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Connector problems piling up?
Round multipins have thousands
of variations. Chances are some
can do even your toughest jobs.
But you easily can get plugged
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into the wrong choice. Rear or
front release, crimped or soldered
terminals, bayonet or threaded
couplings—the choices are many.
Make the right connection. P. 54.
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_Our new low-
is solid-state.

_Our new low
is mechanical.” =

We've expanded your key-
board options dramatically with
our new SD low-profile
keyboard.

It makes MICRO SWITCH
solid-state prices (based on 1975
delivery) competitive with less
reliable mechanical-contact
keyboards.

So priceis no barrier. No
matter what your need. Be it word
processing, point-of-sale or other
data entry applications.

We've coupled our unique
Hall effect switch with an
advanced “flip chip” ceramic
mounting technique to further
increase the reliability of our
solid-state keyboards.

And our new low-profile
design is ideal for modern

' &/

compact terminal needs. ;

Picture a MICRO SWITCH
keyboard in your system design.
We're ready to talk prototypes
now, with o
productionin ~ §
late 1974.
Contacta

price

MICRO

SWITCH
Branch Office
for complete
information.
It’s the
change you’'ve

|

1

|ty
1.80 f

really been
looking for.

|
=TT

MICRO SWITCH products are available worldwide through Honeywell International.

profile keyboard

/

New SD module

has a 36% lower profile

than existing MICRO SWITCH
solid-state module.

? i MICRO SWITCH

FREEPORT ILLINOIS 61032
| A DIVISION OF HONEYWELL
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SION VOLTAGE

By providing 30 ppm/°C frequency stability,
3000:1 sweep range, and 0.15% /V frequency drift in
the XR-2207, Exar produced a precision VCO that can
easily do those tough FSK, FM generation jobs. With
a minimum of external circuitry, you can use the
XR-2207 in applications such as two-channel FSK
generation for modems, as the VCO portion of phase-
locked loop systems, and voltage to frequency
conversion that formerly required crystal controlled
oscillators.

With only one capacitor and four resistors, four
discrete precision frequencies are generated; two
TTL keying inputs enable selection between frequen-
cies. You can also sweep your frequency over a wide
3000:1 range with the use of one extra resistor and a
little voltage.

So, if you've been putting together lots of parts

THE NEW XR-2201 IS A PRECI-

OSCILLATOR WITH SIMULTANEQUS
SQUARE AND TRIANGULAR

WAVE QUTPUTS, EXCELLENT
FREQUENCY STABILITY, SUPER-
WIDE SWEEP RANGE, MINIMAL

FREQUENGY DRIFT, AND

ULTRA-LINEAR SWEEP DRIVE.

CONTROLLED

for tough waveform generation, the XR-2207 can save
you time and money. It’s the easy way to generate
variable-frequency square and triangular waves
(pulse and sawtooth too!) for every application.

The XR-2207 oper- v,
ates with either single or  v[7] s 1 e
dual supplies from 4V to r >

+13V over a 0.1 to 1 MHz e, =
frequency range. Seven LG p ]

device types are available «H (]
in 14 pin ceramic and plas- & e

tic packages for both com- ‘ i 0] oroune
mercial and military appli- e EH b o
cations. Call or write for { Kevivg
the XR-2207 data sheet -“[H ]

and application notes.

EXAR SPEAKS YOUR LANGUAGE

N 4
/ N

EXAR INTEGRATED SYSTEMS

750 Palomar Sunnyvale, California 94086 (408) 732-7970 TWX 910-339-9233

EXAR DISTRIBUTORS icond (o] pts: Woodland Hills: (213) 884-4560 Hauppauge, L. I.: (516) 273-1234 EEP Corporation: Culver City: (213)
838-1912 Intermark Electronics: San Carlos: (415) 592-1641 San Diego: (714) 279-5200 Santa Ana: (714) 279-1322 Denver: (303) 963-8284 Seattle: (206)
767-3160 Graham Electronics: Indianapolis: (317) 634-8202 Lafayette: (317) 742-4006 Ft. Wayne: (219) 742-4346 Cincinnati: (513) 733-1661 Radio
Electric Service Co.: Baltimore: (301) 823-0070 Gerber Electronics: Dedham: (617) 329-2400 Yankee Electronics Supply: Londonderry: (603) 625-9746
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We builtin the decoder/driver
so you don’t have to.

Not only the decoder/driver, but the memory too! It’s all in the HP 5082-7300

series solid state display. Available 7ow. In quantities to meet your production needs.

It’s completely TTL compatible. All you do is address it directly with four-line
BCD input. The on-board IC allows for either the storage of input data or
real-time display. You save design time, space and money, and get a completely
reliable integrated display system.
A bright 0.290 inch high, shaped character gives excellent readability over
a wide viewing angle in a compact 0.600 inch by 0.400 inch package.
And best of all, the price is only $8.25* in 1K quantities. If you need a larger
character write for information on our 1.5” 5082-7500 solid state display.

It’s also TTL compatible and has the decoder/driver built in. For immediate delivery

01329 -

on the HP 5082-7300 or 5082-7500 call your nearby HP distributor today.

INFORMATION RETRIEVAL NUMBER 3

HEWLETT "hﬁ, PACKARD

Sales, service and support in 172 centers in 65 countries.
Palo Alto. California 94304. Offices in principal cities throughout th
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Do you face
a make or buy

cecsono . BUY LAMBDAS NEW

65 AMPERES. LX SERIES NOW
AND 11 PACKAGE SIZES.

SPECIFICATIONS FOR LX SERIES 5 VOLTS £5% SINGLE OUTPUT

MAX. AMPS AT AMBIENT OF:
DC Output MODEL 40°C 50°C 60°C 71°C PRICE

Regulated Voltage

lati I 0.19 LXS-A-5-OV* 4.0 3.4 27 2.0 $ 85.
regula ion, line ........... A% LXS-B-5-0V* 5.8 5.0 2.0 3.0 125.
regul ation Ioad ........... Ol % 1 LXS-4-5-0V* 7.4 6.5 5.4 3.9 135.
ripple and noise .......... 1..5 mV RMS 5mV pk-pk with LXS-C-5-0V* 9.0 80 68 53 150.

either positive or negative ter- [XS-CC-5-0V* 16.0 145 2.7 105 200.
¥ minal grounded LXS-D-5-0V* 275 242 205 165 235.
temperature coefficient . ... 0.03%/°C LXS-E-5-0V* 350 30.0 540 175 300.
AC input LXS-EE-5-OV* 45.0 39.0 32.0 25.0 425,
L Wy SN - *x
1o R S 105-132 VAC; 47-440 Hz. For D 0 %0 80 B0 15,
187-242 VAC, see A.C. input e = : - : sav+1'on/ : -
ODtiOﬂS. For Operation of LXS'E' "Bnlfilltj-iﬁsczl)ﬁin%irsvlg a%%ﬁs?églzcélvoenrv%tha'ge p—otecot'on crowba
LXS-EE, LXS-7, and LXS-8 units output when trip level is exceeded. Includec; on alall LXSV-V7, (LSXS-B models
at 50 Hz or at 400 Hz, consult o,
factory. Ratings apply to 57-63 6VO|-TS =5 /I?AX TR
Hz. For all other models delete VIAX. s £ 3
40°C rating for 50 Hz operation. MOBEL 40°C 80°C 60°c e PRICE
Ambient operating temperature range LXS-A-6 3.7 3.1 25 1.9 $ 85.
continuous duty from 0° to +71°C with corresponding load 'L'::'f': 2'2 g'; j'g ] ::5
current ratings for all models of operation - : : - 0 l
L LXS-C-6 8.8 7.8 6.7 5.2 150.
Storage temperature range LXS-CC-6 15.2 13.8 12.1 10.0 200.
—55°C to:85°C LXS-D-6 26.5 23.4 19.8 16.0 235.
Overload protection LXS-E-6 34.0 29.0 23.0 16.5 300.
Thermal LXS-EE-6-OV** 42.0 36.0 30.0 22.0 425.
thermostat, automatic reset when over-temp. condition is re- LXS-7-6-OV 59.0 50.0 41.0 32.0 515.
moved. (Not applicable to LXD-3); circuit breaker must be reset LXS-8-6-0V 70.0 70.0 68.0 56.0 560.
on LX-7 and LX-8 models. **Includes fixed overvoltage protection at 7.4V =10%
Electrical
; : i n O,
external overload protection, automatic electronic current limit- 12 VOLTS :5 /0
ing circuit limits the output current to the preset value, MAX. AMPS AT AMBIENT OF:
thereby providing protection for load as well as power supply. MODEL 40°C- - /50°C; 80°C. 71°C . PRICE
Overshoot LXS-A-12 2.7 2.2 1.8 1.5 $ 85.
no overshoot on turn-on, turn-off or power failure. LXS-B-12 3.8 3.6 3.0 2.2 125.
Input and output connections LX5-4-12 4.4 3.8 il & 133.
: > : LXS-C-12 6.5 6.1 5.5 4.6 150.
through terminal block on chassis; output terminals on LX-7,
LX-8 models are two heavy duty studs L2 s 0.4 g2 =0 Lo
; g LU ' LXS-D-12 16.0 14.0 11.9 8.0 235.
Power hybrid voltage regulator LXS-E-12 2410 18.0 15.0 12.5 300.
or integrated circuit regulation LXS-EE-12 32.0 27.0 22.0 16.0 400.
some models have Power Hybrid Voltage Regulator providing LXS-7-12-0V 40.0 36.0 30.0 23.0 515.
complete regulation system while others have an integrated LXS-8-12-0V 50.0 45.0 40.0 34.0 560.
circuit providing regulation system except for input and output
capacitors, rectifiers and series regulation transistors.
P g 15 VOLTS £5%
Controls MAX. AMPS AT AMBIENT OF:
: DC Output Control . MODEL 40°C 50°C 60°C 71°C  PRICE
simple screwdriver voltage adjustment over entire voltage
range. LXS-A-15 2.4 2.0 1.6 1.3 $ 85.
Remote sensing LXS-B-15 3.2 2.8 2.5 1.5 125.
provision is made for remote sensing to eliminate effect of :::2'2:41‘; g‘g 22 2? jg :gg
power output lead resistance on DC regulation. IXS-CC-15 5E T =7 TE Sy
Transformer LXS-D-15 14.0 12.3 10.4 7.5 235,
MIL-T-27C, Grade 6 LXS-E-15 19.0 17.0 14.0 12.0 300.
Tracking accuracy (dual models) LXS-EE-15 28.0 24.0 19.5 14.0 400.
29% absolute voltage difference; 0.2% change for all conditions LXS-7-15-0V 36.0 32.0 26.0 20.0 515.
LXS-8-15-0V 45.0 41.0 36.0 30.0 560,

of line, load and temperature.




LX-7 UP TO 28 VOLTS,UP TO

AVAILABLE IN 68 MODELS

20VOLTS ¥5% +6 TO £3 VOLTS
MAX. AMPS AT AMBIENT OF: ADJ.VOLT. MAX. AMPS AT AMBIENT OF:
MODEL 40°C 50°C  60°C 71°C  PRICE MODEL RANGE VDC 40°C 50°C 60°C 71°C PRICE
LXS-CC-20 T 7.2 6.5 4.4 $190. +6 D A LG S S
LXS-D-20 11.5 10.2 8.6 6.8 235. LXD-B-062 to $160.
LXS-E-20 6.0 . .80 105 7.0 300. =4 Rl eD S F R
LXS-EE-20 220 _ 185 145 100 200. ook o SR o L
LXS-7-20-OV 28.0 25.0 20.5 155 515. +3 e
LXS-8-20-0V 32.0 29.0 25.0 17.0 560.
24 VOLTS 5% 24 TO 30 VOLTS
MAX. AMPS AT AMBIENT OF: ADJ.VOLT. MAX. mA. AT AMBIENT OF:
MODEL 40°C 50°C  60°C 71°C  PRICE MODEL RANGEVDC 40°C 50°C 60°C 71°C PRICE
LXS-CC-24 6.8 6.4 57 W $190. LXD-3-152 24—30 400 370 340 300  $85.
LXS-D-24 10.0 8.8 7.5 6.0 235.
LXS-E-24 13.0 11.0 9.5 6.0 300. +80 & e
il T s 0 60 300. S5 VOLTS £5%, *15TO %12 VOLTS
LXS-7-24-OV 25.0 22.0 18.0 14.0 515. TRIPLE OUTPUT
LXS-8-24-OV 30.0 27.0 235 17.0 560. ADJ.VOLT. MAX. AMPS AT AMBIENT OF:
¥: MODEL RANGE VDC 40°C 50°C 60°C 71°C  PRICE
28 VOLTS 5% 5+5% 120 115 110 95
MAX. AMPS AT AMBIENT OF: =15 BT S ST T Y
MODEL 40°C 50°C 60°C 71°C PRICE LXT-D-5152 to $375.
+12 D (T e
LXS-CC-28 6.0 5.6 5.0 4.3 $190. *5 volt output has fixed overvoltage protection at 6.8V #=10%.
LXS-D-28 9.0 8.0 6.8 5.8 235. #+15 to =12 output is dual tracking output.
LXS-E-28 11.0 10.0 8.5 55 300.
LXS-EE-28 17.0 15.0 12.0 9.0 400.
LXS-7-28-0V 22.0 19.5 16.0 125 515.
LXS-8-28-OV 28.0 255 225 17.0 560. NEW LX-7 DESIGNED TO MEET MIL
ENVIRONMENTAL SPECIFICATIONS.
$15TO £12VOLTS DUAL OUTPUT /'|
ADJ.VOLT. MAX. AMPS AT AMBIENT OF:
MODEL RANGE VDC 40°C 50°C 60°C 71°C PRICE
*15 0 1009 0.7
LXD-A-152 to $125.
12 B8L008 L0706
=15 BER A 0.7 :
LXD-B-152 to 150. 41557
%12 AL aE Al 106 o
=15 OB oG 5
LXD-C-152 to 160.
+12 SDMRIrEY 5 1.2
=15 B0 B 32 o4
LXD-CC-152 to 235,
+12 SO L 23 I8
XDD152  fon LT e Y LXS7-5:0V 5V, 65A
= s 2D
=15 T )
LXD-EE- 435.
e i?z 100 90 78 6.0 $5'5

5-YEAR GUARANTEE
ADJ.VOLT. MAX. mA. AT AMBIENT OF:
MODEL RANGE VDC 40°C 50°C 60°C 71°C  PRICE I |A I\/I BI ’Z%

$12TO %15 VOLTS/-12 TO -15 VOLTS

+(12to 15) 400 370 340 300 ELECTRONICS CORP.
LXD-3-152 $85. A (Yowes) Company

—(12to15) 400 370 340 300 515 BROAD HOLLOW ROAD, MELVILLE, L. |, NEW YORK 11744
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Solid State Image Sensing

Reticon offers the most complete line of solid state
image sensors for OCR, facsimile, page/document
reader, film scanning, real time spectroscopy, non
contact measurement and inspection applications.

High resolution of up to 1024 elements on 1 mil
centers is available on a single monolithic chip
with serial video readout. Charge storage mode
operation provides high sensitivity with scan rates
up to 10 MHz. Low power dissipation of less than
10 mwatts and the highest quality silicon gate
process assures minimum dark currents and maxi-
mum dynamic range.

Circuit cards (RC series) containing complete drive
and video amplifier circuits are also available from
inventory for any Reticon image sensor.

Our RL256C through RL1024C devices are much
improved pin compatible replacements for previous
designs.

Write or call for detailed data sheets and external
circuit information.

RETICON

450 E. Middlefield Road, Mountain View, CA 94043

(415) 964-6800 TWX 910-379-6552 "
——

HOTLINE (415) 964-3033
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(across the desk )

We've got inflation
—amen, brother

Your editorial “The Real Infla-
tion Fighters Are Those Who In-
novate” (ED No. 24, Nov. 22, 1973,
p. 155) really tells it like it is.
Amen, brother.

Especially pertinent is your com-
ment about trade barriers erected
for manufacturers who are scared
to compete with foreign producers
—not unable to compete, but scar-
ed. Foreign manufacturers have
been building cars with almost 1
hp/cu. in. and with good efficiency
on regular gas for years. Detroit,
even though technically capable of
doing the same, would rather
crank out loose-tolerance, low-effi-
ciency, gas-guzzling monsters. No
wonder there’s an energy crisis!

I drive one of the Japanese im-
ports (27 mpg) that has practical-
ly been priced out of the market.
Today the same model costs over
$1000 more than it did two years
ago, due not only to inflation (de-
valuation of the dollar) but also to
large trade-barrier increases.

Now that the domestic manufac-
turers have succeeded in erecting
these barriers, they are raising
their prices to ‘“catch up” with
those ‘“overpriced” imports. They
haven’t fooled anyone with any
discernment; they've just ruined
the bargain those imports used to
be.

Larry Cannady
Product Marketing
Motorola Inec.
Semiconductor Products Div.
2200 W. Broadway
Mesa, Ariz. 85202

What inflation?

Your editorial “The Real Infla-
tion Fighters Are Those Who In-

novate” (ED No. 24, Nov, 22, 1973,
p. 155) is somewhat misleading.
You should look up the definition
of the word “inflation” in a good
dictionary. Inflation can be caused
only by an increase in the money
supply. High prices have many
causes, but high prices DO NOT
cause inflation; they are one of
the results of inflation.

The first transistor cost several
million dollars, but today a better
one can be bought for a few cents.

J.P. Cheedleigh
Senior Staff Engineer
Pi@, Box 8
Houston, Tex.

EE jobless rate:
Who's kidding whom?

In Heather David’s “Washing-
ton Report” (ED No. 22, Oct. 25,
1973, pp. 47-48), it was stated that
6000 scientists and engineers are
expected to lose their jobs in the
aerospace industry by June, 1974.
It is increasingly difficult to rec-
oncile these and other reports
from the field with the glowing
predictions of lowered unemploy-
ment rates made by IEEE and the
Engineering Manpower Commis-
sion. Indeed, both of these groups
claim a current unemployment rate
of 1.32% —down from the 1972
figure of 1.9%.

However, in 1972 the IEEE took
its own survey, and more than
43,000 replies were received. The
very first question concerned the
employment status of the mem-
bers. Fully 6.03% indicated that
they were unemployed, while an
additional 5.37% indicated that
they were underemployed.

Why has the IEEE ignored its
own findings? Maybe the IEEE is

(continued on page 16)

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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THIN-TRIM*
GAPAGITORS

RID-CIRCUT
ESIGNERS

ACTUAL SIZE

R Fe St
9402 9410 PC 9401

THIN-TRIM capacitors are a new
development in miniaturized vari-
able capacitors for application in
circuits where size and performance
is critical. The Thin-Trim concept
provides a variable device to hybrid
circuit designers which replaces
fixed tuning techniques and cut and
try methods of adjustment.

FEATURES

* Low profile for
HYBRID CIRCUIT applications.

* High capacity values for
BROADBAND applications.

* High Q - low capacity values for
MICROWAVE applications.

U.S. Patent 3,701,932

MANUFACTURING CORPORATION

ROCKAWAY VALLEY ROAD
BOONTON, N.J. 07005
PHONE (201) 334-2676

TWX 710-987-8367



TT’s unique modular build-
ing block construction permits
custom configurations at
minimal cost.

Standard .150 inches travel
with 2.0 ounces actuating
force. Also available with .100

inches travel and lower profile.

High quality double shot
molded thermoplastic keytops
available in many colors. Or
you can buy keyboards alone.

Keyswitch materials and a Fully assembled on a circuit
high length-over-diameter board to reduce your
ratio provide the smooth, assembly costs.

quality feel necessary for
professional users.

ELEcTRONIC DESIGN 4, February 15, 1974



The new 5KS desktop keyboard from Texas Instruments, the world’s leading supplier of pocket
calculator keyboards. A new money-saving modular keyboard system provides the design flexibility
desktop calculator manufacturers need for quick and inexpensive model changes.

Before Texas Instruments modular keyboard systems, you could get keyboards for desktop calculators
two ways. First you could buy individual keyswitches or keyswitch rows and assemble them yourself. (This
assembly, which includes mounting on PC boards, soldering and testing, adds at least 25% to the price of the
keyswitch alone.) Secondly, you could buy a custom molded assembly which requires a high tooling charge.

Now the people who brought you the pocket calculator keyboard bring you the best of two worlds. The
first complete travel keyboard that gives you economy and flexibility using a unique modular keyboard system.

The keyswitches consist of only four parts for simple trouble-free operation and low cost. The key-
board assembly is a series of keyswitch clusters that can be arranged on a printed circuit board in any
desired layout. Using TT’s established library of available cluster modules, calculator manufacturers can
change models with only a low cost circuit board revision.

This is the new 5KS from T1I, a dependable low cost keyboard for desktop calculators, credit o
card verifiers, point-of-sale terminals, and other equipment where a keyboard is required. For
more information, fill in the coupon.

Texas Instruments Incorporated
Keyboard Products Marketing
MS 12-33/DE

Attleboro, Mass. 02703

Name
Title
Company
Address
City
State Zip
Keyboard application:

[ Desk-top Calculator [ Pocket Calculator
[0 Point of Sale Terminal [ Credit Card Verifier

Other
[0 Application is new [ or existing

Approximate annualusage — units
[ Please have a TI Field Engineer call

___________________________________________

TEXAs INSTRUMENTS

INCORPORATED
Putting new technologies at your fingertips.

Actual size.
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Pick & Choose

OEM Printer Mechanisms and Gomplete Teleprinter
Terminals from SINGER

You pick from our basic 30 cps
impact printer mechanisms in 80

or 132 column OEM configurations

and choose from many completely
packaged ASR, KSR and RO terminals
with interface. Or, if you need something
in-between we can supply that too; the
power supply, printer and communication
interfaces and/or logic sub-assemblies to
meet your exact requirements.

So whatever you need in OEM printer mechanisms
and terminals, it's available at Singer . . . Call,
write or circle the reader service number for our
new printer brochure today and see how Singer
can satisfy your printer requirements. International
Teleprinter Corporation, The Singer Co., 493
Washington Avenue, Caristadt, New Jersey 07072
— (201) 438-1770 — TWX 710-989-0111.

SINGER

INTERNATIONAL TELEPRINTER CORP
INFORMATION RETRIEVAL NUMBER 8



PLUNGER STEM

.every time
you depress a

CHERRY KEYBOARD SWITCH

Cherry’s unique gold “crosspoint” contacts plus simplified elec-
tronics enhance reliability and provide long life . . . low profile . . .
lower power consumption . . . low, low cost. The crossed knife-
edge contact configuration has been tested to 50,000,000 opera-
tions and beyond. Available from stock with a wide variety of key
legends and colors. Or, buy them as part of a keyboard package,
ready to slip into your panel. Either way is economical the Cherry
way.

When you need keyboard switches or complete keyboards for
numerical control, calculators, computer terminals or other applica-
tions, strike gold with Cherry—and save silver at the same time.
FOR A FREE TEST SAMPLE and a copy of our latest |
complete-line catalog ]ust TWX 910-235-1572 .
or PHONE 312-689-7700 . . . or circle approprlate
reader service number.

CHERRY §

Cherry Worldwide: (Subsidiaries) Hirose Cherry Precision Co Ltd., Tokyo ® Cherry Mikroschalter GmbH, Bayreuth, Germany

ré’s‘.‘ " Sy e Cherry Electrical Products (U.K.) Ltd., St. Albans, Herts e (Licensee) G.W. Engineering Pty. Ltd., Sydney

CHERRY ELECTRICAL PRODUCTS CORP.
3609 Sunset Avenue, Waukegan, lilinois 60085

INFORMATION RETRIEVAL NUMBER 9
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OUR POWER
SEMICGONDUCTORS

ARE SO GOOD

WE USE THEM OURSELVES.

20,000 TIMES A DAY.

12 ELECTRONIC DESIGN 4, February 15, 1974



That’s the rate at which Delco Electron-  in the Delco AM radios, AM/FM radios
ics supplies a variety of products for and stereo tape systems we produce for
GM cars. GM cars. They are also used in the GM

Under one roof we design and manu-  high-energy ignitions systems, I.C. volt-

facture complete sys-
tems, including the
power semiconductors
that help make those
systems work. This can
mean a lot to you.
Here’'s why:

We know the require-
ments and standards
that must be met to
produce over 20,000
systems a day. We know
what it means to de-
liver on time, to meet
our own production
schedules. And we know

the importance of component quality in
assuring reliability of the end product.
Our semiconductor devices are used

ELEcTRONIC DESIGN 4, February 15, 1974

age regulators, alterna-
tors, and in the new
combination front seat/
shoulder belt interlock
systems you find in all
the 1974 GM cars.

And all the capabil-
ities that go into Delco
semiconductors can
work for you, too.

There are select dis-
tributors with stock on
hand strategically lo-
cated coast to coast.
For the distributor
nearest you, phone

your closest Delco Electronic regional
sales office: Kokomo, Ind. (317) 459-
2175, El Segundo, Cal. (213) 640-0518,
Union, N.J. (201) 687-3770.

DELCO ELECTRONICS

Division of General Motors Corporation



Profits in motion
for communications
equipment

You can reduce assembly and inventory costs, get
reliable total functions in minimum space, and ob-
tain application help when you ask TRW /Globe to
build your motion package.

Four builders of communications equipment can
affirm this from their experience with the pack-
ages on this page.

1. TRW/Globe supplies this complete cassette
drive module for a telephone answering system.
The customer avoids assembly costs as well as
the problem of aligning the two output shafts.

2. This blower was built to fit the space available
after most of a military transceiver had been de-
signed. TRW /Globe also helped the customer de-

termine the system’s resistance to air flow.

3. TRW/Globe meets all functional requirements
in this rotary actuator for switching bands on a
military transceiver. The package includes gear-
ing, limit switch, mechanical stop, slip clutch, elec-
tro-mechanical brake, and filter.

4. This package drives the scanner in a facsimile
transceiver. TRW /Globe’s experience with hys-
teresis synchronous motors assures that both the
transmitter and recorder will be synced.

To get your profits in motion, call or write: TRW/
Globe Motors, an Electronic Components Division
of TRW Inc.. Dayton, Ohio 45404 (513-228-3171).

TRW/ cLosE moToRS

INFORMATION RETRIEVAL NUMBER 11
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£ “CANNON RFI
FILTER

“We used to call our plant
‘glitch city!

“With all that machinery
going, our process control-
ler was hearing more signals
than a weak-side linebacker.
And finding them just about
as tough to sort out.

“My boss said, design a

filter circuit. But | had costed &

out the design time and
packaging, and factored in
the inherent unreliability,
and it didn't add up. So

| told him. He flipped.

| suggested integral filtering
instead. He listened.

“I pointed out low cost,
ease of installation”

)

“I showed him Cannon con-

CONNEGTORS

UNSCRAMBLED
OUR PROGESS
COMPUTER,

and madg,me
a success.

“The accountant
seemed interested’’

The boss believed me.
Cannon delivered. And now
our process controller purrs
along. Sodo . So can you”
So send for detailed data
sheets on RFlI filter con-
nectors —and get our new
guide to everything you need
to know about Cannon
connectors.
| ITT Cannon Electric,
38 International Telephone and
28 Telegraph Corporation, 2801
& Air Lane, Phoenix, Arizona

“@et the secrets of my
success—-free.’

nectors with a built-in low
pass filter assembly on each
contact. They get rid of
RFI/EMI, save space and
weight, and offer reliability
no discrete filter can match.
And at less cost than doing ;
it all ourselves. -

cANmm ITT

85036. Call (602) 275-4792.

ELECTRONIC DESIGN 4, February 15, 1974
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Higher component density...

Lower insertion costs...with

MONOLYTHIC’
CERAMIC
CAPACITORS

MULTI-CO

TYPE 939C

(4 capacitor sections)

TYPE 934C

(7 capacitor sections)

TYPE 936C

(8 capacitor sections)

Compatible with ICs and other standard DIP devices. Especially
useful for noise bypassing and signal coupling in high-frequency
signal or data processing systems. Molded package provides
mechanical protection and reliability under severe environmental
conditions. Monolythic® construction . . . alternate layers of ce-
ramic dielectric material and metallic electrodes are fired into
an almost indestructible homogeneous block. Standard ratings,
18pF to 0.1 .F @ 100WVDC. Temperature range, —55C to +-70C.

Sprague puts more passive component families into
dual in-line packages than any other manufacturer:

TANTALUM CAPACITORS HYBRID CIRCUITS

CERAMIC CAPACITORS TAPPED DELAY LINES
TANTALUM-CERAMIC NETWORKS SPECIAL COMPONENT COMBINATIONS
RESISTOR-CAPACITOR NETWORKS THICK-FILM RESISTOR NETWORKS
PULSE TRANSFORMERS THIN-FILM RESISTOR NETWORKS
TOROIDAL INDUCTORS ION-IMPLANTED RESISTOR NETWORKS

4ST-3116

For more information on Sprague DIP components,
write or call Ed Geissler, Manager,

Specialty Comp ts Marketing,

Sprague Electric Co., 347 Marshall St.,

North Adams, Mass. 01247. Tel. 413/664-4411.

SPRAGUE

THE MARK OF RELIABILITY

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS
INFORMATION RETRIEVAL NUMBER 13
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ACROSS THE DESK
(continued from page 7)

run by a cabal of academicians
and top-level corporate executives,
whose best interests are served by
maintainence of the present glut
of EEs.

Irwin Feerst
Committee of Concerned EEs
P.O. Box 19
Massapequa Park, N.Y. 11762

A fuller explanation
of energy meter

I should like to correct certain
items presented in “Energy Meter
Improves Aircraft Performance”
(ED No. 23, Nov. 8, 1973, p. 65)

1. The parameters provided by
the meter are:

(a) Total aireraft energy (po-
tential plus kinetic) displayed on
the outer scale.

(b) Rate of change of total
energy, displayed on the inner
scale.

2. While initial investigation of
the concept was funded by Honey-
well’s Internal Investment Pro-
gram, as stated, the Office of
Naval Research provided primary
support for the hardware develop-
ment and subsequent flight evalua-
tion.

N. R. Zagalsky
Systems Project Engr.
Honeywell Systems & Research

Center
Aerospace & Defense Group
2600 Ridgway Parkway
Minneapolis, Minn. 55413

Make it 140 C,
not 240 C, in Focus

In “Focus on High-Temperature
Materials” (ED No. 22, Oct. 25,
1973) it’s stated on p. 56 that a
material is listed by Underwriters
Laboratory up to “240 C or 284 F.”
Who’s confused? The value 240 C
is equal to 464 F, which would con-
firm the claim of “over 400 F,”
but 284 F is only 140 C, not 240.

Robert A. Pease
Engineer
Teledyne Philbrick
Allied Drive
Dedham, Mass. 02026

Ed. Note: A typographical error
sneaked in. The 240 C should read
140 C.
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A review of New Products and Literature

from National Semiconductor

A nuv Imtdn m
..ll’li'l‘ cle\.'lces
from National

National’s extensive line of FET de-
vices is growing all the time. One year
ago we had only five geometries for all
our FETs; today we have 17 geome-
tries to meet all requirements. Several
of our latest JFET products are de-
scribed below.

The 2N5911/2N5912 are the industry’s
first and only wideband, low-frequen-
cy, low-capacitance dual FETs that
are monolithic. Offering greater sta-
bility than comparable non-monolithic
devices, these dual JFETs are ideal as
the front end of a wideband oscil-
loscope or as the input of a high speed
op amp. They can be used as a
matched switch and can be sold non-
packaged for use in custom hybrid cir-

cuits. The 2N5911 and 2N5912 differ
only in their match and track: the

2N5911 has a match of <10mV and
a track of <20uV/°C; the 2N5912 has
a match of <15mV and a track of
<40uV/°C.  (Continued on page A4)

lINEAH ﬂllAIlS AIIE I:IIMINI}

2

For many years now, quad devnces
have been quite common in the field
of digital circuit design, but until re-
cently they were unavailable to the
linear designer. However, in the space
of little more than a year, the linear
quad has come into its own. In
fact, the world of linear is rapidly
converting to quads. And for very
good reasons! When compared with
individually purchased linear compo-
nents, the linear quad is seen to have
greater reliability, lower insertion costs,
and lower inventory costs; it takes up
less board space; and its purchase price
(at present about the same as that of
individual components) is more likely
to go down, as there is more room
for improvements in the newer quad
technology.
National Semiconductor has the
broadest and most widely accepted
line of linear quads on the market
today and is the acknowledged leader
in the field. Among the outstanding
linear quads offered by National are
(Continued on page A4)

Cool News

in the
Plastic Power

Transistor
Market.

DURAWATT."MRemember that name!
It stands for National’s entry into
the plastic power transistor field.
DURAWATT series transistors gener-
ate from seven to 12 watts with case
temperature held to 25°C. They have
the same pin-out and electrical char-
acteristics as Motorola’s UNIWATT
series MPS-U01-95 and G.E.’s D40
series. They are superior to the
Motorola and G.E. devices in the
following respects:

e DURAWATT transistors are the
only power transistors that are en-
capsulated in epoxy B, making them
unexcelled in reliability.

e DURAWATT transistors have higher
free air dissipation.

Applications for DURAWATT series

transistors include high-voltage video

amplifiers, one-amp NPN and PNP
complementary pairs, and one-amp
Darlingtons.

The first product available in the
DURAWATT line is the SP7056, a
high-voltage video amplifier that uses
the same highly acclaimed process-48
die that is used in National’s metal
can transistors. In the DURAWATT
package, free air dissipation is in-

creased to 1.75W, allowing the SP7056
® to be operated without a metal heat
sink.

Circle No. 180 on Bingo Card
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Literature:

B TO-92 Selection Guide. This guide
lists all the TO-92 transistors, both
U.S. and Pro-Electron series, that are
currently manufactured by National,
and gives all the lead configurations
for these devices.

Circle No. 183 on Bingo Card

B FET Selection Guides. Three two-page
guides on National’s extensive line of
JFET devices are now available. The
first guide describes JFET amplifiers;
the second, dual FETs; and the third,
JFET switches. The values of key
parameters are given, and stock items
and preferred items are indicated.

Circle No. 184 on Bingo Card

B AN-78 Static RAM system can also

be built with dynamic RAM elements.
Many designers would like to take
advantage of static memory elements
in their systems, but not too many
are aware that static memories can be
implemented with dynamic integrated
This app note explains how.

Circle No. 185 on Bingo Card

circuits.

B8 AN-79 IC Preamp challenges

choppers on drift.

A new IC Preamplifier is now available
that features drift as low as 0.2 micro-
volts per degree C. It's used with
conventional op amps to produce cir-
cuits that are free from both drift and
offset.
detailed in this note.

Circle No. 186 on Bingo Card

B AN-80 MOS Keyboard encoding.
The use of MOS large scale integration
has made it possible to provide all
of the components necessary to im-
plement the complete keyboard en-
coding function in a single IC. The
circuit is the MM5740, and this app
note explains its use in practical
circuits.

Circle No. 187 on Bingo Card

Its use and characteristics are
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Display users benefit
from National’s LED
digit, segment drivers and
LED module.
The DM8861, a new LED segment
driver designed to be used in conjunc-
tion with MOS integrated circuits and
common-cathode LEDs in serially ad-
dressed multi-digit displays, is now
available from National. Unlike the
standard LED drivers, which have four
inputs and four outputs, the DM8861
has five inputs and five outputs and
hence provides the user with an extra
segment per digit. Also available from
National is the DM8863 LED digit
driver, a device that permits the user
to display eight digits per package,
as compared with the six digits per
package possible with standard LED
digit drivers. Like the DM8861, the
DM8863 is designed for use with MOS
integrated circuits and common-cath-
ode LEDs in serially addressed multi-
digit displays. The DM8861 has a
source or sink capability per driver
of 50mA and the DM8863 has a sink
capability per driver of 500mA.

In addition to the above two devices,
National is at present offering the
widely used DM75491 LED 4-segment
driver and the DM75492 LED 6-digit
driver.

9-Digit LED Module Simplifies and
Lowers the Cost of Calculator Displays
National’s NSN-98, a 9-digit LED
module designed for multiplex oper-
ation in hand-held calculators, is now
in volume production. The unit comes
mounted on a dark pc board with a
flat, red lens cover having an extremely
wide viewing angle. All nine digits
are pre-aligned and matched for bright-
ness and are 110 mils high without
magnification. A low current drive
of TmA (avg) per segment provides
excellent brightness in typical appli-

cations. . e e No. 188 on Bingo Card

National
literature
describes the
T0-92 product
line in great
detail.

offers the

Semiconductor
line of TO-92 transistors in

National
widest
the industry. This line includes each
of the three lead configurations (EBC,
ECB, and BEC). All these transistors
use Epoxy B as encapsulant, making
them unexcelled for reliability, and
all have copper lead frames for better
power dissipation. And we're not stop-
ping there! By October of this year,
we will have expanded our lead-form
capability, which will give us the ability
to second source virtually every small-
signal transistor currently available.

The T0O-92 Selection Guide and the
TO-92 Reliability Brochure together
will provide a detailed description of
the entire line of TO-92 devices. The
Selection Guide, available now, lists
all the TO-92 transistors, both U.S.
and Pro-Electron series, that are cur-
rently manufactured by National, and
gives all the lead configurations for
these devices. The TO-92 Reliability
Brochure, which will be available soon,
will describe the performance of all
National TO-92 transistors under a

variety of environmental conditions.

Circle No. 189 on Bingo Card
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Linear Quads

(Continued from page A1)
the LM3900N, the LM339, and the
LM324.
The LM3900N, which was introduced
about a year ago, is a quad amplifier
consisting of four independent, dual-
input, internally compensated ampli-
fiers designed specifically to operate
off a single power supply voltage and
to provide a large output voltage swing.
The LM339, which was brought out
more recently, is a low-voltage offset
voltage quad comparator designed to
interface directly with CMOS logic.
The LM324, a new device that is being
offered now for the first time, is a
quad operational amplifier with the
following unique characteristics:
In the linear mode, the input com-
mon-mode voltage range includes
ground and the output voltage can
also swing to ground, even though
the device is operated from only a
single power supply voltage.
The unity gain cross frequency and
the input bias current are tempera-
ture compensated.

Circle No. 181 on Bingo Card

New JFET Devices

(Continued from page A1)

An N-channel VHF/UHF FET ampli-
fier/oscillator/mixer, the U310 features
a typical power gain of 11dB, a typical
noise of 3dB at 4560MHz common gate,
and a typical input impedance of 50
(which optimizes impedance match).
The device is easy to use;no neutraliza-
tion is required.

The 2N5564-66 are monolithic dual
JFETs that are used as wideband, low-
noise differential amplifiers and com-
mutators. All three devices feature a
typical transconductance of 9000u TS
at 2mA, a typical noise voltage of
1.5nV/A/Hz @ 1kHz, and an Rpg that
is <100€2. They differ only in match
and track.

The 2N5515-24 are monolithic dual
FETS that are designed for 0-100Hz
applications. These ten devices differ
in match and track and show some
differences in electrical characteristics.
Several of them can guarantee a noise
voltage of <15nV/A/Hz @ 10Hz and
a CMRR of 100dB min. They are all
particularly suited for applications that

require critical transducers or MS2 input

impedances.  Cjrc/e 182 on Bingo Card

GUIDES FOR
NATIONAL
JFET DEVIGES

The brochure on JFET amplifiers is
divided into six categories:

e Ultra-low input current amplifiers
(1 pA max.)

Low frequency/low noise amplifiers
(<10nV/A/Hz @ 10Hz)

VHF/UHF amplifier/mixer/oscilla-
tors (400—600MHz)

RF/VHF amplifiers (200 MHz)
General-purpose N-channel ampli-
fiers listed in ascending order of
minimum Ipss, with Ipss range
shown pictorially

General-purpose P-channel ampli-
fiers listed in ascending order of
minimum Ipss, with Ipgs range
shown pictorially

vided into five application areas:

e General-purpose devices
Low-frequency / low-noise devices
(<15nV/A/Hz @ 10Hz)
Wideband/low-noise devices for fast

slew rate op amps and low-noise
oscilloscope displays

Low leakage/high CMRR/wideband
devices -- the ultimate in general-
purpose dual JFETs

Replacement types for the old SU
and FM series

The brochure on JFET switches lists
the more popular N-channel and P-
channel switches in ascending order of
“on" resistance.

Circle No. 191 on Bingo Card

NEW DUAL
SENSE AMPS
AND LINE
RECEIVERS

SANTA CLARA, CA—A new series
of dual-function bipolar monolithic

integrated circuits from National Semi-

conductor Corp. offers the systems
designer flexibility in implementing
digital data transmission and MOQOS
memaory sensing circuits.

Called the LM75107A, LM75108A,
LM75207, LM75208, LM363, and
LM363A, the devices are TTL compat-
ible dual high speed circuits intended
for sensing voltages in a broad range of
systems applications. While their pri-
mary use will be as line receivers or
MOS sense amplifiers, any of the new
products may be employed as voltage
comparators, level translators, or win-
dow detectors. As digital line receivers,
the devices are intended to be used
with the LM75109, LM75110, or the
DM7830 line drivers, but they may
also be used with other balanced or
unbalanced party-line data transmis-
sion systems.

Circle No. 192 on Bingo Card
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Announcing:

High Speed

Voltage Comparators

C— 1
\%
Santa Clara, Calif. . . . Two new high

speed differential voltage comparators
featuring guaranteed response times of
20 nanoseconds maximum are now
available from National.

Called the LM160 and LM161 series,
the new comparators are bipolar mon-
olithic integrated circuits with high
speed differential inputs and comple-
mentary TTL outputs. Typical delay
on either series varies only 3 nano-
seconds for overdrive variations of
from 5 to 500 millivolts. And both
feature tightly matched delays on each
output.

The LM160 offers improved charac-
teristics over the uA760 and uA760C
comparators for which it is a pin-for-
pin replacement. It is faster, has a
lower input offset voltage, higher
input impedance and larger fanout
than the 760 and has a lower input
offset voltage. Pinouts for the LM160

series include plus and minus inputs,
plus and minus outputs, plus and minus
power supply (up to 8 volts max.) and
ground.

The LM161 is an improved pin-for-pin
replacement for the SE529/NE529. It
too has been optimized for greater
speed performance and lower input
offset voltage. The pinouts for the
LM161 series include plus and minus
inputs and outputs, plus and minus
power supply (up to 15 volts), ground,
a separate Vg supply for the output
section, and strobe enable inputs for
each output. Thus the front end of
the LM161 may be run on plus/minus
15 volt op amp supplies, while the
TTL output section is run on plus
5 volts and ground.

Applications for the new comparators
include zero-crossing detectors in tape
and disk memory systems, and in high
speed analog to digital converters.

The LM160, which is intended for
operation over the full military temper-
ature range of from —55°C to +125°C
is available in a 14 lead flat-pack, a
14 pin cavity dual in-line package, or
an 8 lead TO-5 can. The LM260,
which is for operation over the indus-
trial temperature range of from —25°C
to +85°C, and the LM360 which is
for operation over the 0°C to +70°C
commercial temperature range are also
available in the same three packages.
In addition, the LM360 is available
in a 14 pin Epoxy B DIP.
The LM161 (—55°C to +125°C) is
available in a 14 lead flat pack, a
14 pin cavity DIP, or a 10 lead TO-5
can; the LM161 (—25°C to +85°C) is
available in a 14 pin cavity DIP or a
10 lead TO-5; and the LM361 is
available in a 14 pin cavity DIP, an
Epoxy B DIP, or a 10 pin can.

Circle No. 193 on Bingo Card
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National’s pressure
transducer
sharply lowers

the cost of
transponders
that
contain altimeters.

[]

Owners of light aircraft have cause for
celebration -- they will soon be able
to purchase an inexpensive altitude-
reporting transponder.  This break-
through has been made possible by
National Semiconductor’'s LX1602A
pressure transducer. The LX1602A
costs a mere $70 (equivalent devices
cost $1500) and meets all FAA require-
ments for light aircraft from —1,000
feet to 50,000 feet. With this device,
transponder manufacturers will be able
to include altimeter capabilities in
their transponders without pricing the
typical light aircraft owner out of the
market.
Application assistance in designing
both altimeter portion of the trans-
ponder is now available from National.
For a detailed description of the use
of the LX1602A in designing altim-
eters, see Application Note 91.

