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DMM (pigital Multimeter)

GR's new 1820 Digital Voltmeter is far
more than just another DVM . . . it's
really a new breed of digital multimeter.
Why ? Because with it you can measure:

ac volts, 200 mV to 200 V, up to 1.5 GHz
ac volts, 10 uV to 200 V,up to 2 MHz

dc volts, 5 uV to 1000 V

dc current to picoamperes

ac current to nanoamperes

resistance, milliohms to 50 MQ

Only two plug-ins are required to make
all these measurements, but you certainly
don't need both to have a very useful
multifunction instrument. Which plug-in
you select depends basically upon whether
your need is for ultra sensitivity (1 uV)

or ultrahigh frequency (1.5 GHz).
Compare this broad capability with that
of an ordinary DVM.

There's much more. Voltage measure-
ments can be read out directly in either
volts or dB. Do you know of any other
DVM that does this ? High input imped-
ance on all ranges, at least 100,000
megohms or 1000 megohms depending
on plug-in, virtually eliminates voltmeter
loading errors and ensures a true 0.1%
measurement because there's no input
attenuator to get in the way. The high
input impedance also permits direct-
reading resistance measurements to

50 MQ. Since the ranges and polarity are
automatically selected and no external

preamp is needed, a wide variety of voltage
measurements can be made rapidly
without manual switching or any fussing.
This autoranging feature combined with
BCD output also permits rapid printout
of data that's always measured on the
most appropriate range. The 1820-P2
plug-in provides six ranges each for
voltage and current, and its picoampere
resolution allows the measurement of
leakage current in capacitors and
semiconductors.

DC Multimeter [UHF Voltmeter

(1820 with 1820-P1 Plug-in)

DC Voltage

+220.0 mV full scale to 4-220.0 V full scale;
41000 V with attenuator. Measures to 0.1

mV on last digit.

AC Voltage

2.200 V full scale to 220.0 V full scale; 1000 V
with attenuator; above 200 MHz, max voltage
varies inversely with frequency. Resolution is
1 mV on last digit. Operates as peak
voltmeter calibrated to read rms value of
sine wave or 0.707 of peak value of a complex
wave. Frequency response down 3 dB at

10 Hz and 1.5 GHz.

Log Voltage Function

AC: 6 to 62 dB (re 100 mV).
Resistance

0.220 k2 full scale to 50 M full scale
(8 overlapping ranges).

AC/DC Millivoltmeter
(1820 with 1820-P2 Plug-in)

AC/DC Voltage
2.200 mV full scale to 220.0 V full scale;

1000 V with attenuator. Resolution is 1 uV

on last digit.

Log Voltage Function

60 to 122 dB (re 100 V).

Current

DC: 2.200 nA full scale to 220.0 xA full scale;
resolution is to 1 pA on last digit (with 1-MQ
internal shunt); 2.200 A full scale to 2.200
mA full scale (with 1-kQ internal shunt).

AC current can be measured with Tektronix
clip-on current probe.

Resistance

2.200 Q full scale to 22 M full scale

(10 overlapping ranges).

Prices in U.S.A.

1820-A only, $1985; 1820-P1 Plug-in, $525;
1820-P2 Plug-in, $550.

Also available . .. 1820-P3 Differential
Adaptor ($90) can be added to either plug-in
to convert the 1820 to a fully-balanced
differential voltmeter with better than 100-dB
common-mode rejection.

For complete information, write General Radio
Company, West Concord, Massachusetts
01781; telephone (617) 369-4400. In Europe:
Postfach 124, CH 8034 Zurich 34, Switzerland.

GENERAL RADIO

See this instrument at WESCON,
Booth No. 1613-1616.
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Trading off

ACCURACY FOR SPEED?

Get both in your system

with Hewlett-Packards
2402A Integrating Digital Voltmeter

It doesn’t make sense to keep using one of those DVMs
that forces you to sacrifice speed or accuracy, does it?
Why slow down your system to measure signals buried
in noise? And why tolerate preamp errors and delays
when measuring low-level signals?

Hewlett-Packard’s 2402A Integrating DVM offers an
unequalled combination of speed, accuracy, and noise
immunity in a single instrument. No trade-offs neces-
sary. It makes 5-digit measurements 43 times per
second, resolving answers down to a microvolt with
0.01% accuracy at full speed. You get /ab accuracy at
system speed, even in noise that would slow active-
filter DVM'’s to a virtual halt.

Full programming and BCD output are standard and
make the 2402A ideal for use with digital computers
and automatic measuring systems. Plug-in options
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measure AC, frequency, and resistance with equal
ease, and a fast autoranger covers all five ranges from
100 mV to 1000 volts. Price: $4800.

Isn't it time to take the trade-offs out of your system?
Start by calling your local HP field engineer for more
information. Or write Hewlett-Packard, Palo Alto, Cali-
fornia 94304; Europe: 54 Route des Acacias, Geneva.

06817

.

HEWLETT ﬁ PACKARD

RDIGITAL VOLTMETERS
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This new Hewlett-Packard instrument can’t
decide if it's a wideband RF sweeper or a
versatile signal generator. No wonder—it’s
both.

Covering 100 kHz to 110 MHz, the HP 8601A Gener-
ator/Sweeper combines the high linearity and flatness
of a precision sweeper with a signal generator’s fre-
quency accuracy and wide range of calibrated power
levels. Though it's small and lightweight, it does the
work of two instruments easily and conveniently.

As a sweeper, its 0.5% linearity and 1% frequency
accuracy give you calibrated displays without having to
use markers. Output flatness is =0.25 dB over the full
range. Three sweep functions—full, video and sym-
metrical—let you shift from broad to narrow sweep
with the flick of a switch. You can vary the sweep
speed, fast enough for flicker-free display, slow enough

personality

i kHz MOD
OFF AM
- -

EXT AM RF OUT

6 6

for high-resolution recording. And set the trigger for
manual, line sync or free run.

As a signal generator, the 8601A output is accurate
to =1 dB from +13 dBm to —110 dBm. The digital
frequency dial is accurate to 1% of frequency; higher
accuracy is achieved with 0.01% crystal checkpoints
at 5 MHz intervals. Internal modulation is 1 kHz, AM
or FM, or you can modulate externally.

The HP 8601A offers many more features that satisfy
a wide range of lab and production requirements.
Price: $1975.

No sense developing a split personality yourself, strug-
gling with several instruments. Let your HP field engi-
neer give you complete details on how the HP 8601A
alone can fill your RF sweeper and generator needs.
Or write to Hewlett-Packard, Palo Alto, Calif. 94304;
Europe: 54 Route des Acacias, Geneva.

HEWLETT @ PACKARD

SWEEP SIGNAL GENERATORS
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allaham,Editorial; Paul F. Cowle.

Readers Comment

Blameless mixers

To the Editor:

In a recent story about one com-
pany’s problems with hi-fi sets
there was an implication that
Schottky barrier diode mixers were
in some way responsible [June 24,
p. 58]. This is not the case. The
diode mixer, notably the ring mod-
ulator, is capable of extremely low
noise figure and very large dy-
namic range as a receiver front end.
Although it is not generally real-
ized, a mixer of this type (that is,
a switching mixer) is intrinsically
a lossless system.

Whatever problems the company
is encountering, they are not re-
lated to the Schottky barrier diode
mixer. Mixers of this type show a
lower noise figure than FET front
ends common in the industry. To
my knowledge very few in the hi-fi
industry have considered them
“over the years” as you suggest.

Mitchell A. Cotter
Cotter & Associates
Riverdale, N.Y.

Clarification

To the Editor:

Hewlett-Packard would like to
clarify its position concerning pric-
ing of its new light-emitting diode
numeric indicators [Electronics,
July 22, p. 95]. The HP integrated
logic and display packages will sell
at first, in small quantities, for about
$50 each.

Among the many combinations
of alternates that one might select
from competitive readout devices,
cost could run from perhaps $39 to
$144.50, for the combination of one
or another competitive readout and
one or another competitive logic, in
comparably small quantities. In
quantities above 1,000 the lowest
figure, again for both reaucut and
logic, might at present be $25 or so.
The cost of these alternates, in the
future, might drop to $20 or so,
thanks to new IC logic, possibly
from Fairchild or Signetics.

As for itself, HP by no means ex-
pects larger IC suppliers to help re-
duce HP’s costs. Indeed, HP expects
that its own in-house monolithic IC
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Add Sprague Series 7400A

to your prints for
Series 74N T'TL circuits.
They’re pin-for-pin identical.

SERIES 74N FUNCTION SPRAGUE PART NO.
SN7400N Quad 2-Input NAND USN-7400A
SN7401N Quad 2-Input NAND (No Collector Load) USN-7401A
SN7402N Quad 2-Input NOR USN-7402A
SN7410N Triple 3-Input NAND USN-7410A
SN7420N Dual 4-Input NAND USN-7420A
SN7430N Single 8-Input NAND USN-7430A
SN7440N Dual 4-Input NAND Buffer USN-7440A
SN7450N | 2-Wide 2-Input Expandable AND-OR-INVERT USN-7450A
SN7451N 2-Wide 2-Input AND-OR-INVERT USN-7451A
SN7453N 4-Wide 2-Input Expandable AND-OR-INVERT USN-7453A
SN7454N 4-Wide 2-Input AND-OR-INVERT USN-7454A
SN7460N Dual 4-Input Expander USN-7460A
SN7470N D-C Clocked J-K Flip Flop USN-7470A
SN7472N | J-K Master Slave Flip Flop USN-7472A

Dual J-K Master Slave Flip Flop:
SN7473N Single chip, pin 11 GND USN-7473A
= Single chip, pin 7 GND USN-74107A
SN7474N | Dual D-Type Edge-Triggered Flip Flop USN-7474A
—_— Dual AC Clocked J-K Flip Flop USN-7479A

Series 5400, full-temperature-range equivalents in 14 pin flat-packs,
are also available for rapid delivery from Sprague.

And coming soon: Series 54/74
Complex-Function circuits.

For complete technical data on Series 5400 and 7400A
circuits, write to Technical Literature Service, Sprague
Electric Co., 35 Marshall St., North Adams, Mass. 01247

4ss-7134R2
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SPRAGUE WORCESTER...the world’s finest microcircuit facility

SPRAGUE

THE MARK OF RELIABILITY

'Sprague’ and '@’ are regi
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Have you talked to an analyst about your identification problem?

The problems of marking and identifying electrical and electronic components can drive
a production engineer right up the old wall. **"How can you print several color bands on

a miniature diode?"” “Is there an ink that'll dry on contact and meet Mil specs?" “How

can you get fast, smudge-proof marks on things like ceramics, plastics and chrome?"

“How can you simultaneously mark the tops and sides of transistors at high rates

of speed?”

A Markem analyst thrives on problems like these. He can help you solve
them by supplying the best machines, specialty inks, printing elements and
other supplies. He can help by being there whenever you need service,
whenever an operator needs training. And he can help by showing you
how to get better identification for less money. For example, we recently
introduced an Instant Type Former which lets you make metal type
in-plant, as needed. No waiting for delivery . . . You can form new type
inserts in less than a minute by simply "‘dialing’’ the legend.

Have a Markem analyst visit your plant to look into your marking
operation. His ideas could save you a lot of grief. And a lot of
money. Call your local Markem Sales office or Bernie Toomey
at 603-352-1130. Write for our new “Problem Solver' booklet. §
Markem Corporation, 305 Congress St., Keene, N.H. 03431..

MARKEM.

-

See us at WESCON, Booth 2405
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Readers Comment

facility will yield substantial com-

petitive advantages, both in cost

and performance, over others.
Dan Scheel

* Marketing manager

HP Associates Division

Hewlett-Packard Co.

Palo Alto, Calif.

First to be second

To the Editor:

In your articles “TTL band-
wagon” [April 15, p. 25] and “TTL
makers switch their sales pitch”
[July 8, p. 147] you failed to men-
tion that Sprague Electric Co. was
the original second source for
Texas Instruments’ 5400/7400 se-
ries of transistor-transistor-logic
circuits. We announced these at the
Wescon show last August.

Sidney L. Chertok
Sprague Electric Co.
North Adams, Mass.

Correct usage

To the Editor:

The circuit in “Voltage compara-
tor is made with op amps and logic
gates” [July 8, p. 91] was not used
for a voltmeter’s automatic rang-
ing circuit in the way described in
the article. Two of the compara-
tors combined with additional
logic circuitry were used for the
automatic ranging -circuits.

The circuit as shown can be used
in analog computers, testing tran-
sistors, testing integrated circuits,
testing printed circuit boards, etc.
When used with converters (re-

sistance-to-voltage converters, ca-
pacitance-to-voltage converters,
etc.) it can check the tolerance
limits of passive components.

“AND-OR gate I;” in the first line
of paragraph seven should be “in-
verter I;.” Wherever the article
refers to a zero output voltage of
the operational amplifiers, this volt-
age is actually equal to the forward
voltage drop across the zener di-
ode, about }-0.8 volt.

Walter Ellermeyer

U.S. Navy
Electronics Laboratory
San Diego, Calif.

First-rate technology

To the Editor:

I was a little concerned with the
title “Accelerometer has cut-rate
price” that you used for your story
on our QA-123 accelerometer [June
10, p. 185]. Our instruments, the
Q-Flex accelerometers, are the fin-
est accelerometers available. These
instruments in performance, in re-
liability and in every aspect of en-
gineering and manufacturing are,
we feel, outstanding units.

It is true that the technology we
have applied in producing this un-
usual instrument has allowed us to
set new price performance guide-
lines for the industry. However, we
do not wish to imply that our prices
are cut-rate or that we offer less
than a first-rate unit.

Earl D. Jacobs
Vice president, Manager
Endevco Corp.
Santa Ana
Calif,

SUBSCRIPTION SERVICE

Please include an Electronics Magazine address
label to insure prompt service whenever you
write us about your subscription.

Mail- to: Fulfillment Manager
Electronics
P.0. Box 430
Hightstown, N.J. 08520

A‘n‘AcH If you are moving, please let us know

CHANGE OF ADDRESS

five weeks before changing your address.
MBEL Place magazine address label here, print
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N

To subscribe mail this form with your payment
| and check [J new subscription [] renew my
' present subscription
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Alameda County
Sheriff's
Department

uses Farinon microwave
and multiplex for reliable
long-distance
communications.

So do the Michigan State Police,
16 US government agencies,
33 independent telephone companies,
12 Bell telephone companies and
11 public power and light utilities
.. among 223 others.

These people serving the US public
know all about Farinon performance,
reliability and economy, and so

can you.

Write for our catalog of microwave,
radio and multiplex equipment,
accessories and services.

—

Farnon

 Farinon Electric, 835 Washington §
T e S I
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See the new DIGILOG
“differatio’’ trimmers

20-TURN electrical and mechanical travel,
with clutch and stops. Metal film element
with 30 ppm/°C temp. coefficient of resist-
ance.

VACUUM DEPOSITION of metal films on ce-
ramic substrates is an exact and continuing
operation at Digilog. Well-tooled facilities per-
mit efficient production to close specifications
even in relatively short runs.

Stopinanddiscussyourneeds
for custom precision pots

APPLICATION-ENGINEERED special potenti-
ometer designs give the customer needed
performance at minimum cost by providing
all the required special features, but avoiding
over-specification.

PRECISE CONTROL of winding, linear or non-
linear, is a Digilog specialty. Resistance ele-
ments are microscopically monitored during
winding. A wide range of alloys, diameters
and lengths can be handled.

INSPECTION of metal film resistance ele-
ments is carried out to meticulous standards
and on 100% of units prior to assembly. Per-
formance characteristics are uniform for
sample lots or entire production runs.

—and don’t miss Digilog’s
rotary switch and disc
resistor!

Send for full descriptive literature on all
Digilog products.

- - .
=)I IlO electronics
g g corporation
701 Third Ave. No., Seattle, Wash. 98109
Phone (206) 284-6811; TWX 910-444-1665

8 Circle 8 on reader service card

Who's Who in this issue

Noily Ferguson Greenberger

Building command and control display systems is more than integrating the
right kind of equipment. The prime requisite is assembling a group of men
with special background and talents. Each of the authors of the article on
large-screen displays on page 92 contributed his own specialty. Josh H. Noily,
an engineer turned manager, started working on command and control display
systems in 1959 for the North American Air Defense (NORAD) project and
joined Northrop Nortronics in 1962. He now supervises the company’s display
system design and development activities. James G. Ferguson has worked on
the design and integration of digital computers for the past 15 years. When
he joined Northrop in 1961, he assumed a key role in applying prelaunch and
ballistic computers for the Skybolt guidance system. More recently, he de-
signed the English-language compilers for the software package that optimizes
the display system’s man-machine interface. Henry Greenberger is a senior
systems engineer at Nortronics. Although his specialties are circuit, logic, and
system design he also does systems studies.

The president of the Nanodyne Corp., Howard Cohen, runs a consulting and
model-shop business. Cohen was manager of the general-purpose computer
department at Sylvania Electric Products, where he was responsible for the
design of the computer described on page 110. Since leaving Sylvania, he has
acted as a consultant, specializing in controlling impedance in networks that
use integrated circuits. He is developing
several products, including a general-
purpose multilayer board with guaran-
teed impedance levels that a designer
can use as a breadboard for 1c networks;
and a wideband amplifier in which the
circuit inductance and capacitance are
in the etched conductors of the board.

These, and other products, will be
built in small quantities in his basement
workshop. When business warrants, he’ll
set up a more elaborate factory.

After he received his engineering degree from North-
eastern University, Robert Calkins joined the engi-
neering staff of Philbrick/ Nexus Research. Since then
he has spent most of his time developing the new
integrated circuit op amp tester that uses a synchro-
nous demodulation method, page 118. While he was
still at college, Calkins worked for the Receiver divi-
sion of General Electronics Laboratories where he
was involved in the design and development of i-f
video amplifiers and phase lock loop systems.

Calkihs
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Anyone wonder-
ing about the
merits of on-the-
job schooling for
electronics engi-
neers should turn
to page 124 and
read the article
about a very spe-
cial integrated-
circuit car radio.
All three authors started their careers
as student apprentices in Britain.
Michael Gay did his training stint at
the research laboratories of Mullard
Radio Valve Co. and some nine years
later joined The Plessey Co.’s Allen
Clark Research
Centre. He's
since moved up
to Chief Circuit
Engineer for con-
sumer and com-
munications
equipment at
Plessey = Micro-
electronics. John
A. Skingley
served his ap-
prenticeship at the Cambridge Instru-
ment Co. after graduating from Hen-
don Technical College. He signed on
at Allen Clark in 1966 and this Feb-
ruary shifted to Plessey Microelec-
tronics, where he’s a senior engineer
in the radio and
audio section.
Michael C. Suc-
ker joined Plessey
as an apprentice
in 1962 and is
now assigned to
the company’s
special equip-
ment develop-
ment group at Il-
ford.

Gay

Skingley

Sucker

Applications engineering is the field
that Peter Schiff has been working in
for the past five years at rca in Som-
erville, N.J. His primary job has been
to develop new uses for power tran-
sistors. “This isn’t r&p,” says Schiff,
“but rather applying power transistor
technology to other fields such as the
ballast circuit,”
described on
page 130. Schiff
was born in Ber-
lin in 1943, and
has completed
about 85% of the
credits needed
for a degree in
electrical  engi-
neering at Drexel
Institute.

e
Schiff
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Sprague delivers Tape Cores

Our Tape Cores come in
thirty sizes from 5/s to

6 inch O.D., offer a choice
of core materials, and
have standard phenolic

or hermetically-sealed
epoxy-coated aluminum
cases. Most are available
for off-the-shelf delivery.

Shouldn’t you
with Sprague?

wind up

For complete technical data, write for Bulletin Series 51000
to Technical Literature Service, Sprague Electric Company,
35 Marshall Street, North Adams, Massachusetts 01247

SPRAGUE COMPONENTS

MAGNETIC COMPONENTS

INTERFERENCE FILTERS

CAPACITORS PACKAGED COMPONENT ASSEMBLIES
TRANSISTORS FUNCTIONAL DIGITAL CIRCUITS
RESISTORS PULSE TRANSFORMERS

THIN-FILM MICROCIRCUITS
INTEGRATED CIRCUITS

455C-7130

CERAMIC-BASE PRINTED NETWORKS
PULSE-FORMING NETWORKS

SPRAGUE

THE MARK OF RELIABILITY

Sprague’ an1 6 are registered trademarks of the Sprague Electric Co.
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5 things you should know

3.More than a switch:

Most double-diffused power transistors can only
be used for switching applications. But, Fairchild
power transistors have extremely high power dissi-
pation. That means they can also be used as ampli-
fiers. (Servo-amps, power amps, class B push-pull
amps, etc.) They also make good switches.
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1.The discrete emitter:

Fairchild has improved beta linearity character-
istics of power transistors. We chopped the emitter
into many small discrete emitters connected in
parallel by buss bar metalization. As a result, the
increased emitter-base peripheral area raises
emitter injection efficiency.

2.Integrated feedback
I‘eSISfOI'S: We also increased the safe

area of operation. With a built-in safety fuse. Each
discrete emitter is connected to the buss bar through
a deposited thin film nickel-chromium resistor. That
keeps the current flow under control and increases
the device's second breakdown capability. If any
emitter overheats, its resistor will open. Fairchild
power transistors will perform without detectable deg-
radation with up to 10% of the emitter sites opened.

about silicon power transistors:

4.Planar II;

Several manufacturers use the Planar* process to
make power transistors. But, not the way we do.
(That's why other power transistors are limited to
switching functions.) So, if you're a circuit designer,
you don't have to put up with the low reliability and
poor frequency response of Mesa designs. Fairchild
offers reliable, 100%-tested epitaxial Planar power
transistors with high frequency response. And, with
all the advantages Fairchild power transistors offer,
they cost only a little more than Mesa.

Electronics | August 5, 1968

5.Power source:

You can get power transistors from your local
Fairchild distributor. He's got NPNs and PNPs.
Amplifiers and switches. Simply circle the Reader
Service Number below for complete specifications
and applications information.

Fairchild Semiconductor, A Division of Fairchild Camera and
Instrument Corporation, 313 Fairchild mE  — ———
Drive, Mountain View, California 94040 FAIRCHIL D
(415) 962-5011 TWX: 910-379-6435 St Eeummmen—
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Cool off microcircuit devices with a choice of four new dissipator/ Add IERC’s model LBOC2-61B and you dissipate 5 watts with
retainers. Example: with natural convection, a typical microcircuit the same case temperature rise. Retainer-clip may also be used
device dissipates 1.8 watts with case temperature rise of 103°C. alone to mount package to conduction plane.

These special dual and quad Therma-Link dissipators permit thermal .060” beryllium oxide washers which have the excellent thermal
mating of matched transistors. Therma-Link retainers do exactly conductivity of aluminum, are electrically insulative and reduce
as their name says: They provide a thermal link between tran- normal mounting capacitance by %2 to ¥3. The washer is brazed
sistors and the chassis or heat sinks. They are also available with to a brass slug or hex stud for mounting.

Need a non-hygroscopic finish with excellent dielectric properties, 50 K megohms insulation resistance and high heat emissivity? Use Insulube
448. It also protects against salt spray and fungus and other adverse environments.
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Tips on cooling off
hot semiconductors
and microcircuits

Read on. Find out how circuit designers use IERC heat dissipators to protect and improve
circuit performance of semiconductors and microcircuits.

Fan Top Dissipators for TO-5 and TO-18 cases Help low-to-medium power transis- Cool power transistors and diodes with lightweight HP
add almost nothing to board height. Don’t tors keep their cool with IERC’s Series devices. High heat transfer rate. HP3 dis-
need much room on the board either. Avail-  stagger-fingered LP’s. Available in places only 9 cu.in. and weighs just 1.5 oz. Yet

able for both metal and plastic cases. Spring  single or dual mounting for ther- it dissipates as much heat as many finned extru-
fingers make installation simple. And Fan mal mating of matched transistors.  sions requiring 13.5 cu.in. Two sizes for nesting or
Tops cost just pennies. They fitbothTO-5and TO-18cases.  back-to-back use.

\ o ) RUGLis 0
J L < R

Keep TO-66 transistors cool with any of four IERC dissipators. The applica- New ‘“‘Universal” Spade Series for plastic transistors fits all
tion shown is a 100-volt amplifier with four LB66B2B’s dissipating 8 watts  D-case sizes. Spring clip allows for variation in case diam-
per transistor. Exclusive staggered-finger design. Choice of finish: black eters. Excellent dissipation lets you boost operating power
anodize or Insulube® 448 for positive insulation to 500 watts. 33%. Both single and dual models as shown.

Got a tough one? Our engineers welcome your inquiry for more specific information.
Write us on your company letterhead, please.

SEMICONDUCTOR
HEAT DISSIPATORS

INTERNATIONAL ELECTRONIC RESEARCH CORPORATION %} A corporate division of Dynamics Corporation of America « 135 West Magnolia Blvd. s Burbank, Calif. 91502
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“Four to six weeks
for power supply
delivery?

-
| This catalog lists

14

Forget it!

Acopian will ship
any of their
62,000 different
AC to DC plug-in
power supplies

in just 3 days!”’

62,000 models of
AC to DC plug-in
power supplies
available for ship-
ment in just three
days. Choose the
exact outputs you
need. Singles or
duals, regulated
or unregulated.
Write or phone for
your free copy.

Name

Title

C

City

State Zip

Acopian Corp., Easton, Penna. 18042
Phone: (215) 258-5441

(=]
=
o
3
=
B s s v e, o s s S, S . " —.vo— ——- t— o — —
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Who's who in electronics

Gonzalez

Defense procurement policies al-
low war profiteering and Defense
Secretary Clark Clifford not only
refuses to do anything about it
but is trying to disguise the fact
from the public, charges Rep.
Henry B. Gonzalez (D., Texas).

The peppery Congressman notes
that the Pentagon spends more
than $45 billion a year in prime
negotiated (noncompetitive) con-
tracts with little scrutiny of com-
panies’ true costs. No more than
18 men in Government oversee the
$5 billion annually spent on com-
puters and related EDP equipment,
he says, “in which two corpora-
tions (he won’t name names) al-
most monopolize the whole field.”

Pushes probe. As a result, Gon-
zalez urges a Congressional probe
through a new House committee
on war profiteering. Gonzalez main-
tains that companies can hide
their true profits through inflated
cost figures.

To squelch such criticism Clif-
ford acknowledged that the aver-
age profit in negotiated contracts
between companies and the Penta-
gon has increased by 22% to
nearly 10% of sales since 1964.
But he maintains that companies’
actual profits are lower because
the Pentagon is issuing more fixed-
price contracts.

Calling the report “flimsy,” Gon-
zalez told Congress that Clifford
had ignored several other studies,
including the Pentagon’s own
profit review system, which con-
tradicted the study. Gonzalez cited
several examples of excess profits,

as well as a private study which
showed that large corporations
with defense contracts make more
money than equally large compa-
nies without defense work.

Armchair safety. “If the Ameri-
can soldier in Vietnam does not
dwell upon the inequity of putting
his life on the line for his country
while profiteers get wealthy in
armchair safety, I can understand
he has other things to concern
him,” says Gonzalez. “But I have
a right to expect more from the
Secretary of Defense. He has prime
responsibility in the area.”

The important thing, Gonzalez
says, is to begin a war profits probe
now before the situation becomes
explosive. “It’s not a question of
finding crooks,” he says, “It’s just
a question of responsible govern-
ment. We need a responsible and
accurate assessment of the situa-
tion.”

In its 3%2-year existence, the Na-
tional Academy of Engineering has
hardly gained a position of emi-
nence as a trusted adviser to gov-
ernmental agencies. Not only is it a
youthful organization, measured in
terms of slow-moving Washington
bureaucracy, but its executive sec-
retary, Harold K. Work, was viewed
as representing the “old school”
of engineering thinking, This think-
ing, broadly speaking, favored tech-
nology for economic and business
efficiency, rather than as a tool to
help solve society’s problems.
Work will retire in September to
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Guide to Machlett Electron Tubes

Planar Triodes.

Grid pulsed to 1 kw at 6 Ge. To 35 kw
in pulse modulator service. For
communications, radar beacons and
navigation.

Pulse Modulators.
Shield grid triodes (oxide cathode) to

4.5 Mw, 80 kv peak. High voltage triodes

(thoriated tungsten cathode) to 20
Mw with plate voltages to 200 kv peak.

High Power Tetrodes.
Vapor cooled tetrodes to 350 kw
CW for communications.

Magnetic Beam Triodes.

Pulsed ratings to 6 Mw with only 2.5
kw drive. CW ratings to 200 kW with only
0.7 kW drive.

Heavy Duty Triodes.

Includes vapor cooled triodes, to 440
kW CW.

Heavy Duty Tetrodes.

Forced air cooled, water cooled and
vapor cooled for broadcasting
and communications.

Vacuum Capacitors,Variable.

RMS amperes to 75A; voltage to 15 kv
peak. Capacities from 5-750 pF to
50-2,300 pF.

Send for latest
condensed catalog

covering the entire line

of Machlett electron tubes.

Write: The Machlett Laboratories, Inc.,
1063 Hope Street, Stamford, Conn. 06907

THE MACHLETT LABORATORIES, INC.

A
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push-pull  BENEIRAVIZZIAVAN
them:  NERISVARNVZAV

single-shot [ n
or gate them: B

add VCF /) \N\/\/W\Mf«:
at 50:1

You can have all this...
for only $59500

Pulse — square — sine — triangle — ramp — reverse ramp
waveforms — you can have them all with Exact’s new Model
505 Function Generator. Three separate amplifiers give you
three dissimilar or identical signals; or two may be operated
push-pull while the third provides a different waveform. All
outputs are individually adjustable from zero to approxi-
mately 25 Volts p-p, into a 600 ohm load.

The Model 505 operates at frequencies from 0.0001 Hz to 1.0
MHz, or turn a switch and double the output to 2.0 MHz. The
VCF lets you sweep up, down, or up and down from center
frequency with a 50:1 VCF ratio. There are other 500 Series
generators available, with slightly different capabilities,
priced as low as $350. Call or write us today for details.

See us at Wescon—Booth #1425

EYACT electronics, inc.

16 Circle 16 on reader service card

Box 160, Hillsboro, Oregon 97123
\ Telephone (503) 648-6661

Who's who in electronics

become technical adviser to the
Government of Iran. He is being
succeeded by James H. Mulligan
Jr., 47, chairman of the department
of electrical engineering of New
York University.

Get it going. From all indications,
Mulligan will take some firm steps
toward getting the academy mov-
ing. The academy was established
by the National Academy of Sci-
ences to promote research into sig-
nificant national problems and to
advise Congress and the Executive
Branch “on matters of national im-
port pertinent to engineering.”

it s vt v R T

Action. One of the problems of
serving as a “consultant” group to
the Government is the fact that un-
less recommendations are made by
prestigious names, with top support
and trust in Washington, the re-
ports simply are filed away and
there are no shortage of reports
and recommendations in Washing-
ton. It’s expected that Mulligan will
be able to pull together those peo-
ple who can give academy recom-
mendations the luster needed for
action.

Because he’s new on the job,
Mulligan does not predict where
the academy will expand its activi-
ties. But he does say there is need
for greater activity. “We want to
see that contributions of the engi-
neering community are optimized,”
he says. “Mere technical knowledge
does not by itself benefit society—
there is a process of converting it
to action.”
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At .0001; there must be total involvement

PRECISION ENGINEERING, PRECISION DESIGN, AND
PRECISION MANUFACTURE, WITH MATERIALS SUCH AS
DIAMOND, TUNGSTEN CARBIDE, AND SAPPHIRE AT TEN
THOUSANDTHS TOLERANCES, REQUIRE ALL NEW AP-
PROACHES TO BUSINESS AND TO MANAGEMENT . . . and

expert technicians. Tempress describes its management
policies as a form of total involvement. And this has pro-
duced a unique array of products. .. the standard of the
Semiconductor Industry for miniature assembly tools and
production machines. The benefits of total involvement can

very special people. Tempress has adopted the
Standard of Excellence as its uncompromising pur-
suit. This is why Tempress people at every supervi-
sory level must be professional managers as well as

be extended directly to your production activities.

TEMPRESS

Tempress Research Co., 566 San Xavier Ave., Sunnyvale, Calif. 94086
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Fairchild has introduced 44

new products in the last 44 weeks.

Our goal is fifty-two new integrated circuits in fifty-two weeks. To
obtain the Reader Service number for any product announcement
ad, simply add 100 to the new product number. For example, New
Product No. 3 is Reader Service No. 103.

%
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August 12, 1968

August 19, 1968

August 26, 1968

September 2, 1968

September 9, 1968

September 16, 1968

September 23, 1968

September 30, 1968




General purpose accumulator

Three new Fairchild ICs will give you two stages of a
general purpose accumulator that can shift left, shift
right, add, complement and clear.

Addend Input Addend Input
Carry l E l i ;[
In C c B A
9304 FAL 9304 FA2
3 % % St S
O [ ignificas age
Shift Left In
Shift
Bign loa h1a l2a 3 i oo 1o 120 13
9309
la la H b Iy
L= ) ¢ T
L Operation
S Control Lines
So
Q o]
So So
J 1 J 1
o Lo it Rt
FF1 FF2
Master DK ce O —13K oo T
Reset b4 v
lock
e Accumulator
Output

TWO STAGES OF A GENERAL PURPOSE ACCUMULATOR*

Two of the new devices are highly versatile MSls: The
9304 Dual Full Adder and the 9309 Dual Four-Input Dig-
ital Multiplexer. They provide the same gating functions
as seven or more discrete components. This low device
count is the result of Fairchild's systems approach to
designing complex circuitry. Our MSIs (and LSlIs) are
specifically designed to work together without interface
circuitry. And, each device is highly versatile. For exam-

ple, the 9304 used in this application can be used in
other systems as an adder, parity checker, exclusive OR
circuit, or for a half-dozen other useful logic functions.
You get the benefits of lower costs for design and
devices, and higher reliability because of fewer con-
nections. The third new device is our 9020 Dual JKK
Flip-Flop. Like the 9304 and 9309, it is a dual device with
the flexibility of two functional elements per package.

The key device in this
OPERATION CODE LIST | appjication is the dual
8 8 INSTRUCTION four—.input mqltiplgxer. It
provides logical imple-
? g i:‘;' Left mentation of a two-pole
Rt Shift Right four-position switch that
1 1 Complament routes data to the com-
moned J and K inputs of

the dual JKK flip-flop. (Note that in this application we
have taken advantage of the inherent symmetry of the
9020; the J and K inputs have been reassigned so the
faster negation output of the 9309 can be used.) De-
pending upon the condition of the S, and S, inputs of
the multiplexer, the data provided to the flip-flops cause
a left shift, right shift, addition of an externally supplied
number, or the complementing of the register. A
common direct clear sets the register to the all-zero
condition.

The 9304, 9309 and 9020 come in 16-pin hermetic DIPs.
They're available from your Fairchild distributor in both
military and industrial temperature ranges. For complete
specs and other applications information, circle Reader
Service numbers 102, 103 and 134.

*Additional stages can be produced by repeating the same func-
tional design.

[EEm e = = 3l Sy F;aiFrchild Sergiconduct%rlA Division
=Y of Fairchild Camera and Instrument
F IRCHILD Corporation 313 Fairchild Drive,
I \iountain View, California 94040
SEMICONDUCTOR (415) 962-5011 TWX: 910-379-6435







How the state of the art
changed the state of the union.

America’s broadcast industry started in 1920

and grew fast. By 1928 there were 677 radio
stations. By 1934 over half the nation had sets,
and new radio amateurs were starting up all over.

That was the year two young hams, Bill Eitel

and Jack McCullough, made some higher power,
shorter wavelength transmission tubes that were
snapped up by other hams and later helped
revolutionize the mushrooming broadcast
industry. And Eimac — now one of our largest
divisions — was in business.

Before that time newspapers had supplied

facts, often days after the fact, and people
frequently cared little about any but local matters.
But radio’s real-time reporting began telling them
what was going on before it was too late to care.

Today Americans are informed citizens of the
world, largely due to the opinion-shaping
potential of radio and TV. And Varian’s still vitally
involved. Our Eimac power grid tubes, our
klystrons and other microwave tubes are
depended upon throughout the industry. Just as
you can depend on our resident expert, the Varian
Marketing Engineer, to tackle any broadcast
problem, with the backup of the entire group if
necessary. Talk to him. He’ll deliver what you need.

Major products: microwave tubes;
power and special purpose tubes;
gas tubes; solid state devices;

microwave components; light varian
sensing and emitting devices; gle?tron tube and
industrial heating applications. ot

U.S. field offices in: Albuquerque;

Atlanta; Boston; Chicago; Dallas; Dayton;
LonglIsland; Los Angeles; New York; Philadelphia;
Phoenix; San Francisco; Syracuse; Tampa;
Washington, D.C.

International offices in: Amsterdam; London;
Melbourne; Paris; Sao Paulo; Stockholm;
Stuttgart; Sydney; Tokyo; Turin; Georgetown,
Ontario and Zug, Switzerland.

twt division

bomac division

national electronics, inc.

S+F+D laboratories, inc.

varian associates of canada, Itd.
solid state microwave operation
light sensing and emitting division
semicon associates, inc.
industrial microwave operation
palo alto tube division

LEL division

eimac division




Bulova
ovens

are the
smallest

—but
they do

a
big job!

Simply stated, the Bulova BDX series
is the smallest and most versatile in
the miniature oven field!

Now, for the details. External
dimensions are just 1.5 x 1.19" x .46"”
(orup to .9375", for larger models).
Yet, the BDX can hold 1 to 6 tubular
devices such as diodes, capacitors or
resistors, up to .25" in diameter

and length.

Controller is an RFI-filtered snap-
action thermostat, meeting
MIL-1-6181B. You get the BDX with
your components installed and
encapsulated in fluoro-carbon blown
polyurethane foam insulation and
hermetically-sealed. Result: a unit with
minimal thermal leak that will
withstand the most severe shock and
vibration specifications.

The BDX is available with stud
mounting, printed circuit board
mounting, flange mounting or captive
nut. Temperature settings from 50°C
to 100°C are available, with a range of
operating voltages from 6.3to 117
VAC or DC. Temperature stabilities are
as fine as .5°C over a —55°C to 90°C
with a power drain as low as 5 watts.

This is just one of a complete line of
Bulova ovens, including bi-metal
thermostat, transistat, solid state
switched mercury, and AC or DC
proportional controls. For more infor-
mation, write today to Dept. E-28.

Try Bulova
First!

FREQUENCY CONTROL PRODUCTS

ELECTRONICS DIVISION
OF BULOVA WATCH COMPANY, INC.

61-20 WOODSIDE AVENUE
WOODSIDE, N.Y. 11377, (212) DE 5-6000
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Meetings

G-AP and URSI

Topics of interest to engineers and
theoreticians are slated for the joint
meeting of the IEEE Group on An-
tennas and Propagation (G-AP)
and the Union Radio Scientifique
Internationale (URSI). The meeting
will be held in Boston, Sept. 9 to
12.

The organizations will meet sepa-
rately, with URSI holding sessions
at the Hotel Somerset, and G-AP at
Northeastern University. A shuttle
bus will link the two.

Filling in G-AP. As at most G-AP
meetings of recent years, the
phased array antenna is much in
evidence, as are plasmas and an-
tenna behavior in ionized sheaths.
But this year, there seems to be less
emphasis on military work.

The two sessions on arrays illus-
trate this. A typical paper is “Cav-
ity-Fed Concentric Ring Phased Ar-
ray of Helixes,” by K.R. Carver of
the University of Kentucky and J.D.
Kraus of Ohio State.

The authors have built an an-
tenna which looks like a thick, flat
disc with bedsprings arrayed on
one side. The bedsprings are helical
antennas, fed by concentric electric
fields within the disk. By changing
the amount of power fed to various
quarters of the disc, the beam has
been steered 18° off axis. The heli-
cal elements propagate and receive
a circularly polarized beam—best
for transmission through the loss-
causing ionosphere, and thus good
for radio astronomy.

In the same session, Charles F.
Winter of Raytheon will report on
a new approach to Cassegrain an-
tenna design and discusses it in “a
symmetrical limited scan antenna.”
Instead of the usual Cassegrain
subreflector in front of a larger main
dish, Winter substitutes an array
of phase shift elements, and uses it
to scan the beam without moving
the main reflector.

Other G-AP sessions will treat
propagation effects, scattering, and
other areas. On Sept. 10, G-AP will
hold a joint session with URSI, de-
signed to bridge the gap between
the theory- and hardware-oriented
attendees.

Invited papers will cover “Elec-
tromagnetic Waves as a Tool for
Sensing and Exploration.” Among
them will be University of Kansas’
Richard K. Moore’s discussion of
radar as a geophysical tool and
Northeastern University’s Dr. Sam-
uel Fine’s treatment of laser light in
medicine and biology.

This year, URSI’s preoccupations
are with propagation, the iono-
sphere, scattering, and plasmas.

Update. Recent developments in
the Initial Defense Communica-
tions Satellite program will be de-
scribed by Stephen Zolnay of Ohio
State—who has much to say about
the methods used to determine the
satellites” performance, but little
data about the performance itself,
which is classified.

Mario D. Grossi of Raytheon, will
report successful communication
between satellites on opposite sides
of the earth. Grossi and his cowork-
ers used both h-f and vhf radio,
establishing contact via ionospheric
ducts.

G.E. Pollon of General Dynam-
ics plans to describe a scheme that
overcomes the pulse length and
repetition rate dependence of typi-
cal radar systems and thereby re-
solves targets spaced so closely that
ordinary systems couldn’t separate
them.

Throughout both G-AP and URSI’s
schedules, there’s attention paid to
h-f and vhf propagation, resolution
of returns from oblique angles, im-
provement of directional accuracy
of relatively low-frequency radar
systems. A safe conclusion may be
that the G-AP/URSI technical pro-
grams contain some basic research
in over-the-horizon radar.

On example is B.D. Steinberg
and Mark S. Zimmerman’s paper
“On Extending the Azimuthal Reso-
lution of H-F Radar Arrays.” The
authors, from General Atronics, use
a filter technique to remove poten-
tially degrading signal components.

For more information, write Harold Rae-
mer, 1968 International IEEE/G-AP Sympo-
sium and Fall USNC/URSI Meeting, 114 Hay-

den Bldg., Northeastern University, Boston,
Mass., 02115.

(Continued on p. 24)
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PLAY UNIT » MOOEL 380A

Three 4-kHz channels of L3 carrier multiplex system. Center
channel has teletype subcarriers. Model 360A is in 12-kHz
sweep width mode, sweeping from 6.780 to 6.792 MHz.

MOGEL 3084-G

Switch-selected meter modes, normal or expanded scale,
provide level measurement resolution of 0.05 dB. Signal
generator level increments as fine as 0.01 dB can be
readily resolved.

FREQUENCY

TUNING UNT » MOOEL

FReaUENCY

2210888~

2210888 w

TuNING MOOS

Frequency resolution to nearest 10 Hz in phase-locked
tuning mode is displayed on flat-plane, high-brightness
readouts. Alternative continuous tuning mode presents
frequency resolved to nearest 100 kHz.

A Communications System engineered for
Test Set (VLF to HF)... humans (A to VB*)

From Sierra comes the most thoroughly human-engineered instru-
ment for HF-radio and telephone-carrier applications in today’s
knob-and meter-ridden world: The Model 305/360 Communications
System Test Set.

Model 305/360 gives you ultra-bright, unambiguous electronic
digital readouts of frequency. Built-in counter automatically totals
outputs of both the coarse and fine tuning oscillators, reads out
tuned frequency with 10-Hz resolution. Attenuator levels appear in
three-digit displays, with unique logic and switching circuits com-
bining the levels of the 10-dB and 1-dB per step attenuators. Rear-
projection meters with luminous pointers permit parallax-free
viewing from any angle with easy resolution of fine-level increments.

Performance features include phase-locked tuning circuits, a
single continuous tuning range covering voice frequencies through
32 MHz, and selective bandwidths of 250 and 3100 Hz. You can
resolve signals separated by as little as 35-Hz.

Model 305 /360 does everything humanly possible to keep foibles PHILCO

from fouling your readings. For the brochure, write Sierra, 3885

Bohannon Drive, Menlo Park, California 94025. PHILCO-FORD CORPORATION
Sierra Electronic Operation
*Average to Very Bright Menlo Park, California « 94025
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Meetings

(Continued from p. 22)

EXTRA DRY i RO

Exploration and Peaceful Uses of
Outer Space, United Nations General
Assembly; Vienna, Aug. 14-27.

Conference on Radar Meteorology,
American Meteorological Society;
Montreal, Aug. 19-23.

Association for Computing Machinery
Conference and Exposition; Las Vegas,
Nev., Aug. 27-29.

