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You'll find complementary MOS has the edge in costs. CMOS,
in watches and clocks as well however, features good switching
as portable instruments. And the speeds, high noise immunity and
list of uses is growing. TTL is uW power dissipation. For the
cheaper and faster, and PMOS latest in CMOS, see page 54.




Do you face amake or buy decision on power supplies?

USE LAMBDA POWER HYBRID
VOLTAGE REGULATORS—-AND
BUILD YOUR OWN.

($16 in quantities of 1000)

ACTUAL SIZE ACTUAL SIZE

FROM MELVILLE, N.Y. FROM CHICAGO, ILL.
1-DAY DELIVERY 1-DAY DELIVERY
FROM N. HOLLYWOOD, CAL. FROM MONTREAL, QUE.
1-DAY DELIVERY 1-DAY DELIVERY

The world's first Power Hybrid Voltage Regulator, the biggest ad- / M

vance in power supply design since the silicon power transistor, is
now available for 1-day shipment from four Lambda distributing points.

22 models provide up to 28 VDC, up to 5 A output, 85 L@.__

watts dissipation, 0.2% line or load regulation... @ $16
in quantities of 1000.

If you build your own power supplies, the Power Hybrid Voltage WH ETHER
Regulator will save you money at every step from design through
production. And now Lambda will save you time as well. Call or You MAKE
write for Brochure L-10. OR BUY...
ATLAMBDA

MELVILLE, NEW YORK 11746, 515 Broad Hollow Road, Tel. 516-694-4200

ARLINGTON HEIGHTS, (CHICAGO) ILL. 60005, 2420 East Oakton St., Unit Q, Tel. 312-593-2550 ELECTRONICS CORP.
NORTH HOLLYWOOD, CALIF. 91605, 7316 Varna Avenue Tel. 213-875-2744 A (@) Company

MONTREAL, QUEBEC, 100C Hymus Blvd., Pointe-Claire, Quebec-730, Tel. 514-697-6520
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Discover the value of power...

and how it saves you money on your mini.

Discover the all-new SPC-16 family of
minicomputers. The first minis to save you
substantial money in system implementa-
tion. They’re from General Automation. ..
the fast-growing, pace-setting mini maker.

If you compare SPC-16’s with those other
two much-ballyhooed brands of minis,
you’ll discover it’s no contest. In overall
performance, SPC-16’s win every time. And
no wonder. The SPC-16’s ultra-fast inter-
rupt response system for multilevel inter-
rupt response is one winning feature. An-
other is base relative addressing. Another
is a unique one-word Load All Registers/
Store All Registers capability. Plus eight
(16 optional) true general purpose registers
that can save you up to 4K (about $2500
worth) of core. And much more.

‘Discover The Value Of Power’

Including the right price, the best quan-
tity discounts in the industry and the easiest
OEM buying policy of all.

SPC-16’s are available as I/0 and mem-
ory-integrated models for dedicated in-
house applications. Or as unbundled ver-
sions for OEM users or large system appli-
cations requiring up to 65K of memory. Six
models in all, in three speeds.

No other minis come close to SPC-16’s
in giving you so much performance for
your money. Give
us a benchmark,
we’ll prove it. Mean-
time, send today
for a detailed bro-
chure.

11 ﬂ"‘(‘ih

‘““““‘ “‘
@

@ GENERAL AUTOMATION, INC. 1055 so. East Street, Anaheim, Ca. 92805 (714) 778-4800 TWX 910-591-1695
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The square vs.the bulbous.
The story of the shrinking film capacitor.

As you can see, ten Siemens
.22uF£5%/250V metallized stacked
foil polycarbonate capacitors fit in
the same space as six competitive
221 F+10%/200V units.

The Siemens capacitors are
designed for automatic PC board
insertion. Their ==5% tolerance is
standard. And they cost less.

All of this is possible because
of Siemens unique stacked foil
construction.

We can show you equally
impressive advantages in our
other capacitor lines.

Join the growing number of
engineers who specify Siemens
capacitors. Call us for film and

INFORMATION RETRIEVAL NUMBER 3

metallized film with dielectrics

of paper, lacquer, polyester,
polycarbonate, polypropylene, and
polystyrene; tantalum and aluminum
electrolytics. Contact Ken Liddane,
Siemens Corporation,

186 Wood Avenue, So., §
Iselin, N.J. 08830.

Call 201-494-1000. SIEMENS




VoL

.20 NO.
g APRIL 13, 1972

Electronic Desl

FOR ENGINEERS AND ENGINEERING MANAGERS

NEWS

238 News Scope

26  Thermal printers, a new generation of electronic printers,
are beginning to challenge traditional mechanical methods.

28 In the race to develop a cleaner car engine, Volkswagen thinks
big with a new exhaust-test center on wheels.

30 Single-crystal, zinc-oxide optical waveguide
developed as key to integrated-circuit light devices.

3l Infrared scanning instrument checks tires,

34  Technology Abroad

37 Washington Report

TECHNOLOGY

54 Focus on CMOS: A special report on an IC technology that is being
considered for applications once dominated by TTL or PMOS.

64 Penetrate the mystique of MOS specs by examining those for popular shift
registers. There's a resemblance to bipolar specs, but definitions can differ.

72 Measure phase instead of amplitude. It provides greater sensitivity
and resolution, and makes frequency-response analysis a lot easier.

76 Define before you design, advises this instrument manager, and you'll
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P&B solid state

~ hybrid relays work
upto100 times longer
than conventional relays.

More than10’operations.




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

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

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

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

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

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

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

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

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

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

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

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

Anybodly.
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package designed
for direct to
chassis mount-
ing. Widely
used in busi-
ness machines
and appliances. The ECT has
quick-connect terminals. Screw-
terminal adapters available.

JDB Series is a Dual Thin-Line
reed-triggered triac for use on
printed circuit boards. Designed
for interfacing solid state circuits
to 120 V 60 Hz
loads such as
contactors,
fractional
HP motors
and solenoids.
Form A contacts will switch 1.7
amps. at 25° C ambient or 1.0 A
rms 60 Hz at 55° C ambient.

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

S W of AMF Incorporated, Prince-

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

AMF

Potter & Brumfield



Teflon*gives you

capacity to save

a lot of money!

1.1 to 3.5 is a fairly narrow capacity range. But many applications

fall within it.

And within that range, our new Teflon dielectric trimmer
capacitors are every bit as reliable as capacitors costing a lot more
money. So it makes sense to design with them in mind.

We make them for both stripline and PC mounting. And we make
them miniature—just 0.250" diameter. With Q typically 2500 at

1MHz and temperature characteristics like these:
Max. % Capacitance Change from value at 25°C.

—55°C +85°C +125°C |
Max. Min Max. Min. | Max Min
+30 —05| +1.0 —3.0 0 —5.0 Actual Siz
Worth looking into? All it costs is a stamp.
E. F. JOHNSON COMPANY /3304 Tenth Ave aseca, Minr
Please send technical information and test samples of your new low-cost

Teflon dielectric trimmer capacitors

NAME

¢)'E. F. JOHNSON COMPANY
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(across the desk )

Competition questions
truth of op-amp ad

It would seem that to establish
oneself as an industry leader, all
one has to do is advertise. The item
that has brought pen to hand is a
recent advertisement by Burr-
Brown Research Corp. claiming:
“These new IC op amps have the
lowest drift yet!” Further, the ad
“backed” the claim with a 1-uV/°C
max specification. While this is
certainly good performance, it is
neither novel nor “the lowest drift
vet.”

Since June, 1971, Precision Mon-
olithics, Inc., has offered monolith-
ic operational amplfiers that
have performance significantly su-
perior to this, including models
guaranteeing 0.6-uV/°C drift (for
both 0 to 70 C and —55 to +125
C). One low-drift version (SSS-
T25EJ) has been advertised since
September, 1971, and at much low-
er prices than the Burr-Brown
units.

My point is that any company
claiming industry leadership should
check its facts before letting its ad
agency get out of hand.

Jerry Zis
Product Marketing Manager
Precision Monolithics, Inec.
1500 Space Park Drive
Santa Clara, Calif. 95050

The advertiser replies

Normally I prefer not to reply
to competitors’ claims, because I
believe it to be nonprofessional. In
this case I am answering because
I generally agree with Mr. Zis
that we should strive for “truth in
advertising” and more credibility
in advertising claims.

There is an area of disagreement
with Mr. Zis’ contentions, however.

At the time the Burr-Brown ad
was designed, a reasonable amount
of time was spent in determining
the validity of the claim that the
BB3500E and BB3500MP were the
“lowest drift” op amps. At that
time the investigation revealed a
PMI op-amp ad that claimed lower
drift—but only if the user offset
nulled the unit. If the PMI was not
offset-nulled, then it had worse
drift. The PMI unit also required
four components for external com-
pensation. This contrasts with
Burr-Brown’s 3500E and 3500MP,
which do not require offset nulling
to obtain 1 pV/°C and which also
do not require external compensa-
tion.
James J. Burns

Director of Marketing
Burr-Brown Research Corp.
International Airport
Industrial Park
Tueson, Ariz. 85706

Italian reader offers
op-amp circuit tip

When using IC op amps, many
engineers overlook an important
point concerning the effects of off-
set and drift current on the out-
put of an integrator. If the ampli-
fier’s offset is compensated by an
external biasing network, as is
often done, drift in bias current
can still cause an error in the out-
put.

For the circuit shown in Fig. 1,
we can write:

; _Z2-I2/ 1
B, (8) = \ 1+ T C)
= =Rl ’ 1
s SR -6
12 - Z2 72 - 12 11
Bray=—=

+ — —
> S s2R1 - C  s2C
(continued on p. 10)

Electronic Design welcomes the opinions of its readers on the issues raised
in the magazine’s editorial columns. Address letters to Managing Editor, Elec-
tronic Design, 50 Essex St. Rochelle Park, N. J. 07662. Try to keep letters
under 200 words. Letters must be signed. Names will be withheld on request.
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giga-trim
capacitors
for
microcircuit
designers

Actual size

- h 4 #

7261 SL 7262 7263 7264 7265

Giga-Trim® (gigahertz-trimmers) are
tiny variable capacitors which
provide a beautifully straight forward
technique to fine tune RF hybrid
circuits and MIC’s into proper
behavior. They replace time
consuming cut-and-try adjustment
techniques and trimming by
interchange of fixed capacitors.
Applications include impedance
matching of GHz transistor circuits,
series or shunt “gap-trimming”’

of microstrips, external tweaking of
cavities, and fine tuning of

crystal oscillators.

hotanaond

MANUFACTURING CORPORATION

ROCKAWAY VALLEY ROAD
BOONTON, NEW JERSEY 07005

(201) 334-2676



For years,

people thought
Teletype
machines only

talked to -
themselves.
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Ever since the information
explosion and solid-state tech-
nology, our machines have been
running in a very fast crowd.

With computers.

In fact, Teletype equipment
is compatible with practically
every computer-based communica-
tions system. For proof, you don't
have to look any further than
our product line.

We built the model 33 to
offer economy and reliability.

For an economical wide-platen
terminal, look at our new model
38. If you need heavy-duty opera-
tion, we make the model 35. And
for the utmost in flexibility and
vocabulary, check out our

model 37.

Teletype'skeyboard terminals
operate at standard speeds. But if
your speed requirements are
greater, all our terminals are
compatible with the 2400 wpm
Teletype 4210 mag tape unit. We

also manufacture a series of paper
tape senders and receivers with
speeds up to 2400 wpm. °

When you look into our
product line-up, you'll find we're
very big on flexibility. In assembled
ASR, KSR and RO terminals. Or
in individual components—
printers, keyboards, readers
and punches.

Take interface options. We
offer three. Built-in modems,
current interfaces and EIA
Standard R-232-C interfaces.

We offer platen widths that
range all the way up to15 inches.

And optional character sets.
Like Greek letters, algebraic and
chemical symbols, as well as
other graphics for charts and
molecular structures.

We also cover error detection
and station control with a complete
group of solid-state accessories.

We're big on economy, too.
Because on a price/performance
basis, you won't find a better buy
than Teletype equipment.

And we didn't forget service.
Qur applications engineers will
work with you to make sure what
you get is exactly what you need.
And after the sale, we'll setup a
maintenance program for you. Or,
if you prefer, we'll train your
people in the proper maintenance
procedures.

For more information about any Teletype product, write or call TERMINAL CENTRAL:
Teletype Corporation, Dept. 89F, 5555 Touhy Avenue, Skokie, Illinois 60076. Phone 312/982-2500

Teletype is a trademark registered in the United States Patent Office.
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It takes more than manufac-
turing facilities to build the
machines Teletype Corporation
offers. It also takes commitment.
From people who think service is
as important as sales. In terminals
for computers and point-to-point
communications.

That's why we invented
a new name for who we are and
what we make. The computerca-
tions people.

FTELE TYPFPERE

P T



New Miniature
PC Board

(continued from p. 7)
Rer Z2' — R2I—"B1
12 - 'Rl £ 12 11

EL(Eh= e
BABCOCK [7=/c[D) RELAYS... | | v 2810w
d2n B Boetes
More Reed Combinations, e
ore:
Low Cost, () = Ty B1 + Joter

Thus the term Ig;,, - Rl is un-
compensated. If we zero the output
with an external biasing network,
the drift A Iy;,/A T will cause an

Dry or Mercury-Wetted Reed.

SERIES PC

Order this miniature,
fully-encapsulated,
low cost reed relay
series with from 1

to 12 reeds — or in
combinations — and
a large assortment
of options for your
PC board
applications. Both
dry reed and
mercury-wetted
versions are
available, with low
power requirements
and life expectancies
to 100,000,000
operations. Dry reed
units are rated at 4
and 10 watts, 28 to
250 VDC, at 0.25
and 0.50 amp.;

u Rk A\

VAR
MIL-R-5757

MIL-R-6106

Timers/Sensors

mercury-wetted
relays are rated at
50 watts, 500 VDC, at
1 amp. The many
optional features
include magnetic and
electrostatic
shielding, switching
speeds to 250 us.,
operating
temperatures of
—65°C to +125°C,
and provisions for
magnetic or electric
latching.

And there’s fast
delivery — off-the-
shelf for standard
models, and a
short 2-week wait
for specials.

Mercury-Wetted
and Dry Reed

| maBcocK uu'u"}l
{

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

(714) 540-1234.

2A Industrial 20A Industrial

BABCOCK

A UNIT OF ESTERLINE CORPORATION
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error in the output.

al-

AY|
P
RI Il
O— WA\ = >
12 —O

1. Op amp is used as an integrator.

2. Biasing network replaces Z2.

For Z2 of Fig. 2, we have:

12

E“(S) — —.\_ : 1
e —1 .

s2C  (

Bole) = S6 1

R

+
+ sRC)

12 I1

1 +sRC) s2C
I12sR1 - C + 12 11

+ sRC)  s2C

12 (1 + sRC) 11

K (8)—=

1'()I fset

t
C
The term Iy,
pensated.

e.,(t) =

82C (1 F sRC)  s2C

. - R1 is now com-

Vittoria Pomo

Olivetti Ricerche & Sviluppo
Laboratorio Circuiti & Memorie

B157X

ICO 2°.

Via Jervis 11.
110015 Ivrea.
Italy
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Why invest in
wire-wrapping facilities,

when you can use ours?

We can handle your complete back-panel wire-wrapping insulation resistance, DC hipot, and features program-
including all inventories right up to and including final able dwell time.

inspection. You just have to bolt it in. And you
can be sure of a completely tested,
100%-error-free back panel.

All your back panels can be tested
with an Omnitester 900 Wiring Analyz-
er. This unit, pictured here in the center,
has forward scan capabilities to deter-
mine, for example, whether a missing
wire went to some other point. It then
identifies that point.

The unit further tests for continuity resistance,

All this at a price less than in-house fabri-
cation. No costly inventories, no capital tied
to costly equipment. You can furnish the back
panels or we can supply our own,

Delivery? Just 2 to 8 weeks, depending on
the job and material availability. And we have
two locations: Longmont, Colorado or Endi-
cott, New York. For more details just call your
nearest Amphenol sales office or write us di-
rect. Amphenol Cadre Division, Bunker Ramo
Corporation, 20 Valley St., Endicott, N.Y. 13760.

e ] AMPHENOL
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Isolate It Optically

...solid-state lights on using the ideal
switch = optoelectronic couplers

Pulse Stretcher

AN

>
b4

= 1] Jower

-

Very short input pulses can be adjusted to any desired pulse width in this circuit with
the output completely independent of the input.

Load-To-Logic Translation
- MOC1000 COUPLER

<
<
<

|

|

I
GATE | SIGNAL

L

+ i

Monitoring an SCR-controlled load with an optical coupler provides a count of load
operations each time the flip-flop is toggled through load activation.

Computer /Peripheral Interconnect

L M2
FLIP-FLOP

COMPUTER l
MOC1000
COUPLER i
b ;
|
| = "l ’ l fﬁém
A if
% - ’ l

Couplers detect differential signals from twisted-pair lines and translate to single-ended
output which provides complete ground-loop isolation.

Power Amplifier

O AN - T

| Moc1000
COUPLER

Couplers amplify low-level logic to drive large loads and accomplish interfacing between
logic power supplies and load power supplies.

Logic-To-Load Translation

LOAD

| COUPLEF

1=

—-——-——-ﬁ] '
3

e "
When the T°L gate input goes high, the SCR is activated and logic-to-load
translation is achieved through optical coupling.

Logic-To-MOS Interfacing

= s
/|

COUPLER

TO MOS CIRCUIT

FROM MTTL
LoGIC

|
L

Easy interfacing between various logic forms (in this case T*L-to-MOS circuitry)
can be achieved through optical coupling without regard to differences in logic
swings.

Lights on: switch on. Lights off: switch off. Quickly.
Simply. Reliably.

Optoelectronic couplers give you nearly perfect input/
output isolation . . . 100 billion ohms. They afford 1,500 V
minimum dielectric isolation. They provide 300 kHz typical
frequency response and 60% typical transfer ratios. They
furnish complex signal transmission without RFI at micro-
second speeds. They offer low coupling capacitance: 1.3
pF typical.

They don’t wear out, they don’t use much power and
they’re immune to bouncing, arcing, shock and vibration.
They're light, compact and have closed construction.
They’re IC-compatible and cost as little as $3.35, 100-999.

They're obvious replacements for mechanical relays.

Use them in interface and coupling systems, phase and
feedback controls, amplifiers and general purpose switching.

To find out how, there’s a new data sheet waiting
through Box 20912, Phoenix, AZ 85036. Complete specs and
a lot of applications information.

See your Motorola distributor or factory representative
for prototype or production needs.

Lightly switch on today.

k. MOC1000 - the optoelectronic coupler

MOTOROLA OPTO
Let There Be Light }} }/
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But until then, only Licon can build and sell
patented double-break Butterfly® switching.
(Type 16 switch Butterfly mechanism

shown twice its actual size.)

Why are Licon patented double-break
Butterfly”switches better? Because
they give a degree of reliability you
simply can’t get in single-break
switches. It's inherent in the design.
There are other advantages, too. A

higher current rating than comparably-

sized single-break switches. Two-
circuit control with one switch. High
shock and vibration resistance. And
Licon's exclusive Butterfly wiping
action which resists contact welding
.. minimizes mechanical bounce to
increase electrical life. And there's a

The Innovating Electronic Group of ITW...LICON

versatile variety of low-cost Butterfly
switches available immediately. In sub-
miniature switches, our Type 16 SPDT
series offers a wide choice of terminal
styles. With our Type 26 DPDT series
you can control up to four isolated
circuits. Type 36 3PDT series controls
multipole circuits. Or try our sub-
subminiature Type 18 SPDT series
which packs super reliability into super
small volume. All these switches are
snap action. All meet MIL specs. And
all offer choice of contact
arrangements, case and contact

fig LICO

ELECTRO MATERIALS

materials. Check them
out with your Licon
distributor or
representative. Or call
or write for a Licon
Switch Catalog.
Licon, Division
lllinois Tool Works
Inc., 6615 W. Irving Park
Road, Chicago,

Illinois 60634.

Phone (312) 282-
4040.TWX910-
221-0275.

PAKTRON



Teradyne's L100 Automatic Circuit
Board Test System speaks for itself.

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

INFORMATION RETRIEVAL NUMBER 12
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Last year, nobody
could offer you any of these

/ 3 \\\\

From Paktron, the one U.S. company designed for PC board use in the line of standardized
that keeps making news in film capaci- widest possible capacitance range and film capacitors—
tor development and manufacturing popular voltage ratings. Micromatic® write to the
automation advances. Metalized Film Type PP Polypropylene Capacitors for domestic leader
Capacitors for use in voltage multiplier  specialized applications in the instru- in film capacitors:
— circuits to replace and outperform mentation and telecommunications Paktron, Division
more expensive ceramic disc capaci- industries. Wrap and Fill Capacitors Illinois Tool Works Inc.,
tors. New Paktron® Metalized Poly- that combine polycarbonate type 1321 Leslie Ave.,
propylene Capacitors for high voltage/ performance with metalized type Alexandria, Va. 22301.
high current application — upto 1200  stability and miniaturization. For Phone (703) 548-4400.
volts. Molded Polyester Capacitors details on any of these — plus a long TWX 710-832-9811.
MA
The Innovating Electronic Group of ITW...PAKTRON * LICON = ELECTRO MATERIALS
oNIC [
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Do you want to have the whole picture on

Japan’s great leap forward?
The Japanese Miracle and Peril wiara price

Leading the world’s nations in electronics, shipbuilding, cameras, watches,

literacy rate . . . gaining rapidly in other areas, Japan has risen meteorically IF

from the ashes of World War Il. Such is the Japanese miracle. Within it looms 50 %S00 e Geotai
the peril, expansionism, a Japanese passion that has recurred throughout her ;::ﬁgd"‘;:‘ﬁgﬁ;°g:i‘::°:
history. Willard Price, who has been interpreting Japan to the West for more Jag:r; n:c:v?';t LA
than half a century, provides a fascinating, informative account of these inter- ot e mim’;ry de’f’eat’ o
related themes as he probes Japan's history and the Japanese character for stands first before all the wi
the root explanations of her dynamism. :
256 pages, #6103-x, paperback $3.85

Other New and Informative Books from [ | Hayden

Eight Lives in Jazz: Combo U.S.A. FO TSIl America the Vanishing: Rural Life
RUDIRLESH pertsman  and the Price of Progress

Here are the stories behind the music, intimate portraits
of the people who put their genius and dreams into a
distinctly American sound. They all come alive in these
pages: the late, legendary Louis ‘“Satchmo’ Armstrong;
Sidney Bechet, Jack Teagarden; Lester Young; the bitter-
sweet ‘‘Lady Day", Billie Holiday; Gene Krupa; Charlie
Christian; and Eubie Blake.

240 pages, illustrated, #6104-8, paperback $3.65

Edited by SAMUEL OGDEN

From paradise to pollution-riddled land, the sorry |
the American countryside is recounted by some
best-known writers. Audubon, Muir, Twain and
evoke the small-town and rural life that has virtual
appeared. In stark contrast, E. B. White, Rachel C
and other contemporaries portray the impact of prc
on our environment and way of life.

256 pages, illustrated, #6105-6, paperback

The Politics of Fear:
Joseph R. McCarthy and the Senate

ROBERT GRIFFITH

This compelling, award-winning study of a shz
episode in recent American history views McCart
as a political phenomenon created and sustain
politicians hungry for power or fearful of the pa
aroused in a divided nation. In its eventual ce
the Senate side-stepped the real issues and assum
upon which McCarthy built his career.

The Due Process Revolution: The
Warren Court’s Impact on Criminal

Law ereo p. GrAHAM

Demolishing the myth that the Supreme Court handcuffed
the police, New York Times Supreme Court reporter Fred
P. Graham reveals the background of such landmark
decisions as Mapp, Escobedo, Miranda, and Wade. He
places in perspective the Warren Court's courageous
affirmation of the Constitution's promise of equality to
all Americans.

977 pages #6101-3, peperback $3.75 376 pages, #6100-5, paperback

. . POLITICS i . ;
The Electronic Invasion peiiedll  Humanizing Schools: New Direction
ROBERT M. BROWN PO ——— N v.oe

ew Decisions bouaLas H. HEATH

Anyone concerned with Big Brother's methods will find JOSEPH R. y ) )
this best-selling exposé fascinating and instructive. It MCCARTRY A qleUfb/”Q ana/ys‘/s‘ of today’s youngsters andlof
details all types of snooping gadgetry, names major AND THE their schools are failing them. Reporting as one inti
manufacturers and buyers. The extent of governmental ATE involved as both educator and psychologist, DQUE
and corporate bugging is surveyed, and legal strictures SEN. Heathbprgsems adrealistic frl?mework for tdeclivdl?m
are fully covered. ) must be done, and a compelling argument, why?
188 pages, illustrated, #0779-5, paperback $4.95 240 pages, #6003-3, cloth

At your bookstore or by mail with this convenient coupon.
L B B N B B B B B B B B B B B B B B B B B B B B B B B B B B B B |

[=:|HAYDEN BOOK COMPANY, INC., 116 W. 14th St., New York, N.Y. 10

Please send the book(s) whose code numbers | have circled below. Enclosed is my  Name
check for the total amount, plus 25¢ to cover postage and handling on my order.  Address

6103-X 6101-3 6105-6  6003-3 61048 07795 6100-5 City
If not satisfied, | may return the book(s) for full refund. ;
Amount enclosed: $__ State Zip

(] Send free 96-page catalog of all Hayden Books. 7
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MINIATURES.

Toggles. Pushbuttons. Rockers. Ro-
taries. Available in a vast array of
operator styles, colors, and shapes.
Including illuminated pushbuttons
and rockers. Many featuring snap-in
mounting. And all in stock for fast
delivery!

Now the same great quality, serv-
ice and availability you've come to
expect from Cutler-Hammer is
available in miniature size—at a
competitive price!

Make your selection. Standard or
watertight. Single or multiple pole.
A wide range of decorator. caps, but-
tons, bezels that extend application
flexibility. And for their size, hefty
electrical/mechanical ratings.

Before you place that next order,
check with your new source for com-
mercial miniature switches—your
nearest Cutler-Hammer Sales Office
or Authorized Stocking Distributor.

CUTLER-HAMMER

SPECIALTY PRODUCTS DIVISION, Milwaukee, Wis. 53201

More than just switches;...

prompt availability,
field help, innovation,
quality assurance, too.

h

toNo.1
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PARALLEL 1/0 BUS

TO EXTERNAL
PERIPHERALS

MEMORY
(UP TO 16K)

- e A
‘/ﬂ""’/

DISPLAY DUAL
WITH CASSETTES
MEMORY TAPES

in an integrated, attractive package.

Why start from scratch every time you build a mini
system? You're going to need an operator console,
display and bulk storage in addition to the proces-
sor. The Datapoint 2200 has all these built right in
along with the computer. And the computer will
satisfy the most demanding programmer. Fourteen
general purpose registers, push-down stack, inter-
rupts, and up to 16K bytes of fast read-write memory
give it plenty of power.

If you spend your time with paper tapes you'll like
the cassette magnetic tape operating system. With-
out touching anything but the keyboard, you can
edit, assemble, run and debug in either assembler
language or DATABUS, the Datapoint 2200 high-
level language. There’s nothing else required but
the 2200 to generate applications software.

Software doesn’t stop with essentials. The cat-

Computer Terminal Corporation
(the people who took the terror out of computers)

Home Office:

9725 Datapoint Drive/San Antonio, Texas 78284/(512) 696-4520

Field Offices:

Boston/(617) 359-4296 Denver/(303) 244-2451
Chicago/(312) 671-5310 Detroit/(313) 557-6092
Cleveland/(216) 831-1777 Houston/(713) 626-0010
Daltas/(214) 637-4166 Los Angeles/(213) 645-5400

International Representative:

TRW Communications/Toronto, Ontario, Canada/(416) 481-7288
TRW Communications/Lyss/Berne, Switzerland/Telex: 34446
TRW Electronics-International/Los Angeles, California/Telex: 674593

alog has fixed and floating arithmetic routines,
communications handlers, terminal simulators
plus a high-level language system, DATABUS.

Expand the computing capability when you need
it. Add memory, 30 c.p.s. and 135 |.p.m. printers, an
8%2" industry-compatible tape and a cartridge disc.
If you need to hook up with someone else, communi-
cations adaptors will get you on line from 37.5 to
9600 Baud asynchronous or synchronous. There’s
even a parallel data interface for interfacing to in-
strumentation or other data processing equipment.

Call your Datapoint man—he’ll tell you how to get
your system out of the box and into the action. Price
begins at $6040 (even less for OEM'’s).

Hundreds of Datapoints 2200s installed world-
wide. Sales and systems engineering available in all
major cities with service nationwide.

Minneapolis/(612) 854-4626

New York/(212) 541-9205
Portland/(503) 289-9655

San Francisco/(408) 732-9953
Washington, D.C./(301) 587-3910
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THREE + ONE =FIVE

... of the most versatile and competitively
priced 50 MHz test instruments you’re ever
likely to encounter. Even if the headline
seems confusing, itisn’treally...we’re
simply announcing FIVE NEW INSTRUMENTS
in FOUR ATTRACTIVE BOXES... three
extremely flexible new pulse generators, plus
a data generator and a pulse generator neatly
combined in one compact box. We like to call
it a data/pulse generator.

Sitting atop the stack of three pulsers (below
left) is the Model 115, a 50 MHz design
featuring simultaneous positive/negative pulse
outputs, each with variable baseline offset,

3.5 nanoseconds rise time and an unbeatable
$600.00 price tag. Center position is occupied
by the super flexible Model 116, which, in
addition to 50 MHz rep rates offers variable
rise and fall times from <5 nsto >0.5 sec.,
variable baseline offset, switch selectable
pulse polarity and many useful supporting
features. The price is a low $850.00. Atthe
bottom of the stack is the Model 117, a
$750.00 unit designed for those who don’t
need baseline offset, but do require rep
rates to 50 MHz, variable rise/fall times

DATAPULSE DIVISION, SYSTRON-DONNER CORPORATION
10150 West Jefferson Boulevard, Culver City, California 90230. Tel. (213) 836-6100

TWX: 910-340-6766

from <5 ns to >0.5 second, and switch
selectable pulse polarity. The 115, 116 and
117 all offer additional features including
delays and widths to 1 second, external
triggering, synchronous and asynchronous
gating, square wave output, single cycle
operation, double pulse mode and provision
for external drive inputs.

The Model 218 (below right) is a two-for-the-
price-of-one data/pulse generator combination,
unbelievably priced at $925.00. The 218

brings you the benefits of a high speed pulse
generator and the versatility of a 16-bit

data generator, producing words in either NRZ
or RZ format. A combination218/116 or 117
provides data with variable transition times.
Multi-channel outputs or longer word lengths
are obtainable by inter-connecting two or more
units. Data content may be externally
controlled. Pulse output is up to 5 volts

8N800 5 gus
uulmg“m: "

into 50 ohms, (10 volts open circuit) from a :

50 ohm source impedance, with both upper and
lower voltage levels variable. Positive

true and complement outputs with transition
times of 5 ns are simultaneously available.

Data sheets furnishing complete details on
all models are yours for the asking, so call

us direct or contact your nearby Scientific
Devices man. Overseas customers are invited
to contact their nearest Systron-Donner rep.

Telex: 67-3219
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Cusiom
credo.

Our custom philosophy is pretty simple. addition to custom chips specially designed for
Sometimes you need a custom MOS/LSIor  hybrid applications. Plus computer-controlled

hybrid circuit to get the job done. laser trimming of resistors and capacitors and
We want your custom business too. computer -controlled final test equipment.

So, we've expanded our very complete stand From us, you'll get a great custom circuit.
ard circuit design and volume production &£ 4 And you'll get it fast. For specifics (includ-
capability to include a very complete custom | ing a copy of our new Custom MOS/LSI or
circuit design and production capability. G , Hybrid Capability Brochures), write on

CUSTOM MOs/LsI We have all the proc- 5P Q% your letterhead to: National Semiconduc-
esses (metal gate, silicon gate, ion implan-  SEASNEaNE
tation and C-MOS), so we can use whichever
is most cost-effective for your program. a
We've also got the best designers, com- EE-
puter-aided graphics system and LSI
testers available.

CUSTOM HYBRID You name it (Dlgltal
Linear, MOS, Transistors and FETs),
we've got the die capability in-house, in

M\ Drive, Santa Clara California 95051.
JOIN THE NATIONAL LIBRARY. Ask for your
official National Library Card and current-
selection bibliography. Your passport

7 toa veritable wealth of Digital,
Al 4% Linear, MOS and Transistor/FET
, product, application and design information
i\ from a single source.

luRv CARD

INFORMATION RETRIEVAL NUMBER 18
20 ELECcTRONIC DESIGN 8, April 13, 1972



75-{) Coaxial
Components

General Radio’s 75-Q equivalents to the long popu-
lar and thoroughly refined 50-Q GR874® and GR900®
series of coaxial components bring new confidence
and flexibility to your 75-Q work.

The general-purpose GR874 (75-Q) Known 75-Q
characteristic impedance and low SWR to 2000 MHz
assure repeatable results. Unique hermaphroditic
design and a broad selection of adaptors permit easy
interconnection among a variety of connector types.
Reliable quick-connect/disconnect simplifies use.
Nominal cost and generous quantity discounts pro-
vide the utmost in value, especially for OEM
applications.

The basic connector is only $3.60 in lots of 100
(net FOB Concord, Mass.). Also available: @ Panel
and cable connectors ® Adaptors to BNC, N, F,
Western Electric large and small, and GR900 con-
nectors ® Matched, open-circuit, and short-circuit
terminations ® 6- and 10-dB attenuators ® Air lines
® Inner-conductor rod ® 50-Q to 75-Q matching pad.

The precision GR900 (75-Q) SWR of less than
1.0015 == 0.0015 fen, and repeatability of better than
=+0.002 dB and =0.01° ensure the precision neces-
sary for standards work at 75 ohms.

The series includes ® Precision connectors ® Pre-
cision adaptors to F, Western Electric large and small,
and GR900 (50-Q) connectors ® Precision termina-

tions ® Precision 50-Q to 75-Q matching pad. H
Detailed answers to your 75-Q or 50-Q problems General Rad|°

are available from your GR sales engineer; from GR, NEW YORK (N.Y.) 212 964-2722 (N.J.) 201 791-8990 » BOSTON 617 646-0550
: CHICAGO 312 992-0800 » , D.C. 301 881
Concord, Mass. 01742 or, in Europe, from PQstfach  [OSANGELES ps sses o O D:O-301 o81-8553
; y TORONTO 416 252-3395 « ZURICH (01) 55 24 20
CH 8034, Zurich, Switzerland. GRASON-STADLER 617 369-3787 « TIME/DATA 415 327-8322

4 ‘%? ?;g

FOR 75-0) COMPONENTS CIRCLE 198 FOR 50-() COMPONENTS CIRCLE 199
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This AD830 series is
the newest addition to
our family of monolithic
dual junction FETS.

They offer gate leak-
age current of 0.1pA
which is the lowest ever.
Are optimized for 30uA
operation. Have typical
breakdown voltage of
80V. Excellent thermal
transient rejection. And
tight G and Yo
matching.

Tracking linearity is so
excellent, we're calling
our AD830 series
TRAK-FETS. And have
created a new TDN spec
to measure them.

0.1pA
lg dual FET.

AD830 TRAK-FETS."
Their performance is so revolutionary,
we gave them a new name and came up with
a new way to measure them.

TDN stands for Tem-
perature Drift Nonlinear-
ity. To get it we have to
measure Vsgo at —55°C,
4+25°%C, and +125°C.,

Typical values of TDN
are 1 uV/C. (Max is
+5uV/°C). Which means
you can routinely adjust
for | to 5uV/°C perform-
ance. While paying for a
50uV/°C device.

We get this remark-
able tracking without
resorting to interdigita-
tion and its common-
back-gate problems.
The secret is a high-

quality silicon nitride
process.

TRAK-FETS can be
applied anywhere high
impedance and low
drift are important. In
electrometers, pH
meters, photo and ion
current transducers,
sample and holds, and
low drift integrators.

Besides our AD830
series, we have AD5906
with gate leakage cur-
rent of 1pA maximum.
And AD3954 which are
optimized for 200uA

operation with |, typical
of 5 pA.

All models are ready
now. And we’ll be glad to
send you an evaluation
package of five at our
hundred piece price. As
well as our 1972 Product
Guide which shows
all the things we make to
solve more of your prob-
lems better than any-
one else.

Analog Devices, Inc.,
Norwood, Mass. 02062.
Tel. (617) 329-4700.

ANALOG
DEVICES
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IEEE announces major
changes for next year

The Institute of Electrical and
Electronics Engineers plans four
innovations for next year’s IEEE
show in an effort to reverse the
poor turnout for the show this
year. Only 25,000 people passed in
and out of New York City’s Coli-
seum in 1972 compared to 35,000
the year before, and only 258 ex-
hibitors turned up compared to 426
in 1971.

Next year, the IEEE will play
up the 25th anniversary of the
transistor—probably to lure back
major semiconductor firms; put
out a call for papers instead of lim-
iting those the association chooses
to invite; group the exhibits ac-
cording to 10 product areas; and
provide special centers for discuss-
ing specific engineering disciplines.

The exhibit groups will include
communications and systems; com-
ponents and microelectronics; data
processing and transmission; elec-
tromechanical design; electro-opti-
cal technology; energy utilization
and control; fabrication and pack-

aging; instruments and instrumen-
tation; and solid state and cir-
cuits.

In a related development, the
IEEE Board of Directors have
agreed to recommend to the mem-
bership that it expand its activi-
ties to include political and eco-
nomic matters.

The announcement was made by
IEEE president Robert H. Tanner
after the Board had analyzed 57,-
000 replies to a questionnaire mail-
ed earlier this year. The main
question asked was should the
IEEE continue to be concerned
with purely technical matters or
should it interest itself purely in
professional matters. Tanner noted
that U.S. members favored the
IEEE becoming more active in
political and economic matters by
a vote of better than 2 to 1. He
pointed out, however, the proposed
admendment to the constitution
would expressly bar the IEEE
from engaging in collective bar-
gaining.

Charge-transfer ICs
compete as TV sensors

The development of charge-trans-
fer devices as the video sensors in
small, solid-state TV cameras took
two steps forward with almost
simultaneous announcements from
RCA Corp. and Bell Telephone La-
boratories of prototype models—
RCA using the bucket-brigade
scanning array and Bell Labs em-
ploying a charge-coupled scanning
array.

RCA announced the delivery of
a small bucket-brigade camera to
the Air Force late last month (see
“TV cameras getting tinier,” p.
33) with RCA engineers claiming
that the design could lead to a
battery-powered TV as small as a
wrist watch.

ELEcTRONIC DESIGN 8, April 13, 1972

The charge-coupled array cam-
era announced by Bell Laboratories
has been demonstrated in the labs.
According to Bell’s engineers, their
device, which is a flat chip of sili-
con covered with an insulating ar-
ray, has a number of advantages
over existing vacuum-tube and
solid-state vidicons used in present
TV systems. Because the charge-
coupled sensor has no electron
scanning beam, scanning is per-
formed by electron transfer within
the chip. As a result, the device is
not susceptible to damage from
“burn-in”. It is not subject to lag
or smearing caused by bright mov-
ing areas, and it is unaffected by
external magnetic fields.

The present Bell camera has an
array of 128 by 196 light-sensi-
tive cells, with an active area of

Charge-coupled IC is the image sen-
sor for Bell's new TV camera.

3 by b mm.

To produce a video output, an
image is focussed on one half the
sensitive area. The electrical charge
pattern due to the image is in-
tegrated over 64 by 106 of the
light-sensitive cells.

The picture signal of an entire
image frame is then transferred—
at a 60-Hz rate—to a 64-by-106
element storage area on the other
half of the device. The frame sig-
nal is shifted down, line by line, to
be read out through a serial regis-
ter.

By the time the new charge pat-
tern has been formed, the preced-
ing frame has been read out and
the storage areas are ready to re-
ceive the next frame.

