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Miniature switches .
squeeze into tight spaces
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Introducing the rotary slide switch for PC boards.
Ten positions. Multi-circuit switching. Low profile package.

Snap-in-stop - LRotor

Siemens is introducing a completely
I' new kind of programming switch for

35 closely racked PC boards and for other

' tight-space applications.

To set the switch just snap open its
transparent dust cover and twist the
rotor with a screwdriver. This moves
the switching element linearly fromone
of the detented positions to another.

CIRCLE NO. 1

The compact switch has ten pairs of
gold-plated contacts and is available
with additional rotors for independent
switching of up to three circuits. Easy-
to-insert snap-in stops separate circuits.
Siemens Corporation,

186 Wood Ave. So., §
Iselin, N.J. 08830.
Call 201-494-1000. SIEMENS



DUAL-INLINE-PACKAGED REED RELAYS

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

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

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

Magnecraft'smcm.c COMPANY

5575 NORTH LYNCH AVENUE ¢ CHICAGO, ILLINOIS 60630 « 312 « 282-5500 » TWX-910 221 5221

REED RELAY
HANDBOOK

The purpose of this 120-page handbook is to assist the

design engineer in specifying the proper reed relay for

a given application. The book contains a glossary of

terms, principles of operation, applications and design

requirements as well as specifying and testing data. New

products include the complete line of DIP Reed Relays.
See you at |IEEE Booth 1408
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Sorensen solutions to
line voltage problems.

Whether you have brownout, line noise, or other AC problems, Sorensen has the solutions. .. ACR
regulators and FR conditioners. Both help end costly equipment downtime, or even catastrophic
failure. L1 The ACR Series is an amazing combination of price, power, performance, packaging, and

ruggedness. Eight models cover

s " ACR Series
the field. With 0.5to 15 kVA,
5 d Output Input Voltage Regulation
re.mOTe SenSIng an pr'o_grom_ Voltage (Vac) Voltage | Freq
ming, and full load efficiency to Model | (SettableRange) | VA | (Vac) | (Hzl | Line load | Price*
95%. L] FR's are something else. ACRS00 500 +01% +0.1% | $ 380
| ; ACR1000 1000 +0.1% +0.1% | $ 450
Fast! Response and impulse ACR2000 2000 +0.1%, +0.1% | $ 575
T . ACR3000 110 3000 95 | 47.53 | £01% +01% | $ 700
Seﬁlmg time: 50 microseconds or ACR5000 to 5000 to or | £0.15% +0.15% | $ 850
less. 100 decibels of common ACR7500 120 7500 130 | 57-63 | +0.15% +0.15% | $1025
ol : : ACR10000 10000 +0.15% +0.15% | $1450
mode rejection. Harmonic dis- ACRIS000 15000 10.15% | +015% | $1775
tortion of 0.2%. Regulation to FR Series
005% PeOk OmpliTUde InSTOblllfy Qutput Input
Of leSS ThOn OO] % 25 crest Voltage Voltage (Vac) Freq Combined
5 . Model (Vac) VA (Switch Selectable) (Hz) Regulation | Price*®
factor. With FR, you get just what
i il FR516A **| 115 500 | 95-115/105-125/115.135 | 59-61 | =40.05% | $ 925
you want — pure AC power. [] FRIOT6A | 115 1000 | 95-115/105-125/115-135 | 57-63 | £0.05% | $1500
. FRIOISA | 115 1000 | 95-115/105-125/115-135 | 47-53 | =£0.05% | $1500
Sorensen offers more. Solid FRI026A | 230 (1150pt) | 1000 | 190-230/210-250/230-270 .| 57-63 | =0.05% | $1650
state circuitry, conservative FR1025A | 230 (1150pt) | 1000 | 190-230/210-250/230-270 | 47-53 | =£0.05% | $1650
A FR2516A | 115 2500 | 95-115/105-125/115-135 | 57-63 | +0.05% | $3425
thermal design, compact packag- | fesisa | 11s 2500 | 95-115/105-125/115-135 | 47-53 | =4:0.05% | $3425
: FR2526A | 230 (1150pt) | 2500 | 190-230/210-250/200-270 | 57-63 | =£0.05% | $3650
ing. See the table below. For FR2525A | 230 (1150pt) | 2500 | 190-230/210-250/230-270 | 47-53 | =40.05% | $3650
more compleTe data, write FR5016A | 115 5000 | 95-115/105-125/115-135 | 57-63 | +£0.05% | $6800
FR5015A | 115 5000 | 95-115/105.125/115.135 | 47.53 | =+0.05% | $6800

Sorensen Power Supplies, e *USA List

Raytheon Company, 676 Island
Pond Road, Manchester, N.H. ar ensen
03103. Telephone (603) 668-1600. POWER SUPPLIES
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*method of reducing
sfixed resistor costs.

T

You can't blame engineers or
purchasing agents for trying to
save every last penny on re-
sistors these days. But lowest
price doesn’'t necessarily mean
lowest cost. For example, most
manufacturer’'s color bands
won't stand up to the cleaning
methods used to remove ex-
cess flux. Or they darken and
become illegible from the heat

EC71-25 © Allen-Bradley 1971

produced in normal usage. This
can mean costly identification
errors on your production line.
The unnecessary expense of
rework. Our solution? A-B quali-
ty. Bright, crisp identification of
Allen-Bradley’'s specially for-
mulated paints. Baked on to
stay on. Designed to resist
aging. Discover the other ways
tosave money. Ask your nearest

A-B distributor for our free
booklet “7 ways to tell the dif-
ference in fixed resistors!” Or
write Allen-Bradley Electronics
Division, 1201 South Second
Street, Milwaukee, Wisconsin
53204. Export: Bloomfield,
New Jersey 07003. Canada:
Galt, Ontario. United Kingdom:
Bletchley, Bucks.

ALLEN-BRADLEY
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IC’s let you make your board smaller.

CORDIP component networks let you
make your board even smaller.

With Corning's new CORDIP component
networks, all the space-saving and insertion
cost-reducing benetits of IC's are extended
to outboard discretes.

Not a screened network, but a network
of discrete resistors, capacitors, and diodes in a
dual in-line package.

With up to 20 components in a standard
14-pin package. Upto 23 in a 16-pin package.
With all inter-connections-inside the pre-tested
package.

So you get greater reliability, have fewer
parts to order and keep track of. And get rid of
production-handling errors.

CORDIP component networks are fully
compatible with automatic |C sequencing
insertion equipment,too.

.

With CORDIP component networks it's
simple to put more circuitry on the same board
or the same circuitry on a smaller board.

CORDIP component networks. They save
you a lot more space and a lot more work.

Write or call for complete technical
specifications.

Corning Glass Works, Electronic Products
Division, Corning, New York 14830.

(607) 962-4444, Ext. 8684,

SPECIFICATIONS

Resistors Capacitors Diodes

Range 10Q-150K  10-27,000 pF ~ Low
5 Signal

Tolerance from 1% from 5% i

ilicon
e from 50 ppm + 2%, —10% Bt
Ratio >150000 >2700:1  Types

CORDIP" COMPONENT NETWORKS
From

CORNING

ELECTRONICS
CIRCLE NO. 5
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DESIGN NEWS

R&D famine leaves ISSCC in rut, but some new

EDN developments €MEer e . .« < i v ivvviis e iiic s s s insoins 18
Memory topics cover wide span at ISSCC . . . No-tuneup 50,000 mile ignition system
helps cut auto pollution . . . Solar energy holds promise of long-life lasers for use in

space communications.

DESIGN FEATURES

Miniature switches shrink in size yet pack a lot of punch ....... 28
A brief look at what's available in miniature switches shows that they are getting smaller
and smaller, however, they carry loads equal to their big brothers.

Low-power digital phase-locked-loop utilizes CMOS logic ... ... 36
Phase locking can improve data transmitting efficiency greatly, and with this circuit the
penalty is only 10 mW of power.
Keeping up with new dimensions in IC applications ........... 42
2o Here are some selected papers culled from the program of EDN/EEE’s recent seminar on
et L st spades . integrated circuit applications.
s Two-tone test generator delivers high-purity output ... ... ... .. 50
Here’s how to design a test generator that produces two audio signals and combines
CO\/ ER them in such a way that all harmonics and cross-products are negligible.
The vast array of miniature switches Design complex active filters with these few equations . .. ... ... 53

available to designers is highlighted in  reak active filters into standard two-pole sections. You can reduce the number of de-
photo supplled courtesy of Cutler-  sign equations and therefore the design effort.
Hammer, Milwaukee, Wisconsin,

Donald N. Emmerich, photographer. Can an EE use market forecasts to plan his career? .......... .. 56
See story on p. 28. Design engineers owe it to themselves to forecast the markets for their services and to
plan their personal careers accordingly.
CIRCUIT DESIGN AWARD ENTRIES . ...................... 62
Low-cost IR system detects intruders . . . Single IC makes high-level logic probe . . .
Phase modulator has broad bandwidth . . . High-speed circuit converts binary.
IEEE/INTERCON SPECIAL REPORT .. ... .. ... .............. 66

EDN/EEE previews the highlights of the technical sessions and then takes you on a tour
of the exhibits.

PROGRESS IN PRODUCTS

High-voltage monolithic technology permits
200V gas display driVers: . : - cos o comumnnes ssmmsmes o 89

Algebraic calculator uses conversational language . . . Active filters come in custom va-
rieties with almost off-the-shelf delivery.

DESIGN PRODUCTS

Semiconductors . . 92 Components/Materials . . 94
Equipment . . 98 Computer Products . . 102 Circuits . . 105

DESIGN DEPARTMENTS

The Editor’s Column 9 Literature 107  Application Notes 111

. . .
v Index to Ads, Application Notes, Products and Literature ...... 112
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Everybody wants your
components business.

But were doing
6 things to earn it.

We build extra reliability
into all our components.
Documented reliability
from ER through industrial, from
precision through general
purpose. To let you build extra
reliability into all of your systems.
Our pricing is more than
just competitive. If it
weren't, why else would
our customers have made us the
largest supplier of metal film
resistors in the country? And
that metal film market includes
glazed resistors.
We insist on delivery you
can count on. Our “ball
parks” are dependable.
And our distributors provide
oft-the-shelf delivery from an
inventory in excess of 50,000,000

components. To let you reduce
expediting and inventory levels.
Our QC and unique
product configurations
make your production
more efficient. Many of our cus-
tomers find they can totally elim-
inate incoming QC testing of our
parts. Others find our parts
greatly simplify both hand
insertion and automatic insertion
operations.
Our new products can
give you better alterna-
tives. Like our FAIL-
SAFE™flame proof resistors.
They open —never short —
under overload. Plus they're
economical replacements for
non-inductive and semi-precision
power wirewounds.

We back everything with

the best support team in

the business. We have the
industry’s largest technically-
trained field force. And a select
team of the industry’s most
service-oriented distributors.
Because we know it takes top
service to compete for your
business.

Like everyone, we want
your components business. But
we're intent on doing more to
earn it. Let us prove how much
more on your next project.
Write: Corning Glass Works,
Electronic Products Division,
Corning, New York 14830 or Call:
(607) 962-4444, Extension 8381

CORNING

ELECTR ONINCYS

Resistors & Capacitors

for guys who cant stand failures
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SAVE /| GAIN

$$S$ / performance

over any other 50-MHz,

plug-in oscilloscope.
50-MHz oscilloscope with: $2200

5-mV dual-trace amplifier and delaying sweep . ...

5-mV dual-trace amplifier and single time base ........ 1 9 O O
5-mV single-trace amplifier and single time base ....... 1 6 7 O

AND LOOK AT THESE BONUSES: [2(3 plug-in compartments and

mainframe mode switching
[2(61/2 inch CRT — 50% larger

@ ‘@f:f"" than 8 x 10 cm CRT’s
" ™ time bases have 5 ns/div
sweep rate

szamplifiers and time bases
accurate within 2%

~ high writing-rate CRT
gives a brighter trace

5%a-inch rackmount version

If you wish, select a plug-in for the second
vertical compartment to give you 10 xV/div at
1MHz or 1 mV/div at 55 MHz or 1 mA/div at
55 MHz or another dual-trace unit for 4-trace
capability, etc., etc. Plug-in prices start at a
low $270. Call your nearby TEKTRONIX Field
Engineer today for a demonstration, or write:
Tektronix, Inc., P.O. Box 500, Beaverton, Ore-

gon 97005.

7408N: Oscilloscope: i« wsissin s v $950
R7403N Oscilloscope ................ $1050
7A18 Dual-Trace Amplifier, Option 1 .... $500
7A15 Single-Trace Amplifier .......... $270
7B53N Dual Time Base ............... $750

TE KT n o N Ix® 7B50. TiMe Base ... ouidandhbie s $450
U.S. Sales Prices FOB Beaverton, Oregon
- committed to TEKTRONIX lease and rental programs are available in U.S.
technical excellence

CIRCLE NO. 7
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Editorial

Do we really want to scuttle the shuttle

While visiting a large electronics plant recently, we overheard a heated argu-
ment between two engineers over NASA's proposed space shuttle.

One fellow was for the development of the shuttle because, as he put it, ““the
aerospace industry needs the program to get back on its feet.” The other engi-
neer was opposed because he felt it would result in the 1960’s all over again—
with a booming aerospace business, lots of jobs and high pay, and then BOOM —
the bottom would fall out.

Both of these positions have some merit and were honest expressions, we're
sure, of how the two engineers felt. (We found out that both had at one time
worked in the aerospace industry.) We question, though, whether the future of
the space shuttle should be argued on the basis of whether it's good for the aer-
ospace industry, or how many jobs it would provide and for how long.

No doubt about it. The shuttle, if developed, will represent vast Federal ex-
penditures. NASA’s present plans call for the program to be carried out over the
next six years at a total cost of about $5.5 billion. To date almost $200 million
of this has been appropriated, with another $227.9 million requested this year
for Fiscal 1973. This leaves over $5 billion to go, which is a lot of bucks no mat-
ter how you look at it.

The critical question, it seems to us, is what will we get for the money? And
will it represent an investment in the future or a giant boondoggle?

As we see it, there are good, substantial reasons for going ahead with the
space shuttle. First, given any reasonable amount of space activity in the future,
the shuttle should make manned and large unmanned launchings less complex
and costly thanks to its reusable nature.

Second, the shuttle will make it possible to do things in space which are now
impossible. And this includes scientific, civilian and military applications. For
example, communications and weather satellites could be repaired or modified
while in orbit. This would not only save money, but would make it practical to
develop satellite systems with much greater capability than we now have.

The shuttle would also make it possible for nations now excluded from space
because of the exorbitant launching costs to participate in the scientific end of
space exploration. This is no small goal, inasmuch as the Earth and its space
environs belong to all nations, and we Americans have no monopoly on scien-
tific wisdom and expertise.

Notwithstanding the fact that we have all sorts of social and environmental
problems that could use large doses of Federal funds, we feel that the space
shuttle represents a worthwhile program for the 1970’s.

Ao Gor

EDITOR



New Miniature

Open Frame

DRY REED
BABCOCK RELAYS...
Greater Sensitivity, Low Cost,

SERIES T

Fast Deliverq!

These new, miniature
Babcock open frame
dry reed relay series
offer the engineer a
wide variety of
configurations to
meet virtually any
design requirement.
High sensitivity,
low-cost, extremely
fast switching speeds
to 0.5 ms., low power
consumption, high
density packaging,
and a reliable long
life to 100,000,000
operations are
among the many
features. From 1 to

6 contacts, in forms
A,Band C—or
combinations —

provide greater in-
system versatility.
These models are
rated from 3 to 10
watts, for switching
28 to 250 VDC, at
0.25 and 0.50 amp.
Other configurations
— mercury-wetted,
R.F., high voltage —
are available.
Magnetic and/or
electrostatic
shielding are optional
on axial-lead
versions.

About Delivery —
off-the-shelf for
standard units, and
only 2 weeks for
specials.

Get complete
technical data on
these miniature
Babcock reed relays
today from Babcock
Control Products,
Babcock Electronics
Corp., Subs. of
Esterline Corp.,
3501 No. Harbor
Blvd., Costa Mesa,
Calif. 92626 — or
better still, call

(714) 540-1234.

B

\ &
MIL-R-6106 MIL-R-5757 Timers/Sensors and Dry Reed

Mercury-Wetted

i

2A Industrial 20A Industrial

BABCOCK

A UNIT OF ESTERLINE CORPORATION
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ers for low-15¢

There’s not much sense in using cheap
wirewound or carbon trimmers anymore.
Not when the new Helipot Series 91 Cermet
Trimmers are available off-the-shelf for a
few cents more.

These single-turn, 3", covered trimmers
come in 10 different mounting styles and
19 standard resistance values from 10
ohms to 2 megohms. Covered
construction helps protect
against moisture, corrosive at-
mospheres, dust, oil and other

Beckman®

INSTRUMENTS, INC.
HELIPOT DIVISION

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

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

Send now for complete data on the
Series 91 Trimmers...the finest of their
class. We’ve made them for
your projects where the budget
may be tight, but you don’t want
to compromise performance.

Fullerton, Californio

HELPING SCIENCE AND INDUSTRY IMPROVE THE QUALITY OF LIFE

INTERNATIONAL SUBSIDIARIES: AMSTERDAM: CAPE TOWN: GENEVA GLENROTHES SCOTLAND MEXICO CITY: MUNICH; PARIS; STOCKHOLM; TOKYO: VIENNA
CIRCLE NO. 9



P&B solid state

hybrid relays work

- upto100timeslonger
than conventional relays.

More than10’operations.




The expected minimum life of
P&B Solid State Hybrid Relays is
in excess of 10 million operations
for standard load current and
ambienttemperature combina-
tions.

This uncommon longevity, plus
exceptional reliability and a wide
range of switching options, offers
solutions to many critical switch-
ing problems. For example, you
caninterface semiconductorlogic
circuits with inductive loads like
motors, solenoids and contactors.

P&B Solid State Hybrids will
switch up to 7 ampere loads with
input control signals as low as
60 microwatts. And they come in
a variety of package sizes and
terminal styles.

Special triac, special reed
P&B Hybrids owe much of their
reliability and outstanding per-
formance to the combining of a
reed relay and triac, each having
characteristics specially selected
to complement the other. This
careful mating of semiconductor
and relay greatly enhances the
reliability of each and, in com-
bination, produces a switching
function of consistently superior
performance.

Special snubber network
The internal RC network across
the ‘““contact” is tailored to the

triac specifications and ““contact”
load ratings to limit sporadic,
transient-induced conduction, to
provide reliable turn-off of induc-
tive loads, yet to minimize the
off-state 60 Hz leakage current.

EBT Series switches
7 amps, 60 Hz @
25° C ambient
with normal load
voltage of 120 V.
Rated 5 amps.
rms 60 Hz @
55° C ambient.
Operate time, 2
msec. Release time,
10 msec. Coil voltages

from 6 to 48 VDC at nominal
power of 290 mW. Has conven-
tional octal-type plug-in terminals
for mounting convenience. Fits
P&B KR Series 8-pin sockets for
conversion to screw terminals.

EBA Series has the same switch-
ing characteristics, package and
mounting of EBT,

but with con- &
trol signal
amplifier.
Standard
sensitivity
is 60 micro-
watts. Requires
12,18, or 24 VDC supply.

ECT Series has similar specifi-
cations as EBT but with a special

P&B makes more of more kinds of relays
than anybody in the business.

Anybody.

CIRCLE NO. 10

package designed i
for direct to :
chassis mount-
ing. Widely
used in busi-
ness machines ———

and appliances. The ECT has
quick-connect terminals. Screw-
terminal adapters available.

JDB Series is a Dual Thin-Line
reed-triggered triac for use on
printed circuit boards. Designed
for interfacing solid state circuits
to 120 V 60 Hz
loads such as
contactors,
fractional
HP motors "
and solenoids.
Form A contacts will swﬁch [ 4
amps. at 25° C ambient or 1.0 A
rms 60 Hz at 55° C ambient.

Potter & Brumfield Solid State
Hybrid relays are available from
leading electronic parts distrib-
utors. For complete informa-
tion call or write your near-
est P&B representative or
» Potter & Brumfield Division
p of AMF Incorporated, Prince-

ton, Indiana 47670. Telephone
812 385-5251. In Europe, AMF
International Limited, Oxford,
Oxon, England and AMF Elec-
trica, S.p.A., Milan, Italy.

AMF

Potter & Brumﬂeld




Electrocube metallized

mylarcapacitors are first
with the least.

We mean the least volume. As little as 39% of standard
units. A 2.0 mfd 100 VDC unit is only .25 x .34 x .78 instead
of .33 x .49 x .95. Look at the before and after comparisons
below. And they’'re smaller without changing performance
or price.

Capacitance values are from .0010 to 50.0 mfd. Voltage
ratings are 100, 200, 400 and 600 VDC. More than 840
case sizes and six case styles, including epoxy and her-
metically sealed metal cases are available in this new
230 series. We're ready to ship them from stock in small
quantities, and in 4-5 weeks for production.

Our 230 series is first with the least, but some of our
other series were first with the most. Like our full lines of
AC rated metallized polycarbonate, and 50 V metallized
polycarbonate capacitors. See brief descriptions at the
right.

E ™

e
083

2

o
2.0%30% 100%

230818 705M
149

fieey,
Ofay
210kvg

2,

50 V metallized poly-
carbonate

Smallest polycarbon-
ate capacitors. As much
as 30% less volume.
.33 x .73 instead of .47
x 1.20 for 1.0 mfd units,
for example. Values
range from .0010 to
50.0 mfd. More than 140
standard case sizes,
and ten case styles are
available.

.t
o
N

(6O18195Z9

AC rated metallized polycarbonate

241 different units. Values from
.0010 to 2.0 mfd, for 115 VAC, 400
Hz. Six case styles are available.
But the real plus is full AC rating.
Every unit is manufactured, tested
and screened for AC operation.

These aren't just derated DC units.

We'll send you data sheets and a
bulletin that discusses problems in
using DC capacitors for AC appli-
cations.

DIP packaging

Up to eight different capacitors in
a case .33 x .38 x .815 inch. Eight
0.1 mfd 50 VDC metallized polycar-
bonate or .068 mfd 100 VDC metal-
lized mylar, for example.

Call (213) 283-0511, TWX 910-
589-1609, or write to 1710 South Del
Mar Avenue, San Gabriel, California
91776.

& clectrocube

CIRCLE NO. 11

14

Capacitors, EMI filters,
RC networks, transformers, ballasts
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BRAND

SUBSTRATES

Many advanced ceramic substrate mate-
rials for thick film, thin film and micro-
wave applications are available to suit
your exacting requirements. Many sizes
are stocked for immediate delivery.
Custom prototypes can be quickly
manufactured. High volume production
fulfills your needs. New Bulletin 712
on request or phone 803/682-3215.

SNAP-STRATES

Originated by American Lava, these
monolithic parts can be snapped into
individual substrates after circuit work
is completed. Tooled Snap-Strates per-
mit odd shapes, holes, slots, etc. Laser
Snap-Strates permit very small or
thin parts of great accuracy.

Phone 803/682-3215.

CIRCLE NO. 81

O COMPONENTS FOR HYBRIDS

CUSTOM
METALLIZING

Tailored for maximum bond strength
on wide choice of our own ceramic
compositions inchuding Black Alumina,
White Alumina and Beryllia. All pop-
ular metallizations are offered applied
by both precision generation and photo-
etching. Phone 615/265-3411.
CIRCLE NO. 82

BERYLLIA
SUBSTRATES

Heat dissipation your major problem?
Investigate beryllia substrates. We are
in volume production on BeO substrates
and heat sinks and can meet ‘“fast
turn-around” requirements. Stock items
for immediate shipment let you make
quick and economical tests.

Phone 615/265-3411.

CIRCLE NO. 83

CAPACITOR
CHIPS

Single or multilayer, custom made or
stock. Diced chips from 1 pf to .05
mfd. Sizes .020” square and up. Multi-
Cap® capacitors in all EIA preferred
sizes, .080” x .050” and up. Available
in T'C compositions from P120 to N5600
and in all high dielectric constant mate-
rials. Bulletins 689 and 694 on request.
Phone 803/682-3215.
CIRCLE NO. 84

APPROX. ACTUAL SIZE

MULTILAYER
COMPOSITE SUBSTRATES

Monolithic multilayered structures with
buried conductors permit a customized
top layer for complex, custom designed,
high reliability thick or thin film cir-
cuits. The conductive patterns are sep-
arated and insulated by planes of high
alumina ceramic . . . NO glass. Also
used for high quality hybrid packages
and bases for complex Multi-Chip cir-
cuits. Phone 615/265-3411.

CIRCLE NO. 85

70th
YEAR
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Select-Compare Data Register
Total Quiescent Power Dissipation 25 uW @ 5 V (Voo)

DATA A
CLOCK A

4-hit register A

MC 14015
Dual 4-bit

4-bit register B

" TOP NOISE IMMUNITY,

WIDE SUPPLY VOLTAGE RANGE

DATA B

CLOCK B

RESET A A A A A register B B, By Bs RESET B
ol Ll
e —— =——u OPERATION
M A A A B B2 B By CODE OUTPUT
SELECT A>——  MC 14519 .
Ka mm&%n Ka [ K [V 0,
SELECT B>—————\Ks (Quad 2:input digital muliplier) R K (R L
ol . Dy s ofoftf 1
:ﬁ‘ﬁi\: sl el &
INVERT + ++ =1 1 Lol A
L MC 14507 L ol1lol B,
Quad
Exclusive (78 s ] U 1
OR 1{1]o0 [rn®@s.
J 0 y b 111 [aes,
Q Q2 Q Q4
McMOS FAMILY
Motorola Replaces Price
Device # Function Pin for Pin (100-999)
MC14001AL Quad 2-Input CD4001AD $ 4.15
MC14001CL NOR gate CD4001AE 1.18
MC14002AL Dual 4-Input CD4002AD 4.30
MC14002CL NOR gate CD4002AE 1.22
MC14011AL Quad 2-Input CD4011AD 4.15
MC14011CL NAND gate CD4011AE 1.18
MC14012AL Dual 4-Input CD4012AD 4.30
MC14012CL NAND gate CD4012AE 1.22
MC14013AL Dual type D CD4013AD 5.95
MC14013CL Flip-Flop CD4013AE 2.40
MC14015AL Dual 4-bit shift register CD4015AD 12.65
MC14015CL serial in/parallel out CD4015AE 5.60
MC14507AL Quad Exclusive-OR CD4030AD 4.74
MC14507CL gate CD4030AE 1.86
64-bit RAM — 25.00

MCM14505L

CIRCLE NO. 12

SIMPLIFY
LOW POWER
DESIGNS

McMOS* is Motorola's growing complementary
MOS family. It's designed to provide a combination of
benefits other digital technologies can't. McMOS is
expanding in a manner designed to create a system-
optimized family of functions, combining the most
popular and useful second-sourced units with original
devices to fill the gaps. McMOS can simplify your
designs, and reduce system costs.

McMOS has the lowest quiescent power dissipa-
tion of any logic form — only 10 nW per gate, and
the best available noise immunity — 459% of Vpp.
That's mighty good when you consider the 3 to 18 V
power supply range (3-18 V for the AL series and
3-16 V for the CL series).

No wonder this Select-Compare Data Register for
industrial control systems or computers has a total
quiescent power dissipation of just 25 uW at 5 Vpp
and operates virtually regulation free over a 3 to 18 V
range.

It's also worth noting that McMOS is available in
an unusually wide —40° to +85°C commercial tem-
perature range, and the standard —55° to +125°C
mil temperature range. A McMOS system requires
only a single-phase clock and a single positive or
negative power supply. It's logic level compatible
with TTL, too.

Reduced system costs? Save on power (no cool-
ing requirements) and save on voltage regulation.
MSI practicality with McMOS means save on package
count. As more and more designers start using it,
even the purchase price will be a saver.

Find out more about McMOS by writing to Moto-
rola Semiconductor Products Inc., P.O. Box 20912,
Phoenix, AZ 85036, or circle the reader service
number. Buy McMOS from the nearest Motorola
Semiconductor Sales Office or distributor.

*TRADEMARK OF MOTOROLA INC.

MOTOROLA MOS

Directions in digital designs *



141T Variable persistance and storage.
Gives bright, high-resolution traces at
slow scans, $1800. Also available:
economical normal persistance and large

screen displays. /

8556A Tuning Section,
20 Hz—300KHz,

with built-in tracking
generator, $1690,

8552B
High Resolution
IF Section
has 10 Hz
bandwidth,
manual scan,
two log plus
linear scales,
$2950.
Lower cost unit
(8552A, $2275)
also available.

HP’sFamily

or how to add extravalue to spectrum analysis.

With HP’s neatly-interrelated
spectrum analyzers, you can take your choice
of tuning sections, displays and companion
instruments to tailor a system for your
measurement needs — all the way from
20 Hz to 40 GHz. Then, as your requirements
expand, re-configure your system simply
by adding the related piece of equipment.
That’s the value of our family plan.

By themselves, any of the 4 spectrum
analyzers give you unparalleled signal
analysis capability made possible by absolute
amplitude calibration, low distortion,
high resolution, and wide frequency scans
coupled with the ability to zoom down
tO 2 NArrOw scan.

And the family value really multiplies
when you add the companion instruments.

CIRCLE NO. 13

Tracking generators for wide dynamic range,
swept frequency response measurements.

8443A 110 MHz
T

cking Generator|Counter, $3600
($2075 w/]o Counter).

8553B Tuning Section,
1 kHz—110 MHz, $2275.

8444 A/B1300 MHz
Tracking Generator, $2950.

8445A, 18 GHz
Automatic Preselector,
for wide scans,

free from unwanted
responses, $2000.

Plan:

For example, the tracking
generators combined with the
analyzers make swept measurements
over a 120 dB range thus forming
precision swept frequency test systems.
And our automatic preselector for
the microwave tuning unit does away with
image, multiple and spurious responses.
All in all, HP’s family of spectrum
analyzers gives you the greatest depth
and breadth of performance and the best
value in signal analysis equipment available
anywhere. For more information, call your
local HP field engineer or write to Hewlett-
Packard, Palo Alto, California 94304;
Europe: 1217 Meyrin-Geneva, Switzerland.

04111A

HEWLETT \h

 PACKARD

SIGNAL ANALYZERS



R&D famine leaves ISSCC in rut ...
but some new developments emerge

Philadelphia—If anybody doubts that
the severe cutbacks in U.S. Govern-
ment spending on R&D have not had
an effect, they only had to attend this
year’s ISSCC (International Solid State
Circuits Conference). They would
have seen a subdued gathering of
mature old hands—the survivors of
the golden era of the ‘60’s— listening
to what amounted to largely updated
papers of work that was gotten off the
ground before the ax fell.

Here are some examples:

sIntel Corp.’s 4096-bit random-ac-
cess memory (Paper 1.1). (This was
most impressive, as so much of the
support circuitry is also on the chip,
but nevertheless a continuation of
work announced in the 1970 ISSCC.)

eStanford U. graduate students work
in developing low-power medical
electronic circuits and systems. Prof.
Jim Meindl is to be commended for
the steady progress made by his group
but at least two of the four papers they
presented (papers 2.5 and 16-1) had
roots in work reported at previous
ISSCC's.

*RCA report on performance of
CMOS products made on its SOS (sili-
con-on-sapphire) pilot production line
(Paper 8.5).

*Philips’ progress on bucket-brigade
charge-transfer shift registers (Paper
12.5).

This list could easily be expanded.
It is not that these ““update papers’” are
not valuable; for some of them in their
continuity represent the most valuable
work going on.

Among the few original announce-
ments noted at ISSCC were:

*Sony paper, 16.3, ‘“Nonvolatile,
Electrically-Alerable MAOS Memory.”’
The built-in ability to hold charge and
change the MOS devices’ gate thresh-
olds was reported to be exceptionally
stable with time: the authors predict-
ing it would last for 100 years.

*Motorola’s ““upside down”’ ampli-
fiers for automotive applications. PNP

+ Vge

Fig. 1— “Upside down’” amplifier developed for automotive applications by Motorola will
handle differential signals referenced to ground despite its single-ended power supply.

transistors were used in a configura-
tion (Fig. 1) that allows differential ac-
tion referenced to ground despite a
single-polarity supply. (Paper 10.2)

eStanford U. development of a way
of making CMOS circuits that will
operate at voltages as low as 0.3V
(paper 16.5)

*Texas Instruments perfection of a
MOSFET for detecting surface waves
that should be useful for future de-
lay lines and signal correlators (pa-
per 16.4).

There were a scattering of circuit-
system papers that were individually
intriguing. The high-speed hybrid cor-
relator (paper 8.4) and the high-speed
A/D converter (paper 13.2) were ex-
amples of papers that would have
pleased died-in-the-wool circuit de-
signers, that supposedly dying breed
of man for whom the ISSCC was origi-
nally intended. So also, would have
the papers on low-cost A/D conver-
sion (Nos. 13.4 and 13.5).

Still, many attendees that EDN
question agreed that there was a slow-
down in young, fresh circuit creativity.
One ISSCC past chairman speculated
that those who are still doing creative
circuit work are now more likely to be
developing new products for the
commercial market and not “‘playing
around” on government contracts.

Private companies hoping to develop
new products for today’s competitive
markets have little to gain by letting
their designers tip their hands at
ISSCC, for past history has shown that
the ISSCC audience is quick to appro-
priate designs that have commercial
potential. (Witness the large number
of companies that came out with mul-
tipliers based on the circuit Barry Gil-
bert announced at the ‘68 ISCC.)

Get out and hustle LSI!

One irrefutably new element in the
meeting was the sudden interest in
technological market forecasting, with
two speakers being particularly note-
worthy. These were J. Fred Bucy, Texas
Instruments, Inc., and G. Villa, elec-
tronics division, Fiat Company, Italy.

Bucy pounded home a point that
has become painfully apparent to our
industry: if you want to see the won-
ders of our technology earn a living for
us, you have got to get that technology
to the end customer. You can’t just
hope that equipment makers will in-
corporate more electronics in their
products, because we have already
saturated most of the equipment mak-
ers who are sympathetic to elec-
tronics. To get our maximum bite into
the GNP, we must go right to the end
customer, see what his problems are

EDN/EEE MARCH 15, 1972



% OF IC
CIRCUITS
THAT ARE
STANDARD

1 »
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l ALSO TIME >

Fig. 2—As LSI grows toward the 10k cir-
cuits per chip level, it will again become
more standard, Bucy of T. I. predicts.

that we can solve and transform our
technology into these products. If this
means bypassing the traditional equip-
ment and product and service pro-
viders in certain markets, that is what

we must do.

Bucy was sarcastic about the 1ISSCC
audience and their childish faith that
their solid-state innovations would
keep their stomachs full. We don’t
need any more inventions—we need
to turn our present oversupply of in-
ventions into products that the rest of
the nation and world will pay us for.
The economics of LSI (Fig. 2) will take
the labor content out of electronic
products and solve the foreign compe-
tition problem, he added, especially
when whole subsystems are stan-
dardized on single chips.

The reward for getting products into
real-world marketing loops will be that
we will continue to experience our
high rate of growth and have $110 bil-
lion share of the Free-World GNP,
Bucy said. Otherwise, we'll drag
along; there will be little incentive for
anybody to support your salaries, he
warned the audience of R&D types.

Villa of Fiat gave some very pointed

directions to designers interested in
getting in on the automotive elec-
tronics market boom. He said that
European car designers were more
sensitive to the need for electronics
because their smaller cars can’t sup-
port the bulk and weight of the gears
and levers needed to accomplish
functions in the traditional mechanical
manner.

Villa forecast the main growth in
automotive electronics would come in
the 1974 to 1978 period, when the
electronic content would jump from
its present virtually zero per cent to
10% (or from $60 to $150 for aver-
age priced cars). He predicted that
while the first electronic systems for
functions like skid-control would be
individual analog units, soon all the
electronics (except the sensors and
actuators) would be integrated into a
small central digital computer. These
computers would use CMOS logic
because of its immunity to battery
voltage variations and noise spikes. W

Memory topics cover wide span at ISSCC

N-channel MOS, charge coupled de-
vices, and self-refreshing techniques
were the major semiconductor topics
covered at the SJCC. Honeywell Infor-
mation Systems described an inverting
cell concept that cuts storage power in
half and refreshes automatically. Using
a 3-MOS-transistor cell, the Honey-
well technique inverts the stored data
in their 2048-bit RAM at each refresh
clocking. Integral logic circuits de-
code the output, since a stored bit
may be not only a one or zero but true
or false at any given time. Another
self-refreshing technique using a gated
capacitor in a 1024-bit MOS-RAM
was described by Electronic Arrays,
and GE described a charge-pump
RAM and a surface charged RAM.

A working CCD memory

IBM Components Division revealed
a working charge-coupled device
memory which is plug compatible
with IBM systems. The memory cards,
shown in Fig. 1, measure 3 by 4
inches and contain 5760-bits of mem-
ory and all support circuitry. Six
memory chips of 960-bits each are
used in the system with each storage
cell requiring only 0.05 mil* of chip
surface. Typical access time for the

‘

Fig. 1— Operational charge-coupled device
memory built for evaluation by IBM was
unveiled at ISSCC. Operated as a buffer
memory, it has proven compatible with
present IBM systems.

memory is 25 msec at a data rate of 5
MHz.

4096-bit MOS-RAMs

The opening paper of the memory
sessions described the Intel 2107, a
4K-bit dynamic RAM which quickly
became one of the most widely dis-
cussed devices at the conference. It's
a N-channel, silicon-gate dynamic
RAM, with its high density (2 mil2/cell)
achieved through a unique three-tran-
sistor memory cell geometry. All inter-
faces except the clock input are TTL
compatible. A 12-bit address code can
select any cell in the 64 by 64 bit ma-
trix, and an on-chip address buffer-

register requires a stable address for
only 100 nsec.

The 2107 uses a single high-level
clock, from which all internal timing
signals are triggered. The precharge
input used in most dynamic RAMs has
been eliminated, with preconditioning
being done automatically between
active memory cycles. Access time for
any bit is < 300 nsec, cycle time is
< 500 nsec. Power required is 100
mW/bit in the active mode and
1 mW/bit in standby.

Intel stresses that they are not taking
orders for the 2107 yet. Their response
to queries on availability is that, "“in-
troduction of the 2107 is not immi-
nent, but it's not as far away as our
competitors hope, either.”

Memory addressing circuits
Reduction of power and increases of
speed in solid state memories have
been phenomenal, but support cir-
cuitry has lagged well behind. Dr. Jer-
ry Mar of Bell Telephone Labs has
squared off directly against this prob-
lem, and developed accessing circuits
which he described as ‘‘Transient
Selection Gates using breakdown.”
The transient selection gates, one of
which is depicted in Fig. 2, require no

continued on pg. 22
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What happened when
Marconi combined
a signal generator with
a frequency sweeper?

they developed the
Dynamic Transmission Simulator

Marconi gives you a Sweeper and Generator in
our new Dynamic Transmission Simulator, Model
2008 . . . a complete test source for all measure-
ments in the LF/MF/HF and VHF ranges and
beyond.

This remarkable new instrument offers many
unique features . . . exceptionally wide frequency
range starting in the VLF Band (10KHz) and going
up to UHF (510MHz) in eleven ranges each with a
1 to 1.5 cover . . . internal or external sweep ad-
justable to entirely span any tuning range . . . full

MARCONI

INSTRUMENTS

DIVISION OF ENGLISH ELECTRIC CORPORATION

&
mi

FM and AM capabilities which can be retained in
the swept mode. Write for detailed specifications.

Dynamic Transmission Simulator Model TF 2008
m Frequency range: 10 kHz to 510 MHz; stability
5 p.p.m.
m Direct reading incremental frequency control.
= Built-in frequency sweeper.
m Crystal calibrator also provides marker outputs.
= Remote fine-frequency control facilities.

® Modulation facilities retained in both sweep and
remote-control modes.

111 CEDAR LANE [J ENGLEWOOD, NEW JERSEY 07631
TELEPHONE: (201) 567-0607

SEE US AT IEEE - BOOTH 2233
CIRCLE NO. 14
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You'll find the 14, 16 or 24 pin DIP socket you need
in the Cinch line. Try it. . . you'll like it!

Cinch sockets have a unique bowed pin contact
that provides high contact forces but permits easy
insertion and removal of the DIP. Broad contact
surfaces give you maximum wiping action on two
sides of the DIP terminal, be it flat, round or square.

You can choose from high performance diallyl
phthalate or economical GP black phenolic mono-
block insulators. The contacts are of beryllium
copper for the best temperature stability, either
gold or electro-tin plated.

Sockets with Wire Wrap* terminals and closed entry,
one-piece insulators are also available in a variety
of insulations and terminal materials . . . in addition
to our DIP sockets with dip solder terminals.

Many styles are available off-the-shelf from Cinch
distributors nationwide.

You can find out all about these sockets from
your Cinch Distributor, Cinch Sales Office or by
writing to Cinch Connectors, an Operation of TRW
Electronic Components, 1501 Morse Avenue, Elk
Grove Village, lllinois 60007, (312) 439-8800.

*Trade name Gardner-Denver C-7202

TRW

CIRCLE NO. 21 CINCH CONNECTORS



dc biases, are designed to operate
with dynamic memories, and are acti-
vated only when needed. This gate is
designed to pass negative pulses when
pulsed on (at ““S”’) or block those same
pulses when pulsed off (at “R"). D,
and D, are breakdown diodes which
conduct in a reverse direction at
~ 6V, charging or discharging the tran-
sistor junction capacitances to effect
pulse steering. Power required is 55
mW/gate and pnp devices can be fab-
ricated for positive pulse gating.
Evening sessions

An example of why these groups
are necessary, and valuable, was the
““Subnanosecond Logic, Why Not?”
session. It began with most of the
computer and semiconductor people
explaining that “yes it's possible, but
who needs it,”” and ‘“‘packaging is so
costly that there is no place to ped-
dle it.”

