputs to the teletypewriter 
printer/punch inputs. The DPT-415 auto­
matically generates spaces, carriage returns, 
and line feeds so that five readings are print­
ed on each line. It also prints plus or minus 
sy mbols under control of the DPM polarity 
signal. Price is $685 for single units and 
under $200 for large quantities. Digital 
Laboratories , 377 Putnam Ave., Cambridge, 
MA 02139. Phone (6 17) 876-6220. 205 

10-BIT D/A CONVERTER, Model MN329R, 
is complete ly self-contained in a 16-pin 
hermetic DIP package. Power consumption 
is 500 mW, typical and output voltage 
range is -4.990 to +5V. The Model 
MN329 has a linearity of ± 1/2-bit over the 
temperature range of 0 to 70°C, and the 
MN329R has 1-bit lineari ty over + 15 to 
+55 C. In quantities of 250 the MN329R 
costs $23 and the MN329 costs $35. Micro 
Networks Corp., 5 Barbara Lane, Worces­
ter, MA 01610. Phone (617) 756-4635. 

206 

LED INDICATOR indi cates logic state of 
digital circuits. These devices ca n be driven 
directly from DTL and TTL logic and are 
avai lable in voltages from 1.7 to 14V and 
currents up to 20 mA. Built with a li ght­
emitting diode and an internal seri es resis­
tor, the molded plastic two-pin device can 
be inserted into a DIP socket or PC board. 
Units can be mounted side by side with as 
many as 10 units to the inch. Price is $1.37 
in 1000 quantities. Dialight Corp., 60 Stew­
art Ave. Brooklyn, NY 11237. 207 

12-BIT A/D CONVERTER, Model 1612, has 
a total conversion time of 8 µ sec and an 
accuracy of 0.0125% of fu ll sca le. Temper­
ature coefficient is 10 ppm/°C. The 161 2 
will accept ±10.0V full sca le and 0 to 
- 1 O.OV is optional. Both seri al and buffered 
para llel digital outputs are prov ided. The 
unit contains its own reference supply and 
switches. Price is $300. Tustin Electronics, 
2103 S. Grand, Santa Ana, CA 92705. 
Phone (714) 546-1302. 208 

MTU 

COMPUTER 

2 
If THIS 

com putt 
FAILS .. 

.. . simply 
switch over 

With 
-BARs®! 

T-Bar Relays are 
specifically de­
signed for switch-
ing many parallel 
lines either manu­
ally or remotely. 8, 
12, 24, 36 and 60 

pole T-Bar Relays are availaple in 
Form A and C contacts. For low 
level switching, specify Series 901 
T-Bars with bifurcated contacts for 
high reliability or Series 801 for 
general purpose switching. 

Off-the-shelf from 
• NEWARK • ALLIED 

• HOLLYWOOD • CRAMER 

For information, write or phone 
T- Bar or refer to distributor catalog 

or eem. 

Slltchlna 
....-~~~~~~~ 

T· Bar comu•o!! 
INCORPORATED 

SWITCHING TECHNOLOGY 

141 Danbury Road, Wilton, CT 06897 
phone: 203/ 762-8351 

CIRCLE NO. 60 
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New Approach 
To Capacitive 
Measurements! 

Digital Capacitance Meter Converters 
New capacitance measuring techn iques give resu lts unaffected by 
capacitance of long cables to the po int of measurement or stray 
capacitance to ground 
• Accuracy of an automati c capacitance bridge 

at a fract ion of the cost 
• Analog and BCD (optional) outputs 
• Two- or three-terminal measurements-with up to 25' of cable. 

Grounded guard. 
• Capacitor testing and sorting up to 2000 pF 
• Capacitance difference and deviation (bipolar) 
• Signal conditioning with di splay for capacitive probes, cells and 

transducers for measuring, recording or controll ing moisture in 
so lids, ingredient ratio, level, flow, shaft position, micro­
displacements, thickness, torque, etc. 

Write for FREE series 
2000 bulletins today! 

photo 
controls 

for 
every 
need 

51 sketches showing 
photo controls for 
• conveyors • cut-off 
• automation • countin g 
• die-protection • jam-up 
• inspection • limit 
• measuring • orientation 
• positioning • processing 
• packaging • registration 
• smoke detection • sort­
ing • tension • traffic 
control • weighing • wind ­
ing • many, many others. 

SPEARHEAD 
inc. 

1401A Ce<J<ir Pos1 Lane Hous1on Texas POSS 17131 464 4882 

Cl RC LE NO. 61 

NEW Catalog 71 
297 pre-engineered photo con­
trols including retro -ref lective, 
specular reflective, fiber optic 
and so lid state; ON / OFF and 
Timing Controls; tremendous 
selection of photo sensors and 
light sources. Proximity Con­
tro ls. Counting Eyes. Bin level , 
smoke, current surge and im­
pact cont ro ls. All illustrated, 
described and priced . 

