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Are you still using the same scope
you used in college?

If so, you've been missing out on the
greatest achievements in scope
technology. During the last five years,
Hewlett-Packard has quietly but firm-
ly assumed technological leadership
in the oscilloscope industry with the
revolutionary HP 180 Scope System.

HP’s innovations in general-pur-
pose lab scopes include: the first
scope with a real-time bandwidth of
250 MHz; the first 18 GHz sampling
scope; the first 100 MHz variable-
persistence storage scope; the first
calibrated TDR scope with 35 ps rise
time; and the first and only high-fre-
quency (100 MHz) scope with a “‘big
picture” CRT (8x10div, 1.3 cm/div).
And all these have a broad range of
compatible plug-ins.

And, as these “‘forinstances” illus-
trate, HP’s innovations are functional
improvements that increase your
scope’'s usefulness. No ‘“‘bells and

whistles’” that add little to perfor-
mance and a lot to the price.

This functional approach has been
applied to our lower-priced field-
service scopes, too. No frills. Just
function. With HP, you get the most
favorable price/performance ratio of
any scopes on the market. And all HP
scopes are backed by comprehensive
training and service organizations
to optimize your scope investment.

It's amazing how many engineers
have clung to the “old school tradi-
tions” while scope technology has
progressed in quantum leaps. Call
an HP Field Engineer and find out
what the state-of-the-art is today.
He'll be glad to give you a side-by-
side demonstration with your “old
school scope.” Or write Hewlett-
Packard, Palo Alto, California 94304.
In Europe: 1217 Meyrin-Geneva,
Switzerland.
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THERE’S AN
EASIER WAY TO
SOLVE YOUR PROBLEMS

Problems in engineering, mechanics, research, finance, educa-
tion, medicine, statistics, and almost everything else in the
world can be solved more easily by Mathatronics. * 4K core memory
* up to 16 terminals * natural language * 2816 program steps and.128
storage registers of internal storage * 176 addressable program Ioca_llons
« conditional branching « conditional decisions « subroutines -« p(lnted
record of problems or self-scan* available » exterior program storage available

Write for complete details:

IL) MATHATRONICS

1619 Hanford Street, Levittown, Pennsylvania 19057, U.S.A.

*REG. T.M. BURROUGHS

‘ONI “IAIHOMY NNYW1138 3HL
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HIGH DENSITY

IC PACKAGI

Modular Type

INCREASES FLEXIBILITY
IN PROTOTYPING,
PRODUCTION AND
FIELD SERVICE.

P Series Panel with
Point to Point wiring
saves time, space and money.

O Available in multiples of 30 IC pattern sections up to 180 patterns.

O Two pins of each pattern tied directly to power and ground planes.
Different numbers available for different pin assignments.

0O IC pattern also accepts I.0. plugs and adaptor plugs for discrete
components.

O Excellent contact retention and low contact resistance.
0O Wire Wrap terminations with Tri-level connection length.

Request Complete IC Folder

AUGAT..

Tel: 617-222-2202
40 Perry Ave., Attleboro, Mass. 02703
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Jerry Eimbinder, Editor
Michael Elphick, Managing Editor
Jerome Lyman, Associate Editor
James A. Lippke, Contributing Editor
Mike French, Contributing Editor
Curt Cox, Assistant Editor
Rita Backer, Editorial Secretary
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Officers of the Corporation: Ralph Richard-
son, President; James Lippke, Vice-President;
Lawrence C. Papp, Vice-President; George
Rostky, Vice-President; Abraham Schwartz,
Secretary-Treasurer,

Executive, editorial, circulation and adver-
tising address: Mactier Publishing Corpora-
tion, 820 Second Avenue, New York, New
York. 10017. Telephone (212) 661-0450.
Telex 12-6466.

Also  publishers of Electro-Procurement,
BM/E—Broadcast Management/Engineering,
Broadcast Equipment Buyers Guide.

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 ever
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.

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

A member of

EEE | is a monthly publication circulated
without charge to electronics engineers en-
gaged in design functions.

Subs¢ription 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.
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Need a fast
wideband op amp?

BURR-BROWN BURR~BROWN

BURR-BROWN

NMOYE-HUNE

JST/1vEE

Your 10 best buys are at Burr-Brown

This wideband bunch from Burr-Brown is the industry’s MODEL KEY FEATURES/PRICE APPLICATIONS
most comprehensive line of high speed operational am- Industry’s fastest differential .

s ge : op amp. 100 MHz bandwidth. Video and .
plifiers. From 10 fast settling models, you can select the 3400A 1000 V/usec slew rate. pulse amplification.
one that best meets the exact requirements for your spe- e P 19) 925,00
cific application. The four illustrated models are repre- The industry’s only fast

i igh- settling op amp wi
s.entatlve <_>f the penformance range of the high-speed guaran%ee?j s A/0.D/A oniartenk
line. All units are available from stock. 3401A noninverting buffer. Gain and multiplexers.

accuracy better than .01%.
1 usec settling to .01%. FET
input. Price (1-9) $42.00

e sy seri
e RS

For complete technical information
on all 10 of our fast response, wide-
band op amps, contact your Burr-
Brown Engineering Representative or

Fast settling, 1 usec to .01%. Ideal for high-speed

precision D/A converters
e Cogt TS T RUL, Low with monolithic

quad switches.

Slew rate of 1000 V/usec.

. s ; : Bandwidth, 50 MHz. High speed
use this publication’s reader service 9381/100 Output current, =100 mA. fine driving
Price (1-9) $69.00

card.

B U R R s B R OWN Operational Amplifiers

Instrumentation Amplifiers

RESEARCH CORPORATION Active Filters
_ Multiplier / Dividers
International Airport Industrial Park » Tucson, Arizona 85706 A/D-D/A Convarters

TELEPHONE: 602.294-1431 « TWX: 910-952-1111 +» CABLE: BBRCORP

Circle 104 on Reader Service Card



Our TTL family gives you freedom where it counts.

HIGH SPEED SUPER HIGH SPEED

uuuuuu

The Fairchild TTL family offers the
freedom-loving designer the broadest
range of speed/power trade-offs and
an extraordinary variety of logic and
memory and interface support functions.

Rl snilakla dlantsans 41074
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Now

with Low Power TTL

you can design

MSI

at even less cost
than with Standard!

DECODE
DEMULTIPLEXERS

Our Low Power TTL now sells for the same price as Standard TTL and costs even less to use.

If you don’t need the speed of .
Standard, why pay the freight? In our
TTL Family you'll find 15 low cost
Low Power MSI devices to choose from. e
All compatible. All off the shelf. .
It's the largest, most complete, most

versatile selection in the business. .
Designed to give the cost-conscious .
designer freedom now. And freedom .

where it really counts:

No board redesign (pin-for-pin
equivalent to and compatible with
Standard TTL/MSI devices).
Smaller power supply.

Less noise (fewer decoupling
elements required).

Less heat.

High fanout (fewer buffers needed).
Largest Low Power MSI/TTL family
around.

VI e e
FAIRCHILD
R TRS SEEG

SEMICONDUCTOR
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Typical performance:

Gate Tpd=20ns Gate Pd=2mW

Binary Toggle Rate = 10MHz

MSI Clock Rate = 10MHz
You might re-examine your current
design. If speed is not a critical factor,
then look at our 93L Low Power series.
If you care about costs, they have a
lot to give. Our new catalog tells the
whole story. Send for it.



For the engineer whose responsibility is checking out
incoming precision components, the new Fluke 3330B
Programmable Constant Current/Voltage Calibrator will
shorten your day and heighten your nights. For the first
time, computer programmed checkout over a wide range
of voltages and currents is available with an off-the-shelf
low priced quality instrument.

The Fluke 3330B is unique. It can be operated in either a
constant current or constant voltage mode. Modes can
be changed without turning the unit off. Voltage range
is 0 to 1000 volts in three ranges with 10% overranging.
Voltage accuracy is =0.003%. Resolution is 0.1 ppm.
Stability is 15 ppm per month. Line and load regulation
are 2 ppm of range. Ripple and noise are less than 60
wV. Voltage trip is adjustable from 1 v to 1000 v. Output
current is 100 ma in the 10 and 100 v ranges and 50 ma
in the 1000 v range.

In the constant current mode, ranges are 0 to 100 ma
in three ranges with 10% overranging. Accuracy is
+0.006%. Resolution is 1 ppm. Stability is 30 ppm/
month. Line and load are 2 ppm of range. Compliance
voltage is 1000 volts on the 1 and 10 ma ranges and 500
volts on the 100 ma range.

Crowbar effect through a programmable relay shorts
output to limit voltage while changing loads.

Programmable functions are output range, mode, level
and polarity, voltage and current limit, crowbar, and
standby/operate. Programming time is tens of milli-
seconds. Price is $3,495.

For full details write or call us today.

Fluke. Box 7428, Seattle, Washington 98133.
Phone: (206) 774-2211. TWX: 910-449-2850.

In Europe, address Fluke Nederland (N.V.), P.O. Box 5053,
Tilburg, 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.

PRECISION TESTING
AND CALIBRATION
MADE EASY...

or how the new Fluke
programmable constant
current, constant
voltage calibrator goes
to work calibrating

and testing precision
instruments, semi-
conductors, resistors
and

sub-assemblies.

FLUKE
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Shape Up!
With Monitor’s.
Analog Army

CHECK THIS ROLL CALL!

m A/D & D/A CONVERTERS

B MULTIPLEXERS
B SAMPLE & HOLD AMPLIFIERS

H 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
PHONE 215-646-8100
Fort Washington, Penna. 19034 ON ITOR
TWX 510-661-1520 SYSTEMS
an AYDIN company
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It you want
to have better

hybrid modules,

you better have this.

We don't just make hybrid modules. We
make them better. Matter of fact, we wrote
a book on it. And we'll send it to you today.

You'll read how Raytheon is your best
single-source selection for high reliability
hybrid modules. How our expert module
designers and process engineers can de-
velop the best approach for you. How our
modules meet MIL-Q-9858A and MIL-
STD-883. How we'll even supply you
with a permanent record of test results
from our automatic tester T.I. 553.

Find out for yourself why Raytheon is
the reliable way to meet your requirements,
proprietary or disclosed. Send for the bro-
chure. Then you can send us your specs.

HYBRID MICROELECTRONIC
CIRCUIT MODULES

AAYTHEDN COMPANY, INDUSTAAL COMPONENTS OPERATION, 465 CEWTRE §7. OUIWCY, MASS. G260
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Raytheon Company
Industrial Components
Operation

465 Centre Street, Quincy, Mass. 02169
(617)479-5300

Gentlemen: I want better hybrid modules.
I better have your brochure.

[J Send it today.

[J Send a Raytheon sales representative.

Name

Title

Company___
Address

City




¢Editorial

What’s wrong?

An old friend challenged us the other day. “Why is it,”
he chided, “that practically every cover of EEE features
someone talking about what’s wrong with something?
Isn’t there enough wrong in the world without your re-
minding us every month?”

There certainly is plenty wrong. The world seems to be
falling apart. We're in an ugly war that many of us don’t
like. Our air and water are dirty. Our buddies are out of
work while the rest of us sweat out the next layoff. Our
schools gasp for funds while trying to cope with up-
heavals of angry youth. We have street battles because
nature elected to create people with different skin pig-
ments. And our kids take drugs.

Now there’s an escape. Or is it? We can’t really escape.
We can’t hide unless we stop reading newspapers, stop
listening to radio and watching TV, and halt our inter-
course with people.

Sure, EEE could play Pollyanna. Sure, we could pre-
tend all’s right with the world in general and our industry
in particular. We could publish cover features that glow
about the rainbow on the horizon and beam about the
ever-bright outlook. And our cover men could always
smile. But who would believe us?

EEE is written for adults. And though adults, like
children, deserve some dreams, it’s not our job to beguile
readers with fantasy. We can’t hide from reality. We want
to help adult engineers cope with a real world that isn’t
always pretty.

If there’s a hole in your path, it won’t go away if you
blithely ignore it. We may be able to help if we warn you,
and perhaps suggest remedies. And that’s the role of the
“What’s Wrong With” cover Speak Outs as well as every-
thing else in EEE.

What’s wrong with that?

]

GEORGE ROSTKY

1
G EDITORIAL DIRECTOR



For those of you
who don’t know
FETs from filaments...

...afresh, A-to-Z, solid-state primer
that spells “FET” from unipolar to
application.

Leading off with a ground-zero intro-
duction: “What Is a Field Effect
Transistor,” the manual accelerates
to explain FET theory, history, oper-
ation, types, advantages and disad-
vantages, and compares FETs to
vacuum tubes and conventional

bipolar transistors in terms of char-
acteristics.

Classes of FETs are clarified:
enhancement, depletion (Types A &
B) and how they fit into switching,
chopper, amplifier, voltage-variable
resistor, current/limiter/source and
microwatt logic designs.

Specific FET applications are also
treated, such as: FETs in Chopper

and Analog Switching, Low Fre-
quency FET Applications, The FET
In Digital Designs and A Unified
Approach to Optimum FET Mixers
are 4 of the many.

Your personal request on your com-
pany letterhead will bring you a
copy of this valuable instruction —
Box 20912, Phoenix, Arizona 85036.
Find out what you need to know

about FETSs . . . write now!

UNDERSTANDING and
DESIGNING with FETs

for: CONSUMER -

INDUSTRIAL - COMPUTER
COMMUNICATIONS -FEDERAL EQUIPMENT



For those of you

. a FET design kit oriented to
your exact market-application need.
— Free from your Motorola dis-
tributor!

Pick out your “market” — fill in the
coupon — (one to a customer,
please) return it to your local
Motorola distributor. He’ll see to it
that you receive your devices plus
complete data sheets outlining the
outstanding performance of these
industry favorites.

MOTOROLA FET

—where the priceless ingredient is care!

£

COUPON NO. 1:

ConsumerFET Design Kit #1

Return this coupon to your Motorola Distributor for a FREE

N & P Channel Plastic JFETs for Your Audio Amplifiers

who do...

Motorola now offers nearly 200 indi-
vidual FET types for virtually any
application need — from consumer
to military. Junction FETSs, silicon-
nitride MOSFETSs, N or P-channel,
for operation from dc to UHF in
switching and amplifying applica-
tions. You can select from: 20 RF
mixers and amplifiers to 400 MHz
frequencies . . . 45 JFET choppers
with drain-source resistance low as
10 ohms 80 general-purpose

COUPON NO. 4:

Return this coupon to your Motorola Distributor for a FREE

ComputerFET Design Kit #4

MOS & Junction Chopper FETs For Multiplexing Applications

amplifiers offering forward transad-
mittance high as 12,000 ymhos . . .
23 general-purpose switches furnish-
ing drain-source resistance low as
150 ohms . . . 6 matched pairs with
TC’s to 10 microvolts/°C and sub-
miniature Micro-T* capability for
high density RF designs.
The purpose behind it all is to
acquaint you with the broadest FET
capability in the industry. What you
can do with it is totally up to you!
*Trademark MOTOROLA INC.

\

COUPON NO. 2:

Return this coupon to your Motorola Distributor for a FREE

ConsumerFET Design Kit #2
Plastic JFET & Dual Gate MOSFET for Your Tuner/IF Applications

COUPON NO. 5:

i : )
! ] 1
I 1 1
f | |
I 1 1
| 1 1
[ 2N5462 2N5718 . MFE3002 2N5638 1
: * 40 V Gate-Source Visr) » High dc input resistance t e 100 © rdsfon) * 4.0 pF max. Crss @ 1 MHz !
y ® 2.5dB max. NF @ 100 Hz e 5.0 pF max. Ciss v ! e 1.0 pF max. Cess @ 1 MHz * 5nsmax. t- @ 12 mA !
t @« 2.0pF max. Cess o 1.5 pF max. Cess 15 v * 100 pA max. less @ 10 V ® 30 Frdsfon) 1
Loy Interchangeable Drain/Source ¢ 0.8 —40mAlpss@ 15V ;¢ 10nA max. loss @ 10 V ¢ 10 pF max. Ciss @ 1 MHz 1
| Name Title | Name Title |
] 1
 Company ; Company :
i Address i Address :
1 1
' City State Zip : City State Zip I
1
i

Return this coupdn to your Motorola Distributor for a FREE

CommunicationFET Design Kit #5
Plastic JFET & Dual-Gate MOSFET For Front Ends and (F Strips

\
1

1

|

2N5669 MPF121 e 21\(/;54%5100 - . AW'PFI(;IIS . E

» Low Cross/Inter-Mod Distortion » 17 dB min. Gps @ 200 MHz . min z * 5-30 mA lpss 1
. 2508 mox. NF @ 100 HiHz  Sihconirids Passwated Bl e, SRR ILAR :
» 1.0 pF Crss, 4.7 pF Ciss (typ.) * 1% typ. Cross-Mod * 3,500/7,000 umhos max. yfs. « Silicon-Nitride Passivated :
Name Title Name Title 1
Company Company E
Address Address 1
City Zip State City State Zip. i

COUPON NO. 3:

Return this coupon to your Mptorola Distributor for a FREE

IndustrialFET Design Kit #3

Complementary MOSFET Switches and General Purpose JFET
2N4351, 52 2N

* Enhancement Mode
(Normally Off)
* 300 © Drain-Source Resistance
e 1.3 pF max. Crs .
» Guaranteed Switching Limits

COUPON NO. B:

2N3821
e 6 pF max. Ciss @ 1 MHz
* 3 pF max. Crss 1 MHZ
* 0.1 nA max. less @ 30 V
« Low Cross/Inter-Mod Distortion

5457
» 1.0 —6.0V Vesoth @ 15V
e 1.0—5.0 mAlpss@ 15 V
e 25VVes @ 15V
.

Return this coupon to your Motorola Distributor for a FREE

FederalFET Design Kit #6

Hi-Rel Metal JFETs for Audio/Chopper/Switching Designs for JAN Availability

2N4220
2.0 pF max. Crss 1 MHz
6.0 pF max, Ciss @ 1 MHz
100 pA max. less @ 15 A
2.5 V max. Ves @ 50

1
1
1
1
1
1]
1
i
1
I
:
Drain & Source Interchangeable :
'
1
'
)
1
1
1
1
1
1
'

Name Title Name Title

Company. Company

Address Address

City State Zip City State Zip !
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Neatest calculation of the year

A write-up in Investor’s Reader, a pub-
lication of Merrill Lynch, Pierce, Fen-
ner & Smith, included the following
memorable lines about Wang Labo-
ratories:
“ . . . An Wang, 50, adds, ‘the
total US market for electronic calcu-
lators is now about $1.000.000. We
do $24.000,000 of this. Although the
figures are not available, [ believe
that makes us No. 1 in sales’.”

Can’t go far wrong with a guess like
that.

Encoder comments

Dear EEE:

Thank you for Jack Heaviside’s excel-
lent article in your July issue “Acquisi-
tion of Shaft Angle Data” (EEE, July,
1970, pp 59-66).

Heaviside, however, omits or at least
brushes aside one of the encoder con-
version techniques which is almost
“faultless” in the sense that none of
the disadvantages mentioned in his
article is present and gives the shaft
encoder a better competitive position
against the synchro which the author
prefers.

The technique is the “static” digital
conversion of a Gray coded encoder
disc (either optical or brush type) to
binary or binary coded decimal form.

The conversion is performed by TTL
logic without any clocking, sampling,
counting, updating etc. The speed of
conversion is the propagation delay of
the logic only and is in the order of
nanoseconds. The resolution is limited
by the encoder only. It is accurate to
the last significant bit and not * of
the last significant bit as in the counter
type conversion.

For remote transmission of data be-
tween the encoder and the conversion
electronics no coaxial cables are needed
because there is no high pulse rate,
frequency or modulated ac amplitude
to be transmitted, but TTL logic levels
only.

As far as the cost of a single channel
is concerned let me give you as an
example: a decoding electronics of our
design for an 11-bit Gray to BCD
conversion did require 40 quad-two
input gates.

M. Benedek
Kollsman Instrument Corp.
Elmhurst, N.Y.

Dear EEE:

Since Jack Heaviside’s company designs
and manufactures synchro/resolver type
angle measuring systems, a misleading
(but natural) bias appears in his ar-
ticle. For example, the 12-bit, 4”
diameter, $1200.00 (ball park values)
shaft encoder mentioned by Heaviside
can be purchased from our company
in small quantities for under $600.00
in a 2-1/2” synchro/mount package (a
different ball park?). It includes full
integral plug-in electronics and provides
a direct TTL compatible, natural bin-
ary output,

For a small additional charge (under
$100.00) we can provide within the
encoder a parallel-to-serial converter.
Consequently, the encoder will require
only five cables for proper operation.

Present electro-optical techniques use
phototransistors rather than photocells
or photodiodes, thereby providing rela-
tively high-level outputs. A 12-bit Gray
encoder with direct phototransistor out-
puts can be obtained from us for less
than $350.00.

Heaviside discusses “Stunt Box™ re-
quirements for encoder code conver-
sion. We provide as a standard option
any one of five different conversion
boards all priced under $100.00, all
integrally packaged in the encoder, and
each mounted on a 2-1/2” plug-in
board. In addition, because of the na-
ture of encoders, non-binary outputs
are easily obtainable (i.e. 0-3599 or
0-999). No “routine custom modifica-
tion” is necessary.

