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No one knows ferrites like a ferrite user. 
We produce and use more quality ferrites than anyone. 

Siemens, a world leader in the 
design and manufacture of sophis­
ticated telecommunications and 
computer systems, has also become 
the world 's leading producer of 
linear, memory and microwave 
ferrites. Ferrites that are 
performance and reliability engi­
neered to meet our demanding 

system requirements. 
Siemens pioneered T38 with 

permeabilities of 10,000, T9 and 
TIO high-density ferrites for 
recording heads, SM6 and M6 filter 
inductors for high packing densities, 
N32 linear ferrites with a wide 
temperature range, and CVB7 
microwave material. 
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Siemens design engineers are 
ready to assist you in solving your 
ferrite problems. 

Siemens Corporation, 186 Wood 
Avenue South, lselin, N.J., 08830. 
(201) 494-1000. 
Siemens. A three 
billion dollar name 
inqualityproducts. SIEMENS 



MAGNECRAFT'S NEW CLASS 388 
C:::.ENERAL .-=3URPOSE RELAY 
Magnecraft is pleased to introduce the new Class 
388 General Purpose Relay. This inexpensive, 
high performance line of stock relays offers many 
quality features found only in custom built ver­
sions. Available in either a covered plug-in or 
open style with a wide choice of AC or DC coil 
voltages and SPOT, DPDT, or 3PDT 10 amp 
contacts. 

All Class 388 relays have 3-way pierced terminals. 
While spaced for standard plug-in mounting, the 
flat terminals (0.187" x 0.020") also accept quick­
connect receptacles or direct soldering. For plug-in 
use, three types of chassis mounted sockets are 
available; quick-connect, solder, or printed circuit 
terminals. Covered plug-in version has a tough 
clear polycarbonate plastic cover. 

In a highly competitive business, delivery can be 
a deciding factor. If delivery is important to you, 
be aware that Magnecraft ships better than 90% 
of all incoming orders for stock relays, received 
before noon, THE SAME DAY (substantiated by 
an independent auditing firm). In addition to our 
shipping record, most stock items are available 
off-the-shelf from our local distributor. 

FREE! 
DESIGNER'S 

CATALOG 
The purpose of this 36-page catalog is to assist 
the design engineer in specifying the proper relay 
for a given application. The book completely de­
scribes General Purpose, Sensitive General Pur­
pose, and Mechanical Power Relays. New 
products include the complete line of Class 388 
General Purpose Relays. 

~agnecira.Ft® ELECTRIC COMPANY 

5S75 NORTH LY NCH AVENUE • CHICAGO, ILLINOIS 60630 • 312 • 282 -5500 • TWX 910 221 5221 

CIRCLE NO. 1 



Elco's solution to the escalating 
packaging squeeze and packaging 
costs in electronic c ircuitry . A line­
up of 1/0 rack and panel and cable­
to-cab le connectors with contact 
spacing on .100" and .125" centers. 

On a performance/price basis , 
these high density connectors are 
your best buy. Quality is equal to 
or better than , and published prices 
are much less than those of their 
pin-and-socket counterparts . 

Take the Series 8026 R/P and 
cable-to-cable connector that's 
equ ipped with the Elco high-relia­
bility crimp-and-insert mini Varilok '"' 
contact . Team a Series 8026 117-
contact plug with its corresponding 
receptac le, and you have a 117-con­
tact connector that's in the same 
envelope as a 56-contact connector 
on .150" spacing . But packing more 
than twice the contacts in the same 
space. 

The 75-contact 8026 connector 
will fit in the same space as a 38-
contact connector on .150" spacing. 
And the 8026 33-contact connector 
is one of the smallest 33-contact R/P 
connectors you've ever seen . For 
back-up, we offer Series 8026 con­
nector with 55 and 79 contacts on 
. 125" square grid . 

PACKS TWICE 
THE CONTACTS 

IN THE SAME SPACE 
AT ABOUT 

HALF THE COST 

For your 1/0 back-panel applica­
tions, Elco Series 5540 connectors 
are available in the same sizes as 
the 8026, but use the field-proven 
Var icon n; contact w ith .025" square 
wire-wrappable posts. They incor­
porate - as do the 8026's-a new 
female turnable jackscrew that elimi ­
nates any possibility of damage to 
plate contacts in difficult or blind 
mating situations. Both series use 
standardized polarizing and keying 
hardware to prevent unmatched plugs 
and receptacles from being mated. 

And by no small coincidence, 
hardware standardization and using 
one contact for both sides lets you 
minimize your in-house and field 
stocking requirements, and allows 
you to use the same manufacturing 
set-up to assemble all sizes. 

Besides helping you cope with 
your close-order circuits, these con­
nectors will help you effect other cost 
economies. Like using your existing 
8016 panel punches. Reducing in­
ventory because they can do duty in 
R/P and cable-to-cable applications 
as well as be used as an 1/0 . 

There's one more bonus. Immedi ­
ate availability. Both series . A l l 
sizes. Another service in keeping 
with CONNECTRONICS, Elco's Total 
Connector Capability. 

• 

Series 5540 input-output plate receptacles 
with or without polarizing hardware. On 
.100'' grid with 33, 75 and 117 contacts. On 
.125" grid with 55 and 79 contacts. 

Polarizing hardware provides 36 
polarization combinations per 

lt connector pair. 

Metal covers for 33, 55, 75, 
79 and 117-contact connec­
tors have top and side 
cable entries. 

Cable strain relief clamps are adjustable 
tor small and large cable bundles, can be 
mounted on plug and / or receptacle • 

For full details on these new connectors from Elco, contact your local Elco 
representative or distributor, or: 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 and sales offices throughout the world . Copyright © 1972 Elco Corp. All rights reserved. CIRCLE NO. 3 



If we didn't build a lot 
more experience into our 
capacitors, we couldn't 

get a little ore for them 

We know you couldn 't care less about TRW 's expe­
rience in making capacitors. Unless it affects your 
experience- in using them. 

It does. Because we come by it two ways. From in­
novation , which gives us a lead in technology. And 
from specialization in wound film and tantalum types, 
giving us the deepest, broadest experience. The kind 
that makes our capacitors worth more to you. 

To see how, consider the metallized kind . 

Anyone can makethem small. Or reliable. But it takes 
real design experience to realize their full potential ­
making them small as possible, without sacrificing 
performance orfu 11 operational reliability. And , plainly, 
no one has more experience than a company that 
specializes in them. Us. 

We also have more appli~ation experience. We know 
what metallized capacitors can and can 't do. How far 
they can be pushed . When and how to use them best. 
We can often solve a customer 's size problems by fit­
ting the right design to a specific application where 
metallized parts hadn't been previously considered. 

In manufacturing and handling , our experience 
means what you see in engineering design is what 
you get in volume. The same high performance. 

Why do so many companies gladly pay the little 
extra we have to charge for our capacitors? One 
reason is our experience. Another is theirs . 

To share it , write or call TRW Capacitors, an Operation 
of TRW Electronic Components, Box 1000, Ogallala, 
Nebraska 69153, (308) 284-3611 . TWX 910-620-0321. 

CIRCLE NO. 4 TRW 
CAPACITORS 
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One OEMxy recorder 
works at breathtaking speed. 

Inhale . .. exhale. It takes about 4.5 
seconds. Just about any XY recorder 
could chart the volume of air in a 
human breath-if doctors were willing 
to settle for a flow loop the size of a 
half dollar. But they won't. In a breath 
analyzer, a small flow loop means 
imprecise, hard-to-read measurements. 
And Hewlett-Packard 's new Model 
7041A High Speed XY Recorder is the 
only unit fast enough to chart a large, 
accurate picture of the lung's "vital 
capacity." In real time. 

The 704 lA is an OEM machine from 
the ground up, designed for speeds in 
excess of 30 in/ s. It's the only XY 

recorder built on a one piece, die-cast 
aluminum mainframe. And you can 
choose from nearly 40 independent 
options to customize the recorder to 
your special application (standard or 
high speed). You 'll get just what 
you want ... and only what you want. 

Our standard features make sense in 
any OEM system : Aurogrip electrostatic 
holddown, IC circuitry, long-life hybrid 
potentiometer, disposable pens and 
more. All the things we learned while 
pioneering the development of XY 
recorders for two decades. 
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H-P's new cast aluminum XY 
recorder : high accuracy at breathtaking 
speed. Make your own diagnosis, get 
specifications and discount data from 
Hewlett-Packard, 16399 West Bernardo 
Dr.ive, San Diego, California 92127. 
Europe : 1217 Meyrin-Geneva, 
Switzerland. 112.01 

HEWLETT,PACKARD 

\ 
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Everybody wants your 
components business. 

But were doing 
6 things to earn It. 

1 We build extra reliability components. To let you reduce 
into all our components. expediting and inventol'y levels. 
Documented reliability 4 Our QC and unique 

from ER through industrial, from product configurations 
precision through general make your production 
purpose. To let you build extra more efficient. Many of our cus-
reliability into all of your systems. tomel's fine! they can totally elim-

2 Our pricing is more than inate incoming QC testing of our 
just competitive. If it pmts. Others find our parts 
weren't, why else would gTeatly simplify both hand 

our customers have made us the inse1tion and automatic inse1tion 
largest supplier of metal film operations. 
resistors in the country? And 5 Our new products can 
that metal film market includes give you better alterna-
glazed resistors. tives. Like oul' FAIL-

3 We insist on delivery you SAFE'" flame pl'oof resistors. 
can count on. Our "ball They open-never sh01t-
parks" are dependable. under ovel"ioacl. Plus they'l'e 

And our clistl'ibutors pl'ovide economical replacements fol' 
off-the-shelf delivery from an non-inductive and semi-precision 
inventory in excess of 50,000,000 power wirewouncls. 

6 We back everything with 
the best support team in 
the business. We have the 

industry's lal'gest technically­
trained field fol'ce. And a select 
team of the industry's most 
service-oriented distributors. 
Because we know it takes top 
service to compete for your 
business. 

Like everyone, we want 
youl' components business. But 
we'1·e intent on doing mol'e to 
eam it. Let us pl'ove how much 
more on youl' next project. 
Write: Coming Glass Works, 
Electl'onic Products Division, 
Corning, New Yol'k 14830 or Call: 
(607) 962-4444, Extension 8381 

CORNING 
ELECTRON IC S 

Resistors &Capacitors 
for guys who can\: stand failures 

CIRCLE NO. 6 
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Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005 

Today's new technology demands new perfor­
mance. You need quick, accurate solutions for 
complex measurement problems. The new 7700 
FAMILY, a part of the 7000-Series, is your 
solution. 

You have 250-MHz, 200-MHz and 175-MHz per­
formers to choose from. 

You get: Maximum measurement flexibility, by 
using up to four plug-ins. You can choose from 
twenty vertical and horizontal modes for mea­
surement speed. 

You also get: Maximum oscilloscope system 
versatility from a choice of twenty-four plug-ins 
for amplifier, time base, curve tracer, digital 
multimeter, digital counter, spectrum analyzer 
and sampling applications. 
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• TEKTRONIX@ 
Phone: 503·644-0161 -

FOR RELEASE: May 8, 1972 

Compare the TEKTRONIX MAINFRAME-option­
plug-in concept with others. You'll realize im­
mediate cost savings by purchasing only those 
options and plug-ins you presently require. The 
7704A's modular electrical and mechanical 
design brings you all this plus capacity for future 
expansion. 

Gain performance and save dollars with the 
7704A. This is achieved by using proprietary 
and commercial !Cs, a high efficiency power 
supply, a new fast CRT and a total new design. 

You gain even more operator speed and accu­
racy by using CRT READOUT. It displays all the 
measurement parameters right on the CRT where 
you make the measurement. 

Look at the entire line of probes, cameras, 
SCOPE-MOBILE® carts and other accessories, 
plus the selection of twenty-four plug-ins. This 
oscilloscope system is an integrated test system 
that solves virtually any measurement problem. 

Tektronix, Inc . ... 
offering sales, after sales support and 

service . . . world wide. 

250-MHz 7704A Oscilloscope 
System . . . bandwidth option 
{less plug-ins) . . . . . . . . . . . $2400 

200-MHz 7704A Oscilloscope 
System . .. optimum pulse 
response ... (less plug-ins) $2400 

175-MHz ·R7704 Oscilloscope . . . 
{less plug-ins) . . . . . . . . . . . $2650 

7704A Oscilloscope System . . . 
newest member of the 7700 FAMILY 
and of the GROWING 7000-SERIES 

E 0 N JUL y 1 5, 
1 9 7 2 



EDITORIAL 

A salute to the calculator 
The next time you push a button on an electronic calculator, pause for a 
moment and consider what that little box represents. You may think of it 
as an electronic slide rule or an electronic adding machine. But, sym­
bolically it's much more. 

We feel that it represents one of the major achievements realized by 
the United States' electronics industry in recent years. This is not based 
on technological accomplishments alone, but on economic and market­
ing considerations as well . Some great electronics work was done for 
the Apollo program. But those technological triumphs were accom­
plished without many of the cost and competitive pressures under 
which products like calculators were developed. 

Today's calculators combine the best of semiconductor, display and 
packaging technologies, and do so at a cost that would have been 
thought impossible only a few years ago. The' vast potential of the mar­
ket has acted as a powerful stimulant for component manufacturers to 
continuously push back the boundaries of technology- not just for bet­
ter-performance components, but for items that can be mass produced 
easily and cheaply. 

The result is items like MOS circuits and gas-discharge and LED dis­
plays that combine the sophistication traditionally associated with aero­
space electronics with a cost and mass producibility normally connect­
ed with consumer electronics. 

All of these accomplishments have made the United States the lead­
ing manufacturer of not just calculator components but calculators 
themselves . And this in spite of the fact that just a year or two ago the 
Japanese gave every sign of capturing the lion's share of the calculator 
market , just as they had done with transistorized radios. This time, 
though , .\merican companies realized that there is a market, created by 
technological advances, re;irlv to be exploited. And instead of merely 
being a component supplier, the United States industry went to work 
with its know-how and capability and showed what it can do when it 
really wants to. 

We'd like to think that the successful marriage between the calculator 
and the electronics industry will be repeated in other areas. It wouldn't 
take too many of these almost ideal unions to ensure a healthy and pros­
perous electronics industry. 

9 



Another S1mgue Breakthrough I 

Sol id flame-retardant 
epoxy with precise 
dimensions for 
automatic insertion . 
Completely shock and 
vibration resistant. 

Flat surface perm its 
clear easy-to-read 
marking. 

No rundown to interfere 
with seating of capacitors 
on printed wiring board . 

Rugged 0.025" dia . tinned...,. 
leads maintain al ignment. 
0.100" lead spacing for 
standard PWB grids. 

PRODUCTION-ORIENTED 
SOLID TANTALUM 
CAPACITORS 

ACTUAL SIZ E 

Top flat for easy 
identification of 

positive lead either 
visually or by touch. 

Standoff feet on base 
to eliminate moisture 

entrapment and 
facilitate cleaning of 

wiring boards. 

Formed leads with either 
0.200" or 0.250" spacing 

to permit 
interchangeability with 

dipped capacitors. 

Type 198D Low-cost 
Econoline*Tantalum Capacitors 

Lead in Performance! 
When it comes to low-cost solid tantalum capacitors , the new Sprague 
Type 1980 Econoline Capacitors outperform all other designs. Here are 
some additional advantages: 

• Low d-c leakage • Withstand severe 

• Low dissipation factor 

• Wide voltage range , 
4 to 50 VOC 

• Capac itance range from 

temperature cycling and 
temperature shock over 
-55 C to +85 C 

• Speedier handling for insertion 

0.1 to 100µ.F • Easier-to-read markings 

The new Sprague Type 1980 epoxy-encased Econoline Capacitor is tooled 
for mass production and priced competit ively with imported dipped units. 
Investigate th is new Sprague breakthrough without delay. 

Call your nearest Sprague district office or sales representative, or 
write for Engineering Bulletin 3546 to: Technical Literature Serv­
ice, Sprague Electric Co., 491 Marshall Street, North Adams, 
Mass. 01247. 

* Tradema rk SPRAGUE" 
THE BROAD-UNE PRODUCER OF ELECTRONIC PARTS 

THE MARK OF RELIABILITY 

CIRCLE NO. 39 
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New lra11 Helipat: the laweat 
tri1111er pralile in the bu1ine11. 

SHOWN ACTUAL SIZE 

You can 't do better than our 
Series 82 Trimmers for small 
size and low cost ... and, of 
course, Helipot dependability. 
These%:' single-turn, 
general-purpose cermet 
models have the lowest 
profile in the industry with 
a proven cermet resistance 
element that can be set to 
any voltage ratio within 
0.05% of full scale. Sealed 
metal housings, solid stops, 
and essentially infinite 
resolution. They'll save 
you space-they'll save you 
money. (Our prices start at 
$1.40 I ist.) Two good reasons 
to write for specs and prices 
today. 

Beckman® INSTRUMENTS, INC. 

HELIPOT DIVISION 
2500 Harbor Blvd .. Fullerton, Cohf. 92634 

HELPING SCIENCE AND INDUSTRY IMPROVE THE OUALllY OF LIFE 

CIRCLE NO. 9 
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... better than EpiBase? 
We've got both now. Single-diffused, UniBase* power 
Darlingtons. EpiBase* power Darlingtons. Plus 
capability to supply discrete power transistors in both 
technologies. The first to do this. 

Great, you say. "Let me have 
the latest thing so I can edge 
my competitor's design." 

Wait, though ... not that easy. 
Unless you understand the basics of 
both technologies you won't get what 
you really want - an optimum device 
matched to true design needs, with 
the best trade-offs in device 
characteristics. 

More and more engineers are 
educating themselves before designing 
in either process. Questioning and 
comparing to find out which is really 
better for their application. Probing. 
Analyzing. Asking. 

"Are they structurally different?" 
"Which is better for high-speed switching?" 
"Is there an edge in safe operating area?" 
"What are tradeoffs in inductive loads?" 
"Which is more applicable to complementary 

designs?" 

If you're satisfied with your supplier's answers, 
your education, your design, fine. If not, listen. 

TAKING THE RIGHT SHAPE ... 
They're different, alright. 

Single-diffused, UniBase, is achieved by diffusing collec­
tor and emitter into lightly doped P material with the base 
formed by the undiffused portion of the start material. 
Emitter and collector are equidistant from opposite chip 
sides. The deep emitter junction biases off high-current 
density area and leads to more uniform current distribution 
throughout the emitter. Result : very good safe operating 

EMlfrER area .. . with low frequency 
CONTACT response due to distributed 

resistance and longer RC 
time constants. 

COLLECTOR BASE 
UNIBASE SILICON POWER 

12 

use 
EpiBase offers devices with emitter diffused 

into an epitaxial base deposited on the collector 
substrate. The collector voltage depletes into the 
base region with resulting devices characterized 
by higher-frequency response and low switching 
losses with SOA equal to, or better than, UniBase 
except at or near device BV CEO· 

BASE EMITIER 

~ 
COLLECTOR BASE 

EPIBASE SILICON POWER 

THE TRADEOFFS ... 
A couple. If switching efficiency, fT or phase shift 
are your thing, EpiBase wins hands down. 
Although power-handling and safe area of the 
two are about equal. UniBase offers an edge in 
SOA if your design pushes ultimate device break-

100 
50 

Where the action is . • • 
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down capability. And, while beta-vs.-current curves are 
similar for EpiBase and UniBase transistors of given chip 
size, UniBase will exhibit higher sat voltages and slightly 
lower high-current beta. Again, a result of higher 
distributed resistance. 

Typically, more gain and gain linearity can be had 
with EpiBase by sacrificing some ruggedness. With Epi­
Base, it's near-impossible to achieve high fT and high 
SOA simultaneously . .. something's got to give. 

Conversely, single-diffused offers a bit more SOA but 
slower action; and gain and gain roll-off figures of merit 
are only about half or less than EpiBase counterparts. 

If your motto's " safety first" .. . 
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THE APPLICATIONS ... 
Practically everywhere! Commonly, regulators, hammer 
drivers, inverters, converters, stereo and servo amps and power 
switching. Which for which? Easy. Follow our suggestions: 
we've factored in tradeoffs: gain, fn ruggedness and break­
down voltage. In many applications such as regulated power 
supplies for high-speed logic, EpiBase is more desirable for 
its better response to fast-changing load conditions. And in all 
circuits demanding higher frequency response, EpiBase is your 
best bet. Because of that edge in SOA near device BV rr.o, 
UniBase is better where you're working into undamped induc­
tors - not recommended but sometimes unavoidable - where 
it must absorb stored energy. 

EPiBase Unlhst 

audio • 
series pass regulator • 
inverter • 
unclamped inductlve 
load • 
POWer switch: slow • 
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fast • THE SPECS ... 

THE DARLINGTONS ... 
Sounds simple: power integrated 
circuits consisting of driver, output 
devices and emitter-base resistors 
on one monolithic chip. But advan­
tages are revolutionary: super-high 
gain . . . new levels of efficiency, 
simplicity, cost-savings ... direct, 
logic-to-Darlington interfacing . .. 
with EpiBase available in both NPN and PNP for com­
plementary symmetry designs. Depending on your con­
clusions and your needs, your choice will be EpiBase or 
UniBase Darlingtons. 

Draw those conclusions now. Match your design need 
with an unmatched solid-state power capability. Write us 
at Box 20912, Phoenix, AZ 85036 - contact your Motorola 
distributor on prototype or production. 

EpiBase or UniBase ... the choice is yours. But know 
this. We've got both. 

EPIBASE VS. UNIBASE 
PRIME SPECS ON SOME PRIME 

••. NEW DISCRETE$ 

DEVICE GAIN FREQUENCY SAFE 
OPERATING AREA 

EpiBase 2N3055 20@4A 4 MHz 60V/200 mA 
vs. 

UniBase 2N3055 20@4A 200 kHz 60V/l.5A 
EpiBase MJ3771 15@ 15A 4 MHz 40V/200 mA 

vs. 
UniBase 2N3771 15@ 15A 200 kHz 40V/3.75A 

. .. plus a choice between these discretes 
MJ3772 EpiBase MJ6257 EpiBase MJ3773 EpiBase MJ6302 EpiBase 

and and and ond 
2N3772 UniBase 2N6257 UniBase 2N3773 UniBase 2N6302 UniBase 

2N6253 UniBase 2N6254 UniBase 

.•. NEW DARLINGTON$ 

DEVICE GAIN FREQUENCY SAFE 
OPERATING AREA 

EpiBase 2N6056 750@4A 4 MHz 80V/100 mA 
vs. 

UniBase MJ3521 500@ 4A 200 kHz 80V/l.4A 
EpiBase 2N6283 750@ lOA 4 MHz 40V/1A 

vs. 
UniBase 2N6356 400@ lOA 200 kHz 40V/3.75A 

. . . plus a choice between these Darlingtons 
2N6282 EpiBase 2N6283 EpiBase 2N6284 EpiBase 

and and and 
2N6355 UniBase 2N6357 UniBase 2N6358 UniBase 

MJ3520 UniBase 

" Trademark of Motorola Inc . 

NIOTOROLA P OINER 
-Technology By Design, For Design 
CIRCLE NO. 10 
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DESIGN NEWS 

Computer controlled test system 
speeds up instrument calibration 

Instrument calibration, traditionally a 
meticulous and time-consuming pro­
cedure, not above human error, has 
been one area in electronics that has 
resisted the impact of the computer. 
But this picture is slowly changing 
thanks to a new computer-controlled 
test system from Hewlett-Packard Co., 
that employs some novel procedures 
for cost-effective automatic calibration 
of a wide range of instruments. The 
HP9550D (Fig. 1) can not only handle 
voltmeters, oscilloscopes and plug­
ins ; it can also handle other work­
loads such as pulse and function gen­
erators, electronic counters and osci 1-
lators with a slight system expansion. 

An example of the system's effec­
tiveness can be shown with a typical 
de volt-ohm-ammeter that may have 
13 ranges per function. To calibrate 
such an instrument manually, the op­
erator must redundantly switch 
through 39 different switch positions 
and interpret full-scale indications and 
decide whether the instrument meets 
its specifications. In addition, he must 
perform a meter-movement linearity 
test on one range to make sure that 
the movement itse lf is linear. Thi s ca li­
bration process can consume upwards 
of one-half hour. Much of the opera­
tor's time is spent visually reading the 
meter movement. 

In contrast, there is the new auto­
matic system (Fig. 2): 

1. The system instructs the operator 
to mechanically zero the meter. With 
the de stimulus programmed to OV, 
the system DVM measures the actual 
meter current flowing through the 
meter movement. 

2. The system programs stimulus to 
provide a nominal 10%-of-fullsca le 
signal and the needle deflects to ap­
proximately 10% of fullscale. By 
means of a hand-held remote-control 
box with " up/down" buttons, the op­
erator, watching the needle deflection, 
presses the appropriate button to pro­
vide a stimulus adjustment. Thus, he 
quickly sets the stimulus until the 
needle deflection is exactly on the 0.1 
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Fig. 1- Multitudes of instrument types can 
be ca librated easily with this new automat­
ic system from Hewlett-Packard Co. Desig­
nated as the HP9550D, it can calibrate 
analog and digital voltmeters, oscillo­
scopes, electroni c counters and oscillators. 

cardinal point. He then presses a 
" done" button on the remote control­
ler and the system records the actual 
meter current flowing through the 
output jack. Meanwhile, the system 
also records the true de sti mulus. 

3. The system next applies a nomi­
nal 20%-of-fullscale-signal and the 
sequence is repeated through each qf 
10 linearity points as the operator vi­
sua lly adjusts the stimulus and aligns 
the needle to the exact cardi nal 
points . At each of these points, the 
system is characterizing the meter 
movement in terms of the electrical­
current output to get a paricular me­
chanical deflection. The entire process 
takes 30 seconds typically. 

4. The system immed iately deter­
mines whether the meter movement is 
linear from the recorded st imulus re­
quired for the ca rdin al-point meter 
deflection. 

5. The real time-saving impact now 
occurs as the operator faces the need 
to test all 3 functions in 1 3 different 
range positions. The system instructs 
the operator to set up, for example, 
the meter's 1-mV range and with one 
hand on the range switch he c licks 
over to the bottom range. In his other 
hand he presses the " done" button 
and the system immediately applies 1 
mV fullscale. He no longer has to vi­
sually read the meter movement be­
cause the electrical output and the 
previously characterized meter data 

tells whether the needle is mechani ­
ca lly deflected to precisely fullscale. 
The system quickly takes its data and 
then issues the new instruction for the 
operator to mechanically switch to the 
next range of 3 mV. The process 
moves very fast with a range-switch 
c lick and. a pushbutton depressed 
waiting only for a short settling time 
on the meter needle. 

6. After the voltage-function cali­
bration is done, the current and resis­
tance functions are run with much the 
same speed, and again, without any 
need to watch the meter scale itself. 

The overall power of such a fairly 
simple technique provides a dramati c 
difference in the calibration procedure 
itself and primarily in the elapsed 
lime. By restricting the operator to a 
single visual run of the instrument 
meter and allowing him to visually hit 
the meter scale's cardinal points only, 
his interaction with the test is mini­
mized and the later errors for all 39 
range positions are massively reduced . 

This basic technique, with minor 
modifications, can be used to check 
oscilloscope time bases and vertical­
amplifier plug-ins and digital voltme­
ters. In addition, the new system can 
be used to make adjustments on out­
of-specification instruments. o 

r-------

Fig. 2- Rapid de voltmeter calibration is 
ach ieved with the above configuration. The 
operator handles a remote controller for a 
de stimu lus adjustment to the meter's ca li ­
bration. The controller also allows him to 
record the actual meter cu rrent flowing the 
meter input once calibration is completed. 
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Fourth-generation computer techniques 
are brought to small-system users 

Interchange Microprogramming, multi ­
programing & solid-state memory, and 
virtual memory are now available in a 
new series of small-scale computer 
systems announced by Burroughs Corp. 