While the present model has a
resolution of one-fourth that of the
Bell Picturephone, its developers
say that substantially higher reso-
lution is feasible.

High-density IC process
announced by Motorola

A new, high-density IC fabrica-
tion process has been developed by
Motorola Semiconductor Products.
It is said to offer some of the same
advantages as Fairchild’s Isoplan-
ar and Raytheon’s V-ATE proc-
esses but avoids some of their limi-
tations.

Termed VIP, for V-groove iso-
lation polyerystalline backfill, the
Motorola process achieves a den-
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sity increase in much the same
manner as used in the Isoplanar
and V-ATE processes, by reducing
the separation between devices.

Normally when this spacing is
reduced, inversion effects result
leading to a deterioration of cir-
cuit performance. This problem is
avoided in all three processes by
using a barrier between devices,
thus avoiding the need for a great-
er separation.

The barrier in Fairchild’s Iso-
planar process is a diffused chan-
nel and the chip surface is planar.
In Raytheon’s V-ATE process, a V-
shaped open channel is used and
the surface is uneven.

With Motorola’s VIP approach,
a V-shaped channel, like that used
for V-ATE, is first etched out.
Then, an oxide-nitride insulating
layer is formed on the channel
sides. Finally, polyerystalline sili-
con is backfilled into the V, leav-
ing a flat surface as in Isoplanar
fabrication.

Because of the flat surface, a
VIP chip can accept single or mul-
tilayer metallization providing an
additional means for  obtaining
high densities. In addition, Schott-
ky diodes can be readily incorpor-
ated into the circuit. This feature
allows the fabrication of high-den-
sity Schottky-TTL or perhaps
Schottky-ECL ICs.

Many of these features could
also be obtained with the Isoplanar
process. But the VIP process re-
portedly offers an important sim-
plification in fabrication—the crit-
ical time-temperature cycle needed
to form the isoplanar diffusion
channel is eliminated.

Motorola expects to introduce
VIP products by July. The com-
pany says it will start with a high-
density bipolar memory to be fol-
lowed with a line of high-density
ECL products.

RCA to market magnetic
tape color video player

RCA plans to produce and mar-
ket by late 1973 a magnetic tape
color video player that will enable
home television viewers to watch
pre-recorded tapes on their stand-
ard color sets without receiver
modification. It will also permit
them to record and play back pro-
grams, tapes and movies taken

24

with home TV cameras. The Se-
lectaVision MagTape recorder and
player will retail for $700. RCA
says it is continuing development
work on its SelectaVision holo-
graphic recording and playback
system.

Bell & Howell will manufacture
the precision tape transport com-
ponent of the system for RCA, and
Magnavox will offer a compatible,
low-cost color camera.

Liquid-core optic fiber
has lowest loss yet

A new liquid-filled, quartz opti-
cal fiber with unusually low loss
has been developed by Bell Tele-
phone Laboratories for use in fu-
ture optical communications sys-
tems. The fiber transmits infrared
signals of 1.08-um wavelength with
a loss of only 13.5 dB per kilome-
ter, the lowest yet reported says
Dr. Julian Stone, the fiber develop-
er and staff member of Bell's
Crawford Hill Laboratory, Holm-
del, N.J.

Light-carrying fibers with losses
of less than 20 dB per kilometer
are expected to be useful in long-
distance optical transmission sys-
tems, Stone notes.

The new fiber consists of a hol-
low, fused-quartz tube filled with
tetrachloroethylene. Core diameter
of the fiber is about 65 pm, and
the fiber’s quartz wall is about 15
pm thick.

Broad-band loss characteristics
of the fiber is 20 dB per kilometer
or less, says Stone, between wave-
lengths of 0.84 to 0.86 pm and be-
tween 0.98 and 1.10 pm.

These regions are important,
Stone points out, because two
promising radiation sources suita-
ble for optical communications—
gallium arsenide diodes and the
neodynium: Yag laser operate
within these bands.

Loss measurements were made
using two light sources—a helium-
neon laser of 0.6328 pm operating
in the TEM,, mode, and a high-
pressure xenon arc lamp. With the
are, optical filters of 0.0100 pm
bandwidth were used every 0.0200
pm, between 0.6000 and 1.1000 pm.

In the interval between 0.7000
and 0.7600 pm and between 0.8200
and 1.1000 pm the transmission
losses are as low or lower than any
previously reported says Stone.

Radar for Awacs system
about to be selected

The radar for the Air Force's
airborne warning and control sys-
tem, Awacs, may be selected soon-
er than previously planned. The
flight tests of the two competing
systems which began March 14 on
two modified Boeing 707s will still
continue until July 23. But prime
contractor Boeing, will now be
asked to choose one of them in one
month instead of two. And the Air
Force, which was also going to
spend two months to make its de-
cision, will now do it in one.

A firm contract to Hughes Air-
craft or Waestinghouse Electric
may now come by Sept. 23. The
initial order, according to present
plans, calls for six radars for test
and evaluation followed by 36 pro-
duction models.

News briefs

North American Rockwell Micro-
electronics Co. will begin delivery
in June of MOS/LSI calculators
with liquid crystal displays. Con-
tracts for over 150,000 calculators
have already been placed by Sears
Roebuck, Lloyds of California and
others.

Ted Shields, assistant general
manager for Wescon predicts
(with fingers crossed) that at-
tendance at the 1972 Wescon
show—to be held in Los Angeles
Sep. 19 to 22—could match the
1970 figure of about 36,000. The

reasons? A brand new L.A. con-
vention center, the switch in show
dates from August to September
and a continued upturn in the
economy.

RCA’s Solid State Div., Sommer-
ville, N.J. has just received an
order for 3 million power transis-
tors from the Chrysler Corp., De-
troit. The transistors will be used
in an electronic ignition system—
two per system—that Chrysler is
including as standard equipment
on all domestic models of its 1973
cars.

ELEcTRONIC DESIGN 8. April 13, 1972



NEw 5th edition from the leading SCR and triac supplier in—

corporates 15 years of application experience.

To get your copy, contact any authorized General Electric distributor or any
General Electric Electronic Component Sales office.

GENERAL @ ELECTRIC

Semiconductor Products Department
Electronics Park, Syracuse, New York
13201




Thermal printer: Hot challenger
to the‘flying hammer’ method

Thermal printers, a new genera-
tion of electronic printers, are now
available off-the-shelf and may soon
replace traditional mechanical
printers in some applications.

At the same time—because they
are compact, quiet, inexpensive,
fast and reliable—thermal printers
are opening new areas of applica-
tion, such as hard-copy readout for
pocket calculators.

Developed almost three years ago
by Texas Instruments for use with
its Silent 700 data terminals, ther-
mal print heads have only recently
become available as off-the-shelf
items from TI and the Displaytek
Corp., both of Dallas. In addition to
these companies, two others—Na-
tional Cash Register and Hewlett-
Packard—have developed thermal
printers for in-house applications.

No impact needed

In operation, a matrix of heating
elements is selectively energized to
heat thermochromic paper. During
printing the heat-sensitive paper is
ir contact with the heating ele-
ments of the print head, and each
energized element then forms a dot.
The dots form letters, numbers,
punctuation marks or symbols.

The method eliminates the need
for “flying hammers,” now used in
impact printers, and thus makes
for quieter operation. There is also
a decrease in the number of me-
chanical parts and linkages that
are needed. The result is a smaller,
lighter, more reliable printer.

Two basic character formats are
used in thermal print heads: bar
segment and dot matrix. The seven-
segment format is used for nu-
merics only, while 16-segment or
dot-matrix formats are used for

Jules H. Gilder
Associate Editor
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alphanumerics. At present bar-seg-
ment units print a single character
at a time, while dot-matrix units
print either a line of dots at one
time—requiring several steps to
print a full line of characters—or
one character at a time. But decode
and drive electronics can easily be
modified to provide different print-
ing arrangements.

Print heads made of silicon

Two new print heads to be intro-
duced by TI this month use silicon
technology and consist of ecrystal-
line semiconductor elements ar-
ranged in either a 4 X 5 or a
5 x 7 matrix. Each element has a
mesa—or plateau—shape and con-
tains a transistor-resistor pair.
When an element in the array is
energized, power is dissipated by
the resistor, which heats the top
surface of the mesa—the latter be-
ing in contact with the paper. The
print head is fabricated in slice
form with standard semiconductor
technology.

The device can print a character
all at once, or it can use a row-
and-column addressing scheme to

energize the different elements of
the array. With the latter tech-
nique, information is addressed to
the print head by decoder circuits,
which select one row, energize the
appropriate columns in that row
(depending on the character to be
printed) and then proceeds to the
next row until all rows have been
energized. The head is then moved
to the next position, where the
process is repeated to print the
next letter. Maximum printing
speed is 30 characters per second.

Displaytek also uses silicon tech-
nology in the fabrication of print
heads. However, unlike the TI unit,
these devices have a maximum
speed of 60 characters per second
for a 5 x 7 matrix. Both TI’s and
Displaytek’s devices are MOS-com-
patible. Displaytek’s print head
costs $30 in quantities of 5000, but
price drops to $15 for orders of
100,000. TI's units haven’t been
priced yet.

In addition to the dot matrix, a
device that prints a seven-segment
character is produced by Display-
tek. This, says Ed Ruggiero, presi-
dent of the company, is aimed at
the strip-printer or data-logger

Displaytek’s 35-element printing matrix can print all 96 ASCIl characters
at a maximum speed of 60 characters per second.
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market. The device, the DC 4180,
is a numeric display of from four
to 16 characters, constructed in
multiples of four digits.

Unlike the two dot matrices, the
seven-segment print head is con-
stantly in contact with the paper.
The only mechanical component re-
quired in a printing system that
uses this device is a solenoid to
move the paper, Ruggiero says.
Printing speed, he continues,
ranges from one to six lines per
second.

Thick-film technology used, too

A different approach was taken
by Hewlett-Packard for the ther-
mal printer used in its 9800 series
of calculators. The HP print head
uses thick-film technology instead
of silicon.

The device is a line printer, and,
like Displaytek’s seven-segment de-
vice, it is in constant contact with
the paper. It prints a maximum of
16 characters per line and has 80
elements spaced in groups of five.
A line is produced by printing the
top row of all 16 characters, then
the second row, and so on, until
seven rows have been printed, thus
completing the 5 x 7 matrix re-
quired for each character. The
print speed is a little more than

four lines per second.

The print head produced by Na-
tional Cash Register, like the HP
device, uses thick-film technology.
The head has been installed in a
compact, 80-column NCR printer
and is being tested in a Pan Ameri-
can World Airways 747 jetliner.
The printer is said to speed the
airline’s takeoff procedures by
printing pre-departure and en
route clearances for the crew. Nor-
mally these clearances are read
over the radio and must be copied
manually.

The printer has a 5 X 7 matrix
and prints an entire character at
once. The maximum speed is 30
characters per second.

James Ingledue, regional sales
manager for NRC, sees a big mar-
ket for thermal printers as re-
placements for teletypewriter ter-
minals. He points out that thermal-
printer terminals are smaller,
weigh less, are more reliable and
are faster. They are also competi-
tive in price, he says, with an
OEM range of $900 to $1500.

Data terminals, calculators and
communications equipment are not
the only uses for thermal printers.
Look for them soon in adding ma-
chines, instrumentation readouts

and cash registers, says Display-
tek’s Ruggiero. =m

Eight-digit print head from Displaytek uses seven-bar-segment format. In
use, the head is in contact with the paper. Characters are printed serially.
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PPEMmM, INC.
e

e e
A thermal strip printer that uses a
seven-bar-segment print head s

manufactured by PPM, Inc. A Numi-
tron display can also be included.

=

A 4 x 5 array print head made by
Tl has alphanumeric capability.

HP’s printer (bottom) has a head
(top) with 80 dots in groups of five.

2.



Volkswagen thinks big with a new
exhaust-test center on wheels

In the manufacturers’ race to de-
velop a cleaner car engine, Volks-
wagen of America has decided to
invest vigorously in data. The giant
importer of diminutive cars has
put together one of the most so-
phisticated laboratories yet de-
veloped to measure automobile ex-
haust emissions—and it’s all on
wheels.

The $400,000 mobile laboratory
consists of a 44-foot-long trailer
test center, with pull-out sides, and
a 33-foot bus that carries elec-
tronic and electro-chemical measur-
ing instrumentation.

The testing center, which started
on a cross-country tour late last
month, is measuring exhaust emis-
sions of new and used Volkswagens
at various authorized VW dealer-
ships and is spot-checking cars at
ports of entry. During the five-
year survey emissions from Volks-
wagens operated at various alti-

Technician in the trailer unit checks
constant-volume-sampling instru-
ment, which collects exhaust gases
from the car undergoing test on the
dynamometer.

tudes and in virtually every kind of
climate will be tested. The purpose
of the checks, the company says,
is to determine whether VW ex-
haust emissions are conforming to
Federal Government emission
standards—which become increas-
ingly stringent year by year until

Mobile automobile exhaust emission laboratory consists of a trailer testing
unit (top) in which Volkswagens are placed on a chassis dynamometer and
‘‘driven’’ over a prescribed ‘‘road course.” Exhaust emissions are measured
in the bus (bottom) by a battery of testing instruments. A computer analyzes
and prints out the results.
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1976, when the full effects will be
felt. For example, the standards re-
quire that the exhaust from a 1972
car contain no more than 1.5 grams
of hydrocarbons per mile. By 1976
this figure declines to only .41
gram per mile.

Strict test sequence used

Cars being tested in the Volks-
wagen mobile center are driven in-
to the trailer and onto a chassis
dynamometer. Then they are “driv-
en” in that fixed position to a pre-
seribed schedule of speeds and
times. An electronic device built by
Process Computer Systems of Flint,
Mich., helps the car’s operator
drive a test sequence specified by
either the Federal Environmental
Protection Agency or the State of
California, depending on where the
test is being conducted.

Emissions from the exhaust are
transferred to the instrumentation
bus by an “umbilical tube” or by a
collecting bag. Inside the bus, the
gas is collected by a constant-vol-
ume-sampling instrument and pass-
ed through nondispersive infrared
analyzers, chemiluminescence in-
strumentation and a flame ioniza-
tion detector to determine concen-
tration of oxides of nitrogen,
hydrocarbons and carbon monoxide.

A Hewlett-Packard 2116 com-
puter—an 8-k word, 16-bit scien-
tific machine with 16 input/output
channels—analyzes the data and,
with Teletypewriter, prints out the
emissions of each exhaust consti-
tuent in terms of grams per mile.

Transducers are placed in the car
to measure such parameters as oil
temperature and intake manifold
vacuum, as well as in the trailer

“to keep track of temperature and

humidity.

Power for the mobile laboratory
is supplied by a 75-kW ac genera-
tor. mm
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Another Sprague Breakthrough!

SOLID FLAME-RETARDANT
EPOXY WITH PRECISE
DIMENSIONS FOR
AUTOMATIC INSERTION.
COMPLETELY SHOCK AND
VIBRATION RESISTANT.

PRODUCTION-ORIENTED
SOLID TANTALUM CAPACITORS

TOP FLAT FOR EASY
IDENTIFICATION OF
POSITIVE LEAD EITHER
VISUALLY OR BY TOUCH.

FLAT SURFACE PERMITS CLEAR
EASY-TO-READ MARKING.

NO RUNDOWN TO INTERFERE
WITH SEATING OF CAPACITORS
ON PRINTED WIRING BOARD.

STANDOFF FEET ON BASE

TO ELIMINATE MOISTURE
ENTRAPMENT AND FACILITATE
CLEANING OF WIRING BOARDS.

RUGGED 0.025” DIA. TINNED s i |
LEADS MAINTAIN ALIGNMENT.
FORMED LEADS WITH EITHER

0.200” OR 0.250” SPACING TO
PERMIT INTERCHANGEABILITY
WITH DIPPED CAPACITORS.

0.100” LEAD SPACING FOR

STANDARD PWB GRIDS.
—s]

Type 198D Low-cost Econoline’
Tantalum Capacitors Lead in Performance!

Yo

ACTUAL SIZE

When it comes to low-cost solid tantalum ca-
pacitors, the new Sprague Type 198D Econo-
line Capacitors outperform all other designs.
Here are some additional advantages:

® Llow d-c leakage

The new Sprague Type 198D epoxy-encased
Econoline Capacitor is tooled for mass produc-
tion and priced competitively with imported
dipped units. Investigate this new Sprague
breakthrough without delay.

Call your nearest Sprague district office or

9 LOYV Hisspsiion factor sales representative, or write for Engineering
® Wide voltage range, 4 to 50 VDC Bulletin 3546 to: Technical Literature Service,
@ Capacitance range from 0.1 to 100uF Sprague Electric Co., 347 Marshall Street,
® Withstand severe temperature cycling and North Adams, Mass. 01247.

temperature shock over —55 Cto +85C
® Speedier handling for insertion * Trademark

® Easier-to-read markings

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

SPRAGUE

THE MARK OF RELIABILITY

INFORMATION RETRIEVAL NUMBER 22
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Optical waveguide developed
as key to IC light devices

The recent development of a
single-crystal, zinc-oxide optical
waveguide has brought the realiza-
tion of integrated-circuit optical
devices a step closer.

Developed at RCA’s David Sar-
noff Research Center, Princeton,
N.J., the waveguide operates in the
visible spectrum. According to Jack
Hammer, an engineer member of
the technical staff at RCA, this is
the first step in a program to de-
velop devices that use light flow to
perform functions previously con-
trolled by electron flow. These
functions include switching, modu-
lation, generation, frequency con-
version, deflection and electrically
controlled guidance of light.

Much of the previous work done
in optical waveguides has been in
the development of passive guides
(see “New Communication Possi-
bilities Flowing From IC Optoelec-
tronics,” ED 6, March 16, 1972,
p- 32). However, to build an opti-
cal integrated system, it is neces-
sary to use active waveguides that

INTERDIGITAL
INPUT DEFLECTOR  OQUTPUT
GRATING GRATING
COUPLER7 YCOUPLERS

z —"0th
P ORDER
= (UNDIFFRACTED)

Sy

8
S o
L Vo - (DIFFRACTED)

LOW INDEX OVERLAY

& SAPPHIRE WAVEGUIDE
SUBSTRATE

Optical waveguide developed by RCA
uses an active thin film of zinc oxide.
The waveguide is grown on a sap-
phire substrate with vapor-phase
epitaxy.

are capable of performing a variety
of functions. By combining a num-
ber of these functions on a single
chip, Hammer explains, it is pos-
sible to construet an integrated
optical system. Such a system, he

RCA's electro-optic grating modulator is capable of 1009 modulation at
10 MHz. The electrode structure is planar.
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continues, would have the advan-
tages of small size, simplicity, re-
liability and low cost.

One problem in fabricating ac-
tive optical waveguides is finding
a material that can perform a
broad range of functions. RCA has
overcome this by using zinc oxide
on a sapphire substrate.

A single crystal, an epitaxially
grown film of zinc oxide, is trans-
parent over a wide range of wave-
lengths, exhibits a linear electro-
optic effect, is piezo-electric, has
sizable nonlinear coefficients and
can be made to act as a laser by
electron beam pumping. In addition
zinc-oxide films exhibit low loss for
guided light.

A big advantage of the zinc-ox-
ide-on sapphire construction is that
it uses vapor-phase epitaxy tech-
nology for fabrication—a tech-
nique familiar to IC manufac-
turers.

Another device under develop-
ment at RCA is an electro-optic
modulator that uses what is known
as a Bragg-regime diffraction grat-
ing (see photo). This modulator is
said to be almost ideally suitable
for integrated optics in that the
electrode structure is planar and it
can be fabricated with well-known
photolithographic techniques.

In addition to obvious commu-
nications applications, optical inte-
grated circuits also have a big po-
tential in digital logic circuits,
Hammer says. Although their ap-
plication here is still far away, he
continues, they offer the possibility
of logic circuits that operate at the
speed of light.

At present, the RCA engineer
explains, the speed of digital de-
vices is governed by the time as-
sociated with circuit capacitances.
For optical devices, speed will be
limited only by the amount of time
it takes for light to travel from
one element to the next. mm
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IR scanner
checks tires

A rapidly spinning tire’s inter-
nal structure can be checked by
means of a fast-scanning infrared
microscope and display originally
developed by the National Aero-
nautics and Space Administration.

Built by Dynarad, Inc., Norwood,
Mass., the non-destructive testing
device is used by the B. F. Good-
rich Co., at its Brecksville, Ohio,
research center to produce a real-
time cathode-ray tube display of
the heat in tires as they are spun
at speeds as high as 400 miles an
hour.

Hot spots in a tire are viewed

Internal structure of a rapidly spin-
ning tire is checked on a fast-scan-
ning infrared microscope. Hot spots
are seen as bright areas -on the
display.

as bright areas on the display, in-
dicating design or construction
flaws that require correction.

The equipment can read the heat
from 600,000 points on a tire every
second presenting a view as if the
spinning tire were stopped, ac-
cording to Dr. Jacob Jansen, Good-
rich vice president.

The testing device weighs less
than 40 pounds, is small enough to
be mounted on test automobiles and
can be operated from an automo-
bile electrical system. mm

ELEcTRONIC DESIGN 8, April 13, 1972

Great buy for the money:

The Heinemann Type B

time-delay relay.

Its continuous-duty coil
and 5-amp contact capacity
could spare you the need
for a separate load relay.

The continuous-duty coil enables the
relay to remain energized indefinitely
after actuation. If the load to be
switched can be handled by SPDT or
DPDT contacts of up to 5-amp
capacity (125V or 250V AC or 30V DC,
resistive), you can get by very nicely
without a load relay.

The Type B is definitely in the
moderate-price category, yet it isn’t
cheaply built. It has enclosed snap-
action contacts of gold-plated fine
silver, a vibration-resistant balanced

armature and, of course, a Heinemann

hydraulic-magnetic delay element.
The Type B is one of five models

in our Silic-O-Netic® time-delay relay

line. All are available in any of sixteen

standard timings, from %4 second

to two minutes, with any of nine 60Hz

AC or DC coil voltage ratings. Our

Bulletin 5006 will give you full

technical data. Yours for the asking,

of course. Heinemann Electric Co.,

2616 Brunswick Pike, Trenton,

N.J. 08602

HEIiNEMANN
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SCIENCE. “"SCOPE

The mobile earth station that linked Peking with the world during President Nixon's
historic mission was built and operated by Hughes, under contract to Western Union
International., It provided capacity for one color TV channel, nine voice commen-
taries, and 60 two-way telephone channels for use by the Presidential party and by
the press to transmit teletype, telephotos, and radio reports. The air-portable
terminal was similar to those which Hughes operated in Bogota, Colombia in 1968

for Pope Paul's visit and in Iran last year for that country's 2500th anniversary.

Communications from China were received by Intelsat IV satellites built by Hughes
for Comsat, manager for the 83-nation International Telecommunications Satellite
Consortium, Stationed over the Pacific and the Atlantic, these satellites carried
TV and all press communications from Peking and relayed them to Intelsat's world-
wide satellite communications network. Each satellite can carry 5,000 phone con-
versations, or 12 television programs, or tens of thousands of teletype circuits.

The first 27 Maverick missiles tested by the U.S. Air Force Systems Command sur-
passed all contract requirements and scored a better than 90 percent success rate
in flight tests, enabling USAF to reduce the missile firings by one-third and com-
plete the tests two months ahead of schedule., Maverick also demonstrated lower
maintenance requirements and faster aircraft loading time than required.

The air-to-ground missile, built by Hughes, is guided by a miniature TV camera in
its nose which the pilot locks onto the target, After launch, Maverick is inde-
pendently guided to the target and the pilot is free to leave the area safely.

Fingerprint facsimiles and criminal records were sent via satellite between Cali-
fornia and Florida recently in a two-week test directed by Project Search (System
for Electronic Analysis and Retrieval of Criminal Histories), a consortium of 20
states that account for 80 percent of U.S. crime. Project Search was formed to
develop a prototype communications system for law enforcement agencies which would
make it possible to exchange police records more rapidly than the 10 days to two
weeks it now often takes., Hughes-built equipment used in the test included NASA's
5-year-old ATS-1 satellite and three portable ground stations.

Opportunities for graduate engineers: The continued growth of Hughes' solid-state
microwave product line has created an immediate need for engineers with experience
in the design and development of either 1) microwave transistor amplifiers, phase
lock sources and multipliers, and Gunn and IMPATT diode sources and amplifiers;

or 2) millimeter-wave mixers and detectors. U.S, citizenship is required, Please
write: Mr. R. F. Wolfe, Hughes Electron Dynamics Division, 3100 W. Lomita Blvd.,
Torrance, CA 90509. Hughes is an equal opportunity M/F employer.

A target acquisition system, now in engineering development at Hughes, will give
individual ships of the U.S. Navy a new means of defending themselves against sur-
prise attack. Integrated with the NATO Sea Sparrow missile, it will enable each
ship to defend itself against threats that penetrate the umbrella-like fleet area
defenses. The Hughes system integrates a short-range radar and infrared sensors
with an IFF system that separates enemy targets from friendly aircraft. It will
employ the latest techniques for cancelling out natural and man-made '"clutter",

Creating a new world with electronics
F o e R o e S e e A

. HUGHES |

L
HUGHES AIRCRAFT COMPANY



Radio dish gets a home

The National Science Foundation
announced selection of a 3000-acre
desert site, 50 miles west of Socor-
ro, N.M., as the proposed location
of a Very Large Array (VLA)
radio telescope. The instrument, it
is reported, would be the most
sensitive and accurate of its kind
in the world.

As one of the major instruments
of the National Radio Astronomy
Observatory, plans call for the ar-
ray to consist of 27 dish-shaped
radio telescopes, each 82 feet in

diameter. These antennas would be
movable along each of three 13-
mile arms of a Y-shaped layout of
railroad track. The array, it is
hoped, would provide scientists
with an instrument having a sensi-
tivity and resolution 10 to 100
times greater than any existing
antenna array.

The facility, which will be owned
by the National Science Founda-
tion, is expected to go into partial
operation in 1976 and in full oper-
ation in 1982, mm

TV cameras getting tinier

A miniature black and white
television camera has been develop-
ed by RCA Laboratories, Prince-
ton, N. J., with bucket-brigade tech-
nology. Instead of the vacuum tubes
used in conventional TV cameras,
the new camera has a bucket-bri-
gade silicon IC that consists of a
32 X 44 array of photosensitive
elements. When an image strikes
the array, an electrical charge pro-
portional to the light intensity is

< INFORMATION RETRIEVAL NUMBER 24

produced in each element. Another
32-stage bucket-brigade register on
the same chip vertically scans the
array and selects the rows to be
read out, one at a time, to form
the over-all picture. The new
camera weighs less than a pound
and has a volume of 17 cubic inch-
es. Spokesmen for RCA say that
the camera could be the forerunner
for future TV cameras the size of
a wristwatch. mm

Hughes is
in industrial
electronics, too:
components,
equipment
and systems.

5

Microwave diodes (RS 282)

Microwave TWTs, TWTAs and solid
state products (RS 289)

Direct view and scan converter storage
tubes (RS 290)

it

Wire terminating and harness laying
systems (RS 294)

Multiplex systems for remote
communications/control (RS 292)

For complete information, write Bldg. 100,
Mail Station C-512, Culver City, CA 90230.
Or request by Reader Service (RS) numbers.

o —————— - -

HUGHES

HUGHES AIRCRAFT COMPANY
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Industrial Electronic Products
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..for 230 more pages of the new

SIGNETICS LINEAR HANDBOOK Vol. 1,
call your local distributor now.

Just two bucks to your distributor gets you this in-
valuable collection of complete specs, diagrams and
data on both proprietary and industry standard parts.
Plus a big Bonus-Offer coupon, good for one FREE
part—your pick from any device listed in the Hand-
book. To experiment with, wire in...or keep on your
desk to doodle with. Linear Handbook Vol. |, with
Bonus coupon: only $2 from your distributor.

Signetics: total capability linear.
811 E. Arques Avenue, Sunnyvale, California 94086

A subsidiary of Corning Glass Works
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SIGNETICS
Linear Handbook Vol. I,

with Bonus coupon,

$2.00 from your distributor:

ARIZONA

Phoenix: Hamilton/Avnet Electronics
(602) 269-1391

CALIFORNIA

Burbank: Compar Corp.

(213) 843-1772

Burlingame: Compar Corp.

(415) 347-5411

Culver City: Hamilton Electro Sales
(213) 559-3311

El Monte: G. S. Marshall

(213) 686-1500

Los Angeles: KT/Wesco Electronics
(213) 685-9525

Mountain View: Hamilton/Avnet Electronics
(415) 961-7000

Palo Alto: Wesco Electronics

(415) 968-3475

San Diego: G. S. Marshall

(714) 278-6350

San Diego: Kierulff Electronics

(714) 278-2112

CANADA

Downsview: Cesco Electronics, Ltd.
(416) 638-5250

Montreal: Cesco Electronics, Ltd.

(514) 735-5511

Ottawa: Cesco Electronics, Ltd.

(613) 729-5118

Quebec: Cesco Electronics, Ltd.

(418) 524-3518

COLORADO

Denver: Hamnlton/Avnet Electronics
(3083) 433~

FLORIDA

Hollywood: Hamilton/Avnet Electronlcs
(305) 925-5401

Orlando: Hammond Electronics

(305) 241-6601

ILLINOIS

Elmhurst: Semiconductor Specialists, Inc.
(312) 279-1000

Schiller Park: Hamilton/Avnet Electronics
(312) 678-6310

MARYLAND

Hanover: Hamilton/Avnet Electronics
(301) 796-5000

Rockville: Pioneer Washington Electronics, Inc.
(301) 424-3300

MASSACHUSETTS

Burlington: Hamilton/Avnet Electronics
(617) 272-3060

Needham Heights: Kierulff/Schley

(617) 449-3600

MICHIGAN

Livonia: Hamilton/Avnet Electronics
(313) 522-4700

Detroit: Semiconductor Specialists, Inc.
(313) 255-0300

MINNESOTA

Minneapolis: Semiconductor Specialists, Inc.
(612) 854-8841

MISSOURI

Hazelwood: Hamilton/Avnet Electronics
(314) 731-1144

NORTHERN NEW JERSEY

Cedar Grove: Hamilton/Avnet Electronics
(201) 239-0800

SOUTHERN NEW JERSEY

AND PENNSYLVANIA

Cherry Hill: Hamilton/Avnet Electronics
(609) 662-9337

Cherry Hill: Milgray-Delaware Valley
(609) 424-1300 Phila. (215) 228-2000
NEW YORK

Buffalo: Summit Distributors, Inc.

(716) 884-3450

Hauppauge Semlconductor Concepts, Inc.
(516) 273~

Woodbury Harvey Radio

(516) 921-8700

New York: Terminal-Hudson Electronics
(212) 243-5200

OHIO

Cleveland: Pioneer Standard Electronics
(216) 587-3600

Kettering: Arrow Electronics

(513) 253-9176

TEXAS

Dallas: Hamilton/Avnet Electronics
(214) 638-2850

Dallas: Solid State Electronics Company
(214) 352-2601

Houston: Hamilton/Avnet Electronics
(713) 526-4661

WASHINGTON

Seattle: Hamilton/Avnet Electronics (206) 624-5930
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technology
abroad

To overcome one drawback of
light-activated switches—the fact
that they generally fire at an ab-
solute light level—England’s In-
tegrated Photomatrix has produe-
ed a photo-IC that senses the back-
ground level of illumination and
switches if a rapid change of 5%
in the background light occurs.
This overcomes false triggering of
some light-activated switches by
changes in the ambient light level.
The new device has a sampling
amplifier that produces a current
proportional to the light that the
integrated photodiode sees. This
current is passed through an ex-
ternal resistor, and the dc voltage
across the resistor modifies the
switching threshold of the photo
device in accordance with the il-
lumination level.

CIRCLE NO. 441

A Gunn oscillator with 2.5-mW
output is the key element in a
small, portable British microwave
communications system designed
to transmit high-speed, broad-
band data from one side of an air-
port to another. Developed by the
MEL Co. for the English Royal
Radar Establishment, the system
can transmit a TV picture up to
five miles, operating within the
10.5-to-11-GHz band. The transmit-
ter weighs 11 pounds and the re-
ceiver 13. Power requirements are
14 W for the receiver and 10 W
for the transmitter, with a 22-to-
24-V dc source.

CIRCLE NO. 442

An integrated-circuit gyrator has
been produced by engineers at
Philips Research Laboratories in
Eindhoven, The Netherlands, to
simulate large inductors in tele-
phone-filter circuits. The gyrator
circuit combines a number of ac-
tive circuit elements in such a
way that the device’s output volt-
age depends solely on the input
current, and the output current is
dependent on the input voltage. If
a capacitor is connected across
the gyrator input terminals, the

phase relationship between gyra-
tor output voltage and current is
the same as that of an inductor.
Precision inductors have been
simulated over a wide frequency
range by the Philips engineers.
For a typical telephone applica-
tion, an IC gyrator filter passes
signals below 3415 kHz and sup-
presses signals above 3984 kHz,
with 44 dB attenuation.

CIRCLE NO. 443

A new British high-speed me-
chanical Q switch for high-power-
ed lasers has high optical efficien-
cy and is relatively low in cost,
according to its developers, the
National Research and Develop-
ment Corp. Most Q switches use
an opaque dye material that ab-
sorbs the laser energy in a reso-
nant cavity, until the build-up
saturates the dye. At saturation,
the dye switches from opaque to
transparent, releasing the laser
energy in a burst. In the new sys-
tem, being marketed by Westward
Turbines Ltd., Dorset, the laser
beam passes through a spinning
pentagonal quartz prism that is
supported on air bearings. The
prism is driven by an air turbine
at 250,000 rpm. At this speed the
Q-switched pulse-repetition rate is
20 kHz—suitable for operation of
ruby lasers.

CIRCLE NO. 444

A new, light-sensitive British IC,
combining a photodetector and
radiation-level circuitry, provides
a TTL-compatible output when the
incident light level reaches a pre-
determined, adjustable level. The
new device—Ferranti Semicondue-
tor’s first standard IC made by the
collection diffusion isolation proc-
ess—uses one 5-W supply. The IC
sensitivity is variable between 10
and 10,000 uW/cm? Triggering
hysteresis levels can be adjusted,
and TTL inputs can be supplied
with up to 4.8-mA drive current.
The IC can be used singly or in
arrays for tape and card readers
and similar applications.

CIRCLE NO. 445
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Nobody
can match

Allen-Bradley’s i

resistor cost

ny ...on the board.

If you're really

1

2 o S
BN = 2 |
N 1A

_—

serious about cost,

Paying the lowest price doesn't
mean you're getting the lowest cost.
Many fixed resistor brands lose their
identification in the PC board clean-
ing process. Some don't have true
colors to begin with. Or the color
bands darken and become illegible
from the heat produced in normal

be serious about quality.

usage. The result is costly identifica-
tion errors. Contrast this with the
bright, crisp identification of Allen-
Bradley's specially formulated
paints. Baked on to resist aging,
rough handling and solvents. Why
gamble with questionable quality
that can lead to unforseen costs?

Learn the facts. Ask your nearest A-B
distributor for our free booklet, “7
ways to tell the difference in fixed
resistors!’ Or write Allen-Bradley
Electronics Division, 1201 S. Second
St., Milwaukee, WI 53204. Export:
Bloomfield, N. J. 07003. Canada:
Galt, Ont. U.K.: Bletchley, Bucks.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS
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Domestic satellite program on the home stretch

Within approximately six weeks the Federal Communications Commis-
sion is expected to wrap up the domestic communications satellite issue
which it has been considering in one form or another for almost seven
years. Discussion before the commission will start on May 1 and Chair-
man Dean Burch says he expects to have a decision by the end of May.
These actions came hard on the heels of a decision by the FCC Common
Carrier Bureau staff to recommend authorization of a “limited open
entry” policy for the domestic satellite system. The decision would limit
AT&T to providing noncompetitive long distance telephone service, re-
quire Comsat to choose between two proposals it made and urge appli-
cants for similar systems to come up with some sort of joint ownership
proposals. If adopted by the Commission the recommendation would mean
construction of four, perhaps five, systems.

President’s message on technology answers few questions

President Nixon’s recent message to Congress on science and tech-
nology, long awaited as a definitive statement on national goals and the
means of attaining them through science and technology, contained little
more than the Administration had already put forth through the State
of The Union and the budget messages. The President did spell out,
however, plans to liberalize loans through the Small Business Administra-
tion to enable small R&D firms to secure financing and to ease patent
license rulings to make government information more readily available
to private firms. The message said that strong defense and space research
programs were as vital as the support of basic- scientific research.
But as to the previously stated goals of greater cooperation on R&D
efforts between industry and government, both federal and local, little
was explained.

Japanese barriers cost $1.1-billion, committee claims

Restrictive trade practices of the Japanese government cost the U.S.
electronics industry $1.1-billion in potential exports last year, according
to a brief filed with the U.S. Tariff Commission of the Electronic
Industry Committee for Fair International Trade (see “Industry Group
Formed to Fight Trade Barriers,” ED 4, Feb. 17, 1972, p. 23). The
Tariff Commission is exploring trade policies at the request of the
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Senate Finance Committee which is considering legislation in that
field. The commission is considering tariff and nontariff barriers, the
nature and extent of tariff agreements, customs evaluation procedure
and the impact of multi-national companies on international trade.

The Electronic Industries Association was also asked to contribute
to the committee’s study but a spokesman said that no plans were made
to respond. The Fair International Trade Committee filed a brief which
contains “. . .procedures, regulations, and the practices of the government
of Japan” which the committee asserts “significantly impeded or dis-
torted the normal flow of U.S. exports and imports of electronic com-
ponents.” The four product categories which suffered the $1.1-billion
loss in potential exports last year are computers; communications,
broadcast equipment and navigational aids; transistors and integrated
circuits; and radio and TV sets, the committee said. The four main im-
pediments to U.S. exports, it said, were import licensing, the “restructur-
ing” of Japanese industry to strengthen its ability to withstand foreign
competition, restrictions of U.S. investments in Japan and import duties.
The committee concluded that directly competitive U.S. electronics prod-
ucts are virtually excluded from the Japanese market.

Congress checking two Navy projects

Congressional critics are zeroing in on the Navy’s Mark 48 torpedo
and F-14 fighter contract costs. Rep. Clarence B. Long (D.-Md.), a
member of the House Appropriations Committee, says the Navy under-
estimated the cost of the $2.2-billion torpedo contract by at least $800-
million and there is still some doubt as to whether the torpedo is
“workable or produceable.” Long cited a report by the General Account-
ing Office as the basis for saying that the Navy underestimated infla-
tion costs by $390-million, that it did not include a claim for $74-million
in additional funds by Westinghouse and that it had included a $372-
million “saving” for not planning to outfit surface ships with the tor-
pedo when in fact no such decision had ever been made. GAO would
not comment on Congressman Long’s statement because, it said, the
GAO report Long was quoting was classified. On the Senate side the
Armed Services Committee has opened an investigation on the F-14 con-
tract which Grumman Aerospace Corp. has said that it cannot fulfill
because of rising costs unless the Navy “restructures” the agreement.

Capital Capsules: NASA expects answers to its request for proposals on the solid-
fueled recoverable booster for the space shuttle within 90 days. McDon-
nell Douglas, Grumman and Boeing, and North American Rockwell and
General Dynamics are bidding. Selection of the solid-fueled booster will
mean a reduction in development costs to $5.15-billion from an original
estimate of $5.4-billion. However, the cost per mission will rise. Cape
Kennedy now appears a certainty to be the site. . . . Lewis Branscomb,
director of the Bureau of Standards of the Commerce Dept., is quietly
kicking off a drive to get congressional approval for a switch to the
metric system. Bills are pending in both House and Senate and the White
House is expected to join in the push for action. . . . Dr. George F.
Mansur, Deputy Director of the Office of Telecommunications Policy, has
resigned and will return to private industry....The Airlines Electronic
Engineering Committee will meet May 17-19 in Montreal to review items
such as data-link, an electronic chronometer system, collision avoidance
and passenger entertainment multiplex systems.
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See how easy

It is to carry
a suitcase,
a tool kit ...

... and a scope!