International Symposium on Nuclear
Electronics, Societe Francaise des
Electroniciens et des Radioelectriciens;
Varsailles, France, Sept. 10-13.

Meeting of the Union Radio Scientific
International; Northeastern University,
Boston, Sept. 10-12.

Symposium on Computer Control of
Natural Resources and Public Utilities,
International Federation of Automatic
Control; Haifa, Israel, Sept. 11-14.

Solid State Sensors and Transducers
Symposium, IEEE and Instrument
Society of America; Leamington Hotel,
Minneapolis, Sept. 12-13.

Joint Power Generation Conference,
IEEE and American Society of
Mechanical Engineers; Jack Tar Hotel,
San Francisco, Sept. 15-19.

Space Simulation Conference,
American Institute of Aeronautics
and Astronautics; Seattle, Sept. 16-18.

‘ . e ; s . International Symposium on Analog
martini, it's a matter of taste — in a : and Hybrid 60¥npf|(t,ation Applied to
,Jr RF connector in w_ , hum 1d o Nuclear Energy; Versailles, France,
§ - =it Sept. 16-18.

International Conference on Microwave
and Optical Generation and
Amplification, |IEEE and the University
of Hamburg; University of Hamburg,
West Germany, Sept. 16-20.

Conference on Measurement
Technology, Scientific Apparatus
Makers Association and the National
Bureau of Standards; National Bureau
of Standards Laboratories,
Gaithersburg, Md., Sept. 17-18.

Conference on Tube Techniques, IEEE;
United Engineering Center Auditorium,
New York, Sept. 17-19.

Technical Association of Pulp and
Paper Industry Engineering
Conference; Regency-Hyatt House,
Atlanta, Sept. 18-21.

(Continued on p. 26)
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More iInnovation
rom the real
ower in power:

More-advanced
ower hybrid IC’s.

It figures.

Whoisbetterequipped than
Bendix to make the most ad-
vanced power hybrid inte-
grated circuits? Who has
spent more time working with
your kind of power circuit re-
quirements? And who has
more ‘‘in-house’ access to
power semiconductor know-how?

It’s obvious what this means in power hybrid IC’s.
Greater flexibility to build more into a circuit to start
with. Plus quality from raw materials to finished power
function, all under one roof. Immediate off-the-shelf
delivery. And attractive prices.

Take our new, thick-film, 10-amp, integrated bridge
rectifier for power supplies, AC/DC converters and motor
controls. Customers tell us it’s the most advanced power
hybrid of its type on the market. Because it combines
Bendix hybrid fabrication techniques with plastic encap-

Actual Size

sulation in a standard TO-3 package. Because it matches
functional specs to your needs: 10-amp average DC out-
put current at 65°C; up to 600 volts Peak Reverse Voltage
per leg; and 70- to 420-volt RMS voltage range. And be-
cause it gives the design engineer a universal circuit at a
low price.

Yet, this unit is just a taste of things to come in Bendix
power hybrid integrated circuits: Power audio amplifiers.
Power darlingtons. Power-driver modules. Voltage reg-
ulators. And more. Much more.

Looking for the most advanced power hybrid IC’s?
Look up the real power in power—Bendix. Contact your
nearest sales office or write the Power Specialists: Semi-
conductor Division, The Bendix Corporation, Holmdel,
New Jersey 07733.

Bendix g Electronics

Chicago—(312) 637-6929; Dallas—(214) 357-1972; Detroit—(313) 548-2120; East Northport, N.Y.—Harry Friedman Co. (516) 692-2839; Great

Neck,

N.Y.—H. V. Sales Co. (516) HU 7-1142; Greenwich, Conn.—(203) 869-7797; Holmdel, N.J.—(201) 946-9400; Lexington, Mass.—(617)

861-8350; Los Angeles—(213) 776-4100; Minneapolis—(612) 926-4633; Orlando, Fla.—(304) 241-6559; Rochester, N.Y.—(716) 266-5550; Run-
nemede, N.J.—(609) 933-2550; Seattle—Ray Johnston Co., Inc. (206) LA 4-5170; Export—Cable: ‘‘Bendixint,’” 605 Third Avenue, New York, (212)
973-2121; Ottawa, Ont.—Computing Devices of Canada, P.O. Box 508 (613) 829-1800; San Juan, Puerto Rico—Southern International Sales Co.

723-3879.
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Temp-R-Tape® T

One of a series of self-adhering tapes of
skived Teflon* TFE. High elongation
provides excellent conformability for
tight wraps around irregular surfaces.

Temp-R-Tape HM-350
Made of skived Teflon TFE. A unique
CHR manufacturing process imparts
lower elongation and higher breaking
strength. Good conformability.

Temp-R-Tape C

Extruded Teflon FEP film has extremely
high electric strength, highest of all
Temp-R-Tapes. Transparent for easy
read-through. Excellent conformability.

Temp-R-Tape Kapton*

Made from a polyimide film. Has out-
standing thermal endurance. Retains
physical and electrical properties at ele-
vated temperatures. *T.M. OF DUPONT

Temp-R-Tape GV

Closely woven glass cloth. Good con-
formability and flexibility. Strong. Punc-
ture and tear resistant. Excellent abra-
sion resistance and thermal stability.

Temp-R-Glas®

Glass fabric coated with Teflon TFE.
Four thicknesses. Resists Teflon cold
flow. Strong. Puncture and tear resistant.
Also available without adhesive.

WE MAKE SIX DIFFERENT TYPES OF WIDE TEMPERATURE

RANGE ELECTRICAL TAPES.

THAT WAY WE'LL HAVE ONE THAT'S JUST RIGHT FOR

YOUR APPLICATION.

Temp-R-Tape is operational from —100 F to +500 F, has excellent
electrical and physical characteristics. Pressure sensitive silicone polymer
adhesive. Stocked by a national network of distributors capable of techni-

cal assistance and fast delivery. Look under CHR
in industrial directories or micro-film catalogs. Or
write for details and sample. The Connecticut Hard
Rubber Company, New Haven, Connecticut 06509.

Subsidiary of U.S. Polymeric, Inc. ®
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CHR

Meetings

(Continued from page 24)

Broadcast Symposium, |IEEE; Mayflower
Hotel, Washington, Sept. 19-21.

Aerodynamic Deceleration Systems
Conference, American Institute of
Aeronautics and Astronautics;
El Centro, Calif., Sept. 23-25.

Electronics Design Conference, IEEE;
University of Cambridge, England,
Sept. 23-27.

International Congress of Cybernetic
Medicine; Naples, Italy, Sept. 23-27.

Symposium on Physics and
Nondestructive Testing, Gordon &
Breach Science Publishers Inc.; O'Hare
International Inn, Sciller Park, III.,
Sept. 24-26.

Ultrasonics Symposium, IEEE; Statler
Hilton Hotel, New York, Sept. 25-27.

Joint Engineering Management
Conference, IEEE; Marriott Motor Hotel,
Philadelphia, Sept. 30-Oct. 1.

Government Microcircuit Applications
Conference, Department of Army;
Washington, Oct. 1-3.

Allerton Conference on Circuit and
System Theory, IEEE; Allerton House,
Monticello, IIl., Oct. 2-4.

Call for papers

Region Six Conference, IEEE; Phoenix,
Ariz., April 16-18, 1969. Dec. 9 is dead-
line for submission of abstracts to
Sloan D. Robertson, program chairman,
1969 IEEE Region 6 Conference, 722
West Frier Dr., Phoenix, Ariz. 85021

Electrical Insulation Conference, IEEE
and the National Electrical Manufac-
turers Association; Sheraton-Boston Ho-
tel, Boston, Sept. 8-11, 1969. Sept. 15
is deadline for submission of titles and
brief descriptions of proposed papers
to H. P. Walker, Naval Ship Engineering
Center, Washington, D.C. 20360

Short Courses

Fundamental project management
matrix, Tustin Institute of Technology,
Santa Barbara, Calif., Aug. 19-21;
$275 fee.

Automation in electronic testing
equipment, New York University,
New York, Aug. 26-30; $245 fee.

Nonlinear optics, University of

Rhode Island, Kimble Union Academy,
Meriden, N. H., Aug. 26-30; $120 fee.
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Is there an AC digital
voltmeter anywhere
that can measure this

waveform accurately? .= === =« ANnd this one too?
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There is now! The new Fluke 9500A
true rms automatic digital voltmeter reads these
complex waveforms to an accuracy of +0.05%.
And if you know your AC’s, that’s progress.

Another DVM on the market? Usually
that’s good for a ho-hum. But as we've
said above, if you know your ac’s, that’s
not the case with the new Fluke 9500A.
It’s the first automatic ac voltmeter capa-
ble of reading and digitally presenting
the true rms value of any input—regard-
less of waveform—to 0.05% absolute ac-
curacy (50 Hz to 10 KHz).

Frequency response is broad, 20 Hz to
700 KHz. The Model 9500A accepts
voltage from .001 to 1100 volts rms in
five ranges, each with 20% overranging.
Range selection is automatic or manual.
Crest factor of 10 virtually eliminates ef-
fects from voltage spikes or pulse trains.

See us at WESCON Booths #2301, 2302,

Low capacitance, high resistance input
minimizes loading effects.

Self-calibration is automatic whenever
the instrument is turned on. On-line self-
calibration is either automatic or manual,
selectable by front panel switching. All
controls and indicators, conveniently lo-
cated on the front panel, are easy to use
and understand. Complete control of the
9500A is possible from a remote facility
if desired.

Price of the Model 95004, including
rack adapter, is $2,485. Extra cost op-
tions include a probe input ($75), rear
panel BNC input ($50), and 1-2-4-8 or
1-2-2-4 BCD digital outputs ($195). For
2303

complete information, please call your
full service Fluke sales engineer (see
EEM), or write directly to us here at the
factory.

Fluke. Box 7428, Seattle, Washington 98133.
Phone: (206) 774-2211. TWX: 910-449-
2850. In Europe, address Fluke Internation-
al Corp., P.O. Box 5053, Tilburg, Holland.
Telex: 844-50237. In the U.K.. address
Fluke International Corp., P.O. Box 102,
Watford Herts, England.

FLUKE
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Unique Gardner-Denver
Wire-Wrap® machines

wire back panels at the rate of
1,600 connections an hour...
without error

What happens when you try to wire panels where the pin matrices have
0.100-inch centers? You create a rat’s nest, that’s what, unless—

Unless you use a Gardner-Denver Wire-Wrap machine. Wire-Wrap
machines, assisted by computers and instructed by punched cards,
automatically position the back panels, cut the wire, strip the insulation from
it, and wrap the wire around the desired terminals—at a speed 25 times faster
than hand-soldering. Complete computer back panels may be wired in 2 hours.

Cost-savings, needless to say, are spectacular, can range as high as 50 to 1 over
hand-soldering.

And the connections are reliable, remain airtight even when exposed to extreme
changes of temperature and humidity. Not a single reported electrical failure in
billions of connections. There’s minimum crosstalk between wires. The wirepath
consistency is nearly equal to that of printed circuits.

So sensitive to error is the Wire-Wrap machine that it will stop if it detects an
error in card sequence or card punching. Wiring defects stop the machine
immediately so the operator can correct them.

Wire-Wrap machines today are widely used in fabricating telephone exchanges,
computers, communications equipment, guidance systems.

Call today for complete information—or write for Bulletin 14-121.

GARDNER-DENVER

Gardner-Denver Company, Quiney, Illinois 62301
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Which

IC Test System
does all
these things?

DIAGNOSTIC COMPU_TER FAST TESTING. 1.5 msec per test.
PROGRAMS automatically check If crosspoint is changed, 5 msec.
out system operation. 10 msec on the lowest current scales.

AUTOMATIC SELF-CHECKING

assures accurate data transfer
DATALOG A FORCING FUNCTION, between operator, teletypewriter,

such as the input threshold computer and test instrument.

level of a flip-flop needed to
produce a specified output. GROWING LIBRARY
of improved software

VERY COMPLEX TEST packages to insure
SEQUENCES can be against obsolescence.

TEN-YEAR GUARANTEE for
all instrument plug-in circuitry
(it’s almost all plug-in).

TYPED SUMMARY SHEETS. programmed, yet

Whenever desired. No interruption preparation of simple NO ADJUSTMENT OR CALIBRATION

in testing. Give total units tested tests can be learned POINTS. (Eternal vigilance is the price
per test station, test yields and in two hours. you pay for a single adjustment.)
binyields.

OPEN AND SHORTED CONNECTIONS
and OSCILLATIONS are automatically
detected. System stops when a
selected consecutive number of
these occur.

DIRECT ENGLISH data logging
type-out, showing job name, serial
ber, test ber, decimal

point and units.

COMPLETE FRONT PANEL DISPLAY
at any desired step, simultaneously
indicating all crosspoint connections,

forced values, measured limits
i binning decisi,ons—everything'
about each test.

ABSOLUTE SOURCE CONTROL.
Sources can be turned ON or OFF and
changed in value in any sequence
with variable delays from 100 psec. to
as long as you please.

j

DATALOG at any test station—without
slowing down classification tests
at any other station.

MINIMIZED REPETITIVE INSTRUCTIONS
for the operator through data libraries,
variable word length programming,

and autopinning.

MULTIPLEXING. Several jobs
simultaneously. Any assigned, at
any time, to any test station.

PROGRAMMABLE CURRENT LIMITS
for each source at each test.

This one.

(complete for only $65,000)

This is our J259 computer-operated age sources, measurement system,
Automatic Circuit Test System. It and test deck), complete software
includes a general-purpose digital package, and courses in IC testing,
computer, teletypewriter, test instru- system operation, and maintenance.
ment (comprising modular elements: TERADYNE, 183 Essex St., Boston,
24 x 8 crosspoint matrix, four volt- Mass. 02111 Phone (617) 426-6560.

“See Us at WESCON, Booth 2306"”
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Editorial comment

Graphics may return control to the engineer

The unequivocal acceptance of the computer as
an aid in designing circuits and systems may be
retarded unless the designer has the option of
interrupting his program while it is running. Too
often batch processing makes him feel the com-
puter is in control. He must be able to interact
with the program—to view partial results and
modify his actions to suit.

Time sharing and computer graphics together
may give him what he needs. Yet neither has ful-
filled its press notices. Time-sharing systems are
subject to limited subscriber capacity and band-
width limitations, and graphics has been over-
sold.

Even so, at the Spring Joint Computer Con-
ference the most crowded exhibits were those
displaying equipment for talking with computers
via light pen and scope. At the recent Design
Automation Workshop in Washington, D.C., en-
gineers and programers met in clusters during
coffee breaks to discuss graphics. With all the
attention, there is an underlying concern that
graphics will be too costly and not versatile
enough for some time to come. Behind that pessi-
mism is a recognition of the high cost of software
needed to support graphics.

Yet hope looms that standardizing efforts will
help reduce the cost of graphics and extend its
use. A basic set of subroutines ought to be able
to handle most of the graphic manipulations—
like drawing lines, erasing, rotating images, and
zooming in on them.

Chiefly to encourage standardization of graph-
ics, IBM has undertaken a cooperative project
with several of its customers. Called Project De-
mand, its goal is to provide a common environ-
ment for users of graphics. The project is man-
aged by a committee of representatives from IBM
and participating companies. Separate teams are
considering geometries and data bases as well as
how graphics can be used in different applica-
tions. IBM hopes that Project Demand will en-
courage industry standards and that the military
will endorse its recommendations. IBM’s efforts
are commendable, yet one can sympathize with
other computer makers who fear the standards
may be compatible only with IBM equipment.

Behind the graphics must be a program to
solve the engineer’s practical problems. Experts
suggest that a single well-designed general-pur-
pose program could handle up to 90% of today’s
design problems. Indeed, it is the programer’s
dream to develop a program so versatile it can
handle with equal ease problems involving cir-
cuit design, thermal analysis or mechanics.

In theory, it is possible to design a program to
solve any problem that can be defined mathe-
matically. The danger lies in the expectation that
designers will accept compromises in input/out-
put capabilities, resulting from the versatility of
such a program. They won’t. Unless the user
feels an affinity for the program and can talk to
it comfortably in his own language, the best pro-
gram will stay on the shelf.

Systems engineering for the airlines

It is puzzling why the airlines have dragged their
feet in automating check-in and loading of pas-
sengers. Could it be that speeding up the system
at that point would accentuate the delays on the
taxiways and in landing stack-ups? Delays
caused by heavy traffic at New York’s metropoli-
tan airports range from one-half hour (normal)
to more than six hours.

When, “in the interests of safety”, air traffic
controllers began operating by the rules our first
inclination was to cheer. But they should not be
applauded for belatedly doing their job.

The groundwork for botched operations at
U.S. airports was laid when the FAA failed to
press for increased airport capacity in time to
meet the obvious need. Furthermore, the agency
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has hired no new air controllers since 1963, while
at the same time it has been unable to convince
Congress of the urgent need for studies of ad-
vanced navigation equipment,

The airlines themselves (represented by the
Air Transport Association) have not exploited
electronics in controlling traffic safely and effi-
ciently. The airlines’ imagination seems fired only
by dreams of bigger payloads and routes to the
South Pacific, not by the safety and comfort of
their passengers.

Finally, the electronics industry itself must
assume its share of the blame for failing to sell
available techniques and technology to the gov-
ernment and the airlines. A good systems engi-
neering approach to the problem is long overdue.
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IN SEMICONDUCTORS. A 6-stage MOS-FET bi-stable frequency divider, PD455, is now
available for consumer and industrial applications. The PD455 utilizes p-channel enhance-
ment mode technology. It features stages internally connected in groups of 1-2-3 for
design flexibility, short circuit protection, zener protected inputs and 0 to ImHz toggle
frequency. Typical applications include: musical instruments, long-term timing circuits
and low frequency oscillators. Rely on General Electric for advanced MOS-FET circuits.

Circle No. 90.

IN TUBES. We've built thousands of separate planar
tube designs for industrial and military applications.
Each offers effective operation in oscillators to x-band
(9.6gc) in extremely adverse environments such as
artillery and missile fusing and other critical require-
ments. You expect such high performance and applica-
tion flexibility from GE—world leader and innovator in
planar tubes. And, you'll find similar extra valuesin every
GE tube and allied product, including power tubes,
compactrons, pressurized reed switches, photo cells,
and display devices. Circle No. 92,

IN RECHARGEABLE BAT-
TERIES. Top reliability of GE
nickel-cadmium cells permits
use for aircraft emergency
lighting. High current dis-
charge, vibration resistance
are other features. GE sealed
cells offer extra values in
rechargeable portable power.
Circle No. 93.

THE NEW IDEAS GOME
FROM GENERAL ELEGTRIG

IN CAPACITORS. GE wet slugs offer
lowest leakage current, smallest size per
volt-mfd of any electrolytic capacitor. In
applications with high volt-mfd require-
ments, GE wet slugs can often replace
physically larger solid tantalums—with-
out increasing cost! Circle No. 91,

IN SEALED RELAYS. At GE, quality be-
gins in research and continues through
final assembly. Clean-room manufactur-
ing, all-welded construction, test after
test on parts and finished product—
they’'re just part of our total effort to give
you relays to rely on. Circle No. 94.

For the new ideas in electronics, look to General Electric—

your best single source for electronic components

285-39

ELECTRONIC COMPONENTS SALES OPERATION

GENERAL @3 ELECTRIC




Lincoln Lab
combines flip-chip,
beam-lead technique

MSI may fly
in the Cheyenne

Carterphone decision
stayed by FCC

Welty returns
to Motorola
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An integrated-circuit assembly technique that combines the advantages
of beam-leading and flip-chip approaches has been developed by Lincoln
Laboratory’s IC research group. In the technique the beam leads are
simply put on the substrate—not the chip—and bonded to ordinary
monolithic IC’s. The IC’s fit into cavities etched in the substrate so that
the IC connection pads meet the beam leads that extend over the edge
of the hole. Simple ball bonds or thermocompression assure electrical
contact.

Lincoln Lab has already used the technique to build a complex array
of TTL functions. Assistant group leader Robert McMahon says that the
method overcomes the geometrical constraints forced on board designers
by flatpacks and avoids the bonding uncertainties of flip-chip techniques
and the uncertain availability of beam-lead IC’s.

Philco-Ford has already asked the lab for all available information on
the process and is speeding to get the new technique to the marketplace.
There are also reports that at least one other large semiconductor firm
has found out about the lab’s work and is trying a similar approach.

Medium-scale integration, now being applied in only a handful of experi-
mental projects, may get a full-time workout in the Air Force’s Cheyenne
helicopter. General Electric’s Avionic Controls department is negotiating
with Fairchild Semiconductor to acquire MSI circuits for the electronic
controls of the helicopter’s swiveling gunner’s station. GE is building the
stations for the Cheyenne under a $50 million subcontract from
Lockheed.

The stay granted late last month by the FCC in the controversial Carter-
phone decision will pave the way for a tariff and rules spelling out the
conditions under which private telephone attachments can be accom-
modated [See earlier story, p. 73].

The stay was granted by the FCC to allow the Bell System time to
petition for certain limitations on the use of this equipment.

A spokesman for the newly formed Electronic Industries Association’s
ad hoc engineering committee on attachments says, “We felt there was a
possibility of a stay in the offing all along and it also gives us time to get
the technical answers to support or attack the carriers’ recommendations.”

After seven months as general manager of Philco-Ford’s Microelectronics
division in Santa Clara, Calif., John Welty is returning to the Semi-
conductor Products division of Motorola as a corporate vice president
and director of product and operating groups—the same titles he held
when he left Motorola. The Philco-Ford product groups under Welty
were germanium transistors, plus all diode and rectifier efforts. Welty
stresses, however, that although his new responsibilities will be similar to
his former duties in Phoenix, he has no specific description of what activ-
ities will be reporting to him.

He says he is leaving Philco-Ford rather than move to Pennsylvania,
where the Santa Clara operations are being transferred; ironically, he
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TRW goes back
into IC business

Lockheed stays
in the running
for Intelsat 4

Addenda

Electronics Newsletter

recommended that the operations be moved. Welty maintains that he
has no quarrel with Philco-Ford officials and that his main reason for
leaving Motorola had been his desire to live in the San Francisco area.

TRW has quietly gone back into the integrated-circuit business with the
establishment of a division in the electronics group—TRW Micro-
electronics. The move had been rumored for some time [Electronics,
May 15, 1967, p. 26] and was made in April. Q.T. Wiles, a corporate vice
president who also serves as manager of TRW Semiconductors, is
manager of the new division, which is parallel in the organization with
TRW Semiconductors. W.D. Rasdal, assistant division manager, says
TRW Microelectronics will make hybrid, monolithic, and large-scale
integrated devices, with initial emphasis on hybrids. The devices will
be aimed at the microwave and communications systems markets. Rasdal
says the division is working on digital-to-analog converters and active
filters, and he expects early development of microwave devices with
frequencies in the 6 gigahertz region.

TRW dropped out of the IC business about four years ago after doing
early development in transistor-transistor logic. Since then, the firm’s
only microelectronics activity has been centered in the systems group’s
microelectronics laboratory, which isn’t expected to be affected by estab-
lishment of the microelectronics division. -

Officials of Comsat and Intelsat’s interim committee this week will be
examining a revised proposal for the Intelsat 4 satellite submitted by
Lockheed Missiles and Space. Last month the consortium’s interim
committee approved Hughes Aircraft’s final draft proposal but also told
Lockheed it could stay in the running for the award by revising its
original proposal [Electronics, July 22, p. 33]. Lockheed has now
rewritten the financial and managerial portions of its plan, “tailoring it
to meet the criticisms of Intelsat,” as one company official puts it.

While Hughes is still considered the favorite for the contract, Comsat
officials are quick to point out that Lockheed is still being considered.
The final decision will be made by the interim committee at its next
meeting, beginning Sept. 23, in Washington.

Also expected at the meeting: an official and final rejection of the
proposal to build an interim communications satellite dubbed the Intelsat
3.5,

Flight tests of collision-avoidance equipment for the Air Transport
Association will be handled by Martin-Marietta. The tests, slated for
June to November next year, will be conducted with five aircraft
equipped with hardware from Bendix, Collins, McDonnell Douglas, and
Sierra Research and Wilcox Electric jointly. Results will be available by
the end of 1969. . . . The doppler radar sensor for the doppler-inertial-
loran (DIL) navigation system being developed for the Air Force by
Litton’s Guidance and Control Systems division will -be furnished by
General Precision Laboratories. The multisensor system [Electronics,
June 24, p. 25] will be considered for new tactical aircraft to improve
both navigation and weapons delivery accuracy. General Precision beat
Ryan Aeronautical and Canadian Marconi in the competition.
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INPUT SIGNALS MT STEP SWITCH  PROGRAMMED LOADS

THIS SIMPLE, YET VERSATILE . filnngts 1Y

START P.B. - /__‘r"' SWITCH
oy ! : :
PROGRAMMER - i

LIMIT SWITCH®) | ROTARY STEP
.. combines all your sequential
functions using 10 amp. contacts to
directly control load circuits. Every-
thing is out in the open and unbe-
lievably easy to understand.

LIMIT SWITCH @ 2
-

SIMPLE AS A-B-C 10O APPLY

A Use This Circuit Design Chart.
Develop your electrical circuit by
simply listing the input devices and
the loads in the operational sequence
desired on the helpful chart shown
at the left. Copy of this chart will be
forwarded when you ask for “MT”
data. Additional copies available.

THIS IS A TYPICAL APPLICATION

Years of direct and positive control at
low cost are assured.

COMPLETE FREE INFORMATION

The basic and nearly inexhaustible ver-
satility of the Eagle “MT"” sequence pro-
grammer can solve scores of automation
problems for you. Complete ““how-to-do-
it literature will be forwarded when you
use reader service

B Connects All Input Devices to
the Rotary Switch. Positive interlock
always insures correct sequence.

C Connect All Load Devices to
the 10 Amp. Cam Switches. The
cam shaft operates the load switch-
ing exactly as listed on the chart.
Switch closures are made in an in-
stant—just “snap out” one or more
scored cam sections with pliers.

In Canada: Eagle Signal Division,

Circle 35 on reader service card

E. W. Bliss Company
of Canada, Ltd.,
Georgetown, Ontario

number below, or
write: e

Eagle Signal Division
E. W. Bliss Company =
736 Federal Street

Davenport, lowa 52808 \
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Some companies are in the wire business.




General Cable is in the magnet wire, lead wire, cordset,
coaxial cable, harness, hook-up wire,
Teflon resin-coated wire, Teflon resin-coated fabric,
and audio and electronics wire business.

For information on how General Cable’s complete line of OEM products can help you, write:
General Cable Corporation, Section 700-01, 730 Third Avenue, New York, New York 10017.

*Teflon is DuPont's trademark for its fluorocarbon resins.
GENERAL @ CABLE CORPORATION



MEET MIDTEX

Midtex
Cracker of
tough nuts

Midtex
The “we'll tackle
anything’’' people

Midtex
The “service on a
silver tray’’ people

Midtex
Faithful
friend

Midtex
Slayer of
giant problems

INDUSTRIAL
RELAYS

TYPE 155

v

| TYPE 156
1

TYPE 157

|
|

TYPE 48
Single Coil
Latching Action

CONTACTS

CcoiLs

ENCLOSURES

TERMINALS

U/L Recognized
1.2, &3PDT
5&10 amp

6 to 240 VAC
5t0 110 VDC

Open and
Dust Cover

Solder, Plug-in,
Wire-wrap, 3/16"
Quick Connect

I U/L Recognized
1,2,3&4PDT

6 to 240 VAC
6to 110 VDC

Dust Cover and
Hermetically Sealed

Solder/Plug-in,
Printed Circuit,
78 Taper Tab

,&3PDT
10 amp

6 to 240 VAC
6 to 110 VDC
Open and
Dust Cover

Sold;/;iug-iﬁ/
3/16" Quick
Connect

1

' 60 110 VDC

1&2PDT
10 amp

6 to 240 VAC

Open

Solder, 3/16"
Quick Connect

MERCURY-WETTED

TYPE 159

| TYPE 160

TYPE 161

[ Tvee 168_

CONTACT
RELAYS

Mercury-Wetted, 2 amp max, 500 V max, 100 VA max
1PDT

shl e 1POT 1POT

20 mw
40 mw

PCB pins

2 mw
5 mw

30 mw
60 mw

PCB pins

ELECTRONIC TIME DELAY

DELAY TYPES Delay on operate
DELAY RANGES
0.1 to 1 sec.

20 mw
40 mw

SENSITIVITY—Bistable
Single-Side-Stable

TERMINALS

COAXIAL CRYSTAL CAN

CHARACTERISTIC IMPEDANCES 50 and 75 ohms
RF CHARACTERISTICS:

Frequency
50 MHz
200 MHz 1.06/1 ~50 DB
1000 MHz 1151 -35DB
CONTACTS 2C coaxial or 1C coaxial and 1C auxiliary, 100 watts RF,
2 amp 28 VDC
COILS 6 to 48 VDC
ENCLOSURE Hermetically sealed

TERMINALS RG188/AU Cable or ultra-miniature connectors, Solder
hook for auxiliary

PCB pins Octal plug

Delay on release

Crosstalk
—62 DB

VSWR

1.05/1 1 to 300 sec.

1 to 60 sec.
1 to 180 sec.

1 to 10 sec.

TYPE 1 to 100 sec.

615
RESET TIME 25 MS max
REPEATABILITY 2% at nominal voltage and +77°F
TOTAL TIMING VARIATION -10% over voltage and temperature range
VOLTAGES AC 120 VAC (105 to 125 VAC) DC 12, 24, 48 VDC +25%
TEMPERATURE RANGE —40°F to +150°F
MOUNTING Standard varieties of crystal can relay stud, brackets, etc. CONTACTS 2PDT, 10 amp, 120/240 VAC or 24 VDC
ENVIRONMENTAL Mil-R-5757 TERMINALS Octal style plug-in, solder, screw

Midtex /AEMCO also designs and manufactures a wide variety of programmers,
both standardized and to handle special customer requirements,

Midtex—The broad range relay and timer supplier

MIDIEX %)

=N eSOl KPR ATE D

AEMCO DIVISION
10 STATE STREET MANKATO, MINNESOTA 56001
PHONE 507-388-6286
TWX 910-565-2244
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CbUNTER-TlMER

RESET

Small
wonder:

FREQ-TIME

KMz maoc

soc KHz

MODEL 100A

OVER
RANGE

MANUAL [ oN
orr |

DISPLAY GATE SENSITIVITY

INPUT A

Our new “4th-generation” 12.5 MHz universal counter/timer.
Wonderful versatility in a wonderfully small package —
at an even more wonderfully small price.

With the new Model 100A you can
measure average frequency, frequency
ratio, single period or time interval, or
count total events. It has a crystal-
controlled clock, Monsanto integrated
circuit construction, and built-in
compatibility with a rapidly growing
assemblage of accessory modules.
With its $575* price tag (accessory
modules are pegged at comparably
modest rates) you can have big-
league counter/timer performance at

Electronics | August 5, 1968

costs never before possible. Small
wonder we are selling (and delivering)
Model 100A’s just as fast as we can
build them.

Call your local Monsanto field engi-
neering representative for full techni-
cal details, or contact us directly at:
Monsanto Electronics Technical Ctr.,
620 Passaic Avenue, West Caldwell,
New Jersey 07006. Phone (201) 228-
3800; TWX 710-734-4334.

*U.S. Price, FOB West Caldwell, New Jersey.

Monsanto

ELECTRONI%S

Circle 39 on reader service card 39



Hard-nosed
soft-ware

The 120-page DCL Handbook is the most
complete and unequivocal reference source
ever put together for a digital integrated cir-
cuit family.

The DCL Handbook contains a section on
design considerations, with all the informa-
tion necessary to design a reliable, working
system; a section on electrical characteris-
tics, detailing test limit and test condition
information for simplified device evaluation
and incoming inspection; and a section on
AC Testing. A section on applications is a

complete guide to trouble-free design, and
contains several time-saving device applica-
tions to help minimize system design time
and cost. The Handbook also provides
complete procurement specifications, saving
procurement cycle time and cost.
Designer’s Choice Logic is a compatibly
specified family of DTL and TTL logic
circuits, interface elements and monolithic
subsystems covering the needs of over 90%
of all known digital IC applications. With 24
new DCL elements, the growing family mem-

bership is up to 54. With more to come.

For your copy of the DCL Handbook,
write Signetics, 811 East Arques Avenue,
Sunnyvale, California 94086.

SIGNETICS
INTEGRATED
CIRGUITS

A SUBSIDIARY OF CORNING GLASS WORKS

SIGNETICS SALES OFFICES: Fort Lee, New Jersey (201) 947-9870; Syracuse, New York (315) 469-1072; Richardson, Texas (214) 231-6344; Beverly Hills, California (213) 272-9421; Garden Grove, California (714) 636-4260;
Wakefield, Massachusetts (617) 245-8200; Silver Springs, Maryland (301) 946-6030; Collingswood, New Jersey (609) 858-2864; Clearwater, Florida (813) 726-3734; Rolling Meadows, lllinois (312) 259-8300; Northwestern
(415) 369-0333,

DISTRIBUTORS: Compar at all locations listed below. Semiconductor Specialists, Inc. (312) 279-1000; Terminal Hudson Electronics (212) 243-5200; Wesco Electronics (213) 684-0880; Wesco Electronics (405) 968-3475;
Hammond Electronics (305) 241-6601; Avnet Electronics Corp. of Massachusetts (617) 272-3060; Pioneer Standard Electronics Inc. (301) 427-3300; Kieruluff Electronics (206) RO 3-5510; G. S. Marshall (213) 684-1530; Milgray
Delaware Valley (215) 228-2000; Universal Electronics Inc, (713) 781-0421.

DOMESTIC REPRESENTATIVES: Jack Pyle Company (415) 349-1266; Ozark Electronic Marketing, Inc. (314) 423-7200. A Compar Corporation at the following locations: Alabama (205) 539-8476; Arizona (602) 947-4336; California
(213) 245-1172; California (415) 697-6244; Colorado (303) 781-0912; Connecticut (203) 288-9276; Florida (305) 855-3964; lllinois (312) 692-4125; Maryland (301) 484-5400; Massachusetts (617) 969-7140; Michigan (313)
357-5369; Minnesota (612) 922-7011; Missouri (314) 542-3399; New Jersey (609) 429-1526; New Mexico (505) 265-1020; New York (518) 436-8536; New York (607) 723-8743; New York (516) 921-9393; North Carolina (919)
724-0750; Ohio (216) 333-4120; Ohio (513) 878-2631; Texas (214) EM 3-1526; Texas (713) 667-3420; Washington (206) 763-1711,

INTERNATIONAL SALES: France, Germany, Italy, Belgium, Holland, Luxemburg, Spain—Sovcor Electronique, 11, Chemin de Ronde, Le Vesinet, (S.-&0.) France. United Kingdom, Ireland, Sweden, Denmark, Norway, Switzerland,
Austria, Portugal — Electrosil Ltd., Lakeside Estate, Colnbrook-By-Pass Slough, Buckinghamshire, Great Britain, Australia — Corning, 1202 Plaza Building, Australia Square, Sydney, N.S.W. 27-4318, Canada — Corning Glass Works of
Canada, Ltd., Leaside Plant, Ontario, Canada (416) 421-1500, Israel—Optronix, P.0. Box 195, Ramat-Gan, Israel 724-437. Japan—ASAHI Glass Co., Ltd., Corning Products Sales Dept. No. 2, 3-Chome Marunouchi, Chiyoda-ku, Tokyo, Japan,

See you at WESCON, Island H, Hollywood Park
Circle 40 on reader service card



Monsanto light emitting
diodes to be demon-

strated at WESCON

The Monsanto exhibit at WESCON,
Booths 1312-17 at the Sports Arena,
will feature operating displays of
new optoelectronic products. These
will include coherent and incoherent
devices in both the visible and
infrared spectra.

Monsanto will demonstrate a new
gallium arsenide phosphide laser on
a beryllium oxide block which is de-
signed for operation at room tem-
peratures and delivers 2.5 watts at
40 amperes.

One of our new infrared diodes is
a medium current planar passivated
unit, 10 mw (min.) at 1 amp.
Monsanto’s smallest infrared diode
is a planar passivated unit delivering
0.5 mw (min.) at 50 ma. It is in a
0.1” diameter coaxial package.

Monsanto’s visible diodes are
used in applications such as in
photo-choppers, film annotation
units, and as indicator lights. The
infrared diodes are used in card
readers, optical keyboards, and as
emitters in auto-collimators.

Monsanto shows new
additions to ‘‘4th genera-
tion”’ instrument line at
WESCON.

A number of significant additions to
the Monsanto line of “4th genera-
tion” instruments will be unveiled at
WESCON. Basically, they fall into
three general areas:
e Standard units, including three
additions to the 1500 Series of
plug—in counter/timers and fre-
quency counters plus an important
new universal counter/timer, all
shown for the first time on the West
Coast.
e New plug-ins to extend the capa-
bilities of the uniquely versatile
1500 Series.
¢ A number of new additions to the
popular Monsanto half-rack, “sys-
tem compatible” units including
new members of the 100 Series
counters as well as strikingly differ-
ent new ancillary equipment.
Before you settle for less, visit
Monsanto’s “knob-tweekers’” para-
dise and see what “4th generation”
instruments can do for you.

Electronics | August 5, 1968

Wavelength range

NEW
VISIBLE LIGHT

EMITTING DIODE

with a brightness

)

(Actual Size)

Model MV10A
1.65 volts

Forward bias (1;=50ma)
On-off cycle time 10 nsec
Brightness (I:=50ma)
Price (in lots of 1000)

6500-7000A
115-300 ftL

of 450 footlamberts

(Actual Size) f§

Model MV10B

1.65 volts

10 nsec .

6500-7000A

115-450 ftL
$4.00 to $18.00

From film annotation to panel indicators, Monsanto’s visible LEDs
deliver solid state reliability, miniature size, low power consumption.

And they’re available off the shelf.

Other Monsanto Optoelectronic Devices

Infrared LED

MI20B — 200 microwatts radiated power

MI20C —1.5 milliwatts radiated power

Lasers
Arrays

ML30C — 0.5 watts peak power output
MA10A —alpha-numeric visible array

Monsanto

ELECTRONIC SPECIAL PRODUCTS
800 N. Lindbergh Bivd., St. Louis, Missouri 63166 / (314) 694-4639 or 4642

Interested in career opportunities? Send resumé to Manager
Professional Recruiting. An equal opportunity employer.
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BUSS

THE COMPLETE LINE OF SIGNAL-INDICATING, ALARM-ACTIVATING
FUSES AND FUSEHOLDERS

% FOR USE ON COMPUTERS, MICROWAVE UNITS, COMMUNICATION EQUIPMENT, ALL ELECTRONIC CIRCUITRY

BUSS GLD-Y% x 1% in. Visual-Indi-

cating, Alarm-Activating. );"
A £
\
A BUSS ACH /
% BUSS GBA-% x 1% in. Aircraft Limiter, " /
% Visual-Indicating. Visual-Indicating 0 i
3 HKA panel mounted holder, f/
lamp indicating-signal activat-
BUSS MIC-13/32 x 1% in. Visuale 'f'f.ié for % x 1% in. BUSS GLD

Indicating, Alarm-Activating. % to 5
4 to 5 amp.

HLD panel mounted holder, visual-
indicating, for % x 1% in. BUSS
GBA fuses (or GLD fuses)

% to 5 amp,

\\ BUSS MIN-13/32 x 1% in. Visual-
% Indicating.

7HPC-C panel mounted holder,
/ visual-indicating, for 13/32 x
jj 1% in. fuses.

FNA FUSETRON Fuse 13/32
x 1% in. slow-blowing, Visu-
al-Indicating, Alarm-Activat-
ing. (Also useful for protection
of small motors, solenoids,
transformers in machine tool

ndusty) HGB-C panel mounted £
holder lamp indicating Mili- £ HGA-C panel mount-
tary type FHLIIU Single / ed holder famp indi-
pole for % x 1% in. fuses. ,f' cating Military type
/ FHLIOU Two pole

for %4 x 1% in. fuses.

BUSS KAZ Actuator 13/32 x 2 in. Sig-
nal-Indicating, Alarm-Activating Device,
Use to call attention to the opening of
a fuse of 50 amp or larger. Can be

i \ mounted “piggy-ba;:‘k"on large f;se or
BUSS GMT and HLT holder, %  in special block with micro-switch.
Visual-Indicating, Alarm- Ask for Bulletin KAFS,

Activating.
\ HGC panel mounted holder
% lamp indicating Military
type FHL12U Single pole for
13/32 x 1% in. fuses.

BUSS Grasshopper Fuse, Visual-
Indicating, Alarm-Activating.

BUSS Series 70. Vi-

sual-Indicating, Alarm-
Activating. (Used in tele-
phone and similar applications.)

Ask for Bulletin 70S-C

Signal fuse block
No. 3839 for 13/32

Write for ’;j :usl:.é in. indicating

Signal fuse block
HKL panel mounted holder, : No. 4178 for % x 1% in.
lamp indicating, for % x 1% in. \ Fﬂrm indicating fuse.

fuses. £
SFB / BUSSMANN MFG. DIVISION, McGraw-Edison Co., St. Louis, Mo. 63107

SUPPLIED THE ECONOMICAL WAY . ..
THRU DISTRIBUTORS

“See Us At Wescon Show—Booth #355, Hollywood Park’

42 Circle 42 on reader service card Circle 43 on reader service card—>



£k

in some tight
little :

circles.

For one thing, Torrington offers the greatest variety of transverse flow
blowers available in the U.S. The five Crossflos shown above are
merely indicative of Torrington’s capabilities in the field. Hardly
surprising. When you’re the nation’s most experienced producer of

broadest line.

TORRINGTON transverse flow blowers it’s no great trick to come up with the

Also . .. Torrington Crossflo blowers produce some rather
extraordinary effects in limited areas. By drawing air straight through
a small diameter impeller Crossflo blowers can move a broader band
of evenly distributed air over a wider area—and do it better than any

other design of blower.

Got an application requiring a broad band of air? No problem. Just
talk it over with the air-moving specialists at Torrington. If they don’t

have the Crossflo blower you need, they’ll design it for you and
produce it in whatever quantity you require.

TORRINGTON MANUFACTURING COMPANY

United States: Torrington,Connecticut/VanNuys,California/Rochester,Indiana Canada: Oakville,Ontario England: Swindon,Wilts Belgium: Nivelles Australia: Sydney

295 F.R.7



Substrates

there’s
no end to
Centralab’s

IO IV
ROGIRC!

—,

¢

ol

P

1
n

(No matter how you cut it)

Microcircuit
with resistors

When you AIM with Centralab, you'll soon discover there’s no
end to the thick film microcircuits we can produce for you.
Our experience and craftsmanship have contributed to the
manufacture of more than 459,700,000 microcircuits, which
is more than any other manufacturer has made. Our skilled
designers have produced more than 5,000 different designs.

ol e They can tailor a special substrate, ceramic package, or a
Microcircuit with % . . . 2 .
resistors and capacitors microcircuit to your requirements, deliver a sample in two
weeks and ship production quantities 6-10 weeks later,
depending on complexity of the unit. Centralab is an estab-
lished leader in the microcircuit field, from substrates to
complete packages. We're actually one-sided (like a mdbius
strip) where microcircuitry is concerned — point us in the
right direction and we’ll zero-in on the product you require.
‘ For immediate design assistance, write Centralab Application
Microcircuit with Engineering Department today.

. g
@ I m with Centralab

semiconductor devices
CENTRALAB PRODUCTS ARE MARKETED THROUGH CENTRALAB INDUSTRIAL DISTRIBUTORS
AND INTERNATIONALLY THROUGH GLOBE-UNION INC.~ INTERNATIONAL DIVISION.

Microcircuit with
resistors, capacitors and
. semiconductor devices,
S Li w sealed

v, s r
et ; 5757 NORTH GREEN BAY AVENUE

44 Ci & N
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No other manufacturer offers as
large a selection: hundreds of
standard types of control knobs,
more than 2,000 “specials”. Al-
most every type, style and color
combination is promptly avail-
able to you from local distrib-
utors and large factory stocks.
Turn to color with the new
PANELRAMA knobs shown be-
low...mix or match caps and
body colors in almost any com-
bination...to harmonize or con-
trast with every panel decor.
Or, you can choose elegantly-

styled Designer Series knobs
with spun-aluminum caps on
body colors of black; light, me-
dium, or dark grays; and off-
white. When you need a solid
color, select from the nine deco-
rative colors in our 400 series.
For military applications, spec-
ify Standard Series control knobs
—thousands of quality knobs that
meet MS91528. Or, specify the
new self-locking push-to-turn
knobs and Microverniers...for
accurate, precision control set-
tings. And when you need custom-

Here’s why Raytheon knobs
control more settings

than any other brand.

made knobs, call Raytheon first
...to get the advantages of
Raytheon quality and fast
delivery.

