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Frequency
synthesizers
custom made...

at off-the-shelf prices

Think you need a frequency synthesizer? A
note of caution ... it can be expensive.

You can end up buying a lot more synthesizer
than you really need or can use. Why not
select one that's essentially custom built to
your requirements ?

With the GR series of 1160 Frequency Syn-
thesizers you can do just that . . . your choice
is not limited by a lack of variety. Start with
any of four basic models; dc to 100 kHz, dc
to 1 MHz, 30 to 12 MHz, or 10 kHz to 70 MHz.
Next, select the amount of resolution you
need; you can start with as few as three
decades of resolution and add more later as
your requirements expand, to give you up to
nine significant figures. Need program-
mability ? You can have thattoo, in up to 1-MHz
steps. How about sweep and search func-

Circle 900 on reader service card

tions ? Choose it if you need it. There are over
80 different combinations to select from, and
the price of your "‘custom-built" synthesizer
can be as low as $3640.

For complete information or a demonstration,
write General Radio Company, W. Concord,
Massachusetts 01781; telephone (617)
369-4400.

GENERAL RADIO
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bench

accuracy at

Take 40 readings per second, integrate and resolve the
answers to a microvolt with the new Hewlett-Packard
2402A IDVM... get resolution never before available in
this speed range. With the accuracy of a lab instrument
(0.01% of reading £0.003% of full scale), the 2402A is
excellent for system applications...with full programma-
bility and all the features you'd expect from a systems volt-
meter. (Of course, it’s an excellent lab instrument, too.)

Guarding and integration permit accurate measurement of
low-level signals in the presence of common mode and
superimposed noise—over 120 dB effective common
mode rejection...even at 40 readings per second. De-
signed for low-cost multimeter expandability: AC, resis-
tance and frequency measurement capabilities can be
added easily with optional plug-in circuit cards. Five ranges

06703
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Cover protects 2402A controls for systems use.

system speed

| Both in an

integrating DVM
with 1 microvolt
resolution.

to £1000 Volts, including a 0.1 Volt range for high-
accuracy millivolt measurements.

The 2402A: $4800. Plug-in options are reasonably priced
—AC, for example, only $450.

For more information, call your local HP field engineer
or write Hewlett-Packard, Palo Alto, California 94304;
Europe: 54 Route des Acacias, Geneva.

HEWLETT @T PACKARD

DIGITAL VOLTMETERS
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Here’s the for whatever
signal microwave
generator range... ...and here’s why

Hewlett-Packard microwave signal generators give you
accurate, stable signals from 800 MHz—all the way to
40 GHz. These reliable, economical instruments provide
direct reading frequency, output level controls and ex-
tremely flexible modulation capabilities.

® 800 to 2400 MHz: HP 8614A Signal Generator is
user-oriented with digital dial frequency and output level
setting and pushbutton selection of modulation func-
tions. RF output is held constant with frequency by PIN
diode modulator, residual and incidental FM are very low.
RF output range is +10 to —127 dBm. Price, $2200.

@ 1800 to 4500 MHz: HP 8616A offers all the features
of the 8614A, including low residual FM, negligible in-
cidental FM, phase-lock capability. Price, $2200.

® 800 to 4500 MHz: 8614B Signal Source (800-2400
MHz) and 8616B Signal Source (1800-4500 MHz) are
economical, wide-range signal sources with digital dials
for frequency and attenuation settings and pushbutton
function selection. Precision RF output attenuator has
>130 dB range. Units can be phase-locked. Prices,
$1450 each.

@ 3.8 to 7.6 GHz: Model 618C Signal Generator has
low (<15 kHz pk) residual FM, plus phase-lock capa-
bility. Versatile modulation includes internal pulse gen-
erator. Price, $2250 ($2270 rack mount).

@ 7 to 11 GHz: Model 620B has same features as the
618C; residual FM <15 kHz pk. Price same as 618C.

® 10 to 15.5 GHz: Model 626A for SHF applications
—easy to use, high 10 mW output level, especially
versatile for its pulsing capabilities, $3600 ($3620 rack
mount).

® 15 to 21 GHz: Model 628A, same features as the
626A, same price.

® 18 to 26.5 GHz: Model 938A Frequency Doubler
Set doubles the output frequency of the driving source
such as 626A Signal Generator. Driving signal can be
CW, swept or modulated. Doubler has internal power
monitor and precision 100 dB output attenuator. Price:
$1700 (rack mount $1720).

® 26.5 to 40 GHz: Model 940A Frequency Doubler
Set; driven by 628A Signal Generator. Same features as
938A, same price.

For more information on these broad-range, high-
performance signal generators, call your local HP field
engineer or write Hewlett-Packard, Palo Alto, California
94304. Europe: 54 Route des Acacias, Geneva.

I

HEWLETT E? PACKARD

SIGNAL GENERATORS

938A

04706
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I. Design

Computer-aided design, part Il:
Shortcuts to IC's and p-c boards
Computer helps design both printed
and integrated circuits

Joseph Mittleman, senior associate
editor

Taking the puzzie out of p-c design

A program helps design printed
circuits by viewing them as 3-D maps
Clifford J. Fisk, David L. Caskey,

and Leslie E. West, Sandia Corp.

Drawing board for IC's
Designer-computer dialogue begets
better IC's faster

Arnold Spitalny and Martin Goldberg,
Norden Division, United Aircraft Corp.

Generating IC masks automatically

The output for generating IC masks

is provided by an experimental program
Harlow Freitag, Thomas J. Watson
Research Center, IBM

Designer’s casebook

= Digital timing provides frequency-
sensitive relay

= Potentiometer turns flip-flop into an
adjustable trigger

= Transistor breakdown yields inexpensive
thyristor trigger

= Emitter peaking pushes bandwidth
to 500 Mhz

= Feedback loop stabilizes FET oscillator

1. Application

Paramatrix puts digital computer

in analog picture

Graphs and photographs are converted

to digital signals by a fast new machine
W.J. Poppelbaum, Michael Faiman, and
Edward Carr, Digital Computer Laboratory,
University of Illinois
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Readers Comment

Laser hazard

To the Editor:

In connection with work on high-
power carbon dioxide lasers, we
have become aware of a practice
apparently widespread throughout
the industry: a standard firebrick
is burned through to demonstrate
the effectiveness of the laser beam
or to terminate and dissipate the
energy.

Since some firebrick material
has a significant beryllia content,
experimenters should know that
the resulting vaporization of beryl-
lium could represent a significant
health hazard.

We use asbestos and recommend
the use of materials guaranteed to
be free of beryllia for such dem-
onstrations.

Also, precautions are necessary
whenever silica is heated to tem-
peratures high enough to result in
vaporization.

Richard G. Detro
Electro Optics Associates
Palo Alto, Calif.

Anglo-American problem

To the Editor:

Having worked four years in
medical electronics in two hospi-
tals in England, working in close
association with doctors, 1 fully
agree with your editorial “Partners
in progress: doctor and engineer”
[July 10, p. 23].

In the first hospital, the medical
profession would not recognize my
degree, which is in electrical engi-
neering. They accepted only a de-
gree in physics.

Since I had just finished college
I finally decided to take a job
there as a technician to gain ex-
perience in medical practice. In
reality I was carrying out basic
research in electronics as applied
to surgery and at the same time
lecturing the physics department
which was supposed to be training
me in semiconductor circuits as
applied to hospital work.

Later, at a second hospital, I
was suddenly told that it could not
pay me an agreed-upon salary since
I was under an age limit set by
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All the advantages of tantalum

in one LOW COST capacitor!

EPOXY-DIPPED TANTALEX® CAPACITORS...
For industrial, commercial, and entertain-
ment electronic applications where tantalum
capacitors were previously too expensive!

—1&Type 196D Solid-electrolyte Tantalum
Capacitors have special epoxy-dip coating
which keeps costs down without sacrifice
in dependability. Positively seals capacitor
section while providing excellent electrical
insulation. Protects against mechanical dam-
age in handling.

~{ERadial lead design for plug-in mounting
on printed wiring boards, The .250” lead
spacing will fit standard .125” grids,

~{t=High stability—very little capacitance
change, even at outer limits of operating
temperature range,

~{t=Low dissipation factor of these capaci=
tors permits higher ripple currents,

~{~Meet environmental test conditions of
Military Specification MIL-C-26655B,

-] = Prime capacitance and voltage ratings.
Based on rating popularity of other types
of solid tantalum capacitors.

~{ (= Designed for continuous operation af
temperatures from —55 C to +85C,

For complete technical data, write for Engineer-
ing Bulletin 3545 to Technical Literature Service,
Sprague Electric Company, 35 Marshall Street,
North Adams, Massachusetts 01247,

Now available for fast delivery from your Sprague Industrial Distributor

SPRAGUE COMPONENTS A
CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS s p n n G u E
TRANSISTORS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES
RESISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES
INTEGRATED CIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILITY
THIN-FILM MICROCIRCUITS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS

4SC-4138R1
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*Sprague’ and ' (2" are registered trademarks of the Sprague Electric Ca.
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C{nock off 35%
f shielding
naterial costs

vith Hipernom .

.and stay competitive
to the 1970’s.

course you want to pay less for The 35% material cost saving per shield Free 36-page bock on magnetic shielding
1gnetic shielding against DC to cited above is typical. Hipernom also Any engineer who reads this book

,000 Hz. fields. Solution: Get brings you an important extra... becomes one of America’s foremost
stinghouse Hipernom alloy. the largest group of metallurgists authorities on magnetic shielding. It is
all commonly used shielding alloys, specializing in magnetics. They'll put just that complete, practical and unique.
pernom has the highest permeability. Westinghouse's 50 years of research For your free copy, write for ‘‘Shielding
ets you use thinner, lighter shields, leadership in magnetics at your service. Book.”" Address Westinghouse Metals
ows easier, lower-cost fabrication. Want specific details? Call Bob Carroll Division, Box 868, Pittsburgh,

d you use less material per shield. at412-459-9400. Pennsylvania 15230.

You can be sure if it's Westinghouse

J-05013

cle 6 on reader service card



the hospital, so again I was paid
as a technician. After I was mar-
ried I decided to emigrate to the
U.S. to work in industry.

It was my intention to return to
medical work, eventually. How-
ever, it appears that the relation-
ship between the medical profes-
sion and engineers is no better
here than it is in England.

David W. Burgess
Engineer
Bendix Systems Division
Ann Arbor, Mich.

Crowded frequencies

To the Editor:

The description of Marconi’s new
vlf transmitter [July 10, p. 162]
says the 3- to 300-kilohertz fre-
quencies are utilized by only a few
government and military users,

How I wish this were true! As
a matter of fact those frequencies
are so crowded that in some in-
stances there is zero hertz spacing
between used frequencies. In the
majority of cases a 2-khz guard
band is a real luxury.

These frequencies are used ex-
tensively by power companies on
their transmission lines for super-
visory control, telemetry, relaying
and voice communications. Re-
cently T worked for three days with
the Southwest Power Pool Fre-
quency Coordinator, D. Martin. just
to obtain frequencies for a new
500-kv transmission line. At the
point where this line joins other
lines there are 46 frequencies in
use between 50 khz and 287 khz.

I might add that the supervisory
control involved is not trivial. It
controls the major electric power
flows and when one of these trans-
mission lines is tripped by a false

[ — —— — — — — — — —

SUBSCRIPTION SERVICE

command many cities may experi-
ence a blackout.

While T wish the Marconi Co.
prosperity, I submit that it would
be better if they joined the other
companies in supplying low-power
single-side-band powerline carrier
communications equipment.

P.F. Flynn
Systems Engineering
Arizona Public Service Co,
Phoenix, Ariz.

Warning

To the Editor:

The article “Blind to danger”
[June 26, p. 47] described an inci-
dent in which a Fort Monmouth
engineer allegedly suffered no ill
effects from the direct viewing of
the beam from a helium-neon laser.
It is not clear whether this viewing
was inadvertent or intentional. In
either event, I would not encourage
any of your readers to draw any
unwarranted inferences from this
isolated experience. Viewing of
either direct or even reflected la-
ser beams should never be under-
taken unless a careful analysis of
the potential ocular hazard  has
been performed for the particular
situation at hand.

It would be regrettable if cav-
alier attitudes toward laser hazards
are propagated either through
bravado or ignorance. Those of us
working with lasers have a special
obligation to make sure that the
tragic history of human injury,
which occurred in the ionizing ra-
diation field, is not repeated in this
new area of advanced technology.

Leonard R. Solon
Vice president and
Technical Director
Biorad Inc.
New Hyde Park, N.Y.
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...nhow add
bMHz AC
capability
to your
digital
voltmeter

with PM’s
new AC/DC
Converter

A unique rectifying detector circuit®
employing MOS FETs provides a frequency
range of 5 Hz to 5 MHz, 70 dB dynamic
range and 300 microvolt sensitivity.

DC output is the RMS value of the AC
signal,

In addition to its usefulness with DVMs,
the analog output is ideal for swept fre-
quency measurements where plots of
filter characteristics are needed.

Add the companion PM Logarithmic Con-
verter for direct measurements in dB.

PM 1008 AC/DC Converter: $900

*PATENT PENDING

For details on this and other intriguing
new PM instruments, write or call;

PM_4 PACIFIC
MEASUREMENTS
INCORPORATED

940 INDUSTRIAL AVENUE,
PALO ALTO, CALIFORNIA
(415) 328-0300
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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
SN745IN | 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
SN7473N | Dual J-K Master Slave Flip Flop USN-7473A
SN747 4N 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,

Don’t spend another week

without calling Sprague.

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

SPRAGUE COMPONENTS

INTEGRATED CIRCUITS
CAPACITORS
TRANSISTORS
RESISTORS

THIN-FILM MICROCIRCUITS

PULSE TRANSFORMERS

455-7140

INTERFERENCE FILTERS

PACKAGED COMPONENT ASSEMBLIES
FUNCTIONAL DIGITAL CIRCUITS
MAGNETIC COMPONENTS
CERAMIC-BASE PRINTED NETWORKS
PULSE-FORMING NETWORKS
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THE MARK OF RELIABILITY

‘Sprague’ and ' (2)' are registered trademarks of the Sprague Electric Co.

People

“My first assignment,” says NASA’s
new No. 3 man, “will be to develop
an orderly, routine planning ap-
proach for the
agency. The big
problem, as I
see it, is defin-
ing the major
new objectives
of the space pro-
gram.” The an-
nouncement o f
the appointment
of 52-year-old Homer E. Newell
as the agency’s associate admin-
istrator came late last month in
the midst of the National Aeronau-
tics and Space Administration’s
worst financial setbacks in years.
[For more on Nasa’s problem, see
page 50.]

Newell’s credentials as a space
planner and administrator go back
to Nasa’s infancy. His first job was
to plan and develop the space sci-
ence program. That was back in
1958. For the last four years, he
had been associate administrator
for space sciences and applications,
a job that included administration
of a large parcel of program areas
including lunar and planetary ex-
ploration, grants, space applica-
tions, physics, astronomy and bio-
science, and research contracts.
Before taking on the last assign-
ment, Newell was deputy director
of space flight programs and di-
rector, Office of Space Sciences.

Selling an idea. The soft-spoken
Newell sees his new role as that of
a communicator with those whom
Nasa serves and works with. “T will
be in constant contact with the sci-
entific community,” he says, “and
will work closely with the new mis-
sions boards being set up.” He
plans to help support other agen-
cies in their space programs and
mentions, as an example, helping
Federal agencies that wish to study
the earth’s resources from space.
An aide says Newell has the ability
to explain and sell programs to
Congress, and to communicate with
the scientific community.

One program that has fallen vic-
tim to the House appropriation ax is
Voyager, which was under Newell’s
jurisdiction in space sciences and
applications.

Homer E. Newell

Electronics | September 4, 1967



WCBS-TV
MACHLETT MI1-5681
HIGH POWER
TRANSMITTING TUBES
HAVE JUST LOGGED
170,000 HOURS.

Where prime time requires prime
performance specify Machlett transmitting
tubes. Available now: The new
Machlett short form catalog, from
The Machlett Laboratories, Inc.,

1063 Hope Street,

Stamford, Connecticut 06907.

THE MACHLETT LABORATORIES, INC.
@ A SUBSIDIARY OF RAYTHEON COMPANY
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(use time delay relays?)

seecoo=®t - electronie reliability

"11.30

(1-24 quantity)

ELECTRONIC 1-100 SECOND DPDT OUTPUT
RELIABILITY ADJUSTABLE DELAY RATED 10 A.

+5% REPEAT PLUG-IN LOW PRICE!
ACCURACY CONVENIENCE QUANTITY DISCOUNTS!

Budget priced with plug-in convenience where critical timing
parameters are not required. Delay adjusted by convenient
single knob. Remote adjustment by use of external poten-
tiometer (special order). 117 VAC input. DPDT output rated
10 A. AEMCO type EC.

15 VAC 34 H !
1- 90 SEC.ADd |} ‘(3, i

1€ 20-90 ¥4 i}

(1-24 quantity)
ELECTRONIC +5% REPEAT
RELIABILITY ACCURACY RATED 10 A.

REPLACES POPULAR 1-90 SECOND LOW PRICE!
MOTOR TYPES ADJUSTABLE DELAY QUANTITY DISCOUNTS!

DPDT OUTPUT

Packaged to directly replace all popular motor type time
delay relays...far more reliable than motor types. Budget
priced—real savings when critical timing parameters are not
required. 117 VAC input. DPDT rated 10 A. AEMCO type LC.

NEED SPECIALS? Other packaging? Longer timing ranges?
Other voltages? DC? Remote adjustment? Write or call
outlining your needs. We’re eager to serve you, too!

AEMCO DIVISION

MANKATO, MINNESOTA 56001
formerly TELEX/AEMCO
PHONE A/C 507-388-6286

MIBTEX

INCORPOR

(WD Oy
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People

Says Newell: “My only hope is
that we've sold Voyager and that
were just experiencing a delay be-
cause of war and problems on the
homefront.

Newell concedes that the sched-
ule for Voyvager was so tight that
without funds in fiscal 1968 the first
shot to Mars cannot take place un-
til 1975.

An electronics company with $70
million in sales and a goal of $100
million has two principal roads
available: acqui- .
sition and diver-
sification.

Ec&c Inc. of
Bedford. Mass.,
is going both
ways: it ac-
quired four
small  compa-
nies this year
and last month named Norman L.
Harvey general manager of its new
Systems Development division to
get that unit into high gear. The
purchased firms work in the fields
of oceanography, weather modifi-
cation, instrumentation, and geo-
physical exploration.

“Systems have always been my
major interest,” says Harvey, who
went to EG&G in 1965 from Varian
Associates, Palo Alto, Calif. Harvey
had headed a Varian venture into
computer-based teaching systems,
but when the company dropped the
project Harvey quit and joined
EG&G.

Bomb monitor. Since its found-
ing 20 years ago, EG&G has been the
prime Atomic Energy Commission
instrumentation contractor.

Of its $70 million volume, Ec&G
currently gets nearly $49 million
under this contract. So the diversi-
fication is concentrated on non-
AEC systems.

Ec&c has already made its debut
in digital facsimile systems [Elec-
tronics, Aug. 7, p. 42], and Harvey
has plans for other graphic equip-
ment, as well as flash systems for
navigation and photography,
weather modification techniques,
and for custom-designed radiation-
detection systems based on semi-
conductor technology.

Norman L. Harvey
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ACline

requlation
problems

—check
the

Precision Regulation Required? -Need +0.01% .. .maybe
only =0.1%2—Sorensen's broad line of 'off-the-shelf' regu-
lators can provide it.

Sorensen

Size and Weight Important? — ACR units are less than half

the size and weight of conventional units.

line.

Stringent Distortion Requirements? — R models maintain
less than 0.25% —even with an input line having 10%
distortion.

Need Quick Response? — Al models of our FR Series re-
spond to line and load changes within 50 us—less than 1
cycle.

Delivery/Price a Factor? — Each standard model is avail-
able off-the-shelf.

However demanding your AC regulator checklist, the Sorensen
line can bear a good hard look. Whatever your needs, chances
are Sorensen has a unit for your application. We offer a broad
range of off-the-shelf line regulators to choose from in the
range 150VA to 15kVA. Our ACR Series, for example, feature
silicon controlled rectifier regulation, printed circuit maintain-
ability, and require minimal rack space. The .01 Series provides

— o/
+0.019

high precision regulation, », for applications demand-
ing the strictest accuracy and stability. Where fast response is
an important consideration, the FR Seriesis unsurpassed. Soren-

sen's magnetic-amplifier S Series offers excellent low-cost reg-

ulation for a variety of applications.

Electronics | September 4, 1967

Each Series is a carefully designed combination of power,
performance and packaging,—to fill your specific requirements.
Sorensen's AC regulation capability spans 25 years of experi-
ence in the design and production of regulators. Our standard
product technology provides the firm basis for an outstanding
custom design capability. Whatever your AC regulator prob-
lems, — check with Sorensen.

For details on Sorensen AC regulators, or for standard/cus-
tom DC power supplies or frequency changes, contact your

local Sorensen rep. or: Raytheon Company, Sorensen Opera-

tion, Richards Ave., Norwalk, Conn. 06856. @
Tel: 203-838-4571.

Circle 11 on reader service card 11



This NEW G-V
Q UICK
ONNECT

THERMAL
TIMING RELAY...




he Components Program
Of Underwriter’s
Laboratories Inc.

‘educes installation time and cost!

IEW PACKAGING FEATURES EASY MOUNTING ...
'USH-ON TERMINALS ... 77 ﬁwm/ 6__{/

“e new G-V Quick Connect Thermal Timing Relays are rugged and versatile enough
» withstand the most demanding industrial applications. They are a low cost series
ssigned to reduce installation time and cost. Only two mounting screws are neces-
ary, eliminating the need for special brackets, sockets or retainers. Push-on terminals
rovide flexibility of wiring, part location and equipment servicing. A dust-tight
wlded phenolic case houses a stainless structure with nickel-chromium heater wind- G =V CONTROLS INC.
1g, assuring long life and dependable service. The low profile Quick Connect thermal

ning relays can be mounted in any position. Specifications include: Contacts, LIVINGSTON, NEW JERSEY 07039
PST, NO, NC; Resistive Rating, 2 amps 115V AC or 1 amp 28V DC; Heater Voltage, (201) 992-6200
3, 26, 115V AC or DC; Time Delays, 5-180 seconds; Time Delay Tolerance, +20%; <

eater Power, 2, Watts, nominal. Suitable for continuous operation to 160°F. Am-

ient compensated.

"nrik,“lg‘ Recognized Under

B>
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There always has to be a winner—and
when it comes to all-purpose sweep signal
generators, the Jerrold Model 900-C is a
shoo-in.

Measure a narrow band circuit (sweep-
width down to 10 kHz) or check the entire
coverage of broad band units such as mix-
ers, amplifiers, or filters (sweepwidths up
to 400 MHz). Design, test or measure a
variety of VHF, UHF, narrow.and wide band
devices in the frequency range 500 kHz to
1200 MHz...and do it with incomparable
ease and accuracy. Here is convenience
only an all-purpose sweeper can provide.

The 900-C and ultra-reliable Measure-
ment-by-Comparison techniques permit ac-
curate and simple measurement of gain,
loss, and VSWR. You can disregard vari-
ables such as nonlinearity of detectors, os-
cilloscope drift, and line voltage variations.

If you need more convincing, send for
complete data—or contact us for a demon-
stration. Write Government and Industrial
Division, Jerrold Electronics Corporation,
401 Walnut St., Philadelphia, Pa. 19105.

JERROLD

cle

Calll,
SWeeP.
IN TEST,

MEASUREMENT,
AND
DESIGN
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Meetings

Conference on Solid State Devices,
IEEE; Manchester, England, Sept. 5-8.

Computer Conference, IEEE; Chicago,
Sept. 6-8.

Electric Propulsion and Plasma-
dynamics, American Institute of
Aeronautics and Astronautics; Colorado
Springs, Colo., Sept. 11-13.

Meeting on Space Simulation, American
Society for Testing and Materials;
Sheraton Hotel, Philadelphia,
Sept.11-13.

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

Instrument Society of America Confer-
ence and Exhibit, Instrument Society of
America; International Amphitheater,
Chicago, Sept. 11-14.

International Symposium on Informa-

tion Theory, I|EEE; Athens, Greece,
Sept. 11-15.
Seminar on Mathematical Systems

Theory, Pennsylvania State University;
Pennsylvania State University’s Resi-
dence Hall, Pa., Sept. 11-15.

International Congress on Magnetism,
International Union of Pure and Applied
Physics and American Institute of
Physics; Boston, Sept. 11-16.

Symposium on Materials—key to
effective use of the sea, Polytechnic
Institute of Brooklyn and Naval Applied
Science Laboratory; Statler Hilton
Hotel, New York, Sept. 12-14.

Biennial Electric Heating Technical Con-
ference, |EEE; Statler Hilton Hotel, De-
troit, Sept. 13-14.

Society of Motion Picture and Television
Engineers Conference; Edgewater
Beach Hotel, Chicago, Sept. 17-22.

Conference on Electrical Insulation
and Dielectric Phenomena; National
Academy of Science; Pocono Manor
Inn, Pocono Manor, Pa., Sept. 18-20.

Automotive Conference, |IEEE; Howard
Johnson’s Motor Lodge, Detroit, Sept.
21-22.

Symposium on Microelectronics
Applications, IEEE; Garden City Hotel,
Garden City, Long Island, N.Y.,

Sept. 21-22.

International Electronics Conference

and Exposition, Canadian Region of
|EEE; Automotive Building, Canadian
National Exhibition, Toronto,

Sept. 25-27.

International Telemetering Conference,
International Foundation for
Telemetering; Marriott Twin Bridges
Motor Hotel, Washington, Oct. 2-4.*

Short Courses

New directions in organic chemistry,
Stevens Institute of Technology’s De-
partment of Electrical Engineering; Ho-
boken, N.J., Sept. 6-8; $150 fee.