Then, the communications people
moved in with, “I'm working on 1-
Gigabit data transmission, and I'd pay
a premium price for the hardware if |
could move to 10-Gigabit,” and “In
ten years we’'ll all be working at 1-
gigabit.”” With that, the semiconductor
representatives wanted to know ““how
much will you pay and how many
devices do you need?” This meeting

—O OuT

IMPLANTED
Pt LAYER

METAL

Fig. 2 — Breakdown-diode steering gates, developed by Bell Telephone Labs, use no power
in standby-mode, and can presently operate at'20 nsec or less propagation delay.

became one of the most interesting
discussions of the day, and everyone

No-tuneup 50,000-mile ignition
system helps cut auto pollution

Setting out to produce a 50,000-mile,
““hands off”” automobile ignition sys-
tem to help the auto industry’s fight
against emissions, the Prestolite Co. of
Toledo, Ohio has unveiled a new
breakerless inductive ignition system.
Although strictly developmental at this
time, the system could eliminate en-
gine tuneups for at least 50,000 miles
and keep them well-tuned to meet
stringent, Federal low-level emission
standards, due to take effect in 1974.
The system, which does not use
contact points or a condenser, in-
cludes an electronic spark advance
that monitors a number of engine
conditions, calculates their net effect
and automatically adjusts ignition tim-
ing to obtain optimum engine opera-
tion and reduce exhaust emissions.

Fig. 1—Helping cut down pollution, the
newest inductive ignition system from the
Prestolite Co. uses no breaker points or
condenser— components found in conven-
tional ignition systems. It keeps engines
well-tuned for 50,000 miles.

left better informed than they

came. 0O

The system was described by Presto-
lite’s manager of new product de-
velopment, S. A. Florio, as ‘“a mar-
riage of the power switch from a tran-
sistorized ignition system and the
breakerless pickup from a capacitor-
discharge system’” —two systems cur-
rently being produced by Prestolite.
Inductive ignition systems have
been used with gasoline engines for
years, and their performance charac-
teristics are well suited to gasoline
engine ignition requirements. Capaci-
tor-discharge ignition systems in use,
while not as well suited in this appli-
cation, do have the ability to fire
fouled or dirty spark plugs. This is very
important in two-cycle engines, where
the gasoline-oil mixture inherently
leads to plug fouling. In four-cycle
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BREAKERLESS CAPACITOR DISCHARGE IGNITION SYSTEM
)
SENSOR OSCILLATO ey CCHARGE ah
. CONVERTER
| DISCHARGE coiL
CIRCUIT
BREAKERLESS INDUCTIVE IGNITION SYSTEM
N
POWER o
SENSOR OSCILLATOR SWITCH
(TRANSISTOR) R

Fig. 2. A breakerless inductive system is less costly than a comparable capacitor system
mainly because of the elimination of the dc-dc converter.

automotive engines, on the other
hand, spark plug fouling is not as seri-
ous a problem. It is also becoming less
serious with more and more lead be-
ing removed from fuels, as is being
done to help resolve emission prob-
lems.

Fig. 1 shows a photo of the new
breakerless inductive ignition system.
It is simpler and less costly than a
breakerless capacitor-discharge sys-
tem. The major difference is elimina-
tion of the usual dc-to-dc converter
(Fig. 2). In the capacitor-discharge sys-
tem, the converter is needed to take
12V from the battery and boost it to
the 350V required to charge the ca-
pacitor, which is later discharged into
the ignition coil. This high voltage is
not involved in the inductive system.

Compared with a conventional in-
ductive system, which has breaker
points acting as both a switch and a

power element, the new breakerless
system divides these two functions. It
has a timing mechanism—equivalent
to the rubbing block and cam—which
provides the system with information
about when to switch, and a power
element (a power transistor) which
performs the power-switching func-
tion in response to the breakerless tim-
ing mechanism.

In place of breaker points, the sys-
tem uses a patented electronic non-
magnetic proximity detector, which is
not speed-sensitive. Because the non-
magnetic pickup head (Fig. 3) is not
affected by speed, the new system is
capable of functioning at any distribu-
tor speed above zero and has demon-
strated an ability to start an engine at
distributor speeds less than 15 rpm.
Being breakerless, the pickup design
eliminates contact problems and rub-
bing block wear for the complete life-

Solar energy holds promise of long-life
lasers for use in space communications

A sunlight-powered laser that pro-
vides the long-life required for practi-
cal space communications systems has
been developed by GTE Sylvania. Syl-
vania is performing the work as part of
an Air Force program aimed at deter-

mining the feasibility of satellite opti-
cal communications.

By means of lenses and mirrors, the
new device collects and focuses rays
of the sun which stimulate material in
the laser to produce beams. The

Fig. 3—Comparing two distributors. View
into bow! of conventional distributor (left)
shows breaker points, condenser and rotor.
Distributor for new breakerless inductive
ignition system (right) has no breaker points
or condenser. It uses a patented electronic,
non-magnetic proximity detector (pickup
head) which is not speed-sensitive.

time of the automobile engine.

The system’s circuit design has
eliminated the need for a primary
capacitor. As a result, it has a spark
rise time (the time required to deliver
full spark voltage) that is 30% faster
than current inductive ignition sys-
tems, which use a primary capacitor.
Hence, it is more capable of firing
fouled spark plugs. Contributing to
system simplicity is the fact that im-
proved semiconductor technology has
made it possible to utilize a conven-
tionally-wound production-type igni-
tion coil.

The electronic system has been de-
signed with a self-regulating circuit,
eliminating the need for a ballast resis-
tor. Built-in voltage regulation pro-
vides higher output voltage at low
temperatures to better match engine
requirements and provide much great-
er starting capabilities.

RFI characteristics are similar to
those of a standard ignition system,
and standard suppression techniques
can be used. However, better suppres-
sion is generally achieved because of
the absence of contacts. With no con-
tacts in the distribution system, the
possibility of contact arcing is elimi-
nated and RFI control problems are
reduced. W

beams can be used to carry voice,
data, TV and other communications.
“Present lasers are powered by
electric discharges or lamps and are
not yet capable of operating the re-
quired five to seven years in a com-



munications satellite,”” explains Dr.
Donald E. Caddes, Manager of Sylvan-
ia’s Electro-Optics operations. “‘The
sun-powered laser promises to pro-
vide not only the necessary longevity,
but economies of weight and size as
well. The power -output and data
transmission rate of the new laser will
be equal to those of present solid-state
lasers,” he said.

A team of GTE Sylvania scientists
headed by Dr. Lloyd Huff has ob-
tained 1.5W of output power from a
working model neodymium YAG (yt-
trium aluminum garnet) laser. Current
efforts are being directed at improving
the efficiency of the solar collection
system and the equipment which di-
vides the laser’s continuous output
into a codable stream of pulses.

The team is also investigating the
possibility of powering the laser by
auxiliary lamps or light-emitting di-
odes when the sun is not visible from
the satellite.

A sun-powered laser that provides the long life required for practical space communica-
tions systems is demonstrated by Dr. Lloyd Huff of GTE Sylvania’s Electro-Optics opera-
tion. The 24-in. mirror in the background collects solar energy and directs it into the
laser’s end (center). By means of lenses and mirrors, the experimental device collects and
focuses the sun’s rays. The rays in turn stimulate material in the laser to produce data-
carrying beams.

Interest has been generated in laser
communication systems because they
will ultimately be capable of sending

Helmet mounted sighting device aims
weapons where pilot looks

After almost eight years of develop-
ment and testing, a helmet-mounted
sighting device, designed to improve
Navy pilots’ ability to fix weapons on
enemy targets, has been delivered for
installation on F-4 “Phantom II” jet
fighters.

Designed and built by the Honey-
well Government and Aeronautical
Products Division, the sighting device
causes the aiming point of the air-
craft’'s weapons to follow the pilots
head as he looks for possible targets.

The helmet-mounted sight, or Vi-
sual Target Acquisition System, in-
cludes two infrared light sources
mounted on the aircraft, sensors to
pick up the infrared signals, and a sig-
nal processor. In operation, the pilot
aligns a reticle (target ring) that is gen-
erated on a small circle of glass in
front of his eye with the target. The
see-through device, about the size of a
dime, is attached to the end of a four-
inch retractable rod on the helmet.

The infrared sensors on the helmet
monitor the two separate infrared
sources that are attached to the air-
craft on either side of the cockpit
slightly behind the pilot’s head. As the
pilot turns his head to look at a target,
the signal processor notes the time it
takes the infrared energy to reach the

different sensors on the helmet and
calculates the difference through trian-
gulation to find out exactly where the
pilot is looking; in other words, his
line of sight.

CAUTION

CLEAR SILL AREA BEFORE
CLOSING EITHER CANOPY.

more data while requiring equipment
of less power and weight than present
systems, such as radio. |

Together, the helmet sensors and
sight weigh less than three-quarters of
a pound. And since there is no attach-
ment to the aircraft, the pilot has
freedom of head movement. w

The small “monocle’”” attached to the helmet lets the pilot aim his weapons on a target
merely by looking at it. There is no attachment from the helmet to the aircraft.
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Minilever.The switch for people in a hurry.
There they are, waiting in line with their credit cards.
Or, rushing to check a hotel or airline reservation. 1,000,000 detent operations. And, you have your

can expect Minilever to have a switching life of over

All done by remote computer terminals.
The operator of that terminal has
to be fast and accurate or those
nice people will get angry. And
that’s where Minilever comes in.
Minilever is a lever actuated
thumbwheel switch. You can
rapidly set any group of digits
with excellent visual and
mechanical control. When you‘ve
finished checking one customer,
a sweep of the hand resets everything back to zero.

Available in10 or12 detent-position modules, you THE DIGITRAN COMPANY
A Division of Becton, Dickinson and Co.

855 South Arroyo Parkway, Pasadena, California 91105
Phone: (213) 449-3110, TWX 910-588-3794

choice of numerous coding options.
So, think of the end-user. Mount
a Minilever on your terminal.
You'll help a lot of people get
through that waiting line a little
sooner. After all, you might be
one of those people someday.
Write for our catalog.

CIRCLE NO. 22
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Teradyne's L100 Automatic Circuit
Board Test System speaks for itself.

If you test circuit boards, you get the
message. The L100 doesn’t just tell you a bad
board is bad. It helps you find out why. And in a
fraction of the time you’d usually spend trouble-
shooting. We’d like to send you a brochureful of
reasons why the L100 is the most money-saving
system you can buy.
Write: Teradyne
183 Essex Street
Boston, Mass. 02111

RERZDYIE 38

See the L100 at the |EEE Convention, New York Coliseum, Booth 2332, March 20-23.
CIRCLE NO. 40
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The Fluke problem solver

The DVM you put together
an option at a time, anytime

""l |
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Because we use single main frame construction with
all options field installable, you can configure the
Fluke 8200A anyway you want when you buy it or any-
time you want to change it. It's Fluke’s way of giving
you total flexibility for minimum money. It’s one of the
reasons Fluke has moved to DVM leadership in a
scant two years.

Here's what you get for just $995: [] 42 digits with
60% overranging for 16000 count resolution [] Auto-
ranging and autopolarity on all functions [ ] Switched
input filter [ ] Full 1000 volt guarding [ ] #0.01% accu-
racy [] Fluke’s unique recirculating remainder* A to D
conversion which combines low parts count and low
power consumption to provide higher reliability.

To the basic unit you can add: [] Two ranges of milli-
volts, giving you autoranging from 1 microvolt resolu-
tion up to 1200 volts input [] Six ranges of ohms meas-
urement, providing autoranging from 10 milliohms to

16 megohms [] Four ranges of ac volts [ '] Four ranges

Fluke, Box 7428, Seattle, Washington 98133. Phone: (206) 774-2211. TWX: 910-449-2850/In
Europe, address Fluke Nederland (N.V.), P.0. Box 5053, Tilburg, Holland. Phone: (04250) 70130.
Telex: 884-52337/In the U. K., address Fluke International Corp., Garnett Close, Watford,
WD2, 4TT. Phone: Watford, 33066. Telex: 934583.

of true rms ac volts [ ] Isolated 4-terminal, real-time
ratio measurement.

A real systems DVM too: [ | Speeds up to 400 readings
per second with full accuracy after only a 500 micro-
second look at the input [] Isolated and buffered data
output for digits, range, functions and polarity—with
status flags [] Isolated remote control for continuous
or buffered input commands [] Isolated and buffered
printer output.

Ask for Fluke’'s 8200A Application Bulletin No. AB-10
for systems designers.

The 8200A’s single main frame and field-installed op-
tions let you configure the most cost-effective 472
digit DVM on the market.

To arrange a demonstration or get complete informa-
tion, call your nearby Fluke Sales Engineer or contact

us directly. *Patent pending

CIRCLE NO. 24

27



Miniature switches shrink in size
yet pack a lot of punch

A brief look at what’s available in miniature switches show that they
are getting smaller and smaller; however they carry loads equal to their big brothers.

Roy W. Forsberg, Boston Editor

Variety of miniature switches available fills most switching re-
quirements. (Alcoswitch)

Just because the world of electronics is shrinking toward
ultra-miniaturization with it’s MSI/LSI integrated circuits, it
doesn’t mean that electromechanical devices like switches
will disappear. On the contrary, not only are they keeping
pace by getting smaller, but now there is also a greater
variety to choose from. Miniature switches are also in-
creasing in reliability, carrying higher currents and volt-

ages, and are coming down in price. This report won't
give a run-down on every miniature switch made, nor will
it attempt to cover all manufacturers. It will, though, sum-
marize what is available according to type of switch.

~ What is a miniature switch?

Simply stated, a miniature switch is a scaled down ver-
sion of its big brother counterpart. However, it is scaled
down in size and weight only, not in quality or load-carry-
ing capacity. A traditional rule of thumb says that a minia-
ture switch is less than one-half inch square. In this report,
that rule is violated in areas where the device is quite small,
relative to what has been available in the past. Included
will be toggle, slide, paddle, rocker, rotary, pushbutton and
precision snap-action switches.

Although miniature switches carry heavy loads and are
rugged and reliable, they are not indestructible, and like
their larger counterparts, they require special handling and
care. While some of the guidelines listed are unique to min-
iature switches, others apply to all types and are worth re-
peating since these are the ones manufacturers most often
encounter.

Toggle switches

Nearly everyone in the miniature switch business makes
atoggle switch. In this line the slogan could be, “just tell us
what you need because we probably already make it.”” Not
only is there a great variety in size, shape, poles, throws,
and ratings, but also such things as mounting-means, life,
waterproofing and more.

The industry has standardized bushing mounted switches
with a bushing size of 1/4-40. However, for the users who
want to retain the look and feel of the standard toggle
switches yet cannot afford the equivalent behind-panel
space, most manufacturers offer a standard 15/32 inch
bushing and large bat handle mounted on the same minia-
ture switch body.

For those who want to mount a toggle switch directly on
a pc board, this type of mounting is also available. Such

Two six-pole, six position switches in DIP package can be mounted in tandem. (Edison Electronics)
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Miniature SPDT low-cost trim switch mounts on pc board and
measures 3/8-inch diameter. (Oak Mfg. Co.)

switches can be mounted with the lever parallel to the
board and terminals perpendicular to the lever (right angle),
lever perpendicular to the board, terminals parallel to the
lever (straight), or lever parallel to the board and terminals
parallel to the lever (end connected).

You have a choice of throws from single-pole, single-
throw (SPST) up to 4-pole, double-throw (4PDT). Within
this range you may select, center-position OFF, no center
position, and momentary contact in any position. For appli-
cations requiring prevention of accidental switching, there
is a “lever-lock” feature. Here the lever can be locked in
any or all positions, and can only be released by first pull-
ing out the lever.

Current ratings range from 2A @ 125V ac inductive to
10A @ 125V ac resistive, and 2A @ 28V dc inductive to
6A @ 28V dc resistive. Most switches have 1000V break-
down between terminals and between terminals and case
ground.

Size, of course, will vary according to the number of
poles and throws selected and range from about 1/4 x
1/2 X 3/8 inches high for SPST to about 7/8 x 1/2 x
5/8 inches high for 4PDT. There are also round SPDT and
DPDT versions at about 1/2-inch diameter.

Most switches are UL rated, some meet IEC European
standards, and others meet MIL spec 202 for shock and vi-
bration. Other features to look for are waterproof switches,
bat, baton, and flatted levers, plastic sleeves for levers in as
many as nine colors and lifetimes ranging from 25,000 to
250,000 cycles at rated load. Terminals are usually combi-
nation quick-connect/solder tab; however, one manufac-
turer has a plug-in lead feature.

Plug-in leads are quickly assembled or removed using insert-ex-
tract tool. (Micro Switch)

Paddle switches

Functionally, these are similar to toggle switches but are
more stylish and generally less expensive. Paddle switches
feature a flat plastic paddle, which comes in up to eight
colors, in place of the toggle’s bat lever. They are rectangu-
lar in shape and snap into the panel from the front, a con-
venient assembly feature. Paddle switches are only avail-
able in SPDT and DPDT versions and sizes are roughly
1/2 X 1/2 X 3/4 inch high. Center OFF and momentary
contact in any position except center are also featured.

Contact ratings are 3-6A @ 125V ac and 3-5A @ 28V dc.
All have 1000V breakdown between terminals and be-
tween terminals and case ground. Lifetimes, where avail-
able, average about 25,000 cycles at rated load. Terminals
are the combination solder/quick-connect type.

Rocker switches

These are mechanically the same as paddle switches
except that they have a plastic rocker button in place of the
paddle. This is also a snap-in type switch and the rocker is
available in eight colors. As an option they can include an
indicator light. The rocker itself snaps out easily allowing
users to change colors without changing the switch. Like
the paddle switch, they come only in SPDT and DPDT ver-
sions, and also feature center OFF and momentary contact
in all positions except center.

Unlighted types are the same size as paddle switches
while lighted ones average about 5/8 x 5/8 X 7/8 inch
high maximum. Contact ratings as well as lifetimes and
terminations are also the same.

Pushbutton switches

Like the toggle switch, these are made by almost all mini-
ature switch manufacturers. They all offer the standard 1/4-
40 bushing mounting and some provide the larger 15/32
inch bushing and also pc mounted versions. Switching can
be snap-action push-ON, push-OFF, or slow-make, slow-
break momentary contact. Switching function can be SPST,
normally-open or normally-closed, and up to 4PDT.

Pushbutton switches come in all sizes and shapes de-
pending on contact rating and switching actions. You can
get a SPST as small as 1/4 inch diameter X less than 1/4
inch high, a SPDT as small as 1/4 X 1/2 X 3/16 high, and
up to a 4 PDT, 6A switch at about 1/2 x 3/16 x less than 1
inch high. Lighted switches are only slightly larger; how-
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20-position rotary switch can have up to 8-poles per deck and up
to 10 decks, all within a 9/16 inch body diameter (3/4 inch includ-
ing terminals). (Edison Electronics)

ever, some manufacturers add a section to a standard
switch which adds about 1 more inch in height.

Contact ratings start at 1/4A for the smallest SPST (NC)
switch and go up to 7A @ 125 ac resistive and inductive,
6A @ 28V dc resistive and 2A @ 28V dc inductive. Some
are also rated up to 5A @ 250V ac resistive and inductive.
Virtually all have 1000V breakdown.

Lifetimes range from 20,000 operations at rated load up
to 250,000 operations, with the average at about 30,000.
Except for pc mounted switches, terminals are usually of
the solder/quick-connect type.

Switch buttons offered are both round and square in a
variety of sizes, and come in up to eight colors.

Also available are splashproof or waterproof models
which can withstand a 3.3 foot head of water for 30 min,
and others which meet Mil spec 202 for vibration and
shock.

Rotary switches

The variety of types, and number of manufacturers of ro-
tary switches is much greater than would be expected in
this specialized switch area. It is a revelation to see the
amount of switching that is packed into a tiny package. For
example, there is a 14-pin DIP that holds a six-pole, six po-
sition switch, and each pole can be separately pro-
grammed. Or how about a 0.300 inch diameter x 0.406
high 10-position switch for pc mounting—or a 3PDT pc
mounted switch 0.375 inch diameter X 0.359 inch high—
ora 1/2 inch diameter x 0.605 inch high 1-4 pole, 10-po-
sition pc mounted switch capable of switching 1/2A @
125V ac—or a 3/4 inch diameter X 1/4 inch high pc

30

mounted 10-position BCD coded switch that can switch
1/4A @ 115V ac? This is just a sampling of what’s available
in rotary switches.

Not all rotary switches are for pc mounting. These have
the standard 1/4-40 bushing, are in the 1/2 to 3/4 inch di-
ameter range, have up to 12 positions, 1-4 poles per deck,
and up to 12 decks (the latter barely over 4 inches long).
There is even one 20-position switch with up to 8-poles per
deck and up to 10 decks that is less than 3 inches long.

Typically, current ratings are under 1A @ 125V ac with
breakdown voltages between 500 and 1000V. Lifetimes at
rated load range from 1000 full cycles to 50,000, with the
average at 10,000 cycles. Most switches can be had in ei-
ther shorting or non-shorting configurations. Splashproof
models are available as well as switches that can be inter-
nally coded to give BCD or decimal outputs, or can be used
as input to a Johnson counter.

Slide switches

There are not as many manufacturers making slide switch-
es as there are making other types. Slide switches do,
however, offer a wide variety of switch types. The variety
is not so much in mounting means or physical dimensions
as in the switching category. You can get SPDT, DPDT,
4PDT, 4P3T switches that are pc mounted in both upright
or right-angle positions, and a 6PDT switch that mounts
only in an upright position. They all switch 0.3A @ 125V
ac and range in size from about 1/4 x 1/2 X 3/8 inches
up to about 3/4 X 3/8 x 1/2 inch. These are make-be-
fore-break switches and have rated lifetimes of 15,000
cycles. A non-pc mounting type that is rated at 2A @ 125V
ac and 1/2A @ 120V dc is also made and it has a rated life-
time of 250,000 cycles.

Precision snap-action switches

Not to be overlooked are those switches that often find
themselves being used as limit switches. Unless ganged,
they are all SPDT, and some carry brutish currents for their

10-position BCD coded rotary switch measures 3/4 inch diameter
and mounts on pc board. (AMP, Inc.)

EDN/EEE MARCH: 15, 1972



Miniature toggle switches come in both standard 1/4-inch bush-
ing or the more familiar 15/16-inch bushing. (Micro Switch)

size. The tiny one (0.300 x 0.100 x 0.250) carries 2A @
125-250V ac, while the largest one classified as a mini-
ature switch (1.0 x 0.400 X 0.625), carries up to 15A @
125V ac.

Actuation means include pin lever, short, medium and
long straight levers, short and long formed levers, and short
and long levers with rollers.

Other optional features are low-force, low-differential-
travel, sealed, high-temperature, and hermetically sealed
models.

The do’s and don’ts of miniature switches

*Do use only enough flux to do a clean soldering
job. Otherwise flux can enter the switch and
damage contacts.

*Don’t solder a switch upside-down unless ter-
minals are sealed. Flux will enter the switch
causing damage.

*Don’t try to remove excess resin from solder
connections with solvents. This merely dissolves
the resin which can run down into the contacts.
*Don’t use excessive heat. This can damage
switch body or loosen terminals.

*Don’t lay a mounted toggle switch on its lever
or push the lever in with excessive force. This
can drive the lever into the switch.

*Do use proper switch installation tools.

eDon’t attempt to alter position of a bushing-
mounted switch by twisting the body. Loosen the
fastening nut first. Otherwise contact misalign-
ment or permanent damage can occur.

For more information:

Tiny precision snap-action switch carries up to 2A current and are
often used as limit switches. (McGill Mfg. Co.)

*Don’t bend switch terminals unless the manu-
facturer specifies a procedure for doing so.
eDon’t add lubricants unless specified by the
manufacturer.

eDon’t dump switches randomly into a contain-
er, especially rotary switches. Terminals can lock
together and be damaged.

*Do keep silver coated switches in closed ship-
ping containers. Many containers are specially
treated to prevent sulphur in the cardboard or air
from tarnishing the silver.

eDon’t hold rotary switches by sections while
rotating index assembly. Misalignment will re-
sult. Hold at or close to the front plate.

*Do protect unsealed switches from contamina-
tion by dirt, liquids or damaging vapors.

*Don’t modify switches by drilling, sanding,
milling, etc.

*Do use switches within their voltage and cur-
rent ratings.

*Don’t test switches under higher loads than
those expected in application.

*Do test switches under all conditions of actual
end use.

*Don’t mistake environmentally sealed switches
for hermetically sealed ones.

*Don’t use set screws on outer shafts of dual
concentric switches.

Do check with your local manufacturer if you
have any questions regarding your applica-
tion. He may save you time and money. [

Alcoswitch, 1551 Osgood St., No. Andover, Maine 01845 358

Arrow-Hart, Inc., 103 Hawthorn St., Hartford, Connecticut 06106 359

C & K Components, 103 Morse St., Watertown, Maine 02172 360

Cutler-Hammer, 4201 N. 27th St., Milwaukee, Wisconsin 53216 361

Edison Electronics Div., MacGraw-Edison Co., Grenier Field, Manchester, N H 03103 362
Grayhill Inc., 561 Hillgrove Ave., LaGrange, lllinois 60525 363

McGill Manufacturing Co., Valparaiso, Indiana 46383 364

Micro Switch, Freeport, lllinois 61032 365

Oak Manufacturing Co., Crystal Lake, Illinois 60014 366
Stackpole Components Co., Box 14466, Raleigh, North Carolina 27610 367
Switchcraft, 5555 N. Elston Ave., Chicago, Illinois 60630 368
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Harris’ Family of Op Amps.
They're a ditferent breed.

By design.

Harris op amps have always been a little bit different ever since we introduced the industry’s
first internally compensated op amp back in 1966. Today. we still make our op amps a little
different. For example, our PNP's, or better put, our N —are vertical instead of lateral to give you
superior AC performance without

sacrificing DC characteristics. D L e O B
Then take our designs. We employ Jillea HI

a single gain stage to provide better Che N || tmam

behaved frequency response. Our bias zZ S T

networks are a bit more complex for RS UERS S Y el

uniform performance over a wide range of & * g S \t‘ :

supply voltages and temperature ranges, ¢ « ™ RN v

and our output stages have better output ~ § VST GTHERS L TR N

current capabilities. In testing we're g NS

different too—more thorough. In fact, we  ° ™ L \‘&:\\‘

were guaranteeing slew rates and rise J_

times long before other manufacturers e K oK BoK i Tom

did. Consider just two examples: FREGIECEa R

Harris wide band general purpose op amps offer:

[J Close loop bandwidth up to 100 times greater at the same gain or 100 times greater gain
capability for the same bandwidth than the common 741 types.

[J Much lower closed loop phase shift, lower gain error, and lower distortion at all frequencies.

FULL POWER BANDWITH (20V. P-P output) O Su,perior response at higher gains.
® d RNy K ™ [J Hundreds of times better DC performance
[ [ 1 1 . J I o o (for example, the HA-2600/2620 has a 5nA bias
current, 300M(2 input resistance, and 100K
741, $ e HA2500 HAZB10 minimum open loop gain).
MOST OTHERS HA-2620 HA-2400 HA-2520

Harris high slew rate series offer:
& [J The only monolithic high slew rate amplifiers
[T T[T T T#IT [Tefes that are true operational amplifiers. They can be
03 T 70 100 operated inverting, non-inverting, or balanced
with fast settling times. In fact, they provide
improved performance in virtually any standard hookup. [JThe fastest settling time of any
monolithic op amp. (For example, the HA-2520 settles in 250 ns to 0.1%). (JHigher output
voltage swing at high frequencies. (If you have ever tried to put a 10V peak 1MHz sine wave
through a 741 type, you know what we mean.)
In summary, Harris makes a difference...our family of proprietary devices and popular
alternate source devices can offer you the best price/
performance op amp package for your system.

Full military temperature range (—55°C to + 125°C):
HA-2101A HA-2600 HA-2620 HA-2500 HA-2520 HA-2909
HA-2101 HA-2602 HA-2622 HA-2502 HA-2522 HA-2700
HA-2107 HA-2510 HA-2400
HA-2107-3 HA-2512

Commercial/Industrial (0°C to + 70°C):
HA-2301A HA-2207 HA-2505 HA-2525 HA-2704 HA-2404

HA-2201A HA-2605 HA-2515 HA-2911 HA-2705 HA-2405

HA-2307AII in standard 741 pin-compatible SE M I COND UCTOR

SLEW RATE - VOLTS PER MICROSECOND

configuration. (Except HA-2400/2404/ 2405 A DIVISION OF HARRIS- INTERTYPE CORPORATION
4-channel op amp.) For details see your Harris P.O. Box 883, Melbourne, Florida 32901
distributor, representative, or contact us direct. (305) 727-5430

DISTRIBUTORS: Schweber Electronics: Westbury, New York (516) 334-7474; Rockville, Maryland (301) 881-2970; Hollywood, Florida (305) 927-0511 / Harvey/R & D Electronics:
Lexington, Massachusetts (617) 861-9200 / S Inc.: Chicago (312) 279-1000; Detroit (313) 255-0300; Minneapolis (612) 884-8132; Kansas City (816) 452-3900;

St. Louis (314) 428-6100; Dallas (214) 358-5211; Indianapolis (317) 243-8271; Pittsburgh (412) 781-8120; Dayton (513)278—9455/RV Weatherford Co.: Albuquerque (505) 265-5671;
Anaheim (714) 547-0891; Austin (512) Enterprise 1443; Dallas (214) 231-6051; Denver (303) 427-3736; Glendale (213) 849-3451; Houston (713) Enterprise 1443; Palo Alto (415) 321 -5373;
Phoenix (602) 272-7144; Pomona (714) 623-1261; San Diego (714) 278-7400; Seattle (206) 762-4200. HARRIS SALES OFFICES: Wellesley, Massachusetts (617) 237-5430;

Wayne, Pennsylvania (215) 687-8680; Palos Heights, lllinois (312) 597-7510; Melbourne, Florida (305) 727-5430; Palo Alto, California (415) 321-2280; Melville, New York (516) 249-4500;
Syracuse, New York (315) 463-3373; Washington, D.C. (202) 337-4914; Dallas, Texas (214) 231-9031; Scottsdale, Arizona (602) 946-3556; Long Beach, California (213) 426-7687.
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This little converter has twice the dynamic range
of any little converter you've been able to
buy before.Even from us.

This is the first modular analog to digital converter that
can measure from 150 uV to 10V. That takes 16 Bit
resolution.

It's our ADC 16Q.

As you can see, we've put this binary A/D converter on a
compact 4¥2" x 6" printed circuit card.

It does the job you can only do now using both a 12-Bit
A/D converter and a programable gain amplifier.

And it's faster.

One of its two modules is the proven DAC 16QM digital
to analog converter we've been giving you right along. The
other is a carefully designed 1/0 module.

For components, we've used closely matched switches
and resistor networks. And the most stable zener diode
around.

You get relative accuracy of 20.0015% and even high

common mode rejection. Which makes our 150 uV
measurement mean something.

You can apply our ADC 16Q anywhere you’'re measuring
over a wide dynamic range. Like gas chromatographs,
mass spectrometers, electro optical instruments, and
multi-point data acquisition.

And you can apply it now because units are available.

One of the reasons this little converter is a lot of converter
is because we made it. And we make a lot more little
converters than anyone else

You can see them all by asking for our 1972 Product
Guide.

Analog Devices, Inc., Norwood, Mass. 02062 Tel.

(617) 329-4700. ANALOG
DEVICES

ADC-16Q. INPUT CMRR of Input Buffer. DC to 100Hz: 100db typ. ACCURACY Linearity Error—20°C to 30°C. +0015% +.0005% max. Temperature Coefficient—Gain: +.0008%/°C max

Stability— 24 hours. Linearity:+.00005%. Gain: +0003% max. Zero: +0002% max.
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COST SAVINGS BY DESIGN

New AMP connector
for flat flexible cable

The one-piece printed circuit board-edge connec-
tor, with bifurcated contacts on .100” centers, that we've

just added to our line further expands the scope of AMP
connectors for flat flexible cable applications. It's the

Dualatch a"‘”’“"m’i

connectors o4 \",,
reliably ‘el 1521
sustain S

* more than Lizest
10,000 o
make-break s
cycles. \‘If":
Here’s the multi- 2‘ -

position connector
with the long make-breaklife...10,000 cycles and beyond.

It has unique hermaphroditic contacts—reduces
your inventory—requires 70% less make-break force.
Housings are designed with positive polarization to pre-
vent mismating.

DUALATCH connectors are available with 7.5 amp
or 15 amp crimp contacts that can be applied manually.
Or with automatic AMP machines for economical, reliable
production in your plant at rates up to 3000 terminations
per hour.

Also available with posts for automatic wiring, com-
patible with AMP TERMI-POINT* clip wiring. Or with
manual, semiautomatic and automatic wrap methods.
A variety of contact gold plating thicknesses are avail-
able for customer selection.

CIRCLE 87 ON READER SERVICE CARD
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broadest line on the market.
And it makes it practical for
you to capitalize on the weight
and space savings, strength
and flexibility of flat cable in
just about any application you
might imagine.

AMP connectors let you
go cable-to-cable, cable-to-
post, flat cable-to-round wire,
and cable-to-board. They let
you make ‘“daisy chain” or
branch connections without cutting the cable.

And once you decide on how to go, our unique
automated termination technique makes getting there
fast, reliable and economical. It works with zero effort,
relating to cable preparation. No stripping, no soldering.
Just cut cable to length and feed it into our machine,
which dependably completes up to 3400 connections per
hour. Our exclusive insulation displacement crimp tech-
nique produces positive, multiple-area contact between
cable conductor and terminal, assuring top reliability.

CIRCLE 86 ON READER SERVICE CARD

New
thumbwheel
switches

for manual
programming.

Use these long-life,
compact, 10-position
thumbwheel switches
for data entry, control
or programming appli-
cations. Decimal and
BCD outputs are standard, plus a number of optional
coded formats. They're ideal for both matrix and individ-
ual outputs.

We have human-engineered these switches to make
them thoroughly effective as a man-machine interface.
White numerals, 0.180” high, are readable even in dim
lighting. Available in both matte and gloss finishes. In
ganged units, readout numerals appear in accurate hori-
zontal alignment for goof-proof legibility. Rated for 115
VAC or 28 VDC. Contact current rating: nonswitching—
3 amps, switching—125 milliamps. Tested life expect-
ancy: 1 million detent operations.

Thumbwheel switch terminals adapt to solderless
interconnection methods, including standard AMP card
edge connectors.

CIRCLE 88 ON READER SERVICE CARD
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Insertion rates
for AMPMODU
posts and
receptacles
reach

12,000 per hour.

AMPMODU™*, our post-receptacle interconnection
system, now offers you even higher production capabil-
ities than ever before. It's the ideal technique for mod-
ular-designed consumer or industrial electronics.

The secret is the AMP triple-head pantograph ma-
chine, which can insert AMPMODU contacts into three of
your printed circuit boards at a time. Your operator uses
a positioning pin and template . . . the three heads each
move simultaneously, accurately. Rates up to 12,000 in-
sertions per hour are readily achieved.

The machine will handle boards from .062” x .125”
thick, with dimensions from 5” x 13” to 16” x 13”.

And that all means simplified staking with maximum
reliability and versatility at the lowest overall applied
cost ... AMPeconomation.

CIRCLE 89 ON READER SERVICE CARD

M-Series
connectors now with
machine-wirable posts.

The latest addition to our M-Series connectors gives
you real production economy. They have posts for auto-
matic machine wiring . . . four sizes: .022” x .036”; .031”
x .062"; .025” square; .045" square.

Post sizes are compatible with AMP TERMI-POINT*

clip wiring. Or with manual, semiautomatic and auto-
matic wrap methods.

These new post-type contacts are designed for
AMP’s standard M-Series housings, and will intermate
with all M-Series connectors.

The posts also come in 1, 2 and 3 contact heights,
and with all our standard platings.

CIRCLE 90 ON READER SERVICE CARD

Now—practical pluggability
for leadless LSI packages

New leadless substrate LS| packages eliminate the
problems of handling and inserting many delicate leads,
and simplify field replacement.

AMP now has a line of special connectors designed
to make pluggability of these leadless substrates prac-
tical and reliable. Our connectors feature zero entry
force insertion, a contact design with stored spring
energy to maintain reliable contact, and a iow profile.

Two types are available for leadless LSI; one mates
with top or bottom surface metallization, the other ac-
cepts packages with contact pads on the edge of the
substrate.

CIRCLE 91 ON READER SERVICE CARL

For additional information on any of the above
products write: Industrial Division, AMP Incorporated,
Harrisburg, Pa. 17105.

* Trademark of AMP Incorporated.

AIM P

INCORPORATED

Manufactuvlng and direct sales facilities worldwide: Barcelona, Brussels, Buenos
Aires, Frankfurt, London, Mexico City, Paris, Puerto Rico, Sao Paulo,
s'Hertogenbosch (Holland), Sydney, Stockholm, Tokyo, Toronto, Turin, Vienna.
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Low-power digital phase
locked loop utilizes CMOS logic

Phase locking can improve data transmission efficiency greatly, and
with this circuit the penalty is only 10 mW of power.

David A. Johnson, Avco Electronics

Phase locked loops are normally used in a digital commu-
nication receiver to insure bit synchronization between a
locally generated data clock and the information-bearing
wave train. The phase locked local clock is then used to
retime the incoming data to eliminate noise such as edge
jitter introduced in the transmission link.

Analog techniques can be used to implement the loop,
but this creates interfacing problems, and power consump-
tion can be excessive. The phase locked loop described in
this article uses digital techniques and low-power comple-
mentary symmetry metal-oxide semiconductor (CMOS)
ICs. This results in a loop that exhibits excellent perfor-
mance, draws only 10 mW of power and operates with a
non return to zero (NRZ) input signal.

Digital phase locking is the key

The approach used in the system is to lock the locally
generated data clock in phase with the received signal. This
is done by dividing a high-speed local clock by a variable
count. The actual count used is a function of the phase rela-
tionship between the zero crossings in the received signal
and those of the locally generated signal.

A block diagram of the system is shown in Fig. 1. The
binary input signal, in this case 19.2 kbps, is first processed
through a recovery circuit which detects bits and ““cleans

up” the pulses. Noise-free serial data is then routed for
further processing. The recovery circuitry consists of a low-
pass filter for excluding out-of-ban noise, and a ““1”” or /0"’
decision making circuit (such as a crossover amplifier).

The timing-reference pulse generator derives timing in-
formation from the filtered signal by generating a pulse for
each signal-level transition. This is necessary because the
random NRZ bit stream has no discrete frequency compo-
nents. There is no component at the bit rate; the spec-
trum of an NRZ wave has a null at the bit frequency.

In deriving timing information from the data level transi-
tions, the time of a transition marks one boundary of an in-
dividual bit. A series of unidirectional pulses is generated to
mark the transition times so that there will be a descrete
component of the bit frequency in the generated pulse
train, and the loop can be locked to it. The timing-refer-
ence-pulse generator comprises a differentiatior-rectifier
circuit which produces a positive pulse for each data-level
transition. Fig. 2 shows the timing waveforms of the input
NRZ wave, the timing reference pulses and the phase-
locked data clock. Input in this instance is 9.6 kHz (19.2
kbps), with the timing reference pulses and the data clock
being 19.2 kHz signals.

In Fig. 1 the phase comparator provides information to
the up-down counter (at the data rate) as to whether the

844.8
CRYSTAL
OSCILLATOR
INPUT LOCKED
NRZ UP =43 DATA
DATA —_— TIMING-REFERENCE - PHASE e CONTROL| =24 | VARIABLE AL
— CIRCUITRY PULSE GENERATOR COMPARATOR| DOWN | =ouUNTER LOGIC =75 DIVIDER
(19.2 Kbps) l— - 19.2 Kbps
=8
DIVIDER
CMOS PHASE LOCKED LOOP
RECOVERED
DATA
SIGNAL

Fig. 1—In phase locking the data receiver to the transmitter bit
rate, the recovery circuit first removes noise and edge jitter which
may have been introduced in transmission. Clean pulses are then

36

routed to the timing reference circuit where zero crossing pulses
are generated for phase lock timing. The variable divider stretches
or compresses data to maintain lock with the incoming signal.
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phase of the incoming data is increasing, decreasing, or
constant, when compared to the locally generated data
clock. The up-down counter provides the low-pass filtering
for the loop by integrating the phase information over a cer-
tain number of sample periods. These filtered phase errors
are sent to the variable divider where they control the divi-
sion rate.

The local data clock is generated in the variable divider
by dividing the high-speed local clock (®) by a nominal
value (N), except for a certain portion of the integration pe-
riod. During this period, the high-speed clock is divided by
N — 1 or N + 1, depending on the filtered phase-error
samples. This insures that the local data clock is stretched
or compressed by a finite number of high-speed bits to
maintain lock with the incoming signal.

Both the phase locked data clock and the recovered data
input are then fed to retiming circuitry. This circuitry uses
the data clock to reclock the data input near the center of
each bit; this eliminates noise and edge jitter.

Timing corrections maintain phase lock

Timing reference pulses are applied to the phase compar-
ator along with the data-clock pulses. As depicted in Fig. 2
these reference pulses should occur at the falling edge of
the clock pulse. If the timing reference pulse is coincident
with the more positive half of the data clock, a count-up
command is generated. If the reference pulse is coincident
with the more negative half, a count-down command is
generated. This command is presented to the modulo-32
up-down counter along with the timing reference pulse.

The data-rate clock (approx. 19.2 kHz) is divided by 8,
which determines the integration period over which the
counts of the up-down counter are averaged. Decoders
examine the up-down counter at the completion of the
integration period and determine if the count is above
(+1), below (—1), or within threshold (0). If the count is
below threshold, the control logic directs the variable di-
vider to divide by 43 during the sample period. If the count
is above threshold the variable divider is set to divide by
45. If the count is within the threshold limits, the divider
continues to divide by 44. In this way the phase of the data
clock is adjusted to the phase of the incoming data.