The “historical unreliability of en-
coders due to the relatively short life
of their light sources” is, unfortunately,
an unreliable statement. Present en-
coder lamps have an MTBF of 106
hours and a wearout life of 10° hours
at operating voltages. In addition, solid-
state light sources can now be obtained
for the same price as lamps. Improved
technology in this area has resulted in
lamp reliability that actually exceeds
the reliability of the encoder electron-
ics. We rarely have lamp degradation
or failures in our encoders.

Finally please note that 13-bit en-
coders of the same type are available
for under $900 and a cost comparison
at this resolution might be interesting.

There are certainly many applica-
tions where synchro/resolver systems
are the right approach. However, the
modern optical shaft angle encoder pro-
vides a reliable, low cost component
that is being used more and more by
design engineers. It should certainly
be given a fair hearing.

Fred Gordon
Sequential Information Systems
Dobbs Ferry, N.Y.

Author’s reply. The products cited by
Fred Gordon and M. Benedik describe
important, recent improvements in en-
coder technology, which would help
justify the decision to use encoders in
certain applications. But the issue at
hand is not simply whether one device
can be made cheaply or another re-

(Continued on page 14)

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 Available
Integrated Gircuits”

of competing IC approaches is  Tgq 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

Date/Place [] Seminar on ‘“‘Designing With Commercially Available Integrated

Circuits,”” Tuesday, Dec. 8, 1970, Sheraton-Blackstone, Chicago, lIl.
Fee: $35.

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

3:15-4:30 Second Afternoon

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

Session Name Title
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 7i
breaks. Fee is tax deductible. Can- State P

cellations honored one day before

seminar. Your ticket will be mailed to you.



Problem: You need to sharpen
a high amplitude pulse to
picosecond speeds.

Solution: The Siliconix PSD.
Here’s a typical application,

a pulse sharpener:

LEADING EDGE

Use the PSD for pulse squaring,
delaying, area limiting and
other applications, too.

Write for instant data and
applications information.

Siliconix
iIncorporated

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

ACROSS THE

¢Editor’s
‘Desk

liably or whether another can facilitate
a particular coding, the problem the
systems designer faces is in finding an
inexpensive combination of available
devices to reliably satisfy every one
of his functional and environmental
requirements.

I would be delighted to present the
case for the synchro/resolver if Gordon
or Benedek or other readers would
present the opposition argument.

J. B. Heaviside
North Atlantic Industries
Plainview, N.Y.

They liked it in Washington

A review of Bob Pease’s “Speak Out”
on what’s wrong with Mil-Std-883
(EEE, January 1970) appeared in
Reliability Abstracts and Technical
Reviews, a monthly publication of the
National Aeronautics and Space Ad-
ministration.

The final lines of the NASA review
comment: “The author's style is direct,
blunt and dramatic — designed to
capture attention. It lends itself to
overplaying the attack, causing the
reader to suspect that occasionally the
technical argument gets subordinated
to showmanship. This shortcoming
notwithstanding, or perhaps because
of it, the paper is highly readable —
action-packed from start to finish.”

Pease’s reaction: “Wait till you see
the movie.”

Wanted: continuous power

One of the greatest man-bites-dog
rumors we've heard in a long time has
it that Consolidated Edison has been
having trouble with its computers. The
New York City-based power utility,
plagued by equipment failures and large
demands for electric power, has been
forced to reduce generated voltage to
avoid further power failures.

As a result, its computers lose data.
So Con Ed, we hear, is looking for an
uninterruptible power supply.

DAC felony

Dear EEE:

It came with a great shock to me that
the usually sound and impartial EEE
product comparison editors could so
distort the facts as was done in your
September issue (Designer’s Guide:
D/A Converters) comparing our mono-
DAC-01 (complete 6-Bit D/A conver-
ter on a single chip) with the RI1080
of Radiation. And it came as an even
greater shock that the culprit was your
peerless, always accurate and reliable,
managing editor. Apparently, the old
adage continues to hold true — “no-
body’s perfect.”

Just for the record (and so that
your readers might appreciate why
I'm foaming at the mouth), we went
to some trouble to develop, in addition
to the requisite resistor network and
switches, a compatible 25 V/us in-
ternally compensated summing ampli-
fier, plus a compatible built-in com-
pensated reference diode, so that we
would have a complete converter.
Neither of the latter elements is present
in the RI1080, yet in your September
issue, (Designer’s Guide: D/A Con-
verters) you term it “a complete 8-bit
DAC.”

Compounding this “felony” is the
further misleading assertion, ‘“‘though
the monoDAC-01 and RI-1080 are
complete DACs, they may need ex-
ternal output amplifiers in many ap-
plications” (and after our Dan Dooley
designed and included in the mono-
DAC-01 an output amplifier that slews
10 V and settles in 1 us while driving
a 2-kQ? and 100-pF load). That same
September issue carried our full page
ad claiming, among other features,
a built-in amplifier on the chip. Your
editorial comment, coming from such
a usually reliable source, could have
damaged our credibility and reputation.
Engineers are skeptical enough of
claimed breakthroughs. 1 assume,
whether you are brave enough to
print this or not, that you will return
to your usual accurate reporting habits
in the future.

Marvin B. Rudin
President

Precision Monolithics
Santa Clara, Calif.

Mr. Rudin is correct. The monoDAC-
01 has an output amplifier on the chip
whereas the RI-1080 does not. In the
introduction to our Designer's Guide,
we were trying to contrast monolithic
DACs with modular DACs by pointing
out that existing monolithic DACs
(even those that include output ampli-
fiers on the chip) offer relatively low
output currents (around 5 mA in the
case of the monoDAC-01) and will,
therefore, need external amplifiers in
many situations.

We cited the RI-1080 and the mono-
DAC-01, together, as examples of
“complete” monolithic DACs because
these are the only DACs that have the
resistor network and switches on the
same silicon chip.

Many engineers and manufacturers
define a “complete” DAC as one that
includes both the switches and the
resistor network. We tend to agree
with Mr. Rudin, however, that the term
“complete” should be reserved exclu-
sively for those DACs that also include
an output amplifier and a reference
element (except in the case of multi-
plying DACs). In any event, the ter-
minology has become somewhat blur-
red and perhaps it is safer to spell
out exactly what one means when talk-
ing about DACs. We regret that we
inadvertently implied that the Radiation
unit includes the same circuit features
as the Precision Monolithics unit.



The IC
troubleshooters.

For $125, it lets'yoivl“
see logic states
at a glance.

Engineers testing the logic states of
DTL or TTL IC packages no longer
have to go the troublesome voltmeter
route. The new HP 10528A Logic Clip
shows you the state of all 16 (or 14)
pins. This simple tool clips over the
IC package, uses the circuit’s power, is
auto-seeking of Vcc and ground.

Bright LED’s light up, indicating a
high logic state. All this for just $125.
Or less in quantity.

Your local HP field engineer is your source for the clips and

[ —" R

‘~ e 'ar'.

For $, it lets ou
see pulse activity
at a glance.

The HP 10525A Logic Probe makes
tracing pulses through integrated circuits
a painless task. Just touch the DTL or
TTL circuit with the probe, and the
tip flashes a signal for pulses as narrow
as 25 nsec. A light in the tip indicates
pulse, polarity, pulse trains, logic state.
It’s almost like having an oscilloscope
squeezed into a ball-point pen. And
it only needs 5 volts and $95 to start
troubleshooting your circuits.

i

probes to speed up your IC testing. So give him a hurry-up
phone order. Or you can write for full information from
Hewlett-Packard, Palo Alto, California 94304;

Europe: 1217 Meyrin-Geneva, Switzerland. 2008

=

HEWLETT hp; PACKARD
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‘Progress

Two ‘“second-generation”
analog-multiplier ICs

PROGRESS IN

MICROELECTRONICS

TwOo COMPANIES, Motorola and

Analog Devices, have introduced

improved ‘“‘second - generation”

analog-multiplier ICs that large-

ly overcome the disadvantages

of earlier, so-called, analog-

multipier ICs such as Motorola’s
MC1595.

The new ICs challenge not
only the older monolithic multi-
pliers, but also hybrid and dis-
crete-component multiplier mod-
ules. Packaged modules have, so
far, tended to dominate the mul-
tiplier market because they have
been able to offer lower cost,
superior performance and sim-
plified assembly and alignment
in typical system applications.
Now the new ICs promise many
of the same advantages.

When Motorola originally in-
troduced the MC1595 just under
two years ago, the IC-multiplier
concept aroused considerable in-
terest among system designers
because of the wide range of
potential applications (see EFEFE,
May 1969, pp. 60-67). However,
critics of the MC1595 pointed
out some serious weaknesses of
the device.

Perhaps the biggest disad-
vantage of the old MC1595 is
that it needs a large number of
external components for satis-
factory operation in dc appli-
cations. Usually, it will require
an external differential-input op
amp, about fifteen resistors, four
pots, and closely spaced power-
supply bypass capacitors. For
this reason, critics point out it’s
not really a multiplier, but,
rather, a multiplying ‘“current-
cell” that can be used as the
basis for a multiplier. Among
the other commonly cited weak-
nesses of the MC1595 are its
relatively poor power-supply re-
jection, the awkward power-sup-
ply voltages needed, and its dc
output level of 12.5 volts (in-

stead of zero) that makes it
prone to common-mode errors.
For these reasons, even Motorola
admits that second-generation
multipliers will eventually re-
place the MC1595 in many appli-
cations — except for those re-
quiring extremely low cost and
those requiring just a simple ac-
coupled circuit.

Motorola’s new multiplier is
called the MC1594. (By some
quirk of the Motorola system,
the new multiplier has a lower
type number than its forerun-
ner.) The new Analog Devices
unit is called the AD530.

Both the MC1594 and the AD-
530 operate from *=15-volt power
supplies and do not require
other voltages. Also, the two new
multiplier ICs both have internal
regulators and, therefore, do not
require special, closely regu-
lated, supplies. In fact, any sys-
tem that uses op amps is likely
to have suitable +15-volt supply
lines available. Another common
feature of the two new multi-
pliers is that threy both have out-
puts that are balanced about
ground (instead of 12.5 volts
above ground as with the MC-
1595). This minimizes common-
mode errors and avoids the need
for complicated level-shifting
circuitry.

Different approaches

Motorola’s MC1594 employs
the same basic, variable trans-
conductance, circuit that was
used for earlier MC1595. But ad-
ditional circuitry in the new
multiplier provides current reg-
ulation to stabilize the operat-
ing conditions of the devices in
multiplier. Also included on the
MC1594 chip is a differential
current converter to provide an
output that’s balanced about
ground.

Like the MC1594, Analog’s
AD530 also has regulator cir-

(Continued on page 19)
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Second generation IC
“Multiplier Plus”

Plus What?...Plus built-in voltage
regulator and current converter

Motorola’s new M(C1594/1494 introduces the
second generation of monolithic IC four-quadrant
multipliers based on the variable transconduct-
ance principle. The “multiplier plus” is easier to
use than the familiar industry standard MC1595
1495, and it offers a new high level of performance.

“Plus’’ features for cost reduction

The built-in current and voltage regulator
eliminates the effects of power supply fluctuation
and reduces the number of external components
required. It regulates all current sources on the
monolithic chip, effectively immunizing the mul-
tiplier to supply voltage fluctuations. It also pro-
vides two (4+4.3 V) regulated voltages to bias
the offset adjust potentiometers. Interaction
among the pots during adjustment is eliminated.

Changes in offset voltage caused by supply irregu-
larities are eliminated. Four external resistors are
eliminated.

At the other end of the multiplier the differ-
ential current converter provides a single-ended
output current referenced to ground.

“Plus’’ features
for Improved Performance
Linearity of 0.59% max (X or Y) for the
MC1594 sets a new standard of excellence, and
the MC1494 offers a fine 1.0% max error (X or
Y). The “multiplier plus” is easier for the designer
to use because it handles input and output volt-
ages of £10 V with =15 V supplies. And power
supply sensitivity is also significantly improved.

LINEARITY VS TEMPERATURE
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Here Is The Second Generation Monolithic IC Multiplier
Motorola’s MC1594 /1494 “Multiplier Plus”

BLOCK DIAGRAM
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Check these performance features

« Excellent linearity
0.5% max (X or Y) — MC1594L
1.0% max (X or Y) — MC1494L

Wide input voltage range — = 10V
« =+ 15V supply operation

« Single ended output referenced
to ground

« Improved offset adjust circuitry
« Adjustable scale factor

« Power supply sensitivity —
30 mV/V (typ)

Learn all about the
“Multiplier Plus’ right away

The MC1594L. and MC1494L are
available now from your nearest
Motorola distributor at 100-up prices
of $12.00 - MC1594 and $8.00 - MC-
1494. Both devices are in the 16-pin
ceramic dual in-line package. For a
14-page applications-specifications
data sheet, circle the reader service
number or write Motorola Semicon-
ductor Products Inc., P.O. Box 20912,
Phoenix, Arizona 85036.

Circle No. 100

The circuitry shown external to Motorola products is for illustrative purposes
only, and Motorola does not assume any responsibility for its use or warrant its
performance or that it is free from patent infringement.

@

“Multiplier Plus”
Special introductory Offer

Complete MC1594 or MC1494
Evaluation and Experiment Kit DC
and AC applications — All you need
to build it for Multiply ¢ Square *
Divide * Square Root * Balanced
Modulator « Amplitude Modulator
Phase Detector * Frequency Doubler.

409, Off total 1-up price of all com-
ponents and hardware!

MCK1594 Kit . . . This $38.45 value
only $23.10

MCK1494 Kit . .. A $32.45 value at
only $19.50 (substitute MC1494L
multiplier)

Parts list
MCK1594 and MCK1494

Quantity Part Description

1 MC1594L or

MC1494L

MC1741CG op amp

1N5241B Zener Diodes

510 ohm, ¥4 W,

20% carbon resistors

16K, Ya W, 5% film resistor
22K, Ya W, 5% film resistor
30K, Y4 W, 5% film resistor
62K, Ya W, 5% film resistor
20K, 15 turn cermet
potentiometers

50K, 15 turn cermet
potentiometers

0.1uxF ceramic disc capacitors
10pF ceramic disc capacitors
16-pin dual in-line socket

PC board

terminals

NN —

OHFHWRN N N

—

Also contains complete “How To
Do It” construction note and data
sheet with applications information.

Specify by MCK 1594 or MCK 1494
— state quantity — enclose check
(P.0O. is OK for order over $20.00) —
offer expires May 20, 1971 — limit,
5 (five) kits. Send order to Motorola
Semiconductor Products Inc., P.O.
Box 20912, Phoenix, Arizona 85036.

MOTOROLA LINEAR

— serving a greater range of analog designs/
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Motorola’s new MC1594 analog-multiplier IC has basically the same multi-
plying circuit as the older MC1595 multiplier, but it also includes a regu-

lator and a differential current

converter. The added circuitry minimizes

the number of external components needed for dc operation. The regulator
circuit stabilizes internal operating conditions and provides regulated volt-
ages for external offset trimming pots.

cuitry on the chip to stabilize
device operating conditions. Un-
like the MC1594, however, the
AD530 includes an output ampli-
fier on the chip.

The AD530’s output amplifier
has an output capability of =10
volts at 5 milliamps. Thus, in
most applications, the AD530
will not need an external am-
plifier. The MC1594, by contrast,
does need an external amplifier
in many applications because,
while the current-summing am-
plifier provides the correct output
voltage of =10 volts balanced
about ground, the circuit has a
high output impedance of around
850 kilohms.

One useful feature of the MC-
1594 is a voltage regulator cir-
cuit, included on the chip, which
provides external regulated volt-
ages for the offset adjustment
pots. The AD530 does not have
this feature and, therefore, the
offset adjustment pots for Ana-
log’s unit must be connected to
external regulated supplies for
stable operation.

Another important difference
between the two new multipliers
is that the AD530 can be operat-
ed as a divider merely by strap-
ping a pair of terminals. The
MC1594 needs an external ampli-
fier for operation in the divider

mode.

The two companies have used
different fabrication techniques
for their new monolithic multi-
pliers. Analog Devices uses
thin-film resistors extensively
throughout the AD530, whereas
Motorola has designed the MC-
1594 to use conventional diffused
resistors. Analog claims that its
use of thin-film resistors en-
sures long-term stability. How-
ever the Motorola design is
probably less expensive to manu-
facture.

Of course, the two companies
have different backgrounds in
multiplier design Motorola
was the first company to intro-
duce a commercial monolithic
multiplier, while Analog Devices
was a pioneer in the design of
widespread discrete - component
multiplier modules. Now Motor-
ola has improved its original
multiplier design, while Analog
has adapted one of its discrete-
component circuits for fabrica-
tion as an IC. The different ex-
periences of the two companies
largely explain the differences in
their concepts of what should be
included in an IC multiplier.

Looking at the specs

Both the Motorola and Analog
units have absolute accuracies

of 1 percent. In both cases, the
accuracy spec is contingent on
suitable adjustment of external
trimming pots to determine scale
factor and minimize offsets. Both
units have 3-dB bandwidths of
1 MHz; though, for the Motorola
unit, only the “Y’ input offers
this bandwidth. The MC1594’s
bandwidth at the “X” input
drops to 800 kHz.

Though the new multipliers
both include current-regulating
circuits, their power-supply re-
jection still leaves something to
be desired. Neither company has
managed to get the power-supply
susceptibility down to the levels
offered by other linear ICs such
as op amps. The MC1594 has a
typical supply interaction of 13
mV/V for the positive supply
line and 30 mV/V for the nega-
tive line. The AD530 has a typi-
cal supply interaction of 0.3 per-
cent per percent (with =+=15-volt
supplies and 10-volt output, this
works out to a higher number
than for the Motorola unit). Of
course, the figure for the AD530
includes the susceptibility of the
built-in output amplifier but it
does not include the effect of
variations in the external offset-
adjustment voltages.

The improvement

(Continued

in power-

on page 20)



supply rejection for the MC1594
versus the older MC1595 is not
readily apparent from a compar-
ison of the data sheets for the
two devices. According to its
data sheet, the MC1595 has typi-
cal power-supply susceptibility
of 5 mV/V for the positive line
and 10 mV/V for the negative
line — lower numbers than for
the new IC. But the older device’s
susceptibility was specified for
a constant-current input to pin
3, whereas an external constant-
current source is not required
with the new multiplier.

Both units have surprisingly
high input impedances. The MC-
1594 has a typical input resist-
ance of 300 MQ at either input,
while the AD530 has typical in-
put resistances of 10 Mq (“X”
input) and 6 MQ (“Y” input).
Typical input bias current is 2
wA for the AD530 and 0.5 pA
for the MC1594.

Possibly due to its thin-film
resistors, Analog’s multiplier

First, low-cost
autoranging
DMM

has lower temperature drift than
the Motorola unit. Multiplying-
accuracy drift (de) is 0.04%/°C
for the AD530 versus 0.09%/°C
for the MC1594. Similarly, the
typical scale-factor tempco is
0.03%/°C for the AD530 and
0.07%/°C for the MC1594.
When comparing specs for the
Motorola and Analog Devices
multipliers, it should be remem-
bered that the external amplifier
may contribute to the overall er-
rors for a complete multiplier
using the MC1594. Another fac-
tor that complicates the compar-
ison is that the two units have
different operating-temperature
ranges. So far, the AD530 is
available only for the industrial
temperature range of 0 to
+70°C, though a military-temp-
erature-range version will be
available later. The MC1594 oper-
rates over the full military
temperature range of —55 to
+125°C. A lower cost version,
MC1494, has an operating tem-

PROGRESS IN
INSTRUMENTATION

NON-LINEAR SYSTEMS, the com-
pany that gave the world its first
commercial voltmeter (in 1953),

perature range of 0 to +75°C.

The MC1594L is packaged in
a 14-pin ceramic DIP (TO-116)
and the AD530 comes in a 10-
lead metal can (T0O-100). A DIP
version of the AD530 will be
available later.

In quantities of 100 up, the
MC1594L costs $12 and the MC-
14941 costs $8. At the same
quantity level, the AD530K costs
$30 while a lower accuracy (2-
percent) version, the AD530J,
costs $20.

In addition to the two com-
panies discussed here, it is
rumored that other companies
are about to introduce second-
generation analog-multiplier ICs.
For example, at a recent press
briefing, Harris Semiconductor
(formerly Radiation Inc) an-
nounced that it would introduce
an analog multiplier early in
1971. u

For more information on analog-multi-
plier ICs, circle inquiry numbers as follows:
Motorola 424, Analog Devices 425.

a bH-digit, $4000 instrument, now
has the first low-cost digital
multimeter with autoranging.
This is the feature that’s been
most notably absent from all low-

(Continued on page 22)



NEW

3-PLUG-IN
OSCILLOSCOPE

'l 60-MHz Bandwidth
M Dual-Trace, 5 mV/div
B 5ns/div Sweep Rate
MW 2% Accuracy

M 8 x 10 cm Display
B Solid State

$2326 il
WITH PLUG-INS

The TEKTRONIX 7503 THREE-PLUG-IN
OSCILLOSCOPE offers more measurement
capability per dollar than any other quality
oscilloscope.

Easier to use. An exclusive peak-to-peak
auto-triggering mode provides a triggered
sweep throughout the 360° range of the
level/slope control. The front panel is un-
cluttered, lighted push-button switches are
extensively used to conserve space. Con-
trols are conveniently related to function
through the use of a color-keyed front panel.