Seminar on the management of new
developments: from basic sciences into
profitable products, |IEEE and Newark
College of Engineering; Newark, N.J.;
Sept. 7; $25 for nonmembers of IEEE.

Calis for Papers

Electronic Components Conference,
IEEE and Electronic Industries Associa-
tion; Mariott Twin Bridges Motor Ho-
tel, Washington, May 8-10, 1968. Oct.
10 is deadline for submission of papers
to technical program chairman, Frank
Collins, Speer Research Laboratory,
Packard Road and 47th St., Niagara
Falls, N.Y. 14302

Intermag Conference, |EEE; Sheraton
Park Hotel, Washington, April 3-5, 1968.
Dec. 15 is deadline for submission of*
abstracts to James M. Lommel, Gen-
eral Electric Research and Develop-
ment Center, P. O. Box 1088, Schenec-
tady, N. Y. 12305

International Quantum Electronics Con-
ference, |IEEE; Everglades Hotel, Miami,
Fla., May 14-17, 1968. Jan. 8 is dead-
line for abstracts to R.W. Terhune, tech-
nical program chairman, Physical Elec-;
tronics Department, Pord Motor Co.,
P.O. Box 2053, Dearborn, Mich., 48121.

* Meeting preview on page 16.
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Y hen

without added load

One more re¢

se the new Fluke 931A to measure virtually any
aveform within 0.05% from 30 Hz to 50 KHz. Make
iIese measurements without losing null sensitivity as
1e voltage decreases. For in the Fluke 931A, the

ull meter indicates percent deviation from the dialed
dltage. Overall frequency response is 10 Hz to 1

iHz. Range is 0.01 to 1100 volts. Ten to one crest
ictor takes care of effects caused by voltage spikes
nd pulse trains. Other features include low capaci-

rcle 15 on reader service card

YOl use

the input 30 inches «
mg o

rason AC metrology isn’t the same anymore.

b |- LG Lﬁkn‘g

wne

PE

true RMS measurements with the Fluke
- AL | A Y g ] S ¥
931A AC differential voltmeter, you don’t do
a thing to the circuit or the meter. All you do is

loser to the measurement

r loss of’ sensitivity. That’s just

€.

tance, high resistance input, inline digital readout
with lighted decimal point, all solid state design, and
linear recorder output. Meets MIL-SPEC shock and
vibration requirements. Ten percent overranging cuts
down range changing. Available with or without
probe in both line and combination line rechargeable
battery powered versions. Base price $895. Call your
full service Fluke sales engineer (see EEM) for a
demonstration or write us for full information.

Fluke * Box 7428, Seattle Washington 98133

Phone: (206) 774-2211 « TWX: (910) 449-2850 « In Europe,
address Fluke International Corporation, P.O. Box 5053,
Ledeboerstraat 27. Tilbura, Holland. Telex: 844-50237.




Gouplep....

New LEL-LINE series BBC Directional Couplers™ now permits use of a
single coupler over an entire microwave frequency decade. Take 0.5 to
5.0 GHz, for example. Any of 4 standard models will give you excellent
symmetry, directivity and VSWR at any included frequency. Working in the
1-11 GHz range? Check these specs and performance curves for Model

BBC 100-111.
i N Al
: OLATIO I‘\,[ \’ IJ\
l..l ‘ 0 dB = !
.l pling 10 "l- I
. 7
0 0 0 ih II\ /
\ /Yy |V
3.0
|
1 \/"/\ P
|
6 A 4 00 6 PY 9-8200 6-69 08
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Meeting preview

Eliminating redundancy

Three years ago when the Interna-

tional Telemetering Conference

was initiated to supplement the

well-established annual National™
Telemetering Conference, many

telemetering engineers feared that

two conferences would be redun--
dant. That fear was justified in 1965

and 1966 when many of the papers

and topics in one conference nearly.
duplicated those in the other. This

year, the programs are sharply dif-

ferent, with the National Telemeter-_
ing Conference, held last May,

specializing in commercial topics

and the International Telemetering

Conference, scheduled in Washing-"
ton, D.C., on Oct. 2 to 4, focusing

much of its attention on military

topics.

Conversion. One of the major
topics will be the switch from X
band to L and S bands, a switch.
that should be completed by the
end of this decade. The problems
associated with this conversion will
be discussed by a panel under the
direction of Brig. Gen. Clifford J.
Kronauer Jr., commander of the Air
Force’s Western Test Range. Sum-
maries will be presented covering
airborne solid state r-f power gen-
erators, antenna design, ground-
based L- and S-band systems, and
signal search, detection, and ac-
quisition. Representatives from the
Pentagon, National Aeronautics
and Space Administration, General
Electric, TRw, and Aerospace Corp.
will be on the panel.

The second area of emphasis will
be methods of assuring the receipt
of quality data. A panel on this sub-
ject will be chaired by Robert T.;
Merriam, head of an engineering
group at the Navy’s Ordnance Test
Station at China Lake, Calif. Panel.,
members include such prominent
telemetry experts as E. ]J. Bagh-
dady, technical director of Adcom
Inc., and Walter Larkin, manager of
NasA’s Goldstone facility. Another
area to be explored is the growing
use of microelectronics in telemetry
gear. Representatives of Fairchild
Semiconductor will describe how
1c’s can be applied to pulse-code-
modulation, pulse-amplitude-mod-
ulation, pulse-duration-modulation
and f-m/f-m systems.
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-/ There's a
Tektronix Field Engineer
In your area

He can help you with your
oscilloscope maintenance program

The same Tektronix Field Engineer who can help you with
your measurement problems also is the man to see for
assistance in setting up your oscilloscope maintenance
program.

He can help you establish your own maintenance facility,
conduct maintenance courses in your plant or arrange to
enroll your personnel in a factory training course.

v The field engineer also will make arrangements for repair,
modification or recalibration of your oscilloscope at one of
more than 20 Tektronix Service Centers in the U.S.

When you ask your field engineer to arrange such service,
he will furnish a detailed quotation and get your oscillo-
scope back in operation as quickly as possible.

Call your nearby Tektronix Field Engineer for details.

Tektronix, Inc.

W\
P.O. Box 500 (‘wm
Beaverton, Oregon
.

97005

Tom Long of Dayton, Ohio—

One of the Tektronix Field Engineers
serving you from 43 U.S. Field Offices
and in more than 20 countries
around the world.
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Meet the Varian
Statos I.
It records at 20,000 in./sec.

*

From the outside, the Statos™| strip-chart recorder
ooks like any other recorder. But that’s where the
similarity ends. O To record three data channels at
20,000 in./sec. full scale, Statos | uses a simple elec-
rostatic recording “‘head” that never moves. It can't
arc or burn and never needs adjustment or mainte-
nance of any kind. It lets you forget about messy ink
pens, expensive galvanometers, bothersome electric
burning or heated styli, and noisy slidewires. O Statos
| simultaneously records two analog signals and one
digital signal in exact coincidence—completely
§uperimposed or separated. It records with an accu-
racy of 1.0% from dc to 1500 Hz at 10 cm full scale—
with a rise time of 200 psec. full scale. O Statos | has
chart speeds from 0.2 cm/min. to 20 cm/sec.—con-
tinuously variable. It records full chart width time
lines in perfect sync with the data at all speeds, and
goded S0 you never lose track of data-to-data corre-

varian
recorder
division
palo alto/california

zug/switzerland
sydney/australia

without moving a muscle.

lation anywhere on the record. [J Statos | doesn’t use
expensive, preprinted chart paper—it prints its own!
It gives you a permanent, high-contrast record on in-
expensive white chart paper, without post-developing
or further processing of any kind. And it lets you
switch to either of two grid patterns that you originally
specified. OO Statos | includes several bonuses: it
interfaces directly with a computer—no extra hard-
ware needed. It continuously displays trace amplitude
on digital readout tubes. It has eight independent
event-marker channels. [J All solid-state design—and
reliable integrated circuits, of course. O Send us the
coupon for a comprehensive brochure. Or ask your
Varian Recorder representative about the revolution-
ary Statos |.

And that’s not all. Find out about the new Statos Il
50-channel Event Recorder with the same outstanding
design concepts as Statos I.

Varian, Recorder Division
611 Hansen Way, Palo Alto, California 94303

Send me your comprehensive brochure on Statos | and 1.

Name
Company

Address

City




Design decisions belong

the hands of the systems designer.

DCL (Designers’ Choice Logic) can start you on your way toward
design freedom again. With Signetics’ DCL you can optimize
your system’s performance without drawn-out calculations, ex-
pensive and time-consuming ground-plane designs or extensive
use of outboard components. DCL is the only family that can
offer all of these advantages:

WIDEST CHOICE OF FLIP-FLOPS —Four dual and two single
flip-flops provide optimum choices in logic design and speed/
power ratio. DCL offers the only dual low power RS/T binary in
the industry, four flexible J-K types, and a dual high speed “D"”
type. The selection includes DC clocked, AC clocked, leading
edge-triggered and trailing edge triggered binaries.

FULLY COMPATIBLE LARGE ARRAYS—Monolithic arrays (con-
taining four binaries and thirteen gates) for counting and storage
applications.

THREE RANGES OF GATE SPEED/POWER TRADE-OFFS —
6ns/20mW, 10ns/15mW and 25ns/7mW.

FULLY COMPATIBLE INTERFACE ELEMENTS — Gates designed
to match DCL levels to system levels up to 30 volts.

DTL FLEXIBILITY AND TTL SPEEDS —DCL includes high noise
immunity DTL gates that are compatible with the high speed
TTL members of the family. These gates provide a variety of
AND-NOR functions to enhance design flexibility.

THE FIRST FULL MIL RANGE SILICONE DIP—AIl elements are
available for either MIL or industrial temperature ranges in sili-
cone DIPs or 14-lead glass/kovar flat paks.

TYPICAL CHARACTERISTICS

¢ s
o
z< _E
55 <u S:z
o5 gp 224
TYPE zZ 38 Je¥
NUMBER DESCRIPTION b ﬁe 38 ii%
8162 MONOSTABLE MULTIVIBRATOR
(delay from 80 ns to 2 seconds) 32 35 65
8280 DECADE COUNTER/STORAGE REGISTER 8 25 MHz 25
8281 BINARY COUNTER/STORAGE REGISTER 8 25 MHz 25
8415 DUAL 5-INPUT NAND GATE
(bare output collector) o 9 30 10.0
8416 DUAL 4-INPUT NAND GATE
_(input expansion node) ¥ g 25 100
8417 DUAL 3-INPUT NAND GATE
_____(expansion node and optional output resistor) 9 30 9.5
8424 DUAL, LOW POWER, RS/T BINARY
(trailing edge triggered) 9 11 MHz 155
8440 DUAL AND-OR-INVERT GATE
(2 AND Gates wide) 9 :25¢ 321
8455 DUAL 4-INPUT NAND GATE DRIVER 25,28 A0
8470 TRIPLE 3-INPUT NAND GATE 9 25 7.0
8471 TRIPLE 3-INPUT NAND GATE
___ (bare output collector) LN 9 30 7.0
8480 QUADRUPLE 2-INPUT NAND GATE 9 225" 70
8481 QUADRUPLE 2-INPUT NAND GATE
___ (bare output collector) o 9 30 7.0
8731 QUADRUPLE 2-INPUT DIODE EXPANDER  — — —
8806 DUAL 4-INPUT EXPANDER — - -
8808 8-INPUT NAND GATE 200012 _H3
8816 DUAL 4-INPUT NAND GATE 20 12° 13
8825 SINGLE PHASE, AND Input J-K BINARY
~ (leading edge triggered) : 20 25 MHz 90
8826 DUAL HIGH SPEED J-K BINARY
__ (trailing edge triggered) 10 30 MHz 40
8827 DUAL HIGH-SPEED J-K BINARY
(full asynchronous entry,
_ trailing edge triggered) i 10 30 MHz 40
8828 DUAL HIGH SPEED “D"” TYPE BINARY
) (leading edge triggered) iy 20 25 MHz 55
8829 SINGLE PHASE AND INPUT J-K BINARY
_ (trailing edge triggered) 20 20 MHz 90
8840 DUAL AND-OR-INVERT GATE
f (2 AND gates wide) - Al 20 10 15
8848 AND-OR-INVERT GATE
__ (4 AND gates wide) 20 10 30
8855 DUAL 4-INPUT POWER GATE 60 10 24
8870 TRIPLE 3-INPUT NAND GATE 20 10 15
8880 QUADRUPLE 2-INPUT NAND GATE 20 10 15
8H16 DUAL 4-INPUT NAND GATE
5 (high-speed) 30 6 20
8H70 TRIPLE 3-INPUT NAND GATE
_ (high-speed) » 30 6 20
8H80 QUADRUPLE 2-INPUT NAND GATE
v (high-speed) 2 Slig! 30 6 20
8T18 DUAL 2-INPUT NAND INTERFACE GATE
_(high voltage to low voltage) 9 15 45
8T80 QUADRUPLE 2-INPUT NAND INTERFACE
_ GATE (low voltage to high voltage) 9 25 10.0
8T90 HEX INVERTER INTERFACE ELEMENT
___ (low voltage to high voltage) 9 25 100

DC NOISE
| MARGIN (V)

=i/l h
fo @

1.0

fiN
=}

=
1o o )

=
{=4

SIGNETICS
INTEGRATED
CIRCUITS

A SUBSIDIARY OF CORNING GLASS WORKS

Electronics | September 4, 1967



So does this DCL
sampler from Signetics.

Signetics wants you to find out for yourself just how versatile
you can be with DCL. So, we put a representative DCL selection
together in an evaluation sampler, complete with a 46-page
handbook and evaluator’s guide. Then we cut the price in half,
to make it even more attractive. The selection includes:

Normal

1-24

Type No. Description Quantity Price
N8280A Decade Counter 1 $24.00
N8281A Binary Counter 1 24.00
N8424A Dual Lo Power RS/T Binary Element 2at590ea 11.80
N8825A Single Phase AND Input J-K Binary Element 2at4.00ea 8.00
N8826A Dual Hi Speed J-K Binary Element 2at590ea 11.80
N8828A Dual Hi Speed D-Type Binary Element 2at5.65ea 11.30
N8416A Dual 4-Input Expandable DTL NAND Gate ;| 2.25
N8480A Quad 2-Input Lo Power TTL NAND Gate 2at2.25ea 4.50
N8440A Dual AND-OR-INVERT Gate 3 2.25
N8455A Dual 4-Input NAND Driver 1 2.50
N8880A Quad 2-Input Hi Speed TTL NAND Gate 2at2.25ea 4.50

B e e ]
A $106.90

SPECIAL INTRODUCTORY PRICE . . . $45.00

YOU SAVE . . . $61.90
e A R T I Wl S P e e A Y S eI E)

DCL evaluation samplers are now available at all Signetics’ dis-
tributors. Call or write right away, supply is limited.

% SIGNETICS TRADEMARK

SIGNETICS SALES OFFICES: Metropolitan New York (201) 992-3980; Upper New York State (315) 469-1072; Southwestern (214) 231-6344; Western Regional (213) 272-9421; Eastern Regional (617) 245-8200; Mid-Atlantic
(609) 858-2864; Southeastern (813) 726-3734; Midwestern Regional (312) 259-8300; Northwestern (408) 738-2710

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

DOMESTIC REPRESENTATIVES: Jack Pyle Company (415) 349-1266. 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; Illinois (312) 775-5300; Maryland (301) 484-5400; Massachusetts (617) 969-7140; Michigan (313) 476-5758; Minnesota (612) 922-7011;
Missouri (314) 428-5313; New Jersey (609) 429-1526; New Mexico (505) 265-1020; New York (518) 436-8536; New York (607) 723-8743; New York (716) 684-5731; New York (201) 471-6090; North Carolina (919) 724-0750;
ohio (216) 333-4120; Ohio (513) 878-2631; Texas (214) EM 3-1526; Texas (713) 649-5756; Washington (206) 725.7800

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) 421-150. 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.
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Here's our best price yet

for a high-gain,
low-noise

200 MHz (MOS) FET

IS now only

(1.000+) -1av

200 MHz RF Stage using RCA 3N128

RCA’s 3N128 N-channel, depletion-type MOS field-effect transistor actually offers dynamic
range 10 times greater than conventional bipolar transistors. Because of the resulting im-
provement in cross modulation and spurious response, the 3N128 is recommended as an RF
amplifier and a mixer to further improve pertormance in these areas. You can use standard
vacuum-tube-type biasing and AGC requires virtually no power.

Extremely low feedback capacitance (0.2 pF max.) and high transconductance (5,000
pmhos min. ) allow the 3N128 to deliver more useable VHF power gain without neutrali-
zation than a junction-gate FET can deliver with neutralization. Even more stable gain
can be achieved with neutralization.

Operation over wide temperature ranges is possible because the extremely low gate leak-
age current (0.1 pA typ.) is not temperature sensitive. In fact, when you consider the com-
bination of large signal-handling capability, exceptional performance characteristics, and
low, low price, the 3N 128 is an absolute necessity for critical front-end designs—and for a
broad range of industrial, commercial and military applications in instrumentation, con-
trols, and appliances, where high input resistance (10'* ohms typ.) is important.

So call your RCA Field Representative for complete information. For technical litera-
ture and application notes AN-3193 and AN-3341, covering RF amplifiers and mixers,
write RCA Commercial Engineering, Section EN9-1, Harrison, N.J. 07029. Check your
RCA Distributor for his price and delivery.

RCA Electronic Components and Devices

The Most Trusted Name in Electronics
®

22 Circle 22 on reader service card

RCA 3N128 Features

LOW FEEDBACK CAPACITANCE
0.2 pF max.

HIGH TRANSCONDUCTANCE
5,000 umho min.

HIGH POWER GAIN @ 200 MHz
18 dB typ.

LOW NOISE FIGURE @ 200 MHz
4 dB typ.

LOW GATE LEAKAGE
50 pA max.
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ymmentary

1e worrisome IC

: integrated circuit is cutting a wide swath in the
stronics industry this summer, finding its way into
‘ems ranging from sophisticated military computers
ow-cost phonographs. But as the 1c wins overwhelm-
acceptance, the concept of integrated electronics is
‘bwing the brows of engineers at both makers and
5. Almost everybody is at a crossroads; at stake for
1y firms is their future prosperity. For a few, guessing
-t will mean the difference between life and death.
’s the rapid acceptance of 1C’s that’s at the root of
problem. The dizzying speed hardly gives firms
wgh time to consider all the factors. Makers fear they
miss the market if they don’t act quickly; buyers
it the competitive edge that the first 1c-equipped gear
‘have. For the circuit user, there is a bewildering
®ety of choices: different kinds of logic, the linear-
ws-digital question, hybrid versus monolithic, bi-
ir or monolithic. And beyond lies the promise of
e-scale integration. For producers, there are similar
sions to make about new products—decisions com-
ated by erratic inventory situations and an enormous
onnel turnover.
ake the inventory problem, for example. After almost
:ar of standing customers in line for diode-transistor
>—the most popular digital circuit today—produc-
suddenly exceeded demand. And it happened with
some speed. In July, Fairchild Semiconductor, the
stry’s largest producer, had customers on allocation.
ty days later, the division had nearly 800,000 circuits
tock and was looking for buyers. Other producers
L also report burgeoning inventories.
1e reason is simple. Every producer has been working
Hme to increase yields, to improve profits. The work
suddenly borne more fruit than expected. Yields
: improved so much, so fast, that the marketing men
n’t had a chance to find new customers for all the
lits being turned out. At the same time, many pro-
s went to a larger 2-inch-diameter slice of silicon
lace of the traditional 1-inch slice, a move that also
sased production. Some firms have added additional
lants. And new second sources like Raytheon Semi-
luctor have cut into original suppliers’ sales.
aditionally, in such a situation semiconductor pro-
1s cut prices. So the industry is nervously awaiting
t could be the sharpest price cuts in its history.
1t oversupply affects only some products. Others are
:e. Customers for transistor-transistor logic, the
r, faster logic, complain bitterly about late delivery
mdelivery. Some makers of TrL have fallen far be-
on promises because processing has turned out
> harder and yields much lower than expected. At
stage of production a slight error in estimated yields
s in big errors in shipments.
addition, many semiconductor producers have been
getting TTL lines on the market. Development of
:nild’s second-generation line of low-power TTL is
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behind schedule; Texas Instruments has been intro-
ducing its line piecemeal; and Philco-Ford Microelec-
tronics won’t have its first T products before autumn.
Stewart Warner Microelectronics, on the other hand,
thought there was a larger potential in prr, and dropped
its TTL line during a management reshuffle months ago.

Turnover of top personnel has plagued almost all the
1ic producers. After Ford Motor bought General Micro-
electronics Inc. last year, the two top marketing men of
the latter company, the operations manager, the mate-
rials manager, and half the r&p staff left. Westinghouse’s
Molecular Electronics division has had three general
managers in less than a year. Fairchild Semiconductor
lost its general manager and five other key executives
to the National Semiconductor Corp. And some execu-
tives at its IHong Kong facility have joined 1t Semicon-
ductors’ new plant in Portugal. Texas Instruments and
11T Semiconductors in West Palm Beach have changed
division managers in the past seven months. Marketing
managers have left Fairchild and Philco-Ford this sum-
mer. At Signetics, which underwent a major reorganiza-
tion four years ago, James Riley, president, boasts he
now has the senior management team in the industry.

Some of the customers—and potential customers—are
having almost as worrisome a time. At consumer elec-
tronics firms, engineers are studying a variety of new
1c products designed specially for consumer products,
but they are going slow on ordering them [see page 123].
One reason is that there still is a question about relia-
bility, and another is cost. But equally important is a
reluctance on the part of consumer firms to use some-
thing so new they don’t completely understand it.

The market for 1c’s in autos, considered only a few
months ago to be potentially the second largest after
computers, has foundered on the shoals of reliability
and cost. The comedy of errors that marked the develop-
ment of a voltage regulator [June 26, p. 46] over the
past year has set the widespread adoption of 1c’s by car
makers back at least two years—despite Pontiac’s an-
nouncement of an optional 1c regulator for 1968 models.
Westinghouse, which started it all when it built a mono-
lithic regulator for Ford in early 1966, has withdrawn
from the auto market temporarily, and so has Fairchild.
Development activity has cooled even at Philco-Ford’s
Microelectronics division, despite its tie to Ford Motor.

Among instrument companies and systems designers,
the battle over whether to choose home-grown 1c’s or
off-the-shelf units is raging furiously. Hewlett-Packard
and many of the large systems companies feel they
must have their own capability to protect proprietary
secrets and to maintain their percentage of value added.
There are reports of a small boom in sales of such ma-
chinery as bonders and microscopes (primarily to make
hybrid circuits in small volume) to these companies.
Other firms, however, like General Radio and Beckman
Instruments, believe equally strongly that they can do
everything they need to do with off-the-shelf circuits.

The companies looking for a single answer to all these
problems are in for a big disappointment (there ought
to be as many answers as there are companies). For how
each company adapts to integrated electronics will de-
pend on its management’s strengths and weaknesses, its
philosophy, its product lines and its resources.
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Does CLIFTON Make Servo Packages ?

Sure, it’s a Big part of our Business !

TACAN
RANGE AND

BEARING COUPLERS

DISCRETE MESSAGE INDICATOR
DATA LINK SYSTEMS

AUTOMATIC
STABILIZATION
ACTUATOR—SEA KNIGHT
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ANTENNA
CONTROL REPEATER
ELECTRO-MECHANICAL or SOLID STATE

Our Special Devices Group for the past 10 years
has designed, developed, and manufactured an ex-
tremely wide variety of electro-mechanical and elec-
tronic packages for aircraft and ground support
equipment. We are also well versed in the solid state
technology which is replacing electro-mechanics in
some instances. We are flying in the F-111, A7A,
CH47A, 727 and dozens of our country’s most impor-
tant aircraft.

In your next “make or buy” situation, let Clifton
engineering solve your problem—and with CLIFTON
QUALITY builtin! —

For further information call your local Clifton Sales
Office or Ed Fisher 215 622-1000; TWX 215 623-1183,

CLIFTON [E

DIVISION OF LITTON INDUSTRIES
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Monolithic IC's
out of MERA radar

New code technique
thwarts snoopers

A-c tester challenges
d-c wafer probes

The CBS playback:
a revolution
in data retrieval?

Electronics Newsletter

September 4, 1967

Texas Instruments, which has been plugging the monolithic microwave
IC approach for its X-band phased array radar being developed for the
Air Force under Project MERA, has now decided to use hybrid IC’s
instead. The reason: monolithic costs were too high, says Thomas Hyltin,
an R&D manager at TI.

TI made a transmit-receive switch [Electronics, Jan. 23, p. 76], a 500-
megahertz i-f preamplifier, and an X-band balanced mixer in monolithic
form. Hyltin said they all worked well, but contained such elements as
p-i-n diode switches, microwave transistors, and Schottky barrier diodes,
which couldn’t be fabricated simultaneously by monolithic processing.
Since TI wanted to combine several circuit functions under a single, inex-
pensive fabrication process, hybrids won out.

Agonizing over the decision to switch to hybrids caused some delay in
the Air Force program, according to some industry sources. The X-band
array now is expected to be completed by next April.

Programable coding is one of the new techniques being demonstrated to
law-enforcement agencies for voice-privacy radio systems. Requirements
for riot control and stepped-up battles on urban crime have increased
interest in squad car, aircraft, and portable radios which cannot be moni-
tored by eavesdroppers with commercial receivers. Most scrambling
systems invert the voice signal in a balanced modulator, transpose slots
in the voice spectrum, or distort the signal in phase. The new technique,
developed by Technical Communications Corp., Lexington, Mass., uses
an encoder-decoder. The codes can be changed daily or even hourly, and
the number of possible combinations is so large that the chances of
breaking it are remote. In addition, the system’s security is protected even
if a unit is stolen or copied.