See the AUTOTRON MAN in your 
area or send for Catalog 71 NOW 

3627 N. Vermilion, Danville, Ill. 61 832 
Ph 217-446-0650 TWX 910-244-1455 

CIRCLE NO. 62 

100010 testing proves 
every Electrocube AC rated 
polycarbonate capacitor is 
a sure thing. 

Even with derat ing, a DC unit can pop if its DF isn't right 
for the frequency. So we build these metallized units just for 
AC, and screen them 100% so you know they'll go 115 VAC 
at 400 Hz. These aren' t derated DC units . Choose from 241 
different units. Values are from .0010 to 2.0 mid , in six case 
styles. 

We' ll send you data sheets and a bulletin on problems in 
us ing DC capacito rs for AC app lications . 

Call (213) 283-0511, TWX 910-589 -1609, or write to 1710 
South Del Mar Avenue , San Gabriel , California 91776. 

~ eiedf.SS?,Y"~ 
RC networks, transformers. ballasts 

CIRCLE NO. 63 

WHAT DOES IT TAKE TO 

AUTOMATE 
A CONTROL CIRCUIT?? 

FIRST YOU START WITH A 

VOLTSENSOR MODULE 
Mode l 
525 
Sing le set 
point 

(Attract ive OEM 
and quantity discounts 

ava ilable.) 

(Precision Solid State Voltage Comparator) 
THEN .. . Patch it into any circuit with a signal 
range of up to + 24 VDC to -24 VDC, set your trip 
point and watch it repeatably trip within ± 1 mv of 
your set po in t. OUTPUT? POWER! 80% of power 
supply voltage at up to soma wh ich can be used 
direct or through relays of up to Samp, 115 VAC 
capacity. Response ti me? Less than 10 micro­
seconds for the VOL TSENSOR, as little as 1 milli­
second for VOL TS ENSOR and relay. 

CA&fX (California Electronic Mfg. Co ., Inc.) 
P.O. Box 555, Alamo , CA 94507 (415) 932-3911 

CIRCLE NO. 64 
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Low Cost Size only 
2-3/4"x2-3/4" 

astrosystems ---. a&I 

astrosystems, inc. 
6 Nevada Drive 
l ake Success, New York 11040 
(516) 328-1600 

CIRCLE NO. 65 

SEMICONDUCTORS 

INDUSTRIAL VVCs are des igned for low 
cost commercial applications. The CV5000 
Series of High-Q Varactron vo ltage-vari able 
capacitance diodes provide broad tuning 
ra tios, hi gh Qs, and high working voltages. 
Devices in this li ne are pri ced as low as 59¢ 
each in quantity. Teledyne Crystalonics, 
147 Sherman St., Cambridge, M A 02 140. 
Phone (6 17) 49 1-1670. 209 

BIPOLAR RAMS exhibit virtually no setu p, 
ho ld or write recovery time. These two 256-
bit IC memories, des ignated the 82S06 
(three-state) and 82S07 (open coll ector out­
puts), are extremely fast (35 nsec, typica l). 
The memories are manufactured with the 
shallow epitax ial , Schottky-diode process. 
Pri ce is $39.50 each, w hen ordered in a 25 -
piece quantity. Signetics, 811 East Arques 
Ave., Sunnyva le, CA 94086. Phone (408) 
739-7700. 210 

DIODE CHIPS are channel-mounted, tem­
perature-compensa ted and avai lable fo r 
many JEDEC numbers. The new devices are 
electri ca ll y equiva lent to the 1 N82 1, 935 , 
3154, 941 , 4565, 4765, and 4775 seri es 
wi th A and B versions. They carry the same 
numbers as their discrete counterparts w ith 
a CZ des ignation instead of 1 N. Centralab 
Semiconductor, 4501 North Arden Dr., El 
Monte, CA 9173 4. Phone (2 13) 579-0700. 

