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Top of HP’s ‘8000’ line

HP’s Model 8010A dual-channel pulse
generator is a new top-of-the-line ad-
dition to our 8000 series. It gives you
the ability to produce two separate
pulses—to vary them independently
in all respects but rep rate—and to
combine them to form complex
waveforms, without loss of am-
plitude.

The rep rate (common to both
channels) can be varied from 1 Hz to
10 MHz. Rise and fall times can be
varied independently, on both chan-
nels, from less than 10 nanoseconds
to 1 second. Pulse width, delay, dc-
offset and polarity are also inde-
pendently variable. Five volt ampli-
tude of each channel can be com-
bined to form a single-channel 10V
output, while maintaining 50()
source impedance. In addition,

either or both of the two channels
can be operated in double-pulse
mode (giving an effective rep rate of
20MHz) or in squarewave mode (50%
duty cycle).

If you don’t need all the capa-
bilities of the 8010A, then one of the
other models in the 8000 series is
probably just right for you. You can
get fixed or variable risetimes (rang-
ing down to 1.5 nanosecond on the
8004A), programmability for low-cost
remote-control uses (model 8003A),
simultaneous positive and negative
outputs (model 8005A), and num-
erous other capabilities, in various
combinations.

We can even give you digital for-
matting capabilities, with our 8006A
word generator. Word length can be
varied from 2 to 32 bits, with great
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versatility in output format. And, it's
remotely programmable.

Price of the 8010A is only $1925;
other units in the HP 8000 Series of
pulse generators begin as low as
$470. Call your local HP field office to
order. For full information on the
8010A, or on the entire 8000 Series,
see pages 237-245 in your 1970 HP
Catalog, or send for a free HP 8010A
data sheet and brochure on all HP
pulse generators. Hewlett-Packard,
Palo Alto, California94304.1n Europe:
1217 Meyrin-Geneva, Switzerland.
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for aircraft and industrial
control.

Siliconix H100 series 28V
gates offer immunity from
80V line transients.

H106 Quad 2-input, 10 mA

These gates, specifically
designed for noisy aircraft
and industrial supplies, are
available in TO-86 or
TO-116 packages.

Write or call us for the
complete story !

'Siliconix
incorporated

2201 Laurelwood Rd. * Santa Clara, Calif. 95054
(408) 246-8000 Ext. 201 » TWX: 910-338-0227

In Europe: Siliconix Limited, Saunders Way. Sketty, Swansea, Great Britain
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Editorial Objectives

EEE serves electronic design engineers ex-
clusively. EEE restricts its editorial coverage
to material that can help engineers make de-
sign decisions. Such editorial material is
intended to help an engineer:
® Decide for one design technique or design
philosophy over another;
® Decide for one measurement technique
over another;
® Decide for one packaging technique over
another;

® Decide for one systems approach over
another;

® Decide for one material, component, pack-
aged circuit or instrument over another.

EEE does not publish general-interest
material that cannot contribute to a design
decision. Nor does it publish material aimed
at peripheral interests of an individual.

EEE is dedicated to articulate expression
and clear visual presentation. It is pledged
to encourage the exchange of sound engi-
neering ideas.

EEE’s editorial pages are open to en-
gineers for bylined articles and correspond-
ence.

‘-u\b

A member of (=] =7\ 7‘,
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EEE is a monthly publication circulated
without charge to electronics engineers en-
gaged in design functions,

Subscription price to others: $15.00 one year,
$25.00 two years. Please notify publisher
promptly of any change in job function or
address, enclosing your old address label. The
publisher assumes no responsibility for opin-
ions of contributions or for the validity of
claims reported in advertisements or editorial
items. Controlled circulation postage paid at
Waseca, Minn. Copyright 1970 by Mactier
Publishing Corporation. Title Reg. Pat. Off.
Contents may not be reproduced in whole or
part without consent of copyright owner.
Printed at the Brown Printing Company,
Waseca, Minn. EEE is reproduced in micro-
film form by University Microfilms, Inc., of
Ann Arbor, Mich.

KILLER

FACT® (Flexible
Automatic Circuit Tester),
Hughes' random access
system hunts down
electronic “bugs:” shorts,
opens, defective insulation,
poor solder connections.

In any type system:
spaceborne, airborne,
underwater communi-
cation, control,
computer, support,
telephonic switching. In
any typg assembly. And to
insure the results are
always accurate, FACT
“de-bugs” itself.

FACT. Quick delivery.
Order now. Lease/rental
plans available. Contact:

L. W. Risner

FACT Systems

Hughes Aircraft Company
P.O. Box 92904

Los Angeles, California 90009
(213) 670-9040

. HUGHES

|
1
1
|
__________________ of
HUGHES AIRCRAFT COMPANY

FACT SYSTEMS

-
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If 97,650 aren’t enou

...we'll propose one just for you

Switching problem? Bring it to Cherry. We'll
make the switch search FOR you. From among the
nearly 100,000 different switches made possible
by our highly specialized switch design and
manufacturing facilities.

With so many switches from which to choose,
there’s sure to be one that's perfect for your appli-
cation . . . and to solve your switching problems.

CHERRY {!

Whether it's a simple adaptation of something we've
already produced or a standard catalog type switch
available from stock, you’ll get fast action from
Cherry. And, if your application requires tooling,
we’ll propose an entirely new switch . . . just for you.

SEND FOR OUR NEW 44-PAGE FULL LINE CATALOG.
It contains complete design information on Cherry
long life precision switches.

CHERRY ELECTRICAL PRODUCTS CORP.
3611 Sunset Avenue, Waukegan, Illinois 60085

Makers of patented Leverwheel/Thumbwheel Switches, Matrix Selector Switches, Snap Action Switches and Keyboards
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Now In Economizing,
Simplifying TO-3 Complements!
o MJ4000/4010 Series
» 60, 80 V Sustaining Voltage
¢ 75 W Power-Handling
o The Pair For $3.20

4 A Power — 1,000 Minimum Gain at 1.5 A

Il

NOW there’s more new power dar-
lington transistors that promise to
forever eliminate conventional, sil-
icon power circuits requiring separ-
ate, “one-for-one” driver and output
transistors and associated emitter-
base resistors... NOW there’s five
new, first-of-their-kind, series from
5 A to 16 A that let you design rev-
olutionary new levels of efficiency,
simplicity and cost-savings into
most any of your relay and solenoid
drivers, audio amplifiers, power sup-
ply regulators, servo amplifiers and
series pass regulators!

NOW you can:
Up op amp power — no separate, dis-

*Trademark Motorola Inc.

All prices shown are 100-up for 60 V, NPN/PNP
complementary pairs; individual darlingtons are
substantially less in 100-up quantities.

crete drivers needed...it’s all there
on one monolithic, EpiBase* power
chip: driver transistor, output device
and base-emitter resistors.

Compress your costs — Cut space and
heat sinking needs, assembly time
and components because the driver
is now on the same heat sink as the
output unit. Reliability rises, too.

Innovate with IC's—Drive the darling-
tons with power levels derived from
integrated circuit logic gates. Go
from milliamperes to amperes di-
rectly, compatibly, easily.

Obtain 1,000 dc gain - Design min-

5 A Power — 1,000 Minimum Gain at 3 A
Now In 5 A,

High-Gain Metal Complements!
MdJ900/1000 Series

60, 80 V Sustaining Voltage

3 A-at-30 V Safe Operating Area

The Pair For $3.85

°

ower Darlington

.
]

imums of 1,000-and typicals of 2,500
...into your state-of-the-art commer-
cial /industrial equipment!

Put in either polarity -they’re all com-
plementary! You can positive or
ground-connect and use them as
direct-coupled pairs in audio amps.

Perform with package variety — Metal
or plastic...you have your choice of
two optimized, standard packages
for the exact degree of cost/perfor-
mance you need.

NOW there’s every reason to take
another look at new and existing
designs that demand unequalled
power device performance and a
minimum of components and costs.

Break with the past - contact your
franchised Motorola distributor
about evaluating any of these 28
revolutionary new devices or the
factory for production quantities.

Tomorrow’s new world of silicon
power darlingtons is here for you
today!



5 A Power — 750 Minimum Gain at 3 or4 A 70 A Power — 1,000 Minimum Gain at 5 A 16 A Power — 1,000 Minimum Gain at 10 A

Now In Cost-Cutting, Now In Time-Saving, Now In High-Performing,
70 W Plastic Complements! Medium-Power Complements! 100 V Complements!
« MJE1090/1100 Series ¢ MJ2500/3000 Series ¢ MJ4030/4033 Series
¢ 60, 80 V Sustaining Voltage e 60, 80 V Sustaining Voltage « 60, 80 & 100 V Sustaining Voltage
¢ 2 A-at-30 V Safe Operating Area e 5 A-at-30 V Safe Operating Area e 150 W Power-Handling
o The Pair For $3.45 e The Pair For $6.70 e The Pair For $8.50

Revolution G

How To Revolutionize With Comple- = ==& . . ; ‘
mentary Power...Circuit and per- ~ e e

: : : ~ e Fasmaeew
formance information are provided . ‘ Z shuwess

in a fresh new application note to , e
help you on the way to designing 15 ’ i

to 60 W amplifiers using the power
darlington devices. Write Motorola
Semiconductor Products, Inc., Box
20912, Phoenix 85036 for your copy of
AN483A and data sheets on these
state-of-the-art silicon power innova-
tions today!

MOTOROLA POWER
—where the priceless ingredient is care!
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Micro Power General Purpose High Performance Super Op Amps

Pick your performance.

Qualidyne goes the whole route in
linear op amps.

Whatever you want, we have.

And every linear IC we produce has
the same quality as the next. Thanks to
TWEF (Tailored Wafer Fabrication).

Our exclusive TWF process lets us
produce linear amplifiers of unusually
high quality for prices that are down to
earth.

Why? Because this proprietary pro- .
cess makes possible initial wafer yields
nearly twice the industry average.

For the amplifier you want—from
micro power to general purpose to
super op amps—just let us know what
you want. We'll send you the one to fill Qualidyne
your needs. Corporation

Tailored Wafer
Fabrication:

a unigue innovation
in semiconductor
manufacture.

V\{ant more information on the Linear Op Amp Family from Qualidyne? Contact your Qualidyne representative, or contact us
directly. If you need data on our diode arrays, monolithic duals, drivers/receivers or semiconductor memories, do likewise.
Qualidyne Corporation / 3699 Tahoe Way, Santa Clara, California 95051 / (408) 738-0120
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Need a fast, accurate solution to an IC problem? E-H Research Laboratories, Inc. teams up with Iwatsu
Electric Company, Ltd. to offer you the ideal test instrumentation.

E-H breaks through with the E-H 129 pulser which is capable of driving the fastest digital logic circuits. Until
this compact, all solid-state instrument came along, no practical commercial pulse generator offered repeti-
tion frequency capability beyond 200 MHz. The E-H 129 offers 500 MHz, 2-volt pulses with less than 500 ps
risetime and such extras as baseline offset, pulse-top/baseline inversion function, and synchronous gating.

And the ideal mate for this instrument is the Iwatsu 5009B sampling scope which allows you to observe and
control the waveforms you generate. The Iwatsu 5009B with 18GHz bandwidth lets you evaluate fast circuits
with high accuracy—in fact, direct measurements on 100 ps edges with less than 2% display error. Features
include less than 20 ps risetime, sensitivity from 10mV/cm, dual-trace performance with seven operating
modes, separate miniature sampling heads, big CRT and triggering to full bandwidth for extra convenience.

If these two instruments can’t solve your problems, E-H can offer you E-H and Iwatsu instrumentation that
can. Contact an E-H representative and get a fast solution. Today.

>
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: G TR E-H

the

fast
solution

E-H RESEARCH LABORATORIES, INC.

515 Eleventh Street - Box 1289, Oakland, California 94604 - Phone: (415) 834-3030 + TWX 910-366-7258
In Europe: E-H Research Laboratories (Ned) N.V., Box 1018, Eindhoven, The Netherlands, Telex 51116
In Japan: lwatsu Electric Company, Ltd., 7-41, 1-Chome Kugayama Suginami-Ku, Tokyo 167, Japan
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Intel introduces Type 1103, a history-making
1024-bit RAM made by our silicon-gate MOS
process at such high yields that the cost dips
below cores.

Just tell us what core memories cost you, and
we’ll tell you how to build operational Type
1103 memories for less cost in any size from
50,000 bits to 10,000,000 bits.

The Intel 1103 makes a fully assembled mem-
ory system that has a maximum access of
300 nanoseconds and a total cycle time of 600
nanoseconds. The chip is fully decoded and
dissipates only 100 microwatts per bit, permit-
ting dense packing in compact configurations.

For proof of the cost advantage, phone your
Intel representative or call us collect at (415)
961-8080. For immediate delivery phone your
local Intel distributor, Cramer Electronics or
Hamilton Electro Sales. If your distributor isn’t
stocked, call Intel collect forimmediate same-
day shipment.

Intel Corporation is in high-volume produc-
tion at 365 Middlefield Road, Mountain View,
California 94040.
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LS| CIRCUITS — NOW a commercial reality —
and with Schottky diode technology!!

Our bipolar

MICROPROGRAM YOUR MA-
CHINE, USE OUR B-102 High
Speed Bipolar ROMs

1024 bits . . . Data Rate 5MHz . . .
The most versatile standard ROM
. . . High Sink Current 16 x 64, 8
X 128,4 x 256

Circle 182 on Reader Service Card

All have these common Family Characteristics:

Full on-chip decoding

Fast access time (75 nsec typical)
“Wired Or'’ capability

DTL & TTL compatible

Schottky Diode Technology
Memory expansion—chip select

Fastest dot code matrix Character
Generator . . . 1120 Bits each,
2240 total . . . 64 Standard Char-
acters

Circle 183 on Reader Service Card

LS| ROM family...

PUT MORE DATA ON YOUR DIS-
PLAY, USE OUR B-103 BIPOLAR

PAIR Character Generator DRIVE YOUR 16-SEGMENT DIS-

PLAY AT LOW-COST, USE OUR
Alpha-numeric decoder/

B-101,
driver

Only monolithic 16-segment de-
coder/driver . . . high sink current
drives 20 ma, 5V lamps . . . TTL
compatible . . . 6-bit character
address with bistable latch input
register

Circle 184 on Reader Service Card

Call me for more information and the name of

KENICS ELE

Low price (4¢/bit in 100 quantity)—B-102, B-103

Low power dissipation (220 uw/bit)
Dual, in-line packaging

One 5V power supply—no interface problems

125 HARVARD S
CAMBRIDGE: MA

TREET
$5.02139

your sales representative.

cTRONICS CORP

onATlON

GRIFF JONES

.
TELEPHONE
617 - 8685100




Resistance networks for A/D and,
D/A conversion, digital volt meters
and numerical control systems de-
mand extreme precision. Allen-
Bradley can deliver. Precision that
starts with a patented chromium-
cobalt resistive material vacuum
deposited on a substrate made to
Allen-Bradley specifications. Preci-
sion based on exclusive computer
drawn grids. Precision backed by
extensive design and testing facili-
ties. Precision on a continuing basis
assured by Allen-Bradley's 14 solid
years of experience.

Add the reliability of a single sub-
strate, uniform temperature char-
acteristics, much lower attachment
costs and you see why Allen-

EC70-9A © Allen-Bradley Company 1970

Bradley thin film networks are the
logical replacement for discrete
precision resistors.

SELECTED SPECIFICATIONS

RESISTANCE 1K ohms to 2 megs, standard
RANGE 25 ohms to 50 megs, special
(Single substrate range -
10,000 to 1)
TCR LEVELS =+ 25 ppm/°C
—55°C to +125°C =+ 10 ppm/°C
+ 5 ppm/°C
TCR TRACKING + 5 ppm/°C standard
to == 1 ppm/°C special
TOLERANCES Absolute to
+ 01% @ +25°C
Matching to
+ .005% @ +25°C
RESOLUTION Line width and spacing to
0001 inch
ENDURANCE Exceeds MIL-R-10509F

Characteristic E
Procedure: MIL-STD-202D

Investigate the superiority of Allen-
Bradley thin film networks. Write:
Marketing Department. Electronics
Division, Allen-Bradley Co., 1201
South Second Street, Milwaukee,
Wisconsin 53204. Export office:
1293 Broad St., Bloomfield, N. J.
07003, U.S.A. In Canada: Allen-
Bradley Canada Ltd., 135 Dundas
Street, Galt, Ontario. Several stand-
ard networks are available through
your appointed A-B industrial elec-
tronic distributors.




Save-a-can.

And clean up.

You do it with OPEN COLLECTOR MSI. Ours.
That cost you less than the plain-Jane jobs from the
other guys.

We’ve got twelve of these bonus babies on the shelf.
Put ’em on the boards and cut your can-count. With
elimination of gates, system speed jumps about 10ns—
power requirements drop significantly.

Obyvious results: lower total system costs.

Write for our open collector MSI specs pack. Or call
if you just can’t wait. (408) 739-7700.

Signetics Corporation, 811 E. Arques Avenue, Sun-
nyvale, California 94086 / A subsidiary of Corning
Glass Works.

8220
8222
8224
8231
8234
8235
8242
8243
8264
8267
8T80
8T90

Content Addressable Memory
Content Addressable Memory
256-Bit Read Only Memory
8-Input Digital Multiplexer

4-Bit 2-Input Digital Multiplexer
4-Bit 2-Input Digital Multiplexer
Exclusive NOR

Scaler

4-Bit 3-Input Digital Multiplexer
4-Bit 2-Input Digital Multiplexer
High Voltage Quad 2-Input NAND
High Voltage HEX Inverter

Signetics (=l
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Editorial

Keeping up on IC “design news”

When EEE staged its first informal ‘“no-paper” IC seminar
(March 21, 1968, New York City), all 225 seats were sold out in
advance. The program consisted entirely of panel discussions on
subjects of controversial nature at the time.

Before the program started, some of the attendees wondered if
the 15 IC applications engineers on the panel could find enough
to say to last seven hours. They did.

EEE’s editors found that the program taught us quite a bit — not
only about ICs but also about informal seminars. For one thing, we
saw that circuit/system designers were looking for circuit/system
“design news”. IC users were interested in hearing about what other
users were doing. It would have been very difficult to prepare papers
on this subject but as the discussion moved along, more and more
“design news” was revealed.

By design news we mean news about new biasing networks,
temperature stabilization techniques, frequency compensation meth-
ods, etc. We also mean news of trends among IC users such as what
circuit concepts are gaining in popularity: which ones are losing
ground. And, what devices are rising in use; also which ones are
bombing,.

We are going to run a “design news” type of seminar on Friday,
November 6 at the new Holiday Inn in Boston. We plan to cover a
a great many IC subjects — admittedly not spending a great deal
of time on any one of them. It's our intention that the attendee
should leave the meeting with a better feeling for what’s going on
concerning the application of ICs.

The theme will be “Designing With Commercially Available
Integrated Circuits.” A panel of IC applications experts will be on
hand to offer their opinions, to talk about the experiences of some
of their customers and to debate the best ways for solving various
IC problems. Linear and digital areas, including semiconductor
memories, will be covered.

A program similar to the Boston one is planned for Chicago on
Tuesday, December 8, but in this program there will be somewhat
more emphasis on the consumer area. The meeting will be held in
the Sheraton-Blackstone Hotel.

The advance admission charge for either meeting is $35. Checks
should be made payable to “EEE Seminars” and mailed to EEE
Seminars, 820 Second Avenue, New York, N.Y. 10017. Please be
sure to mention for which program the registration applies, Boston
on Nov. 6, or Chicago on Dec. 8.

Sy Eontindh

(. JERRY EIMBINDER
' EDITOR
il



Editor’s
‘Desk

Call for action

August 25, 1970

Mr. Jerry Eimbinder
EEE Magazine

New York, N.Y. 10017

Dear Jerry:

A CALL FOR ACTION ON BEHALF OF OUR
READERS

I am sure you are as concerned as I am
about the number of our readers who
have lost their jobs in the past year.

We have seen this happen before, and
in every case we have all, to a greater
or lesser degree, written editorials or
otherwise sympathized with those of
our readers who were affected.

Most of the past layoffs, however,
came during the long economic boom
of the 1960’s, and we knew that, one
way or another, the loss of jobs was
temporary because another contract
would swiftly come to replace the can-
celled one.

Not now. While 1 admit that the de-
fense cutbacks may be justified, and
that a little belt-tightening might have a
salutary effect on our industry, I don’t
see forthcoming any national commit-
ments that would provide jobs for the
many unemployed engineers. Moreover,
I am greatly concerned that the med-
icine might be too strong and that our
industry may suffer irreparable damage,
with the attendant loss of a great num-
ber of very competent engineers. These
same engineers, who have been respon-
sible for the outstanding accomplish-
ments that have put our country in its
present position of leadership, are now
wondering whether it was worth the
effort, and where will next month’s
rent come from.

Therefore, this letter contains a call
for action. I propose that we editors
of electronic magazines request a joint
audience with President Nixon, as well
as with leaders of both the Senate and
the House of Representatives, to ex-
plain the seriousness of this situation,
the implications it could have for the
future of U.S. technology, and, most
importantly, to urge the President to
set forth new technological goals for
peace.

I am sending similar letters to the
editors of COMPUTER DESIGN,
EDN, ELECTRONIC DESIGN,
ELECTRONIC NEWS, ELECTRONIC
PRODUCTS, ELECTRONICS, IEEE
SPECTRUM, MICROWAVE JOUR-
NAL, MICROWAVES.

Also, the editorial in the September
issue of THE ELECTRONIC ENGI-
NEER carries a comment on this pro-
posal, to let our reader know that he
can look forward to the press speaking
not just to him, but also on behalf of

his interests.

Please let me know your reaction to
this suggestion as soon as possible. If
you agree, let us get together for a
coordinating meeting in New York
City (for the convenience of most of
the editors I'm contacting).

I am sure you are concerned with
this problem. Let us now add action to
our concern. If we can help our reader,
we will also be helping ourselves.

Alberto Socolovsky
Editor

The Electronic Engineer
Bala-Cynwyd, Pa.

Yes Al, we are concerned. We welcome
any genuine efforts to get out-of-work
engineers back to gainful employment
—both for their sake and the country’s.

We hope that your concern is sin-
cere. There is, for example, some
question in our minds about your tim-
ing. Your readers were informed of
your proposal for industry editors to
march on Washington in your Septem-
ber issue. Why then did you delay so
long after writing the editorial before
contacting the editorial fraternity? We
hope it wasn’t just to make it clear that
you originated the idea.

Perhaps you're right that the Presi-
dent and Congress need explanation of
the seriousness of the engineering em-
ployment situation. Certainly more
must be done.

But to say that new technological
goals for peace must be set is not
enough. Specific programs and recom-
mendations are needed. If you have
any specific ideas, we’'d like to hear
them. If the editors of the electronics
industry are to do any good, a practical
plan of action must be brought to
Washington.

We are willing to participate. We
hope that you're doing more than mak-
ing a grandstand gesture. Tell us how
you think this unemployment situation
can be eased and we’ll cooperate with
heart and soul. We're waiting.

DTL has its place

Dear EEE:
Beautiful! Your article by Nick De-
Wolf in the August EEE is really on
target. Everything he says is so true
about digital IC speed and the related
trade-offs. It was good to see such a
practical, down-to-earth discussion of
this subject. It certainly confirms my
experience and beliefs on the subject.
I have just recently been through
the decison-making process on a new

(Continued on page 16)

Mike Markkula
of Fairchild Semiconductor

T his engineering / engineering
management seminar will cover the
positive aspects of designing with
standard ICs. It'll analyze the de-
grees of flexibility that different
standard ICs provide the circuit/
system designer and it'll survey
what can be accomplished with
existing digital and linear ICs in-
cluding bipolar and MOS MSI/LSI.
The seminar’'s main goals are to
show the IC user the ranges of
capability offered by standard de-
vices and the best ways from tech-
nical and economical viewpoints, to
take advantage of these capabilities.

As with previous EEE Seminars,
this special seminar permits key
applications engineers at leading IC
manufacturers to interface as a
group with IC users. This helps at-
tendees gauge the opinions of
several leading IC engineers on
each topic discussed.

PROGRAM:

Session One

Key innovators from leading digital /
linear IC manufacturers will discuss
groundrules for making standard
available-off-the shelf ICs fit the
requirements of various circuits and
systems.

Session Two
The controversies concerning which



EEE Seminars

Announces an Important
New IC Seminar For
Engineers and Engineering
Management:

“Designing With
GCommercially Availahle
Integrated Gircuits”

of competing IC approaches is  To register, use the form below.
best for various systems will be

examined.

Make your check payable to
EEE Seminars

820 Second Avenue

New York, New York 10017

Session Three

The present range of capabilities
of most types of ICs (LSI/MSI,
RAMs, ROMs, op amps, regulators,

comparators, etc.) will be explored. Please register me for

[] Seminar on ‘Designing With Commercially Available Integrated

Date/PI - ; . "
s Mt Circuits,” Friday, Nov. 6, 1970, Holiday Inn, Boston, Mass. Fee: $35.

Friday, November 6

Holiday Inn (Charles River), Boston

Tuesday, December 8, Sheraton-

Blackstone, Chicago

8:45-9:15 Coffee /Danish

9:15-11:45 Morning Session

11:45-1:00 Luncheon

1:00-3:00 First Afternoon Ses-
sion

3:00-3:15 Coffee /Coke Break

[] Seminar on ‘‘Designing With Commercially Available Integrated
Circuits,”” Tuesday, Dec. 8, 1970, Sheraton-Blackstone, Chicago, lll.
Fee: $35.

[] My purchase order or check is enclosed, or
(] Bill me, or [] Bill my company.

3:15-4:30  Second Afternoon Name Title
Session
Company
Registration Fee
Advance registration is $35 ($40 at Address
the door if seats are available). (Street) (City)
Registration includes detailed pro-
gram, materials, luncheon, coffee ;
breaks. Fee is tax deductible. Can- State Zip

cellations honored one day before

seminar. Your ticket will be mailed to you:



0% OFF
Gall Now

Digital
Panel Meters
3% and 4% digits

All of the high quality DPM’s listed below
are specially priced with a 10% discount in
quantities of 1-9. If you call or write within
7 days as a result of this ad (you must men-
tion this publication), you will receive a
10% discount card good for one month.

If you require specials for OEM applications
such as ratiometers, comparators, or cus-
toms (mechanical/electrical) we would like
to quote it and give you the best price.

Take off 10% from these
Published 1-9 Prices
31/ digit Model 510 Unipolar $195. Now $175.50
31, digit Model 520 Autopolarity $225. Now $202.50
41> digit Model 720 Autopolarity $370. Now $333.00

|

[0 | need complete specifications and in-‘
formation. Send literature!

0

Send me a 10% discount card. No obliga- |
tion. It's good for 30 days.
Model: [] 510 Quantity

0 520
0 720

|

|

|

|

|

|

|

|

| Name
| Title
|

| Company
|

|

|

|

|

|

|

|

|

)

Address

City

State Zip

Datascan Inc.

1111 Paulison Avenue, Clifton, New Jersey 07013
(201) 478-2800 0131

Circle 111 on Reader Service Card

ACROSS THE

cEditor’s
‘Desk

(Continued from page 14)

special-purpose computer design here.
My experience and general feelings
said to use 930 type DTL. It's plenty
fast for what I want to do, and the
power supply problems are not as
great. But everything still seems to
lead me right to TTL. Why? Well, first
of all, there’s price. The TTL prices
are so low that it’s hard to fight it. In
fact, recent pricing tells me that TTL
is now lower than DTL. It’s hard to
even get an IC salesman to talk DTL.
All they do is push TTL with lower
prices. That’s hard to pass up, espe-
cially when cost is a major factor as
it is in my project.

Then, second, there is MSI. When
an engineer can buy, for example, an
8-channel multiplexer, or an 8-bit shift
register in TTL form at a lower cost
than the equivalent in DTL circuits
and this reduces package count by
70-90%, it’s hardly a fight, despite
the power supply problems. In other
words, with low price and MSI going
for TTL, the DTL trend is in for a
long gradual downswing the way I see
it. What we need perhaps is a line of
DTL MSI. Despite all the tradeoffs
available to the digital designer, it all
boils down to an ultimate decision for
TTL in the majority of cases.

But I haven't let it beat me yet.
While T did decide in favor of TTL
(and I'm not sorry), I did still man-
age to squeeze in some DTL in stra-
tegic places. It definitely has its place.
I'm happy with the result, but I'm
not too sure I will ever get used to
designing without the wired-OR.