The new Bl 700 computer systems 
include microprogramming techniques 
through use of variable micrologic. 
Variable micrologic, or more com­
monly called writable-control store, 
allows the system's central processor 
to adapt itself dynamically under pro­
gram control to a variety of program 
languages, including FORTRAN, 
COBOL and BASIC. This means that 
the system can process any language, 
including programs written for other 
systems, at full efficiency . A user can 
thus select languages that best express 
the problems he is trying to solve, 
rather than languages that best suit the 
computer. 

Multiprogramming is introduced to 
small-scale computer systems with 
Systems 1700. This feature, as well as 
virtual memory, is provided by the 
B 1700 master-control program. 

The memories are all solid-state. 

Pictured is a typical basic B 1700 system, one configuration of Bu rroughs B 1700 System;, 
a revolutionary new series of fourth generation, small sca le data process ing ;y;tems intro­
duced by Burroughs Corporation. 

The read/write control memory, avai 1-
able in 2k or 4k, 8-bit bytes, has 167 
nsec cycle times and 225 nsec write 
cycle times for a 16-bit (2 byte) word. 
The main memory has a 666 nsec 
read cycle time for a 24-bit word and 
is expandable, 16k bytes to 98k. Hav­
ing up to eight 1/0 controls simul­
taneous reading, writing and com­
puting can be performed. 1/0 controls 

handle al I peripherals for the smaller 
systems, also disk drives and fil es in 
the largest system. 

Also featured is bit addressab ility, 
resulting in highly effi c ient utili zation 
of memory. This eliminates the need 
for pre-defined data structures (words­
bytes), and permits every unit of 
memory to be addressed and utili zed 
by the user's data and programs. D 

Inexpensive, portable radiation detector keeps 
tabs on radio-relay and microwave-oven leaks 

With the preponderance of micro­
wave ovens in the consumer field and 
the increasing use of higher and 
higher frequency bands for communi­
cations in radio-relay installations, an 
outcry from both the public and the 
government has arisen over the effects 
of microwave radiation on human 
health and safety. Even with a defined 
U.S. Government occupational guide­
line of maximum permissible radiation 
levels of 10 mW/cm2 for indefinite 
exposures, little has been available in 
the way of low-cost and easy-to-oper­
ate instruments to measure these ra­
diation levels. Most microwave-mea­
suring instruments are too specialized 
and costly, working only at specific 
frequencies and costing from $400 to 
$1000 or more. In addition, they re­
quire a thorough understanding of 
transmission-line theory. 

Ronald Petersen, an engineer at Bell 

Telephone Laboratories, Murray Hill , 
N. J., and a member of the environ­
mental and safety department at Bell , 
has been looking into this problem 
and has come up with a simple proto­
type microwave-radiation detector 
capable of yielding accurate & repro­
ducible results using well under $100 
in components . 

The detector covers the 1-to-7-GHz 
frequency range, which includes the 
popular 2.45-GHz band for micro­
wave ovens. Most radio-relay installa­
tions operate within the instrument's 
range. Even though the detector is rat­
ed down to 1 GHz, it has been used to 
check microwave ovens that operate at 
915 MHz. 

Whereas most detectors use thin­
fi Im thermocouple junctions, a key 
factor in their high costs, the new unit 
uses 4 ordinary metal-barrier diodes (2 
in the probe and 2 in the detector). 

The cross-dipole probe tip is about 
1/I 0th of a wavelength long at 7 GHz. 
The probe's design is said to minimize 
polarization and coupling problems. 

Requiring a minimum of instruction, this 
prototype microwave-radiation detector 
was built for a total-parts outl ay of under 
$100. It is said to yield accurate and re­
producible results, and operates in the 1-
to-7-GHz region for checking microwave­
oven and radio-relay radiation leaks. 
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Twice: 

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

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

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

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

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

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

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

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

ClRCUN<Cll 

demonstrations, video tapes and 
literature to simplify conversion 
problems. 

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

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

Scopes Are Changing; 
Think Twice. 

08212. 

HEWLETT~ PACKARD 

OSCILLOSCOPES 
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PRECISION METALS TODAY 
putting ideas to work in precision metals and assemblies 

HAMILTON I THE IDEA COMPANY IN THIN METALS TECHNOLOGIES 
Hamilton is more than a leader in the manufacture of precision strip and foil. More than a leader in spe­
cialty wire drawing. More than a quality producer of chemically etched parts. More than a precision as­
sembler of components and devices. Hamilton Precision Metals is an industry leader in solving problems 
where metals and materials sensitive devices are involved. Hamilton's unique manufacturing and technolog­
ical concept bridges the problem-solving gap between materials and the materials sensitive devices and 
components in which they are used. Hamilton understands the problem in depth, then applies creative engi­
neering, design principles, and processing capabilities to application solutions. Industries such as aerospace, 
communications, instrumentation and controls, and computers look to Hamilton for the extraordinary, the 
unique, the uncommon in metals technology, parts fabrication, combined with application engineering and 
component manufacturing. 

The extraordinary in precision strip and foil 
From Hamilton you get the extraordinary in 
strip, foil, metallurgical understanding and full 
metals processing capability. In size. In qual ­
ity. In dimensional control. Hamilton has been 
a pioneer producer of ultrathin strip and foil. 
Hamilton brings to bear modern facilities, the 
technical capabilities of a company who has 
pioneered in precision metals rolling and tech· 
nical know-how, in delivering precision prod­
ucts to exceptional standards of quality and 
dimensional uniformity. From specialty melting 
through precision rolling Hamilton's total con­
trol guarantees compliance to your specifica­
tions. 

If you need ultrathin-down to 0.000070"­
you can get it from Hamilton. If that foil must 
incorporate a particular surface finish, dimen­
sional tolerance or mechanical property-you 
can get it from Hamilton. The same applies to 
heavier gauge precision strip. Tight control 
throughout production assures absolute integ­
rity of custom-manufactured material. 

Get brochure revealing profitable details on 
Hamilton Metals Processing. 
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HAMILTON 

The unique in photoformed parts 
If critical tolerance parts are your need, you 
can get them at Hamilton. Magnetic recording 
head laminations. TV tube grids. Solar cell 
grids. Rotor laminations. Specialty lead frames. 
High-speed printer tapes. Fluidic device lam­
inations. Tape cleaner blades. You name it. All 
are produced by Hamilton-at low cost, with 
fast delivery and dimensional repeatability 
guaranteed-by means of advanced chemical 
etching fabrication process called Photoform­
ing. In modern, well-equipped facilities, Ham­
ilton's manufacturing controls hold Photo­
formed parts within ~trict limitations of your 
design needs. 

A diversified list of alloys and metals is 
Photoformed by Hamilton. Most are rolled to 
Photoforming quality standards by the Precision 
Metals Division and many grades and thick­
nesses are inventoried. 

Get informative, illustrated brochure demon­
strating advantages of Photoforming. 
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The uncommon in precision components 
Recent years have seen the rapid expansion of 
yet another facet of the Hamilton service. To 
the tradition of fine watchmaking the Precision 
Metals Division has added expertise in metals 
processing, parts manufacturing, magnetic ma­
terial manufacturing and testing, and func­
tional engineering to supply customers with 
subassemblies, devices, and finished compo­
nents. This service relieves the customer of 
many critical considerations such as material 
selection and specifications, tooling design and 
fabrication techniques, with the complete as­
surance of receiving a finished inspected quality 
product. In case after case, this single-source 
technological and manufacturing capability has 
been able to provide in-house manufacturing 
solutions to customer components and device 
assembly problems which have resulted in 
customer cost savings and improved product 
quality. Where materials sensitive devices are 
concerned, customers have found that Hamil­
ton's rich background in metallurgy, metals 
processing, magnetics and precision assembly 
has yielded finished devices or components 
with complete specification compliance. Sav­
ings are gained through unit source purchas­
ing and improved quality with Hamilton as a 
supplier of completely tested components and 
assemblies. 

New literature giving helpful data on Hamilton 
products, processes and services is now avail­
able. Write. 
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If you have a particular problem involving metals or materials sensitive de­
vices, Hamilton is well equipped to review it and offer solutions as we have for 
many customers. Precision strip, foil, wire, devices or components-contact 
your local Hamilton representative or Hamilton direct. A meeting can be 
established to review your problem and seek solutions. * 

PRECISION METALS DIVISION 

,_,AAAILTOAI 
WATCH COMPANY • LANCASTER, PA. 17604 
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Simplify designs, save space and assembly costs with 

another new chip on the old block. 
Putting the logic in the same pack­
age with the display makes a bet­
ter building block for many of your 
systems. Designing is simpler, PC 
boards and chassis get smaller and 
cheaper. Assembly costs drop. 

Th e net result: your product be­
comes smaller and more reliable .. . 
and costs you less to build. 

Since you gain these advantages 
when logic and display are com­
bined, TI is leading the way in de­
veloping a full line. Already you 
can choose from five parts. (And 
becau se the "old" building blocks 
with display only are still indis­
pensable in some designs, TI main­
tains a volume production capabil­
ity on a broad line.) 

Newest of the d isplays-with­
logic is the TIL311, a hexadecimal 

Tl 's fast-growing hybrid LED display line. 
100-PIECE PRICE 

TIL302 7-segment numeric with decima l $8.70 
Tll303 Same as TI L302 but wi t h 

dec imal on right 8.70 
Tl l304 Plu s or minus overflow 7.80 
TIL305 5 x 7 alphanumeric 13.00 
Tll306 7-segment hybrid wi th decade 

counter, latch, decoder, driver 15.50 
Tll307 Same as TIL306 but with 

dec imal on right 15.50 
TIL308 7-segment hybrid with latch, 

decoder. d river 12.50 
TIL309 Same as TIL308 but wi th 

dec imal on right 12.50 
TIL31 l Hexadecimal wi th latch, 

decoder, driver 12.50 

LED display with an internal 
TTL/MSI logic chip providing 
latch, decoder and driver. It ac­
cepts 8-4-2-1 data and displays 0 
through 9 and A through F with 
both right and left decimal points. 

Other TI displays-with-logic in­
clude a 7-segment with latch, de­
coder and driver and a 7-segment 
with decade counter, latch, de­
coder and driver. Both have left 
and right decimal point versions. 

For data s heets on the entire TI 
hybrid display line, plus applica­
tions information, circle 245 on the 
Reader Service Card. Or for Opto 
Packet 245 write Texas ~ 
Instruments Incorpo- •n 
rated, M/S 308, P . 0. Box '/JI 
5012, Dallas, Texas 
75222. 

TEXAS INSTRUMENTS 
INCORPORAT ED 87090 



TY-RAP® System 
Means Lower 
Harnessing Costs 

Here's why this harness 

SQUEEZE, LOCK, TRIM 
This new tool answers the problem of 

quick and uniform tying even in high­
density wiring. The narrow nose and 

long slim body reaches into confined 
areas. A squeeze of the trigger cinches 

the self-locking tie to a preset tension, 
trims tie evenly. Eliminates rework! 

Tying uniformity is the responsibility , 
of the tool rather than the installer. 

Retainers that hold and 
shape the bundle during 
harness making are one of 
many aids available for 
board work. 
Cat. Series TC-81 

costs less than it did last year 

GET A GRIP OF STEEL 
One of the most important 

considerations in plastic ties is 
the reliability of the tying de­

vice. Now, only TY-RAP has a 
patented non-magnetic, stainless 

steel locking wedge embedded in 
the cable tie head. Your customers 

get a grip of steel every time with 
TY-RAP ties. 

Hundreds of thousands of field­
proven applications over 14 years are 

the credentials for TY-RAP tie reli­
ability. This experience gives you a 

lower profile tie, a non-slip stippled 
back, a trademarked, curved tail, a low 

insertion force head, and the widest 
range of sizes and configurations. Your 

customer gets a higher quality job, at a 
lower installed cost to you. 

Harness installation and 
point-to-point wiring are 
further advanced through 
use of adhesive mounting 
bases and hundreds of other 
devices. Cat. No. TC-342A 
and TC-353A 

How can the TY-RAP System lower your costs? 
Write for our new guide and catalog. 

Sold Only Through T&B Distributors 



A PRACTICAL 
NEW PRODUCTION TOOL 
For high volume, we offer a new auto­
matic tool that ties in 8/ 10 second. It 
feeds a TY-RAP tie around the bundle, 
tightens it to a preset tension and 
trims it evenly. Adjusts itself to bun­
dle diameters from 1/ 32" to 5/ 8". 
Cat. No. TR-300 

BIG ONES, SMALL ONES 
FAT ONES, THIN ONES 
Our new "slim line" tie is the slimmest tie with the smallest 
head. The new slim cross section gives added flexibility for 
every operation including "figure eights" and dense or 
miniature breakouts. Where compactness is a must, a new 
slim design pays off in both space and weight reductions. 
This is a practical consideration for applications where "g" 
loading and vibration are not critical. 
You select! There is a standard TY-RAP tie for just about 
every application . . . including MIL specs. Choose from 
the little 3-inch for 1/ 16" bundles, to the 30-inch tie for 
9-inch bundles. And, they are molded of Zytel*, a special 
formulated nylon to give you reliable, long life performance. 

THE HOLE IN THE HEAD 
- REDUCES YOUR CLAMP INVENTORY 

By the simple addition of a mounting hole, the 
TY-RAP tie has been transformed into a cost 
reducing strap. Since t he tie is infinitely adjust­
able, a wide diameter range is accommodated. 
Now, new configurations further reduce your 
inventory of various sized plastic and metal 
clamps. · 

The Thomas & Betts Co., Elizabeth, N. J. 07207 
In Canada, Thomas & Betts Ltd., P. Q. 

THOMAS & BETTS 
Division of Thomas & Betts Carparatian 

• Reg. Trademark Dupont 

HARNESS BOARDS -
A NEW COST SAVER! 
Set up costs just about dis­
appear when you adapt the 
new, fully reusable modular 
TY-RAP harness board to 
your wiring operations. Both 
sides can be used. Metal 
screening covers the self-heal­
ing polyethylene foam. The in­
ter locking borders of each 
panel snap together for larger 
work surfaces. 
Cat. No. HBF-02-03 
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Solid-state oscillators tune up 
at millimeter frequencies 
Here is a round-up of the alternatives ava ilable to the system designer 
looking for solid-state sources and amplifiers of millimeter-wave power. 

Dr. W. K. Kennedy, Jr. and Dr. J. W. Monroe, Watkins-Johnson Co. 

Solid-state microwave oscillators have gai ned wide accep­
tance in both military and commercial systems up to 18 
GHz since first becoming commercia ll y avai lable in the 
mid- l 960's. Osei I la tors using either the transferred-elec­
tron (Gunn) effect or the ava lanche transit time (IMPATT) 
effect are just now becoming wide ly availab le from 20 to 
90 GHz. Osc ill ators are commercia ll y available with up to 
20 milliwatts of cw power at 90 GHz. In the laboratory, 
1 watt of cw power has been generated at 50 GHz using a 
sing le ch ip.' 

This article reviews the different solid-state oscillators 
and ampli fiers avai I ab le to the systems designer across the 
20 to 90 GHz region. Both the advantages and d isadvan­
tages of each type of dev ice are covered, with emphasis 
on the state-of-the-art for commercia ll y-available hard­
ware. This review inc ludes: 

• Operating mechanisms 
•RF performance 
• Availability 
• Suppliers 

Device characteristics 

Two basic negative-resistance phenomena are used to 
generate millimeter power. The first type is the transferred­
electron or Gunn effect2 . The Gunn device derives its neg­
at ive resistance from an inherent property of the sem icon­
ductor material from which the device is made. In other 
words, the material itself exhibits a negative resistance; the 
device is formed by simply making ohmi c contact to the 
semiconductor. 

The most popular materi al for transferred-electron de­
vices is Gallium Arsenide (GaAs), although Indium Phos­
phide (lnP) has also been used for millimeter dev ices. The 
limited space-charge accumulation (LSA) mode is a spe­
cia l c ircuit-controlled method of operating transferred­
electron devices to obtain hi gher powers and eff ic iencies . 
Transferred-e lectron devices are vo ltage controlled and 
are biased to a referen ced operating voltage. Application 
notes on the operation of these devices are ava i I ab le from 
several companies, including Cayuga Associates, Micro­
wave Associates, Varian, and Watkins-Johnson. 

The second negative-resistance phenomenon is the ava­
lanche transit-time (IMPATT) effect. IMPATT diodes derive 
thei r negative res istance from an ava lanche and drift re­
gion within the device. The drift region and the ava lanche 
process cause the rf current to lag more than 90° behind 
the vo ltage, producing a negati ve resistance. The IMPATT 
diode is the exact opposite of the Gunn device in two 
important aspects. It has a junction, and it is a current con­
trolled device. Because the diode operates within its 
breakdown region, the device will fail if the cu rrent is not 
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controlled. Detailed application notes on IMPATT dev ices 
are ava i I able from Hewlett-Packard Assoc iates, Hughes 
Aircraft Corporation (Electrodynamics Division), and Ray­
theon (Mi crostate Division). 

Transmitters 
The IMPATT device is the undisputed high-cw-power 

champion at millimeter frequencies. IMPATT oscillators at 
a given frequency typically generate 1 dB to 3 dB more 
power than transferred-electron dev ices at the same fre­
quency. Power output as a function of frequency for 
commercia ll y availab le IMPATT osc ill ators is shown in 
Fig 1. Hughes builds a line of fixed-frequency and tun­
ab le- IMPATT diodes and oscillators which spans the spec­
trum from 20 GHz to 95 GHz. Typical min imum output 
powers for these devices run from 250 milliwatts at 20 
GHz to 20 milliwatts at 95 GHz. These oscillators are 
normally available with less than 90-day delivery. 

In addition to hi gher output powers, IMPATT devices 
show somewhat better clc-to-rf conversion efficiencies 
than transferred-electron dev ices. At 40 GHz, IMPATT's 
have efficiencies of roughly 4 to 8%, while transferred­
electron device efficiencies run about 2%. 

High output power, coupled with potential dc-to-rf con­
vers ion effic ienc ies on the order of 1 0%, have made IM­
PATTs the choi ce of the Bell System for repeaters in its 
"pipe-waveguide" communication system. IMPATTs have 
the additiona l advantages of low cost. 

The tr iangu lar data points in Fig. 1 provide a glimpse of 
the future capab ili ties of IMPATT oscillators. Researchers 
at Be ll Laboratories, using double-drift sili con IMPATT 
diodes, have experimentally obtained 1 watt of cw power 
at 50 GHz. Bell sc ientists have also used IMPATT devices 
to generate milliwatts of power at 150 GHz. At Hughes, 
experi mental cw IMPATT oscillators have produced 100 
milliwatts at 110 GHz. The race to generate higher powers 
at higher frequencies shows no signs of slowing down, 
with 200 mW at 200 GHz a realistic research goa l for 1975. 

Cw Gunn osc illators are now commercia ll y ava ilable up 
through 40 GHz. In contrast to IMPATT's, transferred­
electron devices offer the advantages of relatively wide 
electronic tuning bandwidths and low FM noi se for either 
loca l oscil lator or doppler transmitter appl ications. Fig. 2 
shows the maximum power-output capab iliti es of cw 
Gunn devices as a function of frequency. 

Suppliers of hardware in the 18 to 40 GHz range usi ng 
transferred-electron osc ill ators include Varian, Microwave 
Associates, and Watki ns-Johnson. 

The LSA mode of operation of transferred-electron de­
vices makes watts of pulsed power possible above 20 
GHz. However, these dev ices are st ill in the early stages of 
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TABLE 1. COMPARISONS OF BUL K MICROWAVE DEVICES 

Device type Advantage Disadvantage 

T ransferred·electron Broadband Low efficiency (5%) 

(GaAs bulk effect) Low noise Low power ( 100 mW) 

Simple power supply GaAs materials 
(10V de) 

Low voltage 

Linear as amplifier 

IMPATT High power (Ya watt) Noisy 

High efficiency (10%) Narrow band 

Silicon technology Non·linear as amp 
Higher voltage 

LSA Up to 100 watts of GaAs Technology 
pulse power Low average power 

Voltage tunable Tuning· initiated 
failures 

development. Several experimental oscillators have gener­
ated more than 100 watts peak at low duty cycles (SO mil ­
liwatts average power) at 20 GHz, and greater than 1 w att 
of peak power at 40 GHz. Cayuga Assoc iates and Wat­
kins-Johnson are currently the only companies developing 
these devices. 

LSA devices offer the promise of up to SO watts peak 
power (Fig. 3) by 197S for beacon applications, such as the 
Navy's SPN-42 landing system (33 GHz), and phased-ar­
ray radars in the same frequency region . The hi gher fre­
quency devices (60 to 90 GHz) offer real advantages in 
radiometry-type systems, where much of the background 
clutter and vu lnerability to jamming can be overcome. 
Another advantage of pul sed LSA oscillators at these fre­
quencies is their ability to be "chirped," or frequency­
tuned, during an rf pulse. This tunability permits either an 
increase in the sensitivity of a radiometer or a decrease in 
the vulnerability of a system to ECM. 

Pulsed IMPA TT dev ices are also being deve loped for 
millimeter applications. These devices do not have the 
high peak power potential of LSA devices. However, they 
offer the systems des igner the potential of peak powers 
approximately an order of magnitude higher than cw 
powers for IMPA TT osci Ila tors. These devices would be 
extremely useful for commercial appli cations in the milli ­
meter frequency range, such as small radars for locati ng 
planes on airport runways. Many of the automatic braking 
systems proposed for commercia l and private vehicles 
might also have to move into the millimeter frequency 
range to reduce spectrum crowd ing. 

Local oscillator 
Transferred-e lectron devices offer important advantages 

over IMPATT devices for local-osc illator applications. 
Gunn devices have very low FM noise and are electroni ­
cally tunable over a much wider bandwidth than IMPATT 
devices. IMPA TT devices have been developed for loca l 
oscil lator (l.0.) applications, however, especia lly by the 
Hughes Aircraft Corporation. For fixed-frequency L.0.'s, 
IMPATT diodes operated in hi gh Q cav iti es can compete 
with the noise spec ifications of transferred-electron oscil­
lators. However, the power-output and efficiency advan­
tages of IMPATTS disappear. The relative ly simple power­
supply requirements of transferred-electron oscillators 

make them generally more attract ive in L.O. applications. 
As mentioned previously, the tuning capabi liti es of 

transferred-electron devices are good. Varian makes a 
SOO-MHz bandwidth, varactor tuned osci llator w hich 
generates 100 milliwatts of power around any center fre­
quency between 30 and 40 GHz. The bandwidth potential 
of transferred-e lectron devices has been demonstrated in 
experiments in wh ich a sing le transferred-electron chip 
has generated power from 4 GHz to 31 GHz3 . 

IMPATT devices, although theoretica ll y limited to prac­
tical bandwidths of about 20%, have been used to make 
broadband tunable millimeter sources. In the 30-G Hz to 
40-GHz range, Hughes has built mechanically-tunable 
osci llators having SO milliwatts of output power minimum 
across an 8-GHz bandwidth . Hughes has also developed 
IMPATT osci llators in the SO-GHz to 90-GHz range which 
can be tuned over several GHz by varying the IMPATT­
diode bias current. This device can be an important com­
petitor of BWO's for microwave test eq uipment from SO to 
120 GHz, because of the high reliability of IMPATT's rela­
tive to BWO's. However, the wideband electroni cal ly­
tunable IMPA TT device is less attractive for L.O. app lica­
tions, because of the relati ve ly high FM noise leve ls which 
accompany the low Q tun ing arrangement. 

Lower-power IMPATT devices are ava i I ab le from ~ever­
al supp liers, inc luding Varian , Hewlett-Packard, Hughes, 
and Raytheon . The costs of these dev ices remain re lative ly 
high, however. It is di ff icult to produce low-cost millime­
ter so lid -state osci llators at this time because of the diversi­
ty and small vo lume of existing applications. 

Transferred-e lectron osc i I la tors constructed from Indium 
Phosphide (l nP) are recent arriva ls on the millimeter 
scene. Recent laboratory results from Great Britain4 in-
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Fig. 1- Comparison of commercially-available and laboratory 
output powers for cw silicon IMPATT diodes and sources. 
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Fig. 2- Comparison of commercially available and experimental 
cw transferred-electron (Gunn effect) devices. 

elude 100 milliwatts of cw power at 35 GHz at 10% effi­
c iency. This result is severa l years from translation into 
hardware, however, because of the difficulties associated 
with production of high-quality lnP. Construction from 
GaAs is listed as a disadvantage in Table 1 because of the 
"black magic" involved in the epitaxial growth of GaAs. 

Amplifiers 

Amplifiers using IMPATT diodes are just becoming 
availab le at 35 GHz and above. IMPATT devices are rela­
tively narrowband. They exhibit class-C behavior with 
output powers similar to those shown in Fig. 1 and noise 
figures of 35 GHz. Bandwidth limitations on Gunn effect 
or transferred-electron amplifiers (TEAs) are imposed by 
available circu lators (2 GHz). Other schemes, such as a 
waveguide structure periodically loaded with transferred­
electron devices, may be useful in realizing the wave­
guide-bandwidth potential of transferred-electron devices. 

Noise figures for transferred-electron amplifiers are typi­
ca lly in the 20-dB region at millimeter frequencies . Ex­
tremely low noise figures for lnP transferred-e lectron am­
plifiers have been reported . A noise figure of 7.5 dB at 35 
GHz has been observed on a laboratory basis5 . o 
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Series 29000. Beauty at a low price. 
A new thumbwheel switch. Beautifully made. Beautifully 

priced. 

Each switch module is less than 0.350 inches (9mm) 
wide and 1.21 inches (31 mm) high . And, of course, 

any number of switch units may be grouped together 

and quickly assembled by using our stainless steel 
snap-on strap. 

The Series 29000 has the features of more expen­

sive thumbwheel switches. Large (5 mm high) dial char­

acters for an easy-to-read inline display and a new 

case that protects the contact area from dust and other 

contaminants. And, you have your choice of two colors; 
light beige, or black. 

Codes available are: BCD. BCO (10 position with 

stops). BCD plus complement. Single pole decimal. Sin­

gle pole, double throw, repeating, plus many more. 

Perhaps you'd like to use a brand new switch. One 

that is priced low enough to replace those old rotary 

switches. Go ahead. Add a little beauty to your equip­

ment too. Write for our technical data sheet. 

THE DIGITRAN COMPANY 
A Division of Becton, Dickinson and Co. I B-D I 

855 South Arroyo Parkway, Pasadena, California 91105 

Phone: (213) 449-3110, TWX 910-588-3794 
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ZELTEX DACability! 
Meet the two newest current DAC's to join 

our µverterT" line: The ZD400 and ZD401. .. 8- and 
10-Bit Models that sell for only $8.00 and $12.65 (in 
OEM quantities). 

The ZD400 settles to % LSB in less than 1 
µsec ; the ZD401 is accurate to + 0.05 % +% LSB. 
Output current for both converters is rated at 0 to 
+2.6 mA with a compliance voltage of +I.2V. 

Plus higher reliability: Our thick-film DAC's 
are subject to 16 hours "stabilization bake" at 85°C 
reducing infant mortality to virtually zero; active 
resistor trimming guarantees accuracy; DIP leads 
provide compatibility with most DIP printed circuit 
boards , and high quality packaging meets most 

shock, stress, and environmental conditions. 