211 

MOS/LSI PHOTODIODE ARRAY provides 
d irect digital output. It contains 16 diodes, 
arranged along a 140-mi l line on 8.8 mil 
centers to eva luate light patterns. O peration 
is over an integration period w hich is ad­
justed to achieve thresho lds for a given light 
leve l such that an equiva lent " 1" or " O" is 
pa rallel shifted into the shift register. North 
America n Rockwell Microelectroni cs Co., 
3430 Miraloma Ave., Anaheim, CA 92803. 
Phone(7 14) 632-232 1. 212 

TWO NEW DISCRETE LEDS are intro­
duced. M V54 has a red diffused epoxy lens 
and a rated bri ghtness of 0.8 mi llicandelas 
at 20 mA. MV5026 is a red panel li ght with 
a high contrast lens. It comes w ith a panel 
mounting grommet. Typica l brightness is 
1.0 milli candela at 20 mA. MV54 is priced 
at $0.53 (100-999), and MV5026 at $0.71 
(100-999). Monsanto Commercial Products 
Co., 10131 Bubb Rd., Cupertino, CA 
95014. Phone(408)257-2 140. 213 

MICROPOWER LED FLASHER is a mono­
lithic integrated c ircuit des igned to permit 
use of LED indi ca tors in micropower port­
,1ble equipment. Designated the LP1 000 
" M ISER," it ca n drive 30 mW LEDs from 
sources w ith peak capab ilities as wea k as 
30 microwatts. In a 3-pin T0-18 package it 
is pri ced at $1.18 each in quantities of 1 00. 
Lithic Systems, Inc., P. O . Box 869, Cuperti ­
no, CA 95014. Phone (408) 257-2004. 214 
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HIGH VOLTAGE single-junction silicon 
rectifiers with se lected recoveri es and PIVs 
to 1500V are now avai I able in production 
quantities. The parts are packaged in Glass 
Amp II Glass Passivated (vo id-free) pack­
ages. Maximum average forward current 
rating at 50°C is 1 .5 (A) with a IV maximum 
forward drop at 1 A and 25°C. General In­
strument Corp., 600 W est John St., Hicks­
ville, Long Island, NY 11802. Phone (5 16) 
733-3333. 215 

STUD-MOUNTED DIODES boas t a 600A, 
one-cycle su rge rating. The 35 H series is 
rated at 35A average wi th max imum repeti ­
tive peak blocking voltage ratings of 400, 
300, 200 and 1 OOV. 35 H replaces more 
than a dozen JEDEC seri es in the D0-5 
package, including 1Nl183, 1Nl191 , 
1 N248-50, 1 N202 1 and 1 N21 54. Pri ce for 
the 400V 35 H40 in 100-999 quantities is 
$2.82 each. Internationa l Rectifi er Corp., 
Semiconductor Div., 233 Kansas St., El Se­
gundo, CA. Phone (2 13) 678 -6281. 216 

IC AUDIO AMPLIFIER provides 4W output. 
The LM354 is a monolithi c circuit designed 
for use in television sets as an audio amplifi ­
er. The usable range of supply voltage is 
very high (from 6 to 24V). The LM354 is 
assembled in a special 14-lead plastic split­
DIP with a shaped heat-sink soldered on a 
copper bar inserted in the plastic. The pack­
age has a very low thermal res istance. Pri ce: 
100 up $3.00 each. European Electroni c 
Products Corp., 10180 W . Jefferson Blvd. , 
Cu lver City, CA 90230. Phone (2 13) 838-
1912. 217 

THE CHOMERICS EB KEYBOARD IS 
AMERICA'S No. 2 SOFT TOUCH. 

Key travel is iust . 150" . Operating force: 3 oz. Contact resistance: 1 Ohm. 
Contact bounce is less than 1 ms. 100,000.000 cycles. Available in 12 key 
array, and any increments from there on up. 
In volume. we 'll give you any size keyboard you want. in most any con­
figuration. and touch you for as little as 40¢ per key . 

UA 12 key sample costs $1 1. 50. The catalog's free. 

~CHOMERICS, INC. 
77 Dragon Court. Woburn. MA 01801 (617) 935-4850 
America's # 1 soft touch 1s Chomerics· Er keyboard 
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perforated 
AVAILABLE 

FROM STOCK 

Write for 
stock list 
brochure 

materials 

EASTERN DIVISION CHICAGO OFFICE AND WAREHOUSE 
5650 FILLMORE STREET 

CHICAGO, ILLINOIS 60644 
E. CRESCENT A VE. AT ARROW RD. 

RA MS EY, NEW JERSEY 07446 
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High Reliability 
High Resolution 

astrosystems 

------. as1 

astrosystems, inc. 
6 Nevada Drive 
Lake Success, New York 11040 
(516) 328-1600 

CIRCLE NO . 68 
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DIGIT AL IC TESTER Model 380 features full 
iunctional, input-current and fa n-in and fan­
out tes ting to manufacturers specifications. 
Programming and con trols provide high­
'peed testing with fu ll capability for auto­
handling and probing systems including 
independent contact continuity test circui ts. 
Throughput rate as high as 4000 parts per 
hour is easily obtained. Price is $5750. 
Alma Corp., 1061 Terra Bel la Ave., Moun­
ta in View, CA 94040. Phone (4 15) 961-
9837 . 218 