For a catalog, call your distrib-
utor or nearest Raytheon re-
gional sales office. Or send the
reader service card. Raytheon
Company, Industrial Compo-
nents Operation, Quincy, Massa-
chusetts 02169.




announcing a new standard in motor design...

LESS THAN

* 4000 et |
1 CAPACITOR %

Video Recording
Instrumentation
Data Handling
Tape Recording
Telemetering
Turntables

MODEL HB
HONEY BEE

40°C

HEAT RISE
FULL LOAD

. IMMEDIATE
| DELIVERY ON STANDARD
MOTORS — SPECIALS

4 TO 6 WEEKS!

INVERTED ROTOR DESIGN FOR REDUCED FLUTTER
TEMPERATURE RISE 40°C UNDER FULL LOAD
1800 RPM STARTING TORQUE 12 IN. OZ,

_— PULL IN: 11 IN. OZ
i - DYNAMICALLY BALANCED ROTOR
Write REVERSIBLE, 115VAC, 60Hz

for BALL BEARINGS, LIFETIME LUBRICATION
literature! STAINLESS STEEL SHAFT 5/16", 1" LENGTH
T (Other shafts available on special order)

' ALSO AVAILABLE AT 200 RPM. Write for specifications.

o aurst MFG. CORP., PRINCETON, INDIANA 47570
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Dont
riskit!

-
o

Momentary contact with an iron caused
this damage to ordinary insulation. Soldering
damage is often a hazard on the production line.
And even an insulation that isn’t burned can be
embrittled, leading to failure later on.

This won’t happen with wire insulation of
Du Pont TEFLON* TFE. TEFLON will not char,
smoke or embrittle—even at solder-iron temper-
atures up to 750°F. And it allows dip soldering
without shrinkback.

This is only one of the reasons we call
TEFLON the sure one. Among others: TEFLON
is nonflammable. It’s rated for continuous use
from —100°F to +500°F (TFE). It resists
heat aging. It is inert to virtually all chemicals
and corrosives. It provides space and weight
savings without sacrificing performance or long-
term reliability.

In short, when you specify insulation of
TEFLON, you minimize risk.

For detailed performance data on the re-
sistance of TEFLON to high temperatures and
solder-iron damage, write Du Pont Company,

Room 5984-E, Wilmington, Delaware 19898.

*Reg. U. S. Pat. Off. for Du Pont fluorocarbon resins and film.

TEFLON?..the sure one

Better things for better living
...through chemistry



Specity T1 709 op amps
in low-cost plastic packages

now...from CESCO

It’s easy to see why our big stocks
of TI 709 IC operational amplifiers
are your best choice to fill the boom-
ing demand. Why? Because only TI
gives you complete package versa-
tility, economy and performance.
TI features a dual in-line plastic
package priced lower than ever
before...along with standard flat-
pack and TO-5 type configurations.
This opens up hundreds of new ap-
plications in both industrial and
military equipment markets.

Want performance? Our TI 709s
provide high gain, high common
mode rejection, high output volt-
age swing, and low offset. You’ll
find these devices perfect for in-
strumentation, process control,
computation, and communications.

Want variety? Then consider our
TI 702s (high-gain, wide band), 710s
(differential inputs and low output
impedance) or 711s. Op amps, you
know, are the closest thing yet to
truly universal circuits.

Check the convenient Linear IC
Interchangeability Chart below.
You’ll find TI circuits are spec-for-
spec and pin-for-pin replacements
of competitive types. And...we
have exclusive low-cost package
advantages in many areas!

Make it easy on yourself. In-
clude TI 709 op amps on the requi-
sition you use to order TTL ICs.

Starting with TI’s leadership
line of TTL integrated circuits,we
offer prompt shipment from com-
plete stocks to fill all your IC needs.
So call today...or circle Reader
Service Number 290 and we’ll send
you a data sheet for the device
type you’re interested in. This will
help you fill the empty spaces in
your procurement schedules—fast.

LINEAR IC INTERCHANGEABILITY CHART
OPERATIONAL AMPLIFIERS
Texas Instruments Package Temp. Range FSc t Motorola t Raytheon f
SN52 702AL T0-99 —55°Cto 125°C U5B770231X
SN52 702AF Flat Pack —55°C to 125°C U3H770231X
SN52 702AN Plastic Dip*
SN52 702L T0-99 MC1712G RM 702
SN52 702F Flat Pack MC1712F
SN52 702N Plastic Dip
SN52 702BL T0-99
SN52 702BF Flat Pack U3H7702313
SN52 702BN Plastic Dip
SN72702L T0-99 0Cto 70C U5B771239X MC1712CG RC 709
SN72 702F Flat Pack U3H771239X MC1712CF
SN72 702N Plastic Dip MC1712CP
SN52 709 AL T0-99 —55°Cto 125°C U5B7709311
SN52 709AF Flat Pack U3T7709311
SN52 709AN Plastic Dip
SN52 709L T0-99 U5B770931X MC1709G RM 709
SN52 709F Flat Pack U3T770931X MC1709F
SN52 709N Plastic Dip
SN52 709BL T0-99
SN52 709BF Flat Pack U3T7709313
SN52 709BN Plastic Dip
SN72 709L T0-99 0Cto 70C U5B770939X MC1709CG RC 709
SN72 709F Flat Pack U3T770939X MC1709CF
SN72 709N Plastic Dip * UBE7709393 MC1709CP
COMPARATORS
SN52 710L T0-99 —-55'Cto 125°C U5B771031X MC1710G RM 710
SN52 710F Flat Pack U3H771031X MC1710F
SN52 710N Plastic Dip
SN52 710BL T0-99
SN52 710BF Flat Pack U3H7710313
SN52 710BN Plastic Dip
SN72710L T0-99 0°Cto 70°C U5B771039X MC1710CG RC 710
SN72 710F Flat Pack I U3H771039X MC1710CF
SN72 710N Plastic Dip U6E7710393 MC1710CP
DUAL COMPARATORS

SN52 711L T0-100 —55"Cto 125°C USF771131X MC1711G RM 711
SN52 711F Flat Pack U3T771131X
SN52 711N Plastic Dip
SN72711L T0-100 0°Cto 70°C U5F771139X
SN72711F Flat Pack U3T771139X
SN72711N Plastic Dip

{Based on latest available public information

*Dual-In-Line

CESCO ELECTRONICS LTD

MONTREAL QUEBEC
4050 JEAN TALON ST., W. 128 RUE ST. VALIER, 0.
735-5511 524-3518

48

OTTAWA DOWNSVIEW
1300 CARLING AVE. 24 MARTIN ROSS AVE.
PA. 9-5118 638-5250
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Don’t box us in

as just a great DVM maker

Frankly, we’re proud of Cimron’s reputation for
excellence in digital instruments you understand
—but we now operate in three broad areas.
Cimron’s box includes five series of 4- and 5-digit
voltmeter/multimeter instruments, plus such com-
puter peripheral products as A/D converters,
multiplexers and comparators. Cimron also makes
complex data systems, custom-designed for your
tough systems problems. Then there’s Cimron’s

Electronics | August 5, 1968

line of industrial products used for the manufac-
ture of printed circuit boards. Like the famed
Hydro-Squeegee solder leveler, eyelet insertion
machines and production drills. Cimron’s philos-
ophy of customer concern backs every product.
And behind Cimron is the international reputation
of the parent company, Lear Siegler, Inc. For
details on Cimron® products, write Cimron, Dept.
B-120, 1152 Morena, San Diego, California 92110.

@),

LEAR SIEGLER,INC. [ o o omcion

See the Cimron line at WESCON
booth Nos. 1926-27 (Sports Arena)

Circle 49 on reader service card
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DIGITAL OUTPUT
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CLEAR STEP

It's the fastest.

It's the most accurate.

The MD51 is a high-level 64 channel
multiplexer, a sample and hold ampli-
fier and a 15-bit A to D converter, all
in a single chassis. It has a total sample
and conversion time of 10 microsec-

Circle 50 on reader service card

onds max. and an accuracy of 0.01%.

And it sells for under
$10,000. If that doesn’t
say it all, write for the
rest.
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Scientific Data Systems,
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Patents

Focus on CO.

On Dec. 11, 1962, a lawyer for a
small Pennsylvania research firm,
Semi-Elements, filed an application
for a patent on a carbon-dioxide-
noble-gas laser that the inventor
claimed generated an ultraviolet
beam. On March 15, 1963, a lawyer
for the giant Bell Telephone Lab-
oratories, unaware of the other
claim because nothing on the work
had been published in the profes-
sional journals, filed an application
on a similar laser that generated
a coherent beam in the near infra-
red region. Late last month, after
years of legal squabbling, the Pat-
ent Office awarded the patent to
Semi-Elements—based on the fact
that the company filed first.

The five-year legal fight involved
more than the feelings of two scien-
tists—both of whom obviously want
to be known as the inventor of the
CO, laser. Considering the fact
that the CO, design appears to be
the brightest prospect on the laser
horizon (because of its high power,
stability, and relative ease in mod-
ulating) the financial potential of
the patent may be enormous.

The man credited with the lion’s
share of the development at Semi-
Elements is Ronald Vickery, a Brit-
ish-born chemist who left the com-
pany years ago.

The Bell Labs patent was filed
under the name of C. Kumar N.
Patel, a physicist who continues
active research on CO; lasers.

When word of the patent award
became public within the industry
many scientists and engineers ex-
pressed surprise that Patel lost the
bid because he is well-known in
the field; based on what they have
read in the professional journals,
many researchers consider him to
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be the inventor of the CO,. On the
other hand, Vickery and Semi-Ele-
ments are relatively unknown.

A famous CO, laser scientist, not
associated with Bell, expressed dis-
may over the award: “Patel worked
for years on this, and he’s probably
responsible for bringing the art to

July 16, 1968

R. C. VICKERY ETAL

matter. Its main business is sup-
plying single crystals and high-
purity chemicals to research firms.

One patent lawyer close to the
dispute doubts that the case is
over. Even though Bell Labs let
pass the deadline for an appeal on
the award, many other routes are

3,393,372

CARBON DIOXITDE LASER SYSTEMS FOR THE EMISSION
OF COHERENT RADIATON
Filed Oct. 26, 1967
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Awarded. Patent Office drawing of Vickery's CO:. laser.

its present level. But there are
many injustices in the patent sys-
tem—and this one is a gross injus-
tice.”

Representatives for Semi-Ele-
ments and Bell Labs, however,
made it clear that there are no hard
feelings between the firms.

The legal dispute is reminiscent
of the battle Gordon Gould waged
over the basic laser patent. He lost
that fight in 1966 to Charles H.
Townes and his brother-in-law
Arthur  Schawlow [Electronics,
Aug. 22, 1966, p. 36] after a bitter
court battle. Ironically, Schawlow
was a researcher at Bell Labs at
the time and Townes was a Bell
consultant and a teacher at Colum-
bia University; Gould was a stu-
dent of Townes.

Business. Semi-Elements, which
subsequently was acquired by
Riker Video Industries of New
York, is no longer involved in CO,
lasers—or in gas lasers for that

open—such as trying to block roy-
alties payments.

Robert Dressler, president of
Riker Video is optimistic. “We
haven’t decided yet how we'll ex-
ploit the patent award, but prob-
ably we’ll make no attempt to pro-
duce the lasers ourselves.” He
notes that the next step is to wait—
wait until somebody makes an of-
fer.

What about possible financial
benefits to Vickery?

“He’ll get nothing,” says Dress-
ler, “the company owns the pat-
ent.”

Commercial electronics

Real-time reservation

If Pan Am does indeed make the
going great, then little Stromberg
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Datagraphics Inc., a General Dy-
namics subsidiary, has made a
good start on its way to challeng-
ing the leaders in the market for
the computer-generated cathode-
ray-tube displays.

With a $1.3 million contract from
Pan American World Airways,
Stromberg is making its bid for a
piece of the market now dominated
by such giants as International
Business Machines and Raytheon.
The contract, which marks the first
time an airline has installed crt
displays for use in ticket sales and
passenger information, calls for
Stromberg to supply Pan Am with
57 desk-top displays, dubbed SD
1110’s, and the associated control
units.

The system, which is being in-
tegrated into Panamac, Pan Am’s
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computerized reservation system, is
based on Stromberg’s Charactron
shaped-beam crt. Hooked into a
computer, the display is capable of
generating up to 300 characters per
second; Panamac now uses elec-
tric typewriter printouts which can
generate only 14 characters per
second.

Advanced technology

Germanium for LSI

Because of processing problems
and poor temperature character-
istics, germanium has been gen-
erally abandoned as a material for
integrated circuits. But for the past

YUASONDJFMAMJJASOND

1966 1967 1968

Segment June May June
Of Industry 1968 1968* 1967
Consumer electronics ... .. ... 102.4 102.2 721
Defense electronics . .. ... ... . 156.1 156.5 142.0
Industrial-commercial

electronics . .. ..... ... .. 1206 120.7 119.1
Total ‘industry, . ... o 136.6 136.8 123.2

Electronics production slipped 0.2 index point in June from May; however,
the index climbed to a level 13.4 points above a year earlier. Consumer
output inched up 0.2 point in the month and rose 30.3 points from 1967.
Other segments of the index feli in the month: Defense dipped 0.4 point
and industrial-commercial production eased 0.1 point. For the 12-month
period, however, defense rose 14.1 points and industrial-commercial climbed

1.5 point.

Indexes chart pace of production volume for total industry and each segment.
The base period, ec;ual to 100, is the average of 1966 monthly output for each
]

of the three parts

the industry. Index numbers are expressed as a percentage

the base period. Data is seasonally adjusted.

* Revised
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year a group of engineers at West-
inghouse Electric’s Aerospace di-
vision in Baltimore have been
working on germanium and they’ve
come up with a monolithic large-
scale array far more ambitious
than an IC; they've fabricated a
monster array of 12,800 pnp tran-
sistors. The 100-by-128 element
array measures % inch square.

The reason. But why use germa-
nium when silicon is so well de-
veloped?

James C. Word, one of the engi-
neers on the project, explains that
silicon is unable to detect in the
0.8-to-1.5 micron i-r range and that
germanium, despite its problems,
has a spectral response that the Air
Force is interested in.

Epitaxy for the array was ac-
complished through the hydrogen
reduction of germanium tetrachlo-
ride. The dopants were diborane
and arsine. The structure of the
array is dictated by the readout
technique involved. On the sensor,
emitters for each line of transis-
tors are connected while the strip
collectors are connected in series at
right angles to the emitter lines.
Access to an element is obtained
by applying a voltage to the col-
lector strip and commutating the
metalized emitter row.

Word says that particular para-
meters are important in fabricating
germanium which are vastly differ-
ent than those of silicon because
of the differences in the physical
and chemical properties of the two
materials. Word cites substrate and
substrate preparation, growing epi-
taxial layers, thermal conversion,
masking of n-type diffusants and
diffusion of dopants as the most
important parameters in the devel-
opment of the array.

Growing the epitaxial layers and
contending with thermal conver-
sion were acute problems for the
Westinghouse group. Word notes
that the growth process was highly
sensitive to very slight leaks in the
epitaxial apparatus and it was only
with the elimination of such leaks
that the layers could be properly
grown. Problems of thermal con-
version were traced to the appear-
ance of copper in the germanium,
and potassium cyanide was used
unsuccesstully to remove the un-
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wanted copper from the surface of
the wafers.

Next step. Work on the german-
jum technique and the develop-
ment of the array was sponsored
by the Air Force Avionics Labora-
tory. The team delivered its final
report on the germanium array to
the Air Force last week. According
to Westinghouse project manager
E. L. Irwin, his group is hoping for
an Air Force follow-on contract to
continue the work.

Says Irwin, “We would like to
perfect the technique and in partic-
ular clean up the leakage which is
our number one problem.” Irwin
says that the array does suffer from
near element leakage, which leaves
something to be achieved in getting
even better resolution. He also
feels that the packing density of
the array can be increased to 400
to 500 elements on each side of the
square. He points that the array
already produced will be used by
the Air Force for remote sensing
application and it has a resolution
of 10 lines per millimeter.

Irwin is convinced that german-
ium LSI technology can move
quickly. Reflecting on the Westing-
house development in the last year,
he says, “Hell, a year ago we didn’t
even know how to polish germa-
nium.”

Integrated electronics

Not quite LSI

For the design engineer looking
for some of the advantages of
large-scale integration and design
automation, yet can’t afford to go
all the way with LSI, a company in
Mountain View, Calif., has the
answer,

Data Technology Corp. is selling
a service which will automate the
process between the engineers’
initial logic design and checkout
of the finished logic module.

“All the engineers need do,” says
marketing vice president Peter
Dietz, “is provide us with a rough
logic diagram.”

Many engineers, he continues,
are very clever with logic design,
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but are utterly hopeless in the
more mundane functions of build-
ing the system they have designed.
There’s no sense quibbling about
the universal man, says Dietz; a
design engineer should not have to
generate wire lists if a computer
can do it.

Data Tech’s new service is called
Total Logic solution (TLS). Ac-
cording to Dietz, TLS will obsolete
many of the standard logic card ap-
proaches and provide small-volume
manufacturers with an economic
and sensible alternative to large-
scale integration.

One of Data Tech’s vertical mod-
ule racks can accommodate as
many as 800 IC’s; an alternative
horizontal drawer can accommo-
date 400 IC’s, 300 IC’s and a power

View. Monolithic
germanium array,
composed of
12,800 pnp
transistors, was
developed by
Westinghouse as an
infrared sensor.
Scientists chose
germanium over
silicon, which

is unable to
detect in the
0.8-to-1.5-micron
range. Work was
supported by

the Air Force.

supply or 200 IC’s and a variety of
discrete components for analog
functions.

Frame up. The basic modular
building block is the panel which
contains 101 mixed 14- and 16-pin
dual-in-line sockets or eight large
discrete  component functional
blocks or 30 to 100 small compo-
nent mounting modules or varying
sizes or a combination of the three.
Two sizes of die-cast aluminum
frames are available for panel
mounting. One holds four panels
and the other holds one. Both were
designed for use with automatic
wiring machines and the four-panel
unit is aligned so that interconnect
can be made automatically between
panels.

The program, says Dietz, will
result in a 30% saving in design
cost and 50% savings in develop-
ment time. Furthermore, Data
Tech will guarantee that finished
logic modules will have an error
frequency of less than 1 per 10,000
wires.

The heart of the system is an
IBM 360/20 computer which has
stored in its memory the character-
istics of all the major DTL circuits,
the 7,400 TTL circuits and five or
six other multifunctional chips. The
memory also entirely describes the
circuits from a drafting standpoint
and can be programed to specify
necessary components.

The engineer’s initial logic de-
sign is translated into a line dia-
gram. That form is fed into the

computer which generates a load
check to check for simple errors:
no load, excess load, duplicate sig-
nal assignment, no source or in-
correct circuit assignment. Errors
which are noted on a printed read-
out can be corrected in less than
two minutes. The computer then
generates a master term list which
specifies where signals originate,
where they go, what their function
is, the generator source, location,
and optimum type of IC to be used.

Additionally, the computer gen-
erates a punched paper tape which
will guide a numerically controlled
wiring machine in wiring up the
interconnections. From the master
term list, a systems engineer de-
cides whether a harizontal or ver-
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tical chassis will be used for the
completed module.

Pick an IC. According to the dic-
tates of the master term list, the
selected IC’s are manually plugged
into the chassis and the automatic
wiring process begins after power
drivers, inverters, or any discrete
components demanded by the mas-
ter term list are mounted on the
chassis in plug-in circuit board
form.

Logic modules delivered to the
Los Alamos Scientific Laboratories
have already demonstrated the ef-
ficiency of TLS, says Dietz; devel-
opment time was cut in half and
debugging has been cut by 75%
because the number of errors on
these boards is less, by several or-
ders of magnitude, than those made
by the present conventional method
of direct conversion from paper de-
sign to fixed IC logic cards. An-
other contract with Litton Indus-
tries for ground checkout equip-
ment is proceeding equally well;
initial design costs incurred by Lit-
ton have been halved.

July 12, 1965

ectronics Abroad

Medical electronics

Mother of invention

In 1965 at an international hospital
conference in Stockholm, a Swed-
ish company demonstrated its
newly developed computer system
for recording and displaying radi-
ologists’ X-ray analysis.

The system, named Medela, was
designed to save labor and at the
same time speed X-ray analysis
from the radiologists to physicians
and surgeons [Electronics, July 12,
1965, p. 183]. It’s already in opera-
tion by technicians at three Swed-
ish hospitals.

Now, three years later, a similar
system has been developed in the
United States, and at a cost to tax-
payers of at least $100,000. The
American effort was begun after
the Swedish project was com-
pleted.

Earlier work. The American sys-
tem was developed as an experi-
ment at Johns Hopkins University

Volume 38
Number 14

Sweden

Hospital automation

Long a leader in medical research,
Sweden is now making big strides
in hospital automation. The effort
is understandable: under the coun-
try’s 10-vear-old system of medical
insurance, hospital care is free and
hospitals are severely understaffed.

Visitors to the 14th International
Hospital Congress in Stockholn
last month paid particular attention
to two computer-controlled  sys-
tems, One innovation, called Auto-
chemist, is an automatic laboratory
technician that can perform up to
6.000 analyses an hour of blood,
urine and other body fluids, trans-

fer the results to a computer and
print them out at distant stations,
The other is an clectronic library
that can deliver diagnoses and
other information anywhere in the
hospital almost instantaneously.
Autochemist. The first Auto-
chemist is being installed at the
Haspital for Infectious Diseases in
Stockholm. Details of its operation
are being kept secret until patent
rights are obtained, but the svstem
shown in Stockholm used a com-
puter ta regulate the testing of fluid
samples, sort the analyses, and

Medela shows patient’s x-rays on demand.

Forty tests per tube, The ana-
lyzer was invented three years ago
by two brothers, Gunnar and Ing-
mar Jungner, who are physicians.
An improved version, made by
Svenska  AB  Gasacenmulator
(AGAY, perfonms as many as 40
analyses on one sample—one of
the most thorough automatic test-
ing devices known. The svstem
costs about $300,000, inclnding the
computer.

In the

United States, several

was provided by a national hospital
conunittee.
The system, called Medela, proe-

esses  information  ranging  from
commercial data to complex com-
putations for research. Ultimately,
Saah envisions a Medela system
for every hospital. with a unit in
every department where informa-

tion is exvhanged—wards, adminis-
tration offices, laboratories, kitch-
ens.” A central computer would
control the network; at the Stock-

Better late than . . . Johns Hopkins University developed a computer-
operated X-ray diagnostic system—three years after a similar unit
was completed in Sweden.
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in Baltimore under a contract from
the Public Health Service. The an-
nouncement of the “successful test-
ing” of the system was made by the
Public Health Service’s National
Center for Radiological Health
without mentioning the Swedish
efforts. Told about this, the em-
barrassed center rushed out a cor-
rection, saying that although there
are systems “similar,” the new one
“represents an advance in appli-
cation.”

Actually, the Johns Hopkins sys-
tem is far more complicated to op-
erate than the Swedish system. The
results, however, are the same—
immediate printout and computer
storage of X-ray diagnostic data.

The problem that led to the de-
velopment of the system is common
to the United States and Sweden
and most other developed coun-
tries. Ordinarily, a radiologist reads
an Xray and makes his notes
about it on paper or a tape re-
corder. The notes are typed out,
proofread by the doctor, signed,
and then sent out to surgeons or
physicians who use them for treat-
ment.

The Swedes, faced with serious
labor shortages in hospitals, wanted
to get the information directly from
the radiologist to the physicians.
Working on a partly government-
financed grant, Saab, the Swedish
aircraft, automobile, and electronics
firm, came up with Medela. The
system makes use of a “dictionary”
of radiological and medical terms,
which are flashed on a viewing
screen. Each term is plainly num-
ber-coded. As the radiologist
punches the numbers of the term
he wants to record, the term is
printed out on remote terminals,
stored in the computer’s memory,
and a new “page” in the dictionary
is presented on the screen.

Marketing problem. Saab has
produced five Medela systems, and
three of them are in operation.
They are priced at between $6,000
to $8,000, exclusive of the com-
puter; they can work with any com-
puter. Saab made some perfunctory
efforts to market the system in the
United States and had discussions
with the Veterans Administration.
But—as is the case of many foreign
firms—Saab does not have the mar-
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ALLOYS UNLIMITED

The added value group

Alloys Unlimited, Incorporated

Melville, New York
ey ¥,
4

=

Brazing and doping pre-
forms; solder rings and
spheres; casting facility
for high purity alloys; con-
ductive pastes; plating
shop for nickel, gold and
tin plating; highly refined
indium metal.

Circle 511 on Reader Service Card.
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Frenchtown/CFl, Incorporated

1 Frenchtown, New Jersey

High alumina and beryllia
| ceramics; ceramic-to-met-
i al seals; integrated circuit

substrats; ceramic ‘‘win- koA J
dows' and spacers for 2

high voltage tubes; air-
craft and personnel armor i_i:[—_;i
plate. L

Circle 513 on Reader Service Card.

Montvale Customtool Co., Inc.

Montvale, New Jersey

Precision custom stamp-
ings; lead frames, headers
eyelets, cans and mod-
ules; beryllium copper
contacts and contact sock-
ets; special stampings for
computors and related
equipment.

Circle 515 on Reader Service Card.

Veriton West, Incorporated

Chatsworth, California

Glass-to-metal, ceramic-to-
metal packaging for inte-
grated circuits; power
transistor bases and
lenses for photo-compo-
nents; relay headers; ter-
minal headers; glass-to-
metal connectors.

Circle 517 on Reader Service Card.

Contacts, Incorporated
Wethersfield, Connecticut

Electrical contacts of sil-
ver, gold, platium, palla-
dium and their alloys;
simple rivets to compli-
cated leaf spring assem-
blies; Uni-Clad, reduces
the silver content in rivet-
type contacts.

Circle 512 on Reader Service Card.

Micro Science Associates, Inc.

Mountain View, California

Precision photo-etching;
complex, close tolerance
prototypes and production
runs; lead frames; magnet-
ic recording laminations
and cores; high-reliability

custom “flat packs’’; met-

al parts.

Circle 514 on Reader Service Card.

Northern Metal Products Company

Franklin Park, Illinois

Aperture mask assemblies
and internal shields for
color television tubes;
other metal parts and as-
semblies for home enter-
tainment and electrical
appliance fields; heavy
precision stampings.

AT 7

Circle 516 on Reader Service Card.

‘AL'stomat'ic Metal bProducts Corporation

Brooklyn, New York

Buchman Spark Wheel Corporation
our Commack, New York
th Burton Electrochemical Industries, Inc.
N .0 v er Culver City, California
subsidiaries: Chem-Fab, Incorporated
Hot Springs, Arkansas
Chemical Materials, Incorporated
Hot Springs, Arkansas
Chemical Energy of California
San Diego, California
Universal Titanium Corporation
Los Angeles, California and Linden, New Jersey
U. S. Plastic Molding Corporation
Wcllmgford Connechcut

osisnndt

See our dlsplays and dISCUSS your reqmrements at
our suite in the International Hotel during WESCON.

Alloys Unlimited;

Corporate Headquarters, 320 Long Island Expressway South, Melville, New York 11746

A.U. Sales Corporation, 16661 Ventura Boulevard, Encino, California 91316
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to deliver systems
power modules
with all these features:

@ All silicon circuitry
@ 71°C rating/no derating

® Independent of external
heat sinks

® More regulated power
for less money

Trygon’'s all silicon power supply mod-
ules: more regulated power for less money.
Designed for unattended operation in mil-
itary, industrial or commercial systems,
they feature automatic reset short-circuit
and optional overvoltage protection.

Choose from dual output tracking
models, fixed voltage units and full-range
programmable modules to provide versa-
tile combinations for your multiple output
system requirements.

Highest quality components: generously
derated and aged power transistors—her-
metically sealed rectifiers — temperature
stabilized zener diodes—computer grade
capacitors.

0.01% line regulation; temperature range
from 0° to 4+71° C; remote programming;
remote sensing; and more.

Compact 3% ” modules with ratings from
0to 210V, 0to 1 amp, from as little as $94.
Ratings to 160 V in 438" size (0 to 2 amps,
from $162); 5" size (0 to 5 amps, from $177).

J TRYGON POWER SUPPLIES

111 Pleasant Avenue, Roosevelt, L.I., N.Y. 11575
Trygon GmbH 8 Munchen 60, Haidelweg 20, German;
Write for Trygon 1968 Power Supply Handbook.

56 Circle 56 on reader service card
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keting and production capabilities
enabling it to enter the big Ameri-
can market.

The system developed at Johns
Hopkins has no dictionary display.
It basically consists of an 1BM 360-
40 computer tied into IBM series
1050 terminal equipment—a 10-by-
10 matrix keyboard, punch-card
readers, printers, and card punches.
The computer has a dictionary of
pathological and anatomical terms
programed into it.

The patient’s name, address, and
other data are recorded onto a
punch card by a clerk when the
X rays are taken. The films and the
card then go to the radiologist. He
inserts the card into a reader to re-
cord the basic patient data. And
then he punches standard code
numbers that refer to the medical
terms he wants to record about the
X rays. As soon as the numbers are
punched, the information is printed
out at remote terminals as well as
being stored in the computer. Of
course, unless the radiologist has
the code numbers memorized, he
must look them up in the standard
lexicon.

A price hasn’t yet been deter-
mined. The National Center for Ra-
diological Health says the next step
would be to have the lexicon pages
presented visually—as Saab did
with Medela three years ago.

Communications

Elbow room

Recommendations about what to
do to relieve the crowded frequency
spectrum are suddenly getting as
numerous as people wanting air
space.

Only days apart late last month,
recommendations were offered by
both the Joint Technical Advisory
Committee (JTAC) and the Federal
Communications Commission. The
JTAC report—four years in the
making—was released, by coin-
cidence, shortly before the recom-
mendations of the President’s task
force on telecommunications, due
this month or next. But the timing

of the FCC proposals was a puzzle.
One belief is that the FCC wanted
to jump the gun on the task force,
and to have this action under its
belt in case it came in for criticism
in the report.

JTAC was formed four years ago
by the Electronic Industries Asso-
ciation and the IEEE at the request
of Jerome B. Weisner, acting
special assistant to the President
for telecommunications. Some 200
engineers took part in it.

The 1,200-page report, entitled
“Spectrum engineering—the key to
progress,” urged that spectrum al-
location procedures be “markedly
changed through the adoption of a
spectrum engineering philosophy
and system design concept.” One
effect of this would be to revise
the “block allocation” system of
allocating space, in which spectrum
is reserved for a specific use nation-
wide, whether it is actually used for
the purpose or not.

To find out precisely who is using
what space, the report recom-
mended a pilot project be estab-
lished in one crowded region.
Other recommendations:

= Improve spectrum monitoring;

= Improve the data base by
standardizing terms and data col-
lection activities;

* Improve standards for receiver
susceptibility and unintended radi-
ation;

= Increase funding for research
into man-made radio noise;

» Establish a central body for
data on biological and physical side
effects of radio activity.

The report recommended that the
pilot project be carried out in an
area having several urban centers.
Richard P. Gifford, chairman of
JTAC, said that between $3 million
and $4 million would be needed to
launch the pilot project, and about
$10 million would be necessary to
finance the project during its peak
year.

In on the act. Not to be outdone
by JTAC or the upcoming Presi-
dent’s task force, the FCC without
any fanfare issued two proposals
that could have significance for
spectrum usage. They were:

= Sharing the use of the lower
uhf-tv channels (14 through 20)
with land mobile radio where they
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What’s new in

This is new...

A 1-WATT AUDIO OUTPUT I. C. WITH 10mV,
SENSITIVITY THAT OPERATES WITH ANY BATTERY
SUPPLY FROM 4.5 T0 10.5 VOLTS.

The TAA 300 requires no external imped-
ance matching resistors and no output
transformers. Its better than 10mV. sensi-
tivity is far better than that of any compar-
able power I.C. Its thermally compensated
class “B" output stage gives it the best
efficiency, lowest internal dissipation, and
lowest current drain of any 1-watt power I.C.
available today. In 10-lead, T0-5 envelope.

" 4 " 4
This is new...
AN 80 DB GAIN I. F. AMPLIFIER FOR FM SIGNALS.

The TAA 350 is a 4-stage differential amplifier with
current driven long-tailed pairs. It gives greater than
50 db AM rejection when operated in conjunction
with a very simple slope detector. The input can be
driven with either balanced or sihgle ended signals.
It is ideal for TV, FM and mobile radio I.F. applica-
tions. In 10-lead, T0-5 envelope.

This is new...

AN I. F, SOUND AMPLIFIER WITH GREATER
THAN 40 DB AM REJECTION PLUS RATIO
DETECTOR AND AUDIO AMPLIFICATION.

The TAA 450 is an IF Sound Amplifier for

frequencies up to 10.7 MHz. The circuit
includes a ratio detector and a low
distortion, controllable audio amplifier
delivering up to 2V audio output. In
10-lead, T0-5 envelope.

Thisis

Linear Monolithic ICs?

This is new...

AN AUDIO AMPLIFIER THAT ADAPTS CARBON MICROPHONES
T0 CERAMIC OR DYNAMIC TRANSDUGERS.

The TAA 500 is a unique audio amplifier circuit with
a common output and D.C. supply line. With an
external load of 100 ohms, it allows the use of cera-
mic piezoelectric transducers in circuits designed
for carbon microphones. Can be used with dynamic
microphones. Applications include mobile trans-
mitters, aircraft communications, and telephone
circuits. In 4-lead, T0-5 envelope.

This is new...

A RING MODULATOR/DEMODULATOR WITH ONLY
3 NANOWATT CARRIER LEAKAGE POWER.

The TAB 101 ring modulator consists of
four matched transistors isolated and bal-
anced for telephone communications and
modulator/demodulator applications. Pro-
vides better balance and lower carrier
leakage than any conventional telephone
carrier ring modulator. In 10-lead, T0-5
envelope.

new,but...
IT’S THE ORIGINAL AND STILL THE BEST BI-FET.

The TAA 320 introduced the concept of an
MOS FET and a bi-polar transistor combined
on a single chip. Available in large quantities
at prices as low as 38¢, it is ideal for high
impedance applications in strain gages,
radiation counters, crystal transducers and
in measuring and timing circuits. In 3-lead,
T0-18 envelope.
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Analyze
optical
systems

Check optical transmission,
efficiency, resolution or spec-
tral characteristics easily,
precisely, with greater flexibil-
ity . . . use a Gamma Scientific
light analysis system.

Versatile. All our systems
measure in either photometric
or spectroradiometric units. All
have a full line of plug-in heads
and accessories; scanning mi-
croscope heads to profile small
areas . . . miniature probes to
reach restricted locations . . .
grating monochromators for
spectral analyses. Switch from
one to another in moments.

Accurate, reliable. Gamma Sci-
entific’s fully transistorized
systems are assembled, tested,
calibrated . . . guaranteed from
input to output. Add our cali-
brated source for measure-
ments traceable to NBS.

Economical. You'll save time
and money by meeting your
total instrumentation needs
with a single Gamma Scientific
system.

Application assistance. We’ll
help you analyze optical sys-
tems, light sources, photo de-
tectors or the optical properties
of materials.

More information. Get all the
details and our latest catalogue
by writing to Systems Man-
ager, Dept. 217, Gamma Scien-
tific, Incorporated, 2165 Kurtz
Street, San Diego, Calif. 92110.

Immediate problems? Call col-
lect 714/291-2230.

W oo

W% GAMMA
SCIENTIFIC

Incorporated
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are not used for television.

® Allocating an additional total
of 115 megahertz, lying between
the 806-t0-960-Mhz bands, for land
mobile use. Some 75 Mhz would
be used for a high-capacity com-
mon carrier system and 40 Mhz for
private systems that are in top ur-
ban areas.

In proposing the rule to allow
land mobile to use uhf-tv space,
the commission majority said this
“offers the best prospect for im-
mediate relief of land mobile
users.” The commission said that
existing equipment designs could
be modified to permit use of the
lowest channels within about six
months and new or redesigned
equipment could be expected for
the remaining channels “within
about one or two years.” Comments
on the proposal must be filed be-
fore Dec. 2. Commissioner Robert
E. Lee, a staunch supporter of
uhf-tv, was the lone dissenter to
the proposal.

The recommendation of 115 Mhz
of additional space to land mobile
would almost triple the space now
allocated for this purpose: 42 Mhz.
The 115 Mhz would include 26 Mhz

Forest of objections.

The problem of reallocating fre-
quency spectrum was illustrated
recently when the Washington,
D.C., police, which needs extra
space, asked for some unused
bands reserved for forestry-conser-
vation use.

Although the only forests in the
capital are forests of red tape and
bureaucrats, the police proposal
got strong objections from the
Commonwealth of Virginia, the
Virginia Division of Forestry, the
New Jersey Bureau of Forestry, the
Maryland State Department of For-
ests and Parks, the West Virginia
Department of Natural Resources,
and the Pennsylvania Department
of Forests and Waters.

These agencies stressed that
their present demands are so great
they don’t have enough spectrum
as it is—no less give some away.
The rcc, however, went along with
the police—but gave assurances
that the foresters would have first
crack at this spectrum if they
needed it sometime in the future
in the capital.

formerly reserved for Government
use and recently made available to
the FCC by the Director of Tele-
communications Management. This
was in the 890-to-942 Mhz band.
The other space lies between 806
and 942 Mhz. This space includes
40 Mhz allocated to tv translator
stations, which generally do not
use it in metropolitan areas; plus
space allocated now for industrial
and scientific equipment, and for
common carrier mobile and base
stations.

The FCC’s proposal to allocate 75
Mhz for a common carrier system
was good news to the American
Telephone & Telegraph Co., which
has been plugging for many years
for such space. AT&T has said that
with 50-khz spacing between chan-
nels, high-quality service could be
provided to as many as 8,000 cus-
tomers in an area. AT&T has told
the FCC it would consider develop-
ing equipment to be used around
the 900-Mhz range. The FCC noted
it would require “several years”
of development to establish “viable
service.”

In its proposal, the FCC raised a
number of questions on which it
asked comments by Dec 2.

Among them: will a 75-Mhz allo-
cation for common carriers accom-
modate aircraft and maritime as
well as land mobile units?

To what degree can multiplexing
of base stations using single-side-
band techniques be employed?

To what degree would uhf-tv
receiver manufacturers need to
change the image-rejection capa-
bilities of their product to cope
with problems of heavy land-mo-
bile usage in the range of 806 to
947 Mhz?

Should portions of the 806-to-
890-Mhz band be reserved for
broadcasting from satellites, or
should channels below this be re-
served for such use?

Computers

Different type

Remote computer terminals, as
banks and insurance companies
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2 Amps.
All Welded

DPDT
0.37 oz.

The new KL Series combines the proven performance of
Hi-G 1/2 size crystal can relays with a unique new latching
design. These relays meet all the applicable requirements
of MIL-R-5757 and are available for fast delivery in all stan-
dard configurations and header styles.

Write or call Hi-G for Bulletin #103. If you need applications
engineering assistance, an experienced Hi-G representa-
tive awaits your call. Telephone: 203-623-2481.

INCORPORATED

SPRING STREET & ROUTE 75 /| WINDSOR LOCKS, CONNECTICUT 06096

The new SERIES KL Relays are available at the following DISTRIBUTORS

Angus, Incorporated, Pleasant Valley Avenue, Moorestown, N.J. Tomelco/Moulton, 531 N. Brown Avenue, Scottsdale, Arizona 85251
08057 TEL: 609-235-1900 TEL: 602-945-5030

Federal Electronics, P.O. Box 1208, Vestel Parkway E., Tomelco/Moulton, 15846 Pacific Highway South, Seattle,
Binghamton, New York 13903 TEL: 607-748-8211 Washington 98188 TEL: 206-246-1727

Harvey Radio Company, Inc., 60 Crossways Park West, Woodbury, Radio Products Sales, Inc., 1501 South Hill Street, Los Angeles,
New York 11797 TEL: 516-921-8700 California 90015 TEL: 213-748-1271

Lectronix, Incorporated, 214 North 2nd Street, P.O. Box 188, R & D Electronics, Inc., 71 Pearl Street, Cambridge, Mass. 02139
St. Charles, Missouri 63301 TEL: 314-723-1122 TEL: 617-864-0400 and 8401; ENterprise 7135 in Major Cities

Moulton Electronics Distributors, Inc., 1058 Terminal Way, San Solid State Electronics Co. of Texas, 2643 Manana P.O. Box 20299,
Carlos, California 97078 TEL: 415-591-8292 Dallas, Texas 75220 TEL: 214- 352-260

Moulton Electronics, c/o Banks Sales Corp., 2785 N. Speer Blvd., Westates Electronics Corp., 20151 Bahama Street, Chatsworth,
Denver, Colorado 80211 TEL: 303-433-5455 California 91311 TEL: 213-341-4411
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BELL

HALL EFFECT
GAUSSMETERS

...

Model 640 A high performance in-
cremental gaussmeter with precali-
brated and interchangeable probes.
Center zero meter for direct readout
for small incremental variations in
both + direction. 1.0% accuracy to
30 kG (0.5% to 10 kG). One volt FS
calibrated output.

® +.005%/°C Temperature
Stability

® Precalibrated Probes

® 0.5% Accuracy to 10 kG

® |Interchangeable Probes

® 1000x Scale Expansion —
— (Model 640 only)

PLUS
other extras

at even

lower cost

for better
measurement of

Magnetic
Fields

|

Model 620 is a budget-priced pre-
cision gaussmeter that offers the
full advantages of recently devel-
oped high linearity Hall elements
and solid state circuitry. Precali-
brated interchangeable probes.
1.0% accuracy to 30 kG. Direct ac
and dc field readout. 0.3% built-in
cal accuracy.

Leaders in Hall Effect Components,
Instruments and Systems

ELLIiNc.

o owen

1356 Norton Ave.
Columbus, Ohio 43212
Ph: 614-294-4906 TWX: 810-482-1716

SEE US AT WESCON—BOOTH #1704
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have discovered, entail consider-
able expense for equipment rang-
ing from special typewriters to cus-
tom desks. So it follows that a
terminal using conventional office
equipment—already paid for—
would find a ready market.

That's what Navigation Com-
puter Corp. of Valley Forge, Pa.,
hopes will happen with its “over-
lay” keyboard system. The device,
a typewriter keyboard that locks
atop any standard electric type-
writer, gives key-to-key alignment.
A typist can use it to send data to
a central computer via an acoustic
phone coupler, teletypewriter line,
or direct line, while simultaneously
producing hard copy.

And it comes out here. When a
key is depressed a signal is gen-
erated; the signal is then converted
to a code. A circuit changes the
code from parallel to serial form
and sends it to the central com-
puter or another remote terminal.
To receive, the solid state overlay
is simply switched to the receive
mode and accepts data via the
same circuit.

William Ogeltree, Navigation
Computer’s president, says a typi-
cal installation—overlay, storage,
and coupler—will sell for about
$3,000.

Like some other remote termin-
als—notably those made by the
Communitype Corp. and IBM—the
overlay system can use punched
or magnetic tape for storage. But,
Ogeltree points out, his device has
the advantage of interfacing with
a standard typewriter,

Office machine

Designers who have looked long-
ingly at computers as a tool have
usually been forced to turn back
to their drawing boards and slide
rules after glancing at the price
tag. Computer-assisted design has
required, up until now, large com-
puters—and consequently only
large organizations were able to
take advantage of them.

Now, an experimental system at
International Business Machines
Corp.’s Systems Development Di-
vision in Kingston, N.Y., aims to
put computers economically into

small design shops. In addition,
the system can allow satellite de-
sign workshops to be set up by
large firms that already have third-
generation computers assigned to
design projects.

Called Gleam, for graphic layout
and engineering aid method, the
system consists of an IBM 1130
computer, IBM 2250 display unit,
a plotter drafting machine, and a
precision controller. According to
W.H. Sass, a staff engineer who
has been working on Gleam, the
system will cost about as much
as “one to two engineers on a 40-
hour-a-week basis.” Sass believes
the system would be feasible for
small engineering firms currently
employing three or four engineers.
He explains that the system has
been used at IBM to design, an-
alyze and generate art work for
circuit cards, boards, special cir-
cuits, and computer components.

In line. Key to the program and
its economy is that it uses a low-
cost computer and several “inde-
pendent” machines which become
specialized processors for elements
of the design process. In other
words, several tasks can be per-
formed concurrently. While a rel-
atively slow process such as
graphic plotting is being con-
ducted, other design work can be
in progress in other faster parts
of the system. Sass says, “In Gleam
we are queueing tasks for devices
rather than queueing users for
the system.”

The ability to queue tasks, he
says, improves user access and al-
lows the system to maintain a rea-
sonably constant work load. Sass
compares the system’s ability to
handle different tasks at once to
time-sharing, but on a miniature
scale.