Circuit operation

The schematic of the CMOS phase locked loop is shown
in Fig. 3. One-half of CMOS dual, D-type flip-flop FF1A
(RCA CD4013) serves as the phase comparator, with the
timing reference pulse serving as the trigger for the flip-flop
and the local clock being fed into the data input. The flip-
flop is set or cleared by the incoming timing reference
pulse, depending on the polarity of the data clock.

The modulo-32 up-down counter comprises dual flip-
flops FF1B, 3A, 3B, 6A and 6B (all RCA CD4013), and asso-
ciated CMOS gates G2A through D, G4A through D, and
G5A through D (all Solid State Scientific SDS 5102). De-
coding gates G7, 8A, and 8B determine whether the count-
er has counted up, down, or has remained at zero.

The variable counter utilizes a 7 stage CMOS binary
counter FF10 (CD4004) which is driven by the 844.8 kHz
high-speed clock. The counter is a feedback type, with
decoding gates G11A, 11B and 12A producing the three
possible divide ratios.

The counter divides by 44, except for every eighth period
of the 19.2 kHz data clock. At the beginning of this sample
the status of the modulo-32 up-down counter is examined
by gates G13A, 13B, and 15A. The counter is then reset at
the appropriate time to allow division by either 43, 44 or 45
during the sample period.

The +8 counter (flip-flops FF18B, 19A, and 19B and gate
G12B) produces the integration period by division of the
19.2 kHz data clock. The decoded sample pulse, at a fre-
quency of 2.4 kHz enables gates G13A, 13B and 15A, and
also resets the updown counter to zero. The data rate clock
is also shaped into a 50% duty-cycle wave before being
sent back to the phase comparator. This shaping is accom-
plished by binary counter FF17, flip-flop FF18A and their
associated gates. This is done by utilizing the high-speed
clock (844.8 kHz), and provides equal probability that the
timing reference pulse will coincide with the positive as
well as the negative portion of the data clock.

If a phase error is detected, the CMOS phase locked loop
divides the 844.8 kHz clock by either 43 or 45 during one
cycle (sample period) of every eight cycles (integration peri-
od) of the data clock.

52,08 us

-

0 1 0 1 1 0 0 1 0 1
INPUT NRZ M r"“1
DATA WITH M_
NOISE

0 1 0 1 1 0 0 1 0 1
RECOVERY [ ] | T
CIRCUITRY
OUTPUT
TIMING n D D [] D [] D
REFERENCE
PULSES

o IOAAANNNN0O0.
CLOCK

Fig. 2— Timing waveforms show: (1) raw data input, (2) clean data
output from the recovery circuit, (3) timing reference pulses,
which are generated coincident to level shifts of the input data
and (4) phase locked data-clock pulses. In this circuit the clock
pulses are generated at 19.2 kHz.
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Fig. 3 —Pulses from the crystal oscillator are divided by 44 at the
variable divider circuit. If a synch phase error is detected, the divi-

sion rate is altered to 43 or 45 to maintain phase lock. Since the

38

phase locked loop is comprised entirely of commercially available
CMOS ICs, and power dissipation is only 10 mW, the entire circuit
could be readily incorporated into a single MSI device.

FOR A FREE COPY OF THIS ARTICLE, CIRCLE L62
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This gives a possible phase correction for the sample pe-
riod of,

dp = dw dt =
 /844.8 kHz 844.8 kHz 1 180°\ . .,
2"( 43 44 )(19.2 kHz)( - ) = A

Thus the loop can correct the phase of the data clock at a
rate of 8.37 degrees per integration period. This gives a
maximum frequency correction of,
o G99 _ 837 ( 27
27 dt 277( 8 Hz ) 360°
19.2 kHz

):Sf)HZ

for a loop bandwidth of about 110 Hz, which is consistent
with the value measured in actual operation. The loop lock-
in time has been measured at approximately 10 msec.

The loop has no memory capability, and if the input sig-
nal fades, the data clock will be at an unsynchronized 19.2
kHz rate during the fade. This occurs because the modulo-
32 up-down counter has no input timing reference pulse
and will neither count up nor down during the integration
period. Without this count, the decoded output will remain
within the threshold and the variable counter will continue
to divide by 44.

This CMOS phase locked loop has shown satisfactory
operation (held phase lock) down to a signal-to-noise ratio
of approximately O dB. The signal-to-noise ratio was mea-
sured at the input to the recovery circuit, and the noise was
measured only within the bit-rate bandwidth.

CMOS integrated logic circuits are used for the complete

system. At relatively low clocking rates (below the TMHz)
CMOS circuits exhibit a substantially lower power dissipa-
tion than other types of digital circuits. They also offer very
high noise immunity and high fan-out capability. The all-
digital design has tremendous advantages over the rela-
tively large power consumption of analog components.

The logic devices operate from a +10V dc supply, and
the loop (excluding the 844.8 kHz oscillator) requires ap-
proximately 10mW of power. The phase-lock loop ap-
proach also offers small size and weight, and lends itself
readily to microminiaturization and MSI techniques.

Reference

1. F. M. Gardner— ““Phaselock Techniques”” 1966, Wiley
and Sons
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PUSH.

The great American switch.

Sub- and micro-miniature pushbuttons by C&K. They’re
tough. And they're priced right. And they can beat any-

A
Johanson
- Variable
Capacitor 3 ,

for 45¢ ~ il

45¢ each in
quantities of 1,000

We are pleased

to introduce the |
9300 series. You will
find the unit is truly/
micro-miniature (.315(
high with a .230 di-
ameter and .200 pin
spacing). Its rotary
assembly is designed
with special ceramic
materials which pro-
vide longer life and
complete environmen-
tal stability. Capaci-

STOCK MODELS

CAPACITY TEMP. MIN. Q
MODEL RANGE pF COEF. @ ==10MHz

9312 2.8—10 —350PPM/°C 300
9313 3.2—18 —550PPM/°C 300

body’s delivery to any place in the world. Now there’s
a switch. Get the catalog (#800).

C&K COMPONENTS, INC.

103 Morse Street, Watertown, Mass. 02172

TEL: (617) 926-0800 — TWX: 710 327 0460

The great American switch company.

Also supplied: toggle catalog (#700) Rotary Print Switch catalog (#900)

See C & K at the IEEE Show, Booth #3317
CIRCLE NO. 42

tance values are
available up to 70 pf.
For immediate deliv-
ery, please phone
(201) 334-2676.

ohansond

MANUFACTURING CORPORATION
ROCKAWAY VALLEY ROAD
BOONTON, NEW JERSEY 07005
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Thinking engineers

Econo-Line

Elec-Trol Reed Relays

Here’s why...

Integrity (in-teg’ ri-ti), n., and Reliability

(re-li” a-bil" i-ti), n., are two key words in
Elec-Trol's vocabulary. Nowhere in the industry
can you find a more stringent reliability test
program than in Elec-Trol Quality Control.

The integrity of our reed switches is unexcelled,
for Elec-Trol’s reliability test program is
concentrated on these switches, which are made
by the leading U.S. manufacturers. Our strict
tests are applied to each lot prior to their
incorporation in relays. A sample of each lot is
subjected to microscopic examination and a
5,000,000 operation life test consisting of nine
contact loads. The lot is accepted or rejected
based on the test results. Data is kept from each
lot tested for comparison checks to determine
trends in reed switch integrity.

An accepted lot of reed switches following the
sample tests is then tested 100% for contact
resistance and pick-up sensitivity . . . Only reed
switches that have passed this 100% testing
program are used in Elec-Trol reed relays.

40

Superior performance of Elec-Trol reed relays can
also be attributed to our conservative design
approach. Our relays are purposely designed to
operate well within specification limits . . . The
safety factor goes beyond our written specs.
Excessive heat is never encountered in our coils.
An outstanding example of performance is our
multiple pole relays, where we match reeds
throughout the coil allowing all reeds to operate
at nearly the same pick-up voltage.

Elec-Trol has long been famous for its engineering
leadership and manufacturing techniques used

to protect the reed switch and coil in reed relays,
providing the assurance of proper performance
throughout the relay’s application life. We
pioneered the DIP reed relay. The know-how of
precise bending of reed lead terminals, all

welded internal construction, along with expertise
in use of special epoxies that have similar
temperature coefficients to the reed switch glass
enclosure, are outstanding examples. We have
available special packaging techniques to make
customized relay configurations.

CIRCLE NO. 23

Custom-Design

prefer

All Elec-Trol reed relays are 100% tested for
operating parameters prior to shipment. Quality
control records of inspection are maintained
throughout in-process and final inspection.

Whether your decision to buy is based on
switching speed, long life, light weight, reliability,
circuit isolation, power handling, special
packaging, or otherwise, one of our five reed
relay lines: Econo-line . . . Open-line .. . Dip... .
Pico. .. Military . . . or a customized design

is sure to fill the bill. Our automated production
line guarantees high performance reed relays at
low cost. You can be certain that Elec-Trol

is doing a better job.

Write, wire or call us your requirements.

ELEC-TROL,INC.

26477 N. Golden Valley Road

Saugus, California 91350

Phone: (213) 788-7292 « (805) 252-8330
TWX: 910-336-1556
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Gomplete “Trimmer Satisfaction

One design...9 pin styles

Still the industrys best trimmer value
... Less than 5‘ each in production quantities

Settability of +.08% and _t gii._

...
environmental performance e S

requirements of characteristic
C of Mil-R-22097

e 1.5% average ENR noise
resistance

e 0.5% average CRV

o 1/2 watt @ 70°C

You can choose from an

expanded line of compact

trimmers. .150”— .125”—.100”

in-line terminal spacing and TO-5

pin spacing all available in top

and side adjust. Plus .200” delta

(.100 grid) in top adjust. All

available from your CTS

Distributor. Still the best value in

the industry. CTS of Berne, Inc.,

Berne, Indiana 46711. Phone:

(219) 589-3111.

CTS corroraTiON
Elkhart, Indiana

A wofldl leader in cermet and variable resistor technology
CIRCLE NO, 30




Keeping up with new dimensions

in IC applications

Here are some selected papers culled from the program
of EDN/EEE’s recent seminar on integrated circuit applications.

Today’s designer is on a constant treadmill of technologi-
cal change, going as fast as he can to keep from falling
behind. And nowhere is the pace of change and advance
more rapid than in the area of ICs and their applications.
New processes yield new devices which in turn open
up new applications —replete with opportunities, as well
as pitfalls. And the designer must be aware of all this, if

he’s to continue to do his job the right way.

The following articles are presented as an aid to that
awareness. They were abstracted from the more than 30
papers presented at the 4-day EDN/EEE IC applications
seminar recently held in Los Angeles. Space limitations
prevent us from publishing all of the excellent material
presented at that seminar.

Mate linear ICs with high-noise-immunity logic.

Dave Guzeman and Dave Davies, Teledyne Semiconduct Div.

There are many circuit requirements which fall into that
ill-defined area which is neither completely digital nor
completely linear. High Noise Immunity Logic (HiNIL) ICs
that operate at either +12V or +15V are extremely ap-
pealing in these ““hybrid” systems that use both linear ICs
and digital ICs.

The marriage of HiNIL and linears can result in systems
that operate from a single power supply, with significant
savings in system costs. The use of 15V digital ICs allows
them to be operated from the same power supply as linear
ICs. The high threshold (6V) of HiNIL also offers some dis-
tinct advantages.

Fig. 1 is ideal for the temperature control of very small
devices. The hysteresis resistor, R, causes the heater resis-
tor to be switched on or off for greater efficiency. It can be
adjusted for temperature changes as small as a fraction of
a degree.

One application is for temperature control of a precision
crystal controlled oscillator. While the heater element
must be small, 600 mW or less, it is large enough to main-

—Q +12V
THERMISTOR
+12V
HEATER
ELEMENT
Fig. 1. Small-oven temperature controller.

120 VAC
il - 0
PULSE

TRANSFORMER

PULSE
GEN.

Fig. 2. Large-load temperature controller.

tain the temperature in a small, confined space. In the
event that a larger heating element must be controlled, a
relay or a triac can be driven by the 301 (Fig. 2). This in
turn can control a larger heater.

The pulse generator block can be either a free-running
multivibrator (Fig. 3a or b) or can be derived from the 60
Hz supply, as shown in Fig. 3c.

Operate a 741 from a single-ended supply

A word about the operation of the 741 at +12V is in or-
der. It is well known that a 741 will operate as low as =6V.
It will also operate at +12V and OV with certain restric-
tions. The restrictions are that, as far as the amplifier is con-
cerned, the inputs operate near a point halfway between

EDN/EEE MARCH 15, 1972



(a)

0.01uF 0.01 uF
70 301

(b)
:_to.ouF T 001kF

All Gates are % of 321

Fig. 3. Possible configurations for pulse generator of Fig. 2.

the supplies, which is +6.0V relative to ground. Likewise,
the output must operate between a volt or so above the
lower supply to a volt or so below the upper supply.

If the amplifier is operated open-loop, as in Fig. 1, and its

Fig. 4. Circuit for achieving high slew rate from 741 op amp.

non-inverting input is connected to two equal low-value
resistors, one of each terminating at each supply (ground
and +12V), then the non-inverting input will be at precisely
+6V. If the inverting input is driven a few millivolts more
positive than +6V, the output will be driven to near ground
potential, turning off the heater element. Conversely, if the
inverting input drops a few millivolts below +6V, the heat-
er element will be turned on.

Another interesting and useful application of HIiNIL is to
improve the slew rate of an op amp. Often a system require-
ment exists for one or two high slew-rate operational ampli-
fiers. And rather than add one more part to your parts list,
simply use a circuit similar to that shown in Fig. 4. Resis-
tors R, and R, are selected in the usual manner, according
to required closed-loop gain. Note that since the 301 is an

FULL SCALE 12

ADJ.

20k

i TCR-5282

+10V

+100V

M

—100V O—AAA

-10V O—AMV—9
20k

-1V O—~W—4

NOTES:
ALL GATES EQUAL 1/4 323 or 1/6 334

ALL 300 SERIES HAVE PIN 8 TO GROUND
AND PIN 16 TO 12V

cp, 3H cp, 37N CP, 3n

380, 380, 380,
382 382 382

Fig. 5. Three-digit A/D converter with decimal readout.
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inverter, the non-inverting and inverting inputs of the 741
need to be interchanged for the 741-301 combination. An
added bonus is the lower impedance and higher current
drive capability of the 301, particularly with +6V supplies
as compared to the 741. The slew rate is improved from the
0.2 to 0.7V/sec of the 741 to the 10 to 40V/sec range. Re-
member that this does not produce a fast op amp, only a
higher slew-rate version.

A low cost DVM

A natural application for linear and digital circuits togeth-
er is in A/D and D/A converters. Much has been written
about 10, 12 and larger bit systems of high accuracy. How-
ever, there exist many applications for less-accurate sys-
tems using fewer parts. A simple 3-digit A/D converter

which operates from asingle 12-volt supply is shown in Fig.
5. The combination of the constant-current diode (TRC-
5282) and the capacitor “/C"" is chosen to charge up 5 volts
per millisecond. Therefore, a full 5-volt change gates 1000
pulses from the oscillator, giving a readout of 000 (over-
range).

The 20k{) pot in the feedback circuit of the first 844 op
amp calibrates the maximum range for variations in capaci-
tor value, constant-current diode operating point, and oscil-
lator frequency. The input-offset adjustment on the second
844 serves as a zero set pot. The first stage sets the range by
converting 0 to 1 volt, 0 to 10 volt, or 0 to 100 volt inputs to
a 5-volt swing on the output. For positive inputs, the respec-
tive negative input is grounded, and vice-versa. Readout
can be either gas tube or projection readout.

Line drivers are not limited to computer systems

Dale Pippenger, Texas Instruments, Inc.

With the rapid growth of both linear and digital ICs, there
has been an increasing need for interface circuits —devices
that contain both types of functions. Interface circuit appli-
cations is a very important area in today’s world of comput-
ers and peripheral systems.
Line drivers and receivers perform many jobs

A very popular interface application is that of transmit-
ting and receiving data between main computer consoles

and peripheral equipment. Line drivers and receivers are
used to perform this function.

There are many types of line drivers and receivers avail-
able, each designed with particular requirements in mind.
Some are designed for party-line applications, some for use
on single supply voltages, and some to meet special re-
quirements such as military standard or EIA specifications.
It should be kept in mind that these devices, although de-

% SN75107/108 \
DATA
our ©
LINE RECEIVER
% SN75109/110
DATA
o ~
IN [ | - > DATA
TRANSMISSION
INHIBIT LINE
o-
CONTROL |
LINE DRIVER
10
INHIBIT
INDICATOR
[I (_I % SN7400
g SENSE
] —— " A
Q L | \
% SN74123 —
15 SN7524/25

Vger =20mV

Fig. 1. Data terminal with Busy Inhibit.
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Fig. 2. Data line relay.

signed to meet special requirements for data transmission
systems, have many applications. Line receivers may be
used as comparators, signal detectors, oscillators and level
shifters.

Line drivers may be used as memory drivers, level trans-
lators and lamp drivers, just to name a few of the possible
applications.

Is the line busy?

One problem encountered in party-line systems is the
same as that of the old telephone party lines—knowing
whether a line is busy or not.

The circuit shown in Fig. 1 monitors the transmission line
and will provide an inhibit control to the local driver when
the line is busy. The local driver may be enabled when no
data is being received from the line. If there is no data on
the line, the retriggerable one-shot releases the line driver
for operation. Before data is fed to the driver input, the local
enable-control input must be taken high. The line sense
amplifier is then inhibited to prevent interference with the
local driver. The local driver may then transmit on the line.

Data transmission between racks of equipment in the
same room may be accomplished relatively easy. Long-line
transmission from a building or within a building of very
large size may require signal boosting. This can be accom-
plished simply by feeding through a receiver and driver to
boost the signal. The problem becomes slightly more com-
plex if bidirectional transmission is desired. The circuit of

i
[0 =

LOAD TO BE
PROTECTED

51 2.5k

N

SN 75450

=
L

*Push button switch must be actuated to turn on power to the load and
also to reset if overload occurs.

v

1N914

NC

T Gnd.
NO O
*PUSH
BUTTON I+5”F

SWITCH

Fig. 3. Electronic circuit breaker.
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Fig. 4. Intrusion alarm.

Fig. 2 combines a SN7528 dual-channel sense amplifier, a
SN7404 hex inverter, a SN75109 dual-channel driver and a
SN75107 dual-channel receiver to accomplish bidirec-
tional boosting on a single transmission line.

Adjustment of propagation delays allows the receiving
end driver to be held off while the other driver is allowed
to transmit the data on.

Peripheral driver doubles as a circuit breaker

A basic general-purpose driver has many applications in
peripheral systems. The SN75450A operating as an instru-
mentation circuit breaker (Fig. 3) is a good example of the
versatility of such a device. The output transistor saturation
level locks the circuit on until the ON current increases to a
point where the base drive is no longer adequate to main-
tain saturation.

As the output begins to pull out of saturation, its base
drive is removed —completely opening the load path to
ground. The limit at which the output load current will re-
sult in shut-down is determined by the gate-to-base imped-

ance control, which limits the base drive required to main-
tain saturation. This may be set for limit currents of from 50
to 250 mA.

. . . and as an intrusion alarm

Another unusual application for the SN7545 driver is an
intrusion alarm that sounds out with each step of an intrud-
er (Fig. 4). A SN72741 operational amplifier provides the
high gain required from a sensitive transducer. The trans-
ducer, similar to a very sensitive microphone, is capable of
sensing even light footsteps from up to 30 feet away. The
resulting pulses are amplified by the SN72741 and fed to a
detector-filter circuit. The detector will develop a positive
voltage, turning on a 1.5-kHz oscillator which drives a 16-
ohm speaker.

Each footstep in the general area of the transducer will
produce a short but sharp tone at the speaker. The output
from the speaker driver can be used to operate another type
of alarm or lamp, if desired. The oscillator, detector drive
and output drive are provided by one SN75450 driver.

Logic design with programmable arrays

A. Tuszynski, University of Minnesota (Consultant, Solitron Devices, Inc.)

Implementation of custom logic is not entirely compatible
with the concept of large-scale integration. There are eco-
nomic problems when dealing with equipment intended for
low-volume production, and there are logistic complica-
tions when dealing with equipment projected for high-vol-
ume production. Compromise solutions resolve the eco-
nomic and logistic difficulties, but at the expense of device
utilization efficiency or some other design criteria.

A Programmable Logic Array (PLA) affords an excellent
compromise. The cost of programming is low, the turn-
around time is short and device utilization is at the discre-
tion of the system designer. It can be used as a working
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model of items projected for high-volume production as
well as actual hardware of low-volume items.

The block diagram of a Programmable Logic Array (Fig.
1) comprises a bank of inverters, two logic-matrices, a set of
memory elements and a block of output drivers. There is a
feedback path from the output of the second matrix through
the memory elements to the input of the first matrix. Se-
quential as well as combinatorial functions can be imple-
mented, subject only to the dimensional limitations of the
array. In a typical PLA, there may be 70 rows by 50 col-
umns in Matrix 1, 70 rows by 35 columns in Matrix 2 and 8
flip-flops in the memory bank.

EDN/EEE MARCH 15, 1972



Pladsse s 1

INPUT

BUFFERS AND INVERTERS REGISTERS
P P A — |
S [ BUFFERS |, flz
Dp+1 5
D,|D, IDS
B,
B,| 2nd SET
1 ATES 2
st SET OF G - Ak
B

Fig. 1. Programmable logic array.

Programming a PLA

In absolute voltage notation, a MOS logic matrix is a set
of NOR-gates (Fig. 2). Programming of the matrix is execut-
ed during the gate-oxide stage of processing. Cross-hatched
gates in Fig. 2 indicate thick-oxide gates and, therefore,
inactive transistors. Regular gates represent thin-oxide gates
and active transistors.

The PLA symbolism of the matrix is explained in Fig. 3 by
reference to conventional NOR-gate logic. A r x k matrix
comprises r k-input gates. Going back to Fig. 1, both matri-
ces have the same number of gates, since the outputs of the
first matrix are also the inputs to the second matrix.

Given NOR gates as the only available hardware, any
Boolean function “/f”” of variables A, B, C,. . . can be im-
plemented in three stages®. Given the complements of A, B,
C. . ., as well as the original variables AB C . . ., a Boo-
lean function can be implemented in two stages. Thus, giv-
en a block of input inverters and two logic matrices, we can
implement any Boolean function, subject only to the di-
mensional limitations.

To demonstrate the writing of a program, let’s imple-
ment a resetable serial adder. A and B are the two inputs
to be summed. C, is the input carry term. C,, is the out-
put carry term and R is the reset. From the truth table we
get

3=A+B+C A+B+C A+B+C A+B+OR

Ciri = (A + B+ O(A 4 B £ GIASE B =G (At Bt GIR.

n+1

P4 (s
che
UL

7]

—
LMY

O Vgq Fig: 3. NOR gate matrix. Ton o
Truth Table

A B Cn R 2 C"+]
0 0 0 0 0 0
0 0 1 0 1 0
0 1 0 0 1 0
1 0 0 0 ] 0
0 1 1 L ) 0 -1
1 0 1 0 0 1
1 1 0 0 0 1
1 1 1 0 1 1
X X X i 0 0

(A+B+C)(D+E+F)(G+H+1)

B

(a)

ABCDEFGH.I (A+B+C)(D+E+F)(G+H+I)

(b)

Fig. 2. NOR gate symbols.

Guided by Fig. 3 we connect input lines ABC of Fig. 4
to the first row of the first matrix, Lines A, B, C to the sec-
ond row and so on up to input R and the fifth row of Ma-
trix 1.

Advancing to function C,,,, we note that subfunctions
(A + B + C) and R are already available. We connect,
therefore, lines A, B, C to row 6, A, B, C to row 7 and A,
B, C to row 8.

In the second matrix, we connectrows 1,5, 6, 7, and 8,
the elements of function C,, ,, to a column equipped with
a memory element. Rows 1 through 5, the elements of
function X, are connected to a direct-output column. =3

=y

& G2

ki

C

n+1

A 2

Fig. 4. PLA implementation of a serial adder.
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NEW

OP AMP

The new LM118 may well be the ultimate
true differential operational amplifier.

It not only has the fastest slew rate ever
offered (a minimum of 50 volts per micro-
second at A =+1), but guarantees it for
every single device. In writing.

As if that weren’t enough, the highly
versatile LM118 is pin for pin compatible
with general purpose op amps, has a
1MHz full power bandwidth,a unity gain
crossover frequency of 15MHz, 1s inter-

nally compensated,can be offset nulled to

zerowith a single potentiometer, doesn’t
sacrifice dc performance for speed,
comes in a TO-5 package and will soon be
second sourced. (Once again giving
testimony to the now-famous National

CHAMP.

Linear Circuit Motto: “In order to be
followed you have to lead.”)

Naturally, the entire LM118 series is
available for immediate delivery at the
following (100 up) prices: LM318H, $9.95;
LMZ218H, $19.95; LM118H, $29.95.

For more information, contact your
nearest National distributor. Or write,
phone, TWX or cable us direct.

National Semiconductor Corporation,
2900 Semiconductor Drive, Santa Clara,
California 95051. Phone (408) 732-5000.
TWX: (910) 339-9240. Cable: NATSEMICON.

CIRCLE NO. 31
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There’s more to
ESP rectifiers than you might think.

Customers have already perceived at least two additional
features that provide more reasons to go ESP — low leakage,
especially at high temperatures and operation over the full

military range of —65°C to +175°C.

Now Unitrode has added three more reasons. The voltage
range has been increased to 150V. The three UES series are
now available as 1N5802 through 1N5816. And you can get
_them in high efficiency assemblies as center tap rectifiers,
- bridges, and higher current modules.

Of course, you already know about the 15nsec typical
recovery time in any circuit — forward voltage drop as low as
0.8V at 20A — continuous ratings of 2.5A to 20A — very low

diode losses and low cost — and off-the-
shelf delivery from local Unitrode

~ distributors. These features alone added

up to the best in Efficiency, Speed and Power.

And now there are five additional
features that make very good sense.
Maybe there's even a sixth one.

Unitrode Corporation, 580 Pleasant Street,
Watertown, Mass. 02172 (617) 926-0404.

|

= UNITRODE

Call your local franchised Kierulff or Schweber distributor
for your ESP Rectifier “free sample card”
CIRCLE NO. 32



Two-tone test generator delivers
high-purity output

Here’s how to design a test generator that produces two audio signals and
combines them in such a way that all harmonics and cross-products are negligible.

Hank Olson, Stanford Research Institute

In the testing of single-sideband systems, it is common to
use a two-tone signal as the audio input. If the results are
to be meaningful, the two-tone input must itself be clean.
That is, the harmonics and cross-products between the
two frequencies must be small compared to the expected
levels of these components caused by the device under
test. When testing a system that is quite linear, this means
that the two-tone input must be of high purity. Even if two
high-quality laboratory oscillators are used (like the Hew-
lett-Packard 204C), there is still the problem of combining

their output in such a way that one does not affect the
other.

The generator shown in Fig. 1 produces 800-Hz and
2000-Hz signals combined with a purity such that all
harmonics and products are down more than 85 dB from
the desired tones. This small degree of distortion is
achieved by using two Wien bridge oscillators and then
following each with an active bandpass filter. Actually, the
two audio oscillators are modified versions of the classic
Wien bridge circuit.

1500 pF el
N
130k u

0.015 uF

|
|
|
ICs ARE NATIONAL SEMICONDUCTOR TYPES ‘l
1
|

FIG. 1

|

|

Fig. 1 — The test generator circuit consists of two Wien bridge oscillators, each followed by an active bandpass filter. The outputs from the
two filters are combined in an operational adder. The generator produces 800 Hz and 2 K-Hz signals.
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Fig. 2— A simple IC power supply can be used to provide power to the two-tone test generator.

In each oscillator circuit, the amplitude-controlling non-
linear resistance (a thermistor) is associated with one op
amp, and the frequency-determining RC network is asso-
iated with another op amp. The parallel RC branch of the
network is returned to the output of its op amp, instead of
to ground. This makes it possible to use larger values of R
(and smaller values of C) for any given frequency, since the
parallel RC branch “‘sees’” a higher impedance.

The active bandpass filters, which follow the oscillators,
further reduce harmonic content. Each filter has a variable
resistor which “‘tunes’” the filter to the frequency of its as-
sociated oscillator. This particular form of active filter is
discussed at some length in References 1, 2, and 3.

Finally, the two frequencies are combined in an opera-
tional adder. The fact that the inverting input appears as a
“virtual ground”” means that the output of each active filter
effectively sees 10 k() to ground. But the summing point is
at the virtual ground, which assures that the oscillator-fil-
ters do not affect each other.

There are four adjustments on the two-tone test oscilla-
tor. Two of these, the two filter-tuning variable resistors
(1 kQ), already have been mentioned. The third is a 50 kQ
variable resistor associated with the 800-Hz active band-
pass filter. It is used to make the levels of the two tones
equal. Finally, there is a front-panel control, a 1 k€ poten-
tiometer across the output of the operational adder, which
is used to set the combined two-tone output level.

Normally, the level of each tone is about 12V peak-to-
peak and the maximum combined output level is about
24V peak-to-peak. This level should be more than enough
to provide two-tone signals for most systems to be tested.

A simple integrated-circuit regulated supply (Fig. 2) can
be constructed to power the two-tone test oscillator. It

uses the LM305 and LM304 positive and negative regula-
tor ICs slaved together to provide tracking.* &
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Design complex active filters
with these few equations

Break active filters into standard two-pole sections. You can reduce the number
of design equations and therefore the design effort.

P. G. loannides, IBM Corp.

Synthesizing a multiple-pole, low-pass or high-pass active
filter no longer needs to be a tedious job. The filter, no
matter how complex and no matter how many poles, can
be made up of basic filter sections which are themselves
simple to design. These basic sections have only second-
order transfer functions and can be designed with a mini-
mum of equations and therefore a minimum effort. These
basic sections can then be cascaded to obtain higher-order
transfer functions.

Each basic section consists of a minimum number of
passive elements and one active device. The active device
can be any suitable amplifier that will provide the neces-
sary unity voltage gain and high current gain. Darlington
emitter followers, compound transistor followers, or oper-
ational amplifiers can be used. The circuit configurations
for the low-pass and high-pass versions of the basic sec-
tion, along with the design equations, are given in Tables
1 and 2.

Since each basic second-order section has two poles,
the number of cascaded filter sections for an N-pole trans-
fer function will be N/2. For a Butterworth frequency re-
sponse, all poles of the transfer function are located on the
left-hand side of a circle of radius w, in the S-plane, ,

Table 1, Design steps for two-pole, low-pass active filter

Circuit configuration 1‘%
Cc2
R1 R2
E, O——AAA—4 O,
C1 2

Transfer function:

m

=X @y

E © B 20w, Sk
Corner or natural resonance frequency w,:
1

w!! wF ~
T " MR RIC C
Damping factor {: = -
= 1/2(R, + R,) Gu,
For maximally flat response { = 0.707

Pole location in the S-plane:

Design equations for passive elements:

C, selected from stock, M > ;—2 for R, to be a real quantity,

€ SR
by =g ~ WICR,

M 1 e
R, = e NI
i Cw e s

being the desired corner frequency of the filter (see refer-
ence). All the N/2 cascaded basic filter sections will have
their conjugate poles located on the circle of radius w, at
different angles, 6, from the negative real axis of the S-
plane. The following equations give the location of the
conjugate pair poles and the damping factor of the kth
basic filter section for a Butterworth frequency response:

D {Sin[uk— 1)”}+' [k = 1)
,, N * j cos N ﬂ':l}

L, = sin [MW]

L54]
|

2N
T 2k —-1)
g, =R el e
" 2[1 N ]
where k = 1,2,3 . %

For a Chebyshev frequency response, all poles of the
transfer function are located on the left-hand side of an el-
lipse centered at the origin of the S-plane. The minor rad-
ius of the ellipse is parallel to the real axis, o, and the

Table 2. Design steps for two-pole, two-zero high-pass active filter
Circuit configuration: AL
R1
C1 Cc2
] o,
Ry

Transfer function: -

Eli e S: 8

E, S*+ 20,5 + o

Corner or natural resonance frequency ,:

R
VR,R,C,C,
Damping factor ¢: i it

L=1/2(C, + C,) Rw,

For maximally flat response { = 0.707

Pole zero location in S-plane:

6 = cos!' (
Design equations for the passive elements:
Select C, = C, = C from stock




trouble-
O1l.

Here comes the latest member of
HP’s Troubleshooters searching out
faulty IC’s. The HP 10529A Logic

= Comparator slips

2 [ . over the in-

£ ‘ circuit IC

\J you're testing

and in 5 seconds or less

tells you whether it is functioning
properly.

A clever comparison scheme uses
the circuit’s power and input stimulus
to do all this. Even dynamic errors
as brief as 200 ns are stretched and
displayed. Complete with accessories
for only $295.

We're thinking ahead. The compar-

i — ator carrying case

R - « also holds our other

/{’5\\ two Troubleshooters.
; ~ The HP 10525A Logic
ﬁi‘ Probe lights up for pulses as
narrow as 25 ns and indicates
a pulse polarity, pulse trains and
logic states. $95.
The HP 10528A Logic Clip
clamps over 1C paclnges to show
the state of all 16 =
(or 14) pins instantly.
$125.

You can buy all three %
as the 5010A for $495,
saving you time, aggrava-
tion and $20.

e The IC Troubleshooters
. march on. Wait
until you see

what we’re work-

ing on now !

Call your HP field
engineer to get your
hands on them right
away. Or if you want to know more,
write Hewlett-Packard, Palo Alto,
California 94304; Europe. 1217 Mey-
rin-Geneva, Switzerland.

02116

HEWLETT @ PACKARD

CIRCLE NO. 77

major radius is parallel to the imaginary axis, jw. Conse-
quently, each of the N/2 basic filter sections will have its
conjugate pole at a different corner frequency ,,., as well
as at a different angle 6, from the negative real axis.

The minor and major radii of the Chebyshev ellipse are:

Minor radius = w, sinh 3,
Major radius = w, cosh B8, where

B = —sin~! (é), where

1
N
€ \ H)/'/’p lu" ~ ]

o, is the filter's corner frequency and rip is the desired
ripple in db

The real and imaginary parts of each of the N poles of
the transfer function are:

q
|

’ i [2k—T1).; )
« = —w, sinh B sin [—Z—N—ﬂ-] K=1:23%u:«N

I

w

2k — 1) X
. = w, cosh B cos [Tﬂ:l k= 1,23 . 3N

For a Chebyshev frequency response, the corner fre-
quency and the damping factor of each of the N/2 cascad-
ed basic filter sections are:

: . [k — 1) TV
0, =0, {<smh B sin {TW]) +

. (2k_]) 231/2 o N
(costhos [__'N 77'])} K= 1023 s =)

2
2 -l
sinh B sin l:(k)—N])‘IT] N
& = ~ = k:1,2,3...5

nk

To summarize: the synthesis of a high-order transfer
function with conjugate poles and an even number of ze-
ros located at the origin of the S-plane can be obtained by
cascading the basic filter sections shown in Tables 1 and
2. Each basic filter section is designed to yield just a con-
jugate pair of poles or a conjugate pair of poles along with
a double zero at the origin. The location of the conjugate
pole pairs can be selected according to the proper design
of the basic filter sections. &

Reference
““Network Analysis and Synthesis,” F. F. Kuo, John Wiley,
New York, 1962. (See pages 327-340.)
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MINIATURIZED
A.C.t0D.C. POWER MODULE

Three Outputm
Power Supply

For Op Amps & Companion Logic

Outputs are +15 VDC (tracking) @ 50 ma and
5 VDC @ 250 ma. All outputs have regulation of
+0.1%, ripple of 1.0 mv, and are short circuit
protected. Only 3.5”x2.3”x1.0”. Mounts directly
on a PC board. Order Model TS5-15. Price: $88.00
(For =12 and 5 VDC, Model TS5-12. Same price.
Other voltage and current ratings also available.)
Shipment: Three days.

Acopian

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

Miniature series of-
fers multiple circuit
switching in limited
P. C. space. Choice of
upright mounting or
right-angle mounting.
Compact size for P. C.
cards. Economically
priced.

ALCOSWNITCH®

DIV. OF ALCO ELECTRONIC PRODUCTS, INC., LAWRENCE, MASS.
CIRCLE NO. 34

swich MINIATURES

;;'(i,essi:iitis :a:;lu':: ":IEMAP "R&‘ég‘o/f Z /

IDEAL SIZE FOR
PRINTED CIRCUITS

able stop & in 1-2-3-
4 poles on a single
deck with max. of 10

or 12 positions.
MSRE waterproof
series meet high re-
liability standards; &
non-adj. 1 to 4 poles.
500 mA @ 125 VAC.

ALCOSINITCH®

DIV. OF ALCO ELECTRONIC PRODUCTS, INC., LAWRENCE, MASS
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p
Faceplates
are Bright,

Sharp, Clear,
and Cheap.

Yes, cheap.

Over the last ten years, Bendix developed
and produced our first 250,000 fiber
optic faceplates for the military.

They were the expensive ones — what with
the cost of R&D, prototypes, tool-ups and
all. But they were excellent; met or
exceeded all government specifications
for brightness, resolution, contrast, etc.
And now, with the costly part behind
them, our FO faceplates have been de-
classified by the military. So, they’re on
the open market.

At very competitive prices. (Or they would
be if we had any real competition).
Actually, the units we're producing now
will cost you about 1/ 6th of what one of
our first 250,000 would have.

That’s cheap.

But only the prices have changed. Which
means you can improve your products
with increased contrast, hard copy
options, or off-axis filter characteristics
of fiber optics in—video displays, business
machine readouts, cockpit annunciators
— just as the military has done in
advanced facsimile equipment and air-
craft. At a fraction of the cost.

And fiber optic faceplates are available
for immediate delivery.

Doesn't that turn you on?

For more information contact: The Bendix
Corporation, Electro-Optics Division,
Galileo Park, Sturbridge, MA 01518.

TEL: (617) 347-9191.

Bendix
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Design interface

Can an EE use market forecasts

to plan his career?

Design engineers owe it to themselves to forecast the markets for
their services and to plan their personal careers accordingly.

Robert H. Cushman, New York Editor

1970 )

1950

1960 TIME

The past decade has taught EE’s two things: you can’t trust
anybody to plan your career for you, and most engineer’s
careers depend ultimately on government spending. The
engineers who did not outguess what finally happened in
69-70 have been left with a stagnant gap in their creative
careers. They have been left either with jobs that have
reduced scopes of creativity or without engineering jobs at
all. How, though, can engineers best chart their way out of
the present catastrophe? How can they avoid getting
caught the next time?

The answer is that which has been used by some of the
best managed corporations: make use of market forecasts.
It's easy to find fault with market forecasts because they
are to some degree always wrong; but one has to admit
that the larger companies that make extensive and contin-
uous use of market forecasts—like IBM, Westinghouse,
Monsanto and Foxboro—have come through the recent
setback better than most engineers.

But first, let’s see what’s wrong with engineers.

‘The fault with creative EE’s is that they dream of the fu-
ture in terms of all the wonderful good their technology
will do for the World, naturally assuming the World will
meanwhile be paying them steadily. Just look back at the
IEEE Proceedings for May 1962, where on the society’s

56

1970 )

1950

1960 TINE

50th anniversary a worthy assortment of peers predicted in
rosy detail their romantic dreams for the various futures of
their specialties. Their strictly technical forecasts envi-
sioned all the usual solutions to man’s needs, from com-
puter-automated education via TV to lifetime medical aids
for the handicapped.

Their dreams themselves shouldn’t be ridiculed, for they
were essentially sound and will eventually come true. But
it is ridiculous for a profession to go on dreaming of hu-
manitarian uses for its creative talent when historically it
has only been supported (in sporadical spurts at that) by
nations afraid of enemies. Look back in history (in such
books as Ref. 1) and you will see that this is true.

Hard-nosed market forecasts can provide the contact
with reality that in the long run will help engineers move
more surely toward their dreams of usefulness.

What an SRI forecaster says

Robert Peters, industrial economist with Stanford Re-
search Institute (SRI), Menlo Park, Calif., says: “Individual
engineers can very definitely use the market predictions
developed for industrial clients for their own career plan-
ning. I've used my own reports to plan my life. Itis no acci-
dent that | plan to spend my career in the new communica-
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tions field. My research assignments at SRI on the future of
this new field—that includes both data communications
and expansions of video—have thoroughly convinced me
of the long-term growth, challenge, excitement and security
that lie ahead. | don’t see this field reaching its full bloom
until the 1980’s, but that's fine with me for then I'll be in my
40-50 period and in full bloom myself.””

Peter’s own career up to this point makes an interesting
comparison to that of many aerospace engineers. Like
many young men back in the early 60’s, he had been
pushed toward the defense industry by his work in the
armed services. But, he recalls, some kind angel must have
been looking out for him because he stopped himself with
the thought, ““Boy, this aerospace thing has a short fuse
on it!"”’

Yet, though he saw that aerospace was risky, he did not
have any clear vision of which way to head He did, how-
ever, become so interested in the problem of choosing a
long-term growth industry that he ended up in market fore-
casting. After graduate work in business administration and
a stint at Hewlett-Packard, he joined SRI.

““Being involved in market forecasting at SRI has been a
lucky thing for me,”” says Peters, “for it has given me the
answer | was groping for. | was exposed to the in-depth
methodology of quantitively sizing up the present state of
industries and markets and carefully extrapolating into the
future, taking into account many different factors, from
nuts and bolts to economic, political and social issues. So
when | say | am confident that there is a long-term future
in communications it is not just a casual observation, but a
conviction born out of exhaustive study and analysis.”