The first commercial system for a-c testing of integrated circuits on the
wafer has been demonstrated by E-H Research Laboratories in Oakland,
Calif. Based on a switching-time converter for making nanosecond time-
interval measurements and a strobing voltmeter for fast waveform meas-
urements, the tester can be used with standard commercial wafer-probes.
Its price ranges from $28,775 to more than $100,000 for fully automated
versions with core-memory elements.

E-H is challenging the concept of d-c testing. Earlier a-c testers were
designed to make tests on packaged IC’s just prior to shipment; wafer
testing was handled by d-c testers. But, says E-H applications engineer
James E. Fisher, “except for leakage, we don’t see any reason to make
d-c tests at all.”

CBS Laboratories’ Electronic Video Recording (EVR) development,
which hit the entertainment and education market with a bang last week,
may have an even heavier impact on information storage and retrieval.
For example, EVR, a film process which allows the playback of television
and motion pictures through conventional tv receivers, is a natural to be
combined with CBS’s Linotron electronic typesetter [Electronics, April
13, p. 113]. EVR developer Peter C. Goldmark, CBS Labs president,
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Victory expected
by backers of
parameter shift

Tl gets new lead
on heat sinks
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acknowledges that the new recording and playback technique and
Linotron would make a “perfect marriage.”

By replacing the Linotron’s cathode-ray tube, now used to generate
letters and numbers for phototypesetting, with EVR’s electron beam
scanner, pages of text could be recorded as speedily as EVR records
tv signals. An entire encyclopedia could be recorded on a single reel
of film, says Goldmark, and any tv receiver could be used to view the
filmed pages. CBS Labs undoubtedly has plans in this area, and probably
will develop systems to compete with magnetic tape for computer data
storage. EVR has a storage capacity 15 times that of magnetic tape.

In EVR, electron beam scanning exposes a special film (neither silver
halide nor thermosetting plastic) and processing is required. The record-
ing appears as two rows of frames down the 8.75-mm. film. For mono-
chrome recording, each row carries a different program; for color,
one row carries chrominance and the other luminance information.

First playback devices should be in schools by late 1968 playing canned
educational tv programs. Shortly thereafter, playback units for home tv
will go on the market at a price substantially below the originally quoted
$280, Goldmark predicts. Film cartridges will cost between $7 and $14.

On playback, the film passes before a flying spot scanner and the
resulting amplitude-modulated light is picked up by a photomultiplier
tube. The signal is then converted to a video waveform which modulates
a tv carrier frequency; this is then piped into the home set directly
through the antenna terminals.

Manufacturers of high-frequency transistors who have been pushing
revised semiconductor characterization parameters got stronger than
expected support at last month’s meeting of the Committee on Industrial
Signal Transistors (JS-9). The upshot is that by early 1968 they’ll likely
have permission from the Electronic Industries Association to use either
S, Y, or both parameters on their data sheets. This will benefit not only
transistor manufacturers, but makers of high-frequency test equipment
geared to S parameters as well.

Such device makers as Texas Instruments, KMC Semiconductor, and
Raytheon have maintained [Electronics, July 24, p. 25] that S parameters
are more realistic than Y parameters with devices operating at 500
megahertz and higher because they're geared to typical operating condi-
tions, are easier to use and measure, and are compatible with Smith
charts, the predominant high-frequency/microwave design aid.

A new heat-conducting technique, combining a silver-coated, copper
alloy collector lead with a larger copper island on the printed circuit card,
may gobble up a part of the transistor heat-sink market. Texas Instru-
ments says it has been able to raise the power-handling capabilities of
small-signal devices (less than a watt) to medium power levels of several
watts with the new approach. This arrangement dispenses with costly,
cumbersome heat-sink assemblies, TI claims.

The new lead material is incorporated on a new series of plastic-
encapsulated transistors intended for consumer equipment. TI says the
units, when used with the modified pc board, have about twice the heat-
dissipating capabilities of higher priced, electrically comparable tran-
sistors in metal cans. TI plans to add the new lead material on more of
its discrete semiconductor lines, including industrial units.
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OAK MANUFACTURING CO.

...for over 35 years the
leader in rotary switches, pio-
neer of many new advances
including double-wiping con-
tacts. Oak is also a leader in
pushbutton, lever, slide and
snap switches; rotary sole-
noids and choppers. Oak FM,
VHF & UHF television tuners
can be found in most major
brand name sets.

MARCO-OAK

...serves our pushbutton
world by showing “what’s
going on.” Customers rely on
Marco-Oak lighted pushbut-
ton and matching indicator
lights for applications far
more complex than car radios.
They’re used in such applica-
tions as computers, missile
ground controls, aircraft, util-
ity and industrial instrument
panels, TV broadcasting.

O/E/N produces quality components...our customers build
them into circuitry. We’re their main source for an ever-
widening variety of products. The one common denomina-
tor is engineering excellence, built into components pro-
duced by every O/E/N subsidiary or division described
here. Write for Facilities and Capabilities brochure.

MCCOY ELECTRONICS CO.

... makes quartz crystals and
assemblies to keep radio
transmitters and receivers
““on the beam.” Such precise
frequency control requires
exacting manufacturing tech-
niques—thickness accurate
to .000001”, cutting to 1/300
of 1° of angle accuracy, her-
metic seals for protection.
McCoy crystals are the high-
est quality available and per-
form in severe environments.

O/E/N

HART MANUFACTURING CO.

..."turnsthingson” with
relays for household and
commercial appliances, high-
current relays for industry,
and miniaturized relays for
missiles and computers. Also
thermostats, rotary and snap-
in toggle switches, pilot lights.
The complementary Phillips-
Advance line of relays serves
the electronics and commu-
nications industries.

O0AK ELECTF!D/NETICS CORP

CORPORATE OFFICE
CRYSTAL LAKE, ILLINOIS 80014




Don't sit there
wishing your

support people "

knew more
electronics...

dos

Look over your men, Pick out a
few who are intelligent enough to
profit from more education in
electronics, ambitious enough to
work hard to get it. Send us their
names and addresses. We’'ll send
them complete information about
CREI Home Study Programs in
Electronics, tell them how these
programs have helped thousands of
young men increase their value to

some of your men
may enroll. Why

omethin

without traveling to classes. We'll
give them the names of the more
than 80 leading scientists and
engineers who help us develop and
update programs related directly to
the needs of industry.

Yes, we’ll do all that. If you're lucky

Y% &«
. N Ky, . e -
- e . -
- o

- . ‘__.——..?

~

CREI Programs cover these special-
ized areas of advanced electronics:

e Communications Engineering *
Aeronautical and Navigational Engi-
neering » Television Engineering e
Computers » Nuclear Instrumentation
and Control « Automatic Control En-
gineering + Missile and Spacecraft
Guidance « Radar and Sonar Engi-
neering « Nuclear Engineering Tech-

Founded 1927

-«

not give ita try? c

Fill out the coupon m
and getitinthe oo
mail today.

their employers. We'll explain how
they can study at home, at their
own pace, on their own schedule

nology e Industrial Electronics for
Automation « Computer Systems
Technology.

Accredited Member of the
National Home Study Council

CREI Name__ s 8 - R — e =
THE CAPITOL RADIO ENGINEERING INSTITUTE AL s -
A Division of McGraw-Hill, Inc. City. State Zip Code = T
Dept.1809E-1,3224 Sixteenth Street, N.W. 2
Washington, D.C. 20010 e — -

Address_________ e
Gentlemen: The men listed at right are high school graduates - ;
working in some phase of electronics. Please send them your e Siate =S —— -
FREE book, ‘“How to Prepare Today for Tomorrow’s Jobs” and Name. o -
complete information about CREI Home Study Programs.

Address_ —
And please send me the free brochure which tells how we can city State Zip Code -
use CREI Home Study Programs to supplement our educational
program for electronics personnel. Name. . = SN
Naie Address.
Title_ B - City. State Zip Code. —
Company. Name — — =
Address = RS - Address
City. State__ ZipCode_____ City. State. Zip Code

(Not enough room? Attach sheet of paper with additional names and addresses)
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Good, old-fashioned, Scottish thrift.

We’ve become so thrifty at Honey-
well that we’ve pared the prices of
taut-band meters down even lower
than the prices of pivot-and-jewel
*meters. (About 109, lower, on the
. average.)

Now, if your shrewd business sense
tells you we’ve left something out,
, you’re right. .

We'veleft out half =~ > 7

o ‘

| |
; ki

the parts. (All the unneces-
sary ones.) Which doesn’t
make the meter less sophisti-
cated. Just less complicated.

This taut-band meter is so
ingeniously simple, there’s hardly
anything to go wrong.

There’s no friction in the moving
system, so the pointer doesn’t stick.
(Better readout accuracy and repeat-
ability.) And the meter’s self-shielded.

What’s the secret of

The low-cost taut-band meter
' from Honeywell. It comes in just

about any style you’d like. Write
Honeywell Precision Meter Divi-
sion in Manchester, N.H. 03105 and
we’ll send you a brochure with all the
sizes, styles and prices.

Y

0
S W
s

wv MILLIAMPERES

; Honeywells taut-band meter success?




FAIRCHILD INSTRUMENTATION / A Division of Fairchild Camera and Instrument Corporation ®

475 Ellis Street, Mountain View,

California 94040 (415) 962 2011 ® TWX. 910 379 6694




. 51150 will get you
our Model 7000 DVM:
0.01% accuracy,
100,V resolution,
noise rejection,
stability, and 707

- integrated circuitry.

" Reader Service
No. 71 will get you
full information.
Free. ===
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IF YOUR PLATES DON’'T LOOK LIKE THIS ...

i
-

-
-

THEY SHOULD!

...and can, if they're Elco Variplates’

The wired side of a plate doesn’t just want to
look pretty. It has to look pretty. Here's why.

The wire wrapping method of termination is
mechanically stronger and far more economical
than the old soldered method. Programmed wire
wrapping machinery eliminates the possibility of
human error. Wires can be dressed for maximum
density and elimination of cross-talk. Three-level
termination and ease of future wiring changes are
more practical benefits.

Beauty is more than skin deep, and that’s where
Elco comes in. Programmed wrapping equipment
demands tight tolerances. The plates must be

32 Circle 32 on reader service card

hole-punched accurately. When you're punching
hundreds (or thousands) of holes, the metal ex-
pansion rate can be a large factor. Stand-offs
must align perfectly and be pull-out proof. Our
precision machining achieves guaranteed, micro-
inch tolerances.

And Elco’'s complete line of component con-
nectors offers yoy more design freedom than you
need. Our vast array of connector styles, sizes and
contact configurations can fill your functional
needs.

So, if your plates don't look like ours, give us
a holler. Elco Corporation, Willow Grove, Pa.
19090; (215) 659-7000. Where your design ex-
pectations take shape.

*TRADEMARK

Elco
Connector
Technology . . .
20 years
young
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Every military 1€ must operate at temperatures
from-55C to 125 C in our test chambers.

In order to pass its final test, each Sylvania 1C must
operate in four consecutive temperature-controlled
chambers while a computer records the parameters
of each circuit. We call this ultimate testing equip-
ment ‘‘Mr. Atomic’’—a system with a capacity of
about a quarter-million ICs a week.

In each ‘‘torture chamber,’’ the ICs are automati-
cally inserted in a wheel that rotates them to the test-
ing point while they 're stabilized at test temperature.

The temperature of the first chamber is 75° C. The
second is 0° C. The next is 125° C. Then, —55° C.
In these four chambers, up to 100 D.C. tests are auto-
matically performed. A fifth testing station, main-
tained at 25° C, tests up to 30 switching parameters

accurately down to a few
nanoseconds. (See inset).
Each input is individu-
ally tested.
Then Mr. Atomic (for
Multiple Rapid Auto-
matic Test of Monolithie
Integrated Circuits) di-
rects the circuits to any of 20 bins, according to
the computer’s priority programs. You get only eir-
cuits that are fully guaranteed at temperature
extremes—not at just room temperature only.
Sylvania Semiconductor Division, Electronie
Components Group, Woburn, Massachusetts 01801.

SYLVANIA

SUBSIDIARY OF

GENERAL TELEPHONE & ELECTRONICS

Circle 33 on reader service card
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A complete line of high=quality
miniaturized coaxial devices—
smaller,lighter,lower-priced!

Now available —off the shelf —from Microlab/FXR! A complete
line of minaturized attenuators, terminations, crystal detectors,
resistive and reactive power dividers, low pass filters, hybrids,
and directional couplers! All with MFM connectors! All useable
to 12.4 Ge; some, to 18 Ge! All with specs that fair exceed other,
higher priced units!

For example, check these attenuator specs:

ATTENUATION | ACCURACY MAX. LENGTH WEIGHT PRICE
(db) (dh) VSWR (in.) (0z.)

3 0.75 1.5 14 0.5 55.00

6 0.75 1.5 14 0.5 55.00

10 0.75 14 1.4 0.5 60.00

15 0.75 14 14 0.5 60.00

20 0.75 14 14 0.6 60.00

30 1.00 1.4 1.8 0.6 65.00

40 1.00 1.4 1.8 0.6 65.00

Right now, 28 models of 8 basic product lines are avail-
able for immediate delivery; additional lines are on their
way. What’s more, wide use of interchangeable parts
means that large-quantity orders can be filled readily
and “specials” designed for you quickly. Write for com-
plete information.

FREE'! New Catalog 17—showing com-
plete specs of these new miniaturized
devices, plus thousands of other micro-
wave products. Circle the Reader Ser-
vice Card or write us. Address: Dept.
E-59.

MICROLAB/FXR

Livingston, New Jersey 07039 Phones: (201) 992-7700; (212) 721-9000
Cable Address: MICROLAB
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uaE/Optimity
: in control
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In contemporary data processing,

CI t In every type of electrical/electronic operation, Clare capability
are pu S yOU can put you in control. Your responsibilities may involve high-
speed data processing systems, or demanding industrial process

in ContrOI control. Multi-channel communications networks, or instru-

ments of utmost accuracy. Aerospace or ground support sys-
tems, where perfection is expected—and delivered.

Everywhere contact switching can optimize control systems—
wherever long life, high reliability, advanced capability, and
maximum economy are needed—Ilet Clare put you in control.

C. P. Clare & Co.—worldwide.

Clare contact switching...for optimity in
Industrial Process Control  Electronic Data Processing Aerospace and Ground Support Communications  Instrumentation

-4 0
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simple
direct
measurements
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10 KHz 10 1 GHz

the first rf voltmeter to offer:

M 50 uv readings with 20 uv resolution
B *+5% measurements at 700 MHz (usable to 2 GHz)

M Linear scale, all ranges

M Recorder and “sample hold" outputs
B Probe with measurement retention

M Priced at only $650!

The Hewlett-Packard 3406A RF Voltmeter provides greater
accuracy and sensitivity over a broader frequency range than
any comparable instrument available...and at only $650!

The sampling technique employed in the voltmeter provides
a “sample hold” output, which permits high-frequency peak
measurements with a low-frequency scope, as well as true rms
measurements, when you use the 3400A RMS Voltmeter.
The 3406A/3400A combination costs just $1175 for true rms
measurements to 1 GHz. The 3406A, with a scope such as the
HP 120B Oscilloscope, permits visual measurements over the
same bandwidth for just $1145!

Ideal for such applications as radar, high-frequency com-
munications, telemetry and research and development labs,
where measurements with this resolution and at these fre-
quencies previously have been impossible.

Extra features include a front-panel calibrator, pushbutton
range selection and the pushbutton probe which allows re-
tention of a measurement. Accessories include the 11072A
Isolator Tip, furnished with the instrument, plus these Kits,
which increase the flexibility of the 3406A:

11064A Basic Probe Kit ($100) 1071A Probe Kit ($185), same as 11064A

11063A 50 Ohm "T* plus: 11073A Pen Type Probe
11061A 10:1 Divider Tip 10219A Type 874A Adapter
10218A BNC Adapter 10220A Microdot Adapter

(0950-0090) 50 Ohm Termination 11035A Probe Tip Kit

Ask your Hewlett-Packard field engineer for complete specifica-
tions. Or, write Hewlett-Packard, Palo Alto, California 94304.
Europe: 54 Route des Acacias, Geneva.

1976R

HEWLETT hp PACKARD
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Do All Low-Cost
Medium-Current

Plastic Transistors

Offer Only

Skeleton Specs?

Not These!

Scan all the data sheets — no other complement-
ary plastic devices offer such complete specifications
in the medium-current range as Motorola's
UNIBLOC* 2N4400-03 switching & amplifier series
at these low prices. Look at the design freedom you
have!

e Gain guaranteed from as low as 100 1A to
500 mA

e Complete h-parameters

e Switching times specified

e Saturation voltages at two operating levels

Your circuit possibilities multiply . . . you can
simplify your circuitry . . . achieve new levels of per-
formance efficiency . . . cut down on preliminary trial
and error or lengthy test procedures . . . use one de-
vice in place of many.

What’s more these silicon annularf transistors

~ where the priceless ingredient i care!

Electronics | September 4, 1967

NPN PNP
2N4400|2N4401 2N4402| 2N4403
BVeeo (Ic = 1 mA) 40 V min 40 V min

40 min | 80 min| 50 min|100 min
50 min {100 min| 50 min| 100 min

hee (|c =10 mA)
(lc = 150 mA)

Vee ety (Ic = 150 mA) 0.4 V max 0.4 V max

Prices (5,000-up) 28¢ | 35¢ | 28¢ | 35¢

have the rugged, solid, one-piece UNIBLOC plastic
package to guarantee optimum reliability and per-
formance . . . and easy-to-take low prices — 28¢ and
35¢ each in 5,000 - 9,999 quantities.

Check your franchised Motorola distributor. He
has full stocks of the 2N4400-03 series. For produc-
tion quantities, see your Motorola representative.
Details available from Motorola Semiconductor
Products Inc., Dept. TIC, Box 955, Phoenix, Arizona

85001.

*Trademark of Motorola Inc.

tAnnular semiconductors are
patented by Motorola Inc.

MOTOROLA

Semiconductors
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Attitude, Temperature, Oil Pressure, Hydraulic Pressure, Fuel Flow,
Fuel Pressure, Flap Position, Trim-Tab Position, Radar Altitude,
Tachometer, Torque, Pressure Ratio, BDHI, RMI, Angle of Attack, etc.

Most of the world’s best pilots won't make a
move without checking our instruments.

U. S. military aircraft have more Bendix® instruments aboard than those of any other company. We
think this says something about their technical excellence and reliability. How can we put this
capability to work for you? Call or write the Flight & Engine Instruments Division, Montrose, Pa.

Bendixg Aerospace
Products
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Computers

Traveling memory

Few people—especially U.S. Cus-
toms officials—are startled by the
contents of a traveler’s overnight
case, but how often does anyone
see a computer memory tucked
away in a 2l-inch suitcase? That’s
how engineers at Bunker-Ramo’s
Defense System division packaged
the 1,024-word, 30-bit low-power
metal oxide semiconductor mem-
ory they built under contract to the
Air Force Systems Command’s
Avionics Laboratory at Wright-
Patterson Air Force Base.

The memory is significant for sev-
eral reasons: it operates on much
lower power and it’s priced com-
petitively with conventional memo-
ries. Although no applications have
been spelled out by the Air Force
or the company, M.E. Mohr,
Bunker-Ramo’s president, noted re-
cently that completion of the proj-
ect led to another Air Force award
“to study the technology in imple-
menting a low-cost inertial guid-
ance computer for air-to-surface
missiles.”

George V. Podraza, an engineer
for the Canoga Park, Calif., firm,
says the nondestructive readout
memory was put into a suitcase to
simplify transporting it. Podraza is
on a team headed by Samuel Nis-
sim, manager of advanced com-
puter technology, which developed
the memory.

A feasibility model—including a
breadboard exerciser that isolates
faults down to the individual flat-
pack level—was given a prelimi-
nary evaluation by the Air Force
and is now back at Bunker-Ramo
for further demonstrations. It faces
extensive evaluation at Wright-Pat-
terson in about a month. Dewey
Brewer, a computer subsystems
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project engineer at the avionics
laboratory, described the memory’s
performance during initial tests as
very good.

Could be smaller. The memory
consists of 480 flatpack integrated
circuits, each with 64 memory ele-
ments on an 80-by-100 mil chip.
Podraza emphasizes that no at-
tempt was made to shrink the size
of the memory array, adding that
the 480 chips, made by Philco-
Ford’s Microelectronics division,
could be further reduced to a 1%-
inch square thin-film substrate, if
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the Air Force says it’s necessary.

The objective is to develop a
low-power random-access scratch-
pad Mos memory priced competi-
tively with other types of memo-
ries. The entire memory, excluding
the exerciser but including the
peripheral circuitry—address, write
drivers, sense amplifiers, and tim-
ing circuits—consumes only 3%
watts; the Mos memory storage re-
quires just 1 watt. The demonstra-
tion model uses a standard 115-
volt a-c power supply.

One industry observer says that

Suited for apace. Bunker-Ramo’s experimental memory, which fits
into a 21-suitcase, operates on very low power.
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comparable memories, using plated
wire or magnetic cores, require
power an order of magnitude
greater than the Bunker-Ramo unit.

“This memory gets competitive
with magnetic cores at small sizes,”
claims Podraza, “because we have
a high-amplitude readout signal.
We don’t need very elaborate sense
amplifiers.” He says the chip cost
works out to about $1 per bit, but
expects the cost per bit can be cut
to 25 cents as yields and processing
techniques improve. This compares
with present costs of between 50
cents and $10 per bit for registers
and high-speed scratchpad memo-
ries.

Faster yet. Podraza explains that
faster memories have been built,
but that with a cycle time of 1
microsecond, the Bunker-Ramo
memory speed is significant when

Electronics Index of Activity
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balanced against power dissipation.
He says that core memories have
been built with 100 nanosecond cy-
cle times, but they require three
times as much power as the suit-
case memory.

Brewer notes that complemen-
tary mos memories should be faster
than Bunker-Ramo’s p-enhance-
ment unit, but nobody has built
such a memory, as far as he knows.
He says the suitcase memory could
find application in scratchpad aero-
space computers where extremely
low power is important.

Bipolar technology is employed
in the peripheral circuitry, with
some bipolar 1c’s in the address de-
coder. The bipolar devices drive
the large memory capacitance—
several hundred picofarads — at
fairly high speeds, says Podraza.
But bipolar technology doesn’t al-
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Segment July June July |
of Industry 1967 1967* 1966
Consumer electronics . ......... 78.8 123 100.7
Defense electronics . ..... . . 140.9 141.4 124.1
Industrial-commercial

electronics ..., .. .oia 119.7 1183 118.3
Total'industry .. ... . ... . 124.0 122.9 118.4

Volume of electronics production increased more than 1 index point in July
and stands almost 6 points ahead of the July, 1966, level. Consumer pro-
duction was the strongest gainer, surging more than 6 points in July but
remaining more than 20 points below the year-ago pace. Output of defense
electronics dropped half a point in July, but it still shows the strongest
year-to-year gain of any industry segment, up nearly 17 points.

Indexes chart pace of production volume for total industry and each segment. The
base period, equal to 100, is the average of 1965 monthly output for each of the
three parts of the industry. Index numbers are expressed as a percentage of the

base period. Data is seasonally adjusted.
* Revised.

low application of large-scale inte-
gration to the memory chips, says
the Bunker-Ramo engineer. “We're
getting three to four times as many
memory cells on a chip with mos
techniques.”

Real-time Fourier coefficients

About a year ago two scientists
dreamed up a way to compute the
Fourier coeflicients of a complex
waveform thousands of times faster
than ever before [Electronics, Oct.
3, 1966, p. 52]. And engineers at
Bell Telephone Laboratories subse-
quently asked themselves, “Why
can’t we build the Cooley-Tukey
algorithm (named after the scien-
tists who worked it out) into a ma-
chine that computes Fourier coeffi-
cients in real time?”

They could and they did. The
processor, built for research in sig-
nal processing, generates the dis-
crete Fourier transform for audio
signals as fast as the signals come
in.

It is connected to an mBM 1800
computer, a small machine gener-
ally used in process-control appli-
cations, but it is producing results
as much as 20 times as fast as
the laboratory’s giant ce 635 com-
puter.

Richard Shively, an engineer at
Bell Labs, will describe the ma-
chine at the e Computer Confer-
ence in Chicago this week.

Samples of segments. The proc-
essor divides up a waveform, which
might be that of a voice on a tele-
phone wire, for example, into seg-
ments a fraction of a second long.
It then samples each segment at
a frequency which is at least twice
the bandwidth of the incoming sig-
nal. From the amplitudes measured
at each sample the processor com-
putes the Fourier coefficients for
that segment while the following
segment is being sampled.

The highest Fourier coefficient
that the machine can generate is
related to the sampling frequency
and to the desired resolution. For
example, if the input signal is di-
vided into segments 1/25 second
long, the machine will provide the
Fourier coefficients for a funda-
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mental frequency of 25 hertz and
for multiples of 25 up to half the
sampling frequency. If the signal
has a bandwidth of 5 kilohertz, then
the sampling frequency must be at
least 10 khz; for that sampling fre-
quency, the highest harmonic will
be 5 khz.

Longer segments of the input
signals will provide better resolu-
tion. Suppose a signal of 8-khz
bandwidth is divided up into 1/10-
second segments and sampled at 20
khz; the machine then generates
the Fourier coefficients at 10 hz
and multiples thereof up to 10 khz
—a string of 1,000 numbers that
defines the waveshape of the orig-
inal signal with great fidelity. And
this is nowhere near the capacity
of the machine, which can process
up to 8,192 samples of one segment.

Band aid. Bell Labs plans to use
the new machine only as a research
tool. But the Fourier coefficients
of any kind of signal could be
transmitted digitally as part of
a frequency-multiplexing scheme,
and the signal could then be recon-
structed at the receiver. Or the co-
efficients could be transmitted di-
rectly in analog form, particularly
where higher frequencies are in-
volved. Either method of transmis-
sion would make more efficient use
of the transmission bandwidth
than direct transmission of the sig-
nal itself.