Satellites. The Gleam system
now used by IBM is linked to a
360 computer by telephone lines,
and thus taps the power or data
bank of the larger processor for
bigger jobs. Sass believes that a
single third-generation computer
could act as the center for a sys-
tem of “satellite” 1130 systems.

He says: “In IBM’s case, the so-
called supermarket laboratories
could employ 1130°’s to handle
smaller design tasks and when a
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WE SAW
A BETTER WAY
10 SERVE

t“the company. Not because we like
Y-t abut because this allows us to offer addi-

- 1onal products”and services ... . semi-conductor. components, =
ters,_,s ral parts and EDM electrodes as well as electrical -
conmﬁtsMW, in our own plant we are producmg powder metals < =

o]ybdenuxp, molybdenum, silver, sﬁver—graphlte silver-cadmium
oxide, copper, stainless steel, high Qensxty iron, etg: Der;nger manu-
factm;ﬁ’ electrical contacts in a_tremendous vamety of sizes and:
guratlons. Two recent exclusive. developments, the Dermger i
79:1 Head Pgo ess and the Economet® Contact are savmg up s
-0 ami 5% in certain gontact apphcatx!ms while mamtammg or improving -
electncaf performancg d contact life. Want to review your applications.
mtﬁ “eye on greaﬁer st savmgs" These néw. facilities, developments and
could do 11;"1‘0: ‘you . and we’ﬂ be ‘happy to help Jus“t contact
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POWER HUNGRY ENGINEERS...

MORE POWER
TO YOU

from KEPCO

Our new JQE quarter racks pack
more power (up to 100 watts) into
a fully enclosed, self-cooled power
supply that's rated from —20°C to
+71°C WITHOUT DERATING!

DC OUTPUT

MODEL RANGE | PRICE
VOLTS | AMPS

JQE 6—10M [(0—6 |[0-—10 $275.00

JQE 15-6M [0—15 [0—6 | 275.00

JQE 25—-4M [0—25 [0—4 | 275.00

JQE 36—3M [0—36 [0-3 | 275.00

JQE 55—2M |[0—55 |0—2 | 285.00

JQE 75—-1.5M|0—75 |[0-1.5] 285.00

JQE 100—1M |0-—100| 0—1 | 285.00

A special linear IC Regulator pro-
vides 0.01%0 regulation with less
than 200 pV ripple and noise. A
10-turn control insures high reso-
lution which, together with dual-
scale volt and ammeters, make
operation a cinch. Rack mountable,
of course, four abreast in a RA-24
Adapter.

For some high powered spec sheets,
write Dept. AJ-14

131-38 SANFORD AVE. ® FLUSHING, N.Y. 11352
(212) 461-7000 » TWX #710-582-2631
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and a precision controller.

larger job has to be done it could
connect with the central 360 com-
puters.”

Sass predicts that low-cost sys-
tems will create hundreds of com-
puter-aided design workshops as
opposed to the handful now. He
concedes that IBM’s competition is
working on such low-cost systems.

He says these systems are fea-
sible for a host of users—ranging
from architects and surveyors to
electronics designers. IBM has
used the system to successfully
design a computer-character gen-
erator. IBM would not say when the
system will be marketed.

For the record

Laser safety. In three months, the
Army and Navy expects to publish
safety guidelines for servicemen
who will operate laser range find-
ers, target illumination, and station-
keeping systems now under devel-
opment.

The men will be cautioned not to
look into a laser, to wear goggles,
not to fire down range when other
troops are about, and to look out for
ricochets. Laser devices are to be
adequately shielded. The guidelines
will also prescribe eye checkups for
men who are about to enter laser
work. There will be periodic check-
ups, probably every six months.

Custom design. Gleam is a low cost IBM system for computer-assisted design.
It uses an IBM 1130 computer, a 2250 display unit, plotter drafting machine,

Men believed to have been acci-
dentally exposed to a laser beam
will also be given exams. The serv-
ices are chiefly concerned with the
threat of permanent eye damage be-
cause the eye is a million times
more susceptible to laser burns than
the skin, and there is no specific
treatment for such eye damage.

The two services are working to
put out the joint guidelines within
three months. They will follow the
Air Force, which published its first
safety regulation in January 1967
prescribing mandatory annual eye
checkups. In April this year the Air
Force put out threshold values and
is preparing a new set of standards
on such things as what color labora-
tory walls should be painted.

The Army recently experimented
with a tank laser range finder but
recalled the experiment when it
discovered that a beer can laying
in a field could bounce a laser beam
back and blind the operator.

Back on the road. Sperry Rand is
warming up for another try at traf-
fic control. Last January, after a
three-year effort, Sperry gave up on
a $5.9 million contract to develop
a computer directed traffic control
system for New York City.

This time Sperry Systems Man-
agement division has been awarded
a $320,000 contract by the Federal
Highway Administration’s Urban
Traffic Control System to put to-
gether the hardware specifications
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YOU'LL JUMP
FOR JOV...

When you see (e complete Specs
dlll Drices on our new

PIXIEROT

POTENTIOMETER!
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Never before in the history of the pot industry
have you been able to get a TEN-TURN, WIRE-
WOUND PRECISION potentiometer at prices
like these. The Duncan Model 3253 “PIXIEPOT"’
is yours for as low as $3.97 each in production
quantities and only $5.95 each for 1-24 units.

Match the following “"PIXIEPOT' features with
any other similar pot on the market.

* Length: ONLY 34"

* Diameter: ONLY 78"

* Linearity: =0.25%

* Resistance Range: 100 ohms to 100K ohms

* Power Rating: 2 watts @ +20°C

* Temperature Range: —25°C to +85°C

* Resolution: Better than ANY wirewound pot
TWICE its size!

» Slotted Stainless Steel Shaft

A Duncan “"PIXIEPOT'' can save you dollars on
your instrument and system requirements. If you
want to know just how many, call or write us
today. The full story on the “"PIXIEPOT" will be
in the mail to you within 24 hours. And when it
arrives, be prepared to jump for joy!

IS xS
" DUNCAN electronics, inc. e

A DIVISION OF SYSTRON-DONNER CORPORATION
2865 FAIRVIEW ROAD, COSTA MESA, CALIFORNIA 92626

4
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We mechanized
thin-film coating

when we perfected our Fast-Cycle Coater

Even unskilled operators can produce consistently uniform,
high-quality products at high production rates with automated
Airco Temescal Fast-Cycle Coaters. This is because every step
in the cycle is preset, every step is automatically controlled, and
the cycle can continue only after each programmed step is com-
pleted. Rejects are practically eliminated. Check these features:

® The automated cycle is reproduci- ®m The rotating substrate holder as-
ble. sures piece-to-piece uniformity.
® The coating chamber, sources, and
feed material are under continuous ™ Substrates may be heated to exact
specified temperatures for more
effective coating.

vacuum at all times.

m Elimination of repeated pump-
downs results in fewer contami-
nants, purer coatings.

m Evaporant may be replenished with-

m Coated substrates can be cooled in
vacuum and/or in inert gas.

out interrupting operation.

Efficient rate-monitoring system
can be used for precise control
over film thickness.

Thoroughly proved electron-beam
heat sources can evaporate ele-
ments, alloys, refractory metals and
dielectrics.

The Airco Temescal Fast-Cycle Coater, Model FC-1100, replaces eight
bell jars and seven operators. Why settle for less? Write for details.

/AIRCU Temescal

A DIVISION OF AIR REDUCTION COMPANY, INCORPORATED
2850 Seventh Street, Berkeley, California 94710 Telephone 415 841-5720
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for a highway traffic control re-
search site in Washington, D.C.
Also included in the program were
TRW Systems, which for $210,000
will do the same thing but for soft-
ware, and Cornell University’s
Operations Research department,
which is getting $75,000 for related
studies.

If all goes well, Sperry could
wind up with follow-on contracts
for the system’s hardware, once the
one-year first phase is over.

Compleat. Hughes Aircraft Co.’s
Newport Beach, Calif., division has
rounded out its semiconductor op-
eration by introducing a complete
family of bipolar monolithic inte-
grated circuits. Confirming an ear-
lier report [Electronics, May 27, p.
25], division manager Jack Hirshon
says the new line consists of 27
different transistor-transistor-logic
circuits, 50 diode-transistor-logic
circuits, and 8 linear amplifiers. All
devices will be available in both
standard TO-5 and flatpack dual-in-
line packages.

Flight control. The Aircraft
Equipment division of General
Electric and Sperry Rand’s Flight
Systems  division, have been
awarded $300,000 contracts by Boe-
ing to produce studies of advanced
flight control electronic systems for
the SST.

Wait and hurry up. More than
five years since its Versatile Avion-
ics Shop Test (Vast) system was
introduced, the Navy has ordered
a $1.15 million study to determine
the equipment and personnel re-
quired to service all aircraft now
in the flecet or due to join it in the
next decade. The study is being
made by the Grumman Aircraft
Engineering Corp.; subcontractors
are Autonetics, Bendix, Collins
Radio, B-K Dynamics, and Com-
puter Science. The Navy, now in
a hurry to get the project under
way, wants the study delivered
next February. Early indications
are that a system of computer-
driven buildings blocks will be
recommended. And a high degree
of hardware commonality would
make the most of precious below-
deck space in aircraft carriers.
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Not all latching relays
this small are reliable.

HL Latching Relay

This one is. Here's why.

First, the design. No other half crystal case latching
relay, according to major users, can match its mag-
netic structure and its ability to meet the most strin-
gent specifications.

Second, the meticulous production procedures we
follow (our Intensified Control and Reliability Pro-
gram) exceed industry standards. All assembly, ad-
justing and hermetic sealing are confined to our spa-
cious clean room, replete with sophisticated air con- ; i ‘ TIG T 5 PR d =
ditioning, laminar air f!ow work stations, ultrasoni'c : : 5 X s ig :;%stz"sg‘; hg:fi)ex: ‘:o g‘agsg_“'
cleaners, a Royco particle counter and a double air
lock entrance.

Third, realistic verification of performance —in-
cluding random vibration testing—is without dupli-
cation in the relay industry. For complete information,
talk with your local P&B representative or call Potter
& Brumfield Division of American Machine &
Foundry Company, Princeton, Indiana.

HL SERIES ENGINEERING DATA

Description: Dual coil, polarized, magnetic latching (Single coil,
polarized relays available on special order)

Contact Arrangement: DPDT (bifurcated, gold-plated silver-alloy)

Contact Rating: Dry circuit to 2 amperes @ 28V DC, resistive

Contact Resistance: 50 milliohms before life; 100 milliohms max. after
100,000 operations at maximum rated load

Expected life: 100,000 operations minimum at rated load

Pick-up: Dual coil—150 milliwatts (approx.)

Shock and vibration immunity:

Shock: 150g for 11 milliseconds No contact

Vibration: .195” D.A. fronf 10 to 55 Hz. opening in
30g, 55 to 3,000 Hz. either

Random Vibration: In excess of .4g2/Hz. armature
20 to 2000 Hz. position

Partial view of clean room where HL relays are Hermetic seals of HL relays are verified
assembled, adjusted and sealed. with radio-active krypton 85.

Circle 65 on reader service card

AMF | POTTER s BRUMFIELD



itary and aerospace

equipment demands proven

reliabilit

y-Lhatswhy
Dytronics specifies

capaciors

of MYLAR

Dytronics Co., Inc., of Columbus, components we select. Hundreds

Ohio, makes Primary Phase Angle of our Primary Phase Angle Standards
Standards that are used all over the are in military usage, and we are not
world in all temperature extremes. aware of a single failure of capacitors

Each precision unit uses 70

capacitors of MYLAR*
polyester film. Why
MYLAR? Here's what Paul
Ryan, President, had

to say: ‘“Military and major
aerospace facilities cannot
afford equipment failure,
and we must be sure of the

2 of MYLAR...we feel that this is

| evidence of both the reliability

and performance of MYLAR

and we find that capacitors of

MYLAR cost about the same

as those made of paper.”
MYLAR offers thermal

& stability from =70°to +150° C.,

plus excellent resistance to

most chemicals and moisture.

66 Circle 66 on reader service card

MYLAR has high tensile and dielectric
strength. Its unexcelled thinness has
enabled manufacturers to reduce size
and weight in capacitors.

Isn’t that reason enough for you
to consider capacitors of MYLAR in
vour designs? For additional informa-
tion write to Du Pont, which offers the
thinnest, most versatile range of
capacitor dielectric materials available.
Address: Du Pont Co., Room
5852B, Wilmington, Delawarg 19898.

.S. PAT.OFF

MYLAR'

REG u s paT OFF

A typical part of the Primary Phase Angle Standard
shown above with four capacitors of MYLAR (green).
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The Allen-Bradle
control center in stock

Telephone your local A-B distributor and he will
deliver to you—from his stock—all the components
necessary for the control center which you require.

The sectionalized mounting frames are complete with
all necessary hardware. They can be erected—at the
site—in a matter of minutes, and will then be ready to
accept A-B combination starters in ratings from Size 0
to Size 5. The enclosures for these starters have been
designed so that they will fit as “building blocks™ on
the mounting frames.

The AB Modular Control Center can be tailored to
your particular job with non-reversing, reversing, and
multi-speed starters. When the required starters do not
completely fill the mounting frame, blank panels can
be furnished at a nominal price to cover up the empty
spaces. Special enclosures are available, arranged for
mounting contactors, timers, relays, and similar control

=

AB]

167M-7

distributor in your area carries your

An AB Modular Control Center can consist of
one or more sections, accepting starter ratings
from Size O to Size 5.

devices. Additional frames can easily be added to the
original installation whenever this becomes necessary.
Allen-Bradley NEMA Type 1 or Type 12 combination
starters can be used in the one standard frame assembly.

Have your local Allen-Bradley distributor demonstrate
this new AB Modular Control Center—you will imme-
diately recognize its money saving value. Furthermore,
with all items in the A-B distributor’s stock—including
the required starters—a modular control center consist-
ing of many sections can be installed and in use in a
matter of two or three weeks. For an equivalent, com-
pletely assembled control center, a shipment promise of
16 to 20 weeks is common—and before it is installed
and ready to be connected to power, many additional
weeks will have passed. Allen-Bradley Co., 1201 South
Second St., Milwaukee, Wis. 53204. Export Office: 630
Third Avenue, New York, N. Y., U.S.A. 10017.

ALLEN-BRADLEY

Member of NEMA

QUAL LI Y MO T OJRECIO INANRO L
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MEET THE DECISION MAKERS...

Four CVC High Vacuum Systems with AutoMate™ Control!

made and carried out in response to pres-
sure in the system—you get the same re-
sults in your pumpdown every time. For full
details, write Consolidated Vacuum Cor-

Just touch the start button, AutoMate does
the rest. The AutoMate Control on your
CVC system controls pumping cycles auto-
matically—as fast and accurate as your

best technician. The cycling decision is

poration, Rochester, New York 14603.

CV-144

CV-164

Cv-18

CV-1104

APPLICATIONS

Electronic and
Optical Thin-Film
Deposition, Environ-
mental Studies

Electronic and
Optical Thin-Film
Deposition, Environ-
mental Studies

Electronic and
Optical Thin-Film
Deposition, Environ-
mental Studies

Electronic and
Optical Thin-Film
Deposition, Environ-
mental Studies

14” Pyrex 18" Pyrex 18" Pyrex 24" or 30” Stainless
CHAMBER Bell Jar Bell Jar Bell Jar Steel Bell Jar
DIFFUSION PUMP 4" BlueLine 6" BlueLine 6” BlueLine 10” BlueLine

BAFFLE

Choice of multi-
coolant or liquid
nitrogen

Choice of multi-
coolant or liquid
nitrogen

Choice of multi-
coolant or liquid
nitrogen

Choice of multi-
coolant or liquid
nitrogen

EVAPORATION
POWER SUPPLY
RATING (Continuous
Duty/20% duty)

2 KVA/3.9 KVA

2 KVA/3.9 KVA

2 KVA/35 KVA

4 KVA/8 KVA
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Bendix g4 Electronics

New CV-1104 System With AutoMate™ Control
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It=

Electronics | August 5, 1968




Visit TAC at WESCON booths 2002 & 2003 where we
can supply priceless demonstrations of the 1200 Wafer
Prober which is the first to handle 3” diameter wafers

The IC 400 DTF which automatically feeds, contacts
and classifies carrier mounted TO-5, DIP and flat pack
type IC’s without track changes at rates of 6,000 parts
per hour with 300 ms test time. . . .

The ICT 500 D which final tests naked DIP’s at tem-
peratures of —65°C or +t150°C at rates up to 3600
pieces per hour with a 3 minute soak and 600 ms test
time allowed. . ..

The IC 200 DTF which handles carrier mounted IC’s.
Manual input, 2 bin output. Standard track for all three
packages.

R Sy R S R e e

If a picture’s
worth

1,000 words
what's a

demonstration
worth

TRANSISTOR AUTOMATION
10 FORBES ROAD
WOBURN, MASSACHUSETTS 01801

(617) 935-5400 US.A.
A TELEDYNE COMPANY
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TWO ENGINEERS
WITH THE SAME

PROGRANMMING PROBLEM

7

RN Gke.

USING CHERRY SELECTOR SWITCH

USING ROTARY SWITCHES requires 330

soldered joints . . . over 8 hours of labor . . . requires no soldering . . . less than 5 minutes

occupies 293 square inches of panel space . . . of labor . . . occupies 41 square inches of panel
space . . . costs $32.95 installed.

costs $88.00 installed.

70

(That’s $0.29 per switching point.) (That’s $0.11 per switching point.)

WHICH ONE WOULD YOU LIKE TO
CHECK FOR A MISTAKE IN WIRING?

WRITE ToODAY for full details on the totally
new Cherry Selector Switch. It may change

all your old ideas about programming devices.

CHERRY

CHERRY ELECTRICAL PRODUCTS CORP. ¢ 1656 Old Deerfield Road e Highland Park, lllingis 60035
Electronics | August 5, 1968
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More and more electronic
and communication components
are turning up in LEXAN

POLYCARBONATE RESIN

Sanders underwater electronics con-
tainer and sound signal tailpiece, Memo-
rex disc pack, Motorola housing,
Western Electric 3-piece connector, GE
tape reel case, Elco diode connector,
Data Packaging tape reel and wrap—all
molded of LEXAN polycarbonate resin.

The polycarbonate combination of tough-
ness, electrical properties, and flame
resistance accounts for its use in so
many electronic and communication
components.

LEXAN 2014 resin is the only polycar-
bonate to meet the flame resistant stan-
dards of self-extinguishing, Class 1, UL
Bulletin 94. Excellent electrical insulat-
ing properties and thin section strength
up to 250°F add to the value.

LEXAN polycarbonate properties such as
dimensional stability, rigidity, creep
resistance and impact strength allow
parts made of LEXAN to be slammed,
banged, shocked and vibrated many
thousands of times beyond performance
requirements.

These are the reasons why LEXAN resin
is repeatedly replacing metals and ther-

mosetting materials. You get the high
performance needed, while reaping the
low cost processing advantages of a
thermoplastic. In fact, the Sanders tail-
piece represents a 60% cost reduction
over aluminum!

For more information, write Section
145, Chemical Materials Department,
General Electric Company, One Plastics
Ave., Pittsfield, Mass. 01201.

Leader in Engineering Plastics
LEXAN® e NORYL® ¢« PPO® o« PHENOLICS

GENERAL @D ELECTRIC

Circle 71 on reader service card




microwave problem?

el

talk to Andrew...the antenna systems specialist

Andrew microwave antenna systems are hard at
work all over the world. Fixed, portable, and mobile
installations, designed by Andrew, can be found
wherever communications engineers demand the
utmost in performance and reliability. ® This new
transportable 7 GHz system is a good case in
point: used in a quick reaction microwave link, the
unit packs broadband communications capability
into a compact package. A 100 ft. aluminum tele-
scoping mast pneumatically raises the 6 foot
antenna, guy wires, and dual axis positioner in

72 Circle 72 on reader service card

less than 60 minutes. The flexible HELIAX® ellip-
tical waveguide feeder goes up simultaneously,
and the jacket includes control cables for the
positioner. An automatic dehydrator-compressor,
114 ton trailer, and AC power supply complete the
package—all from Andrew. One source—one re-
sponsibility. = Have a microwave antenna system
problem? Bring it to Andrew, most people do!
Andrew Corporation, 10500 W. 153rd St., Orland
Park, Ill. 60462.

3-67
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Johnson won't act
on communications
task force report

Intelsat 3 delivery
is again set back

Airport traffic jam
spurs call for probe

EIA wants word
on phone standards

Electronics | August 5, 1968

Washington Newsletter

August 5, 1968

President Johnson will neither submit legislation to implement any
recommendations his task force on telecommunications will make, nor
will he order any administrative changes based on the panel’s report.
This means that his successor will face the difficult job of acting on the
recommendations, which are bound to be controversial.

The President won't sit on the report, however. He’s insisting that the
task force complete its work this summer. It now appears certain that
the group will miss its mid-August deadline [Electronics, June 10, p. 80]
—though not by as much as predicted previously. If the report is sub-
mitted by the end of this month, Johnson would have time to get as much
political mileage as possible out of it. White House insiders point to Labor
Day as a likely public release date for the report.

Another slated delivery date for the first Intelsat 3 satellite will be missed.
TRW Systems, the prime contractor, said as late as two months ago that
the craft would be delivered no later than the first week in August
[Electronics, June 24, p. 141], but the latest word is that it will be turned
over to Comsat late this month or in early September.

Comsat still officially holds that the satellite will be launched in time
to relay television reports of the Mexico City Olympics, which begin
Oct. 14. However, time is growing short. Once the satellite is accepted
by Comsat, it will be shipped to Cape Kennedy for tests. A communi-
cations satellite normally goes through from two to three weeks of hangar
testing at the Cape, and five to 10 days of checkout on a launch pad.

One of the major problem areas remaining is reportedly the communi-
cations subsystem being built by ITT. On the plus side, the mechanically
despun antenna built by Sylvania is now working well. The three flight
models delivered to TRW so far yield more gain than Comsat specified.
The beam is more narrow vertically than Comsat had wanted, but this
loss of a few tenths of a decibel near the edge of the beam is more than
offset by the increased over-all gain.

The FAA may have to answer some embarrassing questions from Con-
gressmen before the year is out. The recent slowdown in airliner takeoffs
and landings dictated by air traffic controllers at major airports has
spurred Rep. Richard Ottinger (D., N.Y.) to call for a Congressional
inquiry. Ottinger, whos pushing for hearings as soon as Congress recon-
venes after the political conventions, says he wants to know “precisely
what liberties were taken with safety regulations before the ‘by-the-book’
campaign went into effect.”

The Electronic Industries Association is moving fast to prevent any
unilateral action by the Bell System in setting standards for “foreign
attachments” on phone company lines. It has formed an ad hoc engi-
neering committee to consider what standards should be set. It wants to
do its homework by the time Bell is ready to make its recommendations
to the FCC. If the June ruling by the FCC in the Carterphone case
is upheld, as expected, in the courts, Bell may seek to establish tough
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Fingerprint readers
are stillon FBI's
‘most wanted’ list

Firms oppose tryout
of simpler Air Force
contract standard

Comsat charter
change may lead
to broad shakeup

74

Washington Newsletter

standards. And the EIA, aware of the huge business potential, wants to
get into the act.

First committee hearing will be in early September and the EIA
hopes to get Bell's cooperation. A spokesman for the telephone company
says that although it has received no official announcement of the EIA
committee, they are “awaiting a request to cooperate in the formation
of standards with interest.”

Two organizations developing automated fingerprint-reading equipment
for the FBI have run into design problems that put them a year behind
schedule, No one will say what the problems are, but the FBI has
extended the two development contracts into 1969. No additional money
is involved.

Cornell Aeronautical Laboratory and Autonetics originally were to
deliver prototypes this summer [Electronics, July 10, 1967, p. 50]. The
FBI now expects to get final designs by November and prototype gear
by mid-1969.

Cornell’'s approach involves a flying spot scanner that reads prints from
opaque forms; the Autonetics reader employs holographic techniques.
Both systems would automatically read, classify, and sort fingerprints
based on the minute differences among them. One of the two systems is
expected to serve as the basis for an FBI fingerprint processing center.

There is growing industry opposition to the Air Force’s plan to try out
in one or two new contracts an approach to its 375-5 systems engineering
management procedure [Electronics, July 22, p. 53] that would involve
less paperwork than did the original version. Defense contractors fear
that such a trial period might cause the Pentagon to postpone the formu-
lating and implementing of a tri-service systems engineering management
standard. Industry has been pushing for such a standard and would prefer
that the Air Force adopt the alternate to the 375-5 immediately.

A tri-service standard has been agreed to in principle by the three
services but no formal documentation has been started. “There are at
least a thousand systems engineering management documents in the
Pentagon now,” says one industry spokesman. “What we want is some
uniformity.” Despite the opposition, however, odds are that the Air Force
will go ahead with its tryout of the simpler approach.

A proposed reconstitution of Comsat’s board of directors could lead to
wholesale revisions in the company’s charter. The proposal, which would
limit common carriers’ representation on the board to the proportion of
Comsat stock they hold, has support in the Senate Commerce committee
and should have little trouble getting to the Senate floor. However, it
would be the first amendment to the original Communications Satellite
Act of 1962, and it might open the door to a full discussion of the firm’s
charter and generate further amendments and riders. The company’s role
in the aeronautical, broadcast, and ground-station fields might be broad-
ened—or contracted.

The common carriers currently hold 42.5% of Comsat’s outstanding
shares but are represented by six of the firm’s 12 directors. Under the
proposed formula, they would rate only five directors.
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Sorensen modular power supplies
3% 3% x 7, :0.003% regulation
58900

any questions ?

[1] Model QSA48-.4 Power Supply,

shown actual size, illustrates the com-

pactness of the Sorensen QSA Series.

New off-the-shelf models cover the

range to 150 volts.

[] All silicon transistor design—con-

vection cooled—operating tempera-

tures up to 71°C.

[0 Requires no external heat sink—

mount in any position.

[ Lowest ripple of any modular sup-

plies—300 pV rms.

[] Best voltage regulation— =+ 0.005%

line and load combined.

[] Lowest prices—$89 to $149.

[] Overload and short circuit protec-

tion.

[] 20 us response time—no turn-on/

turn-off overshoots.

[0 Three sizes in each voltage range

depending on power level—all are

rack mountable with optional 3%2"” rack

adapter.

0 Remote sensing and remote pro-

gramming— capable of series/parallel

operation.

[ Any further questions? For QSA

details or for other standard/custom

DC power supplies, AC line regulators

or frequency changers contact your

local Sorensen representative or:

Raytheon Company, Sorensen Opera-
tion, Richards Avenue,

Norwalk, Connecticut
06856. Tel: 203-838-6571
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Will Scotchpar win the Ester award
for the best film of the year?

A W Based on the quality of polyester films,

3M'’s scoTCHPAR should win at least as
many votes among electrical manufacturers
as the “big name” film.

There’s nothing better than scoTcHPAR
film for capacitors.

And there’s nothing better than
SCOTCHPAR film as insulation for
transformers, motors, wire and cable.

We have it in thin films and thick films.

ScorcHPAR film has high dielectric strength,
great temperature stability, resistance to
moisture and solvents. It’s thin, tough,
flexible and durable.

If you’re going to use polyester film

instead of a conventional insulation—and
you should, to cut costs, save space,

and improve product performance—vote for
SCOTCHPAR. If you want the heat sealable
version, the name is scCoTcCHPAK® film.

A vote for sSCOTCHPAR polyester film is a
vote for quality and adaptability.

3M Company, Film & Allied Products
Division, 3M Center, St. Paul, Minnesota

* Scotchpar 3M

BRAND POLYESTER FiLMm
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Pick the new RA-245 line transmitter. Pick
the new RA-246 line receiver. Pick the new
RA-244 buffer amplifier. Pick the new RA-
909A. Pick Radiation’s Custom MSI capability.

We don’t make IC’s for every job...yet! But
every Radiation IC is designed to provide the
best possible solution to a particular IC appli-
cation. (It .takes time to develop quality inte-
grated circuits. So we're selective. We pick
areas where nobody else seems quite able to
make the Best IC for the job...and then we
sock it tothem!)

We believe our success depends on making
your life as a Design Engineer a little bit easier
...and that means making the Best IC’s for
the job. (There are five new Radiation IC’s
announced today . ..and more to come!)

WE MAKE THE &%S‘ \Q FOR THE JOB

@ |
| o ¢

Visit us at
WESCON ‘68
Booth 147-148
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Problem: Digital Data is to be transmitted
at arate of 20MHz over three 50 () balanced
transmissionlines. Electro-magnetic coupling
must be unmeasurable. Pick the best inter-
face buffers for the job.

COCCO0

\\\%B%S\ S WM

THE NEW RA-245 LINE TRANSMITTER

The best IC to use at the sending end is Radiation’s dielectrically isolated
RA-245. This line transmitter converts digital voltage pulses to current
pulses. The high speed CML circuits assure data transfer rates in excess
of 30MHz. Power dissipation is a constant, independent of data rate.
The balanced system virtually eliminates the adverse effects of line ca-
pacity. Electro-magnetic coupling and susceptibility is greatly reduced.
RA-245 is available in both the TO-84 flatpack and the ceramic dual inline
package. Three voltage-to-current converters are in each package. Power
dissipation is negligible when converters are not being used. So use only
one or all three. RA-245 is the Best IC for the job.

THE NEW RA 246 LINE RECEIVER

For best results, use Radiation’s dielectrically isolated RA-246 at the
receiving end. This 3-element buffer faithfully restores the current pulses
to digital voltage pulses. The RA-246 current-to-voltage converter has
built-in input terminations for balanced 50() lines. Outputs from each
element are suitable to drive all standard saturated logic circuits (such
as DTL, TTL, etc.).

Like the RA-245, the RA-246 is available in both the TO-84 flatpack and
the ceramic dual inline package. And you can use any or all of the con-
verters. The Best IC for the job.

Contact your nearest Radiation sales office for further information. Ask
how the RA-245 can be used as a level shifter. And how to use the RA-
246 as a threshold detector. We will help you pick the Best IC for the job.

WE MAKE THE Q‘S‘ \Q FOR THE JOB ‘ '
' € RADIATION

IINC IO R PORAT E D

SUBSIDIARY OF HARRIS-INTERTYPE CORPORATION
MICROELECTRONICS DIVISION

RADIATION SALES OFFICES: P.0. Box 476, Lexington, Mass. 02173, (617) 682-1055 « 600 OId Country Road, Garden City, N.Y. 11530, (516) 747-3730 = 2600 Virginia Avenue N.W., Washington, D.C. 20037, (202) 337-4914 « 6151
W. Century Boulevard, Los Angeles, California 90045, (213) 670-5432 « P.0. Box 37, Melbourne, Florida 32901, (305) 727-5430 e International Sales: Marketing Department, P.0. Box 37, Melbourne, Florida 32901, (305) 727-5412
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Problem: An integrated circuit voltage follower capable of slew-
ing at a minimum 50V/u s rate is needed. A minimum 20MHz
bandwidth is required. Power dissipation must be low and the
amplifier must operate from +10 volt supplies. Pick the best
buffer amplifier for the job.

VOLTAGE
OUTPUT

EXTERNAL FEEDBACK CONNECTION

‘Q&\%B?S\ AN

THE NEW RA-244 COMPENSATIONLESS
BUFFER AMPLIFIER

Solve the problem with Radiation’s dielectrically isolated RA-244 buffer
amplifier. Operating in Mode #2 of its dual-mode capability, a guaranteed
minimum slew rate of 50V jus is yours! And the bandwidth is 20MHz.
Maximum power dissipation is only 1770mW. Low enough for the most
demanding design criteria. Another plus. .. like Radiation’s RA-909 oper-
ational amplifier, no compensation networks are needed. Obviously, the
Best IC for the job.

Switch to the 15V /us (guaranteed minimum) Mode #1 simply by
using externally available resistor trim points. And, also, the feedback
loop is accessible, making the RA-244 extremely versatile. Use it as a
voltage follower, wideband video amplifier, or general purpose opera-
tional amplifier.

Contact your nearest Radiation sales office for further information. We'll
help you pick the Best IC for the job.

WE MAKE THE “C‘\ \Q FOR THE JOB & ‘ ‘
RADIATION

LN O R O R AT EE)
SUBSIDIARY OF HARRIS-INTERTYPE CORPORATION
MICROELECTRONICS DIVISION

RADIATION SALES OFFICES: P.0. Box 476, Lexington, Mass. 02173, (617) 682-1055 « 600 Old Country Road, Garden City, N.Y. 11530, (516) 747-3730 2600 Virginia Avenue N.W., Washington, D.C. 20037, (202) 337-4914 « 6151
W. Century Boulevard, Los Angeles, California 90045, (213) 670-5432 « P.0. Box 37, Melbourne, Florida 32901, (305) 727-5430 « International Sales: Marketing Department, P.0. Box 37, Melbourne, Florida 32901, (305) 727-5412
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Problem: Four DC to 30
kHz signals from high im-
pedance sources must be
summed into a 2k{), 100
pF load. The output is to be
a guaranteed minimum %
12 volts over the full fre-
quency and military tem-
perature range. The logical
choice wouid be a Radiation
RA-909. But amplifier off-
set current drift must not
exceed 2 nA/°C. Pick the
Best IC for the job.

\\Q&‘@S\ SN

THE NEW RA-909A COMPENSATIONLESS
OPERATIONAL AMPLIFIER

Drift error is very low in the new dielectrically isolated compensationless
RA-909A. Between -55°C and + 25°C offset current drift is a low
2 nA/°C. From +25°C to +125°C...an even lower 0.5 nA/°C! And
Radiation guarantees less than 15 u v/°C offset voltage drift over the
military temperature range. Compare this performance with any 709
type op amp over this extremely wide operating frequency range. You'll
pick the Best op amp for the job. The RA-S09A.

Like the RA-909, no external compensation is needed. Dielectric isola-
tion and good circuit design eliminates the need for compensation. The
RA-909A s in both a TO-99 package and a TO-86 flatpack configuration.
A direct replacement for 709 type op amps.

Contact your nearest Radiation sales office. Let us help you pick the Best
IC for the job.

WE MAKE THE “\“5\\ \Q FOR THE JOB ‘ ‘

RADIATION

INCORPORATE D

SUBSIDIARY OF HARRIS-INTERTYPE CORPORATION
MICROELECTRONICS DIVISION

RADIATION SALES OFFICES: P.0. Box 476, Lexington, Mass. 02173, (617) 682-1055 « 600 Old Country Road, Garden City, N.Y. 11530, (516) 747-3730 = 2600 Virginia Avenue N.W., Washington, D.C. 20037, (202) 337-4914 « 6151
W. Century Boulevard, Los Angeles, California 90045, (213) 670-5432 « P.0. Box 37, Melbourne, Florida 32901, (305) 727-5430 e International Sales: Marketing Department, P.0. Box 37, Melbourne, Florida 32901, (305) 727-5412
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Problem: 80 milliamps minimum per bar is required to drive a 15 volt seven segment dis-
play. One integrated circuit package is to be used. Input to the package is BCD. Pick the
best Custom IC capability for the job.

m?&‘éS\ AN

THE CUSTOM MSI SEVEN SEGMENT
DECODER/DRIVER

One of our customers had the exact problem stated above. Radiation
solved the problem reliably and economically with dielectric isolation
and medium scale integration. BCD to decimal to seven-bar with built-
in drivers...three hundred elements on a single chip! And an 80 MA
per bar minimum drive current. The best IC solution for the job.

Radiation has mastered dielectrically isolated MSI. We would like to work
with you on your particular application. Medium scale integration is the
best solution to the packaging density problem. Dielectric isolation is
the best approach.

Contact your nearest Radiation sales office. State your problem. Let us
help you pick the Best IC for the job.

' 4 |
l = € RADIATION

INCORPORATE D

SUBSIDIARY OF HARRIS-INTERTYPE CORPORATION
MICROELECTRONICS DIVISION

WE MAKE THE \B\u9 \ N For THE JoB

RADIATION SALES OFFICES: P.0. Box 476, Lexington, Mass. 02173, (617) 682-1055 « 600 0ld Country Road, Garden City, N.Y. 11530, (516) 747-3730 « 2600 Virginia Avenue N.W., Washington, D.C. 20037, (202) 337-4914 « 6151
W. Century Boulevard, Los Angeles, California 90045, (213) 670-5432 « P.0. Box 37, Melbourne, Florida 32901, (305) 727-5430 e International Sales: Marketing Department, P.0. Box 37, Melbourne, Florida 32901, (305) 727-5412
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versatile research, development, and training

NEW HEATH MIODULAR
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delivery begins in September for any requirement—

Heath ‘805’ Series Digital Instruments begin at $940

The First Truly Universal Digital Instruments,
The 805 Series Perform All These Functions :
e Frequency Meter, 12.5 MHz guaranteed

e Events Counter

e Integrating Digital Voltmeter (optional feature:
EU-805A includes all functions; EU-805D does
not have DVM function)

Ratio Meter

Time Interval Meter

Period Meter

Voltage Integrator

he 805 Features :

6 digit readout plus over-range

0.05% Accuracy As DVM

Accuracy of +1 Count in all frequency,
interval, and period modes

Count mode has electronic start & stop as well
as manual

Time Base Stability better than one part in 10
(15°to0 55°C.)

TTL Integrated Circuitry

Compatibility with Heath 801 Digital System Mod-
ules for education and instrument development
e Versatile circuit cards can be used to make many
instruments

Input Comparator Features :

e Two Independent Input Comparators

e Automatic Mode Triggering

e Rear Panel Comparator Outputs

e Switch Selection for AC or DC Coupling or
Signal Disconnect

eeoooee

time

e Four Levels of Input Attenuation

e Includes Provisions for Independent use of Input
Comparator B

e Input Comparator B may be controlled at rear
panel to provide Main Time Base Input

Readout Features :

e Front Panel Display Memory Switch

Front Panel Accumulate Switch

Extended-Range Variable Display Time

Rear Panel Input for External Time Standard

Rear Panel Access to Clock/Scaler provides

Standard Time Intervals in Decades from 1

microsecond to 10 Seconds, or Continuous 1

microsecond

e Voltage to Frequency Output available at Rear
Panel when operating in any mode

Events Counter Features :

e Either Manual or Electronic Gating for Start & Stop

e Events may be scaled in Decade Steps to 107

. 6 digit display permits count to 10'* without

over ranging

e Input Pulse Resolution better than 50 Nano-
seconds.

Frequency Meter Features:
e Frequency Measuring Capability better than 12.5
MH

z

e Two-Channel Input for Frequency Comparison or
A /B Ratio Measurements

e Resolution at Max. Gate Time 0.1 Hz +1 Count

e Time Bases, 1, 10, 100 microseconds; 1, 10, 100
milliseconds; 1 & 10 seconds

—————— —— e e e — (3% RSP T
HEATH COMPANY, Dept. 580-04 e=17

Benton Harbor, Michigan 49022
[ Please Send Free EU-805 series Spec. Sheet

[ Please Send Free EU-801 System Modules Spec. Sheet

[0 Please Send Free Circuit Card Spec. Sheet
Name__

FREE SPECIFICATION

EU-805A/D UDI Spoc.

Digital Voltmeter Features :

e High Accuracy Integrating Type

e 5 gigohms (5 x 10") Input Impedance on separate
1 v. Range (10 microvolt resolution)

e 1,10, 100 & 1000 Volt Ranges — 10 megohm
input impedance

e Selectable Gating/Integrating Times ... 0.1, 1,
10 Seconds

e Automatic Polarity Indication

e 10% Over Range Capability

T/me Interval Meter

Either Manual or

and Stop

Switch Selecnon for minimum. Time Resolution;

1,10, 100 microseconds; 1, 10, 100 milliseconds;

1 & 10 seconds

e Resolution +1 Count

Period Meter Features :

e Either Manual or Electronic Gating for Start & Stop

e Switch Selection for minimum Period Resolution :
1,10, 100 microseconds; 1, 10, 100 milliseconds;
1 & 10 seconds

e Resolution +1 Count

e Two-Channel Input for Period Comparisons or
A /B Ratio Measurements

Ready For September Delivery :

Assembled EU-805D, as above less DVM func-

tion, (EU-805-12 may be added later if desired at

$340). . $940

Assembled EU- 805A

ment with DVM . 1

Electronic Gating for Start

Un.u.v-e.r.sél. . .Dllé.lf.a.ll .Iﬁstvu
M e A £ D

SHEETS

Circuit Card Spec. Sheet

Sheet contains plet

details, photos, prices and

explanations of all functions
and controls.

Company

Address

City. State Zip
l _(_mw_esislecmcamm_s _sibj_ect_toc_hange wnhout notice) EK- 250
82

EU- BIHA MDS Spec. Sheet

plete details
of each module, explana-
tions of all circuit cards and
prices.

contains complete details
and specs. on each circuit
plus card prices.
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another Heath /Malmstadt-Enke design
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Systems, Instruments, Modules, or Circuit Cards

Heath ‘801"’ Series Digital Analog System Modules at $435

A Unique Design-It-Yourself Approach To

Digital /Analog Instrumentation, The 801 Has

Everything You Need To Investigate Digital

Circuitry, Design Your Own New Circuits,

Or ""Customize’ For Specific Functions As

A Discrete Digital Instrument

General Features :

e Factory Assembled Digital Power Module, Binary
Information Module, Digital Timing Module, and
Plug-In Circuit Cards — each available separately

if desired

e Unique System of Circuit “Breadboarding’’ for
experimentation ... fast, easy solderless con
nections

e Integrated Circuits

e TTL Integrated Circuit Logic

e Integral Time Base

e Binary Readout (optional digital readout avail-
able later)

e Integral Power Supplies

e Accepts Circuit Cards from Heath 805 Universal

Digital Instrument
Now You Can Investigate :
e Counter Circuits
e Scaling Circuits
e Gating Circuits
e DVM Circuits
e Adders & Subtracters

Unique, flexible, extendable. This new Heath/Malmstadt-Enke Modular System
provides the first instrumentation package with the means to achieve virtually everything
you wish in digital & analog circuitry. To investigate existing digital circuitry, just plug
in the components required . . . to design your own special digital circuitry, just plug in
if you wish to design your own digital or analog-digital
instrument, again it's just a matter of plugging in the components . . .
new system. Factory assembled circuit cards plug into the chassis. Each card has a special
connector board on top which features solderless connectors to accept ordinary hookup
wire and component leads for fast assembly of special circuits (several hundred patch
wires are included). Integrated circuits using TTL logic provide state-of-the-art electronics.
other modules and circuit cards will be available as
teghnology changes so the system can be expanded to more and more applications.

the components required . . .

This system is also open-ended . . .

Information — Application Manual is included.
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e Integrators
e Digital-Analog Interface
e Special Circuits of your own design

Custom-Design Your Own :

e Counters

Frequency Meters

Digital Volt Meters

Precision Timers

Frequency Standards

Operational Amplifier Systems

Digital-Analog Interfaces

And Hundreds of other Digital & Analog In-
struments

Recommended System (EU-801A as
trated) Includes:

EU-801-11 Digital Power Module

Supplies all voltages necessary to operate the sys-
tem, distributed by 6-pin connector. (+5, +15,
+170 v.) Power also available on front panel at
octal socket, at top of circuit cards, and at banana
plugs. $75.

EU-801-12 Binary Information Module

10 neon lamps and driver circuits; lamps light with
application of logic 1. 8 SPDT switches and 2
SPDT spring return switches for binary information
inputs. Connections for switches and lamps avail-
able at top of circuit cards. $50.

illus-

it's all here in this

EU-801-13 Digital Timing Module

Contains function generator and three controls for
use with monostable and comparator circuits. Gen-
erator range, 0.1 Hz to 10 kHz, variable in 5 decade
steps. External capacitor position for other fre-
quencies to 100 kHz. Outputs: complementary
square wave, complementary pulse, and ramp. $60.

EU-801A Circuit Cards

Included are four Nand gate cards, two dual J-K
flip flops, one dual monostable multivibrator, one
relay card (contains 7 relays), one comparator/
voltage to frequency converter card, one dual inline
IC patch card, two multiple connector/blank PC
cards, one operational amplifier card with 1200
megohm input. Individual cards available, prices.
range from $10 to $40. (Note: many cards from the
EU-805A U.D.Il. can be used.

EU-800-RC Three-Module Cabinet

Holds any three modules; has elevating support to
allow unit to be tilted back for access to front
panel controls or forward when “patching’’ circuit
cards. $20.

Ready For September Delivery :

Assembled
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ording (HDDR, patéﬁt pending).
ithout going into great detail,

track inch. And, although we guar-
antee an error rate of 1x10;° we've
yet to drop a single bit using HDDR.

ht, car ddge-’
r units. Recorders

Division, Department A
717 N. Coney Ave., Azusa,
Calif. 91702. (213) 334-8211.