Engineers who have not seen the comprehensive reports
that SRI puts out should get their hands on one. These
reports often consist of several complete volumes. They
are a balance between hard, quantitative data and research
opinions. The logic behind the forecasts is usually suffi-
ciently explained that the reader can evaluate their merit
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on his own. This is especially important for individual en-
gineers who obtain these reports—say through the kind-
ness of a friendly marketing department—because the
reports are naturally pitched toward corporate, not indi-
vidual planning.

Don't try to purchase these reports from SRI because
you won'’t be able to afford them. They’ll cost you a year’s
salary. SRI projects have budgets as high as a million dol-
lars and the cost is typically shared by several dozen large
corporations (quite a few of SRI’s regular are in the ““For-
tune 500" category). Peters said he has just completed a
“fairly massive’” study on cable TV for 40 clients spread
across the U.S., Japan and Western Europe. A current SRI
study many engineers would like to get their hands on is,
“World Electronics Markets.” SRI’s forecasts tend to go
well into the future—5 to 10 years or more—so their pre-
dictions will cover a useful chunk of an engineer’s career.

What advice does Peters have for EE’s?

EE’s should monitor the Federal Government’s spending,
agrees Peters. Right now, if they are doing their homework,
they’ll see that while DOD is remaining stagnant, HEW
(Department of Health, Education and Welfare) is steadily
rising (see Fig. 1). Peters predicts: “"HEW will be ahead of
DOD by mid 70’s, This will be one of the first times in re-
corded history a nation has realized the silent enemies from
within can be just as dangerous as the obvious enemies
without. People are slowly comprehending that the condi-
tion of their environments, their cities, etc., are becoming as
immediate a threat to their survival as the USSR and Red
China.

But don’t expect rapid change. The forecasters we have
talked with agree that it seems to take about five years be-
tween the time that the voting public starts to become gen-
erally aware of a threat to the nation and the time the Feder-
al Government begins to allocate significant funds. Re-
member it has taken 5 years to wind down our involvement
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(Data from IEEE)

Fig. 1—Trends in government spending. If you take the budgets of
the various Federal departments and see how they have varied
from 1960 to the present you will begin to see what the future

emphasis may be like. Look how the HEW budget has walked up
through all the other budgets. An SRI researcher predicts HEW
will continue to grow and will surpass the DOD budget by 1975.
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in the Viet Nam “war.”

Peters forecasts that the style of engineering for the new,
non-DOD programs will be quite different from what engi-
neers have been used to in the past. His surveys have indi-
cated that the emphasis will be on a well-rounded engineer
who sees hardware as but one part of the solution. This en-
gineer will be at home in working in an interdisciplinary
manner with professionals from other disciplines —such as
medical doctors or educators in the case of HEW. He will
contribute systems solutions in the form of combinations of
hardware and software rather than just advanced gadgets.
Ironically, Peters observes, the very success of the Moon
mission has downgraded hardware as something that ““can
be bought.”’

Peters does not feel that many of the older aerospace en-
gineers can be retrained for the new style. But he agrees
with EDN/EEE that by the mid-1970’s, when the funds final-
ly start flowing for non-defense priorities, a new breed of
EE’s will be coming out of the engineering schools. This
new breed is being trained right now in the interdisciplinary
approach in some schools. As it was explained to EDN/EEE
in a slightly tongue-in-cheek manner by one professor at
the Polytechnic Institute of Brooklyn last year: “Our new
‘relevant’ student doesn’t want to overburden himself with
too many tough theory courses. He's rather go out with a
tape recorder and interview the man in the street.”’

But these subtle changes in engineering style bring up
another item for engineers to consider in their own market-
ing analyses. Namely, how will the supply of engineers
who be completing for jobs change in the future? One thing
that quite a few experts seem to agree upon right now is that
because of the current slump in engineering school enroll-
ments, there will be a possible shortage of engineers in the
mid 70’s. Therefore, those engineers who can ““swing with
the new interdisciplinary trend,”” may find themselves
somewhat back in demand. (But as we said at the begin-
ning, you can’t trust anybody, so you'd best do your

SALES
and
SALARY

PAST NOW

Fig. 2—The two curves that count: the market rise and fall. Both
can be predicted to some degree. Graphically, most forecasting
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own analysis).

What a F&S forecaster says

In contrast to SRI, Frost and Sullivan, Inc. (F&S), New
York, N.Y., represent a smaller (35 people) commercial
forecasting service. Its projects have lower budgets and an
affluent engineer could almost afford the $200-$400 they
charge for each of the thirty or so reports in electronics
markets they do a year.

We asked Henry Berler of F&S what he thought engineers
could get out of market forecasts. Berler was also quite spe-
cific: “If an engineer had been following our reports he
would know that he should be looking into public trans-
portation (Dept. of Transportation) and into NASA earth re-
sources satellite programs. Everything points to growth in
these areas.

But Berler said that the first step in an engineer making
intelligent use of market forecasts in to gain an appreciation
of how these forecasts are made. As he described F&S'’s
way of doing market projections, we noted it was really an
extension of the way editors develop reports on industry
trends. F&S starts with a question of direct interest to its
clients. For example, a recent report F&S gave us to look
over addressed itself to the question, “What will happen in
the Test and Measurement Instrumentation Market up to
19802 Then through literature searches, questionaires,
phone interviews and plant visits, the F&S researchers gain
a quantitative and qualitative familiarity with the field. Fi-
nally, after months of work and contacting hundreds of
sources, they sit down and organize all this into a 100-200
page report. (See Refs. 3 and 4).

You might argue that you or anybody else could do this
yourself if you had the time and inclination. It is nothing but
data gathering and thinking. Well, it seems that fact gather-
ing and thinking are the two things most of us never have
the time to do, which is why our careers are so often poorly
planned.

IIIIIIIIllllylllllllllll’llllll
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amounts to simple-minded curve extrapolation. The call-out
numbers refer to the analysis steps explained in the text.
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Calif. Electronic Mfg. Co., Inc. (Calex)
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Get 100 ma of 0.05% regulated voltage (no load to full load)
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54800

Model 22-100
REGULAR
Available on this special offer for only $24.00
(Only one to a customer, offer expires May 31, 1972)
Send this ad tc receive your ', price sample.

P.O. No. [J Information only.
Calex, Box 555, Alamo, CA. 94507
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Company
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movement
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Panel
Melers
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pivot & jewel movement

A.C. repulsion 2% movement
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bakelite and metal

Send for our 1972 catalog

HOYT ELECTRICAL INSTRUMENT WORKS, INC.
BURTON-ROGERS COMPANY / Sales Division

556 TRAPELO ROAD, BELMONT, MASS. 02179 « (617) 489-1520
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Our Dual-Trace Scope
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their’s does...
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e FULL Power-Supply regulation
e 50% more bandwidth
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slope triggering. Internal, external and line trigger inputs.

18 position time base switch in 1, 2, 5 sequence provides sweep
from 0.5 sec/cm to 0.2 usec/cm, continuously variable be-
tween settings. 5x magnifier for detailed trace viewing.

DC to 15 MHz bandwidth and 24 nsec rise time permit analysis
of high frequency signals & transients. Full bandwidth from 20
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Additional features include sweep gate output . .. TTL-compat-
ible external blanking input . . . standard camera mount bezel
.. 8x10 cm flatface CRT.

When you buy the EU-70A, you get a little more by paying a
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F&S’s objective — like that of other forecaster’s—is to ex-
tend the curve of sales in a market into the future (Fig. 2). As
indicated by the numbers in Fig. 2, F&S does this in a step-
wise, methodical manner, by asking and answering the fol-
lowing questions in turn:

1 —What is the market volume at present?

2 —What has been the past history of the market volume?

3 —What is the best approximation of the present growth

slope?

4 —How should the slope be extended into the future?

5—How should the projected curve be adjusted to ac-

count for expected new influences?

F&S does this type of extrapolation for all product seg-
ments of the market they are studying and for all companies
sharing the market. Though as simple as Fig. 2 in principle,
it is messy and confusing in practice. There are invariably
so many overlapping products and suppliers and customers
in any market that it takes considerable skill to identify the
useful data and properly combine it into reasonable results.

In talking with Berler about the use that engineers could
make of market projections, we came to the conclusion that
the engineer should add his own curve — his salary curve —
to the market curve, step 6 in Fig. 2. The engineer should
develop his personal salary projection by the same 1-5
steps that were used to develop the market curve. Then,

when the engineer views the two curves plotted together on

the same time scale (comparison step 7 in Fig. 2), a lot of
things will become apparent. Either the projected market
cycle will line up favorably “in phase’” with the engineer’s
fixed-in-time career cycle, or it won’t. The engineer should
plot his career cycle against many different market or tech-
nology cycles to evaluate the various matches.

Will the IEEE forecast?

There is hope that the IEEE society will underwrite fore-
casting for the benefit of its members. Question 6a of the
recent IEEE poll of members as to what services they’d like
the society to perform asked: ““Are you interested in IEEE
engaging in forecasting for career-planning purposes?”’
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DEVELOPMENT
AND DESIGN
IN INDUSTRY

By T.S.McLEOQD Technical
Coordinator, Plessy Co., Great Britain
Budgeting, organization, cost effective-
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CIRCUIT DESIGN AWARDS

Low cost IR system detects intruders

Alexander Liu, Fairchild Microwave
& Optoelectronics Division, Palo Alto, CA.

This IR intruder detection system offers the following ad-
vantages: both transmitter and receiver can be packed into
boxes; the IR beam path is invisible; and cost of the sys-
tem is low. :

The transmitter is comprised of three sections: a 500-Hz
clock generator, a clock shaper, and a driver. The clock
generator is made from three hex-inverter gates (uA 9016)
and provides a square wave of approximately 500 Hz.

The clock shaper, consisting of two dual-input gates and
one gate from the hex-inverter, is a one-shot which gener-
ates approximately 20-us pulses triggered by the positive-
going edge of the clock. This is a very simple way to gen-
erate a 500-Hz, 1% duty-cycle clock.

The driver is a Fairchild FLD 100 (a gallium arsenide
infrared emitting diode), which emits an intense narrow
band of radiation peaking at approximately 900 nm (non-
visible). The most efficient way to operate the IR diode is

this application, 2A peak current operation is suitable for
the FLD 100. The FLD 100 is physically placed at the focal
point of the transmitter lens.

The receiver consists, basically, of a Fairchild FPT 100
(a phototransistor whose spectral response peaks at 900
nm) and its associated circuitry. This phototransistor is
mounted at the focus point of the receiving lens and re-
ceives a continuous stream of IR pulses. The delay time of
the 9601 is 4.5 msec (0.36 R4C3) and was selected to be a
little bit over the period T (2 msec) of the clock frequency.
The 9601 is retriggered continuously by the incoming pul-
ses with its output remaining at a “HIGH"" level. Once the
IR beam path is interrupted by an intruder for a minimum
of one clock period (2msec), the 9601 times out. The re-
sultis Q;"LOW”, which sets the latch (uA9936). This, in
turn, triggers the SCR to activate the alarm circuit. To clear
the alarm the RESET button is pressed; this clears the latch,
and recycles the SCR.

To Vote For This Circuit

with high peak current and low duty cycle pulsing. For Circle 160
R1
220
VWA wuA9002 #A9016
4A9016 ) (©
C1
J34F
1t
an uA9936
\\A‘ N Q,
FPT-100

2N2222 TRANSMITTER LENS

RECEIVER LENS

500 HZ CLOCK
et L LT LEFEFLITL

(B)

ARl |

1% DUTY CYCLE

RESET A \c

SCR,
2N5787

K, (5V d.c.
Relay)

uA9601

TO ALARM CIRCUIT

Fig. 1.—The invisible infrared radiation from the LED is formed
into a beam across the protected area. Any interruption of this

beam for longer than 4-1/2 msec will activate the alarm circuit
which remains on until switch S, is reset.
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Single IC makes high level logic probe

Roger F. Lyle,
Miller Printing Machinery Co., Pittsburgh, Pa.

The purpose of this logic probe is for testing systems using
Motorola MC660 series or equivalent High Level logic.
This logic is commonly used in industry because of its
high noise immunity. The probe can be built for less than
$10 and is invaluable in designing and servicing 660 log-
ic. It draws about 3.5 mW, which in most cases will not
disturb the circuit under test.

Parts location is not critical and the probe can be as-
sembled on a small section of perforated board. The point
can be made from a brass screw with an insulating sleeve
covering all but the tip. The +15 and 0-V connections are
miniature alligator clips. The probe is housed in a 1/2"'
dia. X 3" long clear plastic pill box, keeping the LED’s
inside but visible.

Connecting the power leads to +15 and 0-V will light
LED-1 dimly. This gives you an indication of an open cir-
cuit. By touching the probe point to 0-V puts the same
potential on both sides of LED-1 and the dim light goes
out, indicating a logic ZERO.

Touch the point to +15 and LED-1 becomes bright. This

147 ——O+15V
TIP 1 2

R4 7 |Mce67P R,

8.2 8.2
LED-1 o a] 3 | LED-2
MV108

% H MV108B
20 »F 25V
- —()'OV

Fig. 1—High level logic states are indicated by LED-1, which will
be off if a zero is probed and on when a one is probed. When a

positive transition takes place LED-2 will flash on for 1/10th o
second, and then turn off.

f a

also puts a pulse on the input to the MC667P monostable
multivibrator and LED-2 will light for approximately 0.1

sec. This indicates logic ONE.

The 667P is triggered by a positive going signal, the
fore, if the circuit under test goes from ZERO to ONE fo
period of 300 nsec or more, LED-2 will light for 0.1 sec
LED-2 stays lit, the circuit under test is pulsing rapidly
oscillating.

re-
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f
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To Vote For This Circuit
Circle 161

Phase modulator has broad bandwidth.

In addition to isolating the phase shifting portion from
the modulation source, the 741 op amp sets the —0.25V
varactor bias according to its offset. The 741 also serves
the important function of driving the varactors from a low-

C. N. Charest,
Philco-Ford, Palo Alto, California

Here is a phase modulator with a bandwidth so large it
can be used in multicarrier systems. As currently operat-
ed at 23.5 MHz in a communication satellite, the sensitiv-
ity is 2.38V RMS per radian, and this can be increased to
a maximum of 430 mV per radian by reducing the pad-
dling at the modulation input port. The linearity of sensi-
tivity (with modulation drive) is within =7 percent of a
straight line —out to a modulation index of 0.5 radian.

There is no observable variation in sensitivity over
modulation frequencies from 10 Hz to 100 KHz. The ther-
mistor compensates the circuit over +5°C to +35°C to
hold sensitivity changes to *+3 percent.

impedance source, making the flat 10 Hz to 100 KHz
sponse possible. The input resistance can also be set
desired.

re-
as

The principal limitation of carrier frequency is the core
material available for the transformers. Circuit gain is inde-

pendent of changes in R or C, and phase shift is essentia
linear with C,, within the limits discussed above.

[y

* To Vote For This Circuit
Circle 162

NOTE
1) All capacitors in pf.

—
1000
=

2) T1 and T2 are 13 T, #30 Bifiliar

= 4.3k Wound, Inverting Phase on

CARRIER 1000 000 Micrometals 3C6 Toroid Cores.
INPUT

MODULATED

1000 CARRIER
OUTPUT
MODULATION !

INPUT

Fig. 1—This broadband phase modulation circuit has absolutely
linear sensitivity with modulation frequencies from 10Hz to
100KHz.
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High speed circuit converts binary to BCD

John T. Hannon,
Computer Sciences Corp., Huntsville, Alabama.

The complex logic used in today’s digital systems presents
a great demand for high speed binary-to-BCD converters.
There are several methods presently in use but most of
them are not well suited to the high speed requirements of
present logic.

This circuit combines high speed, low cost and readily-
available components to implement the add-three-and-
shift method of binary-to-BCD conversion. Fig. 1 presents
the basic four-bit binary-to-BCD converter. The three NOR
gates determine whether the number is five or greater. If it
is, the gate output goes high and causes a ONE to be ap-
plied to the two least significant bits of the binary adder.
This adds a binary three to the number in the adder. The
outputs of the adder are the BCD equivalent of the binary
number.

This method can be easily expanded to as many bits as
necessary. The outputs from each detector-adder stage are
hard-wire shifted to the next stage to implement the next
step in the detect, add and shift cycle. Fig. 2 illustrates the
connections for a six-bit converter.

Note that NAND CGates could be used for the five-or-
greater detector, but by using NOR gates, one less gate is
required for each detector.

The advantages of this type of circuit are low cost and
easy availability of the circuits. Since there is no clocking
or shifting, as in usual add-and-shift method, there are no
timing problems. The speed of the converter is limited
only by the propogation delay of the circuits, consequent-
ly speeds in the megahertz range can be easily obtained.

Binary Inputs
A, A, A, Ay
o o (o)
L [
a
U
Gates are any
SN7400 series:
J
BIE A 1By By Bp A,
(SN7483 or equivalent)
23 22 I
o o} o}
10 By By B, 8
BCD Outputs

Fig. 1— High speed binary to BCD conversion is easily achieved
in this add-three-and-shift method. The basic 4-bit converter uses
only 3 NOR gates and a 4-bit binary adder.
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Binary Inputs

OAs : :A3 (@) A, QA1 TAO

0ohs

|
By A, By A B A, B A
C, SN7483
T4 3 2 -1
G, Gs
Gs

Z3 z, Z;
E. o 4
Fig. 2—Six-bit or larger converters can be assembled from the

basic 4-bit circuit by hard-wire shifting the outputs from each de-
tector/adder stage to the inputs of the next stage.

BCD Outputs

To Vote For This Circuit
Circle 163

Your vote determines this issue’s winner. All cir-
cuits published win a $25 U.S. Savings Bond. All
issue winners receive an additional $50 U.S. Sav-
ings Bond and become eligible for the annual $1000
U.S. Saving Bond Grand Prize.

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

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

Readers have voted Robert E. Keil winner of the
November 15 Savings Bond Award. His winning
circuit was called, ““Automatic scaling circuit for
optical measurements.” Mr. Keil is with Honeywell,
Inc., Hopkins, Minn.
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‘Jhe Model 87 switch, the Hero Maker!

It's only a half-inch in diameter. It doesn’t cost
very much. But it could improve your designs,
save your company money, and make you a
hero! Why? Because it's the most versatile
little component you've ever seen. And, if
you've been designing without it, you've been
working too hard.

We're talking about Spectrol’'s Model 87 Sub-
miniature Rotary Selector Switch. This unique
low profile -switch is compatible in size with
other PCB components, and it may be mounted
directly on printed circuit boards, thus elimin-
ating the need for jumpers and connectors. It’s
available as a standard product in single-pole,
iwo-pole, and three-pole versions with either
PCB pins or solder hooks. Settings are made
with a screwdriver or thumbwheel knob. If re-
quired, stand-offs can also be provided.

Some of the unit’s more popular applications
include:

® |ogic switching

e internal switching for optional equipment
add-ons

® mode selection

e adapting main-frame computers to a variety
of peripheral equipment

e standardizing printed circuit boards

e test-point switching

e selecting calibration resistors

We are sure that the versatility, small size, high

reliability, and low cost of the Model 87 will

suggest to the alert designer many new design

alternatives and pave the way for his company

to achieve significant new economies. But why

not find out for yourself. Let the hero maker

work for you!

Write to us on your company letterhead. State

the application you have in mind, and ask for

a FREE SAMPLE. Or, if you would like more

information first, just use the reader service

card.

Spectrol

Spectrol Reliance Ltd.

Swindon, Wiltshire, England

Swindon 21351 « TELEX: 44692 (213) 964-6565 *

Spectrol Electronics Corporation
Drakes Way 17070 E. Gale Avenue

City of Industry, Calif. 91745, U.S.A.
TWX (910) 584-1314

SP Elettronica spa

Via Carlo Pisacane 10/4

20016 Pero (Milan) Italy

3530 241/2/3/4 + TWX 32242

CIRCLE NO. 44
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IEEE/INTERCON

The worst appears to be over

66

“We are cautiously optimistic.”” That is the most frequent
answer of industry executives as we go into this year’s [EEE
show. Some base their optimism of reports from their
salesmen that customers are starting to show interest
again. A lucky few base it on actual sales growth. But most
admit they are now fed up with pessimism; feel that the
decline has really bottomed out, and that there is no where
to go but up, even if it means going up slowly.

This ought to make this year’s IEEE show a happier affair
than last year’s. Like last year, the actual attendees may
mostly be marketing people looking each other over,
trying to see if anybody has uncovered a promising new
product or service area. But for those engineers who do
show up, there will be one new twist: the IEEE finally is
going to permit prospective employees to announce jobs
on a bulletin board in the lobby and to do interviewing at
the booths. Quite a change from the attitude of the early
60’s! Yet according to IEEE officials and recruiting agen-
cies, there has been little advance indication that this will
turn the show into an orgy of head-hunting. As late as a
month before show time, nobody had approached IEEE to
take advantage of this new attitude.

On the career side )

We wonder if the gathering will give any hints of the
changes expected to occur in our industry in the next few
years. Will there by any debates in the hallways on the re-
sults of the recent IEEE mail poll of members as to whether
they wanted the society to initiate such ““union-like’" or
"AMA-like”" activities as “‘publishing recommendations
on employment policies,”” and “‘submitting position papers
to Congress and the Executive agencies.”

An early report from an IEEE official who had been exam-
ining the returns indicated that there is an odd geographic
split among the membership on these issues. The East and
West coast members are in favor of the IEEE becoming more
aggressive along these lines while the Midwest members
tend to want the society to remain unchanged. However,
few members have indicated they want to pay more than
$5 or $10 beyond their present dues so it seems that for the
immediate future the IEEE will be financially incapable of
mounting anything like a true unionist offensive.

On the marketing side

Other hints of new things to come in the industry may
come from the exhibits at the Coliseum. What new prod-
ucts and services have been developed despite the cut-
backs? To assess in advance what revelations may possibly
be in store, we contacted a scattered sampling of the more
than 50 companies and organizations the IEEE told us were
coming in new this year (or returning after an absence of
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several years). Why were they coming to the IEEE this year?

North American Rockwell, Electronics Group, Anaheim,
Calif., have contracted for one of the largest booths —60
ft—of any newcomer. We want to increase our mix of non-
military business beyond its present too-small 10%, said the
man in charge of their entry. We think the big Eastern show
is still the best way to make ourself familiar to the commer-
cial and industrial world. We'll be showing off our SOS
(silicon-on-sapphire) technology with a working model of a
character generator. We'll have digital communications
equipment such as modems and multiplexers. We'll have
POS (point-of-sale) equipment.

Magic Dot, a new company from Minneapolis, Minn.,
has a new thin-profile capacitance-type pushbutton switch
they want to tell the industry about. The big show —which
still remains one of the largest trade shows of any category
in the world—has always appealed to small companies
seeking to become known fast. Magic Dot thinks their little
1/2-in square wafer switches will gain a significant part of
the keyboard and general man-machine input (like elevator
floor selectors) market because it is moderately priced, and
has no moving parts. Their optimism is based on a solid
18% response from a mailing to prospective customers.

Computers match products to company’s needs

Dvorkovitz & Associates, Orlando Beach, Fla., is an
example of somebody with a new service. This 35-man
company with offices all over the world is a ““marriage bro-
ker”” for patents. They have put thousands of patents of all
types on computer files and say they can readily come up
with new product ideas to suit any company’s needs. They
are coming to the show because they have in the last year
added electronic patents to their files which formerly in-
cluded mainly just chemical and pharmaceutical patents.
They say they will be willing to add any sellable ideas from
engineers who stop by their booth but Dr. Dvorkovitz con-
fided to EDN that as a rule he shies away from ideas from
individual engineers. Engineers tend to over-estimate the
value of their ideas and often don’t have clear cut owner-
ship claims because they developed the idea while at a
company. This firm is quite bullish about the economy
because last year they grew 50% and this year it looks like
they will be growing 100%. Ironically, one of their hottest
areas is in selling military patents.

Dynascan Corp., Chicago, Ill., is a $7 million annual
sales company that is coming to present its new instru-
ments —a scope and digital meters—directly to engineers.
Ordinarily Dynascan sells through distributors and looks
forward to having the personal contact with engineers that
only a large show can provide. Besides, Dynascan found
that its participation at the ISA show in Chicago, last Octo-
ber, actually developed business, both with new compa-
nies and with companies it had been selling to. They have
high hopes for their new scope. It is one of the few dual-
trace triggered scopes that sells for under $500.

Institute for Scientific Information, Philadelphia, is anoth-
er example of an ““outsider’” company that is coming to the
show for the first time to see if it can attract new business
from EE’s. This may seem difficult to believe in these hard
times but, like Dr. Dvorkovitz’s patent-clearing-house ser-
vice, this 300-employee information-search company sees
the tight times causing the electronics to be more apprecia-
tive of outside help.

“We don't think electronics companies can any longer
afford to let their engineers waste time reinventing the
wheel, just because they are not aware of what's in the
world’s technical literature,”” an ISl spokesman told
EDN/EEE. “Nowadays it is not enough for an engineer to
just read his favorite magazine in his own field, he should
know whether subjects that concern his work might be
appearing anywhere in the literature. Obviously, no single
engineer could possibly read all the thousands of journals
and trade magazines published just because they might
occasionally have an article of interest, and that is where
our computerized search comes into play. We put key de-
scriptors of the titles of all articles in these magazines on
our tapes, and by computer we scan the descriptors for rele-
vancy. We do this on a custom basis for hundreds of engi-
neers in the chemical, physical and life science fields. We
think more EE’s should avail themselves of our service and
that is why we are coming to the show.”

What ISI will be trying to convince Electrical engineers
is: ““Be more scientific about literature searches when you
start a new project. Don’t just see what happens to be in
your private files or ask the guy down the hall, do what the
engineers in the life sciences and in physics do, use our ser-
vice to make a thorough search of almost all existing publi-
cations.” )

LogiMetrics, Inc., Greenvale, New York’s marketing
manager, Robert Mei, said: “I've always felt sympathic
towards the show. It is still the best place for a small new
company like ours — 35 people —to get exposure. The show
will be a bargain this year. We're only paying $900 for the
floor space. The fact that there are fewer exhibits does not
bother me for it only means that we will be more promi-
nent.”

Mei said that LogiMetrics will be introducing its new
9.5-520 MHz VHF/UHF signal generator. It has FM, AM
and pulse modulation, a digital readout counting actual
frequency, and will sell for under $3,000. He said that it
ought to do well in the commercial and military commu-
nications market, including such growing markets as test
equipment for police mobile radios.

As for the business climate Mei just came back from a
nationwide tour of his reps, and he said things were up-
beat. “Our rep in that supposedly disaster area, Seattle,
said he had single handedly turned $750,000 worth of
business for his 20 principle lines in the last 11 months.”

Who will be missing?

The heart of our industry, the major semiconductor
manufacturers, remain mostly conspicuously absent. They
deserted the show in the mid-1960’s and show no signs of
ever returning. So also this year will be many of the foreign
countries. President Nixon’s surcharge came just at the time
they usually make up their minds to get ready for the show,
and its repeal came too late, according to an IEEE official.
The uncertainty in the rate of currency exchange was an-
other discouraging factor for the foreigners. The British
however will be there in force because with their usual
stuffiness their planning was so long range that the viscissi-
tudes of international economics in the latter half of ‘71
made no difference, according to the same IEEE official.

For a look at the technical highlights of the show, turn to
page 70. IEEE products begin on page 76. @3
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NOBODY
ASKRED

Are you going to put up with that??

There has always been a tendency for the test
industry to design products, give them the “bally-
hoo” treatment, then find someone to sell them
to. We intend to reverse this trend by finding out
what your needs are before we start designing.
Instead of talking about our own function gener-
ators and pulsers, we're going to sit back and
listen to you. We’ll be at IEEE and other industry
conventions, and we’ll listen. You can phone in
your gripes, and we’ll listen. You know what you
want, and we’ll listen to what you have to say.
The essential thing is to set us straight about
what's really important to you.

The questionnaire on the facing page was
designed to let you be frank, specific, and criti-
cal. By taking time to help us build a dialog
that’s going somewhere for a change, you will
be benefitting not only yourself and IEC, but the
entire industry. We’ll stand by our promise to get
back to you with a report on the results of this
communication, and what we plan to do about it.

Now it’'s your move — if you want what’s coming
to you.

TAKE A COFFEE BREAK
AND FILL US IN.

It will take you 1 cup of coffee to
fill out the ‘““sound-off”’ sheet on the
following page, and for doing so
IEC Wwill send you this FREE
COFFEE MUG.* Or see IEC

at IEEE, Booth 2633, and have
your say. (We’ll let you have

the coffee mug, either way.)

*Quantities are limited! Forms

will be acknowledged in the order
they are received, and must be submitted \
by May 15, 1972. Offer limited to U.S.A. W -

68 EDN/EEE MARCH 15, 1972



You bet I've got something to say...

. about Function Generators
() Who needs a function generator? My RC oscillator does everything that | need to do.
() ’'m content with the function generators available today. Models that | like best are

( ) Wide Frequency range is ( ) extremely critical ( ) important () not significant for my needs.
The narrowest frequency range that | would consider for my requirements is Hz to MHz.

() Output Voltage is ( ) extremely critical ( ) important ( ) not significant for my needs. The nar-
rowest voltage range | would consider for my requirementsis ~ _mvto_  vintoa__ _ohm load.

The Function Generator waveforms that are important to me (order of importance) are:
() Square wave () Triangular wave () Sine wave

() Pulses ( ) Ramps Bl
I'm not sold on function generators. What bugs me most is

. about Pulse Generators

Pulse repetition frequency range is ( ) extremely critical ( ) important ( ) not significant for my
needs. The narrowest PRF range that | would consider for my requirementsis _ Hzto_  MHz.

Rise/Fall Time is ( ) extremely critical ( ) important () not significant for my needs. The slowest

rise/fall time that | would consider for my requirement is ns.

Pulse amplitude is ( ) extremely critical () important ( ) not significant for my needs. The narrowest
Ia\Or;uc:;Ii'rude range that | would consider for my applicationsis _— mv to vintoa___ ohm
The other Pulse Generator capabilities that are important to me (in order of importance) are:

( ) External Trigger () Baseline Offset () Adjustable Pulse delay
() Adjustable Rise/Fall Time () Gated Output (i) =

() I'm not sold on Pulse generators. What bugs me most is

. . about Test Instruments in general

Unique applications that have developed in my use of test instruments include:

My biggest gripe about test instrument manufacturers and their products are: _

But once in a while, you guys do do something right: like S

NAME:

_ INTERSTATE
JOBTIEES [E ‘ ELECTRONICS
COMPANY NAME: CORPORATION

Subsidiary of A-T-O Inc.

ADDRESS:
Mail to: “IEC SOUND-OFF,”
CITY, STATE: P.0. Box 3117, Anaheim, California 92803
(714) 772-2811

OK. NOW SEND ME MY COFFEE CUP!
7 f 7 ¢ ¥ ¥ ¥ ¥ ’ ° J J 7 J B
CIRCLE NO. 45

\
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IEEE/INTERCON-TECHNICAL SESSIONS

Instrumentation: Automation cuts costs
and opens up new fields

Hewlett-Packard’s 5451A Fourier Analyzer exemplifies the econo-
mies that can result from automated, realtime testing.

No matter what the application area—be it in medicine,
automobiles or electronic testing—you will find that in-
strumentation and automation are keeping company at
INTERCON. It's not automation for its own sake, either,
but automation to cut costs or to accomplish what unaid-
ed man can’t do.

One area of emphasis in this year’s papers is on putting
electronics to work in automobiles. Four papers presented
explore the automobile/electronic interface.

Both auto manufacturing and electronics companies are
represented. General Motors (USA), Nippondeso (Japan)
and the Joseph Lucas Research Group (England) air some
views of the auto industry, while Texas Instruments Incor-
porated presents a semiconductor manufacturer’s view.
The General Motors paper contains some rather convinc-
ing reasons for taking a systems approach when consider-
ing the integration of electronic control systems for auto-
motive use. This same point is also stressed by the Lucas
engineers.

Nippondeso discloses a unique fault detection and
monitoring system called the “OK-Meter”. Its aim is two-
fold: One, to give the vehicle driver a continuous indica-
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tion of the vehicle’s operating condition. Two, at the ser-
vice shop, to pinpoint individual defective functions. Sta-
tus transmission is by digital signals, using 98 channels of
information.

Texas Instruments, in its paper, concentrates on the use
of semiconductor technologies to serve transducing or
detection needs. Both the needs themselves and the de-
vices available to fill them (such as microwave sources,
optoelectronic products and silicon materials) are ex-
plored in depth.

Collectively, the papers at this auto/electronics session
give a broad view of what can be expected from the appli-
cation of electronics to automobiles. They also offer sober-
ing thoughts on obstacles to be overcome, such as the
fierce ambient temperature range, the economic dictation
of an evolutionary replacement of existing tooling and the
need to train automotive personnel to handle electronic
repairs and maintenance.

Instrumentation that converts space-effort findings into
biomedical aids is also explored at INTERCON. Admittedly
somewhat outside of most engineer’s direct sphere of
interest, the content of the six papers nonetheless should
prove useful and applicable in many areas. There are
some good ideas for control and process engineers, partic-

Plug-in measurement module such as this is typical of boards
now used in place of instruments in General Radio systems, such
as the System 2200 Network/Circuit test system and the 1790
family of logic-circuit testers. This board is a resistance measure-
ment unit. Others available are ac/dc converters and a/d convert-
ers for analog-voltage and current measurements.
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ularly in a paper titled “Orthotic Control Systems” from
Rancho Los Amigos Hospital. (See ““What About Medical
Electronics as a New Career Field?””, EDN/EEE, Feb. 15)

Economics of automated testing.

Automated testing can be an economic headache to
assess, so a rundown by people thoroughly familiar with
the subject may well be helpful. At INTERCON, speakers

from General Radio, Hewlett-Packard and RCA will dis-
cuss software considerations, the economics of dedicated
vs general test systems and some hidden costs to be reck-
oned with. A subtle point brought out in the sessions is
that until recently the programmability of instruments fre-
quently was poorly suited for high-speed computer con-
trol. Indeed it has often been designed at least partly for
human interface and convenience. =3

Communications: A look at new areas
and some new problems

The title of single session, “New Areas in Communica-
tion,” sums up the emphasis of almost all the INTERCON
sessions devoted to communications. The subjects
covered in this session, 5E, namely data networks, mobile
communications, solutions to urban problems and satel-
lite systems, also forms the basis for complete sessions at
INTERCON.

Hardware is not forgotten, but the trend, begun at last
years sessions, is to examine the near and long term com-
munications problems.

Interest shifts to data networks

In session 5E’s lead off paper, “’Digital Data Networks,”
Dr. Mischa Schwartz of the Polytechnic Institute of Brook-
lyn states that interest in the communications field has
recently begun to shift to the data network and teletraffic
areas. According to Schwartz, “two reasons account for
this: 1. The point-to-point data transmission problem is
fairly well understood now, and existing means of effi-
ciently transmitting data have brought the costs here down
well below those of combining or switching a multitude of
input signals; 2. The burgeoning data transmission needs
of densely-populated urban areas have made it imperative
that more efficient means of managing the data flow be
found.”

Dr. Schwartz goes on to indicate some of the interesting
theoretical and engineering problems that are arising or
might be expected to arise in the design of these networks.
Some of the work already carried out in this area is sum-
marized briefly and some of the many unsolved problems
that might be of interest to communication engineers are
noted.

Two major problems that appear in the teletraffic area
are that of combining various data sources at geographi-
cally contiguous areas, and that of optimally routing the
message streams to a multiplicity of remote locations.

The data sources to be combined may have widely dif-
ferent statistical characteristics—message lengths, bit rate,
and frequency of occurrence of messages, as well as dif-
ferent priorities of .transmission. They might include a mix
of line speeds, such as relatively low-speed teleprinter
outputs and high-speed computer outputs to be switched
into the same network, or they might include low-priority
data for computer processing to be switched on to the
same network as emergency requests for fire, police, or am-
bulance service.

“Much of the analysis carried out thus far is still quite

primitive because of the complexity of the problems in-
volved,” says Schwartz. Simulation is used quite often to
fill out the analytical gaps or to provide substantiation of
assumptions made.

Problems of public policy and regulation that are of ex-
treme importance in the design of communications net-
works are not considered in session 5E by Dr. Schwartz.
He leaves that for the session he has organized, session
3F, “Telecommunications Policy and Society—A Case
Study, Data Networks of the Future.”

He and his four panelists, S. Lasher, Office of Telecom-
munications Policy, Executive Office of the President,
Washington, D. C.; H. M. Boettinger, AT&T, New York,
N.Y.; D. H. Foster, Datran, Vienna, Va.; and R. Fano,
M.L.T., Cambridge, Mass., will focus upon the necessity for
considering public policy and societal questions in the de-
velopment of future communications systems.

Technical problems and the approaches being taken to
meet the ever-increasing demands is covered in Session
4F, “Looking Ahead at Data Communications in Canada
and the United States.” Present and planned concepts of
operation, including such topics as terminals, switching,
synchronization, clocking and transmission are outlined
by speakers from ATT, Bell Northern (Canada), Datran and
Western Union. John E. Cox of Western Union, Mahwah,
N. J. shows a comparison (Table) of an 1800 channel ana-
log data transmission system to a 20 M-bits/sec digital ra-
dio system. Its interesting to note that the voice channel

COMPARISON OF
TRANSMISSION CAPACITY
MAXIMUM NUMBER
OF CHANNELS
TYPE DIGITAL
OF ANALOG 20 MB
TRAFFIC 1800 CH. INITIAL
TELEX 36,000 221,000
75 bps 36,000 166,000
TWX 10,800 110,000
150 bps 14,400 83,000
2400 bps 1,800 4,600
4800 bps 1,800 2,300
Speech (Voice) 1,800 288




capacity of the analog system is very much greater than for
the corresponding digital system.

Social, political and commercial issues are discussed in
several other sessions. Session 2A, ““CATV —What's Hap-
pening,”’ brings together a number of experts with definite
opinions on the many divergent factors influencing the
Community Antenna Television (CATV) industry.

This industry is expected to grow rapidly in the near fu-
ture. In a recent study, Creative Strategies Inc., Palo Alto,
Calif., predicts total revenues to be $2.2 billion in 1976,
derived from CATV equipment manufacturers, construc-
tion companies and systems operators.

Dean Burch, Chairman of the Federal Communications
Commission (FCC), Washington, D. C., will focus on the
regulatory problems while Dr. Joseph V. Charyk, Presi-
dent, Communications Satellite Corp. (Comsat), will de-
scribe a “CATV Network via Satellite.”

Dr. Peter C. Goldmark, former President of CBS Labora-
tories and now President of Goldmark Communications,
Norwalk, Conn., suggests cable systems as one means to a
possible solution to the urban congestion problem in his
paper, “the New Rural Society.” “Rural life on a national
scale could be attractive and provide many of the advan-
tages of big cities,”” says Goldmark. “With the necessary
inventions already made, broadband communications sys-
tems must now be imaginatively applied to the needs of
business, government, education, health care, and cultural
pursuits to stimulate the development of the New Rural
Society,” he continues.

Dr. Goldmark sees the expansion of existing communi-
cations facilities and the use of broadband cable systems
operating on a two-way basis as going a long way towards
making rural life more attractive. Similar suggestions are
made by other speakers. [

Semiconductors: Practical applications

provide the focal point

Practical engineering using available technology is
stressed in the semiconductor portions of the IEEE conven-
tion this year, and interest should run high among engi-
neers in attendance.

Custom MOS designs and their pitfalls are discussed by
Evelyn Berezin, President of Redactron Corp. in her paper
titled, “How To Jump Into MOS Without Drowning,” de-
livered at session 4Cl. As can be seen from the photo-
graphs in Fig. 1, Redactron has successfully used custom
MOS to shrink space and power requirements for the logic
functions in their business machines. It appears that Bere-
zin has had a great deal of experience in custom MOS
design, and her presentation takes the prospective MOS
designer step by step through what can be an exasperating
exercise. She advocates all logic, function and layout de-
sign be done in-house, and backs up this contention with
proof: delivery of the first chip in 5 to 7 months, full pro-
duction within 10 months.

lon implantation is another topic of interest to a user of
custom MOS, and the advantages of this technique are

Fig. 1—The dramatic space and labor savings offered by custom
MOS designs are readily apparent in these two photos from Re-
dactron Corp. All the logic functions of their editing typewriter
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well covered at session 4B with papers from Mostek Corp.,
KEV Electronics and Stanford University. All the papers
point out that the technique is gaining popularity for
lowering threshold voltages and for low impurity doping
of MOS devices. In addition, much more precise geome-
tries are possible, with ion implantation —and it's a low-
temperature process.

Low-power monolithic circuits represents another area
of widespread interest and some interesting papers are
devoted to the subject. In one, “Monolithic Micropower
Command Receiver,” P. H. Hudson, of the US Army Elec-
tronics Technology and Devices Lab, and ]. D. Meind! of
Stanford University describe a bio-implantable telemetry
system built around a monolithic receiver whose only ex-
ternal components are an antenna and a single 1.35V
mercury cell. Total power dissipation is less than 15uW.

In another low-power paper, “A Micro-Power Phase-
Locked Loop,” G. Steudel of RCA details the operation of
a new C/MOS monolithic phase locked loop which only
consumes 600 uW of power and is designed for operation

contained in the 13 PC boards in the left photo have been re-
duced to the single board shown in the picture on the right
through the use of custom MOS chips.
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Fig. 2— A quartz-crystal oscillator wristwatch with a liquid crystal
readout is representative of several new products made possible
by inexpensive readout devices. Watch case courtesy of Hamilton
Watch Co.

with signal processing, FM or FSK demodulation, and fre-
quency synthesis equipment.

Liquid crystals are also of interest to the users of semi-
conductors because they promise to provide low cost, low
power readouts that will open many new markets to the
electronics industry. Gary Leffer of Optel, in a paper titled
“Liquid Crystal Displays Can’t Be That Good,”” covers the
basics of liquid crystal operation and application. He also
discusses the liquid crystal wristwatch shown in Fig. 2. It
uses a standard 4-digit readout that can be ganged, and
will be very attractive to hand-held calculator makers.