In another application the Four-
ier processor could be connected to
a seismic monitoring system to pro-
duce a continuous string of coeffi-
cients for seismic noise. When a
different signal arrives, masked to
some extent by the noise, the
changing coefficients would signal
a distant mild earthquake or per-
haps an underground nuclear blast
—and the indication would be now,
not tomorrow or next week.

Best route. The processor could
also help achieve the best data-
transmission rate on lines whose
parameters vary from route to
route. A telephone connection be-
tween two computers in New York
and Los Angeles may be via Mem-
phis in the morning and via Chi-
cago in the afternoon, and the char-
acteristics of the two lines may
differ.
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Space electronics

Repair on the wing

Computer designers, who are
aware that there are no repairmen
in space, are turning to machines
that both diagnose and repair
breakdowns without outside help
and without significantly interrupt-
ing computations.

In one project, called star for
self-testing and repair, Jet Propul-
sion Laboratory researchers are
going one step further: they’re de-
veloping a computer that performs
most of its diagnosing work with
hardware—not software—thereby
cutting costs and saving computer-
memory space.

Directed by Algirdas Avizienis,
who is also on the engineering
faculty at the University of Cali-
fornia at Los Angeles, the project
is funded by ~xasa. The goal is a
computer unattended in a space-
craft for 10 years. As yet, a specific
mission for the computer hasn’t
been chosen.

First step. So far, the arithmetic
processor and one of the “bus
checkers” vital in the system’s con-
current diagnosis scheme—diagno-
sis during computation—have been
breadboarded. The goal is to have
the entire computer breadboarded
by the end of 196S. “We felt the
arithmetic processor had to be
built first because it’s the most de-
manding part of the task,” says
Avizienis.

Avizienis cites two critical de-
sign problems to be solved before
an arithmetic processor can per-
form concurrent diagnosis: devis-
ing a way to indicate when a func-
tional unit in service needs repair,
and choosing the most reliable
way to deactivate the faulty unit
and activate a standby unit. The
jrL researcher says his group chose
to do all switching at the power
source for each subsystem rather
than on the wires that connect sub-
systems.

Three schemes. To achieve con-
current diagnosis, the jrL team em-
ploys conventional 32-bit binary
numbers for all computer words.
Three different error-detection

schemes are used. Arithmetic oper-
ands fed into the machine are 28
bits long and are multiplied by 15
as they are entered. Thus, all num-
bers being processed are multiples
of 15. The multiplication adds four
bits to the 28-bit word for a total
of 32. The result of every operation
is also a multiple of 15; a checking
unit divides every such result by
15. If the remainder isn’t 0, an error
is signaled. The number 15 in bi-
nary form is 1111, and the choice
of this particular number is related
to the sTAR computer’s execution of
arithmetic operations in four-bit
bytes.

The computer’s instructions are
also 32 bits long, and comprise a
12-bit operation code and a 20-bit
address. The 12 bits in the opera-
tion code are divided into four-bit
bytes, each of which consists of
two 1 bits and two 0 bits. If any
byte is detected containing one or
three 1 bits during the interpreta-
tion of an instruction, an error is
signaled.

Addresses are specified by four
4-bit bytes, that are encoded by a
multiplication process similar, but
not identical, to that used for arith-
metic operands, adding another
four bits for a total of 20.

Avizienis maintains that the mul-
tiple-of-15 code will detect 14 out
of every 15 errors that can occur.
The probability of the 15th error
occurring, he says, is very small
and can be tolerated. Thus, there is
no need for a special diagnosis pro-
gram, allowing the diagnosis func-
tion to be implemented in hard-
ware.

All units in the sTAR computer
that have been built use low-power,
diode - transistor - logic  integrated
circuits from Fairchild Semicon-
ductor’s Micrologic line.

Standby system. Once an error
is detected, it is directed to a con-
trol and diagnosis unit, which then
momentarily interrupts the com-
putation and attempts to restart it
from a given point. If the fault
reoccurs a standby subsystem is
ordered into service. If a fault is
detected in one of the three con-
trol and diagnosis units that run
constantly and simultaneously, the
other two deactivate the faulty unit
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and a spare is put into service.

Avizienis says there might be
one or two spare control and
diagnosis units, depending on the
duration and complexity of a space-
craft mission. He adds that each of
these units has been designed as
small as possible to compensate for
the power drain caused by three
running at the same time. The Fair-
child 1c’s in the breadboard have
typical power drains of less than 1
milliwatt per gate and less than 4
milliwatts per flip-flop.

The completed computer will
employ a read-only braid memory
to be supplied by »it’s Instrumen-
tation Laboratory [Electronics,
May 1, p. 88], and a braided read-
write memory from General Pre-
cision’s Librascope group, which
has just been awarded a subcon-
tract. Librascope’s memory will
have a nondestructive readout.
These units, along with the control
and diagnosis unit that is being de-
signed by Stanford Research Insti-
tute, are the only subsystems of
the sTAR computer that aren’t be-
ing built at jrL.

Industrial electronics

Touch-tone testing

A significant step toward automa-
tion of production processes will be
taken this month by the Western
Electric Co., manufacturing arm of
the Bell System, at its Merrimack
Valley works in North Andover,
Mass. An on-line production in-
formation system—one of the first
random-access computer-monitor-
ed process systems in the U.S.—
will be put into operation in the
crystal unit-fabrication shop.
Operators at 50 stations, equip-
ped with frequency and resistance
test sets, will have immediate ac-
cess to a Honeywell H-21 process-
control computer. Analog voltages
representing crystal-resistance
values, and digital signals for
crystal frequencies will be fed into
the computer through a multi-
plexer. The computer will then
compare the readings with stand-
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ards and generate
trouble spots.

“We hope to save about a half-
million dollars a year in reduction
of shrinkage,” says William D.
Watson, development engineer. A
$5 million-a-year operation, the
crystal shop usually has 40,000
units in production and test stages
at one time, The plant makes trans-
mission equipment for telephone
and television trunklines. Quartz
crystals are used by the thousands
in this equipment.

Western Electric’s long-range
goals include closed-loop computer
control of the crystal shop’s fre-
quency-adjusting facilities. The
first step is the real-time produc-
tion information system with on-
line monitoring of the testing func-
tion.

Finger tip control. A total of 250
work positions, including the 50
test stations, will also be equipped
with small input stations for enter-
ing manual data into the computer.
These are part of the Gates VIII
system developed by the Western
Electric Engineering Research
Center in Princeton, N.J. The term
Gates stands for the initials of the
men who developed it.

The input keyboards are modi-
fied touch-tone dialers similar to
those on many new telephones. The
stations will accept information di-
rectly from production workers on
all their significant activities—in-
cluding movement of product
lots, quantities, and observed de-
fects.

The system will permit identifi-
cation of production problem areas,
control of inventory, improved
scheduling of jobs and facilities,
determination of operator efficien-
cies, and reduction of supervisors’
paper work.

“I am convinced,” says Watson,
“that an effective shop-information
system must not flood supervisors
with information, but let them see
quickly those things on which they
must take action. It will give us a
handle on what is going on in
quality as well as inventory, and
will speed the feedback time, so
we can do something faster about
production and inventory prob-
lems.”

reports on

Unpunched. The real-time sys-
tem replaces a punched-card tech-
nique used in the last three years.

In the first phase, only the test
data will flow directly to the H-21
computer. The Gates VIII manual
data will be punched onto paper
tape for subsequent batch analysis
by the plant’s central computer.
Eventually, the paper tape will be
replaced by a direct connection to
the H-21 computer. There, the data
on the tape will be checked for
errors and then compiled with data
from the automatic test sets. The
total data stream will be recorded
on magnetic tape to be used by
the central computer for more de-
tailed off-line analysis.

Button pusher. The fully auto-
matic input stations for the real-
time system will be situated where
operators adjust the crystals, per-
form fine tuning, and do final test-
ing. A station consists of a Hew-
lett-Packard voltmeter and fre-
quency counter combined by
Western Electric engineers into a
frequency-resistance test set. After
the operator pushes a button, the
computer takes less than 2 milli-
seconds to communicate with the
set. The operator codes in the crys-
tal type. Then the signals repre-
senting frequency and resistance
values are sent to the computer
through the multiplexer, made by
Astrodata Inc.

The 50 test sets time-share the

Dialing trouble. Western Electric is
computerizing its testing of
crystals. Information is entered
through a touch-tone dial system.
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30-60 day delivery...

...helps you

meet tight schedules
when you use [/C
p-STORE core memories

Circle 43 on reader service card

Our one microsecond ICM-40 memories are ready now
to meet your tightest delivery schedule — 60 days or
less on standard models with capacities of 4,096,
8,192, 16,384 and 32,768 words.

If you've drawn a block marked ‘““core memory”
recently, let us show you p-STORE speeds, capacities,

and fast delivery capability. You'll find that both our

ICM-40 and 1CM-47 (670 nanosecond full cycle time)
have been designed to offer a custom solution to your
memory problems. Write for our new brochure. It sums
up all the facts. Honeywell, Computer Control Division,
Old Connecticut Path, Framingham,

Massachusetts 01701.

Honeywell

COMPUTER CONTROL

DIVISION
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multiplexer and computer so that
there is no noticeable wait for the
operator after the button is pressed
for a reading. It takes the system
5 milliseconds to perform the com-
plete recording cycle. Meanwhile
the computer has looked up the
tables of standard values and aver-
age readings, which are updated
daily.

Avionics

In competition

Nasa isn’t taking any chances.

At the agency’s Electronics Re-
search Center in Cambridge, Mass.,
work is stepping up toward the
development of strapdown inertial
guidance technology. Meanwhile,
right across the street at amit’s In-
strumentation Laboratory, work is
also stepping up on its develop-
ment of gimbaled inertial guidance
systems.

The two types of inertial sys-
tems—strapdown and gimbaled—
are competing for use on the super-
sonic transport and future space
vehicles, and Nasa has decided to
bet its money on both.

Research into strapdown systems
includes a $500,000 contract with
United Aircraft for the develop-
ment of a modular-integrated cir-
cuit computer for such a system.
And ~asa is about to award a
$300,000 contract for the design
and construction of a standard
strapdown system.

The inventor. Mir’s work—a
three-year, $7.9-million effort—is
for the development of advanced
gyroscopes and supersensitive solid
state sensors for gimbaled systems.
The project is under the direction
of C. Stark Draper, the founder and
director of the lab and the man
who’s credited with designing and
building the first inertial navigation
system.

Gimbaled systems—installed in
the Apollo spacecraft and in Po-
laris, Minuteman, and other mis-
siles—use a stabilized platform that
isolates vehicle motion from the
sensors and is initially aligned to
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inertial space—distant stars.

Strapdown systems are bolted di-
rectly to the body of the vehicle.
As it moves, the gyros and accel-
erometers move with it. Thus, it
must operate in a more severe en-
vironment and give measurements
over a wide dynamic range. A
newer technique, strapdown has
been tested on Air Force experi-
mental lifting-body vehicles and
on a Lunar Orbiter flight. A strap-
down system is the abort-guidance
method on the Apollo landing mod-
ule.

Most inertial-guidance special-
ists believe gimbaled systems offer
greater accuracy and performance
because the sensors operate in a
protected environment, but that
strapdown systems offer weight,
cost, reliability, flexibility, and
maintainability advantages for
some applications.

Open-minded. “We’re not hard-
nose about it, but there has been
continuing work on gimbaled sen-
sors and not enough on strapdown,”
says Richard ]. Hayes, the ~asa
center’s assistant director for guid-
ance and control research.

In theoretical studies sponsored
by the center, analytical-error
modes of new plug-in, self-align-
ing gyros are being established to
make tools for design trade-offs.

“There isn’t a gyro house in the
U.S. today that can handle the
whole problem,” says Hayes. “The
trouble is that the gyro design is
done by mechanical engineers, and
the electronics people are called in
afterwards to design a signal pick-
off loop around it. We're asking
companies to reassess their organi-
zations and capabilities, and work
toward integrated mechanical and
electronic design of new gyros.”

Meanwhile, the laboratory will
test and evaluate new sensor prin-
ciples, including the laser gyros
developed by Honeywell and
Sperry Rand. Laser gyros don't re-
quire warm-up time, are relatively
inexpensive and simple, and also
produce digital output for com-
puters.

On course

American Airlines is pushing ahead
with its in-flight testing of an iner-
tial navigation system, undeterred
by Pan American World Airways’
decision to drop the inertial system
developed by Sperry Gyroscope
[Electronics, July 24, p. 38]. A pro-
totype of Litton Industries’ LTN-51
system was installed last month on
an American Boeing 707 used for
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How to get a real reading on a resistor’s

true function... resistance.

That'’s right, we mean plain old elec-
trical resistance.

The problem with this particular
parameter it that it’s just too basic. It
doesn’t have the exotic intrigue of
such items as temperature coeffi-
cient, moisture resistance or load
life. As a result, almost everyone
takes it for granted—and naturally
neglects to verify whether or not the
resistance is actually being properly
measured.

For example, if you don't realize
the importance of using the proper
test voltage, you can get all kinds of
remarkable results.

The culprit in this case is the co-
efficient, not the component you're
measuring. You can decrease the
measured resistance of a carbon
composition resistor by simply in-
creasing the voltage applied. .. and
vice versa.

Now with low value resistors be-

low 100K improper applied voltage
won't wreck your readings since the
VC is comparatively insignificant. But
if you're measuring resistors above
100,000 ohms this voltage coefficient
can throw a real curve.

So what should your test voltage
be? According to EIA Specifications
RS-172, MIL-R-11, and MIL-R-39008,
resistors above 100K must be tested
at 80 to 100 volts.

Yet most commercial testing units
used by receiving inspection depart-
ments and component evaluation
laboratories apply, at most a mere 15
volts. So, unless compensation is
made for this Voltage Coefficient,
many lots of perfectly good resistors
which are well within the parameters
specified could be indicated as
somewhat beyond the limit.

Needless to say, Speer tests and
sorts all of its resistors at EIA/mili-
tary voltages.

In addition, we've prepared an ar-
ticle that explores this entire subject
in greater detail. This article has the
appropriately basic title: “Resistance
—How It Is Measured.” If you'd like
a copy, just mail the coupon.

Are you and your
inductor supplier committing
Typical Test Error #67

If you've been purchasing any of the
superb inductors manufactured by
our Jeffers Electronics Division, we
may well have warned you about this
error already.

It consists of failing to obtain cor-
relation between your supplier and
your own incoming, inspection, in
cases where inductance tolerances
of less than 5% are involved.

Ideally, this step should be com-
pleted before the actual manufactug-
ing operation starts. Your supplier
should measure and tag sample parts
and then forward them to you for
correlation.

There are seven other possible
errors that you should also be aware
of when you're using MIL-C-15305
testing procedures to measure in-
ductance and Q. We've covered a
number of these errors already. The
others will be along shortly.

St. Marys, Pennsylwania 15857

Speer Carbon Co. is a Division of
Air Reduction Company, Inc.

Rush a copy of “Resistance—How It
Is Measured.”

Name

Title

Company

Street
City

State Zip

o |
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The measured noise level of the 20
lines/sec Hewlett-Packard 5050A
Digital Printer is lower than an elec-
tric typewriter, making it quieter
than other printers in its speed and
price class. The removable plastic
hopper folds records in a neat stack
—seals in the noise.

Economical and rugged, the 5050A
uses photo-electric decoding and a
continuously rotating ink roller to
reduce the number of moving parts.
This results in less maintenance,
more reliable operation.

Print cycle time is 50 msec asyn-
chronous. It prints up to 18 columns
of 4-line BCD data from one or two
sources, even if they're in different
BCD codes (by changing print
wheel segments). Overall coding
can be changed by replacing the
code disc ($2.50).

Fully compatible with other HP
solid-state equipment, of course.
Price: $1750, plus $35/column.

For more information, call your
local HP field engineer or write
Hewlett-Packard, Palo Alto, Cali-
fornia 94304; Europe: 54 Route des
Acacias, Geneva.

HEWLETT W PACKARD

02709
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military charter flights to Vietnam.
Present plans call for the first of
six production systems to be air-
borne starting in October.

No land marks. Eyeing new Paci-
fic routes, American has an option
to buy up to 25 of the systems,
because the Pacific has few ground
navigation aids.

There are still problems to be
worked out in the system proto-
type, particularly with electrical
connectors. The second test flight
between Norton Air Force Base,
Calif., and Anchorage, Alaska, was
a washout. A wire came loose in
a connector and the navigation sys-
tem lost its memory.

Instrumentation

Burning up the track

Up until last year direct-writing
event and graphic recorders putt-
putted along at about a few hun-
dred hertz, while light-beam re-
corders pushed this speed up to
a few kilohertz. Then last fall
Honeywell broke the speed barrier
with an oscillograph [Electronics,
Nov. 14, 1966, p. 217] that pushed
the state of the art to 1 megahertz
—but at a price, $20,000. Now, a
small company in Norwood, N.J.,
Alpine Geophysical Associates Inc.,
has developed a machine that
promises to boost this speed at
least two orders of magnitude and
it'll cost only about $5,000 when it
reaches the market within a year.

So far the Alpine recorder has
attained speeds only equaling
Honeywell’s, but George Lehsten,
the inventor and Alpine’s chief en-
gineer, says, “We haven’t really op-
ened it up; it'll eventually be able
to record at up to several hundred
megahertz.”

Scratching the pen. The speed
breakthrough, in both Honeywell’s
and Alpine’s design, is achieved
by eliminating the traditional mov-
ing pen, which has always been a
drag on recorders.

Honeywell’s recorder uses a
cathode-ray tube to display the
image of a signal’s waveform. The

crt is connected, via fiber optics,
to light-sensitive paper for record-
ing the image. Alpine’s machine, on
the other hand, is much simpler. It
uses the old-fashioned Lecher wire
—the device that’s used to meas-
urc wavelengths—to both measure
a waveform and then literally burn
the image onto a swift-moving roll
of ordinary, inexpensive newsprint.

The Lecher wire is coupled to
a very-high-frequency oscillator,
which has a center frequency of
300 megahertz. The oscillator cre-
ates a voltage standing wave on
the Lecher wire; then, when a sig-
nal from a sawtooth generator va-
ries the oscillator’s frequency by
#+100 Mhz, the wave sweeps up
and down the length of the wire
much the way an electron beam
sweeps across the face of a crt.

The only mechanical function in
the machine is the device that
feeds the paper through the loop of
Lecher wire; its speed is electron-
ically servoed to the rate of re-
cording. Consequently, the upper
sweep frequency is based com-
pletely on the frequency of the
printing oscillator and the paper’s
width. It’s possible, therefore, to
achieve sweep speeds in the range
of 1 millisecond or even 1 micro-
second. The low sweep frequency
limitation is based on the record-
ing paper itself.

High resolution. To record data,
the input signal is coupled to the
oscillator with a processor modu-
lator. Details on the modulator
are proprietary; obviously, it’s upon
the design of this device that the
entire instrument is based.

The modulator boosts the energy
level of the voltage wave when
data is present, causing an electric

Zip. High-speed graphic unit
may record at 100 Mhz.
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An oscilloscope picture in 10 seconds:
any longer is a waste of time.

Polaroid Land films don’t make you
wait to see if your trace zigged when
it should have zagged.

They let you know in ten seconds.
They give you an oscilloscope pic-
ture you can study, attach to a report,

send as a test record with a product

shipment, or file for future reference.

You have a choice of 5 films for
oscilloscope recording.

The standard film has an A.S.A.

equivalent rating of 3000. It comes in
both roll film [Type 47] and pack film
[Type 107]. They both give you 8 pic-
tures 3%a x 4% inches. This emul-
sion is also available in 4 x 5 sheets
[Type 57].

For extremely high-speed record-
ing, there's Polaroid PolaScope Land
film [a roll film, Type 410]. It has an
A.S.A. equivalent rating of 10,000.

It can take pictures of traces too
fleeting for the human eye: such as a
scintillation pulse with a rise time of
less than 3 nanoseconds.

One thing all these films have in
common is a sharp, high-contrast im-
age that's easy to read. Because. the
films are so sensitive, you can use
small camera apertures and low-in-
tensity settings.

To put these films to work on your
scope, you need a camera that will
take a Polaroid Land Camera Back.

Polaroid Land Film for Oscilloscope Photography.

Most oscilloscope camera manufac-
turers have one. For instance: Analab,
Beattie-Coleman, BNK Associates,
Fairchild, EG&G, General Atronics,
Hewlett-Packard, and Tektronix.

You can get complete information
by writing to Polaroid Corporation,
Technical Sales Department, Cam-
bridge, Massachusetts 02139, or by
writing to one of the manufacturers
mentioned above.

It will probably take a little longer
than 10 seconds, but we promise the
information won’t be a waste of time.

"“Polaroid” and ‘"PolaScope

1"E




Free Samples

Miniature Lamps

Our miniature lamp prices are so low
—about one-half the cost of competitive
lamps—people sometimes wonder
about their performance. So we're
giving away samples to prove they are
top quality, in spite of the low cost. In
fact, most of our aged and selected
lamps are priced lower than competitive
lamps that are not aged and selected.

Simply drop us a line on your com-
pany letterhead, describing your appli-
cation, and we'll send you a sample box
of 10 IEE lamps. You select the lamp
numbers. We'll do the rest.

We have a wide selection available in
stock right now. So drop us a line and
we'll send you some. Free.

INDUSTRIAL ELECTRONIC
ENGINEERS, INC.
Dept. E 9, 7720 Lemona, Van Nuys, Calif

48 Circle 48 on rezder service card

Electronics Review

arc to jump between the Lecher
wireloop and burning a mark no
wider than 0.005 inch in the paper.
With such small marks, resolution
of the recorder is high, exceeding
that of the best oscilloscopes.

Antilog, too. Aside from speed,
the recorder has another advantage
that’s available only on the most
sophisticated custom-designed
units: it can perform both log and
antilog sweeps. Since the sweep
is entirely an electronic function,
any sweep wave within reason can
be employed at the flick of a switch.
These changes can be made with-
out any loss of recording contin-
uity.

Oddly, Alpine isn’t in the instru-
mentation business. It’s basically
an oceanographic firm that per-
forms research and engineering.
Inventor Lehsten explains that the
machine was developed only be-
cause Alpine needed such a unit
for its work on ocean-bottom meas-
urings, and couldn’t buy a suitable
machine. Because it’s not in the
instrumentation business, Alpine
is going outside to have it built for
the commercial market; it’s already
conducted negotiations with sev-
eral potential producers, but no
firm decision on who will build it
has yet been made.

Advanced technology

GaAs packs more power

If there’s any lingering doubt about
the power or efficiency of gallium
arsenide (GaAs) microwave power
sources, it should dissipate fast.
The microwave applied research
group at the Radio Corp. of Amer-
ica’s Princeton, N.]J., labs, has built
Gunn-effect devices capable of
pulse powers up to 150 watts at
1 to 2 gigahertz with the highest
Gunn-effect efficiency yet, 19% to
25%—about four times better than
previous achievements.

Rca’s next step will be a parallel
array of Gunn diodes designed to
reach kilowatt outputs. Such an
array may eventually find its way
into an airborne transponder rca

is developing.

Meanwhile, researchers at Cor-
nell University in Ithaca, N.Y,
have squeezed 370-watt, 8-Ghz
pulses out of GaAs wafers operated
in the limited space charge accum-
ulation mode (rsa). This is the
highest power ever achieved with
LsA. Cornell researchers are inves-
tigating the mode for the Air
Force, which would use it in ra-
dar.

Making waves. At the Bell Tele-
phone Laboratories in Murray Hill,
N.J., John Copeland is expected
to achieve continuous-wave LSA
generation of 0.7 to 1.0 watt at 150
Ghz by autumn. In earlier work, he
achieved tens of milliwatts of c-w
power at 50 to 80 Ghz—and de-
tected output at 150 Ghz. Copeland
is now beefing up his instrumenta-
tion for millimeter-wave frequen-
cies. He is also improving the heat-
sinking capabilities of his crystal
mount to boost output power.

Bell Labs is enthusiastic about
LsA because it would enable the
telephone companies to use the
very broad bandwidths available
at  millimeter-wave frequencies.
And solid state rsa devices could
be far more reliable than tube os-
cillator.

The beauty of rca’s Gunn-effect
achievement lies not only in high
efficiency, but also in its repeat-
ability. Industry sources say the
company has found a doping pro-
file for the semiconductor material
that results in Gunn diodes with
about 20% efficiency and that its
epitaxial process control is close
enough to assure repeating the pro-
file time after time. Rca is patent-
ing the profile.

Cornell’s work is repeatable, too.
Proof lies in the fact that the uni-
versity’s L.F. Eastman and G.C.
Dalman, are forming a firm, Cay-
uga Associates, to market Lsa-
power sources for radar experimen-
tation. The firm’s first product will
be unveiled in October, and will
probably be capable of 350-watt,
8 Ghz pulses about 100 nanosec-
onds long.

Won’'t make waves. Although
rcA’s Gunn-effect work has proven
successful, Lsa work has had prob-
lems in materials and plumbing.

“Mounting these things (rsa
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We've got solutions to problems you haven't
even had yet.

Litton is a leader in matching sophisti-
cated components in integrated equipment
systems.

An outstanding example is our new Pre-
cision Pattern Generator used for the com-
puter controlled generation of interconnect
masks required in the production of large
scale integrated circuit arrays. We used a
high resolution cathode ray tube matched
with an electronic control system to achieve
a degree of speed, accuracy, resolution
and repeatability never before attained in
recording systems. Our single source
responsibility for the system equipment

Electronics | September 4, 1967

played a large part in achieving the out-
standing performance,

This capability of Electron Tube Division
to solve integrated equipment systems
applications comprehends not only tube
equipment interface but severe environ-
mental, high density packaging and heat
problems as well. Whatever your present
problem in these areas there’s a good chance
we've been there before you, and are ready
now with solutions. Contact the Microwave
and Video Equipment Department of the
Electron Tube Division, 960 Industrial
Road, San Carlos, California 94070.