Use them for CRT ramp generators, special 
function generators, and for building custom ADC's. 

Ask about our other 17 versions of DAC's­
from 2-Digit BCD to 12-Bit Binary, from modules to 
systems-µvertersT" mean DACability! 

Call or write today for a complete Zeltex 
Data Pak. 

(415) 686-6660 
TWX (910) 481-9477 
1000 Chalomar Road 
Concord , Ca. 94520 

Conversion Products Specialists 
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Eco no 
on-bo 
prog 

uite 

Our DIP switch , in fac t. A brand- new device that 
lets you program your IC's right on their boards. Without 
the labor costs, nuisance and excessive space required 
by jumper wires or bracket-mounted toggle switches. 

Now all you need for fast, reliable programming is 
a pencil and a logic diagram. Rocker buttons operate 
positively but easily with the touch of a pencil. And 
they're legibly marked to show " on" and " off" positions. 

New, low-profile DIP switches take up no more 
room on the board than a standard DIP. And can be 
reflowed into plated through-holes or plugged into our 

• ming. 

DIP headers. Gold-over-nickel plating on phosphor­
bronze contacts assures reliable operat ion in the milliamp 
"dry-circuit" range. 

These DIP switches are available with any number. 
of poles you want, from 4 to 10. Most popular to date are 
the 7-pole and 8-pole versions which correspond, re­
spectively, to 14-lead and 16-lead standard DI P's. 

For more information on really economical 
on-board programming with DIP switches , write .to: 
AMP Incorporated, Industrial Division, 
Harrisburg, Pa. 17105. 

AMP 
INCORPORATED 

Manufacturing and direct sates facilities worldwide: Barcelona , Brussels, Buenos 
Aires, Frankfurt , London, Mexico City, Paris , Puerto Rico, Sao Paulo, 
s'Hertogenbosch (Holland), Sydney, Stockholm, Tokyo, Toronto, Turin, Vienna. 

CIRCLE NO. 19 
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Design obsolescence out of 
automatic test systems 
With the proper software and interfaces , a test system can be designed to handle 
current and future needs, leaving the user to understand only his unit under test. 

Phil Jackson, Instrumentation Engineering, Inc. 

Today's designer of complex electroni c circuits and sys­
tems is faced w ith a dilemma: How can he best perform a 
spec ific seri es of tests to insure his product's reli ability and 
effecti veness? Should he throw together a homemade 
benchtesl er or a group of instruments to do the spec ific 
job in question ? O r, should he try to win management 
approva l to procure a commerciall y-avai lable test system ? 

If hi s testing problem is very specif ic, limited and con­
tinuous, he may be content with a spec ialized low-cost 
homemade tester. However, most ·testing problems today 
are complex. If a des igner has a va ri ety of concurrent test 
problems, or knows that he w ill have many di fferent test 
requirements not only from week-to-week, but also from 
year-to-year, then he must either gather up and procure a 
steadil y increas ing assortment of new but incompati ble 
test equ ipment, or try to find a universa l test system that 
will sati sfy all his test requirements- now and later. He 
w ill find that, from a cost-accounting viewpoint, the latter 
alternative is the best so lution. 

Automatic test systems 
The complete rea li zati on of automat ic multi -purpose 

tes t systems depends on the incorporati on of the minicom­
puter, whi ch provides the test engineer with all the inher­
ent advantages of data process ing-easy programming, 
random access, interchangeable peripheral test blocks 
controll ed by the software and non-obso lescence. 

Among the many standard test systems ava ilab le, wide 
va riati ons in des ign philosoph ies are employed. These dif­
ferences involve interfac ing, software, and the building 
blocks- the peripheral stimul i and measurement devices 
whi ch can be accommodated by the test system. 

To keep the operati on of a test system as simple, fas t 
and convenient as possible, pre-designed software should 
be used to contro l all hardware, and an interfac ing tech­
nique should be utili zed to fac ilitate the change of peri ph­
eral configurations to meet future test requirements. Thi s 
philosophy can be rea li zed in a typi ca l test system ar-

. ranged in the format shown in Fig. 1 , which for example 
purposes is Instrumentation Engineerin g's System 390. 

This system is norm all y contro lled by a mini computer.in 
the same category as the Digital Equipment PDP-8, Inter­
data 70, or Hewlett-Packard 2115. The dev ice or unit 
under test (UUT) can be a digital, analog or hybrid com­
ponent, an IC, a PC board or a subassembly. The test sys­
tem should be capable of performin g functi onal, static (de) 
and/or dynami c (ac) testing on any of these items. It 
should be ava il ab le for such purposes as go/no-go produc­
tion testing, PC-board component-fault iso lati on, service­
fac ility fa ult di agnos is, incoming inspecti on, trend analys is 
and standard QC/QA procedures. 
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Such a system can reduce test costs and the manpower 
for tes ting, boost production throughput, improve product 
reliability, reduce capital -equipment and spare-parts in­
ventory and improve customer relations. 

Peripherals 
The peripheral dev ices in thi s des ign approach may be 

standard or non-standard. For max imum usefulness, the 
test system should be ab le to accommodate a wide variety 
of stimuli and measurement devi ces, such as function and 
di gital -word generators, signal sources, D/A converters, 
frequency synthes izers, clocks, multimeters, comparators, 
signal analyzers, etc. 

Experi ence has demonstrated that most of these devices 
used in automatic test systems are not readil y ava ilab le 
from the computer manufacturer and therefore must be 
obtained from a wide array of manufacturers. A key prob­
lem in the systems design is how to interface thi s very di ­
verse mix of peripherals with the input/output bus of the 
mini computer. 

One common approach to the interface problem in­
vo lves the use of va rious adapters or contro llers along with 
system-software modification , with resultant tradeoffs. 
O rie implementat ion of thi s concept, developed at Instru­
mentation Engineering, reli es on an interface ca lled the 
" dev ice controller" des igned so that onl y five are needed 
to handl e a multi tude of peripheral types. Vari ations w ith­
in each type of contro ller do ex ist, but these differences 
are minor. The vari ety of instruments and peripherals that 
can be accommodated by th ese f ive basic types of inter­
fac ing controll ers is shown in the li st of Fig. 2 . 

As an example of the requirements that a controller 
must meet, the hardware interface may be DTL/TTL, con­
tact closure, di screte levels, etc. The coding may be bina­
ry, BCD, etc., and there may be di fferent ways of starting, 
stopping or reading the dev ice. Even the workings of the 
device itse lf must be examined to determine it if can oper­
ate under computer contro l. 

It is often des irable to break up the c ircuitry on devi ce­
contro ller board s into re lati ve ly few logic areas. O ne area 
is required fo r contro l. It contains the necessary logic to 
identi fy the board to the computer and to exercise contro l 
over incoming and outgoing data, status requests and tim­
ing commands. A second area is reserved for bufferin g 
data going from the dev ice to the computer (if required). 
Leve l shi fting and code conversion may or may not be 
required here. 

Sti 11 another area concerns status logic to in form the 
computer if the device is busy or unava i I ab le, and also to 
generate interrupt signals if the device works on an inter­
rupt bas is. And fi nall y, an area is reserved for the timing 
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Fig. 1- To keep a test system's operation simple, fast and con­
venient, predes igned software should be used to contro l all hard­
ware, and interfac ing should allow easy change of peripheral con­
figurations for future test needs. The above block diagram is the 
configuration used in Instrumentation Engineering's System 390 
which makes use of this philosophy. 

logic required to start, strobe, stop or otherwi se control the 
dev ice. 

In the past, multiple boards were sometimes necessary 
to implement device control lers, but with the recent emer­
gence of bipolar MSI ICs, a si ngle board no larger than 
approxi mately 6 x 8 in. should be sufficient. 

Another important factor in the design of device con­
trollers involves keeping a c losed loop between these 
boards and the control computer. A sync signal should 
always be ava ilab le so that communication between the 
controller and the computer is never open-ended. A con­
stant check in the form of a sync signal should always be 
employed to veri fy that information has arri ved at the re­
ceiving end . The purpose of thi s signal is not to tell if a bi t 
has been dropped but rather to determine if a gross fai lure 
has occurred, or if for some reason a devi ce controller has 
been d isconnected. In the event that a sync signal is not 
received, an interrupt should occur to provide an error 
message to the operator of the test system. 

W ith all that can be done via the dev ice contro ller, 
some dev ices must be modi fied interall y to operate prop­
erly within the framework of a computer controlled test 
system. As an example, certain digi tal multimeters have 
fixed delays to allow proper accuracy to be reached on 

low-level res istance readin gs. When integrated into a test 
system, a certain amount of capacitance is added across 
the meter's terminals by the switching necessary to con­
nect it to the UUT. Due to thi s added .capaci tance, the in­
tern al delay must be lengthened to allow the lines to be 
charged up so that maximum accuracy is achieved. 

As a second example, some timers can be used very ef­
fecti vely for rise-time measurements if external D/A con­
verters can be used to program tri gger levels. Thi s mod ifi­
cation greatl y extends the use of the device and may 
sometimes negate the requirement for a separate pulse 
analyzer in the test system. 

System switching 
An automati c test system can achieve peripheral inter­

fac ing w ith the best poss ible st imu lus and measurement 
dev ices and still be inadequate if its switching system is 
not up to par. Many di fferent approaches to swi tching 
have evo lved, some of them . us ing scanners, matrices, 
trees, etc. with variou s relays and so l id-state devices used 
to implement these approaches. 

Generally, solid-state switching is employed in d igita l 
testing w here the largest number of tests are to be per­
formed in a given period of time. Hard-contact or relay 
systems usually hold sw ay whenever accurate analog 
work has to be done, or when high-frequency di gital work 
is performed. Thi s is because hard-contact systems have 
no inherent offset voltages and slew times to overcome, 
and if properly des igned, present minimum capac itance to 
the UUT. 

A major requ irement of any sw itching system is that it 
permi t the appli cation of the stimulus devices to any pi n, 
or any combination of pin s, on the UUT. It is also neces­
sary that all stimulus dev ices, ei ther simi lar or dissimi lar in 
nature, and all measurement dev ices used w ith the test 
systems, be capab le of si multaneous applicati on to the 
UUT. 

Effective switching depends on the use of a soph isticat­
ed software system which should prevent the operator 
from creating undes irable test si tuati ons. As an example, 
the software should generate error messages to prevent the 
programmer from plac ing two stimulus devices on the 
same pin of the UUT, and to prevent him from apply ing a 
measurement dev ice on more than one UUT pin, thereby 
creating a short ci rcuit. It should keep a record of all ac­
tions occurring within the switching system so that the 
operator need be concerned only with w hat he wants the 
test system to do at a spec ific pin or pins. 

The computer 
Se lection of a computer for the test system requires 

careful analys is. If inhouse ci rcumstances do not dictate 
the se lection of the computer, criteri a for the fi nal selec­
tion should inc lude: (1) hi gh-speed data transfer, (2 ) as few 
1/0 bus wi res as possible, (3) a large number of dev ice 
locati ons on the 1/0 bus, (4) sync pulses to insure c losed­
loop operati on, (5 ) an efficient interrupt scheme, and (6) 
an exce llent intern al structure. 

Items (1) and (2) invo lve a tradeoff. The more parallel 
bits there are in a word to transfer, the faster it becomes 
poss ible to w rite to and read from the dev ice controller. 
The smaller the word size, the fewer physica l connections 
needed from one dev ice controll er slot to the next. 
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Item (3) refers not only to the number of devices which 
can be attached to the computer's 1/0 bus, but also to the 
ease with which this can be done. If one device controller 
after another can be added in parallel on the bus without 
extension buffering, the best poss ible test situation results. 

Item (4 ) was already discussed. Item (5) relates to the 
speed and efficiency with which the operating software 
can respond to an interrupt from a device which operates 
on an interrupt basi s. And item (6) relates to how well a 
computer's subsystems are configured to allow for flexibil­
ity and efficiency in handling data. 

Software 
Generally, the system's software package should enable 

the test engineer to write his programs rapidly in an easy­
to-learn test-oriented language. An engi neer using the sys­
tem should be ab le to write new programs and operate the 
system with only minimum training. The objective .should 
be the assurance of rapid generation of programs by low­
sk i 11 - level personnel on the basis of a massive one-time 
software effort. 

One language that meets these requirements is an adap­
tat ion of the ATLAS English test language, a language orig-

Stimulus: 

1. Function generators 

2. Digital word generators 

3. Ac signal generators 

4. Timing generators 

5. Pulse generators 

6. Audio oscillators 

7. Digital-to-analog converters 

8. D igita I-to-synch ro/ resolver converters 

9. Logic-level signal sources 

Measurement: 

1. Digital mu ltimeters 

2. Electronic counters 

3. Analog-to-digital converters 

4. Digital word receivers 

5. Logic-level comparators 

6. Frequency-response analyzers 

7. Synchro-to-digital converters 

8. Pulse analyzers 

9. Time-interval meters 

10. Dynamic test measurement devices 

Control: 

1. Control and display panels 

2. ASR -33, ASR-35, KSR-33, 

KSR -35 teletypewriters 

3. Dual -channel magnetic cassette recorders 

4. High-speed photo-optic readers 

5. Magnetic drum memories 

inally deve loped by ARINC for the airlines. 
The most competitive test language to ATLAS is BASIC, 

which is also interacti ve and designed for writing test pro­
grams quickly and eas i ly in English. The source language 
for both test languages can be stored so that changes can 
be made eas il y. However, the compiled ATLAS language 
can be executed more quickly than BASIC. The latter's 
source code is converted to another code which must be 
interpreted each time the program is used. Fig. 3 shows 
some examples of specific test programs in a modified 
ATLAS language. 

The designer of the test system knows that there must be 
a consistent hardware/software tradeoff. As an example, in 
the programming of a digital multimeter, usually more 
than one word must be sent from the computer to the in­
terface-device controller via the 1/0 bus to se lect a mode 
properly, and also to provide ranging data. Typically, 
these words must be assembled in the device controller 
and strobed into the multimeter simultaneously. 

In earli er test systems, this information was often pre­
served in core memory so that after the multimeter reading 
was obtained, the digital equivalent of the reading re­
ceived by the computer from the multimeter could be 

10. Signal attenuators 

11. De signal sources 

12. Ac signal sources 

13. De current sources 

14. Square-wave g~nerators 

15. Clock sources 

16. Frequency synthesizers 

17. Registers of various bit si zes 

18. Multi-phase clocks 

11 . Back-uptimers 

12. Pulse detectors 

13. Impedance bridges 

14. Digital voltmeters/ammeters 

15. Phase-angle meters 

16. Distortion analyzers 

17. Wave-form analyzers 

18. Network analyzers 

19. Sampling oscilloscopes 

20. Logic-level converters 

21. Resistance and impedance banks 

6. I BM -compatible magnetic-tape units 

7. Line printers 

8. High-speed strip printers 

9. High-speed paper-tape punches 

10. Disc storage systems 

11. CRT terminals 

Fig. 2 - A multide of peripheral types can be handled in an automatic test system using only five device con tro llers as interface items. 
This mix of peripherals is listed below under respective categories. 
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Typical ATLAS test program: 

01 APPLY 200 MILLIVOLTS AC ON PINS 2, 3, 52 $ 

02 APPLY 5 VOLT, 20 NANOSECOND PULSE ON PIN 7 S 

03 VERIFY RISETIME 1 VOLT, 3.5 VOLTS LESS THAN 5 NANOSECONDS ON PIN 22 S 
04 MEASURE DCV 10 VOL TS ON PIN 123 S 
05 VERIFY RESISTANCE LESS THAN 0.5 OHM ON PIN 150 $ 

Fig. 3-An example of a test program in a modified ATLAS language. Such a language best insures the rapid generation of test programs 
by personnel relatively unskilled in software. 

identified as to mode and range. Because the information 
must be stored at the device controller before being 
strobed into the meter, there is no need to maintain the 
information in core memory. When the reading is received 
by the computer, it on ly reads the stored mode and range 
information from the device controller. Relatively minor 
savings in core memory, as in this example, can result in a 
more economica l and efficient system when repeated 
many times. 

The various software subsystems employed in most au­
tomatic test systems include an "executive" for program 
controlling, a compiler, a utility subsystem, and other 
elements used for debugging, edit ing or performing other 
operational tasks. The executive subsystem also provides 
man-machine interfacing. 

Other portions of the software include a resident gener­
ator, an execution subsystem for controlling specific test 
operations using ind ividual stimulus and/or measurement 
devices, and a utility support subsystem, which handles 
debugging, editing, library and other functions not directly 
related to the actual test functions. 

The resident generator is used to translate the source­
code terminology, i.e. , the test language; into bit patterns 
(object code) used by the test system. It resides permanent­
ly in the core and permits debugging in a manner similar 
to a software interpreter. Using the resident generator, new 
test programs devised for a specific UUT can be debugged 
in real time against the UUT itself. All debugging is ac­
complished using the test language terms, with the resi­
dent generator translating these terms immediately, in or­
der to prove the corrected test procedures. 

While having the online debugging capability of the in­
terpreter, the generator does not suffer from the inherent 
lack of speed which is characteristic of the interpreter. 
Large source and object-code buffers are created in the 
core memory of the control computer. Each source-code 
buffer conta ins a test program in the higher-order language 
(ATLAS). The corresponding object-code buffer contains 
the program as translated by the resident generator. Thus, 
while the source code is present to faci litate operator/test 
system communication and the debugging of new pro­
grams, the object code can be used to run repetitive pro­
grams at computer speed. 

If the program is likely to change often, the use of 
source code is an advantage in effecting modifications. If, 
however, it is desirous to prevent modifications to the pro­
gram, the object-code format is very useful. For example, 
if an operator attempts an unauthorized modification of an 
object-coded program, he will receive a message inform­
ing him of his illegal step. Keeping a program in object 
code thus assures the avoidance of inadvertent changes. 
Source and object-coded programs can be interspersed in 
any combination. 

In adopting this approach t0 software, the user can de­
fine his test requirements and insert them into a table resi­
dent in the system. Because of this "table-driven" struc­
ture, changes or deletions can be made easi ly and quickly 
to the software without troublesome or time-consuming 
reprogramming. 

Most large-scale automatic test systems designed for 
multiple applications employ paper tape, magnetic-tape 
cassettes or discs. Paper tape can prove to be a serious 
impediment in instances where a variety of test routines 
may be needed at any given moment. Magnetic-tape cas­
settes are genera lly more reliable, useful and economical 
as bu lk memories in test systems, although discs are rapid­
ly gaining attention in many applications. 

Test example 

A typical test situation will illustrate the ease and speed 
of adding or deleting peripheral devices and inserti ng ad­
ditional programs to underscore the non-obsolescence of 
this type of computerized test system. 

Suppose a user wants to eventually add a programmable 
ac signal source. First, he finds an empty space in the test 
system cabinet and physically inserts the signal source. 
Then, he performs the fo llowing steps: First a single circuit 
board containing the device controller for the signal 
source is added to an empty slot in the device-controller 
board file (the 1/0 bus of the computer is already wired to 
every slot in the file). Next, a single cable linking the de­
vice controller and the ac signal source is added and the 
two wires of the analog output of the signal source are con­
nected to the switching system. As a final step, the oper­
ating software system is informed of the 1/0 bus address of 
the device contro ller and the address of the analog output 
of the signal source in the switching system, using the oper­

. ator terminal. No other steps are required, and the updated 
test system is ready to operate within 2 to 4 hours. o 
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Phil Jackson is engineering 
vice-president at I nstrumenta­
tion Engineerin g, Inc., where 
he is responsible for all prod­
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That's right. Because of a technological breakthrough and large 
scale production, now you can get all the reliability and performance 

of Varian Gunn-effect diodes for Y2 to 1/s the old prices. Varian 
Gunn-effect This is an across-the-board reduction . New low 

production prices apply to diodes operating all 
the way from 4.0 to 26.0 GHz. At output 

diode powers rang ing from 10 to 200 mill iwatts. On small or large quantities. 
And , they're the same diodes that have established 130,000 hour MTBF's 

with a 90% confidence level and demonstrated 30,000 hours in life tests. 

P r•I ces now For years, Varian Solid State West has been the source 
for Gunn-effect diodes with CW efficiencies up to 10%. 

red U Ced her;:t~c:~l~r~=~~rdl idi~~~::~~:i:~~~~~~~-r ~~l~-~~~~~uf~~ble 
diodes. And the source for exceptionally high-frequency 
diodes (Engineering diodes are available up to 40.0 GHz) . 

50-85 O/O • Now Sol id State West is the source for all that and /f:J competitive prices , too. 

Get the best Gunn-effect diodes at Varian , Solid State West, 
611 Hansen Way, Palo Alto , California 94303. 

, ,o. oo 

Or any of the more than 30 Varian Electron Tube and 
Device Group Sales Offices throughout the world . 

svarian 

CIRCLE NO. 20 
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These amplifiers make yourtestequipment-
and your tiudget-look good. , 
Hewlett-Packard's new wideband 
RF amplifiers improve the sensitivity 
of your scopes, spectrum analyzers, 
counters, network analyzers - any­
where you need low-noise, high-gain 
amplification. 

As a result of HP's hybrid thin­
film microcircuit technology, these 
amplifiers bring you superior perform-

Frequency Range 

Nominal Gain 

Gain Flatness 

Noise Figure 

Output Power 
@ 1 dB Gain 
Compression 

Price 

ance and high reliability at low cost. 
The table below gives frequency 

ranges, prices and performance of the 
six basic configurations. Dual channel 
versions of the preamps can also be 
supplied to improve the performance 
of 2-channel instrumentation. 

They're ready for delivery now. 
A call to your HP field engineer will 

bring you the details of how these 
amplifiers can help enhance the test 
equipment you're using now. Or write 
to Hewlett-Packard, Palo Alto, 
California 94304; Europe: 1217 
Meyrin-Geneva, Switzerland . 

HEWLETT"' PACKARD 

04021A 

HEWLETT-PACKARD 8447 SERIES LAB AMPLIFIERS 

HP 8447A HP 8447B HP 8447C HP 8447D HP 8447E HP 8447F 
Preamp Preamp Pwr. Amp. Preamp Pwr. Amp. Preamp/ Pwr. Amp. 

0.1-400 0.4- 1.3 30-300 0.1-1300 0.1-1300 0.1-1300 
MHz GHz MHz MHz MHz MHz 

20 dB 22 dB 30 dB 26 dB 22 dB 48 dB 

± 0.5 dB ± 1 dB ± 1 dB ± 1.5 dB ± 1.5 dB ±3 dB 

(5 dB 

( 5 dB to 1.0 GHz ( 11 dB (8 dB (11 dB (8 dB (6 dB, 
1.0-1.3 GHz 

>+7 dBm )-3 dBm >+ 17 dBm >+7 dBm ) +14 dBm >+14 dBm 

$550 $600 $450 .$650 $700 $1175 

CIRCLE NO. 23 



Elementary A/D converters can be 
efficiently implemented in CMOS 
The special characteristics of CMOS logic allow designers to use low-accuracy 
DIA and AID translations between the analog and digital worlds much more freel y. 

Robert H. Cushman, New York Editor 

We hear so much about high-prec ision 12- and 16-bit A/D 
converters that we tend to forget that there can be many 
appli cations for much lower accuracy in rea l-world sys­
tems. How often do you want to know the outside temper­
ature to greater th an two dec imal digits? How often do 
you care to know the w ind's speed to greater than two 
deci mal digi ts? Conversion accurac ies of up to 8 bits (a­
bout "2-1 /4" di gits) can be quite useful , espec iall y if they 
can be achieved at little additional expense. 

CMOS logic is superior to any previous integrated-cir­
cuit logic w hen it comes to implementing low-accuracy 
DIA and A/D conversions. The fact that the logic levels 
from CMOS gates swing so completely from one power 
supply po larity to the other allows very direct and simple 
approaches to D/A conversions. Also, CMOS registers can 
do their own ladder switching. 

The basic D/A conversion 
Fig. 1 shows how si mple a D/A conversion can be with 

CMOS. Here, a three-b it CMOS register is providing the 
analog vo ltage leve ls that feed the weighting res istors of an 
op amp summer. (For a bas ic type, see Ref. 1 ). The outputs 
of the three CMOS fl ip-flops are either at the op amp's 
ground (because the CMOS's negative supply has been 
tied to ground) or at the pos iti ve supply voltage. The 
CMOS gates will , if not loaded, swing w ithin millivo lts of 
these two su pply vo ltages . The regenerative push-pull ac­
tion of the CMOS's P and N devices ensure this complete 
switching. (See Ref. 2, CMOS Finally Gets It All Together," 

( 

+10.00V 

CMOS REGISTE R 

A 

FF2 

MODEL OF 
CMOS GATE 
OUTPUT 

I FF3 I 

Fig. 1- Outputs from CMOS flip-flops provide the prec1S1on 
analog voltages for the weighed resistors of this D/A converter. 
The op amp sums the currents from the weighted resi stors and pro­
vides the ana log output. As the model shows, a CMOS inverter 
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for a brief di scuss ion of CMOS gate characteri stics) . 
Thu s, if the CMOS power supply is we ll regulated and 

the CMOS outputs are not unduly loaded, the CMOS digi­
tal logic leve ls can also be considered to be prec ision ana­
log voltages and a point of common reference between 
the digital and analog worlds. In practi ce these conditions 
can be met for accuracies up to 8 bi ts, or 0.5% . Power 
supplies with accuracies of 0. 1 to 0.01 % are eas il y provid­
ed for the CMOS because CMOS draws so littl e power 
that even the smallest IC regul ator (li ke the 723) can do 
the job with reserve. Actuall y, inexpensive small Zeners 
will often suff ice. 

Load res istors of 100 kn to 1 MD and over wi ll prevent 
the CMOS gates from showing loading effects. The stan­
dard CMOS outputs (as found in the 4000 family of 
CMOS) typica lly have ON res istances of 1 kn or less. 
Special large-area driver outputs can have O N resistances 
as low as 1 oon and can accordingly drive lower va lue re­
sistors. However, it is des irable for the CMOS outputs to 
have symmetri ca l O N resistances . This means that certain 
" lop-sided" buffers, such as those w ith oversized N de­
vices for sink ing TTL loads, should be avo ided. Fortunate­
ly, CMOS logic inputs do not load CMOS gates (stati ca ll y 
at least), so there is effectively no restri cti ons on the 
ar:nount of CM OS logic that can also be driven off these 
outputs. For example, the flip-flop outputs can still drive 
the decoding logic for vi sual readouts or other fun ctions. 

There are two limitations to this type of CMOS D/A 
conversion. First, is that the offsets, w hich w ill be in the 

D/A NETWORK OP AMP 

A l( 'I ( 
A 

OUTPUT\ 

1R 1 
2R 

4.R 

- 10V 

gate is li ke a SPDT switch operating between the positive and 
negative voltage supp lies. The ON resistances of the P and N 
devices are less than 1 k!l, so the resistances going into the op 
amp must be 100 k!l or greater if the CMOS outputs are not to be 
loaded. 
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+6.00V Vdd 

,- - - - - --- -- FF1 FF2 FF3 FF4 
I LESS LSB MSB 

( - SIGNIF. _ !SIGN) 
~ BITS 0 0 0 0 0 0 0 0 
L- - ------ - '---~...;;.-....;;;,&...;;__...;;.&.;:--.::.J 

Vss 

':' -
- 6.0V 

2R 

2R CURRENT LADDER 
R = 50 Kn 

PRE- BI AS TO PRODUCE 
FULL BIPOLAR VOLTAGE / 
SWING ON OP AMP OUTPUT 

CMOS 
REGISTER 

2R 

- 8 
OUTPUT: 

+7 

(a) BIPOLAR ANALOG READOUT WITH TWO'S COMPLEMENT NOTATION IN DIGITAL REG. 