Seventeen plug-ins covering a wide per-
formance spectrum are available to solve
virtually all of your measurement problems.
Some of the features offered are: dual-trace,
differential comparator, 10-.V differential,
sampling, current amplifier, a New Digital
Multimeter and a New Digital Counter.
Plug-ins can be chosen to give the 7503
delaying sweep and 90-MHz bandwidth.

Faster measurements. Auto Scale-Factor
Readout is exclusive to Tektronix! It labels
the CRT with time and frequency; volts,
ohms, temperature (C), and amps; invert
and uncal symbols; and automatically cor-
rects for 10X probes and magnifiers. Read-
out is required when using the 7D13 Digital
Multimeter and the 7D14 Digital Counter
plug-ins. It can be ordered initially or as a
conversion kit, which is easily installed.
Either case, the cost is only an additional
$400.

~ 7503 L
Ve OSCILLOSCOPE - 1)

FASTERy o MORIZ
T CAUmnavey

committed to
technical excellence

For a demonstration of the New Tektronix 7503 Oscilloscope,
contact your local Tektronix Field Engineer or write: Tektronix,
Inc., P.O. Box 500, Beaverton, Oregon 97005.

7503 Oscilloscope without readout, Option 1 .................. $1375
7A15 Single-Trace Amplifler ...........ccieviiiiivionions $ 250
7ZB50 Time Base . ... ... .. . . cihnniiill L ians ol $ 450
7503 Oscllloscope withreadout .............c.co0iiiiniiiines $1775

U.S. Sales Prices FOB Beaverton, Oregon
Available in U.S. through the Tektronix lease plan

Circle 111 on Reader Service Card




s

cost DMMs that have hit the
marketplace in the past two
years.

The instrument, which NLS
calls the DART III (for Digital
Auto-Ranging Tester) or, for

those who don’t like acronyms and
Roman numerals, the LX-3, in-
cludes the resistance and voltage
ranges that are common in other
low-cost DMMs. But a set of five
de-current

shunts (for ranges

Except for a manually selected 10-megohm range, this low-cost meter
offers automatic ranging to the range offering best accuracy.

Functions by the module

PROGRESS IN

PACKAGED CIRCUITS

A LEADER IN the lab function-
generator field is introducing
modules that allow a user to put
together just those functions he
needs. Wavetek supplies the 120-
021 generator module, the 120-
022 sine-converter module, the
120-023 trigger module and the
120-024 regulator module. These
units produce lab-quality sine
waves, square waves, pulses, tri-
angular waves and ramps. Fre-
quency range is from dc to 100
kHz and waveshape symmetry is

variable. The functions can be
swept in frequency, frequency
modulated and gated on and off.

The key module is the genera-
tor since all other modules are
simply attachments to its inputs
and outputs. The generator is
basically a voltage-controlled os-
cillator capable of simultaneous
square and triangular wave out-
puts. Frequency is determined
by an external capacitor and a
control voltage which ranges
from 10 mV to 10 V. Wavetek
furnishes this information in
graphical form for the user. By

from 0.1 to 1000 mA) costs an
extra $125.

Like most 3-digit machines, the
LX-3 has an additional “1” to al-
low overrange on all ranges but
the top (1000V) voltage range.
However, unlike almost other
DMMs, including high-priced in-
struments, this one offers a full
100% overrange, compared with
the typical 40%.

There are four basic resistance
ranges (from 1 kQ to 1000 kQ)
plus a manually selected 10-MQ
range, and four basic ac- and de-
voltage ranges (from 1 to 1000
V). An optional $75 probe per-
mits measurement to 30.0 kVdec
with 3-digit resolution or 19.99
kVde with 4-digit resolution.

The instrument has a modest
two readings per second for all
functions. This rate is cut in half
when one switches in a filter to
provide 40 dB of normal-mode
rejection at 60 Hz.

With options, the $495 machine
can do almost anything one might
expect of a more costly DMM
though, of course, the price goes
up. It’s possible to have remote
programming of filter and func-
tions. It’s possible, too, to print
out readings (a S100 option).

A battery option (for $150) al-
lows eight hours of continuous op-
eration from self-contained, re-
chargeable nickel cads. And it’s
not necessary for a user to re-
member to flick a switch. The
unit automatically switches to line
operation and a battery-charge
mode whenever it’s plugged into
the line. =

For more information, circle 357.

varying the values of an external
4-resistor network, one can ob-
tain  output-waveform symme-
tries from 1:100 to 100:1.

The generator has a 10-minute
frequency stability of *=0.01%
+ 10 mV and a 24-hr stability of
+0.259% + 10 mV, where the
10 mV is referred back to the
control voltage. Thus this error
could be severe at low control
voltages. Temperature changes
the frequency less than 0.05%/°C.
But, of course, we must add the
error contributed by our exter-

(Continued on page 24)



Our competitors may be upset,
but customers are wild about our new

The high cost of analog switching has just taken a nose dive. Our CAG30 low
cost general purpose FET Analog Gate switches up to +10 volt signals directly
from DTL or TTL, and provides high logic noise immunity [typically 1.0V].
. The CAG30 turns off faster than it turns on, allowing multiplex-
ﬁ) ing without crosstalk. The V—\L CAG30 is a break- before:
make switch with 60 ohms maximum on-resistance and full
military temperature range. The built-in CDRS§ monolithic driver is also avail-
able separately in an 8-lead low profile TO-5 package for $4.90"
For your best buys in digital interface microcircuits, check Crystal-

onics. 38 stock types available.
* 100-249 unit prices

"

TELEDYN E CALL YOUR LOCAL CRYSTALONICS OFFICE FOR DETAILS

CRYST ALONI‘ :S (201) 835-0332 (303) 798-8439  (404) 939-7075 (602) 273-7387
(203) 324-3123  (305) 844-9791  (415) 349-6316 (609) 784-5000
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nal capacitor. 10-minute ampli-
tude stability is =0.05% and
24-hr amplitude stability is
+0.25%.

The trigger module is used
with the generator to start and
stop the signal with an external
command. The trigger module

actually controls the oscillation
of the generator rather than
merely gating the output. The
sine converter shapes a sym-
metrical triangle into a sine
wave with less than 0.5% dis-
tortion. The regulator module is
a source of £15 V for the other

Wavetek supplies the innards of a function generator either separately or
on a PC card. The larger modules are 3 X 1.5 X 0.812 in. The smallest

module is 1.51 X 1.5 X 0.812 in.

Low-cost semiconductor RAM

boosts speed in new minicomputer

PROGRESS IN
DATA HANDLING
A NEW 1024-BIT MONOLITHIC ran-
dom-access memory, the Intel
1103, is the first commercially
available IC RAM to be priced
below the cost of core memories
for storage capacities above
around 10,000 bits. In quantities
of 100-999 the 1103 has a unit
cost of $38.40. In quantities of
100,000 or more the price is less
than a penny a bit.

In addition to its competitive
cost, the 1103 has a speed ad-
vantage versus cores. The dynam-
ic MOS circuit boasts a respect-
able maximum access time of 390
ns and a read-modify-write cycle
time of 600 ns. The relatively
high speed, high circuit density
and low cost largely result from
the use of silicon-gate technology.
Each 1103 chip is organized as
1024 x 1 bit and is fully decoded.

Another advantage of the 1103
is its low power dissipation —
only 100 microwatts per bit in
memories of 50 kilobits or more.
This permits dense packaging

and should give the 1103 an edge
over bipolar circuits for all except
the very fastest applications.
Packaged in a plastic 18-lead DIP,
the 1103 has an operating temper-
ature range of 0 to +70°C.

New minicomputer

The cost and performance ad-
vantages of the 1103 make it an
attractive replacement for core
memories in computers and com-
puter terminals — especially in
situations that require slightly
higher speeds than can be pro-
vided by cores.

Already, one minicomputer
manufacturer has used the Intel
memory to replace cores. Data
General’s new Supernova SC mini-
computer uses the 1103-1 (a
slightly faster and more expen-
sive version of the basic 1103)
for its main memory, to provide
a read cycle time of 300 ns. The
memory of the Supernova SC
consists of 64 of the 1024-bit
chips, providing a total storage
capacity of 4096 words of 16 bits.
The 64 memory IC packages oc-

units.

Using these new modules, the
engineer can quickly instrument
circuitry that ordinarily takes
weeks of design, breadboarding
and debugging. Two typical ap-
plications are a voltage-to-fre-
quency converter and a tone-
burst generator. The voltage-to-
frequency converter simply re-
quires a generator module while
the tone-burst generator needs
both a generator and trigger
module. If the modules were on
hand, both circuits could be
knocked off in about a day.

The modules are supplied
separately or mounted on a
4-1/2 x 8 in. PC card. Pricing is
as follows: generator $98 (1-9),
sine converter $87 (1-9), trigger
$54 (1-9), regulator $78 (1-9),
generator plus power supply on
a PC card $324 (1-9), generator,
sine converter and power supply
on a PC card $411 (1-9) and all
modules on a PC card $465
(1-9). n

For more information, circle 414.

Intel’s type 1103 dynamic

ory has a storage capacity of 1024 bits
(plus decoding) on a single chip. In
large quantities, the cost is less than
a penny a bit,

cupy roughly the same amount of
PC-board space that would be oc-
cupied by a core mat of the same
capacity.

According to Data General, the
SC is the fastest minicomputer
available. It is expected to find

(Continued on page 26)
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ORDER EITHER OF THEéE IMPORTANT NEW BOOKS AT PREPUB

SAVINGS OF $2.00 EACH . . . SAVE $5.00 if you order both books!

ELECTRONIC DESIGNER'S
HANDBOOK

By T. K. Hemingway

A Practical Guide to Transis-
tor Circuit Design. Probably
the best book ever written for
the practicing transistor cir-
cuit designer.

his brand-new second edi-

tion of this well known and
well used book brings in the
latest developments in transis-
tor circuit design. Apart from
changes and additions to the
text, this second edition will be
particularly welcomed for the
approximately 80 diagrams that
have been updated and re-
vised.

This up-to-date handbook provides a complete refer-
ence on transistor circuit design, to the depth required
for practical engineering design. Part 1 provides ex-
tremely helpful, detailed coverage of the transistor used
as a switch and as a small-signal amplifier, as well as
circuit operating principles and consideration of transis-
tor parameters in practical design. The designer will
find Part 2 of particular value for its description of sev-
eral unusual circuits and the straightforward discussion
on how novel designs can be synthesized and modified
to serve in a number of practical applications.

The content is specifically intended to show the reader
how to design his own circuits. As opposed to presenting
superficial knowledge of a great number of circuits,
specific circuits are presented and analyzed in detail
so that the reader, armed with the underlying design
techniques, can apply them in developing his own specific
circuits.

Part 1 describes examples of circuit designs, and
shows how to simplify the theoretical analysis process
which leads to practical designs. Typical values of tran-
sistor parameters are used in step-by-step examples of
how to design basic circuits, with emphasis on the im-
portance of developing circuits which are independent of
parameter variations and ambient temperature changes.
The Chapters on linear sweep and constant current cir-
cuits provide information not normally found in books on
transistor circuit design.

Part 2 shows how unusual circuits can be designed and
given practical form. This section will be of special inter-
est to designers looking for data they can draw upon
to develop new and unique circuits. Again, the coverage
is in much greater detail than is usual in a book of this
type.

Part 3 discusses the practical difficulties encountered m
in the design and testing of prototype circuits, offering
many useful hints for solving a number of problems
rarely mentioned in other books, and containing a par-
ticularly interesting and useful Chapter on circuit layout m
and wiring routing. Much of the math has been relegated
to the appendix, where justification will be found for the
expressions and approximations used. B

This book is specifically oriented to serve the needs of B
the practical design engineer. It shows how a designer’s
mind really works to achieve a satisfactory circuit. 294
pps., 5V x 8%5". 304 illus. u

CONTENTS: PART_ ONE: BASIC CIRCUITS: Semiconductor Diode B
Properties — The Transistor: D. C. Characteristics — The Transistor
as a_ Switch — Transistor T-Equivalent Circuit — Linear Sweep
Circuit — Constant-Current Circuits — Practical Design of Simple
Amplifiers — Negative Feedback — D. C. Amplifiers — PART TwWO: W
SPECIAL CIRCUITS: Complementary Circuits — Wide-Range Voltage-
Controlled Oscillator — Ultra-High Gain in One Stage — The Tran-
sistor Pump — The Transistor Cascode — PART THREE: USEFUL
TECHNIQUES: Bootstrapping — Prototype Testing. Index.

ELEGTRONIG
DESIGNER'S

HANDBOOK

CIRCUIT CONSULTANT'S
CASEBOOK

By T. K. Hemingway

A practical guide of value to
anyone involved in circuit de-
sign work — from theory to
actual breadboard perform-
ance.

i his book is written for the
) circuit designer who en-
i counters difficulties either in
1 conceiving a suitable circuit
i configuration to meet a re-
) quired specification or in ob-
. taining optimum performance
from a newly designed circuit.
E " 5 The examples given in the book
L 7K Hemingway L have all occurred frequently in
b TR — the author's experience, rang-
ing from beginner's mistakes to those pitfalls into which
even the best designer occasinally tumbles.

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 pre-
conceived design specifications.

Part 1, which covers specific design problems, in-
cludes a wealth of actual examples based on the author’s
experience. Among the subjects dealt with are DC condi-
tions, protection, microcircuit usage, dynamic effects,
system defects, and errors in testing.

Part 2 concentrates on methods for meeting specifica-
tion requirements not readily achieved by standard cir-
cuits. In certain cases a simple modification of a stand-
ard circuit configuration is shown to be sufficient; in
others a novel approach is given. Some of the standard
circuits for which modified versions are provided include
multivibrators, Schmitt triggers, and time interval cir-
cuits. 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 basic knowledge of
circuit design techniques. 224 pages, 51 x 815", 17
Chapters plus bibliography and index. 114 illustrations.

CONTENTS: AVOIDING DESIGN FAULTS: Wrong DC Conditions —
Protective Circuitry — Microcircuit Usage — Dynamic Circuit Faults
— Component Choice — System Defects — Testing — Examples
of Faulty Design; MEETING A SPECIFICATION: The Free Running
Multivibrator — Monostable Circuits — Schmitt Trigger Circuits —
Ramp Generators — Feedback Amplifiers — Inverters — Meter-
lljr(ljving Circuits — Precise Constant Current Sources. Bibliography;
nadex.
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its chief market in applications
(such as some types of scientific
research) that need speeds pre-
viously unavailable in small-scale
computers. Because the SC uses
basically the same processor as
the earlier Supernova, it is pos-
sible for existing Supernova users
to modify their units to upgrade
performance. Software for the
Supernova SC is compatible with
that for older Data General ma-
chines.
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One possible disadvantage of
the dynamic MOS memory is that
it’s volatile and, therefore, im-
portant data could be lost in the
event of a power failure. Dick
Sogge, Data General’s VP of En-
gineering, points out, however,
that spare PC-board sockets are
included in the Supernova SC so
that some core memory can be
added alongside the semiconductor

memory. Important data could
then be transferred from semi-

Three new minicomputers from Data General. The one on top is the
Supernova SC which features semiconductor main memory with a cycle
time of 300 ns. The others are the Nova 1200 and the Nova 800.

Circuit in a pot

PROGRESS IN
RESISTORS

IN A FINE example of standing on
other people’s shoulders, Amphe-
nol Controls has developed a dual-
inline package containing up to
five fixed resistors and one trim-

ming potentiometer, screened and
fired together of the same cermet
paste, with separate terminals for
each resistor allowing a user to
tie the components together any
way he likes.

This development can be viewed

conductor memory to the core
memory for more permanent stor-
age. Both versions of the Super-
nova feature direct memory ac-
cess (DMA).

The design of the Supernova
SC takes full advantage of the
speed and nondestructive-readout
capability of the dynamic MOS
memory. Unlike a core memory,
the semiconductor memory needs
no rewrite cycle. So designers of
the SC were able to overlap an in-
struction execution cycle with the
read cycle of the next instruction.
As a result, the machine can exe-
cute arithmetic and logic opera-
tions in a single memory cycle
(300 ns).

Continuving the trend

Following hard on the heels of
IBM’s 360/145 (with bipolar
semiconductor mainframe mem-
ory) and Four Phase Systems
IV/70 (a desktop computer with
MOS memory and logic), Data
General’s Supernova SC is the
latest indication of the accelerat-
ing trend away from cores and
towards semiconductor memories
for computer mainframe applica-
tions.

In its basic configuration with
4-k x 16-bit semiconductor mem-
ory, DMA channel and Teletype
interface, the Supernova SC costs
$11,900 in unit quantity. Gener-
ous quantity discounts are avail-
able. Data General has also intro-
duced two smaller minicomputers
with core memories. These are
the Nova 1200 (1.2-us cycle time)
at $5450 and the Nova 800 (800-
ns cycle time) at $6950.

First deliveries of the Super-
nova SC are scheduled for June
1971. The smaller computers will
be available earlier. Intel’s type
1103 memory ICs are available
from stock. "

For more information on Intel's semicon-
ductor RAMs, circle 409.

For more information on Data General's
new minicomputer, circle 410.

as an extension of developments
by Beckman (see “Circuit in a
switch,” EEFE, Jan. 1968, pp 32-
44), then Oak (see “Circuit in a
switch: A second approach,” FEFE,
Aug. 1969, pp 28-30), in which

(Continued on page 28)
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cermet resistors were screened
and fired on the wafers of rotary
switches. It can be seen, too, as
an extension of the Bourns Trim-
pot in a dual-inline package (see
“First cermet DIP pot,” EEE,
May 1969, p 28).

The Amphenol TRN3765 (for
Trimmer/Resistor Network) of-
fers some obvious advantages.
First, it saves PC-board real es-
tate, since six components can be
mounted in the space that might
be assigned to the trimmer alone.
Second, it saves the time and cost
of component preparation (like
lead bending) and mounting and
it cuts inspection and inventory
costs as well as procurement pa-
perwork. Third, it lends itself to
automatic insertion.

Perhaps most important, since
all components are in the same
thermal environment and are
made of the same cermet paste
and fired together, they drift to-
gether and rather predictably

with temperature. This is particu-
larly useful except in applications
where opposing (and canceling)
temperature coefficients are de-
sirable.

The temperature coefficient is
quite impressive, even in stand-
ard units which offer 100 ppm/°C
max. Specially selected units offer
TCs of 50 ppm/°C (which is the
best we’ve seen for cermets).

Fixed or trimmer resistances
are available over the range of
10Q to 1 M@, but it may be diffi-
cult to screen and fire five fixed
resistors in one pass if somebody
needs units at both ends of the
resistance range.

Absolute resistor tolerance (and
ratio accuracy with respect to the
trimmer) is available to 10 per-
cent standard, or 1 percent to
special order. Power dissipation
for the entire package is 3/4 W
at 40°C, derated linearity to 0 W
at 125°C. The unit, in a nylon
package, has its TC specified over

.@

Amphenol’s DIP network has up to five
cermet fixed resistors and a trimmer
to cut installed network cost and im-
prove overall TC. (Dime shows size,
not price.)

the —25 to +485°C range, but
Amphenol can spec the TC over
the mil range of —55 to +125°C.

The unit in a standard DIP
with “reasonable” resistance
ratios costs about $3 in 5000-up,
$2 in 25,000-up. u

For more information, circle 408.

Cell-library approach cuts cost of custom LS]I

PROGRESS IN
MICROELECTRONICS

UNTIL RECENTLY, most system de-
signers have tended to avoid us-

ing custom LSI circuits. The
obstacles to wider use of conven-
tional custom LSI arrays have
been their high initial cost and
their slow design and fabrication

cycle. Only in relatively rare
cases (notably for portable elec-
tronic calculators) has the po-
tential market for the finished
equipment been large enough to
justify the high fixed cost of in-
corporating custom arrays.

Now, however, some of the
larger IC houses are offering an
alternative approach to custom
design of MOS arrays. The new
approach largely overcomes the
disadvantages of conventional cus-
tom designs. Companies like
Texas Instruments, Fairchild and,
more recently, Motorola now offer
custom LSI arrays that are rapid-
ly designed from a “library” of
standard cells. Individual prede-
signed cells are selected and ar-
ranged to form a suitable mask
pattern for subsequent fabrica-
tion of the custom IC. Of course,
the geometry and performance
parameters can be stored on com-
puter tapes to allow extensive
automation of the design and test
routines for a wide range of cus-
tom circuits.

The cost picture

The big advantage of a cell-
library design approach is that



it’'s cheaper and faster than the
conventional “design-from
scratch” approach. This is be-
cause much of the detailed design
work is eliminated by the use of
standard “building blocks” and
because much of the routine work
can be performed automatically.
Motorola engineers estimate that
their new Polycell LSI system can
cut non-recurring costs by 50 per-
cent or more when compared with
manual optimization. While exact
price and delivery depend, of
course, on the specific circuit and
on how much of the design work
is done by the customer himself,
Motorola spokesmen say that a
typical Polycell design will cost
from $5000 to $20,000 and proto-
type parts will be available in 10
to 14 weeks.