LITTON INDUSTRIES
ELECTRON TUBE DIVISION
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New Diagnostic Technique

TAKE YOUR
OWN X-RAYS

at your workbench with
office-machine simplicity

SEND FOR FREE APPLICATION KIT

X-ray machines are usually thought of as bulky,
complex pieces of equipment operated in a
lead-lined room by specialists.

The FAXITRON 804 now provides an invaluable
new tool—a compact, self-contained X-ray unit
for workbench, lab, production area which can
be operated as easily as an office copying
machine. Just place the object in the exposure
chamber, select the voltage and exposure time,
press a button. The image is recorded on film
which processes on-the-spot in 10 seconds with-
out a darkroom. Take them yourself—when and
where you want them!

Built-in shielding allows the instrument to be
operated safely in populated areas without an
X-ray room. (Qualifies as an ‘‘exempt' installa-
tion per NBS Handbook 93). High resolution is
provided by a small X-ray source (0.5 mm). Good
contrast for a useful range of specimen thick-
ness and densities is provided by a wide voltage
range (10 to 110 kVP ).

See for yourself how a ‘‘quick look inside' can
help locate and define hidden problems, speed
development of your project with X-rays you can
take yourself.

Send for Free ‘‘Do-it-yourself'’ Application Kit—
technical information on typical exposures and
use of materials for on-the-spot X-rays of potted
electronic components, multi-layer PC boards,
integrated circuits, die cast parts, plastics, bio-
logical specimens—other research, design, pro-
duction and quality assurance applications. Ask
for a free radiographic sample of a product or
object of your choosing.

FAXITRON 804, $1970. f.0.b. McMinnville
®

Fe

Field Emission Corporation
McMinnville, Oregon 97128/ A C 503, 472-5101
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sources) and making them oscillate
is a black art,” says Martin Steel of
the microwave research labs.

Tronically, it's the quality that
makes rca’s GaAs good for Gunn
oscillation that mav be causing
what Steel calls the company’s
“limited success” with rsa. Unlike
Lsa, which requires uniform dop-
ing throughout the GaAs crystal,
the Gunn effect profits by graded
variations in doping concentration
along one dimension of the crystal.
Using the very same crystal with
which rca first achieved 20%
Gunn-effect efficiency, Steel’s group
got only weak, inefficient, 3% wrsa
output in K, band at about 15 to
18 Ghz.

Government

The ups and downs

An economy-minded but defense-
conscious Congress is playing sece-
saw with the defense and space
budgets. While the House lopped
$516.6 million from the $5.1 billion
sought by ~xasa for 1968, Congress
approved a $70 billion defense ap-
propriation—the largest in history
and about the amount requested.

Unless unexpected restorations
are made by the Senate, space
spending for fiscal 1968 will be the
lowest in five years. Hardest hit
were “new start” programs. The
Voyager program to send a craft to
Mars was eliminated, as was the
budget’s “advance missions” item,
which includes the mission study
for the launch vehicle to be used
after Saturn 5.

Two-year setback. Elimination of
Voyager means there will be no
lunar and planetary exploration
programs beyond the launch of
two Mariners now scheduled for
1969. Nasa requested $71 million for
Voyager in its plan to land an un-
manned spacecraft on Mars in
1973. Even if funded at a later date,
the earliest possible landing on
Mars will be in 1975, the next time
the planet is close enough.

The Senate, which had earlier
tried to scuttle Voyager when
authorization hearings were held,

is not expected to appropriate
money for the program. A request
for $40.2 million for electronic sys-
tems was trimmed by $5.2 million.

The defense budget does include
some cuts. The bill limits the Navy
to purchasing eight test models of
the controversial F-111B aircraft
instead of the 20 requested by the
Administration. The reduced num-
ber will cost $147.9 million, roughly
half the $287 million requested for
the 20 planes. The cut reflects Con-
gressional unhappiness with the
plane, which has grown so heavy
that some critics wonder if it will
be able to be used on carriers.
Grumman Aircraft builds the plane
under subcontract from General
Dynamics.

More for Nike. The spending bill
includes $730 million for the Nike-
X antiballistic missile system—in-
creasing the amount available for
the program to almost $1 billion.
About half of this amount is re-
served for initial production once
the Administration gives a green
light.

Congress authorized $47 million
for the advanced manned strategic
aircraft.

For the record

Narrow view. The National Sci-
ence Foundation, recognizing that
Federal funds are more likely to
be spent on guns and ghettos than
stargazing, has chopped a $130-mil-
lion package of six proposed radio
and radar astronomy programs to a
pair of projects costing $18 million.
The most ambitious of the six—$52
million for an array of 36 dishes
proposed by the National Radio
Astronomy Observatory—has been
returned for further study. Also de-
ferred for study were bids by the
Northeast Radio Observatory for a
42-foot fully steerable dish in a
radome, and Caltech’s steerable
330-foot dish. Projects that were
recommended are Caltech’s plan to
add seven 130-foot dishes to its
Owens Valley facility, and Cornell
University’s bid to improve the ac-
curacy of the 1,000-foot spherical
dish in Arecibo, Puerto Rico.
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Now, Get 6 Volts Noise Immunity
For Your Digital Control System
With New MHTL Integrated Circuits !

You'll get the “right” signal every time in your
numerical control, supervisory control and computer
peripheral equipment with the new Motorola-developed
high threshold integrated circuit logic series. Called
MHTL, it’s the first family of integrated circuits to
offer a noise margin of 6 volts (typ) and a 15 volt
(+1V) operating voltage. And, it’s priced, packaged,
and specified for application in equipment designed for
use in high noise industrial environments.

MHTL combines high noise immunity with a voltage
swing of 13 volts, broad operating temperature range,
large fan-out and a 35 mW power dissipation rating.
In short, it offers you discrete circuit characteristics
PLUS the price, size, and reliability advantages of
integrated circuitry.

Here are some of the MHTL specifications:

CHARACTERISTICS MHTL

Operating Voltage

15 + 1 Volts
Noise Immunity 6 Volts (typ)
Fan-out (Gate) 10 (min)
Clock Rate (Flip-Flop) 4 MHz (typ)

Operating Temperature Range —30°C to +75°C

Offered in the 14-pin dual in-line plastic Unibloc*

package, the circuit functions and prices for the MHTL
family are as follows:

TYPE DESCRIPTION (1,EgtllcEllP)
MC660P Dual 4-Input Gate $3.50
MC661P Dual 4-Input Gate $3.50

(Passive Pull-Up)
MC663P Dual J-K Flip-Flop $6.10
MC664P Master Slave R-S $4.05

Flip-Flop

Other functions planned for the immediate future
include a Dual 4-Input Line Driver, Triple Input Inter-
face, Quad Output Interface, Dual Monostable Multi-
vibrator, and Quad 2-Input Gate.

To find out how easily your designs can conquer
high-noise-environments with MHTL, write for our data
sheets. We'll also send you our latest application note
on how MHTL solves your noise problems. For circuits
you can try right now — call your nearby franchised
Motorola Semiconductor distributor. He has high-noise-
immunity MHTL in stock!

*Trademark of Motorola Inc.

— where the priceless ingrediont & care! . MOTOROLA semiconductors

MOTOROLA SEMICONDUCTOR PRODUCTS INC. / P. 0. BOX 955 /| PHOENIX, ARIZONA 85001 / (602) 273-6900 / TWX 910-931-133/
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Metal Film Resistors

...chosen for long life in the
Westinghouse PRODAC System

2

Computers for industrial process control demand long resistor life.

GENERAL ?pEC'F'CAT'ONS To insure this, Dale Metal Film resistors are used extensively in the
TYPE MF* MIL-R-10509F ; , ol

versatile Westinghouse PRODAC System. Value analysis dictated the
DALE ;AYI;E :g:ﬂ 'éA;IN[f)i 70&&“3{“ "':ENSESTA:EE choice —with the long life characteristics of metal film winning over
i s o - the lower price of carbon and carbon composition types. Dale veri-
o Y i 0 L e LRI fies this reliability with long-term load life tests (see below). Delivery
MF-1/10 | RN55 | 1/10w 1/8 w 30.1 to 301K is reliable, too. Expanded production facilities can put quantities up
MF-1/8 RN-60 1/8 w 14w 10 to 1MQ to 50,000 in your plant in 2 weeks (1% tolerance units). We'll prove
MF-1/4 RN-65 1/4 w 1/2 w 10 to 1 M2 it—call 402-564-3131 today.
MFS-1/2 RN-70 1/2 w 3/4w 10 to 1.5 M@ NEW METAL FlLM LOAD L'FE DATA
i o 5 AN & = ke Dale MF resistors have undergone 16,320,000 hours of load life
gee i W e il d o testing without a failure (100% rated power, 70°C; failure defined as
*Also available in conformal coated (MFF) styles.  tChar. B. AR>1%). Based on these tests, the MF resistor has a proven failure
gf]'e'ancef 1%, £.5%, £.25%, =.10% standard. rate of .004% per 1,000 hours (60% confidence at 50% power, 70°C

aracteristics D, C, or E apply depending on T.C. required o 2
ambient). Write Dale for complete test data.

WRITE FOR CATALOG A DALE ELECTRONICS, INC. g
1300 28th Avenue, Columbus, Nebraska 68601 m

W
In Canada: Dale Electronics Canada, Ltd. Yo o=
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IBM will make
Corsair deadlier. ..

. . . and Sperry feels
the bite on llaas

Post office delays
industry briefing

Air traffic plan
may not take off

Washington Newsletter

September 4, 1967

Avionics in the latest Corsair 2 aircraft—the Air Force A-7TD and the
Navy A-TE—will be integrated by IBM. Built by Ling-Temco-Vought,
the new planes will differ from the Navy’s A-7A primarily in avionics.

Although the new craft wont have complete all-weather and night
attack capability, the improved avionics—an inertial platform, doppler
navigation, a highly sophisticated radar, and IBM’s 4 Pi computer—will
enable it to hit large targets in zero visibility and within 50 feet of visible
targets when flying at 5,000 feet. This is twice the accuracy of the A-7TA’s.

The IBM-integrated system will cost about $700,000 compared to the
$500,000 for the A-7TA avionics. The older system isn’t integrated, al-
though it has a Univac 1818 central computer. And, it doesn’t include
an inertial navigation system.

The new system will include an improved Texas Instruments radar for
target-acquisition, navigation, terrain-following, and other functions.
Kaiser Electronics will build the heads-up display and General Precision
will supply the inertial platform and doppler.

Deliveries of the new Corsair models will begin in late 1968. The
Pentagon is anxious to get the new series operational; one reason is that
the Grumman-built A-6A intruder, the only all-weather attack plane in
the U.S. inventory, is extremely difficult to maintain because of its com-
plex electronics.

Selection of IBM for the improved A-7 avionics system is another blow to
Sperry Gyroscope, which has been trying hard to get its Integrated Light
Attack Avionics System (Ilaas) on an aircraft and into production. Ilaas
development originally was ordered by the Navy with the A-7’s in mind,
but has been stumbling badly because the military services refused to buy
it, citing its high cost. But a Navy avionics official says: “As far as I'm con-
cerned the Ilaas is alive and an on-going program.”

Without a program the size of the A-7D and A-7E models, it is doubtful
that Ilaas can be carried on beyond prototype. The Navy and Air Force
haven’t said how many Corsair 2’s will be built, but estimates run about
800 for the Navy and about 600 for the Air Force. This is in addition to
the 400 earlier A-7 models now flying or already on order.

Because of a lack of qualified technical personnel, the Post Office has been
forced to delay a symposium to brief industry on its mechanization needs
until Nov. 3. Nearing the end of his first year in office, Leo S. Packer,
assistant postmaster general who heads the Bureau of Research and Engi-
neering, has learned the hard way that Government agencies do not move
as fast as private business. One of industry’s biggest legitimate beefs in
dealing with the Post Office, Packer has found, is the difficulty involved in
finding technically oriented personnel to pass on proposals.

Lack of both enthusiasm and money is expected to result in the rejection
of an Air Transport Association proposal that the Government finance a
five-year program to expand and improve the nation’s air traffic control
system. The industry group asked that $100 million be appropriated in
fiscal 1968 to launch the program, which calls for terminal radar at every
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NAACP seeks more
white-collar jobs

150-computer deal
may be yule gift

Shrike replacement
ready for flight

Antimortar missile?
Army mum on bid

Washington Newsletter

airport with scheduled airline service.

The FAA is cool to the proposal because it could mean changing the
agency’s basic philosophy: airport improvements based on flight opera-
tions. The agency has always maintained that the busiest airports—
regardless of whether theyre used by airlines—should get priority in
improved equipment. The second problem is funding. The FAA, along
with other agencies, has been ordered to hold down spending.

Indications are that the electronics industry, among others, may come
under renewed pressure to step up the hiring and training of Negroes.
Applying the pressure will be the National Association for the Advance-
ment of Colored People, which is expected to use a report from the Presi-
dent’s Commission on Equal Employment Opportunity as ammunition.

The report, to be released late in the fall, is expected to show that elec-
tronics is lagging behind other industries in employing Negroes in white-
collar positions. Included in the Government’s white-collar category are
sales, clerical, technical, and administrative jobs.

A commission spokesman says the report will be used by the Govern-
ment to “encourage” industry to review hiring and in-house training prac-
tices. But the NAACP may go farther. NAACP counsel J.F. Pohlhaus says
that if persuasion fails, court action may be taken.

Having reaped a storm of protests with its first decision, the Air Force
is in no hurry to reaward the contract for 150 computers for housekeeping
at its bases. The new winner won’t be named before December. The con-
tract, for the biggest computer order ever, originally went to IBM for
model 360-30/40’s at a price of $114 million, but at the insistence of losers
Honeywell, Burroughs, and RCA, the General Accounting Office ordered
new negotiations with all four companies [Electronics, July 24, p. 25].
Will IBM lose the deal? That’s hard to figure; one thing that could be in
the cards, though, is a lower price. Honeywell claims it can supply the
machines at almost half IBM’s bid.

Only nine months after contracts were awarded [Electronics, Dec. 26,
1966, p. 36], and sooner than many expected, the Standard ARM (anti-
radiation missile) will go through its first shakedown in the next two
weeks. The missile, to replace the Air Force and Navy Shrike, will be
tested on an A-6 Intruder all-weather attack aircraft. The final element,
the TIAS (target identification and acquisition system) guidance unit,
built by IBM, is now being installed. It uses IBM’s 4 Pi airborne digital
computer. General Dynamics Pomona division is prime contractor.

The Army, currently in a crash program to develop a radar that can
speedily locate enemy mortars firing from any direction, has received an
unsolicited proposal from the Marquardt Corp. that goes even farther.
The proposed system would detect and destroy an incoming mortar shell
before it hits. Although some Army R&D officials have discounted such a
system, the Army promptly classified the Marquardt proposal. The office
of the Chief of Army R&D acknowledged receiving the proposal, but
would give no details. Such an antimortar missile system would have to
have an extremely quick reaction time.
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FET CHOPPERS ARE THE ONLY ANSWER

Part ELEVEN § 5 Series On The State of The Chopper Art.

MODEL 800)

Booze is the only answer at my house, but they
frown down at the office when | suggest there is
more than one way to solve prohlems. They should
have my mother-in-law — they’y stick to booze,
not electronics.

It turns out that an FET chopper is a distinct im-
provement over photo-choppers, what with 6 volts
being enough drive instead of a couple hundred.
Now the photo-chopper was better than the transistor
choppers, because it looked like a resistor instead
of a diode. So there ain't any voltage drops that have
to cancel out. Mostly they don’t. (Cancel, that is.)

As matters stand on noise and offset — and we sell
choppers for only one purpose, which is to allow
D.C. amplifiers with very little offset — the best
of FET choppers are only two to three orders of mag-
nitude worse than the best of mechanical choppers.
Which is real progress. Last week it was three to
four orders — before we invented this model 8000
FET chopper. The offset available is below 10 micro-
volts at 10,000 ohms, and would be lower if there
weren't such wierd alloys inside the FET that have
to come out eventually to copper.

So today’s best mechanical choppers reach down
below some 50 nanovolts, the FET chopper gets
to about 5 microvolts. That's two orders of magni-
tude and crowding. Good thing we make solid-state
choppers too.

Speaking only of offset, and anyway, what else is
speakable about a chopper? | suppose you could say
Mechanical Choppers << FET Choppers < Photo
Choppers < Transistor Choppers.

AIRPAX ELECTRONICS
Cambridge, Maryland 21613
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Off-the-shelf

from
Amphenol

PMT means Precious Metal Tip, a wrought gold dot
welded to printed circuit connector contacts. PMT is 100
times thicker than ordinary contact plating. We have 22
different PMT connectors that will work for 20 years,
and they’re all standard production items. Pre-tensioned
contacts spring back to position insertion after insertion
—without damaging P.C. boards. You’ll pack about
twice as many contacts in the same space too: 56 in a
No. 28 connector, 36 in a No. 18.
PMT could be your best printed
circuit connector buy. Call your
nearest Amphenol Sales Engineer
or write to Amphenol Connector
Division, 1830 S. 54th Avenue,
Chicago, Illinois 60650

Cut-away Amphenol PMT
connector shows welded
gold dots on contacts

@ AMPHENOL

Circle 57 on reader service card




What did the president
of National Semiconductor
| say to Ken Moyle upon |
learning that he had come
- up with a dual-50 shift
register with the lowest
operating voltage and the
highest speed in the

- entire world?




“That’s nice.
eres the dual-100?”

Everybody thought it would be impossible to
take our dual-25 and double the capacity, yet extend
the size by only one quarter, and still keep the
specs intact. Everybody that is except Ken Moyle.

We’ve dubbed it the MM402.

It needs only 10 volt VDD and 16 volt
clock pulse amplitude. This is 11 volts
better than anything but our MM400, the
dual-25 we introduced last month. It works
at IMHz at temperatures up to 125°C.
And power dissipation is 1.0 mw/bit which
is ideal for both ground instruments and
airborne computers.

Each one goes for $40 in 100 lots. You

can pick up a lot at any of our distributors.

Ken Moyle, Manager-Can’t
Leave Well Enough Alone Dept.

They’re stacking them on shelves right now.

Write or call National Semiconductor Corporation,
2950 San Ysidro Way, Santa Clara, California
95051. (408) 245-4320.

National Semiconductor
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NEW RELAY

+ 100,000 OPERATIONS AT 5 AMPS

The completely NEW Hi-G BN series meets all appli-
cable requirements of Mil-R-5757, weighs .95 oz. in a
875" x .800" x .400" crystal can. All standard configu-
rations and header styles are available for fast delivery.

Write or call Hi-G for new bulletins which provide full
details on this high quality line of 5 amp. crystal-can
relays. Test data and performance capabilities are
available on request. Tel: 203-623-2481

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

INCORPORATED
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Now - An

Applications Guide

To Solid-State
Power Control!

Want to know how to design low-cost solid-state
power control circuits . . . how to improve high torque
motor control by applying feedback signal . . . how to
design a unique battery charger . . . or even how to un-
derstand the fundamentals of solid-state power control ?

You’ll find comprehensive answers to these — and
many more questions about low-medium current SCR/
trigger circuits — in this new applications-oriented bro-
chure prepared especially for engineers who have a vital,
day-to-day interest in solid-state power control and how
to apply it most effectively to their new designs.

Full of useful, practical, “how-to-do-it” data like:

e Thyristor Trigger Circuits for Power Control
Applications
e Solid-State High Torque Motor Speed Control
e SCR Power Control Fundamentals
e Suppressing RFI in Thyristor Circuits
e Designing SCR Circuits for High Inrush Loads
. .. and much, much more!

You'll also get a new Selector Guide on Motorola
preferred thyristor products . . . over 270 solid-state
devices in 23 different cases and 14 voltage choices
. . . that lead the industry in state-of-the-art perform-
ance, packaging and cost control. It will give you an
overall look at the broadest up-to-35-ampere SCR/
Triac/Trigger line in the industry!

Scores of Ideas in This Power
Control Problem-Solver Will
Accelerate Your New-Design
Thinking... Send For Your
Head Start Now!

For your copy, write on your company letterhead to:
Box 955, Phoenix, Arizona 85001

MOTOROLA

Semiconductors
~where the priceloss inguediont i cane!
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These are some of the
relatively unexciting
components that make
Trygon’s new Liberator
power supplies possible.

Here’s the extraordinary,
almost impossible system
job it can do for you.

Trygon’s Liberator Series is engineered to provide the ultimate in high
power system performance, in a minimum size, at lowest possible cost.

Output current levels of 40 amperes (3%2”), 70 amperes (5%”"). .005% regulation/
.5mv ripple/3mv peak to peak noise/.01% stability/extremely low output impedance/

MIL Spec. performance compliance/ integral slide mounting/ automatic load share paral-
leling/ overvoltage protection/wide adjustable voltage range.

312" units:  2.5-4.5V/40A; 4.8-6.8V/40A; 6.5-
9.5V/25A; 8.5-11.5V/25A; 11-14V/
25A; 13.5-19.5V/20A; 18.5-26.5V/
15A; 24-32V/15A. Priced from $420
to $445. 0-8V/25A with overvoltage
protection—$525.

5%4” units:

2.5-4.5V/70A; 4.8-6.8V/70A; 6.5-
9.5V/50A; 8.5-11.5V/50A; 11-14V/
50A; 13.5-19.5V/40A; 18.5-26.5V/
30A; 24-32V/30A. Priced from $535
to $550. 0-8V/50A with overvoltage
protection; 0-15V/30A; 0-36V/15A;
0-60V/ 10A. Priced from $550 to $650.

LIBERATOR: the most precise system power supply available—at the highest possible
power output—in the smallest possible package —at the lowest possible price. MAKE

US PROVE IT!
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I TRYGON POWER SUPPLIES |
: PLEASANT AVE., ROOSEVELT, L.I., N.Y. |
l SEND ME PROOF OF LIBERATOR PERFORMANCE l
| Name |
: COMPANY :
| APDRESS I
| city STATE zip |
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TRYGON

ELECTRONICS, INC,,
Roosevelt, N.Y. 11575
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now you can test

11124 parameters of a
i111 10-pin microcircuit
) in 2 minutes flat...

with this new semi-automatic IC analyzer

Now even a non-technical operator can
speed through comprehensive DC tests
on all types of IC packages with from
2 to 40 pins. Test conditions are easily
set up on the programming switches of
MICA-150 and pushbutton sequencing
of the test from pin-to-pin of a device is
simple and fast with test results indi-
cated by direct digital readout. On a
typical 10-pin, 5-input gate circuit, as
many as 24 parameters of the device
can be checked within two minutes with-
out changing a single crossbar switch.

For additional information on applications of MICA-150 for DC
or high frequency testing, contact W. Leo McBlain, (609) 424-2400

COMPUTER TEST CORPORATION

CHERRY HILL; NEW JERSEY
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There’s no faster delivery of .

Heinemann circuit breakers
than across-the-counter...

...and we’ve got 43 counters:

AUTHORIZED HEINEMANN STOCKING DISTRIBUTORS

Alabama

Electro-Tech, Inc.
Huntsville
(205) 539-1250

Arizona

Kierulff Electronics, Inc.

Phoenix
(602) 273-7331

California

Wesco Electronics
Palo Alto
(415) 968-3475

Wesco Electronics
Pasadena
(213) 795-9161

Colorado

Kierulff Electronics, Inc.

Denver
(303) 825-7033

Connecticut
MarLe Company
Stamford

(203) 348-2645

Florida

McDonald Distributors
of Florida Inc.

Fort Lauderdale

(305) 563-1255

Industrial Electronics
Associates, Inc.

West Palm Beach

(305) 848-8686

Parts Service Corp.
Winter Park
(305) 647-5343

Georgia
Electro-Tech, Inc.

Hapeville
(404) 758-7205

Kansas

Hall-Mark Electronics
Kansas City
(913) 236-4343

Kentucky

E & H Electric Supply Co.

Louisville
(502) 587-0991

Marine Electric Co., Inc.
Louisville
(502) 587-6511

Louisiana

Poulan’s Electrical Co.
Monroe

(318) 323-7701
Hall-Mark Electronics

New Orleans
(504) 242-7581

Maine
Stanley J. Leen Co., Inc.
Portland

Maryland
Lee Electric Co.

Baltimore
(301) 752-4080

Pytronic Industries Inc.
Baltimore
(301) 727-5100

Massachusetts
Apparatus Service Co.
Allston

(617) 787-1300

Electrical Supply Corp.
Cambridge
(617) 491-3300

T. F. Cushing, Inc.

Springfield

(413) 788-7341

Mississippi

Ellington Electronic
Supply, Inc.

Jackson
(601) 355-0561

New Jersey

Valley Electronics, Inc.
Cherry Hill

(609) 662-9337
Federated Purchaser, Inc.
Springfield

(201) 376-8900

New Mexico

Kierulff Electronics, Inc.
Albuquerque
(505) 268-3901

New York
Federal Electronics Inc.

Vestal
(607) 748-8211

North Carolina

Electro-Tech, Inc.

Charlotte

(704) 333-0326

Ohio

Midwest Equipment Co.

Cincinnati

(513) 821-1687

Radio & Electronic Parts

Cleveland

(216) 881-6060

Oklahoma

Hall-Mark Electronics

Tulsa

(918) 835-8458

Oregon

Platt Electric Supply

Portland

(503) 222-9633

Pennsylvania

West Chester Electric
Supply Co.

West Chester

(215) 696-7500

Rhode Island

William Dandreta & Co.