Now there’s a 3-pound scope that can be carried in
your tool kit, suitcase, briefcase, glove compartment
. almost anywhere.

It's the 211, our first laboratory-quality miniscope.
Size is only 3 x 5% x 9 inches. Bandwidth is 500 kHz.
A lot of scope in a small package.

The 211 is easy to use. You spend your time solving
measurement problems, not studying scope opera-
tion. Deflection factors from 1mV/div and sweep
rates from 5 us/div are read out from controls easily
related directly to the CRT. One rotary control does
all the triggering.

Ever wanted to float a scope? Here’s one that floats
to 500 volts RMS when operated from its internal
batteries.

How many times have you misplaced a probe or
power cord? There’s no chance of that with the 211.
The probe and cord are attached and stored in a
convenient, recessed area of the case. When you
arrive on the job, both are right there, where you
can find them.

And the 211 is built to take rugged trips. The double
insulated high-impact plastic case takes tool kit
knocks and bangs. Knobs are recessed for added
protection. It's packaged in a real survival kit.

Need battery operation? The 211 operates from in-
ternal rechargeable batteries for up to 5 hours, and
from AC.

Price? It's lower than many other 500-kHz scopes.
Only $545, FOB Beaverton, Oregon.

For a demo, just contact your local TEKTRONIX Field
Engineer. He probably has a 211 in his briefcase.
Ask him for complete information or write Tektronix,
Inc., P.O. Box 500, Beaverton, Oregon 97005.

TEKTRONID
- committed to
technical excellence

INFORMAT!ON RETRIEVAL NUMBER 28
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Before you start designing your
next minicomputer, phototype-
setter, automatic test equipment,
numerical control or other system,
let us get in on the act.

We can show you several bright,
imaginative ways of adapting our
line of peripheral equipment to
whatever you’re working on now.

For example, it could be a dig-
ital magnetic tape cassette system
that will cut down errors to less
than 1 in 100,000,000 bits (com-
puter verified). And, you've got the
broadest modular line in the indus-
try to pick from.

Or, it could be one of our many
compact perforator/reader combi-
nations with 75 cps punching
capacity and 300 cps reading capa-
bility, for the price of some perfo-
rators alone.

Or select from a wide range of
tape readers or reader/spooler
combinations that has made us
number one in this field.

Remex has a full line of products
that will interface with whatever
you're building. If we don’t have it
on the shelf, chances are we can
adapt a unit to fit. Over the past
decade that’s how we’ve built our

reputation as a peripheral innova-
tor. Our price/performance has
helped too.

When it comes to peripherals,
we’re at the head of the class.
Remex, 1733 Alton St., Santa Ana,
California 92705. In Europe and the
U.K., contact S.p.A., Microtecnica,
Torino, Italy.

Give us a call (714) 557-6860.
If a genius answers, hang on.

RemEx

I3,
.
-

Use our imag_ination.
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H information for better measurement

in thisissue

RF signal generator
keyed for the future

An RF signal generator with synthesizer
stability and spectral purity plus keyboard
entry for frequency commands.

Unprecedented operator control is
one of the new dimensions in
RF signal generators provided by the
keyboard-entry HP 8660B synthe-
sized signal generator. All frequency
commands are directly entered—
not only CW, but also incremental
frequency stepping and digital
sweeping. Synthesized ““continuous
tuning” can also be achieved.
Whether you are stepping, sweep-
ing, or tuning, the RF signal retains its
synthesizer qualities: high stability,
low residual FM, and low spurious
content. The 8660 system also has
advanced modulation capabilities
(AM and FM) plus precise output
level calibration and control.
(continued on page 3)
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Meet HP's powerful new

pocket calculator

The HP-35 is a revolutionary
approach to personal computation.
Our new pocket calculator has the
portability of a slide rule, the ease
of an adding machine, and the
problem-solving power of a

small computer.

This innovative “answer machine”
is helpful to anyone who uses
advanced math whether in science,
engineering, statistics, mathematics,
education or finance. The 9 oz.
wonder does far more than ordinary
four functions; it handles logarithms,
exponents, and trigonometric
functions each with one keystroke.

Enter values in either floating-
point or scientific notation. The
operational stack of four registers
plus a solid-state memory holds
intermediate solutions to problems,
then later automatically brings them
back for further processing. You do
not have to input recurring figures
over and over.

The calculating range extends

This handful of solutions displays answers to
ten significant digits, plus sign and two-digit
exponents of 10. The decimal point is
automatically positioned.

from 10" to 10”. And the price is
within your range—only $395.

To find out how to get one, check
the HP Reply Card.

Wide dynamic range for

the sight of sound
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The 8064A has complete programmability
built in for easy computer interface.

Displaying the frequency spectra
of sounds as they occur, the 8064A
audio spectrum analyzer operates
independently or as part of an
automatic data acquisition, process-
ing or recording system. Active
filters divide the spectrum into 24
third-octave channels in the 2 Hz

to 40 KHz frequency range. Dynamic
range is outstanding: 84 dB with

60 dB displayed. The price is $9,950.

To learn more, check the HP Reply
Card.

Collision avoidance role
for cesium beam clock

HP’s atomic frequency standards
play a major role in new air collision
avoidance system (CAS) successfully
tested by the Air Transport Asso-
ciation and a commercial airline.

In CAS each aircraft sends a coded
message every three seconds. Time-
synchronized equipment in other
listening aircraft computes (a) the
distance to the transmitting aircraft,
(b) the closing rate, and (c) altitude
difference to determine collision
threat and indicate proper evasive
maneuvers.

For ultra-precise CAS time-
keeping, HP developed a rugged
miniaturized cesium beam atomic
frequency source for aircraft use.
This HP 5062B “clock” is only 5 by 8
by 19% in. (123 by 194 by 495 mm)
and makes CAS independent of
ground stations.

Because CAS is a navigation
system, the small CAS cesium beam
standard is creating interest among
people involved in navigation,
tracking and communication systems
of other types.

The HP 5061A cesium beam
standard, a larger version, has been
available for eight years. Absolute
accuracy is 1x10™"" (7x10~'* optional).
Price: $15,500.

For more about precision frequency
sources, check the HP Reply Card.

CAS commands

plane A to climb. Warning given

40 seconds be-
s fore intercept.

o
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Warning given.

CAS commands
plane B to de-
scend 25 seconds
before intercept.

COLLISION AVOIDANCE SYSTEM
Evasive Action Sequence
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Powerful plug-in with
selectable impedance

O lnl o
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The 1805A (lower left panel) has dc offset
that eliminates dc reference on logic and
noise pulses yet maintains low deflection
factors for maximum amplitude displays.

A new 100-MHz vertical amplifier
plug-in for 180-series oscilloscopes
packs more measurement capability
into one plug-in than any previous
unit. The dual-channel 1805A has

selectable 1 megohm/50 ohm inputs,

5 mV/div deflection factors from dc
to 100 MHz, up to == 200 divisions
of offset, and a vertical signal output
that allows cascaded operation to
250 pV/division.

Use 1T megohm input for general
purpose probing or the 50-ohm
impedance for transmission- line
measurements. The low capacitance
doubles the frequency range over
which probing can be performed
without serious loading of the
circuits. Price: $1400.

Check the HP Reply Card for details.

continued from page 1

The 86608 is ideally suited for

the most demanding measurements;

e.g., narrow-band receiver testing
and crystal filter tests. In addition
to keyboard control, it features
10 digit LED readout of frequency,
TTL programmability and computer
compatibility. And there is plug-in
RF coverage, 0.01-110 MHz and
1-1300 MHz.

Prices of the 8660 systems start at
less than $6000; the 8660B keyboard
mainframe costs $6000.

HEWLETT-PACKARD MEASUREMENT NEWS

Synthesizer for precise amplitude
and frequency control

The ideal signal source should

have excellent frequency accuracy
and stability, precise amplitude
control, a reasonable price tag, and
the ability to interface easily with
systems. The HP 3320 A/B frequency
synthesizers have all these features,
plus spectral purity of a quality

RC oscillator and low signal-to-
phase noise.

The 3320A adds synthesizer
quality to production and design
work yet does not distort your
budget. The 3320B is a precision
bench instrument as well as a quality
programmable signal source. With
amplitude accuracy, resolution and
frequency response measured in a
few hundredths dB over a 100 dB
attenuation range, the 3320B is both
a frequency standard and a very
precise level generator. It is the
standard low frequency source in
HP’s 9500 automatic test systems.

Synthesizer options include remote control,
two lower frequency ranges, 75-ohm output,
crystal oven, and marked card programmer.

The 3320 has the widest frequency
range of any test oscillator, pro-
grammable oscillator or low cost
frequency synthesizer on today’s
market—0.01 Hz to 13 MHz.

Prices: 3320A, $1900; 3320B,
$2400.

For details, send the HP Reply Card.

How to achieve low-cost

data reduction

You can interface a 9100, 9810 or 9820
calculator to the highly-diverse coupler/
controller system.

Many people who could benefit by
automating data collection and
testing shy away from it because
they believe it would be too
complicated and expensive.

Not any more. HP has developed
a calculator-based instrumentation
system—low cost and easy to use—
for on-line data acquisition and

automatic testing. You can program
from the keyboard within a few
hours; there are no special languages
to learn.

It's basically a computing system
(in the form of a powerful calcu-
lator) attached to a measurement
system through a versatile coupler/
controller. The calculator interfaces
with up to seven devices—DVMs,
scanners, teletypewriters, tape
punches and readers, recorders, etc.
—through cards plugged into the
coupler/controller. The calculator
serves as the system program source
and data processor. Results can be
plotted simultaneously with printed,
tabulated reports.

Automate your lab experiments
and production testing at a fraction
of the “computer price.” Calculators
begin at $2975; coupler/controllers
start at $1275.

For all the details, send the HP
Reply Card.



A first: do-it-yourself
microprogramming

No extra cables or power supplies—the
single Writable Control Store cards contains
256 24-bit words and all required address
and read/write circuitry.

Now you can have a computer with
Writable Control Store capability.
You can test and debug preliminary
microprograms, alter or extend the
instruction set—under actual run
conditions, and just as fast as
operating from read-only memory.

Program execution in the 2100A is
controlled by a computer within a
computer. The internal computer, or
microprocessor, executes microcode
stored in its extendable read-only
memory. With WCS, you can check
this microcode before committing it
permanently to ROM. You can also
output, debug and alter microcode
subroutines dynamically, during
run time.

Specially developed software—
including a micro-assembler, utility
and 1/O routines, drivers, and
diagnostics—automatically puts your
microprogram into the required
form. And an optional PROM
Writer commits the debugged
microprograms permanently to
read-only memory.

Prices: 12908A Writable Control
Store, $3500; 12909 PROM Writer,
$500.

For WCS information and a copy of
our “Microprogramming Guide,” use
the HP Reply Card.

New persistence/storage scopes
that work wherever you do

Only our new 35-MHz portable
oscilloscopes give you variable
persistence/storage anywhere and
everywhere. They are battery-

powered and smaller than a suitcase.

The 1703A scope has a burn-
resistant CRT, along with main and
delayed time base sweep speeds to
10 ns/div and a 10 mV/div deflec-
tion factor. Model 1702A is iden-
tical, but without delayed sweep.

Variable persistence lets you
preserve low rep-rate signals and
read the CRT display without clutter
from old traces. Trace retention
time is adjustable, from less than
1 second to over an hour. Use
variable persistence as a pseudo-
normal write mode when you need
extra brilliance, or use it anytime a
low sweep speed causes annoying
flickering.

The storage holds single-shot
phenomena or other infrequent
events for over an hour. Writing
speed is 100 div/ms; push the Max

The 1703A CRT is burn-resistant and uses
P31 phosphor for excellent resolution and
sharp spot size.

Write button, and the speed is
1000 div/ms.

Both scopes operate on 11.5 to
36 Vdc, any ac outlet, or from a
battery pack that fits snugly inside.

The 1703A costs $2725; the
1702A (nondelayed), $2375.

Interested? Check the HP Reply Card.

New high-speed x-y recorder
especially for OEMs

Pulmonary testing is just one appli-
cation for the new high-speed OEM
7041A recorder. Original equipment
manufacturers also use it in correla-
tors, Fourier analyzers, pulse-height
analyzers, wave analyzers, and

The 7041A writing area is 10 by 15 in.
(25 by 38 cm) with an autogrip for 11 by
17 in. or international A3 size paper.

calculator plotters. By high-speed,
we mean a minimum slewing speed
of 30 in/sec and acceleration of
3000 in/sec? on the Y axis,

2000 in/sec? on the X axis.

This recorder is designed for OEMs
who need speed and precision, but
don’t want costly features irrelevant
to end-use. The one-piece aluminum
mainframe is rugged, yet shock-
resistant. The circuitry contains only
ten hand-soldered connections; no
expensive maintenance or special
calibration is required. A new motor
design lets the recorder pen be
driven offscale for an indefinite
period of time without noise or
damage.

You select only what you need
from almost 40 available options.
The 7041A recorder costs $1050.
OEM discounts are available.

To learn more, check the HP Reply
Card.
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Nifty new options for
HP strip chart recorder

HP’s 7123 linear motor recorder,
enhanced by three new options,
now writes without ink, quantifies
peak areas, and has four-speed
transmission.

Electric Writing (Option 036) is a
low voltage system that provides a
clear, permanent trace on electro-
sensitive paper.

The Electronic Chart Integrator
(Option 035) computes complex
peak area measurements and
averaging. Integration is continuous;
there is no lag time between main
pen and integrator pen responses.
Compare this with the time it takes
you to read the chart, calculate
mathematically, and write the
results—not to mention eliminating
human error, too.

Our own version of “four on the
floor” is an Incremental Chart Drive
(Option 045) which provides four
speeds (selectable from the front
panel) and an external input. Match
the chart speed with other recorders,
correlate it with computer output,
or synchronize it with pulse output
from flow meters. The 7123A costs
$750. For electric writing, add $35;
the integrator, $750; and the chart
drive, $155.

For more details, send the HP Reply
Card.

The 7123 10-in. strip chart recorder with
integrator and incremental chart drive fits
neatly in a spectrum analyzer.

HEWLETT-PACKARD MEASUREMENT NEWS

Automatic microwave test system
costs much less than you'd expect

The 8545A has the speed, accuracy and versatility
you need to solve measurement problems in production
test and the design lab—with visual answers on the

Let us surprise you with the low
price and high cost-effectiveness of
our new 8545A Automatic Network
Analyzer. Modular in concept, a
basic system can be linked to your
existing timeshare facilities—for less
than $50K.

Extend its frequency coverage and
measurement capabilities
incrementally and expand to an
independent dedicated system with
BASIC language software control.
You can then add the high-speed
interactive graphics display and
enhanced operator control capability
of the system console. You buy only
the capability you need now, and
add to the system as your needs
increase.

The system measures amplitude
and phase-related parameters of one-
or two-port devices under automatic
control in single or multiple
frequency bands from 100 MHz to
12.4 GHz. Measurement accuracy
difficult to achieve with manual
methods is provided by system
calibration and error correction
techniques. The computer handles
data conversions ranging from the
s-h-y and z parameters of active

console graphics display.

devices to gain, loss, VSWR and
impedance.

Test fixtures and adapters let you
measure active and passive
components: transistors, amplifiers,
antennas, cables, waveguide and
stripline components.

For production testing, the
timeshare system provides a low-cost
solution to automating those
difficult tests even with small
variable test runs. Timeshare allows
you to store many different
user-written programs that the
operator can call by typing a name.
These same advantages apply to
your design lab. Each engineer can
develop his own program series to
suit his particular measurement
needs.

The dedicated system gives you
high-speed measurements for large
test runs and built-in programming
capability with HP BASIC software,
together with a flexible operator
interface through the use of a
magnetic tape cassette unit, high-
speed printing and interactive
graphics display.

Interested? Send the HP Reply Card.



New capabilities in AM,
FM measurements

The 5257A transfer oscillator plug-in
that gives HP counters direct readout
of CW or pulsed frequencies from
50 MHz to 18 GHz is the key to
some more difficult measurements
too; e.g., incidental FM, rms
incidental FM, FM deviation,
percentage AM and distortion from
50 MHz to 18 GHz. Here, the 5257A
serves as an ideal down-converter
since it preserves the input signal’s
noise, AM and FM characteristics
and, in pulsed RF signals, the pulse
width and repetition rate.

A wide-band sampler gives the
5257A its unique wide range,
constant sensitivity, and one-dial
tuning. Use it with HP’s well-known
5245, 5246 and 5248 electronic
counters. They accept any of 12
frequency or function-extending
plug-in accessories for almost any
frequency or time interval
measurement you are likely to need.
Their outstanding reliability is
documented by 40 million hours of
operating data.

Prices: $2450 for the 5257A; the
counters start at $2000.

For more information on AM and FM
measurements, check the HP Reply
Card.

5257A Transfer Oscillator

New desktop calculator that
converses in algebra

Design your own calculator. Three read-only-
memory function blocks plug into the
left side of the Model 20 keyboard.

Program ten times faster in algebra
with a machine that speaks your
language—the new 9820A algebraic
programmable calculator. You
merely enter algebraic equations at
the keyboard just as they are written
on paper; check expressions on the
exclusive alphanumeric display; then

press another key to store or execute
the program.

Full editing capability lets you
press a key to delete, change or
insert characters, lines or statements.
When a line is added or deleted,
the program automatically adjusts
to occupy minimum memory.

The basic 173 registers can solve
17 simultaneous linear equations
with 17 unknowns. Or, expanded to
429 registers, it is capable of 36
linear equations with 36 unknowns.
An optional mathematics plug-in
block adds log and trig functions;

a user-definable block lets you
“personalize” up to 25 keys; and a
peripheral control block interfaces
with plotters, typewriters, and card
readers.

Price: $5475, including thermal
printer and magnetic card reader.
Functional plug-ins cost $485 each.

For more information, check the
HP Reply Card.

Now you can digitize low
frequency waveforms

Two new 3480 DVM options, Sample-
and- Hold and Data Storage, store up
to 50 readings made on a changing
input voltage. Sample-and-Hold
freezes a changing input voltage at
one instant in time; storage enables
use of Sample-and-Hold at high
speeds (1000 readings/sec) yet lets
the data be printed economically on
a low speed printer.

This pair of options opens up new
applications including vibration
analysis, servo system analysis, and
ramp linearity tests. Repetitive wave
shapes can be digitized or peak
readings can be made. Entire wave
shapes up to 410 Hz may be
digitized with four-digit resolution.

Both options fit into the 3480
mainframe. Three signal condition-
ing plug-ins are available for the
3480, including the new 3485A
scanning unit with up to 50 input

channels. The 2070A Data Logger
puts it all together in the form of a
self-contained data acquisition
system complete with printer.

The 3480A costs $800; the 3480B,
$900. For Sample-and-Hold, add
$500; Data Storage, $1000. The
2070A starts at $2870.

For details, check the HP Reply
Card.

Add a few options and the 3480A DVM
becomes a handy data logging system.
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COMPONENT

Microwave transistors:
the best cost less

The sturdy HP 21, noise-quashing HP 22,
and powerful HP 11 belong in your
amplifier design.

Three new high frequency transistors
mean you don’t have to trade
performance for low cost in
amplifier and oscillator design. The
HP 22 offers a typical noise figure of
4.0 dB at 4 GHz (with a guaranteed
maximum of 4.5 dB) without
relinquishing gain. At the optimum
noise bias (10V, 5 mA), gain at

4 GHz is 6.5 dB. When matched for
gain, this 14 GHz f..« device has
14.5 dB gain at 2 GHz and 9.3 dB
gain at 4 GHz. Price: $75.

The HP 21 gives low cost gain
with no mid-stage amplifier noise
penalties. This 12 GHz fr.« device
gives a gain of 12 dB at 2 GHz with
4.2 dB NF. Characteristic of all HP
transistors, it is reliable; the HP 21
has demonstrated a 10 million hour
MTBF. Price: $19.

More Class A and C power per
dollar is the strength of the HP 11.
It features 27.5 dBm saturated, and
27.0 dBm linear power out at 2 GHz.
Price: $19.

Check the HP Reply Card for
camplete technical information.

HEWLETT-PACKARD MEASUREMENT NEWS

Small, new, low-powered
LED display

Hewlett-Packard has developed a
nifty five-digit LED display for
designs where space and power are
limited. This 5082—7405 solid-state
numeric display package is 0.75
inch wide and requires only 7 mW
per digit. Its compact size and low
power requirements are ideal for
battery-powered or hand-held
multimeters, probes and miniature
calculators.

This is one miniature display that
is easy to read. Bright red numbers
contrast against the dark lead frame.
A self-magnifier enlarges each digit
to 0.112 in. high, and one digit is
dedicated to the decimal point for
excellent display legibility.

Installation is quick. Simply plug
the display into a standard DIP
socket or a printed circuit board.

Prices: $32.50 each (1-19), $22.50
(20-99), $17.50 (100-199) and $16
(200).

To learn more, send the HP Reply
Card.

The 5082-7405 LED numeric display

New IMPATTs simplify
microwave design

The 5082-0420 series silicon IMPATTs

HP’s 5082-0420 series diodes are the
first silicon IMPATTSs to achieve
microwave power levels of 1.5 W at
7 GHz and 1 W at 13.5 GHz. These
silicon devices simplify the design of
telecommunication repeaters,
telemetry transmitters, and doppler
navigational radars. Instead of costly
gallium-arsenide devices or fre-
quency multiplier chains, these
silicon IMPATTs can be used as the
active element in oscillators and
amplifiers from C through Ku band,
when power, efficiency and reli-
ability are critical. HP IMPATT
diodes are rugged and reliable
devices that meet MIL-S-19500.
Prices are $150 each (1-9), $110
each (10-99), and $75 each (100).

For complete information on our
IMPATTs, check the HP Reply Card.

Counter options for high
stability, sensitivity

Already they are probably the most
versatile medium-priced, general-
purpose counters available, but now
HP’s 5326/5327 universal counter-
timers can have higher input
sensitivity and stability. Option H60
increases sensitivity to 25 mV rms,
0° to 50°C (10=15 mV rms typical
at 25°C). Long term stability
becomes 3 x 10-"/day with Option
H49 and 5 x 10"'°/day with Option
H50. Temperature effect is <1 x107®
total, —20° to +65°C.

Option prices: H60—$125; H49—
$300; and H50—$%450.

Check the HP Reply Card for details.



Now, get HP performance and reliability
from 44 new modular power supplies

You’ve undoubtedly heard of HP
laboratory power supplies; now you
can get the same HP quality in
modular power supplies. Hewlett-
Packard has introduced 44 new
competitively-priced models for use
wherever a dedicated source of dc
power is required.

The 62000-series covers eleven
popular voltage ratings from 3 to
48Vdc, with four output current
ratings at each voltage rating. For
example, at 5V there are 2.0, 4.0,
8.0, and 16.0A supplies. Intermediate
output voltage ratings are also
available on a special handling basis.

The units are packaged in three
uniform height and depth cases
which are fractions of standard
19-inch rack width: ¥s-width,

s -width, and %2-width. Combina-
tions of the three packages can be
mounted in an accessory rack tray,
or the supplies can be mounted
individually on various sides.

These series-regulated supplies
provide 0.01% line and load regu-
lation, with ripple and noise of less
than TmV rms and 2mV p-p
(up to 20MHz).

What makes these power supplies
different? For one, they’re
thoroughly protected, which means

Three of HP's 44 new 62000-series modular

power supplies.

you are too, even if you misapply
them. If high ambient temperatures
overheat the supply, a thermostat
opens the fused ac line automati-
cally. Critical loads are protected
from receiving excessive output
voltage if a remote sensing terminal
is accidentally disconnected. Reverse
voltage and current protection is
also built in. Should something short
the power supply output, adjustable
cutback current limiting will restrict
current to approximately 10% of
rated output. Overvoltage protection
(an internal, adjustable, overvoltage
crowbar) is also available as a
separate option.

This unique combination of
protection features helps make HP
modular supplies an exceptional
value. Excellent reliability, achieved
through a trouble-free design utiliz-

ing conservatively rated, high-quality
components, adds even more value.
And should you run into a tough
applications problem, every one of
HP’s 172 field offices stand ready to
assist you or provide service support.

Prices range from $89 to $195,
depending on power output and
package size. OEM and quantity
discounts are available.

For full details, return the HP
Reply Card.

HEWLETT .h

 PACKARD

Measurement, Analysis, Computation

East—W 120 Century Road, Paramus, N.). 07652,
Ph. (201) 265-5000.

South—P.O. Box 2834, Atlanta, Ga. 30328,
Ph. (404) 436-6181.

Midwest—5500 Howard Street, Skokie, 11l. 60076,
Ph. (312) 677-0400.

West—3939 Lankershim Boulevard, North
Hollywood, Calif. 91604, Ph. (213) 877-1282.

Europe—Rue du Bois-du-Lan 7, CH-1217 Meyrin 2,
Geneva, Switzerland, Ph. (022) 41 54 00.

Canada—275 Hymus Boulevard, Pointe Claire,
Quebec, Canada, Ph. (518) 561-6520.

Japan—Ohashi Building, 59-1, Yoyogi 1-chrome,
Shibuya-ku, Tokyo 151, Japan,
Ph. 03-370-2281/92.
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Dr. J. Myron Johnson, Research
Professor of Psychology, heads the
Laboratory of Psychological Studies
at Stevens Institute of Technology
in New Jersey. And he indeed tells
people where to go—very success-
fully. Dr. Johnson’s project is
typical of the dynamic R&D activ-
ities that abound in New Jersey.
In this case, Dr. Johnson and his
staff have developed a method for
career counseling that helps take

most of the risk out of changing jobs.

They also provide counseling on
management development and
employee appraisal and selection
for private industry. It’s all part of
a major program at Stevens to
continuously study the problem of
directing human energies. It’s also
a typical example of New Jersey’s
colleges and universities working
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and he’ll tell you where to o. 4
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closely with private industry.

This rapport is one important reason
why New Jersey is a leader in
research and development.

Talk about leadership, about
one-fourth of America’s private
research and development is carried
on in New Jersey. In fact, New Jersey
has the nation’s greatest concentra-
tion of research workers. And more
trained technicians are being made
available to the R&D industry
through a system of new, progres-
sive two-year community colleges
in the state.

If you ask Dr. Johnson where to
go to find a climate that’s right for
research and development activities,
very likely he’d tell you New Jersey.
Our new booklet, ‘““Brainpower-
New Jersey”’ shows you why.

Mail the coupon for your free 7
©

INFORMATION RETRIEVAL NUMBER 31

copy. Naturally, if you don’t agree
with us after reading it, you always
have the prerogative of telling us
where to go.

O
PSEG

Public Service
Electric and Gas
Company

L_-_-—-__—A
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MICRO SWITCH products are available worldwide through Honeywell International.
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Think MICRO SWITCH when you're in
the market for toggle switches. Because we
offer one of the biggest selections in the
world. With an almost limitless choice of
size, circuitry, capacity and toggle action.

CHOICE NOT CHANCE.
If space is a problem, miniature TW’s can
provide versatility comparable to many
larger switches. When cost is a problem,

the new Series 8 features quality
construction at a low cost. Stan-
dard-size TS toggles are excel-
lent, moderately-priced switches

available for both military and
commercial use.

For environmental sealing, consider

either the magnetically held ET (MIL-

E-5272 and MIL-S-3950A) or the tough TL
(MIL-S-3950A).

If you’re looking for the versatility and
styling of pushbuttons, but require toggle
circuitry, take a long look at the TP or our
new Series 8 rocker switches.

A CHOICE OF ASSEMBLIES, TOO.
AT toggle assemblies use snap-action
switches to per-

bigin toggle switches. -5
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twelve switches
can be operated by one toggle. Choose from
subminiature, high capacity, as well as
sealed types.
There are plenty more. For information on
any or all of them, see your MICRO
SWITCH Branch Office or Authorized
Distributor (Yellow Pages, “Switches,
Electric”). Or write for our literature.

MICRO SWITCH makes your ideas work.

MICRO SWITCH

FREEPORT, ILLINOIS 61032
A DIVISION OF HONEYWELL

INFORMATION RETRIEVAL NUMBER 32
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VACTEC

PHOTOCELLS
boiled 10 perfection

Heat, water, steam, or a combination of all three, can't penetrate
Vactec's positive hermetic seals. Even the passivated plastic
types are exceptionally stable. Vactec Photocells not only endure
boiling water temperatures (100° C), but also other environ-
mental extremes down to liquid nitrogen cold (—196° C).

Long term mositure like 500 to 5000 hours in a humidity chamber
can be even more destructive than boiling. If you put Vactec to
this test, be sure to include some competitive cells for
comparison.

You simply can’t buy a better photocell anywhere, and Vactec
is competitive with import prices because of automated process-
ing, assembling, and testing. Take advantage of Vactec
engineering, research, and manufacturing in the heart of
America. Because Vactec has 249 different types of cells in
stock, we can ship before your order reaches an overseas
supplier. Included is a complete line of visible detectors:
photoconductors (CdS and CdSe); photovoltaic cells (Se and
Si); couplers of LED's or lamps and photoconductors called
Vactrols. Vactec also has a photometer which measures from
.0002 to 10,000 fc, for as little as $300.00.

VACTEC, INC.

2423 Northline Industrial B!
Maryland Heights, Mo. 630
Phone (314) 872-8300



editorial

Advance to the rear?

The past two years were pretty rotten for
our industry. Understandably, many engineers
adopted recession tactics. They stuck with old
equipment as long as they could. And when
they bought new stuff, they pinched pennies
and avoided unnecessary performance.

Many vendors, sensing the new attitude, de-
signed minimum-performance equipment for
this minimum-dollar customer. That was fine,
because the vendor made a sale and the cus-
tomer got some equipment. But it created a
problem, because both parties began to think
this was a new and normal way of life that
could go on forever. And that’s not so.

The wave of the future isn’t reduced performance. In the long run,
engineers won’t be paid to design out performance that other engineers
were paid to design in. And customers won’t buy the lowest performance
possible.

Some of the movement toward low-cost, low-performance equipment is
an overreaction to absurdities of the past. There were many. Engineers
fell in love with speed and bought fast devices, despite the penalties of
price, heat and noise. They fell in love with component density, when
they had plenty of space available. They bought vhf scopes to look at
audio signals. And they bought power sources with regulation far beyond
what they needed. Said one power-supply vendor: ‘“Nobody in his right
mind needs 0.01% supplies. But I make them. I'm no psychiatrist.”

Most of the movement towards low performance is due to what Wall
Street calls the crowd reaction. The “crowd” buys stocks at the top and
sells at the bottom. And this is what many of us are doing now. We're
hopping on the bandwagon after it has rolled past our destination.

The ‘“free money days” are behind us, but so is the recession. “Cost is
the whole game” is just as dangerous an attitude as “money is no object.”
Let’s get back on our historic course. Let’s design better equipment at
reasonable prices as part of our move into the future.

L

GEORGE ROSTKY
Editor
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G MEOLS
(comple-
mentary metal-ox-
ide semiconductor)
has always been an IC
technology to watch. It has

very low power dissipation, very high noise im-
munity and good switching speeds. But higher
costs have tended to restrict CMOS to military
and aerospace applications. And the scarcity of
alternate sources has discouraged widespread
commercial and industrial usage.

That picture is changing now. Increased yields
are helping to reduce unit costs, while a growing
number of IC manufacturers are developing at
least a custom-CMOS capability. On the design
level, CMOS is being considered more and more
for applications once dominated by TTL or
PMOS (p-channel MOS), as well as for applica-
tions that open up new areas for ICs.

Unique features of CMOS

Much of the interest in CMOS is based on fea-
tures like these:

m Power dissipation per device during switch-
ing is typically in the microwatt region. In the
quiescent mode, leakage power is measured in
nanowatts.

» Noise immunity reaches 45% of the supply
voltage and increases with increasing supply volt-
ages.

m Circuit performance is basically insensitive
to wide supply-voltage variations. A standard
CMOS circuit can operate from a supply of 3 to
15, V.

= Temperature stability of the switching
threshold voltage—from —55 to 125 C and as a
percentage of the supply voltage—is about 1.5%.

» Switching speeds of typically 2 and 5 MHz
can be achieved with supply voltages of 5 and
10 V, respectively. In terms of propagation de-

Edward A. Torrero
Associate Editor
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lays, typical listed values for the same two sup-
plies are 35 and 25 ns (a load capacitance of 15
pF is assumed).

CMOS needs least power

A basic circuit in CMOS is a p-channel transis-
tor and an n-channel transistor in series (Fig. 1).
With the input connected to the gates of the tran-
sistor pair, the output to the drains, an inverter
circuit is formed. In operation, only one transistor
—the driver—is ON at any time. An arriving
pulse switches the OFF transistor—the load—ON
and the driver OFF. The instant of change is the
only period of significant dissipation. And since
the circuit does not contain any direct paths from
supply to ground, the dissipation is the lowest of
any IC technology.

The transient power dissipated is capacitive,
rather than resistive, and results from the charg-
ing of input and output capacitances. It increases
linearly with the switching frequency and the
square of the supply voltage.

One result is that higher speeds are obtained
with increased power dissipation. In general, at
about 10 MHz, the low power advantages are
neutralized when compared to other IC tech-
nologies.

Under quiescent conditions—the driver tran-
gistor ON and the load transistor OFF—the
power drain is due to leakage. The product of
leakage current and the supply voltage, this
power is about 5 nW for a standard NAND gate.

Switching is good, too

A number of additional impressive features in
CMOS result from the transfer characteristics
of the basic CMOS inverter circuit.
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The circuit is characterized by a high input
impedance—typically, 10° Q. As a result, the in-
put and output signals swing completely from
0 V (logic ZERO) to the supply voltage, Vp,
(logic ONE). The transitions are steep—an ideal
characteristic for switching—with the switching
point at 45 to 50% of V.

Accordingly noise spikes, either ac or dc, must
be greater than 45% of V,, to cause a false
change of state. For a CMOS chip requiring a
10-V supply, up to 4.5 V of noise can be tolerated
easily without adverse effects to the circuit per-
formance.

The effect of temperature variations in this
push-pull type of circuit is also slight. In the
—55-t0-125-C MIL-spec range, a given transfer
characteristic changes hardly at all. The major
alteration is in the transition region of the curve.
The effect is limited to 1.5% change in the
switching point.

S
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Intersil’s watch circuits come in CMOS form (above) as
well as bipolar (right). Both use a 1.5-V supply. The
bipolar chip has thin-film resistors (middle area) and
costs about 259, less. But the power requirements are
about 259 higher.

2. The CMOS transmission gate—a basic building block
in digital systems—is a switch in analog applications.
Performance characteristics for the simplified circuit pro-
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1. The transfer characteristics of a CMOS inverter are
a closer approximation to the ideal switch than are those
of a PMOS device. In addition, only one supply is needed
for CMOS if the input voltage swing is positive; if it's
also negative, you need two.

vided by Siliconix illustrate the major advantage over
PMOS: more uniform ON resistance. Variations in re-
sistance value are minimized by the transistor pair.
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Siliconix offers the DG 507, a differential eight-channel

multiplexer in CMOS. The analog input signal range is
—15 to +15 V, with an ON resistance of less than 500

Changes in V;;, cause a corresponding change
in end values of the transfer characteristic. How-
ever, the shape of the curve is not basically,
altered—hence the large range of V,, that can
be tolerated.

Another basic circuit is the transmission gate:
the p-channel and n-channel transistors are con-
nected in parallel (Fig. 2). This configuration is
used in analog multiplexing and switching cir-
cuits, as well as digital systems.

As an analog switch, the transmission gate
offers the widest dynamic range currently avail-
able with semiconductor switches. An analog sig-
nal can vary anywhere between the two power
supply voltages without having the circuit turn
OFF. With sources of —15 V and 15 V, for ex-
ample, the variation of the ON resistance—from
drain to source—is limited to 30%. A PMOS de-
vice designed for the same function would have
an ON-resistance variation of at least 4:1—
generally impractical.

CMOS advantages over PMOS

A number of the design features that CMOS
offers could be built into a chip with a PMOS
process. But generally a desirable characteristic
is achieved at the expense of others.

CMOS chips are manufactured for operation
from a 1.5-V supply. The PMOS device, rated for
the same power supply, suffers from speed limi-
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() over the MIL-spec temperature range. Switching action
is break-before-make, and standby power is listed at 36
mW. Interfacing to TTL systems is direct.

tations and power dissipation when compared
with CMOS.

Toggle rates, for example, can reach 300 kHz
in CMOS; the corresponding figure in a 1.5-V
PMOS device is 50 to 100 kHz. And the power
consumption in PMOS can be orders of magni-
tude higher than the microwatts needed for
complementary MOS.

Noise immunity, at 50% of the supply voltage,
could also be built into a PMOS integrated cir-
cuit. But for the same V., the PMOS device
would have less than 1/10 the speed.

The case for complementary MOS over conven-
tional PMOS includes higher speed and greater
design flexibility, as well as lower power.

Speeds in PMOS integrated circuits range from
1 to 5 MHz and are affected by layout geometries
—as is CMOS. But CMOS speeds can exceed 10
MHz. The increase in maximum speed provides an
extra degree of flexibility in planning a chip lay-
out, although this is not always needed. Actually
minimum CMOS internal geometries can be used
in most applications.

In addition CMOS—with a 5-V supply voltage
—is TTL-compatible. PMOS requires interfacing
circuitry to achieve this compatibility.

A strong argument for CMOS over PMOS
emerges when the two are compared for larger
arrays, such as shift registers. CMOS usually re-
quires only one supply and no external clocks. The
required two-phase clock signals are easily gener-
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ated internally. By comparison, a PMOS device
generally requires two supplies, and the necessary
clock signals must be generated externally.

PMOS advantages

Favoring PMOS over CMOS is cost and chip
size. Where a comparison in prices is possible,
CMOS chips cost about 50% more than an IC
made with the PMOS process and performing a
similar function.

One factor in the price differential is the
processing required. Where PMOS manufactur-
ing involves about five masking steps, CMOS—
which can be thought of as a combination of
p-channel and n-channel MOS—requires seven to
eight masking steps.

A second factor is the increase in chip area
with CMOS. The increase can be 50 to 80% when
the layout is repetitive—as in a shift register.

The area increase is a result of the p-bucket,
or well, that forms part of the n transistor, as
well as the isolation requirements between the
transistors. The use of channel stoppers is a
common technique to limit inversion effects
caused by insufficient isolation. In addition CMOS
often requires more contacts, especially to the
gilicon. In PMOS much of this is done by diffu-
sion.

For ICs with random logic patterns, there is
not always an increase in chip size. The layout
can be developed with minimization techniques.
For example, a static shift register in CMOS
could possibly be 80 % larger than the correspond-
ing PMOS device. But for a full adder, the CMOS
version could be 20% smaller in area.

CMOS over TTL

One of the most interesting aspects of the
CMOS story is the competition that is develop-
ing between CMOS and TTL. Not surprisingly,
the major interest for CMOS among TTL users
is the low power needs of CMOS. Typically, TTL
power dissipation is on the order of milliwatts
per gate. Even low-power TTL is about 1 mW
per gate.

The reduced heating means less cooling re-
quired. And since CMOS can operate with a low-
voltage, variable power supply, there is a saving
in voltage regulators, as well as batteries.

This saving is reflected directly in reduced
weight and cost. In one case a manufacturer of
point-of-sale systems was able to reduce the cost
of a power supply by $70 and to eliminate a cool-
ing fan and hold the weight of a portable data
recorder to four pounds.
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Motorola Semiconductor’'s McMOS line includes a 64-bit
static RAM designated MC 14505. The quiescent power

is less than 1 uW with a typical access time of 200 ns.

There are other advantages of CMOS over
TTL. With respect to noise immunity, low-power
TTL can tolerate only 0.4 V of noise when oper-
ating off a 5-V supply. The value for CMOS is
1.5 V; with a 10-V supply, it’s about 3 V. At
the higher supply voltage, low-power TTL is not
operable.

The power-supply range of low-power TTL is
limited to 4.5 to 5.5 V with £0.5-V regulation re-
quired (compared with 3 to 15 V for CMOS).
The switching-point variation is 10% over the
MIL-spec temperature range (compared with
1.5% ). And the dc fanout is 10 (compared with
up to 1000, but with a corresponding drop in
speed).