+6.00V Vdd 

,-------- -·r-------...--------
FF1 
LSB 

FF2 FF3 ,. 
I 
I 

1 
I 

(._ __ 

SY~0;J 
GROr D l 

- 6.00V 

FF4 
MSB 

(SIGN) 

r VOLTAGE SWITCHED 
/ UPON SIGN CHAN GE 

VOLTAGE LADDER 

CMOS 
REGI STER 

OP 
AMP 
FOLLOWER 

OUTPUT 

- 7 +7 

BIPOLAR ANA LOG MET.ER 
(NEEDLE CENTERED AT 
REST) CONN ECTED TO DIS­
PLAY PROPER POLA RITY. 

(b) BIPOLAR ANALOG READOUT WITH ON,E'S COMPLEMENT NOTATION IN DIGITAL REG. 

+7 
+6 
+5 
+4 

I- "" +3 ::> en 
0. ~ +2 
I- > 
::> ~ +1 
0 I- 0 C!l <l'. 
Oo - 1 
...J w -2 <l'. ...J 
z <l'. -3 <l'. (.) 

en - 4 
-5 
-6 
-7 
- 8 

~ ON E'S C. -7 -6 -5 -4 -3 -2 -1 -0 
0 TWO'S C. -8 -7 -6 -5 -4 -3 -2 -1 +0+1 +2+3+4 +5 +6 +7 

DI GITAL INPUT 

(c) D/ A TRANSFER FUNCTION 

order of 10 mV, make accuracies of over 8 bits diffi cult to 
reach. Second, is that the hi gh resistances needed fo r the 
weighting res istors make the converter's operation slow. 
Just assuming normal circuit capacitances in the order of 
10-20 pF per output, it can be seen that the operating 
bandwidth w ill be under 100 kHz, and it will be imposs i­
ble to make 8-bit conversions much faster than 1 kH z. If 
wirewound resistors are used, the seri es inductance may 
be significant. Another drawback stemming from the need 
to use high res istances is that it won' t be as easy to use the 
ex isting res istance ladders developed for bipolar convert­
ers, as they have res istances down in the 10 kn region ." 

A quick- look analog display 
Fig. 2 show s how the conversion technique of Fig. 1 ra n 

be used to implement an easy-to-interpret analog di sp lay 

>­cc 
<l'. z 
iii 

c..i 
w 
0 

MSB 

LSB 

ONE'S C. 

TWO'S C. 

1 11 1 1 1 1 1 00000000 
0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
0 1 0 1 0 1 010 1 0 1 0101 

-7 -6 -5 -4 -3 -2 -1 -0 

-8 -7 -6 -5 -4 -3 -2 -1 +0+1+2+3+4+5+6+7 

DIGITA L INPUT 
(STATE OF RE GISTER ) 

Fig. 2 - Quick-look analog meter displays of cpntents of digital 
registers are examples of elementary D/A converters. Analog di' ­
plays are easier for humans to evaluate at a glance and are p.irl ic­
ularl y useful when an operator must make rapid coarse adju>t­
ments. Both ci rcuits (a and b ) will handle posi tive and negative 
words. 

for a digital register. This could be useful in industri al 
process-control systems where the operators have tradi­
tionally worked with moving analog indi cators. Only the 
four most significant digits are shown being converted, as 
the resulting 16 : 1 reso lution is about as much as an oper­
ator could comprehend on a quick-look basis . O ne mi ght 
go to five bits for the equivalent of a 1-1 /2 dec imal digit 
displ ay, but not much further. Reasonably-pri ced analog 
meters can' t achieve much better accuracy, and if more 
accuracy were needed it would be better to have a full 
digital readout below the quick-look analog readout. 

Both of the c ircuits shown in Fig. 2 w ill handle positi ve 
and negati ve di gital words. The M SB (most signi ficant bit) 
shown in Fig. 2 at the ri ght-hand position in the register is 
the sign bi t. Following common practi ce, thi s is assumed 
to indicate a positi ve di gital word w hen it is ZERO and a 
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~ 
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EXTENSION OF LADDER 

'-----------------~------------ -- --------
Fig. 3- This elementary CMOS A/D converter operates as an 
osci llating servo. The 4029 up/down counter counts up one be­
yond the unknown input va lue, and the 741 comparator reverses 
the 4029 to count down. Then the 4029 counts one below the 

negative digital word when it is ONE. 
The circuit arrangement of Fig. 2a uses a current-sum­

ming ladder, as was used in Fig. 1. However, an R, 2R 
ladder is used instead of the binary-weighted res istor lad­
der of Fig. 1 . There are two other changes from Fig. 1 . The 
fa lse output of the M SB rather than the true output is ap­
plied to the ladder. Thi s is necessary to agree with the sign 
bi t convention. Second, there is another 2R input to the op 
amp's summing point that is connected to the opposite 
voltage po larity. Thi s provides the offset bi as that places 
the op amp's output at analog zero for digital 0000 in the 
register; otherwi se the op amp's output would be at mid­
sca le fo r 0000. Th is bi as also allows the op amp output to 
swing in both directions. (The polariti es show n happen to 
make the op amp's output go minus for positive numbers 
and posi tive for negative numbers, but it is a simple matter 
j ust to reverse the meter connections to make the meter 
needle defl ect in the correct sense). 

The op amp's feedback res istor and meter sensiti vity are 
sca led to produce defl ections within the op amp's vo ltage­
swing capability, say ± 4V for the ±6V supplies . The feed­
back res istor can be adjusted to make the needle deflec­
tions line up with the meter sca le marks. Actuall y, many of 
the moving-ribbon-type meters might be better than the 
moving-needle-type meter shown, as they would enhance 
the quick- look readability of the display. 

The circuit confi guration of Fig. 2b puts the system 
ground at the midpoint of the CMOS suppl ies so that the 
res isti ve ladder puts out both polarities of analog vo ltages. 
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unknown va lue and the 74 1 reverses the 4029 to count up aga in. 
And so on. Only one 4-bi t 4029 is shown but another could be 
added (dashed outli ne) to extend the conversion to 8 bits. Note 
the clamping diode on the output of the 74 1. 

In thi s case it is necessary to also switch the 2R res istor 
th at anchors the lower left end of the ladder when the 
sign bit changes. Thi s switching is eas il y accompli shed in 
CMOS by just ty ing thi s res istor to the true output of the 
MSB. Thi s bipolar ladder operates in the voltage mode and 
a high-impedance amplifier must be used to sense its out­
put. An op amp connected as a voltage fo llower serves the 
purpose and provides the dri ve for the analog meter. 

There is a functi onal difference between the two c ircuits 
of Fig. 2. The first circuit (2a) is intended to convert bipo­
lar digital words expressed in the TWO's-complement 
form, while the second circuit (2b) is intended to convert 
words expressed in the ONE's-complement form. As 
shown in Fig. 2c, the difference between the two notations 
as far as the conversion is concerned is that the TWO's 
complement analog output ri ses steadil y with up counts 
into the reg ister, but the ONE's complement analog out­
put remains at ZERO V for two counts at digital zero . As 
shown graphica ll y in Fig. 2c, the first c ircuit produces a 
steady staircase, w hile the second circuit has one double­
width step in the middle. Wh ich notation is used will 
probably be a matter that is dec ided by the logica l des ign 
of the di gital system. 

An osci llating servo 
Fig. 3 show s a complete low-accuracy A/D converter. 

An RCA CD4029A four-bit up/down rnunter (al so second 
sourced by others) is used as the register. Corning type 
RNSS D 1 % resistors are used for the R, 2R type res isti ve 
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ladder and a Fairchild 741 op amp is used for the compara­
tor . Additional CMOS gates are used for the clock oscillator 
and contro l gates, and small flashlight batteries are used 
for the power supplies. 

The unknown analog input to the converter must be a 
negative voltage because the CMOS is placed between the 
op amp ground and positive vo ltage. But the CMOS can 
just as well be put between ground and the minus vo ltage 
so that the c ircu it will handle positive unknown inputs. 

When presented with a negative unknown voltage, the 
output of the 741 comparator w ill go positive. Thi s will 
cause the up/down control input to the 4029 to command 
the 4029 to count up. Clock pu lses will enter the 4029 
and cause the 4029's outputs to go posit ive in the usual 
bi nary fashion. As each 4029 output goes positive, it caus­
es a current to flow in the res istive ladder that .is propor­
tional to the ladder's weight at that point. As soon as the 
currents from the 4029 outputs overba lance the opposite 
current from the unknown input, the output of the 74 1 will 
switch negative. This wi ll reverse the command to the 
up/down control and cause the 4029 to "uncount" itse lf. 

Thus, the 4029 counter w ill oscillate between counting 
up and counting down. The system will act as a servo limit­
cycl ing between two digital numbers that bracket the un­
known input. If the input is somewhere between 7 and 8, 
for example, the 4029 will oscil late between these num­
bers. With the clock adjusted to about 2 Hz, a cycling of 
the least significant digit results that is not difficult to read. 
To some users this cycli ng might prove irritating, but to 
others it might give a confidence that the system w as func­
tioning. The 2 Hz rate wou ld of course mean that the 
" DVM" cou ld only follow slowly-varying inputs. 

Another variat ion that would be easy enough to imple­
ment with CMOS is to use an up-counter like the 7-bit 
CD402A register and have a 1-kH z or so clock contin ­
uously count up unti I stopped by the comparator. It could 
then hold the display at the value for a second or so (us­
ing a CMOS one-shot), then reset the 4024 to start another 
measurement cycle . If the readout were only turned on for 
the hold period, the user would not be annoyed with the 
blurr of rapidly changing display di gits upon each conver­
sion . (See Ref. 4 for a description of thi s type of converter.) 

Several featu res of the Fig. 3 circuit bear comment. Note 
that there is a clamping diode at the output of the op amp 
comparator. CMOS specifications say that the inputs to 
CMOS gates should not go more than 1 /2 V below the 
negative CMOS supply. This diode clamps the negative 
swing of the 741 to a safe leve l. As a further precaution, a 
current-limiting res istor was added in series with the 
up/down control input to the 4029. The CMOS gates have 
such high input impedance that a 100 kn resistor should 
have no effect. The positive swing of the op amp should 
not go beyond the CMOS supply. In this circuit, thi s is 
automatica ll y taken care of by hav ing the op amp's pos i­
tive supply the same +6V that powers the CMOS. 

O nly one four-bit 4029 is shown, which limits the dig­
ital reso lution to just one decade (though 15 counts can be 
provided for " overrange" by putting the proper command 
on the 4029's BCD/binary control input). Another 4029 
and more resi stive ladder stages can be added for up to 8-
bit conversion, but then all the circuit adjustments may 
have to be ti ghtened up several notches. And it might be 
des irable to use an op amp with lower input leakage cur-

rents than the 741, since, with the high ladder resistance 
va lues necessary to prevent loadi ng, the currents would 
begin to become smaller than the 74 1 leakages. 

The output of th is A/D conversion is, of course, the con­
tents of the 4029 register. Thi s could either be handled as 
a digital word and sent to some other part of a larger sys­
tem or it could be converted into a v isual readout for a 
human observer. We have fou nd that almost any of the 
commercial ly-availab le readouts can be used with 
CMOS- LED's, vacuum fluorescent tubes, incandescent 
tubes, gaseous discharge panels, etc. But most of them ei­
ther draw relatively large currents or demand higher vo lt­
ages. Therefore, it would be adv isable to prov ide a sepa­
rate power supply for them, so as not to interfere with the 
accuracy of the positive vo ltage feeding the CMOS. 5 

There are two possible readouts that could be driven 
from the same supply. One is the vacuum fluorescent tube 
and the other is the new liquid crysta ls. Both of these draw 
very little cu rrent. However, they both need vo ltages at the 
high end of the CMOS 4000 fam ily ratin g, w hich is about 
+ 1 SV, if they are to have reasonable visib ili ty. CMOS log­
ic shou ld be used to decode the register outputs in the 
displays to ensure that there is no loading.6•7 

An app licat ion where the c ircuit of Fig. 3 might prove 
useful is for remote reading of temperatures in warehous­
es. Small battery-powered units (or even telephone pow­
ered!) cou ld convert the analog outputs from temperature 
transducers (thermister bridges) to 7-bit words for transmis­
sion over phone lines. Equipment in a central station 
could automatica lly poll and record these temperatures . 
The 7-bit accuracy would be sufficient to indicate if the 
warehouse temperatures were ei ther getting dangerously 
low indicating the pipes might freeze or dangerously high 
indicating that a fi re might be breaking out. To save pow­
er, the op amp could be turned off between readings . O ne 
of the newer op amps (like the RCA 3080) that can be shut 
off by turning off the differential amplifier's constant cu r­
rent source could be used. There would be little poi nt in 
turning off the CMOS circuitry since it operates at micro­
power levels anyhow, but it wou ld be a good idea to reset 
the CMOS register to zero to prevent wasteful currents 
from flowing in the D/A ladder. o 
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to build a better 
VHF/ UHFFET • mixer: 

Try our U310 junction FET in this balanced 
mixer and make your own performance com­
parison. Our results are below. The inherent 
square-law transfer characteristic of the FET en­
sures high intermodulation intercept and signal 
desensitization . The grounded-gate connection 
is most stable, while source injection of both the 
signal and local oscillator make easy impedance 
matching into the FETs. Also, the balanced con­
figuration reduces Lo. radiation from the signal 
port and suppresses the generation of even har­
monics (which helps reduce intermodulation). 

I. f. 

IT 

How do you select an optimum JFET 
for a mixer? Low gate capacitance is needed 
for wide bandwidth - the Siliconix U310 
typically has Cgs = 4.5 pF and C gd = 1.9 pF. 
Useful conversion gain comes from high 
transconductance. Our U310 has typical 
g rs = 14,000 ,u.mhos. Dynamic range is 
bracketed by the lowest drain current for 
an acceptable noise figure and the maximum 
drain current - typically I oss = 40 mA 
for the U310. For an optimum balance, 
matched pairs are available. 

50-250 MHz Mixer Performance Comparison 
Characteristic JFET Schottky Bipolar 

Intermodulation Intercept Point +32dBm +28 dBm + 12 dBmt 

Dynamic Range 100 dB 100 dB 80 dB t 

Desensitization Level (the level for an +8.5 dBm +3 dBm + 1 dBmt 
unwanted signal when the desired signal 
first experiences compression) 

Conversion Gain +3 dB* -6dB +18dB 

Single-sideband Noise Figure 6.5 dB 6.5 dB 6.0 dB 
t Estimated • Conservative minimum 

There's a lot more to this, so 

write for data 
and get the complete story on VHF / UHF mixing and the Siliconix U310. 

Applications Engineering: (408) 246-8905 

Siliconix incorporated 
2201 Laurelwood Road, Santa Clara, California 95054 
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NEW FROM HONEYWELL 

A complete graphic data acquisition system, 
with its own built-in signal conditioning, 

in a package just 8~" high! 

NELS 18 CHANNELS 

THEN NOW 
Our new one-piece data acquisition 
system offers benefits that other 
graphic systems can't, such as: 

Completely self-contained. Signal 
conditioning circuitry is built right into 
the 1858! All you do is select and plug 
your choice of modules into the front 
panel. 

Most readable and accurate 
record available. Our 1858 allows any 
trace to be positioned at any point on 
the record with full record width 
deflection, plus digital trace 
identification. In addition, it offers 
high-frequency response and a 
super-fast rise time-without trace 
overshoot- and without high-frequency 
trace wipe-out ... for the 
easiest-reading record, the best 
resolution ever. 

As easy to use as an oscilloscope. With 
the all-electronic, fiber-optic CRT 1858, 
there are no galvanometers or pens to 
fuss with. No mathematics or matching 
networks to fool with. There's simple 
front panel set-up for calibration, trace 
position and sensitivity. Just plug in 
your signal inputs and you're ready 
to record. 

18-channel recording capability. This 
new system records up to 18 channels, 
each with DC to 5,000 Hz response. You 
also get a choice of 42 discrete paper 
speeds up to 120" per second! 

True portability. Just because our 1858 
gives you an 80% reduction in rack 
space and weight isn't the only reason 
it's called portable. It's also because 
everything you need is self-contained 
within that package, including signal 
conditioning and paper take-up! You 
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can stick it in a rack, set it on a table, or 
carry it away. 

A variety of signal conditioning 
modules. Your choice includes a 
high-gain differential amplifier, a 
low-gain differential amplifier, a 
medium-gain differential amplifier, an 
impedance interface module, a strain 
gage control unit and a thermocouple 
control unit. 

And this is only part of the story. For 
more information, call 303-771-4700. 
Write Lloyd Moyer, MS 218, Honeywell, 
Test Instruments Division, P. 0. Box 
5227, Denver, Colorado 80217. 

Hone~ell 
The Automation Company 



This display writes 
as fast as 

your computer can talk. 

HP's new 1310A 19-inch-diagonal X-Y 
display is the answer to many an 
OEM's prayer .. . because it's the first 
display ever that can keep up with 
the graphic information output of to­
day's high-speed computers. 

The 1310A has a writing speed of 
10 inches per microsecond - 10 
times faster than any other display's. 
Its slew rate is 100 inches per micro­
second. And its large-step jump and 
settle time is 1 microsecond. Thus, 
the 1310A gives you the ability to dis­
play information as fast as your com­
puter puts it out - in any desired 
sequence of locations, without 
" smearing. " No longer must you pro­
gram outputs in a manner imposed 
by display lim itations. 

The key to the 1310A's outstanding 
performance is its unique, advanced 
cathode ray tube which uses elec-

4 ..' 

Computer-generated graphics courtesy of The Boeing Company. 

trostatic deflection to control i ts 
electron beam. 

Also as a result of using electro­
static deflection , the 1310A is smaller, 
lighter, and requires less power than 
any competitive graphic display -
only 100 watts. Because it uses the 
latest, highly rectangular CRT face 
glass, its display area is equal to that 
of many 21-inch units. And its 0.020-
inch spot size gives you a crisp , clear 
image over that entire area. 

And performance is only the begin­
ning ! With the 1310A, you also get 
plug-in-board construction for fast , 
easy servic ing. Replacement boards 
are available from any of HP's service 
centers around the world, on an ex­
change basis, within 48 hours. And it 
takes only minutes to remove or in­
sert any board. 

Yet , despite all these advantages, 
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the 1310A costs only $3000-far less 
than competitive displays (covers 
and stand , $100 extra) . Or , for 
$2875, you can get all the features of 
the 1310A, in the new 14-inch­
diagonal 1311A. OEM price sched­
ules are available on both the 1310A 
and 1311A. 

For further information on both of 
these new displays, contact your local 
HP field engineer. Or writ~ Hewlett­
Packard , Palo Alto , California, 94304. 
In Europe : 1217 Meyrin-Geneva, 
Switzerland. 

081 /14 A 

HEWLETT~ PACKARD 

OSCILLOSCOPE SYSTEMS 
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COMPUTER HARDWARE 

Binary weighting after switching 
boosts D/ A converter performance 
High speed and accuracy are attained in current-mode digital-to-analog 
converters by switching equal currents and by balancing thermal effects. 

Eric Burwen, Harvard University 

The conventional current-mode digital-to-analog converter 
(IDAC) (Fig. 1) suffers from three major problems as a re­
sult of the binary weighting of the currents switched by the 
common base transistors. These problems have limited 
speeds of such devi ces to about 25 nsec, and accuracy to 
8 bits. 

The first problem is one of dynamics. The ability to switch 
the common-base transistors is limited by parasiti c capac i­
tances, because current flowing through the least signifi cant 
bit w ill limit the attainab le speed due to 1/CJidt effects. 
If stray capaci tance alone w as the only limit on speed, then 
in an eight-bit di gital-to-analog converter, the least sig­
ni ficant bit would only be 1 /128 as fast as the most signifi­
cant bit. But stray capacitance is not the onl y factor. 

The second problem dea ls with temperature stabili zation. 
Each switching transistor diss ipates a di fferent amount of 
power, due, once again , to the binary weighted currents 
they swi tch. As a result, base-to-emitter voltages of the 
transistors will not track, and this is refl ected as a change in 
current flow for each bit. 

Lastl y, the res istors must be selected with other than . 
simple l , 2, 4, 8 . .. etc. ratios in order to compensate for 
the di fferent base-to-emitter voltages associ ated wi th the 
weighted emitter currents. In addition, the base-to-emitter 
vo ltages will not track the current changes manifested by 
a change in reference voltage. This effect limits use in high­
accuracy multiplying digital-to-analog converters. 

Equal switching currents improve performance 
If equal currents are passed through the common-base 

transistors, and binary weighting is performed after switch­
ing, the above prob lems can be eliminated. Schemati ca ll y, 
th is technique appears in Fig. 2. It is evident that in thi s 
configurati on all bits switch in the same time, and that the 
base to emitter vo ltages track with changes in tempera­
ture and current level. However, these signifi cant advan­
tages are gained at the expense of increased power d is­
sipation and the need for additional weighting res istors. 

The Thevenin equivalent of a single bit is readil y derived 
in Fig. 3a, which then allows the entire converter to be 
modeled as the Thevenin equiva lents of each bit ti ed to a 
common buss, as shown in Fig. 3b. 
Therefore: 

eaYa + ebYb + ecYc + . .. e11 Y11 

Ya+ Yb+ Ye + · · · Y,. 

Substituting the Thevenin equiva lents into the bussed 
model we have : 

RE FERENCE 

l/2 l/4 l/8 

I I I 

OUTPUT BUSS 

Fig. 1 - Conventional current-mode D/A converters switch un­
equal currents, w hich limit speed and accuracy. 

112· -

118-
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1/4 -

2 
i12-

2" _ , 
2 1 :! I 

2" B 4 1/2 

R l R l R l R l 
- V 

Fig. 2 - Common-base transistors switch equal currents w hen 
binary weighting takes pl ace after switching. 
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43 



R+Rn 

+ 

v •• + IR 

Fig. 3a - One bit of the converter from Fig. 2 is shown together 
with its Thevenin equivalent. 

To design an IDAC with a foll sca le voltage of E, with an 
output resistance of Rx, and of 'n' bits we proceed : 

E = ~-'--~(~) but -
1 

= Rx It 211 II 

LY LY 
n a 

( 211 
)( E) · 1= -- -

.. 211 - 1 R 
x 

eq. 1 

R 1 - - - --
R + R11 211 

:. R
11 

= R(2 11 - 1) eq. 2 

II II 1 II 1 
L Y = L --- = L -- si nce R = R(2 11 - 1) 

a aR+R
11 

a2 11 (R) 11 

:. R = (~)~'1 but-
1 

=Rx 211 II ti 

LY LY 
a a 

:. R = (~)(R) 
211 x 

eq. 3 

OUTPUT 

Fig. 4 - An 8-bit current-mode 0/A converter with temperature 
compensation of V Ht .. 
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Yn 

Ye 

Yb 

Ya eout 

Fig. 3b - The entire converter is modeled as the Thevenin equiva­
lents in order to derive design equations. 

The three equations derived provide the necessary rela­
tionships for designing an IDAC. To design an eight-b it 
converter with a five-volt full-scale output and an output 
impedance of SOOD (Fig. 4 ) the equations are used as 
fol lows: 

:. = -- 500 = - soo = 478 sn (
2s - 1) (255) 

28 256 · 

Eq . 2 R,, = R ( 211 - 1 ) 

Eq . 1 

. . R, = 1 (R) = 478.SD 
R2 = 3( R) = 3(478.S)D 
R

3 
= 7(R) = 7(478 .S)D 

R
4 

= lS (R) = 15(478.S) D 
R

5 
= 31 (R) = 31(478.S)D 

R6 = 63(R) = 63(478.S)D 
R1 = 127(R) = 127(478.S) D 
Rs = 255( R) = 255(478.S) D 

I= (211 2~ ,)(:) 
x 

:. I = Cs 2~ 1 )(5~0) = G~~) 1 o = 10.0392 mA 
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SILICON F 

Lowest priced 1024-bit PROM ships 
immediately and programs easily. 

Intel has developed a 1024-bit 
bipolar PROM that's programmed 
by breaking fusible links of silicon 
-a new, superior programming 
technique. 

In 100-piece quantities, the Intel 
3601 PROM costs only $39, which is 
less than any other 1024-bit PROM 
on the market. 

It's economical to produce be­
cause it combines two well-known, 
high-volume production techniques: 
the Schottky process and polycrys­
talline silicon deposition as used in 
our silicon-gate MOS devices. That's 
why we've been able to produce it 
reliably, have already stocked our 
distributors for immediate delivery, 
and can meet your production re­
quirements with ease. 

You 'll find that the silicon-fuse 
PROM is much easier to program 

than the blown-junction type. Pulse 
width and pulse rise time are not 
critical. Typical programming time 
by automatic means is only one 
second. The silicon fuse separates 
cleanly and cannot cure or re-link. 
We'll sell you an automatic pro­
grammer, Model 7600C, or tell you 
how to build one yourself. 

The 3601 PROM has a maximum 
access time of 70 ns from 0° to 
+ 75°C ambient over power supply 
variations of ± 5%. It's pin-compati­
ble with Intel 's mask-programmed 
Type 3301A, so you can switch 
easily whenever you have high­
volume requirements. 

For immediate delivery of our 
3601 phone your local Intel distrib­
utor: Cramer Electronics, Hamilton 
Electro Sales, Industrial Compo­
nents or Sheridan Associates. In 

CIRCLE NO. 25 

Europe Intel is at Avenue Louise 
216, B 1050 Bruxelles. Phone 
492003. Intel Japan, Inc. is at 
Hanei 2nd Bldg., No.1-1, Shinjuku, 
Shinjuku-ku, Tokyo 160. Phone 
03-354-8251. 

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

inter 
delivers. 
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Kjell Hovik and Win Hodge of I PC speak out 

on writable-control storage vs ROM 
Both types of storage are fi nding their way into third-generation computers. 
If the computer is microprogrammed, writable-control store is more efficient. 

Third-generation computer architectures are defined as 
being the most generali zed architectures possible, where­
by the control storage word controls all processor data 
flow. Mi croprogrammin g is a sequence of instructions in 
the processor's control storage unit whi ch provides the 
programming for the machine. Significant cost incentives 
fo r using third-generation architectures emerge when the 
processor contains 20 or more basic machine instructions. 
As the complexi ty of the mach ine increases, a micropro­
gram machine costs less than its sequential-logic second­
generation brother. Wi th thi s in mind let's determine 
which will be most efficient in such computers, Writable 
Control Storage or ROM ? 

ROM is not readily alterable, even though there are 
field-alterab le ROMs which can be altered. A word can be 
altered in some ROMs in a period of 10 to 15 minutes, 
and several words can possibly be changed in a period of 
20 minutes. But essentiall y they are not alterab le, at least 
not under program control. Therefore, the term ROM re­
flects a read-only memory which is not electricall y alter­
ab le. Electrically alterable ROMs, which have a reasonable 
write time, are considered writab le-control -storage units. 

In microprogramming, overlays of di fferent subroutines 
sharing the same address assignments are very va luable 
cost wise, as well as for the general ease of microprogram­
ming. However, overlays are not possible with microcode 
existing in read-only memory. Since microprogrammin g in 
ROM requires one physical address location to be dedicat­
ed to each actual instruction of the microprogram, signifi ­
cant mi croprogramming activities cannot be efficiently 
ilr<ommod .1tf'd wi th ROM . 