Circle No. 194 on Bingo Card
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SPECTACULAR

NSecond sourcing

diode arrays and
fransisfor arrays.

ARRAYS!

National Semiconductor is now second
sourcing two very popular diode arrays
-- the LM3019 and the LM3039 -- and
four widely used transistor arrays--the
LM3018, the LM3045, the LM3046,
and the LM3086.

The LM3019 consists of one silicon
diode ““quad’ and two isolated silicon
diodes on a common monolithic sub-
strate. The LM3039 is made up of
six ultra-fast, low-capacitance silicon
diodes on a common monolithic sub-
strate. Five of the diodes are inde-
pendently accessible, while the sixth
shares a common terminal with the
substrate.

The LM3018 consists of four general-
purpose silicon NPN transistors on a
common monolithic substrate. Two
of the four transistors are connected
in the Darlington configuration.

The LM3045, the LM3046, and the
LM3086 each consist of five general-
purpose silicon NPN transistors on a
common monolithic substrate, with
two of the transistors internally con-
nected to form a differentially con-
nected pair. The LM3045 is supplied
in a 14-lead cavity dual-in-line package
rated for operation over the full mil-
itary temperature range. Both the
LM3046 and the LM3086 are electri-
cally identical to the LM3045, but are
supplied in 14-lead molded dual-in-line Q
package for applications requiring only
a limited temperature range.

All four transistor arrays are well
suited to a wide variety of applica-
tions in low-power systems in the DC
through VHF range.

Circle No. 190 on Bingo Card

THE AMAZING STORY OF
THE 2K RAM THAT
ATE TOPEKA, KANSAS.

Once upon a time there was a 2K And he had within him address
RAM named MM5262. registers, chip select registers and data

Born at National, MM5262 was output latches so people could easily

very big and very strong. 2 and inexpensively implement his

Much bigger than the litﬂm . memory.

1K RAMs around him, yet r SN He also had a couple

just as fast. ( e | of brothers who often
MM5262 couldread |\ T ¢ | “®@ ) traveled with him: A sense

and write,youknow. Andhe ~_ O ~ =% __/ ampnamed DM8806

had a wonderful memory,_ g ') (which offered Tri-State®
Well, although he [§ Sl y Logic output), and a

\',,“

was bigger and better | ¢ driver named MH0026.
than the little 1K RAMs, But one day MM5262
MM5262 was,of course, ! got very nervous. He
not the only 2K RAM heard rumors about a big
around. brute of a RAM called 4K.
But MM5262 never He worried about
worried too much about \ What might happen to him.
them, because they were \ He worried so much
never around. You could that one day he went out

never seem to find _

and ate Topeka, Kansas.
one of those 2K \

(You may have read

RAMswhen you > about it in the
wanted them. But newspapers.)
MM5262 was there, But later MM5262
ready and waiting for calmed down.
people who wanted him. I Because he learned
And people loved and wanted him  that the big 4K RAMs wouldn’t really be
because of many things. around much for some time yet, and that

He drank only half as much power
as 1K RAMs, for example. His standby
power was only 2.5 milliwatts per bit. Which proves that you shouldn’t go
And he cost 10-20% less on a system around eating Topeka, Kansas
basis. prematurely.

NATIONAL.

even when they got to town people would
still need and love him, too.

©
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THE POWER:
High Speed
Tri-State RAN

National is now introducing the DM76
L99/DM86L99, a fully decoded 64-
bit RAM organized as sixteen 4-bit
words, whose power dissipation is
approximately one-tenth that of com-
parable standard 54/74 RAMs. Typical
power dissipation for this device is
55mW and typical access time is 80ns.
The DM76L99/DM86L99 is compat-
ible with the series 54L/74L; it has
the same pin-out as the SN5489/
SN7489, the DM7599/DM8599 the
3101, and the 5501; and it is expand-
able to 1200 4-bit words without
additional resistors.

Circle No. 195 on Bingo Card

Easily programmed ROMS team
with versatile programmer.
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National’s line of programmable read
only memories has been expanded
with the addition of the MM5202A,
which is a pin-for-pin equivalent to
the popular 1602A/1702A in the read
only memory mode.

The MM5202A is a 2,048-bit program-
mable read only memory configured
as 256 words by 8 bits. It's a static,
silicon gate device that is bipolar com-
patible on both the inputs and outputs.
Power supply requirements of +5 and
—12 volts are also bipolar compatible.

Access time is 1.0 microseconds.
Designed for such applications as ccde

converters, random logic synthesis,
look-up tables, and character gener-
ators, the MM5202A is easy to use
since it is a static device which doesn’t
require any external clocks, and it has
Tri-State® outputs which allows the
user to tie several devices to a common
output line.

Programming of the MM5202A is ac-
complished on an approved MM5203
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programmer. The programming is done
by applying a 50 volt pulse to the
desired location. The generated charge
is then stored in that location and the
device acts as a ROM. If the data is to
be changed, the device, which has a
quartz lid, is exposed to short-wave
ultraviolet light for a period of time
and the charge is dissipated so the
device can be reprogrammed.

The MM5202A is available in a 24 pin
Ceramic package and is priced at
$40.00 each in quantities of 100.
Delivery is from stock.

For fast and easy field programming
of the MM5202A, and National’s other
PROMS including the MM5203A, and
DM7573. The programmer manufac- |
tured by Data I/O Corp. in Bellevue,
Washington, is ideal. Called the Pro-
grammer |, the device can program
any type of programmable semicon-
ductor memory made by any manufac-
turer. The Data I/O programmer uses
a “personality card”” which sets up the
machine for the different types of .
PROMS. These cards, which include
types for all National Proms, are avail-
able from Data 1/0.

The machine consists of an eight-key
keyboard, a tape perforator and a tape |
reader, a display panel which allows
visual observation of bit patterns from
any source and any output, and an
LED word count display. An internal
RAM memory is also provided allowing
additional flexibility in the data source.

Data to be programmed may be en-
tered via the keyboard or punched
tape into the built-in RAM, and then
the data in the RAM program the |
pROM. An alternate method is to
employ a ROM or a pre-programmed
pROM as the data source. -

Circle No. 196 on Bingo Card i




BOURNS

LOW
COST
JEFEAMILY

- JF INDUSTRIAL
TRIMPOT® POTENTIOMETERS

POWER: 1 WATT (OR BETTER) AT 70°C

* TEMPCQO: CERMET— AS LOW AS 100 PPM/°C
WIREWOUND — AS LOW AS 70 PPM/°C

TEMPERATURE RANGE: —s55°uUP TO 4-150°C

Join the growing population of industrial equipment de-
- signers who have discovered that Bourns quality has
never cost so little.

. Bourns LOW-COST FAMILY of industrial TRIMPOT®
potentiometers was designed specifically to give cost-
conscious industrial electronics equipment manufac-
turers superior product quality and performance . . . AT
LOWER PRICES.

We invite you to compare price and specs on Bourns
LOW COST FAMILY models with those of our prime
competitors.

AVAILABILITY

The Cermet and Wirewound models shown are stocked
in-depth . . . RIGHT NOW, so delivery is off-the-shelf
from your local Bourns distributor or factory-direct.

Complete data, price and delivery details on all LOW-
"COST FAMILY models is available upon request. Just
write, or call, your local Bourns Sales Office, represen-
tative, or distributor.

BOURNS, INC., TRIMPOT PRODUCTS DIVISION

PRICED
TSI i

YOUR

WVALLET

AVAILABLE FOR IMMEDIATE DELIVERY
FROM YOUR LOCAL BOURNS DISTRIBUTOR

1200 COLUMBIA AVENUE, RIVERSIDE, CALIFORNIA 92507
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We make

components for
guys who can

Even the coolest and calmest
among us somehow comes unglued
when there’s a “little” electronics
systems failure. Because before it’s
done, that little systems failure often
becomes a big, big systems failure.
One that takes a long, long time to
fix. And to forget.

But that’s where Corning comes
in. We make reliable components
for guys who can’t stand failures in
their systems. Components like
metal film resistors—both standard
and flame proofs. Components like
our glass, ceramic and glass/ceramic
capacitors. Like our solid tantalum
capacitors—hermetic and non-her-
metic, polar and non-polar, minia-
ture and microminiature. And like
our discrete component networks.

An example:
Take our CORDIP™ discrete

component networks, for example.
They’re unique packages of custom
combinations of discrete micromini-
ature resistors, capacitor chips and
diodes in a dual in-line package.

stand failures.

Combinations of up to 20 and 23
components are available in 14-pin
and 16-pin packages, respectively.
Circuit complexity is almost un-
limited, with all interconnection
made inside the pretested package.

Their specs:

With CORDIP component net-
works, resistance values can be
selected from 10§2 to 150K. And
with tolerances from 195 and TC’s
from 100ppm, they offer better
resistance ratios than other DIP
networks. Capacitance values are
from 10-47,000 pf. Tolerances from
5%:. Diodes are low-signal silicon
planar types. And different types of
components—with different values,
tolerances and TC’s—can be readily
mixed in the same network.

The special packaging construc-
tion of CORDIP component net-
works permits the use of Corning’s
discrete metal film resistors, discrete
ceramic capacitor chips, and discrete
glass hermetically sealed diodes.

INFORMATION RETRIEVAL NUMBER 15

Their extra benefits:

CORDIP component networks
bring the designer almost unlimited
circuit complexity, great flexibility
and economy—and bring the pack-
aging/production engineer substan-
tially reduced board size. And
insertion costs can be reduced by
as much as 23-to-1.

Get the full story on CORDIP
discrete component networks
and all of Corning’s extra reli-
ability components. Write for our
new “General Design Guide” to:
Corning Glass Works, Electronic
Products Division, Corning,

New York 14830.

CORNING

ELECTRONICS



strates. They re pugga le, too.

Both AMP lines have stored-energy contacts. Just to assure you of electrically
reliable, uniform connections. While the gold or tin plating gives you optimum
solderability to pc boards.

You probably know of AMP’s ability to give you a wide selec-
tion of leadless sizes. To satisfy virtually all your needs.

The same is true for our leaded connectors: 40-, 28- and
24-position, dual in-line configurations. Standard on
.100 x .600" centers (others available). The low-
profile housing provides an overall height of less EL
than .250"

So when it comes to high-performance connectors,
take our lead. Whether they’re leaded or leadless. Call (717)

564-0101. Or write AMP Incorporated, Harrisburg, Pa. 17103.

AMP

INCORPORATED

AMP is a trademark of AMP Incorporated
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y ‘ - MSI and LSI sub-
strates. They’re pluggable, too : :
Both AMPlines have stored-energy contacts. ust to assure' you of electrically
reliable, uniform connections. While the gold or tin plating gives you optimum
solderability to pc boards.
You probably know of AMP’s ability to give you a wide selection of
leaded sizes. To satisfy virtually all your needs.
The same is true for our leadless connectors: 40-, 28- and
24-position, dual in-line configurations. Standard on .100 x
600" centers (others available). The low-profile housing
provides an overall height of less than .250.
So when it comes to high-performance connectors, take
our lead. Whether they’re leadless or leaded. Call (717) 564-0101.
Or write AMP Incorporated, Harrisburg, Pa. 17105.

ANMP

INCORPORATED

AMP is a trademark of AMP Incorporated
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High-Speed
ulse
Amplifier

A new type of high-speed switching device,
the Electron Bombarded Semiconductor
(EBS), has been developed by Watkins-
Johnson for high-speed, low-delay, fast-
rise-time switching and modulation

. applications.
The WJ-3653, weighing only 2%4 pounds
and measuring 4.5 x 2.65 inches, will
provide up to 400 volts peak output into a

Input Output nominal 100-ohm load with less than 3.0
nsec rise time and a total delay from input
ik 6 nsec T pulse to amplified output of less than 6
. - 4oy nsec. The WJ-3653 offers over 4 A peak
J— 10 Volts output current capability for operation into
L ] __L primarily capacitive loads.

Applications include:
i ® Grid modulation of high-power micro-

WJ-3653 Time wave tubes

Typical ® Pulsers for electro-optical modulators

® CRT modulation
Performance ® Modulation of power semiconductors

3 nsec
High-current, low-voltage versions with
peak output current up to 100 A are avail-
able for solid-state laser modulation. The
WJ-3658 is currently supplied with duty
factors up to 4%.

For further information, contact your nearest Watkins-Johnson Field

Sales Office or EBS Applications Engineering in Palo Alto at (415) 493-4141, ext. 391. i
wd WATKINS-JOHNSON

Watkins-Johnson—U.S.A.: 3333 Hillview Ave., Palo Alto, CA 94304 « (415) 493-4141 « TWX: 910-373-1253 » Telex: 34-8415 » Cable: WJPLA ¢ 700 Quince Orchard
Rd., Gaithersburg, MD 20760 « (301) 948-7550 « TWX: 710-828-0546 * Telex: 89-8402 * Cable: WJCE| * United Kingdom: Shirley Ave., Windsor, Berkshire SL4 5JU.
England e Tel: Windsor 69241 « Cable: WJUKW-WINDSOR ¢ Telex: 847578 » West Germany: 8033 Planegg, Muenchenerstr. 17 ¢ Tel: (089) 859-9441 « Cable:
WJDBM-Muenchen ¢ Telex: 529401 < Italy: Piazza G. Marconi, 25 00144 Roma-EUR ¢ Tel: 59 45 54 « Cable: WJROM-ROMA e Telex: 60117
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VACTEC optoelectronics

'igh‘ﬁeed
ilicon Photovoltaic Cells

Ten times faster with excellent linearity, high
temperature stability, and high low-light

sensifivity.
RESPONSE TIME VS LOAD FOR .2" x .2 SILICON PHOTOVOLTAIC CELLS
100,
80
60 A 3
pe P A THE INDUSTRY’S BROADEST LINE:
= ¥ / A. Standard and high speed silicon photovoltaic cells.
v . .
g | LA STANDARS | B. Phototransistor and photodardingtons.
310 2 § e C. Opto-Couplers (three types).
'é : LED/Photoconductor
S /( LED/Phototransistor
“ 7w Mot Lamp/Photoconductor
s Y. r f 3 >
F 2 g 3 D. Selenium photovoltaic cells.
w
%1.- b E. C-MOS and Bi-polar custom |-C's.
58 - o @f @W H F. CdS and CdSe Photoconductors.
x 6 ~ ] H
3 1, = current rise 10% - 90% 1] Write today for more details.
tg = current fall 90% - 10% [T] 5
i 2
Vactec, Inc.
A 3 2423 Northline Industrial Blvd.
| g 4 6 .810 2 AL 4 6 810 20 40 6080100 = - MOI’Y'Of\d Heights, Mo. 63043
(LOAD RESISTANCE - K-OHMS) e B Phone (314) 872-8300
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What would a power supply
designer want to know

about TRW’s new Darlington family?

We asked our sales and applications engineers.
And they said we should tell you 5 things:

1. It operates up to 450 Volts.

2. It offers fast switching — 250 Nsec.

3. It operates up to 25 Amps continuously.

4. It costs under $5.00 (in quantity).

5. It is immediately available, in quantity,
right off the distributors’ shelves.

They assured us those five facts were enough to get
any power supply designer pretty excited about our
new Darlington. Were they right? Signify in the usual
manner—casting your vote at the nearest office of
any authorized TRW distributor. Or call John Powers,
collect, at (213) 679-4561; or write TRW Semicon-
ductors, an Electronic Components Division of TRW,
Inc.,14520 Aviation Blvd., Lawndale,California 90260.

TRW/ sevuconpbuctors

24

These products are available through the following authorized distributors:

Almo Electronics Eastern Radio Corp. Harvey-Michigan Inc. Semiconductor Concepts Inc.
Bell Industries Electronics Marketing Corp. Liberty Electronics Summit Distributor

Cramer Electronics Inc. Elmar Electronics Inc. Powell Electronics R. V. Weatherford Co.

De Mambro Electronics Hall-Mark Electronics Corp. Pyttronics Westates Electronics Corp.

INFORMATION RETRIEVAL NUMBER 16
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Portable printing calculators
expected this year at $100

The next goal for manufacturers
in the highly competitive electron-
ic calculator field is a portable,
battery-operated calculator that
prints like a mechanical adding
machine and costs less than $100.
The company that comes up with
that first stands to reap a fortune.
So says Ed Rothchild, calculator
product manager for NS Electron-
ics, Sunnyvale, Calif.

“There are still about one mil-
lion mechanical adding machines
sold each year,” Rothchild notes.
“If we could come out with an
electronic one that would take the
same size paper roll, the mechani-
cal adding-machine market would
vanish.”

When will such an electronic
calculator be available? Before the
year is out, Rothchild predicts.
Not only his company, but Bow-
mar, Unicom and Texas Instru-
ments, among others, are reported
working on the concept.

Printed output on a vertical
tape is important, Rothchild says,
particularly in business and ac-
counting applications. And while it
is true that there has been a por-
table printing calculator available
for some time—the Cannon Poc-
ketronic—it sells for about $180
and produces its output on hori-
zontal tape, much like a ticker-
tape machine.

Most current efforts to build
a competitive printing -calculator
center on use of a thermal print
head to reduce size and cost. In
this approach, heat-sensitive paper
is heated by a matrix of semicon-
ductor elements to form an impres-
sion (see “Thermal Printer: Hot
Challenger to the ‘Flying Ham-
mer’ Method,” ED No. 8, April
13, 1972, p. 26).

The print head can consist of
either a single-digit matrix or a
multidigit. The single-digit ap-
proach is less desirable for a por-
table machine, Rothchild says, be-
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cause it requires a stepping motor
to move it and adds weight, parts,
cost and assembly time. The multi-
digit stationary, parallel readout
approach, however, has a mini-
mum of mechanical parts and re-
quires only a mechanism to move
the paper.

“This is the approach that will
probably be most popular with cal-
culator makers,” Rothchild says.

The portable printing -calcula-
tors that should debut later this
year, he reports, will probably have
a capacity of from eight to 14
digits. About a year after they
appear, Rothchild goes on to pre-
dict, calculators that combine a
digital readout with a printer will
be available. This machine will
probably cost about $20 to $30
more than the printing calculator
alone.

The main problem to be over-
come is to reduce the voltage re-
quirements of the thermal print
heads. At present they need be-
tween 24 and 30 V. Efforts are
under way to reduce this to 9 or
127V

In addition to printing calcula-
tors, Rothchild sees other special-
ized calculators appearing in the
next two years: more combination
devices, such as the -calculator/
clock, and features like program-
mability and special function keys.

The main emphasis in the next
vear, however, will be on price
slashes. According to Rothchild,
calculator prices will drop 30 to
50%.

Skylab’s balking gyros
to be used on shuttle

Despite the problems experienc-
ed with Skylab’s control-moment
gyros, the space agency still plans
to use them on some of the space-
shuttle’s payloads.

Designed to keep the manned

orbiting laboratory stable as well
as to change its attitude for a
variety of experiments, the three
gyros were supposed to have a life-
time of eight months. The first of
the 22-inch-in-diameter gyros fail-
ed on Nov. 23, after six months
and a week of operation. A second
began behaving erratically on Dec.
17, chalking up a few days more
than seven months of trouble-free
operation.

Though posing a problem for
Skylab in its last weeks, the gyros
have proved more than adequate
for space-shuttle payload missions,
which will probably last about 30
days, a spokesman for NASA says.
These missions might involve put-
ting a telescope into orbit for a
specific short period of time.

The space agency doesn’t know
why one gyro failed and a second
is behaving erratically. In fact,
the second gyro still has its good
days. Most of the time, however,
“its rpms drop off from a desired
8912 to about 8850, the amperage
rises slightly, and the temperature
of the bearings goes up three or
four degrees,” the NASA spokes-
man reports.

Technicians on the ground have
tried to work around the problem,
but with only temporary success.

“At first they thought the prob-
lem was due to the low ambient
temperature, so they managed to
heat up the gyros’ environment,”
the NASA spokesman says. “For
a few days the gyro’s performance
improved, but then it went back to
behaving as badly as before.”

The ground crew still believes,
however, that there was some con-
nection between the elevated tem-
perature and the gyro’s temporarily
improved performance.

If the faulty gyro should go out
completely, NASA says, the craft
could operate safely with its gas
thrusters, but the astronauts
would have to forget about experi-
ments that require a cglange in
craft attitude.

Skylab’s control-moment gyros
are mounted in gimbals, with their
axes nominally mutually perpen-
dicular. To maneuver the space-
craft, the astronaut inputs the de-
sired attitude to a digital compu-
ter, which compares this with the
present attitude. If rotation is re-
quired, the axis of one or more of
the gyros is shifted by computer
command.

{85
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The gyros were designed by the
Marshall Space Flight Center in
Huntsville, Ala., and built by the
Bendix Navigation and Control
Div. in Teterboro, N.J.

Sensor-computer setup
troubleshoots cars fast

Ask any garage mechanic, and
you’ll hear increasing complaints
about the difficulty in servicing
today’s cars. New complex safety
and emission-control equipment
and shortage of skilled mechanics
have made troubleshooting the
family car an often frustrating,
time-consuming job. One solution
has been unveiled by Hamilton
Standard, a division of United

Aircraft Corp. in Windsor Locks,
Conn.

It’s called Autosense, a compu-
ter-based sensing system that auto-
matically finds out the cause of a

| A%

Autosense system employs sensors
attached to engine and other parts
of the car to measure vehicle operat-
ing performance. Computer is hous-
ed in console. Hand-held unit con-
trols and monitors the test system.

car problem, then prints out the
action required to fix it—all in
10 minutes or less.

Autosense uses sensors to meas-
ure ignition system, exhaust emis-
sion and other conditions program-
med into its digital computer—a
16-bit serial machine. The com-
puter contains a tape-cassette
memory with a maximum capacity
of 5.2 Mbits.
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The computer compares prob-
lem conditions against performance
specs stored on the -cassettes,
and then issues a printout that
lists what conditions passed or
failed the test and what repairs,
adjustments or other actions are
needed. A single standard com-
pact cassette, for example, would
contain the performance specs of
all General Motors passenger cars
for five years.

Sun Oil and the GMC Truck
and Coach Div. of General Motors
are among the early buyers of
Autosense, according to Richard
F. Gamble, president of Hamilton
Standard. The unit is priced at
$6895, with delivery scheduled to
begin in April.

Semi laser and detectors
to use common substrate

An optical integrated-circuit de-
tector has been developed that will
allow semiconductor lasers and op-
tical detectors in the 0.9-u-to-1.15-
pn range to be fabricated in mono-
lithic form on a common substrate.

The detector uses a GaAs, di-
electric waveguide structure im-
planted with high-energy protons
in the region where a detector is
to be formed, according to its de-
velopers, Robert Hunsperger, a
member of the technical staff at
Hughes Research Laboratories in
Malibu, Calif., and Harold Stoll,
Ammon Yariv and Gregory Tango-
man of the California Institute of
Technology in Pasadena, Calif.

For example with 300-keV pro-
tons a 3-u-thick structural disorder
layer is formed with a disorder
peak occurring approximately 2.5
@ below the surface.

This structural disorder causes
the previously low-loss waveguide
to become highly absorptive for
radiation of greater than 0.9 u.

At 0.9 p and above, the typical
waveguide loss in the unimplanted
case is less than 2 dB/em. Accord-
ing to Hunsperger, one mechanism
for the absorption is the liberation
of free carriers that become trap-
ped at defect centers. A photode-
tector results when these carriers
are swept through the depletion
layer generated by a reverse-biased
Schottky barrier, which is deposit-
ed over the implanted region.

Devices fabricated to date have
shown response times of less than

200 ns and detection efficiencies
of about 16%. Better performance
is expected with refinements in
the procedure.

Video recording system
employs low-cost discs

A prototype video recording and
playback system that uses low-cost
discs appears to be a strong con-
tender for the home and education-
al market.

The system was developed by
i/0 Metrics/Videonics Corp. of
Sunnyvale, Calif., and according to
Peter G. Wohlmut, the company’s
president: “In production we ex-
pect the home playback unit to sell
for about $300 and one-hour color
program discs for $5 or less.”

The video dise is 12 inches in
diameter and made from photo-
graphic films with a laminated
protective coating over the emul-
sion. The master disc is recorded
by means of a modulated laser
focused with a microscope objec-
tive. Duplicate disecs can be made
with standard photographic tech-
niques and can provide 10-MHz
bandwidths.

The video playback units can be
quite simple. A prototype home
player places the disc on a trans-
parent turntable rotating at 30
rpm. A 50-W microscope illumina-
tor bulb provides the light source
that shines through the rotating
dise. Information detection focus-
ing and tracking data come from
a three-photodiode array.

Wohlmut says the company does
not intend to manufacture or
market the video disc system but
is negotiating with a number of
manufacturers in this country and
abroad.

CMOS microprocessor
stirring design race

At least three companies are
racing to produce the first micro-
processor using CMOS—Intersil,
Motorola and RCA. Software for
one of the CMOS devices will be
identical to that used in some
minicomputers. This will sidestep
the special, less familiar soft-
ware required for some general-
purpose MOS microprocessors
now in use.
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Need a DMM with adifference?
..Keithley’s got em!

Tired of “general purpose” Digital Multimeter perfor-
mance? Want that something extra that'll make your
job easier? Then we've got the Multimeters for you.
Takeournew 5-1/2digit, 10 uVresolution, $750,
ac/dc Model 190...or our new 5-function, 32-range
Model 165. It's even got a built-in 1 mA source for
semiconductor testing. Then there’s our model 171
...areal do-it-all DMM. 4% digits, 1V resolution,dc
volts, ac volts, ac/dc amps, ohms too.

But the Keithley family doesn’'t end there. We can
give you resolution to 30 nanovolts, or let you mea-
sure currents of 10-'® amp, or resistances to over
104 ohms...we've even gota DMM that has the read-
outin a probe.

If you have a job that needs a DMM and then some,
we can help. Send for our Digital Multimeter selector
guide or call for ademo now. Phone (216) 248-0400

Our latest “How sweet it is” proclamation is on a
= Mmarble base paperweight. It's free when you re-
quest a DMM demo. Get one now!

HI.E Y

ENTS

S.A.: 28775AURORA ROAD, CLEVELAND, 0HI044139
UROPE: 14, AVENUE VILLARDIN, 1009 PULLY, SUISSE

INFORMATION RETRIEVAL NUMBER 19

ELECTRONIC DESIGN 4, February 15, 1974

27




And yet another national shortage:
Basic research, across the board

Basic research, the lifeblood of
new electronic systems and com-
ponents, is being watered down in
the United States across the board
—by Government, universities and
industry—and leading researchers
see trouble ahead as a result.

When research becomes scarce,
they point out, so do new prod-

Extremely valuable research was halt-
ed by the Mansfield Amendment,
says Edward E. David, Jr., former
scientific advisor to President Nixon.

uets, and, in turn, profits. Next,
foreign competition flows in as
naturally as water to low ground,
and, if the situation isn’t reversed,

John F. Mason
Associate Editor

28

it just never goes away.

“The United States is beginning
to lag in technology,” says Charles
A. Anderson, president of Stan-
ford Research Institute, Menlo
Park, Calif. “We are not making
adequate investments in technol-
ogy.”

Raymond L. Bisplinghoff, depu-
ty director of the National Science
Foundation in Washington, D.C.,
fears that there “will be a lack of
fundamental knowledge for solving
our national problems”—things
like the need for new energy
sources and a cleaner environ-
ment. “We really haven’t done
enough in understanding the proc-
esses of such things as the gasifi-
cation of coal,” he points out as
one example.

Paul G. Shewmon, NSF’s new
director of materials reasearch
and an expert on nuclear physics
and nuclear reactors, reports:
“Tightened research budgets are
patently decreasing our technical
base for new developments.” He
notes:

“We’ve fallen behind the British,
French and Russians in the devel-
opment of nuclear breeder reactors.
Six years ago we were in the lead.”

In high-energy physics, anoth-
er important research indicator,
Shewmon says: “The CERN group
in Switzerland and a joint French-
German group at Grenoble, France,
are farther along in this area than
we are.”

And Edward E. David Jr., who
for two and a half years was the
chief scientific adviser to Presi-
dent Nixon, sums up the trend:
“It amounts to a tremendous ero-
sion in our technological progress.”
David is now executive vice presi-
dent for research and development
for Gould, Inc., in Chicago.

The early signs of the research
lag are already showing up:

m Schools are slowly going out
of the research business.

m Bright young research engi-
neers are an endangered species.
The number of federally supported
graduate students in science and
engineering in' the United States

Billions were spent for research in
the '60s to get to the moon. Now
the romance with space has dried up,
and with it, another research source.

was down by 10% last year over
the year before, and 609% over five
years previous to 1973.

m Laboratory instrumentation is
aging, and not very gracefully,
with funds for replacements being
squeezed hard.
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Where research work is needed

Most experts see a number
of areas where more research
should be done in the United
States. Here are some of the
major ones:

Materials. “This is the big-
gest single area,” says Edward
E. David Jr. executive vice
president for R&D for Gould,
Inec. “Light-sensitive materials,
for example, need study. At-
tempts to develop electro-
luminescent materials at lower
cost for larger displays could
be very important. And substi-
tute materials must also be de-
veloped for all those used in
electronic components that are
going to be in short supply,
such as copper and all those
made from petrochemicals.”

The processing of LSI de-
vices and microelectronics.
“Processing these devices is
still a statistical procedure,”
says Frank Sullivan, director
of the Guidance, Control and
Information Systems Div. of
the National Aeronautics and
Space Administration’s Office
of Aeronautics and Technology
in Washington, D.C. “We need
to know more about the ions in
a given batch and how they in-
fluence the electronic function
we're trying to get out of that
batch. We want to model it so
we can tell 99.999% of the time
what’s going to happen in the
molecular structure of the par-
ticular material.”

Thermoplastics for use with
holography. “We have a 10°-bit
holographic memory down at
Marshall Space Flight Center
in Huntsville that operates in
two dimensions,” Sullivan says.
“We want a 10'°-bit memory
and three dimensions.”

A truly nonmechanical stor-
age. This is one of IBM’s
objectives, according to the
company’s vice president and
director of research, Ralph E.
Gomory. IBM is working hard
to increase the density of discs
and tapes, but far better, says
Gomory, would be “a device
that doesn’t move, wouldn’t
wear out, wouldn’t have to be
repaired and would be dense
and cheap.” A real possibility
to get all this, he says, lies in
the magnetic bubble.

Josephson tunneling. This is
an alternate technology being
pursued by IBM in the logic

and memory area. A joint ef-
fort is under way by the com-
pany’s Yorktown, N.Y., and Zu-
rich laboratories. This work,
Gomory points out, involves to-
tally different phenomena and
totally different materials com-
pared with conventional work.
It involves, for example, an ex-
perimental electronic device ca-
pable of being switched in 10
trillionths of a second. “The
technology’s advantages are its
super low power and super high
speed,” Gomory says. “A dis-
advantage, since it is a cryo-
genic device, is that it must be
cooled to exceedingly low tem-
peratures.”

Better materials for micro-
wave solid-state device tech-
nology. George H. Heilmeier,
assistant director of electronics
and physical sciences in the
Defense Dept.’s Office of the
Director of Defense Research
and Engineering in Washing-
ton, D.C., notes: “We are rapid-
ly approaching fundamental
material limits with silicon and
gallium arsenide. On the basis
of dielectric constant, thermal
conductivity and saturation ve-
locity, silicon carbide appears
to be promising, but the mate-
rials problems are horrendous
and we need some fresh ideas.”
Heilmeier adds: “This does not
mean that we should forget
about the further development
of silicon and gallium arsenide.
There are still many unre-
solved problems that should not
go begging. We should recog-
nize, however, that while the
end, in terms of existing con-
cepts and materials, may not
vet be in sight, we should be-
gin to address the question of
beyond Si and GaAs.”

Acoustic surface-wave device
materials with higher coupling
coefficients, lower loss and low-
er temperature coefficients. “At
present,” Heilmeier says, ‘“the
materials adopted from the
electro-optics community that
have the highest coupling coef-
ficients also have the highest
temperature coefficients. The
ability to handle long delays is
also limited. While progress is
being made, long delays are not
readily achievable at present,
due to loss and acoustic energy
spreading problems.”

Display memories. Heilmeier

praises the silicon storage tube
as a rugged, relatively simple
device with a number of inter-
esting possibilities, but he says
its limitations need work: “At
present it does not possess si-
multaneous read/write capabil-
ity, and storage times under
continuous read conditions are
limited to less than a half hour.”

A rugged color CRT for field
use. “The shadow mask tube
has problems of registration,
vibrational stability and electro-
magnetic environment,” Heil-
meier points out. “On the other
hand, color tubes based on pen-
etration phosphor concepts are
limited in color range and re-
quire the switching of several
kilovolts at video rates. Pros-
pects for both approaches in
tough operational environments
are not particularly encourag-
ing at this time, although shad-
ow mask color tubes incorpo-
rating new automatic dynamic
convergence schemes are worth
evaluating.”

Software. J. S. Gansler, as-
sistant director of planning for
the Director of Defense Re-
search and Engineering, says
that “we should be putting
more emphasis on software
since it has become the pre-
dominant cost in computer sys-
tems, yet a proportionate share
of research is not being spent
on it.” IBM’s Gomory says his
company is tackling software
problems on a number of
fronts: “data-base architecture,
automatic generation of data
bases and the merits of the
various data-base organiza-
tions.”

Robotics, or intelligent ma-
chines. “A roving, unmanned
vehicle on another planet,”
NASA’s Sullivan says, “must
be able to make an experiment
and, depending on what it dis-
covers, make the appropriate
next step—all based on soft-

. ware.”

High-energy laser work. The
need for improvement is rec-
ognized by many, including
Patrick E. Haggerty, chairman
of Texas Instruments.

High-temperature supercon-
ducting materials are “a very
promising area,” says Paul G.
Shewmon, director of material
research for the National Sci-
ence Foundation.
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m Foreign competition is becom-
ing stronger.

If that isn’'t cause enough for
alarm, the research leaders cite
this clincher: The fruits of pres-
ent American R&D-—the blue-
prints for technological advances
—are being sold abroad at what
many consider bargain rates. Ja-
pan has been the major customer,
with the Soviet Union showing in-
creasing enthusiasm for purchases.

How it started

When and why did the research
lag begin? It started subtly in

3

— -
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The Government should ease up on
antitrust restraints to promote
technological progress, says SRIl's
president, Charles A. Anderson.

e,
- .

.

1963 when the R& D money in the
nation’s Gross National Product
stopped moving up and started
down. At the same time R&D in
the Soviet Union, Japan and West
Germany began to move up.

Hard cash has continued to flow
into this country’s R&D hoppers,
hitting $30-billion last year—$18-
billion by the Government and
$12-billion by industry—but infla-
tion has been eating away at the
appropriations. For all practical
purposes, 1968 was the last big re-
search year.

Money to compensate for infla-
tion wasn’t pumped in for a num-

30

ber of reasons. Everyone was feel-
ing the money squeeze. Cities and
universities, for example, were
spending fortunes just to keep
from falling apart. And the U.S.
was supporting a very expensive
war in Indochina. Something had
to give, and research was it.

At the same time engineering-
school enrollments dropped mark-
edly, the glamour of engineering—
a by-product of Sputnik and the
man-on-the-moon effort—had worn
thin.

“The number of students inter-
ested in a career in engineering de-
clined sharply over the past few
years,” says Irwin W. Sizer, dean
of the Graduate School at the
Massachusetts Institute of Tech-
nology in Cambridge, Mass. He
gives these reasons for the drop:

m Lack of Federal support: “Six
yvears ago there were 800 Federal
fellowships at MIT; today there
are 350.”

m Lack of jobs. Cutbacks in aero-
space and defense work left stu-
dents with poor prospects for find-
ing engineering work.

m Rejection of industry values
by youth. “During the Vietnam
yvears, youth turned away from
big industry. It was ‘bad.” They
wanted nothing to do with it.”

Youth largely turned off

David of Gould, Inc., agrees that
the nation’s youth was largely
turned off by R&D during the
Vietnam War years. He notes:

“A whole counterculture sprang
up that held that technology is not
good, that the rational point of
view is inhuman. Research aided
war.”

A number of colleges started re-
fusing Government contracts. And
many young people who might
have become physicists did other
things.

A tremendous amount of very
valuable R&D was wiped out in
1970 by the Mansfield Amendment,
David points out. The amendment
forced the Defense Dept., which
had been the nation’s biggest
sponsor of basic and applied re-
search in the physical sciences, to
award research contracts only if
the results could be predicted and
if the findings could be used in a
weapon system. In other words,
basic research was out; only very

selective research was permitted.

“It was a very unwise move,”
David says. “The biggest support-
er of R&D in the physical sciences
was forced to halt work on mate-
rials, ecircuitry, electron devices
and even electronic systems on the
basic and applied research levels.

“Theoretically the National Sci-
ence Foundation was supposed to
pick up the research effort, and
some of the projects were trans-
ferred out of the Pentagon to
NSF, but not with the same vigor
or at the same level; they were no
longer coupled with real, tangible
projects.”

Bisplinghoff, the NSF’s deputy
director, notes: “We just didn’t
have the budget to pick up the
Dept. of Defense projects that had
been cut back.”

Soviet forging ahead

Meanwhile the Soviet Union has
not been idle. “The Soviets spend
about twice as much as we do for
military R&D,” says J. D. Gansler,
assistant director of planning for
the Director of Defense Research
and Engineering in Washington,
D.C. “It’s about the same in dol-
lars, but it amounts to 129 of
their GNP while we’re spending
6%.”

The Russians have stepped up
research in the civilian sector in
a very organized way. Pravda, the
official Communist Party news-
paper in the Soviet, reports that
the government recently formed
research and production associa-
tions that are responsible for the
design and development of new
products up to the initial produc-
tion stage.

Besides doing more research
work at home, the Russians are
buying as much technology from
abroad as they can—an activity
that has created controversy in
the United States.

Hasn’t the Government tried?

All experts agree that an impor-
tant step to revive basic research
in the U.S. is to link research ef-
forts by the Government, industry
and universities. And the Govern-
ment has tried to do this. Cross-
fertilization programs have been
worked out by the National Science
Foundation and the National Bu-
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Duetoa ‘
IlIleOl‘ industry breukthrough

it is now possible fo
get gassed automatically.

The breakthrough: $990 for
a full-blown OEM computer in
quantities of 200—the NAKED
MINI®/LSI. The possibilities?
Virtually endless. —

With our new mini, for example, you can
build the gas station of the future. Right now.
Because the NAKED MINI/LSI makes it eco-
nomically feasible to handle even the most
mundane jobs by computer.

For instance: complete self-service gas
pumping by inserting credit cards or cash. Auto-
matic card verification. Taking “bad” cards
out of circulation. Volume profiling by hour,
day, month or year. Round-the-clock monitor-
ing of activities. Alerting security centrals to
vandalism, excessive gas fumes or fires.

But there’s a lot more. Our computer can
also run station vending machines. Help plan
gas delivery schedules. Talk to motel/hotel
computers so the traveler can make advance
reservations by credit card.

Still, with all these added
tasks, you're only using a small
percentage of our available com-
puter power. The power of our
full-scale LSI processor with 168

mstructlons 4K x 16 memory and fully imple-

mented input/output for low-cost interfacing.

At $990 per mini, you can afford to take
new design routes. Develop new functions that
result in better mileage and more convenience
for you and your customers. It could be an in-
novative drive for gas stations or any other
business that would profit from computer
automation.

Write or call: Computer Automation,
Inc., 18651 Von Karman, Irvine, California
92664. Tel. (714) 833-8830. TWX 910-595-1767.

THE NAKED MINI' COMPANY
Computer Automation, Inc.

*NAKED MINI is a registered trademark of Computer Automation, Inc.
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reau of Standards, but the results
haven’t been too good, according to
Anderson, the Stanford Research
Institute’s president.

“There seems to be an inordi-
nate bureaucracy built up around
these efforts,” he says. “The prob-
lems that seem to receive attention
are global in scope while . . . the
more discrete, tangible and real
problems faced by the industry
are not being addressed—problems
such as automating the assembly
line, removing SO, from stack
gases and developing high temper-
ature alloys. And, also, industry
has yet to believe that the pro-
gram is a serious effort by the
Government.”

Badly needed, Anderson says, is
a move by the Government easing
up on antitrust restraints, so that
big corporations can work togeth-
er to solve technological problems.

An IBM vice president and that
company’s chief scientist, Lewis M.
Branscomb, also sees room for
o

S e S s
A system of radio telescopes in New
Mexico is getting off to a rocky start,
the National Science Foundation re-
ports, with only half enough money
appropriated to finish the project.
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First commercial-size, light-metal, fast, breeder-reactor
demonstration plant is scheduled for completion by West-

T

Government action—and industry
action as well.

“There are not enough effective
Government policies that are spe-
cifically designed to encourage the
linkage between academic and in-
dustrial sciences,” he asserts.
“There are too few companies pre-
pared to invest in long-range ex-
ploratory research, and there is
too little attention given by state
and local governments, as well as
the Federal, to the capabilities of
industrial technology to deliver
useful new tools for addressing
public needs.”

Politics doesn't help

One big obstacle, David con-
tends, is politics. “If you're going
to get support for a program
you've got to make it big and vis-
ible with definite goals,” he says.
“You've got to tell people what
you're going to do and what you're
going to get. You have to make
promises—hopefully ones you can
fulfill.”

Such guidelines may be helpful
in industry, David says, but they
don’t work well in basic research.
The very nature of basic research
means you don’t know what you're
going to get until you get it.

One answer: Educating the pub-
lic. “But the right kind of educa-
tion,” David says. “Take the super-
sonic transport. People tried to
judge it on aspects they didn’t
understand. They didn't need to
understand supersonic flight,
swept-back wings, titanium tech-
nology nor the physics of the at-
mosphere. They needed to under-

—r ' - -

inghouse by late 1980. France, Britain and Russia are
already putting plants of this size on line.

stand that scientists and engineers
needed to make experiments to de-
termine whether an SST was a
technologically and economically
sound venture.”

Two hopeful signs

On the bright side, there are
two hopeful signs.

“I think the antagonism of
youth to industry has modified,”
MIT’s Sizer says. “They under-
stand our dependence on industry
a little better. Big industry, after
all, is going to have to pull us out
of the energy problem.”

Also, the employment picture
has turned around dramatically.
“There’s big demand for engi-
neers now,” Sizer reports. MIT is
combating the lack of Federal
fellowships by hiring students to
work part-time in its newly cre-
ated energy laboratory.

“Enrollment at MIT for 1973
was back to normal,” Sizer notes.

But it takes 10 years to train
a good research engineer, and the
harvest from the dry years is
about to emerge.

“There’s already a great scar-
city of engineers competent to
work in this field of energy con-
version,” Sizer says. “And in an-
other two years there’ll be a scar-
city of engineers in other fields.”

Virgil L. Stout, manager of the
Federal Electric Solid State and
Electronics Laboratory in Schen-
ectady, N.Y., agrees.

“We're going to be hard-pressed,
a year or two from now, to find
qualified young people for creative
engineering jobs,” he says. mm
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Even when it was only $35 an (but gold doesn’t oxidize or find out that we not only reduced

ounce, gold was expensive. That's  corrode). cost but we've been making our

why we started long ago to reduce Over the years we’ve been able own small contribution to solving

the amount of gold in our contacts  to reduce the cost because we our country’s gold problem.

to a minimum. reduced the gold. And all because we wanted to
In 1958 we developed a really And we've been reducing the design a more economical, more

reliable gold dot contact. And no amount over the years without reliable gold-contact connector.

matter what anyone else says, only  reducing the mechanical or

silver and copper are better electrical quality of our connectors. SYLVANIA

electrical conductors than gold Now, after all these years, we
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Our small contrihution to solving
the gold problem.
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How HP engineers built world’s first
pocket programmable calculator

How do you put 12 IC chips and
a card reader in a case originally
designed to hold five chips?