TTL for speed

Where TTL dominates, it’s probably because of
speed, cost per package or drive capability. And
of the three, speed is the reason most heard as
the main advantage of TTL.

A speed of 20 MHz for standard TTL is readi-
ly achieved, while 10 MHz is common for the
low-power family. In either case, CMOS speeds
generally lag by a factor of at least 2.

In costs, a useful CMOS reference is the RCA
4000 s=ries. RCA—whose complementary MOS is
designated COS/MOS—is probably responsible
for at least 70% of all CMOS products.

In quantities of 1000, and with plastic pack-
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Complementary MOS—a basic IC process,
along with p-channel and n-channel MOS—can
be fabricated in many ways. Two types of gate
electrodes may be used. Standard lines, such as
the COS/MOS CD 4000 series, use metal-gate.
Custom devices sometimes use silicon-gate.

There is also a choice of diffusion processes.
The threshold level (V,) can be set with stand-
ard chemical techniques or by ion implantation.

In addition there are now variations in the
substrate that can be used. Silicon is by far the
most common. However, silicon-on-sapphire
CMOS is also being fabricated.

In most processes approximately seven mask-
ing steps are required. Each normally begins
with the formation of a silicon-dioxide layer on
the substrate by exposure of the wafer to a
dopant atmosphere. A pattern is then etched on
the layer in the usual way with photoresist proc-
essing techniques. The pattern selectively ex-
poses the substrate at small windows.

Through the openings p or n-type pockets are
diffused into the substrate. Generally an n-sub-
strate is used, so that at the end of the first
masking step, p-regions or p-wells have been
formed. These wells become the source and drain
regions of the p-channel transistor.

In succeeding masking steps, the source,
drain and gate regions are diffused to form the
p-channel and n-channel transistors. In the final
step, the contact areas are opened to provide
interconnection with an appropriate metalliza-
tion.

In metal-gate CMOS, aluminum is normally
used as the gate electrode. In silicon-gate CMOS,
polycrystalline silicon replaces the aluminum.
Prior to diffusion of the source and drain
pockets, the polycrystalline silicon is formed in
the gate areas. Self-alignment occurs because the
silicon itself acts as a mask, thus providing
alignment with minimum overlap.

The advantages of silicon-gate, as compared
to metal-gate, include lowered threshold voltage
and lowered interconnect capacitance. Also,
greater packing densities are possible, since the
silicon-gate itself provides an additional level of
interconnections.

Threshold voltages (V,) are sometimes set by
ion implantation. This adjusts V, electrically

CMOS: It calls for tradeoffs in fabrication

A p-channel device (left) and an n-channel (right)
together form the basic element in complementary
MOS. The fabrication process shown is metal-gate,
which normally requires channel stops to limit in-
version effects.

rather than chemically. A common procedure is
to start with a high V, device and implant suf-
ficient ions in the channel region until the speci-
fied V, is achieved. Normally the source and
drain beds are already diffused. No additional
masking step is required.

Though ion implantation allows precise con-
trol of threshold voltage, some manufacturers
argue that the same objectives can be achieved
with lower cost techniques.

A fundamental alteration in the CMOS proc-
ess is the use of silicon-on-sapphire (SOS). In
this case the starting substrate is sapphire, an
insulator, rather than silicon. For CMOS/SOS,
a layer of silicon is epitaxially grown on the
sapphire.

From this point on, the fabrication follows
conventional CMOS procedures. An important
difference, however, is that the device has small
p and n-type islands rather than large areas of
silicon. Because excess silicon is etched away,
and because of the insulating substrate, isolation
and capacitance problems are minimized.

The cost of CMOS/SOS tends to be higher
than conventional CMOS, but the technique al-
lows improved performance. This includes higher
speeds, no dc leakage to ground and higher volt-
age capacities.

aging, the cost of COS/MOS small-scale-integra-
tion devices is just under $1 a package. In the
MSI range, it’'s $3 to $5. For ceramic packaging,
the corresponding prices are 2-1/2 to three times
greater.

By comparison, Texas Instruments’ lower-
priced 7400 series, in plastic packaging, begins
at 48 cents for a quad, two-input NAND gate
(quantities of 100). A dual J-K master-slave flip-
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flop sells for 98 cents, and an up-down binary
counter for $4.95 each (quantities of 100).

The low-power version, the T400L series, is
somewhat higher in cost. Starting at 64 cents for
quantities of 100 in plastic, the highest unit price
reaches $6.27.

Another factor favoring TTL is drive capabili-
ty. The bipolar sinking current is about 20 mA—
that’s around 10 times the current available in
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CMOS. Where CMOS interfaces directly with
TTL, one CMOS driver can be used with a single,
low-power TTL device. But a single TTL device
can drive several CMOS devices.

CMOS applications

While TTL and PMOS offer some advantages
over CMOS, a growing list of uses for CMOS is
developing. The applications are not restricted to
low-power conditions but extend to high-voltage
and high-speed uses, and in analog as well as
digital systems. In some cases CMOS is the only
technology being considered.

Of course, the main interest remains in the
advantages of microwatt dissipation and low-
voltage supply ratings—around 1.5 V. A major
application here is in quartz wristwatches, where
product size and low-power requirements are
constant design considerations. Most CMOS
manufacturers are involved in some fashion with
CMOS chips for watches.

Most watches use a quartz-crystal oscillator to
generate an 8, 16 or 32-kHz reference signal.
CMOS dividers bring the frequency down for the
operation of miniature motors that turn the
hands on the watch face. The supply for the en-
tire system is usually a small mercury or silver
oxide battery. The current drain on the battery
is well under 20 pA, and the bulk of that is for
the motors.

Quartz watches offer accuracies of 10 seconds
or less per month—a significant advance over the
minute-per-month accuracy of conventional me-
chanical watches. But retail prices start at around
$200 and continue past $2000. For the moment,
electronic watches may have limited appeal.

Beyond watches, but still in the area of timing
devices, the applications for complementary MOS
include portable clocks of all types. The reason
is the same: very low power needs.

The power advantages of CMOS are also used
in medical systems. Already heart pacers feature
CMOS chips. And there are potential uses in
bladder controls, lung stimulators and prosthetic
devices.

In military and aerospace applications, which
motivated the original development of comple-
mentary MOS, many devices are being designed
with the low-power dissipation of CMOS in mind.
They include demolition fuse detonators, satellite
subsystems, warhead locks and personnel moni-
tors. In each case, batteries are the only power
supplies possible, and with CMOS you get ex-
tended lifetimes.

The communications and data acquisition fields
are sprouting CMOS applications as well. Where
portability is a must, low-power CMOS seems to
be the way to go. The list of potential uses here
is enormous and includes analog systems (Fig. 3).

ELECTRONIC DESIGN 8, April 13, 1972

RN |
Ragen Semiconductor’'s touch-tone converter for tele-
phone systems has 1150 transistors on a 169 x 137-
mil chip. A custom circuit, the chip includes two oscilla-
tors, a 64-bit read /write memory and dial-interrupt con-
ditioning circuitry.

3. Analog Devices’ DPM, the AD 2001, uses CMOS in
its analog switch and stabilizer sections (green boxes)
because of the low power requirements. A dual-slope
converter, the AD 2001, features dc-error compensation
through the use of the company’s Analok circuit (high-
lighted by the triangle).

Examples include remote tuning devices, pocket
pagers and CATV converters. To implement a
number of these products, CMOS is used to fabri-
cate such devices as phase-locked oscillators, ana-
log multiplexers and frequency synthesizers.
Still another potentially large field is meter
readers to measure water, electric or gas consump-
tion. Several systems are undergoing field tests.
In one a CMOS memory is used to store electric
meter readings. A dry-cell battery powers the
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volatile memory for about a month. A teletype-
writer at the utility obtains readings by phoning
an accumulator’s number. Information is received
over the same telephone lines The system is
automatic. Manual meter reading, used in con-
ventional billing, is eliminated.

Beyond low-power advantages

A somewhat unexpected development has been
consideration of CMOS for systems that do not
require low-power dissipation. In one area, the
features of interest are high tolerance to variable
supply voltages and very high noise immunity. In
these cases high-voltage CMOS—of about 15-V
‘supply ratings—is coming to the fore.

Perhaps the most talked of use for CMOS is in
automobiles. Standard 12-V car batteries have
voltages that range from 3 to 17 V. Because of
its present wide range of operating voltages,
CMOS is being hailed as the only suitable tech-
nology for automotive electronics. But, as of now,
unit costs are holding back any substantial appli-
cation of CMOS—or of ICs in general.

Certainly the pressure is there. The Govern-
ment’s regulation on cleaning up car-exhaust pol-
lutants takes full effect in 1975. This constraint
alone could result in extensive electronic moni-
toring and control systems.

High-voltage CMOS may also find wide use in
industrial systems. With a power supply of 15 V,
a CMOS device could tolerate spurious signals
as strong as 7 V—an impressive figure in noisy
environments. And for consumer appliances,
CMOS controls offer the simplicity of an inex-
pensive unregulated supply.

CMOS is fast and getting faster

Still another feature that is sometimes more
important than low power is speed. In this case
the switching rates are around 10 MHz and
above.

Ragen Semiconductor of Whippany, N.J., offers
64, 96 and 128-bit static shift registers in CMOS.
The 64-bit array—the MS612—with serial input
and output, lists a range of operation of dc to
25 MHz. The chip requires only one supply—>5 to
16 V, typically—and an external clock.

In the wings, but expected shortly, are a host
of CMOS devices fabricated with silicon-on-
sapphire (SOS). The use of SOS extends the fre-
quency range of CMOS to the point where it is
competitive in speed with slower TTL arrays. All
the other advantages of CMOS, like low power
and high density, are maintained—though, of
course, the highest speed and lowest dissipation
are not available at the same time.

Already RCA has announced a CMOS/SOS fre-
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A portable data recorder also uses CMOS. Produced by
Monarch Marking Systems, a subsidiary of Pitney-
Bowes, the MDR-2100 system includes an RCA COS/
MOS chip. CMOS is used primarily for low power.

quency counter capable of operating up to 40
MHz. The seven-stage counter contains 162 tran-
sistors of both conductivity types on a 114 X
104-mil chip.

From Inselek of Princeton, N.J., comes the
promise of a CMOS/SOS line, with the debut of
a family of logic functions expected soon. The
company expects to follow that with products in
the linear and memory areas. CMOS/SOS memo-
ries would feature typical pair delays of 20 ns.

Of course, the degree of acceptance of these new
products depends in part on how high the prices
are going to be. But one sign of a price trend
is the growing number of SOS wafer suppliers.
If the demand is there, prices could come down
in a relatively short time.

Who makes CMOS?

All CMOS manufacturers are involved in some
custom work. And the great bulk of that is watch
circuitry. In the custom-only field are the follow-
ing: American Micro-systems, Cal-tex Semicon-
ductor, Micro Power Systems and Nortec Elec-
tronics Corp., all of Santa Clara, Calif.; Intersil
and MegaByte Associates, both of Cupertino,
Calif., and Texas Instruments in Houston.

Of the remaining companies offering a stand-
ard line, the RCA Solid State Div. in Somerville,
N.J., is the biggest producer and offers the larg-
est line. RCA’s COS/MOS CD 4000 line was made
commercially available in 1968. The first on the
market, it is today the basis for the industry’s
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CMOS alternate sourcing.

The 4000 series is a full line of small-scale-inte-
gration devices and a growing number of MSI
products. Starting with gates and gate arrays,
the series includes decoders, multiplexers, arith-
metic devices, counter/dividers and static shift
registers. The 4000 line operates from a single
5-to-15-V supply. A 4000A line operates off a
3-to-15-V source. The two lines are designed to
be interchangeable. The CD series is available
in plastic or ceramic packaging, in flat packs or
as bare chips.

The alternate sources include Hughes Micro-
electronics Product Div., Newport Beach, Calif.;
National Semiconductor, Santa Clara, Calif.;
Motorola Semiconductor, Phoenix, Ariz.; Solid
State Scientific, Montgomeryville, Pa., and Soli-
tron Devices, San Diego.

Hughes is alternate-sourcing eight devices in
the CD 4000 series, including gates, flip-flops
and shift registers. A 7000 line is also being of-
fered, and it features threshold voltages of 0.5
to 1 V. In addition the standard line has a 16-
stage counter for watches. This circuit operates
from a 1.2-to-3-V supply.

At National Semiconductor, plans for a stand-
ard line center on its 54C/74C line, which fea-
tures TTL-pin compatibility. The company ex-
pects to introduce a number of popular gate and
counter functions by the middle of the year. In
addition a 5600 series will alternate-source parts
of the CD 4000A line.

From Motorola Semiconductor—where CMOS
is designated McMOS—comes the MC 14000
series. In ceramic packages this line offers an
alternate source to RCA’s 4000 series. A 14500
series represents original CMOS devices. Some

new products in this line are two 4 to 16 line de-
coders with high and low level outputs, and a 64-
bit static RAM.

The SCL 4000 series, from Solid State Scien-
tific, alternate-sources the CD 4000A line up to
4030, the latter being a quad EX-OR gate. And
an SCL 5000 series includes original devices, such
as a 256 x 1-bit static RAM, featuring 100-ns ac-
cess and 150-ns cycle times. Also offered by the
same company are watch circuits. A 16-stage
divider/driver, the SCL 5423, for example, oper-
ates from a 1.3-V supply and can be used to
drive watch motors directly.

At Solitron Devices the alternate line is desig-
nated the CM 4000. The company expects to
catch up to RCA shortly in catalog items. In its
CM 4100 series, Solitron offers original CMOS
products. To be introduced soon are a 16-channel
multiplexer, a dual 128-bit static shift register
and a 256 x 1-bit static RAM.

At Ragen Semiconductor a major product is a
two-chip CMOS portable calculator that features
a liquid-crystal display. The company expects de-
liveries of the calculator to begin shortly. The
eight-digit device has four-function capability
with a floating decimal point. It will retail for
around $100.

Analog multiplexers and switches form the
standard CMOS line of Harris Semiconductor,
Melbourne, Fla., and Siliconix, Santa Clara, Calif.
The Harris devices, designated HI-1818 and HI-
1800, are, respectively, an eight-channel multi-
plexer and a four-channel switch. The Siliconix
line includes the DG506, a 16-channel multiplexer
and the DG 507, an eight-channel differential
multiplexer. The series features ON resistance
of less than 500, 250 and 100 (). ==

Need more information?

The products and services cited in this report
don’t represent manufacturers’ full lines or

capabilities. Readers may consult with the fol-
lowing for additional details:

American Micro-systems, Inc., 3800 Homestead Rd., Santa
Clara, Calif. 95051. (408) 245-0330. (Don Trotter, Director
of R&D) CIRCLE 401

Cal-tex Semiconductor, 3090 Alfred St., Santa Clara, Calif.
95050. (408) 247-7660. (Robert C. Harper, Marketin,
Manager) CIRCLE 40

Harris Semiconduator, P.O. Box 883, Melbourne, Fla. 32901.
(305) 727-5400. (John T. Corser, Advertising and Sales
Promotion Manager) CIRCLE 403

Hughes Microelectronics Products Div.,, 500 Superior Ave.,
Newport Beach, Calif. 92663. (714) 548-0671. (Richard
Belardi, MOS Manager) CIRCLE 404

Inselek, University Park Plaza, 743 Alexander Rd., Princeton,
N.J. 08540. (609) 452.-2222. (Edward C. Ross, Vice
President) CIRCLE 405

Intersil, Inc., 10900 N. Tantau Ave., Cupertino, Calif. 95014,
(408) 257-5450. (Harry Neil, Director, MOS Product
Marketing) CIRCLE 406

MegaByte Associates 10925 N. Wolfe Rd., Cupertino, Calif.
95014. (408) 252-0561. (John Smith, President) CIRCLE 407

Micro Power Systems, Inc., 3100 Alfred St., Santa Clara,
Calif. 95050. (408) 247-5350. (John H. Hall, President)
CIRCLE 408
Motorola Semiconductor Products Div., 5005 E. McDowell Rd.,
P.0. Box 2953, Phoenix, Ariz. 85036. (602) 273-6900. (Jim
George, Products Manager, CMOS ICs) CIRCLE 409
National Semiconductor Corp., 2900 Semiconductor Dr., Santa
Clara, Calif. 95051. (408) 732-5000. (Jon C. Stemples, MOS
Product Marketing Manager) CIRCLE 410
Nortec Electronics Corp., 3697 Tahoe Way, Santa Clara,
Calif. 95051. (408) 732.2204. (Michael E. Harris, Product
Marketing Engineer) CIRCLE 411
RCA Solid State Div., Route 202, Somerville, N.J. 08876. (201)

722-3200. (Andrew J. Bosso, MOS ICs Marketin
Manager) CIRCLE 41
Ragen Semiconductor, Inc., S. Jefferson Rd., Whippany,
N.J. 07981. (201) 887- 4141 (Albert H. Medwmé P{:esE'diTa)

Siliconix Inc., 2201 Laurelwood Rd., Santa Clara, Calif. 95054.
(408) 246-8000. (Lorimer K. Hill) CIRCLE 414
Solid State Scientific, Montgomeryville Industrial Center,
Montgomeryville, Pa. 18936. (215) 855-8400. (Oolep Indreko)
CIRCLE 415
Solitron Devices, Inc., 8808 Balboa Ave., San Diego, Calif.
92123. (714) 278-8780. (Carol Perkins, MOS Product
Manager) CIRCLE 416
Texas Instruments, Inc., P.O. Box 1443, Houston, Tex. 77001.
(713) 494-5115. (Frank Krch, MOS Marketing Manager)
CIRCLE 417
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The force of an elec-
tromagnet is inversely
proportional to the
square of the distance
between the pole
faces. Most solenoids
live with this problem,
which means less
force in the beginning,
where you need it, and
wasted energy at the
end, where you don’t
need it.

To move a load in an arc or a straight line
... consider a Ledex rotary solenoid

AOTARY STRO),

LINEAR
MOTION

A Ledex rotary solenoid gives you a down-hill solution to an up-hill problem.

The Ledex rotary sole-
noid starts off working
where the force is
really at, about .030”
between the pole
faces. Then the arma-
ture rides a helical
ramp, to distribute the
force over the stroke
you need. It gives you
efficient, direct rotary
action and uniform
linear movement.

The Ledex rotary solenoid delivers a lot of power for its size.
That's because it works in the tiny area where magnetic at-
traction is highest. It's efficient because it spreads this high
concentration of energy over a longer useful stroke.

For rotary or linear positioning it's hard to beat its simplicity
and high output. Choose from a family of eight models, with
strokes from 20° to 95° and torque to 117 pound-inches. For a
quick prototype, there are over 250 shelf models. Then, for a
custom snap / lock / index / punch solution, you just talk to our
positioning technology people.

LEDEX INC.

the total technologdy~people [ le5e Suee!

(513) 224-9891

POSITIONING - SWITCHING - MICROELECTRONICS

/2" dia x 1”

Over 400 ways to turn ... push ... pull...

index . . . step . .. and switch, plus new
microelectronic interface circuits. All from
the shelf.

Ask for Catalog A-9500

3/4" dia x 1'/2” 1% diax 2%

force, .050” stroke 15 ounces

force, .750” stroke

. weight 24 grams

3 pounds 7 pounds

0.6 pounds 2 pounds
3 ounces 6 ounces

INFORMATION RETRIEVAL NUMBER 34
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cmos LSl chip

makes the*25
paneimeter

CM4013AE
DUAL TYPED
CMOS FLIP FLOP
EPOXY DIP

ANY QUANTITY
FROM ONE UP

To order, call your nearest SOLITRON
distributor listed below by state.

Arizona, Phoenix Needham Heights
Kierulff (602) 273-7331 Kierulff/Schley
Moltronics (617) 449-3600

(602) 272-7951 New Jersey, Pennsauken

California, Culver City Resco (609) 662-4000
Avnet (213) 836-7200 New York,
JSH Elec. (213) 837-0177 Binghamton

All that’s needed is five volts to drive this CMOS LSI chip that kg:rﬁ;}ge(;m . ;:g;;:;;g?e7>$gg-ﬁ§alnld
uses less than five milliwatts of power . . . it’s ideal for Menlo Park Arrow (516) 694-6800
i battery operation. The new Solitron CM4100, 372 Shation. L | Semiedtetor oncapts
digit counter circuit is available with 7-segment decoder. Itemark Sactonios.” (LIS IH1201
Packaging is 24-pin DIP. I - Kicralft /IR
Intermark Electronics (516) 433-5530
The CM41 '?2, 3%2 digit counter allows 16-pin, dual-inline glézﬁnfff:gff)og78-21lz Ef‘i';".;,_,?“gg‘fg) 278-9411
- etter
packaging by eliminating t.h(_a 7-segment decoding Intermark Electronics  Arrow (513) 253-9176
and providing BCD outputs only. (714) 540-1322 Pennsylvania, Trevose
\Ilatn Nuysk bl ?allmag( (|%15) 355-7300
H H HPo H ntermar ectronics exas, Dallas
Remember, Solitron is the center for original custom work in (213) 782-0362 Component Spec.
: CMOS LSI technology . . . and new circuits will be e o SR L At
available soon including shift registers, ROMS and RAMS. (303) 936-8284 Component Spec.
: ; 3 ; Kierulff (303) 343-7090 (713) 772-5127
Solitron is a whole generation ahead in CMOS. You can stay ot Villags o i S o A0
ahead, too, by getting on the Solitron information h’.kfy'f.'l,% (312).695-1000 Seatle .
program. Write today. Solitron Devices, Inc., P.O. Box 1416 Radio Electric Service  (206) 767-3160
San Diego, California 92112, Telephone S 0 T (cab) TEEA 580
- - B i Pyttronics, Inc. bec, Montreal
714 - 278-8780, TWX 910-335-1221. o s i e

Massachusetts, Boston (514) 389-8051
DeMambro Electronics

_ (617) 787-1200

Give us a quick call [ :1 Sale ends May 15, 1972.

today, and test our m DEVICES, INC. 4

Blolitron S
DEVICES, INC.

Solitron sales offices are located in: Canoga Park, Cal. (213) 883-3822 e

Riviera Beach, Fla., (305) 848-4311 e Des Plaines, lll. (312) 824-8127 Give us a quick call today, and test our produci-
'-MTows(on )Md (301) 821-1282  Tappan, N.Y. (914) 359-5050 ¢ Needham, bil(ijtyL.IcWe sallg:t) ex%elyin RlAMS,P%ONII;S, lrﬁrg

ass. (617) 444-1152 e« Dallas, Tex. (214) 341-1180 » Kent, England (0732) and LIC’s. Solitron Devices, Inc., P.0. Box !
57541  Tokyo, Japan (03) 436-2261-2 s Munich, Germany (0811)-608-755. S aren TWR Sl0 83800y |Ciemnone (FL4)
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Penetrate the mystique of MOS specs
by examining those for popular shift registers. There's a
resemblance to bipolar specs, but definitions can differ.

While MOS integrated circuits are starting to
make inroads into former bipolar territory
because of their lower cost, reduced power con-
sumption and simpler construction—many engi-
neers are troubled by MOS specifications. Misin-
terpretation of the specs has often caused
confusion and has led to conflicts between users
and manufacturers. One big reason for such im-
passes is that MOS data sheets include a mixture
of bipolar and MOS terminology.

For a speed course in MOS specification inter-
pretation, let’s consider two common shift regis-
ters—static and dynamic. They’re excellent ex-
amples because they’re among the most popular
MOS circuits in use today and because they also
demonstrate most of the problems that engineers
encounter in MOS specmanship.

The major specifications for MOS shift regis-
ters are these:

= Absolute maximum ratings.

Operating voltages.
Clock-pulse levels.
Clock-pulse widths.
Clock-pulse spacing.
Pulse-repetition frequency.

m Electrical characteristics, including input
leakage current, output voltage levels, power-sup-
ply current drain, output logic delay and input
capacitance.

Questions like these immediately arise: What
are the absolute maximum ratings? What hap-
pens at higher or lower operating voltages or
clock levels? What is meant by TTL interface-
able? While the discussion centers on shift regis-
ters, most comments apply to other circuits built
with p-channel MOS devices.

First, absolute maximum ratings

Consider first the operation of MOS shift regis-
ters (see box). Then, in analyzing the specs, start
with absolute maximum ratings.

Kenneth A. Blair, Manager of Advanced Development,
Digital Systems Engineering Dept., Submarine Signal Div.,
Raytheon Co., P.O. Box 360, Portsmouth, R.l. 02871.
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1. The substrate of a p-channel MOS should always be
connected to the most positive voltage in the circuit. If
not, the parasitic diodes will become forward-biased, and
the device will be damaged. In the case of register input
terminals (b), protective diodes prevent damage caused
by the build-up of static charge.

Here are the maximum ratings for a typical
high-threshold, p-channel MOS device:
Drain-supply voltage (Vyp) : —30 to 0.3 V dec.

Gate-supply voltage (Vgs): —30 to 0.3 V de.
Clock-input voltage: —30 to 0.3 V dec.
Data-input voltage: —30 to 0.3 V de.
Maximum power dissipation: 450 mW.
Operating free-air

temperature: —55 to 85 C.
Storage temperature: —65 to 150 C.

All voltages are referred to the substrate. In
early devices the substrate connection was called
the ground terminal. The substrate is now listed
as the Vg terminal, since it is often connected
to a positive voltage for TTL interfacing.

In a p-channel device, the substrate is always
connected to the most positive voltage in the cir-
cuit. When the device is used with negative oper-
ating voltages, the Vg terminal is connected to
ground.

For operation with both positive and negative
power supplies (for TTL interfacing), the Vg
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Static and dynamic shift registers: How they work

How do static and dynamic shift registers
work ?

In Fig. A, a simplified schematic of a typical
MOS static shift register, we see that Q1 trans-
fers data into each stage, or bit location. Tran-
sistors Q2 and Q3 are cross-coupled by means of
Q4 and Q5. The latter transistors insure proper
data transfer from Q3 to Q2 and also provide
the feedback that is required for static opera-
tion. Transistors Q6 and Q7 serve as load re-
sistors for Q2 and Q3.

Of the three required clock pulses, at least
one—and sometimes two—pulses are generated
internally on the MOS chip. When clock pulse ¢,
is at a negative voltage with respect to the sub-
strate, clock pulses ¢, and ¢, are at substrate
level and only Q1 is turned ON. At this time
data can be transferred into the gate capacitance
of Q2. Cross-coupling transistors Q4 and Q5 are
OFF, so that the state of Q2 is determined solely
by the input data.

When clock pulse ¢, returns to substrate level,
Q1 is turned OFF, inhibiting further data trans-
fers. The charge on the gate capacitance of Q2
maintains the state of the transistor. Clock
pulse ¢, then goes negative, turning ON cross-
coupling transistor Q4. The data at the output
of Q2 are then transferred to the gate capaci-
tance of Q3. Clock pulse ¢, is a delayed replica
of ¢., and it is normally generated on the chip
from clock pulse.@,. When clock pulse ¢, goes
negative, coupling transistor Q5 turns ON, and
the output of Q3 is connected back to the input

of Q2. The data bits are now locked into the
register stages and will remain there until the
sequence of clock pulses is repeated. This condi-
tion is the essence of static operation.

In the dynamic shift register (Fig. B) there
is no feedback. The circuit has fewer elements
than the static unit. Each register bit has two
inverter stages, Q1 and Q4, with their corre-
sponding loads, Q2 and Q5. Transistors Q3 and
Q6 are the coupling devices.

Two clock pulses are required to operate this
basic dynamic shift register. Input data are
initially stored on the gate capacitance of Q1, and
clock pulse ¢, is at substrate level. When ¢,
goes negative, active resistor Q2 of the inverter
stage and coupling transistor Q3 are turned ON.
This couples the input data, in inverted form, to
the gate capacitance of inverter Q4.

When ¢, returns to substrate level, Q2 and Q3
are turned OFF, inhibiting the transfer of input
data. The state of Q4 is maintained by the
charge on its gate. Clock pulse ¢, then goes nega-
tive with respect to the substrate, turning ON
Q5 and Q6. The inverted data at the gate of Q4
are now transferred to the next stage. The data
at this point have undergone two inversions,
leaving a true replica of the input data.

Note that without feedback, the data held on
the gate capacitances of inverters Q1 and Q4
will eventually leak off unless the gate capaci-
tances are continuously recharged. This leakoff
rate determines the minimum operating clock
frequency for the dynamic register.
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2. Loss of data can occur if clock pulses of excessive
amplitude are used, because of a so-called feed-through
problem—transfer of a portion of the clock voltage into
data via the parasitic capacitors.

terminal is connected to the positive voltage. If
the substrate were at a voltage that was lower
than that of either the source or drain, the para-
gitic diodes (Fig. 1a) would be forward-biased
and abnormal operation or permanent device
damage could occur.

A similar situation exists at the register input
terminals—data, clock, control, etc. They should
contain protective diodes to prevent damage from
the buildup of static charge (Fig. 1b). The re-
verse breakdown voltages of these protective
diodes should never be exceeded, nor should they
be forward-biased.

Don’t exceed recommended operating voltages

Recommended operating voltages should be
used for two major reasons: They have been
found by the manufacturer to be safe, and most

3. Dc noise margin is defined as the difference between
the input levels, V,,;, and V,y, and the edges of the
transfer characteristic, (Vi )yax and (Vig)uin-
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other device characteristics are usually specified
within these values. While higher operating
speeds can be achieved at higher voltages, power
consumption will also increase.

Here are typical nominal recommended oper-
ating voltages for high and low-threshold shift
registers (most data sheets usually provide three
values for each parameter: minimum, nominal,
maximum) :

High threshold Low threshold

Vs 0 +5.0
Vb —14 0
Vo —28 —12

As already noted, all voltages are referenced
to the Vg terminal. If desired, either type of
shift register can be biased to other voltage
levels, so long as the voltage differences between
the individual terminals are maintained.

For example, the high-threshold register can be
interfaced with TTL logic by connecting Vs to the
+5 V de TTL supply and then making V,, = —9
V de and Ve = —23 V de.

Set the clock-pulse levels

Input and clock voltage levels are also refer-
enced to Vg and must be modified accordingly if
the terminal voltages are changed. In general,
operating speed of a shift register is proportional
to clock levels.

For example, if clock pulse ¢, in Fig. A were
reduced in amplitude, the ON resistance of data-
transfer transistor Q1 would be higher, and a
longer time would be required for charging and
dicharging the gate capacitance of Q2.

Here are nominal clock-pulse voltages, together
with their nomenclature and symbols:

High threshold

Clock logic “0,” V4(0) 0Vde
Clock logic “1,” V4(1) —28 Vde
Low threshold
Clock HIGH level, Vyu +5Vde
Clock LOW level, V. —12 Vde

While higher clock levels result in higher oper-
ating speeds, they can also cause erratic operation
and lost data. Fig. 2 shows data-transfer tran-
sistor Q1 and one side of Q2 with parasitic ca-
pacitances. Capacitor C1 transfers a portion of
voltage change in the clock-pulse level of ¢, to
the gate capacitance C2 of transistor Q2. The
amount of the transferred voltage (called feed-
through) depends on the clock voltage change and
also on the ratio of the two capacitors.

If the clock feed-through pulse is of sufficient
amplitude, it can alter the data-voltage level at
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4. Minimum clock pulse widths, PW,;, and PW,,, must
be sufficient to permit charging and discharging of in-
ternal gate capacitors. Clock-pulse spacings, t;4,, and
tapsy, mMust always be larger than, or equal to, zero. This
prevents the occurrence of two clock pulses at the same
time.

the gate of Q2, thus producing a false output.
This problem can be minimized by the MOS device
designer by adjustment of the capacitor ratio
for specified operating voltages.

Watch input logic levels

The main reason for using the recommended
input logic levels is to insure that signal levels
are never close to the de¢ noise margin. In Fig. 3
the input voltage levels, (Vi.)max and (Vig) s,
define the worst-case threshold limits for the
register. If the input logic swing is between V.,
and Vg, the register will have a de noise margin
of [(Vi)max — Voul and [Vou (Vim) n].
Thus if noise were riding on level V,,, it would
have to have an amplitude of [(Vi.)max — Voul
before data errors could occur.

Since MOS threshold voltages are not as tem-
perature-sensitive as in the case of bipolars, tem-

INPUT
DATA

0% == = A = = — — —

CLOCK 10%

¢

5. The data setup, t,,, and hold time, t,, indicate how
close to the clock-pulse transition the corresponding data
can change and still be valid.
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perature effects can be neglected in calculating
noise margins.

Defining clock pulse widths

Clock pulse widths (PWg,, PWy., etc.) are
defined in Fig. 4. The minimum clock pulse
widths are determined by internal propagation
delays of the stages. They must be adequate to
permit charging and discharging of internal gate
capacitances.

The minimum pulse widths of the two clock
pulses are different; clock pulse ¢, usually can
be narrower than ¢.. The maximum pulse widths
of ¢. can be infinite in the static register, since
it sets up the static operating conditions. In the
dynamic register, ¢, must have a finite width
determined by internal leakages. After initiation
of clock pulse ¢. in the static register, the regis-
ter status remains unchanged until the arrival
of ¢,. The width of clock pulse ¢, for both regis-
ters is finite because the capacitance of Q3 would
discharge as a result of internal leakage.

In Fig. 4 note that the pulse widths are not
measured at the 50% levels but rather at the
90%. This definition is a carry over from the
high-threshold devices, where the 50% level was
so far removed from the thresholds as to be
meaningless. The most realistic point of reference
is at the device threshold.

Registers operating with only one external
clock usually require established pulse widths for
each logic state of the clock. This is to allow in-
ternal clock-pulse generation and timing on the
chip.

Clock-pulse spacing (Fig. 4) is determined by
internal-capacitance leakage rates, and if it ex-
ceeds the specified values, data can be lost. The
spacing is often defined as the time interval be-
tween the 10% levels on the clock waveshapes.
In any shift register it can be down to zero, but
two clock pulses can never be ON at the same
time, since input data would be coupled in at
the same time that other data were being cross-
coupled.

A relation between input data and ¢,, called
“data setup and hold time,” is shown in Fig. 5.
This relationship is also known as ‘““write-and-
overhang time” or ‘‘lead-and-lag time.”

Factors that affect pulse-repetition frequency

The minimum frequency for a static shift
register is zero (dc). There is a finite minimum
frequency for the dynamic register, and it is a
function of temperature (Fig. 6). The maximum
frequency is determined by minimum clock pulse
widths, clock spacing and output loading. The lat-
ter factor is often quite important, since capaci-
tance generally will limit the frequency of

67



FREQUENCY (kHz)

0.1

0.0l /

-55 -25 (o] 25 85 125

TEMPERATURE (°C)

POWER DISSIPATION — mW

FREQUENCY — kHz

6. The minimum operating frequency in a dynamic shift
register is temperature-dependent. (The minimum operat-
ing frequency for a static register is zero.)

operation. The higher operating frequencies of
low-threshold devices are caused by smaller logic-
level swings.

Understand the electrical characteristics

The term “electrical characteristics” defines
several MOS parameters, including the following :

Input leakage currents. These are seen by the
drive circuits connected to the input or clock
terminals. They are reverse-biased currents, since
these terminals are never forward-biased, and the
significance of leakage currents is twofold:

First, the leakage-current magnitude is a good
indication of device status. Currents that are
higher than specified or unstable are a sign of
internal problems, and devices with these symp-
toms should be screened carefully.
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7. A simple circuit for interfacing MOS with TTL logic.
An interface circuit is required because of the difference
between MOS and TTL voltage levels. Note that Vi, =
+5 Vdc, Vpp, = =9 Vdc and Vg = —23 V dc, there
would be no need for R1.
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8. Operating frequency of a dynamic register sometimes
is limited by the internal dissipation rather than by the
internal propagation delays.

Second, excessive leakage currents can reduce
the drive circuitry logic levels and noise margins.
For example, an external driver with high fan-
out (required for driving a cascade of registers)
will end up putting out a lower driving signal
unless it has a very low output impedance.

In general, clock leakage currents are substan-
tially higher than the input currents because of
internal fanout. ,

Output voltage levels. They must have adequate
separation, so the two logic levels are reliably
distinguishable by the load—another MOS device,
a TTL gate or a discrete transistor.

Output voltages should be measured at the
maximum operating frequency and with maxi-
mum capacitive loading. At higher frequencies
the output resistance can increase and the output
voltage can decrease, if internal time constants
will not permit the gate voltage on the output
stage to reach full charge.

Fig. 7 depicts a technique often used to inter-
face high-threshold devices with TTL. Resistor
R2 sinks the TTL input current (say, — 1.6 mA)
and keeps the TTL input voltage below 0.4 volt.
R1 limits the HIGH level input voltage to the
TTL to less than the input breakdown voltage.

Power-supply current drain. This is one of the
most important characteristics, since it indicates
the power dissipation of the MOS device. In a
static register, the current drain is essentially
constant with frequency. At the higher frequency
limit, current consumption may increase slightly
because of transients. In a dynamic register, cur-
rent drain rises sharply with increasing frequen-
cy (Fig. 8), so it must be checked carefully over
the complete range of operating frequencies. In
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9. Output logic delays for a high-threshold MOS device
are referenced to MOS levels (a), while in the case of a
low-threshold device (b), they are referenced to TTL
levels because these devices drive TTL.

fact, the operating frequency in some registers is
limited by the internal power dissipation rather
than by the delays between stages. Current drain,
however, decreases with increasing temperatures.

Output logic delay. Sometimes not given in the
specs, this is the propagation delay between the
occurrence of the clock shift pulse and the time
when the new logic level becomes valid (Fig. 9).
Output logic delay can determine the maximum
operating frequency, depending on the loading.

The terminology and reference levels used to
measure output logic delay are almost as numer-
ous as the types of available devices. In Fig. 9a
the delays for the high-threshold device are refer-
enced around MOS levels. In Fig. 9b the delays
are referenced to TTL levels, since the device is
designed for direct interfacing with TTL.

In evaluating logic delays, it is important to
know the manufacturer’s test conditions, since
there are many variables that can affect the delay
times—clock levels, loading, temperature, to name
a few. Reduced delay occurs at higher voltage
levels (at the expense of higher power dissipa-
tion). Logic delays increase at higher tempera-
tures because of increased internal resistances.

Input capacitance. This affects the driving cir-
cuits at the input clock terminals, and it estab-
lishes the current requirements for the input
drive circuits. The capacitance is caused by pro-
tective devices, parasitic elements and strays.
Clock-input terminals normally have higher ca-
pacitance than the signal input terminals, unless
the clock has input buffer stages. For example,
while an input capacitance might be 5 to 7 pF,
the clock capacitance for the same device might
be between 50 and 60 pF. ==
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designing with IC’s?
Cambion’s expanded “works”
solve more packaging puzzles

We've added extensively to our hot line of IC
accessories to make your expanding work with
IC’s easier, faster, and simpler.

Strip connectors, cable assemblies, integrated
socket strips, component socket adapters, cable
cards, and card extenders are but a start. In
addition, totally new Cambi-Cards®, card files,
drawers, universal panels with and without pre-
mounted socket strips and power planes, specific
logic function cards for intermixing with Cambi-
Cards plus the standbys you're using of high den-
sity sockets, wire-wrappable Cambi-Cards, logic
cards, general purpose and discrete component
cards, and more.

A complete NC Wire-Wrap* service is available to
speed economical production of your IC system
designs.

Now, you can solve more digital system packaging
puzzles with CAMBION’s expanded “‘works”. Qur
new catalog 99 tells the up-to-date story. It's got
40 more pages than its predecessor and we'll
send it to you free, if you'll send us your name
and address. Cambridge Thermionic Corporation,
445ED Concord Avenue, Cambridge, Massachusetts
02138. Phone: (617) 491-5400. In Los Angeles,
8703 La Tijera Boulevard, 90045. Phone:

(213) 776-0472.

Standardize on

*Registered Mark of Gardner-Denver Co.

CamBion

The Guaranteed Electronic Components
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DIODE-LITEs Cartridges Indicator lights

Lighted push button switches Readout modules and packages

Readout assemblies

LED displays?