In the case of writable-control store, subroutines fre­
quently used, but not used together, can be overlayed 
one upon another in the same physical locations of the 
writable-control store unit. 

Writing microprograms in binary is very tedious, and 
inhibits the microprogrammer's visibility. In other words, 
it's very awkward for him to look from his current micro­
instruction back to some previous instruction, because it 
must be decoded completely by hand. Therefore, binary 
microcoding is di fficult and exceedingly inefficient, and 
thus very error prone. For efficient microprogram genera­
tion , it becomes mandatory that the user have such tool s 
as a microprogram compiler complete with syntax genera­
tors, mi croprogram-diagnostic simulators, microcode link­
age editors, and a microprogram-macro library from 
which to ca ll commonly used mi crocoded subroutines. 

With these required tools, we are in a position where 
w e can develop microprograms for third -generation com-
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puter systems possess ing either writable-control storage or 
read-onl y control ~torage . 

Writable-control sto re affords the microprogrammer 
the same ability to have alterable programs via micropro­
gramming as do other programmers using software. 

However, mi croprogrammi ng is signi ficantly more effi­
cient than software programming. 

Writable-control store affords the user the ability to over­
lay the microprogram subroutines one on top of the 
other. Assume, for example, that an area of 256 locations 
is reserved for hal f to a dozen subroutines. Any subroutine 
that will fit in that space can be posi tioned in the control 
store, and moved out whenever another section is re­
quired. Therefore, a microprogram which totally requires 
perhaps 10,000 words of control store, can fit into a 
machine possessing 2000 to 4000 control -storage words. 
This c learly indicates the economy achievable with writ­
able-control storage vs RO M . 

Effective use of overlays is brought about by paging. 
Writable-control store makes it poss ible to set up the mi­
croprogramming tasks so that the most frequently used 
routines are paged in and out of the writable-control store. 

Dynami c microprogramming is the ability to dynami ca l­
ly alter a control -storage word while a microprogram is 
running. It gives the microprogrammer the ability to gener­
ate, with micro- instruction, additional instructions which 
later can be actua ll y implemented by the microprogram 
on a dynam ic basis. Other advantages of dynamic pro­
gramming are that it allows the deve lopment of machine 
language sets to aid in the compiling of programs, and the 
development of different instruction sets for the imple­
mentation of those programs. In thi s way, programming 
effic iency for software can be optimized . 

Numerous examples of dynamic microprogrammin g 
exist, and essenti ally stagger the imagination of anyone 
who has had the opportunity and enjoyment of deve loping 
dynamic microprogramming. This technique is best imple­
mented with writable-control storage. 

A third signi ficant advantage of writable-control store 
is the ability to provide the user with access to a writable 
store. The user can then prepare his own microprograms 
to supplement the processor instruction set, or entirely 
change the instruction subset that exists within the set he 
is using. In many cases, spec ial -machine op codes would 
be very benefici al in increasing the efficiency of certain 
types of programs. Thus, givi ng the user access to the con­
trol store opens a new world of programming opportuni­
ti es. By preparing his own microprograms, the program­
mer can achieve many significant new types of function' 
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In CPU operations, where the CPU has a writab le-con­
trol store, it may be very desirable to microprogram into 
the machine one instruction set for compiling, and another 
instruction set for running, in order to provide optimized 
through-put on the machine for particular types of pro­
grams. Other areas could include such user applications 
as special error correction and checking (ECC). These are 
particular types of programs that have certain data pecu­
larities in them where the standard manufacturer provided 
error-determination and correction techniques are not sat­
isfactory. Giving the user access to the microcode allows 
him to develop his own error-checking and correction 
algorithms, which are optimized to the particular type of 
data sets he is using. 

Other types of app lications for user access to the writ­
ab le-contro l store include data compaction and data for­
matting. With the former, a user who is writing programs 
in BCD may find it extravagant to reserve one byte of data 
for each BCD digit. Therefore, subroutines which pack 
and unpack used data may be very desirable. 

Sometime, a user may want to do special data format­
ting to make his data completely transparent to his soft­
ware ; or he may want to generate some microcoded sub­
routines which encode his data on disc files or tapes to 
provide a degreee of security, but which is completely 
transparent to the software. These and other data-encoding 
techniques which are completely software transparent are 
possible by the availability of user microcode preparation. 

Let's now examine the requirements for supporting writ­
able-control store. Since writable-control store is just be­
ginning to make its appearance, we might ask ourselves the 
question, "Why has it taken so long?" The answer is ob­
vious! It has to do with the price of the writable-control 
storage elements. 

Random-access memories are the primary ingredients 
for writable-control storage units. It has only been recently 
that reasonable high-speed random-access memories have 
dropped below the 1 ¢ per bit price. An inexpensive micro­
program loader is also required since the aggregate cost of 
the control storage unit per bit is basically determined by 
the cost of the microprogram loader and the control-stor­
age elements themselves. Recently, four manufacturers 
have announced that they wi ll be building writable-con­
trol-storage-microprogram loaders which are compatible 
with IBM, and are sufficiently inexpensive to make this uti ­
li zation of writable-control store desirable. 

Another requirement for successful writable-control 
storage implementation is that the tools for microprogram­
ming be available. It is possible to link and prepare micro­
programs for read-only memories, but efficient use of writ­
able-control storage implies that significantly large vol­
umes of microcode exist, and significantly large volumes 
of microcode cannot be generated in binary by hand. The 
last requiremen.t for successful implementation is to have 
competent personnel in the area of machine architectural 
development, logic design , and probably most important, 
the area of microprogramming. 

Writable-control storage is not always as glamorous as 
it first appears. In actuality, it provides the capability for 
an inexperienced microprogrammer to "bomb" a system. 

If the system is in a multiprogramming envi~onment , he 
has the ability to bring down the whole system. lnexperi-

enced individuals can do severe damage to the operating 
system by making improper or unauthorized changes to 
the system's microcode. Complete system compatibility 
between the operating system and the machine-language­
instruction set can be made total ly incompatible by inap­
propriate microcoding. 

Proper combinations of software and microprogram­
ming to inhibit the use of writable-control store by inexpe­
rienced personnel can minimize these problems. The writ­
able-control store must then be protected from misuse. 
The way to achieve this is by having control-storage-pro­
tect keys for the coritrol storage unit, software keys to pre­
vent unauthorized uses of " load microcode" instructions, 
and the software verifying that the appropriate linkage of 
new microcode into the existing microprogram has been 
achieved prior to the loading of the microcode into the 
writable-control storage unit. This, of course, requires that 
the software tools for microprogram generation, as de­
scribed previously, be part of a software syste~ . 

One of the important future concepts that is beginning 
to evolve, is the concept of total virtual systems, includ­
ing the concept of virtual peripherals. 
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A total vi rtual system possesses the virtual peripheral 
concept. 

What then is v irtual peripheral in a virtual system? The 
total virtual system possesses the ability to transfer control 
of a peripheral from the computer to the controller, or 
transfer the process capabi lity of the computer to the con­
tro ller, or transfer the control ler capabi lity to the CPU. For 
example, should a fai lure occur in either the superv isor or 
any of the worker peripheral s, mi crocode transfers can be 
transferred from the defective unit to one of the other good 
units, and processi ng can contin ue in a satisfactory man­
ner, with on ly a sli ght amount of overa ll degradation in 
terms of time required for processing programs. 

Complete transparency to software is possible with a 
tota l virtual system in microprogrammed systems. Should 
the supervi sor processor, namely the CPU, become defi­
cient due to a fa ilure in one more of its parts , its micro­
code can be transferred to one of the workers, and that 
worker can provide the superviso ry functions to the other 
worker units. 

A large programmed-switching matrix allows any com­
bination of interconnections between workers and super­
visor, therefore al lowing the worker periphera ls to eva luate 
the performances of the supervi sor in their spare time. 
Should the supervisor not b~ working up to par, any three 
workers or more, or the majority of the workers, can im­
peach the supervisor and assign the supervisory functions 
to any of the other workers. Thi s concept can be expanded 
to envis ion many other si milar areas. With thi s type of sys­
tem concept, evo lutionary systems operations are possible. 
Writable-control storage, associated wi th an efficient mi ­
croprogram- loadi ng mechanization, provides for low-cost 
system enhancement. D 
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Guide to Action 
by Carl D. Chambers and 
Richard D. Heckman. 

This book has two ob­
jectives : ( 1 > To document the 
reality of employee drug abuse and 
its potential proportions and (2) to 
provide management with in­
formation that will help in for­
mulating and implementing com­
pany-specific policies and programs 
to minimize the problem. 

For the first time, drug survey 
specialists measured the incidence 
of on-the-job drug use. Projections 
for the use of various drugs, both 
legal and illegal, are made for seven 
occupational groups : 
< 1) Professionals , technical 
workers, managers and owners; 
(2) Clerical and other white collar 
workers ; (3) Skilled and semi­
skilled workers; (4) Unskilled 
workers ; (5) Service and protec­
tive workers ; (6) Sales workers; 
(7) Farmers. The most workable 
aspects of existing policies and 
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evaluated, along with the pitfalls of 
implementation. 
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own policy and programs. 
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Organ izing a Community Drug Council; Ref · 
erences and Audio V isual Mater ial s; Drug 
Glossary ; Sources of Information About Drug 
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The IA/Schottky Power Curve. 
A new twist that cuts power loss 50%. 

Schottky had a good idea. His hot-carrier principle 
brought unique advantages to users of signal level diodes. 
So we teamed up to bring the same advantages to the high 
power league: designers of l/C power supplies and switch­
ing regulators in the 50 Amp/20 Volt range. Now it's a 
whole new ball game. 

Check our curve. The dotted line shows the voltage­
current characteristics of junction rectifiers. The solid line 
is the basis for our new pitch . There 's quite a difference. 

Half The Forward Voltage Drop. Note the forward volt­
age drop of 0.65 Volt vs. 1 .25 Volts for typical rectifiers . 
At low voltage-low frequency, it means 50% less power 
loss , for a marked increase in efficiency. Like 10% at 5 
Volts/100 Amps. Now you can use fewer rect ifiers, smaller 
transformers, and cut heat-sinks in half. If you design high­
frequency circuits, you'll do even better. 

More Efficient at High Frequencies. The higher the 
operating frequency, the greater advantage the Schottky 

has over junction rectifiers . For example, at 20 KHz, the 
IA/Schottky gives you 25% more system efficiency. And 
you can operate at even higher frequencies. 

No Reverse Recovery Losses. Unlike junction rectifi ers, 
the IA/Schottky barrier doesn 't store minority carrier 
charges . There are none to be swept out as it is switched 
to the reverse mode. So time-lag and electrical loss are 
virtually zero, which accounts for its increased efficiency 
in high and ultra-high frequency systems. 

Reliability/Stability. You can forget about conservative 
derating . IR proprietary passivation and metallization tech­
nology assure long -term stability, extremely low leakage 
and low sensitivity to temperature. You can count on re­
liability and optimum life at full ratings. 

Try our new curve. Call your IR sales office or distributor 
today and ask for details on IA/Schottky Power Rectifiers 
- in either forward or reverse polarities. You 'll get every­
thing you need for a whole new ball game. 

New from IR ••. 
the innovative power people 

I I~)R I !~~o:or:~~~~~"!~A~;s<;;~!.~!:~oo, CALIFORNIA 90245 • (213) 678-6281 
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Do You Have Enough 
The Way No One Could 

Wffve found a way for you to be in direct 
personal interaction with a small nation­
wide group of designers so you can share 
know-how and learn from each other's 
experience. And you do it without leaving 
your desk. Without the time and expense 
of travel either. 

The electronic meeting 
You dial into a group telephone confer­
ence, called a TeleSession. * It's an 
hour-long free wheeling discussion that 
lets you build on each other's ideas. Tele­
Session Company provides the unique 
telephone conference system that repeals 
geography, and our ed itors pick the 
agenda topics for each small group. 

A surprising experience 
You 'll find this specially engineered con­
ference system and the group dynamics 
different from any " conference call " you 
may have experienced. At the session 
time you dial into the discussion from 
wherever you are that day. Our moderator 
greets you, introduces everyone, and 
gets things started. Then he makes sure 
all the agenda points are covered. 

Everyone on the line can ask questions, 
explore ideas or just listen. You'll find it 
more informal than a face-to-face dis­
cussion -you simply chime in whenever 
you have a comment - yet there are 
surprisingly few interruptions. 

*TeleSession is a service mark of TeleSession Company, 
475 Fi fth Avenue, New York, N.Y. 10017 

so 

The result is a stimulating and orderly 
discussion. We've discovered that the 
participants are willing to reveal the best 
of their knowledge and ask questions 
when they don't know something. So what 
you get 'is a chain reaction of ideas 
and high-payoff solutions. One person's 
knowledge complements everyone else's 
- though each person forms his own 
conclusions. Complete strangers end up 
talking as though they've known each 
other for years - and wanting to call on 
each other's expertise again. 

So far there've been over 700 TeleSes­
sions. It works. 

Your Group 
When you circle one of the reader service 
numbers shown here we want to make 
sure you ' re invited to a TeleSession with 
those most involved and knowledgeable 
in the problems you're grappling with 
right now. So for each topic we schedule 
many small groups, taking into consid­
eration such criteria as industry, job 
function and company size. You' ll be on 
the line with people who speak your 
language-enough like you to share your 
problems and different enough to offer a 
storehouse of surprising insights and 
new ideas. 

Our editors or other industry experts also 
dial into your TeleSession whenever ap­
propriate. 
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Imagination to Spend An Hour 
Ever Spend An Hour Before? 

The Cost 
It will be one of the least expensive con­

How to reserve your 
TeleSession ''seat'' 

ferences you were ever in: We bill your Check the reader service card number 
company thirty dollars for each Tele- and you will get by return mail: 
Session. In addition your company's D 
telephone bill will contain the station-to­
station phone charge that "got you there" D 
(typical charges: West Coast $27, Mid­
west $19, New England $13). You may D 
cancel up to five days before the session D 
or have someone else take your "seat." 

The date and time of your 
TeleSession 

Your group's specific Agenda 

List of Other Participants 

Details on How to dial into the 
discussion 

D Tips on how to get the most out of it 

TOPICS AVAILABLE Reader 
Service # 

• High Speed Logic Families 200 

• AID & DI A Converters 201 

• Semiconductor Memories 202 

• Plated Wire Memories 203 

• Keyboards 204 

• Terminals & Displays 205 

§[Q)[M/TeleSession® 
THE DISCUSSIONS YOU DIAL INTO 

® 
TeleSession is a se rvice mark of TeleSession Company, 475 5th Ave. , N.Y .. NY 10017 
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Solve that tough 
statistical problem 
fast . .. without 
a computer! 
Get yourself a 
copy of this book. 

Just one word precisely describes this 
book ... NECESSARY. Here are quick, 
accurate short-cuts for solving statisti­
cal problems without a computer, and 
without comp I icated mathematical 
computations. Precise 
and complete, a real 
"desk-top" tool for the 
practical engineer, re­
search experimenter, 
marketing manager, 
financial executive or 
laboratory scientist. 

235 pages. 

15-day Free 

examination ... 

Satisfaction 

guaranteed ... 
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CIRCUIT DESIGN AWARDS 

3 components make stable crystal oscillator 

Mark Trueblood, 
W es leyan University Middletown, Conn . 

A 741 22 one-shot, a resistor, and a crystal can be used to 
make a small , simple, stab le square-wave osc ill ator for 
any crys tal frequency from 200 kH z to 25 MHz. . . 

In the low-to-medium frequency version of the c1rcu1t, 
shown in Fig. 1, the one-shot is made to osc i I late by feed­
ing the pos itive (Q ) output at pin 8 back to the R;,,1 input at 
pin 9. With nothing connected to pins 11 and 13 (the Ce.xi 

pins), the osc ill ator free-runs at a freq uency dete_rmined ?Y 
the intern al and external R and C va lues. With a wire 
(zero fl) between pins 8 and 9 thi s frequency will be 
about 8 MHz and can be lowered to about 5 MH z with 
the addition of the 15 kfl res istor. 

The circuit works as fo llows: Q begins in a LOW state, 
but flips to a HIGH state after the intern al and external 
capac itors charge up. Being in a HIGH state is unstable, 
and the one-shot discharges the Q output through the re­
sistor, returning Q to a LO W state, and the cyc le repeats. 

W hen only a capac itor is placed between pins 11 and 
13, the frequency depends in part on the value of thi s 
capac itor, being 250 kH z and 300 pF, and 1 .6 MHz with 
30 pF, both va lues with the 15 kfl res istor between pins 8 
and 9. This mea ns the circuit can be used as a VFO, a 
Theremin (high frequency only), or a liquid leve l sensor 
(the author's applicati on) using an extern al capac itor. 

A crystal placed between pins 11 and 13 will force the 
one-shot to osc illate at the crystal frequency, prov ided that 
the crystal frequency is less than the free- running frequen-

+5VDC 

4-50 
pF 

14 13 12 11 10 9 8 

74122 

3 5 6 

Output 

Fig. 1- Low speed osci llator circuit ca n be tuned from 5 to 8 
MHz by varyi ng R, from 15 kfl to OD. Frequencies.as low as 200 
kH z are achieved by variat ion of the external capacitor. 
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cy. Using the c ircu it in Fig. 1, the author has achieved a 
clean square-w ave at 1 MHz with the 15 kfl resistor, and 
a usable but sli ghtl y distorted square-w ave at 6 MHz with 
a w ire between pins 8 and 9. The crystal frequency ca n be 
raised by adding a trimmer capac itor in series with it, and 
lowered with the trimmer in parallel. 

A faster ci rcuit is shown in Fig. 2. Instead of using the 
intern al timing res istor at pin 9, th is res istor is by-passed 
and the Q output is fed back into the one-shot v ia the 
R /C input at pin 13. W ith no crystal connected at pin e .rt ext 

11 and with only a wire between pins 8 and 13, the one-
shot free- run s at roughly 30 MHz. The frequency is 
lowered to 22 MHz by the addition of a 1 kfl res istor be­
tween pins 8 and 13, to 19 MHz with 2.4 kfl res istor, and 
to 15 MHz w ith a 3. 9 kfl res istor. A pulsed output was 
obtained usi ng a 14 MHz crystal and the Fig. 2 ci rcuit. 

The author left the inputs at pins 1 through 5 fl oating 
with no ill affects, but these inputs shou ld be ti ed high, as 
shown in both figures, for good noise immunity. 

When pl aced in an oven and heated to 70°C from room 
temperature a Fig. 1 circuit w ith a 1-MHz crystal dri fted a 
few hundred hertz, a dri ft characteristi c to be expected 
from the crys tal used. Thus, the temperature stability of the 
crys tal-osc i llator circuit is limited only by the temperature 
stability of the crys tal used. D 

+5VDC .-----i~----. 

14 13 12 11 10 9 8 

74 122 

2 3 4 5 6 

Output 

R, 
2.4k 

Fig. 2- High speed circuit can prov ide outputs up to 25 M Hz by. 
bypassing the internal timing res istor. Without the crysta l, and 
with pins 8 and 13 wired together, th is circui t free-run> at approxi-
mately 30 MHz. ' 

To Vote For This Circuit 
Circle 150. 
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Digital pulse repea~er makes programmable multivibrator 

L.D. Young, Jr. 
W estern Electri c Co., Greensboro, North Carolina 

The circu it shown here can be used to repeatedly regener- , 
ate a single input pul se width at an adjustable rate. Poss i­
ble uses are: a repeater for isolated pul ses to enab le scope 
presentati on, or a multi v ibrator w ith eas il y programmable 
duty cyc le. Only two IC packages. are required. 

The two one-shot (1 SA, 1 SB) periods are carefull y ad­
justed (using 10-turn pots) to be equal in duration (T). The 
peri ods determine the repetition rate of the pluses and 
should be longer than the peri od of the longest anticipated 
input. 

Initi all y, 1 SA and 1 SB are clear, giv ing hi gh inputs to 
both inputs of FFl . O n the leading edge of the input, 1 SA 
tri ggers and releases the set input to FFl . O n the fa ll of the 
input pulse, 1 SB tri ggers leaving FFl cleared. At the end of 
1 SA's period, T, FFl sets from the Q output of 1 SA and 
remains set until cl eared by the Q output of 1 SB at the end 
of 1 SB's peri od. Since the two one-shots have equal per i­
ods and since l SB w as tri ggered one input pulse w idth 
later than 1 SA, FF l w ill remain set for a period equal to 
the input pulse w idth. The output of FFl is then fed back 
to the one-shot inputs to repeat the sequence. o 

To Vote For This Ci rcuit 
Circle 151 

INPUT 

l SA Q 

l SB Q 

10 

lSA 

+5V 

l SB 

SN741 23 

FF1 

Gates are 
any 7400 Series 

OUTPUT 

_Jl 
...-1 t . , __ ----,-.--T--.,-,------
-,~~----' ----' ------
---,~~~--'-'~~--'''--~~--

FF, OUTPUT _____ _,n n ... __ __.n_ 
~tin 1~ 

Pulse repeater circuit wi ll duplicate the width of a si ngle input 
pul se in a cont inuous stri ng of output pulses until reset by the next 
input pu lse. 

Digital error anticipator requires only 4 CMOS gates 
Bern ie Schmidt, 

Motoro la, Phoenix, Ari z. 

A simple, low-cost logic c ircuit that detects marginal in­
put-waveform logic leve ls can be built using low-power 
CMOS devi ces. Th is circui t, shown in Fig. 1, is useful in 
system interface app licati ons where fa ilures due to input 
signal degradation must be antic ipated. It can replace 
present ly used, but more expensive, vo ltage comparators. 

Such cond itions as power-supply rippl e, component 
degradation, battery vo ltage " droop," or extern al no ise 

lOV Supply 

v,. V---+----1~-1.,;;:_/ 
(Marginal 
Data Line 
Signal to 
Be Detected) 

3/4 MCl 4011 Quad 2· input 
NAN O Gate 

1/4 MC14507 Quad 
/ Exclusive OR Gate 

~etected 

Input Interface Gate 

Fig. 1- Digital error anticipator provides warn ing of power sup­
ply or data degradation that may provide incorrect performance of 
systems. Load ing to system is negligible due to CMOS input im­
pedance of 108.0 . 

can all affect logic leve ls and can prevent an input gate 
from tri ggerin g properly. The antic ipator c ircuit is highly 
flex ib le because it can operate from any ex isting power 
supply over the range of 3V de to l 8V de. Further, it re­
quires no ca libration and produces neg ligible loading to 

12 

10 

lOV 

8 

VOUT 
VOUT B 

(Volts) 

6 
VOUT C 

4 

VOUT A 

2 

0 
2 4 6 8 

V1N (Volts) 

Fig. 2- Triggering levels of multiple input CMOS gates can be 
changed by va rying the connections of the remaining inputs, as 
shown in these voltage transfer curves of an MC14001 when 
wired as shown in Fig. 1. 
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r the data line being mon itored (input impedance greater 
than 100 Mfl , 15 pF wi th a quiescent power requirement 
of less than 50 nW). 

The circuit operates according to a principle common to 
all multiple-input CMOS digital logic gates. The tri ggering 
logic level of an input node of a multiple input gate can be 
made to vary according to the electri ca l connection of the 
gate's remaining inputs. The de voltage transfer curve in 
Fig. 2 illustrates thi s fact. By adding enve lope-detect gates 
B and C to the original input interface gate A, the norm al 
transfer curve for the input node is widened into a guard 
band . That is, transfer curve A becomes the guard band B­
C. For a 1 OV supply as shown, the transition region has 
now been expanded by 10% of the total supply for the 
input logic " l " transition leve l, and by 3% of the supply 
voltage for the logic " O" transition leve l. Thus, the input 
node gate A responds dec isive ly to prev iously marginal 
input-w aveform logic si gnals over the additional 13% 

guard band . Note, however, that despite these substantial 
va ri ati on's in tri ggerin g leve ls, an exce llent overall noise 
margin of at least 30% of supply noise margi n still ex ists. 

The Exc lusive O R connecti on of gates B and C, as 
shown in Fig. 1, enables any input leve l wi thin the guard 
enve lope to be logicall y detected, but, to ensure good 
matching of de transfer curves of the gates, all three ga tes, 
A, B, and C, should be in the same IC package. Any tripl e-
3 or quad-2 CMOS-gale rxKkage ca n he used. 

It is important to note that only input signals that remain 
within the guard band for peri ods greater than 2 CM OS 
gate delays ( ~ 50 nsec) will' be detected. Adding external 
capacitive loading to the detect circui t's output (gates B 
and C in Fig. 1) would further desensiti ze the c ircuit . o 

To Vote For This Article 
Circle 152 

CMOS one-shot has wide range of output pulses 

Roger Smith, 
Adcole Corp., W alt ham, M ass. 

This one-shot circuit uses a CM OS D-type fl ip-f lop w ith 
RC feedback to the reset input. The flip-fl op tr iggers on the 
positive edge of the input pul se and resets when the ca­
pac itor at the reset input charges to approx imately 1/2 the 
peak output amplitude. The norma l output pulse width is: 
T = 0.69 RC. Since the typi ca l load current of a CMOS 
input is 10 pA, long time constants are poss ible using high 
va lued res istors. A pulse w idth ot 3.4 8 hour> was mea­
sured using a 1.6 x 10 111!1 resistor and a 1 µ F ca pacito r. 

The output pul se width measures 1 .9 1 nsec w 1tl1 the 
va lues of the components li sted in the di agram. The pul se 
width increased by 1 .5 % when the supply voltage was 
changed from 10 to 15V. The pulse width increased by 
6% from room temperature to - 40°C and decreased by 
2.3% from room temperature to +8S 0 C. 

For hi gh-duty-cycle operation , a diode can be connect­
ed across the res istor to discharge the capac itor rapidl y. 

The di -,charge current is limited by the constant current 
characteris ti c of the FET output stage (10 mA at lOV), 

Input 

Input 

Q Output 

0 Output 

(1/2)CD401 3A 
lio) ___ """'r;'l.-----~.----0 Q Output 

.. c_L_....,.._... _ _:------+----<' a Ou tput 

Input~ 

OOutpu t~ 
OOutput~ 

Waveforms Without Diode Waveforms With Diode 

CMOS one-shot provides output pulses from 2 µ sec to 3-1 /2 
hours. The diode is only requi red fo r hi gh-duty-cyc le operation. 
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which results in a sloped trailing edge of the Q output 
pulse. However, since the flip-flop features buffered out­
puts, the Q output is not affected. For max imum pulse 
w idth stab ility at hi gh duty cycl es, a Schottky diode and a 
hi gh supply voltage (15V) should be used. With the duty 
cycle of 97%, a 3% decrease in pul se width , compared to 
the pulse w idth at low duty cycles, was observed with a 
supply vo ltage of 1 5V. 

If a negati ve pulse is used for the tri gger input, the one­
shot can be made retriggerable by connecting the diode 
betw00n the reset input and the tr igger input instead of thP 
Q output. An input pul se occurring co incident with an 
output pul se will discharge the capacitor and restart the 
timing cycle without otherwi se affecting the output 
pul se. o 

To Vote For This Article 
Circle 153 

Your vote determines this issue's winner. A ll c ir­
cu its published w in a $25 U. S. Sav ings Bond. A ll 
issue winners rece ive an additional $50 U.S. Sav­
ings Bond and become eli gible for the annual 
$1000 U.S. Sav ings Bond Grand Pri ze. 

Vote now, by ci rcling the appropri ate number on 
the reader inquiry card . 