That essentially was the prob-
lem Hewlett-Packard faced when it
decided to build the world’s first
pocket programmable calculator—
the HP-65. The problem was solved
by a combination of three semi-
conductor technologies—NMOS,
PMOS and bipolar—hybrid-circuit
techniques and clever mechanical
design.

Two years ago HP introduced
the world’s first pocket electronic
slide rule—the HP-35—a five-chip
calculator. From this, the com-
pany’s designers have come up
with the HP-65, a pocket machine
that offers the capabilities of a
desk-top programmable calculator
at about one-third the cost (see
“The HP-65 Calculator Arrives:
First Pocket Programmable,” bp.

Jules H. Gilder
Associate Editor

120, this issue).

While the HP-65 looks much like
the company’s earlier calculators—
the HP-35, HP-45 and HP-80—
the similarity is only superficial.
Except for the case, keyboard and
display, the inside of the new cal-
culator is quite different.

According to Chung C. Tung,
engineering group manager for the
i1P-65, a primary requirement was
that the calculator fit into the
same case as its predecessors. This
was no easy task. The computing
power had to be enhanced by an
increase in the number of chips
from five to 12, and a magnetic
card-reading mechanism had to be
included.

Three new chips were developed
for this calculator: a Dbipolar
sense amp chip for the card read-
er, a PMOS program storage chip
that would ifiterface with the other
PMOS chips already developed for
the earlier calculators and an
NMOS card reader logic chip.

NMOS was chosen, Tung says, be-
cause HP has NMOS capability
and it wanted to do the job in-
house.

Tung notes that the designers
realized fairly early that it would
be impossible to fit 12 discrete in-
tegrated circuits into a space
originally designed to hold only
five. So they decided to use hybrid
circuit construction.

Six of the IC chips were bonded
to a ceramic substrate and inter-
connected to form one large hy-
brid IC (see photo). This reduced
significantly the space needed for
the electronics.

The next major problems, re-
ports Tung, was the magnetic card
reader. “Ag first we thought we
might use a motor and a gear ar-
rangement, similar to that found in
watches,” he explains. But that
proved to be too big and compli-
cated; there were too many me-
chanical parts that could go bad.
The reading-mechanism problem

The HP-35, the first pocket electronic slide rule to be
introduced, contains five ICs.
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The programmable HP-65 uses hybrid techniques to ac-

commodate 12 chips. A card reader is also included.
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Another OEM
doesntgoto!

He went to Pertec for his disk drives. And he's buying drives that exceed
Diablo capabilities while interfacing just as they do. A good business deci-
sion. And very good drives for his systems.

He had his choice from Pertec's top and front loading versions. Both
are plug compatible and identical in interface and size. They offer 35 msec
access time (twice as fast as Diablo), margin testing, a choice of elec-
tronic or mechanical sectoring, and an optional fixed platter.

And they offer many standard features that you cannot even get as
options on a Diablo Series 30 or 40 drive. Like independent write-protect
for each platter, track offset and a built-in power supply.

And all of these features fit into a serviceable and compact 8% x 26
inches. We can even provide a cost free Diablo Series 30 compatible inter-
face and align our heads to offset the tracks just as they do. So there is no
costly redesign time if you're currently buying Diablo drives.

Of course you get the same assistance in design, development and
maintenance of your system with our disk drives as you do with our tape
drives and printers. .. Factory training for your service people. And back up
by a sales, service and support network spanning major U.S. cities and
many foreign countries.

All at surprisingly low prices.

Pertec s serious about satisfying your disk drive requirements.And we'd
liketoproveit. Call us collectin the area nearest you: Boston (617) 890-6230;
Chicago (312) 696-2460; Los Angeles (213) 996-1333; London (Reading)
582-115. Or write us at 9600 Irondale Avenue, Chatsworth, California 91311.

= The best values in
computer peripherals
come from

Already the world’s
largest independent
_ manufacturer

J of tape transports.
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was solved by use of a small brush-
less motor and a simple worm gear.
The gear drives a roller that moves
the card through at a steady rate.

Another problem was getting
the desired information—100 pro-
gram steps—onto a small card.
“In one of our early attempts,”
Tung reports, “we wound up with
a card that was about twice as
long as our final design, but that
proved to be awkward to handle.
Then the size of the card was cut
in half, but to use it, the card
would have to pass through the
reader twice. But Mr. Hewlett was
against that.”

The card-size problems were
overcome by use of a new record-
ing technique on which a patent
is now pending.

Commenting on HP’s latest
achievement, Michel Ebertin, di-
rector of development for micro-
electronics at Rockwell Interna-
tional in Anaheim, Calif., notes:
“HP is a pioneer in the magnetic-

card business. Back in 1967 they
came out with the 9100, which was
one of the first programmable
desk-top calculators to use mag-
netic cards.”

Rockwell originally discounted
the possibility of putting a mag-
netic-card reader in a pocket calcu-
lator, because of size, reliability
and noise problems. But now that
HP has demonstrated it can be
done, Rockwell engineers have ap-
parently changed their attitude
toward this approach. Ebertin now
says that if one of Rockwell’s cus-
tomers wants a calculator similar
to the HP-65, he can have working
prototypes within six months. And,
he adds, it would probably be less
expensive than the $795 for the
HP-65. The reason a lower price
is possible, Ebertin explains, is
that such a calculator would use
fewer chips. Rockwell’s version of
the HP-35 uses one chip compared
with the five used by HP.

Ebertin notes that Rockwell had

the capability 18 months ago to
produce a programmable calculator
that did not use magnetic cards.
“We didn’t do very much with that
because none of our customers
wanted a calculator like that at
that time,” he reports. “Since we
do not sell directly to the con-
sumer, what we produce is deter-
mined by our customers.”

But apparently someone does
want such a programmable calcu-
lator now. Ebertin says that Rock-
well has lab prototypes of a card-
less programmable calculator, and
he hints that the company will be
showing “something exciting” at
the IEEE show next month.

As for further developments in
the pocket-calculator field, indus-
try rumors are that a pocket print-
ing calculator might be available
next. Just how this would be ac-
complished no one is saying, but
speculation is that thermal print
heads will be used with some sort
of replaceable paper cartridge. mm

Automatic sonobuoy locator spots
up to 31 beacons simultaneously

With 10 sets of antennas and a
Univac 1832 computer, the Navy’s
new S-3A antisubmarine warfare
aircraft can pinpoint simultaneous-
ly up to 31 sonobuoys in the ocean.
It’s not necessary for the plane to
fly over a sonobuoy to locate it,
or for the crew to spot it visually.
The buoy need only be within line
of sight of the aircraft, and it is
pinpointed in the day or night in
any weather.

And the new system has wider
applicability; it can be adapted for
the location of any beacon. Poten-
tial applications include aircraft
instrument-landing systems, navi-
gation update, scientific studies of
ocean currents and the location
of transmitters in electromagnetic
warfare.

David N. Kaye
Senior Western Editor
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In the slant-range measuring mode, a signal is sent to the sonobuoy via
the aircraft’'s uhf command transmitter.

The signal is converted to vhf

in the buoy and sent back to the aircraft. The phase delay of the signal

is a measure of slant range.

Called the Sonobuoy Reference
System by its developer, Cubic
Corp. of San Diego, it works basic-
ally as follows:

Two types of sonobuoys can be
dropped by the S-3A. One type—

the one most commonly used—is a
nonrepeater; the other is a re-
peater. Both transmit signals to
the aircraft on one of 31 standard
channels in the 162-to-174-MHz
band. A sonobuoy is a listening
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There’s nosuchthing
as an‘‘Augat-like’’socket.

oritisn’t

Lots of our competitors call their stamped contacts
““Augat-like”. But frankly they’re not. Because no
stamped contact can compare to the Augat
machined assembly.

Look for yourself. Note how both the sleeve and
contact of the 500 Series socket are precision-machined.
Not stamped. Not formed. And how the contactis
completely and uniformly covered with gold.
Guaranteed .000030" minimum.

Augat’s contact offers firm retention and excellent
reliability for a wide range of lead sizes. Also, the wide-
angle tapered entry makes IC insertion easier, faster and
virtually error-free.

The extremely low profile 500 Series socket is avail-
able in sizes from 8 through 40 contacts, and features
Augat’s unique closed end sleeve that completely
eliminates solder wicking problems.

So you seg, there is no such thing as an ““Augat-like”
socket. The closer you look, the more you see why.

® Augat Inc.
33 Perry Avenue
Attleboro, Mass. 02703
(617)222-2202

Europe— Augat International, Inc., Boulevard A. Reyers, 103, 1040 Brussels, Belgium, Tel. (02) 36-93-99.
Japan — Kyokuto Boeki Kaisha Ltd., New Otemachi Bldg,, 2-1, 2-Chome Otemachi, Chiyoda-Ku, Tokyo 100-91, Japan, Tel. (03) 244-3788.




post with a sensitive microphone
that picks up underwater subma-
rine noise.

When a modulated signal is sent
to a buoy via the aircraft’s uhf
command link, it is returned to the
aircraft over the standard vhf
sonobuoy channel.

Ten antenna sets used

With the first type of buoy—
the nonrepeater and the least ex-
pensive of the two—the aircraft
receives the signal on a pair of an-
tennas spaced less than a. half wave-
length apart. The S-3A has 10 sets
of 10-inch blade antennas spaced
along the wings and fuselage for
ultra-accuracy.

The difference in the time of
arrival of the signal at any an-
tenna pair is equivalent to the
phase difference. This phase dif-
ference and the spacing between
the antennas is related to the di-
rection cosine of the sonobuoy—
the bearing of the buoy relative to
the aircraft. This bearing is meas-
ured with the airecraft in two dif-
ferent positions, and the sonobuoy
is located by triangulation.

To cancel out inaccuracies caused
by such things as multipath distor-
tion and phase differences in the
cables and connectors, data are
processed in the on-board comput-
er. A modified Kalman digital fil-
tering technique is used. The Uni-
vac 1832 computer uses 36-bit data
words and requires about 4000
words of memory. It stores the
last known position of a buoy and
compares it with the 10 measure-
ments from the antenna pairs. The
pair measurements that are closest
to where the computer estimates
that the buoy should be are the
measurements that are assumed to
be correct. Each time that the com-
puter scans the antennas, the
measurement becomes more and
more accurate. An average scan of
the 10 antenna pairs takes about a
half second.

Slant range measured

If a buoy has the repeater ca-
pability, the slant range, or dis-
tance from the aircraft to the
buoy, can be measured directly.
When this information is added to
the bearing, the buoy can be lo-
cated without triangulation. This
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enemy submarines.

The S-3A aircraft operates on carriers and hunts the seas for potential
A unique feature of the plane’s electronics is the

Cubic sonobuoy location system. Three of the 10 antennas, with 10-inch
blades, can be seen under the fuselage of the aircraft.

method of determining position is
much faster than the first tech-
nique.

A phase-comparison technique is
also used with the repeater buoys.
But instead of measuring the phase
difference between an rf signal ar-
riving at two antennas, as in the
angle-measuring case, measure-
ment is made of the phase delay
of a low-frequency modulation. The
phase delay is a function of the
number of wavelengths between
the aircraft and the buoy, and
therefore is readily converted into
distance or slant range.

To get the highest accuracy, the
S-3A system uses two different
modulation frequencies. These
tones do not interfere with the
buoy’s normal functions. One is
high enough in frequency so ex-
tremely precise total system accu-
racy is obtained. To remove any
system ambiguity, a second fre-
quency, called the coarse tone, is
also used; this frequency is one-
eighth that of the fine tone.

The position of the sonobuoys is
not only available digitally; a CRT
display with two modes of opera-
tion can be used. One mode shows
an aircraft in the center of the
screen, with dots for each of the

buoys; the other shows the buoys
as almost stationary dots, with the
aircraft moving about. Another in-
dicator on the panel can also be
used to let the pilot know when
the aircraft is directly above a
particular buoy.

Autocalibration featured

“Any system that requires a
precise determination of phase is
worthless unless it can be readily
and often calibrated,” says Richard
Keller, product manager for Cubic.
So a self-calibration feature is
built into the system. Every 15
minutes the computer orders cali-
bration of all component parts on
board the aircraft. This includes
the antennas, cables and connectors.
A signal simulating reception from
a buoy is generated by a small
transmitter at the base of each
antenna. The signal is sent through
the antenna and down the trans-
mission line to the receiver. Meas-
urement of phase delay is made by
the computer. The phase delay of
antenna pairs is compared, and
any changes due to temperature
or other factor are noted by the
computer and accounted for in the
next buoy location measurement. mm
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Stable because nature gives , i |
mica its conformity and I -4
volumetric efficiency. Mica

capacitors are perfectly mated to the needs

of communications, instrumentation and navigation

stable
mates

circuitry. They're best suited for critical circuits +5
requiring maximum long life stability over a temp-

erature range of —50°C to +150°C. For circuits

[l |
“HIGH STABILITY"

CERAM

C

involving delay, timing and frequency discrimination.

N

100pF 500Vdew

A tough epoxy coating provides a long lasting

N

|

moisture barrier. Gl mica capacitors deliver close
capacitance tolerance, are available in commercial

MICA

and military types, from 1 to 100,000 eF and working

voltages from 100 to 2,000.

|
/

PERCENT CAP. CHANGE
o
e

For more information write for a copy of "‘Mica

Capacitor Technical Bulletin MC-2". Capacitor

Division, General Instrument Corporation, 165 Front

Street, Chicopee, Mass., 01014, Phone (413) 594-4781. e
In Canada (416) 763-4133.

0

+25

+856

°CENTRIGRADE

GENERAL INSTRUMENT
CORPORATION

INFORMATION RETRIEVAL NUMBER 24

+ 150




1974

DESIGN 4, February 15,

ELECTRONIC




latitude

34 voltage compensated ECL functions
ease power distribution constraints...up to* 10%.

Gates, Drivers and Receivers 100-Piece Price
SN10100  Quad 3-Input NOR Gate (One Input Common). . ......................... $1.40
SN10101  Quad 2-Input OR/NOR Gate (One Input Common) .. ..................... 1.40
SN10102  Quad 2-Input Gate (3NOR, 1OR/NOR). . .. ...... ... ... .. ............. 1.40
SN10103 . :Quad:2-Input Gate (3/DRHIORINDRY-ERSN 00, cv it (v et o b it 1.40
SNI10104 -~ Quad 2-Input AND. Gale e e e e ) e 1.76
SN10105  Triple OR/NOR Gate: (253 2 inputs pesistsmpi et e i 1.40
SN10106: . TripleNOR:Gate!(4, 33 HDH ) e b e e 1.40
SN10107  Triple 2-Input Exclusive OR/NORGate ................................ 1.76
SN10109-~. DualiOR/NOR:Gate (4. 5 I Aputs) e e o el 1.40
SN10170+ " Duali3=lnputORILine D rive e Ses s h b - ) e e e e e e 1.76
SN10111. - Dual 3-InputNOR!Line Deverr s el emstl o0 o L s vt 1.76
SN10112 " Dual:3-InputOR/NOR i DRV b i s s et o v s 1.76
SNT10T15 - QUAd LiNe R CRIVEr . e T et o e et s s o s e il o & e 1.40
SN10116  Triple Line-Receiver (Complementary Outputs). .. ....................... 1.40
SN10117  Dual 2-Wide 2-3 Input OR-AND/OR-AND InvertGate ..................... 1.76
SN10118  Dual 2-Wide 3-Input OR-ANDGate . .................................. 1.76
SN10119  4-Wide 4-3-3-3 Input OR-AND Gate .................. ..o 1.76
SN10121  4-Wide 3-Input OR-AND/OR-AND InvertGate. .. ........................ 1.76
Complex Functions

SNI0124 - QuadiEs o B A S A T o L i o i e s e e e 3.66
SNINB125- - Quag B O N A A O R o . . v s e e vk v 3.66
L LR N B T 17T AT L e e S DO AT s o 3.66
SN10131  DualBRypeMaster:SIave FID=RlOD .o . oo i e s e e 4.78
S AN R AR DI LD ETETE | L e s tah s o e A S e s s 3.80
SN10160 12 Bit Parity Checker/Generator (0dd) 5.61
SN10161A 3 to 8 Line Decoder (1 of 8 Lines Low) L AT NG
SNT0164A 8 to iMultiplexpro N r S tety g o
SN10174A Dual 4to 1 Multiplexer .. ................... .. g Sl
SNItOII75- . /5 Bit Registersne i 5.61
SN10179A Carry Look-Ahead . .................. 5.61
S84« QU ECIR OV S TR ran S gt et e o Tl e ks 5.61
SIGIOEE - (HexXIM ST Ol G AR S O TR o . v b b e 5.61
Memories

SN A UE 6 A R AN TSNS ) 90 oA e e s o i i s 11.88
SN 28T R AN (15 NS S R s s s o s 15.00
SNIBT4BIE 64T RAMITEMS) S0 QUEOAAES i o e s o ot i b v bl BE 10.00

Most ECL functions on the
market today are not voltage
compensated. Texas Instru-
ments SN10000 devices are. All
34 of them.

Here are some reasons why:

Voltage compensation im-
proves noise margin—by as
much as 140%. It also increases
power distribution tolerance —
up to =10% —giving you greater
design latitude.

SN10000 devices also let you
reduce your system IC count.
Especially over logic forms that
do not offer complementary
OR/NOR outputs with wired-OR
connection capability. Conven-
tional or controlled circuit
boards can be used.

So voltage compensated
SN10000 devices offer you both
relaxed design rules and
reduced system costs. Plus, you
get high ECL speed (2 ns) with
low power (25 mW/gate). And,
pin-for-pin compatibility with
other 10000 families. Operation
is guaranteed from 0° to 85° C.

SN10000 devices are avail-
able now in 16-pin plastic, dual-
in-line packages through TI
distributors or directly from
Texas Instruments.

For a data sheet booklet cov-
ering the SN10000 Series, write
on company letterhead to Texas
Instruments Incor- o
porated, P. O. Box Z]
5012, M/S 308, Dallas,

Texas 75222,

TEXAS INSTRUMENTS

INCORPORATED
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ac, de.volts, amps. ohms
2o ranges

o0 complete
o>-(lay delivery

|NTRODUC|NG Systron-Donner’s all-function “
7004A Digital Multimeter [J Measures dc and ac voltage, “‘\

dc and ac current and resistance [ New improved

circuitry expands AC response to 100 KHz [ New color- > .‘ C‘.
coded pushbuttons help distinguish functions [0 New \ \ c
carry case option [J New simplified calibration [J Optional 0“ \\

battery pack with recharger ($95) mounts internally [ ‘ )

v
1,000 megohm input impedance on 3 lowest ranges c \ \‘\
[J 0.01% dc accuracy. For lab, field or systems use (with \ ‘ f\
DTL/TTL compatible BCD outputs, $45 additional). \ >

Contact your local Scientific Devices office for more 7004A \‘

details or: Concord Instruments Division, 10 Systron

Drive, Concord, CA 94518. In Europe: Systron-Donner

GmbH Munich W. Germany; Systron-Donner Ltd., Leam-

ington Spa, U.K.; Systron-Donner S.A. Paris (Port Marly)

France. In Australia: Systron-Donner Pty. Ltd. Melbourne.

SYSTRON @ DONNER

The Systron-Donner Instruments Group:
Concord Instruments [] Computer Systems [] Datapulse [J] Kruse Electronics [] Microwave [] Trygon Electronics

INFORMATION RETRIEVAL NUMBER 26
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re O r l Heher M. David
Washington Bureau

The S-3 may be Navy’s new early warning plane

As a shortcut to finally getting a fleet of 20 to 30 early warning air-
craft to protect the fleet the Navy is thinking about using the Lockheed
S-3 antisubmarine warfare aircraft frame (see p. 36 this issue). In-
stead of ASW equipment, the Navy would equip the plane with an elec-
tronic intelligence gathering package consisting of gignal intelligence and
communications intercept equipment that would detect, locate and identify
hostile emitters. Lockheed has been told to come up with a plan to modify
the airframe, and two teams—Sanders and E-Systems and Litton and
ESL—will be awarded competitive subcontracts to design the electronic
package. Litton’s Amecon Div. was also awarded a contract from the
Naval Air Development Center for a limited-range, wide-open broadband
receiver for instantaneous frequency measurements, a technology that
may be applied to the S-3 electronic intelligence gathering aircraft.

Pentagon sharpening nuclear-warhead potential

The Defense Dept. plans major improvements in nuclear warheads to
increase their accuracy and versatility. The Army is looking at a smaller
and more accurate warhead for the Pershing missiles based in Europe,
with the objective of reducing potential damage to areas outside any
target range. The key to the development is a radar map-matching guid-
ance system that would compare in-flight radar data with stored map
information. : :

The Navy plans to build a prototype model of a new warhead for the
Trident missile, with separately maneuvering re-entry vehicles (MARV).
Unlike the MIRVs, which are dropped off into ballistic trajectory, the
MARVs would be able to evade enemy defensive systems through pro-
grammed course changes. Some $200-million will be spent in the next few
years for the prototype MARV program.

AF pressing all-digital avionics development

Boeing Aerospace has won a key contract in the Air Force's drive to-
ward a centralized, all-digital avionics system. Boeing, together with
Honeywell and Softech, will develop a Digital Avionics Information Sys-
tem (DAIS) to organize aircraft electronics systems around common
computer modules, thereby eliminating the proliferating black boxes and
separate electrical wiring now installed in sophisticated military aircraft.
The centralized computer complex would handle sensor information
(radar, infrared electro-optical), make computations according to function
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and display the information to the crew on screens. The system will be
designed so that one set of sensors could be substituted for another, de-
pending on the mission. Boeing will specify the core elements of the sys-
tem and deliver plans to the Air Force for a “hot bench” ground simula-
tion system. The Air Force Avionics Laboratory at Wright-Patterson
AFB, Ohio, will contract for development of mission software, language
compilers and other work,

Atomic energy transmission projects suggested

Dixie Lee Ray, chairman of the Atomic Energy Commission, has pro-
posed a joint Government-industry development program to produce
demonstration projects for 1100-kV, ac overhead transmission systems
and a 100-MV, dc terminal system by 1979. The effort would be part of
a multibillion-dollar R&D attack on the energy problem. Dr. Ray also
recommends that improved battery development be pursued, with empha-
gis on sodium-sulfur and lithium-sulfur designs. When it is clear which
is the most promising, she says, a 10-MW pilot model should be built for
testing. The concept of storing energy in a superconducting magnet or
a flywheel should be examined and taken into engineering development,
she also suggests.

Capital Capsules: United Air Lines will develop, test and fly on a 747 jetliner, an air-
sampling and data-recording system to measure dust particles and gases
in the air under a $1.1-million NASA contract. . . . The Navy has awarded
competing $1-million contracts to LTV Aerospace and General Dynamics
to design and develop a new dual-purpose strategic and tactical cruise
missile system. A separate contract will be awarded for an updated iner-
tial-guidance system design for the strategic version of the missile. . .
The National Science Foundation is planning a series of experiments to
explore the costs and benefits of cable television. It will contract with a
research organization to work with a cable operator. . . . The President’s
Cabinet Committee on Cable Television has concluded that the CATV
industry should be divided into cable-system operators, who would act as
common carriers, and independent programming companies, which would
be largely freed from Federal Communications Commission control and be
able to use the CATV channels for a fee. . . . The Air Force is testing the
first total simulator for a helicopter at Hill AFB, Utah. The simulator is
driven by a digital computer, has a six-degree freedom-of-motion system
and duplicates the CH-3E helicopter in every way, including sound. Use of
the simulator will save $500,000 annually in flight costs and compress
flight training time, the Air Force says. . . . Hughes Aircraft has been
given the go-ahead to build the first satellite data system spacecraft for
the Air Force. It will be used for communications, command and control
of strategic aircraft flying in the northern polar region. . . . Raytheon has
received a $18.3-billion Air Force contract to build seven AN/TFM-19
phased-array, airport-approach-control radars. The portable equipment,
intended for tactical use, scored 1009 success in tracking tests of air-
craft approaching a runway in rains up to five inches an hour. . . . Japa-
nese business editors meeting with WEMA representatives have express-
ed fear that American multinational companies will eventually dominate
electronics manufacturing in Japan, especially in the computer field, as a
result of the Japanese Government’s decision to permit up to 100% foreign
ownership of subsidiaries in Japan. . . . The Congressional Office of Tech-
nology Assessment, created to give Congress expertise in dealing with
technological subjects, is still accepting applications for its professional
staff. OTA Director Emilia Q. Daddario has received 3500 applications thus
far, but hiring will wait until the Board decides what the staff makeup
should be.
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the TEKTRONIX
DIGITAL
PROCESSING
OSCILLOSCOPE...

...fingertip selection

of entirely new waveform measurements.

See your needed measurements at a glance, just select
the program functions you need, and our “Brain Powered
Scope” (so named by a leading electronics magazine)
will display the results immediately.

A press of the button is all that's required for a
program to be implemented that gives you immediate
results without manual calculations. Many functions,
such as differentiation, signal averaging, fast Fourier
transforms, peak-to-peak voltage, and instantaneous
horsepower may be handled easily by this new product.

However, the Digital Processing Oscilloscope isn't

a specialized one-capability unit. It combines the
general-purpose 7704A Laboratory Oscilloscope and
powerful PDP-11 Minicomputer. These units are

linked by the P7001 Processor which provides complete
In/Out interfacing. Capabilities include A/D and D/A
conversions, waveform storage, recall, and display of
those waveforms. The total package is an easy-to-use
and significant state-of-the-art product.

This significance is increased by the scope’s signal
acquisition capabilities, which include more than 25

plug-ins from the TEKTRONIX 7000-Series Family . . . and
by the developed software packages APD BASIC | and APD
BASIC Il (for PDP-11’s with 8-k and 16-k core memories
respectively) . . . and of course CRT READOUT on the large
display screen.

If you would like to learn more about the many uses
of the user Definable Program overlay (shown above),
and of the Acquisition-Processing-Displaying
capabilities of this oscilloscope — please write for
your copies of The Digital Processing Oscilloscope
Brochure, the magazine feature article reprint “Scope
with Brain Power” and the 7000-Series Oscilloscope
Catalog. Write: Tektronix, Inc., P. O. Box 500A,
Beaverton, Oregon 97005 or check the reader
service box.

TEKTRONIX
- committed to
technical excellence

INFORMATION RETRIEVAL NUMBER 27
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SOLDERLESS WIRE-WRAPPED

LINE ()Fs

= PRINTED CIRCUIT CONNECTORS

m§
\_\ .025" and .045"

Square Contact Terminations
for Wire-Wrapping

Various sizes from 12 to 100
terminals with a choice of
1008, :125%, 156" or.200"
contact centers. Accept
.054"-.071" printed circuit
board (1/16").

WRITE OR PHONE
FOR COMPLETE
PRINTED CIRCUIT
CATALOGS:
(212) 899-4422
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For the Sales Representative Nearest You, See Our Listings in EEM and VSMF Directories.

CONTINENTAL[<=>I CONNECTORS

CONTINENTAL CONNECTOR CORPORATION = WOODSIDE, NEW YORK 11377

INFOMATION RETRIEVAL NUMBER 28
46

ELECTRONIC DESIGN 4, February 15, 1974



the

30Hz Resolution
Revolution

Spectrum Analysis in the 0-to-1800 MHz region

The TEKTRONIX 7L13 adds
revolutionary measurement power
to spectrum analysis: 30 Hertz
Resolution that is useful all the way
to 1800 MHz. '

There is no smearing from drift or FM in

this 200 Hz/div display, even though the total
sweep time is 20 seconds. Signals are
resolved to 70 dB down even though they
are only 500 Hz apart. Center frequency

is 1555 MHz.

It is generally understood that High
resolution means the ability to distinguish
between signals differing little in fre-
quency. Actually, the design that makes
30 Hz resolution possible results in more
than just the ability to distinguish between
close together signals. The design of

the 7L13 means better sensitivity,

— 128 dBm; less drift, under 2kHz per
hour; less FM, under 10 Hz phase

locked; it means less noise. .. it means
the revolutionary analyzer performance
that is available from Tektronix, Inc. in
the 7L13.

Because of the resolution revolution,
the performance of your edge-of-the-art
circuitry and devices can now be
quantified, not guessed at. A discussion
or demonstration of TEKTRONIX
Spectrum Analyzer performance can
be arranged by any Tekironix Field
Engineer. Call him or use one of the two
reader service numbers below.

7L13 Spectrum Analyzer—$6500
7613 Variable Persistence Mainframe—
$2500

TEKTRONIX, INC., P.O. Box 500
Beaverton, Oregon 97005

INTENSITY
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n ACD brings a new
board out of the lab-it's ready.

Ef‘l@ Ready.

FAT'™—Fully Additive Technology—is the volume user’s perfecting the undrilled hole for years —we're pros at
ticket to cost efficiency. And it's ready now to be the pierced through process. With FAT you'll find no
mass produced. slivering or undercut characteristics that can cause
Why do we make a big thing out of being ready? baa circuitry.
Our reputation. Even though our FAT board is less So if you're a volume house looking for economical
expensive than conventional boards —we want per-board cost, don't need conventional, multilayer
you to know it's a precision piece of circuitry. or exotic boards, or require military documentation,
And even though the holes are pierced instead of you should call us. We're ready to quote production
drilled, you'll find them ACD reliable. We've been orders on our FAT boards right now.

EB ADVANCED CIRCUITRY

-
thton 4811 West Kearney Street, Springfield, MO 65803 e (417) 862 0751
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another handful ...
with more measurement

solutions

THIS 5 MHz PORTABLE ADDS
EXPANDED BANDWIDTH TO THE
TEKTRONIX LINE OF MINIATURE
OSCILLOSCOPES

You've got to keep your compu-
ter installation running; downtime
is too costly to treat lightly.
When it happens, you must get
there with the proper trouble-
shooting equipment, find the
problem and quickly correct it.
The 221 from Tektronix will help
get the job done.

At 5 MHz bandwidth, 5 mV/div
sensitivity, and 1 us/div sweep,
this battery-operated miniscope
displays the waveforms encount-
ered in today’s computer environ-
ment.

Many operator conveniences save
set-up time and make the dis-
play easy to interpret. The in-
tegral 1 MQ probe is always
there when you need it. Deflec-
tion factors are easy to read.
Trigger level and slope are sim-
plified in one rotary control.
AUTO trigger mode automatically
triggers the scope trace from

its input signal. And in AUTO
mode, a bright reference trace
eliminates confusion. Rotate the
switch out of AUTO mode and
you can select any combination
of trigger slope and trigger
level. With all this, you carry
just 3%2 pounds.

In its 3" x5%" x9” package, the
221 has rechargeable batteries.
It can be operated and charged
from practically any power
source from 90 to 250V, 48 to

62Hz AC, or 80 to 250V DC
without switching. Double insula-
tion protects the operator while
making elevated voltage measure-
ments. Its impact-resistant case
absorbs the rough treatment you
expect in field maintenance.

221 Portable Oscilloscope, includ-
ing batteries and probe ... $745

Other 200-Series miniscopes offer
500 kHz bandwidth in single- or
dual-trace, or dual-trace storage
models.

Call your nearest field office for
a look at the 221. Or write Tek-
tronix, Inc., P.O. Box 500, Beav-
erton, Oregon 97005. In Europe,
write Tektronix Litd., P. O. Box
36, St. Peter Port, Guernsey,

C. Ly UK,

TEKTRONIDC
- committed to

technical excellence
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50 Microwatt
Triple Op Amp

The L144 monolithic triple op amp draws only SOuA of current
per amplifier, from a =1.5 V supply. What’s more, it is

AVAILABLE NOW FROM YOUR LOCAL DISTRIBUTOR!

L.144 features include: s g
e Monolithic triple op ampin DIP or Flatpac packages
e Wide power supply range—+1.5 Vto =15V
e Internal compensation

Programmable power dissipation

Programmable input bias current

Single programming resistor

80 dB gain with 20 K( load

e Cost effective: $1.63 per single op amp‘” o /
]_144CJ 100-piece price @

_“
N

INPUT BIAS CURRENT (nA)
8

Applications examples:

R
Ve =15V N

Rser
5mQ
R,

. A
150 KQ

R,
150 KQ

R

IN o—nd

R, 20K
75 K0

R; 75K

Vour

Viw SR, 1.5K0 1sv_F?P
R, 75KQ

R, R, Vaer

75 KQ 75KN  (GND or
Vos NULL)

V* =10 Vo—vq

R,
150 KQ
R,

150 KQ
v

\ = “LOW WHEN

Vi) Vi ) Vay
DIRECT CMOS OUTPUT

Py = 135 uW Vou (TYPYRTI = 045 mV

w
V- =-10V V- =-15V

DOUBLE-ENDED LIMIT COMPARATOR INSTRUMENTATION AMPLIFIER

ACTIVE FILTER
The L144is a practical industry-standard operational amplifier for use when low current
drain, low voltage, low power, or very small physical size are controlling criteria. If your
circuit requirements are unique —and whose aren’t—our applications people are eager to help.
For complete information

write for data

IC Applications: (408) 246 8000, Ext. 120

Siliconix incorporated

2201 Laurelwood Road. Santa Clara, California 95054
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(editorial )

Human rights and the engineer

Over the years we have frequently disagreed
with some of the policies and activities of the
Institute of Electrical and Electronics Engi-
neers. At other times—particularly of late—
we have applauded them. We heartily com-
mend the IEEE on an important, but little
publicized, resolution by the organization’s
board of directors last September.

The resolution deals with the basic human
rights of engineers and scientists. The text is
as follows:

“The board of directors of the Institute of
Electrical and Electronics Engineers, an or- -
ganization of approximately 160,000 electrical engineers all over the
world, is keenly interested in the welfare of engineers and scientists
everywhere.

“This board views with great concern the infringement on basic free-
doms wherever they occur, particularly when engineers and scientists
are singled out as the victims because of their profession.

“This board regrets that many engineers and scientists and their fami-
lies have been denied their right to emigrate in violation of recognized
international practices, often solely because of their professional qualifi-
cation in science and engineering.

“These practices seriously endanger the spirit of trans-national friend-
ship and cooperation on which the operation of this institute is based.
The board of directors of the Institute of Electrical and Electronics En-
gineers appeals to its sister organizations, and to the National Academies
of Science and Engineering or similar institutions in every country, to
join in support of equal human rights for engineers and scientists.”

In view of the recent harsh treatment given to Jewish scientists and
engineers in the Soviet Union who have expressed the desire to emi-
grate—most notably the famed physicist Andrei Sakharov—this resolu-
tion is particularly appropriate. We applaud the IEEE and urge all other
professional organizations to adopt a similar statement.

%X&M

RALPH DOBRINER
Managing Editor
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From ele
to blood analy

Smart system designers
use Intel Microcomputers
for almost everything.

Right now, Intel Micro-

computers are being used
to replace hardwired con-
trol logic, cut component and
assembly costs, raise reliability and make systems easier to main-
tain. With control programs stored in read-only
memories, Intel Microcomputers are replac-
ing hundreds, in some instances even a
thousand TTL packages.

Intel Microcomputers are making
systems smarter, opening new markets
and preventing product obsolescence. Our cus-
tomers are adapting the Microcomputer to new applications
and markets by programming ROMs instead of hardwiring logic.
Products get to market faster since software takes months, per-
haps man-years less time to develop than hardwired logic.

General purpose Microcomputers, invented two years
ago by Intel, have already outmoded hardwired logic and
expensive custom MOS/ LSI in hundreds of applications:
computer terminals, traffic light
controllers, medical instruments,
business machines, mass-transit
equipment, reservation systems,
cash registers, inventory computers
for fast-food restaurants, process con-
trollers, electronic test instruments
and even pinball and slot machines.

You'll soon be seeing a new Toledo digital com-
puting scale at the corner food store. Accurate to the
penny, it converts weights to prices and operates a




ctronic games

display, label printer, or both with an Intel Micro-
computer. With equal ease, a similar I\/hcrocomputer
handles graphics composition and :

editing in Automix Keyboard's
Ultra Comp intelligent terminal
for typesetting.

: In a Helena Laboratory
blood analyzer an Intel Microcomputer translates the raw data
from a sensing instrument into medically
meaningful numbers and prints out
separate quantitative readings
of several different proteins.
The Microcomputer reduced

the electronics cost of the system
about 30%. Another Microcom-
ter automated instrument is
Coherent Radiation's Dioptron™
While a patient reads an eye chart, the central processor.
analyzes the eyes' focus and prints out the results. Even
ids too young to read the chart are tested rapidly
ind accurately.
— Finally, just for fun, look at Atari's new video game, “Gotcha
Cat chases mouse (or boy chases girl) through a constantly changing maze. In this case,
the Intel Microcomputer acts just dumb enough to let people win once in a while.

We started the Microcomputer revolution and we continue to lead the industry in the
development, production, applications support and delivery.

To find out how you can enhance your product’s capability, take
advantage of our know-how, software library and programming
aids, subscribe now to Microcomputer News. Just for asking, we'll
also send you our new Microcomputer catalog.

Intel Corporation, 3065 Bowers Avenue, Santa Clara, California
95051 (408) 246-7501.

'TM

|nte| Microcomputers. First from the beginning.
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Round
multipin

connectors

I i

Perhaps the
best design ap-
proach is to avoid
round multipin con-
nectors, or for that mat-
ter all connectors, if you can.

One victim of Murphy’s Law has described them
as a ‘“‘source of trouble that connects two other
sources of trouble.”

The troubles can come from many sources.
They can come from the user’s inadequate knowl-
edge, from misuse, from difficulties in selecting
the right connector from the many available,
from not understanding the interactions of vari-
ous connector-design factors, from ambiguous
specs and from a lack of industry agreement on
standards.

For commercial connectors, the user generally
specifies performance and lets the vendor deter-
mine the design and materials. The manufacturer
is, after all, in the best position to know design
and material limitations and how the final prod-
uct should perform.

But even the best vendor can’t come up with
the right connector unless you give him your
complete requirements—and sufficient lead time.
With justification, vendors complain that the
connector is usually the last component specified.
For new designs of course, this occurs because
you don’t know how many contacts you’ll need
or how much current each will carry, until the
design is nearly complete. Nevertheless to avoid
costly mistakes, start talking to vendors early.

But does the vendor know best? Probably no
two vendors will agree exactly in their recom-
mendations. The user must always fall back upon
his own knowledge to make a final decision.

One of your first decisions is to choose the
shape for the connector. Of the many possible
shapes, the round multipin connectors probably
provide the greatest amount of latitude in per-
formance and packaging characteristics. But be-

Morris Grossman
Associate Editor
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U

fore you commit yourself, let’s look closely at
circular connectors.

Are round connectors for you?

Circulars can handle a high density of con-
tacts, a wide range of voltages and currents and
extremes of environment. They’re readily avail-
able from many manufacturers, and many types
are second-sourced. In addition the round con-
figuration offers these benefits:

Both Amphenol's Merlin | and Bendix's Pygmy (bottom)
lines feature dielectric retention discs. The discs elimi-
nate the need for individual metal clips. This results in
lighter and shorter connectors. Also, both lines employ
a rear-release method for contact insertion and ex-
traction and crimp-type terminations.
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= [t’s easier to seal than any other shape.

s [t’s a natural shape for manufacturing with
standard machine tools.

m [t makes connector couplings easier to de-
sign for rapid engagement and disconnection as
well as positive locking.

= [t comes with a variety of accessories not
available with other connector types.

The disadvantages of circulars? Yes, there are
some. They aren’t compatible with the burgeon-
ing flat cable. When many connectors are ar-
rayed on a panel, the circular shape—especially
in large diameters—can waste a lot of panel
space. Rectangular connectors can have several
hundred contacts, and the user can locate a par-
ticular pin more easily than in a round unit.

The shortcoming of circulars, however, are
usually outweighed by their formidable advan-
tages. Unless your application has very special
needs, you’re probably best off with the round
shape.

How to pick a round type

What do you need to know to select a round
connector? Most of the factors are common to
choosing any type of connector. A few—coupling
methods and assembly and repair problems—
apply only to the circular configuration. The fac-
tors include:

® Number of contacts and their construction.

® Voltage rating and contact spacing.

= Current rating and wire size.

® Crimped vs soldered terminations.

= Connector-assembly and contact-retention
methods.

= Coupling methods.

m Materials, ruggedness and reliability.

= Mounting, shell styles and environment.

= Standardization and MIL specs.

A decision on nearly every one of these factors
depends on at least one of the others. Voltace
and current determine the spacing and size of
the pins, which then set a limit to the number
of contacts that can be squeezed into a she'l size.
Mounting arrangements and the environment de-
termine the shell style and coupling methods.
And reliability, environment, ruggedness cur-
rent and voltage influence the choice of materials.

Let’s look first at voltage ratings. These de-
fine, in rms volts, the voltage that a connector
can withstand without dielectric breakdown or
flashover. Most common maximum ratings lie
between about 1000 and 2000 V rms. But volt-
ages to 6000 V can be handled by some special
types. However, watch out. Altitude and temper-
ature derating factors are frequently not spelled
out in the data sheet.

Voltage ratings are, of course, related to con-
tact spacing. A 50-mil air gap at sea level can
easily handle 600 V rms, but at 50,000 ft., it is
perilously close to flashover (see graph). Thus
reduced air pressure at high altitudes markedly
reduces voltage flashover levels.

You can't pick a connector with a scoop! You must
carefully weigh each factor to pinpoint the right choice.

ELECTRONIC DESIGN 4, February 15, 1974

Round multipin connectors, such as these Amphenol
units, come in thousands of versions.
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But even below flashover levels, corona dis-
charges can start to disrupt the performance of
electrical equipment. And, in time, corona can
seriously deteriorate a connector’s insulating and
metallic materials.

Thus for operation over 50,000 ft., you need
connectors that are filled with potting materials
or that have hermetic seals. Grommets and O-
ring seals are helpful for short exposures at in-
termediate altitudes, but such resilient seals are
used primarily for sealing against humidity and
fluid exposure.

Heat, too, lowers voltage-breakdown levels.
Either prolonged exposure to elevated tempera-
tures, or short-term exposure to extreme heat,
can permanently damage insulation. Along with
lowered breakdown voltage, this damage shows
itself in lowered insulation resistance and in-
creased moisture absorption.

On the other hand, very low temperatures (be-
low —65 C for MIL connectors) are also harm-
ful. Extreme cold may crack, distort and other-
wise change the insulator so that its breakdown
voltage is lowered.

A common MIL temperature range for con-
nectors is —55 to 200 C, but some special types
can take very high temperatures. ITT Cannon’s
HRM types operate as high as 700 C with alu-
mina inserts and stainless-steel shells.

As with voltage, current ratings also depend
on diverse factors. It is totally inadequate to say
merely that a single isolated connector contact
can carry a maximum of 5 A. A connector’s al-
lowable ambient temperature goes down as the
root-mean-square average of all the contact cur-
rents increases (see graph). In addition high
altitude reduces the allowable current and am-
bient temperature.

Thus you generally can’t allow all or even two
ratings to go to their maximums at the same
time. Many connector data sheets fail to point
this out clearly. And by not providing important
qualifying information, data sheets can be dan-
gerously misleading. In one blatant example, a
manufacturer failed to state that his “maximum
current rating” meant only that a fire would
result if the current were on for more than two
minutes.

To crimp or to solder?

Endless debates continue over soldering vs
crimping. There has been a growing trend away
from solder-terminated connectors. But a solder-
ing iron is a convenient, low-cost tool. For low-
volume jobs, soldering can still be the most ec-
onomical approach.

And in the field, what does the technician do
when he must make a repair and he doesn’t have
the right crimping tool for a contact? Crimping
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Altitude and temperature strongly influence the voltage
and current ratings of connectors. Voltage flashover (a)
drops drastically with increased altitude and allowed
current (b and c) decreases with both increased ambient
temperature and altitude.

ELEcTRONIC DESIGN 4, February 15, 1974



Table 1. Front and rear-release advantages and disadvantages

Factors

Front release

Rear release

Contact servicing

Identification of contacts easier
from mating end; male pins can

be bent during removal operation.