Louis E. Frenzel, Jr.
Assistant Director
National Radio Institute
Washington, D.C.

Correction

Dear EEE:

I read with interest the articles on
data acquisition in the May issue of
EEE (pp. 62-75). While your listing of
companies manufacturing data acqui-
sition systems and components appears
quite comprehensive and includes two
Honeywell listings, I wish to call your
attention to an omission: Honeywell
Computer Control Div., Old Connecti-
cut Path, Framingham, Mass. 01701.
To the best of my knowledge this is
the only division of Honeywell manu-
facturing the type of analog-digital
data conversion equipment discussed in
your article,

We manufacture and market a com-
plete line of data conversion modules:
A-to-D  converters, sample-and-hold
amplifiers, analog multiplexers, multi-
plexer sequencers, specialized power

supplies. (designed to power the mod-
ules plus additional logic), modular
prewired connector planes to accom-
modate the above and 8, 10 and 12-bit
D-to-A converters each packaged on
a single PC card including ladder, lad-
der switches, reference, output ampli-
fier and buffer storage register.

We also market several standard
computer based data acquisition sys-
tems based upon the above modules
and our 12 and 16 bit computers, the
H-112, H-316 and DDP-516.

Dan Strassberg
Computer Control Div.
Honeywell, Inc.
Framingham, Mass.

Watch this

Dear EEE:
This is just to tell you how much 1
enjoyed the article about Hamilton’s
new solid-state watch in the July issue
of EEE.

It’s really humorous, and yet it gives
a clear technical description of the
new device. May I congratulate your
author on a refreshingly creative piece
of technical journalism.

Blair R. Martin
IBM
Binghamton, N. Y.

Filter Comments

Dear EEE:

I'd like to comment on Mr. Perry’s
statements in the March, 1970 issue of
EEE and Mr. Wetherhold's letter in
the July, 1970, issue regarding possible
errors by Mr. Perry.

It seems to me that since there are
standard definitions of insertion loss
and attenuation published by both the
American Standards Association (ASA
C42.65, 1957) and the American In-
stitute of Electrical and Electronic En-
gineers (AIEE 54 IRE 3.51), these
should be accepted and used until such
time as they are changed. The follow-
ing definition, I believe, was originally
published in the “Proceedings of IRE,
Vol. 42, page 1111, July, 1954:“In-
sertion Loss: The insertion loss result-
ing from the insertion of a trans-
ducer in a transmission system is the
ratio of the power delivered before the
insertion to that part of the system
following the transducer to the power
delivered to that same part after the
insertion.” Definition 65.08.087. “Foot
Note: This ratio usually expressed in
decibels.”

This definition was produced by a
committee headed by E. I. Green of the
Bell Telephone Laboratories and is the
same one used in the Bell System for
many years. Unfortunatey it was not
possible to check the latest American
National Standard which has replaced
the American Standards Association to



see if there has been any change.

It will be noted that nothing what-
ever is included concerning impedance
of any part of the system; thus Mr.
Geffe, as quoted by Mr. Wetherhold,
is correct. However, since the defini-
tion is based on power measurements,
it is necessary for the detectors to have
the same impedance, before and after
insertion of the transducer. This re-
quirement is obviously met if the defi-
nition is used literally. Again there are
no restrictions on impedance of source,
transducer input or output, or load.
They can all be different.

Of course it is true that in the ma-
jority of communication transmission
systems an effort is made to match
impedances to eliminate reflections at
all junctions. This is vital in transmis-
sion of television signals to eliminate
ghost images.

According to American National
Standard C16.29-1957, paragraph 1.4
on measurements in audio systems,
voltage attenuation is defined as “the
ratio of the magnitude of the voltage
across the input of a transducer to the
magnitude of the voltage across a
specified load impedance connected to
the transducer. By custom, this attenu-
ation is often expressed in decibels by
multiplying the common logarithm of
the ratio by 20.” This corresponds to
Mr. Perry’s definition of attenuation.

In addition to insertion loss and
voltage attenuation, the American Na-
tional Standard also defines and gives
methods of measurement of bridging
loss, power loss, transducer loss, trans-
former loss, and transition loss. It
also includes corresponding gain and
amplification quantities.

G. W. Pentico
Lee’s Summit, Missouri

Dear EEE:

Mr. Wetherhold has touched on a
serious problem in communications
within our scientific/engineering com-
munity (EEE, July, 1970 p. 20).

It is disheartening to receive a re-
port or article comparing ‘systems”
which are so many dB’s better or worse
than ??? (with reference to what?)
What assumptions were made? The ex-
ample given is for insertion loss in
dB’s where power is equated to a volt-
age/resistance ratio compared at two
points in a circuit. Using 20 log of
the voltage ratio is proper only if the
resistances are essentially equal and/or
can be ignored. For filter design (in-
sertion loss and attenuation) the re-
sistances can be ignored but what is
permissible in this situation by “com-
mon usage” cannot be blithely trans-
ferred to other design areas (where a
criteria may be given in dB’s unless
the specified or arbitrary references
and assumptions are understood ).

Sam Perry’s basic statements are
correct.

Thomas A. Rutter
Rutter and Sons Engineering
Bremerton, Washington

the Giant Killer...

New Heath EU-TO0A...

$ 5 B 5-00* ASSEMBLED &
TESTED

e Solid-state eDual trace
e Triggered e DC-15 MHz
o X-Y 15" deep
«8x10 cm flat face CRT

e Send for the free EU-70A spec sheet...
and watch the giants fall

EU-70A PARTIAL SPECIFICATIONS: Frequency Response: DC-15 MHz, down 3 dB. Rise Time:
24 nsec. Time Base: Triggered with 18 calibrated rates, 0.2 usec/div to 100 msec/divin 1, 2, 5
sequence. Sweep Magnifier: X5, accuracy +5%. Triggering: Internal —Chanqel 1;_ Channel_ 25
Channels 1/ 2. External. Line. Adjustable. + or — slope. AC or DC coupled. Triggering Require-
ments: Internal — triggers from Channel 1, Channel 2 or Channels 1/ 2 X-Y mode capability. 8x10
cm grid, edge lighted. Dimensions: 10Y2" W x 12V2” H x 15" D.

e ey ~ -~ L,
HEATH COMPANY, Dept. 520-24
NEW FREE 1971 CATALOG! | Benton Harbor, Michigan 49022 & sehlomtierper Compatly :
The latest edition, with [J Rush my new Heathkit Catalog |
gm‘?z.new, excnttlng kit- [ Enclosed is $ . plus shipping. |
uilding projects . . .
over goo kits for : Please send model(s) I
stereo/hi-fi, color TV, ! Name
electronic organs, gui- | |
tar amplifiers, haén ra- | Address. I
dio, marine, educa- 2
ion ’ City. State. Zip.
hobby. Mail coupo}:lzca\:frit%aﬁegt?lméﬂm&: : Prices & sgecifications subject to change without notice. :
pany, Benton Harbor, Michigan 49022, Mail Order Prices; F.0.B. Factory EK-290
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The new tough breed
from the Kokomoans

High energy silicon for the 70’s

Con- Maximum
*Circle VCEX tinuous VCEO Power
#'s Transistor Voltage Ic (sus) Dissipation Typical Applications
113 DTS 103 80V 15A 60V 125W Voltage regulators, power amplifiers, high efficiency
switching circuits.
114 DTS 104 80V 15A 60V 125W
115 DTS 105 100V 15A 75V 125W
116 DTS 106 110V 15A 80V 125W
117 DTS 107 120V 15A 85V 125W L
*[c Peak=5A
118 DTS 401 400V 2A* 300V Vertical magnetic CRT deflection, has good gain linearity.
119 DTS 402 700V 3.5A* 325V *Ic Peak=10A : o \
Horizontal magnetic CRT deflection, features fast switching .
120 DTS 410 200V 3.5A 200V 80W \ time, high reliability under horizontal sweep fault condition.
1’21 DTS 411 300V 3.5A 300V 100W Voltage regulator, switching regulator, DC to DC converter,
class A audio amplifiers.
122 DTS 413 400V 2.0A 325V T5W *Ic Peak—10A
123 DTS 423 400V 3.5A* 325V 100W High VcBo and VcEO ratings make it practical to operate
directly from rectifier 117V or 220V AC line.
LSA* A"
124 DTS 424 700V 3.5A 350 100W *Ic Peak—10A
125 DTS 425 700V 3.5A 400V 100W High VcBo, Vceo(sus) ratings make them ideal for use in deflection
A circuits, switching regulators and line operating amplifiers.
126 DTS 430 400V S5A 300V 125W 3 : e
Voltage regulators, power amplifiers, high voltage switching.
127 DTS 431 400V 5A 325V 125W
128 DTS 701 800V 1A 600V 50W Vertical magnetic CRT deflection circuits.
129 DTS 702 1200V 3A 750V S50W Horizontal magnetic CRT deflection circuits operating off-line.
130 DTS 704 1400V 3A 800V S0W
131 DTS 721 1000V 3A 800V 50W High voltage DC regulators.
132 DTS 723 1200V 3A 750V S50W Very high voltage industrial and commercial switching.
133 DTS 801 1000V 2A 700V 100W Color vertical magnetic CRT deflection circuits.
134 DTS 802 1200V S5A 750V 100W Color horizontal magnetic CRT deflection circuits.
135 DTS 804 1400V S5A 800V 100W
136 2N39021 700V 3.5A* 325V 100W *Ic Peak=10A
Ideal for switching applications. Can be operated from rectified
137 2N5157 700V 3.5A* 400V 100W 117 or 220 volt AC line.
138 2N5241 400V 5A 325V 125W
139 2N2580 400V 10A 325V 150W For general use in electrical and electronic circuits such as
converters, inverters, regulators, etc.
140 2N2581 400V 10A 325V 150W
141 2N2582 500V 10A 325V 150w
142 2N2583 500V 10A 325V 150W
143 2N3079 200V 10A 200V
144 2N3080 300V 10A 300V

tMil. qualified units available.

Transistors are NPN triple diffused.

* Circle reader service numbers listed above



ALA., BIRMINGHAM -+« Forbes

Distributing Co., Inc. (205)-251-

4104

ARIZ., PHOENIX « Cramer/Ari-

zona (602)-263-1112 « Sterling

Electronics (602)-258-4531

CAL., LOS ANGELES « Kierulff

Electronics, Inc. (213)-685-5511 «

Radio Products Sales, Inc. (213)-

748-1271

CAL.,PALO ALTO « Kierulff Elec-

tronics, Inc. (415)-968-6292

CAL., SAN DIEGO « Milo of Cali-

fornia, Inc. (714)-232-8951

COLO., COLORADO SPRINGS -«

Walker Electronics (303)-636-1661
(OLO., DENVER + Cra-
mer/Denver (303)-758-2100

» Denver Walker Electronics

- (303)-935-2406

FLA., MIAMI « Mountain Elec-

tronics, Subsidiary of Avnet, Inc.,

05)-634-4556

LA., WEST PALM BEACH « Mountain

Electronics, Subsidiary of Avnet, Inc., (305)-

833-5701

ILL., ROSEMONT (Chicago) » F-J-R/

Kierulff (312)-678-8560

ILL., SKOKIE (Chicago) « Merquip Elec-

tronics (312)-282-5400

IND., INDIANAPOLIS « Graham Elec-

tronics Supply, Inc., (317)-634-8486

MD., BALTIMORE « Radio Electric Service

Co. (301)-823-0070

MASS., NEWTON « The Greene-Shaw Co.,

Inc. (617)-969-8900

MICH., ROMULUS « Harvey /Detroit (313)-

729-5500

MINN., MINNEAPOLIS « Stark Electron-

ics Supply Co. (612)-332-1325

MO., KANSAS CITY « Walters Radio Sup-

ply, Inc. (816)-531-7015

MO., NO. KANSAS CITY « ECI Semi-

conductors, Inc. (816)-221-2400

MO., ST. LOUIS « Electronic Components

for Industry Co. (314)-647-5505

~ Now available from these
distributors in production quantities.

N.J., CLIFTON « Eastern Radio Corpora-
tion (201)-471-6600

N.M., ALBUQUERQUE « Cramer/New
Mexico (505)-265-5767 « Sterling Electronics
(505)-247-2486

N.Y., BINGHAMTON « Harvey/Federal
(607)-748-8211

N.Y., NEW YORK +« Harvey/New York
(212)-582-2590

N.Y., WOODBURY + Harvey/New York
(516)-921-8700

OHIO, CLEVELAND . Pattison Supply
(216)-441-3000

OHIO, DAYTON « F-J-R/Kierulff (513)-
278-9411

OKLA., OKLAHOMA CITY » Radio, Inc.
(405)-235-1551

OKLA., TULSA « Radio, Inc. (918)-587-9123
PENN., PHILADELPHIA « Almo Elec-
tronics (215)-676-6000

PENN., PITTSBURGH « RPC Electronics
(412)-782-3770

S.C., COLUMBIA . Dixie Radio Supply
Co., Inc. (803)-253-5333

TEXAS, DALLAS « Adleta Electronics
Company (214)-742-8257

TEXAS, FORT WORTH s« Adleta Elec-
tronics Co. (817)-336-7446

TEXAS, HOUSTON « Harrison Equipment
Co., Inc. (713)-224-9131

UTAH, SALT LAKE CITY « Cramer/Utah
(801)-487-3681

VA., RICHMOND « Meridian Electronics,
Inc., a Sterling Electronics Company (703)-
353-6648

WASH., SEATTLE « Kierulff Electronics,
Inc. (206)-763-1550

WASH., TACOMA « C & G Electronics Co.
(206)-272-3181

CANADA., ONT., SCARBOROUGH -«
Lake Engineering Co., Ltd. (416)-751-5980

All Overseas Inquiries:

General Motors Overseas Operations
Power and Industrial Products Dept.
767 Fifth Avenue, New York, N.Y.
10022. Phone: (212)-486-3723.

DELCO RADIO

DIVISION OF GENERAL MOTORS
KOKOMO, INDIANA

Kokomoan’s Regional Headquarters. Union,
New Jersey* 07083, Box 1018 Chestnut Sta-
tion, (201)-687-3770 m Chicago, Illinois*
60656, 5151 N. Harlem Avenue, (312)-775-
5411 m Kokomo, Ind. 46901, 700 E. Firmin,
(317)-459-2175 Home Office ® *Office includes
field lab and resident engineer for application
assistance.

Best for Your Systems of the 70’s. Here’s Why: Delco
silicon power transistors have earned a reputation for survival in the most
rugged applications. Their proved performance in solid state deflection
circuits for the new large screen color TV sets is but one example. This new
breed of silicon power is built to handle the high energy found in inductive
switching or in circuits normally subject to fault conditions or transients.

Their high voltage capability permits the design of simpler circuits,
eliminating the extra weight, bulk, and complexity associated with low
voltage, higher current systems. Their energy capability is backed by the
surést rating in the business—Peak Energy Testing. Solid copper TO-3
and TO-36 packages assure maximum thermal conductivity. All in all this
is the silicon power for the equipment of the 70’s.

When you specify Delco you can count on consistent
quality and on-time delivery, too. These are assured be-
cause our semiconductor production and quality controls
are geared to our own high volume output of automobile
radios and electronic systems.

Call the Kokomoans or your Delco distributor for
more information on the New Tough Breed.

MARK OF EXCELLENCE



‘Progress

‘Design

and

‘Research

FET-input op amp offers low bias current

PROGRESS IN
PACKAGED CIRCUITS
A PAIR OF NEW operational ampli-
fiers from Intech have junction-
FET input stages, yet their guar-
anteed input bias current is only
100 femtoamperes (0.1 pA).
Thus the new amplifiers, type
A-126 and A-127, provide a ten-
fold improvement in bias current
compared with competing FET-
input amplifiers, and they chal-
lenge other, more exotic, types
of op amps that use MOS FETs
or varactors to achieve low in-
put currents.

Challenge to varactors

Amplifiers with varactor
bridge inputs (such as those
made by Analog Devices and
Burr-Brown) can still offer low-
er input currents than the new
Intech units. The AD Model 310,
for example, has a bias current
of only 10 fA at one input, com-
pared with 100 fA for the new
FET-input amplifiers. But var-

actor-input amplifiers usually
have assymetrical input cur-
rents. The second input of the
AD310 has a bias current of 1
nA, whereas the A-126 and A-127
have symmetrical inputs and can
be used in either the inverting
or noninverting mode.

Another disadvantage of var-
actor-input amplifiers is their
limited bandwidth. Typically
they have full-power responses
of only 7 to 80 Hz whereas the
A-126 and A-127 can produce
full power at 2 kHz.

Yet another possible disad-
vantage of the varactor-bridge
approach is that this type of cir-
cuit uses an internal oscillator
that must be carefully shielded
and decoupled to minimize radi-
ated noise. This situation does
not occur with FET-input am-
plifiers as there is no internal
oscillator.

Critics of varactor-bridge am-
plifiers point out, also, that this
type of amplifier achieves low
offset voltage by bucking two
capacitors against each other.
Typically, a change of one per-
cent in the value of one of the
capacitors (due, perhaps, to ag-
ing or mechanical shock) could
produce an offset-voltage change
of approximately 15 mV. With a
1000 MQ summing resistor, this
offset change would be equiva-
lent to a current-measuring er-
ror of 15 pA. Thus to hold the
measuring error to 0.01 pA, the
capacitors would need to main-

tain their value within 0.0007%.

Manufacturers of varactor-
bridge amplifiers respond to the
latter criticism by pointing out
that FET-input amplifiers also
have appreciable offset-voltage
drift and, in a high-source-imped-
ance application, could exhibit
similar current-measuring er-
rors. The A-126 and A-127 have
offset-voltage drifts of 50 uV/°C
and 25 uV/°C, respectively, over
the temperature range of zero
to +60°C. The initial offset is
1 mV for both versions but can
be externally zeroed.

Challenge to MOS FETs

Another possible method of
achieving low input currents is
to use MOS FETs for an ampli-
fier’'s input stage. An example
of a company using this ap-
proach is Keithley Instruments
with its model 300 through 302
amplifiers. These amplifiers
have input offset currents of 5
to 10 fA. But, though MOS FET
amplifiers can offer low input
currents and have much better
bandwidths than varactor-
bridge types, they, too, have
some weaknesses when compared
with junction-FET amplifiers.

The gates of MOS transistors,
unless zener protected, can be
easily destroyed by static volt-
ages discharging through the
gate-oxide layer. Most suppliers
of MOS devices do zener-protect
accessible gate terminals. But

(Continued on page 22)



Helipot
Trims
Pric & Profile

89PR100K

5 w

The new Helipot Series 89 industrial
cermet trimmers feature:

Low Cost:
$1.35 each in 1-9 quantities;
less than $1.00
in quantities over 1,000.

Low Profile:

Maximum height of .250 inches
allows for closer p-c board stacking.

Series 89 trimmers with two different pin spacings
are available “off-the-shelf”
from 17 locations across the country.

Beckman®

INSTRUMENTS, INC.
HELIPOT DIVISION
FULLERTON, CALIFORNIA

INTERNATIONAL SUBSIDIARIES: AMSTERDAM; CAPE TOWN; GENEVA; GLENROTHES,
SCOTLAND; LONDON; MEXICO CITY; MUNICH; PARIS; STOCKHOLM; TOKYO; VIENNA.

Circle 145 on Reader Service Card
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the diode used for protection in-
troduces leakage current and
noise just like any other pn junc-
tion. Therefore a MOS input
stage will be unreliable if it's
not protected, and with protec-
tion it can offer no improvement
over a small junction FET.
Another disadvantage of MOS
transistors is that their gate
voltages (V) are less stable
than those of junction FETs.
With MOS FETs, Vs typically
shifts several millivolts for nor-
mal operation at rated bias con-
ditions. The shift is usually more
pronounced and more rapid at
elevated temperatures. The
cause for the instability with
MOS devices is related to oxide
impurities, whereas the gate of
a junction FET is buried in sili-
con and is almost impervious to
surface conditions. Because MOS
gates are sensitive to changes in

bias and temperature, manufac-
turers of amplifiers using these
devices usually specify the am-
plifier drift that remains after
a relatively long warm-up
period. But, even after warm-up,
drift with MOS-input amplifiers
is usually much worse than for
JFET-input circuits.

Yet another disadvantage of
MOS-input amplifiers is that
they have lower common-mode
voltage ranges than amplifiers
that use junction FETs. This is
because the junction FET has
a lower Vis than the MOS FET.
The new Intech amplifiers have
a minimum common-mode volt-
age range of =10 V. The CMRR
is typically 100 dB with =5 V
of common-mode signal at 20 Hz.

Small-geometry FETs

According to Walter Kaelin,
Intech’s Vice President of Engi-

neering, the company achieved
low bias current in the new am-
plifiers by employing junction
FETs having very small geome-
try and, hence, low gate-leakage
current. Also the circuit was de-
signed so that the voltage across
the FETs was held to less than

a volt, thus further reducing
leakage.
Among the other important

features of the A-126 and A-127
are a typical input noise voltage
of 2 uV rms (10 Hz to 100 Hz)
and minimum open-loop gain of
100 dB. The operating tempera-
ture range is —25 to +85°C.
Both types are packaged in en-
capsulated modules, 1.125 X
X 1.125 X 0.4 inches. In quanti-
ties of 1 to 9, the A-126 costs
$49.50 and the A-127 costs
$58.50. L]

For 'more information on Intech's ampli-
fiers, circle 341.

Two new multi-digit numeric displays

PROGRESS IN
DISPLAY DEVICES
IF ANYBODY IS GOING to take over
more of the readout market, Bur-
roughs wants it to be Burroughs.
The company dominates the mar-
ket for single-digit display tubes
with its gas-ionization Nixie read-
out and last year it introduced
the Self-Scan panel for large (10
to 18 character) alphanumeric dis-
plays. This year, Burroughs and
Amperex will fight it out in the
market for multi-digit numeric
displays. Just weeks apart, Am-
perex, then Burroughs, introduced
the Pandicon ZM1200 and the
Panaplex, respectively.
Both devices are aimed princi-

Amperex’s 14 digit Pandicon which is
equivalent to fourteen decade indicator
tubes in one envelope. This display is
1.22 inches in diameter and 6.71 inches
long.

pally at the calculator market,
but beyond that they have little
in common. Both are intended for
numerics only, though the Bur-
roughs can display a limited
number of alphanumeric charac-
ters. Both are intended to time-
share a decoder/driver so they
obviate a large number of exter-
nal connections. Amperex sells an
IC decoder/driver for use with
its Pandicon; Burroughs as-
sumes a user will design or pur-
chase his own, so the company
furnishes rather complete appli-
cation data for use with IC
seven-segment  decoders (like
Fairchild’s 9307 or TI's SN7447)
plus additional IC gates.
Burroughs and Amperex have
taken two different paths in their
design approaches. Burroughs’
Panaplex is a two-element, cold-
cathode, multi-digit, in-plane dis-
play housed in a rectangular
panel. It’s available with 9 to 16
decade characters, each in a 9-
segment configuration. (The 9-
segment array eliminates the fre-

quent complaints about the
right-side “1” in 7-segment dis-
plays.)

Each of the nine cathode seg-
ments and a decimal cathode is

Burroughs Panaplex panel display uses
9 segments per character. A 12-char-
acter display is only 6.2 inches long,
1.62 inches high and 0.4 inches deep.

tied to the equivalent cathode
segment of each of the 9 to 16
characters in the display and
brought out to termination pins
at the rear. In addition, one
anode pin is brought out for each
character. So a 12-character dis-
play would have 22 pin termina-
tions.

In contrast, Amperex’s Pandi-
con is so far available only in a
14-decade version (with 8, 10
and 12 decades to be available
soon). Each decade has 10
formed-numeral cathodes (not in-
plane), similar to those in the
very popular single-decade gas-
ionization tubes. Cathodes for

(Continued on page 26)



“If you're calling Radiation
and Harris
answers...

Don't hang up!”

RADIATION MICROELECTRONICS HAS CHANGED ITS NAME T0° HARRIS SEMICONDUCTOR



‘SJ

HARRIS SEMICONDUCTOR . . . a new name and a new IC manufacturing facility with approximately 113,000 sq. ft. of the latest inno-
vations in wafer manufacturing and development.

HARRIS SEMICONDUCTOR,
the new name for Radiation Mi-
croelectronics, is just in time
for the opening of one of the
most up-to-date |IC manufactur-
ing facilities in the country.
Smooth production flow and ex-
acting quality control have been
the keynote of its design. To
assure environmental integ-
rity there are four completely

SUPER-CLEAN AIR . .. In vertical
laminar-flow hoods designed to provide
additional air filtering, wafer photo resist
is exposed to ultraviolet light after precise
mask alignment.

isolated modules right in the
heart of the building: two for
wafer manufacturing and
spection . . .one for engineer-
ing development and assembly

..and the fourth for photo-
masking and process develop-
ment. Each has its own vertical
laminar-flow ventilation system
which blankets the entire mod-
ule with super-clean air kept at
72° = 1°Fand 45% + 1% rela-

in-

... THE LATEST DIFFUSION EQUIPMENT
Six furnace chambers on each of these
Brute diffusion systems are regulated
within 0.25°C for precise uniformity of
wafer diffusion rates.

tive humidity. And as added
environmental protection, the
air is filtered again by the lam-
inar-flow hoods at each indi-
vidual production station. That
assures us of maximum vyield
for our high-quality chips. And
it assures Harris Semiconduc-
tor customers that they’ll get
IC’s with the best price/per-
formance ratio on the market.

All material moving through the
manufacturing process is continually
monitored to assure conformance to the
rigid standards of high quality Harris
Semiconductor has been noted for.



NEW PRODUCTS

64-BIT BIPOLAR RAM WITH 35ns ACCESS

Using Schottky clamped transistors the Harris RAM-
0064 is the first bipolar read/write memory capable of
35ns access times. As a high-speed scratch-pad mem-
ory, it provides:

DTL/TTL compatibility

Full decoding to 16 words by 4 bits per word
Uses single 5 volt power supply

Open collector output for ““Wired-Or"’
expansion

16 pin dual in-line package

0° to +75°C, $25.60*

—55° to +125°C, $32.00*

*100 to 999 unit price

NEW WIDE-BAND, HIGH-IMPEDANCE OP AMP
Harris’ new RA-2620 and RA-2625 Wide Band Op

Amps have gain bandwidths which are an order of
magnitude better than standard op amps on the market
today. In addition, they provide:

e Input impedance of 500Megohms

e Slew rate of 35 V/us

e Typical bias and offset currents of 2nA

®

L ]

Ideal for high-input impedance comparators
RA-2620 ... -55° to +125°C, $17.85*
¢ RA-2625 ...0° to +75°C, $10.70*
*100 to 999 unit price

And in addition to our recently introduced PROM and 8-bit D/A Converter, watch
for these new products soon to be announced:

MEMORIES DIGITAL LINEAR
256 x 1 PROM 9300 STORAGE REGISTER 6-BIT CURRENT SOURCE
1024 BIPOLAR ROM 9301 1/10 DECODER MONOLITHIC LADDER
16 BIT BIPOLAR RAM 9304 DUAL ADDER NETWORKS
2560 MOS ROM 9309 DUAL 4 INPUT MPX

9312 SINGLE 8 INPUT MPX
9316 HEX COUNTER

HARRIS
SEMICONDUCTOR

A DIVISION OF HARRIS-INTERTYPE CORPORATION

Norwalk, Connecticut (203) 853-3646
Lexington, Massachusetts (617) 862-1055 /Frederick, Maryland (301) 662-5400 / Oaklawn, Illinois
(312) 423-6010 / Albuquerque, New Mexico (505) 268-3543 / Palo Alto, California (415) 321-2280
Dallas, Texas (214) 231-9031 / Long Beach, California (213) 4267687 / P. 0. Box 37, Melbourne,
Florida 32901 (305) 727-5430 / EXPORT SALES. DAGE CORPORATION, STAMFORD, CONNECTICUT

RADIATION MICROELECTRONICS HAS CHANGED ITS NAME 10 HARRIS SEMICONDUCTOR
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DMM in a scope

PROGRESS IN
INSTRUMENTATION

IN MOST RESPECTS, a new dc digi-
tal multimeter is quite ordinary.

It has the same ranges you'd ex-

pect in almost any other; its ac-
curacy is no better than what
you find in many competitive
units; and its maximum sensitivi-
ty, while matching that of most
DMMs, falls short of what’s
found in a few.