Alan Sussman and George Heilmeier of RCA’s David
Sarnoff Research Center present ““Liquid Crystals: An Ov-
erview’” at session 4C, in which they examine the require-
ments and capabilities of liquid crystal displays. =

Computers: Minis and memories

are still popular topics

If one had to summarize what's happening at IEEE in the
computer area, it could be boiled down to “memories,
minicomputers and a touch of communications”, in that
order.

Memory hierarchy continues to be a favorite topic of
conversation. Whereas most other conferences discuss the
subject as if multi-level hierarchies are just around the
corner, one speaker at session 1C puts it in proper
perspective when he says, “Overall, it appears that hier-
archy application to complete storage systems awaits the
development of new storage devices whose structure bet-
ter lends itself to the hierarchy concept. . . .Whether
hardware, such as associative memory devices, is to play a
dominant role in such hierarchies, remains debatable.”

Two new laser memories emerge

The search continues for the most efficient mass memo-
ry to replace disc and drum and thus solve the above hier-
archy problem. The “bubble” and “DOT" have already
been proposed to solve this need; however session 3C
papers have thrown some new contenders into the ring,
namely lasers, ovonics and, believe-it-or-not, magnetic
tape. Within the laser area there are two differing ap-
proaches: an optical/mechanical device and a holograph-
ic device. The former records data on 31.25 x 4.75 x
0.007 inch metalized polyester data strips with over two
billion bits per strip. 450 strips would be mounted on a
carousel, giving a one-trillion-bit memory. Data is writ-
ten by vaporizing spots on the strip, and read by reflec-
tion.

The latter approach proposes to use laser holographic
storage in which data can be written on and erased from
some sort of yet unproven target material. However, such
a system admittedly has many unsolved problems and is
not an immediate contender as a mass-storage medium.

A third approach is an optical memory using the well-
discussed ovonics principle in a disc-oriented device. This
too is a proposed system whose feasibility is yet to be
proved.

Of more immediate interest is a magnetic tape system
called “Masstape”. It uses cartridges, each with 300 feet

of tape and holding 48 million 8-bit bytes. The cartridges
are then mounted in Pacs and finally on a turntable in the
finalized system. This system provides random access to as
many as one trillion bits of data.

The fight continues amongst cores, bipolar, and MOS
ICs as to which will be the dominant force in memories in
the 70’s. One paper in session 5A says that 14-16 mil
cores will come into widespread use, that costs will con-
tinue to drop primarily due to LSl ICs and shared elec-
tronics, and that LSI decoding and drive circuitry will
popularize 2-wire, 2D memories. Because of these factors
and others, cores will continue to be competitive in the
70’s

Bipolars and MOS are expected to encroach upon
cores, especially in the smaller and/or higher-speed main-
frames and into cache and/or control memories. By 1975,
both bipolar and MOS will meet performance targets (50
nsec chip access at 5-10 sq mil/bit and 150 nsec chip
access at 2 sq mils/bit), bipolar in speed and MOS in cost.
By 1980, bipolar densities, including all on-chip functions,
are expected to get under 2 sq mils/bit.

The MOS people foresee fast N-channel competing with
bipolar in speed yet retaining MOS’s low cost, high densi-
ty, and low power. Costs of 0.1¢/bit are projected by 1975
and next generation’s MOS devices are expected to dis-
place other technologies. CMOS also makes a bid for fast
low-power memories.

Minicomputers continue to advance both in performance
and in applications. Hardware trends, like the single-chip
processor examined in session 5F, will make automobile
and home computers a reality. Capability of these proces-
sors is expected to double every year to the end of the
decade.

One force that will continue the minicomputer’s entry
into new areas is microprogramming. As analyzed in ses-
sion 2F, microprogramming will make computers less
costly to construct and will allow them to take on much
larger and more powerful architectures without significant
increases in cost.

The flexibility and servicability of minis allow them to
replace specialized logic in many system designs. (]
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The Kokomoans now
give you Darlington
Switching Power.

Use a Darlington in place of an ordinary
transistor, and you’ll realize an additional mag-
nitude of gain plus increased switching power.
Use a Delco silicon power Darlington (DTS-1010
or DTS-1020) and you’ll also realize a gain in
dependability.

Delco’s Darlingtons are triple diffused mesa
units housed in copper TO204MA cases and built
for ruggedness. The design gives them high ener-
gy capability—the ability to handle surges of
current and voltage simultaneously. They are
ideal for switching inductive loads in circuits
subject to transients or fault conditions.

Design a switching regulator circuit around
a Delco Darlington or use it in any 60-100 volt

Now available from these distributors
in production quantities.

application to reduce circuit size, weight, and
cost. In addition, the Darlington space saving
feature allows you more design flexibility. Unlike
an ordinary transistor, it’s only energy-limited,
not beta-limited. You can exploit its full energy
capability in your circuit.

Call your nearest Delco distributor. He
has them in stock and he’s got the data on
high energy switching for small spaces.

For details on the switching regulator circuit,
ask for Application Note 49.

E@E Delco Electronics

DIVISION OF GENERAL MOTORS CORPORATION.
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Inc. (213)-748-1271
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(415)-968-6292

CAL., REDWOOD CITY e Cramer/San
Francisco, (415)-365-4000
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tronics (312)-678-8560
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Co. (301)-823-0070
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Low cost DMM displays data on the probe.

Keithley’'s new Model 167 battery-
operated auto-ranging digital multime-
ter is not just another DMM. This one
is truly unique —in price, capability as
well as performance.

First let’s look at the price. At $325
(single quantities), the auto-ranging 3-
1/2-digit instrument has to be the
lowest-cost portable digital multimeter
of its type on the market. The price
includes the basic instrument which
measures ac and dc voltages and re-
sistance, a probe, a four-foot ground
lead and a set of six alkaline batteries.

Capability is probably the most ob-
vious feature. The instrument’s unique
probe incorporates an LED display
that shows not only the magnitude of
the quantity being measured, but also
the function being measured, i.e., ac,
dc, kQ, or MQ, and polarity and deci-
mal point. And that's not all. The
probe slips neatly back into the instru-
ment in an available front-panel com-
partment and serves as the display for
a benchtop meter.

Obviously, the ability to make re-
mote measurements without looking
back at the instrument is invaluable,
particularly when the user is working
with cluttered and hard-to-reach cir-
cuitry. The only time he has to touch
the instrument is when changing the
measurement function.

The meter’'s probe incorporates a
push-to-read switch that turns the
power to the meter on as long as it is
being held. If the user decides to place
the proble down on a bench for exam-
ple, power is automatically turned off.
According to Keithley, this approach
conserves battery life, with a typical
lifetime for the six provided alkaline
batteries of 3 months.

When used as a benchtop instru-
ment, the 167 is always turned on
once a function switch is depressed.

In the dc-voltage mode, the 167 is
capable of measuring =1 mV to *1
kV at an accuracy of +0.2% of read-
ing =1 digit. Input impedance is 55

Two instruments in one. Keithley’s Model
167 auto-ranging 3-1/2-digit multimeter is
both a bench-top (above) and a portable
(right) instrument. Its integral probe with a
LED display indicates the quantity and
function of measurement.

MQ shunted by 220 pF.

In the ac-voltage mode, it measures
1 mV to 500V rms. Accuracy for ac
voltages to 200V is +1% of reading
+2 digits (20 Hz to 10 kHz), and
+2% of reading =4 digits (10 to 20
kHz). For the range of 200 to 500V,
accuracy is a little worse at =2% of
reading *2 digits (20 Hz to 1 kHz)
and =5% of reading =4 digits (1 to 20
kHz).

Optional ac and dc current mea-
surements are available with a plug-in
shunt that allows measurement of 1
A to 2A. The shunt costs $35.

Input protection on the 167 is not
skimpy. It will withstand up to 1200V
of overload on any voltage range.
Equally important is the protection
afforded the ohmmeter portion of the
meter which can take the full ac-line
voltage across its input without any
damage.

When it comes to warming up, this
instrument is extremely fast. It turns on

. 167 AUTO PROBE DMM

\w

from a cold start, sets the correct
range and displays the reading within
rated accuracy in just 2 sec. To pro-
tect against erroneous measurements
due to low battery voltage, Keithley’s
engineers designed into the 167 a dc-
to-dc converter that turns the instru-
ment off once the batteries run down.

Keithley Instruments, Inc., 28775
Aurora Rd., Cleveland, OH 44139.
Phone (216) 248-0400.

Booth No. 2307 Circle No. 370
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Portable dual-trace oscilloscope has a 350-MHz bandwidth

The largest-bandwidth in a line-oper-
ated portable scope has been
achieved by Tektronix with its new
485 scope that has a bandwidth of
350 MHz and sensitivity of 5 mV/div.
in a 20.5-Ib package. Tektronix has
thus outdone itself in wideband port-
able scopes. In 1967 it introduced its
model 454 with a 150-MHz band-
width.

But bandwidth is not the whole sto-
ry for this new scope. It includes a
host of other features such as select-
able input switching, trigger holdoff,
trace separation, external trigger dis-
play, alternate delayed sweep, vertical
scale-factor readout, auto-focus and
B-channel sweep-intensity control.

To resolve the conflict over which
input impedance system to use at high
frequencies (50 or 75()), Tektronix has
included both without the use of any
special probes. The 350-MHz band-
width is for 50Q input impedance. A
selectable IMQ input is also avail-
able with a 250-MHz bandwidth.

Automatic vertical scale-factor read-
out for attenuating probes is provid-
ed by three LEDs located around the
edge of each attenuator knob which
assure the operator of the correct
volts/div. on the screen anytime he is
using the recommended X1, X10 or
X100 probe.

Flexibility is the byword of the hori-
zontal system. To complement the
higher bandwidth, the 485 has very
fast 1-ns/div. sweep speed without
magnifier.

The delayed-sweep concept is ex-
panded by a new alternate-sweep
mode that allows the delayed sweep

Modular power supplies cover 3 to 48V

A family of 44 modular power sup-
plies has been introduced by the New
Jersey Division of the Hewlett-Packard
Co. Designated as the 62000 Series,
the line offers a selection of 11 voltage
steps from 3 to 48V and 29 currents
ranging from 0.45 to 17A.

Three different rack sizes comprise
the new power supply family—1/8,
1/4 and 1/2 rack. The 1/4-rack size is
available in two version, one of which
is identical to the other except that it
supplies twice the output current.

The eleven voltage steps are 3, 4, 5,

The widest-bandwidth in a portable scope
is featured in Tektronix’s new Model 485.
The 20.5-Ib. instrument has a 350-MHz

to appear alternately with the intensi-
fied main sweep. In this mode, the
operator sees the intensified zone and
delayed display simultaneously. He
always knows exactly where in a
pulse train he is making a delayed-
sweep measurement. Trace separation
between the main and delayed
sweeps and intensity control of the
delayed sweep are also additional
new features.

Full-bandwidth triggering without
high-frequency sync control and trig-
ger holdoff provide stable triggering

A choice of 44 models are available in a
new line of modular power supplies from
the New Jersey Div. of Hewlett-Packard

response and sensitivity of 5 mV/div. Sever-
al new features, including both 50 and
75€ inputs, highlight this scope.

on complex waveforms. Trigger hold-
off allows stable triggering on repeti-
tive complex waveforms down to 0.2
sec/div. An optional feature allows the
operator to display a signal from the
external-trigger input without moving
any connections.

Overall dimensions are 20-5/8 by
12 by 6-9/16 in. Cost of the 485 is
$4200 and availability is 90 days.
Tektronix, Inc., Box 500, Beaverton,
OR 97005. Phone (503) 644-0161.

Booth No. 2622 Circle No. 371

and 0.45 to 17A

Co. The family offers a range of voltages in
11 steps from 3 to 48V and 29 currents
from 0.45 to 17A.
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62000 Series modular power supplies
Current (amperes)
dc 1/8 rack 1/4 rack 1/4 rack 1/2 rack
voltage (A module) (C module) (E module) (GG module)

3 2.0 4.25 8.5 17.0
4 2.0 4.0 8.0 16.0

5 2.0 4.0 8.0 16.0
6 1.75 3.75 7.5 15.0
10 1.5 3.25 6.5 13.0
12 1.5 3.0 6.0 12.0
15 125 2.5 5.0 10.0
18 0 2,25 4.5 9.0
24 0.75 1.75 3.75 7.5
28 0.70 1.5 3.25 6.5
48 0.45 1.0 2.0 4.0

6, 10, 12, 15, 18, 24, 28 and 48V.
Each voltage step is available in four
different current ratings, depending on
rack size (see box). Output voltages
are adjustable to =0.5V or *=15%
whichever is greater. Input rating is
104 to 127V ac, 48 to 63 Hz.

Miniature 6-bit a/d

When it comes to modular a/d con-
verters, next to performance, two
things are taking on more and more
importance: small size and low cost.

The smallest and least-expensive 6-
bit a/d converter is one from Datel
Systems, Inc. Known as the Econovert-
er, it has a total volume of only 1.6
cubic in. (2-in. square by 0.4-in. high)
and retails for just $22.95 in single
quantities. OEM quantities should
make the price even lower. The unit
contains its own clock generator, out-
put counter/register, d/a converter
amd a high-speed precision compara-
tor.

In spite of the low price, perfor-
mance does not take a back seat in this
stocked unit. While its temperature
coefficient of 100 ppm/°C and 0.1%/
year stability are not earthshaking, the
full-scale conversion of only 50 us
(0.5 ws for a zero input) is impressive.
Since the conversion time is directly
proportional to the magnitude of the
input voltage, inputs less than full
scale can achieve conversion times
under 50 wus.

When it comes to power consump-
tion, this converter is a miser— it dissi-
pates only 0.7W. Input power require-
ments include +15V dc at 15 mA,
—15V dc at 5 mA and +5V dc at 80
mA.

Linearity is specified as =1/2 LSB
and full-scale accuracy as +1 LSB.
The operating temperature range is 0

Line and load regulation of 0.01%
is standard in these series-regulated
supplies. Ripple and noise are less
than 1 mV rms and 3 mV peak-to-
peak (dc to 20 MHz). The temperature
coefficient is 0.01%/°C.

Each supply has built-in overcurrent

protection with 103% and 10% acti-
vation-point limits. An optional inter-
nal crowbar has an adjustable trip
lever from 0.5V above the minimum
rated output voltage to 2.0V above the
maximum output.

Over-temperature protection is also
provided though a heat-sink-mounted
thermostat which opens the fused ac
line should the power supply ambient
temperature rise too high and cause
overheating. Once the ambient drops
down to a safe operating level, the
thermostat automatically resets itself.

Prices are $85 for the 1/8-rack ver-
sions, $125 and $145 for the 1/4-rack
supplies and $195 for the 1/2-rack
units. Delivery is stock to 2 weeks.

Hewlett-Packard Co., Inc., 1501
Page Mill Rd., Pal Alto, CA 94304.
Phone (415) 493-1501.

Booth No. 2400 Circle No. 378

converter for only $22.95

B DATEL
SYSTEMS, |

NC.

A/D CONVERTER

Yo CONO-VERTER

Smallest and least-expensive 6-bit a/d con-
verter is the Econoverter from Datel Sys-

to +70°C and storage temperature
range is —55 to +85°C.

Input voltage protection is afforded
up to 20V. When overvoltaging, the
converter simply stops converting
without sustaining damage (its end-of-
conversion output remains low). The
input impedance is either 2.4 or 4.2
kQ depending on the input range in
use.

Any one of four input voltage
ranges can be chosen from the two

tems, Inc. Measuring only 1.6 cubic inches
in volume, it costs just $22.95.

input terminals available by simple
pin strapping: 0 to +5V, 0 to +10V,
+2.5V and =5V.

Each output is capable of driving 6
TTL loads with output coding in
straight binary (unipolar) or offset bi-
nary (bipolar), depending on the pro-
gramming of the input range. Digital
outputs include six-line parallel, end-
of-conversion and internal clock (seri-
al) outputs.

Booth No. 2108 Circle No. 379
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50V 1A supply has 10-uV resolution

Incorporating a set of five 10-position
switches for output-voltage selection, Try-
gon’s Model PLS50-1 precision laboratory
power supply delivers 0 to 50V dc atOto 1A
down to a resolution of 1 mV (with the ro-
tary switches) and to 10 wV with an avail-
able vernier dial. The $315 supply which is
4-7/8-in. high mounts in a half rack.

Three modes of remote programming in-
clude: resistance programming at 10000/V

at 0.02% accuracy; volt/volt programming
at 200-uV accuracy; and analog-voltage
programming over 0 to 5V at I mA and at
ot 0.2%. Trygon Electronics,
subs. of Systron-Donner Corp., 1200
Shames Dr., Westbury, NY 11590. Phone
(516) 997-6200.

an accuracy

Booth No. 2532 Circle No. 321

Digital multimeter has 0.0001% accuracy

Linearity and accuracy of 0.001% of full
scale (1 ppm) are claimed for the DM-1000
multimeter with six significant digits and a
seventh one with 20% overrange. Able to
measure voltage, current resistance of ra-
tios, it is basically a 1-ppm digital ratiometer
which converts measurements to the same
accuracy with add-on Ratiometric options.

Self calibrating, the DM-1000 has TTL
BCD output and can be remotely pro-
grammed. Basic price is $5995. A O-to-12V
DVM add-on costs $490. The DVM and a 1-
m{2-to-1.2-MQ digital ohmmeter cost $990.
Julie Research Laboratories, Inc., 211 W.
615t St., New York, NY 10023. Phone (212)
245-2727.

Booth No. 2313 Circle No. 322

JULIE BESEAROH

6.7-t0-12.7-GHz generator delivers 3W

Operating within a single tuning range of
6.7 to 12.7 GHz, Rohde and Schwarz’s new
SLRE power signal generator can deliver
high output power ranging from 0.25 to
3W, depending on frequency. The genera-
tor's frequency tuning is linear and it can be
synchronized with any standard frequency
to give an unambiguous digital display.
Additional features include power indica-
tion over a 40-dB dynamic range, internal

square-wave modulation at 1 kHz and ex-
ternal pulse-modulation capability. Price of
the SLRE is $8725. Rohde and Schwarz
Sales Co., Inc., 111 Lexington Ave., Passaic,
N1 07055. Phone (201) 773-8010.

Booth No. 2103 Circle No. 323

System displays 60 dB over 0.1 to 18 GHz

Swept-frequency response measurements of
60 dB amplitudes can be made with the Se-
ries 8755 test system which uses up only 10
mW of drive. It displays its results on a
scope screen and can show two traces at
once. Used with directional couplers, it can
show insertion loss and return loss vs fre-
quency at the same time.

The system consists of three $200 detec-
tors (Model 11664A), a $300 modulator
(Model 11655A) which is a plug-in for any
of the Hewlett-Packard Series 180 scopes,
and the $1350 8755A sept-amplitude ana-
lyzer plug-in. Delivery is for April, 1972.
Hewlett-Packard Co., 1501 Page Mill Rd.,
Palo Alto, CA 94304. Phone (415) 493-
1501.

Booth No. 2403 Circle 324
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SAINT LOGIC

The best thing
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to come along since sliced bread

The state-of-the-art has not permitted any significant
break-through in DVM logic until now. In the present
DVMs on the market, certain trade-offs or sacrifices
are necessary. For example, accuracy is given up for
speed in many cases; speed is given up for accuracy;
accuracy and speed have been given up for a lower
price; accuracy and speed are given up for noise
rejection.

The new Cimron DMM 50 is a five digit digital mul-
timeter and is first in a family of multimeters to be
introduced by Cimron this year. The Cimron DMM
50 offers high quality, high accuracy, high noise re-
jection and high speed at the same time.

In order to provide such a meter Cimron has em-
ployed a logic we call “SAINT.” We've taken two
logics and combined them resulting in one very pow-
erful instrument. We use Successive Approximation
(SA) logic for speed and integrating (INT) logic
for its inherent noise rejection.

Each reading on the Cimron DMM 50 starts with an
“Automatic Set Zero,” then we examine the most
significant of the five decades. Any part of a digit
from zero through eleven is subtracted. This is called

DIGITAL MULTIMETER

our ‘“subtractive digit” operation. The most signifi-
cant decade can be zero through eleven. Next we
integrate the four least significant decades.

The four operations of the “SAINT” technique are
(1) automatic zero set; (2) subtractive digit; (3) in-
tegrate compare “one”’; (4) integrate compare “two.”
This means the DMM 50 can operate at greater than
20 readings per second with a rejection of 60 dB at
60 Hz. An additional 60 dB of noise rejection may be
switch selected.

Multimeter capabilities include: 5 ranges of DC and
DC/DC ratio; 4 ranges of AC; 5 ranges of resistance;
optical coupled data output and remote program-
ming. Priced from $1200.

Other Cimron products include AC Power Sources
and Line Conditioners; Data Acquisition Systems;
Pulse Generators; and a complete line of high per-
formance DVMs.

For detailed specifications and demonstration con-
tact your local Cimron Representative or Chuck
Hasley at 714-774-1010, Lear Siegler, Inc., Cimron
Instruments, 714 North Brookhurst Street, Anaheim,
California 92803.

LEAR SIEGLER,INC. | cIMRON INSTRUMENTS

(S) ciIMRON DMM S0

IEEE Booth No.
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Recorders provide instant hard copy

A pair of “push-to-print”’ recorders provide
instant hard-copy paper records of graphics,
from slow-scan television, data and CRT
terminals. The Model 600 is plug-to-plug
compatible with and interfaces to Tek-
tronix’s 611, 612 and 162C storage dis-
play units. Model 400 interfaces with Robot
Research Inc.’s Model 800 voice-band tele-
vision cameras.

Both recorders utilize Alden’s Flying Spot
facsimile recording techniques and work at
30 lines/sec. The 600 and 400 cost $2500
to $1500. Alden Electronic & Impulse Re-
cording Equipment Co., Inc., Westboro, MA
01581. Phone (617) 366-8851.

Booth No. 2523 Circle No. 325

18-GHz counter measures FM

Not only does the 9-digit Model 6057
counter measure cw frequencies from 20
Hz to 18 GHz, but it also offers FM and
pulse-modulated measurements over the
same range. An automatic computing trans-
fer oscillator for cw measurements is com-
bined with a manual transfer oscillator to
measure FM and pulsed RF at pulses down
to 100-ns wide.

and pulsed RF

Features include an automatic decimal,
an annunciator and selectable resolution as
low as 1 Hz. BCD output and remote pro-
gramming are optional. Cost is $5450 and
delivery in 30 days. Systron-Donner Corp.,
Instruments Div., 888 Galindo St., Concord,
CA 94520. Phone (415) 682-6161.

Booth No. 2532 Circle No. 326
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1-GHz processor characterizes waveforms

Model 1150A programmable waveform
processor is a dual-channel 1-GHz sam-
pling-scope-like instrument that samples
repetitive waveforms, digitizes the samples
and sends them to an associated computer
which determines such factors as pulse
height, width, period, transition time and
propagation delay.

The 1150A can accept 32 inputs, any two
of which may be selected manually or by
programmed selection. Deflection factors
range from 2 mV/div. to 200 mV/div. and
sweep times from 100 ps/div. to 50 us/div.
Costis $12,000. Hewlett-Packard Co., 1501
Page Mill Rd., Palo Alto, CA 94304. Phone
(415) 493-1501.

Booth No. 2403 Circle No. 327

Probe unit speeds up IC thermal testing

For testing and characterizing 1C compo-
nents on-the-spot, the TP20 Thermo-Spot
can do the job in only seconds. Its probe
can provide temperatures over —55 to
+180°C at an accuracy of 1°C at the probe
tip and stability of +0.3°C. Any tempera-
ture value within the TP20’s given range
can be preset and read out in the propor-
tional-control system.

The system can be programmed to stabi-
lize and test even oscillation-prone IC com-
ponents such as the popular 709 op amp at
10 different temperatures in 10 minutes.
Delivery is from 4 to 6 weeks. Temptronix,
Inc., 591 Hillside Ave., Needham, MA
02194. Phone (617) 449-3710.

Booth No. 2735 Circle No. 328
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Rugged DMM runs off battery for 24 hours

Two things distinguish Hickok’s Model
3300A portable 3-1/2-digit multimeter: its
ruggedness and long operating time. The
instrument can be dropped and will contin-
ue to operate within ratings. It runs off its
own rechargeable battery for 24 consecu-
tive hours. The Ni-Cd battery used is good
for 1000 recharges minimum.

Priced at $435 (includes battery), it has 5

ac and dc voltage ranges from 100 mV to 1
kV each, 5 ac and dc current ranges from
100 pA to 1A each and 7 resistance ranges
from 10082 to 1 MQ. Delivery is 45 days.
Hickok Electrical Instrument Co., 10514
Dupont Ave., Cleveland OH 44108. Phone
(216) 541-8060.

Booth No. 2442 Circle No. 329

100-MHz scope plug-in has 50 and TM () inputs
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The 1805A dual-channel scope plug-in for
the 180 Series scopes features switchable
input impedances of 50 and 1M The 502
input has a VSWR of 1.35 on the most-sen-
sitive range and a VSWR of 1.1 on all other
ranges. The 1M input has a shunt capaci-
tance of 13 pF. Deflection factors of 5
mV/div. to 5V/div. are available.

Offset voltages are available on either or
both channels. The voltage bucks out dc in
the input signal so small deviations can be
greatly magnified and brought on the screen
for examination. Cost is $1400 and delivery
is for March, 1972. Hewlett-Packard Co.,
1501 Page Mill Rd., Palo Alto, CA 94304.
Phone (415) 493-1501.

Booth No. 2403 Circle No. 330

High-performance A/D converters from $69

Series ADC-D A/D converters with resolu-
tions of 8, 10 and 12 bits at prices of $69,
$89, and $109, respectively, feature pro-
grammable inputs of 0 to +10V or =5V and
accuracy of +0.05% of full scale. All mod-
els feature a conversion word rate of 100
psec are adjustment free and exhibit tem-
perature coefficients of =0.005% /°C.
Digital output coding can be straight bi-

nary, offset binary or two’s complement.
ADC-D units measure 2
and can be mounted on a user’s PC board.
Overall linearity is £0.0125% and operat-
ing temperature range is 0 to +70°C. Datel
Systems,
MA 02021.

X 0.4 x 0.4 in.

Inc., 1020 Turnpike St., Canton,

Phone (617) 828-6395.

Booth No. 2108 Circle No. 331

8-channel recorder has 1-mV sensitivity

Using built-in preamplifiers, Brush Model
481 recorder has a measurement range from
1 mV/div. to 500V full scale (there are 50
divisions across each 40-mm-wide chan-
nel). Preamplifiers used have differential,
floating and balanced-to-guard inputs that
are isolated from each other, from chassis
and from the output. 12 chart speeds range
from 0.05 to 200 mm/sec.

Features of the 481 include pressurized
ink writing, rectilinear trace presentation,
99.5% linearity, 400-Hz response at 50 di-
visions and electronic signal limiters to pro-
tect pens from off-scale overloads. Cost is
$7900 and availability is May, 1972.
Gould, Inc., 3631 Perkins Ave., Cleveland,
OH 44114. Phone (216) 361-3315.

Booth No. 2509 Circle No. 332
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THIS IS ALL WE ASK:

COMPARE OUR
NEW OSCILLOSCOPES
WITH SCOPES
YOURE USING NOW.

Your Your
Our 3100 | Comparable | Our 4100 | Comparable
Scope Scope
Bandwidth & || DC-35MHz 0 DC-75MHz "
sensitivity @ 5mV/div ' @ 5mV/div ’
CRT Size 8x10Cm ? 8x10Cm ?
Fastest Sweep|| 20ns/div ? 5ns/div ?
Calibrated " "
Sweep delay Standard / Standard ‘
List Price $1675.00 ? $1825.00 ?

WE LET THE FACTS DO THE TALKING

For more of the facts behind
these superior designs, write
Raytheon Company,
Instruments Operation,

175 Middlesex Turnpike,
Bedford, Mass. 01730.

“Model 3100

%Booth 2602

CIRCLE NO. 48
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RF system simplifies measurements

Model 610C rf sweeper system features
wide reflection-measurement limits: 50 dB
from 50 kHz to 32 MHz; 60 dB from 50 to
100 MHz; and 45 dB from 2 to 12.4 GHz. It
has a 50 to 60-dB dynamic reflection and
transmission range with 10 to 0.5 dB/div.
displayed on a 4 x 5-in CRO and panel
meter. A digitally set 60 dB offset is avail-
able.

The sweeper is externally programmable
from automatic-test equipment or local
built-in optional panels. The sweeper’s
unique sweep-intensity marker can be set
anywhere in the instrument’s frequency
band to identify comb frequencies. Wiltron
Co., 930 E. Meadow Dr., Palo Alto, CA
94303. Phone (415) 321-7428.

Booth No. 2115  Circle No. 337

20-channel recorder uses thermal head

Model 820 20-channel recorder uses a ther-
mal print head and requires no operating
stylus. It can optionally print event and
numeric data simultaneously on the same
chart. For event recording, the print head is
positioned on the recorder time base for
broken or continuous-line records. Numeric
data can be printed at the same time.

Types of numeric data can be time, dates

batch numbers or any other numeric data.
Ten chart speeds are available from 3/4
in./hourto 12 in./minute (two are standard).
Gears are color coded according to the
chart speed supplied. Gulton Techni-Rite
Electronics, Route #2, E. Greenwich, Rl
02818. Phone (401) 884-6800.

Booth No. 2132 Circle No. 338

Programmable synthesizer uses built-in ROMs

Sophisticated is the word for the Model
3330B synthesizer which spans 0.1 to 13
MHz with a 0.1-Hz constant resolution and
a stability of =1 x 10-%/day (=1 x 10°Y/
day optional). It uses an upward-tiltable
front-panel keyboard that allows complete
programming of both frequency and ampli-
tude through the use of built-in ROMs.

The 7-digit unit has —60-dB harmonic
rejection, —70 dB spurious response and a
0-to-*+13.44-dBm (1.05V into 50€)) output.
The 3330B costs $6000. A less-expensive
version (3330A) without keyboard entry of
amplitude costs $5100. Hewlett-Packard
Co., 1501 Page Mill Rd., Palo Alto, CA
94394. Phone (415) 493-1501.

Booth No. 2403 Circle No. 339

Seven-column OEM printer for only $650
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Costing only $745 (7-column model) or
$650 without a power supply, a new digital
printer is designed to accept 8-4-2-1 BCD
inputs and prints out up to 3 lines/sec.
Model 5103B can also print out 14 or 21
columns and is suitable for OEM (no power
supply) or bench use. A data input-storage
feature is a transfer time of only 4 us.

Features include single-line column

blanking and decimal-point and measure-
ment-unit symbols. The 5103B uses 3-1/2-
in.-wide paper, fanfold or pressure-sensitive
packets. Delivery is in 30 days. Systron-
Donner Corp., Instrument Div., 888 Galin-
do St., Concord, CA 94520. Phone (415)
682-6161.

Booth No. 2532 Circle No. 340
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100-MHz counter can be built from a kit

Available in kit form is a 1 Hz to 100-MHz
counter priced at only $269.95. Model
IB1101 can be assembled in 10 hours. It
accepts inputs from 50 mV to 200V and has
a full-five-digit readout expandable to eight
digits with overrange circuitry. It features
input impedance of 1 MQ and an automati-
cally positioned decimal point.

The front-panel displays kHz, MHz, over-
range and gating indications. A built-in vari-
able-level source allows initial sensitivity
setup while a conventional AM radio can be
used as the time-base oscillator adjustment
standard. Heath Co., Benton Harbor, MN
49022. Phone (616) 983-3961.

Booth No. 2214 Circle No. 341

Tester identifies wire leads in

Tracing circuits and wires, even in complex
systems involving hundreds of leads, takes
only seconds with the Pathfinder—an elec-
tronic searching device. By means of a
probe, an operator touches a lead and the
Pathfinder identifies it with a numerical dis-
play. An additional component allows re-
mote tester operation up to two miles.

Since the tester system is modular and

seconds

permits adding components as user needs
grow, it can be expanded from a basic ca-
pacity of 99 wires to 999 wires. No restric-
tive connection is required for common
ground. W.H. Brady Co., 726 W. Glendale
Ave., Milwaukee, WI 53201. Phone (414)
332-8100.

Booth No. 1413  Circle No. 333
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Small resistors handle high voltages

A new line of miniature metal-oxide resis-
tors for high-voltage applications includes
four types: the TW Mini-MOX rated to 5 kV
(100 ppm TC); the 2.5W Maxi-MOX rated
to 7.5 kV/lineal in. (lengths of 1 to 5 in.); the
45W Power-MOX rated to 45 kV at 70°C;
and the Divider-MOX with taps for output
ratios upto 10*:1 and a 37.5-kV rating.

The resistors are said to be very stable for
extreme environments, with as little as 1%
drift under full load at 2000 hours. Mini-
MOX resistors range in value from 1 to
10,000 MQ. Victoreen Instrument Div. of
VLN Corp., 10101 Woodland Ave., Cleve-
land, OH 44104. Phone (216) 795-8200.

Booth No. 3506 Circle No. 342

Passive rf wattmeter resolves 5 mW

o
e

With a few exceptions, most bidirectional rf
wattmeters measure anywhere from 5W to
250 kW. The new Thruline Model 4330
passive directional milliwattmeter measures
signals in 508 transmission lines with plug-
in elements for different frequency bands
within 600 to 2300 MHz. Each element has
switchable 200 and 800-mW
ranges.

Ranges are available with either forward

full-scale

or reflected-power measurements. Insertion
VSWR is a low 1.05. Price is $125 for the
milliwattmeter and plug-in elements cost
from $60 to $80. Delivery is 90 days. Bird
Electronic Corp., 30303 Aurora Rd., Cleve-
land, OH 44139. Phone (216) 248-1200.

Booth No. 2243 Circle No. 343
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Relay cards increase switching density

As many as 21,600 switch points can be
packaged into a 7-ft-high 19-in. rack using
the new Series 6800 T-bar switch relays.
Mounted on or between printed-circuit
coards which plug directly into card-edge
connectors in standard card frames, they
allow common wiring by Wire-Wrap or
dual-in-line solder backplane techniques.
Offered with 36 to 72 poles, they can

pass pulses with risetimes of 100 ns. Con-
tact rating is 1A at 28V dc resistive, me-
chanical life is 30 million cycles, through-
path resistance is 200 m£ and coil power
ranges from 5.2 to 6.5W. Cost is as low as
$1/pole. T-Bar, Inc., 141 Danbury Rd., Wil-
ton, CT 06897. Phone (203) 762-8351.

Booth No. 3301 Circle No. 344

Thumbwheel switches form snap-on decades

Any number of desired decades can be
formed with the Series 545 thumbwheel
switches. These preset switches snap to-
gether on 5/16-in. centers. Any assembly of
decades mounts with only four studs and
end-mount brackets while spacers can be
selected as required.

Switching functions include 10-position,
1 or 2-pole and binary (1-2-4-8 and 1-2-4-8
with complements). Specifications include
switching capacity of 0.1A dc. Cost is as
low as $2.57/digit (1000 quantities). Dia-
light Corp., 60 Stewart Ave., Brooklyn, NY
11237. Phone (212) 497-7600.

Booth No. 3401 Circle No. 345

Decade attenuators work to 50 MHz

Ten steps of attenuation are offered in a new
line of rotary variable attenuators with an
extremely flat response over the range of dc
to 50 MHz. Standard steps include 0.5 and
1-dB increments in three different imped-
ance values—50, 75 and 100Q.

Each attenuator is available in a black
anodized case with a 3-in. diameter and
comes equipped with an engraved dial and
BNC connectors. Special decade attenua-
tors can also be built for specific require-
ments. Allen Avionics, Inc., 224 E. 2nd St.,
Mineola, NY 11501. Phone (516) 248-
8080.

Booth No. 3101 Circle No. 346

Time-delay relay uses a calibrated panel

A new Class 218 solid state time-delay relay
uses a calibrated panel and meets the rigid

requirements of the National Electrical
Code. The delay time is repeatible to an

86

accuracy of +=2%. Timing is available in a
variety of ranges spanning 0.05 to 600 sec.
All relays are rated for 120V ac nominal
inputs (dc-input versions on request).

Three output switching configurations are
available: dpdt at 120V ac 60 Hz 10A resis-
tive or 28V dc resistive (1/4 hp); spdt nor-
mally open at 50A ac or dc (1 hp); and spdt
at 120V ac 60 Hz 10A resistive, or 28V dc
resistive. Magnecraft Electric, 5575 N.
Lynch Ave., Chicago, IL 60630. Phone
(312) 282-5500.

Booth No. 3608 Circle No. 347
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Wave analyzers with 100-dB dynamic range

Five wave analyzer models span the fre-
quency range of 5 Hz to 60 kHz (500 MHz
by additional mixing) and a dynamic range
of up to 100 dB. The system includes Model
FAT-1 which covers 5 Hz to 20 kHz at up to
80 dB in sweeper and sweeperless versions.
The FAT-2 covers 10 Hz to 60 kHz up to 80
dB and is also in sweeper and sweeperless
versions.

Rounding out the system is the new FAT-
3 which has a frequency range of 5 Hz to 20
kHz and a 100-dB dynamic range. As a sys-
tem, the five different models offer four se-
lectable bandwidths from 4 to 600 Hz.
Costs range from $5990 to $8150. Rohde &
Schwarz, 111 Lexington Ave., Passaic, N |
07055. Phone (201) 773-8010.
Booth No. 2103  Circle No. 351

Power supply modules allow
flexibility

A system of modular remote regulators and
power supplies are available for flexibility
in power supply design. The new system
offers a choice of 16 basic low-cost regula-
tors and 6 matched unregulated power cen-
ters which can be combined in a simple
manner to provide an almost limitless varie-
ty of power-system combinations.

Each basic component is a complete
functioning unit by itself. The power center
consists of an ac operated unregulated dc
power source. This matched source feeds
the desired number of miniaturized remote
regulators.

The regulators are four terminal designs
which eliminate extra wiring and can be
located at any point in the circuit or mount-
ed directly at the basic power center. These
components can be concentrated or distrib-
uted in any optimum manner desired for
maximizing physical, electrical and thermal
characteristics.

Regulators are available from 5 through
24V dc at 150 mA to 40A. Line and load
regulation is 0.05%. The regulators are the
RR Series. PC Series supplies range from 10
through 32V dc in output and 500 mA
through 50A. Input is 115/230V ac 50-400
Hz. Ripple for the power centers is less than
1.5V RMS and when used in conjunction
with the remote regulators results in a sup-
ply ripple of less than 0.01% or 1.5 mV.
Low current regulators incorporate over-
voltage protection and add-on protectors
are available for high current types. ERA
Transpac Corp., 67 Sand Park Rd., Cedar
Grove, N ] 07009. Phone (201) 239-3000.

Booth No. 2610 Circle No. 352
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MIDWEC H44 CAPACITORS
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H44A & H44B
FILM CAPACITOR

These new film capacitors achieve an almost zero
temperature coefficient in the smallest possiple
physical size as a result of MIDWEC's_echusuve
design and processing techniques. Uniform
performance of standard units is inherent b.ecause
of the design and production procedures. Tighter
TC than is shown in the charts at left can be
attained on special order.
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For complete data siieets, write to:
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P.O. BOX 417

SCOTTSBLUFF, NEBRASKA 69361
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12-digit display panels at $1.12/digit

When purchased in 50,000 quantities, Uto-
vue 12-digit display panels can be bought at
$1.12 per digit. Model LD-8026 7-segment
panel indicates numerals 0 through 9 and a
decimal point. Its gas-discharge displays
have character heights of 10 mm (0.394 in.)
and widths of 6 mm (0.236 in.). Only 24
connections are needed per panel.
Designed to be multiplexed, each 157.5-

mm long (6.2 in.) by 30-mm wide (1.18 in.)
by 5-mm thick (0.197 in.) 12-digit panel
dissipates 0.1 mW per digit at a driving volt-
age of 160V. Brightness is 70 ft-L. NEC
America, Inc., 200 Park Ave., New York,
NY 10017. Phone (212) 661-3420.

Booth No. 3112 Circle No. 348

RF Coils
Chokes
Transformers

In Stock for
Immediate Delivery

Write
for your
copy of the
80-page  f INGUETORS -
fU// FOR ELECTRONICS
line

Catalog 72

)

QUALITY

ROpUTY

= Custom Winding
= MIL SPEC Testing
Samples — 10 days

= Shipments start within
3 weeks after sample approval

J.W. MILLER COMPANY

\}x 19070 REYES AVE. » P.O. BOX 5825 » COMPTON, CALIF. 90224

Stepping motors increase
in torque

New M Series Slo-Syn stepping motors can
be driven to speeds above 10,000 steps per
sec with a minimum of input power. Each
stepping increment is 1.8° using a 4-step
input sequence, and is 0.9° using an 8-step
sequence. Each step is accurate within
+5% noncumulative for conventional types

and *3% noncumulative for
types.

All M Series motors have permanent-
magnet rotors and 8-pole stators. Torque
ratings range from 35 to 840 oz-in. No
brushes, gears, ratchets or detents are used.
The motors operate over —40 to +65°C
ambient temperatures. Superior Electric
Co., 383 Middle St., Bristol, CT 06010.
Phone (203) 582-9561.

Booth No. 1102
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Automatic Circuit Tester
Speeds Checkout

A new automatic circuit tester, the Testmat-
ic TM61, is a portable instrument with a
simple and flexible programming arrange-
ment. It can be used by unskilled operators
to make a series of quick and accurate func-
tional tests on completed electronic assem-
blies. Up to 61 tests can be made in only 5
seconds. The time taken for each test can be
extended if required. Assemblies under test
are placed on the instrument’s test panel,
which is pre-drilled to provide a convenient
type of locating jig.

Programming is carried out simply by
inserting diodes into a double-sided print-
ed-circuit matrix board. The Wayne Kerr
Co., Ltd, Surrey, England. U.S. Agent: Me-
chanical Technology, Inc., 968 Albany
Shaker Rd., Latham, NY 12110. Phone
(518) 785-2323.