Minimizes contact bend damage; allows
contact removal while mated; not easy to
identify with high-density wire bundles.

Connector wiring

Less stripped wire needed between
connector and lacing or cable
jacket.

More stripped wire needed.

Wire shielding

More effective RFI shielding.
Shielding can be closer to the
grommet surface.

Shield is stripped to provide
tool clearance.

Wire breakage

Standard tools will remove broken
wires at crimp joints.

Special tool required.

Wire accommodations

Accepts larger diameter wire
sizes.

Restricts wire size because
tool needs space.

Plastic vs. metal
service tools

Uses costly metal tools for
inserting and removing contacts;
they are more durable than plastic
ones, but can scratch contacts and

Inexpensive plastic tools provided with
connectors; ensures use of correct tool
in field maintenance, but tool life is
low, may last for only one connector;

produce metal chips.

and can produce chips to spoil
connections.

Closed-entry socket

less complex.

Available in both front and rear-release connectors that are hard dielectric
material. Helps guide bent pins into socket contact. But rear-release designs

tools come in hundreds of styles and sizes and
tend to be bulky and costly. In a well-equipped
aircraft factory, a request for the crimping tools
can literally bring a whole truckload. A small
soldering iron has the important advantage of
versatility. This largely offsets its well-known
disadvantages—burned insulation, too much or
too little solder, cold joints and the need for skill.

The advantages of crimping range from speed
to reliability and ease of joint inspection. Ter-
minals can be applied at up to 8000 an hour with
automatic machines, against only about 250 sol-
der joints an hour for a good operator. Crimp-
ing produces uniform connections regardless of
the operator, and repairs are readily made—pro-
vided you have the proper crimping tool. The
advantages of crimp terminations accrue, how-
ever, mostly to well-financed, high-volume oper-
ations.

Assembly methods are controversial

Two more endless debates rage over fixed vs
removable and front-vs-rear-release contacts.
These arguments seem to be just as hot today
as they were 10 years ago.

Fixed contact connectors are factory-assem-
bled, which eliminates the labor and errors in
their assembly. Their contacts can’t be improp-
erly inserted, or the wrong ones used. Also fixed
contacts are more easily pressurized and hermet-
ically sealed. And, perhaps most important, con-
nectors with fixed contacts generally cost less.
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Removable contacts, on the other hand, sim-
plify assembly and repair of high-density cables.
And, of course, crimping works only with re-
movable contacts.

On the question of front-vs-rear release for
removal or insertion of the contacts, there are
strong arguments for both methods. But both
need a tool to expand the contact retainer. With
a wire attached to the contact, both insertion and
removal are from the rear (wire side) of the
connector for either method of release.

In selecting one of the two release methods,
the designer must consider at least eight im-
portant factors (see Table 1).

One engineer may prefer front-release con-
nectors because they allow easy identification of
wires and can accept larger wire diameters. An-
other may insist that rear release is better be-
cause he can remove a single contact and its
wire, while troubleshooting, without unplugging
the connector. ;

The front-rear controversy came to a climax
in 1966, when after many military tri-service
meetings with representatives of the connector
industry, the military accepted Amphenol’s then
new Astro-348 (MIL-C-81511) front-release con-
nector. It became the official standard for the
Defense Department’s round multipin, high-
density connectors. Of course, Amphenol was de-
lighted, but competitors charged that the Defense
Department had erred. In spite of the 1966 de-
cision, however, the rear-release method contin-
ued to be used. Today both release methods are
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widely accepted and many connector series are
available in front or rear-release versions.

Amphenol now makes the MIL-C-81511 in both
front and rear-release versions. Also some man-
ufacturers of MIL-C-5015 and 26482 types offer
both styles, though ITT Cannon has stayed with
the rear-release approach.

Here’s another important question that in-
volves connector assembly: Should you buy con-
nectors unassembled, in kit form, or fully as-
sembled ?

The advantage of the kit is that damaged
parts can be replaced separately, thus saving
the cost of having to discard a complete con-
nector. But, obviously, connector assembly takes
labor and skill. Kits for sealed connectors, in
particular, demand skill and care in fitting grom-
mets, gaskets and close-tolerance parts. Densely
packed pins require especially skillful assembly.

Thus the choice between Kkits or assembled
units may depend primarily on the skill of the
manpower you have available.

Four ways to couple

Common couplings for circular connectors in-
clude threaded, bayonet, push-pull with rotate-
to-lock and quick-disconnect push-pull.

Threaded coupling is the oldest and most wide-
ly used method. Most low-cost, industrial round
connectors use this method, but engagement and
disengagement call for considerable muscle in
the fingers and wrist, especially with large con-
nectors. Close connector spacing causes scraped
knuckles. The screwing action is slow and tedious
when many connectors must be engaged. And
they tend to loosen under heavy vibration; thus
safety wiring is needed in aircraft applications.

Bayonet types can be coupled faster than
threaded types. Pins on the receptacle ride up
ramps on the plug and fall into notches to hold

ITT Cannon says that it's the only supplier that's cur-
rently producing a high-environmental connector to
meet all the dimensional and performance requirements
of the soon-to-be-issued MIL-C-5015G tri-service co-
ordinated specification.

fast against vibration. TRW Cinch NuLine has
an improved locking mechanism on its MIL-C-
26500 bayonet-coupled connectors, which is used
primarily for high-vibration aircraft applica-
tions. But bayonet types generally require more
torque than a threaded system, and thus are used
mostly on small and medium-sized connectors.
Push-pull mechanisms use a ball detent to pro-
vide the fastest method for engaging connec*or
halves. Awkwardly placed connectors are good

Table 2. Connector-insert insulator characteristics

Property* Thermosets Thermoplastics Elastomers
Epoxy Phenolic | Nylon Polycarb | Polysulf | Neoprene | Silicone Diallyl
Dielectric strength 350 350 400 350 450 300 500 400
(V/mil)
Thermal exposure 225 200 120 250 130 120 240 170
(°C @ 1000 h)
Tensil/e strength 8000 10,000 | 7-13,000 | 13,000 8-9500 1200 1200 6000
(Ib/in2)
Low-temp exposure Good Good Good Good Fair Poor Exc. Good
Fluid exposure Good Good Good Good Good Good Exc: Good
Insulation Good Good Good Good Good Good Exc. Exc.
resistance
Outgassing @ — — Fair Low Fair Fair Low Low
1501C

*The properties of plastics are sensitive to exact mix and treatment.
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candidates for their use. But they are not as
rugged and are more complicated than the bay-
onet types. The quick-disconnect variety requires
only a straight push-or-pull action, but there is
no mechanical advantage to help overcome pin-
engagement forces. Also, there is little protec-
tion against vibration. The rotate-to-lock version
is more positive than the simple push-pull, but
the rotary action is only for locking and does
not help in pin engagement. Users familiar with
bayonet couplings often turn the connector be-
fore pushing it, and this frustrates engagement.

Push-pull methods provide a tactile and audi-
ble click indication of full engagement; also they
can give a visible display. And remote-control
methods can be applied to the straight push-pull
coupler for quick umbilical-cord disengagement.

Which material?

Shells for round connectors are generally made
of aluminum, often treated with a corrosion-re-
sistant finish. However, special jobs may call
for gold-plated stainless steel, which is much
more difficult and costly to fabricate. Aluminum,
of course, is easy to machine or die cast, and it is
also much lighter.

Inserts—the insulating structures that hold the
contacts—are made from a wider variety of ma-
terials than are the shells. Though ceramics can
be used for the high-temperature ranges to over
600 C, the more popular inserts are made from
either the resilient elastomers, such as neoprenes
and silicones, or the rigid plastics, such as the
phenolics, epoxies or diallyl phthalates.

Table 2 summarizes the characteristics of
plastic insulation materials. Formulations are
generally proprietary and continually under de-
velopment. Also individual characteristics are
frequently altered to improve characteristics.
Thus the table can provide only a rough com-
parison.

Contacts are made mostly of copper and its
alloys to obtain the best compromise among con-
ductivity, spring properties, wear resistance,
strength, formability and cost. Plating with noble
metals is often a requirement for dry-circuit use
and corrosion resistance. Gold is a popular choice.

However, the recent surge in gold prices has
sent connector manufacturers scrambling for
substitutes or methods for using less gold. The
search is still on. Each $10 rise in gold price adds
about 1.5% to the over-all cost of a connector,
according to Charles C. Sloane, director of mar-
keting of ITT Cannon. MIL specs are rather
unyielding in specifying the thickness (generally
50 to 100 microinches) and the extent of cover-
age, when gold is required. Connector specialists
have proposed that contacts should be specified
by performance, rather than by materials and
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methods as practiced in most MIL specs.

Selective plating is an obvious way to reduce
use of gold. Gold can be limited to the contact-
mating areas only. Another is to keep the gold
thickness close to the lower-tolerance limit. The
manufacturer then trades off tighter control
costs against the rising price of gold.

The use of other metals for contacts has so far
run into the strictures of MIL specs. Palladium
and rhodium are substitute candidates. They are
not cheap, but their hardness permits the use of
less material. Some types of connectors are being
built with tin and tin-nickel-plated contacts; but
the round multipin connector probably will not

Commercial versions of round multipin connectors, such
as TED Manufacturing's Navajo series (top) and Lemo
USA’s Quick-Lok line, can provide industrial-quality per-
formance at lower cost than MIL-spec types.
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lend itself to this substitution, especially in dry-
circuit and MIL applications.

Costs are rising not only in gold, but also in
copper, brass and the insulating materials that
go into a connector. And the prices of connectors
must rise accordingly, manufacturers warn. Am-
phenol, ITT Cannon, Bendix, Malco and others
have applied, or are planning to apply, to the
Cost of Living Council for price boosts.

Meeting military specs

When specific MIL specs are imposed, your
selection problem is almost solved. The specs
usually leave the user little choice. Even the sup-
ply sources are often dictated. Only with per-
sistence, and then for special circumstances, can
variances be obtained.

However, when in search of MIL-spec con-
nectors, the engineer should be particularly wary
of commonly used statements like “designed to
meet military specs.” The connector may not
even have been submitted for testing. And if it
has, it probably has not yet qualified. It may
never become qualified.

Another buzz word is “equivalent.” How equiv-
alent is it? Performance and test procedures

should be carefully checked. And, though a con-
nector may meet a particular military-spec re-
quirement, it may not meet all the other require-
ments of the MIL spec.

And don’t be misled by the designation ‘“MS
style.” This doesn’t mean the connectors meet
MIL specs. The relationship may consist of hav-
ing only some of the outward characteristics and
appearance of military types.

Another area of confusion can come from mis-
interpretation of MIL-spec test requirements.
Too often test requirements are interpreted by
users as connector performance ratings. Some
tests provide data for establishing the life ex-
pectancy of a connector—not normal operational
limits. For example, a high-temperature life test
that exposes connectors to 200 C for 1000 h,
under MIL-C-5015F class D and W specifica-
tions, is equated by the military to mean 20
years of connector life at 125 C. Thus though
the test is at 200 C. the rating for operating
performance is only 125 C.

MIL specs provide their own problems. The
long list of overlapping and sometimes conflict-
ing specifications can be just as much of a prob-
lem as the specsmanship snares of commercial
enterprise (Table 3). However, help may be on

Table 3. Short list of Military specifications for round multipin connectors

Spec Title Contact Contact Temp Mating
number* termina- release range technique
tion
MIL-C-5015 Connector, electric, MS type Solder fixed/ —-55 to Thread
(Navy) (formerly AN) front/ 125,-175,
rear | 200 C
MIL-C-25955 Connetcor, electrical, environmental crimp front —55 to Thread
resisting, miniature, with snap-in solder 125.C
contacts
MIL-C-26482 Connector, electric, circular, miniature, crimp fixed / —55 to Bayonet
(Navy) quick disconnect, environment resisting solder front/ 125 C Push-pull
rear
MIL-C-26500 Connector, general purpose, electrical, crimp front —55 to Bayonet
(Air Force) miniature circular, environment solder 200 C Thread
resisting
MIL-C-27599 Connector, electric, miniature, quick solder fixed 150, 177 C Bayonet
disconnect, weapons systems, estab- )
lished reliability
MIL-C-38300 Connector, electrical circular, multi- crimp front/ _ Bayonet
contact, high environment, quantative solder closed
reliability entry
MIL-C-38999 Connector, electrical, circular minia- crimp rear —65 to Bayonet
(Air Force) ture, high densityA™, quick disconnect 200 C
MIL-C-81511 Connector, electric, circular, high crimp front/ —65 to Bayonet
densityA |, quick disconnect, environ- rear 200 C
ment resisting
MIL-C-83723**| Connector, electric, circular environ- crimp & rear/ —~55 to Bayonet
(Air Force) ment resisting solder closed 175 C Thread
entry —65 to
200 C

* Consult specification of latest Issue.

** Covers Series 1,

deletion of Series 1 and 2 under consideration.
A Contact centers are 0.1 in. or less.
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the way from a new tri-service agency.

After over 10 years of proliferating styles and
specs for round connectors, the military is now
making another attempt to narrow the choice to
just a few standard lines. Tri-service rivalry, de-
partmental specialization and manufacturers’
pressures all contribute to proliferation. The di-
versity of types has grown so that the index of
MIL specs for round connectors runs to about
eight pages. As a contrasting example, composi-
tion resistors fill only about one page.

But now the Defense Electronics Supply Cen-
ter, which advises the three military depart-
ments, has taken a swipe at the list and has
started to trim it. So far it has tackled duplica-
tions in connector specifications, MIL-C-5015,
MIL-C-26482 and MIL-C-83723. The changes
made thus far are as follows:

s In 5015, the MS 3400 series of front-re-
lease connectors has been canceled, except for
the class D type, and the MS 3450 series is pre-
ferred over the inactivated 83723, Series-2 con-
nectors for power applications.

m In 83723, Series 1 is now preferred over
26482, Series 2 (after a flip-flop in decision last
August).

s The preferred-parts list for aerospace de-
signs has been abbreviated to the following:
83723, Series 3; 38999, Series 1 and 2; and
85111, Series 3 and 4.

= For ground-support use, the active series
of 5015 and 26482 connectors are preferred.

The changes seem to be modest, but some
vendors like ITT Cannon, are very pleased.
Others, like the Society of Automotive Engi-

Just three contact insertion and removal tools, made
by Jonard Industries, can service most MIL-C-81511,
Astro/348 series connectors.
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neers, Aerospace Industries Association and
Electronic Industries Association, called upon
the Defense Electronics Supply Center to stand-
ardize further and perhaps to eliminate MIL-
(C-81511. At this time the center is considering
cutting back to only one of the high-density
specs—either 81511 or 38999. Some vendors,
who fear they will be stuck with tooling for
canceled types, aren’t pleased.

Commercial vs military-spec connectors

Because of the military’s high connector stand-
ards, many industrial users specify MIL types
for commercial use, even though they cost much
more.

The military’s bible for connector testing is
MIL-STD-1344, “Test Methods for Electrical
Connectors.” It establishes uniform methods for
electrical, mechanical and environmental tests.

But Robert Wersen, National Manager of
Lemo USA, sees a gradual shift from the mili-
tary orientation of round multipin connectors
to a quality commercial/industrial approach.
“Most connectors in this category have been
developed for military applications, except for
a few small audio types. If a designer wants to
specify a six-pin connector for a shielded cable,
his choices of nonmilitary connectors are very
limited. Of those available, few—if any—are
suitable for use on a front panel.”

Wersen expects that change in the military
orientation of this market will result mainly
from the predicted rise in automotive applica-
tions. “Truck manufacturers are likely to be in-
terested in low-cost round connectors, because
they will probably use rugged round cable be-
tween tractor and trailer, not flat cable.”

Vendors make improvements

The circular connector has been around for
more than 25 years, and most avenues for tech-
nical improvement have been well explored. Im-
provements in materials, processes and cost can
still be expected, however. For instance, contact-
retention methods that use metal clips to hold
individual contacts in place may be on the way
out; so-called dielectric retention systems are the
new trend. Bendix has converted its Pygmy line
to dielectric retention, using a molded polyaryl-
sulfone thermoplastic retention disc. Amphenol
and Deutsch have comparable dielectric-retention
versions for their 81511 lines and other MIL-
series.

Polymer retention systems are claimed to
achieve savings in labor and material and in-
creased performance. Connectors can be from 10
to 40% lighter than earlier designs, and some
versions allow as much as a half-inch reduction
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Empire Products’ Cam-Lok commercial connectors are
made in a non-MIL-spec, ‘““MS style”” with the cable
vulcanized directly to the connector to replace cable
clamps. Rigid clamps can cause breakage of cables that
are subjected to continual flexing.

in over-all mated-pair length. Higher contact
densities can also be achieved.

“No scooping” is another feature that may
spread to more connector lines. It is already
available in some lines, such as Amphenol’s
81511 and Bendix’s LJT and SJT connectors.
This feature prevents damage to pin contacts
that can be caused by the shell of a mating con-
nector in accidentally wiping across the pins.
And it also helps ensure that mechanical and
electrical engagement of the contacts are made
only after the plug and receptacle are properly
aligned. The coupling ring then draws the two
halves together. Of course, the no-scooping fea-
ture requires longer shells.. This may be a dis-
advantage in some applications.

For safety, connector shells should preferably
engage and provide a ground path before any
of the contacts mate. Amphenol’s 81511 connec-
tors have special shell-to-shell grounding fingers
to ensure a good electrical path, and the long
shell needed for the no-scoop feature allows the
shells to engage before the contacts. ==
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Need more information?

We wish to thank the companies that provided
information for this report. The products cited
in the report have been selected for their illus-
trative, or in some cases, unique qualities. How-
ever, manufacturers not mentioned in the report
may offer similar products. Readers may wish
to consult manufacturers listed here for further
details.

AMP Inc., Ind’l Div., Box 3608, Harrisburg, Pa. 17105. (717)
564-0101. Circle No. 410

Amphenol Connector Div., 2801 S. 25th Ave. Broadview,
1. 60153. (312) 261-2000. Circle No. 411

Appleton Electric Co., 2950 N. Paulina St., Chicago, Il
60607. (312) 327-7200. Circle No. 412

Atlas Wire & Cable, 72 N. Broadway, Yonkers, N.Y. 10701.
(914) 969-5158 Circle No. 413

Bendlx/EIectrlcaI Components Div., Sydney, NYC 13838. (607)

563 ircle No. 414
Burndy Corp., Richards Ave., Norwalk, Conn. 06856. (203)

838-4444. Circle No.
Cannon ITT, P.O. Box 929, Santa Ana, Calif. 92702, (714)

557-4700. Circle No. 416

Caton Industries Inc., 45 Walnut Ave., Clark, N.J. 07066.
(201) 382-9119. Circle No. 417

Cinch Div. of TRW, 150 Morse Ave., Elk Grove Village, Il

60007. (312) 439-8800. Circle No. 418
Connector Industries of America, 639 N. Wayne Ave., Cin-
cinnati, Ohio 45215. (513) 733-3680. Circle No. 419

Dale Electronics/Columbus Div., 1342 28th Ave., Box 609,
Columbus, Neb. 68601. (402) 564-3131. Circle No. 420

Dale Electronics/Yankton Div., E. Hwy. 50, Box 180, Yank-
ton, S.D. 57078. (605) 665-9301. Circle No. 421

Deutsch Co., Municipal Airport, Banning, Calif. 92220. (714)
849-6701. Circle No. 422

Edco Electronics, 7019 Canoga Park, Canoga Park, Calif.
91303. (213) 883-7455. Circle No. 423

Empire Prod./Cam-Lock Div.,, 10540 Chester Rd., Cincinnati,
Ohio 45215. (513) 771-3171. Circle No. 424

Flight Connector Corp., 14128 Lamoli Ave., Hawthorne, Calif.
0250. (213) 679-9701. Circle No. 425

G & H Technology Inc., 1649 17th St., Santa Monica, Calif.
90406. (213) 451-1631. Circle No. 426

General Connector Corp., 80 Bridge St., Newton, Mass. 02158.
(617) 244-5706. Circle No. 427

Glenair Inc., 1211 Air Way, Glendale, Calif. 91201. (213) 247-
6000. Circle No. 428

Hermetic Seal Corp., 4232 Temple City Blvd.,, Rosemead,
Calif. 91770. (213) 283-0411. Circle No. 429

Hughes Aircraft Co., Connecting Device, 500 Superior Ave.,

Newport Beach, Calif. 92663. (714) 548-0671.
Circle No. 430

Johnson, E. F. Co., 299 10th Ave. S.W., Waseca, Minn. 56093.

(507) '835-2050. Circle No. 431
Jonard Industries Corp., 134 Marbledale Rd., Tuckahoe, N.Y.
10707. (212) 549-7600. Circle No. 432

Circle No. 433

Lemo USA, Inc., 2015 Second St., Berkeley, Calif. 94710.
(415) 548-1966. .Circle No. 434
Litton Precision Products International, Main St. & Hillside
Ave., Oakville, Conn. 06779. (203) 274-5941. Circle No. 435
Malco/Microdot Co., 5150 W. Roosevelt Rd., Chicago, Il
60650. (312) 287-6700. ‘Circle No. 436
Microtech, Inc., 777 Henderson Blvd., Folcroft, Pa. 19032.
(215) 532-3388. Circle No. 448
Multi-Tech Electronics Inc., P.O. Box 351, Florence, Colo.
81226. (303) 784-4161. Circle No. 437
National Tel-Tronics Corp., State Rd. Hill, Meadville, Pa.
16335. (814) 336-2177. Circle No. 438
North Electric Co./Elexs Div., Box 688, Galion, Ohio 44833.
(419) 468-8100. Circle No. 439
Plessey Connector Div., Inc., 400 Moreland, Commack, N.Y.
11725. (516) 543-5000. Circle No. 440
Sog 101 rue Philibert-Hoffman, 93116 Rosny-sous-Bois,
ranc Circle No. 441
Stanford Applied Engineering, Inc., 2165 S. Grand Ave.,
Santa Ana, Calif. 92705. (714) 540-9256. Circle No. 442
Switchcraft Inc., 5555 N. Elston Ave., Chicago, Ill. 606390.
(312) 792-2700. ircle No. 443
TED Manufacturing Corp., 11415 Johnson Dr., Shawnee Mis-
sion, Kan. 66203. (913) 631-621 Circle No. 444
Thomson-CSF, Paris Cedex 08, France. Circle No. 445
Viking Industries, Inc., 21001 Nordhoff St., Chatsworth,
Calif. 91311. (213) 341-4330. Circle No. 446

Western Intl/Connector Div., 72 N. Broadway, Yonkers, N.Y.
10701. (914) 969-5888. Circle No. 447

Klr%%%oElectromcs Co., Inc., Tuckahoe, N.Y. 10707. (914) 793-
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the chips...

Hybrid Systems now offers a broad line of thin-film products, includ-
ing single resistors and multiple resistor arrays, as well as an
expanded capability in the design and manufacture of custom hybrid
microcircuits . . . a result of our acquisition of Sprague’s Worcester
hybrid microelectronics operation.

We’'re in the chips . . . with thin-film resistors

Precision nickel-chromium or tantalum nitride thin-film resistor chips. Resistance
values from 102 to 510K in standard 30 mil sq. designs; values up to 8Meg®Q in
larger chip sizes. Features include low noise, uniform tracking, and excellent tem-
perature characteristics. Individual resistors with 1%, 5%, or 10% tolerances. Laser
trimmed to +=0.01%.

We’re in the chips . .. with thin-film resistor networks
High-performance nickel-chromium and tantalum nitride designs in chips, wafer, or
hermetic packages. Ladder, scaling, and adapter networks. Accuracies to 14 bits.
Laser trimmed to exact tolerances. NiCr types feature high temperature stability.
TCR from 0 to +50ppm/°C, tracking to better than 1ppm/°C and noise <0.1xV/V
decade of frequency.

We’'re in the chips . . . with custom hybrld microcircuits
High-reliability custom hybrid assemblies using chip and wire technology as well
as thin and thick-film processes to meet your specific needs. Typical circuits include
transceivers, demodulators, oscillators, drivers, and comparators.

All of our thin-film components and custom hybrid circuits are manu-
factured and tested to MIL-STD-883, MIL-E-5400N, and other strin-
gent standards.

For more information, contact us.

'+ HYBRID SYSTEMS CORPORATION

87 Second Avenue, Burlington, Massachusetts 01803 « Tel: 617-272-1522 « TWX: 710-332-7584
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Open a Savings Accoun
with our new
megapower SCRs

When you invest in IR's new Megapower SCR Family yields SCRs of virtually identical switching characteris-

Savings Plan you start earning dividends three impor- tics, so you eliminate expensive current balancing
tant ways. equipment. It also produces the high voltage SCRs you

First, you can eliminate over 70% of the devices and need. Specifically: 700A(av), 500 to 2100V; 850A(av), 500
parts normally needed (see the 3-phase converter “sav- to 2000V; 1000A(av), 500 to 1500V, and 1600A(av), 500
ings account” below for full details). That gives you a to 1200V.
lower total system cost, plus There is also an extra divi-
more reliability. IR’S 4800 Amp, 3-PHASE CONVERTER SAVINGS ACCOUNT dend in overall productivity

Second, having fewer parts because Megapower SCRs
cuts assembly time sharply, e T | P ey b will keep your equipment on
increases reliability and Parts Per 3-550A SCRs | 1-1600A SCR Saved line longer. Their surge capa-
makes your field servicing Assambly beriley Per Log Par Assy. bility is so high, they can ride
that much easier, too. 1. SCRs 18 6 12 through massive overloads

Third, Megapower SCRs 2. Heat Sinks 21 9 12 without resorting to protec-
give you more production tive fuses.
power with only a minimum 3. Clamps 18 6 12 Open a savings account to-
change in your equipment 4. Fuses 18 6 12 day. Call your IR branch office,
size. : or bank headquarters (213)

Ifyouwantto parallelMega- | > Balancing Reactors) 18 0 " 678-6281: Telex: 67-4666. In-
power SCRs, there’s a special 6. Trigger Pulse 6 Y 6 ternational Rectifer, 233 Kan-
bonus. Our epitaxial process Pwr. Amplifiers sas Street, EI Segundo, CA.

7. lIsolated Gate 18 6 12
Drive Windings
Totals 17 33 84

International
Rectifier

(W)
International Rectifier, 233 Kansas Street, El Sequndo, CA 90245. ... the innovative power people I"R
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Our High-Rel Teamis
set to tackle

- (V27 L O
: "‘} A ; ! SR < | ¥ ¢
e ¢ ]

N Ml

Anytime you need High-Rel
Linear IC’s for military aerospace orin-
dustrial applications, come to RCA.
Your RFQ’s will receive first class
“team’” attention.

RCA has come on strong to meet
your needs for High-Rel Linear IC’s.
With a team dedicated exclusively to
High-Rel IC’'s and a MIL-M-38510 ap-
proved facility, we are keeping pace
with the industry’s increasing demand
for high-reliability linears.

Our team can bring you a variety
of High-Rel circuits, such as
Operational Amplifiers, Differential
Amplifiers, Transistor Arrays, RF
Amplifiers, and Voltage Regulators, all
processed to MIL-STD-883. Here are
just some of the more popular amplifier
circuits offered.

“your linear IC RFQ’s.

Industry Designation RCA Number [ 100-999 Price
Class B* Type 741 CA741T/3 $4.50
Class B* Type 747 CA747T/3 5.50
Class B* Type 748 CA748T/3 4.50
Class B* Type 1558 CA1558T/3 5.50

*Parts processed to MIL-STD-883 Method 5004 Class B

[

3% ! s e
5’?‘ s Sn

Send for our free 20-page
brochure which tells the complete
story of RCA’'s COS/MOS and linear
high-reliability IC’s.

Also available . . . RCA’s new,
1974, 576-page Solid State “High-
Reliability Devices” DATABOOK
(SSD-207B). This handy reference
provides complete Technical Data
Sheets and other useful information on
the broad range of RCA High-Rel in-
tegrated circuits and transistors.

Send for your copy today. Only
$2.00.

: RCA Solid State

1 Section 57B-15 Box 3200

1 Somerville, New Jersey 08876

[CJPlease rush my order for copies of the 1974
“High-Reliability Devices” DATABOOK (SSD-207B).
My cost, $2.00 each.

[OPlease send a free copy of RCA's High-Rel IC
Brochure (RIC-200).

Name/Title

Company
Address
City/State/Zip.

| enclose payment by: [JCheck [JMoney Order
Offer good only in U.S. and Canada. Direct other inquiries to RCA Sales

Offices or Distributors “c" So“d E
State!

products that make products pay off ;

International: RCA, Sunbury-on-Thames, U.K./RCA, Fuji Building, 7-4 Kasumigaseki, 3-Chome, Chiyoda-ku, Tokyo, Japan/RCA, 103 Nanking E. Road, Sect. 2
2nd Floor, Taipei, Taiwan. In Canada: RCA Limited, Ste. Anne de Bellevue 810, Canada.
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All kinds of thyristors.

As simple as this:

No rationing. No sales by
appointment. No waiting in line.
No energy crisis.

In the face of an ever-increasing
industry crunch on availability of
SCRs, Triacs, unijunctions and
trigger devices, Motorola has and
will have the capability, deliverabil-
ity and devices in nearly all current
categories to keep you on top of
your production lines in ’74.

Our competition will say “exag-
geration.”

Because they can’t boast a
doubled 73 production capacity
over 72 like Motorola can.

They didn’t ship 100 million thy-
ristors during the last 5 years . . .
30 million of that in one year like
Motorola did.

They couldn’t expand to 3 world-
wide thyristor manufacturing loca-
tions like Motorola could.

_ 10 to 40 us Turnoff

550, 700 A, 100 to 1,200 V SCRs

They didn’t add 418 new thyris-
tor devices in the last 18 months
to an existing broad line like
Motorola did.

They can’t ship from 1,000 to
100,000 of all devices listed on the
next page within 4 to 6 weeks like
Motorola ships.

And they’ve never been known as
“production house of the industry.”

Motorola has. And will be through
thick, thin and ’74.

Prove it to yourself. Contact
your Motorola distributor about
quantities of any listed device.

He’s got all kinds of them.

The factory’s got all kinds of
them.

They’re all available . .

80 A, 50 3%
to 800 V SCRs

e

4 to 8 A, 15 to 600 V
Plastic SCRs & Triacs

10 to 16 A, 50 to 800 V
Plastic SCRs & Triacs

35 to 40 A,
25 to 800 V SCRs & Triacs

0.5 to 8 A, 15 to 600 V SCRs
" Programmable,
Complementary Unijunctions

0.25 to 800 mA Plastic SCRs & Triacs/

Unijunctions, Unilateral & Bilateral Switches )

From Motorola, th

64B
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You can quote

Motorola has more Thyristor
availability than any other supplier.
Pick the series you need from the

SCRs
Current GE RCA Motorola
Rating Series Series Series
800 mA (103 L 2N5060
7A — 40654, 40655 = MCR320
7A = 40833 MCR320
8A C122  40867-40869 = 2N4441
16 A  2N1842  2N1842 2N1842
20 A 20 e MCR3818
20 A 22 = MCR3818
20 A €220  40737-40740 = MCR3818
20 A €222  40741-40744 = MCR3918
20 A — 4074540848 = 2N6167
20 A —  40749-40752 | MCR3818
20 A —  40753-40756 = MCR3918
20 A — 4075740760  2NB167
25 A 2N681 2N681 2N681
35 A €30 = MCR3935
35A 31 = MCR3935
35 A 32 = MCR3835
35A €33 et MCR3935
35A AL 2N3870-73  2N3870-73
35A —  2N3896.99 | 2N3896-99
35A —  40680-40683  2N6171
80 A C45 = MCR81
80 A c147 = MCR81

110, 235, 380 & 470 A,
100 to 1,500 V SCRs
10 to 40 us & Standard Speed

20 to 30 A, 25 to 800 V
Metal SCRs & Triacs

5

Qg‘/m

o
e

thyristor
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All kinds of availability.

us on that.

list below, fill in the coupon and
find out for yourself.
With the quote we’ll send our

latest brochure detailing Thyristor
specs, characteristics, symbols,
definitions, terminology, and cross-
referencing of more than 350 indi-

and trigger devices.

fit your design need in ’74.

vidual SCRs, Triacs, unijunctions

There’s a Motorola Thyristor to

Triacs High Current SCRs
Current  GE RCA Motorola RMS ; M preremona
Rating  Series Series Series [i‘urtr_ent . GE Ms“:imsh ] 5 et s,
In; ries erie s y
10A sCiil  — 2N6151 s . - - «.
10A  — 4066840669 2N6151 33 A C45/46 MCR45/46 t G?X :
10A  — 40842 2N6151 110 A €50 2N1909-16 ' o
10A SC146 - 2N6151 110 A €60 2N2023-30 e T, e
10A SC240  — 2N5571.72 110 A €52 2N1792-98 s e
10A SC24023 —  MACA0799-40801 110 A 062 MCR62 v IS TOR S
10A  SC241 The 2N5567-68 110 A €150/152 MCR150/152 T —— S Treacicasn s
10A SC245 2N5569-70 ~  2N5569-70 110 A C154 'MCR154 : —
10A SC245-23 40799-40801 MAC40799-40801 ﬂgﬁ g}gg mgg;gg UJTs & Triggers
15A SC246 2N5567-68  2N5567-68 GE ReA  THetoron
15A SC250 2N5573.74  2N§573-74 110 A €157 MCR157 Device Series Series  Series
15A S$C251-23 40802-40804  2N6145 110 A C158 MCR158 e
15A SC251 2NS571-72 | 2NS57172 110 A €159 MCR159 UT  DSGS15/2N2417A  — s
25 A SC60 T MAC38 295 A €354 MCR235A UIT D5G516/2N2422A — 2N4852
25 A SC61 gk MAC37 295 A £355 MCR235C uT 2N4221B = 2N4948
0A SC6023  — 2N6163 225 A 0358 MCR235D PUL. = pegbly — S
0A  —  40660-40661  2NG1SZ 275 A €364 MCR380A (oL anoe — A
275 A 365 MCR380C DIAC = — INS758/A
30A  —  40662-40663  2N6157 5 15011 R
30A  — 4080540807 2N6163 400 A €380 MCR380 gl = /
400 A €385 MCR380C SBS 2N4991 — | MBS4991
' 500 A €387 MCR550D
500 A €388 MCR550C
550 A €392 MCR550C
7 550 A 393 MCR550D Malil your request-for-Thyristor-
800 A €390 MCR800 Quote coupon to: Box 20912, Mail
o8 Lt Gt csiaid Drop TB 209, Phoenix, Az. 85036.
il Give me price and delivery on the . . .
Series/device: With these prime specs: In this quantity: |
e |
10 to 16 A, 25 to 600 V = 1
Metal SCRs & Triacs |
Name 1
800 A, 100 to :
1,500 V SCRs Company |
Address :
State Zip

producer.

City

...................................................................
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INTERDATA
ANNOUNCES
THE INDUSTRY'S
~ FIRST32-BIT

MINICOMPUTER
FOR UNDER
$10,000.




WITH UP TO A MILLION BYTES
OF DIRECTLY ADDRESSABLE MEMORY.

g3y

!-m"

Minicomputer myths you can live without:
1. There’s no such thing as a 32-bit minicomputer.

2. Minicomputers have an absolute 64K
addressing limit.

3. The only way to even access more is to resort to
some sort of hardware kluge with a hairy software
scheme that’ll cost you an arm and a leg.

All wrong.

Because now there’s the Interdata 7/32 — a
powerful new 32-bit miniconiputer with main
memory expandable up to a million bytes and
direct addressing up to 16 million bytes.

Big it is. But hairy it isn’t.

Because it’s simple, straightforward and efficient.
And it’s the industry’s first uncomplicated
extended-memory software environment.

Backed up by a lot of hardware muscle like thirty
two, 32-bit registers, 1024 1/O interrupts with
automatic vectoring, 239 instructions. And a lot

more. All of which would lead you to expect to pay

a lot more money, right? Well, that’s also a myth.

Performance 7/32 Nova 840 PDP-11/40
Word length 32 16 16
Memory speed

(nanoseconds) 750 800 900
Maximum memory

capacity (bytes) 1,048,576 262,144 262,144
Addressing range (bytes)

Direct 1,048,576 512 65,536

Relative 416,384 +256 +32,768

Indexed 1,048,576 65,536 65,536

Double indexed 1,048,576 No No
General-purpose

registers 32 32-bit 4 16-bit 8 16-bit
Index registers 30 32-bit 2 16-bit 8 16-bit
Vectored interrupt

levels Yes No Yes
Minimum interrupt

overhead time (usec) 6.5 47.5 46.5

Price 7/32 Nova 840 PDP-11/40
32 KB processor $ 9,950 $12,930 $15,345
64 KB processor 14,450 19,330 26,925

128 KB processor 23,450 35,630 44,725
256 KB processor 41,450 61,230 80,825
1 Megabyte

processor 171,650 Not available | Not available

Source: Data General Price List, 5/15/73. DEC PDP-11/40 Price List, 6/73. DEC
OEM & Product Services Catalog, 1972. Auerbach Minicomputer Characteristic
Digest, June, 1973. “How to use Nova Computers”, 1973.

The software muscle is all there, too. A new
FORTRAN V compiler. An optimizing assembler
called CAL. And the first extended operating
system that’s both powerful and simple — OS/32.
Plus all the other field-proven Interdata software —
it’s all compatible.

The new Interdata 7/32.

We put our muscle where their myth is.

[ )
INTTTEIRIDATTAD

2 Crescent Place, Oceanport, New Jersey 07757 (201) 229-4040.

Boston — (617) 890-0557. Washington — (703) 525-4806. Philadelphia — (215) 436-5579.
Orlando — (305) 851-6962. Chicago — (312) 437-5120. Detroit — (313) 356-5515.

Dayton — (513) 434-4193. Kansas City — (913) 384-1606. Houston — (713) 783-3060.
Dallas — (214) 238-9656. Denver — (303) 758-0474. Los Angeles — (213) 640-0451.
Phoenix — (602) 968-2477. San Diego — (714) 565-0602. San Francisco — (415) 969-1180.
Seattle — (206) 455-0680. Toronto — (416) 677-8990. Tokyo — (270) 7711.

Sydney — 439-8400. London — Uxbridge 52441. Munich — 0811-8543887.
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Protect against nuclear transients.
Simple RC T-network replaces expensive radiation-hardened

ICs to prevent scrambling of digital data.

A transient burst of nuclear radiation—such
as that produced by a distant nuclear blast—can
scramble data stored in memory and register
circuits, interfere with the execution of com-
mands and garble data communications. Can such
damage be prevented? Several ways exist, and
one is so simple that many engineers overlook it.

One way is to surround the equipment with
heavy shielding. Another is to use semiconduc-
tors that have been specially processed to resist
moderate radiation. A third way is to use pas-
sive storage networks in critical locations.

Of these methods, the third is the least ex-
pensive. Moreover weight restrictions obviously
limit the use of heavy shielding in aircraft, satel-
lites and space vehicles.

Latching devices—{flip-flops, cross-coupled
gates, storage registers and retriggerable one
shots—are particularly vulnerable to transient
impulse bursts, which can randomly reset or
change circuit states. And the simple, symmetri-
cal T network, with two resistors and one capaci-
tor, can protect against these bursts, if the net-
work is designed for worst-case conditions.

For example, two cross-coupled NAND gates
are commonly used to form the flip-flop so com-
mon in memories and storage registers (Fig. 1a).

Antonio N. Paolantonio, P.E., 17806 Elkwood St., Reseda,
Calif. 91335. ;

1. Cross-coupled NAND gates are commonly used to
form the flip-flop in memories and registers (a). A simple
RC T-network connected between gates can prevent the
network from changing states when a nuclear transient
burst occurs (b).

64F

With the addition of two T networks, the flip-flop
can be “hardened” to resist transient upset
(Fig. 1b).

Basically the circuit works by maintaining a
voltage at the input of each gate. If large enough,
the voltage prevents either gate from changing
state in the event a transient momentarily forces
the other to change state. Let’s look at the de-
tailed design procedure.

Note that although a worst-case analysis is
given here for a TTL IC, the procedures can
also handle discrete designs and other types of
logic.

Broad worst-case analysis needed

In general, a worst-case analysis should also
consider other factors that can affect circuit
behavior. These include initial, or nominal, com-
ponent-tolerance variations (for both active and
passive devices), temperature effects ; component-
tolerance drift caused by aging, and degradation
caused by cumulative, long-term exposure to nu-
clear radiation.

For instance, a carbon-composition resistor,
with an initial rated tolerance of *=5%, will ac-
tually degrade about +15% as a result of dissi-
pation stress, ambient temperature variations
and other environmental conditions and aging.

The design procedure consists of the following
eight steps:

1. Draw a schematic for the condition when
the input to the T network is HIGH.

2. Calculate the maximum allowable value for
the resistors in the T for the HIGH state.

3. Redraw the schematic for the condition
when the input to the T is LOW.

4. Compute the maximum allowable value for
the resistors in the T for the LOW state.

5. Select the lower of the two values deter-
mined in Steps 2 and 4 for use in subsequent
calculations.

6. Compute the steady-state dec voltage across
the capacitor in the T for the HIGH state.

7. With the circuit in the transient state, de-
termine the value required for the capacitor, C.

8. Calculate the maximum throughput, or bit

ELECTRONIC DESIGN 4, February 15, 1974



2. Simplified schematic of NAND flip-flop and T network
depicts the critical voltages and currents.

3. Short-circuit condition of gate is used to calculate the
maximum value of the gate pullup resistor, R,.

4. Equivalent circuit of gate with the output of G, in the
HIGH condition.

ELECTRONIC DESIGN 4, February 15, 1974

rate, for the hardened circuit.

Network parameters computed from these
steps provide for circuit operation at the maxi-
mum throughput under worst-case conditions.

The simplified schematic for the cross-coupled
NAND is shown in Fig. 2. As a preliminary step,
draw the equivalent circuit for a short-circuit
and compute the maximum value for the pull-up
resistor, R;, inside G,. Note that the maximum
supply voltage and the minimum short-circuit
current are used for this step (Fig. 3). Thus
Vec(max) — Veg(sat) — Vyp 1)

Ios (min) 3

Next determine the maximum allowable value
for the resistors in the network for the HIGH
state (Fig. 4). Note that the minimum supply
voltage is used in this step:

Rp(max) =

Ry (max) = —I;—“ (y) —R, (max), where y =

[ Veoc(min) — Vg (sat) — Vp — Vig (min)]
N I; (max) !

(2)
Compute the maximum allowable value for the
resistors when the output of G, is in the LOW
state (Fig. 5) :

_ Kg[ Vig(min) — Vor(max)
R (max) = 2 L N, (thas) ]

(3)
In Egs. 2 and 3, Kzx = (1 — p) where p is the

worst-case design tolerance for the type of re-
gistor used in the circuit. The lower of the two
values for R, (max) and Ry (max) is used in sub-
sequent computations.

Now, with the output of G, in the HIGH state
(Fig. 4), compute the steady-state dc voltage,
V., across the capacitor in the T. This is given
by

Vo= Vec(min) — Vg (sat) — Vp

— Liy(min) X (Rp + R) (4)

Enter the transient

Assume now that the output of G, is HIGH.
Suddenly a transient nuclear burst occurs, which
momentarily forces the output of G, to the LOW
state for the duration of the radiation burst
(Fig. 6).
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A minimum value is required of the capacitor
in the T network to maintain a sufficiently high
voltage at the input of G. to prevent G. from
changing state. For this condition to prevail, the
instantaneous transient voltage across C, e., must
never exceed Vi;(min)—the threshold for a
change of state.