In three major respects, how-
ever, the instrument differs dra-
matically from any other on the
market. First, it measures spot
temperatures easily and quickly
over the broad range of —55 to
+150°C  with 3814-digit read-
out and 1°C accuracy up to
125°C. Second, it provides an
analog output of 10 mV/°C,
which can be used to plot tem-
perature on a chart recorder.

each numeral are commoned and
brought to pin terminals at one
end of the cylindrical tube along
with pins for a commoned deci-
mal, a commoned punctuation
mark and a single screen (to
prevent crosstalk between dec-
ades). So 13 pins come out one
end of the tube. An additional 14
pins, each going to one anode for
each decade, come out the other
end.

Thus, both the Burroughs and
Amperex displays offer a sub-
stantial reduction in the number
of pin terminations required per
decade over what would be re-
quired with “individual decade
readouts. In both displays, the
individual anodes are scanned as
the cathodes time-share a com-
mon decoder/driver.

Each of the two displays has a
character height of 0.4 inch and
character spacing of 0.375 inch,
center to center. The Amperex
numerals are vertical and the
Burroughs digits slant. The Pan-
aplex requires 200 Vdc and its
rival takes 175 Vde. Pandicon
brightness is 600 candles/meter
but brightness data on the Pana-
plex are not available at this
time. A 12-digit Panaplex is 6.2
inches long, 1.62 inches high and
a skinny 0.4 inch deep. Amperex’s
unit is 1.22 inches in diameter
and 6.71 inches long.

In the all important matter of
price, Burroughs has the lower
cost per digit for a 16-decade
display, $1.50 (1000-up), com-
pared with Amperex’s $1.93
(1000-up). L]

For more information on Burrough's Pana-
plex, circle 348.

For more information on Amperex's Pan-
dicon, circle 349.

Third, and most challenging, the
instrument does not include dis-
play devices for its full 3-digit
readout plus an overrange ““1.”

Reads out on a scope

And here’s where competitors
will no doubt swing at it. For the
Tektronix 7D13 works only as a
plug-in for one of Tek’s five
7000-series scope main frames.

(Continued on page 28)
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You Win With RCA P-N-P Power...
New 2N5954 Family (2N3054 Complement)

This new RCA p-n-p transistor has the qualifications that
can make winners of you and your designs. The 2N5954
is a silicon power unit in a hermetically-sealed TO-66
package. Complementing the 2N3054 (already widely
known in sockets in military, industrial, and commercial
equipment), the 2N5954 features controlled second-
breakdown ratings. To be sure, each transistor is indi-
vidually tested to meet specified parameters before it is
shipped.

The new 2N5954 family with its multiple epitaxial struc-
ture and emitter ballasting techniques add up to a tradi-
tionally rugged RCA power device...giving you the design
capability to achieve high performance levels in your
equipment. One of three new RCA p-n-p types now of-
fered for switching and amplifier applications, 2N5954 (or
its family types, 2N5955 or 2N5956), together with its n-p-n
complement, provide bi-directional control and phase
inversion advantages.

P-n-p/n-p-n complements are particularly advantageous
if you're trying to cascade four or five stages. In a power
supply design, for example, the use of complementary
types can eliminate voltage build-up that would be en-
countered if cascaded n-p-n, or cascaded p-n-p types
were employed.

Check the chart on these new types. For more information,
consult your local RCA Representative or your RCA Dis-
tributor. For technical data, write: RCA Electronic Com-
ponents, Commercial Engineering, Section 51J /UTS,
Harrison, N. J. 07029. In Europe: RCA International Mar-
keting S.A., 2-4 rue du Liévre, 1227 Geneva, Switzerland.

VcBo|VCEX (sus)| VCER (sus)| VCEO (sus)| !c| PT(W)
Type No. (V) (V) (V) v) |(A) @Tg =25°C
2N5954 85 85 80 75 —6 40 -
2N5955 70J[ 70 65 60 —6 40
2N5956 50 | 50 | 45 | 40 —6 40

Circle 149 on Reader Service Card
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Its digital readout appears on
the screen of the CRT, traced
there by the character generator
that Tek wuses for automatic
scale-factor readout.

This can be extremely handy
when a man uses a scope camera
for permanent records of read-
ings. And it can be convenient
for a man who already owns or
plans to get a 7000-series scope.
But it can be argued that a man
who’s happy with the scope he
has now may not be eager to
shell out $560 for a DMM plug-
in plus $1775 to $3200 for a
main frame (unless he’s hungry
for digital temperature measure-
ments) when he can buy a digi-
tal multimeter (Honeywell’s
French-made Digitest 500) for as
little as $250.

Now it’s true that the Honey-
well meter, the lowest-cost DMM
on the market, has drawbacks.
(See “Many tradeoffs in small-
est, lowest-cost DMM,” FEFEE,
October 1969, pp 32-34.) But it
measures ac voltage and current
as well as dc voltage, current and
resistance. Tek’s 7D13 measures
only the dec parameters.

The * Tektronix plug-in offers
greater resolution, since it pro-
vides an overrange “1” in addi-
tion to the three full digits on all
but the 1-kV range. Honeywell
provides no more than three full
digits but almost all other DMMs
on the market include the over-
range digit.

Most popular ranges only

Further, while the Tek unit
covers the most popular dec-volt-
age, current and resistance
ranges, many competing meters
cover more. For example, the
lowest voltage range is 2 V
(which is equivalent to what oth-

PROGRESS IN

INSTRUMENTATION

TWO NEW LSI TESTERS offer re-

markable test speeds and im-

pressively rigorous test patterns

that may allay the concerns of

many users that LSI can’t really
be tested.

The machines, Doctor 32 and

Not merely another scope plug-in, this one is actually a digital multimeter
— unique in providing digital measurements of temperature, too.

ers might call 1 V with 100%
overrange), while several other
meters have 100-mV ranges. The
lowest current range is 2 mA
(or 1 mA with 1009% overrange)
while others feature 100 uA.
The lowest resistance range is
200 ohms — and that’s dandy.
Only two meters (from Dana and
Non-Linear Systems) have 10-
ohm ranges and a brand-new
Dana, the 4800, includes a 1-ohm
range as an option.

Tek’s top ranges are 1 kV, 2 A
and 2 MQ. Accuracy, from 15 to
40°C, is 0.5% rdg = 1 count for
current and resistance, 0.1% rdg
+1 count for voltage. Input re-
sistance is 10 MQ for all voltage
ranges and 0.2 V/full-scale cur-
rent for current ranges.

The plug-in has two identical
sets of de-voltage ranges, one for
use with a pair of test leads and
one for a shielded probe, which
Tek provides.

This probe also provides the

Fast, tough-test LSI tester

Doctor 64 from Adar Associates,
derive great flexibility and the
formidable test patterns from a
microprogrammed address gener-
ator, which works from a Digital
Equipment PDP-8 computer.
The advantage of using the ad-
dress generator for pattern
preparation, rather than the com-

unique temperature-measurement
capability. When the probe is
used to measure temperature, the
tip and a transistor built into the
probe are heated or cooled by
whatever is touched. Two cur-
rents from the plug-in are switch-
ed at a 40-kHz rate to supply
different I, values to the transis-
tor. The difference between the
resulting two V,. values is very
linear with respect to tempera-
ture.

Actually, it’s not even neces-
sary to use the probe. One can
use almost any transistor, mount-
ed anyplace, and run wires to the
probe input. For a worst-case
temperature swing, the instru-
ment requires about 10 seconds
to settle at the proper tempera-
ture reading within the accuracy
band.

The 7D13 costs $495 without
the voltage/temperature probe,
$560 with it. L]

For more information, circle 339.

puter itself, is that one can feed
it a formula for the required word
patterns, rather than the explicit
address sequences. This simplifies
computer programming and slash-
es the computer’s memory re-
quirements. It also saves a great
deal of time and this accounts, in

(Continued on page 30)



That #70%!

MIL-M-38310!

Signetics Corporation /811 E. Arques Ave.,

There, there, Signetics understands.

We not only understand MIL-M-38510, we can
supply IC’s to it. Right this minute.

Fact is, we’ve been using just about the same
hard-nosed testing procedures it calls for, for better
than five years.

Signetics S.U. R. E. program (Systematic Uni-
formity and Reliability Evaluation) includes practi-
cally all the Military Standard 883 tests plus a few
more of our own.

So: send for our new Confidence Report on
38510/883 and for our new S.U.R.E./883 brochure.

And specify Signetics digital and linear circuits
for your high reliability requirements.

You’ll swear by them.

Signetics [s]

Sunnyvale, California 94086 /A subsidiary of Corning Glass Works
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part, for the very high speed of
the Adar systems.

The address generator, based
on a solid-state random-access

memory with 16 12-bit microin-
structions and looping capability,
can prepare word patterns that

The Doctor 32, smaller of two LSI
testers from Adar, has no knobs. It’s
completely under computer control.

The photograph (magnified 10 times)
shows the contact areas of a tin-lead
coated pc board after thermal cycling,
vibration tests and an equivalent 5 year
salt solution aging test. Note that the
actual contact areas were unaffected by
corrision due to the gas free seal pro-
vided by the elastomeric contacts.

really put an LSI array through
its paces. For example, it can
generate a checkerboard pattern
(with alternating ones and zeros
in an array). An even nastier test

includes “walking” ones and
Zer0s.
This test involves writing a

zero in a cell, writing ones around
that cell many times, then check-
ing the original cell for zero re-
tention. This is followed by a
ones-retention test, in which a one
is surrounded by zeros. Repeated
for every accessible cell in an ar-
ray, this process is a dandy check
for sensitivity to multiple-write
disturbances.

While both Adar machines are
intended for only functional (go/
no-go truth table) testing and
parametric testing (with actual
measurements of voltage and cur-
rent levels), the instruments can
cheat a bit and simulate dynamic
testing (involving time-related
tests).

This is done by advancing or
retarding one phase of the sys-
tem clock in increments as small
as 0.5 ns until a timing sensitive
cell in an array just fails to
switch. Doctor has a four-phase
clock, a variable-width strobe and
two timing signals, all derived
from a sawtooth generator. Any
phase relationship is established
by detecting two user-defined volt-

PROGRESS IN
PACKAGING
HAVE YOU EVER unsoldered a flat-
pack-type IC from a printed cir-
cuit board? For the unskilled,
the results are usually disas-
trous and even skilled personnel
can end up butchering both the
IC and its mating board. Chome-
rics, Inc., Woburn, Mass., a com-
pany ordinarily thought of as an
EMI-shielding material supplier,
has done something to eliminate
this slaughter of ICs and boards.
Chomerics, has designed a com-
pletely new way of attaching a
flat pack to a pec board.

In the new method, the flat
pack is placed within an elas-
tomer-contact connector, which
in turn mates with the pc board.

age levels on the sawtooth as the
stop and start times. The clock
can operate in a continuous or
burst mode.

Doctor 32 (for devices with up
to 32 pins) and Doctor 64 (for up
to 64 pins) have cycle times as
snappy as 125 ns and operating
speeds to 8 MHz. Their drivers
can whip out rise and fall rates
of 1 volt per nanosecond at levels
that can be set from —17.5 V to
+17.5 V. Overshoot and under-
shoot are typically less than
015V

The 32 is intended mainly for
testing ROMs, RAMs and shift
registers while the 64 tests logic
arrays, too. The smaller machine
senses a single bit position in one
reading, so a device with eight
output bits requires eight tests.
The larger one can multiplex four
outputs into each of 16 sensors
so, in effect, it senses all outputs
of a 64-output device in four
passes.

Either machine can be time
shared—the 32 by up to eight
independent test heads and the 64
by up to four—including wafer
probes. Switching time between
test heads, about 10 milliseconds,
is brief—but long enough to re-
duce the overall test rate.

The Doctor 32 starts at $61,400
while the 64 starts at $75,600. =

For more information, circle 343.

A solderless connector for LSI/MSI IC flatpacks

This new unit eliminates solder-
ing, plated-through holes and
doubles as an IC carrier. The
flatpacks may be easily replaced
and can be tested while inside
the Chomerics connector. The
connector has excellent vibration
isolation by virtue of the elas-
tomeric material used and can be
designed for any lead format.
The contact between the pc
board and the connector is a cop-
per to conductive plastic type,
which eliminates metal to metal
corrosion and formation of gas
pockets. The connector has no
effect on the IC’s frequency cut-
off and rise time.

The figure illustrates an ex-
ploded view of the new con-

(Continued on page 32)



ZENERS 19¢

anditsnice toknowitsthere.

For the same prices as plastic devices, you can get up to 5 times
greater surge protection. In fact, you can use ¢-line 1 and 5 watt
zeners instead of conventional 10 and 50 watt chassis mounted types.
And for far less money. Unitrode’s unique fused-in-glass construction
assures you of monolithic, void-free zener diodes with permanently
stable electrical characteristics. And they’'ll withstand voltage surges
high enough to make them hot enough to glow. They're in

stock now, ready for immediate delivery. (1 watt ratings as low as 19¢
in 100k lots.) Can you afford not to use them? For fast action, call
Sales Engineering collect at (617) 926-0404

Unitrode Corporation,

580 Pleasant St., Watertown, Mass. 02172

mmm U N 'T RO D E quality takes the worry out of paying less.
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Unitrode Corporation
Inquiry Processing Dept.10 A, 63 Atlantic Ave., Boston, Mass. 02110

[ Please send ¢-line zener samples in [J 1 watt, (I 5 watt rating
with complete specifications.

NAME TITLE

COMPANY

ADDRESS

N
o

——-——----—-‘

CITY. STATE.

r
I
1
]
I
1
1
i
1
{
1
1
1
1
1
1
]
1
1
1
1
1
1
1
1
1
|
§
1
1
1
I
i
|
1
1
1
I
L

Pilaln FRY " Bawmil e

N
D
:
Y
3
5
)
3
3



nector (or socket) and a mating
pc board. The connector is com-
posed of two pieces: a top frame
with alignment studs and the IC
carrier which has two rows of
conductive pads. These pads ex-
tend completely through the car-
rier portion of the device. In a
complete assembly, the IC is
placed on the carrier and its leads
are aligned with the conductive
pads. Then the frame is placed
over the carrier piece and the
pc board is positioned under the
connector. The studs of the top
piece align the entire assembly
and the addition of two lock-nuts
under the pc board complete the
assembly. The alignment is such
that the IC leads contact the
conductive pads which in turn
bear down on copper
segments of the circuit board.
The heart of the connector is
the elastomer contact, a silicone
and metal mixture which has a
maximum resistance of 0.25 Q
per pin and a contact rating of
30 mA. Chomerics has simply
drawn on their experience in
conductive materials and ap-

lands or

Anexplodﬂﬂ view merie

plied it toward another field.
Chomerics claims an assembly
time of 15 seconds per connector
and prices their units at one half
a cent per pin. It remains to be
seen whether their new unit

homerics new
conductiv

ALIGNMENT STUD

with its obvious advan?ages will
put a dent into the wave-solder-
ing method of flatpack inser-
tion. =

For more information on the Chomerics
connector, circle 345.

"

CASES

CONNECTORS

GOMBIETEMRNGHAGINGECARAB

P.C.CARD

CARD FRAMES

MODULE RACKS |

VEROBOARD*

CARD HANDLES i

FRONT PANELS o

PANEL HANDLES i

HANDLES

Molded of polycarbonéte, these smartly styled
handles mount without hardware in two styles, while
the third may be riveted. The snap-in versions have

molded lugs that snap into holes in the P.C. card and
lock in place. This unique fixture saves time, labor
and hardware costs while providing a positive attach-
ment of handle to card, available from stock in black,
white, red, green and blue.

VERO ELECTRONICS INC. 1wx 510.224-6425
176 CENTRAL AVE., FARMINGDALE, N. Y. 11735 TEL:516 MY 4-6550
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The need:

A low-capacitance, high-frequency, high-density amplifier
or switch — to operate at very low power.

The ticket:

Another state-of-the-art

industry first! ¥
e Motorola’s

new, mighty
midget is just the
ticket to let you make
those heretofore ‘‘impos-
sible’” dream designs become
reality!
Never before has the semiconductor
industry been able to offer you such
broad design latitude with either a single

device or multiple components, combining these
unusual capabilities:

Specification Highlights

Encapsulated in the rugged, voidless, Micro-T plastic package (case 28), the
MMT806 silicon transistor series is comprised of two complementary pairs:

The unique combination of low-capacitance and
high-frequency performance capabilities at low
power levels makes the MMT806 micropower

series ideal for portable communications gear,
medical electronics, remote control monitoring
systems and other such applications requiring

. . Min. s
extremely low battery drain and very little space. cimuniner NG e - i e, vt
The MMT806 ser.ies comprise the lowest-capaci- Paier Balh (rateRR T
tance transistors in the industry to offer unsur- Ve 2o .
lc = 100xA)

passed high-frequency amplification and fast
switching at very low operating currents and
voltages.

The introductory 100-up prices of $13.00 for the
MMT806/807, and $15.00 for the MMT808/809
are really “low ticket” when you consider the
contents. What’s more, each device is rigidly
tested for 12 parameters — your assurance of
optimum performance and reliability!

Contact your nearest Motorola representative
today and ask for complete details. Or, write

us direct for your free data-sheet tickets to Ve W '
new design horizons! Motorola Semiconductor (e
Products Inc., P.O. Box 20912, Phoenix, Arizona (lc =10 uh, we | o losim] o | —

85036.

MMT806 (NPN) and MMT808 (PNP)
‘/( Micropower Switches
MMT807 (NPN) and MMT809 (PNP)

Micropower Amplifiers

-

Noise Figure (Opt. Source)
(f = 200 MHz,

Vce = 0.7V,

lc = 1004A)

NF —

26

dB

Input Capacitance
(f = 1MHz,
IVli = 0.0V,

=0,
collector guarded)

=

Cis —
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.27 | 0.34
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Output Capacitance
(f = 1MHz,
'VCI =0.5V,

£e=0,
emitter guarded)

Cob —_ 0.34
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0.80
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MOTOROLA PLASTIC

—where the priceless ingredient is care!
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Don Nicksay of Brush

Speaks Out On

What’s Wrong With

Recorder Spees

In a nutshell, it’s accuracy superspecs. What
do I mean by accuracy superspecs? I mean the
commonly accepted preoccupation with creating
a monumental specification document with total
disregard for the job to be done.

Here's an example: Consider for a moment
the engineer who specified a multiple-channel
direct-writing oscillograph to record lengths
and weights, respectively, of sawmill logs in
millimeters and ounces. Of course it’s ridiculous,
yvet such superspecs are not unusual. On the
other hand, it’s common to see customers trying
to read chart paper to three-place accuracy
when, at best, input data have one-place resolu-
tion. Kind of silly isn’t it?

Not only are specs over-emphasized, but there
is also a misconception as to what are proper
spec ratings in the first place. For example, most
recorder specs are for static conditions, but the
recorder is used dynamically. So who knows how
to translate static specs into dynamic specs?

For that matter, how many users really know
what dynamic sensitivity and dynamic ac-
curacy are needed? The problem is further
compounded because specs usually aren’t drawn
up with consideration for environmental con-
ditions — extreme temperature, high humidi-
ties, etc. Yet, in all probability these have
more effect on the measurement result than
the equipment specs.

Many users make the mistake of assum-
ing that superspecs are somehow a
guarantee of super results. Unless the
instrument is properly applied by a
knowledgeable user, the specs can turn
out to be virtually useless.

A continuing problem is common understand-
ing and agreement on spec definitions, and
most manufacturers, including us, don’t go out
of their way to make their published literature
easy to understand or easy to compare. What,
for example, is the meaning of the word ac-
curacy, and what is meant when we state 99.5%
accuracy in a recording system? First, we de-

fine accuracy as the capability of an instru-
ment to follow the true value of a given pheno-
menon. Then we state that accuracy is the sum
of a number of errors including those caused
by hysteresis, linearity shifts, thermal zero
shift, thermal sensitivity shift, overload limits,
calibration errors, and in some cases many
more. Not all manufacturers include all poten-
tial accuracy errors in defining and listing
total accuracy so an unqualified spec is almost
meaningless.

My challenge to the validity of specs may
seem unusual coming from the representative
of a company that built its reputation and its
business through specs. But we’re not offering
excuses to justify our unqualified stance for
specs during the past 10 years because those
were the years of what may be termed “forced
specmanship.” The attitude of placing great
importance on specifications was the order of
the day — especially in government procure-
ment offices. Users needed detailed specs to
justify the equipment they wanted to buy and
procurement agencies needed specs to advertise
for competitive bids and the whole art of spec-
manship grew into a great bureaucracy, again
at the expense of the job to be done.

Specmanship became the end in itself rather
than the reason. Brush, along with all other
chart-recorder manufacturers, responded to the
specs-mania requirements of customers. Users
were pushing us to build ultra-sophisticated
direct-writing recorders, particularly with
respect to operating characteristics in the
worst possible environments. These instruments
often had higher frequency response than
needed and were tested and qualified to per-
form without failure for extended periods in
environments that no more than one instru-
ment in 1000 would ever see.

Now don’t get us wrong — there are many
legitimate reasons for exacting specifications,
such as called for by aerospace engineers who
try for 99.99% accuracies. And vendors can
supply very precise instruments for sophisti-
cated applications in cases where they are
needed. But that’s the rub. Too many engineers
in both government and industry are still call-
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ing for the same superspecs to measure and
record relatively mundane phenomena.

If all chart recorders were purchased on
the basis of specs alone, there would be a
lot of money floating down the drain.

Certainly the user knows that the cost of
superspecs must ultimately be borne by him.
To prevent this waste, it’s the responsibility
of the instrument manufacturers to clear up a

lot of specs misconceptions. We must present
a realistic picture of the true function of mul-
tiple-channel chart recorders. We have to define
their capabilities and limitations.

For example, there is a big cost difference be-
tween practical accuracy and possible accuracy
— or repeatability — or frequency response.
Possible measurement precision is where super-
specs are born. If the user wants the job done
as accurately as practical, there’s no problem.
However, when he specifies “as accurate as pos-
sible,” he’s loosened a barrel of monkeys. The
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recorder manufacturer will eventually make a
super complex instrument, but it’s going to cost
the user — from hundreds to even thousands of
dollars extra.

Before we go any farther, let’s review for a
moment what the main function and advantages
of multiple channel direct-writing recorders
are — in the order of their value and impor-
tance to the user: (1) Instantaneous readout
of dynamic phenomena. (2) Continuous analog-
versus-time presentation. (3) Simultaneous dis-
play of multiple values on the same time base.
(4) Permanent records without additional proc-
essing. (5) High accuracy, repeatability and
resolution of data. (6) Chart records repro-
ducible by any conventional process. (7) Un-
matched flexibility and ease of operation.

I think it’s also important to establish clear-
ly what a basic direct-writing recorder is. It’s
simply a recording dc voltmeter. Its automatic
writing system continuously translates elec-
trical signals into visible traces on permanent
charts.

An electrical signal is usually amplified,
conditioned or attenuated in a preamplifier
which feeds a pendrive amplifier. Its output
drives a galvanometer or penmotor which pro-
duces a pen deflection that is directly propor-
tional to the input signal. The pen writes on a
moving chart providing a continuous analog-
versus-time presentation.

One recorder can be used for many applica-
tions since practically all physical variables
can now be converted into equivalent electrical
signals by a large selection of standard trans-
ducers.

Other big factors in realistic recording sys-
tem specifications are the many components
that can affect accuracy, repeatability and
resolution of data. The key components are:
(1) Signal transducer. (2) Signal conditioner.
(3) Preamplifier. (4) Drive (power) amplifier.
(5) Penmotor or servomotor. (6) Chart drive.
(7) Writing implements. (8) Chart paper.

The first factor, the signal transducer, is not
a part of the recorder but is a part of the re-
cording system. It has quite an effect on the
overall accuracy of the system because at the
very beginning it changes the physical charac-
teristics of a phenomenon to an electrical sig-
nal. Therefore, before we even think about
recorder specs, we should know the accuracy
of the transducer.

We can use any one of about 1800 basic
transducers that are on the market (as listed
by IEEE). It’s no simple task to pick the right
transducer considering the wide scope of moni-
toring and recording applications that chart
recorders can be called upon to handle. The
electrical output characteristics of the trans-
ducer (signal source) fall into six classes, ac-
cording to the output-circuit configuration of
the transducer: (1) Single ended — grounded.
(2) Single ended — floating. (3) Single ended
— driven off ground. (4) Balanced — grounded.

(5) Balanced — floating. (6) Balanced —
driven off ground.

The transducer used must be properly
identified and matched with an appro-
priate signal-conditioning amplifier.
Otherwise, final data may be useless.

Low-impedance transducers are p(efel'red to
reduce noise and to minimize the shunting
effect that the measuring instrument imposes
on the source. The point is that this informa-
tion is fundamental in specifying an overall
system.

The next component in the recording se-
quence is the signal conditioner. It accepts the
signal and electronically conditions it, where
necessary, before introduction into the pre-
amplifier. The conditioner can also be used as
a source for excitation output for special
auxiliary elements. A signal conditioner and
a preamplifier may be one and the same.

When a recorder requires performance at
millivolt- or microvolt-sensitivity levels, the
signal must be amplified through a preampli-
fier. Otherwise, the signal could be fed direct-
ly to the pendrive amplifier. The amplifier
that accepts the signal from the source deter-
mines the electrical input characteristics of the
recorder. These characteristics include fre-
quency response, noise, drift, input sensitivity,
impedance, transient response, common-mode
rejection, type of input, and attenuator accuracy
and range.

The magnitude of potential errors in systems
with preamplifiers can be illustrated by start-
ing right at the sensitivity dial and assessing
some of the potential inaccuracies introduced
right at that point. Those which immediately
come to mind are (1) frequency response, (2)
attenuation, (3) gain, (4) hysteresis, (5) ampli-
tude distortion, and (6) phase nonlinearity.

(1) Frequency response is extremely vari-
able. Up to certain limits of system perform-
ance the potential error is of little consequence,
but beyond a certain threshold (usually not too
clearly spelled out) the errors in response
characteristics swamp out all other errors.

(2) Attenuation depends on known-tolerance
resistor networks with inaccuracies equal to
the sum of interrelated inaccuracies of the
resistors in the network. While the cumulative
error can be measured, it must be remembered
that a relative error exists among all recorded
variables.

(3) Gain errors are usually present as a re-
sult of changes in components with time. The
errors are usually small, and are usually
ignored, but they are nevertheless present.

(4) Hysteresis can contribute generous er-
rors to sensitivity inaccuracy when the output
assumes different values at a given input point
as that variable rises and falls around that
point.



(5) Amplitude distortions are built into the
system particularly in penmotor linkages and
penmotor magnetic fields, and in amplifier
nonlinearities.

(6) Phase nonlinearities can occur when the
time lags between pen movement and changing
value of input vary with frequency. Across the
frequency-response spectrum, these time lags
are not always constant. .

All of this is just a way of saying that
the selection of a particular sensitivity
setting does mot guarantee that the re-
cording pen will move the precise num-
ber of chart divisions in response to an
input signal for that sensitivity setting.

Manufacturers seldom cover all these points
in published literature, which means that the
user’s only recourse is to select an instrument
whose limits of inaccuracy are known to him
in advance. Otherwise the wiggle may not
represent true signal variation.

The drive amplifier is the next system com-
ponent behind the preamplifier. It’s subject
to many of the same inaccuracies as the pre-
amplifier. Its purpose is to amplify the original
or preamplified signal sufficiently to provide
motion to the penmotor. Since the penmotor
fluctuates from an inert to a moving mass,
the amplifier power must change accordingly.
Both units must be properly matched to re-
produce the original signal faithfully.

The familiar d’Arsonval movement is the
heart of a conventional spring-restored type of
direct-writing recorder. It is generally called
the penmotor. The moving coil is located in the
field of a permanent magnet and restored to
chart center by means of a torsion spring.
Angular pen deflection is directly proportional
to the current in the moving coil. It is a simple
reliable mechanism. Its overall performance is
limited by the stiffness of the torsion spring,
mass of the pen, its writing pressure, and the
writing technique employed. :

The moving chart in these curvilinear writ-
ing systems exerts a force on the pen when the
pen is at a point off chart center. The force
is in a direction to deflect the pen back to chart
center and is a potential cause of error.

The pen has a tendency to ‘“anchor” into
position, especially in the writing trough on
thermal chart paper, which requires a force
within the torsion spring of the penmotor to
overcome this inertia component. It’s another
source of error, particularly in a penmotor with
low restoring force.

The development of the position-feedback
penmotor for high-frequency direct-writing
recorders made it possible to combine the high-
frequency characteristics of the spring-restored
penmotor or galvanometer with the excellent
accuracy characteristics of the potentiometric
recorder.