Submit your own circuit, too. M ail entries to Cir­
cuit Des ign Program Editor, EDN/ EEE, 22 1 Colum­
bus Ave., Boston , MA 02 11 6. 

Readers have voted: Edwin R. Deloach winner of 
the April 1 Saving Bond Award . His winning c ircuit 
is " SCRs form electroni c combination lock." Mr. 
Del oach is with Astra-Dynamics Electroni cs, New 
Orleans, La. 
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PROG RESS IN PRODUCTS 

Writable-control store customizes 
new mini's microprograms 
PROGRESS IN 
COM PUTERS 

The VARIAN 73 is a 16-b it, asyn­
chronous mini computer combining 
user-access ible microi nstructions, mul ­
tiple bussing, and data transfer rates 
over 3 million words per second on 
each bus. It utili zes the entire 620 se­
ries software base, thereby drasti ca l­
ly slashing the largest single cost of 
computer operat ions. It also allows 
vast esca lations of performance v ia 
low cost increments as needed. 

" The VARIAN 73 introduces three 
economies in perform ance unmatched 
by any other available minicomputer 
system," c lai ms Varian Data M a­
chines pres ident George Vosatka. It 
provides user-access ible micropro­
grammin g by means of an inexpensive 
writable-control store, and comes with 
abundant, fu ll y-tested software, in ­
c lud ing the VORTEX rea l-time, multi ­
task, background-foreground operat­
ing system. 

The Varian 73 (Fig. 1) is a micropro­
grammed machine, with fl ex ib le data 
pathing controll ed by hundreds of 
microi nstructions stored in a read-onl y 
control memory. Execution time per 
microin struction is 165 nsec. The 
standard minicomputer configuration 
can process all previous Varian 620 
seri es programs and offers the 620 in ­
struction set as a standard feature. By 
adding the writable-control store op­
tion , thi s microprogramming can be 
extended by the user to create spec ial­
purpose instructions and macro-algo­
rithms. Additionally, the user can 
create plug- in control store emulators 
of other mach ines. 

Programming effi ciency is increased 

~ varlan data machines 73 

• • ••••••••••••••• 
~ -.on•ue> -

-&= • • • • • • • • • • • • L- L • • L -
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Fig. 1- New minicomputer provides user-accessible microprogramming and a fast, flexi­
ble dual-port memory system. 

by a wide (64-b it) contro l word and 
16 general-purpose registers. A single 
control word provides fi elds for speci­
fyi ng diverse machine functions, such 
as source and des ti nation register, 
arithmetic or logica l operation, shift, 
jump, address of next microi nstruc­
tion , memory-register operation and 
1/0 bus-register operation. Register 
reference instructions are completed 
in 330 nsec, and memory reference 
instruction in 660 nsec. In addition , 

the many registers save main memory 
space and time. 

Take your pick of memories 

The basic VARIAN 73 offers three 
hi gh-perfo rm ance memori es, with cy­
cle times of 190 nsec, 330 nsec, and 
660 nsec. For main memory, the user 
may ~e l ect M OS semiconducto r for 
speed (330 nsec), co re (660 nsec) for 
economy, or any combination of the 
two. Memori es of both types may be 

QUADRUPLE BUS 

PRIORITY 

MEMORY 
BUSA 

MEMORY i.---i 
ACCESS 

PMA BUS 1 

PRI RITY 
MEMORY i.---i 
ACCESS 

PMA BUS 2 

MEMORY 

MEMORY 

MEMORY 

MEMORY 

MEMORY 

MEMO RY 

MEMORY 
BUS B 

__171 
~ -~-

DMA & 1/0 BUS 

~­
-~ 

OMA & 1/ 0 BUS 

Fig. 2- Quadruple-bus structure fea tures completely overlapped operation between two 
processors and two PMA channels. Additional processors can share the busses. 
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mixed in any combination without 
loss in continuous memory sequenc ing. 
M ai n memory may be expanded up to 
262k words. Cores are availab le in 4k 
and Bk modules, and MOS in 1 k, 2k, 
4k and Bk modules. 

All memories are dual port for fast 
interleaving of 1/0 and processor func­
tions. Multiple processors may also 
share in common memory. In multip le­
memory systems, one memory may be 
communicating with a processor, while 
another is exchanging data with an 
1/0 devi ce or another processor. Di­
rect 1/0 to memory data transfer can 
take place at rates up to 3.03 million 
words per second on a si ngle bus. 

Multiple buses interconnect the 
processors, memories, and 1/0 for effi­
cient data pathing. For example, in the 
quadruple bus structure in Fig. 2, ad-

dition al processors can interface with 
bus A and/or bus B, and share the 
ava i I able memory cycles. Common 
bus structure allows both fast data 
transfer and ease of expansion. The 
VARIAN 73 connects to a wide range 
of peripherals and other data sources. 
Four means of 1/0 commun ication 
allow connecting to peripherals of 
various speeds with minimum loss in 
processor time. Included are pro­
grammed 1/0, to 500 kHz, direct 
memory access (OMA) 1/0 to 333 
kHz, hi gh-speed OMA to 1 MH z, and 
priority memory access to 3 MHz. 
Thus all speeds of 1/0 devices can be 
accommodated , from teletypes and 
other low-speed devices, to ultra high­
speed peripherals which transfer data 
at fu ll memory-cyc le rates. 

Hardware priority interrupt structure 

Multifunction IC serves as building 
block for communication systems 

PROGRESS IN 
MICROELECTRONICS 

Industrial communications is a rapid ly 
expanding area of electronics, yet, the 
influx of integrated c ircuits into this 
f ield has been re latively slow. One 
reason for this is that the IC needs of 
most communication systems are 
highly specia li zed, requirin g custom 
designs for parti cular app lications. 
Thi s segment of the market has not 
been effic iently served by standard , 
off-the-she lf ICs des igned for general 
applications. The XR-S200 from Exar 
Integrated Systems represents a nove l 
approach towards a so lution to this 
problem by the development of a " par­
ti all y com mitted" integrated system. 

If one examines the needs oi the 
communi cat ions industry c losely, it 
becomes apparent that even though 
the app lications are highly spec ial­
ized, most of the circuits used can be 
categori zed into the fo llowi ng three 
circuit functions: Multipliers (a lso 
known as modulators, phase-compa­
rators or synchronous detectors); Gain 
blocks (operational ampli f iers, sense 
ampli f iers , comparators); Osci ll ators 
(both fixed and variable frequency, 
voltage controlled or crystal con­
led types. 

These three basic circuit functions 

5B 

are suitable for monolith ic integration, 
and several commercial designs of 
each type are available. But the XR­
S200 shown in the block diagram, is 
the only IC availab le which performs 
all three functions. 

Each of the three functiona l ci rcuits 
incorporate a large number of des ign 
options, and they can be used either 
independentl y or in conjuncti on with 
each other. They can be externally 
interconnected in any respecti ve order 
without requiring either externa l bias­
ing or interface circu itry. 

In many communication systems, 

TYPICAL APPLICATIONS OF THE XR·S200 

• Phase-locked loops 
• FM demodulation 

• Commercial FM-IF 
• Narrow and wideband FM 
• TV sound and SCA detection 

• FSK detection (MODEM) 
• PSK demodulation 
• Signal conditioning 
• Tracking filters 
• Frequency synthesis 
• Telemetry coding/decoding 
• AM detection 

• Quadrature detectors 
• Synchronous detectors 

• Linear sweep & FM generation 
• Crystal controlled 
• Double sideband 
• Suppressed carrier 

• Tone generation/detection 
• Waveform generation 

• Sine/ square/ triangle/ sawtooth 
• Analog multiplication 

is expandable at low cost up to 64 
levels. Each leve l of interrupt is as­
signed a unique memory location. 

The most advanced MSl/ LSI tech­
nology is used in the new computer. 
The entire central processor, with con­
trol ROM, is contained on a single 
ci rcuit board. Similar boards encom­
pass up to Bk of semiconductor or 
co re memory. All boards plug into 
universal slots connecting to a printed 
ci rcu it bus structure in ei ther a 7- inch 
or 14- inch chass is. 

Pri ce of the standard VARIAN 73 
system ranges from $1 5 ,000 to 
$100,000 with deliveri es planned for 
September. 

Varian Data Machines 
2722 Michelson Dr. 
Irvine, Ca. 92664 
(2 13) 3B7 5346 281 

both analog and digital signals may be 
present simultaneously. Consequently, 
the circuit was designed to accom mo­
date both types of signals and to also 
be capable of interfacing with ei ther 
conventional bi polar or MOS-logic 
families . A high degree of flexibility 
has been built into the monolithic de­
sign to allow it to handle input signa ls 
ranging from 0.1 mV to 5V and oper­
ate over a frequency ran ge extending 
from 0.1 Hz to 40 MHz with a wide 
choice of power supply vo ltages from 
±5V to ±lBV. 

The three functional blocks can be 

vco 
ANALOG 

X-GA IN 

CONTROL ~:::..a...-1 

GROUND 

GA IN 
CONTROL 

3 

TIMING 
CAP. 
vco 
OUTPUT 

Ill ~~~i~~IER 121 ~t6~K (J) ~~g~7~~TOR 
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directl y interconnected to perform a 
large number of complex circu it func­
tions, from phase locked loops to the 
generation of complex waveforms. 
The accompanying table contains a 
li sting of some typical applicat ions of 
the XR-S200 system. 

By e limin ati~g the unnecessary 

components and internally connect ing 
the required functions, the total pi n 
count can usually be reduced from the 
standard 24-pin DIP so that produc­
tion ci rcu its that correspond to unique 
system requirements can be supplied 
in a 14-pin or 16-p in package. 

To assist des igners interested in the 

Low-cost 9-µsec 14-bit A/ D converter 
available in a plug-in module 

PROGRESS IN 
INSTRUMENTATION 

Designers looki ng for high-speed 
(100-kHz and up) high-resol ution A/D 
converters usually had to sett le fo r 
large and cumbersome rack-mount 
units containing not only the convert­
er, but a mating sample-hold ampli ­
fier, buffer ampli fiers and possibly a 
multiplexer, all at a cost of several 
thousand dollars. Hi gh-frequency in­
terference problems necessitated pur­
chasing an entire data-acquisition sys­
tem whose components were de­
signed for optimum matching. 

Analogic Corp. has now introduced 
a pair of low-cost, hi gh-speed and 
hi gh-reso lution A/D converters ava il -

able in plug-in moduies. The fi rm's 
MP2913A and MP29 14A 13 and 14-
bit converters come in 2 x 4 x 0.39-
in . Modupac modules and are rated 
for total conversion times of 8 and 9 
µ sec yet cost only $7 15 and $765 , 
respectively. These speeds are ach ieved 
without any sacrifi ce of accuracy and 
linearity. The abso lute accu racy (at 
25 °C) is ±0.015% refer to NBS. This 
includes a relative accuracy of 0.006% 
of fu ll sca le and a reference accuracy. 
Stabi lity is enhanced with a ga in TC 
of ±7 ppm/°C and an offset TC of ± 1 2 
ppm/OC. 

Accordin g to Analogic, the use of 
hi gh-speed monolithic current switch­
es, and MSI programmer, a newly de­
signed comparator and careful layout 

Sub-modular circuit cuts power supply 
design time and costs 

PROGRESS IN 
POWER SUPPLIES 

The new "CM " Seri es sub-modul ar 
power supply from Powertec provides 
the user with a simple, cost-effective 
building-block concept for multiple or 
single-output supply units. 

The bas ic building block is a sub­
modular power supply which includes 
the rectifying, filtering, regulating and 
protective functions. The c ircuit fea­
tures adjustab le fold -back current-
1 imiting, fusing, adjustab le-thresho ld­
overvoltage protection , and output­
vo ltage trimming. No add ition of ex­
ternal components is needed to pro­
vide these functions. The other build­
ing blocks include an ac transformer, 
wiring harness, heat-s ink for the sub­
module (s) and a case. 

After the design engineer has the 
power requirements spec ified, he 
need onl y se lect a proper heat sink, 
transformer, and " CM" Series model 
(from the 25 standard stock models 
ava ilable), and then: 

• Bolt a power supply c ircuit to 
heat sink through the bracket. 

• Add one transformer, connected 
to the ac power cord . 

• Connect a circu it board to the 
transformer and the power busses 
of the equipment. 

Labor costs for assembl y of such a 
power supply are minimal. Twenty­
five standard models provide voltages 
to 30V and currents to 18A (wi thout 
extern al bypass components). Prices 
range from $14 to $38 in 100-piece 
quantities. Typicall y, a 5V/6A model 
with adjustab le overvoltage protect ion 
costs $22. 

XR-S200 a 42-page spec.1ficat ions and 

appl ication note booklet di scuss ing in 
detail most of the app li cations li sted in 
the accompanying tab le is avai lab le 
from Exar. Exar Integrated Systems, Inc., 
733 N. Pastoria Ave., Sunnyva le, CA 
94066. Phone ~om 732-7970. 282 

of the converter's ground plane made 
the modular des ign possible. 

As for matching systems compo­
nents, Analogic's MP2 70 1-µ sec sam­

ple-hold unit and the MP2 15 buffer 
amplifier are avai lable. 

Additional specifi cat ions for these 
new A/D converters inc lude full sca le 
input vo ltage ranges of 0 to + 1 OV, 

±5V, ±lOV or Oto +5V. Input imped­
ence is 125D./V of full sca le. The con­
verters are guaranteed to be monoton­
ic and are recommended for recalibra­
tion interva ls of 6 months. They oper­
ate from + 15V at 60 mA, - 15V at 60 
mA and +5V at 500 mA. 

Analogic Corp., Audubon Road, 
Wakefield , Mass 01880. (617) 246-
0300. 283 

A unique feature of the sub-module 
is the low-leve l logic-control input for 
shutdown of the output vo ltage. The 
un it is unconditiona ll y guaranteed for 
one year. 

Powertec, 9168 De Soto Ave., Chats­
worth, CA ·91 311 . (2 13) 882-0004. 

284 

The "CM" Series sub-mod ular power sup­
ply includes rect ifying, filtering, regulating 
and protective fu nctions. 
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COMPUTER PRODUCTS 

CALCU LATOR KEYBOA RD PROVIDES 
TACTILE FEED BACK. A new keyboard sys­
tem provide; ; nap act ion feel and sound 
feedback. The 1 KS KLIXON seri es has a pro­

fi le of 0. 150 in. and is offered in complete 
arrays up to 20 switches. All contact sur­
faces are go ld, providing low impedance for 
MOS interfacin g. Switch life is in excess of 
1 O million cycles. The entire swi tch area is 
sea led with mylar, so contacts are lint-proof 
and coffee-spill proof. Texas Instruments 
Inc Control Products Di v., Atteboro, MA 
02;03. Phone (617) 222-2800. 170 

MINICOMPUTER DI SC SYSTEM STO RES 
UP TO 2.4 MILLI ON WORDS. A new fami ­
ly of data-storage systems provides direct 
interfacing of Diablo di sk dri ves with the 
Varian 620 Series minicomputers. The Di­
ablo Systems Model 33 dual-p latter di sk 
dri ve is used in the high-density storage sys­
tem which has a storage capacity of 2.4 mil ­
lion words. Pri ce is $12,550, including con­
troller, power suppl y, and interface hard ­
ware. System Industries, 535 Del Rey Ave. , 
Sunnyva le, CA 94086. 171 

CONTACTLESS KEYBOARD US ES CAPA­
CITI VE SWITCHI NG. Full keyboard encod­
ing ca n use either discrete ICs or MOS, de­
pending upon des ign requirements. The 
CAPSCAN keyboa rd features 2-key or n-key 
rollover, contactless switch operation, indi ­
vidually illuminated switches where de­
sired, choice of mechanical or electrica l 
shift lock, 2-shot molded keycaps, and a 
liqu id-proof design. The keyboards are of­
fered in a standard design at less than 
$90.00 each in quant ity-Raytheon In­
dustrial Components, 465 Centre St. , Q uin­
cy, MA 02169. Phone (6 17) 479-53 00. 172 

CASSETTE ADDS 6000 DATA REGISTERS 
TO CA LCULATOR MEMORY. Model 
9865A cassette memory adds the ability to 
store very long programs or large amounts 

of data to models 98 10A and 9820A H-P 
desktop ca lculators. Sea rch speed is 130 

fpm in either direction from anywhere on 
the tape. Transfer rate is 50 registers or 400 
program steps/sec. Up to nine cassette 
memory units can be operated with one 

ca lculator , each with a capacity of 6000 
data registers or 48,000 program steps. 
$1750. Hew lett -Packard Co., 1601 Califor­
nia Ave. , Palo Alto, CA 94304. Phone (415) 
493-1501 173 

RAM CA RDS HO LD P-CHANNEL DE­
VICES. Designated part number 784- 2004-
01, these ' tatic memory dev ice' require 
+SV and -9V for opera ti on. The 4.5- in. 
square cards interconnect through a 70 fin­
ger-edge connector and directly interface 
with CAMBION's standard DTL and TTL 
family of logic card s. The memory card has 
a capaci ty of 4k words x 1 bit and contains 
16 ICs. Cambridge Thermionic Corp., 445 
Concord Ave. , Cambridge, MA 02138. 
Phone (6 17) 491-5400. 17 4 

AUTOMATI C MULTI-LI NE CA LLI NG AN D 
ANSWERING UNIT is an alternati ve to ded­
icated communications systems. Model 
1200 ACAU is modularly constructed in 
units of 5, 10, 15 or 20 lines. It interfaces 
with computers in accordance with EIA RS-
366 and RS-232C standards and is compati ­
ble with Bell 202C modems. Normal speed 
is up to 1 200 bps. The Model I 200 ACAU 
allows computers to make and answer ca lls 
automatica ll y over the Bell System DOD 
network . Teleprocess ing Industri es, Inc., 82 
McKee Dr. , Mahwah, N J 07430. Phone 
(20 1)529-4600. 175 

MEMORY OFFERS MULTIPLE CHOI CES. 
The CC-150 is sold in four product configu­
rations - as a core array with 65k words, as 
a 6Sk submodule with core array and all 
drive and sense electronics, as a module 
with up to 8 submodules and a si ngle addi ­
tional board containing all required timing 
and control electronics, and as a complete 
auxi liary or mainframe memory system in a 
stand-alone cabi net with up to 6 modules 
(52Sk words) power supply, power control­
ler, system se lf-test and a customer-speci­
fied processor interface. Costs are as low as 
0.6~ /bit. Lockheed Electronics Co., Inc., 
Data Products Div. , 6201 E. Rando lph St. , 
Los Angeles, CA 90040. Phone (2 13) 7 22-
6810. 176 
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"STUNT BOX" CONTROLS UP TO 100 
DEVICES USING FOUR-CHARACTER 
COMMANDS. Each such command causes 
the box to activate a contact closure, mo­
mentary or latching, to turn on or off any 
electri c or electroni c device. It may be inter­
faced wi th a communications termi nal be­
tween the computer and the termina l wi th ­
out affecting normal data transmission, or 
may be dri ven by paper tapes off- line. It 
may also be driven remotely from a terminal 
without going through the computer. Time 
Share Peri phera ls Corp., Miry Brook Rd ., 
Danbury, CT 06810. Phone (203) 743-
7624. 177 

TWO CONTROLLERS EXPAND MIN I­
COMPUTER COMMUNICATIONS CAPA­
BILITY. Models 2612 and 26 12- 1 asyn­
chronous controllers enable Micro 1600 
minicomputers to communicate with loca l 
and remote asynchronous devices and ser­
vice eight and four, full-duplex channe ls 
respectively. Every channel is double-buff­
ered and has seven swi tch-se lectable baud 
rates rangi ng from 75 to 9600 bps. $200/ 
channel for the 26 12 and $250/channel 
for the 26 12-1. Microdata Corp., 644 E. 
Young St., Santa Ana, CA 92705. Phone 
(714) 540-6730. 178 

TAPE CONTROLLER FOR PDP-11. The 
data path Series 1X1 5 is avai I ab le as a com­
plete tape memory subsystem or as control­
ler interface . It provides complete control of 
data flow between the PDP-11 and up to 
four transports (7- or 9-track compatible) 
and controls generat ion of tape format. l/C 
dri ver subroutines and diagnostics are sup­
plied. $3040. Information Products, Inc ., 
4202 Directors Row, Houston , TX 770 18. 

179 

KEYBOARD HAS JAPANESE LEGENDS 
Katakana (Japanese character) keyboards fo r 
those OEMs supplyi ng interactive data sys­
tems to the Japanese end user feature N-key 
rollover, se lective-repeat functions, and 
selective- inhibit functions. Over 150 Kata­
kana keytop legends and li ghted keytops 
for specia l function keys are offered. Key 
Troni c Corp., Bldg. 14, Spokane Industri al 
Park, Spokane, WA 992 16. Phone (509) 
924-915 1. 180 

Now get a 
firm grip on your 

lead-mounted semi's and 
heat problems, too 

\if 
IERC r etai ners / heat si nk s 
hold l ead-mo unted se mi 's 
while controlling heat to im­
prove reliability or let you operate at 
higher power levels. Our TXB's for Mil­
spec environments are excellent retainers 
on p-c boards or serve as efficient ther­
mal links between case and heat sink. BeO 
washers are available for electrically-hot­
case applications. Use our staggered-fi nger 

LP Series for power in­
creases of 7 to I in still 

air and 12 to I in forced air 
with no increase in junction tem-

perature. And, if your semi's are already 
mounted, slip on a Fan Top and get higher 
wattages for just pennies. Send for catalog. 
I ERC, 135 W. Magnolia Blvd., Burbank, 
Ca l if. 91502, a Corporate Divi sion of 
D ynamics Corporation of America. 

J 1 ERC J ~ J Heat Sinks 
CIRCLE NO. 53 
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DYTECH MODEL 8000 WORD GENERATOR $850 
Dual Channel - RZ, NRZ formats; eight independent, simultaneous outputs. Pseudo­
random binary sequence of adjustable length ; 3 to 65,535 bits . Internal clock, remote , 
single cycle, delay, serial, parallel, B delayed data . 

·1 :o 
~ * --

DYTECH MODEL 850 PULSE GENERATOR $495 
Pulse repet ition rate to 50 MHz; Dual outputs - true and complement . Rise and fall 
times less than 4 ns; Amplitude to 5V across 50 ohms. Positive and negative DC offset; 
no re-calibration procedures . 

Dytech has a pulse generator to suit your requirements. Models from $220 ($159 in 
kit form) with a large selection of features to choose from . 

DEMO UNITS AVAILABLE 

OYTECH CORPORATION 408~;4~~:333 
391 Mathew Street, Santa Clara, California 95050 
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COMPONENTS/MATERIALS 

PLUG-IN CAPACITOR PACKAGES SAVE 
ASSEMBLY TIME AN D PACKAGE SPACE. 
Each of the 14 or 16 lead packages w ill 
accommodate seven or eight capac itors. 
Combinations including other components 
such as res istors or fi lter components can be 
packaged to customer requirements. Three 
heights from 0.375 to 0.750 are avail ab le 
for each package length . Both round solder­
in leads and flat plu g-in leads are ava il able. 
Electrocube, 1710 South Del Mar Ave., Sa n 
Gabriel, CA 91776. Phone (2 13) 283-051 1. 

185 

LOW-PROFILE IC SOCKETS INCREASE 
PACKAGING DENSITY. These 14-, 16-, 
and 18-pin dual-in-line sockets a l ~o reduce 
the overall height of socket mounted com­
ponents. Onl y 0. 150 in. high, the 3100 Se­
ries sockets may be end-to-end mounted on 
0. 1000 in . centers and side-by-s ide mount­
ed on 0.4000 in . centers. The entry way is 
chamfered for automati c or manual inser­
ti on. Stanford Appli ed Engi neering, Ad­
vanced Packaging Products, 2165 S. Grand 
Ave., Sa nta Ana, CA 92705. Phone (7 14) 
540-9256. 186 

RESISTOR PACKAGES, CONSISTING OF 
24 OR 28 THICK FILM RESISTORS, are de­
signed primaril y fo r pulse squaring net­
works or logic terminators. The res istors are 
placed in groups of two hooked together in 
seri es having a common line fo r power and 
a common line for ground. The center point 
of each pair is brought out to a separate 
terminal. Helipot Div., Beckman Instru ­
ments, Inc., 2500 Harbor Blvd ., Fu l lerton, 
CA 92634. Phone (7 14) 87 1-4848. 187 

PUSH-TUBULAR SOLENOID LINE OF­
FERED. The des ign prov ides direct push 
force from 1 .25 up to 8 lbs. Features inc lude 
electro less ni cke l plated plunger and brass 

I 
bushing for ex tended so lenoid life and posi­
ti ve alignment. A plunger stop and impact 

cushion protect the po le faces. Availab le in 
co il ratings from 3.3 to over 200V, pri ces 
range from $4.85 to $7.75 in small quanti ­
ti es. Ledex Inc., 123 Webster St., Dayton, 
O H 45401. Phone (5 13) 224-9891. 188 

M ANUAL-RESET CIRCUIT BREAKER DE­
SIGNED TO INDUSTRY'S NEW SAFETY 
REQUIREMENTS. A newl y-designed circuit 
breaker that uses a fire retardant, se lf-ex tin­
guishing SE-0 rated insulating base materi al 
and is 180 second arc res istant with current 
capaciti es up to 4 . l 4A at l 25V ac, has been 
developed. Littelfuse, Inc., 800 Eas t North ­
west Hgwy., Des Pl aines, IL 60016. Phone 
(3 12) 82 4-11 88. 189 

TRI GGER TRANSFORMERS ARE DE­
SIGNED FOR USE IN SCR POWER-CON­
TROL CIRCUITS. Des ignated the 505 Se­
ries, this new line is available in 3 basic 
case styles: open or encased for lower-cost 
appli cations, or encapsulated constructi on 
fo r special humidity or military applica­
ti ons. Both standard and custom versions 
are ava ilab le. BH Electroni cs, 245 E. 6th St. , 
St. Paul , MN 55 101. Phone(61 2) 228-6463. 

190 

W IREWOUND POTENTIOMETER OFFERS 
1W, 18-TURN CAPABILITY IN DIP PACK­
AGE. Sea led against humidity, li quids, pot­
ting and soldering compounds, thi s device 
also features SILVERWELD termination 
w hi ch alloys with multiple-resistance wi res, 
thus eliminating vu lnerable, single-wire 
termination. Price is $2 .25 in 1000- 1999 
quantiti es. Bourns Inc., 1200 Co lumbia 
Ave., Rivers ide, CA 92507. Phone (7 14) 
684-1 700. 191 

SUBMINIATURE SWITCH INCORPO­
RATES A "SINUOUS" MOVING ELEMENT 
th at creates a snap-action as well as a con­
tact w ipe. Des igned to meet the require­
ments of MIL-S-8805/2 F and M S25085, 
these switches accommodate both res istive 
and inducti ve loads. Available with either 
so lder lugs or single-double turrets. Pri ces 
range from $2 .09 to $1.2 1. Airpax Elec­
troni cs, 6801 W . Sunri se Blvd ., Ft. Lauder­
dale, FL 333 13. Phone (305) 587-1100. 

192 
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All you need are #4 mounting screws 
. .. just plug-in components . . . like 

V. watt resistors , ceramic capacitors, 
diodes, l.C.s, transistors and more 

... and your circuit's built! No special 
patch cords needed! Components 

interconnected with ~Y solid 
No. 22-26 gauge wire. 

And you can try it absolutely FREE 
for 5 days! If not satisfied , just return 

your EL Socket and you won't be billed. 
Trying is believing. How can you go 
wrong? Order your EL Socket today! 