You're the last person we

Come as a surprise ? Not that our design
people aren't painfully aware of your
requirements. They are. You know that
because a lot of you order the things
again and again.

But we're really building our stuff for
your customer. Why him? Well, you get
to assemble your product the easy way.
In your plant. A black box at a time. But
your customer has to put all those things
together in a very small space, with just
a squinch of a place for the fingers. And
field servicing is something else. It's
done under less than optimum condi-
tions most of the time. We know it. And
we design for it. Very small, but very,
very practical.

e

FIVE MOST INTERESTING
FOR INSTANCES

First, a first. 3-piece, solderless, all
crimp family of 50-ohm coaxial connec-
tors that can operate at 200°C. All of
them mate with standard 10-32 coupling
nut 50-ohm connectors. They're much
shorter. And they weigh only a scant
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1.693 grams. Instead of the common-
place, hard-to-manage 5to 7 pieces, the
MARC 131 simply has a contact assem-
bly, an inner crimp sleeve and a hous-
ing. Period. Needless to say the law of
less parts, greater reliability applies
here.

It's available in two plug types, jack
and bulkhead jack, bulkhead and
printed circuit receptacle, right angle
plug and p.c. receptacle.

FLAT CONDUCTOR CABLE
CONNECTORS

Yes. How about that? And our second
offering is also a first, The first con-
nector—flat conductor cable—devel-
oped for 50-mil centers. It's called the
MARC 220.

Although applications for flat con-
ductor cables aren't exactly overwhelm-
ing now, it's projected that a good 85%
of aircraft and missile requirements
could call for flat conductor cables (and
of course connectors) in a mere ten
years. Less demanding versions will
also be available for commercial/
industrial markets.

The 220 uses the vastly superior twist

pin concept. The pin has an O.D. of
0.0315” and the socket has an 1.D. of
0.028”, All this makes for a much better
electrical connection as the wide pin
twists and lengthens going into the
socket. (A little design improvement
over screw machine type pins.)

Pins and sockets are joined to flat
conductor cable in a diallyl phthalate
insulator module which shows up with
more than admirable temperature char-
acteristics and phenomenal compres-
sive strength. The 220 comes in sizes
from 1” to 3%, in }4” increments, and
accommodates from 1 to 3 stacked
cables.

MILITARY AND INDUSTRY WANTED
A HI REL. ULTRA LOW VSWR,

RF CONNECTOR

We countered with the MARC 151; a
new family of tiny connectors designed
for use with a 0.141” semi-rigid 50-ohm
cable. The max VSWR is 1.05:1 at 12.4
GHz and can be used up to 26 GHz.
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design connectors

They'll work at 70,000 feet with no prob-
lem and will take 250 V RMS applied,
without corona. We haven't been filled
in on all the applications yet, but the
word from the customers is one of smug
satisfaction.

ULTRAMINIATURE

COAX CONNECTOR

This "'help-everything's-getting-smaller"
design takes the smallest available
coax, the 4” O.D. Lepra/Con, and com-
bines it with a sure contact, slide-on
connection device. This bonus means
you don't have to design in knuckle
space, and is an answer to various com-
mercial, industrial and military people
who were really cramped for room in
many aerospace projects, desk top
computers, modular packages and
other size and space limiting require-
ments. Slide-on Lepra/Cons are all-
crimp, rated for continuous use at 300°F
(with short periods to 450°F). They'll
take a shot of 450 V RMS dielectric volt-
age at sea level and have a contact
resistance that goes from 4 milliohms
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min to 8 milliohms max at 3 amps.

Like the regular Lepra/Con, the
slide-on versions come in the same
styles.

O B WIS O
o o st : o
Mt-.v’ b Pt e MN

HIGH DENSITY TERMINAL
JUNCTION BLOCKS

This is an integrated wire termination
system of Junction, Feed-through and
Programming blocks, environmentally
and non-environmentally sealed.
Besides being space and weight savers,
they end the klugey, hap-hazard screw
on operations of old style terminal
blocks.

The basic module is 5/16” x 5/8” x 5/8”
(a hair longer in feed-through and
environmentally sealed types). With
easy to assemble end and side plates,
you can make any size block you need.
The contact retention system is the
most reliable in the business. So secure,
it passes the shock test of 50 G's. Spe-

cial sealing glands in the module give
every contact a positive seal. Connec-
tions are made with an easy to use,
non-conductive insertion and removal
tool. And every unit checks out as a
much more reliable method than those
using open connections.

These promise to be snapped up for
more and more applications by the air-
craft and aerospace industries.

Briefly, that's our new stuff. The finer
points are belaboured in data sheets
available by writing.

Or, drop by our booth at WESCON—
(No. 1417—18 & 19) Sports Arena. We'll
have a full line-up of the previously
discussed items. Plus a full display
of our other microminiature cables
and connectors.

Let's see. We got a thirty foot booth.
And the average engineer takes up
nineteen point two inches across. So
that's eighteen point five guys at a time.
And the new product pitch takes about
seven minutes. So that means we can
handle about...

Hey. Better get there early.

MICRODOT INC.@

220 Pasadena Ave., South Pasadena. Calif. 91030
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5things you should

e ®
3. Applications:

Fairchild MOS FETs are excellent amplifiers.
They're also the closest thing to an ideal switch.
They've got high input impedance, zero offset volt-
age, wide dynamic range, low cross modulation, and
good noise figure. They're perfect for analog and
digital switches, high speed solid-state choppers and
amplifiers from DC through UHF frequencies.
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1.Gate protection:

MOS FETs used to be so sensitive, they'd burn
out in your hand. Fairchild has solved the problem
with Gate Protection. It's provided by our unique
integrated diffused resistor Zener diode. The resistor,
in series with the gate capacitance, provides an RC
time constant. Any transient static charge applied to
the gate is delayed until Zener breakdown. The
charge is then shunted through the Zener to ground.

4

2. Stability:

Some MOS devices have unstable thresholds. That
usually means there are many free positive ions in
the oxide. Fairchild’s patented Planar II* process
reduces the number of ions and keeps them under
control. Under worst case bias conditions, the aver-
age Fairchild MOS FET will experience less than a
six percent threshold change over 1000 hours of
operation. That's better stability than any bipolar
device made. Even ours.

know about mos fets:

4.The price:

When MOS FETs first came out, they cost about
five times as much as bipolars. Now, they don't. In
fact, you can’t afford not to use them.
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5.The kit:

To prove our specs are in the right place, we've
prepared a sample kit to help you get involved with
MOS FETs. It's worth $160.10. You can buy it from
any Fairchild distributor for $39.95. You can also get
a bundle of applications information. Free. Just circle
the Reader Service Number below.

Fairchild Semiconductor A Division of Fairchild Camera and
Instrument Corporation, 313 Fairchild
Drive, Mountain View, California 94040 FAIRCHILD
(415) 962-5011 TWX: 910-379-6435 S nueumm—

QUANTITY | DEVICE APPLICATION

FT701 Dual Differential Amplifier
3N147 Series/Shunt Chopper
3N148 Dual Analog Switch

FT703 High Gain Amplifier o
3N149 Low On-Impedance Switch
3N150 Large Signal Switch

FT704 Small Signal Amplifier
3N145 Low Capacity Switch
3N146 Small Signal Switch

PO BABRONDNON DN
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you—pre-engineered and pre-packaged—a lad-
der system with the combination of economy, %

@“‘“
The Helipot Compatibles are designed to give o
g, "

small size, and flexibility you cant get ' iR mvnsu'ou

® Check out The Compatibles from Helipot—for complete FULLERTON, CALIFORNIA » 92634

sophistication,

anywhere else.

specifications,
reader service

The
atibles

NEW Helipot Model 841 Helipot Series 811 Preci-

Miniature 4-bit Ladder sion, High Speed Binary

Switches feature: Ladder Networks feature:

= unipolar or direct bipolar = up to % bit accuracy in 12
operation bits from —55° to 4-125°C

= 350 nanosecond rise or from —20° to +-80°C
and fall time « 50 nanosecond

= 0 to 2 millivolt switch settling time

offsets (at 25°C)

. “ Ki
« 5 (=3) ohms “on” 1 ppm/°C tracking

resistance - sn}’all §§ze e

= 0 to 5 milliamps output (17 x 17 x 0.1” high)
current = cermet thick film

=« small size construction (assuring
(1” x 1”7 x 0.170” high) u:]trastal?ility afnd minimum

« cermet thick film cRanLs INIPEHoMEnce
construction with time)

= list price, $100.00 = list prices from $27.00

= available from stock = available from stock

TERMINATION A APP.RES. (2R)

B2 COMMON

BT 11 PP RES. (R)

BIT 10

e APP.RES. (POLI

ouTRUT

(181

812

a3

B4

Mode| 841 Ladder Switch Block Diagram Series 811 Ladder Network Schematic

ask your local Helipot sales representative or circle the

INSTRUMENTS, INC.

INTERNATIONAL SUBSIDIARIES: GENEVA; MUNICH; GLENROTHES,
number. SCOTLAND; TOKYO; PARIS; CAPETOWN; LONDON; MEXICO CITY

90
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August 5, 1968 | Highlights of this issue

Technical Articles

Multicolor displays
follow the action
page 92

New thinking
needed in IC
system design
page 110

Dynamic tests
for op amps
page 118

From Britain:
a compact IC radio
page 124

Arc-lamp ballast
goes solid state
page 130

Military commanders or industry managers
can look up at a wallful of color-coded data
to get information—almost in real time—on
the status of their operations. Under the di-
rection of a small digital computer the sys-
tem receives, collects, and processes data
before converting it for colorful presenta-
tion on large-screen displays. The cover
shows a strategic military map. Operation
is simple. Push a button and the information appears. Push
another and it’s erased.

Electronics

Engineers and managers alike must abandon old design meth-
ods when they switch to IC’s. They must consider the IC as a
functional entity, properly specify machine design parameters,
get across to an IC manufacturer what the design requires,
and insist that everybody involved in the project, from the top
management to shipping clerks, gets a lucid explanation of
what IC’s are, and some understanding of their importance
to the company.

The popularity of IC operational amplifiers has produced a
need for better, faster dynamic tests. A method of synchronous
demodulation is now available to perform dynamic tests of
low-frequency parameters. Moreover, the user gets direct
meter readout. An additional benefit: the technique can pro-
vide static tests, should they be desired.

Squeezing most of an auto radio’s circuitry onto a single IC
chip can help lower its cost. But the number of external con-
nections becomes unmanageable. An unconventional design
reduced the total number of connections by eliminating the
usual r-f stage and modifying the i-f stage. The result, a com-
plete circuit—except for the tuning stage—on a 60-mil-square
chip.

One of the new applications opening up to power transistors
is in a ballast circuit for mercury-arc lamps. The advantages of
using a transistor instead of a thyristor are that the lamp oper-
ates at a frequency higher than the 60-hertz line—eliminating
flicker—and the amount of control circuitry is reduced.

At the
conventions
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Coming

First details on the digital remote control system that will help
a backpack color-television camera put the big political con-
ventions in focus.
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Industrial electronics

Keeping track of the action

Integrated display systems gather far-flung
operational information and convert the data to multicolored

dynamic projections, thus speeding command or management decisions

By Josh H. Noily, James G. Ferguson, and Henry Greenberger

Northrop Nortronics, Palos Verdes Peninsula, Calif.
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Surveyor support. Display system at Jet Propulsion Laboratory can monitor four space missions simultaneously.
In January, the system backed up the Surveyor 7 mission by providing real-time displays.

When that Chinese sage issued his famous pro-
nouncement about the relative worth of pictures and
words he made good sense, but he was probably
thinking only about fixed black-and-white images.
Pictures and words work better in combination, it’s
been found, and even more so when they can be
displayed in many colors and can change in real
time to give dynamic presentations.

Such multicolor displays now handle the almost
overwhelming demands of military commanders for
clear and timely information—and can do the same
for industrial managers. These systems receive in-
formation automatically or by manual entry, collect
and process the data, and display the results to the
executive. A software package, using a language
made up of statements realistically related to the
application, lets people operate the system in a sim-
ple and straightforward manner.

With a large-screen multicolor display system

linked to information from the operational site, the
commander and his staff—or, for that matter, any
senior business manager and his staff—can find out
what’s happening. They can singly or jointly inter-
act with the system, asking for general or specific
information, trying out new schemes, and imple-

menting those that seem best. Display systems thus
aid the decision making process.

Where’s Task Force 35?

How does a commander use a display system?
What can he find out? Consider this realistic but
hypothetical situation. A naval commander needs to
know about military and maritime conditions in the
area around Europe. An operator, having been
briefed about the commander’s interest, has had the
symbols and locations of ships in the area placed on
the display in response to his queries to a data-
base computer that receives ship-position informa-
tion from many sources. Projection equipment
scribes the positions of ships on thin-metal-coated
slides and displays each in a prescribed color.

Thus, when the commander asks for the map of
Europe, and the status of all forces, he sees the dis-
play at the top of the next page. However, if he
wished to see only his own forces with respect to
hostile ones, he would ask the operator to shut off
the merchant and friendly ships. Entering just a
few words on the Teletype, the operator turns off
the yellow and white projectors, leaving the dis-
play as shown at the bottom of the next page.




GET MAP EUROPE;
GET STATUS ALL FORCES

PUT MERCHANT AND FRIENDLY OFF

TARGET
CLASSIFICATION
B8 Hostile

B Own

[ Friendly

3 Merchant shipping
IDENTIFICATION

+ Trawler

3 Carrier

Vv Destroyer

+ Medium freighter
/A Cruiser

LJ Sub

L+] Nuclear sub

M Heavy freighter

X Supply ship

¢ Communication ship

Now the commander has a
clearer view of hostile Task Force
35 in the North Sea. But he may
want to see even more detail, so he
asks the operator to zero in on TF35
and plot activity within a 120-mile
radius of the force. With just a few
more words typed into the system,
the display shown at the upper right
appears. Here, there is no land
mass for reference, so latitude and
longitude are plotted instead. Fi-
nally, the commander wants to
know what a hostile submarine
identified as PIM 893 has been up
to since the last time it refueled.
All the operator does is type PLOT
PIM 893 LAST REFUEL and the
commander gets the sub’s previous
route, as shown at the bottom of the
opposite page.

Learn and remember

Any integrated command display
system brings together transmis-
sion, display, and man-machine in-
terface equipment and concepts. To
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keep data-transmission costs at a
reasonable level, the display system
must accept blocks of data from a
remote computer at relatively slow
transmission speeds and then ex-
pand this data into commands to
activate the display-generating
equipment. The system must be
able to include or eliminate any of
a wide range of display-generating
techniques and equipment to pro-
vide the exact display complement
required in any display center. Fur-
ther, it must be able to correctly
interpret commands from its human
operators, and these commands
must be so straightforward that the
operator can learn them quickly and
remember them easily. Finally, the
integrated command display system
must present the executive or com-
mander with the maximum in-
formation he desires in a clear and
comprehensible form.

Over 30 projector-type, large-
screen, multicolor display systems
have been sold by several com-
panies, primarily to military and
other government agencies for op-
erational and training missions. Ad-
ditional command systems will be
bought not only through Federal
funding but by industry, for man-
agement information systems and
by such agencies as metropolitan
police forces. There is still more
work to be done. Because applica-
tions for integrated command dis-
plays vary and because technologi-
cal innovations will have an impact
on the efficiency and flexibility of
these systems, the Nortronics divi-
sion of the Northrop Corp. con-
structed its own command center
at its research facilities in Palos
Verdes, California. At this test and
evaluation center, new command-
system concepts are tried out, spe-
cific systems configurations are
demonstrated to users, and equip-
ment and software are kept in con-
tinual development.

The test and evaluation control
center contains all equipment that
might be found in an operational
command center. A large-screen
display occupies one wall. On the
opposite side, a raised, glass-win-
dowed enclosure simulates the
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CURSOR TO TASK FORCE 35 ; READ CURSOR,
PLOT 120 MILES RADIUS

PLOT PIM 893 LAST REFUEL
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CLOCK
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COMPUTER
Tryout. Hardware, similar to
equipment used in operational
systems, is connected in a ;
variety of configurations at (C’OP 523[3“ S | gb}%’é;‘“
the Nortronics command and
control center to test out new
systems. Experiments with
software are also conducted OPERATOR'S |
at the center. CONSOLE N ALPHa-
JOYSTICK | NUMERIC TRACING
AND_MODE GRAPHIC | TABLE
CONTROL CRT DISPLAY |
HIGH SPEED
COMMUNICATIQN <
s TELEVISION CAMERA
) CAMERA
MOUNT, AND
Z00M 'LENS CONTROLS
TELETYPE L TELEVISION J
LONG < ELECTRONICS
LINES

command room of an actual control center.

A cathode-ray tube alphanumeric display, a crt
graphics display, a high-speed line printer, and
controls for the closed-circuit television and the
system intercom are located on the operator’s desk
in the control room. An ASR/33 Teletype and a trac-
ing table for manual input of graphic data are also
in the control center. The display-generating and
projection equipment is in a room behind the large
screen. The display system’s computer, the inter-
face buffers, the magnetic tape deck, and the real-
time clock are in an adjacent room.

The display computer is the central element of
the entire system. It has a 16-bit word length, di-
vided into two 8-bit characters. All devices com-
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:

MONITOR

MONITOR MONITOR

CLOSED CIRCUIT TV SYSTEM

municate with each other through the computer,
except the tracing table which connects directly to
the input and output routing logic portion of the
buffer of the large-screen projection system. Pro-
grams stored in the computer core memory generate
displays such as a military commander or business
manager might see if the system were operating in
an actual situation.

The computer also responds to commands and
requests entered by the operator via the ASR/33
keyboard. Programs and sequential instructions can
also be stored on punched paper tape so that the
computer will read them in just as it would if con-
nected via a teletypwriter line to a remote data-base
computer.
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REFERENCE
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MP SWITCH CONTROL |-
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LARGE - SCREEN DISPLAY SYSTEM

The projection equipment—called Vigicon—gener-
ates the large-screen multicolored display, virtually
in real time. The computer forms the instructions
for the display and forwards them to the pro-
jector buffer, which converts the digital instructions
to analog voltages and to relay and indicator volt-
ages required by the projectors.

Show-off

The display system includes three types of pre-
cisely mounted projectors—reference, plotting, and
spotting—whose images overlay perfectly on a
screen that can be as large as 20 by 20 feet. The
reference projectors show background data—maps
and charts—prepared in advance. The plotting pro-
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jectors, each of a different color, generate dynamic
displays based on instructions from the computer.
That is, while a metallic-coated slide is in the pro-
jector, a computer-driven stylus scribes the coating
to form line segments between specified points to
produce lines, symbols, and alphanumeric charac-
ters for display.

The operator can position the spotting symbol
using the joy-stick control, an x-y analog input
link, on his console. He can point to a specific loca-
tion on the display, and he can extract for the com-
puter the x-y coordinates of the spot by pressing a
switch on the joy-stick. The buffer logic digitizes
the stick’s analog voltages, and the digital num-
bers enter the computer. Then appropriate com-
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Blowup. Plotting, reference, and spotting projectors display variable and fixed information.
Any of six colors can be selected by commands from the computer.

mands entered into the ASR/33 will instruct the sys-
tem to perform some operation, such as changing
the scaling factor of the display about that spot.

The tracing table enters manually-drawn graphi-
cal data directly onto the display. A map, for exam-
ple, placed on the table is traced with a suspended
stylus that drives an x-y coordinate servomech-
anism. The servo’s input is a pair of analog voltages
proportional to the position of the stylus tip. These
drive the plotting and spotting projectors to repro-
duce the graphic information and project it onto
the screen.

Talking together

The input-output data channel and the periphery
buffers permit the computer to converse with all of
the input-output devices except the Vigicon display.
The magnetic-tape transport, the alphanumeric crt
display, the line printer, and the ASR/33 use the
American Standard Code for Information Inter-
change (ASCH) 8-bit character code. Information is
transferred between these devices and the computer
in both directions through a two-character (one-
computer-word) buffer. The polling of all devices
and all information interchanges is initiated by the
computer. The real-time clock, with its output per-
manently available to the computer, is read as
needed.

The ASR/33 is the principal input-output device;
its keyboard provides manual means of inserting
data and instructions; its printer produces hard
copy, and its punch and reader process tapes at a
faster data rate than can be done on the keyboard
and printer. The ASR/33 is, of course, compatible
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with communications lines, and in an actual com-
mand display system the teletypewriter can receive
information directly from remote data-base com-
puters and active operations.

The electronic printer, a Motorola TP 4000, pro-
duces hard copy at 300 lines a minute. Displays can
be preserved—or used immediately, such as when a
commander wants a printout of military-unit status
to carry with him when he steps close to a display.

The crt terminal serves as a fast and convenient
way of displaying any information best expressed
in alphanumeric characters. Its major use is as a
message composer for input of instructions and
data. Typing and other errors can be observed—and
selectively corrected by the operator without having
to print out the entire message—before the data is
sent to the computer.

The 4,000 words of core memory in the computer
are adequate for all programs controlling the pe-
ripheral devices and generating display presenta-
tions for an operations command system. However,
at the test and evaluation center, more capacity and
flexibility are needed to try new programs and to
demonstrate display systems to potential users.
Thus, more memory is needed, and this is obtained
with a magnetic-tape unit. All programs, including
simulated data as might be obtained from a data-
base computer or from an operational situation, are
stored on the tape. This data is read into the com-
puter’s core memory as needed.

Formating simplified

The operator’s console contains a crt that dis-
plays situations in graphic form. These situation
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displays are created on the graphic crt using the
same computer programing developed for the pro-
jectors. Pictorial data can be edited on this device
in much the same way as text is edited on the alpha-
numeric crt display. The operator calls for a presen-
tation, then rearranges or reorganizes the presenta-
tion until it appears in desired format. He can then
instruct the computer to transfer the single-color
display on the crt to its multicolor equivalent on the
large screen.

The entire integrated command display system
concept assumes that a large data-base computer
will be operating in the total command establish-
ment and connected to the display system com-
puter. The connection may be a direct computer-to-
computer link if the two computers are close to each
other. Otherwise, they can be connected by tele-
typewriter or telephone-data lines. Thus, reports
from field commanders would be communicated to
the distant display system to present a higher-eche-
lon commander with a big picture of the immediate
tactical situation.

Natural language

The collection of hardware in the integrated com-
mand display system (ICDS) performs many infor-
mation and display tasks: satellite tracking, missile
launch simulation, air defense, and military ground
situation displays are a few examples. The basic
hardware configuration doesn’t change from appli-
cation to application; the unique solution to each of
these problems is provided by software written in
English-language statements.

Primarily, man has communicated with computers
by cards and tape and by insertion of coded words
from a console. Because these methods alone are
totally impractical for real-time problem solutions,
the ICDS hardware and software package presents
information in a direct and natural form: graphics
for pictorial and positional data, alphanumeric char-
acters for quantitative data, and simple English
statements for expression of explicit and abstract
concepts.

Just what constitutes the most natural form for
a given piece of information is, of course, somewhat
subjective. No matter how well conceived, a com-
mand and control system is of questionable value if
it forces its users to learn a new set of arbitrary
nomenclature and symbology to replace a set with
which they are already comfortable. Thus estab-
lished usage often will prove more acceptable than
contrived representation. For example, it would be
foolish to invent a method of displaying Army units
—artillery, infantry, brigade, battalion—when Field
Manual 21-30 already defines a widely used and ac-
cepted symbology.

The operator of a real-time command and con-
trol system cannot afford to pay the penalty for uni-
versal software and should be permitted to work
with a language specifically tailored to his prob-
lems. The basic element in the creation of a natural
query language is identifying the common denom-
inator of the problem.
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Straightforward software

In the ICDS, the commonality is the ability of the
hardware—under control of software—to draw pic-
tures and print words. Using a small number of dis-
crete hardware functions, any given display con-
sists of some arrangement of symbols as determined
by the reading and interpreting of groups of charac-
ters.

All words in the ICDS language are chosen to be
as concise and unambiguous as possible. Words
with more than one meaning, or which may be more
than one part of speech, are avoided. Abbreviation
may be permitted where no ambiguity results. Every
command in the ICDS language is initiated by an
imperative verb. Some verbs have very specific
meanings, such as the command LAUNCH to ini-

Tracing table. When graphic information isn't available
on a slide the operator can trace the picture; the
system automatically makes a slide.

tiate a missile simulation. The more basic verbs—
PUT, GET, TERMINATE, REPLOT, WRITE,
PRINT—initiate a class of command.

All commands may be entered on any of the sys-
tem’s keyboards. The verb PUT is generally used
to impart information to the system or impose con-
trol on it, The command PUT 2BN 123ABN XD4063
enters into the data base the fact that the second
battalion of the 123rd airborne division is located
at the indicated coordinate. The command PUT
LINE 1234 can be used to annotate the slide
(screen) with graphic information needed on an im-
promptu basis.

Maps and overlays

The verb GET is generally employed to retrieve
information from the system. The command GET
MAP DA NANG would call up the specified map as
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a reference background and, from the data base,
create all the symbology suitable to the area dis-
played. The command GET WEATHER would call
up a weather overlay coincident with the area cov-
ered by the currently displayed map. The words
GET STATUS will initiate a detailed query of the
data base.

The verb TERMINATE is used to expunge speci-
fied data from memory, REPLOT to reconstruct a
situation that is in error or has become cluttered,
and WRITE to annotate a display alphanumerically
without modifying the data base. The verb PRINT
is used to obtain hard copy from the printer.

Detailed data retrieval—about jet fuel, for exam-
ple—is accomplished by structuring the query to the
file being searched. Consider a file named POL—
meaning petroleum, oil, and lubricants. It contains
several records—each composed of five fields, A, B,
C, D, and E. The operator wishes to view a listing
of all records in which field B contains a seven and
field E contains either a two or three. He would
command

for GET in the original command.
Twenty questions

Occasionally, detailed data-retrieval queries may
require specification of so many parameters that
the format becomes unwieldy. Since any system
that requires operators to memorize complex for-
mats or to refer to a manual can scarcely be con-
sidered optimum, a powerful optional technique
has the computer organize the format and display
the alternatives possible at each level.

As anyone who has ever played the game “Twenty
Questions™ is aware, any object in the world can be
isolated by a remarkably small number of well-
directed yes-no answers. When the questioning
process permits multiple choice, rather than yes-no
selection, the method becomes more powerful. Con-
sider the previous example. The process would now
go something like this

The crt initially displays the six verbs, each now
coded with a number, which simplifies communi-
cating with the system.

GET STATUS POL /7///2,3 IS PUYIE
The slashes separate the fields, including those not 2 GET
specified. If he now wants a hard copy of this list- 3 TERMINATE
ing, he would command PRINT and receive the 4 REPLOT
same list from the printer. Had he anticipated this 5 WRITE
desire, he could have substituted the verb PRINT 6 PRINT
.
READ CHANGE
FROJECIOR STATUS STATUS
- UNIT STORE DRAW
oy NAME Foa i DATA SYMBOL
LINE POSITION gy >
Mip | wmap DISPLAY REPLOT
NAME MAP SITUATION
| GET
EXECUTIVE | COMMAND _ | OTHER REFERENCE| | DISPLAY
ROUTINE REFERENCE NAME ™ REFERENCE e
Fﬂ-ﬁs‘ MAP pr--r-,h: RMihpﬂOVE F-H—-»»:m:-,,,<, = N
' | = |
et lother | Remove |
T L e ;REFERENCE [="REFERENCE [™ - e oo
S ROEE Sl it LR ol R
| REMOVE | |
ONITAER et e SEIRERROT =SS AT e
NE T e T oSy T
PRINT
ERROR & ERROR
MESSAGE
NEXT FUNCTION

Software. English-language commands and queries, structured to the application, are entered by an operator. Then
. the computer executes them, rejecting errors and inadmissible requests.
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The operator pushes 2 (GET) on his keyboard
and is greeted by the choice
1 MAP
2 OTHER REFERENCE
3 STATUS
The operator pushes 3 and is given a list of files
1 RATIONS
2 POL
3 MUNITIONS

The operator pushes 2 and is presented with the

format
ABCDE

The field selector (cursor) starts at A and since
he does not wish to specify A, the operator lists
a space and, the cursor advances to B. Now the
operator enters 7. He spaces twice more (C and D),
and enters 2,3 at E. In a very short time the oper-
ator has retrieved and displayed the status of jet
fuel supplies within the command.

Links and modules

The ICDS software is based on a building-block
concept in which functional subroutines are linked
to perform specific tasks. The broad generic power
required of these functional modules is achieved
largely through the extensive use of tables. Many
of the subroutines operate on tables of variables
that completely specify or control the action taken.
The efficiency and flexibility of this heavily sub-
routined, table-directed software system has been
dramatically demonstrated by the results obtained
in more than 15 operational display systems.

The software is written in macroassembly lan-
guage that permits natural English-language speci-
fication of subroutine calls and table parameters.
Most of the functions may relate to more than one
piece of hardware, separately or simultaneously,
under control of a register that directs the sub-
routine to the selected device.

Match, please

The READ routine, the key to the organization
of any program, reads and interprets one word en-
tered from a keyboard or stored on tape. A word
consists of any group of ASCII characters ter-
minated by a space, comma, slash, or period. In-
terpretation is implemented by comparing the
received word with a table of words permissible
at that point in the program. A match with any
word in the table or failure to match will each
result in transfer of program control to an address
specified by the table. All major branch points in
a program are thus efficiently controlled from a
keyboard, and a means is provided to link other
building blocks into any conceivable configuration.

The programs thus produced take the form of
a multiple branching tree as shown at the left,
the functional block diagram for a simple ground-
situation display. A typical program will process
the initial imperative verb with the instruction

READ VERB
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Warfare trainer. Display system helps train helicopter
crews in antisubmarine warfare by plotting up to five
separate sonar targets. It also displays simulated flights
and actual ASW exercises. System is mounted in van.

This instruction will cause the READ subroutine to
process the VERB table, which might appear as
VERB GO TO PUT IF P,U,T

GO TO GET IF GE,T

GO TO TERMINATE IF T,E,R.M

GO TO ERROR IF NONE OF THESE
This table controls a branch to any of three sub-
programs or to an ERROR routine if the specified
branch conditions are not met. The word TER-
MINATE could be spelled out in its entirety or the
entry could have been abbreviated simply as

GO TO TERMINATE IF T

The command language for any problem may thus
be completely specified in easily interpreted table
form with one table linking each program branch
point to the corresponding word in the command
language format.

Building up

The hierarchy of graphic-generation routines per-
mits the development of extremely complex dis-
plays from a small number of basic elements. The
DRAW routine creates a graphic symbol by proc-
essing a packed table of line-segment end points
that define the symbol in an x-y grid system. For
example, using a 5-by-7 character matrix (four seg-
ments wide and six segments high) the letter F
might be formed by the instruction

DRAW F
which would process a table defined as
F PLOT 00,03,33,03,06,46

The library of symbols so defined includes the
entire 64-character ASCII set; the basic elements
of the military symbol set defined in Field Manual
21-30; the North American Air Defense (Norad)
air-track symbol set; elements of the Naval Tactical
Data Systems (NTDS) set, and an assortment of
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arbitrarily selected miscellaneous symbols, includ-
ing a pair of pseudo-symbols that permit line draw-
ing. These symbols are formed at a size and screen
location previously defined and are controlled by
registers that store this information. A special
form of the DRAW routine permits rotations of a
symbol to, for example, affix a directional arrow-
head to an air track.

Structured symbols

A composite symbol is defined by a coded word
that identifies its individual elements according
to a prearranged plan. The representation of an
airborne battalion, for instance, consists of a flag,
an infantry cross, an airborne gull wing, a battalion
symbol and the number of the battalion and of the
units to which it is subordinated—all arranged ac-
cording to established convention. Given the con-
vention, the symbol can be reproduced by a routine
that recognizes and draws these elements. The
nomenclature of a military unit bears a direct re-
lationship to its graphic representation and can be
readily translated to form the appropriate code.
These coded words are stored in tables along with
positional coordinates to record an entire display.
The information contained can be manipulated at
will and the entire display recreated at any time
by a routine that processes the table.

Sometimes it is desirable to generate symbols
that are rounder or smoother than can conveniently
be specified by end points—a perfect circle, for
example. For this purpose, continuous-function-
generation routines have been developed that are
similar to the analog devices normally employed
to form target circles and cross hairs.

Slaved slides

The calling of a reference slide constitutes a
somewhat different form of graphic output. Ref-
erence materials may be considered to be primary
or secondary. A primary reference slide, such as a
map or grid, dictates the scaling of all dynamic
information projected against it. The routine that
calls map backgrounds, therefore, must extract
from a table the scale factor and true position of
the map selected for use as multiplier and offset for
all symbology superimposed on it. A secondary ref-
erence slide, such as a weather overlay, must be
slaved to the primary reference being displayed. A
command such as GET WEATHER would then
select the weather overlay corresponding to the
currently displayed map background.

The alphanumeric output routines generate al-
phanumeric display information on any device. For
the teletypewriter and the printer, this routine
simply consists of transmitting the appropriate
ASCII codes. For the graphic devices, such as Vig-
icon and the computer graphics terminal, the ASCII
code, in turn, specifies the symbol to be created
graphically by the DRAW routine. Messages are
generated by unpacking the table of ASCII codes
specified, for example, as

TYPE FORMAT ERROR
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This instruction would cause the teletypewriter to
print the indicated error message.

The data-time routine translates the output of
the real-time clock into an alphanumeric message
to the addressed device.

The status routines control the Vigicon projectors
and the magnetic tape unit. The projector-status
routine controls color, slide number, and lamp con-
dition. The magnetic-tape status routine controls
tape movement, direction, rewind and read-write
status.

The position routines allow the operator to
specify the location of some entity in either alpha-
numeric or graphic form. Position, specified in any
coordinate system, will be converted to screen co-
ordinates by applying the multiplier and offset ap-
propriate to the coordinate system used and the
reference background in current use. Or position
may be graphically inserted by moving a cursor on
the computer graphics terminal to the desired x-y
location and pushing the INSERT button.

Searching the records

The data retrieval system is independent of the
content or structure of the files searched. Each file
—stored on magnetic tape—consists of a number of
data records preceded by a fixed-length record that
identifies the file and specifies the number and
structure of the records to follow. The retrieval
routine locates a selected file on tape and extracts
the description of the fields that compose each
record for subsequent use as a dictionary.

The file-search routine is the heart of the data
retrieval system. It reads one record from the se-
lected file and accepts it for, or exempts it from,
further processing based on predetermined search
criteria. The search will be performed on one or
more of the fields defined by the dictionary. Cor-
responding to each field in the record is a stored
parameter indicating which of four search criteria—
inclusive, exclusive, identity, OR—to apply to that
field.

The inclusive search accepts any value in a field.
The exclusive search rejects any nonzero value,
accepting only a blank field. The identity search
accepts only a value equal to the search parameter
itself. The OR search accepts a value equal to any
of two or more search parameters. Rejection of any
field results in rejection of the record. The search
parameters are established, before calling the rou-
tine, by the interpretation of the query in accord-
ance with the constraints of the specific problem.
This routine makes it possible to perform complex
multiple-field searches on any file simply by assem-
bling the appropriate table of parameters.

The structure of the ICDS software package suits
it for driving almost any kind of display, including
not only the direct plotting projector and crt pro-
jection systems. It’s hoped that the software will
apply to other means of large-screen display now
under development, including the electrolumines-
cent panel, the laser scanner, and the bistable solid
state matrix panel.
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Toke the 2-dimensional approach:

Let Augat in-depth design save up to 60% in total IC Packaging costs

That's what our customers tell us about our unique two
dimensional approach in IC packaging panels. They
simplify design and production operations — no need
for functional logic cards. Our high density chassis,
with three-level wire-wrap socket pins, is ready for
interconnecting any desired logic or function at design,
prototyping or production stage. Modular construction
of panels permits user to specify any multiple of 30
up to 180 patterns. Available as standard catalog items
or built to exact specifications.

Save time making circuit design changes. Simply dis-
connect one level of wiring on back of panel; plug

in new logic and interconnect on other levels of
wire-wrap pins — no waiting for design and fabrication

BOOTH 758 WESCON

of logic cards. Boards can be automatically, semi-
automatically or manually wrapped.

Save space. Boards may be mounted vertically or
horizontally. Interconnecting is point to point with
components. Also logistics problems minimized.

No cards, connectors or back panels.

Eliminate many hidden costs such as designing and
producing individual logic cards and maintaining spares.

Let Augat show you how to reduce your IC packaging
cost — and give you greater flexibility in prototyping,

production and field service.
Tel: 617/222-2202 or write: Augat Inc., A“ AT
30 Perry Ave., Attleboro, Mass. 02703. INC.
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Economy is one reason
we’re sticklers for quality.
Your economy and ours.

When you order switches from
MICRO SWITCH, you expect high
reliability, long service life, precision
operation—all the features that have
come to be associated with this fa-
mous name. At the same time, you
expect to benefit from whatever econ-
omies the largest and most modern
facilities in the industry can pass on
to you. Well, you won’t be disap-
pointed in either respect.

Take the all-important area of
quality, for instance. Because of its
size, MICRO SWITCH is in a posi-

tion to maximize the optimum qual-
ity that each design requires and
attain it economically, thanks to a
total company effort. ““Make it right
the first time” is a standing rule that
permeates the entire organization—
from design and purchasing on
through production. The emphasis
is on prevention of defects, rather
than simply their detection. This not
only adds up to good business sense
—it adds up to good dollars and
cents—for both you and us.

No matter the size of the order or

the price of the switch, this standard-
ized quality assurance program
makes sure that each product will do
the job expected of it. This is an im-
portant reason why you can depend
on MICRO SWITCH—for both the
reliability you need and the economy
you want.

To find out for yourself the exten-
siveness of the MICRO SWITCH
Quality Assurance program, write
for our booklet “Quality Assurance
for our Customers.”” No obligation.

MICRO SWITCH

FREEPORT, ILLINOIS 61032
A DIVISION OF HONEYWELL
HONEYWELL INTERNATIONAL e« Sales and service offices in all principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan.
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Circuit design

Transistor speeds up
charging circuit

By James J. Klinikowski

Davidson and Hemmendinger Inc., Easton, Pa.

Hefty mechanical impulses—required to raise an-
tennae and close shutters on earth satellites—are
produced when solenoids are driven by a capacitor
discharge. To allow the silicon controlled rectifier
which closed the solenoid-capacitor circuit to turn
off a series resistor is used to keep charging current
at a low level. The resistor, however, raises the
charging time and limits the cycling rate of the
solenoid. A series transistor that holds the charging
current in the capacitor to a low level allows the
SCR to turn off and reduces the recycle time of the
solenoid.

Gating SCR; with a control signal from the ground
station causes C; to discharge through the solenoid
coil. The plunger is pulled into the solenoid and
remains there until the voltage on C; drops. When
coil current stops flowing the plunger moves to its
original position and the SCR turns off if no hold-
ing current is flowing.

Current flow through R; and the base emitter
junction of Q. causes the transistor to conduct.
This allows a small amount of collector current to
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flow and consequently Q; is turned on. The current
flowing through Q; charges C; and increases
the forward bias to Q.. Eventually Q. is biased
into saturation and Q, is conducting at a constant
collector current. The constant current is at a
higher level than the charge current in a resistor-
capacitor circuit thus C; charges quickly. When
current through Q; stops flowing—after C; is
charged to 12 volts—Q. turns off. This in turn
stops conduction in Q;.

Diode D; completes the discharge path of C;
but doesn’t interfere with Q.’s operation.

Ohmmeter and diode
measure dwell angle

By E.W. Horrigan

University of Toronto

Isolating an ohmmeter with a diode is an inexpen-
sive way to measure breaker-point dwell angle—
that portion of a distributor’s rotation when the
points are closed. The ohmmeter, protected by the
diode, pulls current through the points and then
measures the effect of point spacing on the current.
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After the meter is connected into the circuit the
distributor is rotated until the points close. The
needle will lie on the zero resistance mark and the
meter is thus calibrated.

When the engine is turned on the needle moves
to the left by a distance related to the amount of
time the points are closed. The resistance the
ohmmeter is reading is actually an average of the
infinite resistance when the points are open and
the zero resistance when they’re closed. If the
needle moves a third of the distance to the left, the
points are closed a third of the time. Each spark in
a six-cylinder engine is generated by opening and
closing the points in a 60° angle of distributor

rotation. Since the meter indicates that the points
are closed a third of the 60° rotation time, the
dwell angle is 20°.

When tuning an eight-cylinder car one should
remember that every 45° of distributor rotation is
needed for the closed-open breaker sequence. Four-
cylinder engines are designed so that 90° of rota-
tion forms a spark.

Capacitor C; bypasses to ground any voltage
spikes generated during switching,

When using an ohmmeter it is convenient to add
a scale to the meter face for ease of measurement.
When a multimeter is used the voltage scales can be
used to make the closed-open ratio measurement.

IC gate controls triac
with audio transformer

By G. V. Wintress
Norfolk, Va.

Pulse outputs from an integrated circuit can be
used to turn on a-c control devices such as triacs
when an audio transformer is used as an intermedi-
ate stage. Easily available and far less expensive
than the driver amplifiers presently in use, the
transformer is completely and precisely controlled
by the integrated AND gate.

In the absence of three simultaneous gating in-

P

i{N1763
17 va-c

puts to the integrated circuit, the IC’s output is
held above ground by the collector-emitter resist-
ance of the internal transistors. Gating the IC on
causes the output to drop to ground thus com-
pleting the primary circuit. The rectified voltage at
the anode of D; causes primary current to flow,
thereby inducing in the secondary the same half-
wave rectified voltage. This voltage triggers the
triac into conduction every half cycle, allowing the
117 volt supply to deliver current to the load. Any
inductive spikes generated by breaking the primary
circuit are shunted past the AND gate by Ds.

Diode D, isolates the filtered d-c on the 20-uf
capacitor from the primary of T;. Primary resist-
ance in T;—the transformer is connected for step-
down operation—is high enough to keep collector
current in the gate at a safe level.
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Modulating current
supplied by op amp

By Keith Hanneman

Collins Radio, Richardson, Texas

Double balanced mixers capable of operating over a
wide frequency range are excellent suppressed car-
rier modulators when they are driven by an a-c con-
trol current. If a d-c offset is present in the control
current then it is possible to have amplitude modu-
lation without carrier suppression. To supply the
modulating current an operational amplifier whose
output current varies around a d-c level was used.

At the non-inverting input—the point common to
R; and the wiper of Rg—a voltage is developed that
is related to the output voltage by

“‘(m+m>“

where Vi = voltage at junction of R; and wiper of R
V, = output voltage

The resistance in Rg is disregarded because it
doesn’t affect the voltage division. Voltage V; at the
junction of R; and R. changes in magnitude until
its value is the same as V;.

Since the voltage V; is a composite of the input
voltage and the voltage fed back from the junction
of Re and R; it can be expressed as

= S0 e ol
Vs_va+va Vl<R]+R,2>

where V, = voltage at the d-c input-designated 0.3v

V. = voltage at junction of R, and R;
Combining this equation with the first equation
results in

R R,
Vs=\ra o i——l— == 0—5_
e V<Rﬁm> V<m+m>

Since the dividers R;/R;+R. and R;/Rs;+Rj are
equal during normal circuit operation both of them
can be set equal to k and make the above equation
read Vi =3 Vf == Vs J|— (Vn = Vl) = kVo

Solving for V, and V, and then dividing by R; the
output current equation results

Ve(k — 1)

Ly

OUTPUT CURRENT
{MILLIAMPERES)
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where I = current through the load

From the last equation it can be seen that current
through R; is directly proportional to V, and in-
versely proportional to V.

The potentiometer R; is added in order to com-
pensate for the small amount of current drawn

from the output by the Ry, R; and R divider feed-
back loop. This insures constant current through the
load despite wide variations in the load impendance
—with the values shown a load current of 0.2 milli-
ampers varies only 0.4% as the output impedance
moves from 1 to 70 kilohms.

Op amp Boosts
pick-up voltage
By G.D. Morant

Fairchild Instrumentation Division, Palo Alto, Calif.

Tachometers that use an inductive pickup to sense
the field of a rotating magnet must have high gain
amplifiers in their front end. The voltage induced
in the pickup at low shaft speeds is small, as can
be seen by the relation

d¢

epaNd-t

where e, = voltage induced in the pickup
N = number of turns on the coil

d¢
dt

The pickup coil is made by inserting an alnico
magnet into a relay coil. After shielded leads are
connected to the coil terminals, the pickup is
wrapped in two layers of conetic foil that are wired
to a lead shield connected to the circuit’s ground
point. This arrangement prevents any inductive

= flux change with respect to time

coupling between line voltage and the sensitive
amplifier circuitry.