One minor disadvantage of
cell-library based designs is that
they are restricted by the reper-
toire of available library cells.
Thus some custom circuits may
prove difficult to implement
efficiently and the resulting chip
layout may be less compact than
if the equivalent circuit had been
manually optimized by a skilled
designer starting from scratch.

For this reason, it appears that
for extremely large production
volumes a completely custom de-
sign will result in lower unit cost.

As IC manufacturers expand
their cell libraries and exploit
new process technologies, how-
ever, it is likely that the produc-
tion-cost gap will narrow, making
the cell-library approach attrac-
tive for a still wider range of
applications.

Currently Motorola has a Poly-
cell library of 30 different cells
ranging from inverters, buffers
and expanders through multi-in-
put NOR and NAND gates, ex-
clusive ORs, latches and a range
of flip-flops. All the existing cells
are high-threshold p-channel MOS,
though other types will be added
later.

Prototype units designed by
Motorola’s Custom LSI Design
Group are fabricated on the same
production line that will later pro-
duce the units in volume. This
ensures that prototypes will be
truly representative of what can
be expected from production
units. All designs are verified by
a logic-simulation computer pro-
gram before mask fabrication.

This same simulation program
can also be used to check test
sequences specified by the cus-
tomer or developed by Motorola.

Share the work

Normally in designing a Poly-
cell array, Motorola starts with a
customer’s logic diagram. But if
a system designer wishes to cut
costs or retain closer control over
the finished product, he can inter-
face with Motorola at other points
in the sequence of steps between
preparation of a logic diagram
and testing of the finished prod-
uct. For example, he may wish
to specify his own library cells
or prepare his own testing pro-
grams.

In any event, Motorola prefers
that potential customers initially
contact a Motorola field salesman
so that they can familiarize them-
selves with the procedures and
capabilities of the Polycell system
before submitting documentation
and requesting cost estimates.
Preliminary design evaluations
and cost estimates can normally
be completed within 24 hours.

For more information on Motorola's Poly-
cell LS| system, circle 411.

Better thumbwheel shoots down EEE criticisms

PROGRESS IN

SWITCHES

WHEN CHERRY ELECTRICAL Prod-

ucts introduced the first lever-

actuated thumbwheel switch

(beating Digitran by a few

months), EEE liked it — with

reservations (see ‘Lever thumb-

wheel saves thumbwear,” EFEFE,
May 1969, pp 22-16).

EEE hailed the convenience of
Cherry’s Leverwheel and the
speed of setting and resetting. But
it found faults.

First, the displayed numerals
were too small, with a height of
0.11 in. Second, the detent action
left something to be desired. The
detent was so stiff that a man
was too likely to overshoot or
undershoot a desired digit.

Both problems have been licked
in the newest version of Cherry’s
Leverwheel. The numerals are
now 0.2-inch high, making for
fine legibility. And the detent has
been improved so there’s no over-
shoot. L

New thumbwheels from Cherry (left two digits) have numerals 0.2 in.
high, offering much better legibility than company’s original thumbwheel
(right digit) with 0.11-in. numerals. Detent action of new lever-action
thumbwheel (left) is much improved, too.

Interested now? Circle 406.



Mestional
TTL/MSI tha

Delivery isn’
the only rea

Say good-bye to slow bus systems.

National is introducing Tri-State
logic. A first-of-its kind family of TTL Fa,
devices specifically designed to speed aeaed,
up bus-organized digital systems. R

Tri-State logic allows you to work TRLSTATE BUS SYTEM
with fewer packages and without
external open collector gates.

Our first off-the-shelf product in
this new family is the DM8551 bus rH
or-able quad D flip-flop. A unique device T
that lets you connect outputs of many B | ’—T b |
circuits to a common bus line. =

The DM8551 is organized as four L I =
D-type flip-flops operating from a com- I [

lig

mon clock. The outputs are normal

low-impedance, high-drive TTL types. 3 IS
Up to 128 can be tied together because, =] s
unlike other TTLs, the DM8551 can L ==

be gated into a state where both the STANDARD BUS SYSTEM



upper and lower output transistors
are OFF. The output, therefore,
appears as a high impedance. It neither
delivers current nor demands signi-
ficant current from the outputs to
which it is connected. You get the econ-
omy of bus connection without losing
output waveform integrity.

The DM8551 design eliminates the
false clock-signal problem usually
_ associated with D-type flip-flops. Inter-
nal data input disable lines feed the Q
output back into the D input so there’s
no change of state during clocking.

Output disable lines are used for
gating into the OFF state. NOR gate
logic was chosen for this function
since it is possible to select up to 128
DM8551s with only two BCD-to-Deci-
mal decoders (DM8842s). You get

Circle 115 on

maximum decoding capability at mini-
mum cost.

In addition to the DM8551, we'’re
also introducing the DM8230 Tri-State
Data Flow Gate for signal routing
and the DM8831 Tri-State Party Line
Driver for multiple signal driving.
(They’re also available off-the-shelf.)

Of course, Tri-State logic is only
one reason National sells so many
TTL/MSI circuits. Call any National
distributor for prices and specs on
twenty-seven other reasons.

National Semiconductor Corporation
2900 Semiconductor Drive, Santa Clara,
California 95051 / Phone (408) 732-5000
TWX (910) 339-9240
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Benjamin Fox of Elco

Speaks Out On
"The Demise of

Discrete

PC Connectors

The conventional PC edge connector is dying.
That shouldn’t come as a surprise, but it does.
We focus so much on the revolution in the
components we mount on PC boards that we
tend to overlook the changes they effect in the
way we hook our boards together.

As a result, our interconnection changes
come more slowly. But they come, nevertheless,
inevitably. Look at a five-year-old circuit board,
then look at a new one. The change is dramatic.
But the connector is the same. We're pushing it
to the limits of its capabilities. And that can’t
20 on.

If we expect to grow, or even survive,
we’ll have to replace our old connection
methods with new ones. The conven-
tional edge connector is the current
victim of our changing needs, but it’s
merely one. Others will follow.

The edge connector is yielding to techniques
that are more compatible with automatic pro-
duction and high-density packaging of increas-
ingly complex electronic systems. At first, we're
seeing a change in contact density — even on
edge connectors.

Contact spacings of 200 mils and 156 mils
are becoming a thing of the past. More and
more we’re seeing contacts on 100-mil centers
and even 50-mil centers. That’s a beginning, but
we can’t go much further in that direction.

So we find two-piece plug-and-receptacle

connectors replacing edge connectors. Now the
number of contacts isn’t limited by practical
density of card-edge contact pads. We can have
several rows of contacts instead of one or two.
(Already, the military prefers two-piece con-
nectors for reliability reasons.)

But even that transition is just a start. We’re
moving more and more to two-piece connectors
with built-in receptacles in metal plates and PC
mother boards. These changes we’re already
seen. In some segments of the electronics indus-
try, they’re widespread. They’ll become common
throughout our industry and other changes will
join them. Why? The major challenge that’s
forcing us to change is cost competition.

The breath-taking rate of semiconductor de-
velopments in the past decade slashed the cost
of circuit functions. Our interconnections didn’t
keep pace. Five years ago we could look at the
electronic components on our PC boards —
transistors and ICs — and find them so expen-
sive that the cost of connectors didn’t matter.

Now that we can buy IC gates for a quarter,
the connectors look expensive. So we had better
find better ways. This doesn’t mean we need
cheaper connectors but, rather, less costly in-
terconnection techniques for a complete system.

We’'re subjected to technological pressures,
too. As we develop faster and faster active
components, we need packaging components
and techniques that minimize interconnection
lengths to keep time delays down.

At higher frequencies, the effects of electro-
magnetic fields become significant. Crosstalk






between unshielded connections and electro-
magnetic interference from external sources
become problems. And reflections due to im-
pedance mismatches can ruin circuit perform-
ance.

So we’re forced to pay much greater attention
to transmission-line problems of our connec-
tors. At a minimum, we must avoid long, ex-
posed single conductors. In some applications,
we may be forced to use coax cabling.

But coaxial connections post difficulties for
automatic production and assembly — even
with large cables with diameters of half inch
or more. The problems become staggering as
we face requirements for cables with outer
diameters of 30 mils and less.

Sure, there have been some approaches to the
problem. There are techniques for wire-wrap-
ping coax terminations and we can use some
strip-line techniques in PC boards. But we still
don’t have a widely accepted, simple solution.
One thing seems certain: today’s discrete PC
connectors don’t lend themselves well to the
short-pulse, high-frequency techniques we’ll
need.

How can we meet these two challenges?
How do we tackle the problems of econ-
omy and circuit performance?

First, we’ll see the gradual disappearance of
the female discrete PC connector. We’ll find
greater flexibility and economy as we move
toward non-discrete receptacles built into metal
plates and mother boards.

The major attraction of metal-plate connec-
tors is their adaptability to automatic assem-
bly and interconnection. Machine insertion of
contact-filled insulators into holes in the plates
provides inexpensive receptacles with precisely
positioned termination points. Further, we can
easily establish multiple contacts to common
volage points and ground.

It’s easy to mechanize interconnections with
automatic or semi-automatic wire wrapping.
Or we can even use manual wire-wrapping tech-
niques. The key to successful automatic wire
wrapping is in accurate positioning of recep-
tacle termination tails. Of course, it’s possible
to mount discrete PC connectors on metal plates
or racks, but it’s difficult. The process is not
as amenable to mechanization as is the use of
near-integral built-in receptacles in the plate.
It’s much tougher to maintain uniform contact
spacing with several discrete connectors than
it is to locate contact holes precisely in a plate.

We all know the advantages of wire wrap-
ping. It can be used with a small number of
contact tails or a huge number. It eliminates
the need for skilled soldering personnel and it
gets rid of problems of cold-solder joints. Even
more important, we can accommodate wiring
changes quickly and easily by changing ma-
chine programs, even with highly automated
equipment. We can even handle minor changes

in layout and number of terminations easily.
It’s typically cheaper to implement the entire
process of assembly and interconnection with
metal-plate connectors than with an array of
discrete connectors.

For many high-volume PC-connection prob-
lems, the mother-board approach is even better.
With wire wrapping or any other solderless
connection systems, we still wire to only one
contact tail at a time. We can save a tremend-
ous amount of time if we can insert all the
contact tails into one large PC board, then
make all the interconnections simultaneously in
one grand soldering operation. But now we lose
our flexibility. So we have to be awfully certain
that our designs are firm.

All but the simplest wiring changes require
new artwork and new mother boards. Repairs,
when possible, are more difficult. And contact
density tends to be limited by the need to run
printed wiring on the mother board between
contact tails.

This situation has led to the use of multilayer
boards. They allow for a great deal of wiring
density but they’re complex. Repairing multi-
layer boards is staggeringly difficult and ex-
pensive. And we must still provide reliable
connections between layers.

So it’s clear that the potential advantage of
making many interconnections on mother
boards in one or a few soldering operations can
be offset by difficulties we don’t run into with
wrapped wire. We can alleviate one problem
with mother boards by pressing contact tails
into plated-through holes, making a good layer-
to-layer connection without soldering.

Regardless of the particular mother-board
approach we use, we must still align contact
tails properly with the individual daughter
boards. It’'s possible to use discrete PC con-
nectors if we're very careful with contact-tail
positioning. But, with many discrete connec-
tors, it’s almost impossible to get the required
accuracy.

There’s a compromise possible, a hybrid
approach, but it still leads away from
the discrete connector.

There’s a way we can keep the flexibility of
wire wrapping and the ease of interconnection
with a mother board. Contact tails that poke
through the mother board can be soldered di-
rectly to the printed circuitry, wire wrapped or
both soldered and wrapped.

This hybrid approach uses PC interconnec-
tions where the likelihood of design change is
remote and wire wrapping where design
changes are likely or where we can dodge the
difficulties of multilayers. In any hybrid ap-
proach we still must position contact tails care-
fully, so we're still led away from discrete con-
nectors.

We’ve all observed the effects of ICs replac-
ing discrete transistors on our PC boards. We



have more circuitry on a board and, though we
need fewer boards for a particular system func-
tion, we need many more contacts on a board.

This leads to two-piece connectors, which
escape the restriction of only one or two rows
of contacts. And it leads to the need for con-
tact with very low insertion force — the so-
called zero-insertion-force connectors.

But it leads, too, to problems we haven’t
licked yet. High-density packaging poses real
difficulties for wire wrapping or any other
automatic-connection method — especially as
we approach contact spacings of 50 mils. We
face the same problems with mother boards be-
cause there’s a limit to narrowness of PC lines,
line spacing and contact pads. Perhaps LSI will
help. Since it has so many monolithic connec-
tions inside the package, it may reduce the
number of external connections required, and
perhaps cut external connections enough to
make non-mechanized techniques practical.

What about the future? What are we
likely to see tomorrow?

Somewhere in the distance we may find con-
nectors that don’t use metal contacts. One
that’s likely is the optical connector which, I
suspect, would get its start in digital applica-
tions.

Here, an array of light-emitting diodes on a
card is aligned with a corresponding array of
photodetectors on a second card. By turning
individual light sources on and off, we can
transmit digital data readily. And we get com-
plete electrical isolation, so a fault in one
module can’t damage the next.

Another possibility: we may be able to cut
the number of interconnections we need by
multiplexing. LSI should be able to furnish the
additional circuitry we’d need for time sharing
or frequency multiplexing.

We'd propagate signals on one or a small
number of “party lines,” probably in coax cable
or other shielded transmission lines. So we’d
use fewer lines, hence fewer connections.

In all the more modern in-use techniques as
well as the far-out schemes, discrete connectors
play no role. Sure, there’s an important eco-
nomic factor that keeps them going: they're
now widely used. Replacement and repair con-
siderations will keep them around for many
vears. And there will always be new applica-
tions — typically for low volume and low com-
plexity — for which they’re suitable and avail-
able at attractive prices.

There will certainly be fewer discrete con-
nectors per system. But there will be many
more systems, thus many more connector ap-
plications, so we’ll actually have more connec-
tions.

In a sense, discrete PC connectors are like
vacuum-tube sockets in the wake of the solid-
state revolution. Their heyday is past, but they
will linger on. EEE




How To Keep Out
Motor Noise

by W. F. Madle and R. O. Ander

Vibration and noise in motors and gearmotors
may be dealt with in two ways—before the fact,
and after. Knowing what aspects of design affect
noise and vibration will help in specifying
motors at the outset. An understanding of causes
of noise and vibration plus curative measures
will help when the problems crop up.

There are primary and secondary causes to be
considered. Motors are mechanical devices driven
by electromagnetic forces, so consideration of
their ills must be divided this way. In some
cases, electromagnetic effects are primary causes
of mechanical effects. The reverse may also be
true.

Let’s start with the mechanical side. Typical
causes of vibration and noise are (1) dynamic
unbalance, (2) bearings, (3) fans, and (4) gear
trains. A closer look follows.

Dynamic unbalance

This situation occurs when there is lack of
symmetry in some portion of the rotating mem-
ber. The cause can be uneven wire build-up in
a wound armature, casting voids in a rotor or
fan assembly, or rotor eccentricities. Any of
these faults can cause relatively severe unbalance.

The user can satisfy himself that vibration
is due to dynamic unbalance by observing the
motor or gearmotor immediately after power is
shut off. If vibration is still present during
coasting, the problem is probably one of dynamic
unbalance, except in the special case of a hy-
steresis-synchronous motor.

Bearing noise

Usually a problem that occurs only with ball-
bearing motors, this type of noise may arise
even from carefully-processed, electronically-
tested bearings. In fact, even under optimum
conditions, fractional-horsepower motors with
ball bearings meeting acceptable quality-control
levels usually create noise levels of at least 40
decibels and sometimes as much as 60 dB (using
“A” gcale weighting. Ref. ASA Standard, meas-
ured in 20-dB ambient). Vendor engineers have
found that they can reduce this noise level by
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using special noise-damped ball bearings. Fig. 1
shows the construction of this type of bearing.

Sleeve bearings have much lower inherent
noise levels than ball bearings. If sleeve bearings
can meet necessary load and service require-
ments for a given application, they should be
preferred over the ball type. There is, however,
a problem with sleeve-bearing construction
control of thrust-washer noise.

The intermittent scraping sound from thrust
washers is very difficult to control, so use of a
ball-thrust arrangement is often specified where
absolute minimum noise is required. Since sleeve
bearings require clearance for proper operation,
they are sensitive to radial vibration (e.g., with
a highly saturated motor or with a high degree
of unbalance). Under these latter conditions,
and especially if high temperature has thinned
the bearing oil film, a knock or pounding noise
will occur. Motor manufacturers must control
sleeve-bearing clearance to close limits to control
this condition.

Fan noise

The fans in high-speed motors (2000 rpm and
higher) can cause considerable noise, especially
when high-velocity air passing through a fan
is directed on a rotor or a series of slot openings
causing pulses against a stationary part. This
results in a sound having a frequency equal to
the number of fan blades or slot openings times
the number of revolutions per second. This effect
can be reduced by changing the fan design or
by increasing the clearance between fan and
housing.

Even in low-speed motors (600 rpm or less,
say), fans can be a major source of noise. Noise
resulting from air movement caused by motor
fans is usually very low in frequency (30 Hz
or so), and hence, not too annoying to human
ears. However, the swish or rumble emanating
from an air exhaust can be irritating. This can
usually be corrected by changing the number,
shape, or angle of the blades.

Gear trains

Type of gearing and the accuracy with which
it is made are factors determining whether or
not gear trains contribute substantially to over-
all noise level. Worm-type gearing with sliding
contact, for example, should be the most quiet
type of gearing—unless it is of low ratio (under



Fig. 1. Bearing noise generally appears only in ball-
bearing motors. Special noise-damped bearings, like
those in this photo, can cut bearing noise.

Fig. 2. Worm gears, like the left-most pair in this

photo, are the quietest type. Spur gears, the others
in the photo, can generate hard-to-control noise, es-
pecially if the gear ratio per stage is very high.
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10-to-1), in which case even slight machining
errors or rapid load changes can cause some
noise. Fig. 2 shows a motor with worm-type
gearing.

Helical gearing also should be quiet in per-
formance because of the smooth transfer of load
from tooth to tooth. Spur gearing, on the other
hand, is usually the most difficult to control.
This is especially true if the maximum ratio per
stage of gearing is used. Under such conditions,
the small number of teeth in contact at any one
time causes a rather abrupt load transfer with
resulting noise which is even worse under load
and usually increases in intensity as load is
increased.

Magnetomechanical sources

Electric causes of noise are primarily spark-
ing and winding problems, whereas magnetic
causes have to do with flux uniformity. Satura-
tion usually occurs when a motor is designed
with an extremely strong winding (highly satu-
rated magnetic circuit) to “squeeze” out more
power without going to the next larger frame
size. The magnetic path of any motor is designed
to carry a certain amount of flux without undue
magnetic stress. Saturation will not only result
in increased leakage, but will set up excessive
stresses on the weakest portion of its path,
usually the stator teeth, with a resultant increase
in noise and vibration.

Electromagnetic forces produced either by
stator harmonics or rotor harmonics alone are
normally not disturbing. Their frequency is
either low (twice the line frequency) or high
(approximately twice the slot frequency). How-
ever, forces due to a combination of stator and
rotor harmonics may generate noise levels that
are disturbing. Tests have indicated that only
certain ratios of stator teeth to rotor conductors
are virtually free of those particular harmonics
which generate noise.

On induction motors, the length of the air gap
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Fig. 3. Spectrum analysis of vibration from a fractional-horse-
power motor shows two centers of noise intensity.

influences motor noise. Wherever quiet operation
is important, the motor designer can resort to
a larger gap, which retards transmission of field
harmonics, thus reducing their effect on satura-
tion of stator teeth and resulting motor noise.
(Quieter operation for brush-type motors is
gained by increasing the air gap at the tips of
the salient-pole structure.)

Quieter motor operation occurs when the ro-
tating core is skewed. This permits rotor con-
ductors or the armature winding to enter the
magnetic field at an angle, reducing those varia-
tions in the circuit reluctance which generate
vibrations of the stator or armature teeth. As-
sembly problems, however, dictate practical lim-
its to the angle of skew that can be used. Skew-
ing also worsens the speed regulation and
reduces efficiency of the motor.

Electromechanical sources

Windings of induction motors are placed
around the teeth of a slotted stator to produce
a sinusoidal flux configuration. The greater the
number of stator teeth, the more closely an even
sinusoidal distribution pattern can be obtained.

The degree of quietness achieved in motor
operation depends not only upon the strength
of the field flux, but also on how it is distributed
within the air gap. Ideally, distribution should
be sinusoidal.

Even so, there are always certain “hot spots”
of electromagnetic radiation at one or two loca-
tions around any motor, especially around induc-
tion motors. As an example, a manufacturer of
automatic telephone-answering equipment and
message annunciators complained of an annoying
120-Hz hum being picked up by the sensitive
heads of his tape equipment. It was found that
the interference could be minimized by simply
rotating the motor 90 degrees. This rotation
necessitated only the use of a different flange
on the motor, which turned out to be cheaper,
so the manufacturer actually realized an im-
provement in quality with a decrease in cost.

Permanent split-capacitor motors, which have
two windings for more even flux distribution
and a true rotating field, are quieter in operation
than are split-phase induction motors, which run
on one winding with a pulsating field.