• Nickel/silver plated 
terminals - very low 
contact resistance 

• Low insertion force 
• Mounts with # 4 screws 
• Initial contact character­

istics beyond 10,000 
insertions 

• Vertlcal , horizontal inter­
connecting matrices 

• Accommodates wide 
range of wire or com­
ponent leads from 
.015"-.032" 

• Quantity discounts 

EL INSTRUMENTS, INCORPORATED 
61 First St, Derby, Conn. 06418 
Telephone : 2031735-8774 

CIRCLE NO. 30 
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three cheers 
for the 
little guv! 

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 Electronic·s 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 
LIU~ ,COMPANY 
a subsidiary of OAK ELECTRO/ NETICS CORP. 

MT. HOLLY SPRINGS , PENNSYLVA NIA 17065 
TELEPHONE : 717-486-3411 •TWX : 510-650-3548 
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Precision Light Sources for Data Processing, Opto & Medical Electronics 

For computers, f iberoptic devices, medical equipment, high intensity ind i­
cators and photo detector systems, LAMPS, INC. offers a wide range of T- 1 %, 
T4, TL4, TL and unique space-saving right-angle lamps - the ultimate in high 
intensity lensed models for precision optical systems. Close attention to cri ti­
cal production phases insures uniform high output from lamp to lamp. Each is 
available in a variety of bases , filaments and bulbs ... to assure meeting your 
exact requirements. For complete information on these precision lamps, plus 
a look at the entire LAMPS line, write or call .. LAMPS , INC., 19220 
So. Normandie Ave., Torrance, Calif. 90502 • Tel: (213) 323-7578 • 
TWX: 910-346-7038. 

• • • to 

CIRCLE NO. 33 

-General 
Purpose 

U, L. Relays 

to 20 amps. 4PDT 
110 VDC. 240 VAC. 

Babcock offers a full line of general purpose relays, most of which 
are U.L. Listed - miniature DIP models to large capacity AC power 
versions - sea led and open frame - advanced contact systems and 
performance characteristics. Send today for complete information on 
the application of these relays to your needs - from Babcock Electronics 
Corp ., 3501 N. Harbor Blvd ., Costa Mesa, Calif . 92626: (714) 540-1234. - FREE• • • new industrial control prod­

ucts summary catalog- listing Babcock 's line 
of industrial timers and sensors, and dry reed, 
mercury-wetted and general purpose relays. 

~'~ _BA_B_c_o_c_K~ 
A UNIT OF ESTERLINE CORPORATION 

CIRCLE NO. 34 

64 

MIL-R-5757 

TIM ERS/SENSORS 

MERCURY WETTED 

· ~ ~-. 
I 

20A INDUSTRIAL 

-~--- .. ' 

' I ' . 

2A IN DUSTRIAL 

COMPONENTS/MATERIALS 

Bl-DIRECTIONAL TOGGLE SWITCH IS 
FRONT-PANEL SEALED AGAINST HARSH 
ENVIRONMENTS. The dial numbers of the 
switch are completely visible during switch 
operation, and the fingertip-detent act ion 
and short arc between posit ions makes pre­
c ise sett ing more rapid than standard 
thumbwheel swi tches. Avai lab le as a ten­
position switch, the Seri es 24000 has a rat­
ed life of one mi Ilion detent operations at 
load of 28V de at 125 mA (resistive). The 
Digitran Co., 855 So. Arroyo Parkway, Pas­
adena, CA 911 05. 193 

MINIATURE ROTARY SWITCH FOR 
CIRCUIT BOARD MOUNTING AN-
NOUNCED. Ca lled the 5-2500 Rotary Pin 
Swjtch, it is avai lab le with continuous rota ­
tion or wi th stops. Single pole construction, 
in a package size of 0.240 in. x 0.350 in. 
Swi tch is actuated by a screwdriver slot, and 
pin location is for 0. 100 in . grid center lay­
out. Contact rating is 0.25A at 28V de, and a 
life of 10,000 cycles at rated current. Janco 
Corp., 3111 Winona Ave., Bu rbank, CA 
91504. Phone (2 13) 845-7473. 194 

MINIATURE TWO-PIECE CONNECTOR 
BOASTS A BROAD RANGE OF ADAPTA­
BILITY. The new series, called 8229, is 
avai lab le in f ive discrete sizes; 6, 9, 10, 12 
and 15 single-row contact positions, all on 
standard 0.100 in. centers. The con nector 
features wire-crimp/removeable mini -Vari ­
lok'"" contacts in a flame resistant, glass 
filled insulator, w ith special mounting 
brackets for recessed, flush, or upright 
mounting. Elco Corp., W illow Grove, PA 
19090. Phone (215) 659-7000. 195 

SELF-ADHESIVE FASTENER OFFERS SE­
CURE RETENTION OF WIRE BUNDLES. 
Backed by a 1 /32 in . thick pressure-sensi ­
ti ve tape, the fastener has a tensile holding 
power of 30 lbs. No specia l tools are re­
qui red for appli cat ion. Especially useful on 
thin, fragile meta l sections or deli ca te 
components. Leg can be easil y unlocked for 
addition or remova l of w ires. Eaton Corp., 
En gineered Fasteners Div., Dept. 14., 
Cleve land, OH 44101. Phone ? (2 16) 523-
5000 196 
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VECTORIZE YOU~ CIRCUITRY 

CUT CONSTRUCTION DELAY WITH •••. 
PRE· PUNCHED MICRO-VECTORBORD ® , 
PLUGBORDS AND PUSH-IN TERMINALS. 

Make circuits the fast, easy way •.• simply 
insert Vector push·in terminals (wide va· 
riety available) and component wires into 
pre-punched Micro-Vectorbord and Vector· 
bord, or use new matrix type boards with 
etched l.C. pads and busses. New Micro· 
Klip and Mini-Wrap wirewrap terminals 
available. Twelve punched p,atterns avail· 
able with .025", .042", .062 ', .093 ", holes 
in XXXP phenolic, glass silicone, glass, 
paper epoxy and copper clad. Plugbords 
supplied in many sizes with etched pads, 
.040" dia. Edge· Pins or Elco Va ricon con· 
tacts. 

Send for complete literature 

'J/eeliil@ 
ELECTRONIC CO., INC. 
12460 Gladstone Ave., Sylmar, California 91342 
Phone (213) 365-9661 • TWX (910) 496-1539 

CIRCLE NO. 36 

Your old counter and 

$ * 

MHz 
The new Heath/Schlumberger SM-114A Scaler extends the 
useful range of any counter with more than 100 kHz capability. 
Three pushbutton-selected ranges allow division of input fre­
quency by 1, 10 and 100. The + 1 range provides for direct 
transmission of frequencies from HJ MHz to 100 MHz with a 
gain of 17 dB; +10 and +100 ranges will scale frequencies 
between 40 MHz and 600 MHz. 
Output voltage and impedance matches all counters. The 
new SM-114A features a 50 ohm output impedance with 50 
mV rms sensitivity and an output of 1 V P-P into a 50 ohm 
load. The input is protected to 5 V rms and has a VSWR of 2:1 
up to 2 V rms. The 1 V P-P output will drive virtually every 
counter on the market, and with only 50 mV required from the 
signal source. 
Simple to use. Uni ike many other frequency scalers , the 
Heath /Schlumberger SM-114A has no sensitivity adjustment 
or input attenuator. Just connect the input and output signals 
with standard BNC-type cables and select the dividing range. 
Scale frequency into the UHF region at low cost. 
Order the SM-114A now. 

Assembled SM-114A, 8 lbs .. .... . .. . ............ $365.00* 

SM·114A SPECIFICATIONS - INPUT - Frequency Range: + 1 - Sine or square 
wave : 10 MHz to 100 MHz. + 10 - Sine wave: 40 MHz to 600 MHz (typical 15 
MHz to 600 MHz). Square wave : 10 MHz - 600 MHz. + 100 - Sine wave : 40 
MHz to 600 MHz (typical 15 MHz to 600 MHz). Square wave: 10 MHz - 600 MHz. 
Amplitude: Minimum - 50 mV RMS. Max1mum - 2.0 V RMS (to ma intain 2:1 
VSWR) protected to 5 V RMS. Impedance: 50 R with less than 2:1 VSWR from 10 
MHz to 600 MHz and less than 2 V RMS input voltage, AC coupled . OUTPUT -
Amplitude: I V P·P. Impedance: 50 fl, AC coupled. POWER REQUIREMENTS -
120 V, 50/ 60 Hz, 7 watts. May be changed to 240 V with internal switch and 
change of fuse. DIMENSIONS - 9)16

11 deep, 6¥•" wide, 21;4
11 high. 

Count Frequency 
To 80 MHz Fof 
As Little As $350. * 

For counting capability into the high frequency region at 
modest cost, check out the Heath / Schlumberger 80 MHz fre­
quency counters : 
Our SM-105A provides 10 Hz to over 80 MHz range, 5-digit 
LED readout, 100 mV rms ·input sensitivity and time base sta­
bility of ±10 ppm .. . for just $350. * 
Our SM-104A counter provides the same range and readout 
as the SM-105A, but has a research-grade TCXO time base 
guaranteed stable to 1 part in 106 per year and 5 digits of 
TTL-compatible BCD output. .. for only $500. * ....-----.., 

. "' ""™ ~ r
1 
~-;;;;;;;-;;;:;;;;~~~;~;;~;;T~;;;;;---1mMfr711 Dept. 531 ·233 

I Benton Harbor, Michigan 49022 I 
I D Please send additional information on the SM-114A Scaler. I 
I 

D Please send latest Scientific Instruments catalog, which 
includes SM·l04A & SM-105A information. I 

I Name I 
I Title I 
I Company/ Institution I 
I City State Zip ___ I 
I *Mail order prices; F.O.B. Benton Harbor, Michigan 

Prices and specifications subject to change without notice. EK-338 I 
L------------------------~ 
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SPECIAL PURPOSE 
TELEVISION 
CAMERAS 

1 270 SERIES~~=-',111,,,,,.""......, 

• General Purpose • Low Cost 
• 800 Line Horizontal Resolut ion 
• Environmental Proofed • Rugged 
• Remote Control 

1400 SERIES 

• Miniature Size • Low Cost 
• 800 Line Horizontal Resolution 
• Low Power Requirement 

• Subminia ture Size • Extra Rugged 
• 800 Line Horizontal Resolution 
• Battery or Line Operated 

2800 SERIES 

• Self -Contained • General Purpose 
• 800 Line Horizontal Resolution 
• RS 170 Synch Generator 
• Power Line Operation 

MODEL VlOOO 

• Ultra High Resolution 
(30 MHz bandwidth ) 

• Photographic Quali ty • Flat Field 
• Multiple Scann ing Rates (525- 1225) 

CIRCLE NO. 38 

CIRCUITS 

VOLT AGE-TO-FREQUENCY CONVERTER 
PERMITS 2-WIRE DIGITAL DATA TRANS­
MISSION AT 12-BIT ACC URACY AND 
COSTS ONLY $59. The model 4701 fea­
tures 0.01 % linearity and 27-ppm stabi lity 
from 0 to + 70°( in converting 0 to + 1 OV 
input to a corresponding 0 Hz to 10-kHz 
output. Output waveform is a train of 
DTL/TTL-compatible 30-l"sec pulses wi th a 
repetition rate proportional to the analog 
input va lue. Teledyne Philbrick, A llied Dr. 
at Rte 1 28, Dedham, MA 02026. Phone 
(617) 329-1600. 275 

8-BIT 15-MHz A/ D CONVERTER HAS 
0.2% ACCURACY. The IAD-7 108 inte­
grates two converters -a 100 MHz, 4-b it 
a/d encoder and a SO-MHz, 5-bit encoder ­
and arranges them together in a sub-ranging 
confi gurati on. They also function on an ei­
ther/or bas is. The modular approach pro­
vides flex ibility required in data-acqui sition. 
Cost of the IAD-7 108 is $12,000. Inter­
Computer Electroni c Laboratori es, Inc., Box 
507, Lansdale, PA 19446. Phone (2 15) 82l -
2929. 276 

TWO NEW LOW-COST CURRENT D/A 
CONVERTERS are Models ZD400 and 
ZD401 w hich offe r 8- and 10-bit reso luti on 
and 1 and 2-l"sec settling times (to 1 /2 LSB), 
respecti ve ly, at costs of onl y $8 (ZD400) 
and $14.25 (ZD401 ). Each converter fea­
tures ±0.2% accuracy, 100 ppm/°( TC, 0 to 
2 mA of output current and standard bin ary 
input data coding. Operating temperature 
range is 0 to + 70°( and operatin g vo ltage is 
+ 1 SV. Ze ltex, Inc., 1000 Chalom,1 r Rd ., 
Concord, CA 94520. Phone (4 15) 686-
6660. 277 

2-QUADRANT MULTIPLYING D/A CON­
VERTERS, Seri es DAC-MI , feature 150-nsec 
output settling time and a dc-to-2-MHz 
bandw idth . Spanning 8-, 10- and 12-bit 
resol uti ons, they exhibit accurac ies of 
0.01% of fullsca le and TCs of ±0.002%/°C. 
The converters have a unipo lar va ri ab le­
reference input w hich w hen multiplied w ith 
the di gital input produces an analog output. 
Cost ranges from $100 to $139, depend ing 
on reso lutin11 11 .it<'I ~vs tems, Inc., 1020 
Tu rnpike St., Canton, MA 0202 1. Phone 
(617) 828-(d'JS. 279 

1.5-T0-20-MHz 2-kW TRANSMITTER 
HARMON IC SUPPRESSOR. Model FLD-
500 switchab le low-pass filter suppresses all 
second and higher-order harmoni cs by 30 
dB minimum over the entire frequency 
range of 1.5 to 20 MHz. Fi ve low-pass filters 
make up the FLD-500. These are arrayed in 
five bands and are remotely sw itched by 
vacu um re lays. Ameri can Electroni c Labo­
ra tories, Inc., Box 552, La nsda le, PA I <J446. 
Phone (2 15) 822-2929. 280 

NEW RF SWITCHING ARRAYS FEATURE 
PLUG-IN MODULAR DESIGN. Seri es 1500 
1-G Hz array modules are avail able in con­
figurations of 1 x 2 to 1 x 5. The plug-in 
method of rf interconnect ion allows arrays 
of up to 1 x 25 to be constructed w ithout 
the need fo r any coax ial cable. Typica l 
VSWR for a 1 x 4 module at 250 M Hz is 
1.07: 1 with iso lation greater th an 46 dB 
between unswitched ports. Fi fth Di men­
sion, Inc., Box 483, Princeton, N J 08540. 
Phone (609) 924-5990. 206 

NEW VOLTAGE-TUNED O SCILLATORS DUAL-LINE OPTICAL ENCODER FEA-
COVER OCTAVE BANDWIDTHS OVER TURES ENGLISH AND METRIC OUTPUTS. 
0.1 TO 12 GHz. Seri es SS DV-0100 dev ices 
span an output-power range of 10 to 500 
mW, fea ture 20-dB harmonics and tuning 
rate of 10 MHz. FM noise is low - only 50 
Hz rms/kH z/1 0 kHz. Each unit in the Seri es 
meas ures just 1 by 1.25 by 1 .5 in . and 
weighs a mere 2.5 oz. Cost per unit ranges 
from $400 to $2300 and deli very is 90 days. 
So lid State Techno logy, Inc., 11 90 Norman 
Ave., Sa nta Clara, CA 95050. Phone (408) 
243- 1800. 278 

The Optecon encoder has standard 500- line 
(Engli sh) reso luti on and 635- line (Metric) 
reso lution. In app licati on, reso lutions are 
switched between the two systems by an 
electronic signal. Other outputs are ava il ­
able on special order. Four bas ic physica l 
confi gurati ons are offered w ith pri ces start ­
ing from $320 and deli very from 4 to 6 
weeks. Data Technology, Inc., 65 Grove St. , 
W atertown, M A 02 172. Phone (6 17) 924-
1773. 207 
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LOW-COST DC-TO-SYNCHRO CON­
VERTERS CAN BE REPAIRED. The convert­
ers offer up to ±6 minutes of accuracy and 
output over-current and short-c ircuit pro­
tection . They convert any two de inputs 
from - 10 to + 1 OV representing sine and 
cosine into three-wire synchro outputs. The 
converters are available with either l l .8V 
or 90V line-to- line at 400 or 60-Hz outputs. 
Pri ci ng for producti on quantiti es start at 
$295 each. Computer Conversions Corp., 6 
Dunton Ct. , E. Northport, NY 11 73 1. Phone 
(5 16) 26 1-3300 208 

ANALOG DIVIDER OPTIMIZED FOR DI­
VISION AND SQUARE ROOTING. Model 
4290 has 0.5% accuracy over a 100: 1 de­
nominator range w ith no external adjust­
ments needed. External trimming may be 
used to bring accuracy down to 0.25%. 
Small -s ignal ac bandw idth (D = 0. 1 V) is 20 
kH z and large-signal bandwi dth (D = 1 OV) 
is 60 kHz. The Model 4290 operates over 
-25 to +85°C and costs $75. Burr-Brown 
Research Corp., International Airport Indus­
tri al Park, Tucson, AR 85706. Phone (602) 
294-1431. 209 

PERMANENT-MAGNET AND VARIABLE­
RELUCTANCE STEPPING MOTORS, Seri es 
WK, are avail able in die-cast housings and 
equipped w ith permanently lubri cated, pre­
cision ba ll bea rings. The permanent-magnet 
units onvert stator w inding exci tations into 
precise rotor posi tions. The rotors w ill mag­
neti ca lly lock at the last command position 
when de-energized. Electri c Indicator Co., 
Inc., 195 Danbury Rd., Wilton, CT 06897. 
Phone (203) 762-8655. 210 

COMPACT PUSHBUTTON FIXED-INTER­
VAL TIMER is ava il able in a w ide va riety of 
fi xed time interva ls ranging from 1 /30th of a 
second to 1 month . The timer contains a 
synchronous hysteresis ti ming motor and an 
enclosed snap-action 1 QA switch, linked 
together by a plas ti c ca m to crea te a con­
tro ller. The ti mer ca n turn power off to any 
device or circuit for fixed intervals of time. 
Various operating vo ltages and frequencies 
may be specified . The Bristo l Saybrook, Co., 
97 Coulter Ave., O ld Saybrook, CT 06475. 
Phone(203)388-341 4. 211 

A-C REFERENCE 12-BIT D· TO-A CONVERTERS 
... TOP QUALITY FOR ONLY $5.00/BITI 

The Sprague UHM-412 A-C or 0-C Reference ... one of a 
new generation of digital-to-analog converters that give you 
economy plus performance. 

All internal devices are hermetically-sealed and are de­
signed to meet or exceed MIL-STD-883. Monolithic IC ladder 
switches and buffer amplifiers feature input voltage offsets of 
less than 5 mV and saturation resistances of less than 0.1 n. 
Nickel-chromium precision resistor networks assure the sta­
bility inherent in thin-film; resistors are laser adjusted to 
achieve typically ±0.1 % resistance tolerance and matching 
to within 0.01 % . A monolithic output op amp supplies 5 mA 
peak into a 2000n load. Also available are 8- and 10-bit A-C or 
D-C reference modules at $5.00/bit ! 

Operating temperatures are -55C to +125C for ±1 LSB 
accuracy, or-25C to +100C for ±V2 LSB accuracy. Finished 
units are packaged as DIP-compatible plastic modules. 

• For complete information, call or write Ron Beck, 
Semiconductor Division, Sprague Electric Co., 115 Northeast 
Cutoff, Worcester, Mass. 01606. ·•"·"" 
Tel. 6171853-5000. 

Analog Products SPRAGUE" 
tor Signal Processing 

THE MARK OF RELIABILITY 
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EQUIPMENT 

NEW 5-DIGIT DMM TESTS ITSELF. Model 
3490A has a bui It- in microprogrammed 
subroutine that lets the user qui ckly check 
cal ibration or iso late troub le from the front 
panel. It measures ac from 1 to 1 OOOV in 4 
ranges, de from 0.1 to 1 OOOV in S ranges 
and resistance from 100.0. to 10 M fl. in 6 
ranges. Among the DMM's self tests are a 
seri es of logic tests, measurement of rati o­
amplifier offset and meas urement of the ref­
erence voltage. Basic cos t is $1 6S O. Hew­
lett-Packard Co., 1S01 Page Mill Rd., Palo 
Al to, CA 94304. Phone (41 S) 493-1 SO l. 

215 

$1295 5-1 /2-DIGIT DMM FEATURES l-1-LV 
AC/DC RESOLUTION. Model 2S40/A 1 
with 18 ranges measures ac and de from 
100 mV to lOOV fu llsca le (+20% over­
range), res istance from 100.0. to 1 O Mfl. 
fu llsca le and de ratio from ±1 .00000: 1 to 
± 100.000 : 1. Accuracies and stabi Ii ti es are 
said to be equal to or better than those of­
fered in competiti ve designs at 2 to 3 ti mes 
the pri ce. Other models in this new seri es 
range down to $1 09S, with the sa me high 
resolution but fewer parametri c ranges. 
Data Precision Co., Audubon Rd ., W ake­
fi eld, MA 01880. Phone (61 7) 246-1600. 

216 

WIDEBAND SCOPE FEATURES A DC-T0-

with S-nsec ri se and fa ll times. The unit also 
doubles as a SV, 1 A supply regulated to 1 % 
and includes voltage and current protec­
tion. The generator portion has vari able 
pulse widths from 20 nsec to 200 msec with 
a vari able output from 1 to SV into S0.0.. 
Systron-Donner Corp., Datapulse Div., 
10150 W . Jefferson Blvd ., Culver City, CA 
90230. Phone (213) 836-6100. 218 

NEW POTENTIOMETRIC FLATBED RE­
CORDERS, single-channel Model 2741 A 
and dual-channel Model 2742A, are avail ­
able as linear, linear with integrator, l in­
ear/ log and linear/ log with integrator re­
corders. As single range instruments, they 
offer a selection of 16 current sensitiviti es 
from SO nA to S mA or 1 7 vo ltage sensitivi ­
ties from SOO /.LV to 1 OOV fu llscale. Simpson 
Electri c Co ., S200 W . Kinzie St., Chicago, IL 
60644. Phone (3 12) 379- 11 21. 219 

SYSTEM 1 OOOA/11 OOA DIGIT AL COM­
MUNICATIONS TEST SET extends Tau­
Tron's bit-rate testing capabi lity from de up 
through the uhf band. The test set transmits, 
receives, synchroni zes, measures and dis­
plays error rates under pseudo-noi se condi ­
ti ons. The transmitter and receiver are in 
separate packages to fac i litate remote oper­
ation . Base pri ce is $14,000 depending 
upon option . Tau-Tron, Inc., 68S Lawrence 
St., Lowell, MA 01 8S2 . Phone (61 7) 4S8-
6871. 220 

250 MHz BANDWIDTH OPTION for fre- RESISTANCE DECADES SPAN 0.01 .0. TO 

quency-domain measurements, a dc-to-
200 MHz opt imum-pu lse response fo r 
pu lse measurements, an 8 x 10-cm CRT 
and 7-cm/nsec w riting speed. The 7704A 
has four- plug- in fl ex ibility (24 plug- ins are 
avail able), CRT readout, verti ca l and hori ­
zontal-mode switching, versati le trigger­
source selection, pushbutton switching 
(wi th li ghted indi cations) and color-keyed 
panels. Basic pri ce is $2400. Tektroni x, 
Inc., Box SOO, Beaverton , OR 9700S. Phone 
(S03) 644-01 61. 217 

A PULSE GENERATOR/POWER SUPPLY 
COMBINATION FOR $395. Repetition 
rates of Model 88 are from 2 Hz to 20 MHz 

68 

1 O Mfl.. Designated Seri es DA-X, the 
0.01 %-accurate decades are avai lable in 23 
models in 3, 4, S, 6 and 7-decade units. 
Total res istance values range from 999.0. to 
9.999999 Mfl.. Precision wirewound resis­
tors are used throughout with TCs of + 3 
ppm/°C. Al lowable power dissipati on is 
1 /4W per res istor. General Res istance Inc., 
SOO Nuber Ave., Mount Vernon, NY 1 OSSO. 
Phone (9 14) 699-801 0. 221 

3-1/2-DIGIT DPM USES A REMOTE LED 
DISPLAY. Model 3330/32 (unipolar/ 
bipol ar) w ith the new remote readout 
shrinks behind-the-panel-depth to less than 

3/4 in . The remote-readout cable is a flexi­
ble extender whose w idth is about 1-1 /2 in . 
and length vari es from 18 in . to 4 feet. The 
DPM has an accuracy of 0. 1 % of reading 

± 1 digit. Remote-display units are availab le 
for $4S more than the standard meter pri ce 
of $24S. Digilin , Inc., 1007 Air W ay, G len­
dale, CA 91201. Phone (2 13) 240-1200. 

22 2 

INSTRUMENTATION AMPLIFIER OFFERS 
EXTREMELY HIGH ACCU RACY. Model 
8300XWB-A has 0.01 % ga in accu racy, 
O.OOS% gain linearity, vari ab le ga in to 
2SOOX, bandwidth se lection between 10 Hz 
and 100 kH z and high common-mode 
rejection at peak levels up to 3SOV. The 
amplifier has a slewing rate of 3V/ /.LSec and 
the output settles to w ithin 30 /.Lsec to 
±0.01 % of final value. Temperature coeffi ­
cien t is less than 0. 1 1-LVl°C (referred to in­
put). The 8300XWB-A is priced at $64S. 
Preston Sc ientifi c, Inc., 80S E. Cerritos Ave., 
Anaheim, CA 9280S. Phone (7 14) 776-
6900. 223 

NEW DIGITAL-CONTROL METERS pro­
vide both digital di splay and on-off control 

in a small package (2-1 /8 x 4 x 4-1 /2 in. ). 
Model 43SO-K (0 to 199 readout) disp lays 
and contro ls voltage and current to an accu­
racy and reso lution of 1 /2% . Model 43S4-K 
(0 to 499 readout) di spl ays and controls 
vo ltage, current, res istance, and tempera­
ture with an accuracy and reso luti on of 
0.2%. LFE Corp., Process Contro l Div., 
W altham, M A 02 1 S4. Phone (61 7) 890-
2000. 224 
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DIGITAL COMPARATORS Seri es 2SOO are 
ava il able in single and dual- limtt confi gura­
tions. All models are di rectly compatib le 
w ith most panel meters and provide a Form 
C output-relay c losure for each limit set 
point. This enables them to serve as an 
alarm condition monitor and perform an 
on/off control ler function simultaneously. 
Each unit is supplied with its own power 
supply and contro l re lay(s). Pri ces start at 
$126 each fo r Model 2S03 (s ingle- limit, 3-
digit uni t) . Electroni c Research Co., 10,000 
W. 7Sth St., Overl and Park, KS 66204. 
Phone (913) 63 1-6700. 225 
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For Op Amps & Companion Logic 
Outputs are ± 15 VDC (track ing) @ 50 ma and 
5 VDC @ 250 ma. All outputs have regulation of 
± 0.1 %, ripple of 1.0 mv, and are short circu it 
protected. Only 3.5" x2.3" x 1.0". Mounts directly 
on a PC board. Order Model 5E25D-D15E05. 
Price: $88.00 (For ± 12 and 5 VDC, Model 
5E25D-Dl2E05. Same pr ice. Other voltage and 
current ratings also avai lable.) Shipment: Three 
days. 

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

CIRCLE NO. 12 

A REQUIRED volume tor every 
manager of an R&D laboratory , 
engineering or scientific team ... 