Since the discharge path for C is through re-
gistor R (Fig. 6), the equation for the instan-
taneous voltage across C is

e.= Vo€ /R 4+ Vi, (max) x (1 — e 7/R%) (5)
and Viz (min) =V, e /R°+V,, (max) (1—e 7/R9),

Solving for C and introducing a worst-case
design tolerance factor, K., for the type of ca-
pacitor used in the circuit, we get

(—T—) log €
R

Ve — Vou(max) ]
Vig(min) — Voo (max) |°

C(min) = —
K. log[

6

To determine the maximum throughput, cg)n)-
sider the condition when a data bit has arrived
at the input to G,—that is, the input is HIGH
and output is LOW. Compute the steady-state
dc voltage across C when the output of G, is
LOW:

Vo= Vor(max) + R x I;;(max), (7)
where the value of R is the lowest value for
R, (max) and Ry (max).

At the end of the data bit, the output of G, is
HIGH. The capacitor charging cycle at this in-
stant is illustrated in Fig. 7a. To solve for the
time, t, required to charge the capacitor to a
voltage sufficiently high to toggle G., first note
that e. must equal or exceed Vi (min)—the
threshold for a change of state.

During the charging cycle the instantaneous
voltage across C is given in Eq. 5 (this is a valid,
close approximation), with t substituted for r.

Rearranging terms in Eq. 5 and solving for
t, we get

1 Vou(min) — Vi _]
% | Vou (min) — Vi (min)
= RE
log € L (8D

If an allowance of 10% is made for the sum of
the rise and fall times for a data pulse, the mini-
mum duration of the data pulse may be com-
puted as follows (Fig. 7b):

Thi— | [t +t(lmld) a7 t{setup)] . (9)
Finally the maximum bit rate is given by
1
§i— T - (10)

Sample problem illustrates technique

As a sample problem, let’s use the parameters
for a Texas Instruments SN5400, connected in
a cross-coupled flip-flop.

From the data sheets, the values are:

Voo (Mmax) =65V, Vie (min) =45V,
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G2

5. When G, goes low, the important circuit parameters
are Vo, |y, and Vy.

6. When a transient occurs, G, is momentarily forced to
LOW. But the T network maintains the input of G, at
Vi to prevent the gate from changing state.

CHARGING CYCLE

t T,~—‘ Ti = t(HoLo) ** (seTuP)

7. To maintain the maximum bit rate with the T network
in the circuit (a), the charging time is calculated from
the waveform across C (b).

Vi (min) =2V, Ios (min) = 0.02 A,
Vi (max) = 0.001 A, I, (min) = 0.00004 A,
Vor (max) =0.4 V, Vou (min) =24V,
Ii. (max) = 0.0016 A, I, (max) = 0.001 A.
For the remaining parameters, we can assume

nominal values as follows:

Vien (B8at) =10:4 N,

Vi ==10:6 1V,

K=" —0p) =1l — 015 =—20:85ifora

INFORMATION RETRIEVAL NUMBER 214 P



When our
compression springs
lasted 700 times
longer,

we stopped

the tests!

How long do you run a test? We didn‘t have space on this page to show
the true life of Instrument Specialties’ beryllium copper compression springs,
so we stopped testing.

A test was conducted, based on specifications furnished by a spring user.
Samples of an |/S compression spring, hardened after forming, and @
competitive spring made of pre-tempered beryllium copper were placed in an
oven and stressed equally at a moderate 27,000 Ibs./sq. in. The springs were
removed from the oven at various intervals and checked at room temperature
with standard loads.

The competitive springs failed to meet the customer’s load test after

2> hours at 200° F. 1/S springs were still within the tolerance limits after
more than 200 hours. Projecting the slope of the curves, it is probable that the
I/S coil springs would still be within tolerance on both tests after 1000

hours! That's performancel! It's also a testimony to the advantages of
hardening beryllium copper after forming, an 1/S specialty!

And that's typical of what you can always expect when you specify 1/S
beryllium copper compression springs. Moreover, we can supply even smalll
lots at lower prices than you have been paying for less stable springs.

So, if you need a coil spring with the highest possible performance,

or have been experiencing a problem with ordinary springs, let us know
about it. We can probably help. Write to us at Dept. ED-66.

Specialists in beryllium copper springs since 1938

Both springs were same length e = = -

and made to same specifications
of user. After test, the difference
in length represents the “'set”’
taken by the inferior spring.

COMPETITIVE SPRING

INSTRUMENT SPECIALTIES CO., INC.
Little Falls, New Jersey 07424
Phone 201-256-3500

AMOUNT

1/S SPRING

Hours

— 200

— 180

— 160

— 140

— 120

— 100

=80

— 60

— 20




DO-IT-YOURSELF

gra

M Simplified Assembly
B Versatile
B Comfortable Finger Grip Action

B Completely Field Serviceable Model 3025
B Molded of Tough Lexan* Shown Actual Size

This test clip with gold plated hook is excellent for rapid test-
ing of components and Wire Wraptpins. Clip is completely
insulated to point of connection. Build any combination of test
leads with wire up to .090 dia. Easy and comfortable to operate.
Molded of rugged Lexan to resist melting when soldering.
Write for literature and prices.

MODEL 3925
hooks onto components or slips over square Wire-Wrap pins

*Lexan is a Electric trad: k. trade-mark of Gardner-Denver Co.

E POMONA ELECTRONICS

A Subsidiary of ITT
1500 East Ninth St., Pomona, Calif. 91766

Telephone (714) 623-3463
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carbon-composition resistor that degrades *15%
over a period of time—say, three years,
N = 1 (single gate loading),
t oty — 20025¢ 10-°"s,
brsston i — L0002 s,
Using Eq. 1 to compute the maximum value
of the pull-up resistor, R, we get
55— 04— 0.6
T e ET A
R: (max) = 2250.
With the circuit in the HIGH state, calculate
the value of the T resistor, R, from Eq. 2:

0.85[(4.5 = 006" —2) }

Ry (max) =

R o e TS IR T e | e
siials e 1 x 0.001

Ry (max) = 54210,
With the circuit in LOW, use Eq. 3 to calculate
R

R. (max) = B

R. (max) = 425 Q.
Now use the lowest value found for R to select

a standard resistor. The closest catalog value that
is less than 425 QO is 390 Q.
Thus R (Tee) = 390 Q *5%.
Next compute V. with the flip-flop in HIGH.
From Eq. 4,
V.=4.5— 0.4 — 0.6 — 0.00004 (225 + 390),
Va—5 AR
Assume that a transient burst forces G, to
LOW for a time duration, 7, equal to 1 x 10 s.
Note that 7 includes the actual event duration
plus charge-storage time within the semiconduc-
tor device.
We can calculate the value of the T capacitor,
C, from Eq. 6, assuming a value of K. = 0.9
(£10% capacitor design tolerance) :

1 x 10-¢
(7” 350”4) log (2.718)

Ci(min) = *079 ](;g (75@181:0?) ,
- 2—-04
C(min) = 0.00433 uF.

The next higher value of a catalog capacitor is
4700 pF. Thus C (Tee) = 4700 pF.
With G, in LOW, V. is given by Eq. 7:
V.= 0.4 + 390 x 0.0016,
Ve —=10.624: V!
From Eq. 8, the time, t, to charge C when G,
goes LOW is

0.85|: (2—04) :l
1 x 0.0016 |’

[(2.4 - 0.624)]
log | —
t = (390 x 4700 x 10?) —= ,

T— 2169 x 105

The duration of the data pulse, from Eq. 9, is
T = 1.1 (2.69 x 10 + 200 x 10 + 100 x 10-°),
T =299 5 1085,

Finally Eq. 10 gives the maximum bit rate:

e TS N
21(2.99 < 10°) "
f = 167,000 bits/second. ==
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Now. Sylvania sharpens

...with the only
miniature lamp handbook
written specifically for
the practicing engineer
and designer

Tired of those four-page brush-offs
that pass for application engineering data
— that pat you on the head with the same
old candlepower-lumen-Watt-Lambert
equation, and then leave you flat?

Sylvania engineers think you deserve
more. More information. On more sub-
jects. On a more practical level. And, more respect —
both for the complexity of the design problems you must
solve, and the expertise you bring to solving them.
That’s why the new Design Data Handbook skips the
spoonfeeding, and devotes about half its 56 pages to the
theory and practice of designing with miniature lamps.

To illustrate what we mean by a practical approach,
take the problem of making one indicator light on a
panel more important than others. Should you opt for
optics? Boost voltage for shorter wavelengths and
higher-visibility blues?

For that matter, did you know that you can actually
do more harm than good by isolating the indicator
from the rest of the group? When you’re dealing with
questions of color, brightness and placement, you’ve got
to treat them as crucial factors.

That may involve anything from the effects of fila-
ment orientation to overcoming early failures caused
by bulb base heating. But one thing is certain: if you
need it, it’s here in the most useful, interesting,
grown-up reference you’ve ever seen.

But don’t take our word for it. Take the
Design Data Handbook, with our compli-
ments. A fresh light on the subject of
miniature lamps may be all you need
to sharpen your competitive edge in
automotive, aircraft or instrument
panel design.

Send for your copy and see what
we mean.

Sylvania Miniature Lighting
Products Inc., 526 Elm St., Kearny,
N. J.07032; (201) 997-1850

SYWANIA

...where the designer’s edge originates

your designer’s edge.

To whet your appetite,
here’s a brief summary
of the design data section

THEORY

Electromagnetic radiation

The optical spectrum

The laws of thermal radiation

The visible spectrum

The human eye

Color vision

Photopic and scotopic vision

Aging effects

Visual acuity

Background luminance effects

PRACTICE

Filament orientation

Inrush current

Shock and vibration

AC vs DC operation

Bulb and base heating

Calculating temperature rise

Flashing

Indicator voltage

variations
Reinforcement
Contrast
Legibility
Pilot-signal service
Multi-level signals

Illumination service

Battery operation

High-intensity lamps

Lamps that use optics

Edge lighted panels
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Fujitsu Quali
Reed Switch

Fujitsu reed switches combine ultra-small size with
reliability and superior performance.

R A

FUJITSU

AR

Select the most suitable reed switch for your requirements from the following:

General Purpose J l

| 1T

Special Purpose J

——en

e For use in higher Magnetically Self-{ | For crosspoint
Center Gap [ Off Set Gap level electrical latching Type. communications
load. The first product & telephone
fits kind in the| |exchange
glass length glass length 100V AC, 0.5A Svorlséi. : ! equipmgent

max. 21.5mm I max. 17.0mm max. 15.0mm

ﬂm

—E_:QW e @ﬂ"’— B
] e ‘ S mae 215" 28.5— |
I 40 455
Pull-in Drop-Out Bt Rel Initial Dielectric
Reed Switch | Contact Form [ Contact Rating | Ampere- | Ampere- pra gease Contact Withstanding
turns turns Time Time Resistance |Voltage
A(make)
FOR-3 Center Gap 10VA DC gl s 250/500V DC
Almake) e min. 1800uS max. | 50US 150mQ  [(1min.)
FDR-4 0.5A DC max.
Center Gap (100\/ e ) e tudl max. max.
A(make) max. : faciucing 250/350V DC
FDR-7 Off Set Gap 20 ~ 52| 10 min. [ contact (1min.)
Almake) 30VA DC (1A max.) - il 250/500V DC
FDR-3K Center Gap 50VA AC(1A max.) 20 ~ 60 5 min g (1min.)
- | A | Self-latching | 5VA DC 85410 |-28%46 | ¢ o max. 600V DC (1min.)
B | Type (0.5A max.) 110£16 | -24%10 | inciuding)|0-/mS | 100m& 800V DC(1min.)
A(make) 10VA DC contact LA £ Az ;
FDR-28B Center Gap (0.5A max.) 40 ~ 60115 ~ 25 (bounce ) 800V DC (1min.)

For further information, please contact:

Head Office: 6-1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan Telex: J22833

New York Office: 680 Fifth Avenue, New York, N.Y. 10019, U.S.A. Phone: (212) 265-5360

Fujitsu California Inc.: 1135 East Janis Street, Carson, California 90746, U.S.A. Phone: (213) 636-0858,(213) 537-8930

FUJITSU LIMITED

Communications and Electronics
Marunouchi, Tokyo, Japan

MAIN PRODUCTS O Telephone Exchange Equipment [J Carrier Transmission Equipment O Radio Communication Equipment OSpace Electronics Systems [J Electronic
Computers & Peripheral Equipment (FACOM) [ Telegraph & Data Communication Equipment [J Remote Control & Telemetering Equipment O Electronic Components
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For some companies that’s a death sentence.

Picture yourself waiting—42 weeks!—for a 10-cent
part you desperately need to complete your product.
That's typical of the leadtimes being quoted for all
kinds of components and materials as industry after
industry gets hit by shortages. And there you are with
your overhead costs soaring, your unhappy customers
demanding shipment, and your production line at a
standstill. It's a chilling thought. But for a lot of people,
it's real, and right now. And from the looks of things it's
going to get worse.

What can you do about it? Line up alternate sup-
pliers and investigate substitute materials. But do it
now before your shortage becomes a crisis. Be pre-
pared to spend a lot of time pouring through catalogs,
talking on the telephone, and pounding on doors. Or
save yourself this hassle and start with Visual Search
Micro Film. The vital information you need is all right
there—up to the minute information about products
and manufacturers. All researched, indexed, and orga-

nized for instant retrieval. If there's a second source
for the things you need, odds are it's listed in VSMF.
The cost? Less than you now pay a file clerk. One of
the small costs of doing—or staying—in business.

Just send in the coupon and we'll give you the com-
plete story on what VSMF can do for your company.

Information Handling Services, Denver Techno-
logical Center, P.O. Box 1154, Englewood, Colorado
80110, (303) 771-2600.

0O.K. Give me a no-nonsense explanation of how VSMF can solve my
delivery problems _] Have a representative call

| |
| |
| NAME i, . F et I
| company PR 3 |
: ADDRESS : EATE el l
i elry __PHONE |
| srate z zIP t [

$/‘ Information Handling Services

An Indian Head Company
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The USG

onmi

ment daes nol l m advertisement.
a pubhc alo with The
1 n Treasu ry a Yh Au sing Council,

Invest in the

United States of
America.

Almost 200 years
at the same locatlon.

64N

The U.S.A.’s been in business a
long time. So it’s pretty solid.

And that’s what makes U.S.
Savings Bonds such a reliable
and sure way to build a nest egg.

Bonds are completely safe, too.
Lost, stolen, burned. It makes.
no difference. Your Bonds will
be replaced if anything happens
to them.

Why not turn a few green dol-
lars into some blue chip U.S.
Savings Bonds? Join the Payroll
Savings Plan where you work or

buy Bonds at your bank.
U.S. Savings Bonds. They’re
a solid way to save.

Now E Bonds pay 5% % interest when held to
maturity of 5 years, 10 months (4% the first
year). Bonds are replaced if lost, stolen, or
destroyed. When needed they can be cashed %
at your bank. Interest is not subject to state
or local income taxes, and federal tax may
be deferred until redempnon

f
4

Take stock in America.

Bonds are a safe way to save.
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Fasies!

Thisnew wide band inverting op amp
is so fast no other monolithic device
can match its speed.

Until now the only way you could
obtain the performance speed of
our new HA-2530 wide band
inverting op amp was with
expensive discrete modules. Say
at around $50 each. Now, for far
less money you can have it all on

HA-2530 PIN OUT

SEMICONDUCTOR
A DIVISION OF HARRIS-INTERTYPE CORPORATION
P.O. Box 883, Melbourne, Florida 32901
(305) 727-5430

one cost-saving chip. For example,
typical slew rate at + 25°C is
320V/uS, settling time (0.1%) is
550nS. No other monolithic op
amp can match these speeds.
Application range is excellent, too.
Among applications are video

3-5pF

*CASE CONNECTED
TOV

summations, high speed
integrators, wave form generators,
coaxial line drivers, and fast D/A
outputs. For details see your Harris
distributor or representative.

Features:

Offset voltage 0.8mV

Average offset

voltage drift 5uV/°C

Slew rate +320V/uS

Power bandwidth 5 MHz

Gain bandwidth 70 MHz

Settling time 550nS

Open loop

voltage gain 140db

Power consumption 100mW

Supplied TO-99 pin out
100-999 units

HA-2535

0°Cito +70°C $14.30

HA-2530

—55°C to -+ 125%C $33.00

72

HARRIS

WHERE TO BUY THEM: ARIZONA: Phoenix —Liberty, Weatherford; Scottsdale — HAR (602) 946-3556 CALIFORNIA: Anaheim—Weatherford; El Segundo—Liberty; Glendale—Weatherford; Long Beach—HAR (213)
426-7687; Mountain View— Elmar; Palo Alto—Weatherford, HAR (415) 964-6443; Pomona—Weatherford; San Diego—Liberty COLORADO: Denver —Elmar, Weatherford WASHINGTON, D.C.: HAR (202) 337-3170

FLORIDA: Hollywood —Schweber, Hamilton; Melbourne—HAR (305) 727-5430 GEORGIA: Atlanta—Schweber ILLINOIS: Chicago—Schweber;Schaumburg —HAR (312) 894-8824; Schiller Park —Hamilton INDIANA:
Indianapolis — Pioneer KANSAS: Lenexa—Hamilton MARYLAND: Baltimore —Hamilton; Rockville—Schweber MASSACHUSETTS: Lexington—R&D; Waltham—Schweber; Wellesley —HAR (617) 237-5430 MICHIGAN:
Livonia—Hamilton; Troy—Schweber MINNESOTA: Edina —Hamilton; Minneapolis—Schweber, HAR (612) 432-6111 MISSOURI: Hazelwood —Hamilton NEW JERSEY: Cedar Grove—Hamilton; Mt. Laurel —Hamilton
Somerset—Schweber NEW MEXICO: Albuguerque—Weatherford NEW YORK: Melville—HAR (516) 249-4500; East Syracuse —Hamilton; Syracuse—HAR (315) 463-3373; Rochester — Schweber; Westbury—Schweber
NORTH CAROLINA: Raleigh—Schweber OHIO: Beachwood —Schweber; Cleveland —Pioneer; Dayton —Pioneer, HAR (513) 226-0636 PENNSYLVANIA: Wayne —HAR (215) 687-6680 TEXAS: Dallas—Hamilton
Weatherford, HAR (214) 231-9031; Houston —Weatherford WASHINGTON: Seattie—Liberty, Weatherford

LEGEND FOR HARRIS SALES OFFICES & DISTRIBUTORS: Harris Semiconductor (HAR); Eimar Electronics (Elmar); Hamilton Avnet Electronics (Hamifton); Harvey/R&D Electronics (R&D); Liberty Electronics
(Liberty): Pioneer Standard Electronics (Pioneer); Schweber Electronics (Schweber) R V Weatherford Co (Weatherford); Western Radio (Western)
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DURABILITY
AND

ARo Y DURABILITY
gggllgﬁERlNG AND RELIABILITY

IN
ENGINEERING DESIGN

by Gilbert Kivenson

A unique combination of materials science, reliability, and design.
Examines crucial concepts of material strength, service lon-
gevity, and reliability and describes the fundamentals of break-
down analysis. Covers new materials, design techniques and
fabricating methods. 200 pp., #5851-9, cloth, $9.95.

PRACTICAL
RELAY CIRCUITS

by Frank J. Oliver

Logically groups relay circuits according to the functions they
perform, to help you quickly select the best circuit for your pur-
poses. Covers the whole gamut of relay circuits and is illustrated
with many circuit diagrams. 363 pp., #5802-0, cloth, $14.95.

ELECTROMAGNETIC
COMPATIBILITY

PRACTICAL DESIGN
FOR ELECTROMAGNETIC
COMPATABILITY

Edited by Rocco F. Ficchi

A convenient manual giving electronic designers techniques for
analyzing, predicting, controlling, and reducing unwanted sig-
nals. Gives advantages and disadvantages of latest methods for
reduction and control. Provides ways of selecting equipment for
interference reduction. 272 pp., #5685-0, cloth, $13.95.

64P

5 books that should be

in your personal library...
order now for 15-day
free examination!

Practical
Value Analysis
Methods

PRACTICAL
VALUE
ANALYSIS METHODS

By John H. Fasal

SN AL

An applications-oriented guide offering a working knowledge of
the latest methods and techniques in value engineering and
value analysis. Provides ways of evaluating and supplementing
the internal cost reduction techniques that enable a company
to keep pace with competition. 272 pp., #5845-4, cloth, $11.95.

Checklists for
Management
Engineering

ELECTR I CAL / ’:I\;':g';lfaduring
ELECTRONIC Asurance
CHECKLISTS

Written and edited by W. B. Rossnagel

Volume 2

ELECTRICAL
AND
ELECTRONICS
CHECKLISTS
et oot

Ve, B POBENACEL

Twenty-two detailed checklists on subjects including cables and
connectors, communication radios, multi-coders, GSE/AGE/
TSE, EMI/RFI, lasers, radar, systems, transmitters and trans-
ponders, as well as other subjects. 172 pp., #9181, cloth, $14.00.

HAYDEN BOOK COMPANY, INC.
50 Essex St., Rochelle Park, N.J. 07662

Please send the book(s) checked on 15-day free examination. At the
end of that time, | will remit payment plus postage, or return the
book(s) with no further obligation.

[J 5851-9  [] 5802-0 [ 5685-0 [ 9181
$10.00 minimum for free exam orders.

Because of higher billing and collection costs, we must ask for pay-
ment in full with any order for less than $10.00. Books will be
shipped postpaid. Same 15-day return privilege for full refund if
not satisfied.

Save Money! On all prepaid orders Hayden pays postage — same
return privilege.

[] 5845-4

Name

Firm

Address

City/State
ISBN Prefix 0-8104 73-65b I

PSSR N s e

Zip
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WORLD FAMOUS SIMPSON 260

The finest

SERIES 6

NOW... with

special Amp-Clamp dial ranges
for easy AC current
measurements up to 250 amps. ot 5 3 agm - TR o

AC

9 & 5 & G

New Amp-Clamp, Model 150 Adaptor.

Measures AC current without breaking

the circuit being tested. Plugs into the 260-6, Complete with batteries, test leads and

260—reads directly on the new Amp- manuall, e e $70.00
Clamp scales. Use with any 250, 260 260-6P (overload protected), complete with bat-
(Series 3 thru 6) or 270. teries, test leads and manual. . .. ...... $102.00
Ranges: 0-5, 26, 50, 100, 250 amperes. 26&%’?%‘1‘[{.';'3 #83{?0%3.' .............. $17.50
Vinyl, standard #01818 . .. . oot v ot it oisi s $14.50

AMP-CLAMP, Model 150 Adaptor with test

(T o A o o e e s $25.00

Many other 260 models and accessories to choose from.

GET ““OFF THE SHELF"" DELIVERY FROM YOUR LOCAL ELECTRONIC DISTRIBUTOR . .. AND WRITE TODAY FOR CATALOG 4200. """ g™

SIMPSON ELECTRIC COMPANY
853 Dundee Avenue, Elgin, lllinois 60120
e Telephone: (312) 379-9090 e Cable: SIMELCO e Telex: 72-2416 ELECTRICAL EQUPMENT

IN CANADA: Bach-Simpson, Ltd., London, Ontario
i M IN ENGLAND: Bach-Simpson (U K.) Limited, Wadebridge, Cornwall
] IN INDIA: Ruttonsha-Simpson Private, Ltd., Vikhroli, Bombay
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True rms voltage conversion can be achieved
without slow, bulky and expensive equipment. New

building blocks simplify the task.

Designers of systems and instruments are
rapidly adopting an exciting new component of
the nonlinear function module family—the modu-
lar operational rms-to-dc¢ converter. With recent
advances in semiconductor technology and clever
design tricks, it’s possible to build very accurate
rms-to-de conversion circuits that can match the
capabilities of good digital voltmeters. Accurate
measurement of rms levels is no longer limited
to the calibration laboratory.

What is true rms voltage?

The mathematical expression for the rms
value of any voltage V,,(t) over the time inter-
val of zero to time T, is:

— 1 T, 2
Vrms—\/To Tl IV (L) 2 d (1)

In most practical applications, however, you need
a continuous measure of rms level rather than
the rms level over a specific time interval. So a
subtle, but very important, approximation is
made: The expression under the radical is
changed to ‘“average of [V,,(t)]2” This is also
written as [V, (t)]% Provided the signal fre-
quency is high, relative to the desired response
time, then low-pass filtering of the squared in-
put voltage will provide a running average.

Though the need for a continuous measure of
rms provides a rationalization for the leap from
the exact integral expression for averaging to
low-pass filtering, later this will cause difficulty
in accurate performance for low-frequency input
signals. If the simplification is accepted for now,
two methods are suggested that directly compute
rms levels by operational techniques (Fig. 1).
In both cases a simple, one-pole active filter per-
forms the averaging function. But note that the
time constant is R,C,/2 for the implicit method
rather than R,C, for the direct method.

The second method, which requires an a2/b
operation, is actually the easiest to implement if

Dr. Howard Handler, Engineering Manager; and Tom
Cate, Consultant; Function Modules, Inc., Irvine, Calif.
92664.

66

transconductance techniques are used. The basic
transconductance circuit is shown in Fig. 2. To
simplify the analysis, assume that the current
sources, I,, Iz, and I, can be varied in such a
way as to make any three of the collector cur-
rents into variables that depend only on the in-
put signal or a constant. One of the collector cur-
rents will be chosen for the dependent output
current. Also assume that the transistors are
operating in their linear region, where the col-
lector current is related to the base-to-emitter
voltage by the equation:
qVee
I.=Ie " . (2)
If we assume further that the four transistors
are well matched, have high B8 and are at equal
temperature, then they will have all terms equal
except for their I. and Vgz. With these assump-
tions, the key equations are readily developed :

LOW-PASS FILTER

Vo \/Avg [VIN (Oil £

S

DIFFERENTIAL EQUATION : — %o

®

LOW-PASS FILTER

fomr= T
=

Av‘v‘f
R,

Viy o—f - 2= AN

b \ v
(b>0) " O Vo
b =

I y2igly e 4 v
BN tRgY0. *C gy Wp1e0

®

1. The direct (a) and implicit (b) methods operationally
compute rms values of sine wave and other ac inputs.

2 2
Viy (HO—={ —a ~AA-

2 | 2 d 2
Vin *’ﬂ"o +C°F (Vo) =0

> O

DIFFERENTIAL EQUATION -
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2. The basic nonlinear multiplication circuit uses four
matched transistors and three current sources.

ABSOLUTE-VALUE CIRCUIT

R1

RL
2

VWA~ VWV

r

Vm (1) o A'RA'l o,
Al b

J-_ T
[ ¥

Vie: + Vees — Vags — Vegs =0 (3)

kT ik It i1 T
= + In— — —ln—F=0.
4 [ln I In L In L In L ] 0 (4)

Therefore I, I, = I, IL..

To obtain an a*/b operation, just make I, equal
to I, and make either I, or I, the denominator.
An operational circuit that uses this approach
and satisfies the earlier assumptions is shown in
Fig. 3. If we go one step further and assume
ideal op amps (infinite gain, zero offset voltage
and zero bias current), then the collector currents
are:

AN s 15 Adav,
I] = —ﬁ‘_‘vl| I.’i — Ro Vo gt Co dt
L=t L:—é—vo

Combining these expressions with Eq. 4 yields
the differential equation:

R2
q %
A4
e —— L ——|-—0
= [} 1
1 Co 1
= 10 e |
! AN |
{ il
| Ro 7>
ol WA :
! 1
A R 3 Yoisi!
: A3 o--!
1
|
1

EREACH

3. If implicit operational conversion techniques are used, a fairly simple rms-to-dc converter can be built.
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67



R.R, 2 — 2 R"g’ d 2
Rl._, < Vin = Vo =+ 2 dt (Vn )- (5)
If R, R./R,* is chosen to be unity, then
2 — 2 R“C“ ,d 2
Vin = Vu = 2 dt (Vo )' (6)

Eq. 6 shows that [V,(t)]? is the exponentially
weighted average of [V,,(t)]* with a time con-
stant of R,C,/2. Thus Eq. 6 can compute the re-
sponse of any operational-type rms converter
that uses a one-pole low-pass filter. This is an
exact equation, and departures from it are en-
tirely due to practical limitations of components.
Since V, has been constrained by the circuit to
be positive only (and a diode ensures that only
this state is allowed), then if we take the square-
root of both sides we get the output

V.=VV.([®)53 (7)
where the averaging time constant is R,C,/2.

While the circuit diagram of Fig. 3 is sufficient
to describe the operations that take place within
an rms-to-de converter, it is not a practical de-
sign. A variety of capacitors, diodes, and resistor
networks are needed to optimize the frequency
response and to compensate for the inherent
limitations of practical op amps and transistor
pairs.

Choosing the low-pass-filter time-constant

The engineer must make one critical decision
—the size of the filter capacitor, C,. A small,
nominal value of C, is often included inside the
module by the manufacturer, but the summing
junction of A. is usually made accessible so that
more capacitance can be added externally. Large
electrolytic capacitors can be used since the output
voltage, V., is always unipolar. The design trade-
off in the selection of C, is primarily response-
time versus low-frequency cutoff. At some, low-
frequency input, the rms converter will follow
the input signal instead of filtering it. This is
sometimes referred to as flutter or ripple, and
is actually an inherent uncertainty due to filter-
ing as an approximation to the averaging
process.

If the output is constrained to yield a continu-
ous measure of rms value, the averaging capaci-
tor, C,, msut be chosen for the desired frequency
range. The capacitor must be large enough to
ensure a ripple-free output and minimal error,
yvet small enough to allow rapid response to step
changes in rms level. Since rms converters are
nonlinear devices, low-pass filtering of the out-
put is not the same as low-pass filtering within
the rms-computing loop. There is a dc error term,
as well as an ac ripple, if the averaging time con-
stant is too small.

To evaluate response time and ripple, first ob-
tain a general solution to Eq. 6. After some
mathematical manipulations, we find that
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R —
Vo=ql— e fe [Vu(t)]*dt +Cie " ,

(8)

where 7 is R,C,/2 and C, is an integrating con-
stant for the initial condition (t = 0). With
these assumptions, Eq. 8 is valid only for posi-
tive voltages under the radical; thus V, must
always be positive.

Eq. 8 is too complex for general use, but it
can be useful for computing the ideal operational-
rms converter response to inputs of particular
importance—sinusoids, pulse trains and step
changes. The results can then be extended to
more complex input signals. An alternative to
Eq. 8 is to solve for the square-of-the-output:
treat the square-of-the-input as a forcing func-
tion—as in Eq. 6.

Let's look at the inputs

If we assume a simple sine wave input signal,
Asinwt, is applied at t = 0, and that the input
has been zero for a long period of time, Eq. 8 can
be used to find V,:

i =
V,(t) = — e
& o =35y(a-<)[1
T:%Fajamzwt+2rwmn2ww] (9)

The output voltage starts at zero and rises to a
final dc value plus a ripple term. If the constant 7
is large relative to the signal period 1/w, then rw
is large and the ripple is minimized. The output
then becomes A/\ 2, which is the rms level of a
sine wave, according to the mathematical defini-
tion (Eq. 1). As the input-signal frequency, o,
approaches 1/7, the rippel becomes larger.

In the steady-state condition, after the initial
transient has died out, the instantaneous error
for a sine wave input is simply the difference be-
tween A/V 2 and the expression given in Eq. 9.
This equation can be simplified for small x, if
we expand it into a power-series approximation.
The approximation

NVEIEEXE — 1+ 1 /22X —Rl 82 (10)
is sufficiently accurate for this purpose. Eq. 9
can be rewritten as follows:

A 1
Vn(t) { o / 1 e e GO (2 wt — 9)
Sy \ PR 1 +4 72 @?
state (E105)

where 6 = tan—' 2 Tw.

If the approximation of Eq. 10 is used on Eq.
11, the result is

A X K
mw—ﬁp—m*zmmhm
tead =

Sst?:tey T cos (4wt —20) ] (12)
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When the input-signal frequency is high, rela-
tive to the low-pass filter corner frequency 1/7,
K will be small; therefore the error will be very
small. If the input-signal frequency is near the
corner frequency of the low-pass filter (wr is near
unity), there will be both a dc and an ac error
term.

Errors due to inadequate low-pass filtering can
also occur in “averaging-type” circuits for meas-
uring ac. These circuits rectify and filter the
sine wave input to determine the average value.
For very low frequency inputs to an operational
rms circuit, ot goes to zero and the output ap-
proaches Alsinwt|, which has an average value
of 2A /7. Thus, if an operational rms-to-dc con-
verter is followed with a perfect low-pass filter
to extract the dc value, the output would be
A/V 2 at high frequency and 2A/7 at very low
frequency.

The proper time constant for a given level of
error can be chosen directly from graphs of the
ac error (Fig. 4). For example, if the minimum
signal frequency of interest were 10 Hz (0 = 63

where K =
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rad/sec) and the maximum dc error allowed
were 0.5% at 10 Hz, then the time constant 7
would have to be greater than 1/63 s or 16 ms.

The ac component of the error can be reduced
in many applications by simple low-pass filter-
ing of the rms-converter output. For example,
a DVM that uses an operational-rms converter
will integrate the ripple while it’s digitizing the
rms converter output. If the rms output is then
read from a D’Arsonval meter, the meter itself
will provide low-pass filtering and will reduce
the ripple still further. In general this procedure
gives a better answer. But the average value of
this output is not the same as the ideal output of
A/V 2, so there is still a dc error caused by in-
sufficient filtering.

The limiting factor against making 7 very
large is the response time of the converting cir-
cuit. Consider the response to a high-frequency
sine wave (tw >> 1) that starts at t — 0. The
final value is A/V\ 2 and the initial value is zero.
The output response, from Eq. 9, is

i 10 ol
V?\rl—e (13)

If we call the 1% response time, t,, then,

Vn —

—t

0'99:V li=ie

Approximately four time constants are needed
to get to within 1% of the final value for a ‘“step
input” of ac. 3

What is the response time to go from A/V 2 to
within 1% of zero? Surprisingly enough, it is
not the same as the response time to go from
zero to A/V 2. The time needed to decay to with-

—ty

in 1% of zero is 9.2 7. This is because \‘ 1—e °

t

does not equal \/ e " inresponse time. The sec-

ond expression is the equation for a decaying
response. Fig. 5 shows the time required for set-
tling to within a specified accuracy for steps up
or down. For example, if we took the 16-ms time
constant from the previous case, then from Fig.
5, about 144 ms would be required to settle to
within 1% for a step change towards zero. A
step increase in rms level would require only 64
ms to settle to within 1% of final value.

What about pulse-train inputs?

Low duty-cycle pulse trains have a high crest
factor and an rms value that is very different
from the average value. An rms converter that
accurately measures the rms level of sine waves
may be very inaccurate with pulse-train inputs.

The pulse train shown in Fig. 6 varies between
an upper value, V,, and a lower value, V. The
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exact rms value can be found by substitution into
Eq. 1:
Vime =4 (Vi = Vi) TL+ V2 . (1)
\ T
For a pulse train with no dc level this simplifies
to VN T5/T,

An operational rms-to-dc converter responds to
this pulse train as follows: At high pulse-repe-
tition rates and moderate duty cycles, the time
constant 7 of the averaging circuit will be much
larger than the period T. The output of the oper-
ational converter—as computed by Eq. 8—will
provide the same answer as Eq. 14. And at the
other extreme, where the pulse-repetition rate is
very low and 7 is much less than T, the converter
output will follow the rectified input. The re-
sponse time is the same as for a step-function ac
input. Between these two extremes is the pulse
train that is just fast enough to be converted
into a dc-plus-ac signal by the low-pass filter.
Then the converter output will be a dec level pro-
portional to the rms level, plus some ripple volt-
age and a dc error term.

With some mathematical manipulation, the
waveform of Fig. 7, which is the square of the
output, can be separated into a dc and ac com-
ponent. The d¢ component is V,> T, + V2 T,
divided by the period T. The peak-to-peak value
of the ac voltage (V,,) is

)
Vpp - (‘/v:\:2 ol VB:) 1

27

K
1—e”

(15)
This equation represents a triangular wave; for
large 7, the peak-to-peak voltage can be approxi-
mated by the expression

T, T.

AP e (fszrT ; (16)

This equation can be expressed in terms of the

duty cycle D as
T

Vi~ (Vi = Vo) (5D Ja - D),
T,

where D — T - (17)

The output V, of the rms-to-de converter is the
square root of the sum of the dec term and the
triangular wave whose peak-to-peak voltage is
V.. If we use a series approximation for the
square-rooting function, the output becomes

— S(t) 1SSt

Vo(t) =V Vnc[ |k ‘ﬁ;‘ o g—me"] : (18)
where Voo = V2D + V2 (1 — D) and S(t) is a
triangle wave that varies between V,,/2 and
—V,,/2. The average value of the squared tri-
angle is 1/12 V,*: Thus the dc error as a percent-
age of the output is approximately
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For the special case where V; = 0,

6%(}‘_)‘-‘ (1 — D) x 100%. (20)

dc error ~ —
27

Remember that this error equation is valid
only when there is enough low-pass filtering to
make the response triangular for the given input
duty cycle. For example, consider a zero-based,
1-kHz square wave. The time constant = must be
less than 1/16 ms for a dc error of less than 1%.

In addition to the dec error, there is also a rip-
ple voltage. The peak-to-peak ripple can be cal-
culated from Eq. 18.

Some converter limitations

Once the proper time constant for the low-
pass filter has been chosen, the next step is to
interpret the converter specifications. Two funda-
mental problems arise when you specify the per-
formance of any rms-to-dc converter:

= The squaring and square-rooting operations
make the output a nonlinear function of the
input. Therefore percentage error is amplitude
dependent.

s The averaging process inside the computa-
tional loop makes the percentage error dependent
on the frequency content of the input signal.

As previously stated, the operational rms-to-
de converter only approximates the true-rms
funetion. In the frequency range between de and
the cutoff frequency of the low-pass filter, the
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averaging time constant is insufficient. The
errors that result are shown in Fig. 4.

Another frequency-dependent error can occur
at low signal amplitudes because the module com-
putes absolute value as part of the rms conver-
sion (Fig. 3). At low amplitudes and high fre-
quencies, the op amp will spend a significant
portion of time during each cycle slewing from
one output polarity to the other. And during this
interval both feedback diodes will be in a noncon-
ducting high-impedance state. The high imped-
ance of the diodes, coupled with stray capaci-
tance, creates a large time constant. This large
value of 7 distorts the signal waveform and
rounds off the corners. Or if you look at this
from a Fourier-series viewpoint, a rectified sine
wave has high-frequency components in addition
to the fundamental. A varying time constant that
increases at the zero-crossing point will atten-
uate the higher harmonics; thus the average
value will differ from the calculated value.

Of course, design tricks can minimize the dis-
tortion, but these generally increase the cost of
the design. To test an rms-to-de converter for
distortion, simply apply a low-amplitude sine
wave of moderate frequency to the input. Adjust
the converter offset to obtain the correct output,
then gradually raise the input-signal frequency.
At some frequency the error should rapidly
increase.

Gain symmetry errors may result from the cir-
cuit’s intrinsic absolute-value computation. These
dec errors can cause trouble in some applications.
For example, if the gain is 0.1% high for positive
inputs and 0.1% low for negative, and if it is
measured with a sine wave input, there will be
no error. But if a dc level is added to the sine
wave, there will be a gain error. If the gain were
calibrated on a positive de input and the actual
input signal were always negative, then there
would be a gain error of —0.2%. Measurement
of the output error for several dc inputs of both
polarities will uncover this problem.

When components aren’t ideal

For large inputs at high frequencies the input
op amp of operational rms-to-de circuits may
become slew-rate limited. A small amount of
slew-rate limiting merely distorts the waveform
and has little effect. But as the limiting becomes
more severe, the average of the absolute value
changes and there will be an error. The source of
error is most easily observed by applying a full-
scale sine wave to the input and increasing the
frequency, while maintaining constant input-
signal amplitude. At some frequency the error
will increase significantly because of slew-rate
limiting of the input amplifier.
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6. An input pulse train with a short duty cycle but high
peaks provides a low true-rms level.

The heart of an operational rms-to-dc con-
verter is the a’/b section. The transistor quad is
critical—and even the transistor geometry is im-
portant. Variations in 8 and departures from the
desired logarithmic characteristics cause errors.
Variations in temperature, signal frequency, and
supply voltages also pose potential problems.
Another factor to be considered is the crest
factor of the original signal. This is defined as
the ratio of acceptable peak input voltage to its
rms level. Thus it is actually a characteristic of
the input signal rather than the converter itself.
A crest-factor specification, which defines the
range of acceptable input waveforms, should al-
ways be tied to a specific accuracy. Generally the
error becomes larger for signals with high crest
factors. This is because the required dynamic
range is greater and frequency content broader
for high crest-factor signals. Since general pur-
pose op amps are often used in operational rms-
to-de converters, the input circuit is generally
scaled to accept peak input voltages of =10 V.
The minimum usable rms level is limited by the
errors and noise.

Many operational rms-to-dc converters can
maintain their rated accuracy over a crest factor
range of 1 to 7 for a rated output level of 1-V
rms. Errors within the a®/b section of the con-
verter depend inherently on signal range. Some
designs have corrective circuitry to compensate
for this error. The effect of the compensation
circuits is most obvious on signals with high
crest factors.

How do you test crest factor?

A pulse-train input is very useful to test crest
factor. A zero-based pulse train, with peak am-
plitude V, and duty cycle D, has an rms level of
V.D. So the crest factor is simply V D. An ex-
cellent test for an rms converter is to apply a
zero-based square wave with a peak amplitude
of 1.414 V—that is an rms level of 1 V and a
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7. If you square the pulse train of Fig. 6 and then low-
pass filter it, you can get a triangular waveform.

509% duty cycle. If the duty cycle is now altered
and the new rms level computed, the converter
error can readily be measured. Another test is
to hold a constant rms-input level while the
amplitude and duty cycle are varied.

The significance of crest factor depends upon
the application—distorted sine waves have low
crest factors, while pulse trains, SCR wave-
forms, and ramps have high crest factors.

Accuracy is difficult to define for an rms-to-dc
converter module because of the nonlinear rela-
tionship between input and output. Also, the
frequency limitations of the circuit affect the
readings. The easiest measurement is simply to
apply a de input and to compare it with the out-
put. But rms converters are actually used with
both ac and dc inputs, so the dec measurement
alone is not sufficient. A better approach is to
specify the error for a sine wave input over some
range of amplitude and frequency. This error is
usually given as a percentage of full scale, plus
a percentage of reading (output voltage level).
The fixed portion of error is primarily due to
offsets, noise and distortion in the absolute-value
circuit. The portion of error that is amplitude
dependent is primarily a combination of gain
error and errors in the a*/b section.

In practice, rms-to-dc converters are often able
to measure complex ac signals with greater ac-
curacy than would be apparent. A complex ac
waveform will have a fundamental and higher
harmonics. For example, the rms level of a com-
plex waveform can be calculated from this
equation:

Ve = NaVina? V2 V2 i V2
where V. is the dc level, V; is the amplitude of
the fundamental, and Vy is the amplitude of n-th
harmonic.

[t’s true that the rms converter may not be
very accurate in measuring the rms weight of
the higher harmonics. But these harmonics are
often only a very small part of the total. =m
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A guide to good air cooling: The heat
to be dissipated, air flow and pressure drop are
the prime considerations in choosing the best air mover.

Many an engineer who takes pains to design
electronic equipment accurately will often give
only perfunctory thought to cooling it. Yet allow
the temperature of many electronic components
to rise 10 C higher than expected and their life
is likely to be halved.

There are, obviously, many ways to cool equip-
ment; they range from natural air convection to
complicated refrigeration systems. But for most
systems with moderately dense packaging
(Fig. 1), the most popular approach is forced-
air cooling. And there are methodical steps that
every designer should follow to ensure selection
of an air mover that will give optimum cooling.
They can be summarized as follows:

m [lake an accurate estimate of the number of
watts generated by the equipment to be cooled.
Heat must be removed at the same rate that it is
generated or the temperature will rise until the
generated heat equals the removed heat.

= Calculate the air flow needed to keep the
temperature rise within the desired limits.