An accurate non-contact feedback element with
infinite resolution, no reactive force and zero
maintenance, is very desirable in any servo sys-
tem. This is especially true in high-frequency
penmotors. A small position-sensing transducer
called the Metrisite comes close to meeting all
these requirements.

It’s matched to the geometry of the pen link-
age, has a low reactive force, is entirely non-
contact, and has less than 0.1% linearity error.
The output is always proportional to pen posi-
tion. There is nothing to wear, or degrade per-
formance with time or high velocities. This is
a great improvement over a potentiometer or
slide wire as a pen-position feedback element
and is responsible for the high accuracy now
available from a practical data recorder. Here,
the history and reputation of the manufacturer
is extremely important.

Generally speaking, chart drives have been
refined to the degree that they are rugged,
reliable and relatively trouble free. Manufac-
turing specifications are usually adequate in
defining performance capabilities.

Four basic direct writing methods are
used today. Here are the best and worst
characteristics of each:

CAPILLARY INK provides a fine, uniform
trace, low friction at the pen tip, low-cost chart
paper and easy reproduction by conventional
means. Reliability is poor due to clogging. It
requires high maintenance and it certainly can
be messy.

ELECTRIC writing is accomplished by a
high dec voltage that burns away the top layer
of a special teledeltos paper. It provides good
reliability and produces a thin, uniform trace
over a wide range of writing conditions. The
paper cost is high, contrast is poor and re-
production is difficult.

THERMAL writing provides a trace as an
electrically heated stylus writes over a knife
edge on a special heat-sensitive paper. It is
clean, simple and rectilinear without use of any
linkages. The paper is soft, difficult to work
with, easily smudged and expensive. The trace
is nonuniform and frequently skips. Reproduc-
tive quality is poor.

FORCED-FLUID writing is accomplished by
a completely closed fluid system that operates
under pressure like a miniature hydraulic sys-
tem, with fluid precisely metered out by pen
movement. Pen pressures, many times higher
than normal, are used to establish a positive
liquid seal between the chart paper surface
and the pen tip. This system produces true
rectilinear writing on low-cost chart paper and
provides permanent chart records of superior
quality. The sharp, uniform trace does not
change with pen velocity. The unique combina-
tion of high contrast and good resolution pro-
vides chart records that are easy to reproduce



by any conventional process.

Pressure systems are very reliable but there
are infrequent failures. If failure occurs with-
in the recorder at the reservoir or pump, there
can be a terrible mess inside which requires
extensive cleanup with special solvents. Pres-
sures are adjusted for average writing speeds.
At extra-slow recording speeds the forced-fluid
systems have a tendency to put down excessive
ink which produces a wider than normal trace.

Up to this point our discussion has con-
sidered recording-system hardware exclusive
of chart paper. By minimizing all the errors we
can produce a near-perfect system and still
have a widely inaccurate chart record.

If any one thing makes me shake my
head sadly, it’s the universal obsession
with recorder specs coupled with a total
disregard of the influence of the chart
paper. Too many users for too long a
time have paid too little attention to
chart paper, and they’re long overdue to
take corrective action in this vital point.

Chart-paper accuracy starts with engraving
on a printing cylinder which is the result of an
engineering drawing, a photographic negative
and an etched surface on the cylinder. All
steps must be executed with extreme care.
Cylinder printing is usually done in a rotary
gravure press which is recognized as an im-
provement over the flatbed method. The un-
printed roll must be carefully mounted in the
press, printed under controlled tension and
precisely slit to proper width. After slitting,
the rolls are re-spooled in 250 to 500 foot
lengths (or length required), packaged and
stored for shipment.

It goes without saying that the raw stock
must be of the best quality, uniformly coated,
without holes or surface blemishes. But even
the finest paper does expand and contract with
temperature and humidity, and therefore must
be printed in a controlled atmosphere.

It is possible to produce accurate chart paper
if enough attention is paid to required details,
but it is impossible for the manufacturer to
control the conditions under which the paper
is used. And this is where the real problems
begin. It is unlikely that the chart paper will
ever again see the laboratory conditions of
manufacture, and from this point on, the ef-
fects of temperature and humidity can intro-
duce recording errors up to two (2) percent!

The roll of chart paper must be properly
mounted in the recorder. The spool must be
tight, located at the proper reference point, and
the paper must track correctly under even ten-
sion. Even with care it’s difficult to keep paper
wander less than ; of a chart division!

If we sound as though we have made a career
in chart paper, you're right, we have. To main-
tain top quality, some recorder manufacturers

print their own engineered chart paper in their
own plants on highly accurate gravure presses.
Charts are handled in special “white rooms,”
kept at constant temperature and humidity 365
days a year.

It should be clear by now that superspecs
are only half the story. How about over-
all quality, and the requirement to oper-
ate troublefree year after year?

The specs must relate to quality which in
turn must relate to the job to be done. The
better vendors try to engage in ‘“‘consultive”
selling to assist the customer in matching his
recording requirements to the result he wants
to obtain. They are commited to a customer-
oriented full-service approach including appli-
cations assistance, documentation and mainte-
nance. In the final analysis, it costs little more
to take the time to analyze the problem and
select the best recorder available. We're con-
vinced that the wise user will deal only with
high-quality, qualified manufacturers and will
rely on the advice of someone who really knows
the business. How do you write a superspec
about that? EEE




Tektronix

The New Tektronix 7000-Series Oscilloscope
System does more of what a plug-in oscillo-
scope is intended to do. With four-plug-in
flexibility, and new operator convenience, you
make more measurements with fewer errors
and less effort.

Four-Plug-In Flexibility

Tektronix single and dual plug-in oscillo-
scopes proved the value of the modular ap-
proach to solving measurement problems.
Now the added ability to simultaneously use
multiple plug-ins—with similar or widely dif-
ferent features—makes the plug-in concept
even more valuable. Tektronix 7000-Series
Oscilloscopes offer bandwidths up to 150
MHz, four-plug-in flexibility, and mainframe
versatility, to display more measurement data in a single
setup than any other oscilloscope system. Multiple plug-ins
minimize the loss of valuable time and the inconvenience
caused by having to repeatedly interchange plug-ins to
solve a measurement problem. If you wish, start with only
one horizontal and one vertical plug-in and add more as
your measurement requirements change.

Wider Performance Spectrum

Some features which widen the performance spectrum of the
seventeen plug-ins currently available are: dual trace, 105
MHz at 5 mV/div (four trace, 105 MHz with two units) e dif-
ferential, 100,000:1 CMRR at 10 uV/div e differential com-
parator, 100 MHz at 1 mV/div ® random or sequential sampl-
ing, 25ps t. (depending upon the sampling head) e two
new single-trace amplifiers, 150 MHz at 5 mV/div e current
amplifier, 105 MHz at 1 mA/div e 500 MHz digital counter
e and a digital multimeter that also measures temperature.

Circle 154 on Reader Service Card

TEKTRONI

the valued plug-in concept

More Convenience

Convenience is another outstanding feature
of the 7000-Series Oscilloscopes. Auto Scale-
Factor Readout, a Tektronix exclusive, labels
the CRT with time and frequency; volts, amps,
ohms and temperature (C); invert and uncal
symbols and corrects the readout for probes
and magnifiers. Color-keyed panels, lighted
push-button controls, peak-to-peak auto trig-
gering, and trace-identify switches on probe
tips and plug-in panels are just a few of the
many convenience features which mean fast-
er, easier measurements with fewer errors.

Your Tektronix Field Engineer will gladly
discuss with you the complete FLEXIBILITY,
VERSATILITY and CONVENIENCE of the NEW
7000-Series Oscilloscope System. Contact him locally or
write: Tektronix, Inc., P. O. Box 500, Beaverton, Oregon
97005. See your 1970 Tektronix Catalog and Supplement
for specifications and descriptions of the entire 7000-Series
including the NEW 7514, DC-to 90 MHz, Storage Oscilloscope.

Prices of instruments shown:

7704 150-MHz Four-Plug-In Oscilloscope .......... $2500
7A16 150-MHz Single-Trace Amplifier ............. $ 600
7A14 105-MHz Current Amplifier ................. $ 575
7B71 Delaying Sweep Time Base ................. $ 685
7B70 Delayed Sweep Time Base ................. $ 600
Blank Plug-In Panel, order 016-0155-00 ............ $ 6

U.S. Sales Prices FOB Beaverton, Oregon

Available in U.S. through the Tektronix lease plan

TIME BASE) / e B HORIZ e
FASTEST CALIBRATED TIME/DIV—2ne

committed to
technical excellence
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Complementary-

Symmeltry
MOS ICS

by Don DiMassimo

Let’s review briefly a few basic characteristics
of MOS insulated-gate field-effect transistors.
These devices consist of two electrodes (source
and drain) diffused into a silicon substrate. The
source and drain are separated by a finite space,
thus forming a majority-carrier conducting
channel. A metal gate is placed above the channel
and insulated from it.

An “n” channel device is normally operated
with the drain at supply potential (V,,), and the
source and substrate at ground (V..) potential.
If a positive potential is applied to the gate, a
field is created between the - gate electrode and
the substrate. Since the field must terminate on
charges, electrons move through the substrate
and accumulate in a layer immediately beneath
the silicon surface. This layer is termed an in-
version layer, i.e., the “p” substrate is inverted
to “n”. Thus an ohmic path is formed between
the drain and source, and current flow is es-
tablished between supply and ground. If, how-
ever, the gate potential is reduced to ground
potential, the inversion layer is immediately re-
moved and the device current is cut off. In this
situation, the drain is heavily reverse biased, so
that the only current flow is leakage, normally
in the picoampere range.

In enhancement MOS devices, such as those
used in complementary-symmetry MOS (COS
MOS) arrays, the gate voltage does not have to
be reduced to ground potential to cutoff the
device. Normally the cutoff point is established
by the process above the minimum value re-
quired for good noise immunity. The gate volt-
age at cutoff is termed the threshold voltage
(Vth)'

A “p” channel FET performs in a manner
similar to the n-channel device except that all
signs are reversed, i.e., the potentials are nega-

Author: Donald V. DiMassimo is section head,
research and development, G-V Controls,
Sola Basic Industries, Inec., Livingston, New
Jersey.

tive. The source and drain electrodes are p +
diffusions in an n-type substrate; the induced
layer of charges is termed an “accumulation”
layer and the carriers involved in conduction
are holes.

DC Characteristics

The typical drain current characteristics of
an ‘“‘n” channel enhancement-type transistor are
shown in Fig. 1. Two current regions are de-

fined; the triode region, where
Vos < Vgs — Vin (1A)
Ins = Ky [2Vpg (Vs — Van) — Vipg®] (1B)
and the saturated region, where
Vps = Vgs — Vin (2A)
Ips = Ky (Vgs — V)2 (2B)

In the above equations, the constant K, is ba-
sically a function of design and processing and
is given by (u, E, W)/2LT,, u, — effective
mobility of electrons, E,, — permittivity of in-
sulating oxide layer, W — channel width, L —
channel length and T,, — thickness of the in-
sulating oxide (1000 A typical).

The channel dimensions W and L, are design
variables. Substituting typical process variable
values for u,, E,, and T, results in:

Ky = 5.7 x 10-¢ (3)

Typical dimensions for an n-channel device
are L = 0.25 mils and W = 3.0 mils. If V,, —
10V, and V,, = 1.5V, the saturation current from
Equation 2B is:

[ 3
Ips — 5.7 X 103 (ﬁ)(lo—m)?

— 4.9 mA

The equations for p-channel devices are simi-
lar except for appropriate changes in sign and
with V,, and u, substituted for V,, and L The
slope of the drain-current characteristic in the
FET triode region is termed r,. This value
can be computed from:
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For the n-channel device mentioned above, this
value will be:

R

VDS o

1
DS — (2) (5.7 X 10-6)( 3 )(10~1.5)

.25
= 860 Q

An approximate current-source equivalent
circuit is shown in Fig. 2.

The Complementary Inverter

The complementary inverter, shown in Fig. 3,
will be used to illustrate the basic operation of
COS MOS circuits. In this circuit, when V,, is
equal to Vg, the n-channel device is turned on,
the p-channel device is off, and the output is at
ground potential. Conversely, when the input
voltage is at ground, the n-channel is off the
p-channel device on and the output is at Vg
potential. Note that only during the actual
switching period is there a direct connection
between V4 and ground; thus under static con-
ditions essentially no power is dissipated in the
circuit.

The transfer characteristics for this device
are shown in Fig. 4. An important voltage, when
noise immunity is being considered, is the volt-
age applied to the inverter which will cause both
devices to be turned on. This is termed the
transition voltage (V; in Fig. 4.). For optimum
noise immunity, this voltage should be %% V.
The transition voltage can be computed from
the following equation :

T (= (Vi) Ve
Vi= N = (5)
14 ‘/&
Kx
Normally, in the design of a COS MOS array,
the device channel length, L, is held to a mini-
mum. This is done to maximize transconductance,
speed, and packing density. The channel width,
W, is then tailored to obtain the desired device
characteristic. Therefore, substituting the aver-
age threshold voltage in Equation 5 and in-
serting typical K,, K, constants:
Vi = ¥%Vpp if Wp = 2Wy
The above widths expressed provide the width
ratio desired for maximum speed.

The transition current (I;) during the actual
switching interval versus switching voltage char-
acteristic is shown in Fig. 5. The maximum cur-
rent can be computed from Equation 2:

Ii:IP:IN:KN(VGS_VTN)2 (6)
where Vg =1V,

The switching response of the complementary
inverter can be computed for an idealized case.
Fig. 6 illustrates an inverter driving a load ca-
pacitance, C;. If the assumption is made that
C,, is high in comparison to the device capaci-
ance, the following approximate relationship can
be derived for a stage delay, T,:

T, =097 1 g 1 T

(1 B VTx") &(1 JVTP)'“
VDI) KN VDD
where 7 = C;, (Ky Vpp)

It can also be shown that for minimum delay
and equal rise and fall times, the transconduc-
tance of the devices should be matched:

oy = Ei A Wi 2 Wi
This is the same transconductance value desired
for maximum noise immunity.

Again referring to Fig. 6 the actual switching
response is essentially determined by the ca-
pacitance and the amount of current available
from the transistors to charge this capacitance.

I, = Iy + Igor

CC:%: I, — Iy and

- dv
LSS Cvfap—m

It is evident that minimum switching time is
obtained when the current available to charge
C for any voltage V is at a maximum.

Capacitance

Source and drain capacitances depend on sub-
strate bias and diffusion dopant as shown in
Table 1.

Internal COS MOS capacitances are generally
very small (in the neighborhood of 1 pF) and
therefore devices on the chip which drive other
devices can be very small.

Complementary NAND or NOR Gates

Complex gates, such as a three-input NAND
or NOR gate, involve the use of series and
parallel devices such as shown in Fig. 7 and 8.
When MOS devices are used in this manner,
their individual characteristics must be com-
piled as conductances. If, in the inverter, the
impedance of the 2-mil p-channel device is c¢on-
sidered to be 1, then to provide the same im-
pedance from the output to V,, in the NOR gate,
the three p-channel devices in series must also
have a total impedance of 1; therefore each
device will have an impedance of 1/3. The width
of each will then be 3/1 x 2 = 6 mils. Since
any one of the parallel n-channel units, if turned
on, will bring the output to ground, each one
must have the same impedance as the inverter
n-channel devices, and therefore should have a
1-mil width.

The switching response of even relatively
simple circuits such as a two-input NAND gate
cannot be readily calculated, since with series
devices, the substrate-to-source capacitance and
the threshold voltage are both functions of sub-
strate bias, which is continually changing as
the load capacitance is discharged.

Shift Register Stage

A shift-register stage illustrating the reduc-
tion of components obtained by use of the ca-



pacitance storage feature of MOS gates is shown
in Fig. 9 and 10. As shown in Figure 9, S, and
S, are in series with the cross-coupling connec-
tions of the flip-flop. When these switches are
opened, two separate storage elements are form-
ed, the left side and right side of the flip flop.
Each side can store information for an extended
but finite period of time. Digital information
from the preceding stage is transferred to the
left side through the gate, and can change the
stage on the left side. At the same time, the
right side transfers its information to the left
side of the next stage. If switch S, is closed
first, and then S,, the “1” or “0” information

transferred from the preceding bit is locked into.

the left side. A shift register based on these
principles and using MOS units for switching
is shown in Fig. 10. Input data are given in
Table 4. Essentially, this circuit is a simple
two-phase MOS flip-flop.

Logic designs may be achieved by use of only
NOR gates and inverters. However, a somewhat
more economical gate-design approach is to con-
sider that (1) common source and drain regions
can exist in integrated-circuit form, and (2) the
MOS transistor is topologically symmetrical.

Memory Cell and Read/Write Drivers

Figures 11 and 12 illustrate a 10-device basic
memory cell, and an associated READ/WRITE
driver. The WRITE driver is activated only upon
a command common for the entire memory. An
additional signal, the inverse of the WRITE
command, is also generated to insure high-speed
operation of the storage cell. These lines are
then connected to appropriate points of the basic
cell, shown in Fig. 12. The cell can be written
into by means of two MOS transmission gates
— one for opening the feedback loop from B to
C, the other for entering the desired information
into the cell at C from the digit line. After one
pair-delay time, the potentials at B and C are
identical and the feedback loop may be closed
by bringing the write line down to ground po-
tential, thereby leaving the information stored
in the flip-flop. Readout from the memory is ac-
complished nondestructively by controlling the
conductance of an n-type MOS device with the
output voltage of the cell. Subsequent applica-
tion of a READ command will result in the
presence or absence of a current in the low im-
pedance sense (DIGIT) line, indicating a stored
“1” or “0”. Current sensing with a low imped-
ance device, such as a grounded-base bipolar
transistor, is a very fast operation even if the
capacitance of the digit line is large as it would
be in a large memory.

Pair Delay

The switching response of a COS MOS logic
circuit is determined solely by capacitance load-
ing at the input and output and the amount of
current available to charge this capacitance.

One of the most important parameters for a
logic inverter is the circuit-pair delay, which is

defined as the time delay experienced by the
signal in traversing two inversions as measured
at the 50% points on the waveform.

Referring again to Equation 7 and Fig. 6 we
can see that pair delay is a function of effective
output loading capacitance, assuming that the
input waveform is a square pulse.

The input capacitance of a COS MOS tran-
sistor is approximately :

CIN: CGC Sk ccs e 2CGD (8)
== 0.135 pF/mil of channel width

The total effective C;, of an inverter stage driv-
ing n like stages is approximately:

CL —n [CIN (n) +CIN (p)] +Cout +Cstray (9)

Where Cy (,) and C,y (, represent C;y valves
for the n-channel and p-channel devices.

As a typical example, let us assume an in-
verter stage is driving five others (n=5). The
MOS device characteristics are given in Table
2. The supply voltage (V) is 10V.

G, 348x 101
S RV R e RID e
1 1
i ERCg e b R Tt 1T S I R
D T (1 B VTN)Z +Kp (1 _VTP)2 (10)
Vb Ky Vo
TD — .9 3 14.5 X 10-9 % +
(%)
1
2:41 ns

Table 1. Source and drain capacitance per unit area

Table 2. MOS device characteristics
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The above results are typical for COS MOS
gates. The results, of course, are highly depend-
ent on fan-out and geometry. For example, a
gate used to drive many others can be larger
than those driven so as to reduce Tp.

Power Dissipation

Power dissipation is an extremely important
consideration in large-scale integrated circuits,
and when large numbers of devices are involved,
it may be the ultimate limitation in determining
device packing density. Fortunately, the standby
power dissipation of COS MOS circuits is only
in the order of nanowatts. However, when a COS
MOS circuit switches, a considerable amount of
current flows during the switching interval. The
average power dissipation during switching can
be approximated by the following expression:

P =C, Vg f (11)

where f is the switching frequency. The total
dissipation is given by:

Ptotal — Pst.:xtic + CL Vdd2 f (12)

For example, if a 50-gate array is considered,

the standby power will be approximately 50 nW

(at Vgq = 10 V). If the switching rate is 1 MHz,

and a total load capacitance of 50 pF is being
driven, then:

P, — 50 x 109 + 50 x 10-12) (102 X 10°) or
P, = 50 nW + 5 mW. = 5.00005 mW

If bipolar devices had been used to provide the
fifty gates, the second term of this equation
would not change appreciably, however, the
static term would be 8 to 10 mW per gate, and
the total power dissipation would be:

P, =50 x 10 mW + 5 mW — 505 mW.
A p-channel MOS array using multiphase clock-
ing might have a static power dissipation of 1
mW per gate, or P, — 556 mW.

Speed Power Comparison

Various combinations of speed, dissipation
and noise immunity are available with present
bipolar, MOS, and COS MOS integrated circuits.

The speed-power-noise immunity relationships
between bipolar, MOS and COS MOS integrated
gates are shown in Figure 13. Curves 1 and 2
are for single gates (usually used to drive many
other gates), and curves 3, 4, 5 apply for gates
which are internal to arrays and which drive
other gates on the same chip. These curves reveal
that COS MOS devices offer a considerable range
of operating characteristics. They can be de-
signed with gate thresholds from 1.5 V to ap-
proximately 7-8 V in various channel widths and
lengths, and with power supplies ranging from
6 V to 20 V. In addition, they offer extremely
low static power dissipation.

COS MOS Advantages

The area required to perform many logic func-
tions in an integrated COS MOS array is about
one-tenth that required with bipolar technology.
COS MOS processing requires fewer steps (30%

to 40% less) than used in the manufacture of
bipolar ICs and COS MOS costs are dropping
rapidly, although selling prices are still higher
than bipolar prices. However, since COS MOS
ICs are operated from a single power source,
considerable flexibility is offered system de-
signers for speed-power optimization.

Obviously, COS MOS cannot match the gate
speed of ECL, TTL or even DTL bipolar types
but size, system, cost, and cooling requirements
can make COS MOS more favorable in moderate-
speed applications.

Sequential Memories

Let’s survey a number of applications where
the characteristics of COS MOS can be used to
advantage. The shift register is one of the most
important and useful elements in the arithmetic
unit of computers. It is commonly used as a delay
line for digital signals, as well as for temporary
storage registers.

A shift-register has both a primary and a
secondary storage element at each stage. The
primary-storage element holds the information.
At a clocking command, this information is
shifted to the secondary-storage element of the
next stage. At the next command, the informa-
tion is shifted to the respective primary storage
element. The two-step process eliminates timing
problems by preventing coupling of the primary-
storage elements of successive stages. In a COS
MOS IC, the primary- and secondary-storage
functions may be combined in either a flip-flop
or capacitor. An MOS gate provides the capaci-
tance for temporary storage; a flip-flop per-
manent storage. If both primary and secondary
storage are capacitive, an ac or dynamic shift
register results.

Shift Registers

An elementary dynamic shift register stage is
shown in Fig. 14. During clock time T,, gate N,
is closed and gate P, is open; the reverse condi-
tion is obtained during T,. The capacitance
represented by the gates of the first inverter P,
and N, is the primary-storage medium, and that
of P, and N, is the secondary-storage medium.

During T,, the output inverter, P, and N,,
is decoupled from P,, N, because N, is open.
Gate P, is conducting and information from the
preceding stage can charge or discharge the
capacitance of gates P, and N,. Simultaneously,
the data output provides an information transfer
to the next stage.

When the clock becomes positive (T,), P,
opens and N, conducts, and information is shift-
ed to the data output. Therefore, the cycle is
completed within one clocking pulse.

Static shift-registers offer permanent storage
capability. A static shift-register stage using
dual transmission gates has been described pre-
viously in connection with Figures 9 and 10.

Memories

The rapid development of IC technology has
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Table 3. Comparison of semiconductor and magnetic characteristics for a megabit memory.

LS = Linear Select

Table 4. Shift-register input data (see Fig. 10)

made the semi-conductor memory an economical
alternate for magnetic memories in capacities
up to 4096 bits. The indications are that future
high-speed scratch-pad and possibly main memo-
ries will be built entirely with large monolithic
semi-conductor arrays.

The random-access storage matrix, and the
address decoders used to select a particular
memory cell location, can be processed simul-
taneously on a common substrate. Most active
memory cells currently in use employ flip-flops
to store binary information; logic gating is in-
corporated in the cell to ensure that information
is written into, or read out of, only the selected
memory location. To decrease cycle time, the
state of the cell is usually sensed in a nonde-
structive read-out mode (NDRO).

Several COS MOS memory circuits and strue-
tures have been conceived; for example, the 10-

device memory cell has previously been described
(Figures 11 and 12). Word-organized random-
access memory modules complete with address
decoders and word drivers have been built.

As an alternative to word-organized struc-
tures, designs using coincident voltage or XY
memory cells in a so-called bit organized system
are possible. In these memory cells the coinci-
dence of a “1” in the X and Y lines is performed
in the cell, while the rest of the decoding is done
externally. In a system with N words, a word-
organized memory would require N word drivers,

while a bit organized memory would require
2N V5.

Memory Comparisons

Various forms of semiconductor and magnetic
memories are compared in Table 3. A 10° bit
memory is assumed for reference. EEE
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in your igh-voltage designs

with complementary pairs from RCA

Here's news for designers who have been waiting for
high-voltage complements. RCA announces the TA7410,
a new high-voltage silicon power transistor which ex-
tends the capability of RCA’s whole new generation of
p-n-p/n-p-n devices.

Featuring high-breakdown voltages and fast-switch-
ing, the TA7410 will be one of the most important transis-
tors in awide range of commercial, industrial, and military
circuits...especially those using complementary pairs.

With new advantages from complementary high-
voltage pairs you can:

O Obtain low output impedance at both + and — termi-
nals with symmetrical series regulators

O Eliminate the destructive effects of leakage induc-
tance in push-pull inverters

O Design line-operated, complementary linear amplifiers

O Create new complementary high-voltage switching
inverters.

TA7410 is a p-n-p complement of the well-accepted
2N3585. Its companion type, TA7719, is a complement to
2N3584. TA7410 features a Vo of —300 V while TA7719
has a Vo of —250 V. Both are realistically specified for
minimum betas of 20 at 1 A, and feature rise and fall times
of 0.6 us maximum.

Let TA7410 and TA7719 complement your designs
with their compact hermetically-sealed TO-66 packages.
They represent the newest in a series of high-voltage
complementary pairs that started with the 2N3440/
2N5415—the industry’s first such units (in hermetic TO-5
packages).

For more information, consult your local RCA Rep-
resentative or your RCA Distributor. For technical data,
write: RCA Electronic Components, Commercial Engi-
neering, Section 51J /UT9, Harrison, N.J. 07029. In
Europe: RCA International Marketing S.A., 2-4 rue du
Lievre, 1227 Geneva, Switzerland.

Circle 155 on Reader Service Card



Applications For IC Voltage

Comparatorsin

High-Impedance Circuitry

The IC voltage comparators available in the
past have been designed primarily for low-
voltage, high-speed operation. As a result, these
devices have high-input error currents, which
limit their usefulness in high-impedance -cir-
cuitry. However many applications exist that
need drastically reduced error currents and can
tolerate ICs with a moderate decrease in speed.
By trading off some speed for reduced error cur-
rents, considerable improvement in circuit per-
formance can be obtained.

The circuits described in this article demon-
strate applications that work nicely despite the
use of an IC slower than the 710, the LM106,
and similar voltage-comparator ICs.

A zero crossing detector driving a MOS ana-
log switch is shown in Fig. 1. The ground ter-
minal of the IC is connected to V—; hence, with
+15 V supplies, the signal swing delivered to
the gate of @, is also =15 V. This type of cir-
cuit is useful where the gain or feedback con-
figuration of an op-amp circuit must be changed
at some precisely determined signal level. In-
cidentally, it is a simple matter to modify the
circuit to work with junction FETSs.

A zero crossing detector for a magnetic pick-
up such as a magnetometer or shaft-position
pickoff is shown in Fig. 2. It delivers the output
signal directly to DTL or TTL logic circuits
and operates from the 5-V logic supply. The re-
sistive divider, R, and R,, biases the inputs 0.5
V above ground within the common-mode range
of the device. An optional offset balancing cir-
cuit, B, and R,, is included.