Talk to the specialists at Dialight first.
You won'’t have to talk to anyone else.

Whether you're looking for LEDs as light sources for build- DIODE-LITEs. We can even give you a contactless solid state
your-own displays or for a variety of products that utilize LEDs, switch that uses a DIODE-LITE in the circuit to provide cleaner,
bring your requirements to us. Dialight is a major supplier of faster switching than any mechanical switch. Dialight can help
both LEDs (we call ours DIODE-LITE™) and of indicator lights, you do more with LEDs than anyone else because we’'ve done
readouts and lighted push button switches that incorporate more with them. Write for LED Data File.

DIALIGHT ...

DIALIGHT CORPORATION, A NORTH AMERICAN PHILIPS COMPANY + 60 STEWART AVENUE, BROOKLYN, N.Y. 11237 - (212) 497-7600
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Complete

RF Network Analysis

400 kHz to 500 MHz with
115-dB dynamic range and
0.005-dB resolution. Precise
measurements of transmission
and reflection properties —
magnitude, phase, group delay,
and S-parameters — all direct
reading and neatly displayed on
a built-in scope. Complete
characterization of filters,
amplifiers, cables, antennas,
delay lines, transistors, or most
anything else that comes to mind
— all at the push of a button.

50 and 75 Q! Measurement
impedance is changed by a

015

change of external accessories
(not by a change in the basic
instrument or even a part of it),
and your application is matched
exactly with a host of GR
50-ohm and 75-ohm
components. There's more, of
course, including computer-
controlled systems or other
versions tailored to your needs.
Look into it. Better yet, see it —
in action — in your application.
For a demonstration of this
remarkable system, call your
local GR center. The price for
the basic 1710 RF Network
Analyzer? Only $6850
(truly remarkable).

For High-Frequency Measurements

General Radio

300 BAKER AVENUE, CONCORD, MASSACHUSETTS 01742

NEW YORK (N.Y.) 212 964-2722 (N.J.) 201 791-8990 « BOSTON 617 646-0550
CHICAGO 312 992-0800 » WASHINGTON, D.C. 301 881-5333 » LOS ANGELES 714 540-9830

TORONTO 416 252-3395 « ZURICH (01) 55 24 20
GRASON-STADLER 617 369-3787 « TIME/DATA 415 327-8322
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Measure phase instead of amplitude.
It provides greater sensitivity and resolution,
and makes frequency-response analysis a lot easier

In comparing the actual response of a new
circuit with the theoretical, the odds are you’ve
been using amplitude measurements about 90%
of the time. You’'ve probably used phase measure-
ments in special applications only—to determine
gain margin and phase margin, say. It may come
as a surprise to you, but phase measurements have
advantages in everyday design. You've probably
been overlooking them.

For example, here are three common problems
that phase measurements can help you overcome:

= Finding such circuit parameters as Q and
natural frequency.

= Detecting small changes in a response curve.

= Locating poles and zeros in the complex
plane.

Each of these problems requires considerable
resolution. You can get it by buying more digits
in a DVM, or you can solve the problem by meas-
uring phase. Let’s examine how.

Phase gives greater resolution

Consider low-Q networks, which exhibit slow
amplitude changes with frequency changes. High
resolution is needed to detect any change. Active
bandpass filters are good examples of this situa-
tion.! Finding the natural frequency isn’t easy
when the frequency can be varied with no appar-
ent change in amplitude. Fortunately the changes
in phase can be very large. Fig. 1 contrasts the
small amplitude changes with the large phase
changes of one possible network.

As a numerical example of the possible im-
provements, a phase meter that can resolve
1/10th of a degree of phase has the inherent
ability to resolve the natural frequency to *7%
when Q—=1/100. In contrast, amplitude is within
0.1 dB of its peak for Q=1/100 over a two-
decade frequency range. For the less extreme
case, Fig. 1 shows the results when Q—2.

Finding the natural frequency may be only
part of the problem. The measurement of Q itself
may be difficult in practice. It should be possible
to calculate Q from only three measurements. One

Dave Luttropp, Products Manager, Hewlett-Packard Co.,
815 Fourteenth St., S.W., Loveland, Colo. 80537.
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is needed to find the natural frequency. Two more
measurements will determine bandwidth. The
equation Q=natural frequency/bandwidth gives
the value of Q.

In trying to measure the bandwidth, you may
run into problems, since the source voltage is not
flat for changes in frequency. The problem is
that the —3-dB point of the output is not inde-
pendent of the changing input (nonconstant in-
put impedance of the network can be the source
of this problem). The source and output voltages
must be measured by the designer to find the true
—3-dB points. Fewer measurements need be made
if the ratio of the source to output voltages is
measured. A gain-phase meter can perform this
measurement and display dB ratio. Such an in-
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strument makes these measurements easier be-
cause the basic equipment setup doesn’t have to be
changed.

Phase gives greater sensitivity

The need to detect small changes in circuit
response is another situation that is encountered
regularly. You may know there is a glitch in the
response curve, but measuring its size and loca-
tion may be difficult because it is so small. In
practice, this situation is encountered when the
rolloff of an unwanted low-frequency pole is to
be compensated for by a zero at the same fre-
quency. Tailoring the response of an op amp
is another application of pole-zero compensation.?
And a similar situation exists when the charac-
teristics of a simple lead or lag network are being
investigated. In any of these applications the pole-
corner frequency depends on component values,
which may vary. Therefore to achieve maximum
compensation, we must adjust the corner fre-
quency of the zero.

This can be done by looking for amplitude
changes. When the amplitude remains flat, the
best compensation has been achieved. The resolu-
tion and accuracy of the measuring instrument
determine the degree to which compensation can

be achieved by measuring amplitude. However
in this case, if phase remains flat, compensation
will also have been achieved.

There are two advantages to using phase. One
is greater sensitivity ; the other is narrower band-
width measurements. It is apparent from Fig. 2
that 75% of the change in phase can be observed
with a measurement at either 0.1 f or 10 f and
a measurement at 1 f. Measurements of ampli-
tude at the same frequencies show only 50% of
the total change. The conclusion is that to get
better sensitivity in a narrow bandwidth, the
change should be investigated with phase. Why
is narrow bandwidth important? If the pole to
be compensated occurs at 1 Hz, it may not be
possible to make a measurement at 0.1 Hz be-
cause of limited low-frequency meter response.
The phase measurement, however, could be made
at 1 Hz and 10 Hz.

The many articles which cover the design
of active filters don’t usually tell how to compare
actual and theoretical response.®? Many of these
filter designs use complex roots to achieve their
performance.

How do you measure the location of the com-
plex poles? On the surface this would appear to
be a simple problem since only two quantities
need be measured to locate the roots.
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ments. Phase change is much larger than amplitude sensitivity is obtained over a narrow bandwidth.
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Amplitude measurements are satisfactory for
special cases in which the response to a step in-
put is often displayed on a scope. The drawback
is that the accuracy is directly proportional to
the user’s ability to count fractions of a small
square on the scope. Another limitation is that
the circuit under test may not respond as linear-
ly to a step as it does to steady-state excitation.

If the step-response technique can’t be used,

a Bode plot may be feasible. The amplitude por-
tion of the plot can be used to study the response
in the frequency domain. All the necessary infor-
mation for locating roots is in the amplitude plot.
The problem is that the information is buried
and must be retrieved by some rather awkward
formulas. ;

A third technique is to make phase measure-
ments. The location of complex poles and zeros
can be found with two phase measurements. To
locate the complex roots, the designer must find
the natural frequency and damping ratio. The
measurement of the natural frequency makes use
of the fact that phase equals +90° at the natural
frequency. This measurement is independent of
the damping ratio.

The next measurement determines the damping
ratio. The slope of the phase plot changes with
the ratio. Fig. 3 shows the effect of different
damping ratios on both phase and amplitude. The
phase plot passes through —45° at different fre-
quencies. This fact can be used to relate the fre-
quency at —45° to the damping ratio. Fig. 4
does this without further calculation. =m
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Tektronix, Inc. uses Ceramag®
ferrite materials to achieve effi-
ciency and significant savings.

Conventional power supplies are
bulky, heavy and inefficient. Tek-
tronix, Inc. changed all that. With
ferrites and a fresh idea.

By rectifying line voltage, con-
verting it to 25kHz and rectifying
it again, Tektronix, Inc. engineers
produced a power supply that
was 50% lighter, over 25%
smaller and consumed V3 less
power. And the overall operating
efficiency of 70% is a big im-
provement over the 50% typical
of conventional power supplies.

Ferrites can offer the unique ad-
vantages, design freedoms and
electronic characteristics that
produce exciting new ideas.
Stackpole Ceramag ferrites were
used throughout the power sup-
ply design. Because Stackpole
has a wide variety of materials
and configurations, designers
can unleash their imaginations.

Ceramag 24B

Tektronix, Inc. selected 24B for
their “U” and “E"” cores. This
proven material has seen years
of service in flybacks for televi-
sion. Ideal for power applications,
it can be operated at higher fre-
quencies than laminated steel. It
is cool running, due to low losses
under power conditions and con-
trolled power permeability. Tool-
ing is available for a wide range of
“U”, “E” and I’ configurations.
Ceramag 24

Toroids of Ceramag 24 were used
by Tektronix, Inc. for transformer
cores. Again, this is a proven
material, widely used by the com-
puter industry for pulse trans-
former cores. It has a tightly
controlled initial permeability,
and tooling for a variety of sizes
is also available.

Ceramag 7D and 27A
Multiple material selection for
coil forms allowed Tektronix, Inc.
maximum flexibility and design
freedom. Proper inductance
values could be achieved in the
allotted amount of room. In addi-
tion, the high resistance of 7D
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material prevents accidental
shorting on printed circuit boards.

Great new designs happen when
you start with the idea of ferrites.
Particularly Stackpole Ceramag
ferrite components. Why? Be-
cause Stackpole offers the vari-
ety of materials, numerous tooled
configurations and the technical
back-up you need. Twenty-four
years of television and computer
experience makes Stackpole one
of the largest and most experi-
enced domestic suppliers of
quality ferrites.

Consider ferrites on your next
prototype or redesign. But give
us a call when you start. Perhaps
we (and some Ceramag® ferrites)
can help you cut a problem down
to size. Stackpole Carbon Com-
pany, Electronic Components
Division, St. Marys, Pa. 15857.
Phone: 814-781-8521. TWX: 510-
693-4511.

” STACKPOLE

®  ELECTRONIC COMPONENTS DIVISION



CHALLENGES TO THE ENGINEER WHO MANAGES

Define before you design, advises this
instrument division manager, and you’ll be able to use engineering
production methods that will save you time, money and headaches.

Dick Moore, R&D Manager, Hewlett-Packard, Loveland,
Colo.

My challenge, as a Hewlett-Packard R&D
manager, is to sort out what I'm going to engi-
neer. That problem is so basic, I think many of
us who manage often overlook it. We talk about
how we're going to do the job, and who we're
going to get to do it, when the most important
thing is deciding what we’re going to work on.

If I define properly what I'm going to engineer
in the first place, then not only can I use design
and production shortcuts that save me time,
money and problems, but, more importantly, I'll
design a product that sells.

Defining a product line takes thought, planning
and research—and, most important, the coopera-
tion of all departments. Because the needs of cus-
tomers change, because the economy changes and
because our product lines change, our R&D con-
tinuously generates product-line alternatives.
Then the Marketing Dept. runs them through its
filter, and we both decide what looks good. When
I get together with my staff, we know what the
marketing situation is and what those in the field
are concerned about. We also know what our tech-
nology is, not only in-house but what other HP
labs are doing and what the other major organi-
zations are doing. We brainstorm, we float, and
about every six months we update our brainstorm-
ing. We document our ideas and go over each
point with our marketing managers, division
managers and group managers. Essentially what
we generate is a family of alternatives.

Keep the initial research group small in number.
A large group of investigators is like a flywheel
turning, which is hard to move in a new direction.

At the division level, we're responsible for up-
dating some of the products that were originally
defined by the company. The updating of the
oscillator line is a good one to help explain how
I define what to engineer. I had to solve two
problems: how to define the product line and
how to program the instruments for a computer
model. We felt that the communications industry
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was going to expand, and that the frequency
range of the products we had were just right for
some very dramatic communications needs. Also,
because of a decline in military spending, we
thought we’d revise our signal-generator product
line from the ground up and diversify from
the oscillator and function-generator business
into frequency synthesizers. It was a full product-
line look, and it was a generic problem that is
common to all instrumentation: How are we go-
ing to make things more easily programmed than
they have been in the past without having each
instrument have a different interface?

My responsibility was to decide what we were
going to do and how we were going to do it.
About 35 engineers—EEs, MEs and industrial
designers were under my direction. Most were
working for me on other product lines at the
start of the signal generator project. I kept most
of them on those projects during the investiga-
tion phase of the project, because if too many
people join an investigation, it becomes extremely
hard to manage. You tend to get a flywheel turn-
ing; it’s hard to move the flywheel. And I wanted
to be sure that I could look into all ideas person-
ally without committing myself to any one of
them prematurely.

After we had wrung each other’s brains out,
we conducted a full search of everything we
thought we knew that would help define the prod-
uct line, so we wouldn’t pick false paths. We
looked at instruments already in production that
were similar to the types of things we wanted
to do—how they were used and what the cus-
tomers’ criticism of them was. We studied all the
requests for special versions of these instru-
ments. We read the letters of objections to the
product.

And we were lucky, too. We had introduced
an analog sweeper at about the same time we
were researching the generator, and I got per-
sonally involved in the field training and selling
of it. I watched the customers’ reaction to it, to
see what kind of problems there were with an
instrument that was related to the signal genera-
tor. It was a full sweeper, and we were trying
to make a digital sweeper out of a synthesizer.
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Dick Moore

Education: BSE, Princeton; MSEE,
University of California at Berkeley.

Experience: Engineering manager;
engineering section manager; pro-
duction engineering manager; pro-
duction module leader; engineering
group leader; design engineer.

Achievements: Distortion analyzer
line; ac voltmeter line; wave ana-
lyzer design; synthesizer and DVM
product line definitions.

Personal: Married; two children—a
boy and a girl; interests include
sailing; fishing; hiking; history.

Employer: Hewlett-Packard is one
of the world’s leading designers and
manufacturers of electronic, medical
analytical and computing instru-
ments and systems. Founded in
1939, the company has become a
worldwide organization with annual
sales in excess of $375-million.

HP’s 16,000 employees staff 14 do-
mestic divisions and five overseas
plants. The company’s products are
marketed in more than 100 coun-
tries.



We tend to wring out our circuits and think the
system will always come together easily. A model
of the product is surer and will quickly reveal
important system parameters.

After about a year of investigation, we realiz-
ed, among other things, that a frequency synthe-
sizer isn’t very easy to use manually. Since we
wanted to be competitive across the board, from
bench use to controlling tracking analyzers, we
knew we had to build the thing so that it was
easy to program.

So we said, well, if the panel is that hard to use,
let’s do it digitally, especially now that we know
the analog world is becoming more and more ex-
pensive, on a comparative basis with the digital
world, to achieve the same function. So we had
a calculator designer who was a member of the
investigation team design a keyboard control on
the main instrument.

One of the management decisions I made at
this point that saved time and minimized our
headaches was to model our problem. We model
so the staff can see the product, interact with it
and come up with ideas for it. We bought synthe-
sizers that were already available and used our
computers. Essentially we tried to model what we
were trying to build, instead of breadboarding
and prototyping. Our whole staff was involved.
Our mechanical engineers were building up a
keyboard, so that when we had the software writ-
ten for simulating what we wanted to do with
this new front panel, we were actually able to
control the synthesizer with a keyboard. We ac-
tually had to build up a little hardware to get
the feel of the keys, to see if the thing would
feel like an analog sweeper.
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I think modeling is extremely imnortant. It's
important to put your full block diagram to-
gether as quickly as possible, so you can see what
all the parameters are going to be. I think we
tend all too often to really wring out our circuits
and then think that the system is going to come
together. Getting the system to work properly
and getting it defined properly, so it’s easy to use,
takes just as long as a circuit design. Since we
rarely leave as much time for the system integra-
tion design as we do for the circuit design, I
really push hard on modeling the product and
getting something to work like the final configu-
ration as quickly as I can on a project.

There never seem to be enough prototypes built
to analyze and characterize. Why mnot build an
extra run of prototypes in the lab without going
through a time-consuming pilot production run?

When it came time to produce our product, we
found we could sidestep the pilot production run.
That little shortcut saved two months and a few
thousand dollars. But there’s one point I can’t
emphasize too strongly: We were able to use this
shortcut mainly because we had clearly defined
our product first.

We thought that if we went through the
pilot-run process—where we build 10 units in
production and see if they’re any good or not,
and then start up a first-production run—it
would take us six months from the first pilot
run to first customer delivery. I decided that
wasn’t good enough. I got together with our pro-
duction people—and you’ve got to remember that
about 50% of them were R&D people on short
assignment anyway—and asked how in the world
we could get these things into production. What
we did was to take a chance. R&D, marketing,
production and quality assurance (QA) all got
a better deal out of our solution. So they cooper-
ated. Only if all these departments know each
other’s job and agree on the problem can a deal
like this work.

First, I'm convinced that you never build
enough prototypes because you don’t have enough
products to look at and characterize. And second,
we need to show the prototypes to customers in
the field; we need demos and wiring for produc-
tion, and we just never have enough. Finally, we
need a way to get life test hours on a number of
units before we ship them. Production said: “OK,
if you guys say you're going to do a far better
evaluation than in the past, and if the design is
really finished, then we can take a chance. We’'ll
build 30 to 35 units instead of the usual 10 we
build for a pilot run. If we skip the three months
of the pilot run, then instead of shipping produc-

¢ tion units as soon as they’re built, we can take
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those 35 units and store them in heat chambers,
temperature-cycle them and do any doggone tor-
ture thing we want to. And, according to the size
of the production run, we can accumulate between
10,000 and 30,000 hours of life-test data before
we ever ship a production unit.”

Needless to say, our QA people and our pro-
duction people were just absolutely delighted.
With this kind of testing, we were confident that
if the instrument crapped out, it would be com-
ponent-related, not design-related, because the
design would have withstood the testing. The
Marketing Dept.’s biggest headache is not know-
ing when they’re going to get the first delivery
of demos to their field guys. But, under our plan,
the marketing people could still take the first
five instruments off the line, the same as they
did with the pilot run.

Now we can have 30 to 35 units sitting in a
rack getting AQL (accepted quality level) test-
ing, and when we begin to see that the failures
are at a level we can absolutely predict, that’s
when they’ll be deliverable. When they’re that re-
liable, we can train our field guys with them. We
also have enough demos to leave at all our field
training locations. We're also getting the prod-
uct out four months earlier than before. We've
saved production money, R&D money and mar-
keting money. In other words, we just made sure
that the job was designed before it went into
production.

We agreed to pay any cost over what a normal
first production run would cost. We made the
agreement before the run so there’d be no argu-
ment later.

It turned out that we paid about $5000 less on
the first production run than we normally would
have paid on a pilot run. We know we didn’t
spend that much money building prototypes in
the lab.

Some companies keep their engineering and pro-
duction in separate buildings. I gamble by trans-
ferring people across department lines.

One reason for the success of the signal gener-
ator project is that we cross-train heavily.
There’s not one engineering manager at HP Love-
land who hasn’t had a year in production. Our
production people also train with us. There’s a
complete overlap. At the end of a project we
transfer one of our design engineers to produc-
tion, and maybe one of the engineers who we
think will be getting in lab management. Prob-
ably about a third of our R&D staff is in produc-
tion on a temporary basis.

I was the first engineer to go through the pro-
duction aspect. It made it easier for the company
to transfer people when they saw I was promoted
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to a section manager after spending a year in
production. Now I transfer an EE and an ME to
production at the end of each project. My division
—the Loveland Instrument Div.—is the only one
sending engineeers to production.

When the guy’s sent, it’s a shock to him. But
we tell him that if we didn’t think he was a good
engineer to begin with, we wouldn’t send him.
Then we say that if he really wants to get back
into engineering, then get the job done in pro-
duction—and, boy, that sure closes the loop. The
experience really stretches them; they know that
they are the cream.

When I was working on the oscillator, I had
35 engineers as a section leader and five group
leaders reporting to me. How did I make the ad-
justment from engineering to management? We
have three levels of lab management—group
leader, section leader and lab manager. Going
from the group-leader job to the section-leader
job is where you make the big transition from
engineering to managing. The year I had in pro-
duction helped a lot. Before that I was really
pretty much a bench guy and proud of the fact
that I had advanced degrees in engineering. I
felt in my bones that I could solve any technical
problem. When I went into production, the wool
was pulled from my eyes, because I had never
known how the gears of all the departments
meshed. They put me in charge of the production
lines, which was revolutionary. I gained a tre-
mendous respect for the people in production.

Going from a design engineer to group leader
of from three to 10 people isn’'t really too hard
a transition. The next step, when you’'re working
through group leaders, is tough. I just think that
a guy needs some kind of discontinuity in his
training to grasp it. ==
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If you need
top-quality
panel
instruments
with a dean,
modern look...
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Triplett's newest panel instru-
ments, the Series GL and GL/B,
feature glass windows, matte-
finish phenolic cases and a dial
design that can readily accom-
modate multiple scales. They are
available in 32", 42" and
52" sizes.

The GL Series features a stan-
dard 2-stud mount with 3- and
4-stud mounts available.

The feature of the GL/B Series
is behind-the-panel mounting
with a bezel which is an integral
part of the case.

M reeLerr

GL/B (mounted appearance)

There's a choice of more than
275 stock sizes and ranges — in
DC microammeters, milliamme-
ters, ammeters, millivoltmeters
and voltmeters; AC milliamme-
ters, ammeters, and voltmeters;
RF thermoammeters; dB meters
and VU meters. For those who
need special instruments . . .
custom dials, pointers, scales,
accuracy, tracking, resistance,
response time or practically any
combination of unusual specs
can be put into these new cases.
For quick, dependable delivery
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of small quantities of these
adaptable new instruments, con-
tact your Triplett Sales/Service/
Modification Center or distribu-
tor. For prototypes or produc-
tion quantities, contact your
Triplett representative. Triplett
Corporation, Bluffton, Ohio
45817.

mTRIPLETT
BLUFFTON, OHIO 45817
Manufacturers of the World's

most complete line of V-O-M's
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Sorensen solutions to
line voltage problems.

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

ruggedness. Eight models cover

. J ACR Series
the field. With 0.5to 15 kVA,
K Output Input Voltage Regulation
remote sensing and program-
! s Voltage (Vac) Voltage | Freq
ming, Ond fU” IOQd efflCIenCY to Model (Settable Range) VA (Vac) (Hz) Line load Price®
95%. [L] FR's are something else. | Acrsoo 500 +01% +01% | $ 380
Fastl R di | ACR1000 1000 +0.1% +0.1% | $ 450
ast! Kesponse and impulse ACR2000 2000 +01% +0.1% | $ 575
. i . ACR3000 110 3000 95 | 47.53 | £01% +0.1% | $ 700
seh‘lmg time: 50 microseconds or ACR5000 to 5000 to or | 40.15% +0.15% | $ 850
less. 100 decibels of common ACR7500 120 7500 | 130 | 57-63 | £0.15% +£0.15% | $1025
b CAl s ACR10000 10000 +0.15% +0.15% | $1450
mode rejection. Harmonic dis- ACR15000 15000 +0.15% +0.15% | $1775
tortion of 0.2%. Regulation to FR Series
005% PeOk Omp|ifude lnSfOblllfy OQutput Input
Of |eSS ThOn OO] % 25 crest Voltage Voltage (Vac) Freq | Combined
. - Model (Vac) VA (Switch Selectable) (Hz) Regulation | Price®
factor. With FR, you get just what
syon gl FR516A **| 115 500 | 95-115/105-125/115-135 | 59-61 | =0.05% | $ 925
you want — pure AC power. [] FRI0IGA | 115 1000 | 95-115/105-125/115-135 | 57-63 | =0.05% | $1500
. FRIOISA | 115 1000 | 95-115/105-125/115-135 | 47.53 | =40.05% | $1500
Sorensen offers more. Solid FR1026A | 230 (1150pt) | 1000 | 190-230/210-250/230-270 | 57-63 | =£0.05% | $1650
state circuitry, conservative FRI025A | 230 (1150pt) | 1000 | 190-230/210-250/230-270 | 47-53 | =0.05% | $1650
: FR2516A | 115 2500 | 95-115/105-125/115-135 | 57-63 | +£0.05% | $3425
thermal deSIgn, compact pockog- FR2515A | 115 2500 | 95-115/105-125/115-135 | 47-53 | =0.05% | $3425
; FR2526A | 230 (1150pt) | 2500 | 190-230/210-250/230-270 | 57-63 | =£0.05% | $3650
ing. See the table below. For FR2525A | 230 (1150pt) | 2500 | 190-230/210-250/230-270 | 47-53 | =0.05% | $3650
more complefe data, write FR5016A | 115 5000 | 95-115/105-125/115-135 | 57-63 | =+£005% | $6800
B enean S l FR5015A | 115 5000 | 95-115/105-125/115-135 | 47.53 | +0.05% | $6800
n rower Upp Ies, **No CM Rejection *USA List

Raytheon Company, 676 Island
Pond Road, Manchester, N.H. 0’ ense”
03103. Telephone (603) 668-1600. POWER SUPPLIES
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medical X-rays leave off
NEWS, ED 15, p. 24

Antenna-voltage nomograph gives the
field strength . . . IFD, ED 16, p.
62

Any microwave diode will work . . .
ART, ED 22, p. 42

Balky antenna control knocks out
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Ultra-fast 16-bit computer has 300-
ns operating speed . . . PF, ED 23,
p. C32

Universal field programmer programs
all types of ROMs . . . PF, ED 19,
p. 91

Use statistics in your logic design
. . . ART, ED 26, p. 60
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circuit . . . NEWS, ED. 24, p. 20
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display . . . ART, ED 26, p. 64

64-gun cathode-ray display increases
readout density . . . PF, ED 21,
p. 96

Electro-optics

FOCUS on Readouts . . . SR, ED 24,
pAR52

High-performance display panels for
only. '$1/digit ... . .3 PR HEDY 22,
piE

Holographic system to detect sky-
jackers? . . . NEWS, ED 14, p. 20

Large LED numeric display holds
0.77-in. characters . . . PF, ED 21,
p. 98

LED display replaces dial on new
ADF tuning indicator . . . NEWS,
ED 26, p. 26

LED makers reaching for consumer
markets . . . NEWS, ED 19, p. 19

Light-pulse generator works on vari-

able supply voltage . . . IFD, ED
19, p. 86

Low-light camera advance increases
sensitivity tenfold . . . NEWS, ED
26, p. 19

Measure rpm accurately with an opti-
cal counter . . . IFD, ED 18, p. 66

Monsanto offers LEDs in yellow and
green . . . NEWS, ED 26, p. 19

Optoelectronics: Solid-state memories
. =« SR, ED 17, ps W9

Photomultiplier amplifier subtracts
logarithms . . . IFD, ED 19, p. 82

Remote optical device extends uses
of laser interferometer . . . NEWS,
ED 17, p. 26

General Industry

Airlines seek doubling of FAA spend-
ing plans . . . NEWS, ED 16, p. 20

Anxiety in Japan, Part 1 ... SR, ED
26, p. 52

Better use of spectrum urged by EIA
chairman . . . NEWS, ED 18, p. 19

Economist sees threat to electronics
industry . . . NEWS, ED 20, p. 19

Electronics at Mid-1971—The silver
lining begins to appear . . . NEWS,
ED 14, p. 22

Industry leaders laud Nixon's eco-
nomic moves . . . NEWS, ED 19,
p. 19

New firm offers stock for scrap metal
parts . . . NEWS, ED 16, p. 20

New technology office proposed in
Congress . . . NEWS, ED 17, p. 19

New U.S. patent policy draws mixed
reviews . . . NEWS, ED 19, p. 20

RCA transistor cutback doesn't faze
competitors . . . NEWS, ED 18,
P19

Rise in R&D spending trails growth
of GNP . . . NEWS, ED 22, p. 19

Threefold rise foreseen in Japanese
exports . . . NEWS, ED 19, p. 20

U.S. concerns step up sales pitch
to Soviet . . . NEWS, ED 18, p. 19

U.S. Industry cautious on Red China
trade . . . NEWS, ED 14, p. 19

U.S. plans a mass study of antarctic

environment . . . NEWS, ED 21,
p. 19
Wescon 71 . . . SR, ED 17, p. W2

7% industry growth in 1972 pre-
dicted by EOEM companies . . .
NEWS, ED 19, p. 28
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Industrial Electronics

Air industry assailed on its medical
efforts . . . NEWS, ED 15, p. 19

Automatic controls run entire rail-
road line . . . NEWS, ED 22, p. 20

Electronics-laden ship to drill for oil

in 2000-foot waters . . . NEWS,
ED: 22, 08 2R

Machine-tool makers see spurt in
sales to Red bloc . . . NEWS, ED
19, p. 20

Oil drillers look to electronics to help
them strike it richer . . . NEWS,
ERI21 0 pa22

Power industry asks engineers to fill
urgent need for equipment . . .
NEWS, ED 24, p. 30

3 U.S. concerns bid for Mexican con-
tract . . . NEWS, ED 26, p. 20

Management
Brush up on your proposal prepara-
tions . . . ART, ED 22, p. 62

Engineer job study finds electronics
hit hardest . . . NEWS, ED 22,
p- 20

For a higher yield from exhibit vis-
its: © . .ART,. EDE1b6"ny 70

Going through a career conversion?
ART, ED 17, p. 72

Help yourself to jobs and re-training
11« ARTLED 18, p.ii54

If your document release system is
sick . . “JART;ED 198pit76

Let an administrator do it! . . . ART,
ED 16, p. 56

Man-man interface . . . ART, ED 23,
p: 52

Marketing & Management: The trick
is to turn the negative into posi-
tive . . . SR, ED 17, p. W13

Want to hire that elusive executive?
saas ARTLGEREZ1 . D82

Materials & Packaging

And now, PC boards with built-in
resistors . . . NEWS, ED 26, p. 30

Finally, a low-cost linear MIL pack-
age . .. NEWS, ED 26, p. 24

FOCUS on packaging . . . SR, ED 16,
p. 36

In consumer packaging, it's modules,

modules everywhere . . . NEWS,
ED 15, p. 22

Lf quartz crystal size cut drastical-
Iy . . NEWSHEDRTS ) p. =26

New high-k ceramic materials make
smaller MICs possible . . . NEWS,
ED 19, p. 26

Slotted coax breaks an rf barrier . . .
NEWS, ED 25, p. 28

Thick films deposited onto PC board
- » . NEWS, ED 16, p. 23

Medical Electronics

Acoustic holography picks up where
medical X-rays leave off
NEWS, ED 15, p. 24

Acoustic microscope aids medical re-

search . . . NEWS, ED 17, p. 20

ELEcTRONIC DESIGN 8, April 13, 1972

the original

only from Scanbe

with exclusive features from Scanbe’s dual inline
ME-2 Sockets. Four pin lengths, solder tail, one,
two and three level solderless wrap in 14, 16 or
24 pin models.
Exclusive features include:
Closed entry design means precision align-
ment for DIP leads
Side gripping contacts means 80% more con-
tact pressure
Low insertion force means no damage to DIP’s
Highest reliability means Scanbe
Solder relief, replaceable pins, optional screw
mountings and U.L. approved molded nylon for
caps and bodies are other customer benefits
along with Scanbe’s quality and experience. The
best contact your DIP can make is a Scanbe
ME-2 Socket.

SCANBE MANUFACTURING CORP.

3445 Fletcher Ave » El Monte, Calif. 91731
Telephone: (213) 579-2300
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Automated health center may gen-
erate big market . . . NEWS, ED
16, p. 20

Defects in medical electronics draw
heavy fire from hospitals
NEWS, ED 22, p. 22

EKG detector improves heart-rate

measurement . JIED, "EDN20,
p. 64

Hospital maintains largest patient
monitoring systems . . . NEWS,
EDI19, p. 22

Mechanical arm can even thread

needles . . . NEWS, ED 23, p. 30

Medical Electronics: Information nets
that really work are still sorely
needed . . . SR, ED 7, p. W10

More hope for heart patients—the
bifocal demand pacemaker . . .
NEWS, ED 17, p. 28

New device controls intravenous
feeding . . . NEWS, ED 21, p. 20

Pacemaker recharging done without
surgery . . . NEWS, ED 21, p. 19

Pacemakers being tested for inter-
ference potential . . . NEWS, ED
17, p. 20

Telecast of surgery originates in
body . . . NEWS, ED 15, p. 20

Ultrasonics explored as a cancer de-
tector . . . NEWS, ED 20, p. 20

3-D image technique could replace
X-rays . . . NEWS, ED 25, p. 20

Military & Aerospace

Army is developing new vhf-FM radio
» . «:NEWS, 'ED"15, p. 19

But for future, NASA seeks bubble
computers . . . NEWS, ED 23,
p. 19

Combat pilots in training to fly an
all-electronic ‘range’ . . . NEWS,
ED 18, p. 26

Depressed aerospace giants turning
to civionics for a lift . . .SR, ED
17, p. W16

FAA presses research on new land-
ing system . . . NEWS, ED 18,
p. 20

For long space missions: a new com-
puter . . . NEWS, ED 16, p. 25

High power laser for aerial recon
studies . . . NEWS, ED 15, p. 20

Laser rangefinder built in binocular
form, . . . NEWSEDI23.'p. 23

LSI arrays to give NASA a 10-pound,
15-W computer . . . NEWS, ED
23, p.. 19

NASA seeks solution’s to problems
on earth . . . NEWS, ED 26, p. 20

NASA's earth research stirring wide
interest . . . NEWS, ED 15, p. 19

New electronics to make ICBMs
more blastproof and easier to aim
4= . NEWS; ED 23, p. 22

Pentagon shifts its policy on weapons
procurement . . . NEWS, ED 17,
p. 19

Pre-installation engineering cuts costs
on military systems . . . NEWS,
ED 17, p. 24

Robot worker being developed to as-
sist space-station crews
NEWS, ED 20, p. 28
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Space shuttle may use off-the-shelf

electronics . . . NEWS, ED 22,
p. 19

‘Stabilized’ employment foreseen in
aerospace . . . NEWS, ED 24,
p. 19

Semiconductors

Bucket-brigade device said to cut
audio delay-line costs drastically
t o NEWS!'ED24, p. 34

Calculator on a chip available off the
shelf . . . NEWS, ED 21, p. 19

Clamping varied with transistor . . .
IED, ED!23, p. 65

Coast-to-coast TV to present MOS

course . . . NEWS, ED 18, p. 28
Conference will feature charge-cou-
pled devices . . . NEWS, ED 25,
p. 19
Custom bipolar IC design lowers
cost and turn-around . . . PF, ED
21,p: 112

D/a converters breakthrough with
low-cost reliability . . . PF, ED 20,
p. 72

Duplex receiver/transmitter occupies
a single DIP IC . . . PF, ED 18,
pi72

Ensure error-free MOS IC operation
. - «;ART, ED 17. n. 58

Establish the reliability of LSl ICs
.. . ART, ED 24, p. 66

Fast, 12-bit a/d converter carries
low price of $300 . . . PF, ED 22,
p. 78

FOCUS on Linear ICs . .. SR, ED 21,
pi52

FOCUS on Semiconductor memories
e SRISEDSTG Sp= 60

GE halt in IC output laid to profit
squeeze . . . NEWS, ED 23, p. 20

High-speed SOS devices drop power
dissipation . . . PF, ED 22, p. 84

IC amp with 200-V output uses few
components rIFDYSERDSS]7 .
p. 82

IC-module plant opened by RCA for
color TV . . .NEWS, ED 21, p. 20

IC sets camera opening at very low
light levels . . . NEWS, ED 26,
p. 19

Low cost, a/d converters offer sub-

stantial savings . . . PF, ED 17,
p. 102
Low-cost, monolithic compensated

15-MHz op amp slews at 70 V/us
RO REREDRZIpE O]

Low-current comparators cut propa-
gation: to. 10 ns . . . PF; ED 17,
p. 92

Low-power monolithic op amp s
completely programmable . . . PF,
ED 18, p. 69

Microelectronics: Stress is on MOS
<= SR, ED 17, p. W4

Monolithic dual JFETs drop input cur-
rent to femto-amps . . . PF, ED 19,
p. 106

MOS power converter is small and
costs' $30 . . . IFD;VED 215 p~ 86

New logic gates need 1 picojoule to
switch . . . NEWS, ED 22, p. 19

Op amp doubles as rf detector . . .
IFDEDS17;. p80

P-channel JFETs switch =15 V ana-
log at 4 MHz . . . PF, ED 14, p. 92

RCA transistor cutback doesn't faze
competitors . . . NEWS, ED 18,
p. 19

Replace UJT and SCR in a timing
circuit with a programmable uni-
junction transistor . . . IFD, ED 25,
p. 74

Schottky barrier TTL ICs upgrade
54174 line . .'. PF, ED 23,'p. 70

Stable 1-uV/°C FET op amp comes
down in price to $45 . . . PF, ED
23, p. 67

Substitute proposed for vacuum dep-
osition . . . NEWS, ED 25, p. 26

To use Gunn or Impatt diodes . . .
ART, ED 21, p. 70

Transistors in breakdown reveal nega-
tive resistance . . . IFD, ED 20
p. 68

Tri-state 256-bit RAM chip selects
in 12 ns ... .. PE, ED-15; p:83

Use a FET to improve uhf amp per-

formance . . . IFD, ED 22, p. 68
Vhf FET with 75-Q input lowers
VSWR: to 1°:25:1° .. ."\"PF, ED 16,

P63
Very fast, stable op amp can handle
1800V fus .. PF, ED 17, p. 102
1-GHz oscillator can be made with an
FET and microstrips . . . IFD, ED
16:9p. <60

Test & Measuring
Counter tester checks critical param-
eters... . IED,EDI15, pi72

Current-controlled oscillator sweeps
five-decade band . . . IFD, ED 14,
p. 82

DPM circuit allows direct display of
nonlinear data . . . PF, ED 15,
p. 79

Five-digit 50-MHz counter is made

for panel mounting . . . PF, ED
18, p. 76

FOCUS on Instrumentation . . . SR,
ED 14, p. 50

Indicator checks relative frequencies
. s IFD, EDS22,pei/a:

Make sampled-signal analysis easier
. = -wART, ED 23, p. 42

Select-Reset IC channels with a pari-
ty checker . . . IFD, ED 16, p. 58

Smallest low-cost DPM introduced by
Analog . . . NEWS, ED 24, p. 19

Smallest-size DPM family is also the
lowest in cost . . . PF, ED 26,
p- 75

Smallest-volume 3-1/2-digit DPM
features the lowest price of $89
.. 'PE; EDR25 /7

Triphasic-conversion DMMs reduce
costs over 509% . ... PE, ED 14,
p. 85

Trouble-shoot logic systems with a
concise fault chart . . . IFD, ED
=17, p- 78
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New line of solid-state
devices will broaden

your choice of microwave
sources and amplifiers

Are you ready to make the design jump from tubes to
solid-state in your low-power microwave applications?
Sperry Electronic Tube Division is ready to help you.

+SPER?Y RAND

SPIE[R Y
CJA NN G| E(T]

We've recently acquired the microwave solid-state ca-
pability of a sister division,
and we're melding that with
our own field proved knowl-
edge of microwave systems
requirements. Working from
that base, company-funded
R&D will soon be bringing
you a whole generation of
solid-state devices.

In the very near future, you
can expect both fixed fre-
quency and voltage-con-
trolled transferred electron
(Gunn effect) oscillators
and a new breed of IMPATT
oscillators. A little later,

(O] UNTIN]
S (UJLL[D)

you'll see transferred elec-
tron amplifiers, IMPATT
amplifiers and a full line of
TRAPATT devices. Our R&D
efforts will continue in sili-
con and GaAs technology
and other aspects of micro-
wave solid-state.