® Measure the pressure drop that the required
air flow must overcome.

m Select an air mover based upon the required
air flow and pressure, and other criteria, such as
noise, efficiency and physical size and shape.

Calculating air flow

Forced-air cooling can be described by the
simple heat equation
Q = MC, AT, (1)
where Q — Rate of heat absorbed by the air,
M — Mass of the air moved per unit time,
C, = Specific heat of air at constant
pressure,

AT = Temperature change of the air.
When the heat is expressed in watts, the
temperature change AT in degrees C, and the
constants for the density and specific heat of air
at sea level are substituted into Eq. 1, the equa-

-tion can be transformed into
CMF = 1.76 Q/AT (ft*/min) (2)

David J. Nevala, Manager, Mechanical Engineering Dept.,
Digital Equipment Corp., Maynard, Mass. 01754.
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Note that since C, changes with altitude, the
constant in Eq. 2 will change with altitude.

To illustrate the use of this simple equation,
consider a system that has an allowable tempera-
ture rise of 10 C and generates 500 W of heat.
The required air-flow rate is found by Eq. 2 to be

CMF = (1.76 x 500) /10 — 88 ft*/min

Selecting a fan

To select the right fan or blower, the designer
must establish the pressure drop that an air
mover must overcome to force the air through
the system. Fig. 2 shows how this pressure drop
might vary with air flow in a typical case. The
curve represents the impedance that the elec-
tronic system’s air passages offer to the flow of
air.

Though semi-empirical formulas for calculat-
ing a system’s impedance have been developed
for simple shapes like ducts and pipes, this
method becomes excessively laborious for com-
plex electrenic packages with their irregular air
passages. And even for simple shapes, most of

1. Most moderately-dense electronic system packages,
as represented by this minicomputer chassis, use forced-
air cooling. The use of several fans allows both a more
uniform distribution of air and the separation of high-
power portions (lower section is the power supply) from
the more heat-sensitive logic cards.
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the equations are not particularly reliable.

Thus the practical way to find the pressure
drop in electronic equipment is to measure it
with a test assembly? like that in Fig. 3. The
test chamber forces a known amount of air
through the equipment, and the pressure drop
between the equipment’s input and exhaust ports
is measured. By changing the amount of air flow-
ing through the unit in several steps, the engi-
neer can obtain the data needed to plot a com-
plete impedance curve.

If an actual unit is not available for the im-
pedance measurement, a mock-up made from
cardboard, wood or other convenient material
can provide good results.

Performance curves of available air movers
as supplied by manufacturers may be plotted on
the same coordinates as the electronic equip-
ment’s impedance curve (Fig. 4).

The intersection of an air mover’s performance
curve and the equipment impedance curve rep-
resents the cooling system’s operating point. This
combined curve is one of the most useful tools
the engineer has.

Note that the impedance curve rises exponen-
tially. Thus a twofold increase in flow—from,
say, 50 to 100 CFM—might increase the pres-
sure requirements four times—perhaps from 0.1
to 0.4 in. of water. Thus the designer should try
to open air passages in the system to reduce
flow impedance, rather than overpower the sys-
tem with a high-pressure air mover.

Specific speed is a figure of merit

Since several types of air movers can often
provide the needed flow rate and pressure head,
additional selection criteria are needed. An im-
portant one is noise. An air mover is a prime
source of noise, and, as noise tends to increase
with speed, a figure of merit called “specific
speed” is useful. Specific speed is defined as
the air mover’s fan or propeller speed necessary
to move 1 ft*/min of air against a pressure of
1 in. of water. For different flow rates and pres-
sure drops, the formula is

NG —NEQx2 /e (3)
where
N. = the specific speed
N = the rotational speed (rpm)
Q — the volumetric flow rate (ft?/min)
H = the head developed, in. of water

A family of air movers of different sizes, but
built with the same proportions, will generally
fall within a narrow range of specific speeds. A
lower specific speed generally gives lower noise.
However, specific speed is not the only factor in
noise generation, although it is a major one. An
air mover’s structural rigidity, its bearings and
degree of balance also affect the noise generation.
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2. Pressure drop across an air-cooled electronic assem-
bly varies exponentially with increasing air flow. The
most practical way to obtain such an impedance curve
is to measure the data with a test chamber as in Fig. 3.
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3. Two chambers connected by a calibrated nozzle (a)
provide a measure of the air-flow rate. A calibration
chart (b) converts the pressure difference read on mano-
meter 1 into air flow. Manometer 2, which is open to
the atmosphere at one end, indicates the pressure drop
that the cooling fan needs to generate to force the
given air-flow rate through the assembly.
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Table. Air-mover characteristics:

SPECIFIC_SPEED
TYPE OF FAN

TN

-+=0002
=000's
=+00001
<=000'02

==000'00!

=+=000'l

=+=000002

EFFICIENCY

%o %
MAX | TYP

==000'00%

PROPELLER
FANS

VERY HIGH FLOW, LOW

a5 28 PRESSURE

TUBEAXIAL

HIGH FLOWS, RELATIVELY
LOW PRESSURE, EXHAUST

55 35 | FaNS

VANEAXIAL

HIGH EFFICIENCY, SMALL
VOLUME, USABLE OVER
WIDE RANGE. LOW NOISE
LEVEL. WELL SUITED FOR
AIRBORNE APPLICATIONS,
DUCTING

80 60

CENTRIFUGAL

I GENERAL-PURPOSE COOLING

IN ENCLOSED VOLUMES.
(= 52 33 | FOR MODERATE PRESSURE,
LOW FLOWS

CENTRAXIAL

SIMILAR TO CENTRIFUGAL,
EXCEPT HIGHER EFFICIENCY
60 40 | AND LOWER NOISE LEVEL
) AT LOWER PRESSURE

Also, the design of internal air passages in the
electronic equipment is important.

Although specific speed appears to be directly
proportional to actual speed (Eq. 3), it does not
change appreciably with an air mover’s speed.
This is because the other parameter changes tend
to keep the specific speed constant.

Efficiency is, of course, another important con-
sideration in the selection of an air mover, and
it can be calculated by

e=0.211 - H - Q/SHP,
where SHP is the fan input-shaft horsepower.

The accompanying table lists some important
classes of air movers and their specific speeds
and efficiencies.

Avoid air pockets

In a forced-air cooling system, air must be able
to move freely through the chassis, card stacks,
power supplies and other components, and the
cooling air must make intimate contact with the
components. Stagnation areas must be avoided.
Components susceptible to high temperature
should be placed in the coolest location—nearest
the air intake port—and heat-generating ele-
ments should be near the exit port or separated
and independently cooled.

Inlet and outlet areas should be kept free of
obstructions. Restricting surfaces produce tur-
bulences, pressure losses and reduce the flow rate.
Air filters can present great resistance to air
flow and they are often the largest single source
of pressure loss.! By increasing the area of the
filter—the larger the better—and installing a
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venturi-shaped area transition between the filter
and the air mover, the engineer can reduce pres-
sure loss dramatically. A large filter area needs
less air velocity for a given flow rate. This not
only reduces the pressure loss in the filter by
approximately the square of the velocity, but it
also increases the filter’s dust catching ability
and the filter’s life. A thinner filter might then
allow a further reduction in pressure loss.

Grills, vanes, safety guards and escutcheons
also cause pressure loss. They must be carefully
located or avoided.

The air flow can be directed to high heat-gen-
erating components by judicious placement of
baffles and vanes. By arranging baffles to nar-
row the flow of air, the increased velocity can
provide greater cooling in concentrated regions.

[ires AIR-MOVER
% = CURVES
= B2
5 SYSTEM
2 Lt e IMPEDANCE
‘5. ~ Fans \\ CURVE
2 o3-S ——— ~—— OPERATING POINT
N
w N FAN C & I
2 02f———Dg———— T
n
& S NIt
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| \\ 1 N \\
s N NS N
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100 200 300

—_—
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4. The intersection of an air-mover’s flow characteristics
curve and the impedance curve of the cooled assembly
is the operating point of the system.
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5. Multiple fan systems have advantages. A series fan
configuration (a), with one set at the input port and the
other at the output, provide double the pressure capa-
bility that a single set would. And the parallel arrange-

But remember that abrupt transitions, such as
forcing air to make sharp right-angle changes in
direction, should be avoided because of pressure
loss.

Though air takes the easiest flow path, this is
not always the shortest. An open area may short-
circuit most of the air, so that a shorter but
smaller passageway gets very little air and forms
stagnated pockets that can overheat. Short-cir-
cuiting should be particularly avoided across the
region of highest pressure, between the input
and output of the air mover.

The air-moving device must be baffled so that
a minimum of the output air can flow back to
the inlet. The air-moving equipment itself, when
properly placed, can act as a baffle to help sepa-
rate the high and low pressures and reduce back
flow.

If the air mover is placed at the intake of the
electronic equipment, its own heat loss must be
added to the power that it must dissipate. How-
ever, if the air mover is placed at the exhaust
end, it will operate at a higher temperature, and
this may reduce its life.

Fig. 5a shows a vertical section of a typical
rack-mounted minicomputer with an enclosed
card cage. Two sets of fans are used. One is
placed above and the other below the cage. This
arrangement reduces the pressure head that each
bank of fans must produce. Thus there is less
tendency toward back-flow losses and the fans
can be of lower speed and lower pressure than if
a single set were used.

Fig. 5b shows the fans mounted on one side
so that the air flow is from left to right. In
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ments of hoth (a) and (b) allow more uniform distribution
of cooling air, and the flexibility of separating the high-
heat power supply from the other circuits. Low pressure,
small fans may also generate less noise.

both Figs. 5a and 5b the use of multiple fans
also helps to distribute the air over the electronic
components more uniformly. Note that the power
supplies are separated from the more sensitive
logic circuits and are cooled by separate fans.

Heat sinks cool the hot spots

Some components generate a lot of heat but
have small surface areas. For adequate air cool-
ing, a heat-sink assembly is attached to such com-
ponents. Aluminum and copper are the two most
widely used heat-sink materials. Copper has
twice the conductivity of aluminum, but it costs
considerably more and is heavier. But more im-
portant than a sink’s material, is its surface
area that is exposed to the air, and the thermal
conductivity of the surface that mates with the
component.

Metallic-oxide silicone greases can improve the
mating thermal conductivity. They fill the minute
scratches and air gaps between part and heat
sink with a nonhardening conductive material.
For minimum thermal resistance both large mat-
ing contact area and large air surface are desir-
able. Manufacturers of heat sinks and thermal
greases generally provide thermal-resistance-to-
air data in °C/W. The information can be used
to select a heat sink for a given temperature rise
and power dissipation.

An important point to remember is the direc-
tion in which electronic components are mounted
in the air stream. In most cases the best com-
ponent or heat-sink-to-air orientation is obvious.
The unit should be arranged for least air-flow
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NOW

put backbone

in your housings
and sel
in your machines

First impressions often influence final decisions
and acceptance. Even sophisticated machinery
cries out for housing design that says...beauty
purpose . . . versatility. And nothing says it bet-
ter than unique Met-L-Wood® panels. They have
the solid feel and characteristics of steel plate
without the weight, and the beautiful, durable
surface to help the machine sell itself.

Met-L-Wood panels are fast and easy to
assemble . . . almost impossible to damage . . .
add more sales appeal than any
other material you can use. Get
complete information. Send for
Bulletin 661 today: MET-L-WOOD
CORPORATION, 6755 West
65th Street, Chicago, |ll. 60638

STRUCTURAL LAMINATES SINCE 1925

@ MET-L-WOOD Corporation
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restrictions, with the maximum area placed

parallel to the air flow.

Analysis of a fan cooling system

Consider the computer package in Fig. 5b. It
contains a logic-card cage and a power-supply
assembly, and the total heat dissipation is esti-
mated to be 400 W—half lost in the power unit
and the other half dissipated by the cards. The
power-supply air flow is 80 ft*/min, and the
card-section flow is 240 ft*/min, as determined
by a test-chamber method (Fig. 2). From Eq. 2,
we obtain the following for the power-supply
section: AT = (1.76 x 200) /80

= O,

And for the logic-card area, the temperature

rise is AT = (1.76 x 200) /240
— 545 C.

These calculations can’t, of course, provide
any information on how temperature might be
distributed within the cooled areas. The tem-
perature rises are only over-all averages between
the input and output ports. And though the re-
sults seem very low, some circuits can be expect-
ed to run considerably hotter than the calculated
average. In the PDP-11 computer, for example,
the core-memory drivers generate more heat
than the logic circuits. Let’s check the tempera-
ture rise of such a worst-case circuit board.

The card compartment’s cross-section is 15 Xx
8 in.—and, say, 50% of it is occupied by boards
and parts. Then:

Total flow area =L x W x 50%

et Tk
L (&7 I
=16 X 83 50% % 144
— 0.416 ft*.

Air velocity = 24" (/M — 577 £t /min,

If the space between boards is about 1/2 in. and
about 50% of the air impinges on each surface,
then:

Flow area of one board = 1/2x8 x50% x 1}14
= 0,014 ft2
Flow rate on board = 577 ft/min. x 0.014 ft2
— 8 ft?*/min/Bd,
oo AT — 1.76 x 50
8
=11'C

Note that though the previously calculated
average temperature rises seem to indicate too
much cooling, a worst-case check shows that the
flow is only barely adequate to keep the core
drivers close to a 10-C rise. ==
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Here's a display

breakthru

New

plug-in
display
modules

from Beckman

— horizontally stackable
to any length

3 digit module

Easy to use

Ready for operation

2 digit module

..DUY the numbers

In readability . . . size . . . and reliability — Beckman
Displays lead the way. Now, Beckman pioneers with a
brilliant new line of “plug-in”’ display modules designed
for both high and low volume applications. And, top
convenience.

Circuitry is built in. All you do is apply BCD and voltage
inputs: the modules are ready to use. They feature the
big ¥2” Beckman Displays that have an even centerline
spacing of 0.531”. The solid characters are visible at
angles up to 130° in bright sunlight . . . easily readable
up to 40 feet. Color? The same distinctive orange
featured in all Beckman Displays (Red is available with
filters).

The basic Beckman SM-850 Series modules include the
display, a monolithic decoder/driver and a latch. A
companion series even includes a counter. All you really

need to do is apply voltage and BCD input. And you can
get the complete 2 digit unit, without counter, for only
$19.50 per digit in single unit quantity. If you order 100
the price is only $14.25 per digit.

Beckman designed these modules to save you circuit
design headaches and assembly time. Whether you use
just a few displays or a million, you owe it to yourself
to find out more about these neat little black boxes.
Get the whole story today. Contact your local Beckman
representative or stocking distributor.

[S¥=Yel 42sr=1a80 INSTRUMENTS, INC.
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P. 0. Box 3579, Scottsdale, Arizona 85257. Telephone (602) 947-8371.

There’s more eye appeal in Beckman Displays!

FOR THE NAME OF YOUR BECKMAN DISPLAYS DISTRIBUTOR OR REPRESENTATIVE

CALLTOLL-FREE 800-645-9200

(IN N.Y. STATE, CALL COLLECT, 516-294-0990)
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Mohammed, The Mountain,
and IEEE Intercon

Moving mountains has never been
areally cost-effective concept, even
in ancient times. In the absence of
an unlikely miracle, Mohammed
had to go to the mountain instead
of vice versa.

There’s a whole mountain of ex-
citing new electronics hardware
and software ready for introduction
this Spring. With energy in short
supply, however, the innovators
just can’t bring the mountain to
you this season.

Instead, nearly 300 companies
and a couple of hundred first-rate
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engineering authors are building
theirmountain in a central loca-
tion — the island of Manhattan —
where all of you can see it and hear
it all at once.

The name of the event is IEEE
Intercon/74, and it’s a “/getting
down to business” high-technology
show and conference.

It’s got an outstanding 40-session
program that tells you how to put
the newest technology to work.
Plus special workshops and short-
courses.

It’s got a mountain of brand-new
components, devices, instrument
systems, and EDP equipment ready
for your on-line evaluation.

With severe restraints on sales
travel, it just makes good sense to
bring everything that’s new and
significant into one accessible place
for thousands of professional engi-
neers — by public transportation.

D‘;_l
-
2

As a matter of fact, it’s clearly in
line with national policy to do so.
And it is an excellent way to “ener-
gize” the surging electronics econ-
omy that’s coming in the months

R

Thisis goingto be an outstanding
show and program. Maybe the best
Intercon in several years. It’s in
your own best interest to “‘come to
the mountain” and take home a
wealth of practical new ideas to
your organization.

Plan now to get your full share
at Intercon in New York.

ieee intercon

March 26-29, New York Coliseum / Statler Hilton Hotel

The International Convention and Exposition of the Institute of Electrical and Electronics Engineers Inc.

INFORMATION RETRIEVAL NUMBER 43
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“Service and replacement costs are
skyrocketing. First,more is expected of my
equipment and it’s alot more complicated.

costs goright out of sight”’

The obvious answer is maintenance-
free components. When it comes to
relays, it's a simple choice: use
capsule instead of open-faced
electromechanical relays. And that'’s
where Clare can help.

Clare’s family of dry reed relays—
PRME, MRB and remnant reed
relays—eliminate the need for
oversensitive, complex
electromechanical devices. You cut
maintenance costs and hike
performance levels by designing out

Next,the cost of sending
a manout to remove

and replace a simple
component keeps

going up.Add to that
the cost of simple

human error,and
maintenance

your problems. And Clare makes
every part of your relays—including
the hermetically sealed capsules.
Capsules are manufactured in a
white-room environment and every
single one is inspected for physical
and electrical reliability. So, when
you specify Clare reed relays, you
know you're getting maximum
reliability and quality.

Our expertise lies in the advanced
design and manufacture of relays of
all kinds, but our energy lies in the

application of relays to help you
solve specific problems. We
specialize in getting down to work.

If you need help—or just some good
information—get in touch with us
right now. The “right now bunch”

is ready to go to work for you.

Contact your local Clare Distributor
or Sales Engineer. C. P. Clare & Co.,
3101 Pratt Avenue, Chicago, Il1.
60645 312/262-7700.
QUALITY/SERVICE/RELIABILITY

we help.get intouch with us. { CLARE the “right now” bunch.

a GENERAL INSTRUMENT company

GENERAL PURPOSE RELAYS MERCURY-WETTED RELAYS REED RELAYS SOLID STATE RELAYS TELEPHONE RELAYS STEPPING SWITCHES
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Simplify UJT relaxation-oscillator design

with a procedure that directly selects the right capacitor.
An improved formula for pulse width ends trial-and-error

Why use time-consuming trial-and-error tech-
niques to get the right operating frequency in
the design of a unijunction-transistor (UJT)
relaxation oscillator? You can calculate the right
capacitance on the “first cut” with a more accu-
rate design equation based on pulse width, t,:

(Vo R VD) Ro

= R; C In EIE s

The schematic diagram (Fig. 1) identifies ca-
pacitor C, resistance R, and voltage e, The
minimum value of e, occurs at pulse turnoff.
Voltage V, represents the maximum level reach-
ed by the capacitor just prior to discharge. Volt-
age V, and resistance R, involve UJT param-
eters and represent, respectively, the diode drop
between emitter-to-base 1 and total resistance of
R, and base-1 equivalent resistance, Ry, (Fig. 2).

Most designers use an approximate formula
for the frequency and get a ballpark value for
the timing capacitor needed in the circuit. The
basic frequency formula is

o '

~ RCIn (1/1 —1m)°’
when 7 represents the UJT’s intrinsic standoff
ratio and is usually given on the data sheet.

For any UJT, the approximate design equation
requires only that the product of R and C be speci-
fied. One need not specify R or C alone.

Two periods must be considered

But the conventional design oversimplifies the
operation of the relaxation oscillator. The oper-
ation involves two separate time periods. In the
first, capacitor C charges and the transistor
characteristics are of secondary importance—
except, of course, for n. In the second period, ca-
pacitor C discharges through the transistor.

This second part of the relaxation period is
totally neglected by a conventional design.
There’s a good reason: The base-1 resistance,
Ry, is a variable. Its value depends on the magni-

Gordon Silverman, Ph.D., Affiliate, Electronics Labora-
tory, Rockefeller University, New York, N.Y. 10021.
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1. A unijunction-transistor relaxation-oscillator design
involves trial and error when you use a conventional
approach to obtain the capacitance.

tude of the current through it. Hence the capaci-
tor discharges nonlinearly through the transistor.
Many nonlinear problems cannot be solved.
But fortunately our case is an exception. In fact,
the variation of R, during the capacitor’s dis-
charge can be approximated by a constant.

Measurement backs up theory

To verify this conclusion, let’s perform meas-
urements of the output-signal magnitude vs time.
The data provide information on the variation
of Ry, with time and, consequently, with current
through the emitter-base-1 junction. The steps
are as follows:

1. At time t, note the value of the voltage
across capacitor C. Call this v.(t).

2. At the same time, note the value of the
output voltage e,.

3. Approximate the equivalent diode drop, V,,
as a constant 0.5 V.

4. Calculate the value of Rg,, and ignore the
second-order effects due to the presence of Rg.
and R,—

S Ro [Vc (t) = VD]
RBl Yy e, (t) —Ro-

5. Plot this equation against the magnitude of
the current through resistor Rg,. The current
equals e, (t) /R,.
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2. The equivalent relaxation-oscillator circuit reveals UJT
parameters—V,, and Ry,. These parameters can be used
to simplify the oscillator <_:ircuit design.

3. The equivalent base-1 resistance can be approximated
by a constant—the resistance corresponding to an aver-
age current value. The constant gives the resistance for
the discharge period of the circuit capacitor.

ELECTRONIC DESIGN 4, February 15, 1974

Fig. 3 shows the results of the measurements.
For most current values, Ry, remains relatively
constant. For current values below 3 mA, Rg,
rises very sharply. The steep rise occurs only at
the very end of the discharge of the capacitor.

Approximate R;, with a constant

We now solve the nonlinear problem by as-
suming a constant value for Rg,. Refer again to
Fig. 2. The solution reduces to that for a capaci-
tor discharging through a resistor:

eo(t) = €final — (eﬂnal ek einitial) e—t/’
where 7 — circuit time constant.

A substitution of circuit components yields the
following result:

eu(t) = (Vas — Vo) g u(®)
R, R,
" [(Vo = Vo) 3 (Vo vnn)m]
weE)est,
where R: = Ry, + R,
3 o] RlRTC
SRR,

u(t) represents the unit-step function.
The result can be simplified by use of two ap-
proximations that usually prevail:
Vb << Vgg and

R, >> R
When these are included, the result becomes
e (t) zL_RViRle“/RTCu(t) (1)

We can verify EqT. 1, and also our linear model,
by showing the following:

1. For a particular value of C, Eq. 1 agrees
with the observed output waveform.

2. An equation to be developed between the
pulse width and C agrees with the obsarved
results.

The circuit of Fig. 1 serves as a convenient
example for the verification of Eq. 1. V,—the
initial voltage across the capacitor—could be
found by noting the voltage at which the UJT
enters its negative resistance region of operation.
That voltage is approximately nVgs, where Vg
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4. Close agreement results between measured output
voltages and those calculated from the improved
formula for pulse width.
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5. Measured pulse width for different capacitance values
provides an additional verification of the circuit model.

equals the voltage from base-2 to base-1. But for
our example, a direct measurement gives V, as
64 V.

An estimate of Ry —needed to calculate R,.—
follows from Fig. 3. The average current in the
junction during discharge—about 50 mA-—cor-
responds to an Ry, of 29 Q. Since R = Ry, + R,,
the value of R becomes 56 ().

Next we substitute into Eq. 1 the value of Ry,
0.5 V for V,, and 0.9 uF for C, to find the fol-
lowing :

e,i(t) = 2.9e- W80 %30 8y (t) .
A plot of this equation, along with measured
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values, appears in Fig. 4. The two curves depart
significantly only during the initial 10% of the
pulse width, where the worst error is 12%.

To find a relationship between pulse width and
C, solve Eq. 1 for the time that it takes e,(t) to
reach 0.06 V—the level at which the pulse ends:

Y (Vn i Vl)) Ru
tb =Ry Cln— 0.06R, (2)

For our example, Eq. 2 simplifies to the fol-
lowing equation:

== 2146

A plot of this equation and measured data ap-
pear in Fig. 5. Except for small values of C, the
two curves agree closely. The slight disagreement
could be lessened by altering Ry, to account for
the lower average current flowing. The change
would produce a slightly higher Ry, a slightly
higher 7 and a slightly longer pulse width.

Watch the effects of temperature

In Eq. 2, changes in temperature primarily af-
fect the base-1 resistance, R;,—and thus R,—
and the emitter-base-1 diode voltage drop, V.
Equivalent resistance R, exhibits a near linear
relationship with temperature over a wide tem-
perature range. The resistance has a positive
temperature coefficient. The diode drop, V,, de-
creases with increasing temperature.

From the R; term in Eq. 2, a change in Rg,
causes a linear change in the value of t,. The In
term tends to have much less of an effect on t,.
While the V, — V, term in the numerator in-
creases with temperature (V, is being subtract-
ed), the R; term in the denominator also in-
creases with increasing temperature. Hence the
In term remains fairly constant over a wide tem-
perature range.

Measurements performed on the circuit of
Fig. 1, with C = 0.9 uF, bear out this model.
The expression (V, Vo) R./Rr, the initial
value of the output voltage, exhibits a total vari-
ation of about 4% over the 0-to-100-C tempera-
ture range. As you might expect, the highest
temperature produces the greatest change.

A measurement of pulse width, t,, reveals the
expected linear variation:

% change = 0.27 (T — 25),
where T is in units of °C. The UJT is the only
circuit component to undergo temperature stress.

Compensation techniques can be used when
temperature variations become unacceptable. For
example, a temperature-sensitive capacitor could
be chosen for C, with a temperature variation
that cancels that produced by R..

Of course, care should be exercised to ensure
that the other components—R,, R, and R,—don’t
contribute to additional temperature-induced
changes in t,. ==
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TO MINIATURIZATION
WITH CUTLER-HAMMER.

As you miniaturize your products,
rely on these space-saving new
Cutler-Hammer ultra-miniature
switches. They deliver additional
quality, together with a full choice
of style, color, and shape.

You get full current-carrying ca-
pacity at 115 V.A-c in toggles or
pushbuttons. One or two poles in
5 different circuits.

Superior construction details in-
clude: a ¥%-inch bushing for con-

More than just switches;
prompt availability,
field help, innovation,
quality assurance, too.

venient one-hole mounting, silver-
alloy contacts with initial contact
resistance’ of only 0.010 ohm maxi-
mum, a polyestal base partially
jacketed in steel for extra switch-
mechanism protection, and either
solder-lug or PC terminals.

Cutler-Hammer’s remarkable
application flexibility continues ex-
ternally with a wide range of dec-
orator caps, buttons, and bezels in
many colors.

And all circuits are in stock for
fast delivery.

To learn more about how this
highly adaptable new line can add
function and style to your products,
check with your nearest Cutler-
Hammer Sales Office, or Author-
ized Stocking Distributor.
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Cutler-Hammer ultra-miniature switches are
available in a variety of designs and colors.

In both toggles and pushbuttons.
(=x

conTRoL

CUTLER-HAMMER

SPECIALTY PRODUCTS DIVISION, Milwaukee, Wis, 53201
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Fairchild’s new high-density
Isoplanar CMOS costs about the
same as ordinary CMOS.

And uses the same popular
4000 series pinouts for direct
plug-in replacement.

After that, Fairchild CMOS
leaves common CMOS far behind.

“Isoplanar.” It makes a difference.

In the first place, Isoplanar
fabrication reduces chip area
substantially. Which means
Fairchild CMOS designers have
had plenty of room to include full
buffer circuitry with every CMOS
device. Even SSI.

Conventional CMOS utilizes
buffered outputs only on MSI and
driver devices. So a conventional
unbuffered CMOS 2-input NAND
Gate, for example, is organized
like this:

Voo

AO-® :ﬂ

A Fairchild fully-buffered
NAND Gate, on the other hand,
looks like this:

Voo

ol MR
: — [P P
N :}—Ooumn
AO-® :I N

Vss

The device utilizes small
geometry input and logic

transistors to generate the required

logic function, then utilizes low
impedance output buffers.

For the system designer,
there are several benefits:

1

Highest guaranteed noise immunity.

Because buffering permits an
increase in voltage gain, transfer
characteristies are almost ideal.

I (l=sprel I
TRANSFER CHARACTERISTICS

Vour -OUTPUT VOLTAGE-VOLTS

b 5.0 10
Viy-INPUT VOLTAGE-VOLTS

s FAIRCHILD FULLY-BUFFERED DEVICE
———— CONVENTIONAL DEVICE

As a result, guaranteed noise
immunity limits for Fairchild
CMOS Gates are the highest in
the industry.

2.
At last, standardized outputs.

Full buffering also means that
output drive characteristics are
finally standardized across all part
types. And every husky Fairchild
CMOS device drives a guaranteed
400 uA at 5 volt power supply.

Which means it can drive low
power TTL and low power
Schottky TTL directly.

Increased system speeds.

With the buffers in service,
output impedance and propagation
delay in CMOS Gates become inde-
pendent of the input pattern. Just
look at the typical propagation
delay for a Fairchild fully-buffered
34012 4-input NAND Gate vs. a
conventional 4012 4-input NAND
Gate at 15pF output capacitance.

PROPAGATION DELAY

s FAIRCHILD FULLY-BUFFERED DEVICE
CONVENTIONAL DEVICE

With 1, 2, or 3 simultaneous
logic changes, conventional
CMOS Gates exhibit differing
propagation delays with input
pattern. Fairchild CMOS doesn’t.
System speeds using fully-buf -
fered CMOS are sharply improved.
Add to that the inherent
speed advantages of Isoplanar
manufacture —including silicon

gate self-alignment and reduced
sidewall capacitance —and you’'ve
got CMOS that beats all others.

Fairchild CMOS. Think of it like
TTL, only not so hungry for power.

If you really want to see what
CMOS can do for you, maybe you
should think of it like TTL. Only
in some ways, better.

Because instead of burning up
10mW per gate, Fairchild CMOS
requires only 10nW at static con-
ditions. That’s only one- millionth
of the power needed for TTL.

Fairchild CMOS also works
over a broad 3V to 15V power
supply range.

It’s more immune to noise.
(And makes less noise itself.)

It operates from —40°C to
+85°C, commercial. And from
—55°C to +125°C, military.

And instead of a de fanout
of 10 like TTL, Fairchild CMOS
fanout is almost unlimited.

Just tell us what you want.
We deliver.

Right now, a variety of
Fairchild CMOS devices are in-
stock and available for sampling,
with more devices on the way.
SRS e e P AR 2 U R e Rt Sal RO

Available now.

34001 Quad 2-Input NOR Gate
34002 Dual 4-Input NOR Gate
34011 Quad 2-Input NAND Gate
34012 Dual 4-Input NAND Gate
34023 Triple 3-Input NAND Gate
34025 Triple 3-Input NOR Gate
34027 Dual JK Flip-Flop

34028 One-of-Ten Decoder
34030 Quad Exclusive-OR Gate
34811 Quad Exclusive-NOR Gate
Available soon.

34019 Quad AND/OR Select Gate
34049 Hex Inverter

34050 Hex Buffer

34512 Digital 8-Chn. Multiplexer

Just check the devices that interest
you, and call your Fairchild Sales
Office or Distributor.

SEMICONDUCTOR COMPONENTS GROUP, Fairchild Camera & Instrument Corp., 464 Ellis St., Mountain View, Ca. 94042. (415) 962-5011. TWX : 910-379-6435.

ELECTRONIC DESIGN 4, February 15, 1974

INFORMATION RETRIEVAL NUMBER 47

89



Algebra finds logic-circuit glitches

without need for involved three-valued Karnaugh maps. Simple
equations are written for each gate and combined.

Glitches in a multilevel logic network—those
brief spikes that occur at the output of the cir-
cuit during input-signal changes—can be detect-
ed with a simple algebraic method instead of tedi-
ous Boolean techniques.

Simple equations are written for each logic
gate and are combined algebraically. The resultant
polynomial, used in conjunction with a theorem
of Eichelberger,' offers these advantages:

m Detection of all potential static hazards.

m Fase of use for multilevel networks.

®= Applicability to networks composed of any
type of threshold gate.

= Ease of automation.

By contrast, the Boolean techniques require
three-valued Karnaugh maps, which are pain-
staking to prepare for multilevel networks.

In the description of the new technique, up-
per-case characters are used for Boolean expres-
sions and lower-case characters for the analogous
arithmetic expressions.

Transients in logic circuits

Logic-circuit inputs cannot change levels in-
stantaneously, nor can the output signal. Instead
both signals assume intermediate levels during
the transitional period.

Two kinds of hazards commonly occur during
the transition period of the input signals: func-
tion and logic. The function hazard depends upon
the actual logic function, while the logic occurs
because of inherent circuit delays.

The hazards can be further subdivided into
static and dynamic types. These give rise, respec-
tively, to glitches and multiple transitions that
resemble contact bounces (Fig. 1).

A simple network illustrates both types of re-
sponse (Fig. 2). An input transition from W,X,Y,
Z = 1111 to W,X,Y,Z = 1001 can occur in two
ways:

Cell 15 (1111)—>Cell 11 (1011)—Cell 9 (1001)
or

Christian Rey, Research Engineer, University of Mon-
treal, Department d'Informatique, Montreal 101, Quebec,
Canada.
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1. Two common logic hazards that can occur with input
signal changes. Glitches result from static hazards;
contact-bounce waveforms result from dynamic hazards.
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2. Simple logic circuit can produce glitches for input
transitions from cell 15 to cell 9. The glitch occurs if
the input momentarily corresponds to cell 13.

Cell 15 (1111)—>Cell 13 (1101)—>Cell 9 (1001)
In the first case, the output goes from 1 to 0 to
1 and a glitch may occur. For the second case, the
output is always ONE.

A transition from cell 9 to cell 14 includes the
possibility that an intermediate cell sequence—9,
11, 15 and 14—will occur. The resultant output
sequence 1, 0, 1, 0 shows the possibility of a
functional bounce transition.

A logic glitch can occur with a transition from
cell 5 to cell 4. For cell 5, the gate-C output is
ONE, whereas A and B are ZERO. For cell 4, C
— ZERO, A = ONE and B is unchanged. If gate

ELEcTRONIC DESIGN 4, February 15, 1974



C is faster than gate A, the temporary 000 input
to gate D produces a ZERO output during the
transition.

Theory of static hazard detection

In Eichelberger’s theory, a logic signal can
have three values: 0, 1 and r (or indeterminate).
The value r is assigned to the open interval
0<r<1, and is supposedly the value of the signal
during a transient.

GATE BOOLEAN FUNCTION

F fzl-x

X O—DO—O 13 ol SnoT

D ot
1 Fz — 2| - %
XnO- X) Xp .o Xq o i

n
FeX) #Xp 00 +Xp ftl-.n' (1=x;)
is

X el [ n
ED_O F = X #Xp+ - +Xp t= I u-xp)
Xn izl

3. Recognition of potential static hazards requires ter-
nary algebra with permissible levels of 0, 1 and r, where
0 < r < 1. Logic functions, such as these basic types,
can be approximated by simple polynomial equations
(a). The polynomials have values in the closed interval
(0,1) and represent ternary functions. The equations
are easily combined by ordinary algebra to represent
multi-input gates (b).

Eichelberger proves further that a combina-
torial logic network contains a static hazard for
the following input change:

X(t) == (Xu X:y o Xm thn — X,)
to

X(t’ FhA t') = (—)TUY_ b fw Xpﬂ bk Xn),
if

FIX (t)]=F[X({t+At)]
and

0 < B*(r, 1, -1, Xpusy — X,) < 1,
where F* is the ternary output function and the
X, to X, change to X, to X..

There are several methods to evaluate F*. The
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most direct uses ternary Karnaugh maps. The en-
tire function is built up from the maps of indi-
vidual gates. Each variable in the map has three
possible values: 0, r and 1.

The more advantageous method—and the one
used here—makes use of polynomial approxima-
tions to the gate functions. The over-all function
is built up with the laws of ordinary algebra. The
theorem allows examination for glitches directly
from the function.

As a start, define 'a continuous polynomial
approximation for a two-input gate by four
points (Fig. 3a). One approximation to the logic
output for an AND gate is

. f=a, + a;x + ay + agxy.
Substitution of the four possible input values in
the equation gives

a5==0

a7=10

a,—'0

ar—al
and the result

f = xy.

The variables x, y are the continuous versions of
logic variables X and Y. They can vary over the
range 0 =x = 1.

For an inverter, a two-point polynomial ap-
proximation is

i1 =Sy

Since the operations AND and NOT form a
complete set, the equations can be extended to
equations for suth gates as NAND, OR and NOR
(Fig. 3Db).

All properties of ordinary algebra apply to net-
works of gates or Boolean expressions. For the
circuit in Fig 2:

gr= (1—-y) (1—2z)
gr=w(l—y)
=0/
and
f=1-[1-(1-y)(1-2)][1-w(@l—y)] [1—xz].

The polynomial expression for a single logic
gate obeys the ternary convention—the value of
¢ lies between 0 and 1—if all input variables have
values between 0 and 1. The same property holds
true for the over-all approximation f.

The use of f in place of F* makes Eichelberger’s
theorem particularly easy to apply. The steps are
as follows:

1. Determine the polynomial f of the network

il (.6 O SRNERCRRS ) 1%

2. Select the input transition for analysis and

compute

f,» — f(r,r,r,qu ¥ils Xn) .
Note that only the first p variables change.
If f. = r (has a value between 0 and 1), then

a static hazard can exist; otherwise the circuit
switches properly.

The combinatorial network (Fig. 4) has two
outputs for which
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4. A combinatorial network can produce glitches for a
specified input transition if the ternary function also
has values between 0 and 1. The algebraic equation
represents the ternary function. Outputs f, and f, can
have glitches for the transition XYZ = 110 to XYZ =
101. Both equations equal 1—r+r2—r® since y and z
are indeterminate (equal to r) for this transition. The
Karnaugh maps show a function hazard for f, and both
function and logic hazards for f,.

f=1—xy(1—y+yz)
.= Q-2)(y +x—xy(1-2)).
For the transition XYZ = 110 to XYZ =101,
find
f,(1,nr) =1—r+r2—r?
f.-(l,rr) =1 = (r—r2+r?,
Both f, and f, equal r, since
O<r—ri3ters < 1,
and glitches are possible on both outputs.

The algebraic method permits the detection of
static hazards in sequential circuits. The poly-
nomials relate the secondary value outputs to
the feedback inputs and primary inputs.

First determine the k polynomials, one for each
of the k secondary variables:

¥/ =8 (R X oo Ry Bpds 7 Xy ¥y T2 ** Fd)
Y =1 (X1, Xz *+* Xpy Xpia ** Xy Y1 ** Fi)
Vo =% (X1, X2 7 ¢ Xy Xpig *° Xy V1 °°°* Vi)
in terms of the feedback inputs y, to y. and pri-
mary inputs x; to x,.
Select an input transition from
X1% Xp° — Xp° Xpi1 *° Xa
to
X1, X = X,°) Xps1 * * * Xny
along with the corresponding initial values of the
secondary variables
Yaly Vo o ¥l

The p primary variables change from their initial
values, x;, to their complements X;. The remain-

ing primary variables stay the same. All initial
values are either 0 or 1.
The algorithm consists of the following eight
steps, some of which may have to be repeated:
1. Set y, = yofori= 11tk

92

5. Analysis of sequential networks for potential glitches
uses a variation of Eichelberger's theorems. The sec-
ondary variables are analyzed for their sequence of
values. The sequence 0-r-O for y,” denotes a potential
static hazard.

2. For all i, so that 1 i<k and y; = O or 1,

compute
yilzfi (r’r cee T, Xp“" xno’ Moot Yk)

3. Set y; = y:’ for any y,” calculated in Step 2.

4. Determine from Step 3 if one or more sec-
ondary variables have switched from 0 to r or
from 1 to r. If yes, do Step 2; if no, go to Step 5.

5. For all i, such that 1=i<k and y; = r,
compute Lo i

Yi, - fi (xloy X:’.o' . 'xpo, xp+10' * 'xnn; Y1 Yk) .

6. Set y; = y,’ for any y,’ calculated in Step 5.

7. Determine from Step 6 if one or more sec-
ondary variables have switched from r to 0 or
from r to 1; if yes, do Step 5, if no, go to Step 8.

8. The final values of the secondary variables
are ,*=y: ' %u* =¥«

If yi* = 0(1), then the variable remains stable
for this transition.

If yi* = r, the variable is not stable. The equa-
tions for the secondary variables of the circuit
in Fig. 5 are

v = (1—x,) [1-(1—y,) (1—y.)]

¥y, =% [1—- (1—y.) (1—x.)].
Hor the transition x,, . —10, Okte' X% =1, 1
with y,° = 0 and y.° = 0, the algorithm shows a
0-r-0 transition for y,” that indicates a static haz-
ard malfunction can occur. The table shows the
procedural steps to follow before the final answer
is obtained. mm

References

1. Eichelberger, E.B., “Hazard Detection in Combina-
tional and Sequential Switching Circuits,” IEEE Inter-
national _Conferev_we Record on Switching Circuits, Theory
and Logical Design, Vol. 12, 1964, pp. 111-121.
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SOLVE YOUR CIRCUIT DESIGN PROBLEMS WITH
VERSATILE AISiIT1ag cERAMICS

You save time and money with single-source responsibility for substrates, pattern generation, metallization and plating.




If you’ve got the timepiece,
we’ve got the electrlgls.

We've got

CMOS integrated circuits.

quartz crystals.
liquid crystals.

We help solve your problems'by

being a single, reliable source for

virtually all of your electronic
timepiece needs. Please call or

MOTOROLA

Timepiece Electronics
Bringing more than 45 years of
electronic experience to

the world'’s watch makers.

micro stepping motors.
analog systems.
digital systems.

write Marketing Director
Motorola Timepiece Electronics,
3102 North 56th Street, Phoenix,
Arizona 85036. (602) 244-4406.
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VECTOR FITS IT ALL TOGETHER, BETTER

CARD FILES AND CAGES

MULTI-USE CAGE KITS

94

CMA SERIES

Strong, rugged all alumi-.

num units supplied assem-
bled for slide-in EFP mod-
ules in 314", 5V4”, 7” and
83%,” heights and up to
153/,” deep.

EFP
MODULES

Sleek aluminum
cases with slide-off
side covers, extruded

top and bottom rails hold
cards 2.73”, 4.5” and 7.98”
wide and 4.5”, 6.5”, 9.6”
and 11.31” long. 59 models
available in widths from
1” to 415"

PACKAGING
HARDWARE FROM: ::o0c

CCK-13 SERIES

Rugged all aluminum, card
height adjustable card files
supplied assembled ready
for connectors which mount
on 4-way adjustable struts.
The cages are designed for
cards with width ranges
of 1.0” to 2.73"; 2.73” to
4',"; 6.2” to 7.98”; and
lengths up to 9.6”. Plastic
or metal guides available.
Continuous extruded alumi-
num plate style has 106-
0.075” wide continuous
grooves on 0.150” centers
for cards allowing maxi-
mum flexibility.