An interface between high-level logic and DTL
or TTL is illustrated in Fig. 3. The input signal,
with 0-V and 30-V logic states, is attenuated to
0 Vand 5 V by R, and R,. Resistors R, and R,
set up a 2.5-V threshold level for the comparator
so that it switches when the input goes through
15 V. The response time of the circuit can be
controlled with C,, if desired, to make it insensi-
tive to fast noise spikes. Strobe capability can
be provided by the addition of @, and R,. With
a logic one on the base of @Q,, approximately 2.5
mA is drawn out of the strobe terminal of the

Author: Bob Widlar is Director of Advanced
Circuit Development at National Semiconduc-
tor, Santa Clara, Calif.

by Robert J. Widla

LM 111 making the output high, independent of
the input signal. Because of the low error cur-
rents of the LM111 (0.02 pA input offset cur-
rent and 0.15 pA input bias current), it is pos-
sible to get input impedances even higher than
the 300 kQ obtained with the indicated resistor
values.

A comparator for a low-level photodiode
operating with MOS logic is shown in Fig. 4.
The output changes state when the diode cur-
rent reaches 1 pwA. At the switching point, the
voltage across the photodiode is nearly zero;
as a result its leakage current won’t cause an
error. The output switches between ground
and —10 V, driving the data inputs of MOS
logic directly.

Peak detector

A positive peak detector is illustrated in Fig.
5. In this application, when the input signal is
greater than the voltage retained on C,, the
circuit behaves like an operational amplifier,
forcing the voltage on C, to equal the input volt-
age. When the input voltage drops, the output
stage cuts off, leaving the charge on the capaci-
tor. An LM110 voltage follower buffers the out-
put so the load does not rapidly discharge the
capacitor. Resistor R, provides a controlled dis-
charge on the capacitor and determines the rate
at which the circuit will adjust to successive
peaks of decreasing amplitude. Since the ground
terminal is used as the output, the polarity of
the input terminals is reversed, as shown.

In Fig. 6, a ground-referred load is driven
from the ground terminal of the LM111. Again
the input polarity is reversed. An incandescent
lamp, which is the load here, has a cold resist-
ance eight times lower than its resistance during
normal operation. When the lamp is switched
on, a large inrush current is produced; this can
damage the switch. However, the current
limiting by the LM111 holds this current to a
safe value.

IC voltage comparators with low error cur-
rents extend the application range of monolithic
comparators to circuits with impedance levels
above 1 k(). Although slower than older devices,
a low-error-current comparator such as the
LM111, with a 200-ns response time, is an order
of magnitude faster than op amps used as
comparators. EEE






Measurements

File

How to measure envelope-delay
variation in bandpass filters

by James V. Delwood

[ ] Delay-measurement techniques
have recently been discussed in EEE
("How to measure delay,” by Sol Black,
May 1969). That article was primarily
concerned with pulse techniques. Dr.
Delwood's article, however, illuminates
rf aspects of delay measurements. The
article gives two systems for envelope-
delay measurement in bandpass filters
— a null method and a direct one,
using the variation of carrier phase
across the filter's passband. []

ENVELOPE DELAY can be measured
in different ways. Based on the
definition

dd

by = @

Author: Dr. Delwood is bio-
engineering consultant and lec-
turer at State Technical Institute,
Memphis, Tenn.

where ¢ is the phase and w the
angular frequency, the envelope
delay t;, can be derived by differ-
entiating the known phase curve
d(w) of a given network. How-
ever, this method is tedious and
time consuming.

Two more direct ways are: (A)
by nulling two demodulated rf sig-
nals, from the network’s input and
output, and using their vector
difference to find the phase change
A®; (B) by noting a carrier phase
change as its frequency is varied
across the passband.

Method A, theory

In Fig. 1 the two demodulated
signals from the filter’s input and
output are combined in such a way
that by varying amplitudes and
phase it is possible to obtain a null

voltage. The modulated carrier fre-
quency is then shifted to some
other portion of the passband and
the demodulated signals are again
nulled, but this time by manipulat-
ing only the amplitudes of the
demodulated signals.

The resulting change in null is
the measure of the phase change,
provided this change is small ( Fig.
2). The amplitude V, is adjusted
to null the reference voltage V,,,
established in the measurement
procedure. The null voltage V,,,
is obtained vectorially as the
adder’s output:

Vm:ll =~ Vref + Voul (2)

where boldface type is used to indi-
cate vectors.

If, in Fig. 2, A®<<7, then sin
A® =~ A®. The phase change in
radians is thus given by

Vaur  Vaun
¢ PR L L
A Va Vref (3)

where V,,,,, V, and V,,, indicate
amplitudes.
The time delay is given by

AP
ta = 4)
wm
where w,, = angular frequency of

the modulating signal in radians/
second.

Since it is the slope of the phase
curve that is of primary interest,
the modulating frequency w,, must
be small with respect to the pass-
band of the filter. Any type of
modulation may be used but a-m

_is preferable.

To minimize errors due to ampli-
tude variation within the passband,
detectors and amplifiers are all
operated with constant signal
levels. This is possible if the signal
applied to the network is increased
to compensate for the filter loss at
the band edges. The attenuator
preceding the network under test
(Fig. 1) provides this function.
As the frequency of the signal is
varied toward the band edges, the
attenuation is reduced to keep the
output of the filter constant.

Measurement procedure

The frequency of the signal
generator (HP 606 in Fig. 1), is
adjusted to coincide with the cen-
ter of the filter passband and the
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Fig. 1. Setup for envelope-delay measurement using
a null system (Method A). An a-m signal is passed
through channel A, which includes an a-m detector
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Fig. 2. Vector diagram for null system in Fig. 1.

generator is modulated with a fre-
quency which is very small com-
pared to the bandwidth. Part of
the generator’s output is diverted
into channel A for calibration. For
this initial setting, the input to
the audio amplifier is shorted while
the output of the signal generator
is adjusted to provide, say, 100 mV
to the tuned voltmeter (HP 202A
wave analyzer in Fig. 1). The
audio amplifier is then returned to
normal position.

The channel-B attenuator is
initially set to 3 to 5 dB and the
audio amplifier is adjusted to
attempt null on the wave analyzer.
The phase shifter in channel B
must also be varied to obtain null.
By varying those two controls, a
stable null of about 10 microvolts
can be obtained.

The envelope-delay change at

Fig. 3. Setup for envelope-delay measurement using
a scope for direct reading of time-delay variation with
frequency (Method B). The accuracy of this method
is inferior to that of method A.

some other frequency can now be
found. For example, if the delay
at the —1-dB point in the filter is
desired, remove 1 dB from the
attenuator and vary the frequency
of the signal source until a new
null is obtained. No other controls
are adjusted. The voltage of the
new null is noted and the delay
can now be computed.
For example, let

wm = 27 50 rad /s
V,er = 100 mV
Vouiz-= L0 16V
Voau: (at —1—dB point on slope
of filter) = 50 uV
then according to Eq. 3

M= e 107
AP = 7100 x 109

4 x 10~¢ radians

fom = 12T 8

The amplifier can be used as a
fine-adjust amplitude control. To
obtain the delay at the —2-dB point,
remove an additional 1 dB from the
attenuator. Other points in the
passband are similarly obtained.
Reliability

The phase stability of the vari-
ous elements must not contribute
to the overall inaccuracy of the
system. The setup in Fig. 1 is based
on operation at a fixed amplitude
level. The stability of the phase
shifter has to be determined as
well as that of any amplifier used.
Careful monitoring of the fre-
quency of the signal generator
(using a counter), is needed to

=1



BE CAREFUL

OF FALSE ECONOMY IN DO-IT-YOURSELF A/D CONVERTERS

Most engineers recognize that high accuracy A/D converters (12 bits and up)
are most economical when purchased as finished products from specialized
manufacturers.

Sometimes, however, it is tempting to make converters “in-house’” when
lesser accuracy is required (8 or 10 bits).

This is partly because if one considers only the obvious costs (parts, assembly
time, etc.) the trade-offs seem attractive. Often overlooked, however, are the
"hidden costs’’ such as test and inventory, ‘‘de-bugging’’ time, calibration time,
etc. Also, lead time on parts may become critical, jeopardizing an entire program.

The key, of course, is quantity. Our experience indicates that the point
at which it becomes profitable to build your own converter is around 750 units
per year. For 8 or 10 bit applications, we recommend our fully calibrated, tested
and guaranteed, ADC-8H or ADC-10H. A free pamphlet suggesting some things
to consider regarding in-house-converter manufacturer is available from Analog
Devices on request along with comprehensive data on the ADC-H series con-
verters. Use the reader service card or contact your nearest Analog Devices

Sales Office. CAPSULE SPECS

Digital Control Inputs: TTL, DTL Compatible

Analog Input Options: 0 to +10V, O to +bV
Oto —10V, £10V, 15V

Digital Output Options: (a) Parallel binary (TTL)
(b) Serial binary (TTL)

- Accuracy: +1LSB
S Size: 2" x4" x04"
95" Price:. (1-9) $195. (ADC-8H), $225. (ADC-10H)
10-24) $186. (ADC-8H), $214. (ADC-10H)
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Circle 192 on Reader Service Card

Instant Circuit-Board* is
designed for serious evaluation
of the Circuit-Stik concept!

Includes pressure-sensitive,
pre-drilled, pre-plated, readily
solderable Circuit-Stik sub-
elements for mounting over 400
discrete, |.C., transistor &
connector components without
terminals or drilling.

Enough for several plug-in
proto-type Circuit-Boards!
Send your check or purchase
order for ITEM #8951-C, price
$89.50 plus $1.00 for shipping.
Big savings/FREE catalog!

*Patent Pending
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.

check errors due to generator
instability. The method presented
in Fig. 1 permits measurements to
a few microseconds.

Method B, theory

Based on scope readings, this
method (Fig. 3) is slightly less
accurate than method A. The scope
is triggered with an unmodulated
rf and the filter’s output is applied
to the scope’s vertical input. An
amplifier is used to assure stable
triggering.

The frequency is then shifted
slightly and the change in zero-
crossing time is noted. From the
definition of time delay

i A‘d’ I wels — wyiy ®)
Aw we — Wy
where @, = initial angular
frequency.
w, = shifted angular
frequency
t, = initial time delay
t, = new time delay.
With w, — w, = Aw
t,—t,=At

and assuming

t,Aw S5 Wy (t, L tl),
(6)

a valid assumption for most band-
pass filters having more than 2
poles, we get
Atw,

lg >~ —— T

‘ Aw ™
Aw must be kept small compared
with w,.

Application

Select a suitable time base such
as 0.02 pus/ecm and obtain synec.
Obtain a zero crossing which is
centered on the screen. Vary the
carrier frequency by a known
amount, say =5 Hz, and note the
crossing change. Assuming a 5-cm
change and a center frequency of
5 x 10° Hz one gets, using Eq. 6,

0.02 X 5 x2r x5 x 108

ba = 27 x 10

= 5 ms

Another frequency is then selec-
ted and the procedure repeated.
The difference between the two
readings is the time-delay varia-
tion. EEE



New
Books

ELECTRONIC TEST AND
"MEASUREMENT HANDBOOK

by John J. Schultz. Tab Books.
220 pp. $7.95

e This is an introduction to test-
ing methods with bare, but ade-
quate, use of theory and an em-
phasis on practical methods to
bypass the snags likely to be en-
countered in testing. The cover-
age is mostly audio-thru-video
communications and display
equipment. An effort is made to
show how to set up test equip-
ment to accomplish specific per-
formance or parameter measure-
ments.

There are eight chapters. The
first two cover procedure and
equipment. This is followed by
chapters on receiver and trans-
mitter circuits, antennas and
transmission lines, and audio and
video equipment. One chapter
outlines subjects such as teletype
equipment, FSK converters, mo-
bile power supplies, inverters and
telephone line-patching equip-
ment. The last chapter, covering
system and interference tests
might have been expanded. There
is a short appendix with the
usual color-code charts, dB-to-
voltage conversions, etc.

Precision Dc¢ Measurements and
Standards. Davis S. Luppold. Addi-
son-Wesley. 251 pp. $14.50. []
Rather broad, dealing largely with
resistance-bridge measurements.

Absolute Measurements in Electric-
ity and Magnetism. Andrew Gray.
Dover. 819 pp + index. $4.00
(paperbound). [] Thorough cover-
age in reprint of a reference classic.

Theory of Optimal Control and
Mathematical Programming. M. D.
Canon, C. D. Cullum, Jr. and E.
Polak. McGraw-Hill. 276 pp -+
glossary and index. $18.50. [ ] Good
technical information to be used as
graduate or reference text.

Synthesis of RC Active Filter Net-
works. S. S. Haykin. McGraw-Hill.
166 pp + index. $12.00. [] Ex-
amines the circuit properties of neg-
ative-impedance converters, ampli-
fiers and gyrators and demonstrates
their uses in the synthesis of induc-
torless filters.

SEMCONDUCTOR'SL.

WNDINGING
THEDYN

DUAL MONOLITHIC
N-CHANNEL FET

Teledyne’s new monolithic FET with interlaced construction
features matched parameter current performance for low
noise, low leakage FET input op amps.

0 High Common Mode Rejection Ratio-100 db (] Linear
Temperature Track Trimming less than 3 .A delta I, [ High
Transconductance 1500 ymhos at I = 200 A [J Low Offset
Voltage less than 5 mV [ Outstanding Temperature Tracking
less than 10 nV per °C [0 Standard 6 lead TO-18 Package
J High Device to Device Breakdown Voltage-75V.

In addition to these superior features, we offer you immediate
delivery.

Vgs 1-2 | AVgs 1-2 Ig CMRR*

mV max | V/°C max | pA max db
SU 2365A 5 10 20 100
SU 2366A 10 10 20 100
SU 2367A 10 25 20 100
SU 2368A 15 25 20 100
SU 2369A 20 40 20 100
*Typical

TELEDYNE FIELD SALES OFFICES: Palo Alto, Cali-
fornia (415) 321-4681 e Hawthorne, California (213)
772-4551 @ Anaheim, California (714) 635-3171 e Dallas,
Texas (214) 357-0259 e Des Plaines, lllinois (312) 299-
6196 e Westwood, Massachusetts (617) 326-6600 e
Lutherville, Maryland (301) 825-1920 e Little Falls, New
Jersey (201) 256-8557 e Wappingers Falls, New York
(914) 297-4316 e Winter Park, Florida (305) 647-7813
e Dayton, Ohio (513) 298-7207 e Liverpool, New York
(315) 622-2021 e Wiesbaden, Germany 370243 e Hong
Kong K 207764.
"‘TEI.EDYNE

SEMICONDUCTOR 1300 Terra Bella Ave., Mountain
View, Calif. 94040 Phone (415) 968-9241 TWHX: (910) 379-6494
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SN54/7442
SN54/7443
SN54/7444
SN54/7445
SN54/7446
SN54/7447
SN54/7448
SN54/7449
SN54/74141
SN54/74145
SN54/74154
SN54/74155
SN54/74156

SN54/7475
SN54/7477
SN54/7481
SN54/7484
SN54/7488
SN7489
SN54/74100
SN54/74170

SN54/7480
SN54/7482
SN54/7483
SN54/7485
SN54/74L85
SN54/7486
SN54/74L86
SN54/74H87
SN54/74181

SN54/74182

BCD-to-Decimal Decoder*
Excess-3-to-Decimal Decoder*
Excess-3-Gray-to-Decimal Decoder*
BCD-to-Decimal Decoder/Driver*
BCD-to-7-Segment Decoder/Driver*(30V)
BCD-to-7-Segment Decoder/Driver*(15V)
BCD-to-7-Segment Decoder* .
BCD-to-7-Segment Decoder*
BCD-to-Decimal Decoder/Driver*
BCD-to-Decimal Decoder/Driver*
4-to-16-Line Decoder/ Demultiplexer*
Dual 2-to-4-Line Decoder/ Demultiplexer
Dual 2-to-4-LineDecoder/ Demultiplexer (0-C)

Quad Bistable Latch*

Quad Bistable Latch*

16-Bit RAM*

16-Bit RAM, Gated Write Inputs*
256-Bit ROM, Custom Programmed*
64-Bit RAM*

Dual Quad Bistable Latch

4-hy-4 Register File (Buffer Memory)

Gated Full Adder*

2-Bit Binary Full Adder*

4-Bit Binary Full Adder*

4-Bit Magnitude Comparator
4-Bit Magnitude Comparator*
Quad 2-Input Exclusive-OR*
Quad 2-Input Exclusive-OR*
4-Bit True/Complement*
4-Bit Arithmetic Logic Unit,
Function Generator*
Look-Ahead for Arithmetic Logic Unit*

SN54/74H183 Dual Carry-Save Full Adder

New circuit introduced 1970 * Multi-source product

SN54/7491A
SN54/74L91
SN54/7494
SN54/7485
SN54/74L85
SN54/7496
SN54/74198
SN54/74199
SN54/74164
SN54/74165
SN54/74166
SN54/74198
SN54/74199

SN54/74150
SN54/74151
SN54/74152
SN54/74153

SN54/7490

SN54/74L90
SN54/7482

SN54/7493

SN54/74L93
SN54/74160
SN54/74161
SN54/74162
SN54/74163
SN54/74190

SN54/74191
SN54/74192
SN54/74193

SN54/74196
SN54/74197

SN54/74180

8-Bit*

8-Bit

4-Bit (Parallel-In, Serial-Out)*

4-Bit Universal*

4-Bit Universal*

5-Bit (Dual Parallel-In/Out)*

4-Bit Data Selector/Storage Register
4-Bit Universal

8-Bit Serial-In, Parallel-Out*

8-Bit Parallel-In, Serial-Out*
Synchronous Parallel-Load 8-Bit
Universal 8-Bit Parallel-In/Out, Left/Right
8-Bit Parallel-In/Out, J-K Inputs

16-Bit Data Selector*

8-Bit Data Selector*

8-Bit Data Selector

Dual 4-to-1-LineData Sel./Multiplexer*

Decade*

Decade

Divide-by-12*

4-Bit Binary*

4-Bit Binary*

Synchronous4-Bit Decade*
Synchronous 4-Bit Binary*

Fully Synchronous 4-Bit Decade
Fully Synchronous 4-Bit Binary
Synchronous 4-Bit Up/Down Decade,
1-Line Mode Control*

Synchronous 4-Bit Up/Down Binary,
1-Line Mode Control*

Synchronous 4-Bit Up/Down Decade*
Synchronous 4-Bit Up/Down Binary*
Asynchronous Presettable Decade*
Asynchronous Presettable Binary*

8-Bit Parity Generator/Checker

s
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SN54/7400
SN54/7401

SN54/7402
SN54/7403

SN54/7404
SN54/7405
SN54/7406

SN54/7407
SN54/7408
SN54/7408
SN54/7410
SN54/7412

SN54/7413
SN54/7416

SN54/1417

SN54/7420
SN54/7423

SN54/7425
SN54/7426
SN54/7427
SN54/7430
SN54/7432
SN54/74317
SN54/7438

SN54/7440
SN54/7450

SN54/7451
SN54/7453

SN54/7454

Quad 2-Input NAND Gate*

Quad 2-Input NAND Gate, Open-
Collector Output*

Quad 2-Input NOR Gate*

Quad 2-Input NAND Gate, Open-
Collector Output*

Hex Inverter*

Hex Inverter, Open-Collector Output*
Hex Inverter Buffer/Driver, Open-
Collector High-Voltage Output
Hex Buffer/Driver, Open-
Collector High-Voltage Output
Quad 2-Input Positive AND Gate*
Quad 2-Input Positive AND Gate*
Triple 3-Input NAND Gate*

Triple 3-input NAND Gate, Open-
Collector Output

Dual 4-Input NAND Schmitt Trigger*
Hex Inverter Buffer/Driver, Open-
Collector High-Vaoltage Output
Hex Buffer/Driver, Open-
Coliector High-Voltage Output
Dual 4-Input NAND Gate*
Expandable Dual 4-Input
Positive NOR Gate with Enable
Dual 4-Input Positive NOR Gate
with Enable*

Quad 2-Input High-Voltage
Interface NAND Gate*

Triple 3-Input NOR Gate*

8-Input NAND Gate*

Quad 2-Input OR Gate*

Quad 2-Input NAND Buffer*

Quad 2-Input NAND Buffer with
Open-Collector Output

Dual 4-Input NAND Buffer*
Expandable Dual 2-Wide 2-Input
AND-OR-INVERT Gate*

Dual 2-Wide 2-Input AND-OR-INVERT Gate"

Expandable 4-Wide 2-Input
AND-OR-INVERT Gate*
4-Wide 2-Input AND-OR-INVERT Gate*

SN54/7460
SN54/7470
SN54/7472
SN54/7473
SN54/7474
SN54/7476

SN54/74104
SN54/74105
SN54/74107
SN54/74110
SN54/74111

SN54/74121
SN54/74122

SN54/74123

SN54/74H00
SN54/74H01

SN54/74H04
SN54/74H05
SN54/74H10
SN54/74H11
SN54/74H20
SN54/74H21
SN54/74H22

SN54/74H30
SN54/74H40
SN54/74H50
SNS54/74H51
SN54/74H52
SN54/74H53

SN54/74H54

These represent the latest development in TTL
integrated circuits. A totally new technology,
TI's Schottky-clamped TTL circuits combine the
high speed of unsaturated logic and the low
power of TTL saturated logic: 3 ns at 20 mW.
Here's a brand-new list of recently announced
devices. For more information on this fastest TTL
family, circle 191 on the Reader Service Card.

SN74500 Quad 2-Input Positive NAND Gate

SN74501 Quad 2-Input NAND Gate, Open-
Collector Outputs

SN74504 Hex Inverter

SN74510 Triple 3-Input NAND Gate

SN74511 Triple 3-Input AND Gate

SN74520 Dual 4-Input Positive NAND Gate

SN74522 Dual 4-Input NAND Gate, Open-
Collector Outputs

SN748112  Dual J-K Negative-Edge Triggered
Flip-Flop, Separate Preset, Clear
and Clock

SN745113  Dual J-K Flip-Flop, Separate Clock

SN74S114  Dual J-K Flip-Flop, Common Clock

Dual 4-Input Expander*

J-K Flip-Flop*

J-K Master-Slave Flip-Flop*

Dual J-K Master-Slave Flip-Flop*

Dual D-Type Edge-Triggered Flip-Flop*
Dual J-K Master-Slave Flip-Flop,
Preset and Clear*

Gated J-K Master-Slave Flip-Flop*
Gated J-K Master-Slave Flip-Flop*
Dual J-K Master-Slave Flip-Flop,
Preset and Clear*

Gated J-K Master-Slave Flip-Flop,
Data Lockout

Dual J-K Master-Slave Flip-Flop,

Data Lockout

Monostable Multivibrator*
Retriggerable Resettable
Monostable Multivibrator*

Dual Retriggerable Resettable One-Shot*

Quad 2-Input NAND Gate*
Quad 2-Input NAND Gate,
Open-Collector Output*

Hex Inverter*

Hex Inverter, Open-Collector Qutput*
Triple 3-Input NAND Gate*
Triple 3-Input AND Gate*

Dual 4-Input NAND Gate*

Dual 4-Input AND Gate*

Dual 4-Input NAND Gate, Open-
Collector Output*

8-Input NAND Gate*

Dual 4-Input NAND Buffer*
Expandable Dual 2-Wide 2-Input
AND-OR-INVERT Gate*

Dual 2-Wide 2-Input AND-OR-
INVERT Gate*

Expandable 4-Wide 2-2-2-3-
Input AND-OR Gate*
Expandable 4-Wide 2-2-2-3-
Input AND-OR-INVERT Gate*
4-Wide 2-2-2-3-Input AND-OR-

P SR

SN54/74H55

SN54/74HB0
SN54/74H61
SN54/74H62
SN54/74H71
SN54/74H72
SN54/74H73
SN54/74H74
SN54/74H76

Expandable 2-Wide 4-Input
AND-OR-INVERT Gate*
Dual 4-Input Expander*
Triple 3-Input Expander*
4-Wide 3-2-2-3-Input AND-OR Expander*
J-K Flip-Flop with AND-OR Input*
J-K Master-Slave Flip-Flop*
Dual J-K Flip-Flop, Separate Clock*
Dual D-Type Edge-Triggered Flip-Flop*
Dual J-K Flip-Flop, Preset and
Clear Inputs*
Dual J-K Flip-Flop, Preset and
Clear Inputs*
SN54/74H101 J-K Flip-Flop, AND-OR Inputs
SN54/74H102 J-K Flip-Flop, AND Inputs
SN54/74H103 Dual J-K Flip-Flop, Separate Clock Inputs
SN54/74H106 Dual J-K Flip-Flop, Preset and

Clear Inputs
SN54/74H108 Dual J-K Flip-Flop, Preset and
Clear Inputs

5
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SN54/74H78

SN54/74L00
SN54/74L01

Quad 2-Input NAND Gate*

Quad 2-Input NAND Gate, Open-
Collector Output »
Quad 2-Input NOR Gate

Quad 2-Input NAND Gate, Open-
Collector Output

Hex Inverter*

Triple 3-Input NAND Gate*

Dual 4-Input NAND Gate*

Single 8-Input NAND Gate*

Dual 2-Wide 2-Input/2-Wide

3-Input AND-OR-INVERT Gate*
2-2-3-3-Input AND-OR-INVERT Gate*
2-Wide 4-Input AND-OR-INVERT Gate*
R-S Master-Slave Flip-Flop*

J-K Master-Slave Flip-Flop*

Dual J-K Master-Slave Flip-Flop*

Dual D-Type Edge-Triggered Flip-Flop*
Dual J-K Master-Slave Flip-Flop,
Common Clear and Clock*

SN54/74L02
SN54/74L03

SN54/74L04
SN54/74L10
SN54/74L20
SN54/74L30
SN54/74L51

SN54/74L54
SN54/74L55
SN54/74LT1
SN54/74L72
SN54/74L73
SN54/74L74
SN54/74L78



Looking for
low-cost solutions
to high-performance
design problems?

You'll find a lot of new ones in TIs 54/74 line
—still your broadest choice

of state-of-the-art TTL integrated circuits.

If you’re going to design the best
equipment for your customers, you
need the best tools available. De-
sign after design has proven TTL
the top logic tool from a standpoint
of circuit efficiency and cost effec-
tiveness.

Not for your state-of-the-art sys-
tem? Look again. A lot has hap-
pened in the last few months.
Enough to justify a careful review
of your latest logic diagrams and
product plans.

Take another look at the TTL
leader —TI’s 54/74 family.

MSI choice and complexity. Begin
with the opposite page. Here, to
help you reduce package count,
simplify designs and improve per-
formance, is an unmatched array
of catalog MSI functions. The line
has just about doubled in the past
nine months and there are still
more to come of ever-increasing
complexity.

SSIback-up indepth. But in using
TTL/MSI, you need the substantial
back-up of versatile SSI circuits.

Check the opposite page again.

Four speed/power choices. With-
in TI’s big TTL family, you have
a selection of four speed/power
ranges to help optimize your de-
signs. There are 1 mW per gate low
power circuits, standard- and high-
speed circuits plus the revolution-
ary new Schottky-clamped TTL
functions which attain speeds of
3ns at 20 mW.

Complete compatibility. Even
with this wide choice, you avoid
compatibility problems. All mem-
bers of TI’s Series 54/74 family are
designed to work together —saving
you both design and component
costs.

And TTL logic is also most eco-
nomical on the basis of cost-per-
function...in whatever package
types you need: ceramic and plastic
DIP or flat pack.

Ready availability. Not only has
TI significantly increased its TTL
production capacity, but we main-
tain large factory inventories
(averaging more than 150,000 MSI

parts alone) in all three packages
and in both temperature ranges.
More than 100 authorized distribu-
tor locations stock full inventories
of TI’s TTL circuits...representing
an additional stock, in the field, of
more than 300,000 MSI parts.

And if your system requires mul-
tiple sources, you’ll find more of
TI’s 54/74 lineis backed up by other
reputable semiconductorsuppliers.
It makes good business sense.
(Asterisks on opposite page indi-
cate multiple-source devices.)

- . The time is now to

consider TTL for
| today and tomor-
row. The decision-
making facts are

in our new MSI
| R | brochure, CB-125.
For your copy, circle 189 on the
Reader Service Card or write Texas
Instruments Incorporated, P.O.
Box 5012, M.S. 308, =
Dallas, Texas 75222. Z]
Your authorized TI Dis-
tributor has copies, too.

TEXAS INSTRUMENTS

INCORPORATED



Products
Of ‘The
cMonth

Semiconductors

Boldface numbers following
each product refer to those
you can circle on the reader
inquiry card for further in-
formation. .