Booth No. 2112 Circle No. 350
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Mini calculator
designed by computer



YES, WE SAID

MIX-MAICH
LOADING

11
K SBD
[l Opatimabme. e Tk T
. ® © 06 0 0 o That’s right— Series TPS125 Lomput(‘r Terminal
Power Supplies can accommodate a virtually
' ® © ® © O » infinite combination of mixed loads with one
cool-running, multi-output unit small enough to
POWER SUPPLY hold in your hand!
PN TPS12502 Choose any combination of these outputs:
QUTPUTS + 5VDC +5V, £12 or =15V, —5 and +28V. SBD’s unique
+12VDC mix-match loading design automatically delivers
—-12VDC : the load currents your circuits demand — up to
o o & 25 amperes at =5V, up to 2 amperes at other
® ] . ® outputs, right up to the total rated power of
¢ O 125 watts. You get performance that previously
required multiple supplies—in 1/5 the space of a
conventional unit.
iy

System-engineered specifically for computer

terminals, Series TPS125 Power Supplies are
available off-the-shelf in 10 models, with up to
5 standard outputs, in 2 package

styles to meet specific requirements. m

Custom voltages to your specifications  +vss .

Ls ¥

are also available. All models feature .

overvoltage and short circuit protection, energy ‘ I .
storage for memory protection, typical efficiency e =
of 70% —plus a down-to-earth price tag. - V ‘

Bulletin 111/71 has complete data. Call or
write for it today. SBD Electronic Systems, Inc. SB D
ELECTRONIC

275 Dixon Avenue, Amityville, New York 11701.
Telephone: 516-842-2000. QVIAE’VVV-’ e
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This display writes

your computer

as fast as

can talk.

N

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

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

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

Computer-generated graphics courtesy of The Boeing Company.

trostatic deflection to control its
electron beam.

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

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

Yet, despite all these advantages,

CIRCLE NO. 402

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

For further information on both of
these new displays, contactyourlocal
HP field engineer. Or write Hewlett-
Packard, Palo Alto, California, 94304.
In Europe: 1217 Meyrin-Geneva,
Switzerland.
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Your EDP cable jam

obs . . . and we tackle many
others have turned down or clas-
)0 difficult. Manufacturing EDP wire and
a science, which requires experience,
rtise and equipment. But it is also an art,
 which requires imagination, ingenuity, and an at-
titude of willingness.

That's what sets us apart—the willingness to handle
the difficult designs—combined with the ability to
closely control the production process to provide
high volume output of precision cables.

For example, the 32 pair .363” diameter cable il-
lustrated upper right is a redesign of an existing
cable that maintained equivalent flexibility, crush
resistance, abrasive resistance and cable diameter,
held impedance to closer tolerances yet costs less
than the original!

CIRCLE NO. 403

is TRW/Holyoke’s bread and
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In another case, aminimum diameter 90 ohm coaxial
cable was needed by a major computer manu-
facturer. Other cable sources stated that a 30 ga.
center conductor was the minimum they would
consider, resulting in a .125” OD cable. TRW/
Holyoke designed it with a 32 ga. center conductor
producing a .086” OD cable that met all mechanical
and electrical parameters—and shipped it a week
ahead of schedule!

Our comprehensive service to the EDP industry
also includes harnesses and cable assemblies with
PC board, molded connectors, terminals, plugs,
sockets and other hardware.

Your cable jam is our bread and butter—so call us
at (413) 533-3961 when you need help, or write for
more information to TRW/Holyoke Wire & Cable,
an Operation of TRW Electronic Components, 720
Main Street, Holyoke, Massachusetts 01040.  cw.72s0

TRW

HOLYOKE WIRE & CABLE
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Cover photo courtesy of Hewlitt-Packard
Co., Palo Alto, CA shows the entire set of
electronics for the HP-35 pocket calculator.
For the complete story of how the elec-
tronics was designed by computer simula-
tion, see “Baby calculator is sired by big
daddy computer” on p CH
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Baby calculator is sired by big
daddy computer . . . Free “do-
it-yourself”” core memory design
kit . . . RCA continues in com-
puter business . . . Communica-
tions featured in new computer
family.

FEATURES

Combinations of established tech-
niques result in new MOS RAM . ..... ... ... ...........

When such techniques are used in building
large memory systems, you reduce costs
and improve performance.

Build a keyboard code-converter
with off-the-shelf parts
Instead of using a custom ROM, use a stan-

dard converter along with external logic to
generate missing codes.
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Baby calculator is
sired by big
daddy computer

The designers of the HP-35 calculator
faced many problems in building the
powerful pocket-sized machine, but
perhaps the most critical was the time
factor. No one had ever tried to pack
so much computational power into
such asmall (1 X 6 X 3 inch) box, let
alone do it in the ten months allotted
to bring the project from concept to
working prototype. The approach tak-
en was to design the machine from
the outside in. HP laboratories specs
called for a calculator that would fit
into a- man’s shirt pocket and also
have all trigonometric, logarithmic
and exponential functions, even x to
the y. It had to be battery-powered,
and the speed of the longest function
had to be less than one second. And,
the final cost was critical.

The heart of a calculator of this na-
ture is obviously the integrated circuits
that serve as memories, contain data
paths, and provide control, synchroni-
zation, timing and data manipulation.
MOS/LSI technology was deemed the
only feasible method of achieving the
high packing density, low power and
low cost required.

When the logic diagrams and parti-
tioning had been completed, only
about six months remained before
working prototypes were due. |t
would have taken several months to
build a hardware breadboard, which
would probably still give incomplete
answers on the feasibility of the
MOS/LSI design (because of the 1-to-1
simulation of MOS circuits).

HP didn’t have time to build a
breadboard that might, in the end, not
work properly. So the designers took
the unusual step of designing the elec-
tronics with computer simulation. In
the process, they saved three months,
which amounted to one quarter of to-
tal development time.

The logic diagrams were converted
to algebraic equations and then into
computer simulation language (see
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LOGIC DIAGRAM

SIMULATION EQUATION
0% FR+-(S+Q)
COMPUTER OUTPUT TEST TABLE

R | S | OUTPUT (t+1)

0 0 Q,
0 1 1
1 0 0
1 1 0

diagrams). Each of the five MOS/LSI
chips was built up piece by piece and
checked out. Then each chip was
checked with the others, and finally
all were exercised with the simulated
display and keyboard interface.

In the simulation, each algebraic
gate was defined in general-purpose
simulation languages, and they were
debugged in that form. They were
then put into cells which could be
used in a larger expression. All of the
registers were defined in this way, in-
cluding all clock times. Although
there was a million-to-one slowdown
from real-time in this part of the simu-
lation, it had the advantage of provid-
ing a precise computer printout of the
condition of every flip-flop, every
gate, every bit in a shift register, and
every signal—and these could be
called up at any selected time.

After the system was checked out,
the designers tried a few simple algo-
rithms, such as add or subtract. When
these worked, the longer algorithms
such as trig and exponential functions
were tried using a higher level simula-
tion language in order to come closer
to real-time operation. Otherwise a
trig function would take ten days to be
processed. Thus, instead of specifying
all the gates in the logic equations,
only the through-put functions were
specified. This became a type of ma-
croprogramming, rather than micro-
programming. Finally, the entire oper-
ation of the calculator was completely
debugged with the higher level simu-
lation language.

In a hardware simulation, special
test apparatus would have had to be
built in order to step and stop the pro-
gram at any point. The computer print-
out did away with this and also with
the necessity of having a scope probe
at a specific point at a specific time. In
order to watch what happened in the
middle of a multiply with hardware,
perhaps at the point where the fifth
digit was multiplying, the probe
would have to be at the right output at
exactly that time.

The computer did this automatical-
ly. All that was necessary to make
changes was to input new cards, rath-
er than soldering in new parts. This
factor gave a significant savings in
time and an important increase in
accuracy.

During the design of the actual
chips with Mostek and AMI, Hewlett-
Packard was able to save additional
time. If any problems cropped up,
new cards could easily be made and
run through the simulation to provide
rapid answers.

The most crucial test after chips
were delivered came when the first
prototype was assembled (see photo).
With chips, display, keyboard, etc. all
in place, the calculator worked the
first time the switch was turned on

. . the difficult functions and all.

There still remained the normal
amount of cleanup work associated
with turning a prototype into a pro-
duction machine, but computer simu-
lation had proven its worth. 3
For more information circle . 354
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RCA continues in
military and aerospace
computer business

Although RCA has shut down its
commercial computer manufacturing
operations, it still remains in the com-
puter business as evidenced by two
recently announced computers.

Model R-100 is a real-time commu-
nications processor able to control
2500 voice and data circuits at the
same time. It's main memory cycle
time is one msec, it's ROM is 240
nsec and it can perform 220,000 oper-
ations per sec. Main memory consists

Free system
design for
do-it-yourself OEMS

United Telecontrol Electronics, Inc.
(UTE), Asbury Park, N. J., is offering to
provide free design and manufacturing
drawings to OEM designers of mini-
computers and intelligent terminals.
The drawings are for UTE’s MESA 900
memory system, a 4K by 18 expand-
able core memory system.

“The only requirement is that if they
use the drawings, they have to buy the
first 100 core stacks from UTE,” says
Warren Fee, UTE’s general manager of
memory products. “Of course they
don’t have to buy 100 stacks if they

of 16K bytes expandable to 262K
bytes. Optional expansion goes up to
16 million bytes.

Model 195 is the first computer in
RCA’s new Series 200 line. It has a
main memory cycle time of 1.5 msec,
a ROM cycle time of 300 nsec, and
performs 290,000 operations per sec.
Main memory can accommodate up
to one million bytes. Model 195 can
be expanded to the soon-to-be-an-
nounced Model 215 multiprocessor
configuration.

Model R-100's instruction format is
compatible with Spectra 70 and IBM
360, and Model 195 is compatible
with computers already in military
and aerospace applications. =

plan on building less than 100 sys-
tems, only the number of stacks they
actually need,” he adds.

The offer is aimed at companies that
want to keep as much of the manufac-
turing work in-house as possible. With
more of the fabrication kept in-house,
these firms can realize a large share of
the profits from their systems sales.
The offer is particularly attractive to
fledgling firms who need to husband
their venture capital. Mature firms
starting on new products can save
$50,000 to $100,000 in designing and
proving out their memory systems or
in buying designs from memory con-
sulting houses.

UTE makes both complete memory
systems and the basic core stacks. The

. 355
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company decided that the standard
memory system is only good for
places like universities that buy only
one or two memory systems. The larg-
er business, according to Fee, is in
custom systems or stacks. “We are
trying to sell our expertise in memory
stacks,”” says Fee.

If a company is building a large
number of systems (typically more
than 100, says Fee) it wants a custom-
ized memory to interface with the rest
of its system. A standard memory will
contain many components and cir-
cuits that are not needed by all its
users. These components are required
to make the memory as universal as
possible.

For those customers who want the

Printed circuit board artwork, mechanical drawings and parts lists are representative of the memory system manufacturing aids available
free to purchasers of United Telecontrol Electronics’ memory stacks. Shown is the memory stack for UTE’s MESSA 900.
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Another new modem
from Tele-Dynamics
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7][]3 Fand B

Full duplex 300 bps manual and automatic
originate/answer. Interchangeable low-cost
replacements for Bell 103A2, F2, E and G.

Available for delivery now. In PC card version for OEM or
as a stand-alone complete with power supply, barrier strip
termination, business machine connector and power cord.
End-to-end compatible with all Bell 103 and 113 data sets.
Voltage levels provided for all common interfaces. 7103F
uses Type CDT DAA for public telephone network opera-
tion. 7103G uses Type CBS or CBT DAA.

Find out about the 7103. And about the
complete Tele-Dynamics line of 300 to
2400 bps modems. Send for data sheets.
Or call John Jurenko at (215) 643-3900.
Do it now.

TELE-DYNAMICS
DIVISION OF
AMBAC

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

47-1103
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memory system customized, UTE will
provide design modifications and
drawings at cost. Fee indicates the
cost is usually under $10,000. A re-
cent order cost $7500 for the modifi-
cation while two others were quoted
in the $2500 to $5000 range. Most of
this cost is paying for drafting time for
changing board size. No matter how it
is redesigned, UTE uses the same core
stack for each system.

The UTE MESA 900 memory system
consists of a control board and one or
more plug-in storage boards, each
with 4K words by 18 bit capacity. Up
to eight storage boards may be used
with each control board, making a
32K by 18 system. The system has a
325 nsec access time and 900 nsec
full cycle time. The unit quantity price
for a 4K by 18 system is $1490. One
of the companies taking advantage of
UTE's free license estimates its cost at
under .8 cents per bit for 500 systems
in a 4K by 16 configuration. [
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Communications
featured in new
computer family.

Recognizing the growing communica-
tions needs for computer systems,
Honeywell Inc. has announced its
new Series 2000 medium-scale com-
puter systems, designed to operate in
a heavy communications oriented
environment.

Series 2000 is not just a set of hard-
ware. It includes five different central
processors, a communications proces-
sor, a data-base operating system and
a control console. However, the key
to the new series is the DATANET
2000  communications  processor,
which places all communications in
the front end of the system, thus re-
lieving the CPUs of such tasks.

Series 2000 is the outgrowth of a
Honeywell-run study among its users.
In the study, Honeywell found that by
1974 communications hardware costs
are expected to be about 39% of total
hardware costs.

This reflects an increase from 10%
in 1964. On the other hand, CPU
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hardware is expected to drop from
54% to 22% over the same period.

The Datanet 2000 data communica-
tions processor contains a minicom-
puter with 24K bytes of memory, an
interface to the main computer, a
network interface for one to 120 full-
duplex communications lines, a con-
trol console, and real-time clock.

Stored programs poll and handle
line speeds from 45.5 bits to 10,800
bits/sec, translate ANSI code to and
from the 6-bit code of Series
200/2000 computers, queue messages
in core or on the fixed-head disk file,
handle main processor coupling, pro-
vide recovery and error handling, ini-
tialize the system, load the system and
permit operator intervention.

The basic memory of the communi-
cations processor consists of 24K bytes
and can be expanded in modules of
8K to 65K bytes. Effective cycle time
is 385 nsec/byte.

The CPUs in Series 2000 are made
up of four single-processor models
and one dual-processor. They range
from model 2040 on the low end
which has a 49K-131K 6-bit character
memory and a cycle time of 1.6 msec
per character, up to model 2088 on
the high end. Model 2088 is a dual-
processor computer with a combined
main memory of 524K-1M characters.
Cycle time is 750 nsec for four char-
acters per processor. The 2088 has a
shared data file so that while one pro-
cessor is performing real-time opera-
tions the other can perform batch
processing of local jobs and also serve
as a back-up for the real-time system.

Shown in the photo is the Y-config-
uration of model 2060. To the right is
the Datanet 2000 communications
processor and on the left is the visual
information control console. =
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Fault Isolation:

We've just made it economically practical
for commercial/industrial equipment.

Our new Fault Indicators take
the high cost out of monitoring
circuit performance.With them
you can isolate faulty opera-
tion, cut troubleshooting time,
eliminate costly check-out
equipment and procedtres, re-
duce downtime. All at a frac-
tion of what fault indicators
have previously cost.

These BITE (Built-In-Test-
Equipment) Indicators use an
electrically actuated mechani-
cal display that latches into
position magnetically. When a
circuit malfunction occurs —
transient or continuous — the
display transfers color and

latches magnetically until reset.
This latch memory assures pos-
itive isolation/indication re-
gardless of the nature of the
fault.

Because of their miniature size
(.320” dia.), these indicators
can be mounted directly on PC
boards or grouped as a system
on a remote fault isolation
panel. Our application engi-
neers will be glad to assist you
in the use of individual units or
in the designing of a complete
system to your specific require-
ments.

Write for details. Today.

A.W.HAYDON PRODUCTS

NORTH AMERICAN PHILIPS CONTROLS CORP.

A NORTH AMERICAN PHILIPS COMPANY

232 North Eim St. - Waterbury, Conn. 06720 - (203) 756-4481
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Combinations of established
techniques result in new MOS RAM

When the advantages accrued with this new MOS RAM are utilized in
building large memory systems, gains in cost/performance result.

D. C. Bapat and D. Mrazek, National Semiconductor Corp.

Unlike earlier advances in MOS memories, the improve-
ments in this new 1K MOS random-access memory (RAM)
do not stem from a new process. Instead, a new combina-
tion of operating techniques has solved system
cost/performance problems. They include a three-state 1/O
structure at a common 1/O bus terminal, precharge decod-
ing, and true bi-polar-compatibility. Improvements real-
ized on the system level are very low average power dissi-
pation, simplified timing control, fewer and faster inter-
faces with the external system, reduced cooling require-
ments and elimination of high-level MOS supplies. Specif-
ically, power dissipation is reduced by two-thirds, over-
head circuits are cut in half, and overhead cost reduced by
200% with no attendant loss of speed.

Comparisons in a system environment will be made
with another MOS RAM design having slightly faster ac-
cess and cycle time at the individual device level in order
to illustrate the results attained.

Storage cells are TTL compatible

The RAM'’s internal design (Fig. 1) is fairly standard ex-
cept for its bipolar compatibility and 1/O structure. There
are 1024 storage cellsin a32 x 32 array accessed by a 10-
bit address, which is X-Y decoded on the chip.

Bipolar compatibility means that all data and address
inputs sense bipolar data levels and that data is read out at
the original data levels. For example, a TTL /1" is stored as
an MOS “0” but read out as a TTL ““1”. This eliminates
need for external level translators at inputs, and sense am-
plifiers at outputs, all of which required as many as 51 inter-
face circuits in a typical memory module. In addition, two
standard supplies (+5 and —12V) are used instead of the
three original high-level supplies.

The cells are dynamic, meaning that stored charges leak
from the storage transistors and must be refreshed periodi-
cally. For this design, each cell is refreshed every 2 msec.
Since accesses are made every 600 nsec (which also re-
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by charging the capacitance of Q,. A read consists of sensing the data level after an access has been made.
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freshes all other cells in a column), refresh overhead is less
than 1%, and does not significantly affect system efficiency.
Refresh signals are always given precedence over addresses
in the system control logic.

Tri-State outputs allow common busses

The 1/O structure in Fig. 1 allows a common 1/O terminal
on the final RAM. This is made possible by using Tri-State
MOS for the I/O gating and sensing elements. (Tri-State is a
trademark of National Semiconductor Corp.)

As the name implies, each element has three operating
states. Two are the bipolar-compatible ““1”" and /0" states.
The third is a high-impedance state that effectively disables
that element. In this third state, only a small leakage current
flows and it has no definable logic level.

A feature such as this gives several advantages. For exam-
ple, the third state prevents data transfer, allows one ele-
ment to look into the other, and permits outputs of several
packages to be bus-connected with no significant change in
memory cycle time. One pin can be used for 1/O because

the read element is in the third state when write is enabled,
and vice-versa. Read speed when these outputs are bus-
connected is high because the disabled elements on the bus
present a very light load to the enabled output.

Without this third state, a conventional MOS input could
not share a common terminal with an output, and separate
data-in and data-out terminals would be required. Although
several outputs may be bus-connected (wire-OR’ed), it
multiplies their capacitive loading, causing a proportional
increase in output transition times. As a result, system cycle
times must be increased. In order to gain maximum speed,
each conventional MOS output should look directly into a
low-level sense amplifier.

Precharge decoding minimizes power dissipation
During standby, each MOS RAM circuit will dissipate
about 75mW. To achieve memory access, a more powerful
clock pulse, called the “precharge,” is applied to set up the
decoders and other 1/O functions. The use of precharge
minimizes system power dissipation by making it unneces-
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Fig. 2 Timing diagram for the 1K RAM shows how ‘“precharge decoding” is applied.
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Fig. 3 A main memory module utilizing the new RAM requires a
minimum of extra circuitry. It stores 4096 16-bit words (4K X 16)
in four 1K X 16 submodules. One submodule is selected at a
time by two bits of the DM7442 TTL decoder address. The same
decoder could access eight submodules with a 3-bit address.
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sary to energize decoding logic in between selects. During
a 600 nsec access, the RAM’s power dissipation will in-
crease up to 400 mW.

It is important to keep as many of the RAM circuits on
standby as possible in order to minimize average power
dissipation. If excessive dissipation occurs in a high-den-
sity system without adequate cooling, it would overheat the
semiconductor junctions and cause device failure. The
only way of preventing overheating, should the average
dissipation be high, is to reduce speed and subsequently
lower performance, reduce packing density, or increase
system cooling hardware. All of these options are unfavor-
able for optimum system design. Average power supply
and clock-driving requirements are also reduced by use of
either precharge modulation or by reducing the precharge
pulse rate.

Fig. 2 and 4 illustrate the most effective way yet de-
veloped to decrease precharge power dissipation. It is
called “precharge decoding’”’, which means applying pre-
charge to a submodule, only when that module is select-
ed. This can be implemented by having the chip-enable
output of the decoder gate the precharge clock by way of
the Tri-State TTL data selectors in the clock circuitry. Thus,
this simultaneously controls the 1/O directions.

Memory timing is simplified

Timing control is quite simple because of the precharge
decoding technique and arrangement of the 1/O structure.
As indicated in Fig. 2, maximum cycle time is 600 nsec. A
delay of 100 nsec (t,,) is allowed before precharge for ad-
dress settling and decoder operation. Precharge goes low
for 250 nsec (t,) to set up the decoders, and then it returns
to conserve power.

If read is commanded, the read gates are enabled and the
write gates disabled at the outputs. Stored data is available
at the output within 400 nsec (t,) of the start of the access.
Write may be commanded just prior to the precharge tran-
sition and is completed by the end of the 600 nsec cycle.

A skew of about 50 nsec between address timing by the
CPU and leading and trailing edges of chip-select and pre-
charge will not affect access time, cycle time, or memory
speed. Thus, the RAMs timing is not critical.

A practical implementation

The advantages of the new 1K MOS RAM can be seen
when it is used to construct a memory system like the one
in Fig. 3. The external data selectors (DM8123) and
read/write bus buffers (DM8092 and DM8094) are Tri-State
TTL devices. These have high-speed, active-pullup outputs
when enabled. The two types of buffers operate in parallel
with the internal MOS read/write gates. One control line
gates both gates in complementary fashion, since one is
enabled by a /0" and the other by a ““1”. The data selectors
hold off accesses during a submodule’s refresh intervals.
The TTL clock-forming and timing control circuit for the
module is illustrated in Fig. 4. ’

Having 10 address inputs, the MM5260 is effectively a
memory of 1024 1-bit words. Lengthening the bits per
word merely requires parallel access of several devices,
such as nine for 1024 9-bit words. A chip-select input, en-
abled by decoding additional address bits, allows expan-
sion of word capacity.

How does the new memory stack up?

For evaluation purposes, the new MOS RAM, designated
MM5260, will be compared with National Semiconduc-
tor’s original type 1103 MOS RAM, which is the closest of
previous MOS RAM designs to the MM5260 in perfor-
mance and organization. It is also a 1024-bit device with
chip-select and on-chip decoding of 10-bit word address-
es. The package has two additional pins, one for the extra
power supply and one because data outputs and inputs
must be separate.

One significant difference is in the power requirements.
Not only does the 1103 use two high-level supplies, but
also the 1103 module dissipates about three times as much
power as the MM5260 module. Total dissipation in the
MOS RAMs and by the circuitry outside the 1103 is around
30 watts; while that of the MM5260 module is about 10
watts. As a benchmark, core memories with the same ca-
pacity dissipate about 25 watts.

Power dissipation factors to consider are standby pow-
er—the same 75 mW for both devices, precharge dissipa-
tion, and external dissipation.

A quick calculation shows that the new RAM has pre-
charge dissipation in only 16 out of 64 devices as a result of
clock decoding. Counting the standby dissipation in the
other 48 devices, total internal dissipation is about 10
watts. Dissipation in the logic devices won’t be counted
since it is not large in either module, and is approximately
equal in both.

Precharge dissipation in the 1103 is 300 mW — 100 mW
less than the new design. However, precharge is used in the
1103 to reduce access time as well as average dissipation,
which compromises precharge power savings. Using pre-
charge to save time precludes precharge decoding. In the
1103 precharge sets up the decoders to receive the address-
es; therefore, it must be applied to all 64 RAM circuits
since the chip-enable portion of the address is not decoded
until after precharge begins. After chip-enable decoding,
precharge may be turned off at the unselected submodules.
By then, these 49 circuits will have been precharged for
some 100 nsec, thereby consuming an extra 6 watts. A total
of about 14 watts is dissipated in precharge, and standby
power in the 1103 module is about 30% higher than in the
new RAM.

The extra amplifying devices account for the remainder
of the increase. Address, chip-enable and data inputs must
be pulled up to +20V, and these level translators must
drive heavy capacitive loads. For example, each address
input capacitance is 7 pF, a total of 450 pF for 64 in paral-
lel. To avoid making input delays very long, high-power
transistor drivers must be used. In addition, the low-level
outputs must be detected with sense amplifiers to drive the
processor logic. And lastly, losses in the high-level power
supplies increase dissipation elsewhere in the system.

There are some tradeoffs with regard to access and cy-
cle times. The 1103’s access time is 300 nsec if the pre-
charge time is anticipated. If address and precharge occur
together, access time is 390 nsec.

Good bipolar drivers at the inputs, say a monolithic
translator like the NH0027, will hold input delays to 40 to
60 nsec. However, these add to memory system cost. A
low-cost alternative, namely open-collector TTL devices

with passive pullup, would stretch input delay to about.

225 nsec (due to the RC time constant of a 450 pF load
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Fig. 4 Memory system clock timing and control circuitry needed to implement read/write precharge and pulse generation.

and 500 ohm pullup resistor). Unfortunately the passive
pullup devices would about double power dissipation.
Delays in the sense amplifiers are 30 to 40 nsec. Good
sense amplifiers are essential because of the short read
time and because the MOS outputs are wire- OR’ed for
practical reasons. But this also delays output transitions.

In sum, a minimum increase of 70 nsec in 1103 access
or cycle times offsets the extra propagation delays (50
nsec) in the MM5260 which result from the delay in the
Tri-State sense amplifier on the MOS chip. This is a worth-
while tradeoff to achieve the benefits already cited for the
new /O technique. Furthermore, the Tri-State TTL bus
buffers will drive long buses at high speed with high noise
immunity, so the common 1/O bus can extend well into
the system structure.

Savings in system costs are accounted for by elimination
of 17 interface and control circuits, 8 dual sense amplifi-
ers, 14 resistors, 1 power supply, and the need for a high-
level supply. Proportional savings can also be added for
printed circuit board costs, cooling hardware, assembly,
component test and inventory control.

Effective packing density is high, since the new RAM
has two fewer package pins (common /O and one less
supply) and less stringent cooling requirements. More
RAM circuits can be packed into the same volume, or
more can be used on bigger boards if system designers
want to increase word length or module word capacity. =
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Picture your terminal

(even if its IBM)
with our $3,300
graphic plotter.

At last, everybody can see their time-
share data plotted in smooth, clear
graphs. Hewlett-Packard’s Model 7200
Graphic Plotter will add a new visual
dimension to any terminal in the busi-
ness. Now, even if you're partial to
IBM’s 2741, you can have instant
graphic solutions to every type of en-
gineering or mathematical problem.
There’s no special operation or
programming knowledge needed. You
control the program. Plot numerical
data in points, lines, curves, circles,
ellipses, bar graphs or pie charts, Or,
manipulate and expand computer data

and plot in finished graphic form. You
get smooth lines—not the staircase
drawn by the incremental recorder.

Use the HP 7200 simultaneously
with your time-share terminal or
silence the terminal and use the plotter
alone. Because it goes to work when
the data comes in, there’s no time lag.

Simple manual controls allow you
to set the graph limits to fit any pre-
printed grid. HP’s Autogrip electro-
static holddown firmly grips any graph
paper up to 11x17 inches.

You can arrange to add a graphic
plotter to your existing time-share

terminal by contacting Hewlett-
Packard. Buy it at $3,300. Rent it. Lease
it. Or lease to buy.

We can match a 7200 with any EIA
ASCII terminal in the business . .. or
even IBM’s 2741. So now, everybody
can be the arty type. For details, contact
Hewlett-Packard, Palo Alto, California
94304; Europe: 1217 Meyrin-Geneva,
Switzerland.

HEWLETT ﬁ PACKARD
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Our contribution
to the memory of
OEM data systems.

Our newest twosome. The TEAC
cassette digital magnetic tape
memory systems.

New here. But abroad, already
performing in a wide variety of
uses in data communications,
point-of-sale, mini-computer and
machine tool control operations.

As an adjunct to your data sys-
tem, both units provide a com-
pact, low-cost storage capacity of
two-million bits per cassette with
a packing density of 800 bpi.

The capstan drive gives a tape
speed of 7.5 ips and start/stop
time of less than 25 ms. Rewind-
ing the MT-6 takes no more than
a fast 40 seconds. It can be oper-
ated by eitherlocal or remote con-
trol, too.

The 41;-pound MT-5 can be
had as a “write only” or “read
only” unit.

It measures just a little over 5”

MT-5

Write or read only
cassette digital
magnetic tape recorder

wide x 3” high x 7” deep and mea-
sures up to almost any order of
OEM demands.

Powered by 5, 12 and 24 volts
DC (the MT-6 takes only 5 and
12), both units acclimate well to
ambient conditions of 41° to
140°F and humidity of 20to 80%.

The 51-pound MT-6 is just
over 5”wide x 514" high x 7” deep.

See us at IEEE Booth # 2437

CIRCLE NO. 407

Its double-gap head lets you read
or write and do read-after-write
checks. And input errors may be
corrected with its bi-directional
drive.

Both units use Philips-type
cassettes.

The MT-5, either read or write,
is amodest $595.

The more versatile MT-6 is
$1,025.

For OEM quantity orders,
price discounts will be arranged,
of course.

Just write or call Ken William-
son, Director of Marketing,
Technical Products, TEAC Cor-
poration of America, 7733 Tele-
graph Rd., Montebello, CA 90640.
Phone: (213) 726-0303.

Once you do, he won’t forget
you. He’s got one of the best
memory systems in the world go-
ing for him.

Remember

TEAC.

MT-6
Read-after-write
cassette digital
magnetic tape recorder

CH 15



Build a keyboard code converter
with off-the-shelf parts

One approach is to use a custom ROM. Here is an easier and faster way that uses
a standard converter with external logic to generate the missing codes.

Herman E. Sheffield Jr., Data Technology, Inc.

Standard IC read-only memory code converters often

come close to meeting user requirements except for a lim-

ited number of special functions. For example, an off-the-

shelf converter is almost certain to meet 95% of the re-
quirements for EBCDIC to ASCII conversion because the
upper case letters, numbers and the commonly used spe-
cial symbols ($,#,etc) have standard EBCDIC codes and
standard ASCIl codes. They are converted from the one
standard code to the other and all conversions are unique.

That is, a given EBCDIC code generates a given ASCII

code, and no other EBCDIC code will generate that same

ASCII code.

However some of the following problems could crop up
with certain symbols and control functions:

eSome ASCIl control and character codes do not have
EBCDIC equivalents. The symbol [ is one such code.
With most off-the-shelf EBCDIC to ASCIl code convert-
ers, there is no way to generate an ASCII [.

*Some EBCDIC control and character codes do not have
ASCII equivalents. ¢ is one such character.

*The EBCDIC set is not completely standard in the alloca-
tion of control codes. For example, the EBCDIC sets used
by IBM and SDS are different in the assignment of some
control codes.

«Off-the-shelf converters commonly convert more than
one input to the same output. For example, an ASCII to
EBCDIC converter may output the EBCDIC code for (space

INTERFACE

when an ASCII coded [ or ( or { is called for.

One or more of the above may be a problem depending
on the particular application. In the system shown in Fig.
1, displays are constructed on the CRT and stored in the
computer for future use. This system can be implemented
with off-the-shelf converters, but some of the ASCII char-
acters won’t be converted properly. If the CRT uses only
the upper case character set, there will be problems with
ASCII characters [/] and maybe ~. One of three things
can be done to correct this: don’t use these characters,
add logic to cause the proper conversion of the codes, or
order specially designed (custom) code converters.

The first alternative may be possible, depending on the
application. However, if the CRT uses some of these char-
acters for control functions, there would be a problem if
these characters were eliminated. There are also disadvan-
tages in using the third alternative, such as: cost of an IC
masking charge, long delivery times, and possible mis-
takes in specifying the mask, as well as expenditures of
engineering time in specifying and testing the special con-
verters. Thus, the second alternative is the most practical
and is discussed in more detail.

What needs to be done? ‘

Implementation depends on the exact application. The
method described however, will be general and work for
many applications. The system in Fig. 1 could be designed

EBCDIC to
ASCIl Converter

XDS
SIGMA
COMPUTER

CRT

DISPLAV ‘ -

GENERATOR

ASCII to
EBCDIC Converter

Fig. 1. Computer system requiring conversion from ohe code to another is shown here in block form. In this case it is EBCDIC to

GH 6
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Table 1. Code assignments for brute force conversion approach.
ASCIl TO EBCDIC
Convert To
Symbol Hex Binary Hex  Binary

e sg 1011011 BB 0111011

N 5C 1011100 BC 10111100

] 5D 1011101 BP 10111101

n 5E 1014410 BE - 10101110

EBCDIC TO ASClI
Convert To

Hex Binary Hex Binary Symbol
BBl 10141011 5B 1011011 [
BE 10111100/ 5C 1011100 £y
BD 10111101 5D 1011101 1
BE MH 1110 5B 1011110 n

in the following manner;

*Assign some unused EBCDIC codes to the problem ASCII
codes

*Add logic to cause problem ASCIl codes to convert to
one of these EBCDIC codes

*Add logic to cause these same EBCDIC codes to be re-
converted back to the proper ASCII codes.

If the system in Fig. 1 is to be designed to properly han-
dle the ASCIl code [“\.], logic must be added to cause
the ASCII to EBCDIC circuit to output an unused EBCDIC
code whenever the ASCII codes for [\ ] are inputed. Log-
ic would also have to be added to cause the EBCDIC to
ASCII circuit to output the ASCII code for [\ ] when the
assigned EBCDIC code is inputed. Table 1 shows how
codes for these operations might be assigned. It shows
several facets of the problem including: (1) that ASCII is a
7-bit code while EBCDIC is an 8-bit code and (2) that the
codes may be conveniently represented by hexadecimal
(base 16) notation.

How to do it

A brute force approach, shown in Fig. 2, requires consid-
erable logic. Needed with the unmodified code converter
are level conversion circuitry on its input and output if the
ROM is an MOS circuit, and additional logic represented
by the “special code detect”, the “special output code

ROM (MOS)

Level Code Converter

Conversion

Special
Code
Detect

Fig. 2. Brute force method of code conversion is as follows: When
one of the special EBCDIC codes from Table 1 (BB, BC, BD, BE)
appears at the input, the ““special code detect” block generates the
appropriate output to the “special output code gen” telling it

(EBCDIC TO ASCII)

which of the special codes is present. In addition, a line to the

gen’’ and the output “multiplexer.”” The use of some fi-
nesse, however, including the judicious selection of the
EBCDIC codes to be used, will allow a logic implementa-
tion with only a few gates.

In the worst case, the ““special code detect’” could re-
quire detection of each special code, and then the genera-
tion of an output for the special codes in order to switch the
multiplexer to the ““special output code gen’’ input. Since
the ““special output code gen”” could require generation of
an output for each of the special codes, the multiplexer
might have to be an 8-bit X 2 multiplexer.

An easier way

The same functions shown in Fig. 2 can be performed in
a simplified manner as shown in Fig. 3. When a special
code is detected, the converter input is modified so that the
converter generates an output close to the desired one (only
one bit different if possible). Then the converter output is
changed only as required to give the actual desired code.
Fig. 3 shows the actual logic required to solve the previous-
ly discussed problem of providing for the ASCII codes [ . ]
for EBCDIC to ASCIl conversion. The exclusive ORs are
available at 4 per 14-pin chip. Thus, the entire modification
is implemented with one full exclusive-OR chip, two addi-
tional gates and one inverter. Table 2 gives the codes at
points A B C & D in Fig. 3.

Level

M Multiplexer

Conversion

Special Output
Code Gen.

“mux’’ causes it to switch to the “special output code gen.” The
“special output code gen’’ generates the required code, and the
proper ASCII code would then appear on the output.
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Converter
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Fig. 3. Simplified code conversion scheme requires only four ex clusive OR gates, a NOR gate, a NAND gate and an inverter.

TABLE 2
A B c D
EBCDIC CODE  CONVERTER INPUT CONVERTER OUTPUT ASCIl CODE  ASCIl SYMBOL
9A D2 4B 5B [
9B D3 4C 5C N
9C D4 4D 5D ]
9D D5 4E 5E N

The unused EBCDIC codes are selected as 9A, 9B, 9C,
9D. These are selected by trial and error to give a simple
logic implementation and are changed at point B to codes
D2,D3, D4, D5, which are the EBCDIC codes for K,L,M,N.
Only 2 exclusive-ORs are required to make the code
changes since in each case, the same two bits must be in-
verted. The code converter changes EBCDIC K,L,M, and N
to ASCII K,L,M,N which are, respectively, 4B,4C,4D, and
4E. Then one bit must be inverted to give the required out-
puts at point D. Since the converters normally generate
ASCII parity, the output parity bit must also be inverted.

Thus, whenever SPC goes low, indicating a special code,
the exclusive-ORs cause the two input and the two output
bits to be inverted. SPC is the decode of an unused area of
the EBCDIC code map, which includes 9A, 9B, 9C, and 9D.

Since there are 256 possible EBCDIC codes, about half of
which are normally used, there are plenty of available un-
used codes. @

Author’s Biography

Herman E. Sheffield, Jr. is president of
Data Technology, Inc., Houston, Tex-
as. He received his BSEE and MSEE
from the University of Houston and is a
member of IEEE, SEG, SID, and NSPE.
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PROGRESS IN PRODUCTS

High-voltage monolithic technology
Permits 200V gas display drivers

Up until now it has been thought im-
practical to extend monolithic IC tech-
nology over 100V because it has been
impossible to form junctions with
breakdowns much higher than this.
Now, however, Dionics, a small com-
pany in Westbury, L.I., N.Y., has de-
veloped a process for forming junc-
tions of both polarities in monolithic
structures that have breakdowns as
high as 600V.

The first application Dionics has
tackled with its new process is a pair
of complementary 200V drivers for
gas discharge displays, such as those
made by Burroughs and Sperry. The
NPN and PNP versions are mirror-
images of each other. They incorpo-
rate dielectric isolation, as the transis-
tors must be separated from each
other when running at these high volt-
ages.

The Dionics drivers provide seven
current sources suitable for uniformly
lighting the seven segments or cells of
the gas-discharge readouts. Each
source has its own control switch that
can be driven by TTL or MOS logic-
level signals.

The $3.00 price (100K level) that
Dionics has put on these devices
should make them competitive with
present discrete component drive cir-
cuits, according to Burroughs display-
system circuit designer, William Har-
mon.

One resistor programs currents

The seven current sources are all
programmed by one external resistor,
R, in Fig. 1. How this is done is shown
in the insert at the left of Fig. 1.

Transistor Q, is connected with its
base to its collector so that it is always
turned on and operating in its active
region. Therefore, by far the greatest
part of the supply voltage is dropped
across R, and the current through R is
essentially equal to vV, /R,.

Most of the current in the Q, leg
will flow through Q,’s collector. Q,’s
base will only take a small part of the
current because all these transistors
have gains of 100 or so. What is sig-
nificant is that the base of Q, will also
““accept” the same amount of base
drive as Q, and will therefore try to set
up the same current flow out of its col-
lector. QQ, will imitate Q, in this man-

ner, because Q, is identical in con-
struction to Q, and has the same emit-
ter-base bias conditions.

Returning to the main circuit dia-
gram in Fig. 1, it can be seen that all
the seven current sources, Q, to Q,,
will try to imitate the current flow of
Q,. In EDNJ/EEE’s experiments with
some of the early devices from Dionics,
we were impressed with how faithful
this imitation would be despite rather
wide variations in the individual loads
in the collectors of the current
sources. We found that we could vary
the collector loads over a range from
dead short to TMQ and vyet they
would hold within a percent or so of
the current commanded by the choice
of R,, at least for our room-temperature
tests.

Fig. 2 explains the constant-current
behavior in terms of various load lines
plotted against the -V characteristics
of one of the current-source transis-
tors. The programming results in a
fixed base drive, such as the 5 uA for
0.5 mA shown.

The slope of the load resistor deter-
mines the operating point.

GLOW

MASTER BLANKING SW.
CAN BE PNP X ST
DIONICS DTP 200

CURRENT SETTING

+ 200V
1 ANODE
2 2= { LOAD, MULTI-SEGMENT GAS
ST =1 =153=T=<4 T5 =T<6 T2 | DISCHARGE DEVICE
RESISTOR s o R A o T s i _/_'r:__'r_ 3 _
| / CONSTANT CURRENT
| | SOURCES
Q, Q, Q, Q, Q, (o Q, Q, |
|
Os 010 01\ 017_ 013 014 015 0‘5 le—— IC, DIONICS
| § CONTROL
. | USWITCHES
= |
J |
< |
| §1.5€ RESISTORS
o o e R e T S N |
1 i ) 1 1 I CONTROL SIGNALS
1\] % 1\‘ = A T { CAN BE FROM TTL

OR MOS LOGIC

Fig. 1. Current sources Q, to Q, are set up by resistor R,, which feeds Q,. The method is explained in the text. All the active devices are

closely matched as they are on one chip.