Visit NEPCON Booth 818

Visit INTERCON Booth 1221

Vet

3

"' CA-HP SERIES

Supplied unassembled in
11 different models for
maximum flexibility to
house cards and /or mod-
ules. Order card and module
guides separately. Slotted
side walls and bracket-
mounted connector mount-
ing struts provide wide
adjustability. Available in
32", 5V4”, 7” and 834"
heights and 9”, 12”, and
153/,” depths. All parts and
hardware of any Vector
cage are available sepa-
rately. For custom card or
module cages, request our
“design your own' form
drawing.
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® PLUGBORDS
® TERMINALS

See BBM vol. 3, pg. 954-958

ELECTRONIC CO. INC (¢> Phone (213
ylmar. California 91342 Y./ TWX (91
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If you knew what we know
about subminiature lamps,
youd specify Chicago
MINIAUTE. oo o

Chicago Miniature already has more subminiature
lamps than any other manufacturer. Immediately
available are the T-3%, T-1, T-1%4, T-1%2 and
T-134 sizes. We offer standard wire terminals,

The smaller the lamp the tougher the job. flanged and bi-pin bases ;
and a variety of other ;
First, subminiature lamps are usually apphed in configurations 4
critical situations where a lot more than light is ; A
demanded. Where reliability is essential. Like As much service 5
system warning lights. Or status signals. Or critical as you need. E A
instructions. And that’s why you find Chicago For problem solving
Miniature lamps in tough jobs like the manned application assistance,
space flights. call your Chicago
Second, subminiature lamps are a lot tougher to Minature Sales
make. They have all the same components as Representative. Or call us
larger lamps, but everything’s reduced to almost directly for applications
impossible manufacturing dimensions. The engineering assistance.
filaments, complicated assembly, critical material Phone 312/784-1020.
and atmosphere control—all are magnified For off-the-shelf delivery,
problems when you work in the subminiature call your local Chicago
range. Miniature Electronic

Distributor

Chicago Miniature also
publishes technical data

Chicago Miniature specializes in
subminiature lamps.

We're expert when it comes to doing tiny thingsin ., subminiature lamp

a big way. For example, we have a special method performance, under

for coiling the filament to precisely the right various operé[ing and

fraction of a turn to give you exactly the light environmental

output for your application. We also know the conditions. This

importance of precise filament mounting. Our document represents over
filament mounting process is 9 million lamp hours of
automated to eliminate the human test data. Send the coupon
variable. Both- mean you get for your free copy.

and significantly longer life under
typical operating conditions. All this

(acTuaL  and more, and within the Ju ...

SIZE) subminiature range.
We invest in flexibility. Chicago Miniature Lamp Works
It takes a lot of skill and imagination to 4433 N. Ravenswood Ave., Chicago, Illinois 60640

consistently make dependable subminiature lamps.
And Chicago Miniature invests in skilled people
and special automated systems no other company
can provide. It means that whether you need a
standard lamp or a special component, Chicago
Miniature has the capability to support you. Right
now. Even special requirements are handled

& lamps with uniformity of brightness,

[ Please send me your free booklet on Subminiature Lamp Perfor-
mance, including 9 million hours of test data.

[ Please send me your catalog.

systematically and quickly. Name

Quality control comes naturally. It has to. Title

We're addicted to detail. All along the line. And
that’s the best kind of quality control. Chicago
Miniature practices “controlled quality”— Company
carefully monitoring key processes all the time.
You get only those lamps that measure up. Address
Nothing is left to chance.

City State ZIP
CHICAGO MINIATURE Comments:

LAMP WORKS
4433 N. Ravenswood Ave.
Chicago, lllinois 60640
(312) 784-1020

a GENERAL INSTRUMENT company

THE LIGHTING BUGS h---------‘
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Measure sheet resistance easily.
The only things needed to determine R per square
are two voltage readings and a simple calculation.

Sheet resistance (R)—the resistance of a
sheet of conductive material with uniform thick-
ness—is often needed as a design parameter in
the analysis of printed-circuit signal and power
distributions. If you know R, commonly refer-
red to as R per square, the resistance of an in-
ternal power plane or of a printed-circuit line
can be directly determined.

You can measure Ry by first finding the re-
sistivity of an arbitrarily shaped sheet as a func-
tion of conductor thickness. The only restriction
is that the sheet thickness must be uniform.:

Method is nondestructive

The method is important because it is nonde-
structive and because it is applicable to geometry
of any shape. The technique can be applied direct-
ly to hardware that represents the internal planes
of a card or board before clearance holes, which
impede the distribution of current, are drilled.

The method depends on the fact that the re-
sistance between opposite edges of a square sheet
is a constant for all squares formed from the
same material, regardless of the size of the
squares (Fig. 1a).

Thus if an ohmmeter is used to measure the
resistances of the conductors of Fig. 1, the read-
ings of all three would be identical. Consider the
calculation for resistance:

_pL _ pL
R=%2 = %"
where p = material resistivity
L = Length

A = Cross-sectional area — width (w)
% thickness (t).

From Fig. 1
_prL p L. I
S T e L
and R,_Ro—Ra—p/t—RD
From this analysis, R can be defined as the
resistivity of the conductor divided by the con-
ductor thickness. Now let’s assume that R
must be determined for an irregular sheet of

p L,
Lyt

Ken T. Stevens, Associate Engineer, IBM System Prod-
ucts Div., P.O. Box 6, Endicott, N.Y. 13760.
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copper with a uniform thickness (Fig. 1b).
Points A, B, C and D in the figure can be located
anywhere on the circumference of the conductor.

First feed a current, I, into point D and out
through point C. Measure V,—the absolute poten-
tial difference between points A and B. Next
feed the same current through either points A
and D or points B and C. Measure V.—the abso-
lute potential difference between points B and C
for I,, or between points A and D for Iz.. Al-

1. Measurement of R depends on the fact that the re-
sistance between the edges of a square sheet is inde-
pendent of size (a). Thus Ry can be determined from
just two voltage measurements (b).

2. To account for current distributions in |rregularly
shaped conductors, a geometry factor, f, is plotted as a
function of the ratio of the voltage readings.
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3. Two conductors of different shape illustrate the sig-
nificance of the geometry factor. In (a), f = 1. In (b), f
equals about 0.2.

Table Rs of various 5-mil copper
conductors

I Vv, V. f RO
(@amps) | (xV) (uV) (mQ/[)
Triangle 2 70 65 1 .156
2 65 63 1 .148
5 164 148 1 .144
Square 2 69 64 1 .154
2 70 65 1 .156
5 165 153 1 .147
Circle 2 65 61 1 155
2 70 67 1 147
5 161 155 1 .146
Rectangleg 2 325 4 A4 .152
2 316 4 A4 .148
B 791 10 4 .148
Irregular 2 145 23 .8 2155
2 142 23 .8 152
5 855 48 o140
Long
rectangle| 2 276 — — .138
(In-line 2 262 —_ — 131
method) 5 710 — — .142
o VI ar V‘l
RO ="ma\ 21
V, = voltage AB with | at CD * (Fig. 1a).
V. = voltage BD with | at AC (Fig. 1a).
f = geometry factor

* For the long rectangle, V; is the voltage across a square in the
middle of the conductor. V: is not defined in this method.
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4. With the in-line method of determining R5, a uni-
form current distribution is established in a long, narrow
conductor and voltage V, is measured.

ways measure the voltage at the points not used
for feeding current.

R is then calculated from the equation for
resistivity given in reference 1:

Sl e R Y
RD_T_W( 21 )f’ 1)

where V,, V, are voltage readings made on the
circumference of the conductor, I is the current
flowing in the conductor, In 2 is the natural log of
2, and f is a geometry factor found from Fig. 1.

The geometry factor, f, can be determined
from the ratio V,/V., and is plotted in Fig. 2 as a
function of the ratio.

Current distributions accounted for

Geometry is significant since current distribu-
tions vary according to the sheet configuration.
For example, the geometry factor for a square is
1 because V, and V. are equal (Fig. 3a). But for
a rectangle the geometry factor might be 0.2
(Fig. 3b).

When the voltage readings in Fig. 2b are
analyzed, V, is found to be much greater than V..
This is because the current, I,, that establishes
V, flows through a greater portion of the con-
ductor than does the current I. for the V. read-
ing. This difference in current distribution is ac-
counted for with the geometry factor, f.

To verify Eq. 1, R can be measured for a
copper square, triangle, circle, rectangle and an
irregular conductor, each five mils thick. The re-
sults, listed in the table, show 10% variations in
Rg.

Included in the table are values of R
measured with the in-line method. In this method,
current flows into one end of a long, narrow con-
ductor, and out the opposite end. A square is
marked off in the middle of the conductor and the
voltage measured across the square (Fig. 4).

It is assumed that a uniform current distribu-
tion exits through the center square. The volt-
age across the square divided by the current that
flows in the conductor yields Rp. mm
Reference:

1. VanderPauw, L. J., Phillips Research Report 13,
1958, pp. 1-9.
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Non Volatnle, Low Cost & High Relnaluhty

oy RAM PERFECTION

POS TERMINAL, CASH DISPENSER, MICRO PROCESSER,
CREDIT CARD CERTIFIER, ELECTRONIC CASH REGISTER

It has been generally assumed that MOS IC memory systems are less expensive and more suitable to use than a
ferrite core memories to employ in a field of small-capacity random access memories whose capacities are smaller
than 8K bytes.

However, today this assumption shall be contradicted. FUJI's new series of memories, Small-capacity Ferrite Core
Memory Modules, incorporated with Hybrid integrated circuit as its peripheral circuits, offering a more economical
price and better reliabilities rather than MOS IC memories.

Everyone knows that volatility and reliability of stored information is the most important factor in handling of
cash transactions at banking system as well as operating cash registers, POS terminal mechines, and on-line
devices. Consequently, at least the last digits of calculation must be nonvolatile.

Which do you think is more rational...a system designed by a MOS IC memory with the last calculated digits
to be stored by a nonvolatile core memory or a whole entire system simply designed with a nonvolatile core
memory? Answer is clear, that is FUJI Core Memory!

STANDARD MODELS

A wide variety of standard models
are available over a wide range
of memory capacities from 128
words-4 bits to 8K words-9 bits.
Furthermore, we are ready to de-
sign and manufacture special sys-
tems with quick delivery service,
according to your requirements.

MODEL CAP. L POWER SIZE
CMS2101A 128W-4b 3pus 5V 5.8 8.7 X0.5inch
CMS2101B 256W-4b 3ps 5V 5.8 x8.7 X0.5inch
CMS2112 512W-4b 3us +5V 6.0 X8.0 X0.5inch
CMS2113 1024W-4b 3us +5V 6.0 X8.0 X0.5inch
CMS2114 2048W-4b 3ys +5V 8.0 X10.0 X0.5inch
CMS2115 4096W-4b 3us +5V 8.0 X10.0 X0.5inch
CMS2116 1024W-9b or 512W-18b 1.5us +5V. +24Vv 9.8 X11.8 X0.6inch
CMS2201A 1024W-10b Tps 15V 9.5 X10.5X0.5inch
CMS2201B 2048W-10b Tus 5V 9.5 %X10.5X0.5inch
CMS2107 1024W-18b 1.5us +5V. +24V 7.4 X8.3X1.4inch
CMS2401 4096W-18b or 8192W-9b Tus +5V 10.0 X15.0 X0.5inch
CMS2403 4096W-18b or 8192W-9b 1.5us +5V 10.0 X15.0 X0.6inch

FUJI ELECTROCHEMICAL CO.
m MEMD RIEs Head Office: Hamagomu Bldg., 5-36-11, Shinbashi, Minato-ku, Tokyo, Japan

TEL: 434-1271

Overseas Office: New York, TEL: (212) 5632-5630 TAD. ISHIZUKA
Los Angeles, TEL: (213) 620-1640 SAM. YOSHINO
Diisseldorf, TEL: (211) 89031 TAD. KOMURO

98

INFORMATION RETRIEVAL NUMBER 53

ELECTRONIC DESIGN 4, February 15, 1974




W

A \\\\\\\ < Y \\V \\\ RS
N = s
y \\:\ ~ B ?\\‘\ o SN
. A
. NNNNN a O /// IR -
X Yo, /// S p
73 REERLS ;3
MW 2 ~ X £ 4
“w\ 7 S - % e =
L P TR /| = 5 AN WA AN WS
W 3 V/ Y = E 3 _'- =5 : N
& Py S BB 2SF = : FEET R e e e e
W Y 3 < = = = SETETETE e A A= =
a \‘
; <)
MU
‘ N =T
15 4 < - o> o
o T b o s ”
= 4 = - =
—;-__ l 2 SN [ Z P TANS
“al l £ e e = 5
4 i 8 -.0 TR
o = T s
R = = LN -
3 - 2
e % . , ;3 5
ELECTRONIC FXPT e Rl b & P
COMPONENTS 7’< = B Poocccs &l - e ta + HF A
— ‘-":————_'

"lll .|IIH“ = 2 . _ A =Y 2 z

/“-' SN
We all specialize

=together

TRMW/. caracitors TRW/ consumer INTERNATIONAL TRMW. irc resisTors
TRW/. cincH connvecTors TRW cLo8e moTors TRMW, semuconoucrors
TRW/,.cincH-GraPHIK TRW HowyokEe WIRE & CABLE TRMW surermeT PrODUCTS
TRW. cincH-monapnock TRMW irc roTENTIOMETERS TRW. urc TransFormERS
We are the Electronic Components Divisions of TRW Inc. Individually we specialize; together we build.
Each of us specializes in a particular area of manufac- And what we have built is a source for whatever you
turing, making over 300 different kinds of electronic need in the way of electronic components. Either we
components. already make it, or we can make it. High-technology or
But for all our specialization, we are still part of a high-volume—or both. Among our specialties, we cover
single entity. We all follow the same basic TRW plans, the field. So, as a group, you might say our real specialty
operate under the same TRW standards of quality, relia- is...serving your needs.
bility and service. Because we are TRW.

TRW/ eLecTroNIC COMPONENTS

10880 Wilshire Boulevard, Los Angeles, CA 90024
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CHALLENGES TO THE ENGINEER WHO MANAGES

Stop second-guessing on projects. First
thoughts can save time and labor, manager finds. Here's how
he applies the principle of concurrent design and manufacture.

I remember reading somewhere that none is
more liable to mistakes than he who acts only on
‘second thoughts. I think of that whenever I use
the principle of concurrent design and manu-
facture to help me manage my projects, because
with it, the engineers’ first thoughts are the ones
that count.

What do I mean by ‘“concurrent” ? Simply that
we design and manufacture parts for the same
project simultaneously. The idea is to send a
design drawing to manufacturing rather than a
prototype. This means that we can package a job
about as fast as it can be conceived. It also means
that the designer has to think fast and make few
mistakes.

There are a few disadvantages to this ap-
proach, but the advantages far outweigh them.
Before I tell you about those, though, I'll illus-
trate how the principle of concurrency works.

Accent is on design and development

Most companies, when faced with producing a
product in a hurry, design it, build it, test it and
then render production drawings of it. Our ap-
proach is to render a set of production drawings
first and then test the concept. We're committed
to design and development, not research and de-
velopment. We're not looking for new principles;
we're looking to apply known principles—and as
rapidly as possible. To do that, we have to get all
the needed information on the drawings on the
first go-around.

Job security here is not based on the knowl-
edge that we have; it’s based on the ability to
transmit our knowledge of a job to paper quick-
ly, so that we’re physically free to work on the
next job. We do packaging and manufacture
complex electronic controls, computer interfaces
and unattended common-carrier interfaces with
command signals coming off teletypewriters.

Even though we vary our system concepts
from design to design, we use pretty much the

L. J. Seiden, Manager, Engineering, T-Bar, Inc., Wilton,
Conn. 06897
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L. J. Seiden

“The biggest ad-
vantage of this ap-
proach is that we
can package a job
about as fast as it
can be conceived.”

Education: B.E.E. and M.E.E., City College
of New York.

Responsibility : Directs engineering for both
T-Bar’s Systems and Components Divisions,
and responsible for the engineering of new
products for the computer, communications
and industrial markets.

Experience: Management and engineering
positions with AMF, Inc., Springdale, Conn.,
and Grumman Aircraft Engineering Corp.,
Bethpage, N.Y., in controls and communica-

same basic design drawings for most of our
standard black boxes. When a different design is
required during the manufacturing process, we
get it down on paper. We can’t just file it away
in our heads, because then we’ll be tied to that
job every time it comes in.

It’s like writing final manuals before the job
is finished. Any company, no matter what its
size, can use this principle, provided the project
is not too large—say, under the scope of reason
of one or two men.

One project on which we used the concurrency
principle used six racks of our switching equip-
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““The idea behind the principle of
concurrency is to send a design
drawing to manufacturing rather
than a prototype.”

tions; over 15 years in R&D engineering of
electromechanical systems. Specialized ex-
perience in engineering supervision and sys-
tems analysis.

Publication: “Some Basic Pulse and Sequen-
tial Circuits,” Electromechanical Design,
January, 1966.

Personal: Married, two daughters; hobby:
scuba diving.

Employer: Founded in 1960 as Electronic

S SRS R e | <

“The biggest disadvantage is that
we need people who've worked with
our hardware and who know where
to leave room for changes.”

Controls Inc., T-Bar designs and manufac-
tures high-density, multicontact switches,
relays and switching systems. T-Bar prod-
ucts are marketed individually as compo-
nents and as systems for interfacing com-
munications and computer equipment. The
company changed its name in 1971 to re-
flect its increased emphasis on switching
products and systems. Today more than
1000 companies use the patented switches
that are available in more than 600 different
models.

ment with a computer-controlled interface—a
sizable job. After we had agreed on what the
system was supposed to do, we designed the in-
terfaces, the control circuits and the common
packages simultaneously.

If we hadn’t worked on the packaging and the
circuitry at the same time, we would have had to
design 21 unique packages. So we picked a con-
cept of packaging that would allow repetition in
wiring. We drew three or four circuit schematics
and one or two sketches of the packages. We
ended up with a half dozen individual packages
instead of 21 different types. That required us

ELECTRONIC DESIGN 4, February 15, 1974

to do a lot of cross-wiring, but because of our
packaging concept, we were able to design the
assembly at the same time, and the first package
was finished within a week.

Why a prototype project takes longer

Compared with a prototype project, the concur-
rency project cuts lead time by about one-third,
and shorter lead time means reduced labor and
material costs. A prototype project takes longer
because when engineers design a product and
build it as they go along, each designer makes a
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little improvement in the product, because he’s a
little smarter when he has the hardware in hand.
These little improvements come at a cost in mate-
rials and time. Since prototype designers don’t
have to think as far ahead as they would on a
concurrent project, they don’t.

Then, too, when the next design in line comes
to them, they don’t know how it fits into the
finished product until it’s all assembled. And
when they finally do put it all together, they
have to reassemble and disassemble the product
to rework or rewire it. Before the project is
finished, the product gets taken apart and put
together quite a few times. Sometimes the prod-
uct is even scrapped.

With the concurrent approach, we design the
entire unit at the start as best we can, based on
our experience. Less rework is required. We end
up with some minor bugs, but we don’t end up
scrapping the product. We've pre-thought out
the problems, and we’ve made a lot of generaliz-
ed ground rules that we've decided to live with.
They may not always be the best rules, but
they’re adequate, and we get the job out in a
hurry.

Another drawback of the prototype approach
is that the over-all time of the project is based
on an initial design concept. The engineer orders
some parts and waits for them to come in. While
he’s waiting, he’s working on something else, but
he has lost time. When he picks it up again to
put it together, it always takes him time to get
the job back in mind.

With the concurrent approach we don’t work
with hardware, so we need people who can ‘“‘see”
hardware and work with it in their mind’s eye.
While we’re putting out drawings, we’re putting
out parts lists. The first part that has to be
listed is the one we think is going to take the
longest to get. The second priority for getting
parts out is in the order they’re needed for
standard manufacturing cycles.

Concurrency helps stamp out assumptions

One big advantage of the concurrency ap-
proach is that it forces you to organize the job
fast and efficiently and cuts down on your engi-
neering assumptions. When a job comes in, the
first thing we do is to make sure that we’ve got
the interfaces specified, that we’'ve got a good
clear reading on the desired operation and that
we know what the specifications are. With this
information in hand at the front end of the
project, we don’t have to make too many engi-
neering assumptions. I'’ve had jobs where I piled
up assumptions because I felt I had time to re-
view them later. Not until the review did I find
out that some early assumptions were wrong.
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Another advantage of concurrency is knowing
where you can leave room for error. Here, I de-
sign the product on paper and send it to the
customer for review and discussion as quickly as
possible. Together we define the items that are
critical for him. Those items will control me; the
other items I’ll be able to control myself.

One of the disadvantages to making this sys-
tem work is that you need people who have
worked with your hardware, who can plan and
discuss ideas, who can draw on their experience
fast and who know where to leave room for
changes. The manager has to know the strongest
point of each engineer to make sure that he’s
matching up strong points for the job at hand.
Most managers try to work that way, but if
they’re assigned a prototype project, they end up
having to use whoever is available. Using the
concurrency method you can get the right people
at the right spots. -

Better packaging through concurrency

In engineering, for example, you have to have
a guy who is able to decide what parts are going
to need clarification on the assembly line. And
this is where his mind’s eye comes into play. He
must know in advance whether the product should
be laid out and assembled on the production line
or whether it should be assembled piecemeal,
segment to segment.

With the prototype approach you can tell pro-
duction people, “Yeah, you can run this item off
the same as the last job.” But with the concur-
rency approach, the information on the draw-
ings has to be clear enough for the product to be
made on the shop line. The size at which the
wire is cut is important to us. If the cut is too
long, we end up with loops, which will give us
signal problems with our high-density switches.
So we have to plan early to isolate the wires.

With the concurrency approach. you have to
think the project through in hours instead of
days; you also have to look at everything from
the physical standpoint instead of the circuit
standpoint. The result is a clearer picture earlier
of the physical aspects of the job.

The approach hasn’t made it any easier for us
to modify standard box designs for communica-
tion switches. But it has given us an opportunity
to create new packaging concepts.

Not only are we creating the special product
for the customer in the shortest time, but by
thinking ahead, we can see what we can use on
other jobs. The packaging aspect is usually the
last thing considered after the design is finished.
But we have to think about it in the beginning,
and this has helped us come up with totally new
packaging concepts. mm
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New options & accessories

High

current

10A cont.
20A
momentarily

Low ohms
2 and 209,
0.0012

resolution

Carrying
cases

Fluke adds MEASURE
POWER

Recharge -
able
battery
pack

Clamp on
AC current
probe,

2 to 600A

High
voltage
probe,

1kV to 40kV

Digital
printer
output

Options and accessories already available

. digit DMIM.

The best sellin

Now even better

More new options & accessories. New AC/DC high cur-
rent option lets you measure 10 Amps continuously or up
to 20 Amps momentarily. New low ohms capability with
2 and 20 ohms full scale ranges provides maximum reso-
lution of 0.001 ohms. New RF measurement capability
available with low cost probe.

The Fluke 8000A Digital Multimeter brought a new stand-
ard of excellence and reliability to the low cost field.
Today, with expanded capability, the 8000A brings that
standard to even more of your measurement applica-
tions.

And don’tforget what you get in the standard instrument.

With or without options and extras, the Fluke 8000A is
the best digital multimeter for the money. You get a basic

dc accuracy of 0.1%. You get 26 ranges to measure ac/
dc volts from 100 microvolts to 1200 volts, current from
100 nanoamperes to 2 amperes and resistance from 100
milliohms to 20 megohms.

We back the instrument with a guaranteed 20,000 hour
Mean Time Between Failures. We expect you’ll get
56,000 hours service . . . roughly the equivalent of 15
years everyday use.

Or the options already offered.

The option list includes in addition to those described
above, a rechargeable battery pack, digital printer out-
put, deluxe test leads, 40 kV high voltage probe, 600
ampere ac current probe, two types of carrying cases,
dust cover and rack mounts.

For data out today, dial our toll-free hotline, 800-426-0361

In the continental U.S., dial our toll free number 800-426-0361 for the name and address of your nearest local
source. Abroad and in Canada, call or write the office nearest you listed below, John Fluke Mfg. Co., Inc., P.O.
Box 7428, Seattle, Washington 98133. Phone (206) 774-2211. TWX: 910-449-2850. In Europe, address Fluke Neder-
land (B.V.), P.O. Box 5053, Tilburg, The Netherlands. Phone 013-67-3973. Telex: 844-52237. In the U.K., address

FLUKE

Fluke International Corp., Garnett Close, Watford, WD2 4TT. Phone, Watford, 33066. Telex: 934583. In Canada,

address ACA, Ltd., 6427 Northam Drive, Mississauga, Ontario. Phone 416-678-1500, TWX: 610-492-2119.
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“But it started out
a disaster”

“Management yelled. ‘You
mean you want to jam metal
contacts into the plated
through-holes in our multi-
layer boards?’ | said sure, if
it cuts our costs from 8-10¢
per wrapped connection
down to 4-5¢ by using
Cannon Press-T-Mate that
eliminates wrapping.

“Naturally someone

brought up soldering instead.

| cut him down fast, by just
pointing out soldering’s
disadvantages versus the
interference fit of Press-T-
Mate connectors. And that's
all there is to it.

“You see, | showed him,
with Press-T-Mate, contacts

“And it really cuts costs on

“GANNON’S
PRESS-I-MATE
CONNECTORS
GOT US
CONNECTIONS AT

HALF THE COST,

and me
congratulations
all around.’

are pressed into the plated
through-holes of the mother-
board, making contact in
any number of planes.

Then the insulator is pressed
on over the contacts, and
forms an integral edgecard

our cost and improve our
reliability.

“They caved in, Cannon
came through on time, in
budget; and | accepted
congratulations all around.
It's a good feeling. And you

connector. can share it by writing for
‘Secrets of Connector

“Simple. s‘",if“bh- Success: It's a sort of the

Secure” ‘how to’ book for ‘can do’

guys like us’

ITT Cannon Electric,
International Telephone and
Telegraph Corporation,
666 East Dyer Road,

Santa Ana, CA 92702.
(714) 557-4700.

“From ‘how to’ to
‘ean do’ free”

the big jobs — disk drives,
central processors, com-
munications controllers and
the like. | knew | had them
thinking, so | clinched it by
saying that Cannon can do
a lot more.

“Their zero-force rectang-
ular DL and universal
Burgun-D connectors can
handle all I/O connections
between computer and
peripherals, too. That'll cut

CANNON ITT
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If you've been looking for aminiature
crystal-controlled clock oscillator

- ina 4 pin DIP package to fit standard
PC board sockets, stop looking and
start ordering. Get details on model
K1091A from Motorola Component
Products Dept. 2553 No. Edgington
Franklin Park, Iil. 60131 (M) moToROLA
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(ideas for design )

Circuit converts unipolar digital data
to alternate-mark inverse format

Alternate-mark inverse signals, used for the
transmission of data over limited-bandwidth
channels, can be generated from unipolar TTL
data with three NAND gates and a single flip-
flop (Fig. 1).

The circuit sifts out alternate ONEs in the
incoming bit stream. The Q-Qr line furnishes
negative-going pulses for the alternate ONEs;
the Q:Qr line furnishes positive pulses for the
remaining ONEs. Transistor Q, conducts, to pro-
vide a 5-V output when Q-Qr is low; Q. conducts
to give a —5-V output when Q-Qr is high.

The logic circuits prevent simultaneous con-
ductance of Q, and Q., since the condition Q- Qr
— 0 and Q-Qr = 1 cannot occur. The output is
ZERO when Q-Qr = 1 and Q-Qr = 0—for which
case both transistors are cut off.

M. V. Subba Rao and Surinder Singh, Central
Electronics Engineering Research Institute, Pi-
lan (Rajasthan), India 333031. CIRCLE No. 311
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If you need

~ d tester
with special
scales, ranges,
accessories

or any
combination...

Buy a
Triplett tester
custom-designed
for you

Triplett, manufacturer of the
World's most complete line of
V-O-M's, is ready, willing and
able to design and manufacture
special testers of virtually any
size, style or type to meet your
specifications.

Tester A (above) was designed
to give auto mechanics a simple,
rugged tester for ‘go/no go”
tests that would otherwise be
measured in electrical units
unfamiliar to them.

Tester B is a modification of a

ELECTRONIC DESIGN 4, February 15, 1974

TESTER
IGNITION CABLE

BATTERY
ADJuUsY

C

standard Triplett tester incorpo-
rating only the specific ranges
needed by the field service engi-
neers for whom it was designed.

Tester C has special ranges and
special input connectors and
cables to permit a single-point
connection for trouble-shooting
and servicing all the circuits of a
complex business machine.

Several other buyers of standard
Triplett test equipment request
their company name on the dial
to personalize their testers.

INFORMATION RETRIEVAL NUMBER 57

D.C. VOLTS

T raeLerr

If you think a custom tester may
solve some problems for you,
contact your Triplett representa-
tive. He'll put you in touch with
the Tester Designers and Engi-
neers at Triplett who'll help you
analyze the problem and sug-
gest the optimum cost/result
solution. Triplett Corporation,
Bluffton, Ohio 45817

mTRIPLETT

BLUFFTON, OHIO 45817

Manufacturer f the World's

vV-O },;“ S

most complete line of
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Character-generation circuit uses single
Y-axis scope input to display alphanumerics

A line of alphanumeric information can be dis-
played by use of a simple character generator at-
tached to the Y axis of a scope. The scope’s in-
ternal sweep supplies the horizontal deflection.

The periodic discharge of a capacitor in an RC
circuit generates the raster, and a modified dot
matrix forms the characters (Fig. 1). The cir-
cuit blanks the display by rapid deflection of the
scanning dot to the top of the screen. The in-
tensity of the resulting trace is practically in-
visible to the observer, yet it leaves the neces-
sary blanks for character formation.

The raster-blanking circuit is connected to the
display-control system (Fig. 2). Capacitor C
charges linearly over the first third of time-
constant RC. The time constant is selected so that

RE )

SR
During the charging period the voltage across
the capacitor attains the value
NG
5 (2)
The components shown provide an acceptable
level of display flicker and a display time of ap-
proximately 1 ms/character.

Inputs from the row counter provide the con-
dition for retrace of a single scan. Each charac-
ter requires six scans—five are used for the char-
acter, and the sixth for a space.

Signals generated by the row counter shift

V, =V (1—e'/?) =

ROW COUNTER
A\

blanking signals for all columns in parallel fash-
ion from the ROM. The multiplexer, SN74151,
uses the column-counter output for the address
signals to select the proper display column. The
ROM, addressed by the refresh memory, can
generate any of 64 ASCII characters. The mem-
ory contains addresses for display of up to 32
characters.
Gary Steinbaugh, Engineer, Westinghouse Re-
search Laboratory, Pittsburgh, Pa. 15235.
CIRCLE No. 312

CHARACTER
SINGLE SCAN (SIX SCANS)
Vet L Vo7
6 8
5 5
a 4
3 3
2 2
i |
RN (e > A
1 48 __I
—_— - = '——
feLock ..I._ B o cLock |
feLock

1. Series of six vertical scans provides the raster
for character generation. Blank portions of the
character are formed by deflection of the CRT spot
off the scope face.

\ COLUMN COUNTER

SN7473
- QpF— - Ql—
50 Khe c =2 p—Cc =2 ¢—c <2 aq cC +6
CLOCK A gt o g
Q Q T Q Q, 03
[ e ot o o e e e e =l
QVee
| |
| |
| > |
| b % b3 |
| <10k 210k |
SN7416
! b 29 |
l ‘—oq—o—
' |
l'axis 2
i o
| ==, |
2
: T 6047 £y .
= MF :(] |
: BLANKING | = INEJY
L ADJUST BLANK RESH
TrailiS -l SN74151 ROM MEMORY [——
Nt S L eIy b e b Ve ] TMS250]I T o s
BLANKING -DEFLECTION  CIRCUIT £
COLUMN 64 CHARACTER 32 CHAR.
SELECT ALPHABET CAPACITY

2. This circuit generates the vertical scans and
blanking to form the alphanumeric characters.
Auxiliary devices store the 64-character alphabet
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(ROM). The over-all system displays a full alpha-
numeric line when connected to the vertical input
of a scope.
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5 VOLTS +15 VOLTS
OUTPUT OUTPUT
CURRENT SIZE CURRENT SIZE
AMPS INCHES PRICE MODEL AMPS INCHES PRICE MODEL

DB15-10
DB15-15
DB15-20
TD15-40
TD15-100
TD15-160
TD15-250
TD15-450
TD15-850

SEB50
SEB100
SEB200
S5EB250
A5MT510
A5MT900
A5MT1200
A5HT2200
A5HT3200

Line/Load Regulation: ==.1% or better; Ripple: 1.5 mv or less; Input: 105-125 VAC

Three day shipment guaranteed. Complete details on these plus a comprehensive line of other
power supplies and systems are included in the Acopian 73-74 catalog. Request a copy.
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/.4@(@;@1/@1//2 Corp., Easton, Pa. 18042. Telephone: (215) 258-5441.
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IDEAS FOR DESIGN

Multiplexer lets single-channel scope
monitor eight analog signals

A single-beam oscilloscope can monitor eight
analog signal channels with the aid of a counter
and an analog multiplexer. The individual chan-
nels are sampled at a specific clock rate. A dc
bias, whose value varies in synchronism with the
clock, displaces the successive sweeps.

A three-bit scaler, IC,, addresses the multi-
plexer, which acts as an eight-position switch.
The scaler also feeds the op amp, IC,, which func-
tions as a three-bit d/a converter. The resultant
step signal to the input of IC, fixes the dc level
for each signal input to be displayed.

For a continuous display, set the sweep period
to be less than that of the clock period.

The maximum signal input is 10 V, but use of
signals below 1 V prevents overlap of the traces.
The diode pairs connected to each signal line pre-
vent multiplexer damage in the event of large
voltage spikes.

Crosstalk is —34 dB at 20 kHz. Use of a pad-
ding capacitor across R; provides an upper 3-dB
point of 150 kHz.

R. J. Donato and R. G. Diment, National Re-
search Council of Canada, Div. of Building Re-
search, Ottawa, Canada K1A OR6.

CIirCLE No. 313

IFD Winner of October 11, 1973

Lewis Counts, Manager, Analog Engineering,
Analog Devices, Route 1 Industrial Park, P.O.
Box 280, Norwood, Mass. 02062. His idea “Make
a true rms-to-dc converter, using only one IC
multiplier and an op amp” has been voted the
Most Valuable of Issue Award.

Vote for the Best Idea in this issue by circling
the number for your selection on the Informa-
tion Retrieval Card at the back of 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 freedom from patent infringement.
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Dialight
sees a heed:

(Need: The right switch for the right price.)

See Dialight.

For the switch buyer, choice of function and esthetics, re- - gized...one that's white when “off’ and red, green, amber,
liability, ease of mounting, and low cost are his prime con- blue or light yellow when ‘‘on'"...or colored both ‘‘on’ and
cerns. He may need a pushbut switch for panel, sub-panel 0 ; “off.”” He may need a highly reliable switch proven in th

or snap-in mounting. He may d a choice of bezels with or sands of installations. Matching indicators with same front-
without barriers in black, gray, dark gray or white. He may | i B of-panel appearance are also available. Obtainable from our
need a legend that's positive, negative, or hidden until ener- ¥ world-wide distributor network.

The cap has ametal
insert designed for
proper heat dissi
pation. Cap is illu-
minated by a T-1 34
incandescent lamp
in voltage range
to 28V. Lamp can
be easily replaced
without special
tools from front of
panel.

Bezels available in
black, gray, dark
gray or white and
inround, square
or rectangular
shapes.

Fingertip grip sim-
plifies insertion or
replacement of
pushbutton cap.

More than 12 colors
available in round,
square, or rectangular \
shapes in six basic

sizes—1%" to 11" \
Choice of engraved,
hot amped or re
placeable film legends
with positive or ne
tive presentations

Stainless-steel clips lock
switch into panel on four
sides. No tools or addi-
tional hardware required
for installing. Panel
mounting switches come
with required hardware
for panel or sub-panel
mounting.

Available with or without
bezels. Bezel allows for sim-
ple snap-in mounting. With
bezel, switch can be
d for panel or sub-panel
mounting.

Alternate, momentary, and snap-action con
tacts with ratings to 5 amps. All switch con
tacts are gold plated for high reliability.
Normally open, normally closed, and two-
circuit (one N.O., and one N.C.). Totally en-
closed within anodized aluminum housing.
Low level and D.P.D.T. snap action, and con
tactless solid state switches also available.

Terminals are gold plated for oxidized free
solderability, and come in choice of solder
blade or pc terminations

NOW LISTED IN UNDERWRITER'S

DIALIGHT

Dialight Corporation, A North American Philips Company « 60 Stewart Avenue, Brooklyn, N.Y. 11237 (212) 497-7600




international
technology

Pulse-delay circuit allows
study of rotating parts

A pulse-delay circuit has been
developed to overcome the limita-
tions of conventional stroboscopy at
the National Gas Turbine Estab-
lishment in Pyestock, England. The
circuit allows selected parts of a
rotating component under study to
be “stopped” and “rotated” slowly
for examination.

The need arose during observa-
tions of ice buildup on the turbine
blades of an aircraft engine oper-
ating in simulated very-high-alti-
tude conditions. A closed-circuit
television camera was set up to
view the leading edge of a single
blade, and ice formation was ob-
served on a monitor in a remote-
control room. This procedure
proved time-consuming because the
unmodified strobe system allowed
only one blade to be studied in each
test run. The camera and lighting
had to be repositioned to change
the view, and this could be done
only by shutting down the test cell.

The pulse-delay circuit varies
‘the timing of the flash relative to
a reference pulse generated by the
rotating machinery that is being
viewed. A pulse is taken from a
reference point on the periphery
of the fan of the engine under test.
It is then fed into a delay unit,
where it is delayed by a time
equal to the rotational time differ-
ence between the reference point
and the blade to be viewed. Any of
the blades can be selected by vary-
ing the delay.

VARIABLE
CURRENT
GENERATOR
LEVEL-
BISTABLE b| SENSITIVE PULSE
FLIP-FLOP SWITCH SWITCH  AMPLIFIER
Al e E
i
c T~
RI
INPUT
o $ O
OUTPUT:

Pulse-delay circuit aids stroboscopic
observation of parts.

A bistable flip-flop circuit (A in
diagram) comes on to operate
switch B and short out capacitor C.
An input pulse switches A to its
second state, turning off the
switch and allowing the capacitor
to charge linearly from a variable
current generator, D.

A level-sensitive switch, E,
closes when the capacitor voltage
reaches a set level, and this pro-
duces a pulse across R,. This pulse
is delayed from the input pulse by
the time taken for the capacitor to
charge to the set level, and is am-
plified to produce a large pulse at
the output terminal. It is also used
to switch A back to its original
state. The cycle is repeated by the
next input pulse.

The prototype equipment pro-
vides a delay variable between 400
ms and 50 ms in two ranges.

Monolithic IC systems
control SCRs or triacs

Two monolithic integrated cir-
cuits—each of which acts as a com-
plete control system for SCRs or
triacs—are being offered through
SGS-ATES Ltd. in England.

One IC, the L120, is intended for
use as a phase controller in indus-
trial and consumer applications.
The firing angle of the SCR or
triac can be varied continuously
and linearly between 0 and 180 C.
The output pulses have the same
polarity as the ac power line.

The other device, L1121, is for use
as a burst controller. Its action
determines the number of half cy-
cles of output power to be trans-
ferred to the load in a set base
period. The duty cycle in each base
period can be varied from 0 to
1009%. The firing pulses produced
have the same polarity as the ac
power line,

Both devices operate directly
from ac power lines or a dc supply.
They are available in 16-pin, dual
in-line plastic packages and operate
from 0 to 70 C.

CIRCLE NO. 501

Dual-reflector antenna
solves feedhorn flaws

A new dual-reflector antenna
eliminates some of the disadvan-
tages of coma effects, high side-
lobes and small bandwidths in off-
set-feedhorn systems. Developed as
a multibeam system for satellite
communication, the antenna focuses
an inclined incident plane wave to
a point away from the axis of sym-
metry of the reflector.

The design, drawn up at the
University of London in England,
is a modification of a concept used
for a dielectric bifocal lens. Both
reflectors are fixed, but the feed
is movable.

Pyrometer measures heat above 600 C

An automatic pyrometer—appar-
ently with no upper limit to tem-
perature measurement-—has been
built at the University of Salford
in England. The device uses a sili-
con-germanium heterojunction . de-
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tector of n-type material.

Because the slope of hetero-
junction-detector spectral response
to black-body radiation changes
from positive to negative at high
temperature, a given dc bias exists

for any temperature at which there
is no photo response. At present
the minimum temperature measur-
able is 600 C, but lower tempera-
tures can be taken by cooling the
device.

ELECTRONIC DESIGN 4, February 15, 1974



Centralab

PEK- - HEIWES

The engineering data
in this 40 page catalog
makes it indispendable.

Performance curves, dimensional drawings and EIA
specifications make it a virtual handbook on a complete
line of standard capacitors and ceramic substrates
available from Centralab Distributors.

raditionally, distributor cat-
alogs have consisted of con-
densed product descriptions
and catalog listings. They’ve sel-
dom provided the engineer with all
of the information he would like
to have in specifying the exact
component to fit his particular
application.
That’s why engineers will find
the new Distributor Catalog on

Centralab’s complete line of elec-
tro-ceramic products such a radi-
cal and welcome departure. It not
only provides all the product spec-
ifications needed on capacitors and
ceramic substrates, but includes
comprehensive technical data such
as performance curves, test speci-
fications and dimensional draw-
ings. It’s a real aid in the proper
selection of the right component
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CENTRALAB
CAPACITORS

: CERAMIC
) SUBSTRATES
-

DISTRIBUTOR CATALOG
SERIES No. 101

to meet specific application re-
quirements.

There are 535 new items alone
in this catalog. They include alu-
mina substrates, now available in
10 standard sizes from Centralab
Distributors. The broad line of ca-
pacitors include ceramic discs, new
monolithics — chips, axial and ra-
dial lead—aluminum electrolytics,
polystyrenes and special applica-
tion ceramics including RF, feed-
thru and high voltage. Four ca-
pacitor kits are also described.

Off-the-shelf availability of the
standard products in this catalog
make it an indispensable specifi-
cation tool. You can get your copy
from your nearest Centralab Dis-
tributor. Ask for Catalog 101. Or
write Centralab Distributor Prod-
ucts, Dept. C-1.

This new Distributor Catalog is graph-
ically simplified and color keyed to
make selection of individual require-
ments easier than ever before.



P«B low-profile R50 Relays
let you tee off
on critical printed circuit board
spacing problems.

New low profile R50 relays with 0.1”
grid spacing are designed for
switching currents where larger re-
lays are usually required. Up to 2
amps @ 26 VDC or 1 amp @ 115
VAC, resistive.

While retaining a small package
size—0.415" height—some R50 op-
erating parameters exceed those of
reeds. Special 1 Form C contacts,
for example, will switch capacitive
or lamp loads that normally would
weld reed relay contacts.

Additional features include con-
tact resistance of less than 50 milli-
ohms, sensitivity to 125 mw, and

standard coil voltages from 6 to 115
VDC with operate and release times
of less than 6 ms.

Enclosures are ultrasonically
welded to their base making them
ideal for use with production tech-
niques requiring flow soldering and
spray cleaning.

R50 relays can be used in most
applications demanding high density
packaging such as 0.6” center to
center spacing of printed circuit
cards. Other applications include:
Annunciator circuits thatonly require
a single contact and limited mount-
ing space for switching device . . .

communication systems such as in-
tercoms, modems, auxiliary tape de-
vices, interfacing systems and read
out devices . . . machine tool control
circuits.

For complete information, contact
your local P&B representative or call
Potter & Brumfield Division of AMF
Incorporated, Princeton, Indiana
47670. Telephone: 812 385 5251.

AMF

Potter & Brumfield

Solving switching problems is what we’re all about.
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(new products)

3-1/2-digit a/d chip set
shrinks converter designs

Siliconiz Inc., 2201 Laurelwood
Rd., Santa Clara, Calif. 95054%.
(408) 246-8000. P&A: See below.
The first available two-chip set
for 3-1/2 digit a/d converter de-
signs—the Siliconix LD 110 digital
IC and LD 111 analog IC—sets the
pace for accuracy with a spec of
0.06% of reading =1 digit. The
only other available integrated
3-1/2-digit converter—the Inte-
grated Photomatrix MC904/P—
contains the necessary analog and
digital circuitry on a single PMOS
chip but has the lower accuracy of
0.1% of reading *1 digit. '
Both converters have voltage
ranges of 1.999 V and 199.9 mV
and do the job of an array of IC
packages at a corresponding re-
duction in cost. The Integrated

ELECTRONIC DESIGN 4, February 15, 1974
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Photomatrix chip offers the con-
venience of a single package and a
lower price. The MC904/P comes
in a 28-pin DIP and cost $15 (1 to
999). Delivery is 4 to 6 weeks. The
Siliconix chips come in 16-pin
DIPs and cost $28.60 per set (100
to 999). They are available from
stock.