One power supply can deliver the negative and
positive voltages needed by the operational ampli-
fier. Zener D; maintains the proper voltage at the
amplifier’s 14-volt input, and avalanche breakdown
in D, keeps the ground terminal of the amplifier
7 volts above the —7 volt terminal. The amplifier,
connected for a gain of 1,000, delivers a pulse
capable of driving Q, into saturation.

The 7-volt d-c level placed at the output of the
op amp by the zener configuration is removed by
RC filtering. A pulse developed in the pickup coil
eventually appears after amplification across re-
sistor R;. The emitter follower, Q,, takes this volt-
age and places it across R; where it drives Qs into
saturation.

Transistor Q: is connected in what is commonly
known as a TRL configuration. When it is biased
on, its collector falls from 30 volts to 0.2 volt, thus
forming the negative output pulse.

To obtain distinct pulses, the magnet on the
rotating wheel is cut so as to have a triangular cross-
section. Flux buildup is slow as the magnet ap-
proaches the pickup, but it drops sharply after the
pickup is passed. The coil output voltage is there-
fore small on the approach and high on departure.

; +30vd-c
>
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Motorola
has introduced

58 new

integrated
circuits in the
first six months
of 1968, or an
average of
about 2.2

new circuits
each week.

And, every one of them

is available.

But, we don’t feel that is the be-
ginning and the end of it all.

To Motorola, such a track record
is merely an outgrowth of the normal
new product development activities
we undertake to make sure we are
building and supplying the integrated
circuit functions you need to do the
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best possible system design job.
You’ll find, for example, that the new
circuits provide you the widest pos-
sible selection of functions covering
all the major logic lines now used in
modern computers, as well as a broad
selection of linear circuits to do a
wide variety of jobs.

It’s part of an overall plan we have
to give you state-of-the-art circuits
you need, in a logical pattern, to help

PHOENIX, ARIZONA 85036

DEVICE
TYPE NO.  DESCRIPTION
MTTL |
MC507 Dual 4-Input Line Driver
MC520 Expandable Dual 2-Wide 2-Input AND-OR-
INVERT Gate
MTTL Il

MC2100 Expandable 2-Wide 4-Input AND-OR-
INVERT Gate

Mc2101 Quad 2-Input NAND Gate

MC2102 4-Wide 2-2-2-3 Input Expander for AND-
OR-INVERT Gate

MC2103 Dual 4-Input NAND Gate

MC2104 Expandable 4-Wide 2-2-2-3 Input AND-OR-
INVERT Gate

MC2105 Single 8-Input NAND Gate
MC2106 gutal 4-Input Expander for AND-OR-INVERT
ate

MC2107 Triple 3-Input NAND Gale
MC2109 AND J-K Flip-Flop
MC2110  OR J-K Flip-Flop
MC2113  Expandable Dual 2-Wide 2-Input AND-OR-

INVERT Gate

MTTL It

MC3000  Quad 2-Input NAND Gate
MC3001 Quad 2-Input AND Gate
MC3002 Quad 2-Input NOR Gate
MC3003  Quad 2-Input OR Gate
MC3005 Triple 3-Input NAND Gate
MC3010 Dual 4-Input NAND Gate
MC3015 Single 8-Input NAND Gate

MC3020 Expandable Dual 2-Wide 2-Input AND-OR-
INVERT Gate

MC3025 Dual 4-Input NAND Power Gate
MC3026 Dual 4-Input AND Power Gate

MC3028 Dual 3-Input 3-Output AND Series Ter-
minated Line Driver

MC3029 Dual 3-Input 3-Output NAND Series Ter-
minated Line Driver

MC3030 Dual 4-Input Expander
MC3050 gilng{(e JK Flip-Flop With Positive Edge
oc

MC3052  Single Master Slave J-K Flip-Flop
MC3060 gualgype”D"Flip—Flop With Positive Edge
loc!

MC3061  Common Clock, Common Reset Dual J-K
Flip-Flop With Negative Edge Clock

MC3062  Separate Clock, No Reset Dual JK Flip-
Flop With Negative Edge Clock
MRTL
MC9%6 Dual Full Adder
MC997 Dual Full Subtractor
MC971 Quad Exclusive “OR" Gate
MDTL
MC935 Hex Inverter
MC940 Hex Inverter
MC941 Hex Inverter
MC957 Quad Buffer
MC958 Quad Power Gate
MHTL
MC662 Dual 4-Input Line Driver
MC668 Quad 2-Input Gate (passive)
MC669 Gate Expander
MC670 Triple 3-Input Gate (passive)
MC671 Triple 3-Input Gate (active)
MC672 Quad 2-Input Gate (active)
MECL I
MC1029  2x3 Data Distributor
MC1030  Quad Exclusive OR Gate
MC1031  Quad Exclusive NOR Gate
MC1033  Dual R-S Flip-Flop
MC1022 Type D Flip-Flop
MC1036 16-Bit Coincident Memory
MC1037  16-Bit Coincident Memory (w/o pulld
MsI
XC157 12-Gate Array
LINEAR
MC1711 Dual Differential Comparator
MC1303 Dual Stereo Preamplifier
MC1539 Operational Amplifier
MC1541 Dual Sense Amplifier

you implement the logic design or
linear equipment you want with the
minimum possible compromises.

We think that’s integrated circuit
leadership.

MOTOROLA semiconductor Products Inc.

PO, BOX 20912

~ whene the priceless ingredient & cane!
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Opinion

Avoiding IC system design pitfalls

Both engineers and managers should review some of the basic concepts
to prevent miscalculations that can be all too easy to make

By Howard I. Cohen
Nanodyne Corp., Sudbury, Mass.

Pitfalls in integrated-circuit system design can trap
the unwary engineer. And the art of IC systems man-
agement is also presenting new challenges.

The engineering difficulties may turn out to be
quite embarrassing, either to the design engineer or
to his associates. For example, self-inductance, ca-
pacitive coupling and their relation to crosstalk—a
major concern in the design of high-speed IC sys-
tems are problems that the engineer studied in
depth in college, but may have put aside with his
mortarboard hat. The difficulties may also arise
from improper communication with a semiconduc-
tor manufacturer, and they may cause large sums
of money to be wasted because available skills
weren’t fully used.

Management must become highly involved. Man-
agers are justified in expecting their risks to be
minimized and their long-term planning honored.
But the manager must not expect things to be done
the way he is used to seeing them done, for two
simple and compelling reasons: he is not working
with component specifications, but rather with func-
tional parameters, and unless he knows how to work
with these parameters, the design may result in
breadboards or prototypes or preproduction models
that simply do not work.

Even when laboratory personnel are familiar with
the use of IC’s, the subtleties must be communicated
to all corners of the organization, and examined
there with an enlightened eye. Establishing this
communication is the task of management. All per-
sons must recognize that IC’s are new, novel, and
versatile, and that canned and stereotyped proce-
dures are useless. Managers must create a sense of
openmindedness and adaptability as the objective
of their planning. They should look to their design
personnel who have been exposed to IC’s to show
these groups what an IC is in terms of their jobs,
what its problems are, and what the IC means to
the future of electronic equipment.
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None of these problems is new. In large-scale
integration they are simply extensions of problems
that exist already with ordinary 1C’s The author’s
own experience with the MSP-24, an early IC com-
puter designed under his supervision at Sylvania
Electric Products Inc., a subsidiary of the General
Telephone & Electronics Corp., will help to illus-
trate them.

Machine specification

IC’s have clearly had a major impact on the de-
sign of digital computers. They are faster and
smaller, and consequently offer “more bang for the
buck,” than discrete components. This fact permits
features previously executed in software to be em-
bodied in hardware with no significant increase in
the cost of structures, cables, power supplies, or
other “overhead” hardware.

For example, in the MSP-24, bit and byte manipu-
lation hardware was found to be economical. With
this feature the programer can directly modify a
single bit, or a small group of bits within a word,
with a single instruction and without specifying
masks or other clumsy forms of data. Many critics
viewed this and other features as programable
frills, but close examination of the critics’ basis for
judgment showed that they had virtually no idea of
how much additional IC hardware would cost. They
were making judgments based on their own, gener-
ally obsolete, design experience.

The functional-hardware organization must be
examined carefully, recognizing the IC’s impact on
logic-design procedures, packaging methods, prob-
lems of equipment debugging, and programed diag-
nostic procedures. In the MSP-24, this gave rise to a
new packaging scheme, extensive use of state count-
ers, and three bussing systems. And a new IC type,
the SG160* series, was developed as a direct result
of these studies; these are now available as part of
Sylvania’s universal high level (SUHL) logic line.
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Sense amplifier. This circuit is an example of good integrated-circuit design that meets the specifications and
offers no unusual problems to the semiconductor manufacturer.

Thus a new functional circuit designed for a special
application became available off-the-shelf for gen-
eral use.

Establishing a relationship between circuit de-
sign and hardware packaging is always difficult.
With IC’s, in general, the components’ switching
speeds are high enough to require a ground plane to
reduce lead inductance. Concentrating on a ground-
plane packaging scheme is much broader an effort
than might be first supposed, because it dictates a
set of logical ground rules that consider wire length,
enhance the large-package concept, and require a
vast amount of detailed design and process devel-
opment to build an economical multilayer board.

The presence of the ground plane may require
some engineers to go back to their textbooks to re-
view transmission-line theory and the behavior of
the basic circuit elements, inductance, and capaci-
tance. These parameters cause bandwidth limita-
tions or pulse deterioration in any interconnection
system. Inductance and capacitance must be con-
sidered in the design of the signal lines as well as
in the power distribution system. This is to insure
proper decoupling of the power supply from the
signal lines. Resistivity and conductance are im-
portant with regard to copper clad laminates, be-
cause in a strip-line system, these are the band-
width limiting parimeters.

Vendor liaison

Specifying and purchasing IC’s is not like speci-
fying and purchasing other components, because an
IC is really not a component but a functional entity.
Purchasing agents think of an IC like a resistor—
after all, it’s about the same size and weight. But
the designer can’t afford to make such a mistake.
He must learn how the manufacturer of the IC views
his device and how to recognize what the manufac-
turer can and cannot do toward meeting a speci-
fication. He also must recognize how to compromise
between what he wants and what the manufacturer
can build.
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The IC manufacturer knows what he can make,
what his yields are, what his distributions are; any
severe departure from that is either very expensive
or totally frustrating. Too many users have tried to
tell the IC manufacturer what to build without un-
derstanding the constraints. The results have been
costly and time-consuming for both parties. The
MSP-24 sense amplifier, at top of page. is an excel-
lent example of what a classical circuit designer
could do when he realized the constraints and free-
doms in the monolithic world.

The sense amplifier circuit? includes a balanced
differential amplifier fed by an active constant-cur-
rent source, a pair of emitter followers, a common-
emitter pair, and a three-resistor network, together
with an output amplifier stage.® The resistors that
determine the magnitude of the constant current
cannot be expected to have a close tolerance, but
they can be expected to vary from their nominal
values in nearly identical fashion. Any departure
from the nominal current level, and thus from the
nominal output of the differential-amplifier stage,
carries through the entire circuit and cancels itself
at the base of the output amplifier, whose base-
emitter potential is constant.

The sense amplifier design takes advantage of the
fact that realizing nearly identical values of two
components is much easier than realizing specified
absolute values. Careful mask design using compo-
nent proximity helps ensure equal component pa-
rameter values, and a symmetrical layout ensures
equivalent tracking with temperature changes .

Areas that have a functional interface with an IC
also require close examination. In the MSP-24, the
core memories were a prime example of this. Every-
thing evolved around one concept—a pnp-npn driver
circuit, which was used for the read-write drivers,
the read-write switches, and the inhibit drivers for
the memory. It thus was the universal answer to
the need for an efficient logical and electrical inter-
face between an IC on one end and a highly versa-
tile and electrically efficient power driver on the
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Memory driver. Here is an example of an interface circuit
that connects to an IC at its input and provides high

power efficiency at its output. Furthermore, it is easily
packaged in large numbers on one substrate.

other. The circuit, top of page, conducts no cur-
rent in either stage when it is not active. But when
the decode selection is activated, the pnp section
functions like a classical constant-current amplifier
that drives the npn section into conduction.

When production demands justify it, this circuit
could be very nicely implemented as a hybrid chip
form, including the interfacing IC. In the conven-
tional matrixed memory driver, power dissipation is
no problem, because only one driver can be on at a
time. Many such drivers could be packaged on a
common substrate. The larger the substrate, the
greater the number of circuits, and the greater the
total dissipation which for a memory driver is inde-
pendent of the number of circuits. This is an ex-
ample of a well-thought-out electronic interfacing
procedure.

Power supply problems

Another unique interfacing problem exists in the
power supply design. Above and beyond the prob-
lem of physical compactness of the supply are the
subsystem interface problems it offers. Two factors
predominate—control protection and power distribu-
tion.

The IC is electrically fragile. All to often, many
IC’s have burned out and had to be replaced be-
cause overvoltage protection was absent. Protection
can be provided in several ways. Local protection
with zener diodes or silicon controlled rectifiers on
each convenient subassembly offers a statistical
hedge over the “crowbar” technique at the central
supply, which shuts down the whole system when a
minor fault occurs. Series-parallel redundant pass
regulators offer protection from both open-and
short-circuit failures inside the power supply regula-
tor section. But the particular approach is not as
important as the recognition of the need.

Overcurrent protection is just as important as
overvoltage protection. Overcurrent in the distribu-
tion system or at the load is always caused by a
short circuit. Two relatively economical techniques
are available to implement overcurrent protection—
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electronic sensing at the power supply, and fusing
wherever wire size changes. An examination of the
thermal time constants of narrow etched conductors
should be made, and fusing specified accordingly.

Against the advice of several persons afflicted
with traditional thinking, the fuses on the MSP-24
were included on each large board. Soldered-in
fuses were used because if such a fuse were to blow,
it would indicate the existence of a potentially seri-
ous fault. Finding that fault was generally much
more difficult than unsoldering the blown fuse and
soldering a new one in its place. Short circuits in-
evitably developed, sometimes in a faulty IC and
sometimes caused by careless use of an oscilloscope
or meter probe. When these occurred, the tradition-
alists were invariably relieved that the only dam-
aged component was a fuse.

The power distribution problem has two facets.
One is d-c voltage drop, curable only by using suffi-
cient copper, and the other is a-c effects. Whenever
a transistor turns on or off, it tends to cause a spike
in most power buses. If the impedance of the bus
doesn’t match that of the load, these spikes can be
reflected hither, thither, and yon, wreaking great
havoc wherever they go. Planar distribution buses,
instead of wires, permit the required a-c impedance
to be specified and the corresponding load attached.

Just about any impedance can be realized. The
characteristic impedance of a lossless power dis-
tribution line is Z, — (L/C)%. For two parallel
conductors (p. 113 at bottom) the inductance L per
unit length is directly proportional to the distance
between the surfaces and inversely proportional to
the width of the conductors. The capacitance C per
unit length is proportional to the total surface area
and inversely proportional to the separation. All
three parameters—width, separation, and dielectric
constant—can be adjusted to achieve the desired im-
pedance.

Some power-bus manufacturers* have recognized
both the problem and the solution, and specify
their products in terms of these a-c parameters. The
critical factor is to recognize the problem. After
that, the solution is usually classical.

Trimming the spike

The need for good high-frequency decoupling is
extremely critical, because it is the most effective
cure for one of the classical criticisms of transistor-
transistor logic circuits. These devices are alleged
to cause current spikes on the power lines, as a
result of the very sudden increase in current that
can occur when the driving IC switches to its more
positive output. At that time the power supply must
dump a very large capacitive current into the load,
shown in diagram on page 115.

The initial current is surprisingly high, limited
only by the a-c path as seen from the output looking
up into the top transistor. This path has a dynamic
impedance of about 50 ohms; if the power supply
is 5 volts, therefore, the momentary current can be
as much as 100 milliamperes. This momentary en-
ergy can come from either of two places: the power
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supply bus where a drop in voltage would occur—
source of the critics’ complaint—or the bypass ca-
pacitor at the transistor’s collector.

The next question is how large the bypass capaci-
tor should be. The wrong answer is “as large as
possible.” It need be no larger than the load capaci-
tance Cr. The predominant load capacitance is in
the etched wiring of the multilayer board. There-
fore, if the entire area of the card is a good dielec-
tric capacitor, that area exceeds the wired area by
the amount of surface from which the copper has
been etched away. This gave rise to a simple rule,
which became known at Sylvania as “Cohen’s
rule:” “Make the bypass capacitor out of the entire
card, and just to make certain, let its dielectric
thickness be less than that of the etch.” This rule
ensures that the total bypass capacitance is at least
as great as the total load capacitance on the card,
without being unreasonably large, and thus elim-
inates the voltage drop on the power bus.

Natural laws and crosstalk

The designer need not be an expert in the strip-
line techniques or transmission-line theory to iden-
tify the crosstalk problems that he will encounter
in the use of very-high-performance circuitry. He
must only review textbook material at the early
undergraduate level in physics or engineering to
appreciate the kinds of problems he must face.

Once these problems are recognized the aggres-
sive engineer will turn to the more advanced treat-
ments to seek solutions. The same approach, inci-
dentally, could and should be taken by engineering
management in its supervision of the “new technol-
ogy,” which involves no new concepts, but requires
old concepts to be exhumed, examined and applied.

To demonstrate these remarks, let us hypothesize
a hardware configuration like the MSP-24 and pre-
dict, from the most fundamental textbook relations,
what might result if the ground plane-transmission
line approach were not used.

The one parameter probably most obscure and
not understood, or at least underrated, is induct-
ance. Self-inductance is the induced electromotive
force in a single circuit per unit rate of change of
current. Sometimes it is stated as the induced emf
per unit rate of change of flux lines linking a circuit.
Mutual inductance is similarly defined, except that
the induced emf is in one circuit and the changing
current is in another. An often overlooked fact is
that the linkage is not on a piece of wire, but
through an area, the loop or closed circuit bounded
by the conductors involved. For most situations,
where ferromagnetic or similar material is not pres-
ent, the flux density is independent of the size of
the loop. Therefore, the smaller the area of the loop,
the fewer the lines of flux that pass through it.

This fact often becomes obscured, probably be-
cause one can calculate the self-inductance of a
piece of isolated wire. However, this calculation
assumes that the wire is carrying a unit current in
a loop of which that segment of interest is only one
part. The unit current is imposed only to simplify
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the formulation and eventually drops out of the
equations. This demonstrates that self-inductance—
and for that matter, mutual inductance—is a func-
tion of the circuit geometry only. (High-frequency
currents produce second-order changes in induc-
tance because of skin effects, but these generally
are small when the relative permeability u is 1, as
in free space or near most nonmagnetic materials.)

The general procedure for finding the self-induc-
tance of a piece of wire in free space assumes that
its return path is an infinite distance away. The pro-
cedure has two steps. The inductance inside the
wire is calculated as a function of its diameter, then
the self-inductance from the surface out to the re-
turn path is added. Both of these calculations de-
pend on the flux density B, which numerically
equals H, the megnetizing force when p = 1.

Consider a printed-circuit card with a loop in it,
shown on page 114, plugged vertically into a chassis.
Assume that the loop comprises a device in position
A and an etched path from A to B, to C, to D, where
current is returned to ground. Let the chassis be a
perfect ground plane. The total inductance of this
loop is the sum of the self-inductances of each leg
of the loop and the mutual inductances of each leg
on every other leg. However, one segment can be
used to measure the unit inductance.

If the segment BC is four inches off the chassis,
its self-inductance is about 30 nanohenrys per inch.
This seems innocent enough until one calculates e
from the textbook equation e = L(di/dt).

Assume di/dt = 107 amperes per second. This is
equivalent to switching 40 ma in 4 nanoseconds,
which is quite possible with the modern IC. The in-
duced noise turns out to be 0.3 volt per inch.

The same procedure for calculating inductance
per unit length can produce an expression in the
form of

L/i = A log (4h/d)

where A is a constant, h is the height off ground,
and d is the effective wire diameter. Normally, the
logarithm is a “lazy” function—that is, to double its
value, the argument must be changed tenfold. But
in this case, h is on the one hand several inches
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Adjustable impedance. Two parallel conductors serving
as a power distribution line can be designed to have
any desired characteristic impedance.
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above conventional chassis ground, and on the other
hand a few thousandths of an inch above a multi-
layer-type ground plane. Furthermore, as the argu-
ment of the logarithm approaches unity—that is, as
4h/d approaches 1—the function is no longer “lazy,”
but rapidly approaches zero. Thus, the application
of the most basic lessons of physics shows vividly
what will happen without a ground plane.

Another common error that many an engineer
makes, in spite of what he is taught, arises from a
misconception about mutual inductance. It is often
pictured as a coupling phenomenon between two
wires. This has led many an equipment designer
to separate wires diligently and to feel that he has
solved his problem by putting distance between
them. What he overlooked was that mutual coupling
is, like self-induction, a function of the area of the
loop of the circuits being coupled. By separating
the wires he may have made the problem worse.

These problems are not just academic. Many
companies and government agencies have been
forced to spend great amounts of money and time
to get rid of radio-frequency interference. In such
instances the design engineers should have been
called on the carpet, because they did not realize
that such interference is generated by self-induc-
tance and detected by mutual inductance, and that
each is primarily a function of its own wiring ge-
ometry. The same engineers probably also forgot
that self-inductance is mutual inductance, both con-
ceptually and mathematically. It is merely the mu-
tual coupling effect of one element of the loop on
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another element of the same loop. Thus one circuit
can both affect a second and be affected by it, at
the same time, depending on the loop area of each.

Watch the specs

Designers should keep a jaundiced eye on the
IC manufacturer’s specifications—they may differ
slightly from the conditions under which the IC’s
are to be used, and the difference can make the IC
capable of driving a significantly different load than
the manufacturer’s specifications indicate. Some-
times the manufacturer can be induced to change
his specs, and sometimes not.

For example, in the MSP-24, while maximum typi-
cal propagation delay with a 100-picofarad load—
half the sum of turn-on and turn-off delays—was
accepted as 20 nanoseconds, it was recognized that
the two delays might not be equal. If one has had a
value of 39 nsec and the other 1 nsec, the device
would have met this specification, but would have
been unusable in the system. Eventually the manu-
facturer agreed to the limits of an 18-nsec turn-on
and a 22-nsec turnoff, which the logic designers
found acceptable.

An example of the manufacturer’s refusal to vary
his specification occurred when the user groups
recognized that input “on” current was specified
with the input grounded. Actually, no input ever
goes below the saturation voltage of the stage driv-
ing it. This difference was found to have a marked
effect on input current, as shown in diagram, p. 116.

In the grounded circuit, the output current is
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(Vee — Vie)/R, but in the other circuit, it is (Ve —
Vie — Viat)/R. If Voo = 5 volts, Ve = 0.7 volt, and
R = 2.7 kilohms—4 kilohms less 33% worst-case
tolerance—the current is 1.6 milliamperes grounded
and 1.44 ma when V¢ = 0.4 volt is considered.
This 10% saving permits a driver to carry an addi-
tional Joad. The manufacturer would guarantee an
output current of 1.6 ma because that was how he
tested them; he felt the user could take any desired
liberty.

What liberties could we take? If we were careful
with signal transmission, we could design with a
saturation voltage of as much as 0.9 volt, for which
the current is only 1.25 ma. Furthermore, letting the
driving transistor run with a Vg of 0.9 volt lets it
draw about 30 ma, if its internal impedance is 50
ohms. Such an output could drive 30/1.25 = 24
loads. While this was a tempting liberty, the manu-
facturer’s figures for allowable fanout were fol-
lowed, in the design of the engineering model. Syl-
vania’s position on this design parameter was re-
assessed for its production systems; the company’s
position is viewed as proprietary.

In general, the manufacturer would accept what
he could control and test, and the user, recognizing
this, compromised his own desires as much as he
felt he could. The compromise was successful, for
5,000 1C’s delivered within this specification and
the computer worked.

Conclusions for Management

One of the basic factors that motivated Sylvania
management to initiate the MSP-24 project was the
exploration of the many problems in designing high-
performance digital equipment with monolithic IC’s.
From the explorations, Sylvania learned much about
the art of managing IC systems development.

Managers must recognize that the IC is uncon-
ventional and that conventional discrete-component
thinking must therefore be abandoned. This has an
impact on virtually every facet of digital engineer-
ing. The cost-per-function tradeoff parameters take
on new meaning since entirely new coefficients for
them exist. Every conceivable factor, including re-
liability, maintenance, logistics, manufacturing fac-
tors, test methods, and others, requires re-examina-
iton. The thinking of the systems engineer is af-
fected, and so is that of the logic designer, the cir-
cuit designer, packaging engineer, power-system
specialist, thermal analyst, structures expert and
radio-frequency interference expert.

If management initiates a major effort with essen-
tially successful laboratory-level results, what does
it do next? The answer must focus on two groups:
men who can teach others, and men who can gen-
erate new ideas from their experience.

Men as teachers

Men who have successfully completed a design
using IC’s should be called upon to instruct others
about the technology and procedures they have
evolved. Their students should include personnel
in manufacturing, field service, marketing, purchas-
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ing, and every other facet of the operating organiza-
tion, because all these workers inevitably feel the
impact of the IC. All other design groups should be
deliberately exposed to what has been learned and
asked to exploit it.

Designers of IC systems should establish a close
relationship with purchasing agents at the very be-
ginning. This new friendship will permit perform-
ance specifications to be established along with
unit costs of each part—a prerequisite to long-range
procurement planning, Many procurements have
started out with a dollar figure around which project
costs were established, only to find that what the 1C
manufacturer would deliver for that price was not
what the design groups could use.

When an IC manufacturer offers to sell a million
IC’s over a period of years with prices stabilizing
at a quoted level in a specified future year, just what
is he selling? Try to get him to guarantee both mini-
mum and maximum values on some of the parame-
ters for that price. He just won’t do it.

Big money in little boxes

The receiving room presents a very different
problem. Suppose a research team orders a small
quantity of custom-built large-scale 1C’s. The de-
livered item arrives in a box slightly bigger than
a package of cigarettes. Many of these small card-
board cartons fall on the floor, or in the wastebas-
ket of a crowded, often messy receiving room be-
cause an overworked, unenlightened receiving clerk
never knew that thousands of dollars worth of hard-
ware could arrive in such a small package. Worse
yet, his boss does not know, either.

In the incoming inspection department is a dedi-
cated group that will check everything on the spec
sheet, down to such trivial items as the thickness
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Spike suppressor. The output circuit of a TTL logic block
can generate large noise pulses on the power supply line
when switching from negative to positive level if it

isn't properly bypassed with a capacitor between the
supply line and ground.
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“Grounded” input. A circuit’'s performance may be
substantially different from that guaranteed by the
manufacturer if its application differs only slightly from
his test configuration.

of every lead on an IC. This group is capable of
almost anything, good and bad, and therefore
should be made an active participant in the IC
world. If 100% inspection is called for on a ship-
ment of IC’s, the design and inspection personnel
should work together to establish the required test
procedures. Inspectors must recognize not only that
an IC is functional but also that it is part of a batch
with a spread of parameter values.

Incoming inspection is an excellent place to
grade key parameters, such as fanout versus satur-
ation voltage, or propagation delay versus capaci-
tive load. Combined grading and inspection opens
up another area of freedom in equipment design,
which can be worth money.

Similar thinking can be applied to production
control, production operations, and production test-
ing. In one known instance, a production estimator
was told that an IC was equivalent to some num-
ber of transistors, diodes, and resistors with an
additional 14 leads. He therefore estimated material
handling and assembly costs based on the equiv-
alents. The design engineer, who attempted to ex-
plain what an IC was through a phone call, did not
get the idea across.

By the time the estimates were reviewed and the
rather comical error discovered, it was too late to
revise the bid. In the meantime, an otherwise ma-
ture and creative engineer went around snidely
deriding an “idiot estimator” in the manufacturing
organization, while the estimator explained simply
and accurately, “But that’s what he told mel”

Even if the explanation to the production esti-
mator is more meaningful, have component han-
dling, component insertion, bonding, and testing
been completely explored? An impressive selection
of handling machinery is available, and multiple
lead welders and bonders are available. Can they
be used economically, flexibly, and with quality
assured? The in-line package was developed for
production ease, but is it all it was cracked up
to be? Is it cost-effective to get bigger boards and
larger structures to use in line, or can flatpacks be
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packaged on smaller, less costly boards at the same
or a slightly higher mounting cost?

One manufacturer is using in-line IC’s with
plug-in sockets, because this eases maintenance-
replacement problems. Using flatpacks might have
permitted smaller, denser assemblies, in fewer
racks and cabinets and less interconnecting hard-
ware, and unsoldering a flatpack is simple. Another
manufacturer welded flatpacks on nickel-clad cards.
To replace a flatpack one simply cuts the defec-
tive IC out, inside the weld, and welds the replace-
ment right over the old flatpack leads.

Men with ideas

The second burden of management involves the
design environment explicitly. Management has
seen a handful of men become experts. It has di-
rected some of their energies to document test
procedures and design rules, to conduct seminars,
and to travel with marketing men to describe the
new capabilities and the newly developed products.
But these same men should be put back into the
laboratory as soon as possible and their design
talents exploited. They should continue their work
on techniques and applications and have the critical
voice on what to explore next.

Furthermore, and most important, management
must recognize that the working of a group, with
its own local leadership, makes an effort successful.
If such a group exists, it should be kept together
and given the mission of exploring the next step
in the technology.

This group can concentrate on any of a great
many areas. For example, it can study ways to
combine hybrid-ceramic printed-circuit techniques
with monolithic IC’s. The designer who has con-
tributed to a large-card functional packaging
scheme knows best how to establish a configura-
tion of interconnected IC chips. The logic designer
who implemented the prototype hardware knows
best what repetitive patterns of logic nets best
lend themselves to large-scale monolithic struc-
tures. Any IC manufacturer would be responsive to
organized and documented inputs from an engineer
who has “been down the road.” These examples are
intended only to suggest new areas for the best
use of design personnel once they know how to
use the modern IC.

Management’s worst trap is the fear that these
efforts will not pay off. Considering the investment
by the semiconductor industry in IC research, de-
velopment, production, and marketing, the failure
to pay off lies in the failure to use the men and
their skills.
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Instrumentation

Dynamic tests for op amps
use synchronous demodulation

General-purpose technique is accurate, easy to use,
gives direct meter readout and handles wide variety of tests

By Robert Calkins

Philbrick/Nexus Research, Dedham, Mass.

Static tests for operational amplifiers are readily
available in low-cost testers but dynamic tests—
particularly for linear integrated-circuit op amps
are more difficult, and suitable testers are hard to
come by. The instrument must give accurate re-
sults for tests of open-loop gain, common-mode
range and rejection, output swing, and power sup-
ply rejection. The user wants a unit that’s easy to
operate and, further, he’d like a direct readout. His
requirements can be satisfied with an operational
amplifier tester that uses low-frequency square
waves and synchronous demodulation.

In the new synchronous detection method, the
amplifier operates in a stable, closed-loop mode
and thus is assured of operation in its linear region.

In most test methods, the output depends on the
gain and when large signals are applied, there is a
chance that the amplifier will be operating out of
its linear region.

Three test methods

The advantages of the synchronous detection
method are best demonstrated by first considering
the drawbacks, of three other test schemes.

One is specified in the new military standard,
MIL Std 883, as method 4004, section 1. In this
method, an auxiliary amplifier is used to keep the
amplifier under test zeroed for offset. To accom-
plish the zeroing the circuit, on top page 119, has
two resistors, Ry and R,. The source resistor, R, is
made large in comparision with R, to assure that
only a small signal is applied to the circuit under
test. Feedback capacitor, C;, around the auxiliary
amplifier, essentially opens the loop at the input
signal frequency, which is typically in the range of
10 to 30 hertz. The output voltage and gain of the
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amplifier under test for this circuit are:

ol R,
it A T P
where
(et |
o lilors
AR R,

" Re+R; Ri+Re

If the input and output voltages of the amplifier
under test are displayed as a Lissajous pattern the
slope of the line, when properly scaled, represents
the open-loop gain.

The two diodes clip the output of the amplifier
so that no input offset voltage results because of
an unsymmetrical output swing if the amplifier is
overdriven. Such a condition can be observed on
the oscilloscope and the linearity of the amplifier
under test can be evaluated.

This method thus has the advantage of displaying
gain, output swing and linearity simultaneously,
with the additional benefit that all signals are high
level, which eliminates any noise problems. How-
ever, it has some serious disadvantages.

First, the output level is directly dependent on
the open-loop gain, which makes programing of
output test conditions extremely difficult.

With the high gain, internally damped IC ampli-
fiers now available, capacitor C; must have an
extremely large value to open the loop adequately
at the signal frequency.

The R;-R; attenuator must be very accurate and
variable if IC amplifiers with wide variations in
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Gain measurement. To determine the open-loop voltage gain for an integrated circuit op amp, A: must keep the IC
under test (ICUT) zeroed for offset via resistors R: and R.. However, because C.’s value must be extremely large,

the circuit is impractical.

parameters are to be tested. Hand programing
is mandatory.

Finally, the readout device—the oscilloscope—
is not easily adaptable to a direct reading meter.

The second method, below left, is far simpler
than the first but has all its drawbacks. It consists
of a simple feedback circuit with an attenuated
input applied to the amplifier under test. For an
a-c signal, the gain will be

A, = Bet B €
i Rs €in

This circuit does not allow the amplifier under
test to be overdriven as the square wave output
tends to rebias the IC, changing its response.

R¢
IBIAS
i
L tos | IcuT -
0
AWA' = -
+ R

Rs

Voltage gain. Output e, at d-c is equal to the input offset
voltage plus the drop across the feedback resistor,
In1asR:. Circuit cannot be overdriven because the output
tends to rebias the IC, thus changing its open-loop
response.
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The third method, given in the new military
standard, is also simple, see below right. The signal
is applied to the amplifier under test through a volt-
age divider, coupling capacitor, and feedback re-
sistor, R;, with a shunted resistor from one terminal
of the amplifier to ground. Under the condition that

(A-o + 1) (R1;||R4 e chl) < 0.
1

the open-loop gain is

1

£ 14500 R; + Rs
Ao_ el. R4
R; > Ry

The imposed condition requires that the closed-

R3

E
S Cy

ICUT e ——
eour

< < |

>
:>R4 :: Rz Icz

Voltage divider method. Closed-loop gain must
approximate the open-loop gain by 909% for this test
setup to be effective. However, this means that the
circuit will be unstable, and therefore, is not a practical
measurement scheme.
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Synchronous detections system. Error voltage, ex, developed at input of integrated circuit under test is amplified and
demodulated by switching circuit S.. Both S; and S. are synchronized, causing C: to charge to V:e.:.

loop gain approaches the open-loop gain within
90%. Thus the stabilizing effect of the feedback has
been lost, making the output signal gain depend on
the gain again.

The method is thus an impractical way of charac-
terizing the open-loop response of an amplifier. For
example, suppose that the amplifier has an open-
loop gain, Ay, of 100,000 volts,/volt, a unity gain-
bandwidth product, f;, of 1 megahertz, and a feed-
back resistor, R; of 10 kilohms. For conditional
equation to hold,

Redl By 3 X0 oot

Suppose Rs is much greater than R: so that the
parallel combination is approximately equal to Rs

and that X, < 0.1 Ry
then Rs < 0.01 ohm
and Xa < 0.001 ohm

With a 6 decibels/octave roll-off, the first open-
loop break occurs at a frequency of 10 hertz.
Thus to get an accurate determination of the gain,
the measurement must be performed at or below

this frequency. At 10 hertz, the value of C; must
be

1

= 2.710.0.001 — 16 farads

G

which is hard to come by.

Synchronous detection

In the synchronous detection method, the input
to the test circuits is a square wave produced by
switching between two stable d-c references. This
allows a-c coupling in the system. The voltage
signal from the unit under test is amplified further
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with precision, and then band-limited to reject d-c
drift, very low frequency noise (flicker), and high
frequency noises.

The amplified signal is demodulated or converted
back to a d-c signal with a peak-to-peak detector
switching in synchronism with the input signal.
Because synchronous demodulators inherently pro-
vide improved signal-to-noise ratios, low level
signals on the order of microvolts can easily be
detected.

The operation of a synchronous detection system
is detailed above. The magnitude of the d-c refer-
ence voltages should be at least as great as the larg-
est voltage encountered when testing the unit for the
amplifier to operate with a small closed-loop gain
or in a common-mode configuration, requiring a
large signal to swing the amplifier over its full
range.

The output of the amplifier under test is

€o,p-p = % '2lvrefl

As the amplifier is running in a closed-loop mode,
a gain-error signal (eg)

eE = _eo/Ao

appears between the negative input terminal and
common, where A, is the open-loop gain of the
amplifier under test.

This error is a-c coupled, and amplified to an
appropriate level before being demodulated by
switching circuit S., since the signal source drives
S in synchronism with S;. Capacitor C; charges to
V,er in a negative direction with respect to ground
on one half cycle. On the next half cycle, Cs charges
in a positive direction.
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After a few cycles, a d-c signal appears across C.
equal to the peak-to-peak value of the gain error
signal multiplied by the appropriate a-c gain. This
d-c signal is

Va.e = eg-A;

Where A;=gain of the a-c amplifier.

Thus

= & 2|Vref |

e I U

This d-c signal could be used to drive a logarith-
mic amplifier for direct readout in decibels with a
DVM, go-no-go discriminator, or analog-to-digital
converter, however, this basic circuit requires some
precautions.

The switching signal must be of low enough fre-
quency that the transient spikes on the detected
signal introduce minimal error. The maximum
repetition rate will be determined by the low-
frequency open-loop characteristics of the amplifier
under test. Some form of protection is needed for
the input terminals of the amplifier under test.

The a-c amplifier must be able to pass the low
frequency square waves encountered and its output

I/

QUTPUT A

ELECTRONIC
SWITCH

impedance must be relatively low to allow C; and
C, to charge quickly. Finally, the d-c follower must
have a very high impedance input (preferably a
field-effect transistor type) so not to discharge C.
on alternate half cycles.

The system can be improved and some of the
above problems overcome by modifying the circuit
to include a clock signal and sequential logic
as shown below. The input signal operates a flip-
flop whose output drives an electronic switch. The
electronic switch output drives the modulator which
in turn feeds the square-wave signal to the test
circuit. The electronic switch allows the modulating
signal to be put into or out of phase with the
original switching signal in order that the output
may be of the desired polarity. The clock signal
also drives a monostable whose output is gated
with the flip-flop outputs.

The flipflop causes the modulating frequency
to be one-half the clock frequency. The flip-flop
is designed to trigger on the negative slope and
the monostable on the positive slope of the clock
output. This causes gates G; and G. to function
only on the latter half of each switching period,
by which time, nearly all transients on the error
signal (to be demodulated) have damped out.
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Modified synchronous system. Adding a clock signal and sequential logic to the basic synchronous system eliminates
the need for a low output impedance for the a-c amplifier and a high input impedance for the d-c follower.
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Synchronous demodulation. Because of its wide dynamic range, this demodulator is used to drive a logarithmic
amplifier and display. Charging period of each capacitor is controlled independently of the detected signal, and

sampling occurs only when a signal is present.

When gate G; is turned on, C; is grounded by
Soa. At the same instant, G, is off, opening switch
Sop.

We now have a synchronous sample-and-hold
peak-to-peak detector, where the sampling period
is set by the timing cycle of the monostable multi-
vibrator.

To allow direct measurement of d-c levels, as
well as peak-to-peak amplitudes, one may direct
couple the a-c amplifier and short-circuit capacitor
C,; with S;. Now the system is a synchronous peak
reader. By changing the phase of the modulating
signal with the electronic switch, signals of either
polarity from the amplifier under test can be meas-
ured under dynamic conditions. This feature allows
the measurement of maximum output under load
as well as common-mode range.

Demodulation

The demodulator circuit consists of two junction
field-effect transistors operated in a shunt-series
chopper configuration, is shown above. The gate
signal for the shunt FET is referenced to ground,;
the gate signal for the series FET is referenced to
the d-c follower output. This assures that the FET’s
will be either on or off. Using a good FET input
operational amplifier for the follower, signals rang-
ing in level from a few millivolts to 10 volts are
accurately demodulated. The only significant error
of this circuit is that produced by the follower’s
offset and drift. This circuit has a wide dynamic
range that is used to advantage to drive a logarith-
mic amplifier and display.

The circuit has several advantages over a con-
ventional diode voltage doubler. The charging
period of each capacitor can be controlled inde-
pendently of the magnitude of the signal being
detected. This permits sampling only when a signal
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is known to be present—the circuit ignores tran-
sients. Second, the reaction or settling time at slow
sampling rates is much faster than with diodes for
several reasons:—charging is better controlled
because small capacitors can be used due to low
FET leakage during the hold interval; and dis-
charging is better controlled because the path is
through the relatively low impedance of a turned-on
FET, and not through the exponentially varying
impedance of a diode. Third, a large dynamic range
is possible. This is in contrast to a conventional
doubler circuit where diode leakage during the
hold period causes ripple, which introduces signif-
icant errors, especially at low signal levels.

To measure open-loop gain, the ratio of the
change in output voltage to the change in input, a
more suitable test circuit is the one at the top left
of page 123. The output voltage is

R 1

€out = — —Rg + Rs . ; + 1 'Vref
A, B
where
i
B ==
R, R; R;
J e o
( b Rz)(l Ry R1+R,2>

and

e _Bf_l_.eout
e = <1+ 2> i

A,=open-loop gain= Ae,u;/Aex

Ry=source impedance of synchronous modulator
By a careful choice of values, one can make

1/A,B small, less than 0.01, resulting in less than

1% error for the following approximation:
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Gain circuit. Because the output signal, e.ut, is
predictably set and measured by the synchronous
demodulator, the gain is easily computed logarithmically
and can be displayed on a read-out device.

R

Keeping this in mind, one can easily program
the output level of the amplifier under test with a
single precisely-calibrated resistor (Rg) on a pro-
gram card. This will allow the same basic circuit
to measure gain of different devices having differ-
ent swing capabilities.

The gain equation is:

Y €out p-p &
A= Rl (1 A m)

Because e,y is predictably set and e, is measured by
the synchronous demodulator, the gain can be
easily computed logarithmically and displayed in
db on a read-out device. The purpose of voltage
divider R; and R, is to increase the measured error
signal and eliminate the need for additional a-c
gain. Also, by attenuating any applied inputs, it
limits the signal that can appear differentially
across the IC’s inputs, thus affording a degree of
protection. These resistor values are restricted
somewhat by the maximum bias and offset voltage
of the device under test as well as the gain-error
criteria stated in the gain-error equation.

Common-mode rejections ratio (CMRR) is defined
as the ratio of the peak-to-peak input common-
mode voltage to the peak-to-peak change in input
offset voltage that it produces. The test circuit is
at the above right. In the circuit,

Ry ol RNy
ecm Foy Rl + R2 eln
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CMRR tester. Common-mode rejection ratio, CMRR is
dependent on the input common-mode voltage and the
change in offset voltage that results from a common-
mode swing.

The common-mode input offset voltage, (eos)
resulting from a common-mode swing is now de-
fined as that voltage needed between input termi-
nals to drive the amplifier output to zero when the
inputs are swinging together.

The common-mode rejection is

€em €in Rf

I\/I ] = — e
C RR Aeos €out Rg
where ey, is the actual common-mode voltage, and
ey, is the driving function. This last expression for
CMRR is valid provided the following condition is
satisfied:

R _ R
Ry R

For imbalances in the resistor ratio, the actual
expression for e, vs E;, becomes

R R Ri

ol D (O e
YRy R, ~CMRR R
1+—R’2 14 R,

From this equation, one is able to determine how
closely the resistor ratios must be matched for the
first equation to be valid with any given CMRR and
allowable error. Ways to achieve the required bal-
ance are to use precision resistors and to make Ro
adjustable by inserting a variable resistor in series.

The voltage divider R, allows programing the
common-mode voltage desired. The driving signal
again comes from the synchronous modulator, and
the output of the test circuit is detected by the
synchronous demodulator circuit.
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Consumer electronics

Lots of radio on just one IC

One 60-mil-square circuit handles everything but the tuning
in an unconventional radio receiver that promises

lower costs and superior performance

By Michael J. Gay and John A. Skingley

Plessey Microelectronics, Swinton, England

and Michael C. Sucker
Plessey Co., Ilford, England

Designing a car radio receiver so that it could be
fabricated on a small silicon monolithic chip was a
task to challenge any design engineer’s problem-
solving ability. It meant, basically, that the number
of external connections had to be kept to a mini-
mum to reduce bonding costs and package size.
That goal could only be reached by making some
unconventional design decisions. For example, the
usual radio-frequency stage had to be eliminated
and the intermediate-frequency circuitry rede-
signed.