Providence
(401) 861-2800

Texas

G. E. Jones Electric Co.
Amarillo
(806) 372-5505

Warren Electric Co.
Beaumont
(713) 833-9405

Hall-Mark Electronics
Dallas
(214) 231-6111

Nelson Electric Supply
Dallas

(214) 741-6341
Hall-Mark Electronics

Houston
(713) 781-0011

Warren Electric Co.
Houston
(713) 225-0971

Messner Electric Supply
Longview
(214) 753-4484

The Perry Shankle Co.
San Antonio
(512) 223-1801

Washington

Kierulff Electronics, Inc.
Seattle

(206) 725-1550

HEINEMANN ELECTRIC COMPANY Trenton, New Jersey 08602
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an invitation from 5,200 Manufacturers:

5,200 manufacturers invite your judg-
ment of their products in Visual Search
Microfilm Files.

VSMF...1,500,000 catalog pages,
5,200 manufacturers, millions of com-
ponents and materials, indexed by
product for side-by-side comparison.
The VSMF Defense Design File, alone,
contains over 250,000 pages from de-
fense manufacturers. And, there’s a
file for OEM, too. In all, Information
Handling Services produces 6 dif-
ferent VSMF files for industry and
government.

We know that when you design a prod-
uct you want to use the best compo-
nents and materials. And, to do this,
you need to compare all that is avail-
able. VSMF can help you in this com-
parison hecause VSMF supplies the
data on all products. You supply the
judgment.

Manufacturers who place their data in
VSMF know this and invite compari-
son. The constantly changing “'state of
the art’” is reflected in the pages of
VSMF.

If you have VSMF in your company,
look into it. If you don’t, you might look

into that, too. Write for “’Looking in-
to VSMF."”

Nnformation
HANDLING SERVICES, INC.
Dept. E-904

Denver Technological Center
Englewood, Colo. 80110

William H. B. Combs, Manager, Engineering Services, Relay Division, Leach Corporation, Los Angeles, uses the VSMF Defense Design File.
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TEST YOUR E.

in pots and trimmers

Check One of the Three Manufacturers For
Each Question and Compare Your Answers

1. Which manufacturer recently achieved an outstanding
breakthrough in trimmer design — introducing the first cer-
met trimmer with a seamless construction that virtually
eliminates leakage problems?

*EVALUATION QUOTIENT I

with the Correct Answers Below

SPECTROL Mfr. A Mfr. B

2. Which manufacturer built its reputation as a precision
potentiometer and trimmer ‘‘spec house’ and still wel-
comes your orders for those tough, hard-to-design specials?

3. Which manufacturer offers the best non-linear function
capability to meet those ‘*hairy’’ pot designs and still pro-
vides you with more than 200,000,000 options in its stand-
ard line of potentiometers and trimmers?

4. Which manufacturer offers the broadest line of quality
precision potentiometers capable of meeting the stringent
requirements of MIL-R-12934?

5. Which manufacturer has the newest, most up-to-date
facility for the design and manufacture of potentiometers
and trimmers?

Give yourself 20 points for each correct answer. A score
of 80 or better means a very high E.Q. 60 is average. And
below 60 means that you need more information to wisely
specify or purchase precision or trimming potentiometers.
(In case there's any doubt, the correct answer to all ques-
tions is ‘‘Spectrol.’’)

Whether your E.Q. is high or low, if you specify or pur-
chase precision or trimming potentiometers, why not send
for Spectrol’s Short Form Catalog. We will also include com-
plete information on the industry’s first seamless trimmer
—our remarkable new cermet —the Model 53.

SPECTROL ELECTRONICS CORPORATION 17070 East Gale Avenue

i
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City of Industry, California 91745

Better Components
for Better Systems

Spectrol
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Tracks down envelope delay...

‘Undetected envelope (or group) delay can easily derail a digital
data transmission. Bit-by-bit that pristine formation crumples.
Down the line, someone ends up with a mess instead of a message.
To keep the data train properly coupled, you need precise infor-
mation about phase-shift-versus-frequency characteristics of your
carrier. The kind of information you can get express from a Sierra
Model 340B Envelope Delay Test Set.

Model 340B pinpoints relative delay to =20,000 psec on a big,
direct single-range digital counter. Resolves it to 1.0 usec. On a
second digital counter, it displays frequency with 10-Hz resolution.
Range of 300 Hz to 110 kHz spans voice channel through group
frequencies. Measurement modes include end-to-end, loop-back,
or end-to-end with return reference path.

Modulation frequency of 25 Hz, usable over full range, resolves
fine-grain deviations separated by as little as 50 Hz. Alternative
250-Hz modulation resolves delay to 0.1 psec. Price, with one
modulation frequency, $4,750.

Ask for more data, and watch us pour on the coal. Write Sierra,
3885 Bohannon Drive, Menlo Park, California 94025.
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clears the track for
digital data wave trains

PHILCO

PHILCO-FORD CORPORATION
Sierra Electronic Operation
Menlo Park, California « 94025
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A NEW CONCEPT, OF POWER

VCEU (SUS)

30 T0 250 VOLTS

b
150 WATTS

AT 45°C

These high power diffused silicon transistors in the TO-82 package
are also available as JAN devices for your military requirements.

ELECTRICAL CHARACTERISTICS
(Tc=25°C, unless otherwise noted)
2N1015 SERIES 2N1016 SERIES

CHARACTERISTIC TEST CONDITIONS MIN. MAX. MIN. MAX. UNITS
Breakdown Voltage, *lc=100mA, IB=0 30 30 Volts
Collector to Emitter, A-60 A-60 Volts
BVcEo (sus) B-100 B-100 Volts

C-150 C-150 Volts

D-200 D-200 Volts

E-250 E-250 Volts
Collector Cutoff Vce=rated voltage
Current, ICEX VBe=1.5V, Tc=150°C 20 20 mA
Emitter Cutoff VEB=25V, lc=0, Tc=150°C
Current IeBo 20 20 mA
D.C. Forward *|c=2 Amps, VCE=4V 10
Current Gain, h Fg *lc=5 Amps, VCE=4V 10
Saturation Resistance, *|lc=2 Amps, IB=300mA. 0.3 0.75 Ohms
rCE (sat) Typical

*lc=5 Amps, IB=750mA 0.2 0.5 Ohms
Typical
Base to Emitter *|c=2 Amps VCE=4V 1.5 2.5 Volts
Voltage, VBE Typical
*lc=5 Amps, VCE=4V L7 35 Volts
Typical

*Pulse Cond. 300 w sec., 2% duty cycle.

Available from stock.
For further information contact your local representative, distributor or @

SILICON TRANSISTOR CORPORATION

EAST GATE BLVD., GARDEN CITY, N.Y, 11532 (516) Ploneer 2-4100, TWX 510-222-8258
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September 4, 1967 | Highlights of this issue

Technical Articles

Computer-aided design,
part 11:

Shortcuts to IC's

and p-c boards

page 70

Taking the puzzle
out of p-c design
page 72

Drawing board
for IC’s
page 83

Generating IC
masks automatically
page 88

Paramatrix puts
digital computer in
analog picture

The physical design of electronic circuits need not be the
haphazard process it once was. Both integrated and printed
circuits benefit from the computer’s aid in their layout and
interconnection. Three important computer programs ease the
designer’s task.

A computer program that views a printed
circuit as a three-dimensional map (cover)
speeds its efficient design. The program,
developed under Atomic Energy Commis-
sion auspices, takes component descrip-
tions and hand-drawn circuit schematics
as its inputs and delivers complete specifi-
cations for wiring paths and component
positioning.

Electronics

One problem in automatic 1c design was that the designer had
to give complete instructions to the computer, then sit back
and wait for the results. They were sometimes far off base,
forcing him to start from scratch. Now the designer and
computer work as a team with continuous dialogue. As the
design progresses, the designer views step-by-step results on
a crt, making changes at will with a light pen.

Ideally, the engineer would like to describe a circuit to a
computer and have it provide an output from which the art
work for 1c masks can be made. A program by M is doing
just this on an experimental basis.

Graphs and photographs can be scanned electronically by a
new machine, the Paramatrix, which can manipulate the image
(enlarge it, shrink it, rotate it, or slide it) and digitize it for
further manipulation or display. The Paramatrix can do this

page 99 quickly and inexpensively because it links the input and out-
put by digitally controlled analog circuits.
Coming *IC’sinadimension checker

September 18
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* Thermal management techniques
* A new braid memory
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Circuitdesign|

Computer-aided design: part 11
Short cuts to IC’s and p-c boards

Three computer programs ease the designer’s load
by speeding and simplifying the building process

By Joseph Mittleman

Senior associate editor

Because high performance systems are increasing
in complexity at an alarming rate, designers are
under pressure to create faster and more compact
circuits. But to make such designs economically,
engineers have been forced to turn to computers
to manipulate the many possible configurations
needed to produce a usable circuit. Only computers
can do the extraordinary computation required in
the building of integrated circuits that can handle
nanosecond switching speeds, and optimize com-
ponent placing and wiring patterns—the kinds of
problems that crop up in designing complex data-
processing and analog systems.

In handling nanosecond speeds, lead lengths
must be minimized to reduce pulse delay, eliminate
crosstalk caused by these fast rise times, and reduce
capacitance that could prevent circuits from oper-
ating properly.

Reducing pulse delay can be accomplished with
new IC’s having more components on a single chip.
Thus, lead lengths are reduced. But cramming com-
ponents on a chip tends to reduce yield and boost
production costs. In addition, the chip may include
high speed transistor elements that require finer
resolution geometries in the 1c mask design, thus
complicating diffusion. To overcome this, better
processing techniques are needed.

In large systems, each printed-circuit board con-
tains many chips. Optimizing component placing
and wiring patterns can be particularly trouble-
some. If each chip has a minium of 40 leads, getting
the leads to the p-c assembly’s output is difficult.
Thus, it becomes necessary to reduce the output
wires. This is achieved by better placement of com-
ponents, possibly interconnected 1C’s, and better
wiring schemes.

These problems are best solved by a computer.
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A major part of the 1c and p-c board fabrication
problem is the time gap between defining the cir-
cuit or layout and building it. The most difficult
and time-consuming efforts in making integrated
circuits are the design and manufacture of the
masks from which the 1c’s are built. In printed-
circuit boards, the difficulty lies in arranging and
rearranging the layout and connections until a final
set of drawings are prepared.

Programs help

The more complex the system, the greater the
time and effort involved. It can reach the point
where manual design becomes unwieldy and some-
times impossible to perform. The result: manufac-
turing costs skyrocket. Before the computer’s aid
could be enlisted to solve the problems, programs
had to be devised to describe the conditions to
the machine. Three such programs are now avail-
able. One automatically lays out a p-c board for
a particular circuit based on its description and a
listing of component shapes and sizes; another
automatically designs an 1c with optimum com-
ponent placement given the circuit’s components
and how they are connected; the third automatically
designs the fabrication masks from which the
IC’s are built once informed of component place-
ment.

The three programs are:

= Accel (automatic circuit card etching layout),
developed by the Sandia Corp., Albuquerque, N.M.
[see p. T2].

= Cadic (computer-aided design of integrated cir-
cuits), developed at the United Aircraft Corp.s
Norden division, Norwalk, Conn. [see p. 83].

= Lager (layout generating routine), developed
at the International Business Machines Corp.’s
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Thomas J. Watson Research Center, Yorktown
Heights, N.Y. [see p. 88].

An engineer who lays out p-c boards usually
starts his design by selecting the components
needed for the circuit and physically placing them
on a board. He must be sure all conducting paths
will fit between the components, which pairs of
points should be connected, and, indeed, if two
points can be connected at all. This last problem
is solved by Lee’s algorithm, but, unfortunately,
this guide does not account for component spacing.

With Accel, the design task is simplified greatly.
All the designer need do is tell the computer what
components are in the circuit and how they are
connected; the machine does the rest.

The technique simulates a topographic layout
that represents component connector-pin locations
by peaks, and the areas between the pins by com-
binations of slopes, plains, and valleys. In essence,
the computer considers the circuit board as a large
sheet of rubber. Terminals and nodes are fixed
peaks, and the leads of the interconnected com-
ponents are assumed to be elastic.

By stretching or depressing a point on the simu-
lated rubber sheet, the designer is able to create
a distorted terrain of hills and valleys, through
which conductor paths are formed much as a moun-
tain stream follows a natural raise. The advantage
of the technique is that it can be altered mathemati-
cally to accommodate any set of laws—real or
imaginary. For example, where real hills are up
from a reference and valleys are down, with this
technique a hill can be transformed into a valley
simply by pushing it down on the sheet instead
of pulling it up. In this way, new paths are created
between peaks that may produce better board
layouts.

Play as you go

When designing an integrated circuit, the engi-
neer must be fully aware of component tolerance,
shape, and size limitations. He must understand
manufacturing processes, including thin-film, metal-
oxide and isolation techniques. And, he must be
able to prepare careful and detailed drawings that
indicate an 1C’s structure.

Furthermore, if he uses a computer in a batch-
processing mode, he is confronted with delays. For
example, he specifies his input data on punch cards,
waits until the cards are prepared, and waits again
for a machine available for a run. He cannot visual-
ize the result until the output data is plotted. There-
fore, any errors—in the form of unused space, for
example—are not immediately apparent. Plotting
requires an additional set of data cards and is
often further delayed by waiting for an available
machine. If any changes are desired, a new card
must be made and the run started from scratch.

A technique that enables the engineer to specify
input, that enables the machine to provide an initial
circuit, and allows the engineer to make visual
changes easily and instantaneously as he goes along
is preferred. All this is provided by a new system
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that applies the Cadic program.

Cadic enables a designer to completely lay out
an integrated circuit in minutes. To apply the pro-
gram the designer uses a symbolic language, a
cathode-ray tube, and a light pen. A circuit descrip-
tion, in the form of punched cards based on a
schematic, is fed into the computer as input.

The machine determines, for every component,
size and shape of the mask pattern, and supplies
an initial layout with all components presented in
true size and shape. The components are arranged
in the same relative positions as on the schematic
from which the input is taken. During the run of
the program, instructions appear on the crt that
indicate what the designer must do. For example,
the screen may say select move part. The designer
then points to the part with a light pen to move
it as instructed. The program reduces both cost
and time in producing a complete 1c layout and
relieves the designer from routine calculation and
drafting.

Automatic artwork

Before an integrated circuit can be manufactured,
masks must be prepared. The masks are an exact
replica of the 1c and are used to make the semi-
conductor device. Designing masks is a costly
and time-consuming process. The engineer must de-
sign a mask for all manufacturing processes that
may be required for a component. For example, if
a transistor is made by diffusion process, and a
capacitor on the chip is made by a metal-oxide
technique, different masks must be prepared. In
addition, not all parts of the chip will have equal
spacing between the conductor paths. Any changes
in the design usually requires a new mask, which
is costly.

Lager comprises a three-part technique that auto-
matically generates the artwork for such masks.
A language to permit the designer to describe the
patterns and structures required in the individual
masks, a computer procedure for translating the
language into commands, and the automatic equip-
ment that acts upon the commands to generate the
final masks.

The language is a convenient shorthand and
symbolic way of describing the patterns a designer
wishes to generate with a minimum likelihood of
error. It defines individual structures and groups
of structures on the mask and assigns a symbolic
name to each group. This system is analogous to
that found in programing where the variables are
defined with mnemonic names. The programer
manipulates these names and leaves it to the com-
puter to relate them to the actual items of data.

Any structure or groups of structures are defined
with the language by means of substructures. For
example, if the designer defines a structure that will
generate the base of a transistor, this is then used
as part of a set of structures that define the transis-
tor. The transistor structures can then be used to
define a still larger structure, a logic decision gate,
for example.
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Taking the puzzle out of p-c design

Simulated by a computer program, a contour map of the circuit

helps complete a layout of a printed-circuit board in minutes

By Clifford J. Fisk, David L. Caskey and Leslie E. West

Sandia Corp., Albuquerque, N.M.

Laying out a printed-circuit board to perform a
specific function can be likened to fitting together
a jigsaw puzzle. In both, the challenge is basically
the same—selecting the parts that mesh by trial
and error. But unlike the jigsaw puzzle, which has
only one solution, a p-c¢ board can have several.
And the designer of a p-c board, of course, has the
advantage over the puzzle solver in that he’s the
one who determines the type, size, shape, and
number of components that make up his particular
puzzle.

To help the designer fit his pieces together, a com-
puter approach has been successfully developed
that combines a scheme for component placement
with one for conductor-path routing to automati-
cally produce a p-c¢ board layout. The component
phase, called force placement, is based on a set
of simulated interacting forces. Conductor-path
routing is achieved with a minimum path-length
algorithm and a newly developed topographic-
simulation technique. Called Accel, for automated
circuit card etching layout, the method was devel-
oped at the Sandia Corp., Albuquerque, N.M., and
the Thomas-Bede Foundation, Los Altos, Calif.,
under the auspices of the Atomic Energy Com-
mission.

Makeup of the puzzle

Basically, a printed-circuit board is a thin, insu-
lating board on which an assembly of electronic
and electromechanical components are mounted.
On the board’s surface are several isolated copper
conductive paths, each path attached to a com-
ponent lead (the point of connection serves as the
equipotential of the component). The junction of
two or more paths is called a node. At one end of
the board is either a connector or a set of printed
contacts for electrical connection to the outside.

The paths are isolated to prevent shorting the
circuitry. On two-sided p-c¢ boards, where two sur-
faces are available, conductive paths may follow
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the same route on opposite sides. Isolation in this
case is achieved by the board’s thickness.

The effectiveness of using the computer to take
the puzzle out of design can best be measured in
time. Where the conventional trial-and-error route
takes as long as weeks, computer-aided design
drastically shortens this to minutes. Fabricating
the assembly starts with the circuit specifications
that the designer generates and culminates in the
physical construction of the board. This process
includes:

= Converting the engineer’s design into accepta-
ble computer input data.

» Editing this data for validity.

= Retaining information on all components con-
sidered standard for the system.

= Handling nonstandard data that is entered at
the time the board is constructed.

= Determining the location of the components on
the layout after the data is accepted as valid.

= Positioning all the components and making
the necessary electrical connections with routing
paths that connect all common electrical nodal
points.

= Generating, with the aid of the computer, a
schematic of the input circuit, a parts-ordering
list, an assembly drawing, a hole drilling list, and a
mask required to etch the circuit board. Computer
programs for all of the output information are inde-
pendent subroutines written in Fortran 2 for the
M 7090 series so that various plotters can be used
for output. At Sandia, the current routines were
written for the Stromberg Carlson Corp.’s SC4020
cathode-ray tube plotter. With this system, Sandia
engineers can design up to 47 circuit boards per
computer run.

The maximum size board that this system can
handle is 90 square inches, with the standard 0.025-
inch grid. Other size grids can be specified. Al-
though conductors can be placed on one or both
sides the board—or laminated if required—com-
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ponents can be placed on only one surface. The
system can accommodate up to 500 components
and 300 nodes per board, and each component may
have a maximum of four lead connections.

Input to the computer

The beauty of this approach is its simplicity. The
designer checkerboards the schematic so that each
element, crossover, corner, and connecting line is
contained in separate squares. Each element in the
circuit is assigned x-y coordinates. The x-y coordi-
nates for resistor Ry, in the example of a checker-
board circuit at the right, would be Bl, and its
part number is 855794. Although they would be
acceptable, neither a predefined grid nor a machine-
drawn schematic is required.

To eliminate the puzzle of which element or
component to choose, every element in the circuit
has a symbol assigned to it from a predefined
glossary stored in the computer’s memory. The
symbols take into account the components parame-
ters, physical orientation in the circuit, and stock
part number. Thus the designer merely feeds the
symbol number and x-y coordinates into the com-
puter, which then analyzes the characteristics and
location to determine a node component list.

Upwards of 100 symbols are included in the
glossary, and additional entries can be included by
allocating the required storage.

An assembly can be designed with components
that aren’t included in the parts table: the computer
will do it for him. All the designer need do is feed
into the machine data describing what is required
and the board will be produced from it.

Layout of components

One of the system’s features is the method that
determines the locations of the components on the
board. Because of the way in which the forces act
on the components, the method is called force
placement. Although based on an adaptive set of
equations, this method doesn’t guarantee optimum
placement of components. The best introduction to
force placement is an analogy based on the circuit
on page 74.

Imagine that each of the components has elastic
leads that are stretched into tension until they
contract to some arbitrarily shorter length. The
components are placed in an open box whose bot-
tom surface is the size and shape of the printed-
circuit board, and whose sides prevent the com-
ponents from spilling over the edge. Points P;, P,
P3, and P, are stationary contacts that connect
to the elastic leads of Ci, Ry, Ry, and Rs, respec-
tively. Each component is confined so that it re-
mains in contact with the bottom surface of the
box. If the components are pinned arbitrarily to
the bottom of the box, some or all of the elastic
leads are strained in tension and each component
is acted on by a set of forces. If the components
are suddenly released from their pinned positions,
each would accelerate according to the instantane-
ous force exerted on it. The components shift into
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COMPONENT DESCRIPTION STOCK NUMBER
Ry Vaw,5% 855794
Rp Yaw,5% 855775
R3 Yaw, 5% 855784
(o 35uf, 50y
- TANTALUM
Q 873839

CONNECTOR BOARD IS STOCK NUMBER HHB5249/B5

Checkerboard. Keypunch operator arbitrarily sections
off the schematic so that each square contains one
component. Component positions are then fed to the
computer together with part numbers. Nodal points,
representing pin locations, are fixed throughout a
computer run.

40 42
50 51 52

>

Symbol glossary. Components and wiring connections

are assigned symbols from a table. A component may
have several symbols to indicate different positions.

By selecting the number corresponding to a particular
element and its position, the designer can easily
reconstruct the circuit as it appears in the schematic.
Although there is a limit to the number of symbols,

other elements can be described to the computer, which
will then produce the layout. These additional descriptions
can be stored in the computer's memory for future recall.
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a cluster and stop moving only after the forces
acting on ecach component are in opposing direc-
tions that cause a resultant of negligible magni-
tude. At this time, each elastic lead is either re-
laxed or stretched due to the static forces in the
sytem. The motion of each of the bodies after
release depends on the instantaneous force on the
body, torque, and the first and second integral of
linear and angular accelerations.

Fortunately, the computer is not limited to the
physical laws of the real world. A new universe
can be defined wherein bodies acted on by forces
follow laws that the designer is free to dictate.
For example, a component may experience a re-
pulsive force due to another component before the
two actually make contact. Components can even
be allowed to pass through one another should this
prove advantageous.

Basically, the defined universe is as follows: the
domain is an area in the x-y plane bounded by a
closed curve whose points coincide with the edge
of the board. Two-dimensional components within
the domain are free to move if they are acted on
by vector quantities, called forces. Any component
acted on by a resultant force is moved in the same
direction with a magnitude proportional to the
force. Thus, a component acted on by a net force
must move, but a component with a zero force
will not.

Components to be connected to a common con-
ductive path are acted on by forces that cause them
to move toward one another. The further -apart
these components are, the greater the attraction.
To prevent the components from moving to posi-
tions in which their individual boundaries overlap,
a force of repulsion is imposed. This causes closely
located components to move further apart. The
repulsive force between two components increases
as they get closer. To keep components from being
moved out of the domain completely, a force of
repulsion is defined from the borders of the domain.
Since actual connection points on a component
can be located at other than the center point, a
torque is generated by forces on these actual points.

P2
Rz
Cy
1.
J I\ Py
Ry
— MW Q
P3
R3
Lp,

Force analogy. Contact points P, P:, Ps, and P. in

this single-transistor circuit are fixed to components

C1, Ry, Ry, and Rs, shown in color, whose leads are
assumed to be elastic. If the components are allowed

to assume a position in which the net forces acting

on each component are zero, the elements come to rest.
The relative position of the components at this time
becomes a possible board layout.

74

This torque then creates a force that rotates the
component an amount proportional to the resultant
torque. Thus, the four types of forces in this
universe are attraction between components that
connect to common conductive paths, repulsion
between all components, repulsion between all
components and the edges of the domain, and rota-
tion from each connection point on a component to
each common conductive point on others.

Force and moment on a particular component is
the vector sum of the individual forces and mo-
ments contributed by each component and the
borders. Force on a component, due to another
component, is a function of both component size
and the distance between components. The attrac-
tive forces and the repulsive forces reflect the
shape of the components.

Forcing a move

At the start of the computation, the components
are placed arbitrarily on the board. The forces act-
ing on the first component are computed and
summed vectorially. Then the component is moved
in the direction of the force by an amount propor-
tional to it, but not exceeding one-half the distance
to any border. Next, the computation is performed
for the second component, then the third, and so
on. It is repeated until the last component has been
moved. This completes one cycle. Successive itera-
tive cycles are based on the positions of the pre-
ceding cycle.

For a converging set of force equations, the com-
ponents move less on each successive cycle until
a point is reached where the average movement is
less than some predefined amount. A solution has
been found to the set of force equations that
determine when the components no longer move
significantly—the resultant force on each is zero.

During N-iterative cycles, a component occupies
N discrete positions in the domain. If the coordi-
nates of the components are connected sequentially
with straight lines, these components are consid-
ered as having followed this path in the x-y plane.

At the start of the placement process the attrac-
tion is undamped, while the repulsion is heavily
damped. As the process progresses, the damping
reverses—the repulsion increases and attraction
decreases. This allows attracting components to
quickly cluster, and the increased repulsion tends
to eliminate overlap. When movement nears cutoff,
each component is rotated to either a vertical or
horizontal position on the board, depending on
which orientation is the closer. Then the position
of those components that overlap are readjusted
to eliminate overlap. Next, the area that the com-
ponents occupy is compared to the area of the
board. If there is additional area available, the
components are spread to give a more uniform
placement.

The final sct of coordinate points defines the
component locations in the domain and on the face
of the p-c board. Knowing the center points of the
components and their lead coordinates with respect
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Topographic simulation

Contour map. Top view of initial layout

of basin and peaks for a particular
circuit at the start of the computer run.
Peaks represent component conductor
pins and the basins represent the
possible conductor paths.