MANAGEMENT 
OF RESEARCH, 
DEVELOPMENT 
AND DESIGN 
IN INDUSTRY 

ByT.S. McLEOD Techn ical 
Coordinator, Plessy Co., Great Bri ta in 

Budgeting, organization , cost effective­
ness and day-to-day management prob­
lems treated in a practi cal, workable, 
professional method based on the au­
thor's experience in reorganizing 50 lab­
oratories of d iverse disci pl ines in over 
50 different geographical locations and 
involving over 6,000 specialists. $12.50 

--15 DAY FREE TRIAL EXAMINATON PERIOD--

Cahners Books EON 

89 Frankli n St. , Boston , Ma. 02· 16 
Please send me __ copies of MANAGE­
MENT OF RESEARCH, DEVELOPMENT 
AND DESIGN IN INDUSTRY at $12.50 
( ) Bill Me ( ) Bill Company 
( ) Check Enclosed (We Pay Postage) 
Name ____________ ~ 

Company ___________ _ 

Address ___________ ~ 

City / State/ Zip _________ _ 
Mass. Residents Add 3% Sales Tax 

DECIMAL 
TO BCD 

, .,) , 
Direct decimal to BCD 
conversion. 
Up to 20 stations per strip. 
Up to 6 bits binary output. 

Use the Maxi-Switch 1400 Keys trip and eliminate the 
maze of contac ts, diodes and wiring usua ll y asso­
c iated with encoding . Rigid no-flex stee l frame. Low 
frict ion mechani sm. Des ign with sing le Keystrips , o r 
mu ltip le units w ith c ross-bank interl atch and lockout. 
Snap-action contacts , Form A o r C, rated 3 Amperes . 
KMS optional. 

APPLICATION NOTE: 
Remote ca mera se lec tion scheme. 

Designed by Ed Tomczak, Control Data Corporatio n. 

r-----------------------, 
I I 
I I 
I I 
I I 
I : 

: REMOTE STATIONS 2 THRU 14 : 
0 I 

' ' ' ' 0 I 

L _ - - - - - -- -- --- - - - ---- -- -- _! 

SI NG LE COAX VIDEO LINE 

This se lection system is greatly simplified by use of 
the M ax i 1400 BCD switch . Switch contac ts and 
wiring are m in imized. On ly four lines from se lector 
switch to TTL l ine drive rs. O ne coax line from a ll 15 
cameras to video moni tor . 

Do you have a good idea for the Maxi binary switc h ? 

Te l I us abo ut it . 

Give Maxi a try. 
Write for free literature. 

3121 WASHINGTON AVE. NO. • M IN NEAP OLIS, MINN ESOTA 55411 

612-529-7601 

See Maxi in EEM 
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SEMICONDUCTORS 

DISPLAY DECODER/DRIVER FOR HIGH 
VOLTAGE SEVEN-SEGMENT DISPLAYS, 
Model DD-700, w ill accept BCD informa­
tion, and decode it to provide seven outputs 
fo r driving each segment. The decoder has a 
hex idecimal output w hich provides a nu­
merica l readout from " O" to "9" and letters 
A through F. Avai lable in a standard 16-pin 
dual-in-line package. Sperry Info rmation 
Di splays Div. , P.O. Box 3579 , Scottsda le, 
AZ 85257. Phone (602 ) 947-8371. 230 

CMOS MEMORIES, THE CD4036A FOR 
BINARY ADDRESSING, and the CD4039A 
fo r direct word -li ne address ing, are 4-word 
x 8-bit RAMs w ith non-destructive readout. 
The CD4036A and CD4039A are currently 
avail able on a limited sa mpling bas is in the 
24-lead dual-in-line ceramic package. 
Pri ce: $25 (1-99 unit level). RCA Solid State 
Div. , Box 3200, Somerville, N J 08876. 
Phone (201) 722-3200. 231 

CMOS 3-1 /2-DIGIT COUNTER AND DIS­
PLAY DEVICE HAS BCD O UTPUTS. The 
CM41 02 is a very low-rower complemen­

tary MOS/ LSI universa l 3-1 / 2-decade cou n­
ter with BCD-output decoders and dri vers. 
The device features low operating power, 2 
mV typica ll y. It is battery compati b le, 
Vuv = +5.0V ±20%, and inputs are fu ll y 
protected. Prici ng for the CM41 02 in quan­
titi es of 1 to 99 is $9.90. Solitron Devices, 
Inc. , 8808 Balboa Ave., Sa n D iego, CA 
92 123 . Phone (7 14) 278-8780. 232 

0 INCH 

ENQLISH TO ME 

1 IN = 29.• MM 1 I 
t IN = 2 .~ CM 1 I 

INVERTING PIN SWITCH DRIVER IS TTL 
COMPATIBLE. It complements the non­
inverting SC 1000 Series. The SD 1009 
drives shunt, series and series/shunt micro­
w ave PIN diode sw itches with less than 10 
nsec total switching time. To prov ide high-

70 

speed diode switching, cu rrent spikes are 
prnv irled to inject and remove ca rriers from 

the switching diode junct ion. Typical power 
diss ipati on i> 850 mW. LRC, Inc., 11 Haze l­
wood Rd., Hudson, NH 0305 1. Phone (603 ) 
883-800 1. 233 

MONOLITHIC-TIMING CIRCUIT is ca pa­
ble of producing accurate time delays, or 
oscill ation. In the time-delay mode of oper­
ati on, the time is prec ise ly controlled by 
one extern al res istor and capacitor. For sta­
bl e operati on as an osci llator, the free-run ­
ning frequency and the duty cycle are con­
trol led wi th two external res istors and one 
ca pacitor. Signetics, 811 E. Arques Ave. , 
Sunnyva le, CA 94086. Phone (408) 739-
7700. 234 

' 

CALCULATOR CIRCUIT FEATURES FOUR 
FUNCTIONS AND MEMORY ON A SIN­
GLE CHIP. The CT5005 contains over 400 
gates and 230 shift-register bits. It has auto­
matic keyboard debounce, leading-zero 
suppress ion , and automatic lockout on a P­
channe l MOS chip w ith two operation reg­
isters as we ll as the memory. Packaging is a 
28-pin D IP. Pri ce is $23 in large quantiti es. 
Cal-Tex, 3090 Alfred St. , Sa nta Clara, CA 
95006. Phone (408) 247-7660 235 

LINE DRIVER AND RECEIVER GROUP 
CONVERT DTL OR TTL LOGIC to levels 
that interface with data communications 
terminal equipment in conformance with 
standard RS232C. Pri ces fo r the new c ircuits 
in 100-up quantity are: Aml 488, hermeti c 
DIP -$5.50 ea. , Am14 89, hermetic D IP­
$4.00ea., AM1489A, hermetic DIP- $4.05 
ea. Advanced Micro Devi ces Inc. , 901 
Thompson Pl ace, Sunnyva le, CA 94086. 
Phone (408) 732-2400. 236 

CMOS DECADE COUNTER/DIVIDER, the 
CM4017 A, features medium-speed opera­
tion, 5 MHz at 1 OV, ful ly stati c operati on 
and MSI complex ity on a single-chip de­
cade counter p lus 10 decoded outputs. It 
consists of a 5-stage Johnson decade co u-n-

ter and an output decoder. The single oper­
ating supply vo ltage is 3 to 15V. So litron 
Devices, Inc. , 8808 Ba lboa Ave., San Die­
go, CA 92 123. Phone (714) 278-8780. 237 

MONO LITHIC ICs DRIVE FET ANALOG 
SWITCHES CDRl 25 seri es of 6-channel 
FET-switch drivers, perform the ampli fica­
tion and de level-shifting required between 
low-level logic and MOS or JFET switches. 
Four types of dri vers are avail abl e ­
CDRl 25AL, CDRl 25AP, CDRl 25 BL, and 
CDRl 25 BK. The AL and AP models are M IL 
types, packaged in fl at packs, while the AP 
and BK models are in ceramic D IP pack­
ages. Unit pri ces range from $10.30 to 
$30.20. Teledyne Crystalon ics, 147 Sher­
man St. , Cambridge, MA 02 140. Phone 
(617) 491- 1670. 238 

CUSTOM ROMS PROVIDE WIDE RANGE 
OF MEMORY CAPABILITY. The MCMl 100 
seri es of custom-programmable read-onl y­
memories (ROMs) offer memory capability 
ranges from 2048 to 4069 bi ts in a variety of 
word-length confi gurations. Each of these 
PMOS, metal gate ROMs is offered as a cus­
tom, mask-programmable memory w ith 
additional dev ices available pre-pro­
grammed. Motoro la Semiconductor Prod­
ucts, Inc. , P.O. Box 2092 4, Phoenix, AZ 
85036. Phone (602 ) 273-6900. 239 

MAGNETICALLY-ACTIVATED ICs FOR 
SWITCHING APPLICATIONS have been 
added to a seri es of Hall-effect ICs. Type 
ULN-3004 is a dual-output device des igned 
for sensing a magnetic field and converting 
it into two 20 µ.sec to 100 µ.sec digital-out­
put pulses. Type ULN -3006 consists of a sil ­
icon Hall-generator, amplifier, trigger, and 
output stage. Sprague Electric Co., North 
Adams, MA 01247. Phone (41 3) 664-4411. 

~40 
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FIXED CAPACITORS ... 
Hermetically Sealed 

• Gi' I •.. 1n 1ass. 
FOR 

" MAXIMUM RELIABILITY 
AND LONGER LIFE! . 
Now you can design circuit capabilities never 
before possib le! "Glass-To-Metal" hermetic seal 
guarantees long-term-reliability and greater 
strength! All potential problems are ruled out 
because they are sealed out ... with glass! High 
to low temperature excu rsions (-~ 00°C to 
+ 500°C or vice versa) will not affect the thermally 
matched components! Contact surfaces are non­
oxidizi ng even under the most extreme condit ions ! 
Available in 4 sizes from .1 60 x .065 to .400 x .155 
with capacitance ranges of 1 pf to .22 mid. 
Write for catalog sheet. 

Monolithic= 
Dielectrics= Inc. 
P.O. Box 647 •Burbank, Ca. 91503 

Subsidiary of 

Phone (213) 848-4465 

CIRCLE NO. 44 

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 sooK 01v1s10N 
89 Franklin St., Boston, Mass. 02110 

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, Vs the space of 
31h" meters . 

Need 
edgewise meters? 

Get relief from 
delivery 
headaches 
with International 
Instruments. 

Fast relief because you get faster delivery. All 
wanted sizes. All types. Regular . ruggedized . 
or dual-movement (an exclusive) . Quick action 
on custom designs. too . We 'll cure your 
delivery headaches. And that's not just fast 
talk . Call International Instruments. the 
industry leader. 203-795-4711 . 

Qualitv Instruments since 1947. 

fRi\ INTERNATIONAL 
\..!!!)® INSTRUMENTS 
DIVISION OF SIG MA INSTRUMENTS. INC. 

88 MARSH HILL RD .. ORANGE. CONN . 06477 
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LITERATURE 

ULTRA-HIGH-SPEED D/A CONVERTER 
modules offe ring state-of- the-art output set­
tlin g times are described in a new four-page 
brochure. Electri ca l and mechanical specifi ­
cations, operating and app lication data are 
listed. Datel Systems, Inc .. 1020 Turnpike 
St., Canton, M A 0202 1. 285 

M INICOMPUTER MANUAL. User's man­
ual for Comstar Star Sys tem 4 inc ludes de­
script ions, features, applications, instruction 
repertoi re and programming examples. 
Comstar Corp., 741 3 Washi ngton Ave. S., 
Ed ina, MN 55 435 . 246 

TEKTRONIX 7700 SCOPE SERIES. The se­
ri es is descri bed in a brochure whi ch in­
c ludes the 7704A with a dc-to-200-MHz 
optimum pu lse response, a dc-to-2SO-MHz 
bandwidth option , an 8-X-10-cm display, 7-
cm/ns w riting speed and four-plug-in f lexi­
bi lity. Tektroni x, Inc., Box 500, Beaverton, 
OR 97005. 247 

A/DIA CONVERTERS AND DPMs are de­
scribed in the " Digiti zers," an 8-page short­
fo rm catalog. A complete line of high-per­
formance DPMs, data-conversion sys tems 
are descri bed. Analogic, Audubon Rd ., 
Wa kefield, MA 0 1880. 248 

CASSETTE-TAPE OPERA Tl NG SYSTEMS. 
An eight-page il lustrated brochure describes 
the various Canberra Model 2020 cassette­
tape operating systems as well as interface 
and software fo r the Model 2020/PDP-8, 
Model 2020/PDP-11 , and Model 2020/ 
NOVA. Canberra Industries, Inc., 45 Gracey 
Ave., Meriden, CT 06450. 249 

POWER CENTER SYSTEMS. A new 8-page 
bu lletin describes a building-block system 
of de power sources and remote regulators. 
The system permits the user to crea te hi s 
own regulated supplies by combi ni ng a few 
basic elements. ERA Transpac Corp., 67 
Sand Park Rd ., Cedar Grove, NJ 07009. 

250 

NEW CRYSTAL PIEZOELECTRIC SELF-AMPLIFYING 

ACCELEROMETERS CONTROL ALL 

72 

VIBRATION PROBLEMS 
Ranges from .001 to 50,000G s 

Th is newly discovered crystal composition 
makes possible a self -amplifying and 

completely self-contained l ine of 

accelerometers. They i nstanta­

neously provide an electrical 

out put precisely proportional 

to the shock and vibration. T he 
wide variety permits installation 

in existing or newly designed O.E .M. 

equi pment without special engi neering. 

Single units start at $175.00 Each. 

COLUMBIA RES EARCH LABS., IN C. 

Call or Wr ite: Wood lyn , Pennsylvan ia 19 094 
Telephone: (2 15) 5 32-9464 

CI RCLE NO. 4 7 

COMBI NED X-Y AND STRI P-CHART RE­
CORDER BROCHURE. The Omnigraphic 
2000 X-Y and 3000 one- and two-pen strip­
chart recorders from Houston Instrument 
are desc ribed in a 16-page brochure. De­
scribed are signal-handling characteristi cs 
and time-base and point-plotting modu les. 
Houston Instrument, 4950 Terminal Ave., 
Bellaire, TX 77401. 25 1 

PROGRAMMABLE DATA SYSTEMS. A new 
6-page brochure describes new 100 and 
200-channel d igita l data acquisition sys­
tems, whi ch convert analog data signa ls to 
printed di gita l and to computer compatib le 
forms. The systems, w hi ch can be manua l ly 
set for a wide range of functions such as 
print rates, also offer optiona l hi gh- and 
low-limit alarm channels. Esterline Angus, 
Div. of the Esterline Corp., Box 24000, Indi ­
anapo lis, IN 46224. 252 

IMPEDANCE, PHASE, TRANSFER-FUNC­
TION AND POWER INSTRUMENTS are 
described in a new 12-page comprehensive 
catalog. It il lustrates high-speed precision 
instruments and test systems for measuring 
impedance, phase angle, vo ltage and cur­
rent, transfer function , and real and imagi­
nary power. Dranetz Laboratori es, Inc., 
23 85 Clinton Ave., S. Plain fi eld, NJ 07080. 

253 

A DUAL-SPEED SYNCHRO-TO-DIGITAL 
CONVERTER desi gned to NAFI require­
ments is described in a data file. The unit 
consists of two transformer card modules 
and 17 circuit card modu les des igned for 
mounting in a simplifi ed rack. The data fi le 
contains photographs, specifica tions, fea­
tures and outline drawings. Astrosystems, 
Inc., 6 Nevada Dr., Lake Success, NY 
11040. 254 

DATA-CONVERSION PRODUCTS AND 
SYSTEMS spec ifi cations and pri ces are 
shown in a new brochure. The line consists 
of computer-compatib le data-converter in­
struments assemb led from Xincom's stan­
dard modules and a broad range of modular 
packaged a/d and d/a converters, as wel I as 
a sample-and-ho ld modu le. Xincom Corp., 
20931 Nordhoff St., Box 648, Chatsworth, 
CA 91311. 255 
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STEPPING MOTORS of advanced des ign 
and high speed are described in a catalog. 
Useful formulas and sample selection ca l­
culations are given as well as complete en­
gineerin g data and spec ifications. The Supe­
rior Electric Co., 383 Middle St. , Bristol , CT 
060 10. 256 

CAMERA-TUBE PRODUCT GUIDE for 
broadcast, commercial, industrial and edu­
ca tional TV applica tions. The 8-page guide 
and its companion broadside provide cap­
sule data to aid customers in their se1"s ction 
of RCA's camera tubes and accessor ies. 
Incl uded are a layout and index ing ap­
proach th at makes it easy for the user to 
look up type numbers by specified catego­
ri es . RCA Electronic Components, 41 5 
South 5th St. , Harri son, NJ 07029. 257 

A LINE OF RESISTOR AND TRIMMER 
PRODUCTS w ith low TCs is described in a 
new 6-page short-form catalog. Perfor­
mance tables, circuit diagrams and illustra­
tions are used to describe lines of low-cost 
bul k-metal film resistors ultra-precise res is­
tors, rectangular and 1 /4-in .-square trim­
mers, networks, voltage dividers, BCD 
modules, attenuators and pin-for-pin re­
pl acement-ladder networks. Vi shay Resistor 
Products, 63 Linco ln Highway, Malvern, PA 
19355. 258 

PRINTER INTERFACE. New supporting li t­
erature is now available on the printer inter­
face circui t w hich is des igned to interface 
the new Printec-100 line printer with Data 
General and Digital Computer Controls 
mini computers. The Seri es 160 interface 
prov ides elec tri ca l interface as well as sup­
porting software, at a cost of less than $600. 
Mini -Systems, Inc., 4935 Boone Ave. N ., 
Minneapoli s, MN 55428. 259 

MULTI-PURPOSE BYTE 1/0 CONTROLLER 
interfaces several input and output devi ces 
with the Micro 800 and Micro 1600 mini ­
computers. The 4-page bulletin contains 
general information, application informa­
tion, standard features, a functional descrip­
tion, an instruction list, physical characteri s­
ti cs and specifications. Block and connec­
tion diagrams are also included. Microdata 
Corp., 644 E. Young St. , Santa Ana, CA 
92705. 260 

• 

EMl/FIELD-INTENSITY METER Model NM-

35/57 is described in an eight-page bro­

chure. The instrument p~rforms program­
mable emi measurements from 30 MHz to 1 
GHz and meets MIL-STD-461 A/826A for all 
automatic and semi-automatic testing. The 
brochure gives background in formation on 
the development of interfe rence test 
methods, military spec ifications and inter­
ference meters. Singer Instrumentation, Los 
Ange les Operation , 32 11 S. La Cienega 
Blvd., Los Angeles, CA 9001 6. 261 

EMI FILTERS are shown in a new 4-page 
brochure. Broadband and lowpass, they 
are sa id to offer the low de res istance and 
excellent temperature stability. Republ ic; 
Electroni c Corp., 176 E. 7th St. , Paterson, 
NJ 07524. 262 

WE'VE 
EXTENDED 
THE TEMPERATURE RANGE 
OF FILM CAPACITOR 
APPLICATIONS! 
MIDWEC'S NEW POLYSULFONE CAPACITORS PUSH OPERATING 
TEMPERATURES OUT TO 150°c WITHOUT VOLTAGE DERATING WITH 
CAPACITANCE; VOLTAGE PARAMETERS EQUAL TO OR BETTER THAN 
POLYCARBONATE CAPACITORS. 

AVAILABLE IN HERMETICALLY-SEALED METAL CASES WITH INSULATED AN D/OR 
GROUNDED CASE AS WELL AS WRAP-AND-FILL EPOXY END-SEAL CONSTRUCTION. 

MIDWEC CORPORATION 
INDUSTRIAL DIVISION • P.O. BOX 417 • scon SBLUFF, NEBRASKA 69361 
TELEPHONE 308/ 632-4127 TWX 91C>-627-oo61 
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LITERATURE 

CASSETTE RECORDERS AND MEMORIES. 
A new 4-page brochure describes the 
TERMI SER IES of digi tal cassette recorders 
and memori es for point-of-sale equipment, 
data capture, peripheral storage, data com­
munications, keyboard-to-tape and other 
modern applicat ions. Telex Communica­
tions Di v., 9600 Aldrich Ave. S., Minne­
apoli s,. MN 55420. 268 

INDUSTRIAL DIGITIZING SYSTEMS are 
described in a new 24-page brochure. The 

brochure gives application information and 
sys tem configurations. Analogic, Audubon 
Rd ., Wakefield, MA 01880. 272 

OCTAVE-BAND VOLTAGE CONTROLLED 
OSCILLATORS in the 500-to-4000-MH1 
lrl'quency range are described in .i bu lletin. 
Complete rf and mechani ca l detai ls on the 
34849 Series are inc luded. Micromega Div. 
of Bunker Ramo Corp., 12575 Beatrice 
Avr:;., Los Angeles, CA 90066. 271 

Power Transformers. Single phase and three 
phase . .. 50 to 150 Hz ... Wattage to 15x 
frequency. 

74 

Inductors (with DC current). Size up to LI'= 1 O 
(I = DC current ... Frequencies to 100 KHz. 
Scott-T transformers in synchro applications 
. .. Precision ratio transformers .. . Instrument 
transformers ... Magnetic amplifiers . .. 
Special application transformers. 

CIRCLE NO. 54 

DISC FORMATTER BROCHURE provides 
technica l spec ifications and a functional 
description of the recently introduced disc 
formatter. The brochure describes the inter­
nal formatter organi zation with a complete 
description of operation . System des igners 
will also be interested in the complete inter­
face description . Pertee Peripheral Equip­
ment, 9600 Ironda le Ave., Chatsworth, CA 
91311. 269 

POINT-OF-LOAD REGULATOR SYSTEMS 
are detailed in a six-page catalog. The de­
scribed systems are specifica ll y des igned for 
computer power and related applicat ions 
and permit the user to assemble an almost 
limitless vari ety of power-supply systems to 
best meet hi s requirements . ERA Transpac 
Corp. , 67 Sand Park Rd ., Cedar Grove, N ) 

07009. 270 

VOL TS ENSOR VOLT AGE-COMPARATOR 
MODULES in over 70 different models are 
described in a se lection chart. The so lid­
state meter-relay substitutes are available in 
si ngle and dual set-point models with op­
tions of con trol ler action , time delay, latch­
ing, adjustable hysteresis and reversed po­
larity. Calex, Box 555, Alamo, CA 94507. 

274 

VOLTAGE-TUNED OCTAVE-BAND-
WIDTH OSCILLATORS spanning 50 to 13 
MHz are described in a catalog. The units 
feature high harmonic rejection, low FM 
noise and state-of-the-a rt frequency and 

bandwidth performance. Solid State Tech­
nology, Inc., 1190 Norman Ave., Santa 
Clara, CA 95050. 266 

AN RF LEAK-DETECTION SYSTEM which 
includes a hand-held battery operated de­
tector and a portable rf generator is de­
scribed in a bulletin . The detector ca n be 
used independentl y to detect spurious rf 
emission over 10 kHz to 10 GHz. Sin ger 
Instrumentation, Los Angeles Operation, 
32 11 LaCienega Blvd., Los Ange les, CA 
90016. 273 

DIGITAL SIGNAL SOURCES for general­
purpose, semiconductor and digital com­
muni cation test ing are out lined in a new 
cata log. Single and multi-channel units are 
described in detail as we ll as semiconduc­
tor-memory test systems that operate up to 
100 MHz. Tau-Tron , Inc., 685 Lawrence St., 
Lowell, MA01 852. 264 
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Control what you're doing 
... with RCA Ttiyristors. 
Cut tune-up requirements in marine en­
gines with RCA SCR's designed-in as part 
of capacitive discharge ignition systems. 
Use 40655 (illustrated below) for 100 Am­
pere surge and high di/dt capability. Volt­
ages to 600 V are standard . 

From simple time and temperature dis­
plays to scoreboards in sports arenas, your 
indicator board circuits should include 
RCA. For electronic accuracy and solid­
state reliability, pick the 40530 family for 
low-level logic circuits. For heavier surge 
capability, select plastic VERSAWATT 
types such as 40668 and 40669. 

Handle oven heater loads reliably with 
RCA-40661, 30 A triacs. Use RCA-40706, 
30 A triac in conjunction with RCA zero 
voltage switch CA3059 for precise tem­
perature control. Choose RCA-40669 
VERSAWATT or 40902 ISOWATT for 
electric top burner controls. 

In home comfort systems - heating, cool­
ing, humidifying, and pollution control 
equipment - use the solid-state techniques 
that offer reliability in interfacing low­
level logic with high power motor con­
trols. Choose your devices from RCA : 
40530, 2N5445, 40918, 40868 and 
40869, all designed for new and improved 
systems. 

For more information on these and other RCA thyristors, see your local RCA 
Representative or your RCA Distributor . For technical data on specific types, 
write : RCA Solid State Division, Section /UR15, Box 3200, Somerville, N.J. 
08876. International : RCA, Sunbury-on-Thames, U.K., or Fuji Building, 7-4, 
Kasumigaseki, 3-chome, Chiyoda-ku, Tokyo, Japan. In Canada: RCA Limited, Ste. 
Anne de Bellevue 810, Quebec . 
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40640, 40641, and 40888 and 40889, 
proved in hundreds of thousands of TV 
sets, take the critical aspects of design out 
of horizontal deflection circuits. SCR's are 
the superior approach world-wide. Investi­
gate, too, RCA's full line of diodes: 
40642,40643,40890,40891 . 

With 30 A and 40 A triacs to choose from, 
you can select the proper device to control 
the high intensity lamp in your photo­
copier. RCA can easily adapt any standard 
stud or electrically-isolated stud package 
to a custom package configuration to meet 
your needs as well as UL requirements. 

Ren Solid 
State 

products that make products pay off 



Wirewound or cermet-Dale's new 
low profile trimmers have important 
design advantages for your circuit. 
A full watt in less space -You can increase 
both part density and power handling abil­
ity with either the 2700 (wirewound) or 8700 
(cermet) series. Both dissipate one watt 
at 70° C. 

r---1
·
000 I More models -greater interchangeability 

I t---
75
---1 Choose from three different terminal 1l configurations with pin spacing identical to r j many larger models. Reduce space as much 

SPECIFICATIONS 

Resistance 

Tolerance 

T.C. 

Wattage 

Operating 
Temp. Range 

2700 WIREWOUND 

10-50K ohms 

::!:10% 

50 PPM/ ° C 

1 watt/70° C 

- 65° C to + 150° C 

8700 CERMET 

10-2 Meg. 

::!:10% 100-500K 
::!:20% all other values 

::!:100 PPM/0 c 
1 watt/70° C 

- 55° C to +125° C 

as 64.6% without sacrificing performance. Adjustability 20 turns (with clutch to 

~so--.l 20-turn adjustability-Wiper arm adjusts 
r---1s-----, smoothly, quickly. Sits tight under vibration 
I I and shock inside an immersion-proof case TJ

0 
sealed for production soldering and board 

TI washing. Flame retardant SE-0 grade ma-
terial available upon request. 

~so---l Priced less than 60c in 50,000 quantities. 
Available fast. Many standard decade values 

stocked for off-the-shelf delivery. Get the details. 
Write today or phone 402-564-3131. 

DALE ELECTRONICS, INC. 
1300 28th Ave., Columbus, Neb. 68601 

prevent overtravel damage) 

Dimensions .25" high by .165" wide by .75" long 

A subsidiary of The Lionel Corporation • In Canada: Dale Electronics Canada, Ltd. 
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