But that was only the beginning. Eliminating the
r-f stage meant that the mixer had to handle ex-
tremely high input signals without introducing un-
due audio distortion. Moreover, the receiver circuit
had to be skillfully laid out to avoid excessive tem-
perature differences between the high-heat-dissi-
pating audio output transistors and the tempera-
ture-sensitive mixer, i-f amplifier and automatic
gain control circuits. Interaction of these stages can
result in serious distortion, or even in instability.

The unconventional approach paid off. All cir-
cuits, except the i-f filter and r-f tuning section,
were integrated on a 60-mil-square chip. The chip
operates with an external i-f filter and can’t work
with the usual transformer tuned circuit. The r-f
tuning section uses external variable inductance
tuning—though variable capacitance tuning could
also be used—to maintain constant sensitivity over
the tuning range when operated with the standard
capacitive antenna.

Design and layout

The circuit, which dissipates up to 3 watts, is en-
closed in a dual-in-line package that has a metal
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bracket to serve as a heat sink. The chip is bonded
directly to the metal bracket and can be attached to
a chassis or separate heat sink.

The maximum number of connections to the chip
is limited by the size of the package; it can be
determined simply be allowing a pin spacing of 0.1
inch. A standard receiver circuit would take about
40 connections, but this would produce too large
a package at prohibitive costs. The circuit design
used on the receiver chip cut this number to 20
pins, as shown on opposite page.

By eliminating the usual r-f stage, about five
connections were dropped from the chip. The re-
design of the mixer along nonconventional lines
saves at least another connection. The i-f filter,
used in place of tuned i-f transformers, cuts the pin
count by another six. The other eight pins were
saved in the remainder of the circuit.

Mixer and agc system

The mixer, agec and i-f stages are examples of
the unconventional circuit design. Because there is
no r-f amplifier ahead of it, occasionally the mixer
must operate under unusually strong signal condi-
tions. For low-level signals, it also provides much
higher gain than conventional mixers through the
use of a cascode configuration, Q; and Q;, on oppo-
site page. This affords the IC designer the flexibility
of using a high value of i-f load. Conversion gain—i-f
output voltage/r-f output voltage—is approximately
41 decibles, including filter losses. The circuit also
is self-oscillating, again reducing the pin count.

A low-distortion current source, Q,, is used as
the input to the system. Though normally it oper-
ates at 2 ma, it can handle peak signals of up to
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100 mv. In operation, its amplified output is ap-
plied to emitter-coupled pair Q., Qs which make up
the oscillator. The r-f signal at the collector of Q,
is alternately switched between Q. and Q; at the
oscillator frequency. The square wave produced
by the oscillator switching action is thus multiplied
by the r-f signal at Q;’s collector to produce the
modulated output which is applied to emitter
coupled Qy, Qj pair. The output at Q;’s collector
is fed to the i-f filter which selects the difference
frequency in the conventional manner. Output sig-
nal amplitude is controlled by the agc signal at
the base of Q;.

The agc system achieves effective control over
the entire dynamic range of the receiver, which is
in the order of 90 db. Transistors Q4 and Q; main-
tain good exponential characteristics to operate as
a low distortion variable attenuator for age. The at-
tenuator response to agc signals is in the order of
330 db/volt.

When the receiver is operated close to the trans-
mitter, it could pick up a signal greater than 100
millivolts. If this happens current source transistor
Q; saturates and clips the incoming signal. Such
clipping, however, does not seriously degrade the
low-distortion performance of the mixer or age cir-
cuits, which are designed to operate with input sig-
nals as high as 500 mv with a modulation of 30%.
This signal level at the mixer corresponds to an an-
tenna signal of about 1 volt rms, and is considered
average for automobile radio designs except for ad-
jacent station signals.

Noise performance

The receiver’s noise figure is about 3.5 db with
an 800-ohm source. The precise noise figure is de-
termined from a standard network used to repre-
sent the source noise component, e, and current
noise component, i,, filtered by the input tuned
circuit at all frequencies except the signal fre-
quency. The total signal applied to the circuit is
multiplied by the modulating function representing
the square wave generated by Q. and Qj;, and can
be determined from

1/2 (1 + sin wet + 1/5 sin 3 wet + 1/5 sin 5 w,t)

where o, is the local oscillator frequency.

The signal and noise components, filtered by the
input tuned circuit, produce i-f components by mul-
tiplication with the first harmonic term, o,t. The
noise voltage generator, e,, produces a wide band
noise signal which also produces i-f components by
multiplication, with every component in the modu-
lating function.

The value of the over-all noise signal is obtained
by summing all rms noise voltages. The net effect
of noise voltage, which is unfiltered, is to cause an
increase in the source resistance and noise figure
above optimum levels. The relationship between op-
timum and actual values of resistance and noise
figure are expressed by

Rop:=2.205%R,
and
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Dual-in-line package. The IC chip is bonded directly to the
metal bracket for maximum dissipation. The bracket can
be mounted to a chassis or a separate heat sink.
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Self-oscillating mixer with agc. Designed for high
conversion gain with low distortion, the mixer and agc
unit can handle peak signals of over 100 millivolts.

Specifications for IC car radio
Sensitivity (1 Mhz)

10 pv rms, 30% a-m input
for 3 watts output

20 pv rms, 30% a-m input
for 20 db S/N

Maximum r-f input 250 mv rms

Distortion 3% at 2.5 watts
8% at 3 watts
Agc <10 db output variation

for
90 db input variations
+3 khz for —3 db
+30 khz for —60 db
11-18 v, 13.5 v nominal
50 ma at 13.5 v
—10°C to 4+70°C

If selectivity

Supply voltage
Quiescent current
Temperature range
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Noise measurement network. Input circuit with noise
generators used to determine noise performance.
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Selectivity curve. |-f filter selectivity curve has 1 db atten-
uation at +1.6 khz and 3 db attenuation at 2.5 khz.
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where R, and F, represent, respectively, the source
resistance and noise figure of a similar i-f stage
used as a straight amplifier. However, the actual
conversion gain of the mixer is largely determined
by the loading of the filter. The gain is limited by
the magnitude of the oscillator signal appearing
across the i-f filter when the receiver is tuned to
its lowest frequency—150 khz (the low-frequency
broadcast band in Europe). At this tuning range,
the oscillator operates at 620 khz, the sum of the
i-f and r-f frequencies.

Designing the i-f filter

There are at least two important reasons why the
i-f filter was chosen over a conventional tuned trans-
former coupled i-f amplifier: the use of a filter re-
duces terminal connections from an average of nine
to only three, simplifying the package and result-
ing in a considerable cost savings; and, because
IC’s impose minimal loading, the filters can operate
at virtually their undamped Q, requiring a mini-
mum number of sections.

The filter is made from three identical inductively
coupled, 10-millimeter ferrite pot core coil sections
with undamped Q of about 150. The selectivity
curve for the three-stage i-f filter has a 1 db at-
tenuation at #=1.6 khz, and 3 db attenuation at
=25 khz.

I-f amplifier and detector

With the mixer unit already providing a gain
in excess of 40 db, and all of the required agc
range, the i-f amplifier can be made relatively sim-
ple since it is only required to provide a gain of
40 db, and no agc at all. The detector is directly
coupled to the i-f stage and the operating currents
of the transistors are adjusted to provide a voltage
drop of about 25 mv across Rg, the detector lineariz-
ing resistor. The detector’s transfer characteristic
is plotted in the graph on the opposite page.

The response curve shows that the detector op-
erates linearly at signal levels above 100 mv rms.

= ~ - i
Rg
Rq Ry 9.5k AGC SIGNAL
8k 2.5k T
<
.._m'_,m,\,__ﬁ E
Dy oRe |
g e | A-F ouTPUT
Qg ! ?
|
i Q7 ' 1
>
> | |
> INPUT Rip it T
4 12K T e
s AAA/ 1 ,
[ Rs 1 |
| 30k : '
ol |
T | |
JuEs i I

I-f amplifier and detector. Since most of the receiver's gain and all of the agc range are centered around stages
preceding the i-f amplifier, the amplifier has been made simple to drive the low-level detector.
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Complete audio amplifier. An offshoot of a wideband video amplifier, the circuit features four Darlington pairs in the
driver and output stages for high power. Input bias is from i-f amplifier, eliminating special bias circuitry.

In the actual receiver, it usually operates with
input levels of about 200 mv rms. The bandwidth
is partly restricted by the feedback through Q:’s
collector-base capacitance. If high-gain transistors
with betas of about 200 are produced by the IC
process, the bandpass will be somewhat narrower
and the gain will be reduced by about 2 db. Lower-
gain devices with betas in the order of 40, also pro-
duce a gain reduction of 2 db, due to loading of
the i-f filter.

The amplifier is relatively immune to variations
of supply voltage and temperature. The agc signal
is picked off the collector of Qg and filtered by a
decoupling network consisting of Rs, Ry and D;.
The resistor and diode across Rg provide a fast
recovery for the agc system.

Audio amplifier

The audio amplifier is an offshoot of an existing
high-efficiency npn stage, developed earlier by an-
other member of the Plessey Co. for use as a video

PEAK RECTIFIED CURRENT/

QUIESCENT CURRENT

amplifier. It can handle currents greater than the
1.5 amperes required to produce the 3-watt output.

Shown in simplified form, below, the ampli-
fier requires large negative feedback for good lin-
earity, but it also provides negligible crossover
distortion. The amplifier operation is similar to that
of a push-pull circuit, but without the customary
phase splitter and output transformer.

With Q, and Q, normally biased at some nominal
quiescent current level, diodes D,, D, and D, con-
duct, causing the quiescent current of Q, to flow to
Q, through the diodes. On negative current swings
Q. conducts further and draws more current from
the diode loop, bringing down the voltage applied
to the load and Q, base. On positive swings the
current flowing in Q, is reduced below its quiescent
value, also reducing the current flow through the
diode loop. This allows the voltage applied to the
load, as well as that at the base of Q,, to rise.

Current distribution among the three diodes and
two transistors can be determined at any instant by

AN

FEEDBACK lia
A

v

D¢ . %“L

INPUT

100 200 300

INPUT SIGNAL (mv, peak )

Detector characteristic. Transfer characteristic curve
showing linear operation at signal levels above 100 mv.
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Basic audio amplifier. Output stage uses npn transistors
and large negative feedback for good linearity.
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Circuit hookup. External connections to complete the car radio circuit are made through a 20-pin dual-in-line package.
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Complete SL420 IC schematic. Over-all circuit uses separate ground leads to ensure operating stability. The leads are

arranged on the circuit board with precautions taken to avoid common impedance coupling.
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equating the voltage drop across D, and D. with
that across D, and D,, and then substituting for
voltage in terms of current, using the exponential
characteristic of the device. Thus, i;°-constant is is.

Since the series resistor, R, limits i; to a low
value, currents i, and i3 cannot have the same value
simultaneously. During negative excursions when
i is large, Q,’s collector current is small; during
positive current swings, iz increases while the col-
lector current of Q, decreases.

In the actual circuit, on page 127, Q, is re-
placed by a Darlington pair, requiring that D, be
also replaced with a similar circuit to preserve
matching. To maintain suitable quiescent circuit
conditions without materially increasing the sizes
of the devices, a fixed voltage is applied in series
with the diode chain to modify the ij, i», and i3
constant. The bias resistor, R, is bootstrapped
to the output to achieve the largest signal swing
possible. In the over-all circuit, the input bias volt-
age is obtained from the i-f amplifier to eliminate
the need for a separate bias chain.

Output transistors are inherently more difficult
to design than their low-power counterparts, and
present a number of problems. For example, during
periods of high conduction, a transistor conducts
only along the emitter periphery, which must,
therefore, be made large. This in turn, frequently
leads to the use of emitter stripes. Because stripe
length must be restricted to reduce the voltage drop

¢ O
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Supply decoupling. Extra decoupling between r-f and i-f
is achieved by double-emitter transistor Q.

along the emitter, due to the infinite resistance of
the evaporated metal contacts, it becomes necessary
to use multistripe geometries with interwoven base
and emitter strips.

Furthermore, because the collector contact must
be made on the same surface as base and emitter,
it’s necessary to sandwich the collector contacts be-
tween the emitters to avoid excessive collector
series resistance in the buried n+ layer. But the
three sets of leads can’t be put on one plane, so a
cross-over must be provided for the base leads and
this creates an additional design problem. The solu-
tion lies in the use of a separate buried n-+ layer for
crossover. To ensure equal current-sharing between
the transistors’ emitters, small resistors formed in
the aluminum interconnection pattern can be put
in series with each emitter.

Decoupling the supply voltage

The supply voltage must be decoupled at some
point between the i-f circuit and r-f input to neu-
tralize the potential i-f feedback loop. A similar
a-f feedback loop also exists between the i-f and
audio stages, and must also be neutralized. But the
most critical requirement for decoupling is that
of the fixed bias level at the agc emitter-coupled
pair. This circuit is extremely sensitive—330 db/volt
—and the presence of minute ripple voltages can
cause instability, audio distortion, or even noise,
depending on the ripple source.

The decoupling circuit, shown above, can be
used to minimize the number of separate connec-
tions required. By using a dual emitter transistor,
Q11, an extra measure of decoupling can be achieved
between i-f and r-f sections. The critical bias volt-
age is taken from the emitter of Q,o, and decoupled
by the 25 pf capacitor.

The circuit is laid out to isolate the high dissipa-
tion output transistors and keep induction of tem-
perature variations from affecting the heat-sensitive
i-f amplifier and detector circuits. Four separate
ground leads are provided to minimize the possi-
bility of circuit instability, and these are arranged
to avoid common impedance coupling.

In the connection diagram, at the left, pin termi-
nals for external wiring are chosen to minimize
cross couplings.
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Circuitdesign

Ballasting a mercury-arc lamp
with a solid-state circuit

Versatility is increased and size is reduced by replacing
a 60-hertz inductor with a high-frequency unit and a power transistor

By Peter Schiff

RCA Electronic Components Division, Somerville, N.J.

Recent advances in the voltage and current handling
capabilities of power transistors, combined with
means of mass producing the devices, have con-
tributed to the development of a low-cost, solid
state, power-switching circuit. Not only does this
ballast circuit for mercury arc lamps offer the cus-
tomary transistor-circuit benefits of reduced weight
and bulk, but it also provides unmatched power
regulation of line voltage.

In essence, the ballast circuit must control the
arc-discharge lamp during starting, warm-up and
steady-state operation; it must have a power tran-
sistor that can withstand the high voltage and cur-
rent transients common to 110- and 240-volt a-c
lines.

Thyristors—SCR’s and triacs—could be used in-
stead of transistors but it’s difficult to make an ar-
gument for them. First of all, the circuit would be
more complex and that would mean higher costs.
The complexity stems from the commutation prob-
lems inherent in thyristors—they don’t turn off eas-
ily. Moreover, transistors outperform thyristors in
the temperature area. Most silicon power transistors
can operate at temperatures up to 200°C; the upper
limit for thyristors is about 125°C.

The simple magnetic ballast, shown on page 131,
is cheaper than the solid-state ballast but it has
limitations. Moreover, it can supply only a-c to the
bulb. If this a-c is high frequency, radio-frequency-
interference problems can result.

A dimmer on the basic solid-state ballast circuit
permits the circuit to be adapted for use with lamps
of various power ratings over a range of 50% to
150% of the power rating specified for the ballast
design. Because the transistor ballast has none of
the annoying strobe effects associated with con-
ventional ballasting devices, long-life, efficient mer-
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cury-arc lamps can be used in photo studios and
other critical lighting areas.

The solid-state ballast may be operated from
either an a-c or d-c voltage source. A-c input volt-
ages are rectified and the d-c voltage is converted
by an inductive component to the level needed to
drive the mercury-arc lamp. Converting voltages
from one level to another presents a design prob-
lem. A conventional 60-hertz ballasting inductor in-
creases the size of the circuit. And a small inductor,
compatible with the over-all size of the circuit, can’t
deliver enough current to maintain the arc as the
a-c source voltage swings through zero in a mer-
cury-arc bulb. The arc would be extinguished and
the lamp would have to cool before a new arc could
be produced. The problem is solved by including
a capacitor for additional energy storage. This al-
lows the circuit to be operated from an a-c voltage
source and doesn’t increase its size.

The best choice

Of the three types of electronic ballasting circuits
illustrated on page 132—a ringing-choke converter,
a push-pull inverter, and a switching regulator—
the switching regulator is the best choice.

The ringing-choke inverter offers the advantage
of a d-c output which is independent of the input
voltage. However, its operating efficiency is low in
comparison with the other types of ballasting cir-
cuits. The push-pull inverter suffers from poor regu-
lation, and, in addition, requires three magnetic
components, which substantially add to the bulk.

The switching-regulator circuit is the most effi-
cient and provides the best power regulation of the
three. It imposes the least stringent requirements
on the solid-state power-switching element, the
most critical component of any electronic ballast.
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Compact design. Solid-state ballasts for 175-watt (front) and 400-watt (back) mercury arc lamps are
constructed on the underside of a heat sink. Both circuits are for 240-volt operation.

It is thus the most economical choice. Another ad-
vantage is that it requires only one magnetic compo-
nent and integrated-circuit construction techniques
can be readily applied to achieve the small sizes
desired for the ballasting elements. It does have one
disadvantage, though: the output voltage is always
less than the input voltage.

Positive feedback

For operation in 120-volt line applications, the
basic switching-regulator circuit is modified, as
shown on page 133, so that the solid-state switching
element—transistor Q;—is operated in the positive
feedback mode to reduce bulb warm-up time. The

240VAC

I\

POWER FACTORX
CORRECTION

120 VAC |
-

|

ARC
BULB

ARC
BULB

POWER FACTOR
CORRECTION

The old way. Conventional ballast consists of a large
inductor and a power-factor correction capacitor.
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rectified 120-volt a-c output appears as a d-c voltage
across the Viy terminals of the circuit and drives
transistor Q, into saturation. The collector current
of Q, rises linearly through the primary (L,) wind-
ing of transformer T; until the voltage drop across
the current-sensing resistor R., increases above a
predetermined threshold level. At this point, Qs is
turned off, and its collector current through R;, in
turn, drives Q. into conduction to create a virtual
short between the base and emitter of Q;. In this
way, the drive input to Q, is effectively removed.

The inductive kick from the L; primary winding
of transformer T, that results from the decrease in
the collector current of Q; is clamped by the com-
muting diode, D, so that the current decays linearly
through the winding. Positive feedback coupled
from the secondary (L.) winding of transformer T,
holds the switching transistor, Q;, in the off state
until the current through the transformer primary
winding decreases to zero. The cycle is then re-
peated.

The turn-on (t,,) and turn-off (t.¢) times and the
switching frequency (f) of the switching-regulator
ballasting circuit can be calculated from equations
based on the relationship for induced voltage:

di

2 Nl ie

During turn on, the voltage across the regulator
inductor is essentially the algebraic difference be-
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Design criteria. Voltage and current characteristics are
selected to reduce the warm-up time of the bulb.

tween the input and output voltages (Er, = Vi, —
Veut). Because both of these voltages are constant,
their difference, Er, corresponds to a linearly in-
creasing current through inductor L;. The rate of
change of the current (di/dt) then can be calculated
as the peak value to which the current rises, divided
by the turn-on period (di/dt = I eax/ ton). Thus:

Ll Ipeak
Vin oo Vout

The equation for the turn-off time can be simi-
larly derived. During this period, however, the volt-
age across inductor L; is essentially equal to the
output voltage The current decays linearly through
the inductor so that the rate of change of current is
constant over the turn-off period. When these condi-
tions are imposed on the basic inductor equation,
the following equation for the turn-off time can be
derived:

ton =

oo L (o)

P Vout

f £ 1 = Vout (Vin - Vout)
ton + toff Ll (Ipeak) (Vin)

The equations for t,, and t,; can be combined
to give the switching frequency of the switching-
regulator ballast in terms of the inductor L, the
peak current, and the input and output voltages.

The peak current and associated output voltage
of the switching-regulator circuit can be varied with
potentiometer Rg. For any given setting of the po-
tentiometer, however, these quantities are constant
and are independent of the input voltage. Another
factor that is apparent from the frequency equation
is that the switching frequency goes up when Vi,
goes up or I goes down. (Vi or L) results
in an inverse change in switching frequency.

At 120 volts

A practical 100-watt switching-regulator ballast-
ing circuit designed for 120-volt-line applications
has both the output voltage and current sampled
to reduce bulb warmup time. This circuit has a
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The choice. Of the three types of circuits that could

be used, (ringing choke converter, push-pull inverter,
or switching regulator) the switching regulator (bottom)
offers the highest efficiency and the best regulation.

voltage-current characteristic similar to that of a
conventional ballasting reactor.

The 120-volt a-c input is rectified by a full-wave
bridge. The a-c output from the rectifier, developed
across filter a capacitor is used to derive the
drive input for the saturating switching transistor.
Because the input drive to the emitter-base circuit
of the switching transistor is applied through a re-
sistance network, the relatively high drive voltage
can lead to serious I’R losses unless the drive cur-
rent is maintained at a very small value. This con-
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dition is made possible by use of two transistors
connected in a Darlington configuration to provide
current gain that will increase the drive current
to the level required to saturate the switching tran-
sistor.

Because the switching regulator is a down con-
verter with limited filtering and operates from
relatively low line voltages, a special low-voltage—
100-volt rather than the more common 135-volt—
mercury-arc lamp is used with the 100-watt, 120-
volt ballasting circuit. The low-voltage arc tube
contains slightly less mercury than the higher-volt-
age type. High starting potentials are obtained by
use of a half-wave voltage doubler, connected to a
separate starting electrode with a current limiting
resistor.

Performance data of the 100-watt switching regu-
lator is shown on page 134. The over-all efficiency
of the circuit, including the rectifier bridge and filter
capacitor, is 87% for a 120-volt a-c input. The out-
put is adjustable from 15 to 150 watts for operation
into a 100-ohm load impedance. The excellent regu-
lating characteristics are achieved, in part, by the
action of resistor R;, which offsets a rise of output
voltage with a corresponding rise in input voltage.

The 120-volt ballast circuit has a relatively small
conduction angle, because of a necessarily large
filter capacitor. The associated surge currents make
the use of bulbs in excess of 200 watts impractical.
The ballast has two l-ohm surge-current-limiting
resistors. One resistor limits a-c line transients,
and the other limits bulb current during ionization.

At higher voltages

For industrial and highway lighting installations,
240-volt single-phase, 277-volt single-phase, and
208-volt three-phase a-c power sources are readily
available. For these voltages, there’s enough differ-
ential between the arc and tube voltage and input
voltage to permit the transistor switching element
to be driven from a secondary winding on the in-
ductor of a low-pass filter. Relatively high drive
current can then be obtained without high power
losses.

Shown on page 135 is the basic configuration for a
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switching regulator designed to operate from a-c
source voltages between 200 and 300 volts. The
equations given for the 120-volt switching-regulator
ballasts, are also applicable to higher-voltage bal-
lasts. A unique feature of the higher-voltage circuits
is that only the high-current switching transistor
Q; has to have a breakdown-voltage capability suffi-
cient to withstand the full value of the d-c input
voltage including transients applied across the Viy
terminals. All the transistors in the control circuit
are low-voltage, low-dissipation types. The design
for the higher-voltage ballast also features built-in
short-circuit protection.

In the switching-regulator circuit the a-c voltage
applied to the Viy terminals drives Q; slightly for-
ward-biased by a small current (approximately 3
milliamperes), through base-circuit resistor Rs. Q;
is immediately driven into saturation by the positive
feedback from its collector circuit supplied by the
L. secondary winding of transformer T;. The L.
secondary winding also supplies the drive power to
the control circuit. The collector current of Q; rises
linearly through L; until the voltage across current-
sensing resistor R, triggers the control circuit in
shunt with the base-emitter junction of Q;. The
transistor is then held cut off by the feedback volt-
age from the secondary winding of the transformer
until the current through the primary winding de-
cays to zero. The inductive kickback that results
from the decrease in current through L; is clamped
by commutating diode D, and, therefore, is the same
as the output voltage on C,. The L; winding of
transformer T; then charges capacitor C; to a volt-
age proportional to the output voltage. During the
next cycle, the control circuit samples a combination
of the voltage across C; and the current through Ro.
In this way, an output characteristic similar to that
of a conventional ballast, shown on page 132, is ob-
tained.

Design decisions

The design of solid-state switching-regulator bal-
lasts for mercury-arc lamps involves three prelim-
inary steps: selection of the mercury-arc lamp and
the peak starting current; selection of the reactor
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Measuring performance. The efficiency of the circuit
remains above 85%, over a wide input voltage range.

element; and selection of the switching transistor
and other circuit components.

The types of a mercury-arc lamp used and the
peak starting current it must get from the ballast
circuit are dictated by the value of the a-c source
voltage, the amount of lamp power (Pp) required,
and the warm-up time of the lamp. For operation
from a 120-volt a-c line at lamp power levels up to
200 watts, the special low-voltage (90-to-100-volt)
type of mercury-arc lamp should be used. The peak
starting current is then determined from the follow-
ing relationship:

Tpon = 4 ( 100)

For operation from a-c source voltages in the
range of 200 to 300 volts, the more conventional
135-volt type of mercury-arc lamp is used. The peak
starting current, for a specified lamp power rating
Py, is then determined as follows:

(Pr)
135

Ipeuk =4

Switching-regulator reactor element

The series inductor selected for the switching-
regulator ballasting circuit should have a maximum
core cross-sectional area and minimum air gap, con-
sistent with the required inductance value, so that
the minimum physical size is obtained. The circuit
shown on page 135 permits simple di/dt measure-
ments that eliminate the need for repetitive calcula-
tions to determine the required inductances. In this
test circuit, the inductor is connected in series with
a switching transistor and a d-c voltage. The switch-
ing transistor is maintained in the on state until
the inductor saturates. The following equation then
becomes the basis for the determination of the in-
ductor parameters.

Vin = Ll <%’>
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The desired flux density for the inductor is some
fraction of that produced by the saturation current.
The air gap, number of turns, and the core are
selected as required to obtain the desired value.

If an iron core is used for the inductor, the core
laminations should be 4-mils thick. The negligible
increase in efficiency doesn’t warrant use of thinner
laminations. For stabilized operation and to avoid
overheating of the inductor, the switching frequency
of the ballasting circuit should be less than 5 khz
and the flux density in the inductor should be less
than 6 kilogauss. For an inductor that uses a ferrite
core, the flux density (determined for worst-case
conditions) is usually 3 kilogauss, and the frequency
is limited by only the transistor switching losses.

Switching transistor and components

The transistor used as the switching element in
a switching-regulator ballast must have a collector-
to-emitter voltage breakdown capability Vogg (sus)
high enough so that the device can withstand the
total input d-c voltage together with the maximum
transient input voltage that may be developed in
the circuit. In all the ballasting circuits described
herein, the transistor used as the high current
switching element is the RCA developmental No.
TAT7420.

The Darlington transistor circuit in shunt with
the emitter-base junction must drive the switching
transistor well into the saturation region for the
particular Ipe,.

For the 120-volt ballast-circuit design,

I8 (maxy < 10 ma

For the 200-to-300-volt ballast-circuit design,
IB (max) < 300 ma

The power dissipated by the transistor used as
the switching element should not exceed 10% of
the power rating (Pp) of the mercury-arc bulb. The
transistor power dissipation (Pp) is calculated for
a hot, stabilized bulb (Igmex = IsTaz = 2lavg) as
follows:

Pp

P ton ISTAB. di
ek 7o e e )

fstap) Via te
2

saturation loss 4 turn-off loss

j2 N M [ton (IsTaB) (Reat) + Via ti]

In this equation, R (s¢) is the saturation resistance of
the switching transistor, and t; is its turn-off time
for the partitcular circuit conditions. [It should be
noted that the turn-off time is not directly related
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High-power. The 240-volt ballast circuit,
like the 120-volt circuit, needs only
one high-voltage element.
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50mA 27 repetitive calculations.
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to the gain-bandwidth product (fr).]

The total base drive resistance of the switching-
regulator ballasting circuits can be estimated on the
basis of the current and voltage relationships for
peak-current conditions.

For the 120-volt design, the voltage drop across
the total of the resistors in the base drive circuit
is the d-c input voltage less the voltage (8.2 volts)
across the 1IN756 zener diode. The maximum value
for the drive-circuit resistance for I, therefore,
can be calculated with:

Via (miny — 8.2 2
IB (max)

100
IB (max)

Rin =

This equation indicates that the drive-circuit re-
sistance for the 120-volt ballast design must be
greater than 9,000 ohms for a permissible Ig (max) Of
10 milliamperes.

For the 200-to-300-volt design, the total drive-
circuit resistance is estimated as follows:

L
[Vin (min.) — Vout (min.)]ﬁ e 2

I{in =

IB (max.)
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100#fT
=

In this case, the drive-circuit resistance must be
greater than 60 ohms for the 300 milliamperes of
maximum permissible drive in the circuits pre-
sented.

The bridge-rectifier diodes and the commutation
diode are selected on the basis of the maximum
voltage and current requirements of the ballasting
circuit.

The value of resistor Ry, in the diagram on page
133, is determined from the desired voltage current
slope of the ballast circuit.

REpr S Toutb mot)
e Vhutb oty

An increase in the warm-up time for a given bulb
and ballasting circuit arrangement can be achieved
by the use of a larger resistor Rz in both the 120-
volt and 200-to-300-volt designs. This larger resis-
tor would produce a smaller voltage-current slope,
and the collector current during starting (Ieax)
would then be reduced.

The value of R; is selected to provide the best
voltage regulation.
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Carpenter

maghetic core irons:

Greater design flexibility

Improved machinability

Predictable magnetic performance

Now get up to 40% improved machinability in
producing products like these.

Carpenter now offers you three distinct free-
machining grades which combine predictable
magnetic behavior with profitable production.

Carpenter Silicon Core Iron ‘‘A-FM”, for solid
cores that demand economical machining in
volume. It also offers moderately high electri-
cal resistivity, high initial permeability and low
hysteresis loss in both AC and DC currents.

Carpenter’'s new modified 22% silicon iron,

Core Iron “B-FM”, offers high electrical re-
sistivity, a low hysteresis loss, low residual
magnetism in DC currents, and virtual free-
dom from magnetic aging. Plus . . . greatly
improved machinability.

For applications requiring corrosion-resistant
properties, Carpenter Stainless 430F (Sole-
noid Quality) also has excellent machinability.
Contact your Carpenter Representative for
data and prompt attention to your require-
ments. The Carpenter Steel Company, Read-
ing, Pennsylvania 19603.

L}lpenter steel

IN A WORD, CONFIDENCE
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Meetings

Few surprises at Wescon '68;
plastic packaging debate continues

Although fluidics and crime-fighting are new to the program,
most of the technical sessions will cover familiar ground;
military renews opposition to plastic at packaging meeting

Technical sessions at the 1968 Western Electronic
Show and Convention in Los Angeles later this
month will trod well-covered grounds. For example,
such familiar subjects as linear integrated circuits,
testing, nuclear instrumentation, systems engineer-
ing, and data communication techniques again lead
the topic roster. However, newcomers to the pro-
gram are sessions on electronic devices for law
enforcement applications and fluidics. At the Inter-
national Electronic Circuit Packaging Symposium
being held concurrently with Wescon, the debate
on the reliability of plastic-encapsulated semi-
conductor assemblies will be renewed.
Representatives from Motorola Inc., Texas In-
struments Incorporated, and the Signetics Corp., a
subsidiary of the Corning Glass Works, will cast
affirmative votes for plastic packaging. The lone

Technical sessions at a glance . . . .

Subject Session When Where*
Aerospace technology 23  Fri., 9:30 Biltmore Bowl
Civilian applications D Erky 9:30 Biltmore Ballroom
Computers 13 Wed., 2:00 Music Room
27 s, 2:00 Renaissance Room
14 Wed,, 2:00 Galeria Room
Controls 6 Tues., 2:00 Galeria Room
Electro-optics & Displays 4 Tues., 9:30 Galeria Room
10 Wed,, 9:30 Galeria Room
16 Thurs., 9:30 Music Room
Digital communications 28  Fri., 2:00 Music Room
12 Wed,, 2:00 Renaissance Room
8 Wed., 9:30 Renaissance Room
Education 3 Tues., 9:30 Music Room
Electromagnetic
compatibility 19 Thurs.,, 2:00 Biltmore Bowl
Fluidics 15 Thurs., 9:30 Biltmore Bowl
Hybrid IC’'s 1+#¢ Wed., 9:20 Statler Hilton
2% Mon., 1:15 Statler Hilton
2+ Wed., 10:45 Statler Hilton
3%k Mon., 3:30 Statler Hilton
3% Wed., 1:30 Statler Hilton
4*x Wed., 3:00 Statler Hilton
5%% Thurs., 9:00 Statler Hilton

6%* Thurs., 10:00 Statler Hilton

* Sessions at Biltmore Hotel unless noted
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nay-sayer at this get-together will be Edward B.
Hakim of the Army Electronics Command, Fort
Monmouth, N.J., who will report on his organiza-
tion’s tests of small-signal transistors and variable-
capacitance diodes. On the basis of his work, which
suggests that short-term data does not encourage
the use of plastic-encapsulated devices in high-
reliability systems, and because of the paucity of
long-range information, Hakim feels the military
must proceed with caution in this field. He says:
“This laboratory has included in SCL-6200 (the
component specification for new equipment devel-
opment) a requirement that only hermetic devices
shall be considered hereafter on any proposal.
When these (plastic-encapsulated) devices have
shown that they are capable of withstanding mili-
tary environments for sustained periods of time,

Subject Session When Where*

7% Thurs., 1:30 Statler Hilton

8%k Thurs., 3:00 Statler Hilton
Interconnections 4#% Tues., 8:30 Statler Hilton
Monolithic IC’s 1 Tues., 9:30 Biltmore Ballroom

1*% Mon., 9:30 Statler Hilton

9 Wed,, 9:30 Biltmore Bowl
Law enforcement 18 Thurs.,, 2:00 Biltmore Ballroom

C Thurs.,, 9:30 Biltmore Ballroom
Magnetic devices 17 Thurs.,, 9:30 Galeria Room
Management A Tues., 2:00 Biltmore Ballroom

B Wed., 2:00 Biltmore Ballroom

7 Wed.,, 9:30 Biltmore Ballroom
Materials 24"  Fri, 9:30 Renaissance Room
Medical electronics 11  Wed., 2:00 Biltmore Bowl
Microwaves 5 Tues., 2:00 Renaissance Room

2 Tues., 9:30 Renaissance Room
Nuclear systems 20 Thurs.,, 2:00 Renaissance Room
Packaging 5%k Tues., 10:45 Statler Hilton

4*% Tues., 8:30 Statler Hilton
Pattern recognition 21 Thurs.,, 2:00 Music Room

25 Fri., 9:30 Music Room

Power converters 26 Fri.; 9:30 Galeria Room
Radar 22 Thurs., 2:00 Galeria Room

#* |nternational Electronic Circuit Packaging Symposium
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then revision of SCL-6200 must be considered.”

But for the moment at least, Hakim is convinced
that plastic-encapsulated assemblies have a long
way to go before the military enlists them for duty.
There are many variations in fabrication from the
same device manufacturer, he says. Not only is
there variation in the basic formation of the pack-
age, but there also appears to be considerable
variation in the same product categories from week
to week.

Transfer molding techniques are generally used
to make small-signal devices and epoxy resin is
the most popular material, Hakim says. However,
he notes, during the course of the lab’s test pro-
gram, it became apparent that such devices just
wouldn’t do, and a change in fabrication tech-
niques was indicated. The eight semiconductor
makers involved in the Fort Monmouth program
began scrambling for solutions as tests revealed
deficiencies in their wares. One, for example,
shifted to a rubbery silicone barrier on the tran-
sistor chip, with an epoxy shell surrounding this.
Subsequently, this firm substituted phenolic for
both the epoxy and silicone. Most of the other man-
ufacturers also opted for a barrier of one sort or
another, Hakim reports. Four chose silicone, and
another went for silicon nitride. Their efforts, with
but two exceptions, proved largely unavailing; fail-
ure rates were still high—over 80% in some cases.
However, the company using silicon nitride as a
barrier had zero failures on 26 devices after 1,055
hours. Another, using epoxy with a barrier, had
only one failure on 30 npn and pnp assemblies
after 1,104 hours of testing. To determine if her-
metically sealed units could survive its standard
series of tests, Hakim and his crew checked a
dozen typical devices for 1,200 hours and could find
no fault.
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Newcomer. Fluidics is
the subject of a Wescon
session for the first time
this year. One example
of the hardware that's
becoming commercially
available in the field is
this miniature mechanical
resonator from GE. Unit
is designed for use in a
governor system where
operating temperatures
vary over wide range.

Test cases

Hakim’s organization uses two tests that he con-
siders realistic to check plastic-encapsulated de-
vices. The first is a humidity-temperature cycle
with voltage applied to the device. The second is a
high-temperature/reverse-bias check. Both have
uncovered what Hakim views as serious problems
in plastic reliability. In particular, he cites the
electrolysis, resulting from moisture penetration,
that destroys contact metalization.

Under study at Fort Monmouth is a so-called
“pressure cooker” test, a technique that accelerates
checks of moisture penetration. Devices are placed
in a vessel and suspended above water. Pressure
is built up to 15 pounds per square inch in one-half
hour. At this pressure, temperature is around
121° C. The devices are tested for seven hours. At
the moment, Hakim says, failures can be induced
10 times faster with this test than with standard
checks.

Counterattack

In the opposing camp are S.S. Baird and C. Gor-
don Peattie of TI's quality and reliability assurance
department; E. David Metz from Motorola’s Semi-
conductor Products division; and Signetics’ R.C.
McCoy. As advocates, these men lean on familiar
arguments. To wit: plastic-encapsulated semicon-
ductors have proved their mettle in the consumer
and industrial fields and are now ready to serve
the military in certain applications because of in-
creasing ruggedness and a cost advantage over can-
packaged equivalents. But those who have followed
the plastics story detect a new note of realism in
the case being made by the device makers.

For example, Baird and Peattie of TI—where
there is a bias towards injection-molded devices—
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concede that plastic is far from perfect as a pack-
aging material. They single out three areas of tech-
nology that are now getting the most attention: im-
provement of the adhesion of plastic to leads;
selection of lead materials that can withstand the
corrosive atmosphere involved in the extra hu-
midity testing plastic devices are expected to with-
stand; and prevention of open connections pro-
duced by intermittent operation at maximum rated
power.

Essentially, however, the TI paper is a five-part
pitch for the use of more plastic-encapsulated

PERCENT OF DEVICE COST

'00 °/O

PROOF OF
PERFORMANCE

CONNECTIONS 7 ‘
AND PACKAGE : ~

50

ACTIVE
ELEMENT

0

1960

1964 1968

Danger point. Device makers worry about increase in
proof of performance costs for plastic-packaged units.
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Dirty job. Plug-in card

for indicator-computer
system used in paper mill
features Tl IC's packaged
in plastic. Semiconductor
makers are pushing such
assemblies for applications
in military systems.

semiconductor devices in military systems:

= If a particular system operates below 65° C
and 95% relative humidity and the design derates
the devices at least a factor of two on power dis-
sipation, say Baird and Peattie, plastic, rather than
metal cans, should be used.

= Plastic-encapsulated devices should be used in
preference to those in metal cans when the me-
chanical environment requires high acceleration,
shock, or vibration resistance. The authors believe
their point is proved by the widespread—and suc-
cessful—use of such assemblies in fuzes and anti-
personnel mines.

= Plastic encapsulation is well suited for device
miniaturization in cases where mechanical integrity
is a critical consideration,

= A careful review should be made of those parts
of military systems in which plastic-encapsulated
devices can be used. Then, test specs should be
changed to take into account the less critical sys-
tem requirements.

= There is a real danger that imposition of un-
necessarily tight specs for plastic-encapsulated de-
vices will erase the price differentials between
them and their metal-can equivalents.

To illustrate this latter point, Baird and Peattie
developed a chart showing semiconductor cost fac-
tors over the past eight years. In 1960, proof of
performance, they say, accounted for about 20%
of total outlays; connections and packaging repre-
sented about 30% and active elements the balance.
By 1968, when active elements’ cost was reduced
to around 15% of the total, connection and packag-
ing expenditures were up to 45% and proof of
performance to 40%. They conclude that their fig-
ures highlight the importance of packaging costs,
which could be reduced by going to plastic encap-
sulation. But they further reason that if plastics
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savings are to be significant, the proof of perform-
ance percentage will have to remain at near the
current level.

Assent

Signetics’ McCoy, presenting results of checks
run at his company, also concludes that test results
show that properly designed and processed sili-
cone-encapsulated IC’s meet and even exceed mili-
tary environmental specifications and should be
considered for widespread use—particularly in ap-
plications involving high stress levels or mechani-
cal and thermal shock. Regarding the integrity of
seals against moisture, McCoy notes: “Presently
available long-term data indicates no moisture
problems. But due to the lack of a suitable 100%
seal integrity screen, additional long-term qualifica-
tion testing is being undertaken.”

Metz, in a somewhat tutorial paper on chemical
and mechanical considerations in transfer-molded
semiconductor devices states: “By definition
plastic-encapsulated devices are not hermetic.
However, a complete understanding exists of the
limitations of the seals and performance is becom-
ing more predictable in a variety of environments,
and performance will continue to improve as more
is learned.”

Metz points out that a metal can has a seal—in
effect a transition region. There is thus no discon-
tinuity. But in a plastic-encapsulated device, the
seal is formed by compression forces between the
plastic and metal, and there is no true bond in the
hermetic sense. This, of course, is at the heart of
the problem with plastic-encapsulated devices—
moisture creeps up the lead and into the package,
where electrolysis can ruin the bonds and cause
failure. If the quantity of water is large, hysteresis
appears in the reverse characteristic. Further, ionic
contaminants can penetrate by being carried up
the lead to produce an extra induced charge in the
silicon. The charge appears in the reverse char-
acteristic of the p-n junction or in the gain char-
acteristic of the transistor.

Flow chart

The session on fluidics seems tacit admission
by Wescon that there are certain applications in
which the new technology might replace or com-
plement electronics systems. The four-paper ses-
sion runs the gamut from analytical exercises to
comparisons of fluidic devices with their electronic
counterparts. One, on analytical techniques for
fluidic analog systems, to be presented by R.R.
Clark of I-T-E Imperial Corp., makes the point that
fluidic devices can be highly nonlinear. In other
words, control systems in which these elements are
used may oscillate severely. Having established this,
Clark reviews ways of analyzing systems—that
should already be well understood by electronics
engineers, particularly those working in the control
field.

A presentation on the development of a flueric
amplifier transfer matrix, by F.M. Manion of the
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Army’s Harry Diamond Laboratories, appears quite
comprehensive. But only the most ardent fluidics
engineers—a small but growing group—will appre-
ciate the paper. Electronics engineers will be inter-
ested only to the extent that the amplifier is dis-
cussed in terms of electronic analogies.

D.F. Jensen and R.R. Schaffer of IBM’s Systems
Development Laboratories will describe a fluidic
digital-diaphragm logic element, developed to in-
terface with data-processing and control systems.
The basic device can be packaged to produce such
logic functions as NOR and NAND—at low cost, low
operating power, and low noise levels. At low fre-
quencies, its performance compares favorably with
its electronic equivalent.

Closer to home

Electronics engineers will probably be most com-
fortable with the paper on a-c fluidics, by C.W.
Woodson of the General Electric Co. He notes that
for control applications, fluidics engineers are start-
ing to adopt carrier-modulated signals—in much
the same way that years ago electronics engineers
discovered that a-c signal systems overcame the
drawbacks of line losses, drift, and noise of d-c
signal systems. By a-c fluidics, Woodson means an
oscillatory flow superimposed on a steady flow.
Thus, in electronics terms, the fluidic signal always
has a d-c component in addition to the a-c signal
component.

Woodson’s paper effectively discusses some of
the applications—turbine speed control, tempera-
ture control, and the like—in which fluidics can
compete with electronics. He shows how such elec-
tronic components as resistors, capacitors, and in-
ductors can be constructed by fluidic means. Then,
he puts these passive elements together to make,
for example, a tuned resonator which can be used
as a frequency reference in modulated carrier sys-
tems.

Hardware

Active fluidic elements include the proportional
amplifier, which can now be staged, or cascaded,
to over-all gains exceeding 2,000. Another element
is the rectifier or absolute-value amplifier.

Using active and passive fluidic elements, says
Woodson, it is possible to construct many func-
tions that are familiar to the electronics industry. A
decoupler, or derivative circuit converts a single-
ended pressure to a differential push-pull signal.
Other practical functions that can be built are the
beat detector, the frequency-to-analog converter,
and the phase discriminator.