Pathfinder. To create a path from one
peak to another, one is held fixed

while the other is pulled down to form
a target cone. With the cone formed,
the computer scans the terrain for the
nearest lowest altitude from the highest
peak and a step is taken in that
direction. At left, a circle in color is
centered over peak about to be pulled
down to form a target cone. At right,
the peak is depressed and the sur-
rounding area is scanned for a con-
necting path between the target and
the peak pinpointed by square in color.
Both views are from the side.

Sidestepping. Path shown in color
indicates the connection between the
two peaks. Sidestepping is caused by

obstacles along the way. At right,
target peak is again pulled down at a

later stage of the process and the
terrain examined for other connecting
paths. Heavy black vertical lines and
horizontal plateaus indicate several
paths already completed.
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to their centers, the positions of the leads are com-
puted. This completes the information needed for
the conductor-routing program.

Conductor-path routing

Conductor routing requires that the circuit pro-
vide all needed conductors, and that the paths of
different nodes will not cross. Also, the distribution
of paths should fully utilize the available space.
This is especially important from a reliability stand-
point, because crowded paths are easily shorted by
metallic specks or by slight etching imperfections.

To date, no technique has been found that sat-
isfies all requirements on every board. The result is
a compromise whereby jumper wires replace
printed paths that tend to cross. If too many jumper
wires are required, another compromise is to sub-
divide the circuit onto several blocks. Although
these compromises are electrically adequate, they
are undesirable from a manufacturing standpoint.

A technique that minimizes the effects of these
compromises is incorporated in the Accel system as
a combination of a topographic-simulation method
and a modified version of Lee’s algorithm.*

In the earlier Accel attempts, an effort was made
to improve the routing technique referred to as
Lee’s algorithm. This led to the introduction of still
another compromise that attempts to make a con-
nection with an L-shaped path, a path that can be
made by only two perpendicular parts, and when
this technique fails, resorting to an algorithm
slightly modified from Lee’s approach.

When the conducting path isn’t completed by
an L path, a number is affixed to each of the two
connection points. One point is assigned the num-
ber 1, and the other, a large number like 100.

Starting from the point having the 1, the next

Checking results. Author West
holds program printout while
co-authors Fisk (left) and
Caskey study the results.
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step is to move outward to all adjacent orthogonal
matrix spaces. After establishing that these spaces
are empty, they are filled with the number 2. Ad-
vancing from all spaces containing a 2, the out-
ward movement continues to adjacent spaces. If
these are empty, they are filled with the number
3, and so on. At the same time, the procedure is
reversed from point 100 in steps 99, 98,97 . . ..

By scanning the entire board, the computer in-
sert’s 2’s and 99’s in the first scan, 3 and 98 in the
second scan, and so on. The effect is to move num-
bers outward in count areas. When the two count
areas intersect, a path is completed.

After the path is defined, it is filled with node
numbers and the other spaces are cleared. The
computer then proceeds to the next set of points to
be connected. The routing matrix may contain
coded elements that act as isolation to conductor
paths. This allows for hole drilling areas, compo-
nent heat sinks, irregular board perimeters, and
all other objects that require conducting paths to
bypass their locations.

Topographic approach

The method of topographic simulation was first
developed and programed as an experiment sepa-
rate from the Accel system. It is based on a scheme
that represents the location of component-conductor
pins by peaks and the areas between the peaks
by combinations of slopes, plains, and valleys. By
analyzing the terrain, the computer determines the
trails that indicate conductor paths. It had been
used to represent interrelated, steady-state forces,?
such as the path of an electron in a vacuum tube.
Applied to a computer, it becomes a scheme having
self-modifying characteristics that produce a three-
dimensional dynamic topography. In p-c board de-
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PATH3  NODE 2 ®

PATH 5
NODE 2

PATH 4
NODE 3

PATH 6 NODE4

PATH NUMBER PEAK TO PEAK NODE NUMBER
1 B D 1
2 D C 1
3 A F 2
4 E 1 3
5 F H 2
6 G J 4

Interconnection pattern. To indicate the possible

path configuration, a drawing is prepared manually from
the input data. Pin locations have been previously
determined. Data representing these paths, nodes, and
peaks are tabulated.

sign, this dynamic property is especially vital in
representing the constantly changing conditions
caused by the growth of circuit paths. Another
feature of the simulation process is that any given
point can be assumed as negative or downhill
compared with other points at any given time.

In the computer, the topographic area is repre-
sented by a 100 by 100-element array (the grid size
is limited only by the available core storage in the
computer). The location of each element represents
a corresponding location on the circuit board. Each
element is a computer word and contains a number
representing its altitude.

At first, only three features are on the contour
map: shape or outline of the body, holes or other
obstacles to conductor paths, and component and
connector pin locations. Conductor paths, plated-
through holes, and trouble spots that are estab-
lished by the process are added to the topographic
structure as they occur.

The process begins with all elements set at zero
altitude. The data, representing locations of elec-
trical contacts (component pins) and locations of
physical obstacles, (such as holes in the board),
are fed into the system. A peak is created in the
grid at each location. By arbitrarily assigning a
high altitude, say 1,000, surrounding elements are
assigned lower altitudes, and the next ring of ele-
ments still a lower altitude. Then, to represent the
edges of the circuit board, a ridge is created around
the periphery of the grid. This ridge slopes inward
from each of the four edges, forming a basin. The
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actual form of the peaks and the basin is variable,
governed by control data substituted in:

K
TOXD+1 w

Although there are several ways in which the
structure may be numerically developed, the one
used most extensively is given by equation 1 where
A is the altitude of any given element, C is a con-
stant that controls the slope of the basin and peaks,
D is the distance between the element and the
nearest edge of the grid or between the element
and the center location of the nearest peak, and K
is the constant that determines the altitude.

Three variations of this form may be used. The
first calculates the altitude that is caused by the
basin and by each peak; whatever condition gives
the greatest altitude is used as the value of that
element. Another variation applies the cumulative
effect of all peaks and the basin.

The third variation is the replacement of the con-
stant, K, with a function. For example, if a peak
represents a high-voltage contact on the board, X
could represent voltage and thus cause low-voltage
paths to avoid that area. Or, similarly, if a location
in the circuit is particularly sensitive to the capaci-
tance effects of conductive paths, the K (for peaks
in that vicinity) could represent that sensitivity and
thereby provide better dispersion of conductors.

After the basin and peaks have been formed, the
process of establishing circuit paths begins. How-
ever, changes occur during the process.

Two conditions cause the topography to be modi-
fied. First, as the locations of circuit paths are

A

P 1
P 4 Y 2
P 7 3 5
P P P 12 10 6 8

m g i 1" 9

L § a e h i

d X b k
c

Step selection. With the X and Y squares representing

the peaks between which a path is to be completed, the
computer scans the area between them. Steps are chosen
in the most downward direction from both X and Y. The
squares surrounding the two peaks represent various
lower altitudes. Steps can only be taken vertically or
horizontally. They can neither be on or adjacent to

steps of a different path nor retrace a previous step.

The completed path is shown in color.
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established, ridges are built along the paths. This,
in effect, forms valleys between completed paths.
The purpose is to help the computer route incom-
pleted paths around or between completed ones.
Second, when a path hits a trouble spot in the ter-
rain, it is detoured in a zigzag. Such trouble spots
may be caused by low areas surrounded by peaks,
very narrow valleys caused by ridges of several
completed paths, or V- or U-shaped bends in the
completed path.

Up to this point, the topography is comparable
to natural topography. The one remaining topo-
graphic characteristic has no natural counterpart.

To view this feature, imagine that the topography
described thus far is built on a rubber sheet that
is stretched on a frame. When a step is taken (a
step representing an increment of a circuit path)
from some location toward a target point, the latter
is depressed, forming a cone with the ridges, peaks,
and valleys on its inner surface. After the path is
completed, the target location is released and the
system is prepared to find the next path. Since an
iterative step-sequencing system is used, all paths
can be developed either simultaneously or indi-
vidually.

Path-step selection

The system contains two basic features that work
together to establish the location of circuit paths.
One is the algorithm for step sequencing and
evaluation; the other comprises the applications
and variations of this algorithm in the several
phases of the system.

A path step, as defined here, is an element in
the 100 X 100 grid and represents a portion of a
conductor path. If a path is to be developed be-
tween two peaks, it will be composed of at least
as many steps as there are grid elements between
them. Since paths are frequently routed, for ex-
ample, around other peaks, the steps required to
complete any path depends upon the obstacles be-
tween the two.

Input data is fed into the computer for pre-
liminary analysis to determine between which pairs
of peaks paths must be developed. When several
peaks are interconnected, they are said to be on
the same node. Specification data is then tabulated.
In the sketch on page 77, the coordinate locations
of the peaks, rather than the letter designations
are used.

Since the process for developing steps is itera-
tive, one step is taken from B toward D, then one
from D toward B, then one from D to C, then C to
D, Ato F, F to A, and so forth down to G to ],
and J to G. The next step cycle begins with the
second step from B toward D, then D to B, and so
forth. This process continues until the paths are
completed, the uncompleted path ends are trapped,
or a predetermined cycle limit is reached.

With this step-selection procedure, the computer
examines the terrain’s slope in the immediate vicin-
ity of the element from which a step is to be taken,
and chooses the direction that is most downhill.
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However, a step must not be on or adjacent to steps
of a different node and cannot intersect itself. As
a result, the most direct route may be unacceptable.
Therefore, it is necessary to provide alternate
choices of step direction. Because a step must be
one of the four orthogonal elements of the existing
location, it cannot move diagonally.

Suppose it is necessary to develop a path be-
tween X and Y in the diagram on page 77, where
P, P, P ... are steps of a different path. The com-
puter seeks the first step from X by examining the
altitudes of elements a, b, ¢, and d. If the step to
element a is the most downhill, there is no reason
that this element cannot be occupied. Thus loca-
tion a is the first step from X. Similarly, from Y,
the altitude of elements 1, 2, 3, and 4 are examined,
and element 3 is chosen as the first step from Y.
Then for the second step from X (now at a) ele-
ments m, e, and f are examined. Since the element
at X was a previously occupied step, it cannot be
included. If the greatest downward slope is toward
m, the elements around it are examined. Because m
is adjacent to the path P, this choice is rejected.
Then if the second best slope is toward e and it
is unrestricted, e is chosen as the second step from
X. If e had been restricted, the third choice, f,
would have been considered.

After the second step from X has been taken,
the next step from Y is examined and taken. This
process continues until the two ends meet, which
in this case occurs at element 11. The entire se-
quence of steps is as follows: X to a; Y to 3; a to e:
3 to 6; e to h; 6 to 10; h to i; and 10 to 11.

In this example, neither path end is trapped.
But if one end of a path progresses to a point
where it cannot step in any direction, it is con-
sidered to be trapped and not allowed to move any
farther. However, the other end is still active and
seeks to connect with the trapped end. In the event
both ends are trapped, nothing more is done with
this conductor until a subsequent phase.

This stepping is controlled by a data array that
keeps track of the most recent step location of
each path end, as well as the point of origin
(peak) of each. For definition, the most recent
step of a path end is called the target of the
other end; the peak toward which a path is moving
is called the target peak; and the path end that is
in the process of taking a step is referred to as the
active end.

During the step-evaluation process, three char-
acteristics of altitude are measured for each of the
orthogonal elements at the active end: the instan-
taneous altitude, the portion of this that is due to
the target peak, and the effect on altitude caused
by the target being pulled down to form a cone.
The first two are computed values produced from
the following equations:

1,000
et
CXD+1

Cone altitude change = K X (100—D’) (3)
where

Altitude due to target peak =

Electronics | September 4, 1967



Path-interconnection pattern
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allowed to step toward each other. While some paths

‘L'ldb‘i“—- ‘T'_‘_ ._,?H_'_.“—° are completed easily, others are not because paths
7 ML’) '_“@J_‘ %1-’7 cannot cross each other. At the end of the first
LL_r‘ ey 5 T computer run, the connected paths are stored in the
E_,:.\l memory and a second attempt is tried to complete

v the remaining unconnected paths. If this fails, a third
attempt is made to connect incompleted paths on the

back of the board. For those connections that are still
Frame 17 Frame 18 incomplete, jumper wires are used.

J‘"' r‘" Stepping sequence. Pin locations, determined from the
._(;I ‘—1\'5 T ot 5 input data, are established in frame 1. As indicated
in subsequent frames, paths between paired pins are
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An f-m stereo multiplex adapter without transformers

Rz

Hole-drilling list

SCHEMATIC NO CASKY4

 § 4 BlAN X
1.000 9.830 0.063 e.000
§.000 9.830 0.063 7.000
3.272 8.338 0.038 2,051
1.653 8.233 0.038 1.653
$.372 1.447 0.038 4.798
e.252 5.961 a.038 2.737
1.01¢ 5.549 0.038 1.016
4.476 T.478 0.033 4.476
3.480 0.933 0.038 2.240
7.088 2.793 0.038 7.086
e.320 0.950 0.052 6.320
5.333 3.742 0.038 2.200
1.141 3.017 U.038 1.715
8.436 5.681 0.038 9.001
4.320 1.242 g.052 2.943
1.624 4.167 0.038 1.954
6.786 5.853 0.038 6.786
3.901 1.677 0.038 8.225
2.851 2.948 0.038 2.851

4.404 8.338 0.038 3.937
6.185 4.456 0.038 7.650
T.322 8.433 0.038 7.760
6.630 8:129 gJ.038 8.008

6.407 4.295 0.038 7.683
6.856 6.720 0.038 6.096
7.216 5.506 0.038 6.914
2.964 8.257 0.038 2.330
5.549 6.862 0.038 4,214
8.708 1.964 0.038 8.708
2.751 3.931 0.038 2.596
7.507 4.0486 a.038 7.507
2.561 7.536 J.038 2.561
T.774 1.216 g.038 7.200
6.083 2.828 0.038 4.617
6.390 2.152 a.038 6.390
5.507 8.611 g.038

X
9.680
9.6380
9.078
T.719
1.447
2.044
5.389
6.378
3.565
3.369
1.242
2.213
3.017
3.988
6.714
2.654
6.197
8.692
3.522
T7.708
6.512
8.433
4.336
4.205
7.646
3.842
8.257
4.482
2.964
5.704
3.702
6.962
1.216
2.979
2.726

HOLE CRILLING LIST

DIAM

0.065
0.0¢s
0.038
0.038
0.038
0.038
0.038
0.038
0.038
0.038
0.052
0.038
0.038
0.038
0.038
0.038
0.038
0.038
0.G38
0.038
0.038
0.038
0.C038
J.038
7.C38
0.038
0.038
0.038
0.038
G.038
0.038
J.038
0.538
0.038
0.038

X
3.c000
8.000
2.05¢
3.327
3.683
2,737
1.096
3.917
2.240
5.744
7.833
2.200
9.086
9.004
2.943
2.528
6.915
8.225
3.028
3.937
7.306
1.555%
B.582
4.562
6.096
6.340
5.852
4.214
4.906
3.170
5.320
3.510
8.255
4.617
4,114

Y
9.680
9.680
8.502
T7.948
6.924
1.467
5.469
3.514
3.331
4.609
1.762
1.869
4.757
3.644
6.140
2.6%4
2.129
9.266
5.064
7.868
6.512
5.239
4.336
5.585
8.220
3.842
5.418
3.908
4.649
5.701
g.253
3.962
3.224
3.323
5.344

CATE 05/03/67

DIAM

0.06%
0.065
g.038
g.038
0.038
0.038
0.038
0.038
0.038
0.038
0.038
0.038
g.938
0.038
0.038
0.038
0.038
0.038
0.038
0.038
0.038
0.038
0.038
0.038
0.038
0.038
0.038
0.038
0.033
0.038

X
4.000
9.000
5.611
3.487
3.683
1.952
4.956
3.917
3113
3.170
7.833
1.423
9.086

9.680
9.630
3.358
7.948
6,024
T.414
3.025
2.340
2.567
4.609
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C = a constant that defines the peak’s shape;

D = the distance (grid elements) between the
center of the peak and the element considered;

K = a constant that defines the depth of the
cone;

D’ = the distance from the target to the element
considered.
Then, for each of the orthogonal elements, an
effective altitude is computed by subtracting the
result of equation 2 from the instantaneous altitude,
and the result of equation 3 from equation 2. The
next step location is then the element that has the
lowest effective altitude and does not violate any
of the restrictions.

Multiphase operaticn

The over-all operation of the system is divided
into four phases. Each phase, while employing the
algorithm, follows a slightly different procedure
for making connections. A control subroutine over-
sees the sequence of phases and is most subject
to change. It is easily varied to try different pro-
cedures for making connections.

For the front of the board, phase 1 begins with
a topography that includes only the border and the
peaks at the land location. Here, steps are taken
from both ends of a connection pair toward each
other. A step from both ends constitutes one cycle
of the stepping algorithm. The number of cycles
in this phase, usually about 75, is specified by a
data-control card. Although sloping ridges aren’t
present, there is an infinite barrier surrounding
the progress of the paths. Consequently, no early
warning of an impending obstruction is provided.
Phase 1 terminates after the cycle limit is reached
or when all the paths become trapped. Typically,
about half the connections are made during this
phase.

Phase 2 differs from phase 1 in one important
aspect. The conductor paths completed in phase 1
are now provided with ridges, sloping downward
and outward for 15 steps from each path end.
Those connections not completed in the earlier
phase are wiped out, and are attempted once again.

The final connections are now made on the front
of the board. A special routine is used to determine
whether the steps from the path ends are still
progressing toward each other. If one end strays,
its progress is halted and a land is placed at that
point. Thus, when phase 2 terminates, after 100
cycles or less, a land is placed at the last position
of each end of the incompleted path.

If a two-sided board is generated, the system
attempts to complete the remaining paths between
the new land locations on the second side. Com-
pleted path locations established for the front side
are saved and the topography is set at zero before
starting on the second side.

Back of board

To start on the back of the board, phase 1 is
again employed to recalculate the topography, cre-
ating the peaks and border as before. However,




Lee’s algorithm points the way

One of the major difficulties in laying out a printed-
circuit board is determining whether a path exists
between two points and if they can be connected.
And, the larger the circuit, the more complex the
problem. C.Y. Lee, of Bell Telephone Laboratories,
Whippany, N.J., in a 1961 paper,! “An algorithm
for path connections and its application,” presented
a technique that provides a solution.

Based on digital logic, the method enables a
computer to solve efficiently the path-connection
problem inherent in logic drawings and wiring dia-
grams. The algorithm is used to:

» Find a path between two points without using
Crossovers,

» Have the path avoid such obstacles as p-c
board edges and circuit components,

® Determine the shortest path among several
possible connections.

However, the algorithm has one drawback when
used alone: it doesn’t indicate the number of paths
having a finite width that can be squeezed between
two obstacles.

there are more lands or peaks than there were for
the front of the board. The newly generated lands
at the ends of incompleted paths, as well as the
original lands, comprise the data for calculating
peaks. These land positions must be avoided be-
cause the lands protrude through the circuit board.

After establishing the terrain for the back of
the board, phase 1 is operated as before. Only
those paths still not completed are attempted, and
they step from new land locations.

Again, after phase 1 is completed, barriers are
generated for newly completed paths, and incom-
pleted paths are erased. Phase 2 is then tried, but
only for 25 cycles. After phase 2, if there are still
incompleted paths, phases 3 and 4 are tried.

Phase 3 and 4 differ from 1 and 2 in two ways:
only one path is tried at a time, and steps are
taken from only one end. Thus, these phases are
executed once for each incompleted path. During
phase 3, one end of the path stays at its land
location while the other steps toward it. Up to 150
steps are taken to complete one path. If this doesn’t
succeed, phase 4 enters the picture.

This final phase is identical to the previous
one except that the remaining incompleted paths
are tried from the other end. Thus, if one end is
trapped, the other end does the stepping. If there
still are incompleted paths when phase 4 con-
cludes, the program generates a tape for producing
a picture of the board’s paths before going on to
the next circuit.

Topography and Lee’s algorithm

The combination of topographic simulation and
Lee’s algorithm has been most successful. The
main advantage of Lee’s algorithm is that it finds
a path if one exists. But, on the other hand, it
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crowds paths so that some subsequent paths can-
not be developed even when logically possible.
The major advantage of the topographic method
is that it disperses paths. Tts disadvantage is that
it doesn’t know when paths are impossible to form.

In applying the two techniques, the process
begins by first running Lee’s algorithm to estab-
lish if there is a path available and its location.
The topographic scheme is then employed to com-
plete these paths, which takes a few minutes.

A topographic representation of the board is
kept in one array, where land centers are repre-
sented by 0’s and all paths found by —1’s. The
elements running outward from each side of a path
are given decreasing altitudes; that is, the elements
adjacent to the path have an altitude of —2, the
next closest have an altitude of —3, and so forth
to a maximum of —7. Then a topographic unblock-
ing algorithm distorts the Lee path, pushing it
toward the lower elevations. A final path is ob-
tained when further movement is no longer pos-
sible. This path is added to the topographic array
and the program is ready to begin the next path.

The sequence in which the connections are
made is determined by the straight-line distance
between each end of the path. The shortest con-
nection is processed first.
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Circuit design Il

Drawing board for IC’s

With the aid of a light pen, a computer and the Cadic program,
an engineer can speedily design his IC layout on a crt display

By Arnold Spitalny and Martin Goldberg

Norden Division, United Aircraft Corp., Norwalk, Conn.

For the engineer who wants to design his own inte-
grated circuit, a major drawback is that the de-
signing process is often time consuming and
costly. A computer can offset this by reducing
both development time and cost substantially. The
machine helps the engineer develop better 1c de-
signs faster, automatically checks them for conform-
ance with all process tolerances, and generates a
complete set of fabrication masks. Furthermore,
since design changes can be made directly in the
machine before an 1c is actually built, the computer
assures that a new circuit will work properly the
first time.

Two factors make this design task more difficult
than laying out a conventional printed-circuit board
—the components vary more widely in size and
shape, and more exact tolerances are required. The
computer helps the designer determine size and
shape of all elements, allows for isolation moats and
clearance tolerances, arranges the elements into a
rectangle of minimum total area that fits in a flat
pack or header with satisfactory form factor, lo-
cates terminals, and routes interconnections without
metalization crossover, if possible.

On-line computer program

Although computer programs can be designed
to assist in developing 1¢’s using conventional batch-
processing computer techniques, they suffer serious
limitations. For example, cards must first be
punched that describe not only the input data but
also the program operations. These cards are then
scheduled and must wait their turn on the com-
puter. Since the output from such a run is usually
numerical, this data must be converted on addi-
tional cards or tape and fed into a plotter to obtain
a visual display. If a change is desired, it cannot
be performed until the computer run is completed;
should there be an error in the change card, the
run must be repeated from the beginning. Many
changes and runs are usually needed before a satis-
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factory design can be achieved.

A new graphical on-line system avoids these
problems. Circuit-layout patterns are manipulated
on a cathode-ray tube with a light pen and results
in data that can be used to produce the mask art-

work. Called Cadic, for computer-aided design of
continued on page 87
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Light-pen operation. Martin Goldberg, author, points
light pen at the left edge of a component while co-author
Arnold Spitainy looks on.
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Picturing an IC chip’s layout
— a visual approach to design

Designing an integrated circuit is vastly simplified,
thanks to the Cadic system. With a clear picture of
his circuit on a cathoderay tube, the designer
merely uses a light pen to manipulate the component
parts to obtain an efficient circuit layout. These
illustrations, reproduced from a crt, show some of
the capabilities of Cadic when applied to a simple
demonstration circuit.

An initial display is automatically developed from
the computer input and appears on the crt. This or
any subsequent display can be recorded by the
computer and recalled at any later time during the
design. The first step shows the initial display
being recorded. The designer selected the RECORD
mode by pressing the record key on the function
keyboard. On top of the screen appears the informa-

tion INITIAL DISPLAY, written in with the console
typewriter to identify the data for reference.

The list of numbers at left of the screen indi-
cates the storage areas in which a particular display
can be recorded. After each operation, various mes-
sages appear in the conversational-message area
of the crt. Here, for example, the placement mode
is selected and the computer asks the designer to
choose a command. A particular command is selected
by pointing the light pen at it—in this case, the
MmovE command. Once set in this command, many
component moves can be done without repeatedly
pointing to MOVE.

Immediately after this command is selected, the
computer changes the message to SELECT MOVE PART
or GrRoUP. The part or group of parts to be moved is
selected by pointing with the light pen, whereupon
a new request for instruction is made to designate
a constraint which indicates where the part or group
should be moved.

Several variations of this command are available,
depending on the part edges designated as move

RECORD size SCALE S17€ SCA;
TYPE IN NEW IDENTIFICATION AEEIS 1.48 " mOVE 12535 st
WINDO! SELECT ALIGN AXIS
L] W-CNTR
INITIAL DISPLAY 3] 31031 sENosL RO yitoow - geoniw
AREAS CAPTR FIT
1R DELTE PRT
2 FLIP CONT
3 FLIP HOR
. FLIP VER
k S
UN I
JOIN «
UNJOIN
MOAT
UNMOAT
iS/move
(R ta2) tes) p (rR) (e12) 33
ROTATE
10 180 216
OVRLP PRT
OVRLP ALL j
5] o | «n e | c
1NDON
RE s€ T
REs1ZE
NOSHOW
sHOW
¥INDOW SHIFT]
Step 1. Initial circuit layout. Step 2. Selecting alignment axis.
TATE 24 SI1Ze SCA i S12€ SCA
ROTATE 218 V2x38 1.;'i§ i BEND R1GH V2X35 1..'§E
SELECT PART SELECT END OF RESISTOR
BEND L R U Dy ungu. !i"‘"‘ senp L R U Of HNDGI W-CNTR
CAPTR FIT 22Y CAPTR FIT SN
DELTE PRT DELTE PRT
FLIP CONT FLIP CONT
FLIP HOR FL1P MOR
FLIP VER KHP vgl
GROUP GrOUP
UNGROUP UNGROUP Jﬁ
JOIN J0IN AR
UNJOIN UNJOIN
MOAT MOAT
UNMOAT UNMOAT
¢
HOVE HOvE
MEAS/MOVE HEAS/MOVE 2.6
o (c8)
ROTA
1e718e 210 1o 180 278
OVRLP PRT OVRLP PRT
OVRLP ALL OVRLP ALL | 2 A |
EFF. FIR EFF. FIR
«n  |en [®D] «n (E
¥ INDOW ¥ INDOW
RESET RESET
RES12E RESIZE
NOSHOW NOSHOW
SHOW SHOW
WINDOW SHIFT| WINDOW SHIFT]
BEND CANCEL

Step 5. Additional rotation.