Schottky-diode 256-bit RAM, 3102,
for main-frame memories. 512 mem-
ory units plus 32 decoders will store
4096 32-bit words. TTL compatible.
Access time, 120 ns max, diss., 1.5
mW per bit. 16-lead DIP. $51.20 (100-
999). Decoder costs $12.80 (100-999).
INTEL. 305

MOS 256-bit ROM, 8224, reads 32

This Month’s ICs

eight-bit words. Compatible with DTL/
TTL inputs, outputs. Converts 7-bit
ASCII alphabet code to 8-bit EBCDIC
alphabet code. Propagation delay time,
50 ns; diss, 310 mW. Full word decod-
ing on chip. 16-pin DIP. $17.00 (100
up). SIGNETICS. 306

Static 3072-bit MOS ROM, UA2572.
with 256-word by 12-bit memory or-

ganization. Access time, 750 ns. Bi-
polar compatible. Programmable chip
select for expansion. Temp., —S55°C
to +125°C. UNISEM. 307

Silicon-nitride @~ MOS  shift-register,
TMS3406LR, dual 100-bit type. First
entry in low-threshold compatible
shift-register field for manufacturer.
Dynamic register. Propagation delay,
120 ns. 8-pin TO-100 metal can. $6.50
(100-249). TEXAS INSTRUMENTS.

309

Dynamic shift register, MM512, 512
bits. Standard +5 and —12 power
supply. Bipolar compatible. Guaran-
teed operating frequency, 600 Hz with

Schottky-diode bipolar RAM, $51.20. INTEL. 305

MOS 256-bit ROM, $17.00. SIGNETICS. 306

Static 3072-bit MOS ROM. UNISEM. 307

Dynamic 512-bit register, NATIONAL SEMICONDUCTOR. 308
Dynamic silicon-nitride register, TEXAS INSTRUMENTS. 309
ROMs, shift registers, KENICS. 310

Dynamic, four-phase 1024-bit register, NAR. 311

Counters, ADVANCED MICRO DEVICES. 312

TTL ICs, SPRAGUE. 313

Series 74 TTL, $2.90. FAIRCHILD. 314

Compensated ECL, $2.05. FAIRCHILD. 315

Power op amp, $14.50. DICKSON. 316

Op amps, $3.25. SILICON GENERAL. 317

Improved 741s, $7.25. BURR-BROWN. 318

LID-packaged 741s, $8.00. DICKSON. 319

Superior 741s, $4.50. ANALOG DEVICES. 320

Receiver, transmitter, $18.70. GENERAL INSTRUMENT. 321
Driver, receiver, $6.00. MOTOROLA. 322

This Month’s Transistors and Diodes

Transistor chips, 89¢. POWER PHYSICS. 323
High-voltage transistors, 41¢. FAIRCHILD. 324

Power transistors, $18.36. PIRGO. 325
Infrared detectors. MULLARD. 326
Varactor diodes. DOW CORNING. 327
Silicon photosensors. CLAIREX. 328
Varactor diodes. CRYSTALONICS. 329

output tap at 500th bit. TO-5 or DIP.
$5.00 (100-999). NATIONAL SEMI-
CONDUCTOR. 308

Shift registers, 64-word by 24-bit
ROMs, 45-character alpha numeric
decoders for segmented displays. 5-bit
to 32-line binary decoders suitable for

characters,

decoding ASCII control
and 8-bit, synchronous binary counters
and timing generators with preselected
decoding of timing outputs. New com-
pany founded by ex-Honeywell em-
ployees. KENICS. 310

Four-phase, dynamic shift register,
1024 bits. Diss rate, 0.15 mW/bit at
1 MHz max, frequency range, 10 KHz
to 1 MHz. 10-lead TO-100. NORTH
AMERICAN ROCKWELL. 311

Up-down, counters, 9306/ Am2501, re-
place Fairchild 9306 BCD synchron-

ous counters. Binary Hexadecimal ver-

N = D[

sion of 9306 designated Am2501 also
available. Max turn-off, 23 ns, max
turn-on, 39 ns. 24-pin DIP. AD-
VANCED MICRO DEVICES. 312

Series 74, US7442A, 4- to 10-line de-
coder. Translates 4-wire BCD (1,2,4,8)
signal into 10-wire decimal signal.
May be used for 3-line binary to 8-
line octal conversion. 16-pin plastic
DIP. SPRAGUE. 313

Series 74, new MSI devices, in ceramic
DIPs. 7480 gated full adder, 7482 2-
bit binary full adder, 7490 decade

(Continued on page 58)



sometimes

it§ the products
that make the

leaders... 3

ACTUAL SIZE:

Product-superiority ... and nothingelse . . . is
what made Amperex a leading supplier of numerical
indicator tubes. Our ZM 1000 is being designed
into more new products than any other readout tube
and our ZM 1200 is still the only tried and proven
multi-decade readout tube available. If this isn’t the
perfect example of the products making
the leader — what is?

At our Briarcliff Manor Laboratories we are
studying “no-power” electro-chemical readouts,
reflective-surface readouts visible in bright sunlight
and several other “laboratory curiosities.” We are also
developing imminent new products including dot
matrix readouts that can be programmed to display
any desired character.

When it comes to applications, we support
what we sell. Buy any Amperex readout tube and
we'll supply you with just about every component
your drive circuit requires, whether you choose
IC’s, discrete semiconductors or passive components.

Only one IC decoder-driver (Amperex FCL 111,
a standard 7400 series device) is needed to drive the

mark. NV Philips of Holland

| ZM1000
{ Numerical Indicator

The industry’s first and only readout tube

| ever designed specifically for high volume

users. More new products are using
the ZM1000 today than any other
readout tube on the market.

ZM1200 PANDICON~*
14-Decade Readout

The only tried and proven multi-decade
readout tube on the market. Needs only

27 external connections compared with 168
connections needed to display 14 decades
with single-decade tubes.

ZM1200. Technical details of the use of the

FCL III and plans for a discrete-component
alternative circuit are available on request. The

ZM 1200 offers floating decimal location at no extra
cost, along with punctuation marks that permit
“pointing-off” large numbers into convenient groups.
In thousand-lot orders, the price per digit

is less than $2.00.

The ZM 1000 at $2.95 in thousand lots provides
big economies in application as well as in initial
cost. In volume, it sells for less than $2.00.

For anode-strobing, the ZM 1005 is available.

For specifications and drive-circuit information
on the ZM 1000, ZM 1005 and ZM 1200 PANDICON,
write: Amperex Electronic Corporation,
Semiconductor and Microcircuits Division,
Slatersville, Rhode Island 02876.

Amperex

TOMORROW'S THINKING IN TODAY'S PRODUCTS

A NORTH AMERICAN PHILIPS COMPANY

Circle 156 on Reader Service Card



counter, 7491 8-bit shift register, 7492
divide-by-12 counter, 7493 4-bit binary
counter, 7475 quad latch. Replace
Texas Instruments devices. $2.90 up
(100-999). FAIRCHILD. 314
(ECL),

Emitter-coupled-logic 9500,

new line. On-chip temperature com-
pensation. OR/NOR gates, dual flip-
flops, 8-input multiplexers. Typ propa-
gation relays, 2 ns. 2-kQ pulldown re-
sistors. Multiplexer can be used as
function generator.

universal 16-pin

DIPs. $2.05 to $17.50 (100 up). FAIR-
CHILD. 315

Power op amp, DPAS00, with 2-W
output. Internal frequency compensa-
tion. Complementary emitter follower.
Two-transistor output stage with 741
op amp. $14.50 (100-999). DICKSON.

316

Op amps, SG101A series, replace Na-
tional Semiconductor LMI01A series.
Offset voltage, 3 mV max: input cur-
rent, 100 nA max, offset current, 20
nA max. TO-99 8-pin metal can and
TO-116 14-pin DIP $3.25 (100 up).
SILICON GENERAL. 317

Improved 741, 3500, input bias cur-
rent 10 nA. Thermal drift, 0.3 nA/°C,
slew rate, 1.5 V/us. Input impedance,
5,000 MQ, common-mode, and 10 M,
differential. Common-mode rejection,
90 dB; gain, 100 dB. Power supply
levels, *3 to =*20V. Power supply
sensitivities, 0.2 dB/V, 20xV/V. and
0.1 nA/V. $7.25 (100 up). BURR-
BROWN. 318

741 LID, MH1A-741, also 709 in LID
(leadless inverted device) package, for
hybrid circuitry, with contamination-
proof sealant covering device $8.00
for 741; $7.30 for 709. DICKSON.

319

Superior 741 ICs, ADS502J, K, 4-12
nA max offset current. Max bias cur-
rent, 7-25 nA at 25°C. Darlington in-
put circuitry. TO-99. $4.50-$8.00 (100
up). ANALOG DEVICES. 320

Terminal receiver, transmitter, AY-5-
1008, 1010, silicon-nitride devices.
Power consumption, 150 mW. Accepts
up to 9 bits of parallel information,
adds the required start and stop bits
to convert serial data. AY-5-1008 is
serial-in/10-bit  parallel-out shift
register with input word length ex-
ternally selectable for 5, 6, 7, or 8
data bits. 24-lead DIPs. AY-5-1010,

’
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$18.70; AY-5-1008, $24.15. GEN-
ERAL INSTRUMENT. 321
Quad line driver, line receiver,

MC1488L, MC1489L, meet EAI inter-
face standard RS-232-C. The MC1488L
line driver consists of 4 NAND gates;
3 two-input gates and a single-input
gate. Output voltage, 25V; output im-
pedance, 300 €, output currents S5A;
driver slew rate, 30 V max. Driver
$7.00, receiver, $6.00. MOTOROLA.

322

Power tramsistor chips, CH3055,
CH3232, CH3226, for hybrid circuitry.
Mounted on discs with nickel plated
leads. Can dissipate 117 W, voltages
35 to 110 V, current gain 20 at 12 V;
temp, 200°C, 89¢ to 99¢. POWER
PHYSICS. 323

High-voltage npn transistors, 2N5964,
2N5830-3, complements to 2N4888
and 2N4889 pnp amplifiers. Capaci-
tance, 4 pF max. Voltages to 180 V,
diss to 700 mW, leakage, 50 nA max.
41¢ to 56¢ (100 up). FAIRCHILD.

324

Power transistors, JAN approved line,
2N2880, 2N3749, 2N3996 - 2N3999.
Available with JAN and JAN-TX
(high-reliability) prefixes $18.36 up (1-
99). PIRGO. 325

Infrared detectors, 801 series, cadmium
mercury telluride. Spectral response

range 4-6 microns; time constant, 1.5
u4s max; response time, 300 ns. Sensi-
tive area, 230 square microns; noise
equivalent resistance less than 1 kQ.
MULLARD. 326

Plastic varactor diodes, new series, 5-1
capacitance ratios from 3 to 30 V.
Minimum Q, 300. Withstand 14-pound
pull test. Axial-lead package. DOW
CORNING. 327

Silicon photosensors, CL.T2010, cover
light sensitivity range from 0.2 mA to
3 mA at 5§ mW/cm* Max collector-

to-emitter voltages, 15 to 50 V. Nar-
row 3:1 light sensitivity tolerance
range. 3-lead TO-18 with flat window.
CLAIREX. 328

Varactor diodes, comprehensive line,
150-1500 pF. Diss, 500 mW, voltages
to 100 V. DO-7, DO-14 packages, also

other packages available. For delay
line, tuning, synthesizer, oscillator ap-
plications, CRYSTALONICS. 329

Packaged Circuits

High-voltage op amps, A-300 and
A-301, to operate with supply voltages
from *50 V to =150 V. Input bias
current below 10 pA. FET input
stage. Accept common mode voltages
to =115 V with typical CMRR of 100
dB. Open loop-gain 100 dB. Slew rate
10 Vus. Input impedance 10''Q, Input
offset 3 mV, adjustable to zero. Off-
set drift 50 wV/°C (A-300) or 25
aV/°C (A-301). 1.5 X 1.5 X 0.5 in.
$80 (A-300 in 1-9) or $90 (A-301 in
1-9). Stock. INTECH. 216

Programmable-gain amplifiers, ZC741E
and ZC801E, with over 500 selectable
gain and circuit configurations achieved
by interconnecting terminal pins. Gain

programmable from 0.004 to 250.
Built-in feedback and input network,
has tolerance of 0.1% and tempco of
10 ppm/°C. D¢ gain 100,000. Gain-
bandwidth product 4 MHz. Voltage
drift 30 uV/°C. Input current 15 pA.

(Continued on page 60)



Andante. Start with the Trim Trio, a
versatile concept that lets you use sub-
min coax, machined or strip formed con-
tacts intermixed in the same connector
block.

Allegro. Use the same contacts, same
tooling for rectangular MS Hyfen® con-
nectors, or Bantam™ miniature round
connectors. You get the convenience
and savings of common contacts used

in a broad selection of connectors and
hardware accessories. Countless design
variations are possible for applications
in computers, communications equip-
ment, medical electronics, numerical
controls and avionics equipment.
Fortissimo. Burndy installation tooling
harmonizes with Trim Trio connectors
for built-in quality control, whether you
crimp one at a time with a hand tool, or

3000 per hour with a Hyfematic™.
Crescendo. For more details send for

our catalog. See what beautiful music

you can make—from breadboard to

production—with the Trim Trio.
Encore! Encore!

BURNDY

Bantam Products/Norwalk, Connecticut




Hermetically-sealed 14-pin DIP-style
package. $20 (ZC741E in prod qty) or
$43 (ZC801E in prod qty). Stock.
ZEL. 217

Chopper-stabilized amplifier, A-241,
with special circuitry that virtually
eliminates noise spikes. Wideband cur-
rent noise 100 pA pk-pk (10 Hz to 10
kHz. Noise voltage 0.8 «V pk-pk (0.01
Hz to 1 Hz). Drift 50 nV/°C. Offset
voltage 10 wV. Input bias current 15
pA. Current drift 0.5 pA/°C. 1.5 X
1.5 X 0.5 in. $97 (1-9). Stock.
INTECH. 218

Fast-settling op amp, FST-152, with
settling time of 0.6 us to within 0.01%.
Overload recovery time 1 us. FET in-
put. Slew rate 75 V/us. Dc gain 150,-
000. Output =10 V at 20 mA.
Guaranteed minimum CMRR 3000,
Common-mode voltage =10 V. High
CMRR allows amplifier to maintain
settling speed in non-inverting mode.
Unity gain freq 12 MHz. Offset-volt-
age drift 50 uV/°C (A version), 25
wV/°C (B version) or 10 uV/°C (C
version). Bias current 30 pA (A) or
20 pA (B and C). Operating temp
—25 to +85°C. 1125 X 1,125 X
0.5 in. $37 (152A in 1-9), $44 (152B
in 1-9) or $50 (152C in 1-9). Stock.
DYNAMIC MEASUREMENTS. 219

Instrumentation amplifier, FA601, with
input impedance of 1011Q. Gains from
1 to 1000 programmable with single
resistor. Input current 100 pA. Unity-
gain bandwidth 1 MHz. CMRR 86 dB.
Operates from =15 to *=18-V power
supplies. Encapsulated module 2 X 2
X 0.625 in. $65 (1-9). INTRONICS.

220

Low-cost FET amplifier, A104A, for
general-purpose wideband applications.
Small-signal bandwidth 10 MHz. Slew
rate 25 V/ps. Settling time lus to
within 0.01%. Voltage drift 50 #V/°

C. Input bias current 20 pA. Input
impedance 1011Q. Open-loop gain 80
dB. 18 X 1% X 0.43 in. $29 (small
qty). 2 wks. MONITOR SYSTEMS.

221

Low-cost FET op amp, 1894, with
CMRR of 50,000 over an input range
of £10 V. Output =10 V at 5 mA.
Full-power response 200 kHz. Unity-
gain bandwidth 10 MHz. 1% X 18
X 0.5 in. $20 (production qty). MEL-

COR. 222

Inexpensive FET op amp, P201C, with

input impedance of 10'2Q and bias cur-

rent of 5 pA. Voltage gain 50,000.
Voltage drift 35 «V/°C. Output *11
V at 5.5 mA 1.12 X 1.12 X 0.45. $10
(1-9). POLYTRON DEVICES. 223

High-speed inverting amplifier, MP209
for critical current-summing applica-
tions. Slew rate 100 V/us. Settling

P
.
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time 1 us to within 0.01%. Small sig-
nal response 1.5 MHz. Open-loop gain
106, Voltage drift 15 uV/°C. Input
impedance 300 k. Input bias current
1 wA. Voltage noise 300 uV rms. Out-
put =10 V at 20 mA. Short-circuit-
proof to ground. Electrically and me-
chanically  shielded. PC-board or
DIP-socket mounting 2 X 1 X 0.39
in. $56 (unit qty). 2 to 4 wks. ANA-
LOGIC. 224

Isolated amplifier, 6119 Isoamp, for
medical instrumentation and other ap-
plications that need isolated inputs.
Isolation 1500 V, pk-pk or dc. Fre-
quency response 15 Hz to 2MHz. Iso-
lation achieved by fiber-optic coupling
of light diodes. Linearity =5%. CMRR
160 dB at 200 Hz and 80 dB at 2
MHz. Rise time 150 ns. Accepts in-
puts of up to 10 mV rms into 1MQ.
Delivers up to 0.5 V pk-pk in 50 Q.
Compact lightweight case. $500. Op-
tional power supply $78. DEVELCO.

225

Low-cost analog multiplier, 426A, fac-
tory-trimmed for 1% accuracy. Needs
no external trimming pots. Transcon-
ductance-type circuit. Can be connect-
ed as multiplier or divider. Customer
can trim accuracy to 0.6% if required.
Small-signal bandwidth 400 kHz. Phase
shift 1° at 400kHz. Output drift 2
mV/°C. Linearity 0.6% (X channel)
and 0.3% (Y channel). Encapsulated
module. $45 (unit qty). Stock. ANA-
LOG DEVICES. 226

Hybrid IC A/D converter, 871, com-
patible with MOS systems. Accuracy
+0.05% over the temperature range
—20 to +85°C. “Successive-approxi-
mation” circuit. Consists of type 3751,
thick-film ladder, bipolar IC com-
parator, bipolar-to-MOS translator,
and MOS type-D flip-flop. Digital in-
puts permit external control of output
word length (8, 9, 10 or 12 binary
bits), and determine operating format.
Power consumption 950 mW. Hermeti-
cally-sealed metal package. Also avail-
able with accuracy of #*0.025% or
+0.1%. $225 (*0.05% version in
1-9). BECKMAN. 227

12-bit A/D converter card, ADC-120,
using company’s own monolithic quad

switches to form complete “‘successive-
approximation” circuit. Tempco =5
ppm/°C over temperature range — 50
to +100°C. 12-bit monotonicity main-
tained over wide range of tempera-
ture. Includes TTL logic ICs, input
buffer amplifier, comparator and high-
gain reference amplifier. PC board,
3.75 X 4.5 X 0.412 in., with 44-pin

dual edge connector. Relative error
0.125% (including buffer and com-
parator errors). Conversion time 20
us. Differential linearity =Y LSB.
Diff linearity drift =3 pm/°C. Input
impedance 100 MQ. Choice of input
ranges and output codes. $305 (1-9).
Stock. ANALOG DEVICES. 228

Low-cost 8-bit DAC, MPI1808, with
output slew rate of 10 V/us. Includes
thin-film resistor network, precision
reference element and output ampli-
fier. Conversion accuracy *0.1% of
F.S. at 23°C. Range tempco 100
ppm/°C. Operating temperature 0 to
+70°C. Mechanically and electrically
shielded. Unipolar or bipolar output.
Choice of input codes. Also available
for 2-digit BCD. Field-repairable mod-
ule, 2-X% 2 X 0.39.in. $59 (1-9). 2-3
wks. ANALOGIC. 229

9-bit D/A converter, 6439, for “glitch-
free” operation at speeds to 1 million
conversions/sec Typical settling time
500 ns. Unique “capacitance decoupler”

circuit. Packaged on double PC board
with single-edge 44-pin connector. 4.5
X 3.33 X 0.75 in. One board con-
tains amplifier and sample/hold; other
contains converter. Full-scale output

(Continued on page 62)



New
IC’s

from
Burr-Brown

a new monolithic op amp

i with low bias current (15 nA), low drift (5 ©V/°C), low noise
4 ?! (0.8 .V, p-p), and wide supply range (-=3 to =20 Vdc).

) two new hybrid multipliers

409158 Ji

with =0.5% linearity. No external components required.
Miniature hermetically sealed package. Temperature range
—55to +125°C.

&, anew hybrid FET op amp

l with ultra-low bias current (5 pA), low drift (5 uV/°C), and
| fast slew rate (6V/usec). Hermetically sealed TO-8 package.

...and you didn’t think we made IC’s!

Better get your Burr-Brown
IC-PAK. For your copy of the
Burr-Brown IC-PAK. contain-
ing complete information on
all of our IC products, simply
use this publication’s reader
service card or phone us.

These four new units join a rapidly growing family of Burr-Brown
IC products. All have the high quality you've come to expect from
Burr-Brown, quality that's assured in every processing step. In
addition to the above, we have a POWER BOOSTER (=10 V @
#+100 mA) for use with any IC op amp, another series of HYBRID
FET OP AMPS, and a series of low bias BIPOLAR OP AMPS . . . all
in dual-in-line packages. We are also supplying HYBRID COM-
PARATORS and ACTIVE FILTERS.

BURR-BROWN

RESEARCH CORPORATION

International Airport Industrial Park « Tucson, Arizona 85706
TELEPHONE: 602-294-1431 « TWX: 910-952-1111 « CABLE: BBRCORP
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Circle 158 on Reader Service Card
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+10 V into 2 kQ. Accuracy *=0.2%
+15 LSB. Tempco =50 ppm/°C.
TTL input logic. $350. 6-8 wks.
DATA TECHNOLOGY. 230

Level-converter cards, MLC5, MLCS6,
MLC7 and MLCS8, to convert EIA
logic levels to DTL/TTL or vice versa.
MLCS5 and 6 have 8 and 16 circuits,
respectively, and convert from EIA to
DTL/TTL. MLC7 and 8 also have 8
and 16 circuits and convert from DTL/
TTL to EIA. Compatible with other
Raytheon logic cards. 3 X 3.65 in.
$135 (MLCS5), $250 (MLC6), $105
(MLC7) and $198 (MLCS). 30 days.
RAYTHEON COMPUTER. 231

Automatic telephone dialer, ATDS8I11,
to dial up to 8 pre-determined tele-
phone numbers consisting of up to 11
digits each. Completely electronic,
with entire circuit on single plug-in
PC board, 4-1/2 X 5-1/2 in. If circuit
cannot reach desired number, it “hangs
up and dials again.” Circuit uses ICs
and discrete components. For use
with remote computer terminals and
other data acquisition systems. From
$120. Stock. NATIONAL MlDCOz.

23

Low-cost core memory, COMRAC 90,
with full cycle time of 900 ns, includ-
ing read/restore and clear/write
modes. Buffer cycle time 600 ns in-
cluding buffer read and buffer write.
Split-cycle time 1.05 us (read/modify/
write). Basic memory capacity up to
8 k X 9 bits or 4 k X 8 bits. Field
expandable to 32 k X 18 bits. Basic
system consists of three PC boards
connected as single-plug assembly.

i

Overall dimensions 11 X 12 X 2 in.
$1800 (4 k X 18 bit stack in gty of

100). Stock. INFORMATION CON-
TROL. 233

Linearity-corrector circuit, 1L.C123, to
linearized deflection distortion (pincush-
ioning) on CRT. Consists of three
plug-in PC cards, for X-axis, Y-axis
and off-axis signals. Linearity 0.1%
for on-axis correction and 0.2% over
useful screen diameter. Compatible
with all CELCO deflection amplifiers
and sweep generators. 30 days.
CELCO. 234

Compact VCXO, Series 190, to pro-
vide frequencies between 1 MHz and
200 MHz as specified by customer.
Frequency tolerance =1 X 10-6 over
temperature range of 0 to +60°C.
Choice of output voltages and wave-
forms available, including compatibil-
ity with various types of IC logic.
Typical performance available in-
cludes frequency deviation of =0.02%

with linearity of 15%. 2 X 2 X
4-1/2 in. Choice of header configura-
tions. $325 to $575 depending on freq.
6 wks. ACCUTRONICS. 235

Microelectronic log i-f amplifier, 58-
588, to provide linear-to-log conver-
sion over 60 dB signal range at 4.5
MHz with sensitivity of -80 dBM.
Compact thick-film hybrid circuit on
two-level ceramic substrate using multi-
layer printing techniques. Includes i-f
coils. Hermetically sealed in shielded
case 1.4 X 1.9 X 0.4 in. Meets Mil-
Std-883 specs. Needs +12 V and +5
V supplies. 50-Q and 500-Q outputs.
Gain and log characteristics stable
over temp range of —S55 to +100°C.
One of series of hybrid IC compo-
nents. HALLICRAFTERS. 236

Switches & Relays

Plug-in reed relay with removable end
cap to permit easy replacement of reed

capsule. Dry reed or mercury-wetted
reed. DOUGLAS RANDALL. 238

High speed, low-noise Hg-wetted-con-
tact relay, HGJ, with 250-Hz rep rate.
Noise slashed from usual 100 gV to
104V at 4 ms after coil energization, 1
wV typ at 5 ms. 101° operations, with
loads from piocoamps to 2 A, 500 V.
750-pus response. 15 to 25-mg) initial
contact resistance, constant within 2
m$., CLARE. 237

Logic-compatible reed relays with 14-
pin DIP lead frames. RR-105 with in-
ternal transistor for drive from low-
current source. RR-115 with internal
current-sinking transistor forming one
DTL/TTL unit load. Form A contacts
to carry 1 A, break “2A. $10 (proto-
type quantities. ASTRO-SPACE. 239

Time-delay relay, ET553, with isolated
form C contacts for ac or dc loads.
Solid-state timing for delay-on-make
or interval timing. Timing dial can be
remote from relay contacts, connected
by two wires. Pot allows customer
calibration of pointer settings to 2%
repeat acc. GE. 240

Hydraulic-magnetic  circuit breakers,
AM1,2,3 for 1,2,3-pole switching of
loads from under 1 A to 50 A at 65
Vdc or 250 Vac. UL recognized to 65
Vdc and 240 Vac. Many options.
HEINEMANN. 241

Pushbutton rotaries, 2900, with window

readout of switch position. Replace-
able pushbutton caps in six colors. 8,

10, 12 positions in all standard codes.
Make/break '8 A, carry 3A. 3-mQ
initial contact resistance. Under $4.
JANCO. 242

Lighted pushbutton, OA, combining
snap and slide action. Actuator lifts
moving contacts through air gap to
mate with stationary contacts with
sliding action. Said to eliminate mi-
gration, pitting, burning, contamina-
tion. To 6pdt. Turret or pin termina-
tions. Momentary silent, momentary
detent, push-lock/push-release, alter-
nate. SWITCHCRAFT. 243

Lighted pushbuttons, 1820, in any color
or color combination for button, hous-
ing and nylon bezel. (Metal bezels in

chrome, black oxide, or brass-plated
steel.) Spst or spdt. 2 to 9 A at 125/
250 Vac. Diffusing screen. Integral
(non-replaceable) neon or incandescent
lamp. MOLEX. 244

Pluggable program patchboard for 7
X 10-terminal matrix. Teflon-insulated

, = :
=Stk |
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jumpers. Silver-plated contacts. Husky
guide pins. SEALECTRO. 247

Keyboard pushbutton reed switches in
add-on modules. Any number can be

(Continued on page 64)



“ZERO’” Reaction Time

chip transients... o=

with the New Uni-Imp
Voltage Surge Protector

Impulse Ratio
Trip Voltages
(constant up to 50 kV/microsec.)
greater than 5,000 shots
@ max. rating
Compatible with normal
relay closure times

Now it is possible to protect sensitive compo-
nents, even semi-conductor equipment, against

d < AVAILABLE UPON
voltage tyansuentls: wntr]yout concern for th_e ratg 9f REQUEST Detailed
voltage rise. The “zero” reaction time of Signalite’s lS)ata Sheet . . . on
new Uni-Imp is only one of _its many unique fea- i Reaction. Time
tures. Others including its Bi-Polarity,immunity to }/:g:gie Surge Pro-
di/dt restrictions, infinite leakage resistance, are i
described in a new data sheet. Division of

General Instrument

1933 HECK AVENUE, NEPTUNE * NEW JERSEY 07753
(201) 775-2490
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stacked. 2.8 to 3.5/0z operating force.
0.2-in. full travel. 100 mA at 48 V.
ALCO. 245

Submin toggle switch with elongated
toggle for advantages in recessed
panels and dense switch arrays 1,2,3.4
pole. C&K. 246

Packaging/Hardware

IC-packaging receptacle for mounting
on PC laminate, allowing virtually any
grid pattern. Accepts variety of IC-
package types with round or rectangu-
lar leads. Anti-overstress feature as-
sures proper insertion/withdrawal
forces. Machine-installed receptacles
compatible with all soldering tech-
niques, and hand or machine wiring.
AMP, 248

DIP breadboard, 11-DE-1-S, to accept
12 DIPs plus discrete components.
Layout includes two power-supply
lines near each DIP location. 4.375 X
4.2-in. card takes 44-pin edge con-
nector. $19.50. DOUGLAS 249

Burn-in socket modules to take 300°C.
LMC 2696 for 3,4,6,8-lead TO-5s and
TO-18s. LMC 2647, in building-block
form, for DIPs, quad forms, spider
packs and various MSI/LSI packages.
LORANGER. 250

Two-piece and card-edge PC con-
nectors on OPL for Mil applications.
Two-piece types with 17,23,29,35,41
contacts on 100-mil centers or 12,15,
18,22,26 contacts on 200 mils. 10-A,
6-mQ contacts. Card-edge types with
15/30, 18/36, 22/44 single/dual con-
tacts on 156-mil centers. 5-A, 6-m%
contacts. ELCO. 251

Right-angle rf coax connector with
360° swivel about cable axis for no
strain on cable braid or center con-
ductor. Sealed against moisture con-
tamination. ITT GREMAR. 252

Rf coax connectors, JCM, in seven
types for PC or cable mounting. For
use to 3 GHz. Interchangeable with
and mateable with SMA types at much
lower prices. E. F. JOHNSON. 253

High-density circulars, Marc 63, with
bayonet coupling, same insert patterns
and layouts used in company’s Marc
43,53,53RMD. Three configurations,
four shell sizes. MICRODOT. 254

High-thermal-conductivity adhesive,
Abletherm 12-1, of repairable silicone.
Handy for bonds to heat sinks. 8
times thermal conductivity of unfilled
silicone. Withstands continuous 400°F.
IR 10'4Q-cm at 77°F. Easily cut with
sharp blade. ABLESTIK. 256

Light-insensitive substrates, AlSiMag
782, of opaque black alumina. Helium
leak rate 10-% cc/s at one atmosphere.