Woodson expects rapid progress in the develop-
ment of more a-c fluidic components, particularly
for control and sensing applications. Operating
frequencies will increase by two or three times,
and, he says, there is some speculation that the
ultimate high-frequency limit will reach 100 kilo-
hertz. If this happens, fluidics may eventually pick
up some significant and substantial portions of elec-
tronics’ territory.
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This induction motor speed control
can be completed
with a single component...

R
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RF filter
& dv/dt suppressor
as needed

Ci,Cq are GE 75F2RA473

TEMPERATURE CONTROL OF FANS AND BLOWERS

... General Electric’s new PA436
monolithic phase control integrated circuit.
Turn the page for more cost saving ideas from General Electric.)
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PA436 senses a voltage differ-
ential and pulses a triac control-
ling power to fractional horse-
power induction motors. Speed
regulation of =5% is obtainable
thru tachometer feedback control.
The device is suitable for all lag-
ging power factor motors.
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PA424 is industry’s first mono-
lithic integrated circuit designed
specifically for AC power control.
Its prime application is for temper-
ature control of residential and
industrial heating units. It can be
used to control temperature in
kitchen appliances and business
machines and can also function
as a relay driver, miniature lamp
driver, photosensitive control, or
DC level sensor.

Control induction motor speed
with an integrated circuit...
General Electric’s new PA436
can do it.

Now you can have all the benefits of inte-
grated circuitry in a major new area. General
Electric’s new PA436 is the only monolithic
integrated circuit on the market designed
to control induction motor speed.

It combines the functions of adjustable-
gain phase control, inductive load logic, and
triac triggering . . . eliminating many external components from
your control circuit.

Used for fractional horsepower induction motors, PA436 can
trigger triacs for loads up to 15 amps and 280 volts RMS. It also
can control SCR’s handling higher voltages and currents used to
drive large motors. Temperature control of fans and blowers is
zero to full speed over an adjustable temperature band of 2°C up.
The device also allows for external gain adjustment and has inter-
nal compensation for ambient temperature and supply voltage
variations. A GE power control module, the S300 series incorporat-
ing the PA436 and a triac, is available for simplified induction
motor control. For more PA436 and S300 information, circle num-
ber 500.

To reduce power switching radio frequency
interference, try General Electric’'s PA424
which operates as a zero-voltage switch.
This integrated circuit detects a voltage
differential and pulses a triac only at a-c
zero voltage crossing . . . it significantly
reduces the R.F.l. usually associated with
power control. Formerly too expensive for
most applications, this switching principle
is now brought within an economical price range for the first time.
PA424’s balanced input allows switching accuracy of +0.5% of
sensor resistance at the control point too. Without trimming, it
inherently has =5% accuracy which is satisfactory in many ap-
plications.

Also available from General Electric is a complete power con-
trol module—the S200A—that includes the PA424, a triac, and
passive elements in a self-contained unit for heater temperature
control. For more information on the PA424 and S200A, circle
number 501.

Original equipment manufacturers, find out for yourself how Gen-
eral Electric integrated circuits can help you solve your design
problems, send for a free sample of either the PA436 or the PA424
. . . or both. Simply tell us the IC you want and your expected ap-
plication, and send it along with your name, address, title, com-
pany, to Product Manager, I.C. Power Control, General Electric
Company, Northern Concourse Office Bldg., North Syracuse, N. Y.
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High sensitivity

and low-cost

makes GE’s L14B Flexible
photosensitive custom-designed
Darlington circuit modules solve
amplifier your power control
areal value problems

A small scale integrated circuit
with a two-transistor amplifier
configuration, General Electric's
L14B increases collector-to-emit-
ter current as the amount of light
falling on it increases.

L14B has high sensitivity be-
cause of its high-gain amplifier.
Shining a two-cell flashlight on it
from a distance of 13 feet gen-
erates a one mA collector current.

Packaged in a clear epoxy cap-
sule, L14B accepts light from un-
usually wide angles. It responds
to visible light but is most sensi-
tive to the near infrared. It re-
sponds very quickly to a sudden
change of light, in comparison
with other light detectors.

The unit is low cost, with prices
starting at 68¢ for purchases of
1000 units or more. Look into
L14B. For more information circle
number 502.

Relative response
Vs

o

Quick, economical solutions to
your circuit problems are our
specialty. GE has designed, built,
and delivered over 50 different cir-
cuit modules. Each gave some
customer exactly the circuit he
needed. Some cost less than
$2.00 in quantity.

There are 56 standard GE cir-
cuit assemblies with these basic
functions:

® basic variable voltage con-

trols
e extended range and com-
bination variable voltage cir-
cuits, and AC static switches

® RF.I. suppressed blower
motor speed controls with
set low speed

® R.F.l. suppressed basic vari-

able voltage circuits

e monolithic integrated firing

circuit controlled power
switching for zero-voltage
switching and AC phase con-
trol induction motor speed.

Whether you need a special
temperature control with accuracy
to within 1°C, or a standard 10
amp variable voltage control, GE

H i can solve your problem best.
§ ol Circle number 503.
o |
=l A N
€ o8 o N Variable resistance
£ [ A AN sensor (e.g. thermistor et. al.)
306 bon:
504 L "
= Top view AV s
£o2 1T Ay
L @B EE Lo
& -90 -70-50-30-10 10 30 50 70 90
©-incident angle -degrees ’,11’7

Resistive load

odj:mmom
S200 External i

For more information on these and other General Electric semi-
conductor products, call or write your GE sales engineer or distrib-

utor, or write General Electric Company, Section 220-64, 1 River
Road, Schenectady, N. Y. 12805. In Canada: Canadian General
Electric, 189 Dufferin St., Toronto, Ont. Export: Electronic Com-
ponent Sales, IGE Export Division, 1569 Madison Avenue, New
York, N. Y. 10016.

Highest
frequency
high voltage
SCR now available

for all these
functions

® choppers
® inverters
® induction heaters

® DC to DC converters
® cycloconverters

General Electric's C158/159 s
a silicon controlled rectifier de-
signed for power switching at
frequencies up to 10k Hz half
sine wave current and rectangu-
lar current waveshape frequen-
cies up to 5k Hz.

C158/159 offers forward and re-
verse blocking voltages to 1000V,
40 micro-second maximum turn-
off time at severe operating con-
ditions, high di/dt and dv/dt at
high frequency, and extremely low
switching losses at high fre-
quency.

Find out more about the operat-
ing capabilities of this high-
speed, high-efficiency SCR. Circle
number 504.
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5 fast, effective way
to stop EMI:

It you .
want to shield...

.......................................................................

Communications Metex “Zip-Ex’’® zip-on metallic sheath.

” i Provides 100% reliable electromagnetic
cables P U Se shielding. Knitted mesh sheath zips on any
shape before or after installation.

Switches/ A Metex Flex-Shield shielded rubber boots

=1 etex Flex-Shield shi :
pUSh buttons 3 U Se Metal mesh, molded in flexible rubber,
(also keep out é gives maximum reliability against RFI-EMI.
moisture)

..........................................

Electronic equipment
(and vent it, too) .- Metex Shield-Cell honeycomb panels.
=) It's designed to meet specific attenuation
U Se requirements over specified frequency
ranges. Many standard sizes and
materials are available.

Access

doors [ ‘ > Metex Pola-Stick
. - Wire imbedded in silicone.
& lids ' LUSE  Pressure-sensitive adhesive keeps it
securely in place during and
after installation.

.........................................

Shield-Vu™ Metex

U Se Your choice of monel, low carbon steel
or etched metal laminated in plexiglass.
Any color, size, or shape.

; (201) 287-0800 for design engineering service
s QUICK Y Ca l I (for your rush rush requirements)

For Free Samples, Prices and Literature METEX Corpora‘tlon 3!
on any or all of these EMI shielding 970 New Durham Road, Edison, N. J. 08817 "\
materials—or for technical assistance on (201) 287-0800 * TWX 710-998-0578 "
your particular requirements—write: West Coast: Cal-Metex Corp., 509 Hindry Ave. a!
Inglewood, Calif. 90301 v
103 (213) 674-0650 * TWX 910-328-6100
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That’s right. It’s a commercial connector.
Our Molex Standard. Millions are finding their
way into some of the most exciting circuitry man

can imagine. For that’s our business: creating
connectors that simplify

wiring. Speed produc-
tion. Assembly. Instal-
lation. Servicing.
For the men who are
looking for new ideas and
ways to cut costs.

In the area of one circuit to sixty
connections or more, Molex has the
product. And the design and engineer-
ing capabilities to solve the most com-
plex wiring and production problems . ..
fast! We’d like to talk to you about it.
If you would like a free sample of our
Molex connector, please
write or phone (312)
969-4550. You /\
can make con-

nections at . . . IMoOlex

MOLEX PRODUCTS COMPANY
Lo Downers Grove, lll. 60615




How to use the Singer Model ATS Transfer Standard
for 0.01% True RMS Measurements in 15 Seconds

Many precision AC voltage measuring instruments cannot provide accurate
RMS measuring unless the AC input is a perfect sine wave. If there is any
distortion at all in the wave shape, claimed RMS measuring accuracy will be
degraded because of error introduced in the detector circuits.

The Singer Model ATS uses thermoelement techniques accepted by the

National Bureau of Standards for high accuracy, True RMS measurements.

The Model ATS and your present high accuracy instrumentation permit RMS
measurement to better than 0.01% of reading . . . regardless of the wave shape
of the input. Any operator can make the measurement in just fifteen seconds,
with a procedure so simple it is completely described here.

NS

The Model ATS is the instrument in
the center. The signal source at the
right is generating an AC voltage whose
True RMS value is unknown.

2. By simply depressing a button — y

on the Model ATS, a DC g - R —

voltage equal to the True RMS value
of the applied unknown AC is
automatically developed. The
conversion from RMS to DC is
within 0.01% of the RMS value
of the input.

3.

Approximately fifteen seconds after
pushing the button, the operator reads the
RMS value on the DC voltmeter. Had this measurement been
made without the Model ATS — that is, with a conventional
AC digital voltmeter (normally, an average-responding de-
vice), here is what would have happened: A wave shape
with 10% distortion can produce an RMS measurement
with an error of more than 3% above the voltmeter's
inherent error. In many applications, partic-

ularly in the standards lab, Rl
such an RMS measure- e —
ment is inadequate. 1

The Singer Model ATS has an overall
range of 2 Hz to 30 MHz. It provides
accuracies of 0.01% of reading from
0.25 V to 1,000 V, 5 Hz to 20 kHz.
NBS Test Reports on the AC-DC dif-
ference may be obtained with un-
certainty of measurement of
0.005% or better on all ranges
up to 20 kHz; 0.01% at 50 kHz
to 500 volts; 0.05% at 100
kHz to 250 Volts and 0.05%
at 1 MHz to 16 volts. Model
ATS provides ten times better
accuracy, over a broader
frequency band, than any

RMS Digital Voltmeter.

A brochure on the Model ATS
is now available. For your
copy, please circle the Readers
Service Card or write on your
{ﬁttle)rhead (Att: Fred Rosen-
al).

e

=) SINGER

INSTRUMENTATION

The Singer Company, Metrics Div., 915 Pembroke Street, Bridgeport, Conn. 06608 (203) 366-3201
SEE SINGER AT WESCON BOOTH 1712-1716

Research
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New Mil-Standard 883

specifjes

29

“Fluormert’ brand
electronic hqu1ds
for OT0SS leak testing

New Mil-Standard 883, designed 1
specifically for microelectronics,
specifies “FLUORINERT” Brand
Electronic Liquids for the gross leak
testing of microcircuits.

No wonder.

They’re compatible with
sensitive electronic materials and can
be used over a wide temperature
range. They drain clean, dry fast

and leave no messy residue.
Bring your tests up to r
“standard”. Write today for a ==
copy of Mil-Standard 883, MWW
test method 1014.

Stmdmds

bR

3M Company, 3M Center Dept. KAX 8-68
St. Paul, Minn. 55101

Please send me a copy of Mil-Standard 883, test
method 1014, and more information on

“FLUORINERT” Brand Electronic Liquids.

1

o, EEreTw GRS tesmyec  Comseu s

Name

Company. Title

Address.

City. State. Zip
Chemical Division3M |

Rl ey ety con ided b sie b )
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~ Meet the conformist

At GAF, nobody looks down on conformity. After
analysis of industrial x-ray problem areas, GAF
research came up with SCREEN-PAK™—a con-
venient, disposable lead screen “package”—that
goes out of its way to be a conformist.

SCREEN-PAK conforms easily to curves. While
thicker than other disposable screen packages, it
bends easily around a small part.

SCREEN-PAK conforms to the need for contrast.
Consistently better visualization of structural de-
fects, thanks to superior absorption of scatter
radiation by the pure lead foil (.003” thick).

SCREEN-PAK conforms to exposure require-
ments. Reduced exposure time over the broadest
range of radiation energies (120 KV to 1.25 MeV)—
but with intensification comparable to that with

Circle 286 on reader service card

‘B
SCREEN-PAK

X~ FAANY § L DA

eRVBUCTH

VTN OMLY
g OARK ROOM

conventional lead screens and superior to that with
thinner disposables.

Introduced as Industrial “B” Film, new GAF
SCREEN-PAK is also available in Industrial “A”
and “H-D” on special request.

A call to your x-ray film distributor or GAF
Technical Representative will bring full information
on SCREEN-PAK and other GAF products for in-
dustrial radiography. Or, write: Industrial X-ray
Marketing Department

GAF Corporation
(Formerly General Aniline & Film Corp.)
140 West 51 Street, New York, N. Y. 10020

_another
fine product m
from

02568—1100
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(312)

678-5211 838-4444
CHICAGO, NORWALK
I CONN.
(213)
772-5401
LOS ANGELES,

CAL.

These are our 3 Bantam~
Qik Facility’locations.
There’s one near you.

Lo d

“This is a girl

Speed isn't the only advantage of
ordering MIL-C-26482 from Burndy.

Set up to maintain highest military and
industry standards, our “clean rooms”
are temperature and humidity controlled
and all our personnel thoroughly

trained and rigidly supervised.

in one of our
clean rooms. Quality control
is her middle name.

(203)

This is a Bantam Specialist.
He’ll help you on the phone
or on the jobh.

And these are our MIL-C-26482
round connectors. They can be
yours fast as you need them.

one of the three numbers above. The
service will more than please you.

S BURNDY

Sons? Norwalk, Connecticut
Circle 287 on reader service card

In addition, each location has a staff
of engineers who will not only help
figure your requirements but assist
your installers. So for all variations

of miniature round connectors,
smooth crimp or solder, and complete
cost-cutting installation tooling call




Marketing axiom number1:

SELL

Chances are you or somebody in your company uses the
Yellow Pages regularly to buy supplies
or services you need to do business. A study of just
manufacturing firms alone proved 9 out of 10
buyers do. That’s why the Yellow Pages is such a good
place to reach business prospects with your
own advertising. Sell where you buy. It’s good business.
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Cut it out and paste it on

- our 3-digit dpm.

, MILLIVOLTS D.C.

Now you know what our new model looks like.

We introduced the world’s first
all-electronic *Digital Panel Meter
just last fall, and the first AC model
in May. Your response has been
overwhelming. Now we've taken
the same size package—same size
panel cut-out—and added a fourth
digit. Our new Model 1280 is de-
signed especially for those who

need a full four digit unit with
05% =+1 digit accuracy, .01%
resolution (10 microvolts). But no
matter which dpm you wish to
order, you’ll be getting BCD output,
print command, remote command,
solid state reliability and digital
accuracy in a panel-mount
instrument tailored to your needs.

Standard ranges are available from
100 millivolts and up. Write today
for information on our complete
line of digital panel meters.
WESTON INSTRUMENTS DIV.,
Weston Instruments, Inc., Newark,
N.J. 07114. a Schlumberger company

WESTON'

U.S. Pat. 3,051,939 and patents pending



Model LAT-100
The $6,000* Resistor Trimming
System

The number to call is 212-661-3320 for a demonstrafioh

like this—and you can bring your wife along if you like.

ALL us collect or write to
arrange for a demonstra-
tion of S. S. White’s new

LAT-100, the complete, low-cost
resistor trimming system for R & D
and prototyping.

The LAT-100 automatically
trims, monitors, and inspects PAF
resistors to tolerances within 1%.
That’s guaranteed. In tests, 0.5% is
often achieved. A precise 4-wire
Kelvin bridge is integral to the sys-
tem, which, with the optional
plug-in decade box, permits the sys-
tem to be programmed through five
digits and three multipliers—from 0
to 10K and from 0 to 1M. Tolerances
may be programmed from 0 to
*+11%. Panel controls permit
operator to overide the automatic
cycle at will.

A holding fixture takes substrates
up to 2x2 inches. A precise X-Y
stage has 4"x4” movement. The
trim slide has an automatic fast-
return to place it exactly for the
start of each trim. Tungsten carbide
probes are mounted in a 14-posi-
tion mounting ring. An efficient
dust-removal system permits the
LAT-100 to be operated in clean
rooms. Installation requires a 110
VAC outlet and a level spot.

Without further detail, the
LAT-100 does everything it’s bigger
brothers the AT-701 and AT-704 do
—a little less accurately, to be sure,
and not nearly as fast—but what
can you expect for a trifling $6,000?

A step up from the LAT-100 is
the AT-701, a no-nonsense pro-
duction machine. The AT-701 can
produce 600 trims per hour with
guaranteed accuracy of 0.5% and
attainable accuracy of 0.1% when

Model AT-701 garners acco-
lades at IEEE show—top
scientist says “Gee whiz.”

things are going your way. The
AT-701 with a decent amount of
employment (say 1000 hours per
year) produces trims at about 14¢
each—including labor, materials,
maintenance, and amortization.
How about that?

*Base price, $5,950.00 each. With optional decade
box, illuminator, foot-switch operation, $6,350.00.
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But say you’re big. Really big.
We’ve got our big Bertha model for
you, otherwise called the AT-704,
which produces 4,000 trims per
hour with accuracy and cost similar
to those of the AT-701.

S. S. White resistor trimming
systems are based on the proven
Airbrasive® concept, controlled by
precisionelectronics.The Airbrasive
method of removing resistance
material produces neither heat nor
shock, does not alter substrate—
yields of 100% can be attained with
any of the S. S. White resistor trim-
ming systems at some sacrifice of
speed and tolerance. Each of the
systems trims and monitors simul-
taneously and inspects after each
trim.

1523R

Eﬁx_w . i
Big Bertha: Model AT 704
trims at 4,000/hour pace
for high volume producers.

Up to now we’ve been able to
offer fast delivery on all systems;
however the enthusiasm we’ve en-
countered over the LAT-100 sug-
gests that you’ll be wise to place
your order early for this model.

Call us or write to arrange for a
demonstration of the LAT-100, the
AT-701, or (if you’re really big)
the AT-704. Or ask for bulletin
RT-14—it’s great to read on planes.

Inquire, S.S. White Industrial,
Dept. R, 201 East 42nd Street,
New York, N.Y. 10017. Telephone
212-661-3320.
SEE US AT BOOTH 2412
WESCON SHOW

S.S. WHITE INDUSTRIAL

A DIVISION OF PENNSALT CHEMICALS CORPORATION
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A second source
you can count on.

[

DM8530
(SN7490)

2k

DM8550
(SN7475)

PP7

DM8840
(SN7441)

ML

Our counting kit

Decade Counter

20 MHz is guaranteed. 0°C
to 70°C temp range. Price
for 100-999 is §7.55.
Delivery is within 48 hours.

Quad Latch

Diode clamps on the input
prevent “ringing.” 0°C to
70°C temp range. Price for
100-999 is $6.90. Delivery
is within 48 hours.

Nixie* Driver
Has overrange decoding

capability. There’s no oscil-
lation on outputs. Drives
STD logic or Nixie tubes
and even decodes “excess 3.
0°Cto70°C temp range.
Price for 100-999 is $10.40.
Delivery is within 48 hours.

* a trade mark of
The Burroughs Corporation

Why wait and wait (and wait) when you can get faster delivery from us. Commercial
versions are available in both hermetic packages and silicone molded plastic. We’re also
the new first source you can count on for full-temp versions of the above in hermetic

packages. There’s the DM 7530 priced at $14.00 (100-999), the DM 7550 at $15.30
and the DM 7840 at $23.10. For data sheets quick, write 2975 San Ysidro Way, Santa

Clara, Calif. 95051. Or call (408)24.5-4320. National Semiconductor

Electronics | August 5, 1968
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B Wide Range:
4-1000 MHz

H Stability:
Better than
15 PPM/15 minutes

[=5nong MLl N ® Non-Microphonic

ipnoos ® No Range Change
Drift

B Fully Solid State

40

F.M. Signal Generator TF 2006 is another “first” in the
field of wide-range solid-state signal generators.
Based on separate high Q resonant-line transistor
oscillators, this instrument provides wide deviation
f.m. on highly stable carriers up to 1 GHz. Rigid
mechanical construction ensures that the precision
oscillators have very low drift and microphony. Auto-
matic levelling maintains constant r.f. output over the
entire carrier frequency range, which extends down to
4 MHz, and accurate step attenuators offer a dynamic
range of 120 db. Electrical fine tuning and f.m. may be
simultaneously applied by the drive circuitry. As a
result of their electrical relationship within the instru-
ment f.m. as well as the fine tuning may be adjusted to
a higher accuracy against the comprehensive crystal
calibrator. This oven-controlled calibrator indicates
carrier frequencies by meter nulls at 10, 1 or 0.1 MHz
intervals and therefore provides almost 10,000 check
points of the carrier frequency.

MARCONI

°
M| INSTRUMENTS

DIVISION OF ENGLISH ELECTRIC CORPORATION

70 1 pe=

Noise in dB below Carrier Level for 14 KHz Bandwidth

110

-50 40 30 20 10 O 10 20 30 40 50 +60
Frequency in KHz from Carrier

Comparison of Synthesized and Direct
Frequency Signal Generator U.H.F. Spectra.

AVAILABLE UPON REQUEST...
Detailed specification brochure including oper-
ating principles, mechanical, electrical and
environmental specifications.

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

SEE US AT WESCON BOOTH 1906-7 & 8
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Our new

1.LM106

1s the 710

ANALOG
INPUT

3

LOGIC

INPUTS

OUTPUT

ANALOG
INPUT

ALMOST AN LM106

LOGIC
INPUTS

944 OUTPUT
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and then
some.

Our LM106 is a clever brute. It’s a high-speed voltage com-
parator that is a direct plug-in replacement for the 710 in
practically every application. What’s more, on two pins the
710 doesn’t even use, the LM106 accepts logic signals to
strobe an output that drives up to 10 DTL or TTL loads. Or
it switches up to 18V at 100mA to drive relays or lamps
directly. The 25,000 gain makes gain error insignificant
compared to the 2mV maximum offset. And it operates over
a wide range of supply voltages even with symmetrical sup-
plies. In quantities of 100 to 999, the military version LM-
106 is $18.00, the LM206 for instrumentation (—25 to
+85°C) is $11.50, and the LM306 for industrial uses (0 to
+70°C) is $6.80. Write us for other clever things about the
LM106. National Semiconductor, 2975 San Ysidro Way,
Santa Clara, California 95051. (408) 245-4320.

National Semiconductor
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Tektronix |

TYPE 384 TIME BASE

TIME/DIV on

TYPE 2B67
....... oxn  TIME BASE caummation

e O
0 TIME/DIV.
\ mSEC
h ﬁ\
:

CALIBRATOR TYPE RM 564 STORAGE OSClLLOsCOFE
e DISPLAY oo Tl

.
+ * y
. o '
- u‘: A
‘_- % SCALE ILLUM
/ r— J Tt e, SO s cvtieors e
Lowen o el N W

.................

rackmount oscllloscopes

CONVENTIONAL SPLIT-SCREEN STORAGE

RM561A 7-inch high rackmount os- The Type RM564 split-screen storag
P provides conventional oscilloscope scope uses the same plug-in unit§
nance with measurement capabilities RM561A and offers the added adva

i@ from DC through 7 GHz with ap-  split-screen storage. The contrast
8 plug-in units. It has an 8 by 10-cm  brightness of stored displays are |
h a bright P31 phosphor and an illu- and independent of viewing time
Jinternal graticule. and sweep speeds and signal repetitie

‘The Type RM561A Oscilloscope has a com- The entire screen or either half can be used
Wéh selection of plug-ins including 10 MHz  for storage and/or conventional displays. In
duat-tmee plug-ins, 10 ‘uV/le differential  the stored mode, either half of the screer
plug-ins, 50-ps samphng plug ins and spec- be erased independently of the ofl
A rear panel connector permits rem” era-
sure of either or both halves of the diqalay

T € M1 ALOseloREOPa v s e e $580 Type RM564 Storage Oscilloscope . . . . . .. . $1025

‘Type RM561A MOD 171A (with side-out tracks)  $630  Type RM564 MOD 171A (with slide-out tracks) ~ $1075

;mm‘ﬁme Base (50 ns/divto 5s/div) . ... $425 Type 2B67 Time Base (1 us/divto 5s/div) . ... $ 225
mm Dual Trace Amplifier (10 MHz, Type 3A74 Four-Channel Amplifier (DC-to-2 MHz,

& 38 R e S e R $525 MV bl e L T $ 625

f” ¢ U.S. Sales Prices FOB Beaverton, Oregon

R

For a demonstration, contact your ':nearby
Tektronix field engineer or write: Tektronix,
Inc., P.O. Box 500, Beaverton, Oregon 97005.

e
e
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Probing the News

Avionics

Airbus makers go two ways on avionics

Lockheed, which holds an early lead in race for orders, will make supplier
a codeveloper of system; Douglas will choose a vendor to work to its specs

By Lawrence Curran

Los Angeles bureau manager

Lockheed Aircraft Corp.’s early lead
over the McDonnell Douglas Corp.
in winning orders for its entry in
the airbus sweepstakes is due in
part, some company and airline offi-
cials are convinced, to a marked
departure from conventional avion-
ics procurement policies. The firm’s
Lockheed-California Co., which is
building the L-1011, will make its
eventual recently named supplier a
codeveloper rather than a vendor
furnishing systems to internally
generated specifications.

So far, Lockheed’s offbeat ap-
proach seems to be working out
well; 176 1.-1011’s had been ordered
by five major buyers as against 110
McDonnell Douglas DC-10’s; the
price tag on each plane is about $15
million. The airbuses, with seating
capacities ranging between 250 and
345, fit between today’s Boeing 707
and McDonnell Douglas DC-8
transports and the still abuilding
Boeing 747 jumbo jet, which will ac-
commodate nearly 500 passengers.
The Douglas Aircraft Division of
McDonnell Douglas has DC-10 or-
ders from American Airlines and
United Air Lines. The L-1011 buy-
ers are Trans World Airlines, East-
ern Airlines, Great Britain’s Air
Holdings Ltd., Delta Air Lines, and
Northeast Airlines.

The race is far from over, though.
The next major order is expected
to come from Northwest Airlines;
Lockheed officials in Burbank,
Calif., as well as their Douglas
counterparts to the south in Long
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Beach, Calif., have been biting their
nails for weeks awaiting North-
west’s decision, which could come
any day now.

Customers’ views

John Gorham, assistant division
engineer for flight guidance and
controls at Lockheed, who acts as
division engineer on the L-1011
maintains that his company has
been more innovative than Douglas
in avionics design. Some airlines
officials agree, but others discount
the impact of avionics philosophy

on their firm’s purchase decision.
One who agrees with Gorham is
Norman Parmet, vice president for
equipment development at TWA:
“Lockheed has been willing to go
further with us, especially in work-
ing toward a Category 3 weather
capability for the aircraft.” But
business considerations, not techni-
cal factors, swung United to the
DC-10, according to Robert C. Col-
lins, the company’s manager of air-
craft engineering. “It has been 30
years since United owned a Lock-
heed airplane. All our maintenance

In depth. Flight simulator is used by Lockheed pilots to check out full-scale
flight-station mockups of avionics systems proposed for L-1011 airbus.
Terrain image is furnished by a closed-circuit television.
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. . . Lockheed hasn’t had a new airliner
since the turboprop Electra . . .

personnel are oriented to Douglas,
and we have a very satisfactory
working relationship with that com-
pany. There would have had to be
a very, very big advantage for us
to switch at this point.”

On the other hand, Raiford John-
son, Delta’s aircraft systems engi-
neering supervisor, says Lockheed’s
avionics philosophy carried a lot of
weight in his company’s decision
to buy the L-1011. “With an aircraft
of this kind it is very important to
have a fail-operative automatic
landing system,” he says. In other
words, redundancy is built into the
system so that if a failure occurs,
the landing won’t have to be aborted
since a backup is available. “Lock-
heed offered this capability as part
of the package,” says Johnson, “but
Douglas offered it only as an op-
tion.”

Me too. Douglas has since an-
nounced that an automatic landing
system will be part of its avionics
package; as a result, both aircraft
will be equipped with fail-operative
systems. Both planes will be certifi-
cated for automatic landings in
Category 2 weather conditions,
which exist when the pilot must de-
cide whether to land or not at an
altitude of only 100 feet and when
runway visual range is 1,200 feet.
But both planes will be designed to
accommodate electronics hardware
that will permit automatic landings
under Category 3B conditions—as
they are presently understood. The

Federal Aviation Administration
has not spelled out what these con-
ditions are, but the industry is gen-
erally agreed that Category 3B is in
effect when a flight crew can’t see
the runway until touchdown and
has only 150 feet of runway visual
range.

TWA’s Parmet says that while
both Lockheed and Douglas can
make good aircraft, “John Gorham
maintained a dialogue with the air-
lines and kept an open mind on
what they wanted. He’s probably
more knowledgeable than anyone
else about automatic landing, and
we’re happy to have him leading
the program.”

Sidestepping the past

Gorham believes Lockheed’s de-
sign approach to the L-1011’s avi-
onics represents a significant de-
parture from past practice in
commercial aircraft manufacture.
Lockheed hasn’t had a new airliner
since its ill-starred four-engine tur-
boprop Electra went into produc-
tion during the late 1950’s. Gorham
regards this hiatus as an advantage
in that the firm is unencumbered
by what he views as a tendency to
evolve avionics hardware by merely
adding to the capabilities of the
most recent aircraft a company has
built. “We decided we wouldn’t
simply add extra features to avail-
able avionics systems because we
don’t think such an approach is
likely to produce performance su-

Caged. Technicians use scale model of McDonnell Douglas DC-10 to test
proposed communications and navigation antenna systems. The wires
are charged to generate a controlled electromagnetic field.
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perior to what was possible with
the older systems, he says. “We
don’t think avionics systems have
worked out well in the past, pos-
sibly because the airframe manu-
facturer designed them and sent the
avionics people away to make them
without much interface knowledge;
and interfacing is one of the biggest
problems we have.” With an eye
to getting around this difficulty,
Lockheed chose to have one sub-
contractor serve as codeveloper of
what the company calls the avionics
flight-control system, and will con-
duct a five-phase testing program
to minimize avionics interfacing
problems.

Keep it flying. “The main objec-
tive of the test program is to cut
down on equipment removal from
the aircraft,” Gorham says. Remov-
als have been annoyingly frequent
in the past he notes, and in some-
thing like two-thirds of such cases,
there are no equipment faults even
though they have been indicated—
a situation incompatible with the
fail-operative concept. Such indica-
tions could be the result of interface
problems, electrical transients in
the aircraft, or insufficient testing
of the system under operational
conditions.,

“We’ll have the pilot in on all
phases of the progressive testing
program, and we’ll also interface
all systems regularly with all other
systems,” says Gorham. “By keep-
ing the avionics design unfrozen as
long as we can, we may lick this
problem of failure indications when
no fault exists.”

Team play

By opting for a codeveloper on
the avionics flight-control system
design and assistance on integra-
tion of subsystems, Lockheed has
exposed itself to criticism from cer-
tain quarters. Some sources suggest
that Lockheed went this route be-
cause it lacks the manpower to do
the job on its own. Douglas, on the
other hand, will have what William
P. Yopp, its chief of electrical en-
gineering, calls an integrated flight-
guidance system—an autopilot and
flight-director computer—in the DC-
10. Five firms have been sent invi-
tations to bid on this package; the
winner will work to Douglas speci-
fications.

Included in the dual DC-10 auto-
pilot are gyroscopes, vhf omnirange
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localizer and glide slope receivers,
air-data computers to drive altitude
and airspeed indicators, accelerom-
eters, a compass to provide heading
information, and manual controls
so the pilot can select and enter
the altitude and heading signals to
which he wants the autopilot to
steer. The flight director incorpo-
rates an integrated attitude indica-
tor and horizontal situation indica-
tor.

A single computer will feed sig-
nals to both the autopilot and the
flight director indicators. This rep-
resents a departure from the DC-8
and DC-9, in which the autopilot
and flight director system had sepa-
rate machines. Douglas chose one
computer to provide signals for
both systems in the DC-10, says
Yopp, to assure compatibility and
closer tolerances between the sig-
nals given to the autopilot and flight
director indicators.

Experienced. Douglas, through
simulator work, will exercise tech-
nical and systems control over the
flight guidance system supplied by
the vendor that is chosen. The com-
pany will integrate the system’s in-
puts with those from other radio
and radar systems. “We feel the
continuity of our work in commer-
cial aviation forms a firm founda-
tion for our capability to do this
work,” says Yopp, referring to the
systems integration task.

Clarence Richman, manager of
avionics development at American
Airlines, a DC-10 buyer says: “It’s
obvious that Lockheed isn’t staffed
on a par with Douglas. Douglas has
more programs and more people to
draw on to do the avionics integra-
tion job. You can’t enlarge your
staff overnight.” However, Rich-
man adds that he’s not sure whether
any one approach—treating the
vendor simply as a supplier or treat-
ing him as a codeveloper—is in-
herently superior. Richman would
like to see the avionics vendor play
a larger role in equipment design,
“because he’s in a better position
to know how to make the hardware
than the people who know only air-
frames.”

Partnership. Gorham says this is
precisely why Lockheed chose to
have the team of Collins Radio, Ce-
dar Rapids, Iowa, and the Astronics
division of Lear-Siegler Inc., Santa
Monica, Calif., that will supply the
flight-control system serve as a co-
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developer. Beaten out for the job
were: the Navigation and Controls
division of the Bendix Corp., Teter-
boro, N.J.; Elliot Flight Automation,
Rochester, England; and Sperry’s
Flight Systems division, Phoenix
Ariz. “Our selected subcontractor
will be more a partner,” explains
Gorham, “and will share a lot of the
responsibility if the system doesn’t
work. It’s not a question of having
the capability in-house. This is a
pretty big part of the aircraft and
it would be foolish for us to take
it all upon ourselves if we can have
the benefit of an avionics special-
ist.”

Big deal

Delta’s Johnson maintains that
the avionics flight-control system
was one of the most important fac-
tors in his company’s decision to
buy the L-1011. He says: “We en-
dorse Lockheed’s approach in se-
lecting a single vendor to produce
the whole avionics package as a
system. Were at the point now
with planes of this size and com-
plexity—in which so many systems
complement each other—that you
just have to put the whole package
in the hands of a single manufac-
turer.”

The L-1011 flight-control system
is more extensively integrated than
the DC-10’s flight-guidance pack-
age. Besides the fail-operative auto-
pilot and flight-director system, it
will include: the aircraft’s stability
augmentation system (yaw damper)
with associated stability augmen-
tation sensors, computers, and rud-
der servos; the speed-control sys-
tem, with speed-control computers,
throttle servos, and throttle clutch
pack; and the primary flight-sys-
tem electronics, consisting of a
stall-warning system, mach-trim
system, pilot-trim system, and logic
circuitry. In the DC-10, only the
fail-operative autopilot and flight-
directing equipment are a complete
system.

Lockheed’s five-step preflight
testing will require more than two
years; the initial flight test of the
L-1011 is scheduled for November
1970. By the time the fourth of five
test aircraft is flown-in the autopilot
and flight-director system will be
optimized for everything but auto-
matic touchdowns; a fifth test craft
will concentrate exclusively on au-
tomatic landings. Gorham says

we are looking for

For the French and European mar-
kets - equipment, sub-assemblies
and components for the electronic,
electro - mechanical and nuclear
fields - the materials to produce
them - measuring equipment for la-
boratories - or the licenses for the
above equipment. For example :
Simulators with medical, scientific
or aeronautical applications,

Data transmission microtelemetry,
Data processing auxiliary equipment,
Pressure-change detectors, etc.

we are

a subsidiary of a major international
company with subsidiaries in Eu-
rope and broad experience in up-
to-date marketing, sales and after-
sales methods. We are a young,
ambitious and dynamic team.

you are

a manufacturer already well esta-
blished in the U.S. market, seeking
to promote export sales, or already
engaged in export sales but dis-
satisfied with your sales record in
Europe.

in any case you are a manufacturer
of technically up-to-date equip-
ment, with a successful sales record
on the domestic market.

please write to
EUROPAVIA - France

2 avenue de Messine 75 - Paris 8°
with details of your company.

A representative will visit the U.S.
late 1968 for discussions.

The European
Electronics
market is a

market

Circle 159 on reader service card 159



. . . there is airline and Arinc support

for an economical inertial navigator . . .

Lockheed should have six to seven
months of automatic landings—
some 300 flight hours—before the
L-1011 gets FAA certification.

Who needs it?

Collins says United is not inter-
ested in having a pure inertial navi-
gation system in the DC-10. Both
Lockheed and Douglas have asked
industry for proposals on an
inertial-quality reference system,
rather than a pure computer-based
inertial navigation system. Present
systems meet Aeronautical Radio
Inc. (Arinc) characteristic 561
which specifies a navigation error
no greater than one nautical mile
per hour of flight. But since air-
buses are designed primarily for
domestic operations with little need
to fly over water for long distances
—an inertial system meeting Arinc
characteristic 561 isn’t considered
necessary.

Besides, such systems carry price
tags of about $100,000. This cost
becomes prohibitive for the air-
buses because their navigation data
can be updated periodically during
flight from enroute VOR and dis-
tance-measuring equipment (DME)
stations. Such updating is impossi-
ble on long over-water flights.

No bluff. Lockheed has asked
about 12 firms to bid on an inertial
platform that would yield an ac-
curacy of around four nautical miles
per hour of flight. Gorham says this
is part of a combined corporate
and industry effort to cut inertial
platform prices to about $30,000;
he expects about half the firms
solicited not to bid. “Some of them
won’t bid because they think we’re
bluffing,” Gorham explains. “They
think if we can’t stir up enough in-
terest, we’ll have to buy the more
expensive platforms these firms
would rather sell. Our airline cus-
tomers have asked us to evaluate
these proposals, and if they like a
proposed system, they may buy it
for the L-1011.”" Gorham antici-
pates “stretched” versions of the
L-1011, which could lead to longer-
range, overwater flights. If and
when such a plane is made, he says,
the inertial platform could be cou-
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pled with a loran system to furnish
a more sophisticated navigator.

The DC-10 design, like the
L-1011, provides instrument panels
and rack space for an inertial sys-
tem. American Airlines has also
asked for industry proposals on a
“poor man’s” system—essentially an
inertial reference gyro to provide
attitude and heading information.
Richman thinks industry is ready
to provide such a system, which he
says, would have to cost no more
than $30,000 to be economic. He
notes that there is Arinc and airline
support for the system, although
American appears to be spearhead-
ing the initial effort.

Self-diagnosis

The DC-10, says Yopp, will be
delivered with “certain AIDS pro-
visions, including wiring per Arinc
standards.” The L-1011 will also
include AIDS wiring, and Gorham
says the avionics flight-control
package will have “latching” fault
annunciation. If a fault occurs then
disappears, a memory will log the
fault and call it out, if required,
down to the line replaceable unit
level.

Lockheed engineers are studying
optimum locations for collision
avoidance system antennas atop
and on the underside of the fuse-
lage. Rack space and wiring will be
provided for associated internal
electronics. Yopp says the DC-10
will have a similar collision avoid-
ance system antenna arrangement.
“We have some feelings for the
size of the antennas and the elec-
tronics box, but not enough infor-
mation yet on how much wiring
will be needed,” he says.

Douglas has asked for bids on a
multiplexed passenger services/en-
tertainment system, including read-
ing lights, stewardess call button,
individual stereo music channel
and motion picture sound channel
selector. More than 20 firms re-
ceived RFP’s, specifying a solid-
state system. Although Lockheed
hasn’t yet asked for bids, the L.-1011
will also go the multiplexing route
—a move Gorham says will elim-
inate more than 1,000 pounds of

extra internal wiring.

Douglas is designing a perform-
ance monitor to check on the all-
weather automatic landing system
in the hope of minimizing the num-
ber of “nuisance” disconnects. The
monitor would enable the pilot to
judge whether or not the automatic
landing system is going to perform
properly even though he has a cock-
pit indication of a failure some-
where in the system. The hardware
being developed for the monitor
is proprietary. Neither the DC-8 nor
DC-9 production models has an
automatic landing system, but
Douglas leads Lockheed in this
department because it has accumu-
lated considerable Category 3 auto-
matic landing experience in a DC-9
specially equipped with a dual auto-
matic landing system.

Lockheed engineers are studying
a Ku-band radar as a possible inde-
pendent monitor for the L-1011 all-
weather automatic landing system.
The radar would function without
any ground aids and enable the pi-
lot to monitor the aircraft’s position
in relation to the runway from about
500 feet down to touchdown. The
Ku-band looks promising because
it would allow better penetration
of fog and rain than an X-brand
system, says Gorham, while gen-
erating a sharper beam with a
smaller antenna and requiring less
power than an X-brand radar.
Gorham anticipates soliciting in-
dustry proposals later this year on
such a monitoring system after
Lockheed’s internal evaluation is
completed.

Talk with a satellite. Douglas is
developing a low-profile antenna in-
house for satellite communications.
Yopp says a full-scale prototype of
this electronically phased array
may be ready by the end of the
year. The primary aim of this effort
is to come up with an aircraft an-
tenna that reduces multipath prob-
lems and still deliver good gain,
and Yopp says the program is mak-
ing progress. Lockheed, too, will
continue developing a satellite com-
munications antenna in a program
begun when the firm was compet-
ing for the supersonic transport
award. Gorham says no L-1011
buyer has asked for a satellite com-
munications antenna. Nevertheless,
both the L-1011 and DC-10 will
provide space in the airframes for
such a unit.
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The wrapped
tubular
explosion!

——————.

When you think of wrapped
mylar capacitors, you naturally
think of Cornell-Dubilier. Over the
years, our type WMF has become
an industry standard.

But our wrapped mylars are

just a small part of the biggest se-
lection of wrapped tubular capac-
itors made. The CDE line also in-
cludes type MFP pressed mylars,
military grade type CTM mylars,
type MMW metallized mylars and

two brand new types. WCR poly-
carbonates and MCR metallized
polycarbonates.

All are SPRINT stock stand-
ards. All are available through
CDE’s Authorized Industrial
Distributors.

% CORNELL-
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Series 600-121 for 1/16” Printed Circuit Board=-

The most complete line
of printed circuit connectors with

100" CENTER-TO-CENTER
CONTACT SPACING

TR e W

Dih ”‘ﬂ A

Available with 10, 15, 17, 18, 19, 26, 29, 35, 40 and 86 patented ‘‘Bellowform’’ contacts.

Write for complete specifications or phone sales department at (212) 899-4422 for fast action.

VISIT OUR BOOTHS 618-619 AT WESCON SHOW, HOLLYWOOD PARK

Connect...with a Continental Connector

CONTINENTAL[==ICONNECTORS

CONTINENTAL CONNECTOR CORPORATION = WOODSIDE, NEW YORK 11377

For the Sales Representative Nearest You, See Our Listings in EEM and VSMF Directories
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Computers

CAl edges slowly into the classroom

Computerized teaching fails to fulfill rosy predictions
as school administrators find price tag prohibitive

By Howard Wolff

New York bureau manager

Take your choice and call it
computer-assisted instruction, com-
puter-based instruction, or com-
puter-managed instruction. Or pick
one of these descriptions:

= The first stirrings of a peda-
gogical revolution—or an idea whose
time hasn’t come.

= The answer to the nation’s
classroom and teacher shortage—or
a threat to the very foundation of
the American way of education.

= The panacea for virtually every-
thing that ails public education—or
too expensive, too complex, and too
limited.

The one inarguable fact about
computer-assisted instruction is
that there is some validity in all
those characterizations. As to where
CAI stands right now, perhaps the
best estimate comes from Samuel
Feingold of the System Develop-
ment Corp. A computer systems
specialist for the Santa Monica,
Calif., firm, Feingold believes that
while CAI might be the wave of the
future, it’s still three to five years
away from the big splash predicted
for it several years ago.

In other words, CAI hasn’t exactly
taken the country’s educators by
storm. Possibly scarred by the
“teaching machine” fiasco of the
1950’s—when poorly programed ma-
chines were rushed to market only
to run headlong into teachers not
quite ready to junk the venerable
group-education  concept—educa-
tors have been slow to succumb to
the seductive hum of the computer.
And local boards of edu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>