Step 6. Compressing parts.

Electronics | September 4, 1967



and constraint edges. If the light pen is pointed at
the left edge of two components, for example, the
second is held fixed and the first moves to align its
left edge with the left edge of the second compo-
nent. Thus, R4, in the initial configuration, is moved
slightly to the left, and the left edges of C7 and C8
are aligned. This alignment is accomplished simply
by pointing with the light pen to the left edge of C7
(part to be moved) and then the left edge of C8
(constraint).

By pointing the light pen at the right edge of
two components, a similar alignment takes place be-
tween them. Thus, the external pad, E9, is moved to
the right to line up with the right edge of C8. Com-
ponent E9 is then moved down and placed adjacent
to the center of C7. To request a center-to-center
move, labels are used instead of edges. An axis is
then selected to indicate whether the center of the
part moved should be shifted to the horizontal or ver-
tical constraint axis.

To move one component next to another the
light pen is pointed at different edges—here, the

S1Ze SCALE
SELECT CONSTRAINT PART +2x35 1.454

"

.

1

2
BEND L R U D INDOW W-CNTR
3 31,31

CAPTR FIT
DELTE PRT
FLIP CONT

FLIP HOR
FLIP VER
GROUP

UNGROUP

J
UNJOIN

MOAT
UNMOAT

MOVE
MEAS/MOVE
(RE)Y (Q12) (e
ROTATE
1 186 270

OVRLP PRT
OVRLP ALL

EFF. FIR

(o]

W INDOW
RESET

RESIZE

NOSHOW
SHOW

WINDOW SHIFT

=
Step 3. Vertical alignment.

S1ZE SCALE
SELECT MOVE PART OR GROUP +2x35 1.454
BEND L R U Df
CAPTR FIT

DELTE PRT

-CNTR
1.31

e

FLIP CONT
FLIP HOR
FLIP VER

GROUP
UNGROUP

JOIN
UNJOIN

HOAT
UNMOAT

MOVE
MEAS/MOVE e

ROTATE
10 186 270

ce)

OVRLP PRT
OVRLP ALL

EFF. FTR

P

W INDOW
RESET

RES!ZE

NOSHOW
SHOW

WINDOW SHIFT|

5

left edge of Q12 and the right edge of R2. Element
Q12 is then moved left to be adjacent to R2 with
a preselected separation automatically applied.

By selecting ROTATE from the menu, components
are automatically turned when designated by the
light pen. Thus, R6 is rotated 270° and moved down
to align its center with the center of C8. Also, Q12
is moved adjacent to R6. The message area now
indicates that the command crour is selected, a
command that enables a designer to choose and
group several components and manipulate them like
a single part.

A group is defined by successively pointing the
light pen at the parts desired. As each part in the
group is selected, a group label is placed next to it.
Group G1 consists of Q12 and R6.

Additional moves are made to compress the parts
into an even smaller area. For example, the mes-
sage area indicates that the command BEND RIGHT
is selected. This is achieved by pointing the light
pen to the R next to the BEND menu item. As the
result, R2 (end to be bent) is bent to the right

" DEF INE GROUP 1 B
SELECT PARTS IN GROUP .

w

.

BEND L R U Df

CAPTR FIT

DELTE.PRT
FL1P CONT

FLIP HOR
FLIP VER
GROUP
UNGROUP

JOIN
UNJOIN

MOAT
UNMOAT

MOVE
MEAS/MOVE
(REY (R12,G10R4E1) (34
ROTATE
10 180 270

OYRLP PRT
OVRLP ALL T

@ [fo]

€FF. FIR

¥ [NDOW
RESET

RESIZE

NOSHOW
SHOW

WINDOW SHIFT

=
Step 4. Rotating and grouping.

CONNECTIVITY MIDE 3

BEND L R U Dy
CAPTR FIT

DELTE PRT "
FLIP CONT
FLIP HOR
FLIP VER

GROUP
UNGROUP

JOIN
UNJOIN 5

MOAT
UNMOAT

MOVE
MEAS/MOVE

ROTATE
10 186 276

OVRLP PRT l D
OVRLP ALL '

EFF. FIR

1 3
¥INDOW

RESET 1

NOSHOW

SHOW

WINDOW SHIFT] 4

Step 7. Bending for compactness.

Step 8. Rescaling for smaller chip.
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( ROUTING MODE
CHOOSE COMMAND

around Q12 (constraint). This is accomplished by
AT J pointing the pen at the top end of R2 and the
RT. ALL E] top edge of Q12. Separation between the bent seg-

RT. ONE

ment of R2 and the top edge of Q12 is automati-
e -—u_j cally maintained. Another rotation and two moves

oRAN complete the initial consolidation of chip area.

sequence i 5 Since the parts as they now appear occupy con-
veeToRs siderably less area, it is desirable to readjust the
. boundaries (a rectangle enclosing all parts) to de-
fine a much smaller chip. The initial chip size is
indicated as 62 by 35 mils, shown in the parameter
_B 5 L3 area at the top right of the screen. Readjustment
! is achieved by pointing to the command REsiZE.
KE; = This results in new boundaries. Rescaling is then
' made so the screen represents the full area of the

Lt,_——,] . . chip now measuring 35 x 34 mils.
Chip-packing efficiency is measured at any time
b———' by selecting EFF. FTR in the menu. The ratio of
— total component area to total chip area is then com-
: puted and displayed in the message area.
Step 9. Routing starts. To avoid unnecessary clutter on the screen, the
designer eliminates the names of the components
= o by pressing the names key on the panel. By press-
% ing the nodes key, node numbers are displayed at
the contact locations on each part. A node, or net,
[ = is a set of contacts that are to be electrically con-
wT. one . ALT—J nected with interconnection metalization. Connec-
FEsTARY s tivity data is included on the input card, and can
e I be displayed at any time during the layout to assist
sceuence . the designer in placing and orienting components.
b Making connections. With node numbers on the
s screen, the route function key, calling for the routing
s 13 mode, is pressed and a new list of commands ap-
1] pears in the menu area. The first command selected
= mmes £ is RT. AUTO, which causes all the nets to be routed
! in descending order according to length. The com-
5 3 . . puter determines length. The sequence of numbers,
Rl which appears at the bottom of the screen, indicates
the order in which the nets were routed, reading
from left to right. In this case, net 4 is routed first.
Although contact geometry isn’t shown, all the points
L TR i s on net 4 are indicated with a 4 on the layout display
L at the center of the corresponding contacts.
s Blocked nets are indicated by a minus sign next
Ao 10, Bolning ends, to the net number in the sequence display. Here,
nets 3 and 5 had blockages preventing the routing
s algorithm from connecting all their points. To move
. the blockages, the designer returns to the place-
RT.AUTO ment mode and applies the FLIP HOR and FLIP VER
o commands to reverse the contact position of R3 and
resTarT Q12. R3 is also moved and bent to obtain a more
erase l T compact chip. By reversing contact positions on R3
ok A . and Q12, the routing is simplified because nets 2,
3, and 4 are shortened.
Several other options are available to the de-
= —L,_1 signer to perform routing manipulations or eliminate

ROUTING MODE 3
CHOOSE COMMAND
Wl

34

ROUTING MODE 3
CHOOSE COMMARD
"l
3

VECTORS
DULR

blockages. Two of these are ErRase and DRAW com-
mands. Here, the path for net 4 is erased and then
’ drawn manually by the designer. In this case, there
- . s ; is no problem of blockages, but it is desired to
el change the path obtained by the algorithm. In-
stead of having the path proceed along the body
of R2, it is preferred to have it cross at right angles
to reduce capacitive pickup.

Erasing of net 4 is accomplished by selecting
ERrASE and then pointing anywhere on net 4.

Step 11. Changing routing.
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Continued from page 83

integrated circuits, the system was developed for

tl?e'A.ir Force by the United Aircraft Corp.’s Norden sbteer RENOTRIGRTET s IS
d1v1510}1. R ) i oo yeure
Cadic is similar to the batch-processing tech- |77 ..,
niques in one respect: both accept circuit definition o conr
from punched cards. But from there on, Cadic takes  [ti7 V& PARAMETER

a different course. The input data is translated into %%,

size and shape of every component, recalled from |, — i
the computer’s memory and keyed by type designa- s
tions. Additional component types may be added |, "
to the memory at any time. Resistor and capacitor ~ [>"" il o
dimensions are computerized from their values. i i Taum

From this input, an initial layout is displayed on  [3va:2 5% =0 ————
the crt. All components are presented in true out-  |er. rre e (i}
line size and shape, arranged for easy recognition |
in the same relative positions in which they appear  [r... m
on the schematic, and separated to avoid overlap.  |wssor

While viewing the display, the designer can use  |siwpor smier
a light pen to manipulate the components and make
any desired changes instantly. The results are ob-
served immediately on the screen. To assist the de-
signer in making the layout more compact, the pro-
gram provides messages on the screen that tell him  gcreen areas. Five basic sections of the screen
what the computer is doing at all times and what  used by the designer to develop an IC layout.
information it needs.

Simple on-line commands are displayed for the
design of interconnection routing. Included are
many combinations of both automatic maze-solving
programs and manual-routing techniques. The pro-
gram has an automatic checking procedure to as-
sure compliance with all design rules. It accom-
modates circuits of any size, and can adjust scale-
screen size to enable the designer to look at the
complete circuit or work on any desired portion.

The computer also stores and retrieves inter-
mediate and final designs and generates display
patterns for any or all desired mask designs.

[BEND CANCEL

Laying out an IC . g
BASE E

The crt display is divided into five screen areas, ‘ .
shown above, as follows: the work area containing
the layout display, the conversational message area,
the command area called the menu, the parameter
display area, and the request area for both display
of data and input of operator requests.

Data on the input cards describe the circuit
schematic, specify component values or types and
connectivity, and indicate the designer’s approxi-
mation of part centers estimated from a rough grid
sketched on a schematic.

Based on this data, Cadic displays the initial E A
layout. Overlapping of components is eliminated BUILD  BUILD
automatically by the computer, which also rotates .
the components to obtain preferred orientations for
interconnection routing.

To avoid cluttering the display, the initial layout
contains only element outlines and symbols. How-
ever, the designer can request the display of de-
tailed mask geometries by pressing the keys.

,A typical function keybqard, at the r1ght., €O Eunction keyboard. Each of the 32 keys triggers a
tains 32 keys, each of which calls for a discrete  giscrete function. Pressing the plot key, for example,
function to be performed. The first three rows of causes a Calcomp plotter to draw the output.

BUFFER  PRINT QuIT
STRUCT.
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keys, which are all press on-press off, are for dis-
play options. For example, pressing the emitter key
causes the emitter diffusion mask to be displayed
on the crt. Pushing the same key after the emitter
mask is displayed removes the mask.

The fourth and fifth rows are mode-selection
keys. For example, by pressing the place key, the
designer selects the part-placement mode. By press-
ing the route key, he selects the interconnection-
routing mode. The plot key calls for plots of the
display on a Calcomp digital plotter. Record and
recall keys are for recording a particular display
on disk storage and recalling the display at a later
time. Thus it isn’t necessary for the designer to
complete a design at one sitting at the console; he
can always recall a partially completed layout and
continue working where he left off.

Moat-build and metal-build keys tell the system
to construct the isolation moats and metalization
masks for the circuit, since these are not automati-
cally determined at every stage of the layout design.
The remaining keys request various system-check
printouts, and the quit key ends a particular ses-
sion at the console.

One of the methods of obtaining a hard-copy out-
put from the Cadic system is with a Calcomp digital
plotter, which provides a plot of several of the mask
geometries superimposed. It is also possible to
obtain separate plots of each mask geometry; how-
ever, the accuracy of these are not suitable for the
photoreduction artwork required to make the circuit
masks. These are used only to give the designer an
indication of what the masks will look like. Suitable
artwork can be obtained with equipment that uses
light heads to expose film or sensitized glass plates.
Presently, the Cadic system doesn’t interface with
direct mask-plotting equipment, but this will even-
tually be included.

The authors

Arnold Spitalny is chief of the engineering computer
branch at United Aircraft Corp.’s Norden division. As a
project engineer for the Cadic program, he developed
the first experimental off-line system for generating
IC layouts.

Martin Goldberg is a senior computer applications
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Circuitdesign IV

Generating IC masks automatically

Now an engineer can describe a circuit to a computer and the machine
provides the output to generate the artwork from which masks are produced

By Harlow Freitag

Thomas J. Watson Research Center, International Business Machines Corp., Yorktown, N. Y.

When it comes to fabricating integrated circuits,
one of the most difficult—and expensive—steps is
making the masks from which the 1¢’s are manufac-
tured. The more complex the circuit, the more
complex the mask-making problem. It is now reach-
ing the point where, in some cases, masks can’t
be produced without some aid from a computer.

With existing manual or batch-processing tech-
niques, it can take as long as months to build an
1c chip from the start of the design process. And
the costs are often prohibitive, particularly when
there are engineering changes or error corrections.
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Generating conventional mask artwork can begin
once the circuit and chip technology are deter-
mined. Then a layout of the chip is prepared, at
which time problems of element placement and
wiring must be solved. The layout enables the de-
signer to prepare a detailed composite drawing for
each mask, and the actual artwork is made by re-
moving an opaque layer from selected areas of a
double-layer plastic film. To achieve high quality,
the original artwork is made on color overlays 200
to 500 times the final chip size. When the original
artwork is found to be error free, it is reduced
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photographically to 10 or 20 times the final chip
size. In turn, these are used in step-and-repeat
photographic operations to produce master masks.

This process works well with chips having a
small number of circuits, but becomes cumbersome
with the advent of large-scale integration.

Prior to vrsi, integrated-circuit chips were rela-
tively simple and had broad applications. Chip fab-
rication, load bonding and packaging, and checkout
were largely independent operations, with many
chips manufactured and stockpiled by machine-
design groups for off-the-shelf use. Changes in
machine design were usually accomplished at the
level of card or board wiring, rather than the chip
level. For these chips, mask artwork was essen-
tially an easy task.

A changing picture

But 1s1 changed this picture radically. The
greater complexity of rst chips tends to make them
less universal. For example, an rs1 chip containing
50 to 200 logic circuits will not have the general-
purpose function of a chip that contains a single
latch. It is expected that at the higher levels of in-
tegration a chip will be employed only in one ma-
chine type. Thus, while the number of chips may be
reduced, the number of chip types—and, hence, the
number of artwork sets—will increase.

In addition, the special-purpose nature of wrst
chips makes stockpiling of completed chips un-
likely. As a result, machine-design groups will not
be able to use off-the-shelf chips for breadboarding
and testing. Instead, these operations will have to
wait for chip fabrication, which in turn must wait
for mask fabrication.

Finally, the complexity of rsi chips makes the
artwork generation a tedious and error-prone proc-
ess, with perhaps several iterations necessary be-
fore artwork can be obtained that is 100% accurate.

Because chip fabrication and artwork generation
have become a part of the machine design-check-
out cycle, it is necessary that the artwork be pre-
pared rapidly.

Several approaches may be taken to reduce the
time it takes to design and build an rst chip (turn-
around time). These include:

= Applying computer to simulate hardware for
the elimination of bad layouts and errors before
mask design starts.

= Applying the master-slice technique in which
only the final masks are changed to modify the
function performed by a chip. Thus, wafers can be
stockpiled at an advanced state of fabrication.

= Automating the mask designs completely with
a computer, or with computer-aided techniques.

= Generating the artwork and masks by simple
and rapid automatic techniques.

The approach taken by the researchers at the
International Business Machines Corp.’s Thomas
J. Watson Research Center applies all of these
features in three parts: a language that enables
the designer to describe the patterns and structures
required in the individual mask, a computer pro-
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gram that translates the language into commands,
and the automatic equipment that accepts the
commands and generates the masks.

Understanding the language

The language is a convenient shorthand and
symbolic way of describing the patterns a designer
wishes to generate. Called Lager (for layout gen-
erating routine), it is analogous to Fortran. It ac-
cepts a higher-level description of mask geome-
tries, automatically reduces this description to a
list of line segments, and generates all the com-
mands required to expose the segments,

The Lager language has a vocabulary of 12 words
that defines five operations. The simplest operation
accepts a series of point coordinates and connects
them with a single line. If other commands are
inserted in the series, they are executed in the
order in which they occur. Additional operations
select different apertures for exposure to accommo-
date different line widths and geometries, repeat
patterns throughout a chip if desired, and provide
macroinstruction (macro)—the most powerful com-
mand in the language. The macro capability defines
and stores information under an arbitrary symbolic
name. When that name is referred to later, it is re-
garded as equivalent to the stored information and
becomes, in effect, a new command of the language.
Included in the information that can be stored are
single coordinates, parts of instructions, commands
necessary to make a transistor, a logic circuit, or a
group of logic circuits.

Macros may be nested, with one employed as
part of a definition of another at a higher level. Un-
questionably, it is the computer’s macro-language
capability that allows the designer to build special-
ized languages to suit his own needs. Simple macro
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Generated artwork. Interconnection pattern for
122-element logic chip is generated 10 times oversize.
Typical line width is 0.4 mil.

names replace whole series of commands.

Because computer language is complex, it is pos-
sible that errors may be buried within a set of input
commands. To provide assistance, several error-
checking routines have been built into the language.
Here again the analogy with Fortran is appropriate.
The routines detect errors in either incorrectly
formed or incomplete instructions. However, the
system does not determine whether a set of pre-
defined instructions also represents the desired chip
geometries. To aid in this latter check, the system
plots for each mask all line segments that result
from the input.

Another feature of the language permits any
structure or group of structures to be represented
three-dimensionally. Thus, when a designer re-
quests a given pattern to be repeated at a par-
ticular part of a chip layout, the language auto-
matically accounts for the multiplicity of masks re-
quired.

In addition, the language has a repeatability
feature that permits a given pattern to be dupli-
cated at a fixed interval around the layout. The
pattern can be either along a row or column, or
it can be a matrix.

Outlining the program

A rough sketch of the mask is first drawn from
which the designer writes a set of statements
needed to produce the layout. This may include
previously prepared statements from other mask
designs. The statements are punched on cards and
fed into a computer.

A digital plot that represents the masks gener-
ated by the input statements is produced by the
computer. The data is then plotted with a Calcomp
plotter. If any errors are found in the output, the
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statements are corrected and a new plot is ob-
tained. This correction procedure is repeated until
the design is error-free. At this time, the designer
may call on the computer to produce a magnetic
tape containing the commands necessary to gen-
erate the mask set. Each statement or set of state-
ments may refer to several masks simultaneously.
For example, a transistor is made from several
processes, each requiring a different mask. One
macroinstruction can be used to select all the masks
needed to represent the transistor.

One task of the computer is to remember on
which mask layer the pattern is to be found and
then sort the entire set of patterns mask by mask.
Individual masks are then produced with the ap-
propriate patterns.

Producing the masks

Mask generation is preformed with an automatic
exposure device, called the Light Table. The unit
contains three basic parts: a high-resolution pho-
tographic plate mounted on an x-y table, an aper-
ture mechanism, and a light source.

The x-y table is made of two slides, mounted
with one riding upon the other, but traveling on
perpendicular axis, driven by a stepping-motor
drive train. Each step of the motor results in a
table motion of 0.5 mil. The field of table motion
is 2.2 inches square, across which an absolute
accuracy of ==50 microinches and a short-term
(measured in minutes or hours) repeatability of
+20 microinches is achieved. Table speed is nom-
inally 0.1 inch per second.

The aperture mechanism consists of a photo-
graphic plate, upon which the aperture images
are formed, mounted on another slide assembly.
By moving this slide, any one of several apertures
may be selected.

System lighting is provided by a xenon flash
tube, arranged to illuminate the selected aperture
through a condenser-lens system. An image of the
aperture, reduced in size by a factor of 10, is
formed on the plate on the x-y table.

Associated with this equipment are two pieces
of peripheral equipment: an incremental magnetic

Sharp lines. Blown-up drawing of two typical line
widths. Vertical line at left is generated by the y
motion of the table. Diagonal line is achieved with
successive x and y motions because the table can
only move along one axis at a time.
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Mask layout. Both placement and wiring are layed out at left to indicate a final circuit scheme. Horizontal rows of
dots indicate the vertical wiring positions; three solid lines between these rows indicate dual NOR circuits. By add-
ing metal and diffused lines, the designer defines his final layout. Rectangles represent inputs to the circuit.

tape reader and appropriate control logic. The
tape reader is the primary input to the system,
with an incremental reading capability that mini-
mizes the need for buffer memory. The control
logic calls for the instructions read by the tape
reader, interprets and executes them.

Stop and go

Operation of the light table is simple. A com-
mand—move or stop—is called for by the control
logic. If the received command is to stop, no opera-
tion takes place and the logic waits for manual
resetting. If the command is to move, it is de-

coded into axis selection, direction, distance, and
flash instructions. Pulses are routed to the ap-
propriate stepping motor to move the selected axis
the desired distance. When motion is complete, the
logic will, if the flash instruction is on, wait approx-
imately 15 milliseconds, then fire the lamp and
call for another instruction. If the flash is off, the
logic calls for the next command without flashing
the lamp.

Continuous lines are exposed by executing a
series of move-flash instructions. Usually, in such
cases, no overlap is provided between adjacent
exposed areas; continuity of line is achieved by

Light Table-Lager
Convential Full Design
Operation Regular! Adhoc Regular! Automation
Encode and k::ypunch logic 175
Run program ETh | 0.52
Manual layout 32 503 32
Prepare mask drawings B 80 B
Encode and keypunch mask data 3 30017 12 =
Cut film artwork £l 120 =
Run Lager program* X T 0.1 0.1 0:1
Light Table run Bi v il 1 B
Prepare overlays 1 2 2 2 [ 2
Reduce to single segment iR S § 3
Step and repeat 4 N 4 4
Total | 240 s V4% SOTS 517 9.1
Artwork preparation time® b= 204 381 151 | 3T
1. Assumes use of regular array approach described in text. N
2. Estimated 7094 time for good replacement and wiring program.
3. Includes preparation of skeieton drawing.
4. Optional plot generation may require several hours off line.
5. From completion of layout to start of step and repeat all times are in hours and do not include queuing time.
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Step by step. Flow chart indicates the stages required to produce IC masks.

scattering of light in the material’s emulsion.

When circuit density is at a premium, it is
desirable to place the components in a way that
will most efficiently use the available area. To ac-
complish this, the designer uses an adhoc layout
in which the devices and their interconnections are
arranged to make maximum use of the available
silicon area. In this approach, manual solutions
to placement and wiring problems are usually
required since the layout is irregular. As in the
conventional method, final layout is a composite
drawing. But by using Lager language, the imple-
mentation of these layouts is simplified.

First, macros are defined for repetitive circuit
features; for example, transistors, diodes, contact
holes, pads, and resistors. These may be pinpointed
on the composite drawing by a single reference
point. Only the center lines of line segments need
be shown. It is usually only necessary to show
those mask layers that are used for interconnec-
tions; the others can be accommodated by the
macros. Furthermore, it isn’t necessary to prepare
detailed drawings of all masks in a set, as coding
into the Lager language may be done directly from
the skeleton composite drawing.

Designing the arrays

When circuit density is not quite as important,
it is possible to place all allowable circuit and
track positions into a regular structure. This leads
to the regular-array method of using a Light Table-
Lager system. In this method, because of the sym-
metry of circuit and wiring-channel location, it is
possible to assign a mnemonic code to every sig-
nificant coordinate in the chip; circuit locations,
entry and exit points, wiring locations, and pad
locations may all have simple names assigned to
them. The macro structure of Lager allows these
names to replace the coordinates they represent. In
effect, this allows a separation to be made between
what may be termed mask topology (relative place-
ment of features) and mask geometry, which is the
exact location of all structures on the mask. Input
expressed as mnemonics for the coordinates is es-
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sentially an expression of the mask topology; the
Lager language translates this into geometry.

Because placement and wiring are largely topo-
logical problems, it is possible to prepare a sketch
that expresses the allowed topology of a given lay-
out scheme.

Such a sketch may be used as a preliminary de-
sign upon which lines can be added to represent
the diffusions and metalization patterns. Coding into
statements for the Lager program may be done
directly from this diagram, applying the macro
names associated with the array. This method
brings to the mask-artwork generation many of
the advantages of the master-slice technique. These
advantages are rapid turnaround time and stock-
piling of partially completed wafers at an advanced
level of fabrication.

It is a simple matter to extrapolate to a third
method of applying the Light Table-Lager system:
the full design automation (pa) method. This tech-
nique would use macro instructions to fabricate the
circuit structures. Topological problems of place-
ment and wiring would be done by a design-auto-
mation program. The program is arranged to have
its output recorded on a magnetic tape as Lager
commands. This tape is then run as input to the
Lager program together with a set of macro defini-
tions.

The Light Table system, in addition to saving
time is also more flexible. However, in the adhoc
approach, this flexibility is limited by the need to
conserve space on the chip.

When the regular-array method is used, the flex-
ibility is even greater. Changes in array design may
be easily accommodated, providing they do not
alter the topological ground rules. Thus, wiring
changes may be made at will and wiring may be
added to any array design.

The author

Harlow Freitag manages design-automation research
at the Thomas J. Watson Center. A mathematician,
he is responsible for the development of advanced
computer-aided design techniques.
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