DIGITAL DATA TRANSMISSION ANALYZ­
ER PAIR .ire thP \1n<IPI 12rn1 nmdem test set 
and the Model 2000 modem test set print­
er. The $1650 1200 Modem test both syn­

chronous and asynchronous data links, 
modems, and multiplexers. The $1750 
2000 provides continuous monitoring of 
test resu Its, printing out bit error rate or 
block error rate, loss and recovery of syn­
chronization, loss of c lock, counter over­
flows, and external event occurrances vs 
time. The printer includes a rea l-time c lock. 
International Data Sciences, Inc., 100 Nash­
ua St. , Providence, RI 02904. Phone (401) 
274-5100. 219 

DUAL RAMP GENERATOR produces ramp 
output signal periods from 10 µ,sec to 100 
msec per channe l wi th 0.05% linearity. The 
ramp period is determined by a iour-pos i­
tion range switch and an adj ustable period 
control. The RG- 116 enables the display 
de>igner to see rasters on a scope as gener­
.ited by flying-spot scanners, line-scan sys­
tems and CRT displays. The output signals 
can be offset ± SV about ground w ith con­
tinuous ly adjustable de bias controls. Celco, 
70 Constantine Dr., Mahwah, N J 07430. 
Phone (201) 327- 11 23. 220 

MODULAR PULSE GENERATOR based on 
a timing module will operate up to 50 MHz. 
Model 176 comprises a 5-1 /4-i n. -high 
mainframe holding up to 11 p lug-in mod­
ules. Units ava ilable include a period mod­
ule with 1-Hz-to-50-MHz PRFs; a 1 O-nsec­
to-1-sec width/delay module capable of a 
1 OOMHz bit-rate word generation and an 
oulput module w ith a 2-ns risetime and 6V 
ampli tudes from 50!1. G. & E. Bradley Ltd ., 
Electra! House, Neasden La ., London, N .W. 
10, England. 222 

BATCH OR CYCLE CONTROL features LED 
di sp lays and high-threshold logic circuitry 
for greater immunity to industrial noise. The 
number of counts in a batch or cycle are 
predetermined by setting the desired count 
on bi-d irectional pushbutton selector 
swi tches. When the count reaches the pre­
determined leve l, a dpdt, 10A, 125V ac 
output is actuated, and a count is recorded 
on an electric counter indicating the total 
number of batches or cyc les completed. 
Durant Digital Instruments, 622 N. Cass St., 
Milwaukee, WI 53201. Phone (4 14) 27 1-
9300. 223 

SHOCK SPECTRUM A.NAL YZER Model 
SD320 provides in a single pass, without the 
need for a repetitive input of the transient 
shock signal, detailed ampliJude-vs-fre­
quency ana lyses of either the primary, res id­
ual or max i-max spectra in a fraction of a 
second with the press of a button. A fourth 
analyt ical dimension is added by pressing 
the "Fou rier" button to ga in yet another 
analysis fo r correlat ing damage potential 
with the shock event. Spectra l Dynam ics 
Corp., Box 67 1, San Diego, CA 921 12. 
Phone (7 14) 278-2501. 224 

MEMORY-PROGRAMMED TRANSISTOR MODEL L-10 MEGOHMMETER offers a 
TESTER T317 measures all standard transis­
tor parameters and is supplied with a test 
capac ity of 32 , 64, or 96 tests, and a total of 
12 bin outputs. Any number of jobs may be 
stored in its memory up to the capacity of 
the system, and any two of these jobs may 
be in operation simultaneously. Price of a 
basic 1 A 200V unit is $17 ,500. A 30A 400V 
option is avai lable for $12,000. Teradyne, 
Inc. , 183 Essex St. , Boston, MA 02111 . 
Phone (617) 482 -2700. 221 

range of measurement from 10" to 1014!1. 
Nine discrete test voltages ranging from 10 
to 100V de are available internally and are 
accurate to ± 2%. The $456 instrument's in­
finity adjustment need be set only once 
when making measurements and changes 
in range will not disturb the accuracy of the 
read ings. Beckman Instruments, Inc. , 89 
Commerce Rd., Cedar Grove, N J 07009. 
Phone (201 ) 239-6200. 225 
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5-1/2-DIGIT MUL Tl METER uses recharge­
able batteries and also works from the ac 
line. Series 2500/A2 , comprises four models 
offering auto-polarity, auto-ranging (in addi­
tion to individual range selection), pushbut­
ton selection of function and range, full 
20% over-ranging on all but the 1 OOOV 
range and accuracy of ±0.001 % of full 
scale. Prices range from $1145 to $1345. 
Data Precision Co., Audubon Rd. , Wake­
field, MA 01880. Phone (61 7) 246-1600. 