When induction motors are operated at 60
Hz, saturation or magnetic unbalance may cause
noises that are higher harmonics of the line
frequency. Motors operating at 25 or 30 Hz
would generate less objectionable sounds, but
these motors tend to vibrate more than they
would at 60-Hz operation and may require re-
silient mountings to dampen the vibration.

Quiet operation of a brush-type motor depends
on good commutation, which in turn depends
on a proper ratio of field to armature ampere-
turns. If brushes are to ride smoothly and quiet-
ly, sparking must be held to a minimum. The
correct grade of brush material will permit an
even film buildup on the commutator, and con-
sequent reduction in sparking.



The noise level of a brush-type motor is
directly related to the number of armature slots
in the motor. A large number of such slots is
preferable, and an even number of slots evenly
spaced is conducive to smooth, quiet running.

User reduction of mechanical noise

Once the user is aware of the more important
causes of mechanical and electrical noise and
vibration, he is in a good position to practice
some general noise-control procedures. As a rule,
his approach to noise reduction can take two
major forms: he can reduce noise at its source,
and he can reduce the airborne noise level. We'll
consider both approaches in that order.

Before any effort is made to reduce noise and
vibration at the source, the motor user must
fully understand the frequencies of noise and
vibration involved. This is probably the most
overlooked factor in noise- and vibration-reduc-
tion poblems. Fig. 3 shows a spectrum analysis
of the vibration produced by a small fractional-
horsepower motor. Note that it is divided rough-
ly into two groups. Equipment used was a sonic
analyzer and an accelerometer.

Low-frequency disturbances

Mechanical low-frequency disturbance is con-
fined to rotor or armature unbalance, which
occurs at the rotational frequency of the motor.
In the case of a 60-Hz, 1800-rpm motor, rotation-
al frequency would be 30 Hz and therefore would
not be audibly objectionable. However, vibra-
tions generated by this frequency might excite
annoying resonant frequencies in other parts
of the motor installation unless preventive meas-
ures were taken.

Resilient mountings and couplings provide the
most effective approach to minimizing effects of
low-frequency disturbances. But elements like
rubber, felt, cork or springs are sometimes used
under the feet, or between the base and body
of the motor and are almost as effective as the
more expensive resilient mountings.

The ideal mounting is soft enough so that the
natural frequency of the motor and support
system is lower than the lowest important dis-
turbing frequency. However, because of such
considerations as varying deflection of the
mounting under varying load, this ideal mount-
ing condition cannot always be obtained.

In general, the best rule to follow is to use a
mounting that is as resilient as possible. Where
vibration still presents a problem, weight may
be added to the motor assembly in a further
effort to reduce vibration effectively. By doubling
the weight of a motor assembly, for example,
the user can reduce the amplitude of vibration
by 50 percent.

Still another mounting problem that can give
rise to low-frequency vibration occurs frequently
in portable equipment where thin sheet-metal
mounting surfaces can actually act as dia-
phragms, giving a sounding-board effect. To
solve a problem of this type, some stiffening
assemblies, resilient mountings, or crimping

methods must be employed to dampen vibrations.

High-frequency disturbances

Major sources of high-frequency disturbances
(above 50 Hz) are ball bearings and windings.
When brush-type motors are involved, brush
noise also is a factor.

Ball-bearing noise usually is the most trouble-
some disturbance in induction motors, and almost
always occurs in the 1- to 4-kHz range. Noise
in this frequency range is usually inherent in
the design of the motor, and can be most effec-
tively attenuated with acoustic materials.

Reduction of air-borne noise

Two of the simplest ways of diminishing the
irritation of air-borne noise emanating from a
motor are sometimes never considered, even
when they are easy. One is to put greater dis-
tance between noise source and listener. The
other is to change the position of the noise
source relative to the listener.

Acoustical sound absorbent materials can be
used to deflect and reduce the noise level and
are particularly effective when high-frequency
noise is involved. However, when such mate-
rials are employed, care must be taken to avoid
obstructing motor-ventilation openings.

Different types of attenuating structures—
walls, barriers, and total enclosures—also can be
used to control air-borne noise. Almost any de-
gree of reduction in such sound, for example, can
be achieved with a total enclosure, or a combina-
tion of several enclosures. (A barrier, while not
as effective as an enclosure, does help shield
high-frequency sound. However, only a moderate
reduction in noise level can be expected with a
barrier.)

Where a total enclosure is to be installed, the
user should remember that ventilation must be
provided to dissipate motor heat. And in this
regard, he must also be careful in the design of
ventilation ducts, and line them with acoustical
material, so that the noise reduction gained by
an enclosure will not be lost by sound transmis-
sion through the ducts.

We have surveyed most of the important
causes of noise and vibration normally encoun-
tered in motor operation, and have suggested
various means by which such noise can be re-
duced or eliminated. There are, however, too
many variables to cope with in areas of motor
application, mounting, and the use or lack of
sound-absorbing or reflecting surfaces near the
motor to allow us to pinpoint every trouble spot.
Motor manufacturers who are given all possible
installation and application data prior to de-
signing motors for specific applications will be
able to provide the most ‘“noise-free” motors.
Since such data are not always available, how-
ever, and since every motor with moving parts
will produce some element of noise, no matter
how slight, part of the onus passes to the user,
whose depth of understanding and ingenuity
will best serve to achieve optimum noise re-
duction in most applications. EEE



Design

Schmitt

by Peter Bice

This procedure allows a designer to specify
Schmitt-trigger parameters initially, then calcu-
late the exact component values needed. Com-
mercially available components can be selected
and the effect of these new values can be calcu-
lated. In all these calculations the model used is
exact; the customary assumptions of infinite
beta and negligible shunt loading are not made.

Schmitt-trigger design is often a hit-and-miss
procedure with the designer trying component
values and seeing what performance results. Thig
procedure is awkward and wasteful in time and
productivity. Not only is the designer unsure of
where he is, but he doesn’t know how to get from
there to his goal. Since many parameters are
interrelated with component values it is difficult
to change one parameter without affecting
others. This new procedure ends cut-and-try
methods.

Design procedure

Figure 1 shows the typical Schmitt-trigger
layout. The design procedure begins after select-
ing:

1. Z, the value of the load resistance.

2. U and L, the upper and lower trip points

for V;,.

3. V, the base-emitter voltage of a forward-

biased transistor.

4. V,, the available supply voltage.

5. B,, the effective beta of the transistors.
Our first step is to calculate the value of R,.
Note that when transistor @, is on, its base is at
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voltage U, the upper trip point (i.e., as soon as
V>V, @, must turn on). Select R, so that @Q,
is just barely saturated with its base at U. For
this to occur:

— llf Ivl
= (I U4 I',)

The next step is to select R,. For now, a com-
mon-sense choice would be R, =10 R,.
We now have two more unknown values, so we
need two conditions to specify them. One condi-
tion occurs when @,.if off, and Q, is on. The
base voltage of @, must be U volts or, equating
currents:

Vi~ O  H—V

¥ A )

1

B, R,
Rearranging terms, we get:

B, R B, (V,— D)
UB,R, +R, (U—V))

=K. R,

This is the most convenient form of the expres-
sion, since R, and R, are unknowns.

The last condition to be met occurs when @, is
on and @Q, is off. As V;, falls toward L, the lower
trip-point voltage, @, begins to come out of satu-
ration. The emitter voltage of @, falls, and the
base voltage of @, rises. Switching doesn’t occur
until the latter is V, volts greater than the for-
mer. This situation must occur with an input
voltage of L volts.

When @, is about to switch, it is out of satu-
ration and its base is at L volts. We can consider
it to be a current source of (L—V,)/R, amperes,
shunting a voltage source in series with R,.
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Fig. 2. Schmitt-trigger equivalent circuit
with V,, = L and Q, “on.” The output
voltage must be L volts when switching
VIN Q Q occurs.
| 1 2
V2
R3 Ra R2
V| R3
Ry
Fig. 1. Typical Schmitt trigger.
Re

Fig. 3. Schmitt-trigger equivalent cir-
cuit with Q, saturating.

19 PRINT "INPUT Z>U>L,>VCC, VBE,BETA,R4/R1"

20 INPUT Z,UsLsV2,V1sBl,Al

300 LEL Ri=Zx(UU-V1)r/(VY2-U*V1)

49 LET R4=A1%R1

54 LET A=R4%(V2-L)

60 LET B=R4%(L-VI1)/KIl

73 LE. C=BI*R1*%R4%(V2-U)/(Bl*xU*xRi+R4*x(U=-V1))
80 LET R2=(A-CxL)/B

9% LET R3=C-R2

1682 PRINT “"Ri="R1

119 PRINT ""R2="RZ

1280 PBKRINT "R3="R3

139 PRINT "R4="R4

14 PRINT

150 LET V=V1+V2/(C1+R2%(1/(R3+R4)+1/R1))

1680 PRINT “SATURATION INPUT IS "V"VOLTS*™

1700 PRIND

1198 PRINT "INPUT NEW VALUES FOR R1,R2,R3,R4"
1112 INPUT R1,R25R3,R4

1120 LET U=(V2/(R2+R3)+V1/B1/R1)/(1/(R2+R3)+1/R4+1/B1/R1)
1139 LET L=R4%(V2+V1*%R2/R1)/(R2%R4/R1+R2+RE3+R4)
1140 PRINT “"U="Us"L="L

1158 END

Fig. 4. BASIC program for Schmitt-
trigger synthesis and analysis.
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Figure 2 shows an equivalent circuit. From this
circuit we get the final condition:

=
(n—ﬁR ’m)&
1
:L
B+ B + B

Or, rearranging:

R
R4(V2~L):R@#(L—VJ)+L(R2+R3)
1

where everything except R, and R, is known.

Now we have two equations in two unknowns
and simply have to solve them simultaneously.
This chore is made easier by making some sub-
stitutions:

A=R,(V,— L)

B:%(L_ V)
C— B,R,R, (V,—U)
UB,R,+R,(U—-V,)

Then:

A =BR, + LC

C=R, +R,
So:

By A ;LC

R —1C — B,

So now we have component values corresponding
to a given set of operating conditions for a
Schmitt trigger. Some of these component values
can come out negative; if they do, try using R,

different from 10R,. It may be, however, that no
circuit can be designed using that set of input
conditions. '

We can now find the input voltage which will
saturate @,. This voltage must be greater than
L, and may or may not be greater than U. Figure
3 shows the equivalent circuit when @, is off and
@, is saturated. The expression for the input
voltage at saturation is:

Voup =

R, (R, + R))
A% 1 3 4 ]
£ 2 ’[R,(R,+R4) + Ry (R, + Ry + R))
This saturation voltage will change as R, or V,
is changed. If its value is unacceptable, try
changing one or both of these parameters.

BASIC program for Schmitt-trigger design

Figure 4 shows the listing of a BASIC pro-
gram which performs these computations and
prints component values and saturation voltages.
Furthermore, our program accepts standard re-
sistor values and prints the new trip points. This
program permits the user to set component
tolerances.

Figure 5 is an example of what can be done
with this routine. This plot shows the variation
of input-saturation voltage as a function of R,
and V,, for a given set of circuit parameters.
Note that the optimum value of R, for this case
can be inferred from the plot. Similar data can
be found for other parameters in the same man-
ner. EEE
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Signetics makes interface IC’s
to meet the toughest standards.

COMPUTER PERIPHERALS
EQUIPMENT
8T13 Dual Line Driver and 8T14 Triple
Line Receiver. Interface with the IBM sys-
tem I/O interface channel-to-control-unit.

COMMUNICATIONS EQUIPMENT
The 8T15 Dual Line Driver and 8T16
Dual Line Receiver. For data transmis-
sion and reception between Data Commu-
nication and Terminal Equipment.

¢— 3113 8TIS  f———Pp! 8TI16 >
IBM
PERI-
360 MINI- PHONE
PHERAL
1/0 INTERFACE COMPUTER MODEM || INES
CHANNEL EQPT.
— 8TH4 8T16 | 8TIS -

The 8T13 Driver/8T14 Receiver features:

1. Party-Line Multiplexing Operation.

2. Short Circuit Protection.

3. 8T13 High-Power Drive Capability:
—75 mA at 2.8V (“1” level).

4. 8T14 Receiver Input Hysteresis of 0.5
Volt (typ) provides High Noise
Immunity.

The 8T15 Driver/8T16 Receiver features:

1. Meet EIA Standard RS-232C and MIL-
STD-188B and CCITT V24.

2. = 25 Volt Output Short Circuit Pro-
tection.

3. 8T16 Dual Receiver accepts single
(EIA) or double-ended (MIL) inputs
and provides output strobing control.

4. 8T16 Dual Receiver Hysteresis:

EIA Hysteresis ~ 4V
MIL Hysteresis ~ 1.2V

Detailed data sheets, comprehensive
application notes available.

Sample parts too—we’ve got the devices
on the shelves ready to go. Contact your
Signetics salesman, local distributor or
Signetics Corporation, 811 E. Arques
Avenue, Sunnyvale, California 94086.
(408) 739-7700. A subsidiary of Corning
Glass Works.

Signetics [=
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Products

Semiconductors

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

Complementary MOS ICs, MC2501-3,
gates and flip-flop. Quad 2-input NOR
gate, dual 4-input NOR gate dissipate
10 nW; dual flip-flop dissipates 50 nW,
typ. Operate on any supply from 4.5
to 20 V. Gate propagation delay, 100
ns; flip-flop toggle rate, 4 MHz. $5.40
up (100 up). MOTOROLA. 274

COS MOS 16-bit memory, SCL5510,
contains all “1” states. User writes in
desired “0” states. Fusible links
knocked out by current pulses. Cycle
time, 400 ns; Diss, 50 nW. SOLID
STATE SCIENTIFIC. 275

Series 74 shift register, US7495A, with
selective left or right shift mode con-
trol. 4-bit parallel-input, parallel-output
device. 14-lead DIP $4.65 (100-999).
SPRAGUE. 276

Buffer register, 8201, for parallel-in,
parallel-out applications. Ten clocked
“D” flip-flops. Four configurations pos-
sible. Propagation delay, 30 ns; setup
time, 10 ns max. Transfer rate, 20

MHz. 24-pin flat pack. $8.39 (100 up).
SIGNETICS. 277

TTL multivibrators, 9600-2, replace
Fairchild devices. Guaranteed max
pulsewidth variation 0.6% over entire
temp range. Mil and industrial versions.
$2.25 (dice). $3.00 up packaged (100
up). ADVANCED MICRO DEVICES.

278

FET chips, 21 types, junction and
MOS. Both p-channel and n-channel
devices. Also bipolar chips and flip
chips. 50¢ up (100 up). INTERSIL. 279

Balanced modulator/demodulator, SG-
1596, for modulation, detection, and
chopper applications. Carrier suppres-
sion to 65 dB; CMRR, 85 dB. Temp
—55 to +125° C. $4.40 (100 up).
SILICON GENERAL. 280

FET analog gate, CAGI13C, directly
controlled by logic circuits. Two sep-
arate FET switch circuits. Switches
signals to 9 V. On resistance, 50 Q
max. $40 (100 up). CRYSTALONICS.

281

Complementary power Darlingtons,
five new series, current ratings 4 to
100 A. Gain to 2500. Voltage ratings.

60, 80, 100 V. For amplifier and
regulator circuits, $3.20 per comple-
mentary pair. MOTOROLA. 283

Frequency synthesizer, SH8095-8, four
ICs. System comes on l-in. by 1-in.
flatpack. Useful to 200 MHz. Consists
of emitter-coupled logic prescaler, pro-

grammable divider, voltage-controlled
tuner and oscillator, and program-
mable reference divider and reference
oscillator. $187 for 4-IC set (100 up).
FAIRCHILD. 282

Beam-lead arrays, new series, contain
50 to 1000 phototransistors. Light cur-
rent, .75 mA min, dark current, .1
vA max. Breakdown voltage, 45 V.
TEXAS INSTRUMENTS. 284

Power tramsistors, 2N3055, second
source for regular and mil versions.
TO-3. $5.20 (100 up). SENSITRON.

285

Silicon pin diodes, AS5C110 series,
switching time max, 5 ns. Series re-
sistance, 1 £ max; voltage, 70 V min;
diss to 300 W., max cap, .32 pF.
$3.50 up for 10 chips. Also available in
pill packages. AERTECH. 286

Silicon rectifier, KV-PAC, PIV ratings
to 15 kV. Avg rectified current, .4
A per leg. Reverse current at PIV, 10
rA at 25° C. SEMTECH. 287

Teardrop thermistors, new series,
ratings to 500 V. Resistances, 100 Q
to 20 k2, tol, .5 to 20%. CAL-R. 288

Gapacitors

Beam-lead capacitors, MD400 and
MD401, for negligible insertion losses
at frequencies up to Ka-band. MD400-
series use silicon dioxide to minimize
dielectric losses. MD401 are polarized
and use tantalum oxide for higher cap
values. 50 Vdc with cap tolerance of

+20%. MD400 capacitance range
0.57-12.0 pF. MD401 7.5-155 pF.
TEXAS INSTRUMENTS. 259

Glass-ceramic capacitors, Glass-K BX/
BR, for semi-precision performance
from —55°C to +125°C. Capacitance
(CYK-12) 10 to 1 X 105 pF. Qualified

to Mil-C 11015/20 and Mil-C-39014/5.
Tolerance 10% or 20%. 100 Vdc and
50 Vdc. Dimensions (CYK-12) 0.160
in X .090 in. dia. Lead dia 0.016 in.
CORNING. 260



Chip capacitors, Vee Jem, with dimen-
sions from 0.050 x 0.040.in. to 0.638
X 0.255 in. and thicknesses of 0.015
to 0.065 in. 1 pF to 1 x 105 pF in
NPO and general purpose dielectrics.

Silver-palladium terminations. 50 Vdc
and 100 Vdc from —S55°C to 125°C.
Standard tol 5%, 10%, 20% and 0.5
pF in low-pF units. VITRAMON. 258

High-voltage disc, with excellent tem-
perature stability and anti-corona per-
formance. All units epoxy coated.
1000- and 2000-pF capacities std. Ca-
pacity tolerance 20% with 2% dissi-
pation factor. Insulation resistance 20
X 103 MQ. Voltage rating 10 kV.
Corona V of 3000 Vrms at 60 Hz.
AEROVOX. 261

Monolithic ceramic-chip resistors, with
values from 10 Q to 10 MQ. Toler-
ance £1% to *10% at 1/4 watt.
Tempco 100 ppm. Available as indi-
vidual chips or glass enclosed with
leads. Terminations are noble metal
alloys. CROWNOVER ELECTRON-
ICS. 254

Resistors

Microminiature film resistor, ML103,
with less than half the overall size of
the RN-50 resistor. Dimensions 0.110
X 0.095 in. Resistance 10 2-250 k.
Power rating 0.06 watt at 125°C.
Tempco *+50 ppm/°C. Tolerance
+1% std, up to 0.1% special order.
CADDOCK ELECTRONICS. 255

3/8-in. square wirewound trimmer,
2300, for pc card mounting, with side
or top adjustment. Qualified to Mil-R-
27208 (RT24). Resistance 10-20 kQ at
*5%. Power 0.75 W at 85°C. Temp-
co 50 ppm/°C. AMPHENOL CON-
TROLS. 256

10-turn precision potentiometers, 8100,
with essentially infinite resolution.
7/8-in. dia. Resistance 5k-100 kQ from
—65°C to 125°C. Linearity 0.25%
and smoothness 0.05%. Life 10 X 106
revolutions. $12 (1-9 qty). BECKMAN.