We'd like to keep you abreast

Please help me get in solid.
[] Add my name to your solid-state mailing list.

[] I'mattaching the details of an application problem. Let me know .

what you think about a solution.

I NAME TiTLE
COMPANY
ADDRESS

CITY STATE ZIP.

‘-------

of what's happening in solid-state at Sperry. How about
filling in the coupon above, so that we can add you to
our mailing list. We'll update you regularly. While you're
at it, jot down the details of your thorniest application
problem. Maybe we can aim our R&D efforts directly at
you. Sperry Electronic Tube Division, Gainesville, Florida
32601.

T
SPERRY

ELEGTRONIC TUBE DIVISION

INFORMATION RETRIEVAL NUMBER 43
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(ideas for design |

Auto-crossover power supply

uses single reference

For power supplies, auto crossover from con-
stant-voltage to constant-current operation nor-
mally requires separate reference voltages for the
two modes. Also, a floating supply for the refer-
ence voltages is usually needed. Both of these
unnecessary additions may be eliminated by ar-
ranging the voltage amplifier to operate in the
inverting mode. :

This approach allows the voltage and current
amplifiers to share the same reference, and thus
the need for a floating power supply for the ref-
erence circuits is avoided.

The circuit nominally provides 0-30 and 0-1 A,
depending on the setting of the two 5-kQ) trimmer
resistors and the balance achieved between the
differential pairs. Line regulation is such that a
10% line change produces a 0.2% change in V,,
or I,,.. The supply has a temperature coefficient
of 0.05%/°C, using a standard 6.2-V breakdown
diode. With a temperature-compensated refer-

ence diode and an IC op amp, the coefficient im-
proves to 15 ppm/°C and line/load regulation be-
comes 50 ppm. The transient response enables the
supply to recover from a 1-A load change to with-
in 50 mV in less than 50 us.

Crossover occurs when R,I,, ~ I.R., where R,
is the front panel current limit control. The out-
put voltage V,,. = I Ry is determined by the
programming constant I,, which can be set to 1
mA.

When V., is set to 30 V, a 1-A change in load
current produces a 30-mV change in V,,.. The
same current change at V,,. equal to 1 V pro-
duces a 2-mV change. A 30-V change in V,,, with
the constant current set at 1 A produces a cur-
rent variation of less than 5 mA.

John A. Roberts, Design Engineer, ADM Elec-
tronics, Sketty, Swansea, SA28BA, U.K.

CIRCLE. No. ‘311

88

ELECTRONIC DESIGN 8, April 13, 1972



ers for low-5¢

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

These single-turn, 38", covered trimmers
come in 10 different mounting styles and
19 standard resistance values from 10
ohms to 2 megohms. Covered
construction helps protect
against moisture, corrosive at-
mospheres, dust, oil and other

Beckman®

INSTRUMENTS, INC.
HELIPOT DIVISION

contamination. Which means, in addition to
cermet stability and better resolution, you
get long-term dependable performance.
The breakthrough price is just 35¢ each
in the 50,000 piece quantity, and they're
equally well-priced in other quantities.
Send now for complete data on the
Series 91 Trimmers...the finest of their
class. We’ve made them for
your projects where the budget
may be tight, but you don’t want
to compromise performance.

Fullerton, California

HELPING SCIENCE AND INDUSTRY IMPROVE THE QUALITY OF LIFE

INTERNATIONAL SUBSIDIARIES: AMSTERDAM; CAPE TOWN

GENEVA; GLENROTHES

SCOTLAND: MEXICO CITY. MUNICH: PARIS, STOCKHOLM; TOKYO; VIENNA
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LED-phototransistor couplers

isolate analog signals

Analog signals of frequencies from dec to sev-
eral hundred kilohertz may be isolated with the
circuit shown. If the two LED-phototransistor
couplers have well-matched characteristics, lin-
earity of £+1% over a £2-V range is possible.

Op amp Al drives photodiode D1 so the cur-
rent generated in phototransistor T1 equals the
current through input resistor R;,. Photodiode
D2 is driven by op amp Al in a similar manner.
The current through T2 is thus a function of the

input current, and the output of op amp A2 fol-
lows the input to Al.

Resistor R3 can be adjusted to make the cur-
rent gains of the two couplers equal. The lineari-
ty of the circuit depends primarily on the simi-
larity of the characteristics of the two couplers.

A. Vaisnys, Jet Propulsion Laboratory, M.S.
161-228, 4800 Oak Grove Dr., Pasadena, Calif.
91103.

CIRCLE No. 312

Digital tone-burst generator uses 4 ICs

A digital tone-burst generator produces gated
square-wave outputs with fundamental frequen-
cies up to 15 MHz and can be driven by a sinu-
soidal input at frequencies to 30 MHz. It uses
only four inexpensive digital ICs.

Both the length and duty-cycle of the tone
burst are adjustable. The generator is particular-
ly useful for testing data-acquisition or process-
ing systems, if the versatility of a commercial
function generator is not needed, and, hence, the
cost is not justified.

The signal source required can be any wave-
form, including a sine wave (Fig. 1) of ampli-
" tude between 2 and 5 V. This signal forms the
clock for an eight-bit ripple counter (the two

90

cascaded MC839s). The first output (Q1) of the
counter is a square wave at half the input fre-
quency. After gating, this forms the output
signal. _

The gating scheme uses a single NAND gate
(1/2 of an MC830), with the Q1 square wave
as one input. The other inputs are selected by
toggle switches from the available counter out-
puts (Fig. 2). Outputs Q6, Q7 and Q8 were used
in the application shown in the diagram. Since
the modulus of the complete counter is 256 (or
27, excluding Q1), combinations of the switches
A, B and C provide the various burst-length and
duty-cycle capabilities shown in the table.

As an added feature the circuit generates sync

INFORMATION RETRIEVAL NUMBER 45 »
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New lower priti;s... bgtter discount;nn"i;ﬁe’r‘y Cherry thumbwheel & leverwheel switch

Cherry’s new down-to-earth prices are an average
reduction of 24%—as much as 46% reduction on
some models. Prices are down on every Cherry
Thumbwheel and Leverwheel Switch. On every
one of the infinite variations in coding, termina-
tion, mounting and readout symbols.

Now you get 20% discount on as few as 50
pieces . . . 25% on 100 pieces . . . 27% on 200
pieces . . . 30% on 500 pieces . . . 32% on 1000
pieces and 34% on 2000 pieces.

Everything has been reduced except the size
of the new, larger, easier-to-read digits.
Everything cut except the quality—which is
the same high level you expect, and get, from
Cherry.

FOR NEW PRICE LIST and CATALOG

TWX 910-235-1572 or PHONE (312) 689-7600
extension 7703 and ask for Walt or Frank

*Prices shown are for 2000 piece quantity. Lower
prices on larger quantity.

CHERRY ELECTRICAL PRODUCTS CORP.
3600 Sunset Avenue, Waukegan, lllinois 60085

Makers of patented Leverwheel/Thumbwheel Switches, Matrix
Selector Switches, Snap-Action Switches and Keyboards.




IDEAS FOR DESIGN

signals. The sync generator produces either a
positive or negative edge at the onset of the
burst. A single-transistor output buffer allows
high fan-out and amplitude control. Since all
eight counter outputs (Q1 through Q8) are avail-

able, other possible gating combinations fulfill
particular burst requirements.

J. W. Foltz and H. A. Kuhn, Motorola Semi-
conductor Products, Inc., 5005 E. McDowell Rd.,
Phoenix, Ariz. 85008. CIRCLE No. 313

INFORMATION RETRIEVAL NUMBER 46 »




C-LINE
POWER DARLINGTONS

more types to choose from
at less cost...

and we’re only beginning.

The Unitrode Darlington transistor line is expanding. It now
includes eight types. New are 5 Amp and 150 V Darlingtons in
two hermetically sealed metal packages — a lead-mounted
TO-33 and a chassis-mounted TO-66 — available in power
ratings up to 25 watts. They're ideal for high gain switching and
amplifying applications such as print hammer, solenoid, servo,
X and relay drivers and motor controls. The wider choice of
L R alternative types available, coupled with an across-the-board
N R price reduction, can help you realize savings of up to 50%.
N (For example, U2T301 is $1.25 ea. in lots of 100) They're all
available off-the-shelf at your local Unitrode distributor.

For fast action, call Sales Engineering collect at (617) 926-0404
Unitrode Corporation, Dept. 4 X, 580 Pleasant St., Watertown,
Mass. 02172

Application note U64 available on request.
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Circuit tells which pulse occurs

first in two trains

When two pulses occur almost simultaneously
on different lines, it may be necessary to deter-
mine which pulse occurred first. A circuit that
will do the job (Fig. 1) is essentially indepen-
dent of the width of the pulses. The circuit is
triggered by the leading (or positive) slope of
the pulses (Fig. 2).

The only constraint on input pulse width is
that it should not be less than 30 ns. Also, for

isv
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1. The first pulse appearing at the A or B input
changes the logic state of either the A-First or B-
First outputs. A second pulse will not change the
output states.

reliable performance, the leading edges of the
pulses should be more than 40 ns apart.

The circuit requires a single 7474 dual, D-type,
edge-triggered flip-flop. After the logic ZERO
clear pulse, the two D inputs will be at logic
ONE. When the first input pulse, which may be
either A or B, occurs, the logic ONE on the D in-
put is transferred to the output on the leading
edge of the input pulse. This changes either the
A-First or B-First output to a logic ONE.

The cross-coupled complementary output of the
flip-flop that has been triggered will cause the
D input of the other flip-flop to be a logic ZERO.
If, and when, an input pulse occurs at this second
flip-flop, its output will then remain unchanged.

F.N. Malaney, Western FElectric Corp., 6200
E. Broad St., Columbus, Ohio 43212

CIRCLE No. 314
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2. Input and output waveforms illustrate detection
of the leading edge of whichever pulse occurs first.

IFD Winner for December 9, 1971

Walter L. Rutchik, Associate Research Engi-
neer, Corporate Development Dept., Cutler-
Hammer, Inc., 4201 N. 27 St., Milwaukee,
Wis. His idea, “Build a digital clock without
BCD conversion in the design,” has been
voted the Most Valuable of Issue award.

Vote for the Best Idea in this issue.

SEND US YOUR IDEAS FOR DESIGN. You may win a
grand total of $1050 (cash)! Here’s how. Submit your
IFD describing a new or important circuit or design
technique, the clever use of a new component or test
equipment, packaging tips, cost-saving ideas to our
Ideas for Design editor. Ideas can only be considered
for publication if they are submitted exclusively to
ELECTRONIC DESIGN. You will receive $20 for each
published idea, $30 more if it is voted best of issue
by our readers. The best-of-issue winners become
eligible for the Idea of the Year award of $1000.

ELECTRONIC DESIGN cannot assume responsibility for circuits shown nor represent that they are free from patent infringe-

ment.
94
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Gomplete “Trimmer Satisfaction
One design...9 pin styles

Still the industrys best trimmer value
... Less than 5’09 each in production quantities

Settability of +.03% and
environmental performance

requirements of characteristic

C of Mil-R-22097

» 1.5% average ENR noise
resistance

e 0.5% average CRV

e 1/2 watt @ 70°C

You can choose from an
expanded line of compact
trimmers. .150”— .125”— 100"
in-line terminal spacing and TO-5
pin spacing all available in top
and side adjust. Plus .200” delta
(.100 grid) in top adjust. All
available from your CTS
Distributor. Still the best value in
the industry. CTS of Berne, Inc.,
Berne, Indiana 46711. Phone:
(219) 589-3111.

CTS corporaTion

( Elkhart, Indiana

’ ®
and variahla racicetnr terhnnlams

i § - Y
ARRY oF % (- '} >1d84’=



What's your need? TEC has it. . . electrically
designed to cover most supply voltages.
Neon or incandescent lamps; wide choice of
options including integral switch. Some so
compact they mount on 4" centers. For in-
formation about TEC’s complete line of indi-
cators and switches ¢ readouts e display
panels « data entry keyboards « CRT display
terminals, call (602) 297-1111 or write: TEC,
Incorporated, 9800 N. Oracle Road, Tucson,

Arizona 85704. T E t

INCORPORATED

INFORMATION RETRIEVAL NUMBER 48

8 digits, TCXO, 120 MHz, all for 348°°
..I'sinthe new FREE Heathkit catalog

The new Heathkit IB-1102 Frequency Counter has 120 MHz measurement
capability with eight-digit display, 1 Hz resolution without switching
time base. Sensitivity is 50 mV to 100 MHz and 125 mV above 100 MHz.
It will accept inputs up to 120 V rms from 1 Hz to 150 Hz, 50 V at 4 MHz,
and 3 V at 120 MHz. Overall accuracy is assured by a temperature-
compensated clock, and the high impedance, low capacitance input cir-
cuit presents minimum loading to the circuit under test. Features include
automatic triggering level for “hands-off” operation, cold-cathode dis-
play tubes, indicator lamps for range, overrange, and gating conditions.
The new IB-1102 Frequency Counter is just one of the money-saving
instruments you'll find in the free
'72 Catalog. Not to mention the
acclaimed line of Heathkit stereo
and 4-channel components, color
TV, fishing and marine gear —
plus 350 other kits for home,
shop and hobby. Send for your
FREE copy, NOW.

""""" ) |
U HEATH COMPANY, Dept. 60-4 i i
: Benton Harbor, Mlchlgan 49022 ]
| [ Please send FREE Heathkit Catalog. :
| Name :
: Address. |
: City. State. Zip. :
1 Prices & specifications subject to change without notice. :
1 *Mail order prices; F.0.B. factory. TE-261 1
Lo o o o o o e e e o s s o s e e e e e e S S e e S o o
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A Hero Is No Sandwich
When It Detects .001” Targets

Here are a few Skan-a-matic photoelectric devices. Like
the rest of the line, complete with matching electronics,
these units are all heart. Diverse application includes
machine indexing, beginning/end of tape, code reading,
counting cartons and spotting surface defects. Detect
high speed targets—like turbine blades whirling at 23,000
rom. Repeat object position to .000005”! Now add the
convenience of 3 day, off-the-shelf shipment on all cata-
loged items to Skan-a-matic'’s international reputation for
quality and precise performance. ASK FOR CATALOG.

sxANVA\)MAnc

CORP,

P.O.Box S, Elbrldge. N.Y. 13060 Phone (315) 689-3986

lNFORMATION RETRIEVAL NUMBER 50

COMBINATION TEMPLATE

Electrlcal / Electromc / luglc

Ras ﬁﬁwa

/!71‘1/ ES/G;L template, No. 318, pro-

. vides the symbols you need for both electronic
and electrical circuit diagrams. Based on line
spacing of 0.15 inch grid, it combines the most
used circuit designs and logic symbols. The 318
has milled edges like all RapiDesign templates
and is specifically designed for microfilming.
Symbology conforms to ANSI Y32.2.

Ask for RapiDesign templates at your drafting
supply store, or contact the factory direct.

RAPIDESIGN, INC., P.O. BOX 6039, BURBANK, CA. 91505
A SUBSIDIARY OF BEROL CORPORATION

BEROL
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(new products |

Dual-tracking voltage regulator
extends operating range to 90 V

Raytheon Co., Semiconductor Div.,
350 Ellis St., Mountain View, Calif.
(415) 968-9211.

A dual-tracking, voltage-regula-
ting IC—Raytheon’s RM/RC 4194
—accepts a wider range of input
voltages than any other dual-polari-
ty IC regulator. And it requires
only four external components for
most regulating applications.

The new regulator has an input
voltage range of 90 V and an out-
put load rating of 250 mA. Its
nearest competitor—Silicon Gener-
al’'s SG 3501, the only other dual-
output IC regulator—has corre-
sponding ratings of 60 V and 100
mA. In addition the maximum in-
ternal power dissipation for the
4194 is 3 W (TO-66 package),
against 1 W for the 3051 (DIP
package).

When compared with Fairchild’s
widely used wA723, a single-output
regulator, the Raytheon regulator
offers still more striking advan-
tages. One 4194, together with four
external components, does the job
of two 723s plus 12 external com-
ponents in holding line regulation
to 0.02% and load regulation to
0.05%. Also, the 723 has lower
ratings. Its input voltage range is

REFERENCE SECTION

REFERENCE
CURRENT GENERATOR
AND

40 V, load current is 150 mA and
maximum internal power dissipa-
tion is 900 mW.

The Raytheon, Silicon General
and Fairchild ICs are all general-
purpose regulators: Each can be
used for postive/negative, current/
voltage regulation, or as reference
units. The 723 is a single voltage
regulator, for positive or negative-
supply operation. The RM/RC 4194
and SG 3501 dual-voltage regula-
tors can regulate both positive and
negative supplies; each has positive
as well as negative amplifiers on
the same chip.

In addition to the wider operat-
ing range of the 4194, a key differ-
ence between these two dual-volt-
age regulators is the output
voltage. The 4194 has a variable
output that is set by an external
resistor. Its value is -calculated
from the -calibration factor 2.5
kQ/V. The user simply multiplies
the required voltage by 2.5 to get
the necessary resistance in kilohms,

The output voltage of the SG
3501 is fixed at +£15 V. However,
it is possible to connect an external
resistor to the chip to get output
voltages in the range +8 to +28 V.

The 4194 regulator consists of

POSITIVE
VOLTAGE
AMEUFIER _

b
I

I

|

|

|

|

: THERMAL SHUTDOWN
I

I

|

]

=

NEGATIVE VOLTAGE AMPLIFIER

Positive and negative output voltages track within 19, over the operating
temperature range with Raytheon’'s 4194, a dual-voltage regulator. The close
tracking is possible because the circuit is all on one chip.

ELECTRONIC DESIGN 8, April 13, 1972

three basic blocks: a reference sec-
tion, a positive amplifier and a
negative amplifier (see diagram).
The reference section provides a
temperature-compensated stable
voltage. It also performs the func-
tion of thermal shutdown. At about
175 C, a thermal-shutdown transis-
tor is turned on, resulting in com-
plete shutdown of the regulator.
The performance of the regulator
is not affected at temperatures that
are more than two degrees below
the shutdown temperature.

The reference circuit needs two
external resistors. Resistor Rgup
(71.5 kQ for all applications) en-
ables the user to match the tem-
perature coefficients of the two ex-
ternal resistors. The second re-
sistor, R,, fixes the output levels.

The positive regulating block
uses a noninverting differential-
error amplifier, Al, as the basic
control ; for negative regulation, an
inverting amp, A2, is used. Internal
short circuit current-limiting takes
effect when the load current for
either side reaches 300 mA.

Resistors Ry, and R, provide the
balance, or matching, of the posi-
tive and negative outputs. The
usual case is for the currents
through the two resistors to be
equal, to obtain balanced supply
lines. For unbalanced lines, the
balance terminal is connected to a
potentiometer that is applied across
the output terminals.

The rated regulations of the
4194 are as follows: Load regula-
tion is 0.05% for a 1 to 200 mA
change in load current; line regula-
tion is 0.02% for a +12 to +40-V
change in input voltage.

The 4194 is expected to be avail-
able in May. Unit prices, in very
high volumes, are expected to reach
$1.25 to $1.50.

For Raytheon RM/RC 4194

CIRCLE NO. 253
For Silicon General SG 3501

CIRCLE NO. 254
For Fairchild MAT23

CIRCLE NO. 255
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[ Awsmf
DELAY
RELAY |

For TRUE IIEIIHETIG SEALING

Delays: 2 to 180 seconds”
Actuated by a heater, they operate on A.C., D.C., or
Pulsating Current...Being hermetically sealed,
they are not affected by altitude, moisture, or cli-
mate changes...SPST only — normally open or
normally closed . .. Compensated for ambient tem-
perature changes from —55° to +80°C.... Heat-
ers consume approximately 2 W. and may be ope-
rated continuously. The units are rugged, explosion-
proof, long-lived, and inexpensive!

TYPES: Standard Radio Octal and 9-Pin Miniature.
List Price, $4.00
*Miniatures Delays: 2 to 120 seconds.

All Amperite Delay Relays are recognized under
component program of Underwriters’ Laboratories, Inc.
for all voltages up to and including 115V.

PROBLEM? Send for Bulletin No. TR-81.

AMPERITE

BALLAST REGULATORS

Hermetically sealed, they are not
affected by changes in altitude, am-
bient temperature (—50° to +70°C.),
or humidity .. . Rugged, light, com-
pact, most inexpensive.

List Price, $3.00 ‘
Write for 4-p. Bulletin No. AB-51. /gl

AMPERITE

8 600 PALISADE AVE., UNION CITY, N.J. 07087
Telephone: 201 UNion 4-9503
In Canada: Atlas Radio Corp., Ltd.,

50 Wingold Ave., Toronto 10
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4-quadrant multipliers
priced at low $95

Intech, Inc., 1220 Coleman Ave.,
Santa Clara, Calif. (408) 244-0500
Two fast four-quadrant multipli-
ers, Intech’s A-701 and A-702, are
priced at $95 per unit. That’s less
than the AD 426 and Burr-Brown
4029 multipliers. It’s more than the
Philbrick 4450, but this unit re-
quires an external amplifier for
division and has 1/4 the band-
width. The A-701/702 have an 80
V/us slew rate and a 7-MHz band-
width. The new devices can double
frequencies, divide, do square root
and other mathematical computa-
tions. The A-701 and A-702’s ac-
curacy is better than 0.59% at +10
V input when externally trimmed.
CIRCLE NO. 256

Monolithic waveform
generator on the scene

Exar Integrated Systems, 733 N.

Pastoria Ave., Sumnyvale, Calif.
(408) 732-7970. $12 (100 up).
The company’s integrated-circuit
waveform generator is believed to
be the first completely monolithic.
The XR-205 is integrated on a 78
mil square silicon chip. The unit
provides basic and modulated wave-
forms. The sine and squarewave
frequency range is 0.1 to 5.0 MHz;
for triangle and ramp forms, it’s
0.1 Hz to 500 kHz.
CIRCLE NO. 257

First ECL 256-bit RAM
has 25-ns access time

Fairchild Semiconductor Compo-
nents Group, 464 FEllis St., Moun-
tain View, Calif. (415) 962-3816.
The first ECL 256-bit RAM to
be announced is Fairchild’s 95410.
The memory—with a typical access
time of 25 ns and typical chip
select access time of 7 ns—is the
fastest 256-bit RAM on the market.
Production quantities are expected
in the second quarter of 1972. The
95410 is organized as 256 words by
one bit and is fully decoded on
chip. The memory is fabricated
using the company’s isoplanar proc-

ess for greater density.
CIRCLE NO. 258

TTL logic line
extended by 8 ICs

Motorola Semiconductor Products,
Inc., P.O. Box 20912, Phoenix, Ariz.
(602) 273-6900.

Two integrated circuits have
been added to Motorola’s TTL logic
line. The new ICs are the M(C7494/
5494 4-bit shift register, and the
M(C9602/8602 dual retriggerable,
resettable, monostable multivibra-
tor. Characteristics of the shift
register include these: toggle fre-
quency up to 10 MHz; serial or
parallel in, serial out and total pow-
er dissipation of 175 mW typ/
package. The MC9602/8602 multi-
vibrator produces an accurate out-
put pulse width determined by ex-
ternal RC timing components.

CIRCLE NO. 259

256 X 1 RAMs feature
very fast data times

Signetics Corp., 811 E. Arques
Ave., Sunnyvale, Calif. (4L08) 739-
7700. $39.50 ea. (25-piece quanti-
ties); March, 1972.

Two 256-bit blpolar RAMs desig-
nated the 82506 (tri-state outputs)
and 82807 (open collector outputs),
typically exhibit no data setup,
hold or recovery time. The 256 x 1
RAMs are extremely fast (35 ns,
typically). In addition, these de-
vices have protected pnp emitter-
follower inputs and require only
100 wA of zero level input cur-
rent, providing unusually low “fan-
m.”

CIRCLE NO. 260
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This is all

there is to this high
resolution dual-slope
A/D converter. It can

save you money.

ANALOG GND 48
ANALOG IN 47

ANALOG
EVICES

DC 171

+REF IN 38
REF IN 37
+REF OUT 36
REF QUT 35

+16 32
15 31

+5 29

POWER GND 28
CLOCK ADJ 27

(actual size)

We're the only ones to put a complete
high resolution dual-slope analog-digital
converter in a single module.

We did it to make ours a lot smaller and
easier to use and to save you some money.

There are no extras to buy. Even the

counter is included in our compact module.

And this goes for both models of this

converter. Our ADC 171 with a 4%2 digit
BCD output. And our ADC 141 with a 14-bit
binary word output.

We used the dual-slope integrating
process to maintain high resolution in the
presence of noise and to get really excellent
stability and temperature performance.

It also gives you .01 % accuracy, auto-
matic zero correction and guaranteed
monotonicity. And can be easily optimized
for normal mode rejection at 60 Hz or 50 Hz.

Because your readings are true at any
time, our ADC 171 is perfect for ratiometric
measurements, process control, biomedical
data transmission, and weighing system
applications.

We can send you both converters right
now. As well as our 1972 Product Guide
which shows you all the other things we
make to solve more of your problems better
than anyone else.

Analog Devices, Inc., Norwood, Mass.
02062. Tel. (617) 329-4700.

ANALOG
DEVICES



Centralab Rotary Switches...
in line with your design requirements

Write
Centralab

for

Bulletin

No. 1101S(R)3

Do you identify with this group?

The group is Centralab’s rotary switch
line—preferred by over half of today’s
design engineers. In unbiased product
preference studies conducted annually
by several leading electronics maga-
zines, design engineers identified
Centralab rotary switches as their first
choice by a 2 to 1 margin.

And for good reason, too! Because
most of you came to Centralab for
a special rotary switch capability.

And you got it.

Over 35 years of experience in solving
switching problems is the reason
Centralab can offer you a most
extensive and growing line of standard
switches. Now, for example, you can
select from four new series of miniature
and subminiature switches that feature
a dual-ball sidethrust mechanism

100

for top index performance and
exceptionally good torque and feel.
Adjustable stop models require no
disassembly or removal of stop tabs.
You can easily change stops by varying
the placement of one or two stop rings
in the front plate. For torque adjustment
you just change index springs on an
otherwise completed switch. You can
choose from a wide variety of section
materials too, including diallyl phthalate
for the highest insulation resistance.

When you come to Centralab you
widen your choice of rotary switches—
types, sizes, configurations, ratings and
other options. You get the right switch
at the right price. If you're not in that
group, find out how the other half lives.
Write Rotary Switch Sales Manager,
Centralab.

INFORMATION RETRIEVAL NUMBER 54

GET CENTRALAB

THE “IN’" LINE FOR

YOUR DESIGN

Hybrid Microcircuits
Pushbutton & Rotary Switches
Capacitors

Potentiometers

Technical Ceramics

Ceramic Packages
Semiconductor Devices

&

CENTRALAB
Electronics Division
GLOBE-UNION INC.

5757 NORTH GREEN BAY AVENUE
MILWAUKEE, WISCONSIN 53201

ELEcTRONIC DESIGN 8, April 13, 1972



Centralab
distributors
identify with
your switch

requirements

Centralab Distributors are your
number one source for the num-
ber one line of standard rotary
switches. You can select the
switch you need — off the shelf
— from all sizes and types, in
prototype or small production
quantities with immediate de-
livery. It's this kind of availabil-
ity that lets you obtain the right
switch for your design require-
ments every time. And, it's been
that way for over 35 years.

Centralab Distributors also
carry component switch parts in
kit form for convenient field re-
pair and economical prototype
switch assembly.

When you need a rotary
switch, look to your Centralab
Distributor first. For a complete
catalog of Centralab switches
and switch kits, see your distrib-
utor or write Centralab Distrib-
utor Products, Dept. RS-1.

DISTRIBUTOR PRODUCTS

| N

U
CENTRALAB

Electronics Division
GLOBE-UNION INC.

INFORMATION RETRIEVAL NUMBER 55
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Chopper op amp has
low noise, no spikes

. 28-V rf power transistor

covers 30-80 MHz range

Analog Devices, Inc., Route 1 In-
dustrial Park, P.O. Box 280, Nor-
wood, Mass. (617) 329-4700. $54
(1-9 units); stock.

A low noise, wideband, virtually
spikeless, chopper-stabilized op
amp, suitable for high source im-
pedance applications—above 100
kQ—is the Model 234. Operating
at frequencies to 2.5 MHz (—3
dB), the unit is specified with 0.7
1V, pk-pk input noise, and 2 pA
pk-pk current noise in a 0.01 to
1 Hz bandwidth. The Model 234
also features 4 us settling to 0.01%
for data acquisition applications.
The op amp is available as an in-
verting amplifier in three drift
selections: 1, 0.3 and 0.1 uV/°C
(J/K/L), and has long-term sta-
bility of =2 pV/month.

CIRCLE NO. 261

Charge-coupled shift
register has 0.01% loss

RCA Solid State Div., David Sar-
noff Research Center, Princeton,
N.J. (609) 452-2700.

A 1-MHz, charge-coupled, 128-
stage, two-phase shift register with
a transfer loss of approximately
0.01% per stage has been developed
by RCA. This device is a closely
spaced charge-coupled structure
using polysilicon gates overlapped
by aluminum gates operating as a
two-phase shift register. It is fab-
ricated by standard silicon tech-
nology presently being used for
fabrication of MOS ICs. The shift
register operates by transferring
packets of electrical charge along a
silicon surface between MOS ca-
pacitors, or gates, powered by a
two-phase clock voltage pulse train.

CIRCLE NO. 262

Communications Transistor Corp.,
301 Industrial Way, San Carlos,
Calif. (415) 591-8921. A3-28, $8.15;
A25-28, $24.10; A70-28, $65; 1-99.
Stock.

A complement of three communi-
cations transistors are designed for
operation in the low vhf range. Op-
erating from 28 V and covering the
frequency range of 30 to 80 MHz,
the devices are the 3-W A3-28, the
25-W A25-28, and the 70-W A70-28.
When used in a chain consisting of
one 3-W, one 25-W, and two 70-W
devices, a 140-W output is achieved
from an 0.2-W input. All devices
are guaranteed to withstand infinite
VSWR when operated at 80 MHz
and 28-V.

CIRCLE NO. 263

Improved version of
9244 multiplier

Fairchild Semiconductor Compo-
nents Group, 464 Ellis St., Moun-
tain View, Calif. (415) 962-3816.
$17.50 (100-999 quantities).

An improved version of the com-
pany’s 9344 2 x 4-bit TTL multi-
plier is designed for general power,
low cost applications. The 9334 is a
combinatorial multiplier using in-
ternal carry lookahead and has suf-
ficient carry inputs to combine all
equal weight outputs. This permits
the design of iterative multiplica-
tion arrays without using any
other components. Each device gen-
erates eight partial products and
sums the carrys from adjacent
cells. It is expandable to any size
array. For example, using eight
9344s, two 8-bit numbers can be
multiplied in only 150 ns. A 16 x
16-bit multiplication scheme would
require only 32 9344s.

CIRCLE NO. 264
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If you've got the
circuit, we've got
the socket.

We ought to.

After all, Augat conceived
and pioneered the socket
panel for dual-in-line IC’s.
So why wouldn’t we make
other sockets for printed
circuit boards as well?

We do. Low profile types,
ultra-low profile types,

MSI and LSI types, even LED
sockets. More important,
Augat design and quality
standards provide for longer
life, better retention and
greater reliability.

There’s more to Augat than
sockets. As the leader in
electronic interconnection,
we also offer a broad selec-
tion of accessories. For
quick information on price
and delivery, call us at
(617) 222-2202. Or write for
our catalog. Augat Inc.,

33 Perry Ave., Attleboro,
Mass. 02703. Our represen-
tation and distribution is
nationwide and international.

Plug into Augat®

INFORMATION RETRIEVAL NUMBER 56
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FET op amp boasts
bias current under 1 pA

K=

Analog Devices, Inc., Route 1 In-
dustrial Park, P.O. Box 280, Nor-
wood, Mass. (617) 329-4700. Stock.
Analog Devices’ IC JFET op
amp provides an order of magni-
tude lower bias current than any
other high performance IC op amp,
and an order of magnitude faster
slew rate than most sub-picoam-
pere discrete modules, according to
the company. The AD523 achieves
a maximum bias current of 0.25
pA in the L version under warmed-
up conditions and slews at the rate
of 3 V/us. Available in J, K, and
L. versions, the AD523 is short-
circuit protected and offset-voltage
nullable. It offers maximum input
voltage drift of 30 uV/°C, mini-
mum common mode rejection of 80
dB, and minimum gain of 25
V/mV. The AD523 J, K and L are
specified for operation over the 0

to +70 C temperature range.
CIRCLE NO. 265

SOS/MOS RAM has
60 ns access time

Inselek, University Park Plaza, 743
Alexander Rd., Princeton, N.J.
(609 ) 452-2222. 1-9-$65; 10-24-850;
25-99-$40.65; 100-999-$32; stock.
A 64-bit static silicon-on-sap-
phire MOS RAM is now available.
Designated the A01, it has a typi-
cal access time of 60 ns. It is or-
ganized as 16 words X 4 bits com-
plete with decode logic, chip select
and control circuitry. This device,
according to the company, is the
first RAM in the industry utilizing
MOS enhancement mode active de-
vices. The access time is equivalent
to bipolar memory limits, while the
functional density and low power
dissipation—1 mW /bit—is that of
MOS devices. The A01, a pin-for-
pin replacement of standard 64-bit
bipolar RAMs, has a temperature
rating of 0 to 75 C.
CIRCLE NO. 266

Receiver/transmitter
has 20 kilobaud rate

Standard Microsystems, 1101 San
Antonio Rd., Mountain View, Calif.
(415) 965-0575. $20.50 (100-999).
A  high-speed MOS universal
asynchronous receiver transmitter
(U-ART) subsystem has a 200 ns
strobe rate and 20 kilobaud rate—
both specs surpass competitive
units now on the market. The
standard UAR-T is believed to be
the only unit that will directly in-
terface with advanced minicom-
puters like the Super Nova. The
new device is externally program-

mable.
CIRCLE NO. 267

Active filter has
circuit Qs to 500

Kinetic Technology, Inc., 3393 De
La Cruz Blvd., Santa Clara, Calif.
(408) 296-9305. $9 ea. (5000 quan-
tities); stock.

The FS-50, a universal active
filter, covers the frequency range
from de to 5000 Hz. In addition to
simultaneous low-pass, high-pass,
and bandpass outputs, an addition-
al op-amp stage is included. This
can be used to provide another real
or complex pole, gain, buffering,
threshold detection, or a high im-
pedance notch filter configuration.
Independent tuning of gain, center
frequency, and Q is accomplished
with the addition of external re-
sistors. Stable Qs as high as 500
can be obtained. The operating
temperature range is 0 to 70.

CIRCLE NO. 268

7-stage divider
for electronic organs

European Electronic Products
Corp., 10180 W. Jefferson Blvd.,
Culver City, Calif. (213) 838-1912.
$3 (100 and up).

A seven-stage divider, the DM-
8410N, has been developed for use
as a frequency divider in electronic
organs. Seven flip-flops are con-
nected in 5 groups on one chip.
The input and the output of each
flip-flop is externally accessible. In-
put and supply voltages are 14 V,
with an output current of 5 maA.
Power dissipation at 70 C is 0.5 W.
The operating temperature range
is 0 to 70.C:

CIRCLE NO. 269
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Differential op amp is
low cost, general purpose

Dynamic Measurements Corp., 6
Lowell Ave., Winchester, Mass.
(617) 729-7870. $9.65; stock.

The low cost differential op amp,
designated Model 110A, can be pur-
chased for a unit cost of $6.95. The
device features a de¢ gain of 250,-
000, bandwidth of 1.5 MHz, full
power response of 100 kHz, slew
rate of 6 V/us and 1 uV rms of
noise. At a size of 1x1x1/2 inch-
es, the op amp can be used for
summing, active filtering, isolation,
voltage references and in closed-
loop circuits.

CIRCLE NO. 270

16-bit a/d converter
sells for $1350

DAC16QM
L /A conveRTER

ANALOG
DEVICES

ADC 180

[

GA

)

Analog Devices Inc., Route 1 In-
dustrial Park, P.O. Box 280, Nor-
wood, Mass. (617) 329-4700.

A 16-bit binary, analog-to-digital
converter features a relative accu-
racy of 0.0015% and a 400 us con-
version rate. Priced at $1350 (1-9
units) the unit is one-half the cost
of other devices of comparable pre-
cision, according to the company.
Designated the ADC-16Q, the unit
is a successive approximation type
converter and is comprised of two
modules on a 4-1/2 X 6 inches
printed circuit board.

CIRCLE NO. 271
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This

Sweet

MICROVOLT
MULTIMETER is
SENSITIVE to 1uV,

STABLE within 2 uV/day
and easy on the budget at

3560

160 DIGITAL MULTIMETER

MOM Users call it ‘‘the-how-sweet-it-is-meter”.
\ But it's really the Model 160 that. ..
¢ MEASURES WITH DIGITAL ACCURACY
Voltage — 1 pV to 1000V
Current — 0.1 nAto 2A
Resistance — 0.1 QQ to 2000 MQ
¢ 100% OVERRANGING
e ANALOG and OPTIONAL BCD OQUTPUT
» AC/DC PROBE ACCESSORY
* MANY MORE SWEET PERFORMANCE FEATURES

K K EITEHEI.EY
INSTRUMENTS

U.S. A.: 28775 Aurora Road, Cleveland, Ohia 44139
Europe: 14, Ave. Villardin, 1009 Pully, Suisse

SEND FOR FULL DETAILS AND YOUR FREE “HOW SWEET IT IS” BUTTON
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DATA PROCESSING

Kit patches peripherals
to popular PDP-8 mini

Heath/Schlumberger, Benton Har-
bor, Mich. (616) YU3-3961. $1250;
stock.

With the usual hard-wired inter-
face, it’s hard to make rapid con-
figuration changes of a minicom-
puter’s peripherals. But you may
find it necessary to use one mini-
computer in many different sys-
tems with different interfacing re-
quirements. To make the necessary
configuration changes quickly and
conveniently, Heath/Schlumberger
is offering the EU-801E ADD com-
puter interface kit. It was designed
specifically for the popular PDP-8
family of minicomputers. The ADD
kit makes input-output equipment
change a do-it-yourself affair.

There is nothing to construct.
The kit is a set of pre-wired cards
and modules that fit into a metal
cabinet. Simple data transfer cir-
cuits can be patched in a few min-
utes. Testing and modifying the re-
sulting set-up is convenient, be-
cause all connecting points neces-

104

sary for a functioning interface are
now accessible and outside the com-
puter. No soldering is necessary,
and neither are special patch cords.
The receptacles even accept ordi-
nary hook-up wire. The ADD sys-
tem groups signals for I/0 data
transfers into logical -combinations,
and the top of each plug-in card
systematically presents the signals
at clearly marked patch receptacles.

The ADD system buffers all the
PDP-8 family’s input and output
busses, preventing possible damage
to the computer or excess loading
of the I/O power supplies.

The foundation set of modules
and cards for the ADD system pro-
vides the user with the most com-
monly required interface functions
—such as input and output ac-
cumulators, a buffered memory bus
(for 12-bit digital signals), three
control lines and seven timing lines.
Also included are a d/a converter
interface, for analog outputs, and
complete interfacing for an oscillo-

scope or X-Y plotter (with syn-
chronizing signals for chart ad-
vance). Cards and modules are also
available for many other functions.

A workbook is supplied with the
system, to provide progressive in-
structions on a range of applica-
tions. '

The ADD system is largely com-
patible with the computer manu-
facturer’s standard DECUS soft-
ware. And Heath offers additional
software packages to supplement
those supplied by the computer
manufacturers. Typical Heath pro-
grams can do the following:

m Accept and store data from
keyboards, a/d converters, DV Ms,
data modems, etc.

m Qutput digital data to a
variety of devices and analog data
from d/a converters to plotters and
other analog displays.

® Process and compute data for
averaging, curve fitting, smoothing
and scaling.

The ADD system works with
peripherals that use either binary
or BCD data and is TTL-com-
patible. It interfaces directly with
most standard I/0 equipment, such
as teletypewriters, paper-tape read-
ers and punches and cassette decks.