236 

AN O SCILLOSTORE DELAY UNIT allows 
the continuous monitoring of interference 
events. A signal waveform jn its exact for­
mat, without distortion, before, during or 
after an interference event, can be obtained 
through the use of the digital delay unit 
which operates over a frequency range of 
up to 1000 Hz/channel over six measuring 
channels. The unit is priced at $6850 and is 
available on three-months delivery. Sie­
mens Corp., 186 Wood Ave. , South , lselin , 
NJ 08830. Phone (201 ) 494-1000. 23 7 

A MINIATURIZED SCAN CONVERTER 
designated Model MSC-1 writes and stores 
externally originated video - both sequen­
tially (raster) scanned or randomly posi­
tioned - in its scan-converter tube, and 
read~ out the stored video pattern in a 
S25/525-line, 2 : 1 interlaced raster format , 
suitable for display on conventional TV 
monitors. The new scan converter is priced 
at $2500 and 30-day delivery is offered . 
Hughes Aircraft Co. , Display Systems Div. , 
2020 Oceanside Blvd. , Oceanside, CA 
92054. Phone (7 14) 757-1200. 238 

SIGNAL-CONDITIONING SYSTEM VISI G 
11 sells for less than $100 per channel. It is 
designed for multiple-channel data acquisi ­
tion to measure parameters sensed with a 
bridge and other types of transducers such 
as strain, temperature, humidity, flow and 
level. VISIG II is comprised of Model 611 
signal -conditioning modules, Model 111 
power modules and their housings. It inter­
faces with most digital and analog systems. 
Vidar Corp. , 77 Ortega Ave.; Mountain 
View, CA 94040. Phone (41 5) 961-1000. 

239 
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Portable 
laardmale 
the Secret's 
in the 
Third Lead! 
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111191 ~ 
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In addition to the conventional 
red and black test leads, our 
Portable GUARDMATE has a 
third lead which offers an exclu­
sive In-Circuit testing capability . 
The third lead puts a patented 
Guard Circuit to work, electroni­
cally isolating the component 
under test from all unwanted 
parallel circuit paths. This is the 
same Guard Circuit that has 
been proven by years of opera­
tion in Systomat1on 's $40,000 
production PC board testing 
systems. 
The Portable GUARDMATE not 
only tests capacitors, resistors, 
diodes, transistors , SCRs and 
ICs with ±3% accuracy, but it 
is the only inexpensive , portable 
instrument that can make in-cir­
cuit tests of such components 
on PC boards . You may save half 
your testing and troubleshooting 
costs simply by using the Porta­
ble GUARDMATE, the test in­
strument with the third lead . 
IN-CIRCUIT-TESTING is as sim­
ple as A,B,CI To test Ri, connect 
test leads to A and B, and Guard 
lead to C. Read the meter. 

ON LY 

$198 
COMPLETE 

' Systomation Inc. 

l~
lllton Park . Elnora. New York 12065 

Telephone : 518-877-7424 
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50 WATT ZEN ER VOLTAGE REGU LATORS 
are descri bed in a new brochure from Inter­
national Recti fier Corp. Two seri es are de­
tailed, w ith nominal zener voltage ratings 
from 3.9 through lOOV. The units are pro­
vided in either T0-3 " diamond" or stud 
packages. Semiconductor Div., Internati on­
al Rectifier Corp. , 233 Kansas St. , El Segun­
do, CA 90245. Phone (2 13) 678-6281 . 226 

MAGNETIC-TAPE SYSTEM fo r M icrodata's 
Micro 800 and 1600 computers is described 
in a four-page bulletin. The bulletin con­
tains specifications and detailed explana­
tions of the interface controller and tape 
transport unit. Microdata· Corp. , 644 E. 
Young St., Santa Ana, CA 92705. 231 

MINIATURE POWER-CONVERSION 
EQUIPMENT is shown in a new catalog. 
The equipment enables the system des igner 
to des ign custom power-conversion equ ip­
ment. The Catalog describes the features, 
specifi cations, modifi cations and mounting 
dimensions for miniature and subminiature 
power-conversion devi ces. Arno ld M agnet­
ics Corp., 11 520 W . Jefferson Blvd ., Cu lver 
Ci ty, CA 90230. 228 

76 

Iii 

HYBRID DC VOLT AGE REG ULA TORS are 
covered in a new four-page brochure. The 
Seri es 844 consists of cermet, thi ck-film, 
dual-voltage units hermetica ll y sea led in 
12-pin T0-8 packages. The new brochure 
inc ludes complete performance specifi ca­
tions, diagrams and mechanica l characteri s­
ti cs. Helipot Div., Beckm an Instruments, 
Inc., 2500 Harbor Blvd. Fu llerton , CA 
92634. Phone (7 14) 87 1-4848. 229 