Can be reheated in oxygen atmosphere
without color change. AMERICAN
LAVA. 257

Tape-controlled laser trimmer for 3000
thin- or thick-film resistors per hour.
Resistor values trimmed to 0.5% for
thick films, 0.1% for thin films in
closed-loop system with 24 probes and
vacuum chuck. X-Y table with 10 X
10-in. or 10 X 20-in. travel at 400
in./min. $40,000-$45,000. HUGHES.

258

Flat cable jumpers with 14-pin DIP
plugs. Any-length cable with dielectric

of vinyl, polyester, Teflon, Kapton.
Gold over nickel over brass pins. ANS-
LEY. 255

Computer-controlled laser trimmer,
W102, for 3000 substrates per hour,
each with 8 thick-film resistors. Based
on J259 IC-test system, this system
can be programmed for trimming,
testing, constant-value monitoring,
process analysis. Can include seven
multiplex stations, with trimming at

four. From $77,900. TERADYNE.
259
Numerically controlled insertion/ter-

mination system for low-volume com-
ponent insertion on PCs and semi-
automatic back-plane wire termination.
Machine uses two heads with many op-
tions available on each. UNIVERSAL
INSTRUMENTS. 260

Cable binder, 14-090A, for tying wire
bundles up to 1-in. diameter. Hand-
held, pneumatically operated tool
wraps, tensions, locks, cuts off tape
with one trigger squeeze. Complete
cycle in about one second. GARD-
NER-DENVER. 261

Power Supplies

Constant-current module, 925, with
output impedance greater than 100 MQ
at 10 mA. Output current 10 to 50
mA with a regulation of 0.001% on
current and 0.001% voltage supply
isolation at 10 mA. Up to 500 mA
rating available. Tempco 0.01%/°C.
Weighs 2 oz and is 1.5 X 1.5 X 7 in.
$78. CALIFORNIA ELECTRONIC.
262

High-voltage supply, 23566, with 5-
regulated outputs and a 6.3 Vac fila-
ment supply. Short-ckt protection for

dc outputs. Input: 115 Vac *=5% at
400 Hz *5%. Outputs: 2500 Vdc at
0.8 mA, —65 Vdc at 1 mA, +315
Vdc at 1 mA, +160 Vdc at 30 mA,
—60 Vdc at 30 mA and 6.3 Vac at
0.6 A. Regulation *1% full load to
no load plus line. Ripple 0.1% rms.
Tempco 0.02%/°C. GLENTRONICS.

263

Precision high-voltage supplies 180 and
190, for cathode-ray tubes and as
laboratory standards. V adjustable
from 1 kV to 20 kV at 3 mA on mod-
el 180, and 10 kV to 30 kV at 1 mA
on model 190. Output V is within

0.25% of settings. Output V is line
and load regulated to 20 ppm and 25
ppm respectively. Switchable-output po-
larity. Overload and short-ckt protec-
tion. $1895 (model 180) and $2295
(model 190). VELONEX. 264

IC power-supply module, MIC5-7A,
with § Vdc at 7 A. V out adjustable
from 4.75 to 5.25 Vdc. Operates from
105-125 Vac, 60 to 400 Hz. Line and
load reg *25 mV. Ripple and noise
10 mV rms. Tempco 2.5 mV/°C. Op-
erating range —20 to +50°C. Meas-
ures 5 X 6 X 6 in. Short ckt-proof
std and over voltage protection op-
tional. Guaranteed for 10 years. $52.
ARMOUR ELECTRONICS. 265

Test Equipment

Magnitude, quadrature and in-phase
detector, 1238, for extracting small
signals from noise. 130-dB gain and

®
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100-nV full scale sensitivity. 1-GQ in-
put Z. Protection against 200-V sig-
nals. Flat or tuned freq response from
10 Hz to 100 kHz. $1300. GR. 266

Logic probe, 30, with input-overload
protection to 4200 V continuous and
—200 V for 3 seconds. Displays logic
I and 0 conditions with lamp at probe
end. Identifies single pulses as narrow
as 30 ms. Also detects prfs up to 30-
pps symmetrical or non-symmetrical
wave forms. $30. AUTOMATED
CONTROL TECH. 267

(Continued on page 66)



When the lights go out,

the only really

portable

Digital Multimeter

goes on

11999

RANGE POWER
4 N Tl
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Run the Fluke 8100A 0.02% digital multimeter anywhere, anytime up to 8 full
hours off the rechargeable battery pack. Printer output now available.

There are twenty or thirty digital multimeters around
that lay claim to portability. The only one you can
move around easily and use without a nearby wall
plug is ours. It's the only portable machine that works
where you need a portable machine.

True portability is just part of the story. The Fluke
8100A, with an accuracy of 0.02% and a selling price
of $795, with rechargeable battery option, gives you
nine times the accuracy of three digit instruments for
half the price of comparable four digit multimeters.
We've used a new A to D technique to give you an
instrument with low power drain for eight-hour con-
tinuous battery operation without recharging. (line
operation only $695)

The Fluke 8100A measures ac and dc volts in four
ranges to 1200 volts and ohms in five ranges to twelve
megohms. Readout is four full digits plus “1"” for 20%
overranging. Features include an active 2-pole switch-
able filter and automatic polarity indicator. All func-
tions are push-button selectable.

Also available are RF and high voltage probes,
switched ac-dc current shunts, a ruggedized case,
and data output (line operation only).

John Fluke Mfg. Co., Inc., P.O. Box 7428, Seattle, Washing-
ton 98133. Phone (206) 774-2211. TWX: 910-449-2850/ In
Europe, address Fluke Nederland (N.V.), P.O. Box 5053, Til-
burg, Holland. Phone: (04250) 70130. Telex: 884-50237/ In
the U.K., address Fluke International Corp., Garnett Close,
Watford, WD2 4TT. Phone: Watford, 27769. Telex: 934583.

FLUKE

®

Circle 215 on Reader Service Card




Circle 160 on Reader Service Card

USING ACTIVE FILTERS
PASSIVE FILTERS ¥

Are size, shape or weight considerations important?
Special mechanical configurations offered—Her-
metically sealed or encapsulations for pcb installa-
tions

Low, high, band pass and reject designs—Butter-
worth, ghebishev, Bessel or elliptic response char-
acteristics—wide range of source and load impe-
dances

Low frequency actives, stable toroidal LC’s, RC
twin-T’s

No EXTERNAL components required

Unbiased recommendations on active or passive
filter selections for maximum economy

\Dfuke

instruments, incorporated

PHONE AREA 512/892-0752 « P.O. Box 698 AUSTIN TEXAS 78767

Circle 161 on Reader Service Card

25-ampere current sink, CS-125, for
testing power supplies. In manual
mode, provides continuous, monotonic,
infinite resolution equiv resistance
change from 0.016 to 6 k2. In pulse
mode, makes step transition between
max and min current limits in less than
1 wsec at any freq between 0.01 and
1000 Hz. In ramp mode, load current
linearly increases at any rate up to
25,000 A/sec. Will dissipate 125 W
in free air at 95°F, Max ratings of 60
V and 25 A. $295. MICROCOMP.
268

8-channel high speed waveshape con-
troller, FC-200, for digital signals at
rates from single shot to 100 MHz.
Width, delay, amplitude and offset
controlled by front panel switches for
each channel. Pulse width 4 ns to 10
ms. Complementary outputs give
100%-duty cycle. Delay fixed at zero
or variable 0-10 ms in 6 ranges. Am-
plitude controlled by 8 attenuators
covering a 10-dB range. Offset £3 V
into 50 Q. Rise and fall times 1.2 and
1.8 ns respectively. TAU-TRON 269

Low-cost pulse generator, PG-1, for
research and educational applications.
Compatible with RTL, DTL and TTL
ICs. Freq 1 Hz to 1 MHz and pulse
width 100 ns to 100 ms. Z, 50 Q. Rise
and fall times 20 ns. Shock-proof steel
case 4 X 7-1/2 X 6-1/2 in. Weight
4 lbs. $150. EL INSTRUMENTS. 270

Differential thermometer. Delta-T 102
and 103, for measuring the difference
between transistors and heat sinks. 3
ranges: 0 to £20°C; 0 to £50°C, and
0 to *=100°C. 3 modes: probe A,
probe B and A-B. Circuit acc 0.1°C
and meter acc 2%. All probes linear

allowing auxiliary readout. Model 102
powered by self-contained battery pack
and 103 by 117 V, 50 to 60 Hz. $159
(102) and $189 (103). TC PROD-
UCTS. 271

Integrating and Hall-effect gaussmeter,
MF-1HR, for testing B-H or B-H vs
H curves. Also used for general mag-
netic measurements. Fluxmeter range
100-99.9 x 10+ kilo Maxwell-turns,
with a 1% accuracy. Drift rate =100
Maxwell-turns/min. Gaussmeter range
10-30.000 Gauss f.s. 115 V ac or bat-
tery powered. MSI Div,0S WALKER
(@0 272

6-digit multimeter, 6853, with accu-
racy of 0.001%. Ranges: dc¢ 100 mV
to 1100 V, res 1 @ fs. to 100 MQ f.s.,
ac 1 to 1000 V, ac/ac ratios and ac/
+dc ratios. Autodesense circuit pro-
vides hi-accuracy for noise-free sig-

(Continued on page 68)
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Shape Up!
With Monitor’
Analog Army

CHECK THIS ROLL CALL!

m A/D & D/A CONVERTERS

m MULTIPLEXERS

m SAMPLE & HOLD AMPLIFIERS
m OP-AMPS

They're all veterans of the analog wars. We’ve got
regiments of Multiplexers to engage your inputs. Our
Sample and Hold captures them for our A/D’S.

You can muster 90 variations of A/D’S (up to 12 bits)
on a MONILOGIC card! And for reinforcements we have
D/A Converters, D.C. Amplifiers and Low-Level Amplifiers.

)

FOR FURTHER INFORMATION WRITE OR CALL o
PHONE 215-646-8100
Fort Washington, Penna. 19034 ON ITOR
TWX 510-661-1520 SYSTEMS
an AYDIN company
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nals and optimum accuracy for noisy
signals. Auto ranging, remote pro-
gramming and out of-range indication
standard. Input signal polarity de-
tected automatically. All solid-state
MOS FET circuitry used throughout
instrument, $4095 in single-lot quan-
tities. CIMRON. 273

Computing true rms DVM, 1860, for
any combination of dc¢ and ac, for
periodic and random signals, for ex-
ponential and true-time averaging.
Computes true rms, mean and mean-
modulus values from dc to 10 kHz.
True time averaging up to 3.4 hrs.
Ext triggered time averaging. 100 mV
to 300 V fis. (100 uV res). Acc *1%
of reading £0.3% f.s. Zi 1 MQ, $3250.
EMR. 274

Low-cost active probe, 1124A, for hf
oscilloscopes Converts 50 © input to
10 MQ/10 pF Z at probe tip. Allows
hf scopes to use 50-Q input at hf but
gives higher Zin at If. 2 switch-
selected V ranges: =10 V with an
attenuation of 10 or £100 V with an
attenuation of 100. Max input *=350
V on 10-V range and =500 V on
100-V range. Second switch selects ac
or dc coupling. Freq range to 100
MHz. Probe obtains power from front
panel connector or from optional p.s.
$95. HP. 275

Dispiay Devices

16-segment incandescent readout, TDS-
514, for applications requiring a display
of the complete alphabet plus numerals.
Character size 0.40 high X 0.40 wide.
500-ft Lamberts at 5 Vdc. Lamps re-
place from front. Single plane opera-
tion-viewing angle, 150°. Decoder-driver
pc board optional. OPPENHEIMER.

295

Incandescent digital read-out, DROD,
with seven-bar readout uses fiber op-
tics. 1/2 high X 0.43 wide X 1 inch-
long. Character size 0.4 high X 1/4 in.
wide. Disposable 7-lamp module at
rear of unit. Lamps selected for long
life. RANK PRECISION INDUS-
TRIES. 296

Field-resettable elapsed-time indicator,
CP3, with a mercury coulometer, in
which a visible gap travels along a
mercury-filled tub according to the
total flow of electric current through
the instrument. Operates on ac or dc
V or pulses. Current drain (dc) less
than 3uA for 1000 hrs. 1 7/8 X 3/8
X 3/8 in. Adhesive mounting. $4.
CURTIS INST. 297

Indicator light sampler Kkit, with 13
different indicator lights plus bulbs.
Lamps include: low V incandescents

in sizes T-1, T-1 3/4 and T-3 1/4, line
voltage neon in T-2 and line voltage
incandescent in T-4 1/2. GENERAL
ILLUMINATION. 298

Digital-time display, for displaying
time digitally in units of hours, min-
utes and seconds. Options: BCD out-
put, memory, polarity, preset and re-
lay output. 0.61 in. character height.
115 V, 50-60 Hz. Output BCD (1248)
parallel, DTL compatible. Reset to
zero via front-panel pushbutton. $260.
THETA. 299

Digital temperature indicator, 1640-
88-26, for 12 measurement channels.
Measures temp 0 to +100°C with a
resolution of 0.01°C and abs acc of
0.1°C (including error of sensor).
Calibrated sensors and matching sig-
nal conditioner-linearizers provide this
performance. 12-position switch selects
channel. INSTRULAB. 300

Taut-band miniature-edgewise meter,
MCEIT, for more accurate readings
and greater repeatability. 0.5 X 1.75
in. Additional features: horizontal or
vertical positioning, separate bezel and
hardware for easy mounting, clear-
plexiglas front covers and self-shielded
core-magnet construction. Dc acc
*+2% fs. at 25° C and ac acc *3%
fis. «at. 25°C. JEWELL. 301

(Continued on page 70)

Eldorado Invented @e Microwave Sampling Counter Technique
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FOR “HOT ORDERS" CALL THESE DISTRIBUTORS: BODELLE COMPANY, INC. — Chicago, IIl. 312/468-1016; INTERMARK ELECTRONICS — San Carlos, Calif. 415/592-1641, Newport Beach, Calif. 714/540-1322, San Diego,
Calif. 714/279-5200, Denver, Colo. 303/936-8284; GREEN-SHAW COMPANY, INC. — Newton, Mass. 617/969-8900; OSSMANN COMPONENT SALES CORP. — Rochester, N.Y. 716/442-3290; HARVEY RADIO CO. — Wood-

N.Y. 516/WA1-8700; 212/JU2-2590; 201/643-0920; PYTTRONIC INDUSTRIES, INC. — Baltimore, Md. 301/539-6525, Montgomeryville, Pa. 215/643-2850, Philadelphia, Pa. 215/242-6700, Harrisburg, Pa. 717/

; REPRESENTATIVES: ARIZONA 602/253-6104, ARKANSAS 212/358-4643, CALIFORNIA 213/945-2341, 415/349-1266, COLORADO 303/798-8439, CONNECTICUT 203/239-0212, DELAWARE 301/825-0001, FLORIDA
813/446-0075, 305/943-3091, 305/831-4645, ILLINOIS 312/286-1500, INDIANA 317/359-9283, 219/432-5991, 317/453-6868, I0WA 319/362-8155, LOUISIANA 713/686-9627, MARYLAND 301/825-0001, MASSACHUSETTS
617/862-8230, MICHIGAN 313/342-3242, MINNESOTA 612/927-9991, NEBRASKA 319/362-8155, NEVADA 415/349-1266, 213/945-2341, NEW HAMPSHIRE 617/862-8230, NEW JERSEY 215/248-3377, NEW MEXICO
505/268-3941, NEW YORK 716/442-3290, 914/338-5505, 315/445-4477, 607/785-9949, NEW YORK CITY 516/741-8966, OKLAHOMA 214/358-4634, OHIO 216/241-4880, 513/298-0662, OREGON 206/767-4330,
PENNSYLVANIA 412/922-3890, 215/248-3377, TENNESSEE 615/968-4195, TEXAS 214/358-4643, 713/686-9627, UTAH 303/798-8439, VIRGINIA 301/825-0001, WASHINGTON 206/767-4330, CANADA 514/735-5775,

DENMARK 01-29-56-22, FRANCE 737-54-80, GERMANY 592.421, GREECE 727-719, ISRAFL 440466, ITALY 639 751, SWEDFN 08/63-4320-6375-75, SWITZERLAND 051-626-140, UNITED KINGDOM 01-7483143.
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__ Data Handling

Price change

DATA GENERAL has reduced the
price of the Supernova minicom-
puter. In a configuration with 4096
16-bit words of core memory, data
channel and Teletype interface, the
computer now costs $9600 instead
of $11,700. Cost of the central
processor alone is $5600 instead

of $6850. 276
Printing calculators, Series 100, for
scientific or business applications.

Available with either 6 or 14 special
registers, thus providing up to 14 dif-
ferent calculators in single package.
Claimed “‘first calculator in its price
range to provide trig, degrees-to-radians
and other functions at a single key
stroke.” Basic functions include X2,
VX, m 1/X, e¥, log, X and [X]. Uses
TTL, DTL and MSI circuitry. MOS
memory with capacity of 512 to 1024
bits. Capacity 12 digits plus sign and
decimal print. Modularity allows user
to buy basic machine and add extra
features later. Programmable with 1
or 2 card readers, thus adding 60 to

120 program steps. Printing mecha-
nism uses standard paper. From $1495.
4 to 6 months. WANG. 277

I/0 interface units, 7000 series, to con-
vert Wang 700 series electronic calcu-
lators to on-line data-acquisition and
process-control

systems. Compatible

printers and incremental plotters avail-
able. Systems allow automatic meas-
urement of both ac and dc voltage and
resistance from any one of 16 random-
access inputs with complete program
control of measurement function, data
storage and output-writer formatting.
Cost claimed much lower than com-
puter-based systems with similar per-
formance. $3950 (7100 interface with
built-in DVM), $3950 (7150 high-speed
interface with 12-digit A/D converter)
and $1750 (7130 real-time clock inter-
face). 60-90 days. FLUIDYNE. 278

Computer terminal/typewriter, ADS-
715, for use as data-communications
terminal or as standard typewriter.

Built-in data set provides dial-up capa-
bility. All circuitry housed within case
of standard 15-in. carriage typewriter.
Portable. Choice of three code formats
including ASCII at 110 bits/s and
standard IBM codes at 135 bit/s.
AMERICAN DATA SYSTEMS. 279

Digital
6406-01,
control
cuitry
boards.

recorder, Raycorder

with interface circuitry for
from DTL/TTL logic. Cir-
contained on plug-in PC
Uses standard or improved

cassette

Philips-type cassettes with clear lead-
ers. Read/write speed maintained by

bi-directional motor drive. High-speed
rewind in either direction. Data serial-
phase encoded on input and output.
55 x 56 x 2.6 in. RAYMOND
ENGINEERING. 280

(Continued on page 72)

ook at your thing

The electron microscopy of laboratory APPLIED SPACE PRODUCTS,
INC. is a service unit working exclusively on samples submitted
by customers such as yourself who want a close up look at their
thing. Rocket Propellant and Purple Plague, Semiconductor Devices
and Pollen, Fractured Surfaces and Spermatoza, Fibers and Fungus,
Air Pollutants and a Spiders Belly, and good things like that. ‘

applied space products,inc.  §

825 San Antonio, Palo Alto, Ca. 94303, 326-7425
1786 W. Lincoln, Anaheim, Ca. 92801, 778-2090
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12, 24, 36, 48, 52.
60 Pole versions

Series 831 Environmentally
Sealed T-Bar® Relays. All con-
tacts are epoxy sealed in back-
filled metal enclosures for industrial, process con-
trol, ground support and shipboard applications.
Pulse operated magnetic latching available.

® Also Series 831LVV to withstand high shock

Simple crimp snap-on contacts
‘ fit into single block connectors

WITCHING TECHNOLOGY DIV.
electronic controls, inc.

T-Bar

Wilton, Conn. 06897 / (203) 762-8351

High Density

ENVIRONMENTALLY SEALED

for pre-harnessing.

Write or phone today
for details on all [
T-Bar® Switch/Relays
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‘When we say
High Resolution
. We mean 10Hz in 40MHz

i & B This measuring system’s high even-order AF/RF components of
The Slnger SA 51B " stability permits 10 Hz resolution, narrow-band SSB, AM, FM and
SpeCtrum Analyzer olrers with steep skirt selectivity, over the multiplexed FSK signals.

the unbeatable combination | full frequency range.
of high resolution B An image and spurious free

with 70dB dynamic range up-converter extends the frequency The Singer Company,
range to 10 Hz and provides Electronic Products Division,
from 10Hz to 40 MHz unambiguous displays of audio, 915 Pembroke Street, Bridgeport,
base-band or IF signals. Conn. 06608. In Europe contact:

Signals as closely spaced as 10 Hz ‘ _ ' Singer Sewing Machine Company,
are clearly visible from 10 Hz to 40 B A low distortion two-tone audio Electronic FroducieDivision,

MHz (and even out to 200 MHz with si.gnal generatqr supplies modulating P.O. Box 301, 8034 Zurich, Switzerland,
slightly reduced sensitivity). signals to eqmpment under test. Telephone: (051) 47 25 10.
(optionally available)

Basic instrument price, $6060

B Now you can measure in-band

distortion products down to 70 dB B The highly linear response of the
below peak levels .. . exceptionally completely solid-state Model SA-51B
wide dynamic range with uniform High Resolution Spectrum Analyzer S l N G E R
5 microvolt sensitivity from 2 to makes it ideal for monitoring and

D AGED S SIS 4 B8




Incremental cartridge recorder, IRC- around company’s Model 1100 trans- (including sign) with conversion rates

1000, with simple bidirectional sprock- port mechanism. $980. 30 days. COM- of 180 or 102 kHz, respectively. 13
et drive that eliminates slippage, PUCORD. 282 indicators display last value digitized
cumulative error, homing inconsisten- = . in two’s-complement format. Options
cies and tape -scuffing that can occur Wideband instrumentation tape, Scotch include multiplexer, frequency counter,
with pinch rollers. Rugged construc- brand 900, with CXC]US“{‘? textu'red crystal clock and interrupt logic.
tion. Cost claimed competitive with polyester substrate to resist physical Mounts in 19-in. rack. VARIAN. 284
paper-tape reader/perforators. Com- Qumuge. Resists W‘"d(’W'“E and cinch-

puter-grade cartridge holds 200 ft of ing 11r?tic‘r‘ Afld?/e'rse e.“Vlr"If"“Cl')m_l "303‘ Light-sensing pen, MPT PHOTOPEN,
1.5 mil tape with width of 1/4 in. gibions. Sergiching YISty etininated, with silicon photocell, wideband am-

Tape contacts head during high-speed thus minimizing transitory dropouts
operation to allow automatic search. caused by polyester shavings. Elec-
MICRODYNE. 281 trically conductive substrate eliminates
static-induced noise and static attrac-
tion of dust. Greater compressibility
avoids worked edges and wound-in
debris, Magnetic properties similar to
company’s 951, 988 and 888 instru-
mentation tapes. Price premium ap-

plifier and threshold logic in compact
0.5-in dia barrel weighing less than
1.5 oz. Spectral response 4000 to 7000
A. Thin-film construction. Designed to
meet military specs. Includes pressure-
sensitive switch that provides logic out-
puts. Two switch positions allow op-
erator to generate vector and position

Tape ftransport system, Compudette
1210. using standard (4 X 2-1/2 X

ihi ' 159 it without removing pen from CRT.
Proxsmatly 1596 oM =9 Input/output delay 2 ws at 0.1 fL.
SANDERS. 285

High-speed A/D converter, Spectro-
Logic S-1401, for use with Varian
620/1 minicomputer. Internal sample/ Logic-simulation program, ALICE, to
simulate logic circuits implemented
in any form, from completely asynchro-
nous designs to synchronous 2- and 4-
phase MOS designs. Can verify be-
havior of logic network or analyze
detailed network timing problems. Net-
work input simplified by program’s
catalogs of standard logic families. In-
teractive program designed for remote
access and remote batch use from
Teletype or similar terminal. 3-valued

3/8 in.) cassette. Serial input and out-
put. Read/write speed 5 in./s. Bi-

directional read/write. Packing density full look-ahead simulator. Complete
variable to 1600 bits/in. Remote and hold module. Synchronous operation spike and hazard detection available.
manual control. Start/stop time 20 ms. or conversion initiated by computer Complete network editing capability.
Self-contained power supply. Built command. Resolution 8 or 13 bits APPLICON. 286
]

g |. 0-7 output de BRID &
ole DU . » - . (. ' » - n i
ith counters & o oe dissipates
other. segmented power
o b - aithe for a
event output. 1000 penny/watt
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Extremely light weight circuit board heat sink can be

New series of single _ ' ¢ 'f , supported by the semiconductor screws — dissipates
plane 7-segment 7 AL power in 10-20 watt range at lowest per unit cost. Well
:fi‘;"‘“e:e;d::i“;:r ;z: | o ventilated form, 1.81” sq., is slotted in direction of heat
gle viewing. Only ‘ i . _; | flow. With na.tural convection and a power dissipation
41" dia. Displays j of 20-w., semiconductor mounting surface temperature
0-9, some alpha & ’ U L ! rises 90°C above ambient. Accepts case styles TO-3,
g;cru::_zl. 52;;9-!.!: : . 8 k.t 8, 36, 59, 61-3, 66, 82 and DO-8, 9 and 30.
eration. 4. eac . & / i
S RAG i Saa tote. \ g v o Send for Bulletin 690.

ELFIN COLD CATHODE DISPLAY TUBES WA KEFI E I D
nL:nELECTRONIC PRODUCTS, LAWRENCE, MASS.
DELTA ™ DIV. ENGINEERING INC., Wakefield, Mass. 01880 & 617-245-5900
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SPECIAL EYEPIECES and
RAAMBESASIAM s 1< URING AcCEssORIES

UNITRON
LABORATORY
and
MEDICAL

mexgizens

A Complete Line
Offering.

UNITRON

CUTSTANDING  PFATURES

UNITRON woou wes

| | NS
UNITRON I

FREE MICROSCOPE BUYING GUIDE

Shown here in miniature are just some of the informative brochures
which comprise the UNITRON Catalog . . . your buying guide to quality
microscopes at prices within your budget. Whether your application
is routine quality control or inspection, research in microscopy of
metals at high temperatures, or nuclear metallography, you will find
the instrument you need in UNITRON's complete line.