Heath points out that the ADD
system is widely useful not only for
breadboarding but also for proto-
typing, for short-term applications
and as a teaching aid.

For $1250, you get a basic set
of three ADD modules, a cabinet
to house them in, the computer-
interface-buffer assembly, and nine
plug-in circuit cards, plus some
miscellaneous items and instruc-
tional materials. Not included in
the basic set are interconnect
cables that bring the PDP-8 1/0
bus out to the computer interface
buffer.

All individual components of the

ADD system are available separate-

ly, since expansion and flexibility
is the basis of the ADD concept.
CIRCLE NO. 272
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A NEW FIELD-OF-ONE
INLIGHTED PUSHBUTTON

SWITGHES.

Switchcraft’s ““PUSH-LITE"
switch offers reliable
leafspring switching in

a neat little package.

This whole new field of
compact (1”7 x 14”7 x134”)
pushbutton switches reduces
the size of your control panels,
consoles—and cost, too! Our
new field-of-one consists of

6 series—including non-
illuminated and illuminated
single and twin-lamp units

in two housing colors (black
or grey). Up to 4PDT switching
in momentary and push-lock/
push-release functions.
Ratings range from dry circuit
switching, up to 3 amps., A.C.,
non-inductive load.

MATRIX
MOUNT

LESS
| BARRIERS

A rugged molded housing
encloses the highly reliable
leafspring switching and
protects against dust, dirt
and mishandling.

Pick from flange or barrier
mounting—individually or in
matrix configurations. Series
PL “PUSH-LITE" switches
mount from front of panel with
clamp brackets, simply and
quickly. No mounting screws
show!

Design with up to two lamps
and either full or split display
screens—vertically or
horizontally. Full display
provides up to 3 lines of 6
characters each. Virtually
unlimited lighting versatility

COLOR
CHANGE

COLOR
FILTERS

PUSH—-

LITE
SWITCH

ACTUAL SIZE

provided by 7 different colors
of pushbuttons, insert filters
and silicone boots.

“PL" indicators that match
‘‘Push-Lite’” switches in ap-
pearance and size, utilize same
display screens, filters and
barriers give you design free-
dom in control panel layout.

For additional information,
contact a Switchcraft
Representative or write for
Catalogs S345a, S346.
SWITCHCRAFT, INC.
5583 N. Elston Avenue
Chicago, lllinois 60630

EN X LACU AR

ANY
LEGEND

WITH
BARRIERS




Who Put

a 14 Pin

DIP Clock
Oscillator

in 0.16

Cubic Inches?

Bulova did...
in a package
Bllx 5”x 4"

It's the X0-300 Series with frequency
ranges from 1 MHz to 4 MHz and 4 MHz
to 25 MHz, an accuracy of =15 PPM, the
series has been specially designed to
meet the requirements of medium and
high speed digital applications. Outputs
are directly compatible with DTL and TTL
digital integrated circuits.

From Specs to Size, the Series X0-300
can be your clock oscillator answer for
data handling, computing and control
systems. Write for the complete data
story to

Buova BULOVA

Watch Company, Inc.
pr Electronics Division

61-20 Woodside Avenue
Woodside, N. Y. 11377
(212) DE 5-8000
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DATA PROCESSING

Fast printer/plotter
makes neat mate to mini

Varian Data Machines (Graphics
and Data Systems Div.), 611 Han-
sen Way, Palo Alto, Calif. (415)

493-4000. Price: June
1972 (60 days)

Though not as fast as the quick-
est, Varian’s new electrostatic
printer/plotter, the Statos 30, can
record 1000 lines per minute of
alphanumeric characters. All 96 of
the ASCII set, both upper and
lower case, plus 24 other specials
are available.

It is more than twice as fast
and has about twice as many char-
acters as Versatec’s 1100A, in the
same price range ($8800), with
better definition too—7 x 11
vs 7x 9 dot-matrix characters for
Versatec.

Gould’s 4800-11 is much faster,
at 2500 lines per minute. But the
price is much steeper, at $12,400,
and Gould’s definition, 5 X 7 char-
acters is poorer.

Varian uses three key features
that provide some important advan-
tages.

Unlike the Gould or Versatec ma-
chines, Varian’s machine uses data
bus architecture which is more
compatible with computer organi-
zation and thus permits easier
interfacing with fewer intercon-
necting wires.

Autostep, a second feature, al-
lows the Statos 30 to accept data
over the direct memory access
(DMA) channel of a computer. The

see text;

internally hardware-programmed
structure of the Autostep system
demands much less detailed instruc-
tions from the computer. This re-
sults in a substantial saving in pro-
gramming and core-capacity re-
quirement.

The reduction in core-capacity
demands makes the Statos 30 par-
ticularly suited to mating with
minicomputers, whose core capaci-
ty is generally limited. A complete
array of interfaces is available for
major minicomputers. They are
supplied with a comprehensive set
of software and test/diagnostic
routines.

In many printers, the print is
too dark when the paper moves
slowly, or too light when the paper
speed is high. Varian’s dual-stage
toning, a third feature, eliminates
the need for continuous adjustment
to produce good and consistent re-
cording density over a wide dy-
namic range of speeds. At the same
time, costly mechanisms required
in other systems have been re-
placed with a simpler and in-
herently less troublesome method.

The Statos 30 operates on a
high speed raster-scanning princi-
ple. This enables characters or dia-
grammatic material to be reproduc-
ed with equal ease. Printouts of
132 or 140 columns of hardware-
generated alphanumeric data on a
paper width of 15 inches, or line
drawings (including graph plots),
or (as an option), combinations of
both can be produced. In simul-
taneous character and plot data
printing, characters can be placed
at any location on the plot, not just
in fixed printing locations.

Diagrams of any complexity can
be produced on an area of 14 x 11
inches in less than five seconds.
The continuous or controlled mo-
tion of the roll paper or fan-fold
(standard in Varian’s machine, op-
tional at extra cost in Versatec’s,
and unavailable in Gould’s), per-
mits large amounts of data to be
recorded unattended.

For Varian CIRCLE NO. 250
For Versatec CIRCLE NO. 251
For Gould CIRCLE NO. 252
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Tape perforator/reader
has fan-fold tape feed

Data Specialties, Inc., 1548 Old
Skokie Rd., Highland Park, Il.
(312) 831-3750. Under $850 (OEM
quantities).

The Model PR-2060 is a combi-
nation paper-tape punch and read-
er with fan-fold paper handling. It
is panel mounted inside a heavy-
duty enclosure. The unit is port-
able and compact due to use of
common mounting, power supplies,
electronics, and enclosures.

CIRCLE NO. 273

Cassette replaces
paper tape for PDP-8

KYBE Corp., 132 Calvary St., Wal-
tham, Mass. (617) 899-0012. $3495;
30-60 days.

Designed for direct paper tape
replacement, the Kydek -cassette
system is now available for users
of DEC’s PDP-8/e minicomputer.
Two transport cassette systems are
provided. The Kysette specifications
comply with the proposed ANSI/
ECMA standard for information
interchange. No new software is
required and it has plug-to-plug
compatibility.

CIRCLE NO. 274
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Concerned about power?

Now RCA offers three series of digital readout devices that
feature high brightness and excellent contrast at all light levels.

Take your choice! RCA can now
make available to you the new
DR2200 Series of NUMITRON Dig-
ital Display Devices that need only
2.5 V at 14 mA per segment — with
power consumption of only 35 mW
per segment, the lowest average
power requirement of any digital
readout device of comparable size
and brightness.

RCA’s expanding NUMITRON
line today consists of a complete se-
lection of low-voltage/low- and
moderate-power displays. Character
heights are 0.4" for the DR2100
and DR2200 series; 0.6" for the
DR2000 series. All three series of
rugged, long-lived NUMITRON de-
vices are compatible with IC decod-
er/drivers.

Bright, sharp, dependable — for
use with all color filters — RCA’s
digital displays feature performance
advantages important to many lead-
ing designers of such units as count-

ers, marine instruments, medical
equipment, tachometers, police
“c NUMITRON

Display Devices

mounted on plastic tubing.

Operating NUMITRON devices

VASCAR instruments, stock quota-
tion readouts, store scales, cash reg-
isters, and industrial controls . . . to
name just a few.

Talk to your local RCA Repre-
sentative or your RCA Industrial
Tube Distributor. Be sure to ask for
the latest information on the new
DR2200 Series for portable and
battery-operated equipment. You
will learn, for example, that the
DR2200 can withstand shock of
200g and vibration of 20g peak
over a 5 to 500-Hz frequency
range. And their solderable base
pins permit direct PC board mount-
ing. These devices also fit into pop-
ular TO-5, 10-pin sockets.

For technical data on all three
series of NUMITRON devices,
write: RCA, Commercial Engineer-
ing, Section 57D-13/CN7, Harrison,
N.J. 07029. International: RCA,
2-4 rue du Liévre, 1227 Geneva,
Switzerland, or Sunbury-on-

Thames, U.K. or P.O. Box 112,
Hong Kong.

"‘l:‘,"_x
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DATA PROCESSING

Line printer uses
9% 7 matrix at 165 cps

Centronics Data Computer Corp.,
One Wall St., Hudson, N.H. (603)
883-0111. $4130.

The 101A line printer is a low-
cost impact printer that uses a
9 x 7 dot-matrix character at speeds
of 165 characters per second. It
“produces very high quality print-
ing impressions,” according to the
company. Important standard fea-
tures of the printer are: paper run-
away control, single-line spacing,
full 64-character set, hardware
code selector.

CIRCLE NO. 275

Two moving parts drive
digital cassette tape

P

Computer Access Systems, 2645 E.
Buckeye Rd., Phoenix, Ariz. (602)
267-1444. $300 (500).

Fully bi-directional, this cassette
tape transport, model 260, has only
two moving parts which are two
small de¢ motor-tachs. Features in-
clude: tape speeds between 5 and
40 ips; 60-ms max start and stop
time; DTL or TTL compatibility;
single track, phase encoded with
densities up to 800 bits/in.

CIRCLE NO. 276
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Data terminal includes
calculator functions

A~

[ GA—-’_ = /
Viatron Computer Systems Corp.,
Route 62, Bedford, Mass. (617)
275-6100. $4960.

The Model 2113 terminal is de-
signed for data-entry applications
requiring addition or subtraction
ability in a manual or a batch
mode. Model 2113 updates earlier
2111 to incorporate a wired 1024-
word ROM microprocessor and
modified keyboard for the calculat-
ing functions. The system can ac-
cumulate totals up to 40 fields with
up to 79 digits in any one total.
CIRCLE NO. 277

Signal conditioner uses
phase-locked loop

ELPAC Data Systems, 18651 Von
Karman, Irvine, Calif. (714) 833-
1717. $5400; 60 days.

Model DS2071 programmable
PCM bit synchronizer/signal con-
ditioner with guaranteed bit-error
probability performance within 0.5
dB of the theoretical curve is based
on a modified “Costas-loop” phase-
lock technique. It recovers all stand-
ard IRIG 106-69 formats, accepts
any input signal between 0.5 and
60 V pk-pk, and can be tuned to
any rate from 1 bit to 2 Mb/s.

CIRCLE NO. 278

Multiplexer saves
on phone line costs

/

American Data Systems, 8851
Mason Ave., Canoga Park, Calif.
(213) 882-0020.

A 128-channel time division
multiplexer allows data transmis-
sion users to realize dramatic sav-
ings on telephone line costs. Called
the ADS 670, the unit multiplexes
up to 128 low-speed data channels
over as many as six single voice-
grade telephone lines. It is said to
intermix seven different baud rates
(46 to 1200 Baud), and accept code
levels of five through eight bits.

CIRCLE NO. 279

Portable data unit has
off-line Mag-Tape Mode

Data Access Systems, Inc., 100
Route 46, Mountain Lakes, N.J.
(201) 335-3322. $5045; 10 days.
Model 4125 operates at speeds
up to 30 characters a second, over
any standard telephone line, and
uses an off-line mode to prepare
and edit magnetic-tape cassettes
which store up to 70,000 characters
each. Featuring non-impact print-
ing, it uses USACII code, operates
in half or full duplex, with built-in
acoustic coupler.
CIRCLE NO. 280
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NEW...

A complete family

of low-cost,

high performance
packaged AC-DC
requlated power supplies

“THE PRACTICALS "

' Today's OEM Engineer must assume many respon-
sibilities beyond the pure design of systems.

_ He must realistically specify the components
and sub-systems; buy the required performance
specifications at competitive prices; package the
system in its most compact form. In short, he must
achieve the greatest cost-efficiency and reliability
per dollar invested.

Just compare the basic specifications and prices
of “The Practicals”” with other open construction
power supplies. Then consider that we give “The
Practicals” the identical 5-Year Warranty as our

_premium mil-spec units.
~ Standard output voltages and power availabil-
ities satisfy the most popular circuits. Custom
specification can easily be adapted to order.

“The Practicals” are an OEM Engineer's most
realistic answer to any power supply need. Call,
wire or write today for immediate delivery.

U.L. APPROVED. BACKED BY TECHNIPOWER
5-YEAR WARRANTY

TECHNIPOWER “PRACTICALS”
STANDARD SPECIFICATIONS
Single, Dual, Triple, and Quadruple Output Models

Input voltage range: 105-125 volts

Input frequency range: 47-420 Hz.

Regulation-Line and Load Combined: +.5%

Ripple (RMS): (with either positive or negative terminal grounded): 10mv.

Temperature Coefficient: (TYP.) 0.05% /°C or 5 mv/°C whichever is greater.

Polarity: May be used positive or negative.

Output voltage and current: See model listing.

Short circuit protection: Automatic circuit protects the power supply if the
output is shorted continuously. Automatic return upon removal of short circuit.

Remote sensing: Provisions are made for remote sensing to eliminate effects of
lead resistance on dc regulétion.

Ambient Operating Temperature: 0°C to +55°C for current ratings
specified in model listings.

Storage temperature: —20°C to +-85°C.

Recovery time: (TYP.) Less than 50 usec, %2 L to FL.

Fixed output voltage: Can be pre-set at the factory with a setting accuracy of
*2% of nominal output for any or all of the outputs at slight additional cost.

OEM guantity and less than 10 unit prices quoted upon request.
Custom specifications easily adapted to order.

Single Output Series designed for logic, op-amp,
signal and other commercial applications

[ Adjustable | output
{ utput Current Standard
Voltage Amperes Model No. 7 5
5.0+5% 5.0 LP5.0-5.0 339
6.0:t5% | 45 LP6.0-4.5
12.0+5% 2.5 LP12.0-2.5 | 10 or more
15.0£5% 20 | LP15.0-2.0 | SOMbined units
[ 24.0+5% 1.5 | LP24.0-15
‘l;leig%'t‘h g!{é';, [ 28.0+5% 1.2 | LP28.0-1.2
Height 238" Overvoltage protection available on all models, add $5.00.

A asunus] SUBSIDIARY

Benrus center Ridgeﬂeld Ct. 06877

Dual Output Tracking Series designed for op-amp and
other commercial applications

" Adjustable | Output | S 75
utput | Current |  Standard

| Voltage | Amperes | Model No. | 10
| *120+5% | 12 | LPDT-12.0-1.2 constl;i?:dreunits
_*15.0£5% | 1.0 | LPDT-15.0-1.0 |

Overvoitage Protection available on all models, add $10.00.
Independent output adjustment (non-tracking) provided at slight
additional cost.

Length 842" Modification of standard output voltages can be provided over
Width 31" the range of %5 to ==28 volts at slight additional cost. Voltages
ﬁing models.

Height 258" below =7 volts not available in Trac

Triple Output Series combines single and
dual output functions

Adjustable | Output |
utput | Current | Standard
____Voltage | Amperes Model No.
|  +5.0%5% | 5.0 | 81 2475
+12.0%5% | e LPM-1
—12.0+5% 1.2 10 or more
~ +s50+5% | 50 | | combined units
Length 8!/,4,” +15.0+5% 1.0 LPM-2
Width 712 | _15 0+5% | 1 0

Height 338" . | e s aEe e e

Overvoltage Protection is standard on 5 Volt Output at no additional cost.
Available on the =12 or =15 volt output, add $10.
Modification of standard output voltages can be provxded at slight additional cost.

Quadruple Output Series combines triple output
functions plus output for indicator or drive voltage

[ Adjustable | oOutput |

utput | Current | Standard |
__Voltage | Amperes | Model No. J
+5.0+5% 10.0 | | M
+15.0+5% 2.0 | FRO
LPQ-1
—15.05% 2.0
+28. o+5°/: 1.0 S 75
~ +50%5% | 75 Sl
g 4.0 a2 | 10 or more
—15.0+5% 4.0 | combined units
+28.0-5% 1.0
[ +5.0+5% 5.0 | =
" ]
Iwell(‘;%'t‘h gl‘/z" +15.0+5% 6.0 LPQ-3 1
Height 57 | =—15.05% 6.0 |
| +28.05% 1.0

- i

Overvoltage Protection is standard on 5 Volt Output at no additional cost.
Overvoltage Protection is available on the =12 or =15 volt output, add $10.00.
Modification of standard output voltages can be provided at slight additional cost.
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Best

in1% Tolerance
1-Watt Zeners

SCHAUER

Immediate Shipment

No fragile
nail heads

All welded and
brazed assembly

Gold plated
leads

Low
Prices

ANY voltage from 2.0

to 18.0
Quantity Price each
1-99 $1.07
100-499 .97
500-999 .91
1000-4999 .86
5000 up .82

Write for complete rating data and
other tolerance prices.

Buy TheKit!

MER

oA h\‘“ W -

WAVE St 0
oty .

$54.57
L value

L '3 for

' only
wo. 5K 5 ogr.

e ’(‘:‘ully

“s2450

Kit contains a 51-piece assortment
of SCHAUER 1% 1-watt zeners
covering the voltage range of 2.7
to 16.0. Three diodes of each volt-
age in reusable poly bags. Stored
in a handy file box. Contact your
distributor or order direct.
Semiconductor Division

SCHAUER

Manufacturing Corp.
4511 Alpine Ave. Cincinnati, Ohio 45242
Telephone: 513/791-3030
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MODULES & SUBASSEMBLIES

8-bit d/a converter
settles quickly

> 4
Datel Systems, 1020 Turnpike St.,
Canton, Mass. (617) 828-6395. $19;
stock.

The 198B is a complete 8-bit
digital-to-analog converter in a
compact module, 2 x 2 x 0.4 in.
It includes input buffer logic, elec-
tronic switches, a ladder network
and a voltage-reference source. The
low-cost unit settles to within 0.29%
in 300 ns. Full-scale output is +2.5
mA with a voltage compliance of
+1.2 V. Other key specs include:
over-all accuracy of +0.2%, tempco
of £15 ppm/°C, long-term stabili-
ty of £0.05% (6 month), and out-
put linearity of =5 yA. Input cod-
ing is straight binary of unipolar
output or two’s complement for bi-
polar output, and inputs are com-
patible with TTL/DTL logic.

CIRCLE NO. 300

Digital front end
programs power supply

=S

Kepco, Inc., 131-38 Sanford Awve.,
Flushing, N.Y. (212) 461-7000.
2-digit-$305; 12 bit-$472.

The SN series are line-powered,
optically isolated, digital-to-analog
devices which permit control of
Kepco power supplies. Five models
include 2 and 3-digit BCD and 8-,
10- and 12-bit binary units which
store parallel-format data in a
latch-memory. With Kepco’s uni-
polar, de¢ supplies from 0-6 V to
0-1000 V, up to 1000 W, or bipolar
models to +72 V at =5 A, engi-
neers can configure a high speed
power control system.

CIRCLE NO. 301

DPM to teleprinter
with preset format

Digital Laboratories, 377 Putnam
Ave., Cambridge, Mass. (617) 876-
6220. Under $200 in quantity;
stock to 30 days.

The DPT-415 module converts
DPM BCD outputs to teleprinter/
punch inputs. The low cost and
size result from a factory wired,
fixed format controller. The DPT-
415 automatically generates spac-
es, carriage returns, and line
feeds and prints five readings per
line. It also prints plus or minus
symbols under control of the DPM
polarity signal. An additional char-
acter—representing range, mode,
etc., controlled by the user—is
printed with each reading.

CIRCLE NO. 302

High resolution a/d
converter in module

Analog Devices, Inc., Route 1 In-
dustrial Park, P.O. Box 280, Nor-
wood, Mass. (617) 329-4700. $259
(1-9 units); stock.

A high-resolution dual-slope,
integrating analog-to-digital con-
verter is the first in modular form,
according to Analog Devices. Avail-
able in either 17-bit BCD output
(ADC-171) or 14-bit binary output
(ADC-141), the new unit features
0.019 accuracy, 40 ms total con-
version time, automatic error cor-
rection and high temperature sta-
bility and noise rejection. It can
measure at the rate of 25 samples
per second.

CIRCLE NO. 303
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PACKAGING & MATERIALS

Floating resin resists
hydrostatic pressures

Castall, Inc., Weymouth Industrial
Park, E. Weymouth, Mass. (617)
337-6075. $15/ gallon.

Castall 463, a new electrical em-
bedding compound that weighs half
as much as conventional filled
resins, is an epoxy resin filled with
microscopic glass spheres. Because
of the good compressive strength
and closed cell structure of these
filter particles, the compound has
excellent resistance to hydrostatic
pressures up to about 10,000 psi.
The dielectric constant of the com-
pound is exceptionally low at 2.9
at 25 C, 100 kHz. Cured, the em-
bedding compound has a density
of slightly more than 45 lbs/ft®.
It can be used for potting elec-
tronic components for airborne and
oceanographic applications.

CIRCLE NO. 304

DIP mounting socket
claims lowest profile

Barnes Div., Bunker Ramo Corp.,
24 N. Lansdowne Ave. Lans-
downe, Pa. (215) 622-1525.

The industry’s lowest profile 18-
lead production mounting socket
for random access and dual-in-line
packages, designated as series 821-
20, offers wire-wrappable termina-
tions or solder tab terminations of
beryllium copper or phosphor bronze
for dip or wave soldering. The
series 821-20 has a body profile of
0.160-in. above board including a
standoff height of 0.020-in. The
sockets can be mounted on a grid
of 0.100-in. centers between devices
in both X and Y axes, thus simpli-
fying programming and operation
of automatic wire wrapping ma-
chines.

CIRCLE NO. 305

ELEcTRONIC DESIGN 8, April 13, 1972

ink woven

for flexibility
It rolls, bends and folds for turns, tight
spots and small spaces, without lead
damage or signal distortion. Woven
goes from “Point A” to “Point B” like no
other cable can!

WOUEN ELECTRONICS

A DIVISION OF SOUTHERN WEAVING COMPANY

P.O. Box 189, Mauldin, S.C. 29662, (803) 288-4411
INFORMATION RETRIEVAL NUMBER 63

ENGINEERS
WHO KNOW
TANTALUMS

SPEC DICKSON

Because Dickson is a specialist in solid tantalum
capacitors! This specialization means more quality in
every unit produced from MIL-C-39003 types to
low-cost commercial units. With over 4.000 standard
catalog items, you can always depend upon Dickson
to supply the right tantalum unit at the right price.

Try us! Write, today, for our 6-page Tantalum
Capacitor Short Form Catalog.

“Where Quality Makes The Difference”

DICKSON

ELECTRONICS CORPORATION

PHONE (602) 947-2231 TWX 910-950-1292 TELEX 667-406
P.O. BOX 1390 e SCOTTSDALE, ARIZONA 85252

“The
Specialists”
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25X
31/2”X
4500

AC—DC REGULATED
POWER SUPPLIES

Powerful little packages with
small prices.

The MR Series of Tecnetics

AC—-DC Regulated Power

Supplies starts as small as

3%" x 22" x 1" with prices

as low as $45.

MR Series features:

. triple output. Logic voltage of 5 volts
in addition to * 15 volts

. single and dual outputs continuously
and individually adjustable

. repairable

. ambient operating temperature
continuous duty from 0° C to 50° C

. black anodized aluminum case

. easily mounted to heat sink for
greater heat dissipation

. three packages—3, 5, 8 watts

. short circuit protected

Now available, the new Tecnetics
catalog featuring the full line of
AC—-DC, DC—DC Power Supplies,
Regulators and accessories.

(See EEM Cat., pp. 180-185, vol. 2)

tecneticsinc.

P.0.Box 910, Boulder Industrial
Park , Boulder, Colorado 80302
(303) 442-3837 TWX 910-940-3246
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COMPONENTS

Reed relays replace
entire IBM line

wllp o
P
AT

RATED | CONTACT

3 LOAD | MATERIAL

ent v o1 AT,

Computer Components Inc., 88-06
Van Wyck Expwy., Jamaica, N.Y.
(212) 291-3500. $2.50 (1-24) and
up.

Reed relays directly interchange-
able with the entire IBM Reed Re-
lay line have a low profile, (0.350
high) and the features of plug-
gability and removable reed switch-
es. Spst (Form “A”) dry reed
switches up to 6 poles, spdt (Form
“C”) dry reed capsules up to 3 poles,
spst (Form “A”) mercury capsules
up to 6 poles and spdt (Form “C”)
mercury capsules up to 3 poles are
available.

CIRCLE NO. 306

Slide-n-switch decade
used for programming

Sealectro Corp., Programming De-
vices Div., 225 Hoyt St., Mamaro-
neck, N.Y. (914) 698-5600.

An 1l-position decade switch
provides direct access program-
ming. Operated by a simple pull-
slide-push of its lever, the 2-5/8-
in. high by 11/32-in. wide module
switches from any circuit to any
other without contact with those
in-between. Contacts will carry 2
amps static, 250 mA during switch-
ing and are rated for 250,000 oper-
ations minimum each.

CIRCLE NO. 307

LED PB switch has long
life, hi-brightness

Marco-Oak Industries, 207 S. Hel-
ena, Anaheim, Calif. (714) 535-
6037. $2.25 (1000 quantities);
stock.

Millions of noise-free operations,
improved light dispersion and sub-
stantially greater brightness, with
a wide angle of visibility are pro-
vided by the momentary, LED il-
luminated pushbutton switch, desig-
nated the Series 590/D. It is
designed for IC signal level switch-
ing in computer and control applica-
tions, where long life, maintain-
ability and visibility are primary.
Bifurcated, wiping, double-break
contact switching is rated from
dry circuit to 1/2 amp. (resistive),
ab 30V de.

CIRCLE NO. 308

Read-after-write heads
feature 3200 FRPI

American Magnetics Corp., 2424
Carson St., Torrance, Calif. (213)
775-8651. Stock.

Two precision read-after-write
digital cassette heads, the AMCH-
12RAW (single channel) and the
AMCH-22RAW (dual channel)
feature all metal face, and meei
standards of ANSI and ECMA for
digital data recording. Recording
density up to 3200 FRPI, with a
performance resolution greater
than 859% are provided. Crossfeed
(write-to-read) is 5% maximum.
No adjustment before mounting is
required.

CIRCLE NO. 309

Capacitor features
high voltage stability

Sprague Electric Co., 347 Marshall

St., North Adams, Mass. (413)
664-4411.
A line of small, light-weight,

metallized polyester-film capacitors
have been developed for electro-
static copier and television power
supplies (4000 volts and up). They
are axial-lead polyester-film capac-

itors with no leakage problem,
have capacitance stability with
time, temperature, and voltage,

and there are virtually no cata-
strophic failures.
CIRCLE NO. 310
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now...you 4
can test 4
digital
IC’s...

economically...
to manufacturer’s specs

New Kurz-Kasch Model 1C-590 is the first economically priced digital IC
analyzer for accurate testing in the lab, shop, inspection, production, field
or any other location.

The Model 1C-590 is a completely portable, battery powered digital 1C
tester for use in conjunction with published IC specification sheets for
static and dynamic testing of all 14 and 16 pin dual in-line IC modules of
the DTL and TTL, 5 and 15 volt families. Flat pack and TO-5 modules may
also be tested by using appropriate adapters. Price $169.95.

A unique sister Model 1C-591 is also available. It comes complete, as
1C-590 above, internal power supply for highly regulated 5 volt, 1 amp
operation and adapter cable for firing-up complete card units containing as
many as 15 or more mounted IC’s. Price $295.00.

For complete technical data,
write or call now: Tom Barth, ELECTRONICS DIVISION
Marketing Manager

1421 S. Broadway,
(513) 223-8161 Dayton, Ohio 45401

INFORMATION RETRIEVAL NUMBER 66

Type RS assemblies:

Widest choice available from any source

Almost any relay or timer can be mounted in these com-
pact assemblies that feature printed circuit boards of
glass epoxy G-10. Barrier-type screw, or clamp-type ter-
minal blocks are highly break-resistant. Terminals are
permanently numbered for quick identification. Highest
quality sockets provide great conductivity, relay reten-
tion, and protection. Up to 24 sockets snap in/out of 48"
pre-punchedvinyltrackusingonly 2 or 3 mounting screws.

Contact factory for your nearest local Curtis representa-
tive, distributor, or for additional information.

CURTIS DEVELOPMENT & MFG. CO., INC.

Kurz-Kasch,Inc.

Geva) e 3236 N. 33rd St. * Milwaukee, Wis. 53216
INFORMATION RETRIEVAL NUMBER 67
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BouRNS \VARIABLE
NEWRESISTOR

JAGCHEPOT

CERMET OR COMPOSITION

MODEL MODEL MODEL

3359 3353 3351

3 WINNERS FROM THE
“QUALITY"” PEOPLE

WIN 7 WAYS!

SPECIFICATIONS:

MODEL 3359 MODEL 3353 MODEL 3351
RESISTANCE
RANGE 1000-2 megohms

500¢-5 megohms 500 Q-1 megohm

RESISTANCE
MATERIAL

POWER

OP. TEMP.
HUMIDITY
LOAD-LIFE

RESISTANCE

CHANGE

AFTER

CLEANING 1% 1%

PRICES* .50 .20
*1000-1999 quantity prices, U.S. dollars, F.0.B., U.S.A.

KEEP OUR COMPETITION ON THEIR TOES . . . ENTER
YOUR ORDER NOW AT A LOCAL BOURNS SALES OF-
FICE, REPRESENTATIVE, OR THE FACTORY-DIRECT. .

CERMET

1/, watt at 70°C
—65 to +-125°C
+19% T.R. Change
1000 hrs at 70°C

COMPOSITION

/3 watt at 60°C

0 to +100°C
+12.5% T.R. Change
500 hrs at 60°C

COMPOSITION

/3 watt at 60°C

0 to +70°C

+7.5% T.R. Change
100 hrs at 60°C

TRIMPOT PRODUCTS DIVISION ¢« 1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507
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INSTRUMENTATION

Frequency synthesizers
give 0.1-Hz resolution |

' Differential plug-in
costs only $150

Here's the rechargeable battery for
your tough, high-temperature design

applications. General Electric's new
Goldtop nickel-cadmium batteries have a
maximum sustained temperature
capability of 65°C— permitting their use
in spots previously too hot for nickel-
cadmium batteries. And, at 65°C cell
temperature, Goldtop batteries have a
longer life expectancy than conventional
units at 50°C cell temperature. Goldtop
batteries are also available in a quick-
charge version that can be recharged in
3Y%2 to 4 hours using a standard charger.
These cylindrical cell batteries are
available in a wide variety of sizes and
ratings.

For more information, write Section
452-02, General Electric Co.,
Schenectady, New York 12345, or
circle reader service card.

452-02

GENERAL @D ELECTRIC

INFORMATION RETRIEVAL NUMBER 69
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Hewlett-Packard Co., 1601 Califor-
nia Ave., Palo Alto, Calif. (415)

493-1501. 8330A, $5100;
$6000; 60 days.

Two new programmable frequen-
cy synthesizers feature a stability
of £1 x 10-8 per day, —50-dB sig-
nal-to-phase noise and a constant
resolution of 0.1 Hz up to 13 MHz.
The Models 3330A and 3330B have
ROMs to control all operations. The
ROM remembers the sweep param-
eters, as programmed from the
keyboard. Four-digit amplitude con-
trol, with a resolution of 0.01 dB
over a 100-dB range, is standard
on the Model 3330B.

The Model 3330A has a manual
control for amplitude, and output
is leveled to 0.5 dB. Its amplitude
range is from zero to approximate-
ly +13 dB. Both instruments are
fully programmable, except for the
amplitude of the Model 3330A.
Solid-state displays show frequency
and amplitude on the Model 33308,
and frequency only on the Model
3330A. Nine digits of frequency
are displayed on both instruments,
and four digits of amplitude on the
Model 3330B.

33308,

CIRCLE NO. 320

Pulse generator is
fully programmable

E-H Research Labs., P.0. Box
1289, Oakland, Calif. (415) 843-
3030. $3500; April, 1972.

The Model 1501 offers pulse repe-
tition frequencies from 0.5 Hz to
50 MHz, with 10-V output into
50 Q. All parameters are pro-
grammable, including risetime/fall-
time from 3 ns to 1 ms, delay and
width from 10 ns to 10 ms, base-
line offset from —5 V to +5 V,
and internal/external clock, single/
double pulse, and positive/negative
pulse polarity. Programming is ac-
complished by external contact
closure or DTL/TTL compatible
logic levels.

CIRCLE NO. 321

!u
AL ER B R &

14

Tektroniz, Inc., P.O. Box 500,
Beaverton, Ore. (503) 644-0161.
$150; April 1, 1972.

The 5A19N is a low-cost differ-
ential plug-in unit for Tektronix
5100-Series oscilloscopes. The unit
has deflection factors from 1 mV/
div to 20 V/div, accurate within
29%. Bandwidth is 2 MHz. An in-
ternal, continuously variable offset
voltage may be used to display low-
level (millivolt) variations on sig-
nals up to 15 V, or 1/2-V varia-
tions on signals up to 350 V.

CIRCLE NO. 322

SATIN DIFFERENTIAL A

Voltage calibrator
provides 0.05% accuracy

Pioneer Magmnetics, Inc., 1745
Berkeley St., Santa Monica, Calif.
(213) 829-3305.

The Model PM2330, a pocket-
sized voltage -calibrator designed
for computer field service, can
eliminate the need for a 4-digit
DVM. The battery operated device
has a LED readout which indicates
when a voltage is within 0.5% of a
preset value, and a slide switch to
determine if a voltage is within a
specified error band. Two, three,
and four calibrated voltages with
ranges up to 500 V dc are avail-
able. Accuracies are maintained
from 3 to 500 V dec.

CIRCLE NO. 323
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Portable FET VOM ‘ Logic probe bleeps Production D(’,'I,’I'C(’S, 7857 Rnyfhmm

Rd., San Diego, Calif. (714) 278-
draws only 10 pA 1141. $19.95

The Model 95 logic tester can be
used to troubleshoot 5-V digital
logic circuits in computers, tele-
phone systems, digital test equip-
ment, and desk calculators. No
visual observation is required when
checking a circuit. Instead, audio
signals are used to indicate the
logic status; a high tone indicates
logic “1” and a low tone indicates
logic “0”.

CIRCLE NO. 326

Triplett Corp. Dept. PR, Bluffton,
Ohio. (419) 358-5015. $150.
The low current drain of the

Encapsulated
OQ 3 v |11 | |
optennnegiets patedlll - Cnhminiature

the unit is left on continuously.

Other features include: a Low- T -d I c .I
Power-Ohms circuit which permits 0r0| a 0' s
measurements without biasing 5 _
semiconductor device junctions; Fnr ngh nensuv
auto polarity circuit to measure u
positive or negative voltages with- component Packaglng
out having to switch leads; linear
meter tracking; and automatic
temperature compensation from 32
10120 F.

CIRCLE NO. 324

Digital IC tester
handles SSI/MSI/LSI

Alma Corp., 1061 Terra Bella Ave., [ \

Mountain View, Calif. (415) 961- 4, o TR R TN ..
0Dy GO ’ S il 7 LiiARL % =X

9837. $8750. LLITAILLL 1L lfh RN

The Model 480B can test LSI

= Self shielding property and small size per-

A AR T . MQ NQ Write
memories as well as MSI and SSI for mit high density packaging on PC boards
devices. The instrument automati- 16-page and welded modules.
cally measures noise margin and brochure. = Closed magnetic path confines flux. . . pro-

vides greater inductance in a smaller pack-
age ... minimizes stray fields...lowers
magnetic pickup.

= Most part numbers are available from stock;
delivery on special units is 4-6 weeks.

fan-out, to specified limits. It per-
forms both functional and param-
eter tests on ICs with up to 16
pins. Featuring independent input-
current testing and a Kelvin-wired W

device matrix, it can be program- m

med manually and used for engi- QUALITY j w MILLER COMPANY
neering evaluation as well as for W = 2

\3\ 19070 REYES AVE. = P.O. BOX 5825 « COMPTON, CALIF. 90224

incoming inspection.

CIRCLE NO. 325
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‘The do-it-
yourself
connector

With our Universal Connectors, you
decide what goes where. The crimp
 removable contacts are
interchangeable in either body. The
big difference at Hughes is the
positive way they get together. The

PolarHex way.

HUGHES

HUGHES AIRCRAFT COMPANY
CONNECTING DEViCES

INFORMATION RETRIEVAL NUMBER 71

ttlng to
e known

rounders.

We invented the BULLS-EYE
Connector and created a reputation
as circular subminiature specialists.
Goes to show you what a little
concentration can do. (Like 102
cantactsin o aEi N e s v

a#18 shell). HUGHES i

nu&«(s AIRCRAFT COMPANY
CONNECTING DEVICKS

Newport Beach, Calif. 92663
(714)-548-0671
INFORMATION RETRIEVAL NUMBER 72
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evaluation
samples

Reed reléy

A commercial reed relay features
1 A or 20 W switching up to 250
V. Coil voltages are available for
1, 28,05, 6710, 12,55 and 24 V.
The relay measures only 0.275 in.
dia by 0.95 in. long and may be PC
board mounted on 1-in. centers
with 0.1-in. or 0.15-in. spacing. The
relay sells for $0.29 ea in quanti-
ties of 1 million, $0.39 in 100,000,
$0.56 in 10,000 and $0.80 in 1000
lots. These prices are possible by
a new patented process whereby
flanges are molded directly onto the
glass reed capsule eliminating the
coil bobbin and allowing the use of
automatic tooling. Electronic Appli-
cations Co.

CIRCLE NO. 327

Moldable thermoplastic

Udel polysulfane, a thermoplastic
designed for the conveying and
testing apparatus for IC chips, has
an operating temperature range of
—65 to 150 C. The plastic can be
molded to 2 mil tolerances, and is
rated SE-0 or SE-1 self-extinguish-
ing depending on grade and thick-
ness. Union Carbide Corp.

CIRCLE NO. 328

Plastic trim

Thermoplast plastic decorative
trim, instruction plates and name-
plates offer the designer and engi-
neer an almost infinite choice of
materials, textures, finishes, color
and reproduction techniques. Park
Nameplate Co. Div. of Park Elec-
trochemical Corp.

CIRCLE NO. 329

PC card handles

Three plastic PC card handles
come in a variety of colors to suit
the requirements of most equip-
ment. Two of the handles, models
10035 and 10037, have a specially
designed clip-on feature, which en-
ables them to be assembled into
a PC board without any mounting
hardware, since they snap into pre-
drilled holes on the PC board. Vero
Electronics, Inc.

CIRCLE NO. 330

application
notes

Temperature Measurement
and Control

by James A. Brown

RFL Industries, Inc.
Bounton, New Jersey, U. 5, A

Temperature measurement

A temperature measurement and
control handbook presents a tech-
nical dissertation on the theory of
temperature measurement and con-
trol. Included is information per-
taining to electronic controllers,
types of proportional controllers,
and component selection for ther-
mocontrol systems. RFL Industries,
Inc., Boonton, N.J.

CIRCLE NO. 331

Lock-in amp

An eight-page application note
(IAN-22) discusses the theory and
operation of the new and highly
versatile logarithmic lock-in ampli-
fier. Starting with basic lock-in
theory, this note shows how the
new techniques are used to provide
precise logarithmic outputs over a
10,000:1 signal range. Ithaco, Inc.,
Ithaca, N.Y.