257

Packaged Gircuits

Price changes

BECKMAN has reduced prices of
its 12-bit binary ladder networks
by up to 42 percent. For example,

Model 811-B12 now costs $40
(gty 1-9) instead of $70. 289

DDC has announced substantial
price reductions for its MADC and
HADC series of A/D converters. For
example, an 8-bit converter type
MADC-8-3 now costs $200 (qty 1-9)
instead of $400. 290

ANALOG DEVICES has cut prices
of its uDAC quad switches for D/A
conversion. A set of components for
an 8-bit D/A converter (two uDAC
AD550 ICs plus an AD852 thin-film
resistor network) now costs $65
(qty 100). 291

Line-driving op amps, 3341/15C and
3342/15C, to drive 50-Q coaxial line
with =5 V at frequencies to 20 MHz.
Output rating =10 V at 100 mA. Slew
rate 1000 V/us. Settling times lus to
within 0.01%, and 200 ns to within
1% of final value. FET inputs. In-
verting configuration. Voltage drift
*+25 uV/°C (3341/15C) and =50 pV/-
°C (3342/15C). Input bias current
—100 pA. Prices( (1-9): $69 (3341/
15C) and $59 (3342/15C). Stock
(small qty). BURR-BROWN. 292

Hybrid FET-input op. amp, C-218, in
sealed TO-8 package. Dimensions
0.140 in. high x 0.605 in dia. Bias
current 5 pA. Useful for sample-and-
hold and integrator applications. Evalu-
ation samples available from company’s
reps or on letterhead request to com-
pany. $25 (1-9). Stock to 2 wks. BELL
& HOWELL. 293

Programmable gain data amplifier,
3600K, to operate on low-level signals,
under computer control. Compact en-
capsulated package, 3 X 2.1 X 0.4 in.
Interfaces with DTL/TTL. Gain
ranges: 0-16 in steps of 1, 16-256 in
steps of 16, and 256-3840 in steps of
256. Voltage drift *1 wV°C. Gain
accuracy *0.1%. Linearity *0.01%.
CMR 100 dB. Noise 2 #V rms (10 Hz
to 10 kHz). Settling time 300 wus (to
within £0.1% of f.s.). 3-dB response
dc to 10 kHz. $245 (small qty). BURR-
BROWN. 294

Unity-gain power booster, 866, with
thick-film hybrid construction. Output
power 5 W. Output voltage *16 V.
Can drive 50-2 loads to within 4 V of
either supply voltage. Bandwidth dc
to 10 MHz. Operating temp —S55 to
+125° C. All semiconductor chips
inspected on LTPD basis per MIL-
STD-883 and MIL-S-19500. Hermeti-
cally sealed package. $40 (1-9). BECK-
MAN. 295

Power op amps, 410, 411 and 412,
with continuous output ratings of 1000
W. Internal dissipation 1400 W. Over-
load and short protection. Output *25
V at 40 A (410) or =40 V at 25 A
(411 and 412). Model 412 has short-
term rating of 2000 W (50-A output).
Power supply requirements *35 V at

40 A (410) or £50 V at 25 A (411
and 412). Slew rate 150 V/ms. Open
loop dc voltage' gain 20. Differential
input impedance 10 k2. Common-mode
input impedance 210 k. Voltage drift
10#V/°C. Bias current 85 uA. Qui-
escent current 20 mA. Unit-qty prices:
$796 (410 or 411) and $880 (412).
Stock. ANALOG DEVICES. 296

Class-B audio amplifier, EAA-0015,
with continuous output rating of 15 W.
Thick-film hybrid microelectronic con-
struction. Molded package, 2.05 X
1.05 x 0.31 in. 3-dB frequency re-
sponse 20 kHz. Total harmonic dis-

tortion 0.5% at 1 kHz full power.
Requires 350 mV input for full output
into conventional speaker load. $12
(1-99). EAL 297

Sample-and-hold modules. VSSH series,
for video signals. Input impedance
1011 Q. Input signal range =5 V.
Aperture time 300 ps. Acquisition
time 10 ns (VSSH-F), 36 ns (VSSH-M)
or 100 ns (VSSH-S). Small-signal band-
width 100 MHz (“F”), 40 MHz (“M”)
or 25 MHz (“S”). “Hold”-mode drift
2 mV/us (“F”), 0.67 mV/us (“M”) or
0.2 mV/ps (“S”). Compact modules,
1.65 X 2.8 X 0.6 in. Choice of two
operating ranges: 0 to +70° C, or
—55 to +85° C. Price (1-9): $395
or $495 (depending on temp range).
Stock to 3 wks. DDC. 298

FET analog gate, CAG30, in hybrid
microcircuit complete with driver.
Switches signals up to £10 V. DTL/
TTL compatible. Logic noise immunity
typically 1.5 V. Operating temp —55
to +125° C. Max “on” resistance
60 Q. Propagation delay time 0.5 pus
(logic “0”) or 1 ps (logic 1). Break-
before-make switch. 10-lead TO-100
package. $6.00 (100-249). TELEDYNE
CRYSTALONICS. 299

High-speed A/D converters, IAD-M
series, with resolutions up to 8 bits.
Word conversion speed 1 MHz (IA-
1308M), 2.5 MHz (IAD-1306M) or
4" MHz (IAD-2204M). Resolutions 8
bits, 6 bits and 4 bits, respectively.
Accuracies *0.2% (x1/2 LSB), *1%
and *3%, respectively. 4 X 4 X
1.25 in. From $525 to $855 in 1-9.
3 wks. INTER-COMPUTER ELEC-
TRONICS. 300

Low-cost 6-bit DAC, CDAS2/A, with
thin-film hybrid microelectronic con-
struction. Consists of ladder network
and 6-bit switching network. Sealed low-
profile 12-lead TO-8 package. Operates
directly from logic. Typical settling
time 1 us. Operating temp —S55 to

(Continued on page 46)



IN A/D AND DIA
CONVERTERS

WHAT SETS
ANALOGCIC
APART ¢

SPECS.

More specifications than most other
companies.Tighter specifications than
most other companies. Specifications
that are met on a continuing basis.
Analogic’s specifications are conserv-
atively stated, never overstated, and
are designed into the product not
the result of test “fall ins'’.

LOW COST, HIGH PERFORMANCE
A/D CONVERTER

Analogic’s low-cost,high-performance
AN 2800 series is a recent addition to
what we believe to be the industry’s
most complete line of A/D and D/A
converters.

® Available in 8,10, or 12 binary bits
and 2 or_3 BCD digit configurations
sDTL/T2L compatiblemAccuracy to
0.01%mSpeeds to 1° U sec/bitaTem-
perature coefficients are: 9ppm/©°C
(gain); 0.0015% F.S./9C (offset);
and 2ppm/©C (differential interbit
quantizing)®Adjustable word lengths
® Unipolar and bipolar input ranges
mAll standard output codes (including
NRZ serial)

Contained on an easily repairable
single 2-13/16" x 4-5/8" plug-in
card, the AN 2800 has accessible
built-in clock rate, offset and range
adjustments.

Cost of the AN 2800 is $275 to $345,
with substantial OEM discounts de-
pending upon output resolution.
The most knowledgeable and available
A/D and A/D application engineers in
the industry are ready to assist you.
For immediate information call Paul
LaBrie, (617) 246-0300 or write
for definitive data sheets and our
comprehensive short form catalog.
Analogic Corporation,Audubon Road,
Wakefield, Massachusetts 01880.

AI\IALDGIC@.
...The Digitizers

Circle 116 on Reader Service Card

+125° C. Max error 1% f.s., guaran-
teed over full temp range. Full-scale
output 6 mA. Built-in matched feed-
back resistor for use with external
amplifier. Also available in 5-bit ver-
sion. $37.50 (1-49) and $25 (100-249).
Stock. TELEDYNE CRYSTALONICS.

301

Thin-film hybrid DAC, MN303, for
8-bit BCD inputs. Includes monolithic
IC switching networks. precision thin-
film resistor networks and IC output

op amp. DIP-compatible 14-pin pack-
age, 045 X 0.75 X 0.14 in. Slew
rate 0.5 V/ps. Tempco *10 ppm/°C.
Power consumption 400 mW. Operat-
ing temp 0 to +70° C. $79 (1-12).
Stock. MICRO NETWORKS. 302

High-speed 12-bit DAC, MPI1812,
available in all standard unipolar or
bipolar 12-binary-bit or 3-BCD-digit
configurations. Settling time 10 us to
*+0.02% f.s. Tempco 40 ppm/°C. Out-
put slew rate 10 V/us. Output current
20 mA. Short protected. Built-in dc
reference can be bypassed for special
applications. Operating temp 0 to
+70°C. Calculated MTBF 50,000 h.
Electrically and mechanically shielded
module, 2 X 2 X 0.39 in. $89 (unit
qty). 2-3 wks. ANALOGIC. 303

Economy A/D converters, ADC-H
series, with resolutions of 8 or 10
bits. Compact encapsulated packages
2 X 4 X 0.4 in. Choice of input
voltage ranges and output codes and
formats. Conversion time 15 us ADC-
8H) or 18 ws (ADC-10H). Quantizing
error *1/2 LSB. Differential line-
arity *1/2 LSB. Zero error *0.6%
(adjustable to zero). Gain error 1%
(adjustable to zero). Relative accuracy
*+0.2% (ADC-8H) or £0.05% (ADC-
10H). Zero tempco =25 ppm/°C. Gain
tempco =40 ppm/°C. Input impedance
3.3 kQ (also available with high-input-
impedance voltage follower). Operating
temp 0 to +70°C. $195 (ADC-8H in
1-9) and $225 (ADC-10H in 1-9).
Stock. ANALOG DEVICES. 304

Digital high-low detector to produce
HI/LO limit signals for alarm, control,
data-logging, testing, sorting, grading,
calibration and batching. Input BCD
or natural binary data can be inserted
electrically or by thumbwheel switch
to set limits. Packaged as plug-in PC

board, 10 X 3 in. Input is 4 decades
(16 lines) of parallel absolute BCD or
natural binary at DTL/TTL levels.
Output is high, coincidence or low, on
three separate lines at DTL/TTL levels.
$75 per decade. Stock. THETA IN-
STRUMENT. 305

Hybrid circuit modules for driving
relays, incandescent lamps and LEDs.
3 different versions: dual driver, quad
driver and power driver. Dual driver
controls 2 loads of up to 300 mA at
28 Vdc. Quad driver controls 4 loads
of up to 300 mA at 28 Vdc. Power
driver can switch up to 1 A at 60 V.
All drivers have DTL/TTL compatible
inputs. Thick-film circuitry in ceramic
packages, 0.690 x 0.750 x 0.265
seated dimensions. Prices (1-25): $13.20
(dual driver), $16.40 (quad driver) and
$14.40 (power driver). Stock to 1 wk.
CENTRALAB. 306

Modular plated-wire memories, NM-
1000 series, with read access time of
200 ns, read time of 300 ns and write
time of 500 ns. Can be configured into
systems of 4-k to 16-k words of 8 to
40 bits per word. Max capacity 163,840
bits. Min capacity 64,000 bits. Wire
operates in NDRO mode. $0.037 to
$0.11 per bit depending on quantity
and word size. NEMONIC 307

Low-cost core memory, ICM-100 with
capacity of 1000 words. Organized in
8-, 9- and 10-bit formats to handle
various combinations of read, write,
restore, modify and clear functions in
minicomputer-based random-access sys-
tems. 9 X 4 X 1 in. All logic,

addressing, data buffering, control, se-
lection, switching and sensing functions
performed by ICs. DTL/TTL com-
patible. From $595 in qty. 30 days.
HONEYWELL COMPUTER CON-
TROL. 308

Hybrid i-f/age amplifier, 58-592, with
thick-film circuitry on two-level ceram-
ic substrate. Sealed and shielded case,
1.4 X 1.9 X 0.4 in. Meets MIL-STD-
883. Center frequency 4.5 MHz. Gain
90 dB. Gain stable from —55 to
+100°C. Gain controlled over several
decades of signal level. Can be gated
off by external control voltage. Two
isolated video outputs of 5 V pk. Agc
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provides control over dynamic signal
range of 65 dB. Needs +12 V and
+5 V supplies. HALLICRAFTERS.

309

Band-reject crystal filter, 6648A, with
center frequency of 10.7 MHz. De-
signed for use in radar and missile
systems to eliminate undesirable sig-
nals, mixer products and clutter inter-
ference without degrading sensitivity
to low-velocity targets. Also available
with other center frequencies from 1
to 30 MHz. 3-dB bandwidth *1.6
kHz max. 60-dB bandwidth =400 Hz.
Center-frequency rejection 70 dB min.
Passband =1 MHz at —1 dB. Inser-
tion loss 4 dB. Operating temp —20
to +75°C. 3 1/2 X 1 1/2 X 1 in.
DAMON. 310

Monolithic crystal filter with bandpass
response and center frequency of 70

MHz. Designed for use in i-f strips
and similar applications. 6-dB band-
width =20 kHz min. 60-dB bandwidth
+40 kHz max. Ultimate attenuation
70 dB min. Insertion loss 5 dB. Input
and output impedances 50 Q. 1-61/64
X 19/32 in. Custom designs available.
McCOY/OAK. 311

Voltage-controlled crystal oscillator,
VCXO-541, available in standard ver-
sions for frequencies from 150 kHz to
4 MHz. Operating temp 0 to +75°C.
No oven required. Control voltage —1
to 41 V. Output frequency deviation
—0.01% to +0.01% of center fre-
quency. Output 2 Vrms sinusoidal.
Power supply 415 V at 20 mA. Out-
put impedance 100 Q. Input impedance
100 Q. Metal case, 1 x 1.55 x 0.56
in.,, with mounting studs. SOLID
STATE ELECTRONICS. 312

Crystal oscillators, 5404 and 5405
series, in plug-in packages that occupy
the space of 1 or 2 DIPs. Available
frequencies 5 to 15 MHz (5404) and
80 kHz to 4.9 MHz (5405). Intended
for use as clock oscillators. Output
square wave can drive TTL logic with
fanout of 3 loads. Frequency accuracy
+0.005% (5404) and *0.02% (5405).
Accuracies hold over temp range of
0 to +65°C. Plastic packages plug
into sockets by Barnes, Elco, Augat,
etc. Prices (in qty 50 up): $16 (5404)
and $19 (5405). Stock to 2 wks. M.F.
ELECTRONICS. 313

Fork oscillator, FS-11-1, in compact
module for PC mounting. Complete
oscillator contains driving circuit, drive
and pickup coils. and temperature
compensated fork. Available for any
specific  frequency from 400 Hz to
50 kHz. Compatible with TTL logic.

" FREQUENCY STANDARD
TYPE

& American Time Products,
NPANY INC. WY

BULOVA W

Operating temp —55 to +85°C. Typ-
ical reliability 90% for 200,000 h.
1-1/2 x1/2 X 3/8 in. BULOVA., 314

Switches & Relays

Lampless “lighted” pushbuttons, Rain-
bow, with prism in switch cap to re-
flect ambient light and display dif-
ferent color and different legend when

switch is depressed. Can include lamp.
3/4 X 1-in, cap. One or two form-Z
10-A 30-Vdc or 125/250-Vac contacts.
Caps with one or two color bands
and legends 70¢ (1000-up). Cap and
switch assemblies $4-$6 (1000-up).
MARCO-OAK. 262

Lighted pushbuttons, PB-20, on 20 mm
centers. Each switch lens can have
legend with up to 36 hot-stamped
characters. 0.45-A 115-Vac or 1-A 28-
Vdc contacts. Front lamping (T-2) with

no tools. Push-push, momentary, inter-
lock. CENTRALAB. 263

Lighted pushbuttons, 0405, with Cue-
Switch projection readout for multiple
message display. Decimal or BCD in-
put. Depressing and releasing switch
projects next legend. 1/2-in. character
or message hgt with 60-ftL. avg bright-
ness (using 6-V lamp) visible at 10 ft.
$56 (1-49). IEE. 264

Lighted rocker switch for mounting in
0.655 X 0.73-in. cutout. No-tool front

relamping. Four lens colors, three lamp
filters. Dpdt 5-A 125-Vac contacts
with 10-mQ initial resistance at 2-4
Vdc 1 A. SHELLY., 265

Two-color push-push switch, 46-527,
for positive indication that switch is
up or down. Red ring around black
button or black ring around red but-
ton disappears when button is de-
pressed. Spdt 1/4 A 115 Vac. $2.35
(100-up), GRAYHILL. 266

Hermetically sealed rotaries, 15-1900
for manual or solenoid operation. Va-
riety of poles, positions, indexing.
JANCO. 267

Optical switch, OS100, with beam from
infrared light-emitting diode passing
through 60-mil air gap to Darlington
phototransistor. 4-pin mini-DIP pkg,
0.25 in. high and deep, 0.35 in. wide
HEI 268

Low-cost reed relays with coil bobbins
molded directly to reed capsules, boost-
ing flux density and sensitivity. Form
A for 200 Vdc 1/2 A (switching) 10
W 1/2-Q initial contact resistance.
1/2-ms operate. 20 million cycles at
full load. Form C for 200 Vdc 1/4 A.
Form A $1.60 (1-24) to 39¢ (100,000-
up). Form C $3.96 (1-24) to $1.79
(100,000-up). ELECTRONIC APPLI-
CATIONS. 269

TO-5 relays, 10, company’s first, in
military and commercial versions. Op-
erate 2 ms max, release 1.5 ms max.
4 ms for units with arc-suppression
diode. ELECTRONIC SPECIALTY.

270

Reed relays, PBR, re-packaged to in-
clude electromagnetic shielding and op-

tional electrostatic shielding. To six
form A in 0.225-in. hgt. To 1/2 A
(switching) 100 V 10 VA. PC mount.
CLARE. 271

All-solid state relays, 601, with 4-ter-
minal isolation. 70 units in new line
with peak price at $13 in small quan-
tities, low prices at $5.80 in large
quantities. For 1- to 10-A loads at
—25 to +110°C. Zero-voltage switch-
ing option for rfi elimination. TELE-
DYNE. 272

Edgewise meter relays, 3623XA, with
5-A plug-in load relays, non-parallax
scale, dial illumination, mode lamps,

(Continued on page 48)



removable set-point knobs. Cad sulfide
or silicon photocells with incandescent
or LED light source. Pivot-and-jewel
or taut-band suspension. SIMPSON.
273

Packaging/Hardware

PC terminals and mating receptacles.
Auto-Mate, with double-notch terminal
and detented receptacle to maintain 3-5
Ib withdrawal force. Drastically reduces

to insulate to meet UL standard. Termi-
nal locks in 70-mil hole, takes two
levels of wrapped wire. For AWG 16-
24 or 22-32. MALCO 216

PC edge connector, Edgecon, with 12
removable crimp terminals (supplied

in chain-link form) that snap-lock into
nylon body. MOLEX. 217

Rf-connector adapters, 7377, for inter-
series and intersex mating. For many
types, including N, TNC, BNC,
GR874, GR900, SMA, etc. ALFORD.

218

Isolation banana plugs, 3501 (single),
3502 (double), for series or parallel

network mounting during test. Cross-
holes on 3/4-in. centers permit side in-
sertion of other banana plugs or short-
ing bars. POMONA. 219

Consult SYNTRONIC

Circle 117 on Reader Service Card

Connector right-angle strain relief,
Quik-Ty, for lower exit profile of wire
bundle, which is secured to unit with
tie strap or lacing tape. Eliminates
need to build up bundle diameter with
tape to match I. D. of conventional
cable clamp. 2.50-$4 (100-up). GLEN-
AIR. 220

Backplane solder preforms, Solder
Link, for batch-reflow soldering of in-
dividual Wire-Wrap tails to PC board
and interconnnection of tails. Often
cuts number of tails needed and num-
ber of Wire-Wrap inteconnections.
INTERLINK. 221

Microcircuit-soldering materials, all
compatible. Include solder, creams,
pastes, fluxes, inks, driers, cleaners.
ALPHA METALS. 222

Electroless copper bath, Enplate CU-
404, to permit maintenance replenish-
ment without need to discard plating
solution. Greatly reduces usual stench.
ENTHONE. 223

Dip shells, DIP-PB, for hybrids and
tiny discrete circuits. Black epoxy and
DAP header and case with 14- or 16-
pin tin-plated phos bronze lead frame
with extended terminals for Wire-
Wrap or solder. $25 (24-set prototype
kit). AURA. 224

Substrate heat sink with staggered
fingers. Substrate circuit can be pot-
ted directly to heat sink. IERC. 225

Component insulators, Verti-Mount,
for vertical mounting on PC of small

axial-lead components like DO0-7 di-

odes and 1/4w resistors. Standoff
feet allow solder-fillet formation and
flush cleaning of flux residue. ROBI-
SON. 226

Rfi suppressor, of flexible, lossy tub-
ing that slips over wire, replacing fer-
rite beads. Attenuation rises smoothly
with tubing length and frequency,
without dips or nulls. At 1 GHz,
conducted attenuation 20 dB/in., radiat-
ed attenuation 100 dB/in. LUNDY.
227

Power Supplies

Low-cost lab supply, PZ-135-A, with
an output of 0-25 at 1 A. Regula-




tion S0 mV load and 10 mV line.
Ripple 1 mV rms. Electronic current
limiting, floating output, 10-turn volt-
age control, remote sense and current-
limit adjust. 1 yr warranty. 48¢ (single
qty). VIKING ELECTRONICS. 250

Power module, RO.15, for any output
voltage from 5 to 100 Vdc at 0.15 A.
Line and load regulation each 0.05%.
Load transient recovery time 75 us.
Ripple 0.02% or 5 mV rms, which-
ever is greater. Output V adjustable to
10% of nominal. Tempco 0.03%/°C.
Remote error sensing. Input 105-125
Vac, 50-420 Hz. 1-7/8 X 4 X 6-1/2
in. Weight 3 1Ibs. $94 (single qty).
ABBOT. 251

5-V module, PM524, for supplying 1
ampere to IC-logic gates. Line regula-
tion 0.05%, ripple and noise 1 mV
rms, tempco 0.02%/°C and operating
range —25° to 71°C. Encapsulated
module 2.5 X 3.5 X 0.875 in. 1 yr
warranty. $43.95. CP. 252

High-power modules, LW, with an ef-
ficiency greater than 50% at current
ratings to 200 A and voltages to 48
Vdc. Line and load regulation each

2% . Ripple 300 mV or 2% output V,
whichever is greater. Input 105-132
Vac, 57-63 Hz. Tempco 0.03% + 0.5
mV/°C. Remote sensing and remote
programming. Self-restoring current
limiting. Convection cooled with no
external heat sink. 42 models in 4
package sizes. D, E and EE are sub-
rack modular components. G is a full-
rack unit. 5 yr guarantee. LAMBDA.
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Test Equipment

Four-quadrant mutiplier, 200, with

the capability of being used as a
amplifier.

modulator or Multiplier

linearity 1% up to 20 V pk-pk. Less
than 1° phase shift at 1.5 MHz. As
a modulator can use any carrier up
to 10 MHz at 95% modulation. Less
than 1% envelope distortion below 2
MHz. Amplifier has 40-dB gain and
20-V pk-pk output to 4 MHz. Less
than 1% distortion dc-2MHz. Z in
100 k2 shunted by 20 pF. $455.
CLARKE-HESS. 235

Programmable-waveform generators,
F270A and F280A, for a range of 0.01
Hz to 1.1 MHz. Delivers 11 V pk-pk
into 50 Q (manual mode) or can be
programmed for 16 V pk-pk into 50 Q.
All manual controls remotely program-
mable by relay or DTL-TTL. Contin-
ous sine, square or triangle output.
Single cycle or burst operation. Posi-
tive or negative square wave pulses
and sine-squared pulses. F280A has
fixed offset and 0 or 180° phase
select. MICRODOT. 236

Function generator, 5100, for ampli-
fier response tests, recorder linearity
checks and testing of servo-systems.
Range 0.002 Hz to 3 MHz. Functions
include: sine, square, triangle and
positive and negative ramps. Output 20
V pk-pk open circuit. Frequency con-
trollable by external V in either ex-
ternal or dial mode. KROHN-HITE.