A SELECTION GUIDE TO TEST INSTRU­
MENTS is now availabl e listing four lines of 
electroni c test instruments from Dana Labor­
atories. It gives a fast glance at all major 
spec ifications needed for selecting any one 
of Dana's fi ve series of DVM's; two seri es of 
data amplifiers; two series of electroni c 
counters and a series of frequency synthe­
sizers. Dana Laboratories, Inc. , 2401 Cam­
us Dr., Irvine, CA 92664. 230 

INTEGRATED PIN DIODE switch/driver 
literature, bul letin DM870/871, describes 
the latest additions to a line of ultra broad­
band PIN diode control devices. Both uni ts 
feature continuous coverage from 200 MHz 
to 18 GHz with minimum isolation as high 
as 60 dB and TTL-compatible inputs. Low 
VSWR and insertion loss, and a switching 
speed as fast as 200 nsec are also featured. 
General M icrowave Corp., 155 M arine St. , 
Farmingdale, NY 11 735 . Phone (5 16) 694-
3600. 227 

aver 150 
instrumentation papers 

CONFERENCE PROCEEDINGS of the In­
strument Soc iety of America are listed in a 
new brochure titled " 1971 Annual Confer­
ence Pub lica tions." "1t features over 150 in­
strumentation papers in the form of pre­
prints and proceedings of the 26th An nual 
ISA Conference, conducted October 4-7, 
197 1 in Chicago Illinoi s. The brochure li sts 
paper numbers, titl es, prices and inc ludes 
an order fo rm. Instrument Society of Ameri ­
ca, 400 Stanw ix St. , Pittsburgh PA 15222. 
Phone(41 2)28 1-3 171. 232 

CASSETTE RECORDERS AND MEMORIES 
are detailed in a new 4-page brochure. The 
digital recorders and memories are de­
signed for point-of-sale equipment, data 
capture, peri pheral storage, data commun i­
cations and keyboard-to-tape applications. 
Telex Communications Div. , 9600 Aldrich 
Ave., South , Minneapolis, MN 55420. 233 

THERMAL INSTRUMENTATION brochure 
introduces comprehensive line of thermal 
instrumentati on transducers and compo­
nents. Sensors described are for use in aero­
space, ai rcraft, and industria l appli cations. 
All sensors are self-generating transducers 
anci their output is proportional to the abso­
lute magnitude of the thermal parameter 
being measured. Spectran Instruments, P.O. 
Box 891, La Habra, CA 9063 1. Phone (2 13) 
333-0666. 234 
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No.1 
Killer ol 
Po~er 

Supplies 

Junction Temperature 
of Pass Transistors! 

• More pass transistors mean 
lower junction temperature. 

• Lower junction temperature 
means longer life! 

Series LA 
Modular Power Supplies 

Twice as many pass transistors 
as in leading competitive units. 
Count 'em! PROOF POSITIVE 

of 
Deltron's Greater Reliability Thru 

!EaM 
DESIGN MARGIN 

Write for Free Technical Bul­
letin 30 "The Power Supply 
Killers," and learn how to se­
lect power supplies for longer 
life. 

- L·200 

...... ""- ... 7 a.1e1"1ran inc. 
~ 

Wissahickon Ave., 
North Wo\les, Pa. 19454 

CIRCLE NO. 92 

T ANSMISSION 
IMPOSSIBLE?? 

If achieving accurate, fault-free digital data transmission 
is the name of your problem , the name of your answer 
has to be the Data pulse Model 225 Modem Test Set. The 
easy-to-operate 225 offers far greater transmission sys­
tem error detection capability than other modem test 
sets costing twice its $1 ,650.00 price . 

Quality and re -
liability are un­
paralleled in this 
state-of-the ·a rt 
design , which 
puts these use­
ful features and 
advantages at 
your disposal : 

Asynchronous operation to 9600 BPS • Synchronous 
operation to 1 /2 MHz • Bit & Block-Error rate • Six 
test patterns • Bias distortion measurement • Error 
inject/self-test capability • Printer output connector 
• RS232 and CCITT interface • Simplex, half, and full 
duplex testing • Light & portable for use in field or lab. 

There are three alternative models available to suit your 
specific requirements, priced from $850.00. 

And, if you like to 
have things in writing 
. .. focus your attention on our Model 5000 Program­
mable Digital Printer. Compatible with all Datapulse 
test sets, the $1,750.00 Model 5000 provides hard 
copy records of unattended test sequences. And 
there 's a configuration available (at no extra cost) 
to interface with 
the Bel l System 's 
9148 test set . 
Ask about the 
Model 59148 . 
These and many 
more f eatures 
come with the 
Model 5000: 

. , J\ 
y,• • " .. . 