CIRCLE NO. 332

Switch drivers

An application note assists in
defining the range of applicability
of SD 1000, SD 1200 and SD 1300
Series switch drivers. The drivers,
which will drive series, shunt and
series/shunt microwave switches,
can be used in a wide variety of
switch types, such as spst, spdt and
sp3t. LRC, Inc., Hudson, N.H.

CIRCLE NO. 333
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At 4 cents a terminal,
it'’s easy
pin money.

Cut terminal
@ connection costs
with Lear Siegler Pin
Bars.™* Unlike most
common connection
methods, no soldering is
required, so installation time
4 and production costs are sig-
nificantly reduced. In fact, Pin Bars
offer more current-carrying ability,
equalized resistance, enhanced terminal con-
tract, and minimum electrical noise — for as
low as 3 or 4 cents per terminal.
If you'd like to simplify your bussing opera-
tion while increasing your electrical integrity,
pin us down for details and a

free sample. @

Efak SIECRES ELECTRONIC INSTRUMENTATION DIVISION
714 NORTH BROOKHURST STREET

ANAHEIM, CALIFORNIA 925803
PHONE (714) 774-1010

*Patented

TWX 910-591-1157

INFORMATION RETRIEVAL NUMBER 73

NES

REGULATOR

THREE AMPS

12V

ONE AMP

e JEDEC TO-3
@ High Performance
® Low Cost
@® Made in Japan
by Sanken Electric. ..

@ Stocked and
delivered in U.S.A. by

AIRPAY:

For specifications call or write . . .

19V

ONE AMP

24V

ONE AMP

AIRPAX ELECTRONICS
INTERNATIONAL DIVISION

P.0. Box 8488

Ft. Lauderdale, Fla. 33310
PHONE: (305) 587-1100
TWX: 510-955-9866
TELEX: 51-4448

INFORMATION RETRIEVAL NUMBER 74
ELECTRONIC DESIGN 8, April 13, 1972

Rotron
Power Conversion
Devices

Custom-built to match your own
voltage/frequency requirements.

What you need is what you get from Rotron. Because
Rotron® will build a solid state converter to meet your
most specific requirements — of size, weight, config-
uration, environmental conditions, and, of course,
output. And, with many years experience in matching
solid state converters to specific loads, Rotron will do
it at reasonable cost.

For computer, aerospace, medicine, marine, instru-
ment, tele-communications, and avionic equipment.
AC to AC frequency converters, AC to DC converters
(regulated or unregulated) with single or multiple volt-
age outputs. DC to AC inverters, with optional reverse
polarity protection, high voltage protection and RF
suppression to MIL specifications.

Before you compromise your system power require-
ments, learn how the power conditioning pros at Rotron
can give you exactly what you do need, at a price
you can afford. Contact Wes Riley at Rotron today.

POWER CONVERSION PRODUCTS DIVISION
ROTRON INC., Woodstock, N. Y. 12498
914-679-2401 TWX 510-247-9033

Ro]’no" Pacific Div., Burbank, Cal. 91506 213-849-7871
Breda, Netherlands, Tel: 49550, Telex: 844-54074

INCORPORATED

INFORMATION RETRIEVAL NUMBER 75
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A customer asked
us to design a
washer that would:
provide a high
pressure seal,
withstand
vibration, and
retain clamp load.

We did!

The
TWIN SEAL"™
Washer

The Twin Seal Washer combines
a metal stamping and a molded
neoprene washer interlocked to
seal against the work surface and
under the head of the fastener.
Efficient rough surface sealing

and vibration resistance result. The
metal stamping can provide metal
to metal contact for high clamp
load and clamp load retention.

IT'S AVAILABLE
RIGHT NOW!

The Twin Seal™ Washer

Send for samples
and catalog.

Covered by the following
U. S. Patent: 3,500,712

: SHAKEPROOF

DIVISION ILLINOIS TOOL WORKS INC

ST.CHARLES ROAD + ELGIN, ILLINOIS 60120

Copyright1972lllinois Tool Works Inc.
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new Iiteratur@

MUCON
SUBM\NV%RF

Ceramic capacitors

New 1972 catalog H-1, 12-pages,
describes the company’s complete
line of MUCON subminiature ce-
ramic capacitors, which includes a
complete range of temperature co-
efficients from NPO through
N5600 with capacitance values as
low as 1/2 pF. Republic Electronics
Corp., Paterson, N.J.

CIRCLE NO. 334

Tandem slide switches

Details of a new series of tan-
dem (two-gang) slide switches,
which provide “two switches in
one” for quicker production line
installation, are presented in an
8-page bulletin. The switches fea-
ture ‘“double-wipe” slide action.
Switcheraft, Inc., Chicago, Ill.

CIRCLE NO. 335

RFI/EMC filters

Short-form RFI/EMC filter and
feedthru capacitor catalog provides
application data and design details
for more than 300 standard filter
and capacitor types ranging from
milliampere ratings to several hun-
dred amperes, in both single circuit
and multi-circuit types. In addi-
tion, filters on the Qualified Prod-
ucts List of MIL-F-15733E are also
described. RF Interonics, Bay
Shore, N.Y.

CIRCLE NO. 336

.
1
\

Data transmission testing

A 4-page brochure describes the
DETECT data transmission test
system and how it can be used with
any existing network, on a plug-in
basis, to pinpoint data transmission
line, data modem, or data terminal
equipment. Data Products, Wood-
land Hills, Calif.

CIRCLE NO. 337

Slotted line

Information on the performance
and evaluation of a slotted line is
contained in a 4-page illustrated
brochure. Alford Manufacturing
Co., Winchester, Mass.

CIRCLE NO. 338

Ceramic data sheet

A data sheet describes the com-
pany’s steatite ceramics line. A
widely used high frequency ce-
ramic insulating material, steatite
is used for insulators, lead-in bush-
ings, vacuum tube spacers, filament
supports, coil forms, switch wafers,
substrates, and high temperature
lamp sockets and has excellent me-
chanical properties and fabrication
to relatively close tolerances. GTE
Sylvania Inc., Exeter, N.H. ¥

CIRCLE NO. 339

Powder coatings

A new brochure details use areas,
production line performance, and
physical, chemical and electrical
characteristics for the company’s
new line of “Flintflex” dry epoxy
powder coatings for electrostatic
spray and electrostatic fluidized
bed applications. The range of 22
high-gloss colors is shown in bar
graph form, along with a chart in-
dicating bake times at various
metal temperatures. The 8-page
booklet also includes recommenda-
tions for substrate pretreatment,
application and handling proced-
ures, and powder storage. Du Pont
Co., Wilmington, Del.

CIRCLE NO. 340

ELECTRONIC DESIGN 8, April 13, 1972



Laser eye protection

A booklet deseribing in detail a
complete line of laser eye protec-
tion is available to wusers. The
protective equipment available in-
corporates technological and manu-
facturing knowledge. American
Optical Corp., Southbridge, Mass.

CIRCLE NO. 341

% RF Power
9 Transistor
% Manual

Rf power transistors

The RCA RF Power Transistor
Manual, Technical Series RFM-
430, provides detailed information
on the use of rf power transistors
in a variety of power-circuit appli-
cations at frequencies that extend
from the vhf range to well within
the microwave region. This 176-
page manual explains the basic de-
sign features, characteristics, and
capabilities of commercially avail-
able rf power transistors and de-
scribes current design techniques
and practices employed in the ap-
plication of such devices in many
widely high-frequency power cir-
cuits. The manual includes a gen-
eral review of the basic require-
ments of all power transistors and
explanations of the special features
required of transistors that are
especially designed for use in rf
power applications. The special re-
quirements, device selection cri-
teria, and design techniques are
described for rf transistor power-
amplifier, oscillator and frequency-
multiplier circuits. Practical exam-
ples are shown and performance
data are given. Copies can be ob-
tained by sending $2.50 to RCA
Solid State Div., Box 3200, Somer-
ville, N.J.
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opportunity employer

Transco Products, Inc., 4241 Glencoe Ave., Venice, Calif. 90291

£
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\

A

ANTENNAS?

Experience, equipment, engineering expertise.
We have over 30 years experience, radiation
labs equipped thru Ku Band, 3 anechoic cham-
bers...plus a highly qualified engineering staff.
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All 10,000 gain indicators are not alike...

INSIDE
OR OUT

PR
[

TE201E
TRANS-EYE

INFORMATION RETRIEVAL NUMBER 78

Inside a Shelly TRANS-EYE, you can pick one of 16 tran-
sistor/diode/resistor combinations and turn on 0.008A to
0.115A indicators with logic levels low as 250xA. Here is
more inside data.
TE201 & TE202 — Transistor driven lamp — requires ext. base cur-
rent limiting resistor.

TE201A & TE202A — Internal base current limiting resistor. Requires
1.6mA max. base drive. Any value resistor can be specified.

TE201B & TE202B — Internal pull up resistor. Requires a —1.6mA
sink. Use with external open collector transistor.

TE201C & TE202C — Internal pull up and limiting resistors. Use with
circuitry that both sinks and sources current or circuitry that can-
not supply adequate ‘‘on’’ current.

TE201D & TE202D — Internal diode in series with base. Increases
noise immunity and defines turn-on threshold voltage.

TE201E — Compatible with most TTL, DTL and current sinking logic
families.

TE202E — Compatible with positive inverted logic.

TE201F & TE202F — General purpose with provision for biasing
external circuitry.

TE201G & TE202G — Same as TE201E except with lower logic “‘1"
threshold —1.3V min.

Bases are either black or white and there are 70 lens cap
colors and styles to fit your exact need.

For the complete story, inside-out, contact your local rep.
or the factory.

SHELLY ASSOCIATES, INC.

A Datatron Company
1562 Reynolds Ave., Santa Ana, Calif. 92711
Phone: (714) 557-3942, TWX: 910-595-1589
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207-30%

MORE PERFORMANCE
IN STANDARD
BRIDGE PACKAGES

The packages are standard
size. It’s the current ratings
and forward surge ratings
that are larger. They give
you added performance
reliability—and at no addi-
tional cost!

B-10 series

DC rating — 30A @ 55°C.
Forward surge rating—400A
@ rated load. B-10 series
replace similar bridges rated
from 8 to 25A and from 50
to 1,000 PRV per leg.

DC rating — 35A @ 55°C.
Forward surge rating—400A
@ rated load. B-20 series
replace similar bridges rated
up to 25A and from 50 to
1,000 PRV per leg.

Z

SILICON POWER REGTIFIERQ
Tung-Sol makes a complete
line of high reliability silicon
power rectifiers in the DO-4,
5,8,9 and 21 configurations.J

WRITE FOR TECHNICAL INFORMATION.
SPECIFY BRIDGES, OR POWER RECTIFIERS.

SILICON PRODUCTS SECTION
TUNG-SOL DIVISION

WAGNER ELECTRIC CORPORATION

630 West Mt. Pleasant Ave. Livingston, N.J. 07039

TWX: 710-994-4865 PHONE: (201) 992-1100
(212) 732-5426

Trademark TUNG-SOL Reg. U. S. Pat. Off. and

Marcas Registradas
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120

NEW LITERATURE

Karl Feuer ome assocures ne

v NJ, 07043

%ﬁ.
Optical components

Optical filters, polarizers, re-
tardation plates, Fabry-Perot in-
terferometer Etalon plates, mir-
rors, prisms, lenses, crystals, and
other quartz, silica, and magnesium
fluoride materials are described in
a new 12-page catalog. About half
of the catalog presents sizes, prices,
transmissions, bandwidths, block-
ing and other data concerning
multilayer optical filters for infra-
red, visible and ultraviolet spectra.
Also described are economy filters
for use in the visible range, a cell
repolishing service in the infrared
area and replacement crystals for
the most commonly used cells. Karl
Feuer Optical Associates, Inc., Up-
per Monteclair, N.J.

CIRCLE NO. 342
Tubes and accessories

Almost 650 types of tubes and
devices are detailed in this 92-page
booklet, including nearly 60 new
types covering ignitrons, industrial
thyratons, hydrogen thyratrons,
industrial triodes, reflex klystrons,
magnetrons, traveling-wave tubes,
TR tubes, balanced duplexers.
monitor diode kit, image isocon
and sidicon TV camera tubes, stor-
age tube, laser, vacuum capacitors
and a range of noise sources and
mounts. Outline drawings of
selected tubes are printed to scale
and a separate Equivalents Index
section lists more than 2000 types
of tubes for which there is an EEV
equivalent. English Electric Valve
Co., Ltd., Chelmsford, Essex, Eng-
land.

CIRCLE NO. 343

A precision
pair...

for tone
"signaling,
coding and
decoding.

The New Microfork
EFM-U Tuning Fork
and Companion
H8C-200 Hybrid
Amplifier.

Murata's new EFM-U piezoelectric tuning fork
— hybrid amplifier combination is designed to
provide a new era in precision and flexibility
for audio frequency coding and decoding ap-
plications. Designed to provide exceptional
performance as a pair, these two units operate
well as a transmitter for coding and as a re-
ceiver for decoding while providing outstand-
ing reliability and accuracy over a wide range
of environmental conditions.

Additional applications for these new units in-
clude:

e Traffic Signal Controllers

e Paging Systems

e Remote Control Systems

o Sound Multiplexing Devices
e Garage Door Openers

e Alarm Systems

A complete selection of standard audio fre-
quencies, ranging from 150 to 1700 Hz, is
available to meet virtually every application
requirement. All E.l.A. standard frequencies in
this range are also available.

Write today! We'll send along complete tech-
nical information that, we're sure, will impress
you with the capabilities of our new precision

pair.

MURATA CORPORATION OF AMERICA
2 Westchester Plaza, EImsford, New York 10523
Telex: Murata EMFD 137332
Phone: 914-592-9180
Subsidiary of Murata
Manufacturing Co., Ltd., Japan
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DPM handbook

A digital panel meter handbook
contains 60 pages of specific infor-
mation on how to use digital panel
meters. Specifications and pitfalls
are thoroughly explained and re-
lated to common applications. Also
described are various forms of ana-
log-to-digital conversion with the
advantages and disadvantages of
each shown. The Appendix shows
some of the add-on options avail-
able—such as amplifiers, active fil-
ters, linearizers, and others. Copies
are available at $3 each from Digi-
lin, Inc., Glendale, Calif.

Pushbutton switches

A new series of single-lamp il-
luminated pushbutton switches and
matching indicators are described
in Bulletin 73. Designed and priced
for commercial and industrial ap-
plications, the 168 units shown in-
clude bushing and snap-in mount-
ing styles with self-aligning lenses
that won’t seat unless lamps are in
place. In addition to technical speci-
fications, the bulletin contains com-
plete part numbers for all combi-
nations of switch actions and
circuits, lens styles and colors and
mounting methods. Control Switch
Inc., Folcroft, Pa.

CIRCLE NO. 344

A/d converters

A 6-page brochure describes the
company’s high-speed a/d convert-
ers, computer interface systems
and digital signal processing. Speci-
fications, photographs and draw-
ings are provided. Inter-Computer
Electronics, Inc., Lansdale, Pa.

CIRCLE NO. 345

Numerical control system

An illustrated 4-page brochure
details the standard features and
options for the firm’s new com-
puterized, soft-wired universal nu-
mercial control system. The 7300
Series is said to combine all the
conventional elements of numerical
control with the inherent flexibili-
ty of computer software and can be
used in DNC systems for factory-
wide automation as well as a stand-
alone unit for later integration in-
to a DNC system. Allen-Bradley
Co., Highland Heights, Ohio.

CIRCLE NO. 346
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Smallest, High Speed

A/D Gonverters

in the world!

ADC 540WB-8

m 2”7 x2”x04”
8-Bit
Complete and Ready to Use
$195

Converts in
2 u.Sec

Others, in the same size . . . Not in such a hurry? The ADC 540-8 converts in
5uSec and is only $95. For general purpose usage, the ADC 590-8 with 200uSec
conversion is ideal — $59.

All three units are complete with built-in reference, logic, clocks, etc., with full
DTL, TTL compatibility — just apply =15V, +5V power. All pretrimmed and ready
to convert. Contact us for full details.

HYBRID SYSTEMS CORPORATION

87 Second Avenue, Northwest Industrial Park, Burlington, Mass. 01803
Telephone: 617-272-1522  TWX: 710-332-7584

INFORMATION RETRIEVAL NUMBER 81

Staggered fingers
let case-mounted semi’s
work harderin
less space

Now you can safely operate such watts in forced air. Why are

devices as TO-3, TO-6, TO-66, plas-
tics, at many times their bare case
power rating using our patented
Staggered Finger dissipators. We've
got over 70 different models with dissipa-
tion capabilities ranging from 3 to 35
watts in natural convection, up to 125

they better? Staggered Finger
design increases dissipating sur-
face, cuts re-radiation, and pro-
duces turbulence in forced air. Send
for catalog. IERC, 135 W. Magnolia Blvd.,
Burbank, Calif. 91502, a Corporate Divi-
sion of Dynamics Corporation of America.

IERC | =

Heat Sinks

INFORMATION RETRIEVAL NUMBER 82



Faratron lowers the
price on 2. digit DPM’s
to $65" and packs in
more features.

Dimensionally, Faratron 2500 series DPM interchanges with Weston'’s.
Financially, it costs less. Functionally, it's ahead with a standard 7-
segment incandescent display and an LED option; over/under-range
indicator; three power options. BCD output option. Also available: 2%
digit 2700 series. Faratron Corp., 290 Lodi St., Hackensack, N.J. 076
01, area 201-488-1440.

actual size

*in OEM quantities with AC or +5V power

INFORMATION RETRIEVAL NUMBER 83

NEW LOW PROFILE.
NEW LOW COST.

The switch is called BI-PAC Phase 2. It saves space...only
0.580” behind the panel with 0.150” stroke and 0.075” overtravel.
Our latest 2-shot Keycap is low profile too. Even the touch is low

. 2Y2 OURCeS.

It saves money . .. less than 25c per key for 500,000 positions.
That's because it's simple. Dual cross-wire gold contacts with
wiping action provide high reliability.

Want more savings? Buy CRC completely assembled Keyboards.
A dozen leading U.S. calculator manufacturers are already using
BI-PAC Keyboards in high volume.

To get all the Phase 2 savings, write or call.

L GLRIG
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Controls Research Corporation

2100 S. Fairview, Santa Ana,Calif., 92704
Phone: (714) 557-7161

NEW LITERATURE

Lafayette catalog

Spring catalog, No. 723, includes
stereo quadrophonic 4-channel
stereo systems and components, and
features a complete selection of 2-
channel stereo components, Citi-
zens Band radio, cassette and cart-
ridge tape recorders, ham gear,
test equipment, radios, and acces-

sories, cameras, fiber optics, and
computer kits. Lafayette Radio

Syosset, N.Y.
CIRCLE NO. 347

Electronics Corp.,

Dc voltage regulators

A series of hybrid, cermet, thick-
film, dual voltage de regulators are
featured in a 4-page brochure. The
brochure includes complete per-
formance specifications, diagrams
and mechanical characteristics on

the Series 844. Helipot Div., Beck-
man Instruments, Inc., Fullerton,
Calif.

CIRCLE NO. 348

Timing instrumentation

A comprehensive,
chure deals with equipment and
methods for time-tagging analog
data for correlation and indexing.
The brochure describes each of the
six different models in the line.
Dataron, Inc., Santa Ana, Calif.

CIRCLE NO. 349

16-page bro-

High-power laser systems

A data sheet describes the latest
in high-power laser systems fea-
turing extra-high power supply
voltages for reliable triggering and
efficient pumping. Information pre-
sented in a concise format de-
scribes these systems with power
level to 100 joules or more. Apollo
Lasers, Inc., Los Angeles, Calif.

CIRCLE NO. 350

Product handbook

A 16-page pocket-size product
hand-book provides descriptions
of the company’s new SPC-16 and
SPC-12 minicomputers, System 18/
30 Supervisory Computer—a re-
placement for IBM-1130 and IBM-
1800 computers—software, disc
monitor system and interface mod-
ules (minicontrollers) for OEM
and systems users. General Auto-
mation, Inc., Anaheim, Calif.

CIRCLE NO. 351
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bulletin
board

The flI‘St ten of Signetics high
speed ECL 10,000 series emitter-
coupled logic elements are now
available. The ECL 10,000 series
includes many second-source
equivalents for Motorola’s MECL
10,000 series and a number of
Signetics-originated 10,000 series
designs. The initial family in-
cludes a basic dual gate (10109),
an exclusive OR/NOR element
(10107), three triple-output power
gates, including a Signetics-origi-
nated design (the 10110, 10111,
and 10112), two AND-OR com-
plex gates (10117 and 10118), a
dual D-type latch (10130), and
two MSI elements (the 10161 and
10162) 1-of-8 decoder/demulti-
plexers. Prices range from $1.60
to $5.90 in quantities of 100 to
999.

CIRCLE NO. 352

A videotaped course on MOS
technology is being offered for
sale by Texas Instruments. Titled
The MOS Course, the videotapes
consist of more than nine hours
of tightly edited instruction. Com-
plementing the instructional tapes
are two hours of videotaped panel
discussion representing the most
generally encountered questions
and answers regarding the use of
MOS ICs. The course costs $3565
in the 1/2-inch EIAJ videotape
format, plus $10 each for student
literature packets.

CIRCLE NO. 353

Price reductions

Unitrode Corp. has reduced pric-
es on a number of high volt-
age stacks, in some cases up to
489 . The price reductions cover
14 models in its US and USR
series.

CIRCLE NO. 354

ELECcTRONIC DESIGN 8, April 13, 1972

Motorola has cut prices on a line
of linear rf power transistors pro-
viding from 25 to 80 watts of out-
put power. For quantities of 25-
99, the 2N5070 now costs $17.70,
the 2N5941 now costs $26.00, the
2N5942 now costs $49.50. Old
prices were $21.85, $45.40, and
$90.85 respectively.

CIRCLE NO. 355

Cal-Tek has reduced the price of
the CT5001 chip to $8.00 in lots
of 50,000 or more. The CT5001
chip performs all add-subtract,
multiply-divide functions for a
twelve-digit display calculator.
This price adjustment represents
a $4-$5 reduction below present
market structure.

CIRCLE NO. 356

Prices for trichlorosilane and
dichlorosilane for the electronics
industry have been reduced by
Union Carbide Corp. The price of
trichlorosilane has been lowered
from $0.575 to $0.56/1b, in bulk
(3000 gallons minimum) for con-
tract customers. The non-contract
bulk price has been reduced from
$0.64 to $0.62/1b. These price re-
ductions are a result of increased
operating efficiencies. New di-
chlorosilane prices are $22.50 per
pound (100 1b cylinders).

CIRCLE NO. 357

Intel Corp. has reduced prices
on four electrically-programmable
2048-bit MOS ROMs, two of
which may be erased and repro-
grammed in the field. In 100-piece
quantities, prices have been re-
duced by at least 32% and as
much as 63%. The type 1701 has
been reduced from $176 to $64,
the type 1702 from $160 to $58,
the type 1601 from $88 to $58, the
type 1602 from $80 to $54, in
quantities of 100.

CIRCLE NO. 358

DEC’s PDP-8/M minicomputer, a
model intended for systems con-
figured by OEMs, has been reduc-
ed in price from $4095 to $3990.
A PDP-8/M with 4096 words of
core memory, teletypewriter inter-
face, and programmer’s console is
now available for less than $2500
in quantities of 100.

CIRCLE NO. 359

Precision
Miniature
CRT Power
supplies

H-15 10 to 15KV @ 650ua
H-20 10 to 20KV @ 500ua
“H” SERIES

e Compact
30 cu. in.

e Remotely
Adjustable

e Short Circuit
and Reverse Polarity Protection

e Low Ripple .05% P-P @ 500ua

e Tightly Regulated —.05%, 0-500ua
e MTBF 58,200 Hours

® Airborne Applications to 50,000 Ft.
o Immediate Delivery

Output Voltage | Output
Model Range Current | Price

H-15 | +10KV to +15KV | 650ua | $680
H-20 | +10KV to +20KV | 500ua | $680
H-15N | —10KV to —15KV | 650ua | $680
H-20N | —10KV to —20KV | 500ua | $680

"“G" SERIES

e Miniature
15 cu. in.

e Remotely
Adjustable

e Short Circuit & ‘
Reverse Polarity Protected

e MTBF 42,000 Hrs.

e Airborne Applications to 50,000 Ft.

Output Voltage | Reg | Ripple
Model Range L/L P-P | Price

G-5 500V to 5000V | 0.1% | 0.15% | $450
G-10 | 1000V to 10,000V | 0.1% | 0.15% | $490
G-12 | 1200V to 12,000V | 0.1% | 0.15% | $550

The G and H Series precision
regulated high voltage power
supplies are mil type DC to DC
converters featuring high ‘effi-
ciency and reliability in miniature
packages. These units are partic-
ularly useful in airborne applica-
tions. Send for our new catalog.

Venus
scientific

399 SMITH STREET
FARMINGDALE,N.Y.11735

I n c Telephone (516) 293-4100
B TWX: 510-224-6492
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Design Data from Manufacturers

Advertisements of booklets, brochures, catalogs and data sheets. To order use Reader-Service Card.
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Free Wallchart Of Waveform Comparisons

WAVEFORM COMPARISONS
IN TIME/FREQUENCY &
PROBABILITY DOMAINS
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For analyzing random data such as noise, vibration,
shock, underwater acoustic signals, and radar, this
unique new engineering tool is a convenient picture-
reminder of how 10 different basic waveforms look
in terms of 5 different processing domains. The wave-
forms consist of 5 examples of repetitive waveshapes
& 5 different random signals. The typical functions
shown are: time, auto-correlation, averaged frequency
spectrum (PSD), probability density, & cumulative
distribution. Printed on heavy glossy stock, the 10"
x 12" wallchart is free by writing directly to Federal
Scientific, originators of the Ubiquitous® brand of
real-time spectrum analysis equipment.

FEDERAL SCIENTIFIC CORP.

a subsidiary of Elgin National Industries, Inc.
615 West 131st Street, New York, N.Y. 10027

1T e e R o
PC Drafting Aids Catalog

M BY-BUK

3 :::‘.5

By-Buk Company

CIRCLE NO. 171

Thousands of time saving, cost saving artwork
ideas are found in the By-Buk P-50 catalog of
pressure sensitive printed circuit drafting aids.
With the most practical artwork patterns for: TO
cans, multi-pads, dual-inlines and flat packs fea-
tured. Donuts, connector strips, teardrops, ovals,
tapes, tees, elbows, etc., by the hundreds are in-
cluded in the most comprehensive list of sizes.
Opaque black, transparent red and transparent
blue materials for one and two-sided board de-
signs. For a free copy and samples, write today.

CIRCLE NO. 172

Subsidiary of Webtek Corp., 4326 W. Pico Blvd.
Los Angeles, California 90019 (213) 937-3511

Measure Vector Angle, Magnitude And Components

TWO PHASE/VECTOR l L
HOCK.DN AMPLITIER A
- | R

The new PAR™ Model 129 Two Phase Lock-In/Vector
Voltmeter, enables you to simultaneously measure the
magnitude and phase angle with respect to a refer-
ence signal of virtually any low-level signal within its
range of 0.5 Hz to 100 kHz—even if the signal is
buried 60 dB beneath background noise At the flip
of a switch, you can also measure the in-phase and
quadrature components of the vector. The Model 129
features fully automatic reference tracking, inde-
pendent output expansion and filtering for each
channel. Complete specifications are contained in
bulletin T-314, available on request.

PRINCETON APPLIED RESEARCH CORPORATION

P.O. Box 2565

CIRCLE NO. 173

Princeton, New Jersey 08540
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Electronic Design

ELEcTRONIC DESIGN’s function is:

m To aid progress in the electronics
manufacturing industry by promoting
good design.

m To give the electronic design engi-
neer concepts and ideas that make his
job easier and more productive.

m To provide a central source of
timely electronics information.

m To promote communication among
members of the electronics engineer-
ing community.

Want a subscription? ELECTRONIC DE-
SIGN is sent free to qualified engineers
and engineering managers doing de-
sign work, supervising design or set-
ting standards in the United States
and Western Europe. For a free sub-
scription, use the  application form
bound in the magazine. If none is
included, write to us direct for an
application form.

If you do not qualify, you may take
out a paid subscription for $25 a year
in the U.S.A., $35 a year elsewhere.
Single copies are $1.50 each.

If you change your address, send us an
old mailing label and your new ad-
dress; there is generally a postcard
for this bound in the magazine. You
will have to requalify to continue
receiving ELECTRONIC DESIGN free.

The accuracy policy of ELECTRONIC
DESIGN is:

m To make diligent efforts to ensure
the accuracy of editorial matter.

m To publish prompt corrections
whenever inaccuracies are brought to
our attention. Corrections appear in
“Across the Desk.”

® To encourage our readers as re-
sponsible members of our business
community to report to us misleading
or fraudulent advertising.

®m To refuse any advertisement deemed
to be misleading or fraudulent.

Microfilm copies are available of
complete volumes of ELECTRONIC DE-
SIGN at $19.00 per volume, beginning
with Volume 9, 1961. Work is now
in process to complete the microfilm
edition of Volumes 1-8. Reprints of
individual articles may be obtained
for $2.00 each, prepaid ($.50 for
each additional copy of the same
article) no matter how long the
article. For further details and to
place orders, contact the Customer
Services Department, University Mi-
crofilms, 300 North Zeeb Road, Ann
Arbor, Michigan 48106 telephone
(313) 761-4700.

Want to contact us? If you have any
comments or wish to submit a manu-
script or article outline, address your
correspondence to:

Editor
ELECTRONIC DESIGN
50 Essex Street
Rochelle Park, N.J. 07662
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Optima

7 The Total Package

Style and Function are masterfully combined in this concept
Body + Chassis + Dress Panel + Rear Panel + Liftoff Cover +
4 Models + 4 Heights + Rack Adaptable + Vinyl Finish.

optima enclosures

adivision of Scientific-Atlanta, Inc.

2166 Mountain Industrial Blvd. Tucker, Georgia 30084 Telephone 404—939—6340

5V/5A

-9) | COMPUTER
$66' i OEM SUPPLY

Hard to believe? Then read on. Our ELV Series
supplies (available in ratings of 25W, 75W,
125W and 250W) reduce your power costs with
no reduction in quality.

Every supply is put together under stringent
QC with American-made transformers, capacitors,
semiconductors, IC’s and G-10 quality boards.

Every supply delivers all the power we promise
with no temperature derating, even with 50 Hz input.
Regulation, ripple and noise are specified by the book. Spike-suppres-
sion and short-circuit protection are standard, OVP optional. And
deliveries are off-the-shelf for most

configurations. 2LYe23

And the same is true for all our %P ?1‘1,5/ i’;;:lff:::)"‘
qthelr supphels,‘olpen orenclosed, s 0.55°C
single- or iple-output.

g© Hmwspic-outp Line & load reg: 0.1%

Check it out today. Call
(714) 833-2950. Ripple & noise: 0.1%

ELEXON POWER SYSTEMS

18651 Von Karman, Irvine, Calif. 92664
An Elpac division.-'E
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r27 Plug-in Mndules\

make the
OMNIGRARHEIG®

X-Y
RECORDER

Model 2000

® Reg. T.M.

a terrific value at

$795 plus modules

Why? Because now there’s a
module for AC to DC conver-
sions, another for both AC and
DC ... plus more for every
function you may require.
What's more, they’re all inter-
changeable. And just look at
these features:

30 in./sec. speed

+ 0.2% accuracy
local/remote pen control
electric pen lift

high input resistance
interchangeable amplifiers
$795 plus modules

A companion strip chart re-
corder, model 3000, now is
available with a full span auto-
matic integrator for gas chro-
matography and with modules
for point plotting.

Write for brochures today.

housten
nstrument

4950 Terminal Avenue, Bellaire, Texas 77401
(713) 667-7403 Cable Hoinco
O e office

nsr 8

DIVISION OF BAUSCHG LOMS @

Johanneskirchner Strasse 17, 8043 Unterfohring
k Miinchen, W. Germany (0811) 97-1673)
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Advanced
Memory Systems

giant Kickott

AMS memories
available now from
10 western locations.

Good news for memory users. Advanced
Memory Systems, Inc. has appointed Weatherford
to stock and distribute their complete line of MOS
and bipolar memory components:

AMS Access Time

sale.

New low prices on the whole line.

To make this an event to remember,
Weatherford's presenting major price reductions
onthemall . .. reductions up to 65% in many
cases. To give you an idea, here’s the new price on
the Model 6002 1024-bit MOS RAM, AMS’s 150
nanosecond superstar.

100-249 250-999

Part No. Organization (Max. ns)
Bipolar RAM
1001 16x1 (ECL) 8
1002 64x1 (ECL) 10
1003 128x1 (ECL) 15
1503 1281 (L) 25
MOS RAM
6001 1024x1 350*
6002 1024x1 150

*Sense Amp included on-chip.

And if you want to think big, you can get
these AMS components already pre-mounted
on memory cards. Ask us about them.

6002 MOS RAM $18.50 $16.50

From more than just a distributor.

Get them from Weatherford. Ten locations
throughout the West, all providing prompt,
courteous service and lightning-fast delivery on
Advanced Memory Systems’ complete line of
the industry’s fastest random access memories.
Call us today.

Albuquerque: (505) 265-5671
Anaheim: (714) 547-0891
Dallas: (214) 231-7141
Denver: (303) 427-3736
Glendale: (213) 849-3451
Palo Alto: (415) 493-5373
Phoenix: (602) 272-7144
Pomona: (714) 623-1261
San Diego: (714) 278-7400
Seattle: (206) 762-4200

WEATHERFORD
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Large or small, routine or special — there is a General Radio
Variac® adjustable autotrans-
former for your application. Pre-
mium materials, quality workman-
ship, and 39 years of design
refinement for smooth, pre-
cise control without SCR-
generated noise. Rugged
construction, conservative
ratings, and a two-year
warranty, for long, worry-
free operation. Special units
tailored to your specific needs,
plus hundreds of standard mod-
els from 0 to 480V, 50 to 1200 Hz, for an unparalleled choice. Fast
delivery on all units. Low-cost per ampere and generous quantity dis-
counts for excellent value. New! A 2-amp unit for only $13.00. FREE
catalog and applications handbook for full line on request.

NEW YORK (N.Y.) 212 964-2722 (N.J.) 201 791-8990 BOSTON 617 646-0550 CHICAGO 312 992-0800
WASHINGTON, D.C. 301 881-5333 LOS ANGELES 714 540-9830 TORONTO 416 252-3395 ZURICH (01) 55 24 20

for Line-Voltage Control
GeneralRadio cocoro us o742

INFORMATION RETRIEVAL NUMBER 87

FREE!
NEW INSERTION
HANDBOOK

FOR AXIALS, DIP’S, TRANSISTORS

New, comprehensive, k

16 page technical
bulletin covering to-
day’s industry stan-
dards and design
parameters for auto-
matic insertion of
electronic compo-
nents into PC boards.
Over 30 detailed
schematics. Send for DES'GN

it now. Dept. ED-72 GUIDEUNES

DO8 o Womten o7 Bacac

-lL niversaL INSTRUMENTS CORPORATION

East Frederick St., Binghamton, N.Y. 13902
(607) 772-1710/TWX 510-252-1990

INFORMATION RETRIEVAL NUMBER 89

Meet the Extremists:

Measure
from
1 Gamma
to
50,000

Gauss!

MODEL 505 GAUSSMETER

o Lowest cost
o Self-contained

A completely self-
contained instrument
for magnetic field
measurement,

MODEL 750 GAUSSMETER
e Wide range

o Versatile

Features wide measure-
ment range, high ac-
curacy and ease of
operation.

MODEL 3265 GAUSSMETER
o Unexcelled readability
* High precision
Features absolute, dif-
ferential and incre-
mental measurement
operations.

Send for Free technical booklet on
RFL Magnetics equipment.

RFL Industries, Inc.

Instrumentation Division - Boonton, N. J.

INFORMATION RETRIEVAL NUMBER 88

Compare Mum-Mox
to whatever resistor
you're using now.

Our Metal Oxide Resistors Offer You Small
Size and Reliability at High Voltage.

Compare Maxi-Mox vs wire wound. Our
Maxi-Mox gives you equal stability and
power capability in half the size and even
greater stability and service life at high
voltages.

Maxi-Mox resistors have resistance and
voltage capabilities that far exceed metal
film types. And size . . . Maxi-Mox resistors
are three to ten times smaller than com-
parable value metal film units.

Maxi-Mox is available for fast

delivery from stock in five standard sizes.
With 100 ppm TCR available.

Power *Max.

Resistance Rating Oper. Length Diameter

Model Range @ 70°C Volts Inches Inches
MOX-1  10K— 500 megs  2.50W 7,500V 1.062 284
MOX-2  20K—1000 megs  5.00W 15,000V 2.062 284
MOX-3  30K—1500 megs  7.50W 22,500V 3.062 .284
MOX-4  40K—2000 megs 10.00W 30,000V 4.062 284
MOX-5  50K—2500 megs 12.50W 37,500V 5.062 284

For detailed specifications on Maxi-Mox, send for

this technical bulletin. Victareen Instrument Div.

of VLN Corp. 10101 Woodland Avenue, Cleveland, | vicTOREEN

Ohio 44104. Telephone: 216 |795-8200.
DMA 686 Expertise in high voltage

INFORMATION RETRIEVAL NUMBER 90
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THEY’RE MOLEX EDGE CONNECTORS.
‘“Straight-on’”’ or ‘‘right-angle’” types for
printed circuit boards. Terminals crimped
to wires automatically. Reliable? And how!
Connector terminals are bifurcated. Provide
a really solid contact. Yet you can slip the
connector on and off time after time without
any damage to the printed circuits. And it’s
not a preload unit. Carries only contacts re-
quired. From six to twenty-four. Comes in
white or six other colors. Terminals available
in tin-plated brass with gold plating or selec-

INFORMATION RETRIEVAL NUMBER 246

M161A

tive gold plating. ® A good example of how
Molex helps create high-speed low-cost de-
vices that simplify circuitry. If you want to
save assembly time, steps and money, take
a close look at these Molex edge connectors.
For free samples write: Molex Incorporated,
Downers Grove, lllinois 60515. Or you can
make connections by

calling (312) 969-4550.

... Creating components that mo lex

simplify circuitry

p




Call RCAif you
want to talk about

MIL-M-38510
COS/MOS

Now, for high-reliability types in COS/MOS ICs — for full

MIL-STD-883 — call RCA.* And let's talk about advanced

MIL-M-38510 techniques. In RCA's rapidly evolving 38510

program, high-reliability type product becomes not just the

result of screening, it will be built in, through procedures

being developed to the specification:

e Scanning electron microscope (SEM)

e Radiographic inspection

¢ Product traceability for permanent product control

® Rigorous operator training to maintain high quality-control
standards

The COS/MOS CD4000A series is available in high-reli-
ability types now being produced under MIL-STD-883, with
SEM inspection specified in NASA-Goddard Space Flight
Center specification GFSC-311-P12A, on special order.

And, since RCA's COS/MOS production is a single, in-
tegrated process, process advances that are developed for
high-reliability product are automatically reflected in the
commercial type you specify.

If you want the leader’s standard of quality plus volume
capability and systems cost effectiveness, go COS/MOS. See
your RCA Representative or your RCA Distributor. Or write,
RCA Solid State, Section 57D-13, Box 3200, Somerville, N.J.
08876. International: RCA, Sunbury-on-Thames, U.K., or
P.O. Box 112, Hong Kong. In Canada: RCA Limited, Ste.
Anne-de-Bellevue 810, Quebec.

*For information on high-reliability COS/MOS and our MIL-
M-38510 progress, call RCA’s high-reliability marketing
specialist, Garry Miller (201) 722-3200 Ext. 2805.

RGN

products that make products pay off
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RCA'’s scanning electron microscope at 1000 X
magnification shows excellent conformity of
conductors over wafer contours, assuring conti-
nuity and reliability of metal interconnects.
This is a dramatic example of process refine-
ments achieved under the RCA high-reliability
program which are automatically applied to
commercial products.

6000 X magnification shows excellent metal
coverage over an oxide step.

The scanning electron microscope has become
a major tool in RCA's diagnostic and high-
reliability procedures.