237

Battery-powered spectrum analyzer,
710/801, for a 10-Hz to 50-kHz range
with 10-Hz resolution, 7 X 10-cm
CRT display. Vertical and horizontal

scales can be linear or log. In linear
mode, volts/cm from 30 nV to 30 mV
and frequency Hz/cm from 10-5 kHz/
cm. Log mode, amplitude in 10 dB/
cm increments, frequency in 3-1/2 de-
cades 10 Hz-50 kHz. SYSTRON-DON-
NER. 238

Frequency multiplier, 4022A, for im-
proving counter resolution in If meas-
urements. Maultiplies input frequencies
by 10, 100 or 1000. For cw or pulses
from 5 Hz to 100 kHz. Gives high
resolution for low frequencies without
resorting to period measurement. Accu-
racy same as counter accuracy on the
X 1 and X 10 ranges, X 100 and
x 1000 below 500 Hz, is =1 count *
counter accuracy. Above 500 Hz on
the x 1000 range accuracy is =2
counts * counter accuracy. $760. HP.

239

3-GHz counter, 8075, with 10-ns time
interval resolution. Period, multiple
period average, totalize, and frequency
scaling capability. 8-digit display plus a

ret oscillator with 3 X 10-9/day aging
rate and TTL interface. 3-GHz hetero-
dyne converter displays input frequen-
cy directly. 40-ms max measurement
time. Accuracy 4 parts in 108, $3595.
DANA. 240

Digital multimeter/counter, 8420, with
push-button function selection and in-
ternal overload protection. 4 1/2-digit
measurement of frequency at f.s.
ranges of 10, 100, 1000 kHz and 10
MHz. Measures dc volts, ac volts and
ohms. Resolution 0.01%. Accuracy:
0.01% Vdc, 0.1% Vac, 0.02% € and
0.02% for frequency. Accuracy guaran-
teed to 50% overrange. $695. CALI-
CO. 241

Low-priced DMM, 351, for measuring
dc voltage, dc current, ac voltage, ac
current and resistance. Basic accuracy
of 1% and a minimum of 10% over-
range. Automatically-positioned decimal
point. Sample rate 60/sec. 3-digit dis-
play. 117 Vac at 7 watts. $195. NU-
MERIC LABS. 242

Fused digital test probe, DTP11, with
+50 volts ac or dc over-voltage pro-
tection. Designed for 5-volt logic.
Green light indicates logic 0 at *0.6
V and below. Red light indicates logic
1 at 2.4 V and above. Both lights out
1-2 V. DTL-TTL compatible. Power
derived from system under test. Lamp
life 50,000 hr. $50. AP. 243
Computer-controlled

logic tester,

CAPABLE, for checking out logic
cards, cable assemblies, LSI, MSI and
IC components. System includes a 208

computer with 8-k memory, autoload
and power fail, 300-Hz photoelectric
tape reader, 128-programmable 1/0O
pins, control panel power supplies and
ASR-33 teletype. $27,500. CAIL. 244

Display Devices

Rectangular direct-view storage tube,
F-3046, with a brightness of 700 foot-
lamberts. Resolution 75 lines/in. Stor-
age time up to 5 minutes std or 30

(Continued on page 50)




minutes opt. 4 X 5 in. display. ITT.
228

Flashing-indicator light, with a high

brightness long-life neon lamp. Com-
ponents for flasher soldered to an in-

‘_l/

ternal PC card. Flasher rate 130/min.
Lens combines polished reflector with
low-profile cap and bezel. Cap in red,
yellow and white. 110-125 Vac opera-
tion. DIALIGHT. 229

Low-cost LED readout, TEC-LITE
SSR-70, with a 7-bar display, decoder-
driver and current-limiting resistors
within a 1.9 X 0.4 X 1 in. assembly.
8421-BCD input. Supply +5 Vdc
+5% at 175 mA/digit. 350-foot-
lambert brightness. 0.270-in. charac-
ters. $42 (1-24 qty). TEC. 230

Fiber-optic readout, 901 D2-D8, with
a choice of 5 different built-in decoder-

driver ICs that are compatible with
TTL or DTL. Decoder-driver accepts
8421 BCD. Readouts use a dot pat-
tern. 5-V lamp with 10,000-hr life
gives 100-ft-lamberts. MASTER SPE-
CIALTIES. 231

Digital clock, 2400, with a six-digit
solid state display using LEDs. Tim-
ing references 60 Hz. internal crystal
or external source. BCD outputs plus
I-sec and 0.l-sec timing pulses. Inter-
ruption of power causes all indicators
to display eights. 40°F to 120°F. $353.
ERC. 232

Digital microvoltmeter, 2000, with
0.01% accuracy, 1 xV/digit sensitivity
and 0.15 uV/°C zero stability.
+19.999 mV full scale. Multi-pole ac-
tive filter for flicker-free readings. Z
in 1000 MQ. Settling time 600 ms.
Double shielding and high rejection of
common-mode voltage. Size 0.1 ft.®
$585 (unit qty). NEWPORT LABO-
RATORIES. 233

Low-cost digital thermocouple indica-
tor, 4320, with isolated-BCD output.
May be coupled directly to printers,

comparators and other data-acquisition
equipment. Uses multiscope lineariza-
tion for any of four thermocouple
types. Full scale response time 1 sec.
Accuracy *3°F =1 digit at room
temp. Thermocouple break protection,
automatic cold-junction compensation
and common-mode rejection of 130 dB
at 60 Hz. APIL. 234

Solid-state  displays, TI1XL302 and
T1XL301, with readouts composed of
7-segment, diffused planar gallium-

arsenide LEDs., Produce A, C, E, F,
H, J, L, P and U as well as 0 to 9.
TI1XL302 in 14-pin dual-in-line with
1/4-in. character. Characteristics simi-
lar to Monsanto MAN-1. Brightness

350 foot-lamberts at 20 mA, T1X1L301
in TO-5 package with 150 foot-lam-
berts at 5 mA and 1.7 V. TEXAS
INSTRUMENTS. 245

Data Handling

Improved-memory minicomputers,
2114C and 2116C, similar to com-
pany’s earlier type 2114B and 2116B
computers but with twice the memory
capacity in same size mainframes.
2114C is 16-bit machine with memory

C
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cycle time of 2 us. 2116C is 16-bit
machine with cycle time of 1.6 us.
2114C accepts up to 16 k of core
memory in the mainframe while 2116C
can have up to 32 k. $8500 (2114C
with 4-k memory) and $20,000 (2116C
with 8-k memory). Lease plan avail-
able. First deliveries scheduled for
December 1970 (2116C) and January
1971 (2114C). HP. 315

Small-computer system, Systems 82,
for high-speed applications where large
memory capacity is not required.
Competes with PDP 11 and PDP 8
series. Computer features include 8
priority interrupt levels, real-time clock
and power fail-safe/auto start. Optional

hardware multiply/divide. Multiplexed
I/O and register I/O available. Full
memory cycle time 900 ns. Memory
expandable from 4 k to 16 k in 4-k
increments. CPU dimensions: 10-1/2
X 19 x 25 in. $11,000 in basic con-
figuration with 4-k memory. SEL. 316

Versatile computer terminal, CT-100,
to plug directly into existing computer
systems that service teletypewriters. No
special modems or voice-response
equipment required. Simultaneous entry

and printout of fixed and variable
alphanumeric information. Unit in-
cludes 12-pushbutton keyboard, reader
for plastic punched cards, strip printer
and acoustic coupler. Optional devices
include 54-key block alphanumeric
keyboard, 55-key full ASCII keyboard
and cassette tape recorder., ELEC-
TRONIC ARRAYS. 317

High-speed line printer, 101, with
print rate of 165 chars/s or 60 132-
character lines/min. Prints on standard
paper and produces original and up to
4 copies. Serial or parallel data input.
Accepts 63 ASCII characters. Trans-
mission rate 3000 bits/s (serial) or up
to 75,000 chars/s (parallel). 9-1/2 x
16 x 25 in. $2400 less OEM dis-
counts. CENTRONICS. 318

Desk-top character printer, TDS-1601,
with simple print-head mechanism that
prints 64-character ASCII subset at
rates of 10 or 15 chars/s. Designed as

replacement for TTY 33 or TTY 35
in various terminal applications. Serial
or parallel interface. Can be acoustical-
ly coupled to telephone handset or can
be handwired to phone circuit using
Bell System attachment. TRACOR.

319

Digital cassette recorder with computer
interface. Can be connected to 1/0
bus of PDP-8 to store or deliver data.
Max read or write rate 480 chars/s
with tape speed of 20 in/s. Each char-
acter can be maximum of 7 bits plus



1 parity bit. Parity bits can be gener-
ated internally if required. Start and
stop times 20 ms each. Fully loaded
cassette stores 80,000 characters. $2500.
A. D. DATA SYSTEMS. 320

Cassette tape transport, 250, designed
for low-cost digital recording applica-
tions. Recording and retrieval rates
1000 8-bit chars/s. Read/write capa-
bility in both incremental and con-
tinuous operation. Standard tape speed
10 in/s, forward and reverse. Other
speeds available. Start time under 400
ms. Stop time under 80 ms. Operates
from =*+5-V power supply. Designed
for NRZ, phase, FSK and serial data
formats. $525 (evaluation qty) and
$250 (OEM qty). 30 days (evaluation
orders) and from 60 days (production
orders). COMPUTER ACCESS SYS-
TEMS. 321

High-capacity mag-tape storage system,
CartriFile 4196, with four tape trans-
ports in single unit. Each tape loop
holds over 3 million data bits, allowing
total storage capacity of 12 megabits
for the complete unit. Bit rate of
18,000 bits/s allows transfer of 1000

16-bit words/s during read or write.
16-, 12- or 8-bit word transfers. Inde-
pendent electronic control of 4 tape
transports. Phase-encoded recording
technique provides efficient use of tape
medium. Available with interface
circuitry and software for use with
PDP-8, Nova, HP and other small
computers. $6050. TRI-DATA. 322

Cassette bulk memory,*ST-2 Minicord-
er, with software for direct coupling
to most major minicomputers. Stores
over 2 megabits on double-width data
track organized into 2047 blocks, each
containing 1024 bits. Separate double-
width address track permits location
of data under computer control. No
external controller required. Claimed
“lowest cost bulk-storage medium
available.” Average cost 0.07¢ per bit.
8-7/16 x 9-1/2 x 3-3/16 in. 6-1/4
Ibs. GENISCO. 323

High-speed cassette transport, designed
to operate at 30 in./s for reading,
writing, rewinding and searching. In-
stantaneous transfer rate 1800 chars/s.
Average transfer rate with 110 char-
acter blocks is 1000 chars/s. Each cas-
sette stores 90,000 characters in 100
character blocks. Offered complete
with electronics for read/write and
all controls. Interface at logic levels.
Uses Philips-style cassette. Packing
density 500 bits/in., phase recorded.

Uses light-emitting diodes to sense be-
ginning and end of tape. REDAC-
TRON. 324

Low-cost oscillogram reader, GDDRS-
3B, for reducing data from oscillo-
grams, film and strip charts. Trans-
lates information into variety of outputs
such as IBM keypunch or typewriter,
punched paper tape, adding machine

GENREN SHELTAL BATA RIMICTION S¥:TEN
SEIINTIEC D TR

and flexowriter. Features include
back-lighted motorized paper trans-
port, facilities for measuring on X and
Y axes, channel counter, time index
counter, channel counter keyboard and
many optional refinements. Available
in two versions: 3B-1 (single encoder)
and 3B-2 (dual encoder). Base prices:
$6275 (3B-1) and $8375 (3B-2). 3-4
months. GERBER., 325

Special Products

Drafting templates, 300 set, for elec-
trical and electronic schematics. Com-
plete set consists of 3 templates: 301

.
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(electrical and electronic symbols), 302
(contacts, switches, contactors and re-
lays) and 303 (terminals, connectors
and transmission paths). All symbols
in correct relative size. Symbols con-
form to USAS Y32.2. $12.50 (300 set),
$5.50 (301 only), $4.50 (302 only) and
$3.50 (303 only). RAPIDESIGN. 326

Mercury-cadmium-telluride IR detec-
tors, for operation at room tempera-
ture or with thermoelectric cooling.
Flat package with two leads. Spectral
response 4-6 u. Time constant 1.5 us.

Detectivity 1.5 X 10%. Responsivity 40
VW-1, Sensitive area 230 u2. Noise
equivalent resistance 1 k. MULLARD.

327

Optical incremental encoder, 77, with
encoder circuitry and lamps powered
by single +5 or +6 Vdc supply. Out-
put signals compatible with DTL/
TTL. Available with complementary-
pair outputs to drive diff-amp boosters
that provide common-mode rejection
to minimize noise. Accuracy *1/50
count (pulse-to-pulse). Max shaft speed
5000 rpm. Cycles per turn 1500.
Counts per turn 6000. 1-7/16 X
2-5/16 in. dia. 5-1/2 oz. DYNAMICS
RESEARCH. 328

Transformers
& Inductors

2.5-kVA autotransformer, FT1001, with
a weight of 2.9 Ibs as a result of the
use of metal foil windings. 3.75 in.
wide by 4 in. high. Efficiency 92%
with an 0.8-power factor load. Regu-
lation 3.2% no load to full load. In-
put 115 V 400 Hz. ELECTRO CUBE.

246

Constant voltage transformers, for use
in regulated dc supplies. Units for dc
outputs of 5, 6, 12, 24, 28, 36, 48
and 120 V from 6 to 500 watts. Line
voltage regulation 1% for 100-130 V,
60 Hz. Short-circuit current limited to
twice rated current. SIGNAL TRANS-
FORMER. 247

Pulse transformer, with dual-in-line
package. Inductance 10 xH to 100 mH.
Turns ratio 1:1 to 10:1 with up to
4 windings. 50¢ to $1 (production qty).
POTTER. 248

Instrument transformer, NANOTRAN,
with a 50 to 1 reduction in micro-

¢  pEsORE @

NANOTRAN
INSTRUMENT
TRANSFORMER

STEVENS-ARNOLD INC.

phonics and a 30% size and weight

reduction. 190-dB common-mode re-
jection. Turns ratio 1:1 to 1:50.
STEVENS-ARNOLD. 249



New

Literature

Miniature transformers, induc-
tors for 36 applications in
Pulse Engineering short form.

346

Semi slice and dice in 98-pg

Transitron loose-leaf notebook

with process-flow diagrams.
347

Numeric readouts, panel indi-
cators in three Alco catalogs.
348

Op amps and other function
modules in Teledyne Philbrick
Nexus short form. 349

Entertainment semis in 52-pg

GE “Almanac.” 350
Rfi reduction in Deutsch 16
pager. 351

Metal-bonding problems/solu-
tions in Eastman Kodak 8
pager. 352

Air movers in Rotron 32 pager
with selection aids. 353

Flexible line in

transmission

medieval-
354

delightfully written,
style Andrew bulletin.

Programming and data-acqui-
sition products in Sealectro 12
pager. 355

Logic cards in Data Technol-
ogy 12-pg selection guide. 356

Precision-artwork services in
Systematic Design 4 pager. 357

Transformers and inductors in
Microtran 32 pager. 358

“Distortion Correction in Pre-
cision CRT Display Systems,”
16-pg Intronics app note. 359
“Cradle” and dual-inline reed
relays in two Allied Control
brochures. 360

Lighted pushbutton switches
and matching indicators in Dia-

light 28 pager. 361
Active-filter selection in 6-pg
Analog Devices app note. 362

3- and 4-digit DPMs in Electro-
Numerics 4 pager. 363

REMOTE
CONTROL

For safe, shock-free
remote control cir-
cuit applications.
Compact, plastic
case houses step-
down transformer &
relay. 115 VAC in-
put, 5A capability.
Available with U/L
approval. FR-105.

ALCOSWITCH

DIV. OF ALCO ELECTRONIC PRODUCTS,

e

MINIATURES

ISOLATION RELAY

u/L
AVAILABLE

INC., LAWRENCE, MASS.

Circle 118 on Reader Service Card

Yo MIINIATURES

Super miniature
proximity switch &
magnet assembly in-
cludes an encased
Alnico-5 magnet that
actuates the reed
switch within .39".
Rating @ 50 VDC:
150ma break, 500-
ma carry.

ALCOSWITCH®

DIV. OF ALCO ELECTRONIC PRODUCTS,

NORMALLY OPEN or

/M

NORMALLY CLOSED

INC., LAWRENCE, MASS

Circle 119 on Reader Service Card

A/D and D/A converters in
Varadyne data package. 364

Data-entry keyboards in Cherry
brochure and supplementary
bulletins. 365
FET chips in Siliconix 12-pg
catalog. 366

Tiny reed relays in Clare 17

pager. 367
Programmable calculators in
Wang 6-pg brochure. 368

Power supplies and converters
in CEA 32 pager. 369

Rack/panel connectors in Elco
brochure. 370

Transfer-function and imped-
ance measurement in General
Radio “Experimenter.” 371

Switches, connectors, other
electromechanical components
in Shigoto 32 pager. 372

capacitors in
373
Optoelectronic components and
displays in HP brochure. 374
Sequential logic tester in Tera-
dyne 24 pager. 375
Long-life fans in two Pamotor
brochures. 376
Varactor multipliers in Applied
Research 8 pager. 377
Gate-protected MOS FET de-
sign in 6-pg RCA app note.
378
Linear-IC chips in Silicon Gen-
eral 12-pg catalog. 379
Logic modules and accessories
in Computer Products data
packet. 380

A/D and D/A conversion in
Analogic 16 pager. 381

Precision film
Arco 28 pager.

terature
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Shielding Theory
Metex

While this won’t win prizes for
proofreading, it stands high as
a superb introduction to shield-
ing theory and practice. Though
it's modestly labeled a “data
sheet,” leading one to expect a
list of specs on the company's
shielding materials, it’s really
a fine tutorial text; the com-

pany’s name is mentioned only
in passing.

The 12-page booklet suffers
some from overambitiousness
on the part of the author. He
tries, not only to introduce
concepts of shielding, but also,
basic concepts of electronics.
One could reasonably expect
that a reader concerned with
reducing electromagnetic inter-
ference already knows what fre-
quency is and doesn’t need to
be told that | MHz = 10¢ Hz
or 10% kHz (incorrectly pre-
sented as 106 kHz and 103
Hz).

Aside from such excursions
into the too elementary, the
booklet is fine. It discusses con-
ducted and radiated interfer-
ence and the cures for each,
but it concentrates on radiated
interference.

It covers the two basic ef-
fects of a shield absorption
and reflection and shows
how each is influenced by
shield material and dimensions.
It follows through with an
analysis of the effects of the
wavelength and source imped-
ance of the interfering signal.

Throughout, the booklet
combines the practical with the
theoretical. Any designer with
equipment that generates inter-
ference or suffers the effects of
interference from foreign
sources should find this work
particularly valuable.

For a copy, circle 400.

New Design lIdeas
Unitrode

Some are not so new. But
they’re good. Basically, it's a
collection of some two dozen
circuit-design ideas that Uni-
trode has been publishing, one

at a time, for almost four
years.
In almost every case, the

format involves presentation of
a basic problem, its usual solu-
tion by classical or convention-
al circuitry, limitations of such
a solution, then “a new ap-
proach.” The new approach, as
one can understand, always in-
volves a component (in most
cases, a silicon controlled
switch) manufactured by Uni-



trode (and usually by other
vendors as well).

Each “new approach” in-
cludes a circuit diagram, fully
labeled with component values,
a description of circuit opera-
tion and comments on per-
formance.

In almost every case, the
circuits have very wide appeal,
but a few may be rather limit-
ed, especially today. For
example, one may question the
“wide use in the form of alpha-
numeric readouts, graphic dis-
play panels, and compact
indicator lights . . .” of elec-
troluminescent readouts. There
are at least some observers who
feel that EL readouts are all
but dead.

Despite one or two limited-
application circuits, the collec-
tion can prove most valuable.

For a copy, circle 401.

Fujitsu Pulse Motors
Icon

This is very much a mixed bag.
The content of this 82-page
manual is largely commercial,
as the title suggests, but there’s
a great deal of non-commercial
material that’s useful in design-
ing around anybody’s stepping
motors.

Fujitsu Pulse Motors

The typography is varied, be-
ing clear and clean in most
places, all but illegible in
others. This is due in part to
the varied quality of paper
stock, some of which is fair
and some a rather yellow news-
print stock. Finally, the proof-
reading and spelling leave a
bit to be desired.