A UNITRON MICROSCOPE CATALOG is Yours for the Asking.

: UNITRON
UNITRON
UNITRO
’V, ik . METALLOGRAPH

W SERIES W

e
FLAYHNS SRSCTVES
wisstinG yeriseas

TRY ANY UNITRON MICROSCOPE
FREE FOR 10 DAYS

A salesman’'s demonstration gives you only about 30 minutes to
examine a microscope, hardly the best conditions for a critical
appraisal. But UNITRON's Free 10 Day Trial gives you the opportunity
to evaluate any model in your own laboratory and prove its value
in your own application before you decide to purchase. See for
yourself, as have thousands of other buyers, why . . .

UNITRON Means More Microscope for the Money.

LUNITRON v ) lw;::c:m l: : A Mp, UNITRON s wy
prrkarmance - : i
. Airinieh costly apperates { = e i

o G

3.5, WIDEFIELD BINOCULAR MODELS [ 3.0, WIDESIELD MINDCULAR MODELS

UNITRON Y UNITRON o UNITRON

Please send UNITRON's Microscope Catalog No. Y-92

Name

Company

Address

City State Zip

MICROSCOPE SALES DIVISION
I ; ON 66 NEEDHAM STREET
NEWTON HIGHLANDS

INSTRUMENT COMPANY MASSACHUSETTS 02161

UNITRON
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“KEPCO TALKS
M/ POWER SUPPLY

TECHNOLOGY:

THE HYBRID PRINCIPLE
... FOR HIGH VOLTAGE

In the usual series-regulated power supply circuit, the
series pass elements suffer the maximum electrical
stress. Their job is to absorb all variations, transients
and noise so that these undesirables are filtered from
the output. In the course of this, the series pass
element often finds itself subject to excess currents,
voltage and power dissipation, both transient and
sustained.

When transistors are used for the series pass element,
the power supply designer builds into his circuit ele-
ments to keep the operating parameters within ac-
ceptable safe operating regions. For instance, auxil-
iary feedback is customarily supplied to limit current.
Switching techniques may be used to limit dissipation
and often transistors are series connected to share a
high voltage stress.

For the control of high voltage (200 volts and up),
the protection costs and complexity begin to ap-
proach the limit of practicality.

To achieve linear control of high voltage, Kepco has
long-advocated the combination of vacuum tubes and
transistors—even IC’s—into a hybrid circuit where the
greater tolerance of tubes for high voltage recom-
mend their advantageous use as the series pass ele-
ment. Tubes, compared to high voltage transistors,
are much more tolerant of occasional overloads, will
operate safely with far fewer protectors and operate
without complaint at voltage levels that strain the re-
sources of a semiconductor junction.

it
1t

/)
10-Turn (1000V & Up)

10-Pos. Switch — Hdif:/

Liimit

TYPICAL HYBRID SIMPLIFIED SCHEMATIC

+0UT
ABC (Hybrid) DESIGN SHOWN

The result is an extremely reliable, simple, high-volt-
age power supply using far fewer components than
would a fully transistorized version and consequently
a more dependable design.

The Kepco hybrid principal is found in the HB Series:
0—525 volts up to 260 watts; the BHK and OPS
Series: autocrossover voltage/current regulators and
operational supplies, 0—500, 0—1000 and 0—2000
volts, 200 watts and 20 watts, and the ABC (Hybrid)
line: 0—200 volts to 0—2500 volts, 10 watts.

KEPCO,

Write Dept. DM—11

KEPCO, INC. « 131-38 SANFORD AVENUE « FLUSHING, N.Y. 11352

(212) 461-7000 » TWX #710-582-2631
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New
Literature

PC edge connectors in expand-
ed 32-pg Elco catalog. 400

Trimmer capacitors for micro-
circuits in Johanson data. 401

Miniature power converters in
8-pg Arnold Magnetics short

form. 402
A/D converters in Datascan
data. 403

Wideband op amps in 12-pg
Intronics design guide. 404

Filter-designn computer pro-
gram for time sharing in Ap-
plicon brouchure. 405

54/74 MSI arrays in Sprague
100 pager. 406

“Noise reduction in core mem-
ories,” Aries app note. 407

Popular-lamp specs in Chicago
Miniature Lamp short form.
408

Dc supplies in 80-pg HP cata-
log/handbook. 409

Flexible and semi-flex rf cable
in 44-pg Times Wire selection
guide and catalog. 410

Digital thermocouple measure-
ment techniques in Doric 16
pager with pro’s and con’s. 411

Environmental protection of
semis in 20-pg GE reprint of
conference paper. 412

Desirable noise in 6-pg Soli-
tron brochure. 413

TTL and MSI application Kits
in two Sylvania file folders.
414

“Signal-averaging enhancement
of rf and pulse measurements,”

HP 20-pg app note. 415
Solid-state timers in Syracuse
Electronics 32 pager. 416

Pressure-sensitive PC drafting
aids in By-Buk 20 pager. 417

Gears and other mechanical
servo components in 96-pg
Stop Components catalog. 418
and

Frequency bands Army-

Navy system designations in
Electronic Resources wallet
card. 419
Most major semis (except
transistors and ICs) in Inter-
national Rectifier 20-pg short
form. 420

Counting, recording, and con-

trolling instruments in 72-pg
Veeder-Root catalog. 421

Unusual
Literature

Application Note on
Fast-Settling Amplifiers

Michael S. Kennedy
DDC
Reading this, you can easily
get the feeling you're reading
one of EEE’s “What’s Wrong
With . . . 7 articles. The style,
a hard-hitting, no-holds-barred
approach, is identical. Kennedy
starts his app note quietly
enough with a discussion of
two of the three well-known
types of amplifier damping —
critical and underdamped.
Then he moves on to a
more critical and more contro-
versial question — how to
measure settling time. He takes
a stand firmly in favor of us-
ing a false summing junction
for measurements. Then Ken-
nedy really warms up.
Though he uses the “Specs-
manship” headline for only
one section, he whips out at
misleading and ‘‘conveniently
omitted” specs throughout the
remainder of his paper. He
shows, for example, the differ-

ences that can exist between
actual voltages and settling
times and those that might be
measured. He discusses the in-
fluence of different types of
scopes and different scale set-
tings and makes strong com-
ments like, “Don’t be fooled
Dife: Ll
When he covers the effects
of stray capacitance, he’s spe-
cific, providing a table show-
ing the phase shift and ampli-
tude error resulting from tiny
capacitances (I1pF and 5 pF)
on resistances they shunt. He
stresses the differences between
ideal conditions and real ones
where some amplifiers may be
useless.

Kennedy occasionally drifts
into a commercial for his com-
pany’s products (the main de-
parture from EEE’s “What's
Wrong With . ¥ drticles),
but he’s readily forgiven be-
cause of the great value in the
information that can be used
in selecting op amps from any
vendor.

For a copy, circle 463.



SAVE $200

on this special
Prepublication Offer!

T K Hemingway

BRAND NEW and Complete
16 BIG Chapters

224 Fact-Filled Pages
Over 110 Illustrations
Attractively Hardbound

CONTENTS
Part 1

AVOIDING DESIGN FAULTS
Wrong DC Conditions
Protective Circuitry
Microcircuit Usage
Dynamic Circuit Faults
Component Choice

System Defects

Testing

Examples of Faulty Design

Part 2
MEETING A SPECIFICATION
The Free Running Multivibrator

CIRCUIT CONSULTANT'S

CASEBOOK

By T. K. Hemingway, author “Circuit Designer's Handbook.”

A practical guide of value to anyone involved in
any phase of circuit design work — from
theory to actual breadboard performance.

his book is _writ}en folj the _circuit designer who_encounters difficulties either in conceiving
I a suitable circuit configuration to meet a required specification or in obtaining optimum

performance from a newly designed circuit.

The content is divided into two main sections, the first dealing with important factors on how
to avoid design faults, and the second on how to meet preconceived design specifications. Part 1,
which covers specific design problems, includes a wealth of actual examples, based on the author’s

experience. Among the subjects dealt

with are DC conditions,

protection, microcircuit usage,

dynamic effects, system defects, and errors in testing.

Part 2 concentrates on methods of

by standard circuits,

: meeting specification ) ]
its. In certain cases a simple modification to a standard circuit configuration is
shown to be sufficient; in others a novel approach is given.

requirements not readily achieved

Some of the standard circuits for

which modified versions are provided include multivibrators, Schmitt triggers, and time interval

circuits.

basic knowledge of circuit design techniques.

Special designs included are meter-driving circuits and precise constant current sources.
The well-written text is mostly non-mathematical

and can be followed by anyone who has a

Whether you’re a practicing engineer ever alert to a source of new ideas, or an engineering
support technician looking for an informative and definitive source of circuit design data, this

book certainly belongs in your library.

You’ll find the text and

illustrative material most in-

formative, and the countless examples and problem solutions — worked out in minute detail —

of enduring practical value.

224 pps., 114 illus. Hardbound.

FREE — 10 DAY EXAMINATION! “Circuit Consultant’s Casebook'’ is published to sell at

$9.95 but you can order now at the Special Price of only $7.95 . . . at our risk .

s FOr 10

day FREE examination. SEND NO MONEYI Simply fill in and mail NO-RISK coupon below for

this indispensable volumel

THER HELPFUL BOOKS FOR ELECTRONICS ENGINEERS

Solid-State Circuit Design & Operation. A unique
and informative guide to semiconductor circuit
analysis and design of value to practicing design
engineers. From diodes to integrated circuits —
from FETs and MOSFETs to opamps — here is a
truly practical guide to the design and operation

of solid-state circuits. Containing numerous prac-
tical circuit designs, along with the solutions to
a variety of basic circuit development problems,

this all-encompassing work delves into operational
problems frequently encountered in everyday design
work. Concentrating on the practical needs of
circuit design engineers and technicians, the content
,encompasses biasing techniques, amplifier circuits,
pulse and switching circuits, computer logic using
digital I1Cs, with many circuit design examples (in-
cluding DTL TFL) and a discussion of basic AND-
OR/NAND-NOR functions. A similar treatment is
given operational amplifiers. After a discussion
of what opamps are and how they work, the
author describes several currently available opamps
and the uses for which they are designed. For
those whose grasp of circuit design math may be
a little rusty, Chapter 7 provides a clear-cut
explanation of the fundamentals, along with a
full treatment of network analysis. 272 pps., over
140 illus. Hardbound.

Only $9.95

Order 7508

New 2nd Edition.
For anyone needing practical design data on FET
circuits, here is the most current and compre-
hensive guide available today. Prepared by some
of the most capable men in the industry, the con-
tent covers FET types, parameters and charac-
teristics, and operational modes. Of immediate
value to anyone looking for new ideas and unique

FET Applications Handbook:

circuit applications. Illustrated with over 250
circuit drawings and graphs. Appendices contain
often-needed design data and charts. 352 pps.
Hardbound.

Order #240 Only $14.95
Electronic Design Charts: Saves hours of design

time. Simplifies design procedure. Saves time and
effort on computation. Provides a high degree of
accuracy. Solves design problems quickly and easily.
Contains 59 large, clear charts on an 8V, x 11 inch
page size. Permanent spiral binding keeps pages
flat while you're looking up answers or stands up

for engineers and technicians. 128 pages.
Order #110 e Comb-bound $5.95

Electronics Reference Databook: This reference book
is much more than a simple collection of tables,
formulas, graphs, equations, etc. Rather, it contains
an abundance of helpful information — specific
guidance in the use of data, using as examples
numerous problems associated with every level of
interest — from electronics theory (formulas, laws)
to measurements, and circuit design. Unlike most
other data books, information here will enable you

to use data available from many other sources;
also, it tells how to develop additional data on
your own. 232 pps., over 100 illus., plus 45
Tables.

Order #488 Only $7.95
Electronic Engineering Nomograms: Over 100 nomo-
grams based on equations commonly used by

engineers and technicians providing quick solutions
to a wide variety of complicated electronic prob-
lems. Content includes often-used conversion charts,
design of attenuator filters and pads, characteristics
of transmission lines, design of passive, vacuum
tube and transistor circuits, and many often-used
nomograms. Large size charts assure dependable
results, eliminate uncertainty and costly mistakes.
Saves invaluable time by eliminating time-consum-
ing mathematical computations. 176 pps., over 100
nomograms, BIG 812 x 11" format.
Qrder” 258 ..z Only $9.95
New Third

Electronic Circuit Design Handbook:

Edition. A carefully-planned reference source of
nearly 600 tried and tested circuits, selected from
thousands submitted by distinguished engineers. This
detailed compilation of practical design data is
the answer to the need for an organized gathering
of proved circuits—basic and advanced designs that
can easily serve as stepping stones to a needed
configuration for busy design engineers, that can
be adapted or modified to serve specific needs. 19
big sections cover circuit designs for control, regula-
tion, protection, filtering and suppression, compari-
son, amplification, oscillation, alarm, counting and
timing, testing and measuring, power supplies, de-
tection and sensing, display and readout, gating
and logic, relay and switching, and signal genera-
tion. 384 pages, 82 x 11",

for ready reference. An invaluable working tool Order #T-101 ... Only $17.95
Monostable Circuits
Schmitt Trigger Circuits NO RISK COUPON— MAIL TODAY
Ramp Generators , TAB BOOKS Blue Ridge Summit, Pa. 17214
F db kA |f PUBLISHER S Please send maue, ; go, c:;:'s' 'of q'Circuh C;nsul'unf‘s Casebook "’
mplitiers t the Special Prepublication Pri f only $7.95.
Iee ac p GUARANTEE Also send me: [ T-101 [] 110 [T 240 L1 254 [ 488 (] 508
nverters (3 G- 7
te Put the information in [] Please invoice on 10-day FREE trial

these books to work for

Meter-Driving Circuits

h you for 10 days. If they Name
Precise Constant Current Sources don't prove to be worth Company,
several times their cost,
return them and we'll L B
cancel invoice. City State. Zip

SAVE POSTAGE BY REMITTING WITH ORDER! EE-107




UNUSUAL CIRCUITS ]

CIRCUIT
DESIGN

PROGRAM

Designed by EEE's readers [] For use

by EEE's readers [] Voted on by EEE’'s readers.

Your vote determines the winner of the monthly $100 U. S.
Savings Bond. All monthly winners are finalists of this year's
$1000 U. S. Savings Bond grand award. All other circuits
published each month win a $25 U. S. Savings Bond consola-

tion award.
VOTE NOW ..

. The ballot is on the reader inquiry card.
Submit your own circuit, too. Mail entries to Circuit Design
Program Editor, EEE, Mactier Publishing Corp., 820 Second

Ave., New York, N. Y. 10017.
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EEE readers have voted Anthony C. Caggiano
of Ridge, N.Y. winner of the $100 Savings

Bond for August. The winning circuit design
is “Simple gyrator for L from C.”

Step-servo motor slew generator

Circuit Design No. 600

by Charles R. Forbes
Univac
Salt Lake City, Utah

THE VARIABLE UJT oscillator
shown in this schematic, oper-
ates a step-servo motor in ei-
ther a slow or fast mode. The
motor requires a pulse genera-
tor capable of providing a train
of pulses at a slow rate, a fast
(slew) rate and a variable rate
providing a smooth transition
between the two extremes. The
smooth transition is required
to prevent motor stall. This cir-
cuit meets all three require-
ments and has a transition time
of 1.5 seconds. The input is
compatible with standard-digi-
tal logic levels.

Q, and Q, are constant-cur-
rent sources with Q, having
twice the capacity of Q,. C
a JFET, acts as a voltage-con-
trolled variable resistor in par-
allel with R The FET's re-

10°*

(EEE cannot assume responsibility for circuits shown nor represent that they are free from

sistance varies inversely with
the charge on C,. R,;, R, C,
and the equivalent parallel re-
sistance of Q, and R, de-
termine the repetition rate of
UJT oscillator Q,.

In the steady state condition

l

with a 1 at the input, Q, pass-
es all the current generated by
Q,, C, is discharged and Q, is
off. These factors cause Q, to
generate its low frequency
pulse rate (1000 pps).

When the 1 at the input is

changed to 0, Q, cuts off. This
causes Q, to charge C, at a
uniform rate, which gradually
reduces the source to drain re-
sistance of Q.. This in turn in-
creases the pulse rate of Q,.

With a steady state 0 at the

patent infringements.)



input, Q, is off and Q, main-
tains the charge on C,. There-
fore, Q, is full on and oscil-
lator Q, generates its highest
rate (4400 pps).

When the “0” at the input is
changed to a “1,” Q, passes

all of Q,’s current plus the dis-
charge current of C,. C, dis-
charges at a uniform rate thus
increasing the equivalent re-
sistance of Q,. This causes Q,
to gradually decrease its pulse
rate. "

Modified 710 maintains

accuracy at

high input voltages

Circuit Design No. 601

by Leonard Accardi
Kollsman Instrument
Elmhurst, N.Y.

IT IS OFTEN NECESSARY to pro-
tect the inputs of comparators
(wA710) against excessive volt-
age inputs. A typical applica-
tion would be a zero-crossing
detector placed at the output
»f an op amp with amplifier

output swinging =10 volts. The
usual over-voltage protection
circuit resembles the circuitry
of Fig. 1. In this circuit, R
is made relatively high to
limit the drive current required
of amplifier 4,. This resistor
reduces the accuracy of com-
parison by I ;. R, where I
is the offset current of the 710.
The circuit of Fig. 2 over-
comes this problem. When V',
is more positive than V,
(Pinch-off voltage of Q,), O,
(Continued on page 78)

n

Fig. 1. Usual comparator protection circuit which introduces

an error of / ,, R..

Ra >> Rpg (ON)

Fig. 2. New comparator protection circuit extends differential
and input voltage ranges while maintaining accuracy.

N-CHANNEL

J-FET

1
Rps (on)

_ P-CHANNEL
J-FET

Fig. 3. Graph of FET conductance versus comparison points.

Circle 196 on Reader Service Card



NEW!

o High Performance @ Low Cost e Precision
D.C. TORQUE MOTORS

ONLY $10.40 ea. 100 lots — $13.50 ea. single units

MODEL 330/209

Specifications:

® Peak Torque — 1.1 oz.-in.

® Torque-Inertia Ratio — 65,000 rad/sec.

e Torque Constant — 2.1 0z.-in./A

® Velocity Constant — 16mv/rad/sec.

e Voltage Rating — 12 volts

Applications:

® Cassette Tape Drives

® Film Transport Drives

e Servo Controls

® Potentiometer Drives

Our new catalog lists over thirty motors, ta-
chometers, power amplifiers, and power supplies.
Request your copy today!
MICRO MO ELECTRONICS,
3691 Lee Road
Cleveland, Ohio 44120 Sudbury, Ma., 01776
Phone (216) 752-5599 Phone (617) 443-8959
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INC.

is off and Q, is on since CR,
is back biased. Thus the gate
of Q, is allowed to float and
assumes the same potential as

to be less than the input and
differential voltage ratings of
the comparator (5 volts for the
wA710).

e BTBTE*
POWER SUPPLY
FOR IN-LINE
READOUTS

only :
® / g5 33
(1to9) 3"W x 4.5”L x 2”H

So economically priced that it does not pay to
build your own. A space-saving plug-in P. C.
card format for easy packaging.

Quantity price reductions—1000 up @ $10.00.

= INPUT VOLTAGE: 105 to 125 VAC; 50 to 400 Hz
= QUTPUT VOLTAGE: Current Dependent

® QUTPUT CURRENT: 40 mA max.

® Provisions provided for zener voltage regulation

SCI . . . for *Better to Buy Than Build Power Supplies

OVER 500 STANDARD, LOW COST, MODULAR POWER SUPPLIES
ARE AVAILABLE FOR YOUR APPLICATIONS.

SEMICONDUCTOR CIRCUITS, INC.

163 MERRIMAC STREET, WOBURN, MASS. 01801
TEL, (617) 835-5200
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the source with the result that
Q, is on. When V,,  is more
negative than V,,, Q, is off
and Q, is on. In either case,
the impedance seen by V,,
approximately R, + R, and
the input voltage of the com-
parator is (V;,) (R,)/(r, +

r,). The voltage and the pinch-
off voltages should be chosen

Only when the difference be-
tween V, and ground is less
than the pinch-off voltages, do
both FETs conduct resulting in
is | a low impedance path to the
710°’s input. Maximum con-
ductance (Gds in Fig. 3) is
obtained only near the com-
parison point where V., = V,
— ground = 0. -

Simple one shot has
complementary outputs

THE cIRCUIT SHOWN in Fig. 1
is a one-shot multi that is capa-
ble of being pulse-width modu-
lated. The circuit is actuated
by a strobe input to G, which
drives the output of G, to

Circuit Design No. 602

by Gerald Lewis
Chief Engineer
Transmagnetics
Farmingdale, N.Y.

Pl e 19
|E SN7402N

° QUAD TWO INPUT

Fig. 1. This one shot is capable of being pulse-width modu-
lated by V,. It is capable of high duty cycles and can supply
complementary outputs,

INPUT
STROBE

Fig. 2. Timing diagram of circuit operation. Note that the con-
trol voltage is bipolar.



This level turns Q,
off and allows the voltage
across C, to build up accord-
ing to V,,, = it/C,. At a speci-
fied time, unijunction Q, will
fire discharging C,. The out-
put of the UJT drives the out-
put of G, to binary 0. Fig. 2
is a timing diagram of circuit
operation.

Q, is a linear current source
to charge C,. Since Q, is nor-
mally on, the current of Q, is
bypassed to ground thru Q,.
V. determines the amount of
current delivered to C,. Line-
arity of 0.1% has been achiev-
ed with this circuit. Replacing

binary 0.

the current source with an op-
amp single-ended current pump
increases the linearity to
0.02%.

The duty cycle (not repeti-
tion rate) is determined by the
speed of the logic used and the
saturation storage time of Q.
Q, may be replaced by an hex
inverter with an uncommitted
collector (SN7405N-J) for in-
creased speed. The control volt-
age V., determines the amount
of current to C, and therefore
controls the output pulse width.
The scale factor of supply volt-
age V. is controlled by resis-
tors R, and R.. [ ]

EEE

820 Second Ave.

Try Your Own Circuit

in these columns. Send your entries to
Circuit Design Program Editor

Mactier Publishing Corp.

New York, N. Y. 10017

insulatec

An exclusive design improvement for insulated feed-
thru terminal blocks. Available in a variety of terminal
pin and hardware configurations.

This is one of the many new products Kulka has for en-
gineers who innovate. Kulka keeps up to date with new
terminal block concepts, new designs, and new mate-
rials to meet every requirement. Send for the latest
Kulka catalog. Kulka Electric Corp., 520 So. Fulton
Ave., Mount Vernon, N.Y. 10551 or call (914) 664-4024.

Kul

A North American
Philips Company
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BEST
ONE WATT
REGULATOR UNDER ‘4™

(in quantities of 1,000)

CANADIAN sl WESTINGHOUSE
WC 109

Maximum output current 150 milli-
amps

Built-in current limiting transistor
(short circuit protection)

Built-in SCR alarm driver

Output voltage range 4-16 volts
Immediate Delivery from Canadian
Westinghouse, Hamilton, Canada

FASTEST
OPERATIONAL AMPLIFIER WC 161Q

Band width > 30 MHz
Slew rate > 150V/u sec.
Low offsets and offset drifts.

Canadian Westinghouse manufactures other linear
devices. Design and fabrication service for special
applications.

CANADIAN WESTINGHOUSE COMPANY LIMITED

Hamilton Canada P.O. Box 510 (416) 528-8811 TWX 610 371-0246

\RS LINEARS LINEARS LINE
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GLASS ENCLOSED

Thermostatic

DELAY RELAYS

Offer true hermetic sealing.
Assure maximum stability
and life.

Delays: 2 to 180 seconds

Actuated by a heater, they operate
on A.C., D.C,, or Pulsating Current
... Being hermetically sealed, they
are not affected by altitude, mois-
ture, or climate changes...SPST
only — normally open or normally
closed . . . Compensated for am-
bient temperature changes from
—55° to +80°C. . . . Heaters
consume approximately 2 W. and
may be operated continuously. The
units are rugged, explosion-proof,
long-lived, and inexpensive!

TYPES: Standard Radio Octal and

Recognized under component pro-
gram of Underwriters’ Laborato-
ries, Inc. for all voltages up
to and including 115V.

ANPERITE

BALLAST ¢
REGULATORS ||

Hermetically sealed,
they are not affected
by changes in altitude,
ambient temperature
(~50° to +70° C),
or humidity...Rugged,
light, compact, most
inexpensive.

List Price, $3.00

Write for 4-page Technical
Bulletin No. AB-51

AMPERITE

600 PALISADE AVE., UNION CITY, N.J. 07087
Telephone: 201 UNion 4-9503

|
AMPERITE
REGULATOR

In Canada: Atlas Radio Corp., Ltd.,
50 Wingold Ave., Toronto 10
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An

9-Pin Miniature. . . .List Price, $4.

PROBLEM? Send for Bulletin No. TR-81."
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Best for Hybrid Circuits...

<« PIPS
OF

DOMINO" Molded

Solid-electrolyte Tantalum Capacitors
Designed for hybrid circuit and low-profile flatpak

printed circuit board applications. Fully-molded
construction for superior mechanical and humidity
protection. Excellent stability. Compatible with
automatic insertion equipment. Available with and
without extended tab terminals.

Write for Engineering Bulletin 3532.
Circle 179 on Reader Service Card

"% ,:O;‘o :,’
... & “0‘.'.1

MONOLYTHIC"
Chip Ceramic Capacitors

Offer a unique combination of high volumetric
efficiency, wide selection of capacitance ranges and
body formulations, and moderate cost. Excellent
adherence of metallized terminations eliminates
problems often encountered with other chip ceramic
capacitors. Available in four EIA-preferred chip sizes.

Write for Engineering Bulletin 6200.
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Design breakthrough in FM-IF systems:

twonew RCA IC’s for
more performance,with fewer components

Two new RCA Linear IC’s now offer you a
brand new approach to FM-IF system
economy and performance. The CA3076
(high-gain IF amplifier/limiter) and the
CA3075 (IF amplifier, limiter, FM detector,
and audio preamplifier) have been de-
signed to bring you an IF system with
dramatic reductions in external compo-
nents. And—to make the total economics
of your system attractive—RCA has priced
the CA3076 at $1.60 (1,000-unit level) and
the CA3075 at $1.40 (1,000-unit level).
For your applications in communica-
tions receivers and high-fidelity equip-

ment, with FM IF’s requiring bandwidths
to 20 MHz, here are some highlights on
these two new RCA types:

The CA3076 has an input limiting
voltage (knee) of 50 .V (typ.) and 80 dB
(typ.) gain with 2-kilohm load at 10.7 MHz.
It contains an integral voltage regulator,
for operation at power supply voltages
from6 Vto15 V.

The CA3075 limits with an input volt-
age of 250 .V (typ.) at 10.7 MHz. It has
low harmonic distortion and excellent
AM rejection—55 dB (typ.) at 10.7 MHz.
Differential peak detection permits single-

All components required for a typical IF strip are shown in this illustration.

CRYSTAL
FILTER

CRYSTAL

P FILTER

15 #V input
for limiting

CA3076 IF ampl/limiter

Voltage gain: .......... 80 dB (typ.) with 2k load

Input limiting voltage: . .50 uV (typ.)
Freq. capability: ....... Up to 20 MHz
Package: .............8-lead TO-5

PHCES iy vt analsts $1.60 (1000-unit level)

coll tuning. Ihe CA3075 incorporates an
audio preamplifier with 21 dB (typ.) volt-
age gain, and an integral voltage regu-
lator, for operation at power supply volt-
ages from 8.5 Vto 12.5 V.

For further information, see your
local RCA Representative or your RCA
Distributor, or write: RCA, Commercial
Engineering, Section 51J /CA42,Har-
rison, N.J. 07029. International: RCA, 2-4
rue du Liévre, 1227 Geneva, Switzerland,
or P.O. Box 112, Hong Kong.

IF Ampl/Limiter
FM Detector

IF Ampl/Limiter

N A

2 volts audio
output
(R.=12 kQ)

CA3075 IF ampl/limiter, peak detector, and audio preamp

Intearated Circiiite

Voltage gain (audio preamp): .
Input limiting voltage: . ......
Freq. capability: ............
PRERBYGE - ..., 5 5 an veiraiostai
PHERS . Veov o ooty ah il

............... 21 dB (typ.)
............... 250 uV (typ.)
............... Up to 20 MHz
............... 14-lead DIP (formed leads)
............... $1.40 (1000-unit level)