Both converters require an ex-
ternal clock, feature auto-polarity
and obtain the two voltage ranges
with an external scaling resistor.
But the MC904/P needs both posi-
tive and negative reference sup-
plies whereas the Siliconix chip set
needs only one.

Capacitors for stabilization and
offset correction are required when
the Integrated Photomatrix chip is
used. Also, an offset adjustment is

required with use of the 200-mV
scale. The Siliconix chip set has
auto-zero and uses internally com-
pensated amplifiers.

The LD 111 analog circuit oper-
ates from +12 and —12-V sup-
plies, and the LD 110 from 5 and
—12 V. Each has a maximum
power rating of 750 mW. The
MC904/P operates from =*=14-V
supplies and lists a maximum dis-
sipation of 280 mW.

The LD 111 contains a bipolar
comparator, bipolar integrating
amplifier, two MOSFET input
unity-gain amplifiers and p-channel
enhancement-mode analog switch-
es. In addition the IC includes the
necessary level shifting drivers
for the direct interface of the two
chips. Also the analog circuit per-
mits the use of conversion rates of
1/3 to 12 samples per second. The
input amplifiers provide input im-
pedances that exceed 1000 MQ.

The LD 110 circuit, a PMOS
synchronous digital processor, in-
cludes the counting, storage and
data multiplexing functions. It also
contains the random logic to con-
trol the conversion circuitry on
the analog chip.

Seventeen static latches store
the 3-1/2-digit BCD data, as well
as overrange, underrange and po-
larity information. Nine push-pull
output buffers can drive one TTL
load each. The buffers provide the
sign, digit strobe and multiplexed
BCD data outputs.

The digit scan is an interlaced
format of digits 1, 3, 2 and 4, per-
mitting the use of a variety of
displays. The overrange and under-
range signals are accessible to pro-
vide an auto-range capability.

The Siliconix chip set uses a
quantized charge-balancing tech-
nique in the analog portion to per-
form the conversion. Unlike the
more common dual-slope technique
that the Integrated Photomatrix
chip uses, the input signal and ref-
erence are sampled during the
same time interval. An integrating
capacitor is charged in quantized
steps of up to seven out of eight
clock-pulse intervals. The charge is
depleted in the same interval in-
stead of following the charge-up,
as in dual slope.

For Integrated

Photomatrix CIRCLE NO. 250

For Siliconix CIRCLE NO. 251

115



Efficiency
Experts

AN

Built to save energy —modular STM switching-transistor power
supplies from Sorensen. Exceptional power density and efficiency. Up
to 1.5 watts per cu. in., and up to 75% efficiency in half the space of
comparable competitive units. 40 models offer outputs from 72 to 780

watts (3 to 56 volts) —all with these features: cool running . . . excellent
performance characteristics . . . built-in overvoltage protection . . . quiet
operation ... adjustable current limiting. For complete data, contact the

Marketing Manager at Sorensen Company, a unit of Raytheon Company,

Manchester, N.H. (603) 668-4500.

Representative Specifications—STM

Regulation -
(comb. line & load) 0.05%
- rms: 3to 10 mv.
Ripple (PARD) p-p: 30 mv. typ.; 50 mv. worst case
Module Size Price
1] 5.12"x3.31”x9.50" $240-270
Module Sizes A 5.12%x 3.31"x 14" $300-330
& Prices IVA 7.5"x4.94"x10.5" $475-495
Vi 75"x494"x 14" $600-650

SOI’EII Sein

POWER SUPPLIES

INFORMATION RETRIEVAL NUMBER 62
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IC generates
polynomials

Motorola, P.O. Box 20924, Phoenizx,
Ariz. 85036. (602) 244-3466. $22
(25-99); stock.

A 160-gate bipolar LSI circuit—
the MCR8503 universal polynomial
generator—can be used for error
detection in serial data-handling
systems. The circuit divides the se-
rial data stream by a selected poly-
nomial, and the division remainder
is transmitted at the end of the
data stream as a Cyclic Redund-
ancy Check Character. Polynomials
are selected with a binary select
code and include terms raised to
the sixteenth power. Fully com-
patible with TTL, the MC8503 fea-
tures both read forward and read
backward and has a power dissipa-
tion of 400 mW or only 2.5 mW
per gate. Typical data rates are 5
MHz. The MC8503 is available in
a 14-pin dual-in-line plastic pack-
age for the 0-to-70-C temperature
range.

CIRCLE NO. 253

ECL multiplexers speed
data processing

Signetics, 811 E. Arques Ave.,
Sunnyvale, Calif. 94086. (408) 739-
7700. 10132F and 10134F: $4.80
(100).

Two dual clocked D-type latch
circuits feature a 2-to-1 data multi-
plexing capability. The model
10132 has a reset feature, while
the model 10134 permits independ-
ent selection. The ICs have low
typical propagation delay times:
2.5 ns for data, 3.7 ns for select,
3.0 ns for reset in the 10132 and
4.0 ns for clock. Typical power
dissipation is only 225 mW per
package with no load. Both devices
can drive 50-Q lines.

INQUIRE DIRECT

ELECTRONIC DESIGN 4, February 15, 1974



““scotchflex”

Flat Cable
Connector System
makes 50 connections

““SCOTCHFLEX’’ IS A REGISTERED TRADEMARK OF 3M CO.

Build assembly cost savings into your
electronics package with “Scotchflex’ flat
cable and connectors. These fast, simple
systems make simultaneous multiple
connections in seconds without stripping or
soldering. Equipment investment is minimal;
there's no need for special training. The
inexpensive assembly press, shown above,
crimps connections tightly, operates

easily and assures error free wiring.

Reliability is built in, too, with “Scotchflex”
interconnects. Inside of connector bodies,
unique U-contacts strip through flat cable
insulation, grip each conductor for
dependable gas-tight connections.

“Scotchflex’” offers you design freedom,

with a wide choice of cable and connectors.
From off-the-shelf stock you can choose:

14 to 50-conductor cables. Connectors to
interface with standard DIP sockets, wrap posts
on standard grid patterns, printed circuit boards.
Headers for de-pluggable connection between
cable jumpers and PCB. Custom assemblies

are also available on request.

For more information, write Dept. EAH-1,
3M Center, St. Paul, Minn. 55101.

“Scotchflex?’ Your
systems approach
to cicuitry.

INFORMATION RETRIEVAL NUMBER 63
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The new 420L
offers everything
but the pedestal
you'll want to
put it on.

The pedestal’'s optional, but
the broad frequency coverage of
100 kHz to 280 MHz and a power

output up to 20 watts are
standard in this state-of-the-art
RF power amplifier
Linear Class A circuitry will
faithfully reproduce input
modulations including AM, FM,
SSB, TV and pulse with minimum
distortion. Completely solid-
state, the 420L will supply full
power output into any load
impedance (from an open to a
short circuit)

Driven by any signal generator,
frequency synthesizer or sweeper,
the 420L is a flexible and
versatile source of RF power for
general laboratory work, RFI/EMI
testing, signal distribution
RF transmission, laser
modulation and ultrasonics
The new 420L. Offering
everything but the pedestal
you'll want to put it on, at $2950.

For further information or a
demonstration contact ENI, 3000
Winton Road South, Rochester,
New York 14623 (716) 473-6900

or TELEX 97-8283

ENI
The world’s leader

in solid state
power amplifiers
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MECL 10,000 includes
two new RAMs

Motorola, P.O. Box 20924, Phoeml
Ariz. 85036. (602) 244-3466. MCM-

10142AL: $30.4,0; MCM1014,7AL:
$40 (100-999).

Two more RAMs are now avail-
able in the MECL 10,000 logic
family. The MCM10147AL—a 128-
word-by-1-bit RAM—offers a maxi-
mum address access time of 12 ns,
is pin compatible with the AMS-
1003 and meets or exceeds all 1003
specs. The MCM10142AL—a 64 X
1 RAM—boasts a maximum ad-
dress time of 10 ns. Both ICs have
full address decoding and two chip
enables to facilitate memory ex-
pansion.

CIRCLE NO. 254

FET op amp
slews at 120 V/ pus

Teledyne Philbrick, Allied Dr. at
Route 128, Dedham, Mass. 02026.
(617) 329-1600. $16 (1-24); stock.
The 1432 and 143201 FET op
amps come in a TO-99 can with a
741-compatible pin-out and offer
slew rates of 120 V/us. The models
are fully differential and deliver a
full £10 V into a 560-Q load at
frequencies up to 2 MHz. The set-
tling time is 400 ns to 0.19% for
a 10-V step. The FET input pro-
vides 10'2-Q input impedance and

1-pA bias current.
CIRCLE NO. 255

i
age
pﬁused

llicon
ectifiers

= For commercial and industrial
applications that require high
reliability at economical cost.
Examples: CRT power
supplies, RF transmitters,
microwave ovens and TV
receivers

= Wide range of minimum sized
packages

= 1 KV to 40 KV (V)
= 5mA to 2A (lp)

= Fast recovery series,
250 nsec. (t.)

= Low leakage currents

—

(ACTUAL SIZE) SERIES VG20
20 KV PRV $149 ea. (1000 gnty)

INDUSTRIAL
MULTIPLIERS

= Doublers, Triplers, and
Quadruplers

= For CRT terminal display
systems, TV receivers and
similar high voltage
applications

= Nominal output voltages: 19 KV

to 24 KV with 10 KV to 6 KV
peak-to-peak maintained (no
load conditions)

ELECTRONIC DESIGN 4, February 15,

Other Varo Semiconductor, Inc.
high voltage rectifiers include
series connected diodes
containing stacks of avalanche
chips and PC board mounted for
X-Ray apparatus.

Design us in —

We’ll stay th
e’ll stay there VARO

VARO SEMICONDUCTOR, INC

P.0. BOX 676, 1000 NORTH SHILOH,

GARLAND, TEXAS 75040

(214) 272-4551 TWX 910-860-5178
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Stereo-demodulator IC
uses phase-locked loop

Exar Integrated Systems, 750 Palo-
mar, Sunnyvale, Calif. 94086. (408)
782-7970. $3.30 (100); stock.

An FM stereo demodulator IC
uses a phase-locked-loop technique
to derive the right and left audio
signals from the composite signal.
As a result, the XR-1310 demodu-
lator needs no external LC tuning
tanks. Also, an external stereo/
monaural switch has a 100-mA
direct-lamp drive capability. The
device offers 30-dB minimum chan-
nel separation, 0.39% total harmonic
distortion, and inherent SCA re-
jection of 80 dB. It also allows
maximum composite or monaural
input signal of 600 mV rms or 2.8
V pk-pk.

CIRCLE NO. 256

10-bit CMOS DAC
consumes only 30 mW

Analog Devices, Route 1 Industrial
Park, P.O. Box 280, Norwood,
Mass. 02062. (617) 329-4700. P:
See below; stock.

The first monolithic CMOS d/a
converter performs four-quadrant
multiplication with 10-bit accu-
racy, resolution and linearity at a
lower price than hybrid bipolar
devices. Called the AD7520, the
new DAC costs $17 to $33 (100
up) and lists a maximum power
dissipation—including ladder dis-
sipation and power drain—of only
30 mW. The DAC is accurate to
0.05% of full scale range (FSR).
Its linearity temperature coeffi-
cient of 1 ppm of FSR/°C and
gain temperature coefficient of 5
ppm of FSR/°C guarantee mono-
tonicity over the full military-tem-
perature range. The settling time
of the DAC is better than 0.5 us
to 0.05% when turning all switches
ON with a 10-V reference. The
feedthrough error of the AD7520,
resulting from capacitive coupling,
is less than an LSB at 130 kHz.

CIRCLE NO. 257
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Just two bucks
for a sure thing!

monoform switchlights

A whole family
from out of the West

There are still plenty of places where you can lay your
money down and take your chances. We'’re not one of them.
We don’t believe in luck at Clare-Pendar. When you invest
two silver cartwheels for a switchlight, we deliver a unit
that’'s so dependable and versatile that people think it has
to be expensive. It's not. And there’s a whole low-cost family.
Monoform | (the single lamp, momentary & alternate, rated
2 amp 120 Vac).

Monoform Il (two independent lamps for horizontal split
legends, mom. & alt., 2 amp 120 Vac).

Monoform Il (10 amp, ' H.P. power switch).

So, when the chips are down . . . when you want fast
delivery of a fine product, depend on Clare-Pendar.

Phone 208-773-4541

P.O. Box 785 Post Falls, Idaho 83854
Telex 32-6448



DATA PROCESSING

HP-65 calculator arrives:
First pocket programmable

Hewlett-Packard Co., 1501 Page
Mill Rd., Palo Alto, Calif. 94304.
(415) 493-1501. $795; 30 days.

The first pocket-sized electronic
slide rule to provide full program-
ming capability has come from
Hewlett-Packard—the HP-65. It
allows users to write and edit their
own programs and to store them
on tiny magnetic cards; to use
prerecorded programs developed by
HP and to operate the 51 key-
board functions preprogrammed
into the machine.

The battery-operated calculator
uses the same basic keyboard,
case and 10-digit display as previ-
ous HP pocket calculators. Like
the HP-45, this unit has nine ad-
dressable memory registers that
permit register arithmetic, as well
as the same four-register opera-
tional stack for storing inter-
mediate answers.

Unlike the first electronic slide
rule—the HP-35, which used only
five ICs—the new one has 12
chips: one NMOS, four bipolar
and seven PMOS.

The NMOS IC contains the con-
trol circuitry for the card reader,
while the four bipolar chips con-
tain the motor control, clock and
display driver and sense-amp cir-
cuitry. The seven PMOS chips
consist of three quad ROMs, a
processor, a controlled timing chip,
a data-storage chip and a pro-
gram-storage chip. Hybrid circuit
construction was used to allow all
of them to fit into the small space
available.

In performance, the HP-65 is
said to rival larger desktop units
costing between $1500 and $4000.
It can, for example, perform all
the functions of the now discon-
tinued HP-9100, whose last price
was about $3000. The major dif-
ferences between the two are that
the HP-65 does not have three
output displays—it has one, and it
cannot interface with other equip-
ment, such as plotters.

The programming capability of
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the new calculator enables the user
to write and store on magnetic
cards a program containing up to

100 steps or several programs
totaling 100 steps. When the re-
corded program is no longer need-
ed, the magnetic card can be
erased on the same machine and
reused to record another program.
Accidental erasures can be pre-
vented through clipping of a cor-
ner of the magnetic card.

A program can be edited at any
time. It is not necessary to re-
write the entire program when an
error is made, as is the case with
other programmable calculators.

As an aid to more efficient pro-
gramming, the HP-65 allows the
user to perform branching, logic
comparisons and conditional skips
in his programs. It also has five
master keys (A to E), which can
be used to store subroutines or
other programs.

While the unit is designed to
support 100 step programs, by
storing partial answers in memory
registers, it is possible to chain
several cards together and use
programs that have several hun-
dred steps.

In addition to doing his own pro-
gramming, the user can expand the
capability of the machine with a
series of prerecorded programs
available from HP. Initially a total
of six such Application Pacs are

(continued on p. 122)

Your closest SIGNETICS
distributor is...

ARIZONA
Phoenix: Hamilton/Avnet Electronics (602) 275-7851
Phoenix: Kierulff Electronics (602) 273-7331

CALIFORNIA

Culver City: Hamilton Electro Sales (213) 870-7171

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: Hamilton/Avnet Electronics (714) 279-2421
San Diego: Kierulff Electronics (714) 278-2112

Sunnyvale: Cramer Electronics (408) 739-3011

CANADA :

Downsview: Cesco Electronics, Ltd. (416) 661-0220
Downsview: Cramer Electronics (416) 661-9222

Montreal: Cesco Electronics, Ltd. (514) 735-5511
Montreal: Hamilton/Avnet (514) 735-6393

Ottawa: Hamilton/Avnet Electronics (613) 725-3071
Ottawa: Cesco Electronics, Ltd. (613) 729-5118

Quebec: Cesco Electronics, Ltd. (418) 524-3518
COLORADO

Denver: Hamilton/Avnet Electronics (303) 534-1212
Denver: Cramer Electronics (303) 758-2100
CONNECTICUT

Hamden: Arrow Electronics (203) 248-3801

Georgetown: Hamilton/Avnet Electronics (203) 762-0361
North Haven: Cramer Electronics (203) 239-5641
FLORIDA

Hollywood: Hamilton/Avnet Electronics (305) 925-5401
Hollywood: Schweber Electronics (305) 927-0511
.Orlando: Hammond Electronics (305) 241-6601

GEORGIA : d

Atlanta: Schweber Electronics (404) 443-9170

Norcross: Hamilton/Avnet Electronics (404) 448-0800
ILLINOIS

Elk Grove: Schweber Electronics (312) 593-2740
Elmhurst: Semiconductor Specialists, Inc. (312) 279-1000
Schiller Park: Hamilton/Avnet Electronics (312) 678-6310
INDIANA

Qnepiali

p P (317) 243-8271
KANSAS

Lenexa: Hamilton/Avnet Electronics (913) 888-8900
MARYLAND

Hanover: Hamilton/Avnet Electronics (301) 796-5000
Rockville: Pioneer Washington Electronics, Inc. (301) 424-3300
Rockville: Schweber Electronics (301) 881-2970
MASSACHUSETTS

Burlington: Hamilton/Avnet Electronics (617) 273-2120
Needham Heights: Kierulff/Schley (617) 449-3600
Newton: Cramer Electronics (617) 969-7700

Waltham: Schweber Electronics (617) 890-8484
MICHIGAN

Livonia: Hamilton/Avnet Electronics (313) 522-4700
Detroit: Semiconductor Specialists, Inc. (313) 255-0300

MINNESOTA

Mil i dt Specialists, Inc. (612) 854-8844
Edina: Hamilton/Avnet Electronics (612) 941-3801
MISSOURI

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

Buffalo: Summit Distributors, Inc. (716) 884-3450
Farmingdale, L. |.: Arrow Electronics (516) 694-6800
Rochester: Schweber Electronics (716) 328-4180

Syracuse: Hamilton/Avnet Electronics (315) 437-2642
Westbury: Schweber Electronics (516) 334-7474

Westbury: Hamilton/Avnet Electronics (516) 333-5800
NEW MEXICO
Albuquerque: Cramer El
NORTH CAROLINA
Greensboro: Hammond Electronics (919) 275-6391
NORTHERN NEW JERSEY

Cedar Grove: Hamilton/Avnet Electronics (201) 239-0800
Saddlebrook: Arrow Electronics (201) 797-5800
Moorestown: Arrow/Angus Electronics (609) 235-1900
SOUTHERN NEW JERSEY AND PENNSYLVANIA

Mt. Laurel, N. J.: Hamilton/Avnet Electronics (609) 234-2133
Cherry Hill, N. J.: Milgray-Delaware Valley

New Jersey (609) 424-1300 Philadelphia: (215) 228-2000
Somerset, N. J.: Schweber Electronics (201) 469-6008

OHIO

Beechwood: Schweber Electronics (216) 464-2970
Cleveland: Arrow Electronics (216) 464-2000

Cleveland: Pioneer Standard Electronics (216) 587-3600
Kettering: Arrow Electronics (513) 253-9176

TEXAS

Dallas: Hamilton/Avnet Electronics (214) 661-8661

Dallas: Cramer Electronics (214) 350-1355

Houston: Component Specialties (713) 771-7237

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

UTAH A

Salt Lake City: Alta Electronics (801) 486-7227

Salt Lake City: Hamilton/Avnet Electronics (801) 262-8451
WASHINGTON

Bellevue: Hamilton/Avnet Electronics (206) 746-8750

(505) 265-5767
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CD arithmetic,all in a single IC.

Figure on whopping savings in parts,design time, systems costs.

NEW MATH

Addend/ Augend/
subtrahend minuend

Bs B B: By As A: A A

Carry/borrow

output Carry/borrow

input
Look ahead
propagate

Add/subtract

Look ahead control

generate

(A-B)
Compare

output Fa Fq F2 Fy

Sum/difference

We've cut BCD arithmetic down to size. By applying
Schottky MSI to those functions where it counts,
we're delivering revolutionary tools in superfast
processing —that are real power misers at a fraction
(about half) of conventional circuitry costs. A lot
more of exactly what you need. For less cost going
in and coming out.

Available from Signetics, the under ten buck
(100 up) 82S82 Adder-Subtractor slashes inventory
requirements. Replaces four MSls, and a rat’s nest
of gates and connections, now wasting valuable
board space. With a staggering improvement in
performance. Quadruples speed (22ns typical
propagation delay). Cuts power 50%-67%. Wipes
out a huge chunk of design, checkout and
assembly time.

Versatile? Stand back. This unique Arithmetic
Unit adds and subtracts in BCD directly, compares
two BCD words, and can even be used for binary-
to-BCD conversion. Cascades to operate on
multiple decades. If you need ultra-high speed, get
complete look-ahead carry with our 74182 fast-carry
extender. What does the 82S82 do? Everything.

For a straight BCD add without all the bells
and whistles, our companion 82S83 Adder gives
you the same bonuses as the 82S82 Arithmetic
Unit. Eliminates two MSI packages and a fist-
ful of logic elements. Saves time, saves dollars —
works better, faster, cheaper. Has to, for the same
reasons as with the 82S82. It's less than seven
bucks per 16-pin device, in 100-up quantity.

OLD MATH

Addend/subtrahend

Bs Bs B: By
7486 — Augend/minuend
As Ad A; Ay
Carry/borrow
output
%7451
palsle Carry/borrow
p—0 input
‘ Y%uo«a

%7451 y ]

1

%7402 R R= 7486

1 ’ Add/subtract
—0 control

Sumy/difference

The way to get big, rich and famous: deliver
faster, smaller, more powerful processors. Now you
can. Get the facts quick. (And for immediate evalu-
ation quantities, see your local Signetics Franchised
Distributor. His name and telephone number are in
the adjoining column.)

FOR SPEED ATTACH COUPON TO LETTERHEAD AND MAIL FAST

Signetics—BCD AU/Adder
811 East Arques Avenue
Sunnyvale, California 94086

You have what counts, can't miss it. Send me your new,
comprehensive MS| 82S Data Booklet with full specs of the
BCD AU/Adder, (containing also your complete family of
100MHz counters, 60MHz universal shift registers, parity
checkers, decoders, multiplexers, and exclusive OR/NOR
functions.)

Name Title

Signetics Corporation—A subsidiary of Corning Glass Works.

SilNOLics

INFORMATION RETRIEVAL NUMBER 67
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PLAY I'T AGATNN,

®

Sam is the name of Decitek’s new
low-cost 100 cps photoelectric tape reader. Sam? We could tell you
that it’s short for something like Superior Alignment Motion, which
is precisely what our patented dual sprocket drive provides.

But it isn’t. We simply felt that Sam has a nice friendly ring to it and
is easy to remember.

Sam offers good credentials.

This new reader incorporates the same unflappable tape transport
that is the heart of Decitek’s eye-blinking 600 cps reader. This drive
doesn’t need edge guides or keepers, there’s no tape skew. Positive
registration is assured — repeatedly through thousands of reruns
with no measurable tape wear.

Fiber optic lighting from a single light source plus photo-transistor
sensing are features that deliver dependable high-quality
performance.

All this at a cost that compares favorably with mechanical readers!

For all the details on this new low-cost, highly reliable reader,
just drop us a note or card with the words “Play it again, Sam.”

When reading matters

IDIGGIIITIBIEK

A DIVISION OF JAMESBURY CORPORATION
15 SAGAMORE ROAD, WORCESTER, MASSACHUSETTS 01605, (617) 757-4577

INFORMATION RETRIEVAL NUMBER 68
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DATA PROCESSING
(continued from p. 120)

EE PAC Programs

1. Reactance chart

2. Series resonant circuit

3. Parallel resonant circuit

4. Impedance of ladder network

5. T attenuator

6. Pl attenuator

7. Wye-delta or delta-wye
transformation

8. Minimum-loss pad matching

9. PI network impedance matching

10. Band pass filter

11. Active filter-low pass

12. Active filter-high pass

13. Butterworth filter design

14. Chebyshev filter design

15. Capacitance of parallel plates

16. Self inductance of straight
round wire

17. Inductance of a single-layer
close-wound coil

18. Skin effect and coil Q

19. Transformer design

20. Reed relay design

21. Impedance of transmission line

22. Transmission line impedance
transformer

23. Microstrip transmission line

24. S=Y parameter conversion

25. Power supply rectifier circuits

26. Controlled rectifier circuits

27. Integrated circuit current
source

28. Transistor bias

29. JFET bias and
transconductance

30. Phase lock loop

31. Fourier series

32. Decibel conversion

33. Voltage to dBm

34. Wire tables Al & Annealed Cu

35. Heat sink

available for electrical engineer-
ing, mathematical, statistical,
medical and surveying applica-
tions. Each costs $45, contains be-
tween 27 and 40 programs and
comes with a comprehensive in-
struction manual. Additional sets
of prerecorded programs will be
offered as they are developed.
Included in the purchase price
of $795 is a 115/230-V-ac adapter-
recharger, a soft carrying -case
and a hard travel case, adhesive
name tags, manual and a Standard
Application Pac. The latter con-
tains some prerecorded programs,
diagnostic program cards, a mag-
netic-head cleaning card and 20
blank magnetic program cards.
Users also receive a one-year
subscription to the HP-65 User
Library Catalogs, which offer low-
cost program documentation for a
large number of user-contributed
and individual HP Application Pac
programs.
CIRCLE NO. 258
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3AG Fuseholders

Standard version features knurled or
screwdriver slot knobs; straight or
right angle terminals. Other styles
available; watertight, ‘“‘shock-safe”,
and the aesthetically-styled low pro-
file fuseholder.

Subminiature Fuseholders

For use with subminiature micro
and picofuses for front panel, chassis,
or p.c. board mounting.

3AG Miniature Fuseholders
8 different styles. Knurled or fluted

knobs; straight, right angle or Q.C.
terminals.

4AG, 5AG & 8AG Fuseholders
Available in standard or watertight
versions with different knobs and
terminal styles.

In-Line Fuseholders

Two styles available; spring locked,
bayonet-style knob or new twist-
lock version, both SFE & 3AG fuses.

RF Shielded Fuseholders
To eliminate possible transmission
or reception of R.F. signals. Ac-
commodate 3AG or 8AG fuses and
subminiature microfuses.

Indicating Fuseholders
For a variety of applications where
visual indication of blown fuse is
desired. Neon or incandescent lamps
-3AG or microfuse sizes.

For Complete Information

For complete information on all
Littelfuse fuseholders, write today
for Catalog #18.

LITTELFUSE

Subsidiary of Tracor

800 E. Northwest Highway « (312) 824-1188 ¢ Des Plaines, lllinois 60016
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cermet trimmers drop
to small-change price!

We've knocked down the prices of our Model 91
cermet trimming pots to as little as 25¢ each,
depending on quantity ordered.

And they're ready for immediate delivery —
in production quantities —from your local Beckman
distributor.

You'll find just what you need, too. Five different
pin spacings in both top and side adjustment
styles, each in 19 standard resistance values. A big
range of stock models, all rated at ¥, watt at 40°C.

Your Beckman representative has all the technical
information —and the stock—right at hand.

Call now (toll-free 800-437-4677) and start saving
big by using high-quality Beckman cermet
trimmers at these new small-change prices.

HELIPOT DIVISION

INFORMATION RETRIEVAL NUMBER 70
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Device interfaces bench
instruments to calculator

Data Graphics Corp., 8402 Speed-
way Dr., San Antonio, Tex. 78230.
(512) 342-9486. $1150; 30 days.
The DATOS 305 can interface
digital instrument outputs to any
of the popular programmable cal-
culators. Parallel BCD or binary
data from the instrument are se-
rialized, formatted and decoded,
then sent to the calculator. A 26-
step program counter in the
DATOS 305 allows the calculator
to select any character at random.
No modification of existing calcu-

lator software is necessary.
CIRCLE NO. 259

Cartridge tape drive can
record on four channels

Mohawlk Data Sciences Corp., Box
362, Utica, N.Y. 18508. (815) 792-
2202. See text.

The model 2022 cartridge tape
drive features a separate write-
enable line and amplifier for each
channel. The unit uses the 3M Data
Cartridge and can record on one,
two, three or four active tracks
individually or in any combination.
Operating characteristics include
30 in/s read/write speed, 90 in/s
search/rewind, 250 to 1600 bit/in.
recording density and a 48-k bit/s
transfer rate. Three basic config-
urations are available: the mech-
anism alone, a panel-mount assem-
bly and a desk-top console unit.
A two-track unit with casework
and electronics sells for less than
$500 in quantity.

CIRCLE NO. 260
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Other Scientific-Atlanta Inc. Divisions are «

We think of our enclosures as
silent salesmen. The first ten
seconds of display for an elec-
tronics unit focus simply on the
. package. Its color (and the other
colors available), its finish and
style. It won’t break a sale—
the equipment inside does that.
But it sure can help make one.
QOur award winning designs and

total color range have proved it.

Does a client need a venti-
lating grille? A blower? What
about writing surfaces, drawers,
casters? We have them in pro-
duction, on line and ready to go
—offering the access, flexibility
and mpbility your clients re-
quire. We even paint our units
inside and out, and assemble

them for final inspection—
including most options and
accessories —at the plant.

We're ready with all this, and
more. Ready right now.

Write Optima Enclosures,
2166 Mountain Industrial Blvd.,
Tucker, Georgia 30084 or call

(404) 939-6340. °Hlm

Before you choose
your next enclosure,
show this ad to your salesmen.

ELECTRONIC DESIGN 4, February 15, 1974
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Do-it-yourselfers dont
always save money

You can buy enough Cirkitblock™
modules to equip a pilot run for
less than it costs to build
a single prototype of your own

Why build power modules when you can buy all the proven,
immediately-available power modules you need from Power-
cube?” Especially when you think of all you'd have to go
through to build your own: feasibility, circuit design,
breadboarding, vendor selection, parts procurement and

qualification, full-scale prototyping, pilot run, test and
evaluation, trouble-shooting and checkout, plus sev-
eral ECO’s.

Besides the savings, Powercube Cirkitblock™ power
modules assure reliability in hostile environments, from
—20 to +85°C. These rugged power modules, whose
designs trace their heritage to military and space pro-
grams, offer high efficiency conversion at low thermal
rise. Fully self-contained and easy to install, Cirkitblock

modules are used in railroad signaling equipment,
portable data gathering systems, automotive testing
equipment, commercial aircraft, navigation systems,
oceanographic research equipment, and portable
communications equipment.

We can deliver you enough Cirkitblock modules

to equip your pilot run for less than it will cost you

to engineer and build a single prototype of your

own. Just look in our Power Module Application

Handbook. If you don’t have a copy, write or
phone us today.

POWERCUBE CORPORATION

214 CALVARY STREET, WALTHAM, MASS. 02154 (617) 8391-1830 |

SLe 5 11 A RY O F UNITRODE CORPORATION
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Front-loading tape drive
has 125-in/s speed

Mohawk Data Sciences Corp., Box
362, Utica, N.Y. 13503. (315) 792-
2202. $6000; 3 mo.

An attractive slope-front cabinet
houses the model 4010 tape drive.
The unit provides recording densi-
ties to 1600 bit/in, data-transfer
speeds to 125 in/s and a rewind
speed of 500 in/s. Automatic tape
threading is standard; cartridge
loading is available as an option.
Performance features include a
single capstan drive, vacuum buf-
fering optical servo control. A
hinged swing-out gate provides
easy access to the logic and data
electronics assemblies.

CIRCLE NO. 261

Printer gets the message
across with less paper

Potter Instrument Co., 532 Broad
Hollow Rd., Melville, N.Y. 11746.
(516) 694-9000. See text.

Considerable savings in paper
costs are possible with an impact
printer called the GRAND SLAM.
The unit prints computer output
at 1500 line/min. with respective
densities of 15 char/in. horizontal-
ly and 8 or 10-line/in. vertically.
Ordinary line printers use 10 char/
in. and 6 line/in. Printing is done
by a belt chain and free-flight
hammer on 8.5-in. paper. An op-
erator can change character sets
simply by changing the chain mod-
ule. The purchase price of $54,950
includes the printer, and built-in
360/370 interface and control unit.
A lease plan is also available.

CIRCLE NO. 262
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NEW

1 HE ViEES O

ALL CRIMP DESIGN

Crimp center conductor and crimp
braid.

COST SAVINGS

Semi-automated pneumatic tooling
available. Assembly cost savings up
to 35%.

QUICK CONNECT — POSITIVE LOCK

The straight-in locking feature permits
rapid reliable connections. No twisting
or threading of coupling nuts

is required.

WIDE VARIETY OF CABLES
Available for 50, 75, 95 ohm
coaxial cables.

EXCELLENT ELECTRICAL
CHARACTERISTICS

Typical VSWR: 1.10 dc-5.0GHz

BETWEEN SERIES ADAPTERS
Adapters to BNC, SMB, SMC, OSM, N,
APC-7, GR-874.

COMPONENTS

Attenuators, Terminations and Tees

WIDE VARIETY OF APPLICATIONS

Communications, Video, Aircraft,
Instrumentation, Test Equipment,
Computers, Data Transmission,
Avionics, Satellite and Industrial
Systems.

LOW COST/IMMEDIATE DELIVERY

Readily available from stock. Factory
direct or local authorized distributors.

JMQ-0O

COAXIAL CONNECTORS

SA

hot TR LRGN BB (e o A SETERS




Triad gives you
a lot less for your money

If size makes the big difference in your design, chances are that Triad
makes the size you need. Triad's famous Red Spec series, designed
specifically for use in transistor and printed circuit applications, have
maximum basedimensionsofonly.310 by .410 inches and meet MIL-T-27
Grade 5 Class S specifications. Many input, output, driver, interstage
and reactor types are available from stock—plus plug-in designs for
your miniature solid state circuits. Open-type miniatures are also ready
forimmediate delivery from your nearest distributor in a wide range of
ratings, mounting types and sizes. You get modest cost, minimum size
and consistently stable characteristics.

Triad's new series of transformers for transistorized control and instru-
mentation include units for both audio and power applications. Fifteen
of these transformers provide a voltage stepdown and isolation from
power lines at relatively low power levels of 12, 42 and 7 watts at 4 to
38 volts when connected in parallel, and 8 to 76 volts when series-con-
nected. Precision spaced plug-in terminals provide fixed mounting
centers—the kind usually found only in costly molded units. You get the
benefits without the high cost. For maximum power with optimum equip-
ment miniaturization, see your industrial electronic distributor today.
Available from stock. Triad-Utrad Distributor Services, 305 North Briant
Street, Huntington, Indiana 46750.

TRIAD-UTRAD

Litton Distributor Services
INFORMATION RETRIEVAL NUMBER 74
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Tape reader/punch has
long life expectancy

Iomee, Inc., 3300 Scott Blvd., Santa
Clara, Calif. 95050. (408) 246-
2950. $2090.

The model 7470 tape reader/
punch handles Mylar or paper tape.
The unit perforates tapes at 70
char/s, reads synchronously at 400
char/s and asynchronously to 300
char/s. Bin capacities are 1400 ft
supply for the punch, 140 ft takeup
for the punched tape and 140 ft
(bidirectional) for the reader. All
supply and takeup accessories are
accessible from the front panel. The
punch accepts five or eight-level
tapes without the need for adjust-
ment. According to the manufac-
turer, the life expectancy of the
punch head is 200 M characters
with paper tape and 60 M for
Mylar. Echo-back for read-after-
punch signals is available as an
option.

CIRCLE NO. 263

Intelligent terminals
have multiprogramming

DataPoint Corp., 9725 Datapoint
Dr., San Antonio, Tex. 78284%.
(512) 696-4570.

The Datapoint 1100 and Data-
point 5500 intelligent terminals
have added additional capabilities
to the company’s line. The 1100
consists of a processor with up to
8-k of RAM memory, dual cassette
drives, an 80-horizontal by ‘12
vertical display and full ASCII
keyboard. The lease price is $138/
mo. The top-of-the-line model 5500
features memory segmentation,
string and arithmetic instruction
and a processing speed that is
three to four times greater than
that of the 2200. Memory sizes to
64-k bytes are available. The 5500
is capable of performing simul-
taneous operations by means of its
multiprogramming operating sys-
tem.

CIRCLE NO. 264
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New HEATH/SGHLUMBERGER
INSTRUMENTS GATAL

The latest issue . . . includes complete
details and specifications on dozens of
high performance, low cost instru-
ments for design, R&D and teaching
applications. Here are just a few ex-
amples:

New 10 mV to 10 V Strip Chart Re-
corder...only $335*. Four calibrated,
hi-Z input ranges . . . full 10” chart. ..
ten digitally-derived chart speeds from
10 to 0.01 inches or cm/minute. ..
switchable input filtering . . . complete
remote programming capability...easy
conversion to metric work . . . pushbut-

- ‘[ﬁ)‘ @ $:§35§ o ;(i;gnf:hart advance . . . rack mount de-

10mV-10V,10 Speed T T i i
Chart Recorder |33 Wia, 15 mV @ 200 Wz, 50 mv
' @ 600 MHz...50 and 1 megohm in-

New $325, alltn-l‘anging puts .. high stablity TCXO time base
NOMHz Counter | i for sif inputs, outputs & func

+ tions, plus BCD output.. FCC type-
approved for AM & FM broadcast.

Dual Trace 15 MHz scope...only
$595*. 15 MHz vertical bandwidth with
24 ns risetime...50 mV/cm sensi-

tivity . .. 1 megohm/35 pf input im-
fl’ﬂm Heathl pedance ... 9 position attenuator...

SChlumbergEf | 18 calibrated sweep rates from 0.2 us/

cm to 100 ms/cm . .. Chop, Alternate,
. Ch. 1, Ch. 2 and X-Y modes. .. Inter-

nal/External, AC/DC, +/— triggering
o e e N ... external trigger input, sweep gate

output. Standard camera mount bezel.

HEATH
For your FREE copy, use postcard or coupon NOW! :' RettSchimbareer titaits = 1| Schlumberger "E
1 Dept. 531-264 v
| Benton Harbor, Michigan 49022 :
: Please send electronic instruments catalog. :
I Name. 1
T 1
1 Title |
1 Company/Institution -
: Address :
1 City. State Zip. 1
: *Mail order prices; FOB factory. EK-415 !
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You've probably experienced the big
squeeze — components demanding un-
even board spacing — board entry hang
ups — restricted air circulation — prob-
lems you could get upset about.

Now you can accurately file your 1/16”
cards with uniform, reinforced nylon
ECON-O-GIDE® card guides on any
spacing, and you pick the density.
Specially designed entrance ramps make
insertion fast and positive.

Economical ECON-O-GIDEs easily snap
into drilled or punched holes in any type
of sheet, plate or channel and are
stocked in 24 lengths from 2 1/2” through
14” in 1/2” increments.

Details, pricing and specific samples on
request.

BIVAR, INC. 1500 South Lyon Street,
Santa Ana, Ca. 92705. Phone (714)

 don't get
upset by
&

th

p.c. card
filing

squeeze.

PACKAGING PROGRESS

Bivar

INFORMATION RETRIEVAL NUMBER 76
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Array processors do
FFT in less than 5 ms

G —

aco1/®
ol R
::IIAY FFGCllw

CSP, 'Inc.,
Burlington, Mass.
272-6020. See text.

The CSPI-4000 series of FFT
processors compute a 1024 com-
plex-point transform in less than

01803. (617)

5 ms. And all models perform
array manipulations such as com-
plex multiply, magnitude-phase cal-
culation and polar conversion.
Units are available that use the
host computer’s memory or contain
their own multiport memories. The
calculation range includes array
sizes of 64 to 8192 real or complex
points. Adaptive scaling and use of
16-bit real and imaginary array
components maximize accuracy and
dynamic range. Prices of individual
models range from $20,000 to
$40,000 depending on the options
selected.

CIRCLE NO. 265

Disc controller allows
compatible data files

Memorex Corp., San Tomas at
Central Expressway, Santa Clara,
Calif. 95052. (408) 987-2200. 6 mo.
The 3673 disc-controller attaches
directly to the ITBM’s System/370
Model 125 or to the System/370
Model 135 Integrated File Adapter.
The controller allows use of dise
files on the 370/125 that are com-
patible with those of larger Sys-
tem/370s. In addition a new model
of the company’s 3670 disc drive
module (model 2) provides a single

spindle capacity of 100 M-bytes.
CIRCLE NO. 266

CANNON
DISTRIBUTORS

ARE

INNOVATIVE,
TO0O.

CALL THEM.

ALABAMA
Hall-Mark Electronics
Corp.
Huntsville
205/539-0691

ARIZONA

CALIFORNIA

Kierulff Electronics, Inc.

Los Angeles
213/685-5511

Kierulff E':ectronics. Inc.

o Alto
415/968-6292
Liberty Electronics

El Segundo
213/322-8100

Richey Electronics, Inc.

Sun Vall

213/875-2862
Time Electronics
W?st.llnciwd

lew

21%/673—5900
Western Radio/
Liberty

San Diego

714/235-6571
COLORADO

Cramer Electronics, Inc.

CONNECTICUT
AS.l./Connector
Corporation of
America
New Haven
203/624-0127
FLORIDA
Hall-Mark Electronics
Corp.
Orlando
305/855-4020
GEORGIA
Electro Air Corp.
Atlanta
404/351-3545
ILLINOIS

Cramer Electronics, Inc.

Mt. Prospect
312/593-0230
Radio Distributing
Company, Inc.
Chicago
31 2/2%7—1 105
INDIANA
Radio Distributing
Company, Inc.
South Bend
219/287-2911
KANSAS
Hall-Mark Electronics
Corp.
Lenexa
913/888-4747
MARYLAND
Schweber Electronics

Rockville
301/881-2970

MASSACHUSETTS

Cramer Electronics, Inc.
Newton
617/969-7700

Schweber Electronics
Waltham
617/891-8484

Time Electronics/

New England
Woburn
617/935-8080

MINNESOTA
Cramer/Bonn
Minneapolis
612/941-2770
Hall-Mark Electronics
inneapolis
612/925-2944

MISSOURI
Hall-Mark Electronics
Corp.
St. Louis
314/521-3800
NEW JERSEY
A.S.l/Resco
Electronics
Pennsauken
609/662-4000

NEW MEXICO
Cramer Electronics, Inc.
Albuguerque
505/265-5767
NEW YORK
A.S.|./Progress
Electronics Co., Inc.
Plainview, L.I.
516/433-1700
Schweber Electronics
Westbury, L.I.
516/334-7474
Summit Distributors, Inc.
uffalo
716/884-3450
Tir’v_;e Electronicleales
auppauge, L.I.
51 273-3100
OHIO
Radio Distributing
Company, Inc.
Cleveland
216/461-9090

OKLAHOMA
‘Hall-Mark Electronics
Corp.
Tulsa
918/835-8458

PENNSYLVANIA
Aercon, Inc.
Clifton Heights
215/622-2500
Philadelphia
Electronics, Inc.
Philadelphia
215/568-7444

TEXAS
Hall-Mark Electronics
Corp.
Dallas
214/231-5101
Hall-Mark Electronics
orp.
Houston
715/781-6100
Harrison Equipment
Co,, Inc.
Houston
713/224-9131
Kierulff— Dallas

Garland
214/271-2471

UTAH

Cramer Electronics, Inc.
Salt Lake City
801/487-3681

WASHINGTON

Kierulff Electronics, inc.

eattle

206/763-1550

WISCONSIN
Cramer Electronics, Inc.
Milwaukee

cannon T T'T
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“CANNON
_ BACKPLANES
Y1~ BROUGHT

{ ME FAME
~ AND FORTUNE
. IN ONLY
6 WEEKS”

“The initial response backplane assemblies at outgrown them, and were

{)

was not enthusiastic” real cost savings. Or ready for Cannon perform-
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