Six selectable trigger channels • Records test results 
unattended • Provides time, data and event printouts 
• Real-time clock • Compatible with all Datapulse 
Modem Test Sets. 

A demonstration is worth a thousand words , and all it 
takes is a call to your nearby Scientific Devices man (or 
if you prefer, call us direct) . Ask about the rest of our 
modem test gear, ask for literature, and above all, ask 
for a demo . .. it'll verify our claims , completely. 

DATAPULSE DIV., SYSTRON -DONNER CORPORATION 
10150 W. Jefferson, Culver City, California 90230. 
Tel : (213) 836-6100. TWX: 910-340-6766. Tex: 67-3219 . 

CATAPULSE 
D I VISIO N 

BYSTRON E >® DONNER 

CIRCLE NO. 91 
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three cheers 
for the 
little guy! 

The " little guy"- a miniaturized crystal , filter or oscillator-is 
an integral part of MCCoy's product line. This tiny fellow is 
pressed into service in space programs, where light weight and 
compact designs prevail in portable miniature transceivers for 
commercial and industrial applications, in mini computers and 
modems, in small wildlife tracking systems, in headgear com­
munications systems where reliability is paramount...in fact 
we 're sure that one of our " little guys" can find a home in 
equipment of your manufacture, adding value while reducing 
space and weight. 

Remember MCCoy Electronics for your next requirement. We 've 
led in pioneering crystal product innovations for the past dec­
ade. After you 've seen how our little guys work, you can join in 
the cheering. 

~QU ELECTRONICS 
LILI~ ,COMPANY 
a subsidiary of OAK ELECTRO / NETICS CORP. 

MT. HOLLY SPRINGS , PENNSYLVANIA 17065 
TELEPHONE : 717-486-3411 •TWX: 510-650-3548 

CIRCLE NO. 71 
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DESIGN DATA 

APPLICATION NOTES 
LINEAR/NON-LI NEAR CIRCUIT MOD­
ULES are shown in a 48-[Jage catalog. A ll 
areas of interest are conveniently color cod­
ed on page edges for quick location, and the 
index contains a complete alpha-numeric 
catalog and cross index of all dev ices. 
These include A/ D and D/A converters, op 
amps, power suppli es, instrumentation 
ampli fiers, integrators , logarithmic ampli fi­
ers, multipl iers and dividers and module 
testers. Background and applications data 
are also included . Teledyne-Philbrick, Al ­
lied Dr. at Rte 128, Dedham, MA 02026. 

240 

POW ER SU PPLI ES and controlled power 
products are covered in a new 104-page 
handbook and cata log. Inc luded in the 
handbook is a glossary of terms used to de­
scribe power supplies and their operation, a 
section on the theory of operation of regu­
lated power supplies, and an an alysis of op­
erating characteristi cs and specifying crite­
ria. Raytheon Co., Sorensen Power Sup­
plies, 676 Island Pond Rd. , M anchester, 
NH 03103. 243 

TESTING RF TRANSMISSION LINE RUNS 
(coax and waveguide) is the subject of a 16-
page data sheet. Test arrays covering 0.01 to 
18 GHz are detailed fo r swept measure­
ments of insertion and return-loss vs fre­
quency. Systems shown can perform fre­
quency-selective location of faults (discon­
tinuities) in the transmiss ion line w hich are 
shown by displaying return loss vs distance 
for carrier frequenc ies to be used in the line. 
Hewlett-Packard, Co., 1501 Page Mill Rd ., 
Palo Alto, CA 94304. 241 

MODULAR POWER SU PPLIES and their 
appli cations are covered in a 56-page cata­
log. Ac-to-de, dc-to-ac, and de-to-de units 
covering an output voltage range of 5 to 
740V with power ratings from 5 to 240W 
are covered together w ith thermal data, EMI 
information, input current curves, and oper­
ating hints. Complete price and quantity 
discount information is also included. Ab­
bott Transistor Laboratori es, 5200 W. Jeffer­
son Blvd, Los Ange les, CA 9001 6. Phone 
(2 13)936-8 185. 244 

BOXCAR INTEGRATOR signal averager 
applied to reso lution and recording of sig­
na ls consisting of pul ses as short as 10 nsec 
is described in Brochure T-227. A typica l 
application of the technique, descri bed in 
detail , is the measurement of second har­
moni cs generated in laser exc ited ga llium 
arsenide. A major advantage of the method 
is the ability to recover w aveforms ob~c ured 

in noise. Princeton Appli ed Resea rch Corp., 
P.O. Box 565, Princeton, N J 08540. Phone 
(609) 452-21 11. 242 

HIGH NOISE IMMUNITY LOGIC brochure 
ava il able. The 64-page brochure shows 
complete HiNIL family characteri sti cs for 
Seri es 300 High Noise Immunity Logic 
(HiNIL), inc luding absolute max imum rat­
ings, summary of propagation delays and 
lcc currents, pinout reference guide, device 
data and appli cations. Cop ies of the free 
HiNIL appli cation brochure are ava ilable in 
quantity from Teledyne Semiconductor, 
1300 Terra Bell a Ave., Mountain View, CA 
94040. Phone (4 15) 968-9241. 245 

REFERENCE COPIES AVAILABLE 
Reference copies of the fo llowing articles are avai lable without charge: 

R.S. NO. TITLE PAGE NO. 