The writing itself is clear.
The author discusses the ap-
plications, mostly in machine-
tool control, of electrical and
electrohydraulic stepping mo-
tors. He shows their key ad-
vantages over conventional
servo motors in terms of their
being digital devices rather
than analog units requiring
digital-to-analog conversion and
complex closed-loop feedback
circuitry.

The construction drawings
are, of course, valueless ex-
cept for the specific Fujitsu
motors under discussion, but
performance curves and scope
traces of response character-
istics provide good insight into
design considerations for use
with any steppers. The use of
more than 360 scope traces
shows similarities and differ-
ences that can be expected in
start and stop characteristics
and in step and pulse-train re-
sponse of motors with different
inertia ratings.

The general value of this
manual lies not so much, in it-
self but, unfortunately, in the
fact that other stepper-motor
vendors fail to provide such
extensive information on their
own units.

For a copy, circle 403.

Slides
Grant Pulley & Hardware

Here’s a surprise for those who
think they know all they need
to know (or want to know)
about chassis slides. There’s far
more to slides — from the
viewpoints of both selection and
application — than most of us
would suspect. This 28-page
booklet is quick to point it out.

In 13 brief chapters, the
authors cover slide applications
and selection considerations.
Most of the applications are
rather obvious and several
are quite specialized (like
those involving slides in truck
bodies and in helicopter sys-
tems). But sprinkled through
the obvious, we find quite a
few applications that are far
from routine and, indeed, can
prove to be simple solutions to
design problems that appear
complex.

The sections on design and
selection can prove useful, even
to a man with a good bit of
experience with slides. He
should find particularly useful
the chapters on “How to Select
the Correct Slide,” “How to
Avoid Designing a New Slide”
and “Increasing Slide Life.”

For a copy, circle 391.

" KEPCO TALKS
POWER SUPPLY
TECHNOLOGY:

THE LINEAR REGULATOR
Heat Removal vs. Dissipation Limiting vs. Derating

To make a voltage or current oblivious to the effects of
various bad influences, like a changing source, or a load
that can’t make up its mind, you have to either throw
away a lot of energy in a continuous or linear regulator
or resort to some pretty fancy switching to hold down
the dissipation.

Dissipation-limiting by switching action, whether it be
primary or secondary, SCR or transistor, at the source
frequency or higher, buffered or not, permits a given size
box to regulate more power than it would linearly — but
does so at the expense of: 1. Circuit complexity;
2. Slowed transient recovery; 3. Impaired program-
ming speed and an unfortunate tendency to generate
unwanted noise.

If the performance of your power supply is more im-
portant to you than efficiency, a linear regulator is the
best bet. But, a linear regulator has to get rid of an awful
lot of unwanted energy to do its job.

Getting this heat out, without baking everything crisply,
is a major aspect of power supply design. There are
several approaches.

1. Require the use of an external “heat sink.”

2. Specify that a certain volume of air be moved past
a radiator.

3. Derate the power supply as a function of tem-
perature.

All of these fall into the category of “let the customer
worry about it.”

THIS PATENTED KEPCO HEAT REMOVER BEATS OTHER SO-CALLED HEAT SINKS
BY 500%+ MEASURED IN TERMS OF TEMPERATURE RISE PER WATT DISSIPATED.

Fortunately, there is a fourth approach: Provide a
built-in heat sink with its OWN SOURCE OF MOVING
AIR right inside the box. This is the Kepco approach.
Our object is to exhaust the waste heat of a linear regu-
lator before it can raise the temperature inside the box
and cook its guts!

Doing this we avoid the complexity, noise, slow response
and unreliability of switching and accept the responsi-
bility for proper thermal design ourselves, leaving you
only the pleasure of using our power supply, not the
burden of finishing its thermal design.

Check our Catalog B—703 for hundreds of completely
designed power supplies that’ll operate to 71°C without
deratings while they regulate linearly.

KEPCQO,

Write Dept. DN—11

KEPCO, INC. « 131-38 SANFORD AVENUE » FLUSHING, N.Y. 11352
(212) 461-7000 » TWX #710-582-2631
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CIRCUIT
DESIGN

PROGRAM

UNUSUAL CIRCUITS [] 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 .

Simply circle the indicated number on the
reader service card. Submit your own circuit, too. The sub-
mitted circuits must be original with you and submitted for
publication exclusively to EEE. Mail to Circuit Design Program
Editor, EEE, 820 Second Ave., New York, N.Y. 10017.

W

s
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EEE readers have voted Leonard Accardi
winner of the $100 Savings Bond for Octo-
ber. The winning circuit design is ‘““Modified
710 maintains accuracy at high input volt-
ages.”” Mr Accardi is with Kollsman Instru-
ment in Elmhurst, N.Y.

Schmitt trigger uses two logic gates

To Vote For This Circuit
Circle 494

by Charles J. Ulrick
Collins Radio
Cedar Rapids, Iowa

TwoO TTL INVERTERS and a few
components are used in the
figure to form a Schmitt trig-
ger. The gates may be any type
of TTL inverter. They are con-
nected in series with a small-
value feedback resistor in the
common power-supply ground
lead.

The cascade connection of
the gates causes them to always
be in opposing logical states.

(EEE cannot assume responsibility for circuits shown nor represent

This causes a constant voltage
drop across the 22-Q resistor.
This drop results in a constant
offset voltage. The addition of
a second resistor at the output
terminal corrects this situation.
The extra current drawn
through the output resistor,
when the second gate is in the
zero state, causes an increase
in the feedback voltage. This
enhances the switching speed
of the first gate.

With the values shown, the
circuit has a positive-going
threshold of 2.4 V and a nega-
tive-going threshold of 2.0 V.
Threshold values and hysteresis
can be changed slightly by
varying the external resistors.

The normal load capacitance

100 pF
(SEE TEXT)

This Schmitt trigger is made from two TTL gates.

at the output results in ac | output capacitance, it may be
feedback. If the actual applica- | necessary to add a 100 pF
tion does not provide sufficient | from output to ground. ]

that they are free from patent infringements.)



Combined shift-register clock driver and power supply

To Vote For This Circuit
Circle 495

by M. E. Hoff, Jr. and
H. Johansson
Intel

Mountain View, Calif

IN SYSTEMS USING a small
number of MOS-shift registers,
in conjunction with TTL or
DTL logic, the shift registers
may be the only components
requiring a negative supply and
a 2-phase clock. The cost of
this extra supply may be saved
by using the pulse-transformer
clock driver shown in Fig. 1.

In Fig. 1, both clock phases,
¢, and ¢,, and the negative
supply for the shift register,

V,p are generated by an ex-

ternal TTL or DTL clock. The
clock-driver power supply op-
erates from a 5 V supply.

For phase 1 clock pulses,
Q, is driven into conduction.
Q,, normally held on by R,,
is cut off by the signal coupled
through C,. At the same time,
a negative pulse from the trans-
former (T,) secondary drives
clock line ¢h,, negative via diode
D,. When the output of the
TTL gate driving Q, goes low,
Q, is cut off and Q, is turned
on by C,. This sequence causes
the clock line (qbl) to be re-
turned to +5 V and completes
a ¢,-clock pulse cycle. At the
same time the clock pulse is
generated, D, charges C, pro-
ducing the negative supply
voltage V.

The ¢, circuit consisting of
0, @y Ty Diyand D is

Fig. 2. In the photo, the top trace is data output and the next
two traces are the two-phase clock signals. Data rate is 5 MHz
and clock rate is 2.5 MHz.

Fig. 1. This circuit supplies a two-phase clock voltage and a
negative supply for MOS-shift registers. It interfaces with DTL-
TTL logic and only requires +5 V.

identical to the ,-clock sec-
tion. The ¢h, circuit also con-
tributes to V.

For the widest frequency of
operation, no loads other than
shift registers (MOS) should
be operated from V,,. Shift
registers draw current only dur-
ing clock pulses, so that effec-
tive loading of each clock
pulse remains independent of
frequency.

This circuit has been operat-
ed without change of pulse

An inexpensive frequency doubler

To Vote For This Circuit
Circle 496

by Richard Slusher
Mostek Corporation
Carrolton, Texas

THE STANDARD transition de-
tector (Fig. 1), which detects
pulse transitions in only one
direction, can be made into a
frequency doubler. This change

can be instrumented by chang-
ing the NAND gate at the out-
put of Fig. 1 to an exclusive
OR gate (Fig. 2). This modifi-
cation allows the new circuit
to detect pulse transitions in
either direction. The width of
the output pulse is determined
by the delay in the inverters.
If longer pulse widths are de-
sired, a feedback capacitor
(shown by the dotted lines in

(Continued on page 56)

width from a 40-Hz to 5-MHz
data rate (clock rates of 20
Hz to 2.5 MHz). without loss
of stored data. Fig. 2 is a
photograph of waveforms in
a typical circuit for driving
two Intel 1402-type shift reg-
isters.

Each transformer consists of
a S-turn primary, a 15-turn
secondary (V) and a 8-turn
secondary (V,,) wound on a
Magnetic Inc. D41408-UGX73
cup core.

Fig. 1. This is the circuit of a transition detector using IC
logic gates.
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Fig. 2. Changing the output NAND to an exclusive OR converts
the circuit to a frequency doubler.

1k

Vee

Fig. 3. The circuit of Fig. 2 can be instrumented in a single
quad-exclusive OR IC.

Fig. 2) may be added. The | doubler in one package as
availability of quad-exclusive | shown in Fig. 3. These gates
OR gates enables the designer | are available in both TTL and
to implement the frequency | DTL. ]

Wide-range variable
pulse-width monostable

variable resistor permits a
To Vote For This Circuit | pulse-length adjustment of only
Circle 493 +15%. This new circuit varia-
tion considerably extends this
range (4.5 us - 4.5 ms).
by Chester W. Stoops The.clwgnge..as indicated on
NRL the c!rcmt diagram, lpermns
Orlands. Fiotida opelranon over a c_ommlvmusb
variable range. C, is varied in
A SLIGHT CHANGE in the ex- [ order to cover a wide range
ternal circuitry of the Motorola | of pulse widths. C, prevents
MC851P monostable permits | rounding off of the trailing
Sma/ll wide-range continuous opera- | edge of the pulse as R, is
; tion. The unmodified MC851P | increased. With the value of
gives complementary output | C, shown (0.001 wF), mini-
REED pulses that can be adjusted by | mum pulse length is 4.5 us.

the addition of external ca- | Rise and fall times of the out-

pacitors. The use of the rec- | put pulse are better than 100
ommended range of external | us. w

Wheelock probably has the reed relay
you’re looking for. Write for catalog
describing the Wheelock Big Family
of Small Relays

C2 0.00t yF FOR 4.5 ps MAX
0.01 pF FOR 45 ps MAX
0.1 pF FOR 450 ps MAX

1.0 pF FOR 4.5 ms MAX

SIGNALS, INC.
273 Branchport Ave.
Long Branch, N. J. — 201-222-6880 A simple modification of the MC851P monostable extends out-
put pulse widths from 4.5 us to 4.5 ms.
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Specialized
electronics

books from
Wiley-Interscience

APPLICATION
CONSIDER-
ATIONS FOR
LINEAR
INTEGRATED
CIRCUITS

Edited by
JERRY EIMBINDER
EEE Magazine

“Each of the twenty chapters is
written by an authority in his re-
spective field. Innumerable circuit
applications with key design tips
make this a useful volume for the
working engineer involved in linear

integrated circuits.” — Design Engi-
neering

1970 368 pages $16.50
DIFFERENTIAL
AMPLIFIERS

By LAWRENCE J. GIACOLETTO
Michigan State University

The author establishes a sound
basis for analyzing the performance
of these widely used electronic
components and covers the use of
electron tubes, and bipolar tran-
sistor, field-effect transistor, and
integrated circuits. Performance
considerations embrace unsymmet-
rical operation, thermal and large
signal considerations, multi-stage
operation, examination of limiting
performance, measurement of con-
ventional and conversion amplifica-
tions, noise, and stability.

1970 256 pages $12.95

HIGH-SPEED PULSE
CIRCUITS

By ARPAD BARNA, University of Hawaii
Based on a seminar series pre-
sented at the Stanford Linear Ac-
celerator Center, the ten chapters
of this book treat both theoretical
and practical aspects of high-speed
pulse circuitry. Ideal components
are discussed and the Laplace
transform is applied to the analysis
of transients in R-L-C circuits and
transmission lines. Risetimes of
cascaded circuits are presented in
terms of the Elmore risetime and
digital computer techniques are
introduced in the transient analysis
of an L-C ladder network. Limita-
tions of real components in high-
speed pulse circuits are sum-
marized, and transients in practical

transmission lines are discussed.
1970 200 pages $12.50

WILEY-INTERSCIENCE

A division of JOHN WILEY & SONS, Inc.,
605 Third Avenue, New York, N. Y. 10016.
In Canada: 22 Worcester Road, Rexdale,
Ontario.

Circle 122 on Reader Service Card

New
Books

Precision Measurement and Calibra-
tion—Statistical Concepts and Pro-
cedures, Vol 1 (forty papers on vari-
ous aspects of the subject, including
the concept of statistical control of
a measurement process and the use
of statistical design in physical ex-
perimentation), edited by Harry H.
Ku, National Bureau of Standards,
April 1969, 436 pages, $5.50. Order
SP-300, Vol. 1.

NASA Contributions to Bioinstru-
mentation Systems, Gershon Welt-
man et al., Spacelabs Inc. for NASA,
March 1969, 97 pages, $1. Order
NASA SP-5054, from Superintend-
ent of Documents, U.S. Govern-
ment Printing Office, Washington,
D. C. 20402.

NASA Contributions to Develop-
ment of Special-Purpose Thermo-
couples (describes thermocouples to
measure temperatures in solid mate-
rials and gases from near absolute
zero to 5,000°F), C. Eugene Moeller
et al., Midwest Research Institute
for NASA, November 1968, 94
pages, $1.25. Order NASA SP-5050
from Superintendent of Documents,
U. S. Government Printing Office,
Washington D. C. 20402.

Some Evolving Conventions and
Standards for Character Information
Coded in Six, Seven and Eight Bits,
John L. Little, May 1969, 22 pages,
35¢. Order Technical Note 478.

An Exploration of the Potential of
P-N Junction Devices for Transduc-
er Applications (evaluates response
to stress of unmounted semiconduc-
tor devices), M. E. Sikorski et al.,
Georgia Institute of Technology for
Navy, January 1969, 136 pages.
Order AD-682 204.

Synthesis of Distributed Wide-Band
Transistor Amplifiers by Computer
Techniques for Application to Mi-
crowave Integrated Circuits, [. L.
Chase and V. G. Gelnovatch, Army
Electronics Command, December
1968, 45 pages. Order AD-681 902.

MOS Field-Effect-Transistor Tech-
nology (results of research on con-
tact metallization technique compati-
ble with low-temp, low-pressure
circuit connection and other prob-
lems), J. L. Wallmark et al., RCA
for NASA, September 1968, 68
pages. Order N68-35193.

Completely
Packaged
Low Cost
Bi-Directional
Counters
Designed

for use with
Shaft Position
Encoders

Price
r decade $30.00 complete with bezel,
ilter, and housing. Quantity 100 decades

These versatile units are com-
pletely self-contained in a rug-
gedizedaluminum housing ready
for instant panel mounting. Only
input signals, 200 volts and 5
volts are required.

With the use of the following op-
tionsthe standard counter can be
tailored to meet specific appli-
cations at off-the-shelf prices.

Quadratureinput logic withx 1,
x 2,and x 4 capability

Plus-minus polarity detection
3, 4,5 or 6 digits of display

Carefullydesigned TTL circuits
and plug-in cards to provide
high noise immunity

Preload and preset capability

Count speed limited to five-
hundred KC for additional re-
liability in noisy environments

For complete literature or appli-
cation assistance call collect or
write Ted Chadurjian, INSTRU-
MENT DISPLAYS, INC., 18-36
GraniteStreet, Haverhill Mass.
01830 Tel. (617)374-0311
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CASES

CONNECTORS

CARD FRAMES

MODULE RACKS

VEROBOARD*

CARD HANDLES i i

FRONT PANELS Ie
Y

PANEL HANDLES i

VERO ELECTRONICS INC. T1wx510-227-8890
171 BRIDGE ROAD, HAUPPAUGE, N. Y. 11787 TEL: 516-234-0400

Canadian agent: Chapman Electronics Agency, P.O. Box 481, Kingston, Ontario « Tel: 613-389-1025

DELIVERY
FROM
STOCK

MODULE RACK
SYSTEM 1A

Attractive finish & modern styling.

Great versatility, over 1000 possible
combinations.

5Ya”, 7”7, 834" High.

11”7 and 14” Deep.

17, 27, 4”7, 6", 8”, 16” wide modules
Suitable for standard 19” mounting.
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1+1=1

The Formula for Making
Teledyne’'s New Dual
Monolithic Transistor

Conventional dual transistors
consist of two electrically and
physically isolated chips. When
two transistors are diffused on
the same chip, they act as a
single device and out-perform
the conventional transistor pair
in all critical categories. Current
gain is more closely matched
and parameter and temperature
tracking far surpass the per-
formance capabilities of the dual
transistor. Graphically depicted
below, Teledyne’s dual mono-
lithic transistor has much tighter
thermal coupling over the con-
ventional pair by a factor of four.
Teledyne Semiconductor has
designed its dual monolithic
transistors for superior per-
formance in differential amplifier
type applications, so if your

TELEDYNE FIELD SALES OFFICES: Palo Alto, California (415) 321-4681
California (714) 635-3171 « Dallas, Texas (214) 357-0259 « Des Plaines, lllinois (312) 299-6196 » Westwood, Massachusetts (617)
326-6600 + Lutherville, Maryland (301) 825-1920 « Little Falls, New Jersey (201) 256-8557 * Wappingers Falls, New York (914)
297-4316 + Winter Park, Florida (305) 647-7813 « Dayton, Ohio (513) 298-7207 « Liverpool, New York (315) 622-2021 * Wiesbaden,

Germany 370243 « Hong Kong K 207764.

design needs fall into this
category, call your local Teledyne
field sales office or circle our
inquiry card number for new
application notes and data
sheets. Teledyne Semiconductor,
for high quality components,
better prices and faster delivery.

2 IN2453
A

o 2N2453
i

¢ ST SR T, R S, T
B 10 12 14 186 18 20 V, (Volts)

o
2
-

« Hawthorne,

Their No. Our No.
2N2913 SA2913
2N2914 SA2914
2N2915 SA2915
2N2915A SA2915A
2N2916 SA2916
2N2916A SA2916A
2N2917 SA2917
2N2918 SA2918
2N2919 SA2919
2N2919A SA2919A
2N2920 SA2920
2N2920A SA2920A
2N2453 SA2453
2N2453A SA2453A
2N2642 SA2642
"“» TELEDYNE
SEMICONDUCTOR

12515 Chadron Ave.
Hawthorne, Calif. 90250
Phone: (213) 772-4551
TWX: (910) 325-6217

California (213) 772-4551 « Anaheim,
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RCA Linear IC Arrays: performance,
dependability, and versatility in application.

Here are ten important answers to
some of your most pressing circuit
design problems. These monolithic,
active-device arrays combine the at-
tributes of integrated circuits with the
design flexibility and accessibility of
discrete devices.

In this series of transistor and diode
arrays, you get the economy and avail-
ability of mature devices. But you are
in no way locked into a circuit config-

uration which may not meet the re-
quirements of your application.

RCA IC Arrays offer four, five or six
transistors in three package styles; six
diodes in bridge configuration or as
an array of independent diodes.

For new design freedom, for excel-
lent device matching and temperature
tracking, for significant savings—look
into these RCA IC Arrays.

For further information, see your

local RCA Representative or your RCA
Distributor. For a copy of RCA's In-
tegrated Circuit Product Guide (or a
specific technical bulletin by File No.)
write RCA, Commercial Engineering,
Section 51L /CA37, Harrison, New
Jersey 07029. International: RCA, 2-4
rue du Liévre, 1227 Geneva, Switzer-
land, or P.O. Box 112, Hong Kong.
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CA3045 CA3046

Technical Price
Bulletin  (1000-unit
File No. level)

S .98

Device
Type Package

CA3018 12-lead TO-5 Two isolated 338
transistors and
Darlington-connected
transistor pair

Description
CA3018

A
CA30I8A CA3036

CA3018A 12-lead TO-5 Premium version of

CA3018

CA3019 10-lead TO-5 One diode-quad,
two isolated diodes

CA3026 Dual differential

amplifier

12-lead T0-5

CA3036 10-lead T0-5
CA3039 12-iead T0-5 Six matched diodes

CA3045 14-lead DIL
ceramic

Dual Darlington array

Differential amplifier
and three isolated
transistors

JBSTRATE
AND CASE

SUBSTRATE

CA3046
AND CASE

14-lead DIL
plastic

Differential amplifier
and three isolated
transistors

CA3019 CA3039

CA3049 12-lead T0-5 Dual independent
differential RF/IF

amplifiers

CA3054 14-lead DIL

plastic

Dual independent
differential amplifiers

CA3054

sussTRATE (9)

SUBSTRATE
AND CASE e AND CASE

CA3026 CA3049

Integrated Circuits