89



GAS CELL CURRENT ! ‘
N , VOLT CHARACTERISTIC ||

N\ 10 BASE CURRENT £ ‘
\«,‘ RRE SL“J«IJ

T” OR I
CHARACTERIST|C
BASE

9 S 548 gni RRENT u =
; GAS CELL - ‘
BREAKDOWN \ o

Fig. 2. The load lines for nonlinear gas-dis-
charge cells are ideal for the current
sources, as they intersect the current-
source base drives at right angles. But the
devices will also work with linear loads, as
long as they fall within the allowed 200
mW power dissipation and useful gain re-
gions of the source transistors.

Note that it is the flatness of the
constant base-drive curves in this re
gion that allows the source transistor
to hold the output current constant
despite the variations in load.

For 1 mA currents, or less, the out-
puts can be safely shorted, for each
will absorb 200 mW dissipation, and
the whole unit will absorb the seven
times this value, or 1.4 W, if all the
sources are on and shorted at the
same time, according to Dionics.

The bottom row of switches Q, -Q,,
provide the means for turning the cur-
rent sources on and off. They also
have to be matched in characteristics
to prevent upsetting the balances
achieved along the top row. Dionics
adds a dummy switch, Q,, in the cur-
rent-programming leg of Q, to make
this balance consistent all the way
across the device. These switches can
be driven by TTL or MOS logic.

-+ 200V (UNREG)

)
SEGMENT €« STROBE SWITCH
CATHODES ANODE FOR ANODE
Wi R (
TO OTHER
TIME
> ( SHARED
+—>! DIGITS
— — —_ ] - P_

7\

SEE FIG. 1
FOR
RIGHT-HAND
HALF OF
CIRCUIT

&

ADJUST
BRIGHTNESS

e e

TR

=

oy ¥
REGULATED
017

BLANKING CONTROL

DROPPING DIODE

i

Fig. 3. Practical arrangement for driving gas-discharge displays with the high-voltage IC is
as shown. The current-programming resistor, R, is tied to the logic supply, which is easily
regulated, and it is made variable so that the brightness for all seven segments can be ad-
justed simultaneously. Strobbing to turn individual numerals on when many are time
shared, as shown, can be either by the anode switch or by the Q,, blanking control.

Application circuit for driver

A practical approach to driving a
seven-segment numeric display like
the Sperry line is shown in Fig. 3. The
current sources are driving the cath-
odes that define the segments, while
the anodes are connected to an unreg-
ulated 200V supply.

The PNP version of the driver has
been successfully applied to Bur-
roughs’ fully alpha-numeric dot-matrix
‘Self-Scan’” panel. Here it can replace

8 discrete transistors and 14 discrete
resistors. Neither of these drivers is,
however, capable of driving the large

Owens-Corning  XY-addressed ““flat
CRT.”
Dionics, Inc., 65 Rushmore St.,
Westbury, L.I., N.Y. 11590
Phone (516) 997-7474

389

Algebraic calculator uses conversational language
for solving complex equations

How would you like to enter your de-
sign equations directly into a calcula-
tor, in the same form that you would
write them on paper, and then with a
single keystroke execute that equa-
tion? You can with the Hewlett-Pack-
ard Model 9820A desktop calculator.

The unit uses a natural algebraic
language for problems from simple
arithmetic to complex equations. No
artificial machine rules, procedures or
languages are required.

The Model 9820A comes with 173

90

.

A 16-character, alphanumeric LED display

is featured on the 9820A calculator.
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registers, and can be expanded to 429
registers internally. As an example of
its computing power, the basic unit
can solve 17 simultaneous linear
equations. Fully expanded, the calcu-
lator solves as many as 36 simultane-
ous equations with 36 unknowns. It
easily handles equations with unlimit-
ed nested parentheses and performs
implied multiplication (the multiplica-
tion sign need not be used).

Three banks of keys on the Model
9820A keyboard are associated with
plug-in function blocks. Up to three-
read-only-memory  (ROM)  plug-in
blocks may be used simultaneously
for maximum flexibility. Plug-ins now
available include: mathematics, user
definable and peripheral control.
Mathematics includes common trig
and log functions; user definable en-
ables the user to “‘personalize’” from 5

to 25 keys for his unique programs;
and peripheral control is used to inter-
face certain of the peripherals.

Full editing capability includes de-
leting, changing or inserting charac-
ters, lines or statements.

Complete alphanumeric display and
printout is included in the basic Mod-
el 9820A. A thermal printer provides a
hard copy output.

A 16-character, solid-state, LED
alphanumeric  display shows the
expression keyed into the machine,
and the computation results. Line
length is not limited to 16 characters,
however. Overflow characters simply
move off to the left and can be re-
called.

Programs and data can be entered
into the calculator with magnetic
cards or from the keyboard. 1/O slots
on the rear panel of the calculator

Active filters come in custom varieties
with almost off-the-shelf delivery

Custom active filters are now avail-
able with delivery times that rival
those of off-the-shelf units. Pricing,
too, has become much more attrac-
tive. The key to these advances is
modularization and prefabrication.

By reducing active filters to two-
pole modules and stocking PC boards
for commonly-used circuits, De Cour-
sey Engineering Laboratory, Culver
City, Calif. is able to assemble the
modules in a short time.

Standard computerized design pro-
grams for each filter type speed up
design and assembly. Orders of 25
units can be completed in less than
three weeks.

Prices range from $18.50 for 3-pole
Butterworth or Chebyshev low or
highpass filters, to $92.50 for 8-pole
filters, in single quantity. Bandpass fil-
ters are twice the price.

Kinetics Technology Inc. of Santa
Clara, Calif. calls their standard ac-
tive-filter modules ““Universal active
filters.”” They consist of a single-pole-
pair per module which can be used
singly or combined by the user.

Three new standard units have just
been introduced. They are the FS-30,
which operates up to 100 kHz and
carries a price tag of $52.00, and two
low-cost units, the FS-50 and FD-200.
The FS-50 is a lower-performance ver-

accommodate peripherals, including a
plotter, marked-card reader, typewri-
ter, digitizer, paper-tape reader, tape-
cassette unit, and others to be intro-
duced later. All peripherals can be
used simultaneously.

Price of the basic Model 9820A
with 173 registers, built-in thermal
printer and magnetic-card reader is
$5475. Option 001 adds 256 registers
for a total of 429 registers, at $1450
additional.

The Model 11221A Mathematics
Function block is $485; Model
11220A Peripheral Control | block is
$485; and Model 1122A User Defin-
able Functions block is $485. Delivery
is from stock.

Hewlett-Packard, 1501 Page Mill

Rd., Palo Alto, CA 94304. Phone
(415) 493-1501.

390

Pole-pair modules are stocked by De
Coursey for quick assembly into custom fil-
ter units, allowing fast reaction to customer
requirements.

»rl
Fs-20

SAMTA CLARA CA

Universal active filters from KTI consist of
a single-pole pair per module, which can
be combined by KTI or their customer into
any required configuration.

sion of the Universal line with a price
of $26.00 in single quantity. The FD-
200 is a dual, active filter using only
one op amp per pole pair. Minimum
order for the FD-200 is 100 units at a
price of $19.00 ea.

Burr-Brown Research Corp., in
Phoenix, Arizona, a long time supplier
of active circuits, stocks units which
are about 85% complete. Upon re-

Burr-Brown stocks active filters that are
85% fabricated. Final fabrication and deliv-
ery of most custom filters can be accom-
plished within 2 weeks.

Culver City, Calif. 90230

Phone (213) 397-9668. 391
Kinetic Technology, Inc.

3393 De La Cruz Blvd.

Santa Clara, Calif. 95050

Phone (408) 296-9305 392

Burr-Brown Research Corp.
International Airport Industrial Park
Tuscon, Arizona 85706

Phone (602) 294-1431. 393

ceipt of performance requirements, a
computer run determines component
values, and the filters are then com-
pleted. Delivery time is less than 2
weeks, and a broad choice of active
filters is available; Chebyshev, Butter-
worth or Bessel. Prices begin at
$25.00 each in small quantities.

De Coursey Engineering Lab

11828 West Jefferson Blvd.
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SEMICONDUCTORS

BIPOLAR DAC IN DIP PACKAGE, Model
MN329, is a complete 10 bit D-to-A con-
verter specified for +1/2 accuracy bit over
its operating range of 0 to 70°C. Model
MN329R has 1-bit linearity over the operat-
ing range of =15 to 55°C. The 329 is priced
at $35.00 and the 329R at $23.00 each in
orders of over 250 units. Micro Networks
Corp., 5 Barbara Lane, Worcester, MA
01610. Phone (617) 756-4635. 171

BEAM-LEAD LOW-POWER TTL CHIPS and
custom assemblies are offered both as cata-
log products and in custom complex-logic
LSl assemblies. These Series 54L/74L chips

feature the same electrical characteristics as
their standard Series 54L/74L counterparts.
Typical power dissipation per gate is 1 milli-
watt at a 50% duty cycle; propagation delay
is 33 nsecs; and fan-out is 10 Series 54L/74L
loads. Texas Instruments Inc., 13500 North
Central Expressway, Dallas, TX. Phone
(214) 238-3741. 172

HIGH PERFORMANCE FET OP-AMP, the
1427, is directly interchangeable with the
741, is “latch-up”” proof, and incorporates
output short-circuit protection. Guaranteed
specifications for the basic 1421 include
l,:0:0f 50 pA and CMRR of 4000. The higher
performance 01 and 02 versions have bias
currents of 15 and 10 pA, and CMRRs of
4000 and 1000, respectively. Prices range
from $8.50 to $14.00 each in orders of 100.
Teledyne Philbrick, Allied Drive at Route
128, Dedham, MA 02026. Phone (617)
329-1600. 173

v

ACTUAL
SIZE

Dintach

Plugs into your PC board... mates with plated conductors

The unique design concept of the Prin-
tact magnetic /atching and non-latching re-
lays provides <5.0uv thermal EMF, 45-65 db
cross talk isolation, < 0.5ms contact bounce
and other custom features as standard at no
extra cost. The single moving part is the piv-
oting armature with series break contacts
held by a permanent magnet eliminating
return springs, mechanical linkage and pig-
tail connections thus assuring reliable per-
formance for many millions of cycles.

Available with 6, 12 or 24 VDC coils (0.5
watt G series, 1.0 watt LD series) in 2, 3 and
4 pole configuration. Series break swingers
permit each pair of fixed contacts to be
etched with common (Form C) or isolated
(Form A plus Form B) switching between
make and break circuits.

Send for catalog, 2X and 4X artwork
stick-on contact patterns and Technical Notes
PR262-D, which assist in simplifying PC board
artwork, fabrication and procurement.

For a sample and/or data, write or call 212-EX 2-4800

Printact Relay Division, Executone, Inc.,

Box 14304,

Long Island City, N.Y. 11101

CIRCLE NO. 54

ULTRA-LOW DRIFT MONOLITHIC OP-
AMP, the Model 3500E has a maximum
voltage drift of 1.0uV/°C. The unit is inter-
nally compensated, and the low drift is
achieved without nulling the initial offset
voltage of 500 V. Maximum input offset
current is 30 nA. Price is $20.00 each in
quantities of 100 or more. Burr-Brown Re-
search Corp., International Airport Indus-
trial Park, Tuscon, AZ 85706. Phone (602)
294-1431. 174

WORLD’S LARGEST SEMICONDUCTORS
are a line of pressure mounted diodes with
current ratings form 475 to 3800A avg. The
3800A unit comes with a 102 mm wafer,
and its surge current is over 45,000A. The
unit is presently offered in voltage ratings as
high as 600V. Voltages as high as 2500V are
available in the 52 mm, 1600A ‘‘Astro-
pack,” as well as the smaller 33 mm and 28
mm diodes. Power Semiconductors, Inc.,
90 Munson St., Devon, CT 06460 U.S.A.
Phone (203) 874-6747. 175

IMPROVED LSI MULTIPLIER, the 9344, has
been redesigned for general-purpose and
low-cost applications. Itis a 2 X 4 bit com-
binatorial multiplier using internal carry
lookahead and has sufficient carry inputs to
combine all equal weight outputs. This
permits the design of iterative multiplication
arrays without using any other components.
Price in 100-999 quantities is $17.50 for the
industrial version. Fairchild Corp., Semi-
conductor Components Group, 464 Ellis St.,
Mountain View, CA 94040. Phone (415)
962-3816. 176
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HIGH VOLTAGE RECTIFIERS are rated
from 1000 to 50,000V PRV and are avail-
able in standard and fast recovery (200 nsec
typical) versions. Designated the 3 NV, MR,
7S, 35ST and FRR Series, they have current
ratings up to 3A. Prices range from $0.45 to
$15.00 for 100-999 quantity, depending
upon voltage and current. Arthur Fallon
Industries, 400 Warburton Place, Long
Branch, N ) 07740. Phone (201) 229-8300.

177

HIGH SPEED SCR handles 600V, 235A rms.
Type 151RF has maximum turn-off time or
20 wsec; dv/dt is 200 volts per usec and
di/dt is 300A per usec. The SCRs are suit-
able for applications at higher frequencies,
up to 10 kHz. Package conforms to JEDEC
outline TO-93. Price is $63.10 in 100-999
quantities. Semiconductor Div., Internation-
al Rectifier Corp., 233 Kansas St., El Segun-
do, CA 90245. Phone (213) 678-6281. 178
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TTL READ/WRITE MEMORY has high-
speed tri-state outputs. The 64-bit random-
access memory stores 16 4-bit words and is
fully decoded. It can be expanded to 2048
words without pullup resistors. Access time
is typically 20 nsecs. from chip enable and
30 nsecs from address input (50 nsecs
max.). Price is $7.20 each, in 100-up lots.
National Semiconductor Corp., 2900 Semi-
conductor Drive, Santa Clara, CA 95051.
Phone (408) 732-5000. 179

BEFORE YOU
GENTLEMEN, LIES THE
ENEMY. THE DDC
SYNCHRO-RESOLVER
CONVERTER.HE IS SMALLER,
FASTER AND MORE
ACCURATE THAN
WE ARE...

COME 3
GOLIATH

Our matchbox-sized synchro-to-digital converter model ESDC, has
every right to be smug.

It's smaller, lighter and more compact than those big jobs back
there. (In fact, it requires only a fraction of the space of its closest
competitor.)

It’s far less expensive . .. up to 50% of the cost of some of the others.
It’s rugged: meets the requirements of MIL-STD-202C.

DDC’s ESDC series of synchro-to-digital converter modules are
complete data conversion systems in subminiature form. These
converters employ techniques formerly found only in the most
expensive laboratory-grade equipment. They were designed from
the start with all the performance factors the synchro engineer
wants and needs.

And it's available right now, off the shelf. Why? Because DDC is
the largest manufacturer of S/D and similar converters . . . and
therefore one of your fastest sources of supply.

Please let us tell you more about it. And about the rest of our data
conversion and signal conditioning devices. Write us, or phone
direct to either Steve Muth or Jim Sheahan. (516) 443-5330.

SYNCHRO CONVERTERS

D|D|C

ILC DATA DEVICE CORPORATION
100 TEC STREET HICKSVILLE, N.Y. 11801 EDN3-72
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CARD
FILES

from the originator
of card packaging
systems

S P

Nylon guides with
integral mounting feet
Precision card/connector
alignment

Easy assembly — snap-on
card guides

Extruded aluminum
mounting bars

Rugged, lightweight
construction _

it

Configurations are virtually
unlimited — files, kits, drawers
— both vertical and horizontal,
as well as fully wired systems.
Also, Scanbe P.C. card file
systems provide for any
card/connector combination
and any card spacing with
single and multi row designs.
Contact Scanbe for quality
card file systems. gcange

MANUFACTURING CORP.

“The Packaging People”
3445 Fletcher Avenue

CIRCLE NO. 56

El Monte, California 91731
Telephone (213) 579-2300

94

COMPONENTS/MATERIALS

SEMICONDUCTOR HARDWARE SAMPLE
CARD includes two sizes of anti-vibration
clips suitable for small capacitors, together

with mounting pads designed for transistors
and integrated circuits. Sixty-seven samples
are FREE, attached to a card which has been
treated to allow components to be removed
and then replaced. Jermyn, 712 Montgo-
mery St., San Francisco, CA 94111. Phone
(415) 362-7431. 190

METALLIZED FILM CAPACITOR is low-
cost, ultra-small and metal-encased. Type
682P Metfilm ‘A’ Capacitors offer high tran-
sient voltage ratings of 4 times rated work-
ing voltage. Capacitance ranges from 0.1 uF
+20% *=10%,
and £5%. Voltage ratings are 50 and 100V
dc. Operating temperature range is —40 to
+85°C. Sprague Electric Co., Marshall St.,
North Adams, MA 01247. Phone (413) 664-
4411, 191

to 10uF with tolerances of

MINIATURE READOUT features lowest
cost. The readout packs 11 positions (with
character height up to 0.37 inch), in a 2-
inch case. The Series 0345 employs a film
mask. Anything photographically reprodu-
cible may be displayed. Cost in 1000 quant-
ity including driver/decoder is $24.33. In-
dustrial Electonic Engineers, Inc., 7720-40
Lemona Ave., Van Nuys, CA 91405. Phone
(213) 787-0311. 192

FREE SAMPLES of a newly designed spiral
wound heat dissipator are available for
evaluation. A simple twisting motion se-
cures the Kooler-Koil to the component.
The spring configuration grips the case firm-
ly over its entire circular area and the cop-
per coils effectively dissipate the heat. Uni-
track, 8738 West Chester Pike, Upper Dar-
by, PA 19082. Phone (215) 789-3820. 193

LED 5 X 7-DOT MATRIX has total alpha-
numeric display capability. This 35-dot ar-
ray (series 745-0005) has X-Y select and
decimal in a 0.300-inch character height.
The display is made of GaAsP mounted on a
14-pin dual in-line substrate and cast within
an electrically nonconductive transparent
epoxy. In quantities of 250 the price for
each unit is $11.80. Dialight Corp., 60
Stewart Ave., Brooklyn, NY 11237,
(212) 889-7767.

Phone

194

PATENTED, ‘

MINIATURE RELAYS, HPD series are half-
crystal size. Gold-plated silver contacts are
rated 0.3 to 2A at 28V dc, resistive; 0.1 to
0.5A at 120V. Coil voltages are 6V, 12V,
24V, 36V and 48V. The price is $8.35 for a
DPDT. Potter & Brumfield, 1200 E. Broad-
way, Princeton, IN 47670. 195
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PRECISION NANOSECOND DELAY LINES
feature low insertion loss. The Hilabs 50-
ohm series offers nine different standard
delay lines in epoxy DIPs, ranging from HI-
1050 (delay-10 nsec, rise time 1 nsec) to HI-
20050 (delay 200 nsec, rise time 12 nsec).
Prices, in 1000 quantity, are: HI-1050—
$7.50, HI-20050—$15.80. Hilabs Inc.,
P.O. Box 282, Fort Washington, PA 19034.
Phone (215) OL9-1100. 196

THERMAL SWITCH provides a snap-action
disc switch for use in a wide range of appli-
ance and industrial applications. It is cali-
brated for consistent 100,000 cycle opera-
tion under a 10A, 120V load, and is de-
signed for precise temperature control from
—20° to +350°F. Its trip temperature range
is =5°F with a reset temperature range of
+10°F. GTE Sylvania Inc., Rt. 35, Standish,
ME 04084. 197

SEVEN-SEGMENT LED DISPLAY, Model
MAN-3M, features a 32% larger digit than
the MAN-3. The display is packaged to
permit mounting of five per inch and has a
brightness of 200 ftL at 5mA forward cur-
rent. The MAN-3M sells for $5.00 each in
quantities from 1 to 9, $3.30 each for 100
and $2.95 each for 1000. Monsanto Com-
mercial Products Co., 10131 Bubb Rd.,
Cupertino, CA 95014. Phone (408) 257-
2140. 198

Whatever you’re
looking for in
mercury wetted relays

look to wabash

Our growing line of mercury wetted contact relays combines
new technology with consistent Wabash quality and reliability.
We now offer a full variety of plug-in and low profile p.c.-mount
types, all delivering bounce-free switching for up to 10° opera-
tions. Single-side or bi-stable. Sensitive C, D and heavy duty
D contact forms. Miniature to large 2-switch versions (3-switch
available in plug-in). But quality and variety are only part of the
story. We offer a responsive field force, fast turnaround, prompt
delivery, and the many other important features of concerned
customer service. Let us prove it to you.

wabash

NPE/New Product Engineering, Inc.

a subsidiary of Wabash Magnetics, Inc.

First and Webster Streets, Wabash, Indiana 46992
Phone 219/563-2191 TWX 810-290-2722
CIRCLE NO. 57
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The most compact Solderless Connector

... and a NEW Lower Installed Cost

New, miniature connector gives you 75 to 909, time saving over
present compression technique. Its high reliability factor re-
sults from the no-heat requirement as well as complete visibil-
ity for inspection of the one-piece connection before, during
and after termination.

Only three sizes are needed to handle the range of shielded
cables from .055 to .205 over braid dia.

The installing tool features the exclusive Shure-Stake® me-
chanism which assures that the proper, preset compression will
be reached before the tool will release the connector. The
Thomas & Betts Company, Elizabeth, New Jersey 07207.

In Canada, Thomas & Betts Ltd., P.Q.

New Shield-Kon® Wrap Around Connector Features

B miniature size, light weight, one piece construction

W lower installed costs

m higher reliability, meets or exceeds the applicable performance
requirements of MIL-F-21608.

B mid-span termination capabilities

Sold Coast-to-Coast
Through Authorized
T&B Distributors

I:B | THOMAS & BETTS

ENGINEERED

Division of Thomas & Betts Corporation 486

CIRCLE NO. 58
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COMPONENTS/MATERIALS

TRIMMER RESISTOR, the 20-turn Model
43, has improved setability and stability
because of a unique ““T" slider block. The
3/4 inch trimmer also features a double-
slotted shaft which accomodates a standard
or Phillips screwdriver. It has a low profile,
standing only 1/4-inch above the board,
comes in a sealed case and is available in
all 3-pin configurations. Spectrol Elec-
tronics Corp., 17070 East Gale Ave., City of
industry, CA 91745. Phone (213) ‘)64»658%
1

SOLID STATE INDICATOR LIGHTS desig-
nated Eldema Series BC, CD and ED meet or
exceed requirements of MIL-L-3661. The
sallium phosphide devices operate at a for-
ward voltage of a nominal 2.15V dc at 10
mA. For other voltage applications Eldema
supplies a built-in resistor. Eldema Division,
Genisco Technology Corp., 18435 Susana
Rd., Compton, CA 90221. Phone (213) 451-
8491, 200

LED PUSHBUTTON SWITCH features long
life, high-brightness. Designated the Series
590/D, this unit is believed to be the first
standard size lighted switch incorporating a
T-1 3/4, midget flanged based LED, and de-
signed for IC signal level switching in com-
puter and control display applications. Con-
tact resistance is less than 25 milliohms.
Travel is 0.01 inch total (0.05 inch pre-trav-
el). Price is $2.25 each in 1000 pc. lots.
Marco-Oak, 207 S. Helena St., Anaheim,
CA 92803. 201

HEAT CONDUCTING COMPOUND, Ther-
maflow 2001, provides efficient thermal
point between SCR’s, Triacs, power trans-
istors and heatsinks. Applied between the
device and heatsink it reduces the thermal
resistance. In disposable syringes the price
is $2.00. In jars containing 5 ozs the price
is $6.00 each. Jermyn, 712 Montgo-
mery St., San Francisco, CA 94111. Phone
(415) 362-7431. 202

MULTI-PUSHBUTTON SWITCHES Series
655000, 66000, 67000, 70000 and 71000
can be specified with up to 12 stations in a
row, which combines interlock, all-lock or
push-lock/push-release mechanical func-
tions with a momentary common release at
any location on the switch frame. By simply
depressing a common-release pushbutton,
all previously depressed stations are re-
stored automatically to normal position.
From $1.90 to $14.60. Switchcraft, Inc.,
5555 N. Elston Ave., Chicago, IL 60630.
Phone (312) 792-2700. 203
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MODULAR CONNECTOR PANELS, Series
161, provide varied quantities of connectors
on aluminum backpanels with any number
of contacts from 18/36 to 60/120 without
costly tooling. These connectors are avail-
able with contacts on either 0.125 or 0.150
inch centers and have 0.025 inch square
tails for automatic or semi-automatic wire
wrapping. They also feature preloaded can-
tilever contacts which afford ease of inser-
tion and withdrawal yet provide positive
board retention. Insulator material is nylon
and contacts are gold plated phosphor
bronze. Methode Electronics, Inc., 7447 W.
Wilson Ave., Chicago, IL 60656. Phone
(312) 867-9600. 204

SNAP-IN PUSHBUTTON SWITCHES come
in a wide variety of colors. The 8423 and
8424 Series single-pole switches are rated
3/4 A 125V ac/dc, and 1/4 A, 250V ac/dc,
respectively. Standard design features in-
clude Zytel nylon-101 buttons and shrouds,
snap-in mounting, normally-open or nor-
mally-closed-momentary circuits and silver
or gold plated contacts. Price is 20 cents
each in quantities in excess of 1000. Cutler-
Hammer, Inc., 4201 North 27th St., Mil-
waukee, WI 53216. Phone (414) 442-7800.

205

DISPLAY STORAGE TUBE book includes
background technical information on dis-
play storage tube operation and theory, ap-
plications data and a catalog of standard
DST types and special tube design services.
The 52-page booklet provides technical in-
formation on DST operation, including
handling precautions, and a listing of the
standard phosphors available. Electronic
Tube Division, Waestinghouse Electric
Corp., P.O. Box 284, Elmira, NY. 14902.
Phone (607) 739-7951. 206

-
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CORNERSTOME

Regardless of your specialty, you can build your own calculating
system using the Wang 600 as the cornerstone.

When you start with the basic 600, you have a calculator with the
hest performance/price ratio in its class. It has sixteen special keys
whose functions you determine. And you don’t have to give up any
functions: you always have trig keys, stat keys, and push-button
programming with full decisions and five-level subroutines.

55 storage registers or 312 program steps are standard, but you can
build your 600 all the way up to 247 registers or 1848 program steps.
Because you can swap registers and steps, you can find the exact
combination to solve your problems.

Now you can build on this foundation with an almost endless
variety and combination of peripheral modules. You can select alpha-
numeric printers and plotters, on-line interfaces and off-line paper
tape readers, and many more. And you can add on whenever you're
ready, right in your office.

Custom-building your own calculating system is easy and in-
expensive — when you start with the correct cornerstone. Call Mr.
Courtney, collect, at 617-851-7211, for our complete list of building
supplies.

w 5 NG LABORATORIES, INC. Dept. E/E-3
836 NORTH STREET, TEWKSBURY, MASSACHUSETTS 01876
TEL. (617) 851-7311, TWX 710 343-6769, TELEX 94-7421
CIRCLE NO. 59
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7-DAY

DELIVERY
(WHY WAIT?)

RATE GYROS PENDULUMS

-

VERTICAL LINEAR
ACCELEROMETERS

GYROS

If you need accelerometers, vertical
gyros, or rate gyros FAST to com-
plete the instrumentation on a new
testing package . . . or to meet an
immediate need for precision con-
trol systems . . . then give us a call.
We're set up to give you 7-day de-
livery on standard instruments that
are providing precise control system
references on such diverse vehicles
as industrial machinery, missiles,
drones, jet aircraft, helicopters, and
torpedoes. Our standardization pro-
gram has made this better service
possible. All manufactured to MIL
specs.

Humphrey, Inc., 2805 Canon St.,
San Diego, California 92106

Dept. EDN 272

Telephone (714) 223-1654.

RATE GYROS

Model RG51 series. Miniature. Available
with either AC or DC motors in a wide
variety of rate ranges, damping charac-
teristics, and potentiometer configura-
tions. Weighs 14 ounces.

PENDULUMS

Model CP17 series. Direct electrical refer-
ence to vertical. No limitation on operat-
ing hours. Resolution of less than 0.20°.
Hermetically sealed, fluid damped. Po-
tentiometer output compatible with most
signal conditioning and recording sys-
tems. Ranges from 5° to 180°.

VERTICAL GYROS

Model VG24 series. Versatile, economical
and extremely accurate. Either AC or DC
motors and erection circuits. Potenti-
ometer pickoff for pitch and roll.
LINEAR ACCELEROMETERS

Model LA45 series. Miniature. Single or
multi-axis. Ranges from 2.5G to 200G.
Rectilinear with potentiometer pickoff.
Ruggedized and extended life models
capable of 50 million cycles available.

FREE

Complete your files. Write for
Humphrey's individual catalogs
on these major product lines.

SAN DIEGO + WICHITA « PHILADELPHIA

CIRCLE NO. 60

EQUIPMENT

STRIPPED-DOWN CHART RECORDERS
costing up to 50% less than comparable
units are available equipped with controls
and panels. Called the ““Bare Bones'” Series,
the recorders provide a low-cost way to de-
sign and construct one’s own precision sys-
tems for data gathering and monitoring. As-
tro-Med Div. of Atlan-Tol Industries, Inc.,
Atlan-Tol Industrial Park, W. Warwick, Rl
02893. Phone (401) 828-7010. 229

6 3 0Oe
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RESISTANCE BRIDGE provides 3-digit reso-
lution for measurements from 1 m{) to 1
GQ. The DP170/3202P digital resistance
meter provides 12-month accuracy of 0.1%
over a wide number of ranges. It has 10
decade ranges from 1€} to 1000 MQ. Accu-
racy is 0.1% of reading =0.1% of full scale.
Cost is $690. Hickok Electrical Instrument
Co., 10514 Dupont Ave., Cleveland, OH
44108. Phone (216) 541-8060. 230

4-1/2-DIGIT MULTIMETER Series 2400 is
now available with 0.10000V full scale
(0.12000V including 20% overrange) and
10-uV sensitivity. The new feature is desig-
nated the B-1 option. Price including the B-
1 feature is $680 to $775, depending on
functions ordered. Delivery is stock to 30
days. Data Precision Co., Audubon Rd.,
Wakefield, MA 01880. Phone (617) 246-
1600. 231
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DIRECT RECORDING OSCILLOGRAPH
Visigraph-300 offers built-in duration con-
trol and has galvanometer channels for re-
cording data from dc to 13 kHz. Trace iden-
tification is provided as a standard feature.
Twelve paper speeds are offered from 0.2 to
120 in./sec. Dixson, Inc., Box 1449, Grand
Junction, CO 81501. Phone (303) 242-
8863. 232

O
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MULTIFUNCTION GENERATOR Model
146 offers sweep frequency modulation,
amplitude modulation, frequency shift key-
ing, triggered and gated operation, and
swept amplitude modulation in one inte-
grated unit requiring no external drive
modules. Not only calibrated sweep, but
calibrated modulation of frequency and
amplitude are provided. Price is $1495.
Wavetek, Box 651, San Diego, CA 92112.
Phone (714) 279-2200. 233

DC PICOAMMETER Model WV-511A mea-
sures dc current from 1 pA to 30 mA in
eighteen overlapping ranges. It has +3%-of-
full-scale accuracy on all ranges and a zero-
drift of less than £2% each 24-hour period.
Other features include a zero-center scale
for monitoring bipolar current levels and a
recorder output connector. Price is $250.
RCA Electronic Components, 415 S. 5th St.,
Harrison, N | 07029. Phone (201) 485-
3900. 234
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AMP SuPPLY o, MODEL PZ 4583
r R 4g10c iy POSITIVE

®

MECATIVE

LOW-COST $78 SUPPLY features a dual
output independently variable from 0 to
+22V or 0 to =45V at 400 mA. Model PZ-
455-A provides regulation of better than 10
mV for the line and 30 mV for the load. Rip-
pleis less than T mV. It has current limiting,
10-turn voltage controls for each output and
rear-panel outputs. Viking Electronics, Inc.,
721 St. Croix, Hudson, WI 54016. Phone
(715) 386-5188. 235

DIGITAL COUNTER Model 4320 combines
the advantages of a liquid-crystal display
and a MOS counter-decoder-driver chip in
a portable 3-1/2 digit instrument. The 4320
can replace electro-mechanical counters
and is estimated to handle over 100 billion
counts—or over 10,000 hours of continu-
ous operation. OEM pricing is $55 and de-
livery is for April, 1972. Digilin, Inc., 1007
Air Way, Glendale, CA 91201. Phone (213)
240-1200. 236

TRANSMISSION-LEVEL AND RETURN-
LOSS TEST SET Model 9041 is designed to
make central office balancing a simple one-
man operation with consequent cost sav-
ings. Transmission level is measured from
+ 12 to —48 dBm with 0.1 -dB accuracy.
Echo and singing return loss is measured
from 10 dB of return gain to 50 dB return
loss on 2 or 4-wire circuits. Wiltron Co.,
930 E. Meadow Dr., Palo Alto, CA 94303.
Phone (415) 321-7428. 237

How
vyou profit
from our

APTITUDE

Magnetics has been a special talent of ours for more than two
decades. The devices and systems to magnetize, demagnetize,
stabilize, measure—in the lab, in production, in the product—
we have consistently engineered the most complete line avail-
able anywhere. And the top-value line.

RFL’s gaussmeters cover every requirement—from the low
cost and portability of the Model 505, to the unparalleled pre-
cision of the 3265. Then there’s the 101 flux-gate type Magne-
tometer for measuring extremely low level flux densities. ..
five different types of Magnet chargers for every requirement
ranging from the economical, rugged 107A Magnet Charger to
the Model 942 that takes on any shape or type of permanent
magnet . ..the Magnetreater® for precisely controlled stabiliza-
tion...and many more. Where needed, we can integrate
standard RFL equipment to make a custom system, too.

Write or phone for our 16 page catalog of
Magnetics Instruments and Systems.
Descriptions, specs, prices.

RFL Industries, Inc.

Instrumentation Division « Boonton, New Jersey 07005
Tel: 201-334-3100/ TWX: 710-987-8352/ CABLE: RADAIRCO, N.J.

CIRCLE NO. 62
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If your catalog data is
over 7 months old, it's

probably out of date.
Send for the latest
GE catalogs...they're free.
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Solid State Lamps: 4
pages. Data covers 11 in-
frared and 4 visible Solid
State Lamps, previously
called Light Emitting Di-
odes, plus 2 SSL Numeric
Readout displays. Diameter
range, 0.080" to 0.230".

Circle Product Card #15

sontan @ ueermie

Sealed Beam Lamps: 16
pages. Data covers over
180 Sealed Beam lamps,
ranging from 4%" to 8” in
diameter, with a design
voltage range of from 4.0
to 115 and initial candle-
power of from 150 to
600,000.

Circle Product Card #18

sontnas @ tisetmic

Sub-Miniature Lamps:
24 pages. Data covers over
200 sub-miniature lamps.

Lamp life up to 60,000
hours. Diameters %" and
smaller.

Circle Product Card #16

stnna @ riieine

Glow Lamp: 8 pages. Data
covers 77 Neon Glow In-
dicator and Circuit Com-
ponent lamps. Diameters
ranging from %" to 1%".

Circle Product Card #19

snrens @ usernie

Miniature Lamps: 40
pages of data covering over
500 miniature lamps rang-
ing from 3 to 20,000 hours
average rated life. With a
design voltage range of
from1.2to 125, and candle-
power range from .02 to
250. Diameter range from
42" to 2%s".

Circle Product Card #17

@ =

Solid State Optoelec-
tronics Selection Guide:
4 pages. Data covering SS
Emitters, Photon Couplers,
18 Detectors, Photo Tran-
sistors Arrays, Program-
mable Unijunctions Tran-
sistors, Selecon Controlled
Switches and Rectifiers
(SCS’s and SCR's).

Circle Product Card #20

All of the above catalogs have been revised or updated in the past 7
months. To get the catalog(s) you need, free of charge, circle the
product card number shown under each catalog or write, General
Electric Company, Miniature Lamp Department, Nela Park, Cleveland,

Ohio 44112.

GENERAL @3 ELECTRIC
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DIGITAL TIMING INSTRUMENTS called
the LT-20B Series range from microseconds
to minutes. Two external control modes are
standard. The first mode is accomplished by
independent start, stop and reset commands
via momentary contact c losures or ground-
level signals. Delivery is stock to 10 days
with prices starting below $90. Durgin &
Brown, Inc., 80 Allen Rd., S. Burlington, VT
5401. Phone (802) 863-6873. 238

SPECTRUM ANALYZER Model 711 features
storage and variable-persistance capability.
The storage display unit is capable of oper-
ating in the standard display mode and vari-
able storage times up to 2 minutes without
significant loss of brilliance. Signals may be
stored up to 6 hours with reduced brilli-
ance. Price is $2600 and delivery is 30
Systron-Donner Corp., Microwave
Div., 14844 Oxnard St.,, Van Nuys, CA
91409. Phone (213) 786-1760. 239

days.

VARIABLE INDUCTANCE BOX with super-
imposed dc capability provides an induct-
ance range from 2 uH to 1 mH in 30 posi-
tions. It can work from both ac and dc cur-
rents, with up to 12A dc. It costs only $55.
Magnetic Electronics, Inc., 15414 Cabrito
Rd., Van Nuys, CA 91406. Phone (213)
785-3116. 240

STEP-AND-REPEAT MICROFICHE CAM-
ERA is capable of 42X reduction ratio. The
new camera is said to be the first COM-
compatible microfiche camera to be offered
to the microfilm industry. Using standard
105-mm roll microfilm, it produces directly
generated 105-X-mm microfiche, each hav-
ing as many as 192 frames. The precision-
built camera is capable of directly generat-
ing microfiche from black-and-white or
color originals at true production rates.
Image Systems, Inc., 11244 Playa Ct., Cul-
ver City, CA 90230. Phone (213) 390-3378.

241

RECORDING VOLTMETER OSCILLO-
GRAPH Visigraph-A features six individual
galvanometer adjustable
zain. The amplifiers have voltage sensitivi-
ties as low as 0.77 mV/cm with an input

amplifiers with

impedance of 10 MQ to measure frequen-
cies as high as 1200 Hz. Price is $1400.
Dixson Instruments, Box 1449, Grand Junc-
tion, CO 81501. Phone (303) 242-8863.

242

1V DC STANDARD permits simple check-
ing and correcting of DVMs, analog meters
and scopes. Two flat 9V batteries supply the
current to this portable 5-0z unit for a con-
stant-current source, which remains con-
stant irrespective of the state of the batteries.
Output is IV +£0.05% and TC is *1 X
105/°F. Price is $47. Traco, Inc., 509 Rolling
Hills Rd., Somerville, N | 08876. Phone
(201) 725-5333, 243
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TELEMETRY  CALIBRATOR  designated
Model PM2375 is accurate to =0.05% and
has both a precision voltage source and a
precision potentiometric voltage indicator.
It features a LED readout and is entirely
solid state. The standard unit has 5 cali-
brating voltages: 0.00V, 1.25V, 2.50V,
3.75V and 5.00V in both the measurement
and source modes. Pioneer Magnetics, Inc.,
1745 Berkeley St., Santa Monica, CA 90404.
Phone (213) 829-3305. 244

PROGRAMMABLE DATA-ACQUISITION
SYSTEMS (PDAS) with 5, 20, 40, 100 and
200 channels for A/D recording offer ASR 33
teletypewriter interconnection with a com-
plete system cost of under $4500. The
PDAS systems are designed to use the
ASR33 at its maximum speed. They have an
input scan rate of 1.5 channels/sec. The sys
tems are fully switch-programmable for
each application and can also be set for
high or low-alarm systems to protect pro-
cesses and equipment. Esterline Angus, Div.
of the Esterline Corp., Box 24000, Indianap-
olis, IN46224. Phone (317) 244-7611. 245

AC POWER SOURCE/AMPLIFIER features a
250-VA output and line/load regulation of
0.5%. Pacific Electronics Enterprises, Inc.
model 250-A has a 5% distortion and an
internal oscillator spanning 47 to 500 Hz. A
wide bandwidth features full power to 5
KHz. Cost is $595 and delivery is 30 days.
Pacific Electronics Enterprises, Inc., 2643 N.
San Gabriel Blvd., Rosemead, CA 91770.
Phone (213) 573-1686. 246

RATE-OF TURN TABLES feature direct drive
dc servo and optional N/C programmers.
Designated the 1100 Series, both laboratory
and portable models can achieve rates to
3200°/sec and are wired for digital control
and programming. Laboratory Models
1100-1 through 1100-4 cover the full-scale
speed range to 2000°/sec at accelerations to
12,800°/sec?. Genisco Technology Corp.,
18435 Susana Rd., Compton, CA 90221.
Phone (312) 671-0632. 247

FULLY-PROGRAMMABLE PULSE GENER-
ATOR Model 1501 offers pulse repetition
frequency from 0.5 Hz to 50 MHz, with a
10V output into 50Q. The 1501 provides
internal 5042 termination to allow the out-
put to drive a wide variety of loads without
troublesome reflections when driving a
mismatched load. All pulse parameters are
programmable, including risetime/falltime
from 3 nsec to 1 msec, delay and width
from 10 nsec to 10 msec and baseline offset
from —5V to +5V. The 1501 is priced at
$3500 with first deliveries scheduled for
mid April, 1972. E-H Research Laboratories,
Inc., Box 1289, Oakland, CA 94604. Phone
(415) 834-3030. 248

Vector systems help you

CUT BREADBOARDING TIME

SOLDERLESS

U-CLIP TERMINAL Choose the type that meets your needs.

1. Mount D.I.P.'s, Transistors, Round
Can Integrateds, directly to board
or in sockets. Patch cord hook-up
available.

2. Solderable push-in terminals for
.042", .062" or .093"” holes.

3. Handsome new extruded aluminum
rails that make into expandable cir-
cuit cases or chassis in virtually any
size and shape. Hardware for mount-
ing in plug-in racks or chassis.

4. Pre-punched Copper-Clad Cards for
do-it-yourself etching. Also solder-
less spring terminals.

May we send you complete informa-
tion including sample Vectorbord® and
terminals? There is no obligation.

CHASSIS

NEW 29-X INTEGRATED
CIRCUIT KIT

ﬂm ELECTRONIC COMPANY, INC.