L61 Don' t fo rget the optical isolator when so lving your coupling problems . . . . . . . . . . . . . . . . . . 26 
L62 Programmable modulo up/down counter makes a flexible timer . . . . . . . . . . . . . . . . . . . . . . . 30 
L63 Simple linear PLL demodulator uses discrete components . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
L64 Simple IC meter amplifier c ircuit measures 100 nanoamps, full-scale . . . . . . . . . . . . . . . . . . . . 40 
L65 Bu ild an ON-O FF timer using inexpensive ICs ...... . . ... ... . ........ . .. . . .. . . . ........ 44 
L66 Need a job? So what else is new? . . . .......... .. . . ........ .. . .... .... . ......... . ... 48 
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Fluke problem solvers 

The New .005% 8300A DVM: 
Bare Bones, $1195; 5 Ranges 
DC, $1295; 5 Ranges DC & 
5 Ranges of Ohms, $1445 

Remember the original great Fluke 8300A . .. the first 
reasonably priced 51/2 digit high accuracy DVM ever 
offered . 

Now, after two years ' high production and plenty of 
time on the learning curve, we've come up with a 
whole new family of 8300A's with lower prices over­
all and package deal prices on the most popular 
configurations. 

There 's the basic 0.005% unit with three ranges of de 
(10, 100, & 1000 volts). It's the 8300A-OO. It sells for 
a miserly $1195. If you need millivolt de ranges (0.1 
& 1.0v) added, we' ll give you the 8300A-10 for just 
$1295. For a few dollars more we' ll give you the 
8300A-20 with five ranges of de volts and five ranges 
of ohms for $1445. 

So here's your chance to get famous Fluke quality at 
new low prices. And because we use single mainframe 

construction throughout, you can add all the other 
options to make a full bench multimeter or systems 
box in the field an option at a time, anytime. 

And remember, only Fluke can use the patented re­
circulat ing remainder A-to- D conversion technique 
with up to five times fewer parts than comparable 
DVM 's for greater reliability and the best MTBF in 
the industry. 

So, if you 're looking for a very fine 5 digit DVM with 
0.005% accuracy, plenty of low cost options, includ­
ing ac voltage, external reference (ratio) , fully iso­
lated outputs, remote programming and complete sys­
tems compatibility including timing signals and ready 
indicator at package deal prices, take adva11tage of 
Fluke 's great new DVM deal right away. For details, 
call your nearest Fluke sales engineer today or con­
tact us directly. 

Fluke, Box 7428, Seattle, Wash ington 98133. Phone : (206) 774-2211. TWX . 910-449-2850/ln 
Europe, address Fluke Nederland (N.V.), P.O. Box 5053, Tilburg , Holland. Phone : (04250) 70130. 

IFLUKEI 
Telex : 884-52337 I In the U. K., address Fluke Internat ional Corp. , Garnett Close, Watford, 

WD2, 4TT. Phone : Watford , 33066. Telex : 934583. 

CIRCLE NO. 72 

® 



~ 

Everything you've always 
wanted to know about 

film resistors ... but didn't 
know who to ask 

You can do a lot more with Dale Film Resistors-and we're 
ready to send you a chart that proves it. Adding the 

Welwyn Group to our film resistor lines lets you rely on 
Dale for practically every resistance function in the book 

-and opens up new possibilities for saving time and cash . 

Dale 's expanded film resistor line now includes every­
thing from the most exotic , to the least expensive. 

For example : 

HIGHER VALUES -glass enclosed metal oxide film 
resistors to 1 billion ohms at 1% tolerance. 

LOWER VALUES-down to .27 ohms at 1% tolerance. 

HIGHER VOL TAG ES-to 50KV pulse, 14KV continuous, 
with values to 150KM. 

LOW-COST POWER-3 through 10 watt styles, 
2%, 5% with flameproof coating . 

CARBON COMP. COMPETITION-Beyschlag 
(W. Germany) carbon film resistors. Up to 

2 watts in 2%, 5% tolerance. 

Circle 3 for 
FREE Film Resistor 

Reference Guide 
or call 402-564-3131 for 

immediate information. 