12460 Gladstone Ave., Sylmar, Calif 91342
Phone (213) 365-9661 = TWX (910) 496-1539
CIRCLE NO. 49

¥ Unigue
== nracision
o]

£ g voltage
—"  source

e 6-digit resolution and readout—0-1,000 VDC in four ranges
with 0.003% accuracy, 0.001% stability, 0.0002% regulation.

e You control all functions by pushbutton or program them with
DTL/TTL input. BCD output available.

e Unique circuit* limits signal flow to analog section—output
voltage is independent of switch characteristics or quality.

e You can change any decade of a selected voltage individually.

e 100 millisecond programming speed in either polarity.

e Output current 50 ma from 0-100 volts, 5 ma from 100 to 1K
volts.

The Alpha M106 Precision Digital Voltage Source has no equal for auto-

matic test and process control systems. Its low cost, dependability and

ease-of-use make it the best instrument for all calibration applications.

For full information, contact your nearest Scientific Devices Office or

Alpha Scientific, P.O. Box 2044, Oak-

land, CA94604. Phone (415)635-2700.

ALPHA

SUBSIDIARY

svs‘rnomnoNNEn

*Patents pending

See us at IEEE Booth 2532
CIRCLE NO. 63
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for electrical

and electronic
components

thinsheet

® precision thin gauge strip
o tin coated metals
® edge tinning

Thinsheet has long been an important
supplier to the electrical and electronic
industries. Our thin gauge strip is the
finest available — in brass, copper,
bronze, phosphor bronze and nickel
silver. Gauges from .014 to .0006" with
tolerances of + .0001” in widths from
1/16"” to 26". Thinsheet tin coated
metals and edge tinning are unexcelled
in quality and uniformity, processed on
equipment of our own design and
exclusive with us. Thinsheet is as fussy
about delivery as it is with quality. In
many areas Thinsheet is delivered direct
to you in our own fleet of trailer trucks.
Thinsheet Metals Company, Waterbury,
Conn. 06720, Phone (203) 756-7414.

For fast direct line from Newark, N.J.,
Phone 642-1624.

CIRCLE NO. 64
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COMPUTER PRODUCTS

CRT COMMUNICATIONS TERMINAL.
Model 4390 features stand-alone operation,
A/N keyboard, numeric key pad and 40 or
80-character per line 9 x 7 in display. It
provides 10 or 20 lines per display, trans-
mits at rates from 110 to 4800 baud, and
nondestructive, blinking underscore cursor.
The character format is 5 X 7 dot matrix in
upper case with a set of 64 characters. The
Bendix Corp., Bendix Center, Southfield, Ml
48076. Phone: (313) 352-6233. 261

64 TRACK DISC offers 70K bits per track
and a 2.1 million bit/sec transfer rate. Ac-
cess time is 17 msec. Cost per bit starts at
.125¢/bit in single quantity. The unit, de-
signed for minicomputer and terminal in-
put/output applications, features a flying
head per track design. The new memory
provides an integral drive system. Tally
Corp., 8301 South 180th St.,, Kent, WA
98031. Phone: (206) 251-5500. 264

NEW, LOW COST, 14-DIGIT CALCULA-
TOR has two memories and two operating
registers. The Friden Model 1118 has a pro-
gram dial for choosing any of the following
automatic modes: product or quotient accu-
mulation, automatic “constant’’ retention,
combination of both product or quotient
accumulation and “‘constant’” retention,
and accumulation of first factor and product
or quotient accumulation. Price is $595.
Business Machines Div., The Singer Co.,
2350 Washington Ave., San Leandro, CA
94577. Phone: (415) 357-6800. 262

PLANAR CORE MEMORY MODULE. The
EM2230 comes in capacities up to 8K x 18
bits. This 3-Wire, 3D stack has cycle times
to 700 nsec and utilizes EM 18 mil extended
temperature core and 8192 words per sense
line. It features double-density packaging
with 8K words on a 7.5 x 8 in. pc board.
Electronics  Memories, 12621 Chadron
Ave., Hawthorne, CA. Phone: (213) 644-
9881, 263

DIGITAL CASSETTE TAPE TRANSPORT.
Model 260 uses any cassette that complies
with the ANSI, ECMA or ISO standards.
Operating characteristics include short term
bit-to-bit “jitter’” less than 1% at 10 ips;

read and write tape speeds between 5 and
40 ips; 60 msec max. start and stop time
and data transfer rate up 8000 bits/sec with
densities up to 800 B.P.I. OEM prices are
less than $300 based on 500 unit quantity.
Computer Access Systems, 2645 East Buck-
eye Rd., Phoenix, AZ 85034. (602) 267-
1444, 265

NEW DISK FORMATTER is priced at under
$2300 in single quantities. The new disk
formatter operates with up to four Pertec
5000-Series disk drives and is primarily in-
tended for applications in mini and small
computer systems. Access of 15 msec track-
to-track (60 msec average) is offered with
standard data rates of 720 kHz at 1100 bpi
and 1.562 MHz at 220 bpi. Pertec Corp.,
10880 Wilshire Blvd., Los Angeles, CA
90024. Phone: (213) 475-8464. 266

EDN/EEE MARCH 15,
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DESK CALCULATOR. Model 8K features:
four functions with floating and fixed deci-
mal point selection; constant multiply/
divide key and true credit balance. The 8
digit display has overflow indicator, auto-
matic leading zero suppression and 100,000
hour life expectancy. The unit measures
2/in. X 5in. X 9 in. and uses a single multi-
function LSI chip. Price is under $180.
Eldorado Electrodata Corp., 601 Chalomar
Rd., Concord, CA 94520. Phone : (415)
267

686-4200.

LOW-COST MASS MEMORY SYSTEM. Se-
ries 55 drum storage capacities range from
2K to 65K 16 bit words. Access times as fast
as 8.3 ms are available. Two frame sizes are
offered, both designed for mini-computer
packaging requirements. Standard features
include self-clocked electronics and prov-
en, reliable head-per-track recording tech-
niques. Prices start at less than $1000. Da-
tum Inc., California Peripherals Div., 170 E.
Liberty Ave., Anaheim, CA 92801. Phone:
(714) 879-3070. 268

UNIVERSAL MEMORY PROGRAMMER/
VERIFIER field-programs all IC ROMs.
Data capacity is 9 bits per word and is ex-
pandable. Address readout is a four digit,
seven segment display. Model 550 will pro-
gram and verify fusible-link, diode junction-
shorting, electro-chemical fusing, and float-
ing gate avalanche-injection ROMs. Spec-
trum Dynamics, Inc., 2300 East Oakland
Park Blvd., Ft. Lauderdale, FL 33306.
Phone: (305) 566-4467 or 564-4369. 269

No kidding around — I'm new,
I'm fast, 'n’ I'm good lookin’!

e —————

Aﬂra//ScA,v

200
AUTOMATIC CIRCUIT VERIFIER

The AUTO//SCAN 200 is a fixed sequence circuit verifier ideal for testing printed
circuit boards, substrate circuits, cables, and wire-wrapped backplanes — at speeds
up to 8,000 tests per minute! Four times faster than comparable verifiers, the
AUTO//SCAN 200 operates manually or automatically. With automatic point-to-point
stepping, self programmable multiple circuit capability and simple controls, the
AUTO//SCAN 200 requires no special training to program or operate.

Contact Walt Frey at:
EVERETT CHALRULES, .

2806 METROPOLITAN PLACE, POMONA, CALIFORNIA 91767
PHONE: (714) 593-2541

CIRCLE NO. 65

Were making capacitors
by the book.

Electrocube’s book.

o

We're second-sourcing every capacitor
Electrocube has listed in their catalog. Same
ratings. Same dielectrics. Same form factors.
Competitive prices. The only difference is
delivery — ours is better.

We've got values from 0.001-20.00 p.F with
tolerances as good as *+ 1% for voltages up to 600
Vdc. Every last one of them with 100% testing,

national distribution and delivery that’s usually
off-the-shelf.
And we're doing the same with TRW’s entire X463UW
Series, if that’s your problem.
So maybe we should be your first source.
For free samples, call (714) 833-1717.

ELPAC COMPONENTS

18651 Von Karman, Irvine, Calif. 92664
An Elpac division. =Jj=
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VARIABLE RISE AND FALL 5ns to 5ms
MAN TRIG
POS. OFFSET (-10V to +2V)

10ns to 1sec

FUNCTION
-

1 Hz to 50 MHz

TRIG THRESHOLD
SQUARE WAVE/PULSE OUTPUT

MODEL 5113 PULSE GENERATOR

Call or write for a demonstration
or a catalog of our complete pulse
generator line.

DIDD)oams ovuames

DATA DYNAMICS DIVISION
240 Humphrey St.Englewood, N. J.07631
(201) 567-5300
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KEYBOARD SWITCH PRICE REDUC-
TIONS. New prices for gold crosspoint key-
board switches range from $1.27 (was
$1.37) in single quantities to $0.34 (was
$0.43) in 100,000 piece quantities. For new
pricing information, and a completely new
brochure of electrical and mechanical spec-
ifications on individual key switches and
complete keyboards, contact Cherry Electri-
cal Products Corp., 3600 Sunset Ave.,
Waukegan, IL 60085. Phone: (312) 689-
7600. 270

LOW COST CONTACTING KEYBOARD.
Keystations are available in both momen-
tary and alternate action (Push On Push
Off). Features slight tactile feel, contact snap
action, life expectancy over 10,000,000
operations, contact bounce time less than
one msec and switches MOS/TTL. Volume
price of the assembled contacting keysta-
tion including pc board is less than 25¢/key.
Colorado Instruments Inc., Keyboard Mar-
keting, One Park St., Broomfield, CO
80020. Phone: (303) 466-1881. 271

LOW-COST COMPUTER/PLOTTER INTER-
FACE. Model JH-05 provides timing, storage
and transfer of graphic data from Honeywell
DDP 516/416/316 computer to most types
of incremental plotters. Included are all
necessary cables, connectors and software
test routines. Utilizing DTL/TTL compatible
input signals, it transmits a 10V peak (min)
strobed output signal to the plotter. Minu-
skin & Associates, P.O. Box 135, Tustin, CA
92680. Phone: (714) 833-1022. 272

Five of our 16 edgewise meter models:
1. Model 2150, ruggedized 5”-scale type
in 22% the space of a 6” rectangular
type. 2. Model 1140, 4”-scale, greater
sensitivity. 3. Model 2520, shielded dual
movements, interchangeable scales.
4. Model 1122, 1.24” scale, 26 std. ranges.
5. Model 1136, 2”-scale, ' the space of
3Y%"” meters.

Edgewise meters:
-MOost sizes

-cdual movements
- custom designs

The patented, pivot-jewel flat
movement used in these integrally-
shielded meters not only allows
maximum space economy by flush
stacking, but provides higher
vibration immunity and greater
ruggedness as well. Unique dual-
movement models save even more
space, simplify comparison of

two variables, have optional inter-
changeable slide-in scales.
Ruggedized 5”-scale models are
ideal for adverse military and
production/ process environments.
Werite for data on any of 16 models
in 40 standard ranges . . . or
movements custom-designed for
your needs.

INTERNATIONAL
® INSTRUMENTS

DIVISION OF SIGMA INSTRUMENTS, INC.
88 MARSH HILL RD., ORANGE, CONN. 06477.
CIRCLE NO. 68
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CIRCUITS

MICROWAVE AMPLIFIERS from the thin-
film MIC. amp line are the TO-8-cased
UTO-521 and UTO-522. These cascadable
amplifiers provide 27 and 23 dB of gain per
module from 5 to 500 MHz. Minimum out-
put power is +6 and +12 dBm with maxi-
mum noise figures of 5.5 and 7.0, respec-
tively. They complement Avantek’s existing
UTO-500 Series amplifiers whose prices are
in the $110-to-$195 range. Delivery is stock
to 30 days. Avantek, Inc., 2981 Copper Rd.,
Santa Clara, CA 95051. Phone (408) 739-
6170. 288

DIP CLOCK OSCILLATORS are specifically
designed for medium- and high-speed digit-
al circuits. The series XO-300 features out-
puts directly compatible with DTL and TTL
ICs. Frequency ranges from 1 to 4 MHz in
some models, while others go from 4 to 25
MHz. Accuracy is =15 ppm throughout the
series. Configuration is in 14-pin DIPs. Bu-
lova Watch Co., Inc., Electronics Div., 61-
20 Woodside Ave., Woodside, NY 11377.
Phone (212) 335-6000. 289

8-BIT D/A, DAC-198B, features 300-nsec
settling time (to 0.2% of full scale) and costs
only $19. Full-scale output is 2.5 mA with
a maximum voltage compliance of =1.2V.
Output linearity is =5 pA with a current
resolution of 10 pA. Accuracy is =0.2%
and TC is =15 ppm/°C. Datel Systems, Inc.,
1020 Turnpike St., Canton, MA 02021.
Phone (617) 828-6395. 290

NEW TEMPERATURE CONTROLLER called
Medi-Temp is designed for medical and
biochemical instrumentation. It features sol-
id-state modular construction with a stan-
dard temperature range of 32 to 42°C (89 to
107°F). Medi-Temp models can be made in
most ac or dc voltages with current ratings
up to 40A. Pak-Tronics, Inc., 4044 N. Rock-
well St., Chicago, IL 60618. Phone (312)
478-8585. 291

DC-TO-DC CONVERTER series features 32
Models, up to 3.6W of output power and
sells from $39 (1 to 9). The series has a low
profile of 0.4 in. and pin spacing for plug-
ging into standard logic cards. Accepting
input voltages of 5, 6, 12 and 28V dc, the
series provides output voltages of +12,
+15, =18 and *= 24V dc with output currents
of 25, 75, or 100 mA. Semiconductor Cir-
cuits, Inc., 306 River St., Haverhill, MA
01830. Phone (617) 373-9104. 292

ENCAPSULATED POWER SUPPLIES, Mod-
els SE904 and SE902, feature +15V dc
outputs at 50 and 100 mA and measure
2.5 X 3.5 x 0.875 in. and 2.5 X 3.5 X
1.25 in., respectively. Outputs are regu-
lated to 0.05% for line and 0.1% for load.
Ripple and noise is less than 500 uV rms
and output impedance is less than 0.2
Q) at 10 kHz. Price for Model SE904 is $35
and for Model SE902 is $45. Servotron
Corp. Box 292, Haverhill, MA 01830.
Phone (617) 374-0777. 293

Killer of
Power
Supplies

Junction Temperature
of Pass Transistors!

B More pass transistors mean
lower junction temperature.

B Lower junction temperature
means longer life!

Series LA
Modular Power Supplies

Twice as many pass transistors

as in leading competitive units.

Count ’'em! PROOF POSITIVE
of

Deltron’s Greater Reliability Thru

Epm

DEsign MARGIN

Write for Free Technical Bul-
letin 30 “The Power Supply
Killers,” and learn how to se-
lect power supplies for longer
life.

? L-200
Deltrort inc.
"

Wissahickon Ave.,
North Wiles, Pa. 19454
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MAKES
MICA
OBSOLETE!

THERMA-FILM
WASHERS

THERMA-FILM

is a newly developed insulat-
ing material that makes
mica obsolete. Just check
these advantages:

*WON'T CHIP, CRACK, PEEL
OR BREAK

¢ 7,000 VOLTS/MIL DIELEC-
TRIC STRENGTH

eTEMPERATURE RANGE
—-269°C to +400°C

e THERMAL RESISTANCE OF
0.6°C/watt

® PRICED THE SAME AS MICA

e REDUCES REJECTS AND IM-
PROVES RELIABILITY OF
YOUR EQUIPMENT

FRREE

Data Sheets with
attached samples.
Circle our reader
service number

Thermalloy
Company

8717 DIPLOMACY ROW
DALLAS, TEXAS 75247

PHONE: 214-ME 7-3333
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MOTOR SPEED CONTROLS for 12V per-
manent-magnet motors (up to 45A) feature
infinitely adjustable speed with a high-effi-
ciency circuit capable of delivering arma-
ture currents greater than two times battery
current at low speeds. These solid-state
units measure only 4 X 5 x2-1/4 in. and
are suited for OEM applications. Power
Technology, Inc., Box 4403, Little Rock, AR
72204. Phone (501) 565-1750. 294

SYNCHRO-CONVERSION  SYSTEM  for
converting synchro or resolver analog data
to digital form is made up of ten separate
modules that may be assembled in 37 differ-
ent configurations to satisfy any require-
ment. Designated the A Series, the system
offers 2 speeds (60 or 400 Hz) and is com-
patible with DTL/TTL, binary and BCD. ILC
Data Device Corp., 100 Tec St., Hicksville
NY 11801. Phone (516) 433-5330. 295

PC-BOARD POWER SUPPLIES, Models
PC5-1 and PCD15-250, are said to be the
smallest 5 and 7.5W output devices built to
date. Output for the Model PC5-1 is 5V at
1A and for the Model PCD15-250 it's +12
to 15V at 0.25A on each side. Input is 105
to 125V ac, 50 to 500 Hz. Line regulation is
0.01% and zero-to-full-load regulation is
0.03%. Prices start at $99. RO Associates,
Inc., Box 2163, Menlo Park, CA 94306.
Phone (415) 322-5321. 296

>

2
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Digital
Guardohm

may cut your
Testing Time
in Half!

If your people are still using the
calibrate, calculate and specu-
late method of testing and trou-
bleshooting, now is the time for
you to purchase a Digital
GUARDOHM, and switch to
time-saving, In-Circuit compo-
nent testing.
The exclusive Guard Circuit in
the GUARDOHM employs oper-
ational amplifiers and electroni-
cally isolates the component
under test to permit accurate,
fool-proof, in-circuit testing.
This economical test instrument
uses the same Guard Circuit that
has been proven by years of
operation in Systomation’s
$40,000 production PC board
testing systems, and offers many
advantages:
® No need to unsolder compo-
nents, ever!
® Direct meter readout of actual
component values, no parallel
value calculations.
Measures resistance, checks
polarity of capacitors, imped-
ance and IR drop of diodes,
transistors, and integrated cir-
cuits at specified current.
Extremely accurateto #=0.2%,
easy to read digital read out,
measures 10 ohms to 10
megohms, 100NA to 160MA,
0.1 Vto 1000 V.
IN-CIRCUIT TESTING is as easy
as A, B, C! To measure R,
connect test leads to A and B,
and Guard lead to C. Read the
meter.

ONLY

$69500

COMPLETE

O
©

Systomation Inc.

. Clifton Park, Elnora, New York 12065
tlephone: 518-877-7424 /

CIRCLE NO. 71
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LITERATURE

CATALOG OF DRAFTING AIDS and pres-
sure sensitive artwork symbols contains
over 3500 items. New items featured in this
catalog include individually precut sequen-
tial reference designations and a complete
assortment of letters and numbers of various
sizes related drafting words schematic and
logic symbols, new connector fingers, and
fillets. Centron Engineering, Inc., 24015
Garnier St., P.O. Box 3396, Torrance, CA
90510. 304

SomE
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A/D AND D/A CONVERTERS are shown in
a comprehensive 12-page catalog. It con-
tains detailed electrical and mechanical
information on a line of ultraminiature con-
verters, accessories, sample-and-hold mod-
ules, analog multiplexers and miniature dc
power supplies. Some 71 models of 17 se-
ries are described in detail in this new cata-
log. Datel Systems, Inc., 1020 Turnpike St.,
Canton, MA 02021. 305

AUTOMATIC TEST EQUIPMENT are de-
scribed in a 16-page brochure. A variety of
automatic testers custom-designed to check
out such equipment as inertial systems and
components, circuit cards and modules,
assemblies, computers and associated elec-
tronic elements are detailed. The Singer
Co., Kearfott Div., 1150 Mc Bride Ave., Lit-
tle Falls, N ) 07424. 306

TERMINAL STRIPS for use with PC boards
are shown in a 4-page folder. Designed
specifically for wave-soldering, they in-
clude a wide range of sizes, numbers of
terminals and specifications. Kulka Electric
Corp., 520 S. Fulton Ave., Mount Vernon,
NY 10551. 307

“MINILOG” is a ready reference to fer-
romagnetic components. Listed in the bro-
chure are part numbers and specifications
on a variety of data coils (pulse, wide band,
toroidal) and SCR transformers, high-pass,
band-pass, and band-reject filters and a
large number of variable and fixed induc-
tors. Each product section includes charts,
graphs and specification listings, which
provide a complete performance profile for
each model. Alladin Electronics, 703 Mur-
freesboro Rd., Nashville, TN 37210. 308

RENT-OR-BUY GUIDELINES for electron-
ics equipment users are contained in a
brochure. Given are basic guidelines for use
when making the rent-or-buy decision
about expensive equipment. Outlined are
all the benefits achieved through renting, as
opposed to buying or leasing. Rental Elec-
tronics, Inc., 16600 Oakmont Ave., Gaith-
ersburg, MD 20760. 309

STANDARD DRY REED RELAYS are de-
scribed in a 12 page catalog. Catalog Num-
ber 901 contains the latest specifications on
contact ratings, contact resistance, operate
time, release time, insulation resistance and
breakdown voltages. Included also are life
data and environmental considerations,
shock, vibration and temperature. C.P.
Clare and Co., 3101 Pratt Ave., Chicago, IL
60645. Phone (312) 262-7700 310

MICROWAVE TUBES off all types are
shown in a 12-page catalog. Described are
a line of pulsed, pulsed frequency-agile,
beacon, voltage-tunable and cw magne-
trons, pulsed and cw crossed-field amplifi-
ers, high-power noise generators, klystron
oscillators and special-purpose cw reflex
klystrons. Varian, 611 Hansen Way, Palo
Alto, CA 94303. 311

v aamanans

TWX: 910-346-7038.

Precision Light Sources for Data Processing, Opto & Medical Electronics

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

That's right: We've started shipping our 51st thousand and we are proud of
your confidence in the indispensable ‘“43". This Standard of the Industry
reads RF Watts directly, from 0.45-2300 MHz, 1-10,000 watts +5%, In-
sertion VSWR below 1.05.

Unequalled economy and flexibility: Buy only the element(s) covering your
present frequency and power needs, add extra ranges later if your require-
ments expand. QUICK-CHANGE Connectors mate with N, UHF, C, SC, LC,
HN, LT, BNC, TNC, GR-874, 7' and 1%" EIA flange, no adaptors needed!

THRULINE Model 43 RF Directional Wattmeter only $100
Most Plug-In Elements $32, Cowhide Carrying Case $20
REWAR“- To celebrate, we are giving away 20 Plug-In Elements to serial

« numbers selected at random on 10/10/72.Tell us the serial
number of your model 43 and we'll send you a Short Form Catalo%and -

if you are a winner — an Element of your choice from Table 1.
Blnn ELECTRONIC CORPORATION
/Y

Cleveland (Solon) Ohio 44139 « 30303 Aurora Road
Ph.216-248-1200+ TWX 810-427-2687+Cable BIRDELEC

See Us At Booth 2243 |IEEE Show
CIRCLE NO. 73

Staggered fingers
let case-mounted semi’s
work harderin
less space

Now you can safely operate such
devices as TO-3, TO-6, TO-66, plas-
tics, at many times their bare case
power rating using our patented
Staggered Finger dissipators. We've
got over 70 different models with dissipa-
tion capabilities ranging from 3 to 35
watts in natural convection, up to 125

watts in forced air. Why are
’ they better? Staggered Finger
design increases dissipating sur-
face, cuts re-radiation, and pro-
duces turbulence in forced air. Send
for catalog. IERC, 135 W. Magnolia Blvd.,
Burbank, Calif. 91502, a Corporate Divi-
sion of Dynamics Corporation of America.
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Heat Sinks
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LITERATURE

READ/WRITE NRZI AMPLIFIER is de-
scribed in a data sheet. The new amplifier is
ideally suited for single-speed applications
(25 to 200 in./sec) with up to 8 Potter
SC1051 SC1081, AT1082 or AT1092 sin-
ale-capstan magnetic-tape transports. Infor-
mation transfer rates up to 160,000 charac-
ters/sec can be handled and read reverse
capability is standard. Potter Instrument
Co., Inc., 532 Broad Hollow Rd., Melville,
NY 11746. 312

A DIGITAL-TO-SYNCHRO CONVERTER to
NAFI requirements is described in a data
file. The converter is composed of Standard
Hardware Program (SHP) modules built to
NAFI requirements (Naval Avionics Facility,
Indianapolis). It consists of a single trans-
former card module and 7 circuit card
modules designed for mounting in a simpli-
fied rack. Astrosystems, Inc., 6 Nevada Dr.,
Lake Success, NY 11040. 313

SAMPLING AND THE TDR PLUG-INS are
described in a booklet from Tektronix. Its
560 Series plug-ins are detailed in this
booklet. General-purpose sampling with
plug-in heads allowing measurements from
dc to 14 GHz with input characteristics
from 500 to 100 k(2 is a key feature of the
560 Series. Mainframes are available in
both storage and non-storage versions. Tek-

tronix Inc., Box 500-A Beaverton OR
97005. 314
NUMERICAL CONTROLS that provide

absolute positioning control for machining
centers, drills, mills, welders and assem-
blers are described in a brochure. They fea-
ture two-axis plane-switchable contouring
with linear and circular interpolation. Sys-
tems Div. of Allen-Bradley Co., 747 Alpha
Dr., Highland Heights, OH 44143, 315

COAXIAL VARIABLE ATTENUATOR litera-
ture describes General Microwave’s new
series of precision coaxial step attenuators
covering the frequency range from dc
through 18 GHz. The attenuators include a
range of up to 69 dB in 1-dB steps. General
Microwave Corp., 155 Marine St., Farming-
dale, NY 11735. 316

RESISTOR-CAPACITOR-DIODE NET-
WORKS known as CORDIP are described
in an illustrated eight-page brochure. The
brochure cites advantages in design flexibil-
ity component density and reduced PC-
board space requirements offered by COR-
DIP component networks. Combinations of
up to 23 resistors, glass-ceramic capacitor
chips and diodes, interconnected according
to customer specifications in dual-in-line
packages, are offered by these networks.
Electronic Products Div. of Corning Glass
Works, Corning, NY 14830. 317
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More olded Parts

E. Patrick Wiesner
o Publisher
221 Columbus Ave.
' Boston, Mass. 02116
Ou (617) 536-7780
[

Hugh R. Roome

AND BANDWIDTH TOO ... National Sales Director
Our Model 406L is an S 19 :
ultra-wideband RF power amplifier 205 E. 42nd St.
whose wide range of frequency lew Yo ey y -
Coverage and pabEUHY New York City, New York 10017
provides the user with the ultimate (212) 689-3250
in flexibility and versatility in a
laboratory instrument. Easily mated
with a wide variety of signal NEW YORK CITY 10017
sources,this completely solid state \ S
unit amplifies AM, FM, SSB, TV Gerry Hoberman, District Manager
pulse and other complex . . g
modilationwithmihliierdlstortion. Richard Millar, District Manager
Constant forward power is 205 E. 42nd St.
continuously available regardless
of the output load impedance (212) 689-3250
match, making the 406L ideal for

driving highly reactive loads.
Unconditional stability and BOSTON 02110
instantaneous failsafe provisions in @ el P .
i iinit provide absolite protsction Ric hqrd f arl\Qr, _[)Mrl(t Manager
from damage due to transients and Hal Short, District Manager
overloads. Complete with power 89 F Wlin S
supplies and output meter, this low ranklin St.
cost instrument provides over 5 617 )-67
watts of power from 100 KHz to (617) 482-6786.
over250MHz...andthere’snotuning.

Applications include: PHILADELPHIA 19103

B RFI/EMI testing Steve Farkas, District Manager For elegant applications. Custom-made
B Laser modulation Penn Towers or standard, EPC parts come with thin
B Communication systems 1819 John F. Kennedy Blvd. \kaallsodown to 5 mils, tolerances to
W Ultrasonics (215) 569-2424 SR IS, Teacte. Bunings. 1
six different materials: fluorocarbon, ny-
W Laboratory lon, glass-reinforced nylon, DAP, poly-
instrumentation CHICAGO ester and epoxy. For temperature ranges

B Spectroscopy that go up to 200°C.

John Huff, Regional Manager
For complete information Terry McDermott, District Manager It's just the sort of selection and

write or call 15 Spinning Wheel Rd. craftsmanship that you expect from EPC

Electronic Navigation Industries, _ R EL i e
3000 Winton Road South, Hinsdale, Illinois 60521 as an component company. Look to
EPC also for transformer kits. Or to EAI

Rochester, New York 14623.
(716) 473-6900 (312) 654-2390 for thick-film audio amps.
Capacitors. Custom coils.

DENVER 80206 | SolenoidsA_Active filters.
Analog/digital convert-

John Huff, Regional Manager ers and other special

270 St. Paul St. function modules. Plus a growing list of
(303) 388-4511 other elegantly crafted etceteras.

SAN FRANCISCO 94103
William J. Healey, District Manager

1111 Hearst Buildin
& Electrical Plastics Corporation

(415) 362-8547 500 Long Branch Avenue

Long Branch, New Jersey 07740

LOS ANGELES 90036 Tel. (201) 870-9500

ELECTRONIC Ed Schrader, Regional Manager A Subsidiary of Electronic Associates, Inc.

:\'NAD\GCS;'IAJ:EOSN Harry Fisher, District Manager

5670 Wilshire Blvd.

(213) 933-9525
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SPECIAL PURPOSE
TELEVISION
CAMERAS

1270 SERIES

7

e General Purpose e Low Cost

® 800 Line Horizontal Resolution

e Environmental Proofed e Rugged
e Remote Control

1400 SERIES

® Miniature Size e Low Cost
® 800 Line Horizontal Resolution
e L ow Power Requirement

1500 SERIES

e Subminiature Size e Extra Rugged
® 800 Line Horizontal Resolution
e Battery or Line Operated

2800 SERIES

e Self-Contained e General Purpose
® 800 Line Horizontal Resolution

e RS 170 Synch Generator

e Power Line Operation

MODEL V1000

e Ultra High Resolution

(30 MHz bandwidth)
e Photographic Quality e Flat Field
® Multiple Scanning Rates (525-1225)

MONITORS e SWITCHERS
PAN & TILTS
VIDEO TAPE RECORDERS
REMOTE CONTROLS
ACCESSORIES

B St hestere ...

GENERAL OFFICES: 2645 South 2nd West, Salt Lake City, Utah 84115
(801) 486-7481 < Telex: 388-315

CIRCLE NO. 92
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DESIGN DATA

Application

“THE DIFFERENTIAL LINE DRIVER” de-
scribes the application of integrated circuit
line drivers and receivers to the transmis-
sion of incremental encoder pulses down
long lines and in noisy environments. Tech-
nical Note TRN-103 discusses in detail the
use of differential line drivers and receivers,
and transmitting pulses down thousands of
feet of cable. Trump-Ross Industrial Con-
trols, Inc., 265 Boston Rd., North Billerica,
MA 01826. 380

X-BAND DOPPLER RADAR MODULE,
only a handful in size and using only a few
watts of power, is described in an applica-
tions manual. How to apply this recently-
introduced 10-GHz Doppler radar module
is shown in the manual. It starts with basic
principles and proceeds through the needed
engineering calculations. Included are de-
tailed suggestions for antenna equipment,
and all necessary dimensional and electrical
specifications. Hewlett-Packard Co., 1501
Page Mill Rd., Palo Alto, CA94304. 381

A DIGITAL-PANEL-METER  HANDBOOK
contains the most complete source of DPM
information available today. .This compre-
hensive manual includes 60 pages of spe-
cific information on how to use DPMs.
Specifications and pitfalls are thoroughly
explained and related to common appli-
cations. Also described are various forms of
a/d conversion with their advantages. Cop-
ies are available priced at $3 each. Purchas-
ers may order by sending cash, checks or
money orders made payable to Digilin, Inc.,

Notes

DESIGNING WITH LOW-POWER MSI cir-
cuits, a four-page application note written
by AMD-s digital applications’ department,
is now available from Advanced Micro De-
vices. The guide offers the circuit designer
rules, characteristics and advantages of us-
ing low-power 9300 MSI circuits. Tables
showing power and speed equivalents for
AMD’s extensive line are also presented.
Advanced Micro Devices, Inc., 901 Thomp-
son Place, Sunnyvale, CA 94086. 383

MEASURING DISTORTION to 0.0001% or
1 ppm is described in application note T-
155. Two methods are given. One utilizes a
pair of tuned amplifiers to measure the level
of the second, third or fourth harmonic of
the signal under investigation. The other
method employs phase-sensitive detection
to measure the harmonic levels in the pres-
ence of noise. Princeton Applied Research
Corp., Box 2565, Princeton, N ] 08540.
384

MODULAR DATA-ACQUISITION  SYS-
TEMS are explained in a comprehensive 23-
page applications handbook. The book is
divided into six sections. One section pro-
vides basic theory on A/D converters, sam-
ple/hold circuits and analog multiplexers.
Another section describes a wide variety of
applications while the third and fourth sec-
tions describe input and output timing when
interfaced with a minicomputer. Section
five describes new modular data acquisition
systems. Datel Systems, Inc., 1020 Turnpike

“How TO EVALUATE LIGHT EMITTERS
and optical systems for light sensitive silicon
devices” is the topic of application note
#200.59. Its 14 pages contain information
on photon coupling, operation of light acti-
vated semiconductors, light measurements
and an optoelectronic device selection list.
Copies can be obtained from General Elec-
tric Co., Semiconductor Products Dept.,
Electronics Park, Bldg. #7, Mail Drop 49,
Syracuse, NY 13201. 386

“SR-4 STRAIN-GAGE HANDBOOK"” Vol-
ume 1, has been extensively revised by BLH
Electronics, Inc. The handbook on bonded
resistance strain gages covers sensing ele-
ments, the backings or carriers, lead wire
systems and protective coatings. The char-
acteristics of the numerous materials used
in strain-gage system components are dis-
cussed and compared, enabling the user to
select the system best suited to his particular
application. BLH Electronics, Inc., 43 4th
Ave., Waltham, MA 02154, 387

A FREE/TIMER COUNTER SELECTION
GUIDE includes a glossary of timer and
counter terminology. The guide is directed
to one’s application, detailing the factors to
be considered in the selection of the various
types of timers and counters available. It
includes columns for scoring various timers
and counters as they meet—or fail to—the
applications’ requirements and enables al-
most anyone to select the timer or counter
that will give the best performance in the
long run. Automatic Timing & Controls,

1007 Air Way, Glendale, CA91201. 382 st Canton, MA 02021. 385  Inc., King of Prussia, PA 19406. 388
Reference copies of the following articles are available without charge:

R.S. NO. TITLE PAGE NO.
L61 Miniature switches shrink in size yet pack a lotof punch. . ..... ... ... ... ... ... ....... 28
L62 Low-power digital phase locked loop utilizes CMOS logic .. ........... . ... ... ....... 36
L63 Keeping up with new dimensions in IC applications. . .......... ... .. ... 42
L64 Two-tone test generator delivers high-purity output . ......... ... ... . .. ... ... .. ... 50
L65 Design complex active filters with these few equations . . .. ....... .. ... .. .. ... . ... ... 53
L66 @an an EE use market forecasts to: plan his career? . . . . ..coiuv s comiins oovms st aasinme s 56
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CIRCUIT MODULES/CARDS

BlIock OSCIIAtOR: af o o elhhe = eken & ain o 105
Controller, Temperature ............. 105
Converter-DCtoDC ... .osvvvivuass 105
COMMBEROIBIN | L. onsitixmie ssisinimne me 106

Converters A/D, D/A
Converters DS, SID s vz i wmms 93,108

Crystal Oscillators .................. 52
Data Acquisition System ............ 111
Digital PanelMeter ................. 111
T N 102
POWEr SUBPIV «sotin« ot osaisssass 96, 106
Power Supply, Regulated ............ 105
Speed Control, Modular ............. 106
COMMUNICATIONS EQUIPMENT

Alternator, Decode ................. 86
Counter, Digikal ......ccoiciiievinas 81
Generator, Microwave ............... 79
NOHEMSE vl 1 Vb et L E R CH6
Processor, Wave Form ............... 81
R.F. PowerAmplifier ..:ccivisvscsiss 109
Read/Write Amplifier ................ 108
Recorder, Facsimile ................ 81
Termmals, CRT ».u snvinavs v smowmnis 102
Test set, freq.response .. ............ 79

DATA HANDLING EQUIPMENT
CAlCUIAROES i hinim o Ao i 97, 10%”1103

Cassette Recorders ................ 15
Computerinterface ................. 104
Counter, DIgItal ..o o riinranaa 81
B e i Sy 102
Dise Fermulators. vl . b sueit vhtiaia 102
Display Storage Tubes .............. 96
GraphICTHSPIaNS . 0 oo ss i vivansy CH1
N EROTIE SR F i 8 20 ¢ (oo s 102-103
T Ll e R S P e S L CH6
Numerical Control System ........... 108
FRIRIET  oovvnviomaipens bobhneivssnswe 84
Read/Write Amplifier ................ 108
Recorders. GHart .. :cvovaisnvsvizas 98
Tape Transports ...:ocaciosvissvass 102
DISCRETE SEMICONDUCTORS

[BIeTe TR S, G S N N I 49
Diodes, HighCurrent ................ 92
Diodes, High Voltage ................ 93
SCR, HighSpeed ........ccovreonanes 93

ELECTROMECHANICAL COMPONENTS
Accelerometers ..
Crystal Oscillators
Dry Reed Relays . .
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Keyboards s sisisssnnasass

MIDEOTTISEEDE. o s s <58 afmags 8 a.wim misinac
PABAIINIBLEES TL, © . o s R
Reed Relay Handbook ............... 1
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Relay; Mintatlme: « 5. o 0008 s 94
Relay, TimeDelay .................. 86
Rotary Selection Switches ........... 65
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Rent-or-Buy Guide .......covvevvuen 107
Tech-note, differential .............. i

112

INSTRUMENTATION

Analyzer, Spectrum . ................
Bridge, Resistance
Cassette Recorder ................. CH 15

Coumnter, Diglal oo cra Fsivei ou 3 81, 84,99
Data Acquisition System ............ 111
Distortion Measurement ............. 111
Digital Panel Meter ................. 111
GausSsmeters : . ...svovemsasessss « s 99
Generator, Microwave ............... 79
Generator, Multifunction ............ 98
Generator/Pulse ..:cviosvviisssvnt 101
Generator,Signal .................. 8
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Magnatometers
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Multimeter, Digital ............
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Plug-In Oscilloscope
Power Supplies
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Processor, Waveform ...............
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Read/Write Amplifier . ...............
Recorder,8 Channel ................
Recorder, 20 Channel
Recorder, Facsimile
Sampling Oscilloscopes

Standard, Voltage ..................
Sweep Generator,RF . ...............
Synthesizer, Program Model . ......... 84
System, Data Acquisition ............ 101
Test Set, Transmission Level ......... 99
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MATERIALS/HARDWARE

1721 o] [ R P Mo foe Bef B S e R CH2
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ComponentBoards . :..icvvvevvssass 101
ConnectorPaniels: s auive s s insims 96
B30y T 1 et g TS SN R 21,34-35
Display; Digital wespisssavvscsessnsis 86
Heat Conducting Compound ......... 94

Heat Dissipation

Heat Sinks ........

Insulating Washers
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Molder Parts . wes ve ek os cafy s w5
Mounting Hardware, Semiconductor ... 94
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Microwave Tubes ................... 107
RF Power Amplifier ................. 109
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Variable Attenuator ................. 108
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Capacitors
Capacitors, Metal Film
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Nylon Capacitors ................... 14
R-C-L Networks ..............: Lo, 108
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Resistors, Trimmer. .. ...............
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In-Circuit Multitester ............... 106
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DIODE-LITEs Cartridges Indicator lights

Lighted push button switches Readout modules and packages

Readout assemblies

LED displays?

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

Whether you're looking for LEDs as light sources for build- DIODE-LITEs. We can even give you a contactless solid state
your-own displays or for a variety of products that utilize LEDs, switch that uses a DIODE-LITE in the circuit to provide cleaner,
bring your requirements to us. Dialight is a major supplier of faster switching than any mechanical switch. Dialight can help
both LEDs (we call ours DIODE-LITE™) and of indicator lights, you do more with LEDs than anyone else because we've done

readouts and lighted push button switches that incorporate more with them. Write for LED Data File.

DIALIGHT ....

DIALIGHT CORPORATION, A NORTH AMERICAN PHILIPS COMPANY + 60 STEWART AVENUE, BROOKLYN, N.Y. 11237 - (212) 497-7600
CIRCLE NO. 78




Shuntsmanship

Your meter needs
Dale’s new LVR. Dale
has slashed shunt re-
sistor prices as much
as 66% and reduced
resistance values to
as low as .008 ohm.
2, 5, 10 watt styles.
Circle 181

22 o0
L= 72

7y

Fuse News

Two Dale styles com-
bine precision resist-
ance with predictable
fusing times. Axial
lead (CFR) has V4 to
22 W power. Special
disc type for use in
socket applications.
Circle 182
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Dale’s way with wire matches your need for precision
at a price...and meets your special design needs.

Wirepower
in RN50 Size

Dale’s tiny new RS-V
dissipates up to Va

watt in .155". Operates
to +275°C. Molded body
can be automatically
inserted. T.C. as low

as 20 PPM.

Circle 183

Networks
with Muscle

WDP wirewound network
handles up to 3.5 watts in
standard 14-pin DIP size.
Contains up to seven
resistors which can have
closely-matched tolerance
(.1%) and T.C. (=5 PPM).
Circle 184

It's all in the family. If the resistance function you need isn’t in Dale’s Catalog A...
don’t worry, we have it. No one beats our ability to mix and match resistance parameters.

DEPENDABLE DALE...comes to you with the courtesy of the best representatives
and distributors in the business. There's a source of information
near you...or call 402-564-3131 today.

DALE ELECTRONICS, INC.

1300 28th Ave., Columbus, Nebr. 68601
A subsidiary of The Lionel Corporation
In Canada: Dale Electronics Canada, Ltd.



